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Circuit Board Testing Update/No. 6 in a series from Hewlett-Packard. 

HOW DEPENDENT SHOULD YOU BE ON THE ATE SUPPLIER? 

Automatic board test equipment 
can provide a powerful solution to 
today's testing needs. But choosing the 
right system can be a complex and 
bewildering task, because of all the 
non-hardware factors to be assessed. 

Purchase alternatives. 
One factor is the question of sys-
tem responsibility. At one end of this 
spectrum is a turnkey system. Here the 
ATE manufacturer assumes total re-
sponsibility and the user is dependent 
upon the supplier for hardware, software 
and system implementation. At the 
other end is the do-it-yourself system 
tailored to your exact application, in 
which case the user is almost self suf-
ficient. Other alternatives also exist. So 
how can you choose the right one? 

Some helpful criteria. 
The three most important criteria 
are: your environment, departmental 
resources, and the system supplier. 

Production environment is critical. 
How high is the PC board volume? Are 
the boards extremely complex? How 
many new products are anticipated? For 
example, if you have fairly simple 
boards and few requirements for 
changes, a turnkey solution may be your 
answer. But for highly complex boards 
and a stream of new products, you 
may wish to keep ex-
pansion and revision 
control in-house. What 
about departmental 
resources? Do 
you have the tech-
nical people 
to assPmble 
and program a 
do-it-your-
self system? 

Finally, the 

system supplier should be evaluated. 
Does the company have knowledge 
of your business and applications engi-
neers familiar with your needs? Will 
service and support personnel be avail-
able when and where you need them? 

The concept of 
shared responsibility. 
HP's answer is shared responsibility . . . 
a concept that minimizes both start-up 
difficulty and your dependence upon 
outside suppliers (see chart below). 

When you choose the HP 3060A 
Board Test System, you get a system 
designed to put you on the road to inde-
pendence. Here's why: 

First, you get two weeks of intensive 
training in system use and software 
development. Second, HP supplies the 
software aids that take the mystery 

out of programming. Non-technical 
people can easily program in-

circuit tests by entering node num-
bers plus parts values and toler-

ances. HP's In-circuit 
Program Generator (IPG) 
does the rest, selecting 
appropriate test 

methods, determining 
uncertainty, generating the 

test program and more. 
Then, your technical peo-

ple can easily master BTL 
(Board Test Language), 

using commands such as the 
one shown, to 

a. 

program functional tests. Because they 
know the circuit best, testing becomes 
more thorough and more meaningful. 

Third, you get reliable hardware 
that's ready to operate. Most sys-
tems are up and running the same 
day they're installed. And because the 
system is HP-IB compatible, you can 
modify and expand its capability 
right in your facility without a major 
software investment. 

If you have problems, HP doesn't 
desert you. Our specialists are avail-
able to help. And with the self-diagnostics 
built into the system, you'll be up and 
running again quickly. 
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Supplier Independence. 
The net result is greater independ-
ence. With the HP 3060A, you learn 
to solve your own problems. That 
means faster response to changing 
needs. Direct control over expenses. 
And, generally, lower overall cost 
of ownership. 

For additional information. 
There are numerous other reasons 
to consider the HP 3060A ($85,000* 
for standard operating system). To 
get complete details, write: Hewlett-
Packard, 1507 Page Mill Road, Palo 
Alto, CA 94304. Or call your nearest 
regional sales office: East (201) 
265-5000, West (213) 970-7500, 
Midwest (312) 255-9800, South 
(404) 955-1500, Canada (416) 
678-9430. 
'Domestic USA price only 

HP Circuit Testers — 
The Right Decision 

[01 HEWLETT 
PACKARD 
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IIP's Family Portrait: 
A Growing Line ofAlphanumeries. 

HP's long-standing commitment to the alphanumeric display market has resulted in the largest 
family of these LED displays available anywhere. And more are on the way! If your intelligent system requires visual interface 

for its operation or service, put one of our reliable products to work for you. 
Light up an inexpensive 18-segment display or one of our sophisticated 5 x 7 dot matrix devices— 

compact red, yellow and extended temperature range displays available with integrated shift registers and constant current drivers. 
Rounding out your selection are 16-, 24-, 32-, or 40-character systems, dot matrix or segmented, which free engineers 

from costly design time. HP'S whole gallery of displays receives 
our strong applications support. 

They're in stock right now at your local HP franchised distributor. 
In the U. S., contact Hall-Mark, Hamilton/Avnet, 

Pioneer Standard, Schweber, Wilshire or the HEWLETT 
Wyle Distribution Group (Liberty/Elmar). 

In Canada, call Hamilton/Avnet or Zentronics, Ltd. PACKARD 
01005 
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Get 1 watt output from 
your H-P generator 

with a Mini-Circuits amplifier! 

0.05 - 1000 MHz 
from $199 

Need more than the 10 mw available from 
your signal/sweep generator or synthesizer 
for system and subsystem testing? 

Just add a Mini-Circuits' ZHL wideband 
amplifier and boost the 10 mw level to 1 
watt or +30 dBm. Also, there's an additional 
benefit ... as much as 40 dB isolation will 
be added between the generator and the 
system under test. And VSWR is less than 
2:1 over the full frequency range. 

Upgrade your present generator now ... 
check the specs and low prices below and 
order your ZHL wideband amplifier today 
... and we will ship within one week! 

GAIN MAX. POWER NOISE INTERCEPT 
DC POWER PRICE 

MODEL FREQ. GAIN FLATNESS OUTPUT dBm FIGURE POINT 

NO. MHz dB dB 1-dB COMPRESSION db 3rd ORDER dBm VOLTAGE CURRENT $ EA. QTY. 

ZHL-32A 0.05-130 25 Min. ±1.0 Max. +29 Min. 10 Typ. +38 Typ. +24V 0.6A 199.00 (1-9) 

ZHL-3A 0.4-150 24 Min. ±1.0 Max. +29.5 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9) 

ZHL-1A 2-500 16 Min. ±1.0 Max. +28 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9) 

ZHL-2 10-1000 16 Min. ±1.0 Max. +29 Min. 18 Typ. +38 Typ. +24V 0.6A 349.00 (1-9) 

ZHL-2-8 10-1000 27 Min. ±1.0 Max. +29 Min. 10 Typ. +38 Typ. +24V 0.65A 449.00 (1-9) 

Total safe inpu power -20 dBm, operating temperature 0°C to +60°C. storage tempe ature 55°C to *100°C, 50 ohm impedance. Input and output VSWR 2 1 max 
For detailed specs and curves, refer to 1979/80 MIcroWaves Product Data Directory, p 364-365 or EEM p 2970-2971 

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

Worlds largest manufacturer ol Double Balanced Mnters 

Mini-Circuits 
MINI-CIRCUITS LABORATORY 
A Dnroslon of Sclentlfic Components Corp R45 Rev C 
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Highlights 
Special report examines the art of data conversion, 101 

Data-conversion electronics is getting a healthy shove forward from the 
success of microprocessors in process control, automotive, and digital signal-
processing applications. Growth in these areas is returning to pique the 
interest of the big semiconductor houses that make the microprocessors, so 
that these firms are now increasing the performance, self-sufficiency, and 
versatility of their monolithic converters. And growing cooperation with the 
1c makers is proving beneficial to companies building hybrids and modules 
for high-speed and high-precision conversion applications. 
Cover construction is by Robert Strimban. 

Bell System announces big plans for fiber optics, 89 

AT&T's recently disclosed plans for a Boston-to-Washington fiber-optic link 
represent a milestone. For fiber-optic transmission's long evaluation phase, it 
marks the beginning of the end. For the technology's serious implementation, 
the 44.7-megabit/second data highway marks the start. 

Shielding MOS chips from static-discharge damage, 115 

People are among the worst offenders, carrying with them electrostatic 
charges that can easily damage sensitive mos circuits. Extra care in handling 
and board-assembly techniques is not enough: highly conductive materials 
are needed to serve as shields in the bags, tubes, and boxes in which the 
devices are transported. 

Emulation version bares microcomputer's hidden functions, 126 

The latest generation of microcomputers and microprocessors present test-
equipment designers with devilish problems: the states of internal registers, 
buses, even whole sections of logic may not be discernible on the chip's pins. 
Though costly, one way for chip makers to meet these test troubles head on is 
to develop special chip versions with additional pads for access to the hidden 
computer operations. 

LSI trio calls the tunes in fast, flexible CPU, 130 

Large-scale integration of processor logic makes provision for future enhan-
cements difficult at best. A three-chip microcomputer partitioning gives the 
16-bit machine an easily expandable microinstruction store—carte blanche 
for specialized or expanded capabilities. 

. . . and in the next issue 

A complementary-mos electrically erasable programmable read-only memo-
ry . . . a coder-decoder pair with zero crosstalk . . . thermoelectric pumps 
move heat electronically . . . Multi-ICE software aids dual-processor sys-
tem development. 
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'...'Krohn-Flite Corp 1979 

NEW DISTORTION 
ANALYZER SAVES 

TIME AND 
MONEY 

In just a few seconds Krohn-Hite's Model 6800 Auto-
matic Distortion Analyzer can make most distortion 
measurements. Simplicity of operation — plus the 
instrument's unique auto-ranging digital readout and 
its built-in accuracy — saves valuable production 

,ek and personnel time. 
, 

Check what the Model 6800 offers, and compare 
with what you're using now. 

• Frequency range 1Hz to 110kHz 

• Automatic level set from 1 to 130V RMS 

• Measures ultra-low distortion to 0.003%, typ-
ically, with a resolution of 0.001% 

• Range selectors provide auto-nulling of fre-
quency over a 10:1 range 

• Auto-ranging digital readout 

• Measures AC volts from 100mV to 130V RMS 

• Priced at only $1500 (domestic price). 
Model 6801. with automatic level set from 
100mV to 13V, is also available. 
(Domestic price $1600.) 

Make value your standard of measure when 
you specify distortion instruments. Call 
Krohn-Hite today for further information and look 
up our complete product listings in EEM and Gold 
Book. 

iir. gr--111-e-1-11 1FCROHN-HITE 
@cc) I=t 1=' CD 1=1 41. -no NJ 

Avon Industrial Park Avon MA 02322 •I6171580 1660 TWA 710 345 0831 

- , 
o 

MI CI MU 

Krohn-Hite... Benchmark of Value in Distortion Analyzers 

AL, Huntsville (205)534-9771; AZ, Phoenix (602)279-1531; CA, Inglewood (213)674-6850, San Jose (408)292-3220; CO, Denver (303)773-1218; CT, Canton Center (203)693-0719; FL, 
Orlando (305)859-7450, Sunrise (305)742-2115; GA, Atlanta (404)455.1206; HI, Honolulu (808)941-1574; IL, Chicago (312)283-0713; IN, Carmel (317)844-0114; KS, Overland Park 
(913)649-6996; LA, Gretna (504)367.3975; MD, Towson (301)321-1411; MA, Chelmsford (617)258-9061; MI, Detroit (313)961-3042; MN, Minneapolis (612)835-4818; MO, St. Louis 
(314)569-1406; NM, Albuquerque (505)255-2330; NJ, Cherry Hill (609)482-0059, Englewood (201)871.3916; NY, Rochester (716)473-5720, Saratoga Springs (518)584-6519, Syracuse 
(315)437-6686; NC, Burlington (919)227-3839; OH, Chesteriand (216)729-2222, Dayton (513)294.2476; OK, Jenks (918)299-2636; OR, Portland (503)297-2248; PA, Pittsburgh 
(412)261.2804; SC, Greenville (803)271-8543; TX, Dallas (214)661-0400, Houston (713)688-1431; UT, Salt Lake City (801)466-8729; VA, Falls Church (703)573-8787; WA, Bellevue 
(206)454-3400; WI, Milwaukee (414)545-8400; CANADA, Montreal, Quebec (514)744-5829, Ottowa, Ontario (613)725-1931, Toronto, Ontario (416)625-0600, Calgary, Alberta 
(403)276-7567. 
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Hate working 
with paper 
tape? liar 

., .. . •. 
try 

Addmaster 
paper tape 
readers and / 
handl , e/rs 

_ 

X ADDMASTER 
CORPORATION 

416 Junipero Drive 
San Gabriel, California 91776 
Telephone: (213) 285-1121 
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Save on Calculators 
Model Y010 COST HEWLETT 
HP 41C Sciem 0264 95 [a PACKARD 
Card Reader/4IC 184 95 
Pruner/41C 324 95 
HP -34C Screw 124 95 

HP 38C Bus 124 95 i •-•_-' 
HP 33C Scient 99 95 ,'..........;......."--"%"\. 
ilP 38E Bus 94 95 
HP-37E Bus wog ---.• 
HP 32E Adv Scieni 5853 e \,..--,-------..------
FiP 67 Scaent Prog 298 95 
HP 97 Scent Print 579 95 
HP-92 Bus Pont 398 95 

stands for continuous memory 

We carry an enormous stock of HP 

HP 85 COMPUTER 
Wo 'live the lowest prices in the 
nano', II you have an order 
somewhere else. cancel it and 
re order from Olympic Sales All 
accessories and peripherals 

accessories All units complete 
One year guarantee by HP 

TEXAS INSTRUMENTS tp' 
TI 59 208 95 TI 5015 63 95 

58'59 1-15'. 114s 34 95 TI 58C 98 95 TI 5100 38 50 
PC 100C 169 95 11 5200 Call us TIP 1419,4411441 54 95 
II 55 34 95 TI 5225 Call us Be, Analyst I 20 50 
11 50 33 50 11.5221 Call us Bus Analyst II 39 50 
Il 35 24 50 II 5230 Call us TI Translator 229 95 
TI 30SP 17 50 TI MBA 5895 It-Thermostat 119 95 
11 5040 92 95 Speak and Spell 62 95 

Huge inventory of II accessories on hand Jr all prises Guarantee by Ti 

Computers at unbeatable pnces 
APPUI II Computer 
Accessories and peripherals 
for immediate 1.44.1..4444. 

SPECIALS 
120 Seiko watches to choose horn 
Oigrana SS 129 95 
Cartier Typ -Tank- ladies 169 95 

delivery call us 
Apple II, the u 
complete computer I 
system 

Cartier Top -Tank" men 169 95 
Music Alarm Chrono SS 169 95 
Calc Watch with Alarm 159 95 
Dual Chronograph SS 99 95 

Please inquire abou . . 
' 

Dual Time Zone SS 79 95 
the new Apple Ill  Memory Bank Calendar 139 95 
Texas Instruments 

99,4 Consle 695 00 
Color monitor tor 9914 395 00 
FIF Modulator for 99/4 69 95 

APP Imagination Machine Call us 
ATARI Models 800 and 400 Call us 
Mattel Intellrwsron 02609 249 95 
Mattel Keybrd cornponent•1149 429 95 

Dryers 5001t roc 60581 179 95 
Solar Alarm Chrono SS 169 95 
Multi All. SS 109 95 
Worldtmr alrm. perp cal 169 95 
Single Alarm SS 79 95 
Alarm Chrongraph SS 129 95 

TI Watches 70 models to 
choose from fl 95 up 

Prices f ob t A Minimum freight & handling charge S4 95 In CA add 611 i, 
sales tax Goods sailed to availability Well beat any adverhsed price if 
- - -- -- competitor has goods on hand 

' Request our 130 page catalog re writing 

VISA Or,. t. ,,,, ''.- 8OG-421-8045 
in CA Ca' '""" .. Mon Sat 7AM , 6PM all 

OLYMPIC SALES comPnnv. inc. 
216 South Oxford Avenue • PO. Box 74545 • Los Angeles, CA 94 

12131381-3911 or 12131 3811202 • Telex 67•3477 

Publisher's letter 
B usiness is good for the manufac-

turers of data converters, compo-
nents editor Roger Allan determined 
as the result of his research lone for 
the special report that begins on 
page 101. But for the long term, 
there is an ominous cloud gathering 
on the horizon for strictly hybrid and 
modular converter makers. 

Giant semiconductor manufactur-
ers that made some monolithic data 
converters were content to view the 
data converter market with half-
hearted interest at best, but now 
they have a new outlook. They are 
convinced that the emergence of the 
microprocessor has opened very 
large data-acquisition markets that 
are capable of supporting volume 
sales of analog-to-digital and digital-
to-analog converters. The result, 
Allan says, is that for those firms 
making strictly hybrid and modular 
units, the impact of monolithic data 
converters on their business is bound 
to be noticeable. 
As a result, says Allan, the whole 

converter arena is beginning to lose 
its neat compartments. Most discus-
sions of data converters have tended 
to segregate monolithic a-d and d-a 
devices from those made by hybrid 
and modular means. Although this 
demarcation still exists today, the 
lines are much fuzzier. Monolithic 
and hybrid and modular converter 
makers are poaching on each other's 
territory. 
Some makers of monolithic data 

converters have purchased hybrid-
converter houses, and companies 
that once devoted themselves exclu-
sively to hybrids are rushing to mas-
ter the intricacies of at least inte-
grated-circuit chip design and lay-
out. All sides involved, says Allan, 
recognize that for the foreseeable 
future no one technology will pre-
dominate and that their interests are 
best served by a strong hand in both 
hybrid and monolithic technologies. 

It can blow $50 chips, push costs sky 
high, and cause much tooth gnash-

ing and consternation. What is this 
bane of the electronics manufactur-
er, this phenomenon that has been 
with semiconductors since Day One? 
It's electrostatic discharge, a fact of 

life that no one enjoys living with. 
One of the difficulties in com-

batting the problem is that it crosses 
the boundaries between disciplines 
with such ease that it has never been 
addressed by one technology area — 
never, that is, until two researchers 
at the 3M Co. in St. Paul came 
along (see p. 115). 
As packaging and production edi-

tor Jerry Lyman puts it, "Before 
Donald Yenni and James Huntsman 
did their work, there weren't any 
studies of electrostatic discharge 
from a scientific viewpoint that 
included materials and all the other 
facets of the subject. Yet at every 
meeting and convention, there are 
sessions about it and anxious engi-
neers picking one another's brains 
about what to do." 
What makes the Yenni-Huntsman 

data so timely is the fact that the 
problem is exacerbated by the 
advent of smaller and smaller very 
large-scale integrated circuits. Be-
cause these devices use thinner oxide 
layers than their predecessors—by 
almost a third—they have lower 
voltage breakdown and thus are 
more sensitive to static discharge. At 
the same time, the Department of 
Defense has issued a new specifica-
tion requiring protection from static 
electricity when shipping printed-cir-
cuit boards, an important change 
from previous practice. 
So it appears that static is finally 

beginning to be attacked with scien-
tific methodology. As summed up by 
Roy Walker of the Air Force's Reli-
ability Analysis Center at the Rome 
Air Development Center in Rome, 
N. Y., who is in charge of a seminar 
on the subject to be held in San 
Diego, Calif., beginning Sept. 9, 
"We are trying to get more papers 
documenting this area so that we can 
alleviate the problem of electrostatic 
discharge. It is becoming more and 
more of a problem as parts get 
smaller." 
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THIS IS 
THE WAY 
IT'S 
o 

Magnecraft means 
Leadership in Relays 

MAGNEC1RAFT CLASS 65 LOW PROFILE RELAY 

Imagine! One Miniaturized Relay That Does All This: 

1. SPOT power switching of 8 amps (a 250 VAC, with additional capability of 15 amps inrush. 
2. Low Profile packaging for P.C. board mounting where components must be less than .5" high. 
3. Upright mounting where P.C. board real estate is scarce, and vertical components are required. 
4. Approvals by UL (9\1 TV-5) & CSA. 

5. Standard control voltages of 5. 6. 12, 24, 48 VDC. 

10 Different Models are IN STOCK for Immediate Delivery. 

Write for your FREE Low Profile Relay Catalog. 

Magerecraft 
ELECTRIC COMPANY 

5575 North Lynch Avenue Chicago, IL 60630 Telephone 312/282-5500 

Visit us at Wescon/80 Anaheim, Cal if. Booths 1514-1516 Sept. 16-18, 1980 
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oc*, Stimulate,test, 
calibrate- in the 

ceee' te-- system, or on «.; the bench. • <2, 
Super simple programming. 

Amazingly affordable. Rock solid 
reliability. That's the winning combination 

that makes Systron-Donner's Model M107 Precision DC Voltage 
Source the ideal unit for production testing and calibration. Use 
the M107 in your system, as a stand-alone benchtop calibrator, or 
in a variety of test setups. Key features: • IEEE-488 interface with 
display of bus address. Parallel programming optional • Four DC 
output ranges to -±1000 volts • Accuracy ±-20 ppm • Six-digit 
LED display • Remote voltage sensing (4 output terminals). 

The M107 is the perfect voltage source for automatic test sys-
tems, calibrating A/D converters, A/F converters, CRT's, relays, 
DVM's, current amplifiers, peak detectors, tape transport elec-
tronics, and many other devices. 

Forget about those complicated and expensive voltage sources. 
Call Scientific Devices or contact Systron-Donner at 2727 Systron 
Drive, Concord, CA 94518. Phone (415) 676-5000. 

*U.S. price only. Available without bus. S3150 

SYSTRON DONNER 
PUT OUR PERFORMANCE TO THE TEST 

Readers' comments 

Interpreting effective bandwidth 

To the Editor: "100-MHz oscillo-
scope displays innovations in digital 
storage" by Thomas P. Dagostino 
and Michael R. Turner (May 8, 
p. 161) contains innovations in infor-
mation theory and other matters 
with which we disagree. 

First, the authors have assigned a 
"useful storage bandwidth" far low-
er than their actual bandwidth to 
digital scopes, discouraging potential 
users. No oscilloscope, analog or dig-
ital, can accurately show the wave-
form of a periodic signal to be sinu-
soidal without a bandwidth far 
beyond the signal's frequency. Theo-
retically, to show it as sinusoidal 
requires infinite bandwidth, but in 
real situations a factor of 10 or 20 
excess bandwidth usually suffices. 
The authors have chosen a factor 

of 12.5 and applied it to digital oscil-
loscopes unilaterally, indicating that 
the "effective storage bandwidth" of 
a 10-MHz digital scope is therefore 
800 kHz. The implication here is that 
only digital scopes are handicapped, 
which is simply not so. 
A 10-MHz digital scope looking at 

an unknown signal of fundamental 
frequency 800 kHz will clearly show 
it as a sine wave if it is, as a triangu-
lar wave if it is, and so on. This 
requires an effective bandwidth that 
is far beyond the fundamental fre-
quency. 

Also, it is not "impossible," 
despite the claim of the authors, to 
understand a digital oscilloscope's 
display when slightly more than two 
points per cycle are shown. It is easy 
if there is prior knowledge that it is a 
sine wave. Without that knowledge, 
the scope is being misused. Experi-
enced analog scope users avoid look-
ing at signals known to be sine waves 
near the bandwidth limit, for the 
only information available without 
gross error is fundamental frequen-
cy. Digital scope operators avoid it 
for convenience only. 

Sine interpolation, which the au-
thors enthusiastically promote, elim-
inates the inconvenience but in no 
way enhances "effective" band-
width. And why should sine interpo-
lation be included in a hybrid scope 
that is fully capable of displaying 
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Interested in 
higher performance 
software? 
The Mark Williams Company an-

nounces COHERENT :m a state of the art, 
third generation operating system. The 
design of COHERENT begins with the 
basic technology of the highly-acclaimed 
Western Electric UNIX operating system. 
From this starting point, it goes on to in-
clude further substantial software innova-
tion. The primary goal of COHERENT is 
to provide a friendly environment for 
program development. The intent is to 
provide the user with a wide range of 
software building blocks from which he 
can select programs and utilities to solve 
his problems in the most straightforward 
manner. 
COHERENT and all of its associated 

software are written totally in the high-
level programming language C. Using C 
as the primary implementation language 
yields a high degree of reliability, port-
ability, and ease of modification with no 
noticeable performance penalty. 

FEATURES 
COHERENT provides C language 

source compatibility with programs writ-
ten to run under Seventh Edition UNIX, 
enabling the large base of existing UNIX 
software (from numerous sources) to be 
available to the COHERENT user. The 
system design is based on a number of 
fundamental concepts. Central to this 
design is the unified structure of i/o with 
respect to ordinary files, external de-
vices, and interprocess communication 
(pipes). At the same time, a great deal of 
attention has been paid to system perfor-
mance so that the machine's resources 
are used in the most efficient way. The 
major features of COHERENT include: 
• multiuser and multi-tasking facilities, 
• running processes in foreground and 

background, 
• compatible mechanisms for file, device, 
and interprocess i/o facilities, 

• the shell command interpreter—modifi-
able for particular applications, 

• distributed file system with tree-struc-
tured, hierarchical design, 

• pipes and multiplexed channels for 
interprocess communication, 

• asynchronous software interrupts, 
• generalized segmentation (shared data, 

writeable instruction spaces), 
• ability to lock processes in memory for 

real-time applications, 
• fast swapping with swap storage cache, 

• minimal interrupt lockout time for real-
time applications, 

• reliable power failure recovery 
facilities, 

• fast disc accesses through disc buffer 
cache, 

• loadable device drivers, 
• process timing, profiling and debug-

ging trace features. 

SOFTWARE TOOLS 
In addition to the standard commands 

for manipulating processes, files, and the 
like, in its initial release COHERENT will 
include the following major software com-
ponents: SHELL, the command inter-
preter; STDIO, a portable, standard i/o 
library plus run-time support routines; 
AS, an assembler for the host machine; 
CROSS, a number of cross-assemblers 
for other machines with compatible 
object format with AS' above; DB, a 
symbolic debugger for C, Pascal, Fortran, 
and assembler; ED, a context-oriented 
text editor with regular expression pat-
terns; SED, a stream editor (used in fil-
ters) fashioned after'ED'; GREP, a pattern 
matching filter; AWK, a pattern scanning 
and processing language; LEX, a lexical 
analyzer generator; YACC, an advanced 
parser generator language; NROFF, an 
Nroff-compatible text formatter; LEARN, 
computer-aided instruction about com-
puters; DC, a desk calculator; QUOTA, 
a package of accounting programs to 
control filespace and processor use; and 
MAIL, an electronic personal message 
system. 
Of course, COHERENT will have an 

ever-expanding number of programming 
and language tools and basic commands 
in future releases. 

LANGUAGE SUPPORT 
The realm of language support is one of 

the major strengths of COHERENT. The 
following language processors will be 
supported initially: 
• C a portable compiler for the 

language C, including 
stricter type enforcement 
in the manner of LINT. 

• FORTRAN portable compiler support-
ing the full ANS Fortran 77 
standard. 

• PASCAL portable implementation of 
the complete ISO standard 
Pascal. 

• XYBASIC rm a state of the art Basic com-
piler with the interactive 
features of an interpreter. 

The unified design philosophy underly-
ing the implementation of these lan-
guages has contributed significantly to 
the ease of their portability. In particular, 
the existence of a generalized code gen-
erator is such that with a minimal effort 
(about one man-month) all of the above 
language processors can be made to run 
on a new machine. The net result is that 
the compilers running underCOHERENT 
produce extremely tight code very 
closely rivaling that produced by an expe-
rienced assembler programmer. Finally, 
the unified coder and conformable calling 
sequences permit the intermixture of 
these languages in a single program. 

THE OPERATING SYSTEM 
In part because of the language por-

tability discussed above, and in part be-
cause of a substantial effort in achieving 
a greater degree of machine-indepen-
dence in the design and implementation 
of the COHERENT operating system, 
only a small effort need be invested to 
port the whole system to a new machine. 
Because of this, an investment in 
COHERENT software is not tied to a 
single processor. Applications can move 
with the entire system to a new processor 
with about two man months of effort. 
The initial version of COHERENT is 

available for the Digital Equipment Cor-
poration PDP-11 computers with memory-
mapping, such as the PDP 11/34. 
Machines which will be supported in the 
coming months are the Intel 8086, Zilog 
Z8000, and Motorola 68000. Machines 
for which ports are being considered are 
the DEC VAX 11/780 and the IBM 370, 
among others. 
Because COHERENT has been devel-

oped independently, the pricing is excep-
tionally attractive. Of course COHERENT 
is completely supported by its devel-
oper. To get more information about 
COHERENT contact us today. 

W Mark 
Williams 
Company 

1430 W. Wrightwood Ave Chicago. IL 60614 
TEL: 312-472-6659 TWX: 910-221-1182 
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You're designing an intelligent CRT 
terminal and you're looking for the 
best 16-bit CPU for your application. 

Congratulations. Your search is 
over. 

"The AmZ8000 is better 
at handling strings of 

characters or data words: 
The AmZ8000 has el 

special block I/O 
instructions that allow r 
you to move from 1 
byte to 64K bytes of 
data in a single in-
struction. Into or out of 
memory. Ascending or 
descending addresses. 
With our standard 

4MHz CPUs, you can 

Rick McCarthy 
Manager. 

Field Applications. 
Engineering 

move a data item every 2.5 µsec. And 
you can interrupt the instruction to 
take care of other business. 

The AmZ8000 has a 
better development system!' 
Our System 8/8 was designed 

especially for the AmZ8000. 
It comes with 64K bytes of RAM, 

dual double-density 
floppy disks, an 
optional cartridge disk 
and piles of software. 
It's Multibus* compat-
ible. And it's even got 
an optional in-circuit 
emulator that runs in 
real time: 4MHz. No 
wait states. 

"The AmZ8000 
is better for Intelligent 

CRT terminals!' 
10 Electronics /July 17, 1980 



"The AmZ8000 has a 
better macroassemblee 
The MACR08000 has powerful 

macro and conditional assembly 
capabilities. And it generates relocat-
able output for either of the AmZ8000 
CPUs. 

For even more efficient program-
ming, we'll soon be offering C, a 
powerful system implementation 
language, as well as PASCAL. 

"The AmZ8000 is better 
because our peripherals 

are better' 
Advanced Micro Devices has a 

whole family of peripherals to go with 
the AmZ8000. For example, we've got 

DMA channel controllers and interrupt 
controllers and all kinds of high-speed, 
high-drive bipolar support circuits. 
We even have a powerful new linked-
list CRT controller on the way. 
And there's more: The AmZ8000's 

general-register architecture and 
efficient instruction set give you high 
throughput for sophisticated displays. 
The CPU directly addresses up to 8M 
bytes of memory. And we are still the 
only company that processes every 
part to the rigorous requirements 
of MIL-STD-883. For free. 

If you're looking for a 16-bit CPU for 
your intelligent CRT terminal, look 
into the AmZ8000. It's available 
right now. 
And it's the best 16-bit family 

for you. 'MuIfibus Is o hodemork of Intel Corp 

Advanced Micro Devices CI 
901 Thompson Place • Sunnyvale, CA 94086 • Telephone (408) 732-2400 

Right, from the start. 
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Just what's needed for 
identifying silicon wafers! 

Fragile materials or assemblies present no problems for 
Holobeam's computer-controlled InstaMark Laser 
Engraving System. Because the inscription is made with 
a weightless laser beam, no pressure is applied to the 

workpiece, thus it cannot be deformed or broken. 
What's more, through use of software programs, you 
can inscribe alphanumeric characters from 0.016 to 
3.28 in. high in any aspect ratio or even draw symbols 
or graphic designs. You can choose to write 
conventional linear text at 8 in./sec.... or write the text 
in a circular pattern at 4 in./sec. Whatever your marking 
problem, call our knowledgeable sales engineers ... 

perhaps InstaMark is the answer. 

CONTROL LASER CORPORATION  
HOLOBEAM LASER, INC. A Sul„idia„ 

1 1 222 Astronaut Blvd. • Orlando, Florida 32809 
(305) 851-2540 TELEX • 564407 

Readers' comments 

10-MHz sine waves directly, by vir-
tue of the Tektronix model 468's 
100-MHz analog section? Direct dis-
play makes it possible to disclose 
"distortion," if it exists, and show 
amplitude correctly. 
The authors also state that display 

jitter has plagued every commercial 
digital scope except the 468. This is 
not the case. Nicolet's digital scopes 
eliminate the timing errors that 
cause jitter. This is the preferred 
way, because in averaging, a major 
bandwidth loss will occur if the dis-
play, but not the timing, errors are 
corrected. 

Robert W. Schumann 
Nicolet Instrument Corp. 

Madison, Wis. 
The authors reply: Regarding useful 
storage bandwidth, our view of the 
oscilloscope's role as a general-purpose 
test and measurement instrument is 
somewhat different from that of Mr. 
Schumann. 

At Tektronix, the oscilloscope is 
regarded as a tool for making wave-
form measurements such as amplitude, 
phase, and frequency that require a 
good visual representation. Useful sto-
rage bandwidth merely addresses the 
number of samples per cycle needed for 
a good visual representation: that is, 25 
samples per cycle ff a dot display is 
used, 10 per cycle for dots joined by 
vectors, and 2.5 for the 468 interpo-
lated display. 

Theoretically at least, all the infor-
mation of a signal is present if there are 
only 2+ samples per cycle as the 
Nyquist criterion states. But amplitude, 
frequency, and phase measurements 
are extremely difficult, if not impossi-
ble, when a waveform is represented by 
only two-plus dots per cycle. 
As for the jitter-correction circuit in 

the 468, the article addressed digitizing 
circuits that use the trigger point as a 
memory location, making possible pre-
trigger viewing. In this type of system, 
± 1/2 sample trigger uncertainty is 
inherent, but is corrected by the 468. 
But if the trigger is used to begin the 
sweep, a restart oscillator can be used 
to correct trigger uncertainty. This fea-
ture gives performance comparable to 
that of an analog oscilloscope, but can-
not work when pretrigger information 
is desired. 
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CHERIff 

Cherry has been combining both digital and linear 
functions on the same chip since the infancy of I2L 
logic. Long experience, integrity of design, tech-
nological innovation and manufacturing excellence 
are only the beginning. You'll never meet a group 
of engineers more eager to work with you to solve 
YOUR problems. Engineers ready for the challenge of new 
design concepts. Eager for your business. 

It really doesn't matter what your IC problem is. Whether 
the solution is one of our standard digital or linear bipolar ICs— 
or the most sophisticated custom design —Cherry has or can 
provide the right solution. At the right price. With the right 
delivery date. 

All this from the folks at Cherry: A trusted name 
in industry for more than 25 years. 
SEND FOR OUR FREE 36 page catalog of 

digital and linear ICs. Includes low level amplifiers— 
differential amplifiers— level detectors—DC to DC 
converters— timing circuits— motor speed controls— 
optical detector systems— camera controls— 
flip chips. 

CHERRY SEMICONDUCTOR CORPORATION 
99 Bald Hill Rd., Cranston, Rhode Island 02920 / (401)463-8000 / TWX 710-381-1 7 57 

A wholly owned subsidiary of Cherry Electrical Products Corp., Waukegan IL. US A,, 312 1389 7700 • Worldwide affiliates end phone numbers: Cherry Mikroschalter GmbH. Auerbach, Germany, 09 843 181 
Cherry Electrical Products ltd., Sandridge (Hefts) England, 44 727 32231 • Cherco Brasil Industrie E Comercio Ltda. Sao Paulo, Brazil, 011 248 4343 • Hirose Cherry Precision Co., Ltd., Kawasaki, Japan. 044 933 3511 
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People 

' Twice Actual Size 

FULLY QUALIFIED 

JANTXXIANTXV 
RATINGS 

TRW Optron 
OPTICALLY COUPLED 

ISOLATORS 
NEW JAN 4N22A SERIES 

OFFERS 
HIGHEST RELIABILITY 

You can't buy a more reliable optically 
coupled isolator than one of TRW Op-
tron's new JAN 4N22A series. The 
popular JAN 4N22A, 4N23A and 
4N24A all feature fully qualified 
JANTX AND JANTXV ratings. 
These new TRW Optron isolators 

consist of a high efficiency, solution 
grown gallium arsenide LED and a sili-
con N-P-N phototransistor in a hermet-
ically sealed 6-pin TO-5 package. 
Minimum input-to-output isolation vol-
tage for the series is 1000 volts and 
minimum current transfer ratios range 
from 25% for the 4N22A to 100% for 
the 4N24A. 
New "A" version TRW Optron 

isolators are a significant improve-
ment over the older 4N22 series since 
the case is isolated from the sensor 
and LED to eliminate the need for an 
insulating spacer in many applica-
tions. 
TRW Optron also offers a new 

JEDEC registered series of high relia-
bility isolators in a 4-pin TO-18 pack-
age. The 3N243 series includes three 
devices with the same reliability and 
similar characteristics as the JAN 
4N22A TO-5 series, yet in a smaller 
package. 

TRW Optron's complete 
line of optically coupled 
isolators includes other 

ITF immediately available stan-
dard devices in high-rel 

fi metal cans and low cost DIP 
and other plastic configura-
tions for almost every appli-
cation. 

Detailed technical information on 
optically coupled isolators and other 
TRW Optron optoelectronic products 
. . chips, discrete components, re-

flective transducers, and interrupter 
assemblies... is available from your 
nearest TRW Optron sales represen-
tative or the factory direct. 

TRWOPTRON 
A DIVISION OF TRW INC. 
1201 Tappan Circle 
Carrollton, Texas 75006, USA 
TWX-910-860-5958 
214/242-6571 

West, McDougall won't run 

from Japanese competitors 

"Who invented the notion that tech-
nological competition between the 
U. S. and Japan is a war?" demands 
J. Thomas West, Data General 
Corp.'s engineering manager for 
Japanese business development. 
That view has U. S. companies run-
ning scared, he complains, begging 
for Government protection, "when 
running away from competition is 
the most self-defeating course we 
could take." 

West, 40, who led the team that 
developed Data General's new 
MV/8000 32-bit minicomputer 
[Electronics, May 8, p. 185], believes 
his company is taking a wiser course. 
Last fall, he became technical liaison 
between Data General and a Japa-
nese minicomputer firm, Nippon 
Mini-Computer Corp. 
Nippon Mini-Computer, a licen-

see of Data General since 1971, built 
and marketed the firm's Nova com-
puters in Japan. Last year, it traded 
50% of its stock to Data General in 
exchange for licensing rights to the 
American company's entire product 
line over the next 10 years. Renamed 
Nippon—Data General Corp., the 
firm is now "a full and equal part-
nership," says Donald L. McDou-

gall, West's counterpart for the busi-
ness side of the arrangement. He 
hopes to see its annual sales growth 
rate exceed Data General's own in 
the coming decade. 

McDougall, 37, a Canadian "who 
was never much interested in travel" 
before he embarked on developing a 
string of subsidiaries in the Nether-
lands, Belgium, Switzerland, Italy, 
and France, figures he has spent 
nearly four of the last nine months in 
Japan working with the Japanese 
firm's management during the peri-
od of adjustment to its U. S. mar-
riage or on planes between there and 
the Westboro, Mass., corporate 
headquarters of Data General. 
He has come away convinced that 

"the Japanese are quite capable of 
taking over the world economy." He 
agrees with West, however, that the 
prospect is better viewed as a chal-
lenge and an opportunity than as a 
threat, and he stresses the advan-
tages his company looks for in mak-
ing friends with such talented for-
eign competitors. 

Rich soil. Japanese firms, coming 
on strong in mainframes, are not so 
active in minicomputers, McDougall 
notes, "so we see a fertile market 
there for our products." The Nippon 
connection means Data General ma-
chines, made in Japan, do not run 
into Japanese trade restrictions ap-

Partners. J. Thomas West, left, Data General's engineering manager for Japanese business, 

and Donald McDougall, his business counterpart, see Japanese as partners. 
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PDP141/03' PDP11/23 
MICROCOMPUTER SYSTEMS 

FIRSTMiCRO' 
PMP`d'il® 
FIRST COMPUTER CORPORATION NOW OFFERS 
MICROCOMPUTER DEVELOPMENT SYSTEMS IN BOTH 
11 03 AND 11;23 CONFIGURATIONS. 

The Basic POP-11 ,03 systems offer the designer a 
low cost compatible alternative to the larger 
members of the POP-11 fomily. The larger faster 
POP-ii 23 systems offer the power expandability 
and operating systems of the larger members of the 
POP-11 family while retaining the proven cost 
effective Q-Bus architecture. These systems save 
you money, improve programming efficiency. and 
boost productivity 

KDI1-HA 
CPU 11/03 

MSV11-DD 
32KW Memory 

RLO1 
Controller 

RLO1 
Controller 

DLV11-J 
Serial 14) 

OPEN 

OPEN 

OPEN 

BOV11-AA 
Bootstrap 

MS Vil -00 
32KW Memory 

RX02 
Controller 

OLV11-J 
Serial (4) 

OPEN 

OPEN 

OPEN 

OPEN 

BDV11 -AA 
Bootstrap 

KDFI 1 
CPU 11/23 

MSV11-D0 
32KW Memory 

MSVII-DD 
32KW Memory 

RLO1 
Controller 

111.01 
Controller 

DLV11-J 
Serial (4) 

131:W11-AA 
Bootstrap 

BDVI 1-AA 
Bootstrap 

KOF11 
CPU 11/23 

MSV11-DD 
32KW Memory 

MS)/11-DD 
32KW Memory 

RX02 
Controller 

DLV11-J 
Serial 141 

OPEN 

Serving the world with cost effective computer systems 

ntst 
TM TWX NUMBER 910-651-1916 

computer corporation 
corporate square/825 north casa avenue: westmont. 'Ulnas 60559/(312) 920-1050 

'Trademark First Computer Corporation • Registered trademark of Digital Equipment Corporation SS-3 



Best selection of 
Dip, Panel, and PC 
Miniature Rotary 
Switches. Your single source of sup-

ply for a wide variety of 

miniature rotary switches. Emphasis is on PC Mountable types 
including Dual-In-Line types with either BCD or Decimal Codes. 
Gold contacts where applicable are standard for low-level 

switching. Choice of screwdriver actuators, knob shafts or key-
lock types and some are made for panel mounting. Fixed or 
adjustable types up to 10 or 12-positions and also in 2-pole 
6-positions and 3-pole 4-positions. We have many more types 
than shown in this photo. Our engineering and production 

group will respond favorably to provide custom rotary switches, 
whether it be cut or milled shafts or an entirely new concept 

to meet your exacting needs. We urge you to call or write for 

details and ask for our new 160-page ALCOSVVITCH catalog. 

Lmimo'd _ 
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ALCO ELECTRONIC PRODUCTS, INC. a subsidiary of AUGAT, Inc. 

1551 Osgood St., N. Andover, MA. 01845 (617) 685-4371 TWX: 710 342-0552 
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FREE 
Brochure describes Electronics 
editorial reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cards 
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For your free copy, 
circle #275 on the 
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People 

plied to imports. And, McDougall 
says, "Nippon-DG's engineering ex-
pertise helps us offer Japanese-spe-
cific products, instead of American-
built ones requiring the customer to 
do all the adjusting." 
The Japanese-language input-and-

display system developed last year 
by Nippon-DG for use on Data Gen-
eral's Eclipse computers [Electronics, 
Jan. 3, p. 213] "could not have been 
built by Americans," McDougall 
believes. He adds that the benefits of 
such cooperation should mean a sig-
nificant competitive edge over other 
U. S. minicomputer makers, whose 
homegrown machines go into the 
Japanese market via sales offices or 
distributors. 
Commonality a goal. Another goal 

is standardization of Data General's 
product line. Any improvements the 
Japanese make will be incorporated 
into the line, eventually resulting in 
a commonality of parts, servicing, 
and technical support wherever Data 
General minicomputers are built and 
sold. Tom West, the man in charge 
of bringing back technological fruits 
of the alliance, expects to see long-
range benefits from Nippon-DG's 
access to Japanese advances in cus-
tom very large-scale integrated cir-
cuits, voice recognition, fiber optics; 
and copier technologies. 

From their respective managerial 
and technical orientations, the two 
agree that the most profitable Japa-
nese-American effort will be one 
that successfully balances Japan's 
highly disciplined, team-player work 
ethic and the U. S.'s individualistic 
brand of entrepreneurial energy. 
McDougall particularly feels that 
his role—interfacing with Nippon-
DG's management, product develop-
ment, and marketing people—calls 
on him continually to strike such a 
balance. "Deciding whether to do it 
their way, our way, or by compro-
mise takes a lot of flexibility," he 
says. "I think developing a high 
degree of cultural sensitivity is the 
prime requisite of this job." 

"Followed closely by a high 
degree of stamina," adds West, 
whose travel schedule is as rugged as 
McDougall's. "Jet lag is getting to 
be an old friend." 
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Facts from Fluke on low-cost DMM's 

Our new 41/2 -digit bench/portable: 
You've never seen anything like it. 

Take a close look at the face of this 
instrument. Notice anything new? If 
you just realized you've never seen 
words on a low-cost DMM display 
before, you're on the right track. 

This is the new 8050A from Fluke, 
the lowest priced 41/2 -digit multimeter 
available that uses microprocessor 
technology. 

The legends on the LCD are 
clues to what makes the 8050A 
unique. 

dB: You're right. The 8050A 
delivers direct readouts in dBm, 
referenced to any of 16 impedances. 
Use the "REF Z." button to scroll 
through the memory and locate 
the zero dBm reference you need, 

then set it and forget it. No more 
tedious calculations or conversions. 

REL: For relative references in the 
dB mode or offset measurements in all 
other functions. Lets you store any 
input as a zero value against which all 
others are automatically displayed as 
the difference. Another timesaving 
convenience. 

HV: Just a reminder when your in-
put is over 40V, so you won't forget about 
safety while in the dB or relative modes. 

Of course there's much more to the 

8050A. True RMS measurements to 
50 kHz. Conductance for measuring 
resistance to 100,000 Megohms and 
leakage in capacitors, pcb's, cables and 
insulators. Diode test, 0.03% basic dc 
accuracy and full input protection. 
Plus a large family of accessories. Just 
$349 U.S. 

For all the facts on the versatility 
and value of thenew 8050A,call toll free 
800-426-0361; use the coupon Ibelow; 
or contact your Fluke stocking dis-
tributor, sales office or representative. 

FLUKE 

IN THE U.S. AND NON. 
EUROPEAN COUNTRIES: IN EUROPE: 

John Fluke Mfg. Co.. Inc. Fluke (Holland) B. V. 
P.O. Box 43210 MS:r2B P.O. Box 5053. 5004 EH 
Mountlake Terrace. WA 98043 Tilburg. The Netherlands 
(2(W) 774-2481 10131673 973 
Telex: 152662 Telex: 52237 

D Please send 8050A specifications. 

D Please send all the facts on Fluke 
low-cost DMM's. 

D Please have a salesman call. 

Name 

Title  Mail Stop 

Company 

Address 

City 

Telephone ( 

For technical data circle no. 17 

Ext. 
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When all you 
make is the glass, 
you make if 
all you can. 
Routine orders for LE-7059 photomask substrates ship from inventory. 
Emergency calls go within 24 hours. 

Technical assistance is as fast as we can get an applications 
engineer to the phone or airport. 

Just call us in Corning, New York, where we've centralized sub-
strate research, production and technical service. 

Corning originated the first commercially successful borosilicate 
glass in 1915. 

Corning made the first borosilicate photomask substrates in 1968. 
Our LE-7059 glass helped reduce runout and achieve larger scale 
integration. Our substrates set the flatness standard of 2 microns or 
less for improved focus latitude. 

Meanwhile... 
Thousands of our newest N-ZEMSrm substrates are at work in 
evaluation labs and on preproduction lines. Thermal expansion is 
7.5 x 10-7pc or less (one-sixth that of borosilicate) to cut runout 
to a new low. The N-ZEMS substrates family includes fused silica 
for high transmittance down to 185 nanometers, as well as 
economical high silica options for work between 254 and 365 
nanometers. 

LE-7059 glass is available as chrome photomask blanks from: 

Basic Microelectronics, Inc., Lake Park, Florida; 
Electronic Materials Corporation, a Division of 

Micro Mask, Inc., Azusa, California; 
Optifilm Company, Gardena, California; 
Tau Laboratories, Inc., Poughkeepsie, New York, and 
Telic Corporation, Santa Monica, California. 

Finished photomasks on LE-7059 substrates are offered by 
independent and in-house mask shops. 

Call (607)974-7595 
For photomask substrates. For technical 
assistance. For our new brochure. Or 
write Corning Glass Works, Electronic 
Materials Dept., MS 66, Corning, N.Y. 
14830 E-A-7 

CORNING 
Circle 19 on reader service card 
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IN RAM TEST ACCURACY 
ENTER THE NEXT GENERATION.  

The new J389 Memory Test System 
gives you the narrowest guardbands ever. 
Plus high-integrity wavefonning and test 
flexibility for next generation devices: 
the 64k and 16k-5v dynamic RAMs, the 
high-speed one-wide and bytewide 
static RAMs. 

Quarter-nanosecond timing accuracy 
and address and data alignment minimize 
.T,uardbands. 
New Remote Test Electronics delivers 

system accuracy with 10 nanosecond I/O 
active load switching and half-nanosecond 
data detector skew. 

Flexibility for complex RAMs conies 
from 16 timing and formatting sets oper-
ating at 20M Hz. 

Automatic Edge Lock continuously 
self-calibrates clock edges and address 
and data skew to within a quarter-
nanosecond, monitoring voltages for 
outstanding correlation. 

Teradyne's PASCAL-T software mini-
mizes programming time and allows sym-
bolic debugging in the language of the 
written program. 

Real-Time Bit Mapping for state-of-
the-art characterization is well-proven. 
And the J389's new architecture and 
thermal design keep the whole system 
Teradyne-reliable. 

Added to an installed base of several 
hundred J380-series systems, the J389 
continues to give you the Definite Edge 
in RAM testing. 

Contact Teradyne, Inc., 21255 Califa 
Street, Woodland Hills, California 91367. 

Circle 21 on reader service card 



Tektronix Microprocessor Development Labs 

"Our business depends 
engineering schedules. So we 

capabilities of the 

T
HOMSON-CSF is an international 
leader in the fast-paced 
telecommunications industry. 

They've found Tektronix 8002A 
emulation and support keeps 
their projects on schedule. 

Jean-Luc Gerner 
System Engineer 
THOMSON-CSF 

Gennevilliers, 
France 

“Vmulation is the quickest, 
Land we think the only way to 

debug microprocessor designs." 

At Thomson-CSF microprocessor 
designs have to move quickly from con-
cept to marketplace. That's why engin-
eers likeJean-Luc Gerner prefer the 
emulation capabilities of the Tektronix 
8002A. Says Mr. Gerner: "On paper emu-
lation is supposed to be the same. But 
we've used other development systems 
and their emulation has crashed. Tek-
tronix emulation works consistently." The 
8002As three progressive stages ofemula-
tion provide a fast, simplified approach 
to microprocessor hardware and 
software integration. 

With software development and 
debug, software/hardware integration, 
and prototype monitoring emulation 
modes, Thomson-CSF hardware and 
software engineers are able to use the 
same design tool to make changes and 
corrections right on the spot. "The time 
saving is incredible," adds Mr. Gerner. 

"We're using microprocessors 
from two different manufacturers in 
our applicaton. But we only need one 
development system for both chips — 
the 8002A." 

Copyright C)1980, Tektronix, Inc. All rights reserved. 895 



on meeting tight 
depend on the emulation 
Tektronix 8002A:' 

Tektronix' extensive multiple mi-
croprocessor and multi-vendor support 
saves money. (We now support 25 chips.) 
That's because designs that need different 
chips from different 
manufacturers need 
just one 8002A, in-
stead of two or 
more dedicated 
development sys-
tems. Tektronix 
multi-chip sup-
port makes you more productive 
because you don't have to learn a new 
command interface for each chip. 

"The 8002A let's us remain flexible 
in microprocessor selection for future de-
signs," says Gerner. With the widest list of 
microprocessor support available, you 
aren't tied down to a single chip or family 
of chips. 

"Our Tektronix 8002As have 
been up and running upon arrival. 
We like that kind of reliability." 

The 8002A is thoroughly pretested, 
so you can begin designing with it as soon 
as it arrives. Ofcourse, we provide all the 
manuals and documentation necessary 
for installation. We'll even help with in-
stallation, if you'd like. 

And if you should have any prob-
lems, a Tek service rep can be there in 

48 hours or less. Our MDL 
service centers worldwide 
make sure your projects 
won't slip because of 
development system 
downtime. 

"After using 
the 8002A for two 
years now," 
comments Mr. 
Gerner,"we're 
confident in 

it. We now 
spend less time and effort in the mi-
croprocessor development cycle." 

For information on how you can 
keep your projects on schedule with the 
8002A call us toll-free at 1-800-547-1512. 
Or ask your local Tektronix MDL Spe-
cialist. 

U.S.A., Asia, Australia, Central Ed 
South AmerIca,Japan 

Iektroni, Inc. 
PO. Box 1700 

Beaverton, OR 97075 
Phone: 800/547-1512 

Oregon only 800/644-9051 
503/644-0161 

Telex: 910-467-8708 
Cable: TEKTRONIX 

Europe, Africa, 
Middle East 

Tektronix International, Inc. 
European Marketing Centre 

Pceibox 827 
1180 AV Amstelveen 

The Netherland!: 
Telex: 18312 

Canada 
Tektronix Canada Inc. 

PO. Box 6500 
Barrie. Ontario L4M 4V3 

Phone: 705/737-2700 

liNctronix 
COMMITTED TO EXCELLENCE 

Tektronix MDI:s now provide hill software development 
nd emulation support for the 8080A. 8085A, 8048, 8039, 
8039-6, 8035, 8021.8022, 8041A. 8049.6800.6802, 6808, 
3870, 3872, 3874, 3876, F8, MA. TMS 9900, SBP 9900, 

6500/1 and 1802. Nov.' software development and 
pnitotype debug packages for the 8086 and Z8000. 



Editorial  

Making the FAA straighten up and fly right 

The United States can be proud of its 
commercial air transportation system, if not 
the Federal Aviation Administration that is 
charged with running it. Much of the success 
the system has had is more a tribute to the 
engineering competence of the aircraft and 
avionics manufacturers and operators than 
to the FAA. Now those private judgments 
that have long ranked the FAA near the 
bottom of the Federal bureaucracy in 
professional competence and efficiency are 
out in the open, thanks to a devastating special 
report issued by the National Research 
Council at the end of June. 

Titled "Improving Aircraft Safety" and 
dealing with FAA aircraft certification, the 
study is the product of a 13-member blue-ribbon 
panel headed by George M. Low, president 
of Rensselaer Polytechnic Institute at Troy, 
N. Y. He is better known in Washington for 
his former job as the National Aeronautics 
and Space Administration's second in command 
and, earlier, as manager of the Apollo 
spacecraft program. The 118-page analysis 
was undertaken to allay public fears after 
271 people were killed when an American 
Airlines DC-10 lost an engine and crashed 
on takeoff at Chicago's O'Hare Airport on 
May 25, 1979. 

If the FAA is to improve and keep up with 
the industries and technologies it monitors, 
the Low committee concludes, it needs "highly 
competent, dynamic leadership, with terms 
of sufficient duration to provide stability and 
continuity," plus "improved technical staff 
of greater competence." To achieve better 
leadership, the appointments of the FAA 
administrator and deputy administrator 
should be removed from politics and selected 
from a slate of candidates recommended by 
a new, independent aviation safety policy 
board that would be set up to counsel the 
Secretary of Transportation on major issues 

and FAA oversight. The FAA administrator, 
who could be reappointed, would also get a 
technology advisory group. 
To counter the FAA's "inadequate level of 

technical currency and competence," which 
the report says means that industry engineers 
have greater competence than the FAA staff 
members who must judge their work, the 
FAA is urged to establish a central engineering 
organization to replace the 12 regional staffs 
that now report to Washington. Such a move 
could reduce or eliminate "inadequate and 
ambiguous direction, supervision, and support 
of staff, resulting in confusion about priorities, 
reluctance to assert government prerogatives, 
and low morale." 

Beyond management and staff policy 
changes, the FAA is also urged to speed up 
the "leisurely pace" of its five-year effort to 
develop a comprehensive information-gathering 
and data-processing system for staff access 
to records of aircraft manufacturers and 
carriers. The Low committee also calls for 
stringent accreditation standards for aircraft 
mechanics—like those for flight crews— 
including separate standards for avionics 
maintenance staffs. 
The analysis deserves high marks for its 

depth, knowledgeability, and clarity of 
presentation. It is long overdue in an era 
when a passenger airliner takes off or lands 
somewhere in the United States on an average 
of every three seconds around the clock, every 
day of the year. The worst thing that could 
happen to the study is that it be forgotten or 
discarded in an election year. The best thing 
that could happen is that these excellent 
recommendations be implemented and that 
the other key element of the nation's air 
transportation system—the one dealing with 
air traffic control, airports, and airways—be 
the subject of another analysis by an equally 
expert group as that headed by George Low. 
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Now you can avoid 
the added costs 
and delays associated 
with the purchase of 
"selected" Schottky Rectifiers 

THE FIRST 
`FULLMORSIVI' 

SCiarateLlelE! 

The chart below tells the whole story: 
a standard "off-the-shelf" Schottky for 
virtually every need in the 1 to 150 Amp, 
20 to 60 Volt range . . from one source! 

To create this definitive "Full Spectrum" 
Line we developed 7 new series, each 
characterized to effectively cover a 
specific area of common usage. 

You'll find state-of-the-art low forward 
voltage devices for operation to 150°C (TJ) 
and our proprietary "830" Process types 
for operation to 175°C (TJ) with greater 
current capability at high temperatures, 
one-fifth the reverse leakage current, and 
no voltage derating or thermal runaway. 

We've put the whole story with specs and 
part numbers into a new brochure. Send for 
it or ask your IR Sales Office, Rep or 
Distributor for a copy. "Full Spectrum" 
Schottkys are available through an IR 
Distributor near you . . . NOW! 

Includes 12 new 
12, 20 and 30 Amp 
Dual Schottkys in 
the TO-220 package! 

C C D o 

AMPS 
VOLTS 

,— 6A 12A 
DUAL 

20A 
DUAL 

30A 
DUAL 

30A 30A 60A 75A 85A 150A 

20V 

30V • H   • • • • • • • • • • 

35V H    • • e   • 0 • • • 

40V • ¡el 1°1 •  • • •   • • • • 

15V 1 • • •   •   • • • • 

50V • 

LEGEND 

• LOW FORWARD VOLTAGE 150 C Ti PROCESS 

C Tj OPERATION-1130 PROCESS • 175 

60V • DUAL CHIP-175 C îj 830- PROCESS 

INTER , 
WORLD HEADQUARTERS: 233 KANSAS ST . EL SEGUNDO CA 90245, U S.A. PHONE. 1213) 772-2000 TELEX 68-44 

EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY. ENGLAND PHONE 8833-3215 TELEX 9521 

Manufacturing Subsidiaries, Sales Offices, Representative., Agents and Distributors Throughout the Wor 
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NEW LONG 
SCREEN 
PRINTING 
MACHINE 

In 30 years as the leading manufac-
turers, we have developed from our 
own technology a complete line of 
over 20 standard models. Our pro-
duction total of more than 5,000 
units gives us a 70% share of the 
Japanese market, the most competi-
tive and demanding in the world. If 
our present models do not fill your 
needs, tell us your requirements. 
Our engineering department can 
meet any challenge 

Automatic Precision 
Screen Printing 

Machine 
MODEL: LS-15GT 

SPECIFICATIONS 

• Printing size: 

• Screen frame: 

• Squeegee stroke: 

• Squeegee speed: 

Distributors 

The•  Christpher Group 
23342 South Pointe Drive Unit D 
Laguna Hills Ca. 92653 U.S.A. 
Phone: 714.581-7491 Telex: 9105952462 
EUROPE & W. GERMANY 
Gunze Dusseldorf GMBH 
4, Düsseldorf KOnigsallee W. Germany 
Phone: 0211-80271-2 Telex: 8587450 
HONG KONG 
Kong King Trading Co, Ltd. 
Wongs Industrial Bldg, 6/FL., Hung To Rd, 
Kwun Tong, Kowloon, Hong Kong. 
Phone: 3-450111 Telex: 36810 

Manufacturer: 

6 x 6 in. 
(150 x 150 m/m) 
12.6 x 12.6 in. 
(320 x 320m/m) 
2-8 in. 
(50 — 200 m/m) 
(variable speed) 
0-4 in./sec. 
(0 —100 m/m/sec.) 

NEW LONG 
NEW LONG SEIAUTSU KOGYO CO., LTD. 

4-6, NI5HICOTANDA, 7-CHOME. SHINAGAWA-KU 
TOKYO 141, JAPAN 

PHONE (03)492-7571 TELEX 2466040 NE WLON I 

Meetings 
Electromagnetic Interference Me-
trology Seminar, National Bureau of 
Standards (M. Gerald Arthur, 
EMI/Radiation Hazards Group, 
Electromagnetic Fields Division, 
NBS, Boulder, Colo. 80303), NBS, 

Gaithersburg, Md., July 22-24. 

1980 Microcomputer Show, Online 
Conferences (Cleveland Road, Ux-
bridge JB8 2DD, England), Wem-
bley Conference Center, London, 
July 22-24. 

Second Telecommunications Confer-
ence, IEEE (Umid Nejib, Engineer-
ing Department, Wilkes College, 
Wilkes-Barre, Pa. 18766), Best 
Western Motel, Wilkes-Barre, July 
28-31. 

SPIE'S 24th International Symposium 
and Instrument Display, Society of 
Photo-Optical Instrumentation En-
gineers (Box 10, Bellingham, Wash. 
98225), Town and Country Hotel, 
San Diego, Calif., July 28—Aug. 1. 

23rd Midwest Symposium on Cir-
cuits and Systems, University of 
Toledo (A. R. Thorbjornsen, Electri-
cal Engineering Department, Uni-
versity of Toledo, Toledo, Ohio 
43606), Toledo, Aug. 4-5. 

Fifth Annual Conference on Innova-
tion and Regulatory Issues and Tech-
nical Seminar on Solar Energy and 
Energy Conservation, National Bu-
reau of Standards (Sandra A. Berry, 
B-226, Building Technology, NBS, 

Washington, D. C. 20234), Plaza 
Cosmopolitan Hotel, Denver, Colo., 
Aug. 6. 

Impact of the AT&T Business Unreg-
ulated Subsidiary and the Restructur-
ing of the Computer/Communica-
tions Industry, The Yankee Group 
(Box 43, Harvard Square Station, 
Cambridge, Mass. 02138), Meadow-
lands Hilton, Secaucus, N. J., Aug. 
5-6, and Palo Alto Hyatt, Palo Alto, 
Calif., Aug. 12-13. 

1980 Joint Automatic Control Con-
ference, IEEE, Instrument Society of 
America, et al., Sheraton-Palace Ho-
tel, San Francisco, Aug. 12-15. 

Electronics/China 80, U. S.—China 
Trade Consultants Inc. (Clapp & 
Poliak Inc., P. 0. Box 277, Princeton 
Junction, N. J. 08550), Canton, Chi-
na, Aug. 14-24. 

First Annual National Conference on 
Artificial Intelligence, American As-
sociation for Artificial Intelligence 
(AAA' 1980 Conference, Stanford 
University, P. O. Box 3036, Stan-
ford, Calif. 94305), Stanford Uni-
versity, Aug. 19-21. 

International High-Fidelity Trade 
Fair with Festival, Nowea (D-4000 
Düsseldorf 30, P. O. Box 320203, 
West Germany), Fairgrounds, Düs-
seldorf, Aug. 22-28. 

First Annual Hewlett-Packard 1000 
International Users Group Confer-
ence (Glen A. Mortensen, Inter-
mountain Technologies Inc., P. O. 
Box 1604, Idaho Falls, Idaho 
83401), San Jose Hyatt House, San 
Jose, Calif., Aug. 25-27. 

The 12th Conference on Solid-State 
Devices, The Japan Society of 
Applied Physics (3-5-8 Shiba Koen, 
Minato-ku, Tokyo 105), Tokyo 
Chamber of Commerce & Industry 
Building, Aug. 26-27. 

10th Symposium on Electromagnetic 
Theory, Verband Deutscher Elektro-
techniker (D-6000 Frankfurt 70, 
Stresemannallee 21, West Germa-
ny), Munich Technical University, 
Aug. 26-29. 

The 15th International Conference 
on the Physics of Semiconductors, 
Physical Society of Japan (Hiroshi 
Kamimura, Department of Physics, 
Tokyo University), Tokyo, Kyoto 
International Conference Hall, Kyo-
to, Sept. 1-5. 

Short courses  

Implementing Cryptography in Data 
Processing and Communications 
Systems, University of Southern 
California Continuing Engineering 
Education, Powell Hall 216, Univer-
sity Park, Los Angeles, Calif. 
90007), usc, Aug. 25-28. 
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Management Information Display Ultrasonic heart sector scan High-resolution display with alphanumerics 

Get the professional color 
display that has 

BASIC/FORTRAN simplicity 

LOW-PRICED, TOO 

Here's a color display that has 
everything: professional-level resolution, 
enormous color range, easy software, 
NTSC conformance, and low price. 

Basically, this new Cromemco Model 
SDI* is a two-board interface that plugs 
into any Cromemco computer. 

The SDI then maps computer display 
memory content onto a convenient color 
monitor to give high-quality, high-
resolution displays (756 H x 482 V pixels). 

When we say the SDI results in a high-
qual ity professional display, we mean you 
can't get higher resolution than this 
system offers in an NTSC-conforming 
display. 

The resolution surpasses that of a color 
TV picture. 

BASIC/FORTRAN programming 

Besides its high resolution and low 
price, the new SDI lets you control with 
optional Cromemco software packages 
that use simple BASIC- and FORTRAN-
like commands. 

Pick any of 16 colors (from a 
4096-color palette) with instructions like 
DEFCLR (c, R, G, B). Or obtain a circle of 
specified size, location, and color with 
XCIRC (x, y, r, c). 

U.S. Pat. No. 4121283 

Model SDI High-Resolution Color 
Graphics Interface 

HIGH RESOLUTION 

The SDI's high resolution gives a 
professional-quality display that strictly 
meets NTSC requirements. You get 756 
pixels on every visible line of the NTSC 
standard display of 482 image lines. Ver-
tical line spacing is 1 pixel. 

To achieve the high-quality display, a 
separate output signal is produced for 
each of the three component colors (red, 
green, blue). This yields a sharper image 
than is possible using an NTSC-composite 
video signal and color TV set. Full image 
quality is readily realized with our high-
quality RGB Monitor or any conventional 
red/green/blue monitor common in TV 
work. 

Gl Inc or por a ted 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 

Tomorrow's computers today Circle 27 on reader service card 

Z-2 H 

Model SDI plugs into Z-2H 11-megabyte 
hard disk computer or any Cromemco 

computer 

DISPLAY MEMORY 

Along with the SDI we also offer an 
optional fast and novel two-port memory 
that gives independent high-speed access 
to the computer memory. The two-port 
memory stores one full display, permit-
ting fast computer operation even during 
display. 

CONTACT YOUR REP NOW 

The Model SDI has been used in scien-
tific work, engineering, business, TV, 
color graphics, and other areas. It's a 
good example of how Cromemco keeps 
computers in the field up to date, since it 
turns any Cromemco computer into an 
up-to-date color display computer. 

The SDI has still more features that 
you should be informed about. So contact 
your Cromemco representative now and 
see all that the SDI will do for you. 

Cromemco 



Technological leadership 

The world's broadest + 5 
is available in volume 

The industry's most complete single +5 V supply dynamic RAM family 
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64K 
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16K 
16K 
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V dynamic RAM family 
today, from Motorola. 

$$$$$$$$ ,• I' 99999 

V Supply Current-Max 
CC Active/Standby rnA* 

Price' 
100/pc. 

50/5 8124.00 
113.00 

50/5 62.00 
56.65 

23/2.5 18.00 
15.00 

- 200ns ceramic. 

16K 

- 150m plastic 

For the first time, a complete family of single-
supply +5 V dynamic RAMs from 16K through 64K 
is available in production quantities. You can get 
them now, from Motorola. 
The dynamic RAM family leaders are the 64Ks. 

These "memories of the future" are available today 
from Motorola. and from authorized Motorola 
distributors. 
The single-supply 16K RAMs also are available 

now in production quantities from the factory and 
distributors. Completing this family of totally 
upward-compatible 16-pin RAMs are the +5 V 32Ks, 
for intermediate memory system densities between 
16K and 64K. They're also available now direct 
from the factory. 
The entire family uses industry-standard pinouts 

and has the high speed and low power you expect 
from our HMOS technology. Systems designed 
with our 16K RAM can double or quadruple their 
memory capacity as demand warrants by simply 
plugging in our 32K or 64K family members. 

The pin that refreshes 
Motorola's +5 V 64K RAM was the first in volume 

production. Now, two versions are available. The 
original MCM6664 has the leadership Pin 1 self-
refresh and auto-refresh functions. The MCM6665, 
without Pin 1 refresh, is now also in volume pro-
duction. 
Our 16K and 32K single-supply dynamic RAMs 

are designed with and without Pin 1 refresh, too. 
The 32K MCM6632 (with Pin 1 refresh) and 
MCM6633 (without) are both in production, as is 
the 16K MCM4517 (without). The 16K with Pin 
1 refresh, MCM4516, will be available later this year. 
Not only is Motorola first with the broad line 

of fully-pin-compatible 16K - 64K +5V dynamic 
RAMs, but first with 16K - 64K +5V families of 
fully pin-compatible 24-pin ROMs and EPROMs as 
well. Look to Motorola leadership in MOS Memories 
for designing 

Innovative systems 
through silicon. 

CA-P4 MOTOROLA INC. 
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Compare this general purpose logic analyzer 
with the currently accepted industry standard. 

The K100-D wins over Hewlett-Packards 1615A hands down! 
Logic designers have made 
Gould's powerful Biomation K100-D 
our fastest selling logic analyzer 

ever. You'll see why once you com-
pare it to its nearest competitor, 
the 1615A from Hewlett-Packard. 

Compare clocking speed. 

With a 100 MHz clock rate, the 
K100-D gives you resolution to 
10 ns—five times better than the 
1615A's. Use the K100-D's latch 

Hewlett-Packard 1615A 
A very good logic analyzer 

• 

mode to catch gliches as narrow 
as 4 ns. It gives you the most 
precise logic analysis for today's 
high speed minicomputer, main-
frame and microprocessor systems. 
Best of all, you're already prepared 
for faster designs as they arrive. 

Compare capacity. 

The K100-D's 1024 word memory is 
four times as deep as the 1615A's. 
This dramatically extends the 
length of data you can trap from 
your system at any one time. And 
that means faster, more accurate 
debugging. In addition, the 
K100-D's standard 16 channel for-
mat can be expanded to 32 
channels for work on the new 
generation of 16-bit micro-
processors. 

Compare your productivity. 

Finally, the K100-D makes 
designers more productive with 
convenience features superior to 
those of the 1615A. The K100-D 
has a larger keyboard, plus an 
interactive video display. Compre-
hensive status menu. Data domain 
readout in hexadecimal, octal, 

e ve 
s 

to 00 
,P 

\e- ce, 
. 2 • ot.. o 

ec • ie 
i5t0,111 
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doee-

binary or ASCII And the list goes 
on and on 

The final analysis. 

To help you evaluate these two 
fine instruments before you buy, 
we've prepared a point-by-point 
competitive comparison of the 
two. If you're designing and 
debugging high-performance digi-
tal systems, you'll want to read 
this document carefully. To get 
your free copy, just use the reader 
service number or write Gould 
Inc., Biomation Division, 4600 Old 
lronsides Drive, Santa Clara, CA 
95050. For faster response, call 
408-988-6800. 

Biomation K100-D 
The industry's finest logic analyzer 
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An Electrical/Electronics Company 
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Run your 
fastest mmories on 

our test track. 

If you've got memory de-
vices that race along at high 
speeds, put them through 
their paces on our Xincom 
5582. For characterization 
or production testing, you 
get an uncompromised 
25MHz test system. With an on-
the-job track record that has turned 
it into an industry standard in less 
than a ear. 

The 5582 runs at 25MHz for all 
programmable features, patterns 
and modes. With exceptional ac-
curacy and stability throughout. You 
get 156-picosecond resolution on 
phase edges. And 1.25ns resolution 
on period. So you can grade your 
devices more precisely and efficient-
ly. Get the best price for them. And 
reduce your overall cost per device. 

Fueling the 5582 is our Xincom 

•_• 
e , 

- c) 0 _ 

, g15 
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software. User-
oriented. Proven on the job. Versa-
tile, flexible and compatible with all 
Xincom test programs. You can run 
your existing Xincom source test 
programs on the 5582 without mod-
ification. And fit the 5582 into the 
Xincom Ill host computer network. 

You don't have to drag through 
long, expensive program develop-
ment. Or take extended pit stops for 
calibration. You can get on line quick-
ly and keep running at top speed. 

So whether you're characterizing 
or production testing static RAMs, 

dynamic RAMs, ROMs or 
PROMs, let the 5582 keep 
you up to speed. Call us at 
(408) 998-0123. Or write 
to Fairchild Test Systems 
Group, 1725 Technology 
Drive, San Jose, California 

95110. With our enhanced hard-
ware, proven software and world-
wide support, there's no better track 
for your fastest memories. 

FAIRCHILD 

A Schlumberger Company 

The 
First Family 

of ME. 
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Word generator To provide digital signals for testing high-speed integrated circuits, Inter-
d elivers bytes face Technology Inc. of San Dimas, Calif., is about to offer the first 

commercial word generator able to supply bit-parallel bytes at a 100-m Hz 
at 100 MHz rate. Also able to generate 16-bit-parallel bytes at 50 MHz, the $15,000 

unit has been dubbed a digital waveform generator because, unlike other 
word generators, it permits the clocking rate for each output channel to 
be varied independently. Thus the unit (model RS-680) can be pro-
grammed to provide seemingly asynchronous digital waveforms with 10 ns 
resolution for testing ics with complex timing requirements. 

Light-pipe imager 

yields 240 dots/in. 

A low-cost light-pipe method of imaging at high resolution, one that yields 
240 dots/in. —compared with the figure of 60 dots/in, so far available— 
has been developed by Static Systems Inc. of New York. Using either 
liquid-crystal or electroluminescent multiplexed displays, the technique 
involves laying down on a display multiple layers of specially prepared 
glass in which staggered holes 1/240 in. in diameter are etched. The glass 
can be concave to match the curvature of photocopier drums, allowing 
direct imaging and sharp focus without additional optics. Several display 
and copier makers are looking at the development. The Minolta Corp. of 
Ramsey, N. J., owns the rights for use with flat-bed copiers. 

Microwave oscillator Varian Associates of Palo Alto, Calif., has built a gyrotron oscillator able 
to provide 212 kw of continuous operating power at a frequency of 28 provides 100 times 
GHz, 100 times more energy than previous devices. Designed to provide 

more energy microwave heating of fusion plasmas in nuclear experiments at the Oak 
Ridge National Laboratory, the tube has a beam-conversion efficiency of 
40% at that power level, higher at lower levels. Although designed for 
continuous operation, the unit is useful for pulsed operation in mirror and 
Tokamak-type fusion devices. The company claims that the new gyrotron 
oscillator will also be useful in communications, giving "unprecedented" 
bandwidth capability to increase the information carried, and in radar 
systems to increase long-distance resolution. 

Standard Unix Designers who fear that the tremendous investment in software will tie 
them to their microprocessor choice forever may be reassured by a new 

operating system 
version of the Unix operating system now being readied by Microsoft, 

due from Microsoft Bellevue, Wash. Because Unix itself is written in the high-level C 
language, it is portable and can be made to work on any number of 
microprocessors, says company president William Gates, and can take all 
the other software along with it. Current plans call for versions for the 
8086, 68000, and Z8000 microprocessors. Developed by Bell Laboratories 
for minicomputers, Unix is in Gates' view the best choice for a standard 
operating system for the 16-bit microprocessors that now have the 
instruction sets and larger memory-addressing capabilities necessary to 
take advantage of it. And where the standard Bell licensing fee of $28,000 
has made Unix too expensive up to now, Microsoft hopes to charge about 
one tenth that when it is introduced this fall and will provide support to 
boot. However, it will have to compete with several other Unix versions 
reported to be under development [Electronics, Feb. 28, p. 33]. 
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Sears to train 

its personnel to 

sell computers 

Hybrids to aim 

at geothermal 

research work 

Mostek to shift 

ROM assembly 

to Texas plant 

Signetics to expand 

controller family 

for bit-stream jobs 

Addenda 

After nearly two years of test marketing the Atari 400 and 800 personal 
computers, Sears Roebuck & Co., Chicago, has decided that its sales 
personnel are not sufficiently knowledgeable to market computers. "This 
does not mean, though, that we are dropping the Atari 400 and 800 lines," 
notes a Sears spokesman. What it does mean is that, at about half the sites 
where test marketing took place, Sears will upgrade its sales personnel with 
specialized training in computer marketing. The computer lines will be 
dropped at the remaining sites. The company would not say which sites 
had been tested or which stores would drop the computer line, but a 
company spokesman confirmed that California was a prime test area. 

The first members of a line of very high-temperature hybrid devices due 
this fall from Teledyne Philbrick aim at applications in geothermal energy 
research and drilling operations. The model 2115 15-v voltage regulator 
can operate in temperatures of up to 275°C, and the model 4160 12-bit 
analog-to-digital converter is guaranteed to operate with no missing codes 
at up to 200°C. The Dedham, Mass., firm plans to start marketing the 
devices after their formal debut at Wescon, Sept. 16-18, and says more 
such heat-beating hybrids are on the way. 

Mostek Corp. is planning to set up an integrated-circuit assembly opera-
tion at its Carrollton, Texas, headquarters wth an eye toward shortening 
customer lead times on mask-programmed read-only memory parts. The 
target for bringing the new operation on line is late first quarter next year, 
when the firm expects to transfer all ROM package assembly to Carrollton. 
Coincidentally, the late first quarter startup goal for the new packaging 
line coincides with the anticipated start of order taking for Mostek's 
planned 256-K ROM device—the MK38000. Mostek currently ships ROM 
dice to Malaysia for package assembly, which lengthens lead times by two 
to three weeks or more. 

Look for Signetics Corp., Sunnyvale, Calif., to begin expanding its 8X300 
microcontroller family targeted at high-speed bit-stream management 
applications. The firm's bipolar LSI division plans to add several peripheral 
devices, including host interfaces and a floppy-disk controller, among 
others, as well as new development systems hardware, by year-end. The 
new chips are expected to allow the implementation of specific applica-
tions, such as floppy- and hard-disk controllers, as well as data-terminal 
and communications controllers, with typically one fourth the component 
count of prior designs. 

Another sign of the recession: sales of TV receivers to dealers in June 
dropped another 6.9% to 1.45 million sets. Total sales for the first six 
months of 1980 were off 9.1% to 6.71 million units, from last year's first 
half. . . . Ralph Simon, who has been heading the power device and 
electro-optic operations of RCA Corp.'s Solid State division will now be 
division vice president for special assignments, reporting to Robert S. 
Pepper, general manager of the Somerville, N. J.—based facility. Succeed-
ing Simon will be Eric Burlefinger, formerly managing director of ITT's 
semiconductor operations in the United Kingdom. 
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SO YOU NEED ROMs. 
WHY STAND IN LINE 

AT THE 
SUPERMARKET? No need to wait 

for the big semi-
 conductor corn-

panies to schedule your ROM production among their RAMs and 
EPROMs and Microprocessors. 

Come to Electronic Arrays, with an N-channel silicon gate 
fabrication facility 100% dedicated to ROMs. With sort and final 
test 100% dedicated to ROMs. With in-house ROM program verifi-
cation and in-house mask making for fast-turn tooling ... 100% 
dedicated to ROMs! 

Face it. When you specialize in one thing, you get very good 
at it. And very fast. At EA, we think, live and breathe 8K, 16K and 
32K ROMs. Electronic Arrays, 550 East Middlefield Rd., 
Mountain View, CA 94043. (415) 964-4321; Philadelphia (215) 
643-1447; Chicago (312) 858-8508. 

ELECTRONIC ARRAYS. 

THE HOUSE OF ROMs. 

Un 
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Bipolar 
is our business. 

And our 
future. 



MMI is committed to designing and delivering 
the bipolar product you want. In volume. On time. 

Continued leadership 
in bipolar technology. 
MMI has grown to 
become a $65 
million company 
by consistently 
designing and 
delivering state-of-
the-art bipolar LS! 
products. And now 
we're growing faster than ever. 

Our tradition of excellence 
began with the industry's first 1K 
PROM in 1971. This was followed 
by the first 2K, 4K and 8K bipolar 
PROMs, by the first fast 8x8 
multiplier, and then the 15 MHz 
FIFO. Our latest innovation is PAL 
programmable array logic, the LSI 
circuit which allows you to program 
your own logic on a chip. 

And we'll continue the tradition, 
working hard in the future to 
develop products which are denser, 
faster and more economical. . . the 
products you want! 

Delivery that keeps pace with our 
designs. 

MMI has made a commitment to 
deliver large volumes of bipolar 
products. We currently ship—and 
will continue to ship—more bipolar 
PROMs than anyone else in the 
world. 

Our annual output has tripled 
during the last twelve months. 

MMI was the first 
to install a 4-inch 
bipolar wafer fab 
line. And we will 
expand that line's 
capacity by another 
80% before the end 
of 1980. At the 
same time, we have 
begun converting 

our 3-inch line to 4 inches and will 
double its output by mid-1981. We 
have also broken ground on a new 
assembly facility and expect it to 
be operational by September of 
this year. Over the next few years 
we'll spend 15-20% of every sales 
dollar on facilities and equipment 
to assure you volume delivery of 
MMI's bipolar LSI. 

Let us prove it. 

Send for a specially prepared 
report which details MMI's engi-
neering and production capability 
and outlines our extensive line of 
digital bipolar LS! products. Please 
address your requests to Applica-
tions Department, Monolithic 
Memories, Inc., 1165 E. Argues 
Ave., Sunnyvale, California 94086. 

Monolithic Eld 
Memories 
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The scope 
that never forgets. 

Gould's digital 084000 
stores event data for the life of 
the scope. Solid state memory40 
lets the Gould 0S4000 
give you instant replay of 
stored event data for as long as 
you need it (while the unit is 
getting power). In addition to 
the event itself, the 0S4000 
uniquely stores and displays 
what happened before 
the event and after 
it. The 0S4000 can 
then expand the 
event display so you 
can study it in slow motion 
detail. Plus, it also allows 
you to compare delayed 
and original sweeps. 
And, when needed, 
the 0S4000 can 
perform as a 
real-time 
scope with 

a bright, stable, flicker-free 
display. 
The Gould 0S4000 is easy to 

operate whether its being used 
as a digital storage or conven-
tional oscilloscope, waveform 
recorder, transient recorder, 
comparator or signal generator. 
Interfaced with a recorder. the 
0S4000 can generate hard 
copy data from both ongoing 
events or replayed . displays. 

For more information on 
the scope that out-remembers 
any tube storage scope on the 
market, contact Gould Inc., 
Instruments Division, 3631 
Perkins Ave., Cleveland, Ohio 
44114. 
For brochure call toll-free: 
800-331-1000 (in Oklahoma, 

-11 call collect 918-664-8300). 

m> °out]] 
An Electrical 'Electronics Company 
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Harris mobilizes 
for tough C-MOS 
processor battle 
by Raymond P. Capece, Managing Editor, Technical 

Company plans campaign 

to scale down its process 

for C-MOS memories and 

8086, 8748 versions 

Long a contender in the comple-
mentary-MOS ranks, Harris Corp. 
has plans to take a command posi-
tion. The company's Melbourne, 
Fla., semiconductor division is 
mounting an ambitious design pro-
gram in c-mos memories and micro-
processors, drafting Intel's n-channel 
processors as the basis for its 
designs. 

Even now, Harris designers are 
fighting through the painstaking re-
engineering of Intel's popular I6-bit 
8086 into c-mos, for what could be 
the leading-edge 80086 [Electronics, 
June 19, p. 35]. They also are work-
ing on a c-mos version of Intel's 
widely used 8-bit single-chip micro-
computer, the 8748. Neither move 
has the support of Intel, however. 

SAJI. Of course, c-moS memories 
are prominent in Harris' plans as 
well. Regarded by Dataquest Inc., 
the Cupertino, Calif., market re-
search firm, as the leading supplier 
of 4-K C-mos static random-access 
memories, Harris has used memories 
to establish its SAJI (for self-aligned, 
junction-isolated) process. 

It plans to execute a 16-K RAM 
with SAJI IV for volume production 
next year. Also in the works are 
read-only memories and erasable 
programmable ROMs to support the 
microprocessor families. 

In microprocessors, Harris has 
been slogging along for five years 
with the 6100. This 12-bit low-tech-

nology device was developed by 
Intersil Inc. to emulate the instruc-
tion set of Digital Equipment Corp.'s 
PDP-8/E minicomputer. 
Whereas Harris' 6100 used the 

original SAJI process, a single-level 
self-aligning polysilicon-gate process 
with 5-to-6-micrometer features, the 
company has adopted the SAJI II pro-
cess, currently in production for its 
1-K-by-4-bit static RAms, to build a 
new 6100 for DEC. 

SAJI II, first developed in 1977, 
adds another level of polysilicon, as 
well as buried and self-aligned con-
tacts, and shrinks some features 
down to 4 ktm. The results are 
impressive: the 6100(R), which thus 
far is available only to DEC, drops 
the cycle time from 2.5 to 1.4 micro-
seconds (running off an 8-megahertz 
clock) and boosts the addressing 
range to a full 16-bit capability, or 
65 kilobytes. 
The new processor also adds some 

instructions to the repertoire of the 
6100. What's more, Harris is report-
edly working on a c-mos version of 
the LSI- I 1 for DEC. 

After the new 12-bit device, the 

company's plans are Intel all the way 
(see "c-mos challenges n-moS"). 
According to E. J. D'Escoubet, di-
rector for digital research and devel-
opment, Harris conservatively fore-
casts production volumes of the C-
MOS 87C48 for 1982, built using the 
SAJI Iv process, which will be planar 
(similar to Fairchild's lsoplanar ox-
ide-isolated bipolar process), adding 
self-aligned guard bands and shrink-
ing minimum features to 3.5 gm, 
comparable to minimum channel 
lengths in Intel's HMOS process. 

Others. In terms of complexity 
and density, National Semiconduc-
tor Corp.'s current double-polysili-
con P2C-MOS process falls between 
SAJI II and SAJI III, and Mitel 
Corp.'s iSozc-mOs is roughly be-
tween SAJI HI and iv. The SAJI Ill 
process marked the addition of pla-
nar structures and has been reserved 
for Harris's memories. 
"The guard bands, for which we 

received a patent over two years ago, 
will be critical in reducing parasitic 
effects, especially latch-up," D'Es-
coubet claims. Latch-up is a condi-
tion in which pnpn structures that 

C-MOS challenges n-MOS 

It has long been said that n-channel MOS is not ir 
complementary-MOS — it just got a head start. Ace 
4.0-micrometer SAJI ll process, first developed in 1977 
with Intel's 3.5-gm HMOS process in speed, yielding th 
1 nanosecond. But it is at the finer geometries that C-M( 
n-MOS: with the scaled-down SAJI ll process in preprc 
this year, Harris is claiming 500-ns gate delays, comg 
Intel's 400-ns HMOS II, which the Santa Clara, Calif., cc 
fast static random-access memories. Intel's process usl 
channels as short as 2.0 µM. and Harris' will descend 1 
C-MOS's 1,000: 1 advantage in power dissipation wi 
further scaling, Harris says. 

herently faster than 
ording to Harris, its 
compares favorably 
e same gate delay of 
DS will truly challenge 
duction of memories 
arable with those of 
mpany is applying to 
es some devices with 
o 2.5 gm. Of course, 
II only improve with 

-R. P. C. 
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are part of the usual c-mos process 
show thyristorlike behavior and con-
duct current in the same way as do 
silicon controlled rectifiers. The an-
ticipated instruction cycle time of 
the 87C48 will be 1.35 its—compa-
rable to that of the HMOS version of 
Intel's 8748. 
Another interesting point about 

Harris' c-mos microprocessors is the 
goal of small dice through careful 
circuit design as well as scaling. The 
87C48 will reportedly come in at 
50,000 square mils—about the same 
as the original 8748 and far less than 
the 87C48 planned by Intersil, which 
initially occupied a whopping 90,000 
mil'. 

What's more, Harris' 80086 — 
which will use a scaled SAJI IV pro-
cess for features down to 2.5 gm — 
will have a die size of 55,000 mil' — 
about the same as Intel's initial n-
channel mos offering of the 8086. 
"We expect not only performance 
equal to that on n-mos, but equiva-
lent chip packing densities as well," 
D'Escoubet says. 

Different route. Harris takes an 
approach to c-mos rendering of n-
channel processes that differs from 
that of other manufacturers like 
National, which is also building the 
87C48 [Electronics, March 27, 
p. 44]; Intersil; and Mitel in Kanata, 
Ontario, Canada, which is building 
Motorola's 6802 in c-mos. Harris 
sets specific goals for die sizes and 
uses a predominance of space-saving 
n-channel devices in the design 
effort. 

"It keeps the dice from blowing 
up," explains D'Escoubet. "Seventy-
or ninety-thousand-mil' dice just 
aren't producible." By using polysili-
con-load n-channel static RAMs 

(rather than c-mos static RAMS) for 
on-chip memory, for example, Har-
ris is able to conserve silicon. 

Also, rather than entirely static 
C-mOS circuits, Harris uses n-chan-
nel dynamic logic circuits and runs 
them off clocks independent of the 
system clock. Motorola is also 
believed to be pursuing similar 
space-saving techniques on its forth-
coming c-mos version of the 6805 
single-chip microcomputer, due out 
later this year. 

Memories 

TI going to market in standardization struggle 

over pinouts for 8-bit-wide parts 
Texas Instruments Inc.'s contest to 
win standardization for its pinout 
scheme for high-density 8-bit-wide 
mos memories is turning into a real 
cliff-hanger. Nevertheless, the com-

below). In this way they hope to 
capture so many sockets that the 
pinout will become established, even 
without Jedec recognition. 

TI will not have the field to itself, 

TI'S E PROM PLANS 

Memory type Current die size Imil2 ), 
maximum access time (ns) 

X-series die size (mil2), 
maximum access time (ns) 

TMS 2516 
(16-K) 

23,700, 
350/450 

15,000, 
250/350 

TMS 2532 
(32-K) 

28,300, 
450 

21,500, 
250/300 

16,500', 
100 (typical) 

TMS 2564 
(64-K) 

40,800, 
450 

33,000, 
300/350 

128-K 
41,5002, 
350/450 

Note:- All chips employ 4.5-pm design rules except: 1. 3-pm design rules 2. 3.5-pm design rules 

pany is pushing ahead with market-
ing plans for the parts, hoping to 
establish a de facto standard. 

TI has been seeking approval from 
the JC-42.3 mOs memory standardi-
zation committee of the Joint Elec-
tron Device Council for its pinout for 
64-K parts only [Electronics, March 
13, p. 46]. This move follows an ear-
lier JC-42 rejection in favor of Intel 
Corp.'s pinout for 8-bit wide read-
only memories, erasable program-
mable ROMs, static random-access 
memories, and pseudostatic RAMS at 
the 64-, 128-, and 256-K levels. 
The two approaches differ in the 

placement of address and control 
signals. This results in six discrepan-
cies in pin assignments. 
No matter what the JC-42 com-

mittee does, ri memory marketing 
officials in Houston are vowing to go 
ahead with plans to supply E-PROms 
at 64-K density levels and beyond 
that use the firm's pinout (see table 

however. Its chief rival in the game, 
Intel Corp., is ready to offer samples 
of its 64-K E-PROM with the JC-42— 
approved pinout. No pinout for the 
64-K and higher density levels has 
yet received full Jedec approval. 
Members of the JC-42 group will 

not talk for publication, but appar-
ently 'Ws request for a dual standard 
at the 64-K level received approval at 
a recent meeting—though only by a 
one-vote margin. An Intel represen-
tative promptly challenged the vote 
on procedural grounds, and a rebal-
loting will take place in September. 
To market. With approval hang-

ing fire—if not in real doubt —TI has 
launched an aggressive campaign 
aimed at some 1,000 potential E-

PROM customers. In addition to sam-
ples of the 64-K TMS2564 E-PROM, 
the company is showing samples of a 
128-K part.slated for introduction in 
the first half of 1981. 
The 128-K and smaller next-gen-
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eration parts will be what Ti is call-
ing its X series, based on an 
X-shaped cell design that uses such 
techniques as a virtual ground 
approach with bit lines and ground 
interlaced to improve density. As 
well as allowing significantly smaller 
die sizes, the design will provide per-
formance improvements. 
The 64-K and smaller X series 

parts could come late this year, says 
Frank B. Hrobak, Ti's strategic mar-
keting manager for static RAMS and 
E-PROMs. The 128-K part, with 
tighter design rules, will have a die 
size only a quarter larger than the X 
series 64-K's 33,000 square mils. 

Intel samples. The X series is com-
ing just in time to meet the competi-
tion. Intel's 2764 64-K E-PROM, 
available as samples this month, fea-
tures a die size of 32,400 square mils 
and an access speed ranging from 
200 to 300 nanoseconds, topping off 
just where the X series 2564 starts 
out. According to Larry T. Jordan, 
strategic marketing manager for the 
Special Products division, the Intel 

part uses an E-PROM version of the 
Santa Clara, Calif., firm's HMOS II 
process, HMOS-E. Both processes 
have 2-micrometer channel lengths. 
More than one competitor is now 

predicting that TI will be forced to 
redesign its 28-pin package to com-
ply with Intel's pinout. The latter 
will be the choice for major memory 
makers once Jedec approval is 
gained, the reasoning goes, leaving 
TI high and dry without a major 
second source for its pinout. 

Ti officials say that no active sec-
ond-source discussions are under 
way. They note, however, that 
Motorola's 24-pin 64-K E-PROM pro-
grammed off board would be ad-
dressed in a board laid out for Ti's 
28-pin scheme. 
The real question is how fast Intel 

will move with its part. Mostek 
Corp. is also working on a 64-K 
E-PROM with the approved pinout, so 
the battle that began at the JC-42 
standardization meetings will soon 
spread to potential customers' of-
fices. -Wesley R. Iversen 

Computers 

Supercomputer handles multiple instruction 

streams with parallel-processing architecture 
A brash upstart is challenging an 
elite circle of manufacturers of digi-
tal supercomputers. The Heteroge-
neous Element Processor, or HEP, 
from Denelcor Inc. is a type of paral-

lel processor that can be built with 1 
to 16 process-execution modules — 
essentially central processing units— 
and as many as 128 data banks of 1 
million words each. As a result, a 

fully configured unit can perform at 
a maximum rate of 160 million 
instructions per second on 64-bit 
words and hold a staggering 1 billion 
bytes of memory. The key to its high 
throughput and to Denelcor's claims 
is the HEP's unusual multiple-
instruction-stream, multiple-data-
stream architecture. 

Architecture. As the term implies, 
this form of parallel processing lets 
more than one program run on the 
system simultaneously, each operat-
ing on its own set of data (see fig-
ure). It is not widely used in the 
central processors themselves. 

Most other supercomputers on the 
market use what it called a vector 
approach—they process just a single 
stream of instructions at a time, 
although they simultaneously per-
form those instructions on multiple 
streams of data. Denelcor, a tiny 12-
year-old Denver maker of analog 
and hybrid analog-and-digital com-
puters, put a six-year, Government-
funded effort into its architecture. 

It will face some stiff competition 
from the established supercomputer 
makers, such as Cray Research Inc., 
whose Cray-1 performs at 80 million 
to 100 million floating-point opera-
tions per second and sells for 
between $4.5 million and $16 mil-
lion, and Control Data Corp. which 
recently announced its Cyber 205 
that can perform a breathtaking 800 
million floating-point operations per 
second and sells for between $7.9 
million and $16.5 million. In addi-
tion, Burroughs Corp., manufacturer 
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Versatile juggler. The Heterogeneous Element Processor can juggle multiple instruction streams, or processes, as they operate on separate 
streams of data, unlike conventional computer architectures, which let just one set of instructions operate on a single group of data. 
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of the famous Illiac IV supercomput-
er, is preparing to ship its first Bur-
roughs Scientific Processor, which 
will perform 50 million floating-
point operations per second, in the 
third quarter of this year. 

Built from standard 10000 series 
emitter-coupled-logic parts, each 
HEP process-execution module occu-
pies between 100 and 150 14- by-
18-inch printed-circuit cards. Each 
module includes 2,048 general-pur-
pose registers, 4,096 constant regis-
ters, and up to 1 million words of 
dedicated program memory. 

Tying multiple processing mod-
ules to the memory modules is a 
digital switch that uses packet-
switching techniques to manage one-
word packets of information, accord-
ing to Burton J. Smith, technical 
director at the company. Unlike 
switches that store data until it can 
be routed to its destination, the HEP 
switch continually reroutes data 
around the system until it eventually 
arrives at its destination. 

Managing activity is the HEP 

operating system, a copy of which 
resides in every processor module. 
Operating in a batch mode, it allo-
cates the system's resources to the 
various processes. Programming is in 
Fortran or assembly language. 

Contract. The publicly held com-
pany grossed just $2.7 million in rev-
enue last year and has high hopes for 
HEP. Earlier this month it held a 
press conference to unveil the system 
and announce that in May it was 
awarded a $2.4 million contract to 
build a four-processor system for the 
Army's Ballistics Research Labora-
tory in Aberdeen, Md. It says it 
demonstrated its prototype to the 
Army last November. 
The company also wants to mar-

ket the system to the lower end of 
the supercomputer market, -for peo-
ple who want performance on a 
budget" according to David Miller, 
Denelcor chairman and president. A 
starter set with a single process-
execution module that performs 10 
million instructions per second, one 
memory module, the switch, and a 
few peripherals will sell for about 
$1.5 million. -Deborah Williams 

McGraw-Hill Publications Co. 

Communications 

Satellite loss laid to 

motor or solar array 
All RCA Corp. wanted for Christmas 
last year was its missing Satcom III 
communications satellite. The space-
craft is still missing, but RCA has an 
idea of what happened. 
A study concluded recently sug-

gests two likely scenarios that would 
have led to its disabling and proba-
ble destruction. In the first and most 

likely, the apogee kick motor starts 
and then the exhaust cone breaks, 
letting hot gases melt the back por-
tions of the satellite. Loss of commu-
nications equipment would have 
resulted (see figure). 

In the second version, the motor 
ignites normally, but at the same 
time the solar arrays deploy prema-
turely. Because of the spacecraft's 
spinning and the motor thrust, the 
arrays suffer rapid structural dam-
age, leading to complete failure of 
the on-board power system. 

Headed by consultant J. Preston 
Layton and consisting of engineers 

What happened. An RCA study group thinks that the missing Satcom Ill sutlered problems 

with either its motor or its solar array panels (tinted), leading to its probable destruction. 
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"A computer system for analog measurement 
must be built from the ground up." 

When analog capability is merely tacked onto a 
laboratory computer system, performance is 
predictably poor. 

So when we designed LAB-DATAX, analog 
measurement was our primary goal. 

As a result, LAB-DATAX is the highest per-
formance microcomputer data acquisition system 
available today. 

LAB-DATAX is designed to preserve signal 
integrity, eliminating noise and ground loops 
through a unique front connection panel. 

Analog problems such as wire paths, ground 
connections, and shielding have been met head-on 
and resolved. 

Throughput is extraordinary thanks to RT-ll 
FORTRAN IV software and our own DTLIB-
FORTRAN callable subroutines. 

In fact, the most powerful LAB-DATAX 
achieves continuous data throughput into memory 
at more than 62 times the rate of DEC's MINC-lr 

Most systems are constrained by their small 
selection of analog and digital I/O peripherals. 
They are limited in every way. 

Not so LAB-DATAX. We offer you over 100 
boards in configurations to ensure the performance 
you need. 

Every model of LAB-DATAX includes an LS111/2' CPU with 
64KB RAM memory. A fixed and floating point instruction set. 
A synchronous serial interface. A bootstrap loader. A dual-drive 
double-density Floppy Disk. DTLIB-FORTRAN callable subrou-
tines. And 16 slot dual-height capacity. 

Fred Molinari, President 

What's more, LAB-DATAX includes the full 
DEC RT-11 operating system. As well as a pro-
grammable real time clock, useful as a time base 
generator for analog conversions. 

LAB-DATAX is even user configurable. 
A broad array of analog input, analog output, and 

digital I/O is available for particular applications. 
In all, LAB-DATAX is optimized for high per-

formance in analog measurement. Optimized for 
high throughput, ease of use, and flexibility. 

Proving once again that things always come out 
better when you start from scratch. 

Data Translation, 4 Strathmore Road, Natick, 
Mass. 01760, (617) 655-5300, Telex: 948474. In 
Europe: Data Translation Ltd., Reading, Berkshire/ 
England, Phone (0734) 669-335; TELEX: 847482. 

DATA TRANSLATION 
SALES OFFICES: AZ 602-994-5400: CA 415-965-9180, 213-681-5631, CO 303-371-2422; FL 305-791-9292. 813-725-2201: GA 404-455-7222; IL 312-960-4054, IN 317-788-4296; 
MA 617-655-530Q MD 301-636-1151; MI 313-227-7067; MN 612-441-619Q NC 919-723-8102; NJ 609-428-6060; NM 505-292-1212. 505-523-0601; NY 516-488-210Q OH 513-253-6175; 
OK 405-528-6071; OR 503-297-2581; PA 412-327-8979; TX 713-988-9421, 512-451-5174, 214-661-0300, 713-780-2511, 512-828-2251; UT 801-466-6522; WA 206-455-5846: CANADA 
416-625-1907. 

LSI-11 and MI NC-1 1 are trademarks of Digital Equipment Corp. 
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and scientists from the National 
Aeronautics and Space Administra-
tion, the Jet Propulsion Laboratory, 
the Charles Stark Draper Laborato-
ry, and RCA, a review board deter-
mined that those two scenarios were 
the most consistent with the known 
data: 
• Satcom's departure from its trans-
fer orbit. 
• Its failure to achieve geosynchro-
nous orbit. 
• The loss of communications. 
• A too-high exhaust temperature 
from the apogee kick motor. 
The review board noted that all 

communications ceased 14.5 seconds 
into a 28-second motor burn in-
tended to change the transfer orbit 
into the planned geosynchronous 
orbit. Then, too, the exhaust temper-
ature sensors indicated overheating. 
The sensor indication led the 

board to prefer the first scenario. 
However, power failure stemming 
from premature array deployment 
could take place within the 14.5-
second time span. 
The loss of Satcom III Cost RCA 

$48 million in launch and hardware 
expenses and another $20 million or 
so in lost revenues [Electronics, Jan. 
3, p. 46]; it had insurance for $77 
million. The company has since 
leased 11 preemptable transponders 
on AT&T's Comstar D-2 satellite at a 
cost of $70,000 per month per trans-
ponder and will be charging its cus-
tomers only the $40,000 per trans-
ponder it was to charge for Satcom 
III usage. It will launch a replace-
ment satellite next June. 

Preventives. The review board 
made a number of recommendations 
to RCA to prevent recurrence of 
such a loss. For example, it recom-
mended additional testing that 
would more closely approximate the 
combined effects of vibration, accel-
eration, and motor operation. 
The board also suggested more 

stringent procedures for construct-
ing, handling, installing, and inspect-
ing the apogee kick motor. Perhaps 
fatalistically, it also recommended 
radar tracking of future Satcoms 
from launch until orbit—so if the 
bird stops talking, RCA will at least 
know where it is. -Pamela Hamilton 

Components 

Photodetector climb 

may lure IC makers 
The market for silicon photodetec-
tors is going to climb, and with this 
will come a change in the makeup of 
the industry. So says Lawrence A. 
Murray, a market researcher and 
semiconductor industry consultant 
who sees a push into integrated parts 
that will require a level of solid-state 
expertise lacking among most sup-
pliers in the field. 

Increasing numbers of photodetec-
tors will be required in fiber-optic 
equipment, new consumer products 
like video disks and sensors for home 
computers, electronics in the auto-
mobile, and even more applications, 
according to Murray. Smoke detec-
tors and automatic cameras have 
already given the parts an impetus 
away from the industrial and mili-
tary applications they have long 
served. 

Expansive. Industry researcher Lawrence A. 
Murray foresees a boom in silicon photode-
tectors and an industry shakeup. 

All of this will "put zing into a 
market for what has been, basically, 
a simple-to-produce device," Murray 
says. "It has sold for a lot of money 
because volume has not been high 
enough to attract mass producers." 
His firm, Murray Consultants of St. 
Louis, Mo., recently completed a 
survey of the field. 

Three masks. A standard discrete 
p-i-n silicon photodetector, for ex-
ample, is made with a three-mask 
process on a 50-by-50-mil substrate 
and sells for an average of $7, Mur-
ray points out. "This is twice the 

At last, the System/38 emerges 
After a delay of almost a year, IBM Corp.'s General Systems division is finally 
making production shipments of its System/38 small-scale computer sys-
tem. Heralded when it was introduced in November 1978 as having IBM's 
first new computer architecture in almost a decade, the unit featured a 
sophisticated new operating system that offered a more powerful data-
management scheme than any other offering from the company. 
Much to the company's chagrin, however, problems with this sophisti-

cated software last year forced it to delay first shipments of the machines to 
customers [Electronics. Aug. 30, 1979, p. 88]. At first, IBM was not talking, 
and industry observers conjectured that the System/38's advanced virtual 
memory management system that referenced 281 trillion bytes of memory 
was making too many swaps between the main and peripheral stores — 
thrashing, in computer jargon. 

But at a briefing last January, the company reported significant progress in 
solving the problems and gave hints as to their cause. Brian Utley, project 
manager at IBM's factory in Rochester, Minn., where the System/38 is built, 
said it was necessary to improve the batch operations of the interactive 
operations-oriented operating system. This is critical if users of the older, 
batch-oriented System/3 were to move on to the new machine. 

In addition, he said, interfaces between the various software modules had 
to be tested and cleaned up before the machines could be shipped. 
Thrashing was not the problem, he added. 

At the beginning of July, IBM said it was satisfied that everything was 
working, and the first units began rolling out the door. In fact, three custom-
ers— United Merchants and Manufacturers Inc., New York, Road Machinery 
& Suppliers of Minneapolis Inc., and St. Olaf College, Northfield, Minn. — 
have been testing the System/38 since February to ensure that all is well 
with the new machine. -Anthony Durniak 
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Listen, listen, listen. 

You're constantly demand-
ing better and better features 
from smaller and smaller rigid 
disk drives. We hear you. 

We're responding with our new 
8-inch, 20-megabyte D8000. It fits 
right into the slot now occupied 
by your 8-inch floppy drive, and it 
has the easiest and most flexible 
interface of any drive in its class. 

Pertec® gives you Winchester-
type technology that keeps contam-
inants away from environmentally 
sealed disks and heads. Plus average 
access time no greater than 50 
milliseconds and a transfer rate of 
6.914 megabits/second with 
internal data separation. 

The Pertec D8000 does things 
traditional floppy disks or cartridge 
drives can't do. Its powerful micro-
processor chip handles interface, 

spindle speed, position control and 
a variety of self-diagnostic routines. 

Talk to us...call: England 
734-582-115; Germany 611-393-340; 
or France 1-534-7647. Or write for 
our new full-line peripherals 
brochure. Pertec International, 
10 Portman Road, Reading, 
Berkshire RG3 1DU, England. 

Your demands have finally 
been heard. 
© N80 Pellet. Computer Corporation. 
Chatsworth, California, USA 
(213) 999-2020; Sydney, Australia 
437-6668 ; Tokyo, Japan 662-8151; 
Metro Manila, Philippines 85-4236; 
Taipei, Taiwan 768-1232; Singapore 
293-2630; Hong Kong 543-1772. 

PEPTEC 

PERIPHERALS 
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selling price of a 200-by-200-mil 
integrated chip with thousands of 
transistors, for example, that re-
quires eight masks to much tighter 
tolerances and is produced at a lower 
yield. So there is certainly room for 
photodetector prices to fall." 
With the higher volume will come 

a move toward integrating the pho-
todetectors, either the p-i-n device 
or the more expensive avalanche 
diode, on an integrated circuit con-
taining circuitry that could amplify, 
multiplex, decode, or reconfigure the 
output to interface with the rest of a 
system, Murray continues. 

Change. Here is where he sees the 
supplier makeup changing. "Only six 
companies out of the 72 now making 
photodetectors also have IC produc-
tion and assembly capability. These 
six companies are likely to play a 
major if not dominant role as the 
market expands." 
These companies are Texas In-

struments Inc., RCA Corp., Spec-
tronics Inc., Hughes Aircraft Co., 
Motorola Inc.'s Semiconductor 
Group, and Hewlett-Packard Co., he 
says. Texas Instruments is the larg-
est supplier of the detectors, having 
between $5 million and $10 million 
in sales in 1979. 
Next come companies like Spec-

tronics, RCA (from a plant in Mon-
treal, Canada), TRw/Optron, Clai-
rex Corp., and EG&G Inc. But total 
sales for any one company are 
minuscule by the standards of the 
semiconductor industry. 
Of ,the 72 companies in the field, 

some 65 had sales last year of less 
than $3 million each, Murray esti-
mates. Indeed, until 1978, the mar-
ket increased by about 5% yearly, 
when new consumer applications 
started things moving. 
Over the next decade, he projects 

a growth rate for silicon photodetec-
tors of 38% per year. This would 
take it from an anticipated $75 mil-
lion in 1980, which includes photo-
transistor and photo-Darlington de-
vices in optical couplers, to $400 mil-
lion in 1990. "These are numbers 
that could certainly entice compa-
nies used to high-volume production 
into the business," Murray con-
cludes. -Alfred Rosenblatt 

Milita ry 

Controller promises 

more fight per flight 
Faced with the need to get more 
bang per aircraft, the U. S. Air 
Force is about to test a new system 
that combines flight- and fire-con-
trol computers with electro-optic tar-
get designation. If the concept works 
as well as its developer says it will, 
fighter-bombers could carry out air-
to-air combat and ground missions 
and survive antiaircraft attacks far 
more effectively than in the past. 

Called Integrated Flight and Fire 
Control (IFFC), the concept has been 
under study and in simulation at 
General Electric Co.'s Aircraft 
Equipment division in Binghamton, 
N. Y. Essentially IFFC mates the 
new generation of digital flight and 
weapons control computers with air-
borne tracking and designation sys-
tems like the Atlis II television/laser 
target tracker that has been devel-
oped by Martin Marietta Corp.'s 
Orlando, Fla., division. 

INERTIAL 
MEASURE 
MENT 
UNIT 

INERTIAL 
MEASURE 
MENT 

PROCESSOR 

As such, the system does more 
than relieve the pilot of the need to 
track a target on a head-up display. 
It also directs weapons release or 
gunnery for maximum accuracy dur-
ing the aircraft's maneuvers. An 
IFFC will even take over automatic 
flight of the plane momentarily dur-
ing these maneuvers. 
The payoff. GE's computer simula-

tions indicate that the results of the 
IFFC system would be enormous. In 
air-to-air combat, for example, com-
pared with today's manual gunnery, 
the system promises three times 
more hits; four times as many firing 
opportunities; four times longer fir-
ing time; and the potential for get-
ting into firing position twice as fast. 

In air-to-ground missions, com-
pared with manual attack tech-
niques, the new system yields up to 
twice the bombing accuracy, 10 
times less vulnerability to ground 
fire, and bombing accuracy during 
wild maneuvering at least equal to 
that possible with a straight-line, 
wing-level approach. 
The potential has excited the Air 

Force in part because much of the 
system is already developed and 
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Fire away. Automated weapons and gunnery control for USAF planes would use essentially 
off-the-shelf components, integrating flight- and fire-control systems with target tracker. 
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Technological leadership. 

SUBSYSf E 1.4 °BUG 

Of5 65/1 

CAUTION 
HIGH VOLTAGE 

Cut equipment cost down 
to size with our 65 W, 

multi-output, mini switcher. 
Now you have a full-featured, switching power 

supply with all the quality and reliability of bigger. 
more expensive units without all the cost ... 
Motorola's 50 W to 65 W, OFS65, open-frame 
switcher family for terminal, display, MPU and 
other low-power system applications. 

Less parts, more MTBF. 
Cooler and more efficient than equivalent 

linears, parts count is about 20% less than similar 
switcher types—also a key cost-reducing element. 
No fans are required for cooling the design which 
boasts about 2 W output per cubic inch. Efficiency 
for the triple-output unit is approximately 65%. 

Full protection for self and system. 
Small and lightweight (about 20 oz.). the OFS 

series is fully self-protected from abuse at output 
terminals. Shorts and opens can't damage it with 
high, low or in-between input voltages. Overload 
simply causes periodic recycling with normalcy 
restored when overload is gone. 

And if your system's going to crash due to 
power line failure, it sends a warning signal to the 
MPU to unload volatile memory with output 
voltage remaining within regulation for 32 ms 
after loss of nominal line voltage. That's about 
twice as long a spec as some others offer. 

Of course, it provides EMI filter on input, soft 
start and reverse polarity protection. 

Standard, 24-hour burn-in is included with 
reliability ensured through computer-aided, 
worst-case analysis and individual testing of every 
IC and discrete device. 

Excellent line regulation of ±0.15% is provided 
on all outputs: load regulation is 1% on all positive 
outputs and 6% on the negative outputs. 

Best of all, OFS published prices are down 
where they should be: $130, 100-249, with very 
competitive quantity pricing. 

Customs, too. 
Other sizes and 

performance ratings are 
available for individual 
needs. 

And you have 
Motorola's reputation for 
quality, integrity and 
conservative design in 
every one of these new 

Innovative systems 
through silicon. 

MOTOROLA INC. 
Circle 47 on reader service card 47 



Electronics review 

could become operational fast. "If 
this thing works as well as we think 
it will, it'll be like having the Red 
Baron in every cockpit, and with the 
numbers of potential enemy aircraft 
we face, we'll need it," quips an Air 
Force officer stationed at the USAF 
Wright Aeronautical Laboratory in 
Dayton, Ohio. 

Test flights. The Air Force will 
flight-test IFFC next year. GE and 
McDonnell Douglas Corp., St. 
Louis, Mo., will equip an F-15 fight-
er bomber with a Martin Atlis II 
target tracking pod, plus some new 
hardware and software, for trials at 
Edwards Air Force Base, Calif. 
Output from the Atlis pod—data 

on target range and relative bearing 
plus the rate and direction of change 
of both— will be fed to a GE-
designed computer. A variation of 
GE's off-the-shelf design for an F-18 
flight control computer, the unit will 
translate this tracking data, feeding 
it to the F-15's flight- and fire-
control computers. These two com-
puters would be coupled, according 
to William J. Murphy, who is a 
senior staff engineer at McDonnell 
Douglas. Using the Atlis data, the 
computers would either fly the air-
craft or semi-automatically assist the 
pilot by blending commands from 
the IFFC system with the pilot's man-
ual ones. -James B. Brinton 

Consumer 

Compact VCR raises 

standards queries 
It looks like an 8-millimeter movie 
camera, but it is really a TV camera 
with a microcassette that can record 
20 minutes of picture and sound. 
Sony Corp. says that it is showing 
the prototype to convince the indus-
try to start work on standardization 
of a cassette and tape format—pref-
erably the one it developed—for 
these extraordinarily compact com-
binations of video-cassette recorder 
and camera. 
Sony president Kazuo lwama says 

that the company has no intention of 
producing the product unless there is 

News briefs 
Harris forms unit for GaAs semiconductors 
Harris Corp. plans to form a new semiconductor manufacturing subsidiary in 
the San Francisco Bay area. Harris Microwave Semiconductor Inc. will 
manufacture state-of-the-art high-frequency microwave circuits, built with 
gallium arsenide technology, for use in telecommunications applications. It 
will be headed by vice president and general manager Richard W. Soshea, 
formerly engineering manager for the Components Group of Hewlett-
Packard Co. and one-time general manager of HP's Microwave Semiconduc-
tor division. Initially, the new subsidiary will operate from the San Mateo, 
Calif., facility of Harris's Farinon division, but the firm is looking for a facility 
of its own to lease in Silicon Valley. 

Fairchild, GEC end joint MOS venture 
Schlumberger Ltd. 's Fairchild Camera & Instrument Corp. subsidiary in 
Mountain View, Calif., and Britain's General Electric Co. Ltd. have agreed to 
terminate their joint venture in MOS semiconductor products. GEC will 
assume Fairchild's interest in the joint venture located in Neston, England. 
No reason for the termination was given, but the joint venture agreement did 
predate Schlumberger's acquisition of Fairchild last year. 

STC nixes merger with Amdahl 
Objecting to various proposed modifications of agreements between com-
puter manufacturer Amdahl Corp. of Sunnyvale, Calif., and its principal 
shareholder, Fujitsu Ltd. of Japan, Storage Technology Corp. has decided 
not to merge with Amdahl. Fujitsu and Amdahl have complex and compre-
hensive cross-licensing accords covering certain future technologies, and the 
Japanese firm requested that these be modified in order to clarify its 
relationship in the new company that would have come about from the 
merger [Electronics, April 10, p. 46]. A Louisville, Colo., producer of IBM-
compatible disk and tape data-storage peripherals, STC would not agree to 
such modifications. 

an industrywide standard. However, 
some of his competitors question the 
firm's intentions. 
The competing Japanese consum-

er electronics makers wonder why 
the firm started by showing the pro-
totypes to the press and has not yet 
approached them. They say many 
companies are doing similar work in 
the laboratory, but the start of sales 
is probably four or five years off. 

In addition to the slow process of 
reaching an industry consensus on 
standards, it may take that long for 
development of suitable tape. Also, 
low-cost charge-coupled-device or 
MOS color sensors are needed, and 
the Sony prototype includes a new 
CCD sensor. 
Sony and its competitors seem to 

have reached a consensus on price, 
though, without ever conferring. 
They agree that a camera-recorder 
combination plus a tabletop unit that 
converts the camera into a playback 
machine will have to sell for less 

than $900 in Japan to be viable. 
Perhaps one reason Sony unveiled 

its package in New York recently 
was to show off its single-chip nar-
row-channel frame-transfer CCD col-
or sensor with 570 by 490 picture 
elements. The 10.1-by-12.1-mm chip 
has an active surface equivalent in 
size to a 2/3-inch vidicon tube. Pic-
tures are taken through a 14-to-42-
mm 3 X zoom lens. 

Tape. The demonstration unit uses 
a microcassette measuring 56 by 35 
by 13 mm with 25 meters of 8-mm-
wide high-coercivity metal tape. The 
tape is 14 micrometers thick, but 
lwama says that thinner tape could 
be used to extend recording time to 
30 minutes. 
Two recording heads rotate inside 

a drum half the size of the 75-mm 
one used in the company's Betamax 
recorders. Since the recording often 
will be dubbed onto a conventional 
VCR with some degradation of pic-
ture quality, a high signal-to-noise 
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 CNATIONAL ANTHEMD  
New COPS Family member puts 

V.F. on display. 
The new COP470 multiplexes four 
8-segment vacuum fluorescent 

displays with no external resistors. 

The new COP470 vacuum fluorescent 
display dnver brings the economy and practi-
cality of the COPS microcontroller family to 
applications using VE displays. 

The Microwiren"— compatible COP470 
offloads the system controller by interfacing 
directly to a multiplexed four-digit by eight-
segment VE display. In addition, it can 
be cascaded and/or stacked to drive more 
digits, more segments, or both. 

The outputs on the COP470 switch 35V 
to drive either large or small displays.Yet it 
requires absolutely no external resistors to 
do it. 

Versatility in 20 pIns.The 20-pin 
COP470 operates from 4.5V to 9.5V and 
offers 16 programmable brightness levels. 

With the addition of 
chip, the COP470also 

Ever since National introduced the first 
hybrid IC pressure transducer in 1973, engi-
neers have "robotized" a wide variety of 
electromechanical applications. 

Today National offers the broadest line 
of IC pressure transducers on the market. 
Their line encompasses not only hybrids, but 
a full range of monolithic devices as well. 
All of which offer pressure systems engineers 
much greater design flexibility than ever 
before. At much lower design costs than 
ever before. 

These IC pressure transducers are 
compact and easily interfaced with other 
integrated circuits. And because National 
processes silicon in large volume, they can 

means of interfacing a microcontroller to 
a large-digit LED display. 

The family approach saves you money. 
The COPS design philosophy is a very prac-
tical one — create a powerful family of archi-
tecturally compatible devices that combines 
a common instruction set with a multi-
dimensional array of product capabilities. 

By optimizing the family's instruction 
set, each COPS device makes much more 
efficient use of its on-chip program and data 
memory than do other microcontrollers. The 
simpler task-oriented COPS instructions not 
only take up less memory space, they also 
accomplish each task in less time. 

The COPS Family offers controllers in 
any combination of CPU sizes (.5K to 2K 
ROM; 32 x 4 to 128 x 4 RAM). Fabrication 
technologies (high-speed NMOS, low-power 
NMOS and uttralow-power CMOS). A broad 
2.4V to 9.5V voltage range. Standard (0°C 

_ 84! _-40°C to +85°C) 0 

Economical IC pressure transducers from National. 
offer these products at very low costs. 

In fact, their LX05XX and LX06XX mono-
lithics are the lowest cost IC pressure sensors 
available.They offer high accuracy and ±5 
to -±-100 psi pressure ranges.Their compact 
TOS and ceramic packages allow easy PC 
board installation which cuts costs of OEM 
pressure systems even further. 

Of course, the LX16XX hybrid is also 
available in a ceramic package. This fully 
signal-conditioned pressure transducer 
features built-in temperature compensation, 
high-level output and full voltage regulation. 

The LX16)0(, in a nylon or diecast zinc 
housing with NPT fittings and a snap-on con-
nector, becomes an LX18XX. The LX18XX 

temperature ranges. Mask selectable I/O 
characteristics. Even a MICROBUS'!" option. 

So now the engineer can choose the 
COPS controller that most closely matches 
the requirements of the application. 

This family approach therefore results in 
significant cost savings in three ways. First, the 
engineer can apply all of the knowledge he has 
gained using any single COPS device to any 
application addressable by the entire COPS 
Family. Second, the entire COPS Family is 
supported by a single product development 
system (the COP400-PDS). And third, COPS 
devices provide the lowest cost microcon-
troller solution to your application problems. 

And now the COP470 brings vacuum 
fluorescent display capability to the entire 
COPS Family of low-cost microcontrollers. 

For complete information on the 
COP470 VE display driver and the entire 
COPS Family, check this issue's coupon. M 

and MICROBUS are Imaemarks of National 

is ideal for plug-in operation with pressure 
ranges from -± 5 to 300 psi. 

For high pressure applications —100 
to 5000 psia — National offers the LX14e 
hybrid series. Housed in rugged cylindrical 
brass or stainless steel, the LX14XX is avail-
able with flying leads and an optional fluid 
isolator. This device is perfectly suited for sub-
mersion or tough industrial environments. 

For additional information, check the 
coupon for the Pressure Transducer Data 
Packets — including the handbook, data 
sheets and application notes. Everything you 
need to get in on the "robotic" revolution 
from the Practical Wizards of Silicon Valley. 



National turns up the 
volume on their RAM 

production line. 
National has the technical expertise 

and manufacturing muscle to 
produce the industry's most popular 

high performance RAMs. 

It takes a great deal of manufacturing 
and technical know-how to satisfy the ever-
increasing demand for static and dynamic 
RAMs. And National Semiconductor has a lot 
of both. 

In fact, National offers a broad line of the 
most popular high performance MOS RAMs 
in the business. 

Having just stepped up their production 
capacity even further, National is able to ship 
more parts in one month than most suppli-
ers can ship in six. At volumes like these, you 
can be sure that their prices are competitive. 

Vastly superior test facilities. Between 
the production and shipment of each 
RAM order come National's high-caliber 
test procedures. 

In addition to their use of conventional 
component level electrical testing from 
wafers to tested packages, many dynamic 
RAM customers request National's unique 

MST'''. (Memory Systems Test) program' 
MST eliminates or greatly reduces your 

own requirements for internal testing. So 
your incoming test, board test, and system 
rework costs are substantially reduced. 
Because MST parts have already been 
debugged in a 9 megabyte memory system. 

The future looks even brighter. In the 
months to come, National's MOS RAM prod-
uct line will grow even broader. They will soon 
add new low-power XMOSITM static RAMs 
and dynamic RAMs incorporationg their new 
and exclusive TRI-POLYTTM process:. 

The new TRI-POLY RAMs will feature 
(among other things) improved refresh char-
acteristics and a high immunity to soft errors. 

To find out just how competitive National 
really is, contact your local distributor or 
NSC sales rep. 

Between their technical expertise, their 
high-quality RAMs and their unmatched vol-
ume production capacity, it's easy to see 
that the Practical Wizards are taking random 
access out of RAM supply. 

'Potent Pending 

MST XMOS and TRI POLY ore trademarks of National Semiconductor 
Corporation 

National's TO-237 puts heat on ice. 
TO-237 transistors run cooler to last 

up to eight times longer than 
metal cans.Yet they cost 40% less. 

The Practical Wizards from National 
Semiconductor are offering a refreshing alter-
native to the TO-5 and TO-39 transistors: 
the pin-compatible TO-237t 

The TO-237 transistor— encased in 
National's patented Epoxy B* plastic —runs 
so much cooler that it can last eight times 
longer than the metal cans. As if that wasn't 
enough, National has priced it 40% less 
than the short-lYed competition. 

The key to the TO-237's cool disposition 
is an exclusive combination of the Epoxy B 
used in conjunction with an efficient heat dis-
sipating thermal tab. The result, as shown 
in the graph, is a reliable workhorse compo-
nent that can last 8 times longer than the 
cans (at 0.5W dissipation). 

National sorts them out.The TO-237s 
are currently available off-the-shelf in 65 
standard part types and pin configurations. 
However, should a special selection be 

IL INCTIllry TFINPF RATIlfit, 711 211-. m 

required, National would be more than will-
ing to supply it. 

This kind of design and production 
versatility comes from over 20 years in the 
transistor business. So it's no surprise that 
only National can offer this cool, low-cost 
alternative to metal can transistors. 

For additional information about the 
Epoxy B transistors, be sure to check this 
issue's National Archives coupon or contact 
your local distributor or National sales rep. A 

'U S Patent Number 3838094 
tNSD onginalhi applied for JEDEC package registration (1979) 



The totally self-contained precision 
instrumentation amp with 

fast settling to 12-bit accuracy. 
With a low-noise input stage and a 
complete thin-film resistor network 

in a single package, the LH0038 
allows precise gains ranging from 

100 to 2000. 
National, the recognized leader in linear 

circuitry, is offering their LH0038 preci-
sion instrumentation amplifier to design 
engineers working on data acquisition and 
related systems. 

The LH0038 is the 
most complete single 
package instrumentation 
amp available because it 
requires no external 
resistors. In fact, the 
LH0038 contains four 
amplifiers, a low-noise 
input stage and a 
precision thin-film 
resistor network — all in a 
single 16-pin metal DIP 

The pin-strap gain 
options on the LH0038 
range from 100 to 2000, 
which makes it ideal for 
amplifying very low-level 
signals (such as thermo-
couples, low impedance strain gauges, etc). 

Sigh-performance specifications. A 
large part of the LH0038's success in the 
industry is reflected in some of its key specs. 

The LH0038 exhibits an excellent 
common-mode rejection ratio (114dB at 
a gain of 1000) and a closed loop gain 
error of only 0.5% (also at a gain of 1000). 

In addition, the LH0038's input offset 
voltage is an ultralow 0.25jIV/°C.The settling 
time to 0.01% is typically between 60 and 
120 jisec. 

Also available in mil-spec version. In 
addition to National s own stringent REL and 
OA standards and procedures, a version of 
the LH0038 amp is also available that meets 
military standard 883 level B specifications. 

For more information on the LH0038 
precision instrumentation amp, check the 
National Archives coupon below for the 
Special Functions Data Book and the free 
LH0038 data sheet. 

The LH0038 single package instrumen-
tation amp — another minor miracle from the 
Practical Wizards of Silicon Valley. 

Special Linear 
Data Book 

offer. 
National announces the new 1980 
Linear, Data Acquisition,Voltage 

Regulator and Audio data books. And 
until Labor Day, they're yours for 

S20" complete. 

National's new 1980 Linear Data Book, 
the analog designers "right-hand man:gives 
you over 1200 pages packed with useful, 
up-to-date information on the industry's 
broadest line of Linear components. And 
until Labor Day, you can add this perennial 
bestseller to your reference library for only 
$6.00 ($3.00 off the regular price). 

You can also opt for their comprehensive 
Data Acquisiton Handbook in addition to 
the Linear Data Book.Two indispensable 
references for only $10.00 (a $6.00 saving). 

The package deal. Between now and 
Labor Day, National will sell you four of their 
bestselling 1980 books — Linear, Data Acqui-
sition, Voltage Regulator and Audio —for only 
$20.00 completaThars a full $8.00 off the 
regular selling price. 

The 1980 Voltage Regulator Hand-
book covers power supply and regulator 
design all the way from the transformer to 
the heat sinks. 

The 1980 Audio Handbook presents 
real-world design approaches plus the more 
exotic audio subjects (such as pickups, 
phase splitters, fuzz, revero, etc.). 

To get your copies, simply fill out and 
send in this issue's National Archives coupon. n 

"PrrcesshO,nr (ire S pncegOfl 

1 What's new from the National Archives? 
006 E Special Funtions Data 

Book (S6 00) 
028 O Additional COPS Family 

Information 
035 1] Additional Series/80 

Information 
036 O Optoelectronics 

Handbook (S300) 
037 O Additional STARPLEX 

and ISE Information 

039 El Pressure Transducer 
Handbook (S300) 

040 E Additional Pressure 
Transducer Information 

041 E LH0038 Data Sheet and 
Additional Information 

042 E TO-237 Transistor Data 
Sheets and Additional 
Information 

043 E Memory Data Book 
(S6.00) 

044 O 1980 1 near Data Book 
only (S6 00)* city__ _-

045 El 1980 Data Book 
Package (4 books, 
S2000)* qty 

047 CI 1980 Linear/Data 
Acquisition Doto Book 
Package (2 hooks, 
S1000)* qty 

TOTAL S 

Enclose check or money order based upon appropriate currency. Make checks payable to National 
Semiconductor. Allow 4-6 weeks for delivery. 

NAME_ 

COMPANY 

ADDRESS 

TITLE 

PHONE 

STATE ZIP 

'Special offer prices effectrve 
until September 1 1980 

For desired information, mail coupon to: 
National Semiconductor Corporation 
2900 Semiconductor Drive 
Mail Stop 16250 
Santa Clara, California 95051 

In Europe, mail coupon to: 
National Semiconductor GmbH 
lndustriestrasse 10 
D-8080 Fürstenfeldbruck 
West Germany 

National 
Kà Semiconductor 

The Practical Wizards 
of Silicon Valley 

c Copyright 1980 Natrona' Semiconductor Corporaton Printed in USA 



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. 

O.K., well 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. 

'lb 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. 
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The NEW 
Electronics 
Buyers' Guide 

is now available! 

Completely new 
listings of catalogs, new 
phone numbers, new 
addresses, new 
manufacturers, sales 
reps, and distributors! 
The total market in a book 
—four directories in one! 

: 

g 
E 

==--

The only book of its kind in the field. 

If you haven't got it, you're not in the 
market. 

To insure prompt delivery enclose 
your check with the coupon now. 

Yes, please send me  copies of 1980 EBG. 
I've enclosed $30 per copy delivered in USA or Canada. 

Address: EBG, 1221 Avenue of the Americas, New York, N.Y. 10020. 
El I've enclosed $52 for air delivery elsewhere. Address: EBG, 
Shoppenhangers Road, Maidenhead, Berkshire S16, 201 England. 

Name 

Company 

Street 

City 

State Zip Country 

Electronics review 

ratio is important in this unit. There-
fore another two heads on the drum 
are used for playback. 
The demonstration unit weighs 

only 1.6 kilograms for a small pack-
age measuring 191 by 171 by 60 
mm. A handle weighing another 0.4 
kg incorporates a 9-volt recharge-
able silver oxide battery. 

For playback the handle is de-
tached and the unit placed in the 
tabletop unit that includes playback 
circuits, a power supply, and remote 
controls for a conventional VCR. The 
microcassette can be dubbed onto a 
Betamax or VHS recorder or played 
directly over a TV. -Charles Cohen 

FCC may reverse 

a-m stereo decision 
The Magnavox stereophonic a-m 
broadcasting technology favored by 
the Federal Communications Com-
mission may be dropped by the FCC 
as a result of intense pressure from 
proponents of other approaches and 
from broadcasting station execu-
tives. An Aug. 1 FCC meeting is 
expected to result in a reopened 
comment period on its acceptance. 
As late as June 25, the FCC was 

saying only that it planned to delay 
final acceptance of the Magnavox 
scheme. But the reopened comment 
period is a step beyond that delay. 

"It is virtually certainty that Mag-
navox will not get it," avows one 
competitor. Responds Kenneth C. 
Meinken Jr., president of Magnavox 
Consumer Electronics Co., Fort 
Wayne, Ind., "We are deeply con-
cerned that pressure placed on the 
FCC staff by other parties to this 
proceeding may deprive us of a fair 
hearing." 

Furor. Broadcasters are raising a 
furor over the alleged range limita-
tions and costs of the Magnavox 
approach [Electronics, April 24, 
p. 48]. They have mounted a large-
scale letter-writing campaign, prod-
ded by proponents of competing 
technologies such as Motorola Inc. 
and Harris Corp. 

Independent observers estimate a 
negative modulation limit of 85% for 
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Rockwell announces 
in-circuit emulation at evaluation 

board prices. 

AIM 65-based Desktop Development Center cuts cost 
of R6500/1 family software and hardware design. 

Rockwell International an-
nounces a microcomputer devel-
opment system with in-circuit 
emulation at the price of most 
evaluation boards. The heart 
of this Desktop Development 
Center is the AIM 65 Advanced 
Interactive Microcomputer with 
full alphanumeric keyboard, 
printer and display. 

AIM 65 connects to Rockwell's 
System 65-bus-compatible 
Motherboard': R6500/1 Person-
ality Module and additional RAM 
card to achieve in-circuit 
emulation of Rockwell's R6500/1 

single-chip microcomputer. 
The result: economical micro-
processor evaluation, develop-
ment, debugging and more. 
That's Rockwell Micropower! 

AIM 65's resident Text and 
Symbolic Assembler Editor 
speed program development. 
And the Debug provides trace, 
edit, and breakpoint to trouble-
shoot software and hardware. 
An optional high level design 
language, PL/65, is available. 

But the AIM 65 Desktop 
Development Center is more 
than just a development tool. 
Engineers use it as a self-
study educational microcom-
puter, as a professional 

printing microcomputer using 
BASIC, and as an OEM 
standard board computer. 

The AIM 65 expands to in-
clude additional Rockwell RAM, 
PROM and ROM cards, and Rock-
well Bubble Memory, as well as 
bus-compatible analog and 
solid state relay products 
from Burr-Brown, Compas Micro-
systems and others. 

For more information contact 
your local distributor or write 
or call AIM 65 Marketing, 
Electronic Devices Division, 
Rockwell International, P.O. 
BOX 3669, RC55, Anaheim, CA 
92803, (714) 632-3729. 

*Compatible with EXORcisere and Micro-
module bus. EXORcisor* and Micromodule 
are trademarks of Motorola, Inc. e Rockwell International 

...where science gets down to business 
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INTERKAMA '80 
World's Largest Exhibition and Congress 

for Instrumentation and Automation 

FORWARD STRIDES 
IN THE 

ELECTRICAL INDUSTRY 

You have an unmatched opportunity to help 
assure the future of your company. A trip to 
INTERKAMA 80, the world's largest trade fair for 
instrumentation and automation, can open the door to 
the vast international market available to your firm. 

The world's foremost experts in the development 
and application of automation techniques especially 
designed for the electrical industry are waiting to meet 
you in Dusseldorf, where INTERKAMA convenes every 
three years. Thus, INTERKAMA '80 is that unique 
forum where you can update your knowledge on an 
international scale while offering your own products or 
services to a booming market. But don't come to 
Dusseldorf alone. Bring other management members 
along as a team to help set your firm's technological 
goals. INTERKAMA is progress. Don't miss it. 

Dusseldorf, October 9-15,1980 
Congress, October 8-9 Repeats October13-14 

For additional information on INTERKAMA '80 
mail this coupon to: 
Mr. Gunnar Kuechler — Dept. Dept. E 
German American Chamber of Commerce 
666 Fifth Avenue, New York. New York 10019 

(212) 974-8840 

Name   
Title  
Company   
Address  
City  State   Zip  

DON'T MISS INTERKAMA '80! 

Electronics review 

the Magnavox design, which would 
reduce the range of the a-m stereo 
more severely than competing con-
cepts. "The 15% decrease from the 
current 100% negative modulation is 
not insignificant," one consultant 
says. "The change would decrease 
signal range." 

However, Magnavox disagrees 
with that evaluation. "The range of 
broadcast will remain the same. The 
Magnavox proposal to restrict nega-
tive modulation to 95% [will result] 
in a change so small that it will not 
mean a discernible loss of range," 
the company says. 

Costs. Magnavox also rejects oth-
er claims that its approach would 
require larger hardware expendi-
tures and more complex interconnec-
tion to existing monophonic trans-
mitters. It says an exciter to convert 
existing transmitters could cost 
$3,000 to $5,000, plus a $1,000-to-
$2,000 monitor for verifying the 
quality of the broadcast signal. 

Electronics designers at National 
Semiconductor, Sprague, Signetics, 
and elsewhere are biting their nails 
over the confusion and changes in 
direction. "We've already committed 
our design to silicon," notes Charles 
Smaltz, marketing manager for con-
sumer linear products at National. 
The National chip, with about the 

same 10,000-square-mil size and 
less-than-$2 price as the previously 
announced design of Signetics and 
Sprague [Electronics, May 22, p. 561, 
will have 8 to 10 proprietary differ-
ences, he promises. 

Similar. Others do not expect sig-
nificant variation in chip design, 
though. "Everybody will get ICs with 
virtually the same performance," 
says Jerry Lebow, vice president for 
receiver consultant Frank Barth 
Inc., New York. 

However, the promised September 
delivery dates for Magnavox-com-
patible receiver chips may slide 
because of the second thoughts at 
the FCC. If the agency selects anoth-
er technology, then look for an addi-
tional six weeks to three months 
delay for chip delivery, estimates 
Peter Loconto, Sprague Semicon-
ductor's director of product develop-
ment and marketing. -Larry Marion 
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To: 

From: 

Subject: 

S. Printz, VP/Planning & Product Development 

C. Keith, Components Engineering 

What off-the-shelf delivery of OKIes 16K VLSI static RAM 

implies for our marketplace. 

Evaluation of OKIes new 16K NMOS static RAM (2128-1) turned into more than a 

the implications - -and potential - -of VLSI technology to our future products 
and memory requirements.  

1. On-line production of sophisticated 16K static RAM's signals a crossover into 
a new memory state-of-art. The VLSI era is here, now that 100,000 components 
per chip are available for current product designs. We should consider the 
implications /or our next generation of terminals, printers, minicomputers, 
and add-on memory products. 

2. We expect industry interest in VLSI to focus on this 16K static. As one of 
the first products designed using new electron beam lithography, the OKI 
ele8-1 squeezes all those functions on a single chip about half the size  
possible using standard processes. The very close geometries that E-Beam can 
produce yield a 16K--static-memory-equivalent-irt-deneity-to-a-64K-dynamic   
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3. In our opinion, E-Beam VLSI will shakedown the memory-supplier ranks. 
SO complex that tremendous time, manpower and  capital _in_vestments _are_ 
required: an order of magnitude over previous technology. Few manufacturers 
can match the financial and technical resources of billion-dollar OKI  corporate 
--who committed to E-Beam back in '77- 178. A long headstart that will be hard 
(and expensive) to catch. Especially with most sources just beginning to 
ins 1 Liu' -run es. 

It's 

4. The attached Ad Coupon backs up our view that OKI is far past the seminar/  
sampling stage. And any company that can produce, market and deliver 16K VLSI 
static RAMs from distributor stock has to be considered a major memory source. 

C•• 

P.S. If you'd like to explore these implica-
tions with OKI, contact Sales Director 
Ron Engelbrecht, OKI Semiconductor, 
1333 Lawrence Expressway, Santa Clara, 
California 95051. (408) 984-4842. 

P.P.S. With their 2128-1 launched, ask OKI 
how soon they expect availability  
of 64K dynamics! 

e ............................... 4 

Re: ()K1MSM 2128-1. 16K VLSI NAIOS static RAM. I 

• 200ns max. access time: 600mW max. power dissipation o 
Please send data sheet and colurne-pricing. 

Request call from OKI distributor or rep for immediate requirements. 

Xame 

ritle 
Tel: I 

to Company letterhead and return to: 

0 .1 1[ 

• OKI St', -,nductor. 1333 Lawrence Expressway. Santa Clara 
CA 95051.1408)984-4842. 
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MOTTO: DO UNTO 
DO UNTO HUGHES. 
HOW INTERSIL 
EARNED ITS STRIPES. 
Hughes Aircraft gives only one vendor of the 
year award. And the manufacturer who gets it, 
earns it. This year Intersil got the award. The first 
and only semiconductor manufacturer ever to 
get the award. 

HUGHES IS TOUGH. 
Hughes is one sharp organization. They don't 
compromise on their IC requirements —because 
they can't. When they need parts, they need parts. 
Exactly as spec'd. Including all the MIL testing. 
And exactly on time. Including everything they 
ordered, not partials. 
That's what Hughes expects. And that's what 
we give them. 

DO UNTO OTHERS. 
A lot of semiconductor companies talk about their 
"commitment" to the high rel business. But in our 
book, actions speak louder. 
We consider the Hughes award a piece of tangible 
evidence. Evidence that our performance is a cut 
above the rest. And what we do for Hughes, we do 
for all our high reliability customers. 

IMPROVING THE SYSTEM. 
Sure we have the DESC certified lines. Sure 
we know MIL-M-38510 and MIL-M-19500 and 
MIL-STD-883 and MIL-STD-750 inside out. 
But a lot of companies can say that. 
So we went ahead and improved our system: 
From spec review— to order tracking— to order 
delivery. And that's where we distinguished our 
performance from the others. 

MAKING PROMISES STICK. 
The first thing we did was staff up with 
professionals. Especially on the front end. So when 
you give us a spec to evaluate, you get an answer 
back in two weeks. 
And when we say we can build your part, that's 
based upon a very thorough feasibility study. 

So we can stick to our word. And you don't get 
any surprises. 
The same with delivery. We've set up a special 
system to track every high rel order inside Intersil. 
We know exactly where each job is. And exactly 
what's happening to it. Jobs don't fall in cracks. 
Deliveries happen on time. The system works. 

SO, ON YOUR NEXT HIGH REL SPEC... 
Call Intersil. Give us an opportunity to do unto 
you as we do unto Hughes. 

INTERSIL SALES OFFICES: 
CALIFORNIA: Sunnyvale (408) 744-0618, Long Beach 
(213) 436-9261 • COLORADO: Aurora (303) 750-7004 
• FLORIDA: Hollywood (305) 920-2442 • ILLINOIS: 
Hinsdale (312) 986-5303 • MASSACHUSETTS: 
Lexington (617) 861-6220 • MINNESOTA: Minneapolis 
(612) 925-1844 • NEW JERSEY: Englewood Cliffs (201) 
567-5585 • OHIO: Miamisburg (513) 866-7328 • TEXAS: 
Dallas (214) 387-0539 • CANADA: Brampton, Ontario 
(416) 457-1014 

INTERSIL FRANCHISED 
DISTRIBUTORS: 
Advent (IND, IA) • Alliance • Anthem • Arrow • Bell 
Industries • Cardinal • CESCO • Component Specialties 
• Components Plus • Diplomat (FLA, MD, NJ, UT) 
• Harvey (upstate NY) • Kierulff • LCOMP • Panda 
• Parrott • R.A.E. Ind. Elect. Ltd. • RESCO/Raleigh 
• Schweber • Summitt • Western Microtechnology 
Sales • Wyle • Zentronics Ltd. 

High Reliability Products 
10710 No. Tantau Ave. 
Cupertino, CA 95014 
Tel: (408) 996-5000 TWX: 910-338-0171 
(800) 538-7930 (outside California) 

Dear Intersil: 
 Please send me the brochure that tells exactly what you 

can do for me in high rel ICs and discretes. 
 Also, send me your Abraham Lincoln Poster. 

Name  

Company  

Address  

City/State/Zip  

E71780 



A BLATANT PLUG 
FOR CAMBION 

Just plug 'em in. Mount compo-
nents by plugging—not by soldering. And 
be assured of the reliability that's standard 
for all Cambion connectors. For jacks, pins, 
or any related products, you can depend on us 
all across the board. For full specs, get our new 
Cage Jack brochure, and for samples, plug into 

Your Cambion Connection at • e duct news 
over 100 distributor locations! 

Camzigoree« 
The Right Connection. • - 

445 Concord Avenue, Cambridge, Massachusetts 02238, 
Tel: (617)491-5400, Telex: 92-1480, TWX: (710)320-6399. 

Circle 61 on reader service card 

NOW! The first matched pair of pp 
compatible A/D and D/A Converters. 
IN427 I ZN428 

A/D 111) D/A 

Ferranti IN427 A/D and ZN428 D/A Converters 
• Matched pair performance U Fast lOgs A/D, 800 ns D/A 
• Full bus compatibility U Ratiometric conversion capability 
• Monotonic/no missing codes (over operating temperature range) 
Low delta TC U Internal or external reference 
A/D has tri -state outputs with unipolar and bipolar input 
D/A has latched inputs and requires single +5V power supply 
Commercial and extended temperature ranges U TTL compatible 

FERRANTI 
better by design 
FOR COMPLETE SPECIFICATIONS, CONTACT: FERRANTI ELECTRIC, INC. / SEMICONDUCTOR PRODUCTS 
87 MODULAR AVENUE, COMMACK, NEW YORK 11725 / PHONE (516) 543-0200 / TWX. 510-226-1490 
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Washington newsletter 

SUA persuades U. S. New details on imports will be broken out of semiconductor trade statistics 
under a modification of the U. S. Tariff Schedules. Separate statistical 

to break out 
subdivisions for microprocessors and memory integrated circuits are being 

IC import data established this month under an agreement among the Departments of 
Commerce and Treasury and the U. S. International Trade Commission, 
following a request from the Semiconductor Industry Association. The SIA 
will be asked to aid the U. S. Customs Service by supplying technical 
information to ensure that the reported statistics are accurate, says 
Robert E. Herztein, under secretary of commerce for international trade. 

Fujitsu's computer 

success at home 

establishes pattern 

Though Fujitsu Ltd. has become the first Japanese computer maker to top 
IBM Japan Ltd. in domestic sales [Electronics, June 5, p. 64], four other 
companies there outdid Fujitsu in posting percentage gains. The U. S.—Ja-
pan Trade Council, Japan's industrial lobby in Washington, says that 
Fujitsu had domestic sales of about $1.513 billion in the fiscal year that 
ended in March, up 8% from the year before. At the same time, IBM 
Corp.'s manufacturing and marketing subsidiary reported $1.501 billion 
in Japanese sales for calendar 1979, its comparable fiscal year. 

It says the other Japanese computer makers that had even larger 
percentage gains than Fujitsu in fiscal 1979 sales were Hitachi Ltd. with 
$1 billion (up 14%), Nippon Electric Co. with $929 million (up 20%), 
Mitsubishi Electric Corp. with $245 million (up 18%), and Toshiba Corp. 
with $233 million (up 17%). Japanese production of computers and 
peripherals overall in 1979 rose 23% to $5.185 billion, says the trade 
council, including $2.083 billion in mainframes (up 22%) and $1.257 
billion in terminals (up 56%). 

. . . but U. S. exports American exporters of computers and related equipment seem nonetheless 
undeterred by rising competition from Japan as they reported a record 

soar by 3V/0 $1.4 billion positive trade balance with all foreign competition for the first 
in last quarter 1980 quarter. Exports rose by one third over the first 1979 quarter, to 

$1.66 billion, while imports climbed just 12% to $259.3 million, according 
to Census Bureau data compiled by the Computer and Business Equip-
ment Manufacturers Association. The bad news for the U. S. industry in 
the first quarter came in other business equipment, including word 
processors and automatic typewriters, where imports jumped 23% to 
$478.6 million, thus exceeding exports of $332.9 million, which rose only 
13% from the 1979 level. 

NASA names four The National Aeronautics and Space Administration has picked four 

fi contractors from six who submitted proposals to negotiate Phase 1 system rms to define definition studies for the National Oceanic Satellite System (NOSS). 

oceanic satellite Named to negotiate for the $750,000 nine-month studies leading to 
selection of a single Phase 2 hardware development contractor in fiscal 
1981 are: General Electric Co.'s Space division, Valley Forge, Pa.; Lock-
heed Missiles and Space Co., Sunnyvale, Calif.; RCA Corp.'s Astro-
Electronics division, Princeton, N. J.; and Rockwell International Corp.'s 
Satellite Systems division, Seal Beach, Calif. Dropped from the competi-
tion were Hughes Space and Communications Group, El Segundo, Calif., 
and McDonnell Douglas Astronautics Co., St. Louis, Mo. 
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Washington commentary 

Postponing action on the Communications Act 

The 96th Congress is proving no different from 
its predecessors as it rushes to adjournment in 
an election year. Anxiety, if not hysteria, is 
evident as legislators strain either to pass or to 
vote down the bills that remain on the calendar. 
The pending rewrites of the Communications 
Act of 1934—H. R.6121 in the House and 
S.2827 in the Senate—are perfect examples. 

Since the initial introduction nearly five years 
ago of the so-called Bell bill, this legislation has 
gone through numerous rewrites, revisions, and 
hearings. These have been almost ignored by 
most members of the Congress, many of the 
affected communications companies, and much 
of the press. Now, however, with deregulation 
the current popular cause in Washington, it 
seems everyone is becoming involved, demand-
ing passage or postponement, depending on indi-
vidual biases. And these demands are getting 
lots of press. 

Momentum versus bad law 

Among those driving for passage is a new ad 
hoc group. Called the Coalition for Telecommu-
nications Reform Legislation, it is made up 
principally of three large independent telephone 
companies, two communications labor unions, 
and a handful of trade associations [Electronics, 
July 3, p. 65]. Chairman Paul Benson of United 
Telecommunications Inc. believes that "if we 
miss this opportunity, it may be another two to 
four years before we can get up the momentum 
again." Nevertheless, he concedes that passage 
of a bad bill would be worse than no bill at all. 

Former Attorney General William R. Saxbe, 
who brought the pending antitrust suit against 
AT&T in 1974, believes H. R.6121 is a bad bill. 
Despite legislative language that would protect 
the ongoing litigation, Saxbe is convinced the 
bill will in effect gut the Government's antitrust 
case. "It would be ridiculous," he contends, "to 
go ahead and try the case when they [AT&T] 
already have a whitewash before it starts" under 
a law that would let AT&T and other dominant 
carriers compete in new markets through arm's-
length subsidiaries. 
Saxbe believes the 1956 consent decree that 

settled an earlier AT&T antitrust action by pro-
hibiting it from competing in other than tele-
phone markets should be modified by the court 
before which it was negotiated, not by Congress. 
A legislative "end run" of the courts is a mock-
ery of the law, he says. A former Ohio Senator, 
Saxbe now speaks on behalf of a half-dozen 
Ohio interconnect companies that his law firm 
represents. Asked why some leading legislators 

support the bill, he replies, "I don't think they 
have read it." 

A second look at antitrust 

Two Senators who have read the tougher 
S.2827 and are concerned about its antitrust 
implications are Edward M. Kennedy (D., 
Mass.), chairman of the Judiciary Committee, 
and Howard Metzenbaum (D., Ohio), chairman 
of the antitrust subcommittee. They want Sen. 
Howard Cannon (D., Nev.), whose Commerce 
Committee has jurisdiction over the bill, to let 
their staffs review the antitrust implications of 
deregulation. Cannon and key members of his 
committee have consented. 

Following that Senate action, House Judicia-
ry Committee chairman Peter W. Rodino (D., 
N. J.) wrote Commerce Committee chairman 
Harley O. Staggers (D., W. Va.) warning that 
notwithstanding H. R.6121's antitrust neutrali-
ty language, the bill's substantial restructuring 
of the communications industry "will have a 
dramatic effect on the bargaining positions of 
the parties in the pending litigation, perhaps 
impairing the chances of a settlement, or drasti-
cally altering the terms that could be attained." 
The electronic mail portion of S.2827 is but 

one more unsatisfactorily resolved issue, accord-
ing to Government Affairs Committee chairman 
Abraham Ribicoff (D., Conn.). He believes the 
issue should be either deleted from the bill or 
referred to his committee. 

Guarantees for the protection of the research 
capabilities of Bell Laboratories in their present 
form is another concern expressed in a joint 
letter to the Senate by Frank Press, the Presi-
dent's science and technology advisor, and by 
Jerome B. Wiesner, president of the Massachu-
setts Institute of Technology. 

No rush to judgment 

No bill can satisfy all interests, of course, for 
law making is the art of compromise. But good 
law making stems from thoughtful compromise, 
something that cannot be achieved during the 
current rush to adjourn. Too many important 
changes to the bills have come in committee and 
not been the subject of hearings. 

Suspension of further action on the measure 
until the next Congress seems the best step at 
this point. For—as a proponent of passage, Paul 
Henson of United Telecommunications, ad-
mits—a bad bill is worse than no bill at all. And 
the House version of this bill, despite its multi-
ple revisions, is still essentially a bad bill [Elec-
tronics, Jan. 31, p. 50]. -Ray Connolly 
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LOW ESR HIGH CAPACITANCE 
PER CASE SIZE 

Values as high as 7,400/1F @ 200 VDC in a 3" x 5.625" case. 

HIGH RIPPLE CURRENT 
CAPABILITY 
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Curve plotted in gray shows ripple current capability for 
capacitors rated at 200 VDC while curve plotted in blue shows 
ripple current limits for capacitors rated at 250 VDC. 
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Curve plotted in gray represents capacitors rated at 200 VDC. 
Curve plotted in blue represents capacitors rated at 250 VDC. 

A RATING TO 
YOUR NEE 

In! 
Sprague Type 6230 Extralytic" Inpu 
available in 20 standard ratings ranging 

MEET 
DS 

1 
Filter Capacitors are 

from 2601.LF to 7400µF. 

New Sprague Type 623D 
Input Filter Capacitors 

for switched-mode power supplies 
Sprague's new Type 623D Extralytic Capacitors have 
been expressly designed to provide superior perfor-
mance in off-line switching-type applications . . . and 
they meet tight space and tight budget requirements. 

A few of the prime advantages of these new 
capacitors are highlighted above. Most important, 
though, is the fact that you can select from standard rat-
ings to zero-in on your power supply requirements 

without paying for costly specials that necessitate 
slower deliveries. 

For detailed technical data, write for Engineer-
ing Bulletin 3461 to: Technical Literature Service, 
Sprague Electric Company, 35 Marshall St., North 
Adams, Mass. 01247. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

SPRAGUE 
THE MARK OF RELIABILITY 
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Three very good reasons why you should give 
TI four hours of your time. 

• ADVAteED -TTL LO-
AS ANDJ ALS 

• LEADERSHIP BIPOLAR LSI-
TUt\ICTIONS AND APPLIC_ATICNIS 
1 A LOOK AT WHAT'S corniN6 

In; BIPOLAR TECHNOLOGY 

-7.k) 

TI's newAdvanced Bipolar Logic 
seminars start Monday, August 11. 

On Monday, August 11, TI is 
kicking off a new series of seminars 
that will examine the role of bipolar 
logic design. A series of seminars 
that will provide an in-depth look at 
performance, power and reliability 
improvements with AS/ALS — for 
better systems solutions. 

It's a different kind of seminar. 
Learning-intensive. For system 
designers who need to know 
what the future holds for Ad-
vanced Schottky, Advanced Low-
Power Schottky and Low-Power 
Schottky. 
The agenda will fill you in 

on the specific topics to be dis-
cussed, and we'll focus on infor-
mation you can use right away. 
(Along with samples, data sheets 
and handouts that you can take 
away.) 

Information that could give you 
the competitive edge today for 
leading state-of-the-art products 
tomorrow. 
We know you'll be anxious to get 

started applying what you learn. 
But stay for lunch. It's free. And 
besides, that's when we'll be giving 
away a TI 59 — an extraordinary 
card programmable calculator with 

plug-in Solid State Software* and 
magnetic card storage — it's the 
pride of every engineering 
professional. 
For complete information and 

to guarantee yourself a seat (sorry, 
only preregistered attendees are 
eligible to win the calculator) call 
your local TI field sales office or 
authorized distributor at least one 
week prior to the semi-
nar in your area. 
The dates, locations, 

names of contacts and 
phone numbers are lis-
ted on the right. 
'Trademark Texas Instruments Incorporated 

TEXAS INSTRUMENTS 

Fifty Years 
of 

Innovation 

CD 1980 Toms Instruments Incorporated 

64 

INCORPORATED 84818 
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Agenda 

• TI's Schottky Families for the '80s... characteristics, 
applications and compatibility: 
• Low-Power Schottky 
• High-performance Schottky 
• Second Generation Families: 
• Advanced Schottky 
• Advanced Low-Power Schottky 

• New product previews 
• Quality/reliability improvements 
• High-density packaging innovations: 
• Chip carrier packages 
• New 24-pin DIPs 

Dates, Locations, Contacts 
Date Location Contact Phone 

Augus 
Augus 
Augus 
Augus 
Augus 
Augus 
Augus 
Augus 

11 Boston (Waltham) Jack Edick (617) 890-7400 
13 New York (Melville) Chuck Messmer (516) 454-6616 
15 New Jersey (Clark) Terry Manton (201 574-9800 
18 Philadelphia (Ft. Washington) Ken O'Connor (215 643-6450 
20 Washington (Arlington, VA) Jim Myers (703' 553-2200 
22 Florida (Ft. Lauderdale) Hank Keuhler (305 973-8502 
25 Minneapolis (Edina) Roger Scott (612) 830-1600 
27 Chicago (Arlington Heights) Dave Nesbitt (312) 640-3000 

TI Distributors 
ALABAMA: Huntsville, Hall-Mark (205) 837-8700 

ARIZONA: Phoenix, Kierult1 Electronics (602) 243-4101: R V 
Weatherford (602) 272-7144. Tempe, Marshall Industries 
(602) 968-6181 

CALIFORNIA: Anaheim, R V Weatherford (714) 634-9600. 
Canoga Park, Marshall Industries (213) 999-5001. 
Chatsworth, JACO (213) 998-2200. Costa Mesa, TI Supply 
(714) 979-5391. El Monte, Marshal Industries (213) 686-
0141. El Segundo, II Supply (213) 973-2571. Glendale, R V. 
Weatherford (213) 849-3451. Goleta, RPS (805) 964-6823. 
Irvine, Marshall Industries (714) 556-6400. Los Angeles, 
Kierult1 Electronics (213) 725-0325. RPS (213) 748-1271. 
Mountain View, Time Electronics (415) 965-8000, Palo Alto, 
Kierultf Electronics (415) 968-6292; Pomona, R.V. Weather-
ford (714) 623-1261; San Diego, Arrow Electronics (714) 565-
4800; Kierulff Electronics (714) 278-2112: Marshall Industries 
(714) 278-6350. R V Weatherford (714) 278-7400; Santa Bar-
bel, R.V Weatherford (805) 465-8551: Sunnyvale, Arrow 
Electronics (408) 739-3011. Marshall Industries (408) 732-
1100, TI Supply (408) 732-5555. United Components (4081 
737-7474. Torrance, Time Electronics (213) 320-0880. Tustin, 
Kierult1 Electronics (714) 731-5711. 

COLORADO: Denver, Arrow Electronics (303) 758-2100, Dip-
lomat Denver (303) 427-5544. Kierulft Electronics (303) 371-
6500 Englewood. R V Weathedord (303) 770-9762 

CONNECTICUT: Hamden, Arrow Electronics (203) 248-3801 
TI Supply (203) 281-4669. Orange, Milgray'Connecticut (203) 
795-0714, Wallingford, Wilshire Electronics (203) 265-3822 

FLORIDA: Clearwater, Diplomat Southland (813) 443-4514. 
Ft. Lauderdale, Arrow Electronics (305) 776-7790. Diplomat 
Ft Lauderdale (305) 971-7160, Hall-Mark Miami (305) 971-
9280. Orlando, Hall-Mark Orlando (3o5) 855-4020. Palm Bay, 
Arrow Electronics (305) 725-1480. Diplomat Florida (305) 725-
4520. St. Petersburg, Kierulff Electronics (813) 576-1966, 
Winter Park, Milgray Electronics (305) 647-5747 

GEORGIA: Doraville, Arrow Electronics (404) 449-8252. 
Norcross, Wilshire Electronics (404) 923-5750. 

ILLINOIS: Arlington Heights, TI Supply (312) 640-2964 Ben-
sonville, Hall-Mark'Chicago (312) 860-3800. Elk Grove Vil-
lage, Kierulff Electronics (312) 640-0200. Chicago, Newark 
Electronics (312) 638-4411. Schaumburg, Arrow Electronics 
(312) 893-9420 

INDIANA: Ft. Wayne, Ft Wayne Electronics (219) 423-3422 
Indianapolis, Graham Electronics (317) 634-8202 

Date Location Contact Phone 

August 29 Dallas 
Sept. 8 
Sept. 10 
Sept. 12 
Sept. 15 
Sept. 16 
Sept. 17 
Sept. 19 

IOWA: Cedar Rapids, Deeco (319) 365-7551 

Jim Roundtree 
Denver Ken Mudge 
Seattle (Bellevue) Dave Burkhart 
San Francisco (Sunnyvale) Tom Adche 
Phoenix Bill Tanner 
Los Angeles (El Segundo) Jim Davi 
Orange County (Costa Mesa) Joe Favela 
San Diego John Lucas 

KANSAS: Lenexa, Component Specialties (913) 492-3555. 
Shawnee Mission, Hall-Mark Kansas City (913) 888-4747. 
Wichita, LCOMP Inc (316) 265-8501 

MARYLAND: Baltimore, Arrow Electronics (202) 737-1700. 
(301) 247-5200. Hall-Mark Baltimore (301) 796-9300. Colum-
bia, Diplomat Maryland (301) 995-1226. Rockville, Milgray 
Washington (301) 468-6400 

MASSACHUSETTS: Billerica, Kierulff Electronics (617) 667-
8331 Burlington, Wilshire Electronics (617) 272-8200. Wal-
tham, TI Supply (617) 890-0510. Woburn, Arrow Electronics 
(617) 935-8080 Time Electronics (617) 935-8080 

MICHIGAN: Ann Arbor, Arrow Electronics (313) 971-8220 Oak 
Park, Newark Electronics (313) 967-0600, Grand Rapids, 
Newark Electronics (616) 241-6681 

MINNESOTA: Edina, Arrow Electronics (612) 830-1800. Ply-
mouth, Marshall Industrials (612) 559-2211 

MISSOURI: Earth City, Hall-Mark St Louis (314) 291-5350 
Kansas City, Component Specialties (913) 492-3555 LCOMP 
Inc -Kansas City (816) 221-2400 St. Louis, LCOMP Inc -St 
Louis (314) 291-6200 

NEW HAMPSHIRE: Manchester, Arrow Electronics (603) 668-
6968 

NEW JERSEY: CAMDEN, General Radio Supply (609) 964-
8560. Cherry Hill, Milgray Delaware Valley (609) 424-1300. 
Clark, TI Supply (201) 382-6400 Clifton, Wilshire Electronics 
(201) 340-1900. Fairfield, Kierull Electronics (201) 575-6750. 
Moorestown, Arrow Electronics (609) 235-1900. Saddle. 
brook, Arrow Electronics (201) 797-5800 

NEW MEXICO: Albuquerque, Arrow Electronics (505) 243-
4566, International Electronics (505) 262-2011. United Com-
ponents (505) 345-9981 

NEW YORK: Endwell, Wilshire Electronics (607) 754-1570. 
Farmingdale, Arrow Electronics (5161 694-6800. Freeport, 
Milgray Electronics (516) 546-6000, N.J (800) 645-3986. 
Hauppauge, Arrow Electronics (516) 231-1000. JACO (516) 
273-5500. Liverpool, Arrow Syracuse (315) 652-1000. 
Melville, Diplomat (516) 454-6334. New York, Wilshire Elec-
tronics (212) 682-8707. Rochester, Arrow Rochester (716) 
275-0300. Rochester Radio Supply (716) 454-7800. Wilshire 
Electronics (716) 235-7620 

(214) 995-6531 
(303) 695-2800 
206' 881-3080 
408 732-1840 
602 249-1313 
(213 973-2571 
(714) 540-7311 
(714) 278-9600 

NORTH CAROLINA: Raleigh, Hall-Mark (919) 832-4465. Win-
ston-Salem, Arrow Electronics (919) 725-8711 

OHIO: Cleveland, TI Supply (216) 464-6100. Columbus, Hall-
Mark Ohio (614) 846-1882 Dayton, ESCO Electronics (513) 
226-1133, Marshall Industries (513) 236-8088 Kettering, Ar-
row Electronics (513) 253-9176, Reading, Arrow Electronics 
(513) 761-5432 Solon, Arrow Electronics (216) 248-3990 

OKLAHOMA: Tulsa, Component Specialties (918) 664-2820, 
Hall-Mark Tulsa (918( 835-8458. 11 Supply (9181 749-9543 

OREGON: Beaverton, Almac Stroum Electronics (503) 641-
9070. Milwaukle, United Components (503) 653-5940 

PENNSYLVANIA: Huntington Valley, Hall-Mark Philadelphia 
(215) 355-7300. Pittsburgh, Arrow Electronics (412) 351-
4000 

TEXAS: Austin, Component Specialties (512) 837-8922. Hall-
Mark Austin (512) 837-2814, Dallas, Component Specialties 
(214) 357-6511. Hall-Mark Dallas (214) 234-7400. Interna-
tional Electronics (214) 233-9323: TI Supply (214) 238-6821. 
El Paso, International Electronics (915) 778-9761, Houston, 
Component Specialties (713) 771-7237: Hall-Mark'Houston 
(713 781-6100. Harrison Equipment (713) 652-4700: 11 Sup-
ply ( 13) 776-6511 

UTAH: Sall Lake City, Diplomat Altaland (801) 486-4134, 
Kierulff Electronics (801) 973-6913 

WASHINGTON: Redmond, United Components (206) 885-
1985 Seattle, Almac Stroum Electronics (206) 763-2300. 
Kierulf1 Electronics (206) 575-4420. Tukwila, Arrow Elec-
tronics (206) 575-0907 

WISCONSIN: Oak Creek, Arrow Electronics (414) 764-6600, 
Hall-Mark Milwaukee (414) 761-3000. Waukesha, Kierulff 
Electronics (414) 784-8160 

CANADA: Calgary, Cam Gard Supply (403) 287-0520. Downs-
view, CESCO Electronics (416) 661-0220. Edmonton, Cam 
Gard Supply (403) 426-1805. Halifax, Cam Gard Supply (902) 
454-8581. Kamloops, Cam Gard SupPly (604) 372-3338, 
Moncton, Cam Gard Supply (506) 855-2200. Montreal, 
CESCO Electronics (514) 735-5511, Future Electronics (514) 
731-7441 Ottawa, CESCO Electronics (613) 729-5118 Future 
Electronics (613) 820-8313. Ouebec City, CESCO Electronics 
(418) 687-4231. Regina, Cam Gard Supply (306) 525-1317, 
Saskatoon, Cam Gard Supply (306) 652-6424. Toronto, Future 
Electronics (416) 663-5563. Vancouver, Cam Gard supply 
(604) 291-1441, Future Electronics (604) 438-5545 Winni-
peg, Cam Gard Supply (204) 786-8481 
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morikotAS me1440 
Only this PCM filter gives your 
systems all these advantages. 

There's no better way than Motorola's new MC14413 
for using an LS! PCM filter to meet the goals of 
saving time, space and cost in telecommunications 
systems while maintaining or improving performance. 

Motorola's MC14413 is the one outstanding PCM 
filter that is loaded with unique features, offers the 
low power, producibility and reliability of standard 
metal gate CMOS, and meets all Bell System D3 and 
CCITT specs. The MC14413 is in full volume produc-
tion, and arrangements have been made with RCA as 
a mask- provided second source. 

The MC14413 operates from either a single or 
split power supply, with a single supply from 10V to 
15 V, or a range of ±5V to -± 7.5 V with 5% tolerance 
for split supplies. Therefore, in addition to the natural 
CMOS compatibility, it's also TTL compatible. 

Our patent-pending method for universal Sinx/x 
compensation introduces no additional differential 
delay distortion, allows three-party conferencing 
without external circuitry and provides for a variety 
of other system savings we'd like to discuss with you. 

Power supply rejection is excellent at better than 
40 dB, and cross talk is superior at 80dB or better. 
Temperature performance is excellent, too. Gain and 
ripple stability over a 0 to 70°C temperature range is 
.0007 dB °/C. The naturally low-power characteristic 
of CMOS permits the filter to dissipate a very low 
25 mW in operation and a miniscule 125 p.W while 
in the power-down state, all without design trade-
offs. When this filter is used on a single supply with 

Motorola's MC14404/6/7 codecs. the filter powers 
down automatically with the codec. 

Each filter output (AO, BO, RXO) is capable of pro-
viding 6.2 V p-p across 600 O. This means that in 
the push-pull configuration, 600 0. and 900 fi 
loads can be driven to +18 dBm. 

Last year. Motorola put the industry's first low-
power. switched-capacitor. sampled data PCM filter, 
the MC14414, into volume production. All the ad-
vantages of this innovative circuit have been retained 
in the 14413. and more have been added. Where 
required, the MC14413 is an excellent drop-in im-
provement for the MC14414. The receive sections 
of both filters are the same, with a 5-pole elliptic 
filter operating at a sampling rate of 128 kHz. In the 
transmit sections, where both also have the 5-pole 
elliptic low-pass filter, the MC 14413 incorporates a 
3-pole Chebychev high-pass filter for 50/60 Hz and 
15 Hz rejection. 

Motorola's matched codecs and filters together meet 
all required system specs for subscriber line inter-
face units. As integral segments of Motorola's LSI 
approach to total telecommunications systems, they 
show the way to 

Innovative systems 
through silicon. 

MOTOROLA INC. 
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International newsletter 
13 Japanese Look for Pascal to come to Japanese microcomputers in a big way soon. 

Since February, 13 Japanese companies have received licenses from Softe-companies adopt 
ch Microsystems in San Diego, Calif. The thirteenth—Japan Business 

Pascal language Automation Co., a software subsidiary of Toshiba Corp. —will also be the 
last, having been granted the rights to offer sublicenses to others. A 
spokesman at the firm says that Softech has licensed its structured analysis 
and design technique software to Toshiba since 1973 and thus had 
sufficient confidence to make Toshiba's subsidiary its sole agent. He 
expects Pascal to replace Basic in many applications over the next few 
years. The other 12 Pascal licensees are: Al Electronics, Fujitsu, Hitachi, 
Matsushita, Nikko Telecommunication, Nippon Electric, Oki Electric, 
Sanyo Electric, Sharp, Sony, and Sord Computer Systems. 

UK logic tester The Locator, a field test instrument developed by Solartron Electronics 
detects f its Group specifically for microprocessor-based products, brings a battery of in 

eight test and measurement techniques to bear on tracking down an 
feedback loops obstinate fault. Most notably, it has a signature analysis capability comple-

mented by trace analysis, a technique borrowed from the world of 
automatic testing. According to Brian Kett, digital instrument product 
manager at the Farnborough, Hants., Schlumberger subsidiary, the new 
technique succeeds where signature analysis fails — in feedback loops, 
where a faulty node can ultimately cause all the other nodes to display 
fault signatures. Trace analysis, on the other hand, lets the engineer trace a 
fault back to the earliest time frame and the first node in which it occurs. 
Itself microprocessor-based, the Locator weighs 15 lb in a 17-by-12-
by-4-in. case and sells in the UK for $3,250 without options. 

Vhf direction finder West Germany's Rohde & Schwarz, the Munich-based instruments and 
communications equipment maker, has developed a precision, very-high-

from West Germany 
frequency direction finder featuring an accuracy of within ±0.10, five 

has only ±0.1° error times better than conventional vhf equipment, according to the company. 
Developed under contract to German maritime authorities for spotting 
ships in narrow channels, the PA 001 picks up ships carrying vhf radio 
systems at ranges of up to 80 km (about 50 miles), fixing their position on 
a radar screen to within 20 to 30 meters. Readings are shown on a 
four-digit display and can be fed to external processing equipment. 

Hermetic fiber-optic Though there are several epoxy-sealed fiber-optic transmitter modules on 
the market, fully hermetic packages capable of meeting stringent post 

transmitter module 
office requirements are not yet established. One of the first comes from the 

targeted at telecoms Paignton, England—based Microwave and Electro-Optic division of the ITT 
Components Group. A metalization layer is applied to the cladding of the 
fiber-optic pigtail so that it can be hermetically sealed into the feed-
through. The resulting 10-pin dual in-line package accommodates a 
submount for the laser diode and an integral power output monitor that 
allows for the temperature stabilization of the diode output. There is also 
space within the package for two hybrid circuits accommodating any 
needed driver circuitry in high-bit-rate (560-mb/s) applications. Currently 
ITT uses a gallium arsenide and gallium aluminum arsenide double-
heterostructure laser diode with 6-mw output and 180-mA threshold that 
has been proven in operation for two years on a 140-mb/s link. 
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Monomode fiber Standard Elektrik Lorenz AG, the Stuttgart subsidiary of ITT, will not 

start producing its new monomode optical fiber until it has lined up some 
for high data rates buyers. But the wait may be a long one, even though the fiber has an 

waits in wings average attenuation of less than 1 dB/km. The reason is that the current 
price for connectors for the 4-gm-diameter fiber is $570. SEL engineers 
believe monomode fibers are the only fibers capable of handling very high 
data rates of 140 to 560 sib/s. 

West German P. 0. Using a combination of classical postal service and modern communica-
tions technology, West Germany's post office started an experimental 

starts fax-based scheme for letter transmissions last month. Called Telebrief —German for 
mail service teleletter — it transmits information on standard-format pages by facsimile 

equipment between any of 600 post offices in West Germany. At the 
destination station, the letter is put in an envelope and delivered to the 
addressee the same day. At the transmitting station, the sender has his 
original letter either handed back to him or, on request, mailed to him 
later. The fee is about $6 for the first page, roughly $2.30 for each 
additional page. Telebriers big advantage is that it can transmit not just 
text, like telegrams, but also diagrams and other graphics. 
The French telecommunications administration started public facsimile 

service some three years ago and now offers it in about 40 cities. However, 
the addressee has to pick up his letter at the receiving end. 

Apple computers Japan's present 6% share of Apple Computer Inc.'s worldwide sales of 
personal computers should double in the next 18 months, predicts sales 

establish beachhead vice president Gene Carter, now that Cupertino, Calif., firm has an official 
in Japan import representative in Toray Industries Inc. (For the reverse trend, see 

story on p. 85). Toray will provide full support for the Apple computers, 
including servicing. Short-range plans call for first-year sales of 10,000 of 
the new Japanese version of Apple II, due out next month. Major 
differences include a Japanese katakana syllabary pattern generator and 
key tops and a one-year guarantee to show the quality-conscious Japanese 
market that the company stands behind its products. Long-range plans 
include the establishment of Apple Japan Ltd. 

Two 850-nm signals An optical-wavelength multiplexer and coupler capable of sending and 
receiving video transmissions simultaneously and at the same 850-nm 

pass each other wavelength along a single multimode optical fiber is being developed by 
in French optical fiber TRT (Télécommunications Radioélectriques et Téléphoniques), a French 

subsidiary of the Netherlands' Philips group. Each signal follows its own 
path, spiraling around the signal headed in the opposite direction. While 
the system, developed as part of a military contract, now handles only 20 
kb/s, megabit rates are expected soon. 

Addenda According to an agreement between the two companies, West Germany's 
BASF AG this fall will start marketing under its own label in Europe, 
Brazil, and Argentina Hitachi Ltd.'s large computer systems. . . . The 
National Aeronautics and Space Administration has ordered a $17 million 
instrument pointing system for its space shuttle from West Germany's 
Dornier System Gmbii. 
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All the basics plus 
one basic difference. 
Our second-generation 

JFET Input Op Amp. now 
known as QUADRAFET. 
features precise input 
matching without the use of 
laser trimming. So you're 
getting an inherently 
superior design. 

Super specs 
are part of the name. 
Our QUADRAFET 

Op Amps feature super 
performance specs like 50 
pA input bias current. 25 pA 
offset current and 2 mV 
offset voltage. They offer 
lower tolerance with noise 
below 16 nV/VHz. Slew rate 
of 13 V/iLs and 3 MHz 
bandwidth. 
Our matched ion-

implanted JFET 
inputs are cross-
coupled so the 
performance is 

designed in. This feature 
improves channel separation 
on duals and quads. and 
reduces the effect of 
thermal gradients on all 
QUADRAFET Op Amps. 

We've got your part. 
For high-performance 

instrumentation, space 
applications or simply 
improved perfor-
mance. try our 
µAF771 Single. 

µAF772 Dual 
or µAF774 Quad 

QUADRAFET 
Op Amps. 
They're all easy to 

order. Just select your 
offset voltage require-

ments: 2 mV. 5 mV. 10 mV 
or 15 mV. There are no odd 
numbers, hidden specs or 
confusing information. A full 
complement of packages. 
and Mil-Std-883B 
processing is available. 

For more information 
on our super-spec 
QUADRAFET Op Amps. 

call or write our Linear 
Division at Fairchild 
Semiconductor 
Products Group. P.O. 
Box 880A. Mountain 
View, California 94042. 
Telephone: (415) 
962-4903. TWX: 
910-379-6435. 
Fa,rcndo Camera and Instrument Corp 



"For reliability ni take 
AMP 115 Profile 
DIP Sockets 
every time: 
Your IC's are only as good as the sockets they go into. 
That's why we designed the DIPLOMATE Socket in 
the first place—to protect IC performance. And we 
do it with features that set industry standards 
for reliability and performance—in both gold 
and tin versions. 

Features like a large entry target area and an internal 
contact anti-overstress stop wall to prevent contact 
damage. A closed bottom to inhibit solder wicking and 
flux contamination. Dual wiping contacts for a more 
dependable interface. And for easy, cost-effective 
application, the housings are compatible with 
commercially available automatic insertion equipment 
for socket-to-board or DIP-to-socket operations. 

DIPLOMATE Sockets are available in 8 through 40 
position sizes. And every one of them meets the 
requirements of MIL-S 83734. 

What's more, you can get DIPLOMATE .175" Profile 
Sockets immediately, thanks to AMP's computer-
linked regional inventory system. For delivery details 
or for more information, call the AMP DIPLOMATE 175 
Socket Information Desk at (717) 780-8400. Or write 
us. AMP Incorporated, Harrisburg, PA 17105. 

Ant, overstress 
stop wall 

Large 050" 
target entry 

Dual w.pe 
contacts 

Closed bottom 
design 



"For reliability Mike 
AMP 150 Proffie 

DIP Sockets 
every lime: 

Besides their proven reliability in tin or select 
gold-plated styles, AMP .160" DIP Sockets offer one 

of the lowest profiles in the industry. At a price to 
match. And with features that make them the 

intelligent choice for your low profile applications. 

They're available with up to 44 positions. 
And have anti-wicking, anti-bridging contact design. 

Plus one piece housings with side chamfered lead 
cavities for easy IC insertion. 

AMP 160 Sockets also feature a ladder design 
which allows for easy cleaning and viewing of 
the circuit traces after insertion. And for added 

versatility, styles are available in single row form for 
use with packages having non-standard spacings. 

These sockets meet or exceed MIL-S 83734, and are 
available through our computer-linked regional 
inventory system. For the delivery details or for 

more information, call the AMP .160" Profile 
Socket Information Desk at (717) 780-8400. 

Or write us. AMP Incorporated, Harrisburg, PA 17105. 

AMP8 DIPLOMATE are trademarks of AMP Incorporated. 

Open ladder 
construction 

Stand off 

Closed 
entry 
design 

Retaining detent 

AMP has a better way. 
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This component is very special. 
n they handle it? 



When it's TRW, 
the answer is 
yes. 

Not only can we, but we want to. 
TRW has been around long enough 
to see many products which started 
out as "specials" become industry 
standards. That's why we're not 
afraid to invest time in application 
and production engineering, to de-
sign and build new products to our 
customers' specifications. 

Our component product lines are 
among the most extensive in the in-
dustry, but we won't try to sell you a 
standard component if it won't fill 
your needs—or if your requirements 
are best met by a modification or an 
entirely new design. 

TRW CAPACITORS 
TRW CINCH CONNECTORS 
TRW CINCH-GRAPHIK 
TRW GLOBE MOTORS 
TRW INDUCTIVE PRODUCTS 
TRW IRC NETWORKS 

At TRW/ECG, we have the capability 
and the willingness to extend be-
yond the usual, to special tolerances, 
to special testing or to special per-
formance standards. 

If you need a supplier who meets the 
challenge of making special prod-
ucts as readily as providing you with 
existing ones, call your nearest 
TRW/ECG sales office. You'll find it 
listed in EEM, Gold Book, Elec-
tronics Buyers' Guide, Who's Who in 
Electronics, the Electronic Industry 
Telephone Directory and the Elec-
tronic Buyers' Handbook. 

TRW IRC RESISTORS 
TRW LSI PRODUCTS 
TRW OPTRON 
TRW POWER SEMICONDUCTORS 
TRW UTC TRANSFORMERS 
TRW RF SEMICONDUCTORS 

TRW ELECTRONIC COMPONENTS GROUP 
DIVISIONS OF TRW INC. 

5725 East River Road • Chicago, Illinois 60631 



THINK 
BAUSCH & LOMB 
PERFORMANCE 
StereoZoom® Microscopes were an innovation when Bausch & Lomb 
first introduced them in 1959. They were the world's first 
zooming stereo microscopes and they quickly met the challenges 
of electronic assembly, packaging, and inspection 
functions. That's still true today. 
The reasons all relate to Bausch & Lomb 

performance. Like patented coaxial illumination for 
accurate, thorough assembly. Photomicrographic 
accessories for reliable inspection documentation. 
And a wide selection of versatile accessories to exactly 
meet virtually any production requirement. 
Constant attention to performance requirements 

has made StereoZoom Microscopes the first choice 
in the electronics industry for over twenty years. 
Call or write today for our latest catalog, applications 
assistance, or a personal demonstration. 

Quality. Precision. Versatility. 
Three good reasons to ... THINK BAUSCH & LOMB PERFORMANCE 

BAUSCH & LOMB 0 
Scientific Optical Products Division 
ROCHESTE R NEW YORK 14602 

Consult Yellow Pages 
under "Microscopes" 

Circle 74 for more information 

An invaluable, time-saving library of design facts and figures. 

Circuits for Electronics Engineers 
From Electronics' highly respected "Designer's Casebook," 346 cirruits from all over the 
world —arranged by 51 of the most useful functions designers use to implement their 
systems, including... • Amplifiers • Analog to digital & digital to analog converters • Counters 
• Detectors • Discriminators • Display circuits • Function generators • Integrators • Logic 
circuits • Memory circuits • Operational amplifier circuits • Power supplies • Protection circuits 
• Switching circuits • Temperature control • Timing circuits • Voltage regulating circuits... and 
many more. 396 pages, $15.95. 

Design Techniques for Electronics Engineers 
The best of Electronics' popular "Engineer's Notebook," a host of proven design problem 
solutions to assist you at every point in the development of an engineering project—when 
you're making measurements... interpreting data... making calculations... choosing 
materials... controlling environment ...laying out and purchasing components, and 
interconnecting them swiftly and accurately. The professional edge you can use to solve 
design problems fast, avoid tedious manual calculations, cut bench and development time. 
370 pages, $15.95. 

Order today! And don't forget the other valuable Electronics Magazine Books on the coupon below. 

Electronics Magazine Books P.O. Box 669, Hightstown, NJ 08520 

I must be fully satisfied or you will refund full payment if the book is 
returned after ten-day trial examination. Send me: 

  copies of Microprocessors @ $8.95 

copies of Applying Microprocessors @ $9.95 
On Master Charge only, 

  copies of Large Scale Integration @ $9.95 first numbers above name  

copies of Basics of Data Communications @ $12.95 

copies of Circuits for Electronics Engineers @ $15.95 Name Title 

copies of Design Techniques for Electronics Engineers @ $15.95 
Company  

copies of Memory Design: Microcomputers to Mainframes 

D Payment enclosed D Bill firm D Bill me 

Charge to my credit card: 

D American Express D Diners Club 
D Visa D Master Charge 

Acct. No.   

@ $12.95 Street 
copies of Personal Computing: Hardware and Software Basics 
@ $11.95 City  

Date Exp. 

State Zip 

L Discounts of 40% on orders of 10 or more of each book. Signature   _J 



Turn schematics into 
PC boards in one-third the time. 

Nicolet's revolutionary new 
System 80 is the compact, complete 
electronic drafting table that fits 
into your design department and 
speeds work through faster than you 
can imagine. In only five days, you 
can become an expert on the System 
80, because it is incredibly easy 
to operate. 

System 80 instantly displays 
pads, lines, DIPs, component out-
lines, characters—and in up to 20 
colors so you can work on all layers 
simultaneously. You have tremen-
dous mobility in the design because 
you can pan around very large draw-
ings, or zoom in on specific details. 

You can "key in" elements 
to be repeated, and the system 
duplicates them as many times as 
you want at the touch of a button. 
Time spent on tedious detail work 
can now be used for creative 
designing. As you work, an auxiliary 
screen gives you a high resolution 
overview, helps you make changes 
fast. All your designs are stored 
on diskettes — more compact, less 
expensive and safer than storing 
tape-ups. 

Make changes and 
additions quickly 
You can make revisions 

and see results right on the screen, 
as you work. System 80 lets you 
transfer parts of designs from stored 

drawings, which you can 

Nicolet introduces System 80. 
instantly rotate or reposition. You 
can move, erase or add whole groups 
of pads and traces for fast revisions. 

Artwork is 
always accurate 
Your prototypes will be 

ready faster, and because the system 
always positions the pads and lines 
exactly on the grid you specify, you 
can be sure that your final art will 
be exactly what you had in mind. 
System 80 includes a Nicolet Zeta 
3653SX pen plotter which produces 
clean, precise, camera-ready 
artwork that is far more accurate 

- than tape-up. a% to 

System 80 can 
pay for itself 

in a year 
System 80, 

at $73,200, is priced 
lower than any com-
parable CAD unit, yet 
it provides the features 

and the capabilities of systems 
costing three or four times as much. 
It saves money and time by elimina-
ting bottlenecks at the design stage. 
No other CAD system can increase 
your productivity so dramatically, 
or give you more accurate results 
while being so simple to operate. 
On a cost/performance basis, your 
average board cost over two years 
can drop by 50%. Check out System 
80 today. 

NICOLET 2530 San Pablo Avenue 
CAD Berkeley, CA 94702 
CORPORATION 415/848-6600. Ask for Mike Smith. 
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12-BITS, 16 PINS. 
THE END OF THE FAT DAC. 
THE 12-BIT DAC FOR 
TIGHT LAYOUTS. 
Our compact new AD7542 
is the world's first and only 
12-bit D/A converter in a 16 
pin DIP. It needs only 1/3 the 
board space of the usual 
24 pin DIP, and since data is 
brought in as three 4-bit 
words, only 4 data lines are 
required rather than 12, 
which saves lots of PC board 
track. This makes the AD7542 
ideal for applications requir-
ing several DAC's per board..›,, 

DIRECT AND EASY • 
ptP INTERFACE. 
Our slim, new DAC is 
designed specifically to inter-
face directly to the data and 
control buses of 4, 8, and 16-
bit microprocessors. The 
AD7542 interfaces to a i.LP as 
static RAM, with data loaded 
into it in three 4-bit words, 
using simple memory 
WRITE instructions. It even 
has a separate asynchronous 
clear input to simplify initiali-
zation during power up. 

AND IT'S AN 
HONEST 12-BITS. 
The AD7542 is a real 12 bit 
DAC, offering true 12 bit per-
formance. Its monolithic 
CMOS construction gives you 
guaranteed 12 bit linearity 
over temperature (-±1/2 LSB 
from T,-, to Tn..), and a low 
gain TC typically ±-2ppmeC). 

It operates on a +5V supply 
and features latch-up free 
operation. It also has all the 
analog versatility of CMOS 
DAC's, including 4-quadrant 
multiplication, and a low 
40 mW power consumption. 

ALL FOR AN 
UNBELIEVABLE $9.50. 
You might think the world's 
smallest 12-bit DAC comes 
with a big price tag. It doesn't. 
You can get our AD7542JN 
(±-1 LSB max linearity error) 
for only $9.50 in 1000's, or 
our AD7542KN LSB) for 
$10.50 in 1000's. 

For the full story on this 
lean, new DAC, contact Doug 
Grant or Don Travers at (617) 
935-5565, or write Analog 
Devices, Inc., PO. Box 280, 
Norwood, MA 02062 

Of' ti I 
1fIP 151-f 

ANALOG 
DEVICES 

WAYOUT IN FRONT  
Analog Devices, Inc , Box 280, Norwood, MA 02062, East Coast. (617) 329-4700, Midwest. (312) 894-3300. West Coast: (714) 842-1717. Texas: (214) 231-5094; Belgium: 031/37 48 03; 

Denmark: (02) 84 5800, England: 01/9410 46 6; France: 687-3411: Germany 089/53 03 19; Japan: 03/26 36 82 6; Netherlands: 076/879 251; 
Switzerland: 022/315760; and representatives around the world. 
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Segnittcant developments In technology and busIness 

Lowered i-f 
shrinks fm radio 
onto one chip 
by John Gosch, Frankfurt bureau manager 

Key to its design are an 

intermediate frequency of 

70 kHz, a reduced i-f swing, 

and 'correlation' muting 

Virtually an entire frequency-modu-
lation receiver has been integrated, 
all the way from the antenna input 
to the audio output, on an experi-
mental 3.5-square-millimeter chip. 
Only a tunable resonant circuit and 
14 ceramic capacitors are external to 
the chip, report its developers, the 
Philips Research Laboratories in 
Eindhoven, the Netherlands. 
The result of a three-year effort, 

the advance is expected to have a big 
impact on fm radio design over and 
above the obvious diminution in 
equipment size. The number of 
receiver adjustments made at the 
factory will drop from the normal 10 
to 14 to only 2. "Besides, it is reason-
able to expect a substantial decrease 
of circuit costs as well as receiver 
assembly time," notes research team 
head Dieter Kasperovitz. 
To be sure, efforts to integrate fm 

receivers are being made at other 
labs. But these aim simply at replac-
ing the receiver's transistors with 
integrated circuits and little is 
gained in cutting circuit costs and 
improving receiver performance. 

Radical. The Philips concept, on 
the other hand, radically alters 
receiver design in two ways. First, it 
lowers the intermediate frequency 
from the normal 10.7 megahertz to 
only 70 kilohertz, so that the critical 
tuned inductance-capacitance filters 
can be replaced by simple untuned 
resistance-capacitance types. Thus, 

coils with a Q of less than 1 can be 
used instead of the hard-to-integrate 
high-Q coils needed with LC filters. 
Also, all receiver adjustments are 
eliminated except the two made to 
the external resonant circuit, to 
define the fm band limits at 87.5 and 
108 MHz. 
Second, frequency feedback is em-

ployed to eliminate the audio distor-
tion that, with the ±75-kHz fm 
receiver i-f swing common in Eu-
rope, would otherwise occur at a 70-
kHz i-f. The feedback reduces the 
swing to ± 15 kHz, a value at which 
harmonic distortion is all but absent. 

Correlation. On top of this, the 
Philips receiver incorporates a new 
muting system. Based on the correla-
tion between the i-f signal and a 
delayed and inverted version of it, it 
suppresses audio signals at improper 

tuning or at input signals compara-
ble to the input noise. Thus it com-
bines the features of an ordinary 
muting system and a deviation mut-
ing system based on automatic fre-
quency control principles. 
Under proper tuning, the two i-f 

signals used in the mute system are 
identical, and that results in large 
correlation. The demodulated audio 
signal is then switched to the audio 
output. Under detuning, one half of 
the period of the original i-f signal 
no longer corresponds to the delay 
time between the original and the 
delayed i-f signals. The correlation is 
then small or negative, and the 
demodulated audio signal is 
squelched. This way, tuning to image 
frequencies is suppressed. 

Using standard bipolar technolo-
gy, the experimental chip integrates 

A radically different radio. Experimental 3.5-mm2 chip contains entire fm radio. The only 

external components needed are 14 ceramic capacitors and a tunable resonant circuit. 
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about 280 circuit elements (see 
photo). The cutoff frequency of the 
transistors is around 800 MHz. The 
supply voltage range extends from 3 
to 18 volts, and current consumption 
at 6 v checks in at 9 milliamperes. 
Continued work at Philips could 
decrease chip area to 3 mm2. 

Great Britain 

Vibrating transducer 

has digital output 
The ideal interface between the ana-
log world and a digital system would 
be a transducer with a digital rather 
than an analog output. But few such 
devices have made the leap from the 
laboratory bench to the production 
floor. 
One of the latest to do so is a 

vibratory transducer probe devel-
oped by Marconi Research Labora-
tories for a sister company that plans 
to use it in fuel management sys-
tems. The device can be adapted to 
measure liquid level, density, or vis-
cosity or combinations of these 
parameters. In its first application, it 
gives a direct reading of the mass of 
fuel in an aircraft's tanks—the criti-
cal parameter in assessing the num-
ber of flying hours at a pilot's dispos-
al —from the product of simulta-
neous depth and density measure-
ments. 
The probe is a cylindrical metal 

tube that is made to vibrate and, 
when inserted in a liquid, does so at 
a frequency determined by the liq-
uid's level. The tube is typically 30 
centimeters long and has a 2-milli-
meter-thick wall. Epoxy-bonded in-
side it are two piezoelectric trans-
ducers, to one of which a tracking 
oscillator applies a sinusoidal volt-
age, causing it to expand and con-
tract lengthwise. As a result, the 
tube undergoes a sinusoidal flexural 
vibration. The frequency of this 
vibration is detected by the other 
piezoelectric device, which feeds a 
phase-locked loop that adjusts the 
oscillator frequency. The squared-
off signal is interpreted by being 
counted against a reference clock. 

OSCILLATOR 

MOUNTING 
FLANGE 

FREQUENCY 
OUTPUT 

PIEZOELECTRIC 
TRANDUCERS 

—FLEXING 
4"-- TUBE 

Simple. Oscillator keeps tube vibrating at 

rate set by characteristics of surrounding 

liquid. Output frequency is squared off. 

According to Roger M. Langdon, 
who heads up the project at the labo-
ratories in Great Baddow, Essex, a 
lot of calculation is required to gen-
erate the output parameter from the 
input frequency. But, he says, the 
low cost of digital processing makes 
the approach economically feasible. 

Ruggedness and an output fre-
quency dependent mainly on the 
probe's mechanical characteristics 
are its major attractions, adds Lang-
don. Most transducers used in indus-
trial measurement need extra cir-
cuitry to digitize their output. But 
converting at source to digital sig-
nals eliminates converter errors as 
well as the effects of electrical noise 
in the transmission path. The ap-
proach also allows the use of multi-
plexing techniques, with consequent 
savings in cabling costs, and squares 
well with microprocessor technology. 
Though not the first in the field — 

a vibratory density transducer is 
already commercially available—the 
Marconi researchers have extended 
and refined the technique. 

Refinements. For example, when 
applied as a fluid depth gauge, a 
vibratory transducer has an output 
only approximately linear with 
depth, because standing waves at 

various intervals produce vibrational 
nodes along the length of the rod 
with corresponding fluctuations in 
output. The group therefore uses two 
sets of transducers to establish 
orthogonal flexural vibrations, longi-
tudinally displaced from each other 
by a quarter wavelength, so that 
their outputs, when added electroni-
cally, yield a linear relationship 
between frequency and liquid level. 

Again, the group has devised tech-
niques of measuring several para-
meters simultaneously. One of the 
most sophisticated is a submarine 
battery meter, developed under a 
Ministry of Defence contract, that 
checks the electrolyte's density and 
liquid level. The sensing element in 
the meter is a glass tube with a 
small, four-bladed paddle wheel at 
one end and a pair of transducers at 
its upper end. One transducer pro-
duces torsional vibration of the pad-
dle wheel, reflecting the electrolyte 
density, and the other produces flex-
ural vibration of the glass tube, mea-
suring the product of liquid level and 
density. 
So far, the transducer manufac-

turers Langdon has talked to have 
been wary of the new techniques, but 
with a first production application 
due to be proved, that situation 
could change. -Kevin Smith 

Italy 

Single IC regulates 

car battery voltage 
Spikes as high as 100 volts can 
develop on the 12-v supply line con-
nected to an automobile's battery, 
and 24 v may appear there under 
hot-shot cranking using an extra bat-
tery in series. Then there is always 
the risk that accidentally reversed 
battery connections will reverse the 
polarity of the supply. 
The only integrated circuits cer-

tain to survive such harrowing condi-
tions would have to be fabricated 
with a high-voltage technology on 
large and therefore expensive chips. 
But cost-conscious auto makers need 
not worry—according to Aldo Ro-
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Introducing the 
first complete, low-power 
12-bit hybrid DAC for $99d. 

The next generation. 
A packaging breakthrough 
from Hybrid Systems can help 
you make design history. 

Check the specs: 12-bit resolution . . . ±11.5 to 
±18 volts . . . total power consumption as low as 
150mW . . . analog output of ±10V @ ±5mA ±1/2 
LSB linearity . . . 251.LS settling time . . . linearity tempco 
of ±5ppm/°C . . no external components needed to 
make this complete DAC fully operational. 

And the price is at least 40% below anything com-
parable you've seen before. 

The secret is in the packaging: a unique, proprietary 
24-pin dual-in-line enclosure, designed to take more 
punishment than it's ever likely to get in actual use . . . 
including four hours in a pressure cooker, a 
weekend strapped to the hull of a sailboat on Nantucket 
Sound, and countless cycles in a standard dishwasher. 
It also stands up to the toughest conventional environ-
mental tests; leak, temp cycle, temp storage, stabiliza-
tion bake, solderability, 1000-hour burn-in. It's cost 
effective, rugged, complete, low power — and yes, it's 
clean. 
("u.s. Patent Pending 

For fast turnaround, call or write. 

Quantity Price  Quantity Price 
1-9 $19.95 100-249 $13.50 

10-24 $17.50 250-999 

25-99 $15.50 1000+ 

$12.00 

$ 9.95 

For performance, 
experience and reliability, 
go with the leader. 

Hybrid Systems 
CORPORATION 

Crosby Drive, Bedford, MA 01730 
Phone (617) 275-1570 
(TVVX 710-326-7584 HYBRIDSYS BFRD) 

In Germany: Hybrid Systems GmbH. 
6100 Darmstadt, Luisenplatz 4. Germany 
Tel. 6151-291595 (TELEX 419390 HYSY D) 

In France: Hybrid Systems S.A.R.L. 
14 Rue du Morvan SILIC 525 
94633 Rungis CEDEX TLX: 250 969 HYSYS 

In the United Kingdom: 
Hybrid (Component) Systems U.K. Ltd. 
12A Park Street, Camberley, Surrey 
Tel. (0276) 28128 (TELEX 858720 HYBRID G) 

Circle 79 on reader service card 



Electronics international 

mano, the applications and product 
marketing manager of SGS-ATES 
Componenti Elettronici, only one 
such chip is necessary, a voltage reg-
ulator that protects the car's entire 
electrical system. 
The Italian semiconductor house, 

based in the Milan region at Agrate-
Brianza, has gone to market with 
three terminal regulators for this 
system approach. The L 2600 series 
delivers a closely regulated voltage 
for ICs and also suppresses the spikes 
that plague an automobile's electri-
cal circuits. "We have started deliv-
eries of a 5-V version to a major 
automobile manufacturer and are 
supplying samples of 8.5-v and 10-v 
versions," Romano reports. The reg-
ulators are the first members of an 
extensive family of automotive linear 
ICs, he adds. 

Current concerns. In the quantities 
auto makers buy, the regulators sell 
for roughly $1 each. To manage a 
price that low, SGS-ATES kept the 
units' current capability to 500 milli-
amperes, enough to power a car's 
dashboard instrumentation, for ex-
ample. When more current is 
needed, a specially designed pass 
transistor can be added. It is a pnp 
device, with a very low voltage drop 
at saturation and a very high base-
emitter breakdown voltage, that can 
handle up to 20 amperes. It will sell 
in volume for about $1.45. 
A block diagram of the L 2600 

looks much like that of a convention-
al 1c three-terminal regulator, ex-
plains Giordano Seragnoli, SGS-

ATES' marketing manager for linear 
Ics. But, he goes on, considerable 
innovation was needed in the protec-
tion circuits for the output stage and 
for the reference generator to 
achieve an 1c that can withstand the 
automotive electrical environment. 
Its key maximum ratings: input volt-
age to + 30 v, with reverse inputs to 
— 18 v; positive spikes to 120 V, 

negative ones to —90 V; drop-out 
voltage of 1.7 V; and operating tem-
peratures of — 55° to 150°C. 

For the chip, SGS-ATES uses a 
high-voltage diffusion technology 
that has a collector-emitter (with 
base open) breakdown voltage 
(VcE0) of 80 y minimum and a col-

lector-base (emitter open) break-
down voltage (Vaeo) of 130 v mini-
mum. The overvoltage protective cir-
cuit in the output stage is arranged 
so that the base of the output tran-
sistor is grounded when a positive 
transient occurs. That way the tran-
sistor can handle voltages up to the 
Vcao level. A pair of integrated 
diodes protects against negative 
transients and polarity reversal. 

For safe operation, the chip tem-
perature was to be held to 150°C at 
most. When that limit is reached, 
the internal dissipation is lowered by 
diverting the output transistor base 
current to ground. The control is 
through a pair of temperature-sens-
ing transistors located close to the 
output transistor. 

For current limiting, the voltage 
drop across a sensing resistor is 
amplified. At the maximum permis-
sible current of 0.5 A, the amplified 
drop switches on a transistor that 
bypasses the base current. 
The reference voltage is held to 

within ± 1% of the nominal 1.2-v 

level despite a dispersion of ± 3% or 
so in production. The means is a pair 
of zener diodes in the voltage divider 
that multiplies the basic 60-millivolt 
level obtained from two transistors 
biased at the same current level but 
having a 10:1 emitter-area ratio. To 
adjust the reference voltage, 7 V 
across one of the zeners short-
circuits it and changes the voltage 
divider ratio. -Art Erikson 

France 

Fiber-optic net to link 

thousands of homes 
Best known for its bikinis and 
beaches, Biarritz is now about to 
acquire an experimental network of 
fiber-optic cables. And though the 
contracts for the French govern-
ment's $75 million project will not 
be announced for another month or 
so, a fairly clear picture of who and 
and what is involved has emerged. 

Wired city. All services in the fiber-optic net planned for Biarritz will be two-way. As TV trunk 

can handle only three programs. subscriber will signal central exchange which he wants. 
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HERE AT LAST! 
A Standard"Custom"Data 

Collection Device 
The Memodyne M80 
Cassette Computer 

The M80 is a general purpose Z80' based 
computer combined with a rugged, high-speed digital 
cassette drive in a compact, panel mounting module. 
Modem and terminal RS232C and TTY current-loop 
serial ports are provided for easy interfacing. A 2K 
PROM is programmed to implement completely inter-
rupt driven control of the recorder and communica-
tions functions. A 1K RAM provides data buffering 
which allows the M80 to handle continuous streams 
of data up to 9600 BAUD. 
TM Z80 ,s alradernark of ZILOG Corp 

FEATURES: 
• Standard program in CPU Card Prom implements 
30 recorder and communication commands plus 
numerous mode selections. 

• A Microprocessor based computer that is small and 
compact, a rugged module that can operate in hos-
tile environments with its own removeable medium 
memory, immune to hazards that disable disks, 
printers, and other peripherals. 

• High speed: Can read or write continuous data 
streams at up to 9600 Baud with block size of 100 
bytes or more. 

• 500,000 Byte formatted capacity. 

• ANSI/ECMA-34 compatible tapes, both tracks 
accessed. 

• Programmable block size up to 256 Bytes. 

• Recorder control and communications are interrupt 
driven and transparent to user programs. 

• Small cards make for sensible modularity with 
modern high density ICs and are easily inserted 
and extracted. 

• Small module fits behind standard 5 inch panel. 

IF YOU NEED: 
1. A Process Control Computer. 

2. A Computing Data Logger. 

3. A Custom Cassette Recorder. 

4. An Airborne Recording Computer. 

5. The Highest Speed RS232C Cassette Recorder. 

6. A Medical Data Acquisition System. 

7. A Numerical Controller. 

8. An Intelligent Cassette Terminal. 

9. An Analytical Instrumentation Recorder. 

10. An Automatic Tester. 

. . . An application we haven't thought of... 

THEN ALL YOU HAVE TO DO 
IS PROGRAM OUR PROM 
(AND IF YOU DON'T WANT TO 
WE WILL). 

WRITE FOR COMPLETE DETAILS INCLUDING 
COLOR BROCHURE TO. 

Illemodyne 
CORPORATION 
220 RESERVOIR STREET 
NEEDHAM HEIGHTS, MA 02194 U.S.A. 
TELEPHONE (617) 444-7000 
TELEX 922537 
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The two post office ministry agen-
cies involved, the Direction Générale 
des Télécommunications and Télé-
diffusion de France, have not yet 
said how many households in the 
southwestern French city (popula-
tion 27,700) will be hooked up once 
the experimental network starts op-
erating early in 1983; informed esti-
mates run from 2,000 to 5,000. Bell 
Canada's net in Toronto links 35 
[Electronics, Jan. 18, 1979, p. 41]. 
The network will pipe into subscrib-
ers' homes programs from France's 
three national television stations, a 
color videophone (or picturephone) 
service, and interactive videotext, as 
well as a conventional telephone ser-
vice (which will not replace subscrib-
ers' existing phones). 

Hierarchical. With transmissions 
expected to be at a 1.3- or 1.55-
micrometer wavelength, the network 
will be built with conventional 50-
gm-diameter multimode fibers. It 
will be organized in a hierarchical, 
starlike architecture—much like a 
telephone network—with several lo-
cal exchanges feeding into a central 
one (see figure on p. 80). Each local 
exchange will contain scores of 
subscriber line units, one for each 
subscriber. 

The early subscribers will 
probably be tied into their local 
exchange by a pair of fibers, one 
each for outgoing and incoming 
transmissions. The links will not be 
longer than 1 kilometer. Later, a 
more economical single-fiber link 
can be expected, once the necessary 
optical-wavelength multiplexers 
come down far enough in price. 

Besides the three national TV pro-
grams, some extra programs will be 
provided. However, the multimode 
fiber can handle no more than three 
at one time, each occupying 6 mega-
hertz of bandwidth, the equivalent of 
34 megabits per second. So subscrib-
ers will choose their programming 
through a small control unit whose 
digital signal from the unit will be 
carried along either the trunk used 
for TV transmission or an adjacent, 
low-capacity line. Eventually, na-
tional programs may be fed into 
local exchanges through direct-
broadcast TV satellite. 

The data-transmission service is 
expected to be fully interactive, with 
multiplexing done at the local 
exchange. Videotext will be trans-
mitted via the data line, which may 
also be used for fully digital tele-
phone service. Otherwise, each 
subscriber-line unit in a local fiber-
optic exchange will probably be link-
ed, via a conventional analog line, to 
a local telephone exchange. 

Quality. The most costly and the 
most controversial service to be pro-
vided is the switched color video-
phone. The DGT has so far insisted 
on a high-quality (34-mb/s) service, 
giving each fiber a three-signal 
capacity, as for TV programming. 
But some of those involved with the 
project see a 2- or 8-mb/s video-
phone service as more realistic, given 
the project's overall budget. 
As far as who will supply which 

part of the network, French industry 
officials are betting that contracts 
will be shared among the four com-
panies that have already received 
about $150 thousand each for pre-
liminary studies. They are Thomson-
CSF and its transmission subsidiary 
LTT, ITT's LCT and CGCT subsidi-
aries, the Compagnie Générale 
d'Electricité's ciT-Alcatel and Ca-
bles de Lyon subsidiaries, and the 
SAT. -Kenneth Dreyfack 

Japan 

2-mil lines condense 

multilayer hybrids 
For the country's commuters, the 
new ticket-dispensing machines that 
Japanese National Railways started 
putting into service in late April are 
nothing special—just another kind 
of vending machine. But for the 
hybrid functional circuits develop-
ment department of Toshiba Corp., 
they signify a solid achievement. The 
thermal printing heads of the dis-
pensers are built around high-densi-
ty multilayer hybrid circuits having 
2-mil (50-micrometer) line widths 
and sometimes 1.2-mil spacings. 
Tamio Saito, leader of the group 

that developed the interconnection 

method around a combination of 
thin- and thick-film technology, says 
the new hybrids pack in 20 to 30 
times as much circuitry as conven-
tional printed-circuit boards carry-
ing dual in-line packages. For the 
352-dot ticket printing head, a se-
rial-to-parallel converter and driver 
circuits are built in, eliminating a 
large external parallel signal source 
and the bulky 352-conductor cable 
needed for earlier heads. 

Saito's paper on how these hybrids 
are fabricated was delivered at the 
International Microelectronics Con-
ference held in Tokyo in late May. It 
attracted attention because his firm 
appears to be the first in the world to 
use multiple-layered thin film be-
tween thick-film layers that are fired 
after the thin film. 
The high-density hybrids use con-

ductive epoxy die bonding and ultra-
sonic thermal wire bonding along 
with conventional chips. Though the 
chips cannot be pretested, Toshiba 
engineers say that 60% of the cir-
cuits work as initially fabricated and 
essentially all the remainder after 
one repair cycle. 

Films on films. Each layer of the 
2-mil-wide conductors is formed by 
evaporating multiple thin metal 
films over the ceramic substrate sur-
face and then defining the conductor 
pattern by photolithography. The 
use of multiple films ensures good 
conductivity and adhesion to the 
substrate and survival of the firing of 
the dielectric thick film below and 
above. 

Vias between the metal layers are 
4 mils square, to make sure they 
overlap both lines. They are formed 
after deposition but before firing of 
the overlying thick-film dielectric. 
The dielectric is coated first with a 
photoresist, then with photosensitive 
film. Via holes are etched through 
all this, and thick-film conductive 
paste forced into them and trimmed 
off with a squeegee. The film is lifted 
off, removing any excess conductive 
paste, and the upper surface of the 
via conductors shaved level with the 
dielectric. The thick-film dielectrics 
and via conductors are then fired, at 
which time the photoresist is also 
burned off. -Charles Cohen 
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A few of our customers say 
Abbott MIL Spec power supplies 

are 99% perfect. 
The others say only 98%. For almost fifteen years 
we have maintained a customer failure rate of 
2% for our "C:' "S" and "W" MIL Spec power 
supplies. That's tried and true proof of reliability... 
in the field. 
Our Model "W" family of 400 Hz to DC power 

supplies is a standard throughout the world for 
critical military and aerospace applications. 
They're available with output voltages from 5 to 

HMI 

100 VDC, current levels from 0.3 to 20 amps. 
Our "C" family of 28V DC to DC converters and 

our "S" family of 28V to 400 Hz inverters come in 
package sizes as small as 21/8" x 31/2 " x 31/2 " 
and meet the requirements of eleven separate 
MIL Specs. 

For reliability, call Abbott. For delivery, call 
Abbott. For additional information, write or 
call Abbott. See EEM or GOLD BOOK power supply sections 

abbott transistor 
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AUTOMATIC WAFER ALIGNMENT 
STEALS SHOW AT SEMICON WEST 

SAN MATEO, CA.—Out of the 481 
exhibitors who displayed their equip-
ment in 733 booths at the recent 
SEMICON WEST convention—none 
drew larger more interested crowds 
than Electromask. Why? Because, of 
the four exhibitors who were display-
ing systems for printing circuits 
directly on wafers, only the Electro-
mask Model 700SLR Wafer Stepper"' 
was actually exposing wafers during 
the show under the most adverse 
conditions. And this incredible 
machine was doing it all automati-
cally with only the human attendance 
of the curious visitors. 

Just exactly what was going on 
here in booth 967? Very simply—the 
Electromask 700SLR was doing its 
thing... and doing it very well. It not 
only demonstrated fully automatic 
reticle loading, alignment, and mask-
ing, as well as fully automatic wafer 
loading, prealignment, leveling, and 
unloading—but it also clearly demon-
strated the superiority of its system 
for fully automatic wafer-to-reticle 
alignment. 

In the demonstration at SEMICON, 
the automatic alignment of the first 
die was absolutely perfect, and so 

was the 2nd, the 3rd, the 4th, the 5th, 
the 6th, etc., etc., etc. Never did the 
machine exceed its registration spec-
ifications. So much for one wafer, 
but the 700SLR was designed for 
continuous production, and so it 
continued through the next wafer, 
and the next, and the next ...continu-
ing its fully automatic performance 
throughout the three days of the show. 

In a comment to a customer, 
Ralph Miller, Electromask president, 
said: "If that's what the Electromask 
700SLR Wafer Stepper can do in the 
middle of a trade show, just think 
what it could do for you under your 
control in your own production shop." 

Continuing his comment, Mr. 
Miller noted: "This SEMICON WEST 

show includes scores of other ad-
vanced equipment for semiconductor 
manufacturing but probably no other 
piece of equipment holds a more 
urgent claim on the immediate future 
of semiconductor production than 
does the Wafer Stepper." 

Several hundred visitors to the 
Electromask booth apparently agreed 
with the president as they placed 
requests for descriptive literature 
on the system. Literature packages 
fully describing the system are now 
available. For more information, or 
to arrange for a product demonstra-
tion, contact: Electromask, Inc., a 
subsidiary of TFtE Corporation, 6109 
DeSoto Avenue, Woodland Hills, Cali-
fornia 91367. Phone: (213) 884-5050, 
Telex 67-7143. 

ELECTROMASK 
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Probing the news  
Analysts of technology and bustness developments 

Personal computer: Japan's next plum? 
Some predict that the Japanese will have 30% of U. S. sales 

in two years, though only Hitachi is at present committed to the market 

by Charles Cohen, Tokyo bureau manager 

Do Japanese manufacturers agree 
with the prediction of some of their 
American rivals that in the next two 
years they will capture 30% of the 
U. S. market for personal comput-
ers? Most of the Japanese, wary of 
creating the type of waves generated 
by their auto and television suc-
cesses, will not say. But Jun 
Maruyama, manager of the micro-
computer instruments project at Hi-
tachi Ltd.'s Consumer Electronics 
division, is not reticent: he agrees. 
And on the American side, some 
observers even see that share reach-
ing as much as 50% [Electronics, 
June 19, p. 48]. 

Part of the reason for the reticence 
of all save Hitachi is that the firm 
appears to be the only Japanese pro-
ducer to have formulated its U. S. 
marketing strategy. The two leading 
sellers of personal computers in 
Japan, Nippon Electric Co. and 
Sharp Corp., say they have not yet 
made a decision. 
Some Americans in the business 

profess to be unruffled by the pros-
pect of a Japanese invasion of their 
domestic market. They see the major 
Japanese influence as a positive one: 
expansion of the market with the 
introduction of hand-held comput-
ers. Sy Lipper, president of New 
York's APF Electronics Inc., believes 
that the Japanese will find software 
development an obstacle. 

But at Ohio Scientific Inc. in 
Aurora, Ohio, president Charity 
Cheiky considers the Japanese for-
midable foes but also likely allies in 
the competition with other computer 
makers. She says her $30 million 
company is negotiating a technology 
exchange "with one of the foremost 
Japanese companies." Ohio Scien-

Learning to microcompute. This training microcomputer from Nippon Electric Co., the 

TK-85, is on one board and sells for $200. The market is mostly industry and schools. 

tific will contribute final product 
designs in exchange for very large-
scale integrated logic and memory 
chips. 
The under-$1,000 hand-held mod-

el introduced at the Summer Con-
sumer Electronics Show by Matsu-
shita Electric Industrial Co. [Elec-
tronics, June 19, p. 46] is viewed as a 
stepping-stone as well as a system in 
its own right. The way Sakae Fuku-
shima, general manager of the hand-
held computer department at Matsu-
shita's Radio division, sees it, per-
sons who start with a hand-held 
machine will go on to buy a desktop 
unit, and those with a desktop com-
puter may buy a hand-held comput-
er for use when traveling. Sharp will 
start selling two models, available in 
Japan since March, in the U. S. this 
month. 

In the personal or home computer 
field, Hitachi's Maruyama has great 
expectations for the company's so-
called Basic Master Level 3 MB-
6809, which features Microsoft Ba-
sic in read-only memory. It is built 
around the firm's licensed 6809 chip. 
Maruyama characterizes the Level 3 
machine as a super-Apple because, 
he says, its capabilities exceed those 
of the Apple II. Furthermore, he 
claims that it is the first consumer-
oriented computer available in Japan 
with internal space for up to six 
optional input/output boards. An-
other feature not duplicated by other 
manufacturers is a 14-inch color 
monitor with a high-resolution color 
tube that can display 2,000 charac-
ters as 25 lines of 80 characters 
each. 
The Level 3 comes with 24 kilo-
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Looking Sharp. PC-3000 system from 

Sharp is part of line that includes both hobby 

computers and models for small businesses. 

bytes of read-only memory, includ-
ing a monitor and extended Basic, 
and 32 kilobytes of dynamic ran-
dom-access memory. RAM capacity 
can be increased to 60 kilobytes, 
which automatically disconnects all 
ROM except 4 kilobytes of monitor 
firmware and allows the user to sup-
ply his own language or work in 
machine language. The display pro-
vides six colors plus white. An inter-
laced display with 640 dots horizon-
tally by 400 vertically provides fine 
detail in both upper- and lower-case 
letters. 

For graphics, a noninterlaced 640-
by-200-dot format is used. Floppy-
disk drives and printers will enable 
the system to operate as a word pro-
cessor. Maruyama thinks that a rea-
sonable price for the basic machine 
in the U. S. will be about $1,500 and 
that the high-resolution monitor 
should go for about $900. 

According to plan. Kazuya Wata-
nabe, general manager of the Micro-
computer Application division at 
Nippon Electric, says that his com-
pany is now selling about 3,000 to 
4,000 units of its PC-8000 series 
computers a month. That puts him 
right on budget for domestic sales 
because he expects to sell 30,000 sys-
tems during the current fiscal year 
that started April 1. The average 
selling price for each system is 
$1,800, including $760 for the PC-
8001 computer and at least another 
$220 for a black and white monitor. 
Most users also want a cassette 
recorder or disk for storage. Al-

though the system was demonstrated 
at the recent National Computer 
Conference, Nippon Electric has not 
yet made any decision about exports. 
The PC-8001 is built around the 

company's 4-megahertz PD780C, 
which is compatible with the Z80A. 
It was chosen for ease in using 
dynamic memories and features 24 
kilobytes of ROM that stores both the 
monitor firmware and N-Basic, 
NEC's version of Microsoft's disk 
Basic. There are 16 kilobytes of 
RAM, and both ROM and RAM can be 
increased to a maximum of 32 kilo-
bytes each. Included are a 600-
bit/second tape interface, a parallel 
printer (Centronics) interface, and a 
TTL-level serial interface that will 
work at selected data-transfer rates. 
An external expansion unit is avail-
able for RS-232 interfaces, addition-
al ROM and RAM, and extra 1/0 
ports. 
Nippon Electric also has a one-

board training microcomputer that it 
sells for $200. The company sold its 
more expensive predecessor, which 
was a kit, mostly to individuals when 
it first came out, but the market has 
changed to mainly industry, schools, 
and other institutions. 
Two series. Sharp Corp. has two 

divisions each making a series of 
Z80-based microprocessors. One, 
which has been on the market for 
some time, is for hobbyists. The new-
er series is for business applications 
and is sold through business machine 
dealers. 

Sharp's hobby computers, the 
MZ-80K2 at $900 and the MZ-80C 
at $1,200, differ mainly in the more 
expensive model's having a standard 
typewriter keyboard (rather than the 
less expensive model's calculatorlike 
keyboard, in the Pet tradition) and 
48 rather than 32 kilobytes of RAM. 
In both, ROM has been kept to the 
practical minimum of 4 kilobytes 
and all languages are loaded from 
tape before use. This approach has 
kept the price low —in fact, the com-
puters include both a built-in cath-
ode-ray-tube monitor and a built-in 
cassette recorder, whereas Nippon 
Electric's similarly priced unit has 
neither. It probably also kept the 
price of fixes low because errors in 
the early version of Basic could be 
corrected by cassette substitution. 
To make up for the need to load 

Out of pocket. Sharp's PC-1210 pocket 

computer is shown linked to cassette player 

via its CE-121 cassette interface device. 

programs from cassette, the rela-
tively high data-transfer rate of 
1,200 b/s is used. Sharp's nonbusi-
ness Basic uses floating-point calcu-
lation for science-oriented applica-
tions. 

Expandable. Sharp's business-ori-
ented personal computer, which in-
cludes the main processor and a sep-
arate 10-inch CRT monitor on an 
adjustable tube frame for $1,125, 
has its business Basic alongside the 
display in a total of 24 kilobytes of 
ROM. An additional 8 kilobytes can 
be used to expand the language. The 
RAM space is initially 16 kilobytes, 
but up to 32 kilobytes can be 
installed. The business Basic used in 
this machine does binary-coded deci-
mal computation, which is more 
suited to business applications than 
floating-point calculation. 
Among other manufacturers, To-

shiba Corp. sells a one-board un-
cased machine with a full keyboard 
and Basic capabilities. Though it is 
not a major factor in Japan, Toshiba 
could become a factor in the export 
market. However, it says it has no 
plans at present for that segment. 
Also, Sanyo Electric Co. may get 
into the business in the future. It 
sells nothing of this sort in Japan 
now, although it has displayed proto-
types at shows. And Casio Computer 
Co.—the calculator company—has 
shown a prototype computer but has 
not billed it as a sample of a future 
product. The firm could also obvi-
ously jump into the hand-held com-
puter market if it desired. 
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This monolithic 8-bit, 
33nsec A/D converter has everything 

(And a test board to prove it.) 
We've been told that the spectacular 
specs of our newsmaking TDC1007J 
A/D converter are almost unbelievable. 
So we're making a "show me" offer 
that will make a believer out of every 
digital-thinking designer. 

Order our monolithic 8-bit 33nsec 
A/D converter on its own standard 
41/2 " x 51/2" evaluation board 
(TDC1007PCB). Fully assembled and 
tested, equipped with a 44-pin edge 
connector. Using + 5V and ± 15V 
power supplies, the board accepts and 
digitizes a 1-volt peak-to-peak signal 
from a 75-ohm source—at up to 
30 megasamples per second. 

Use it for performance evaluation of 
the converter. For system prototyping. 
As a test fixture. Price for 8-bit converter 
and board: $845. (Only $585 in 100s.) 

Or if you prefer, deduct a hundred 
bucks and order our beauty by itself. 
Order just the converter (TDC1007J), in 
an industry standard 64-pin DIP. 
(Only $485 in 100s.) We'll send along our 

data sheet/application notes to help 
you do your own thing. 

Either way you go, you've got the 
TRW advantages: Up to 10-1 power 
reduction over other video-speed A/D 
converters and more than two-thirds 
size reduction. Conversion with 
unmatched accuracy at up to 30 mega-
samples per second. Highest reliability 
and stability over an indefinite time 
span. Wide temperature range 
performance. 

Using the TDC1007J is simplicity 
itself. A convert signal strobes 255 
comparators, encodes all their binary 
outputs into an 8-bit word, and stores 
the word in an output latch. Unlike 
other types, our converter needs no 
sample-and-hold circuit. It works as a 
flash converter—doesn't depend on 
tedious successive-approximation 
techniques. 

Either on the board or by itself, 
these products are now in stock at 
Hamilton/Avnet. 

TRW keeps you ahead in digital signal processing 

For immediate information, call 
213/535-1831 or send in coupon or 
just attach your business card 
to this page and mail it back to us. 

TRW LSI Products 
P.O. Box 1125 
Redondo Beach, CA 90278 

Please send data sheets on the TDC1007PCB 

and TDC1007J 8-bit A/D converter 

Name:. 

Company 

Diy/Dept Mail Code 

Address 

Cdy 

State Z,p 

TRWLSI PRODUCTS 
An Electronic Components Division of TRW Inc. 
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Intel® RAMs advance 
Now at your command: 

Our full line of military RAMs. 
In military and high-reliability 

applications, Intel's full line of MIL-
spec RAMs continues to advance. 
Produced under our military products 
program, the RAMs listed below 
represent the pacesetters in memory 
devices, all built in full compliance 
with the Class B requirements of MIL-
STD-883B, Methods 5004 and 5005. 

Intel Military RAMs 
(Class B, MIL-STD-883B) 

Model 
Organl- 
catkin 

Maximum 
Access 
ins) 

Current 
Active Standby 

imAi 

Static' 

M2115A 1K x1 55 125 

M2115AL 1K x1 75 75 

M2125A 1K x1 55 125 

M2125AL 1K xl 75 75 

\ 

M2114AL-3 1K x4 150 50 

M2114AL-4 1Kx4 200 50 

M2114A-4 1Kx4 200 70 

M2114A-5 1Kx4 250 70 

M2148H 11( x4 70 180,30 

M2147H-3 4 Kx1 55 180/30 

M2147H 4Kx1 70 180/30 

Dynamic' 

M2118-4 16Kx1 120 25/2 

M2118-7 16Kx1 150 23,2 

I TA: — 55° to 125.0 
2TA: — 55° to 85°C 

For systems ranging from ship-
board and ground communication 
systems to avionics and missile con-
trols, these RAMs offer a way to forge 
ahead with cost-effective designs. 
And, because they're available now 
in volume, you can press them into 
service immediately. 

The RAM brigade, HMOS 
company 

Intel revolutionized RAM design 
when we introduced our proprietary 
HMOS* technology. With HMOS, 
power consumption and correspond-
ing cooling requirements are drasti-
cally reduced —both critical factors 
in military applications. In the denser 
static RAMs (M2147H and M2148H), 
automatic power down on deselection 
further reduces system power dissipa 
tion —a very important power and 
reliability advantage in larger systems. 

Furthermore, with RAMs like 
the M2115A, M2125A, and M2147H, 
you can achieve fast access times for 
cache memories and for systems 
that process data in real time. 

For microprocessor applications 
also, you need all the performance 
you can muster. For those, Intel offers 
the low-power MOS microprocessor-
compatible M2114A. Or the high-
speed M2148H, suitable for fast 
random logic and 

bipolar microprocessor 
designs. And for very high density 
applications, you can call out the 
M2118. It provides 16K of dynamic 
storage in a 16-pin package. Plus it 
uses only a single +5-volt supply, 
which reduces space requirements 
and increases system reliability. 

The vanguard in military 
microelectronics 

Intel's advancing line of RAMs 
reflects our strong commitment to 

military customers: to continue to 
deliver the broadest line of LSI 
devices to military systems designers. 
From devices like the M8080A, the 
first microprocessor to receive JAN 
approval (QPL-listed as M38510/ 
42001), through the M8085A, the 
world's highest performance 8-bit 
microprocessor, to the first military 
computer-on-a-chip: the M8048. And 
continuing on with other MIL-STD-
883B products, such as EPROMs, 
bipolar PROMs, and microprocessor 
peripherals. We've shipped hundreds of 
thousands of these high-performance 
parts to vital military programs over 
the past four years. Proof of our 
commitment to remain the leader 
in military microelectronics. 

Our military aid program 
To ensure smooth, cost-effective 

designs, Intel supports its military 
customers with advanced develop-
ment tools, such as the Intellec® 
development system and ICETM 
in-circuit emulation modules. 

So the next time you're on the 
lookout for state-of-the-art 
military LSI devices, look to 
the leader—Intel. For further 
information on Intel's advanc-
ing line of military products, 
contact your local Intel sales 
office/distributor. 

Or contact Intel Corporation, 3065 
Bowers Ave., Santa Clara, CA 95051. 
Telephone (408) 987-8080. 
*HMOS is a patented Intel process. 

intAJ® delivers 
solutions. 

Europe: Intel International, Brussels. Belgium. 
Japan: Intel Japan.Tokyo. United States and Canadian 
distributors . Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics. Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey. Industrial Components, 
Pioneer. L.A.Varah.Wyle Distribution Group, Zentronics, 
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Probing the news 

Communications 

Decade dawns brightly for fiber optics 
1970s saw experimental work in optical communications, 

but commercial market could grow to $1 billion in the 1980s 

by Bruce LeBoss, San Francisco regional bureau manager 

The just completed International 
Conference on Communications in 
Seattle, Wash., did not plan to com-
memorate the centennial of the birth 
of light-wave communications—Al-
exander Graham Bell's so-called 
photo phone. In fact, the major tech-
nology coverage was reserved for 
digital communications. Neverthe-
less, the Icc might have wound up 
marking the start of the decade in 
which communication by light final-
ly comes to life commercially. 
To date, most fiber-optic systems 

installations have been for prototype 
and field-evaluation applications, 
with a few operational systems 
installed for small military applica-
tions. The total market is only about 
$50 million. But forecasts at the 
Seattle meeting were that it may 
grow tenfold by 1985 and reach $1 
billion by the end of the decade. 
Through the first half of this year, 

"business has been super, better than 
anticipated," notes James A. Cole, 
sales manager at Siecor Optical 
Cables Inc., Horseheads, N. Y. 
What's more, he points out, "the sys-
tems houses are talking about the 
second half of this year being better 

yet, and they're very optimistic 
about the first half of 1981." 

Perhaps the single most important 
factor responsible for the buoyancy 
in the fiber-optic business, Cole 
notes, was the Bell System's an-
nouncement of its decision to install 
a 1,000-kilometer link between 
Washington, D. C., and Boston—the 
so-called Northeast Corridor. "As a 
result of that decision, a lot of tele-
phone companies are beginning to 
believe that fiber optics makes sense 
for them. It tells them that Bell is 
committed to the technology and 
that it is not to be just a test installa-
tion but a fully operational system," 
he says. 
Hank Maas, marketing manager 

for telephone transmission products 
at Harris Corp., Melbourne, Fla., 
concurs. He says, "Two years ago 
everyone wanted to experiment with 
fiber optics, and last year was a lull 
period while they evaluated the tech-
nology. Now, it is an accepted thing. 
The Northeast Corridor decision 
reinforced Bell's position and en-
dorsed fiber-optic technology. Now 
the other telcos are getting ready to 
commit." 

The fiber-optic system that Bell 
will install in the Northeast Corridor 
is its new FT3 Lightwave Digital 
Transmission System, built by West-
ern Electric. The first standard FT3 
system is slated to be placed in ser-
vice by Southern Bell Telephone Co. 
this December in Atlanta. The link 
will carry both business and residen-
tial traffic and is the first of many 
standard systems scheduled for in-
stallation by various Bell operating 
companies over the next four years. 
The light-guide cable route of the 
Southern Bell system will include 
three telephone switching offices and 
one repeater point, with the maxi-
mum distance between offices about 
5 miles. 

According to a Western Electric 
spokesman, the FT3 has a transmis-
sion rate of 44.7 megabits per sec-
ond, "equivalent to sending 5,000 
pages of information at 350 words 
per minute in 1 second." The trans-
mission medium is graded-index 
glass fibers (12 to 144 fibers per 
light-guide cable), and the system's 
capacity is 672 two-way voice chan-
nels per pair of fibers, "or more than 
40,000 voice channels per 144-fiber 

How it's done. Fiber-optic communications avoids all of the electromagnetic interference to which wire systems are susceptible because of 

the dielectric nature of optical fibers. Data is converted into modified infrared light, transmitted, then reconverted into electronic signals. 
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Probing the news 

cable," the spokesman notes. Re-
peater spacing is 4 miles, he adds, 
compared with typically every mile 
for standard copper cable. 
A prestandard F1'3 system was 

installed last October by Southern 
New England Telephone Co. over a 
3.9-mile stretch between Trumbull 
and Monroe, Conn. Having an initial 
capacity of 192 voice circuits, it has 
been serving residential customers 
since mid-November, and so far, 
according to phone company asso-
ciate staff manager Deane B. Olsen, 
there have been "no service interrup-
tions, no equipment failures, and no 
switch to the automatic protection 
arrangement." 

Bell operating companies are by 
no means the only ones anteing up 
for operational fiber-optic systems. 
Alberta Government Telephones in 
Canada has awarded Harris a $7 
million contract—perhaps the larg-
est yet awarded for an operational 
system of this kind—to design, build, 
and install a high-capacity system 
that will transmit telephone mes-
sages through a 32-mile cable con-
taining 12 glass fibers. To begin ser-
vice tests next month, it operates at 
the T4 rate of 4,032 phone conversa-
tions per fiber, which is six times the 
rate of Bell's FT3 system, Maas 
points out. 

Lots of talk. At the T4 rate, the 
Harris system will transmit 274 mil-
lion bits of digital information per 
second, "the highest rate in use 
today by the North American tele-
phone industry," Maas claims. 
What's more, he continues, when the 
system in Alberta reaches its ulti-
mate capacity, it will be able to 
handle over 20,000 telephone calls 
simultaneously. 
NEC America Inc.'s Radio and 

Transmission division in Dallas is 
also installing some noteworthy fiber-
optic systems. One is for Central 
Telephone Co. of Texas and covers 
an 8.6-km (5.2-mile) link between 
Humble and South Humble, Texas. 
The system, going through cable 
tests this month and scheduled to 
become operational in September, is 
the first to transmit at 90 Mb/s, as 
well as boasting the longest nonre-
peater length, claims Alan B. Mann, 

Fiber and cable pick up speed 
Contrary to the situation that existed several years ago, when electronic 
technology was waiting for fiber and cable technologies to develop, notes 
James A. Cole, sales manager at Siecor Optical Cables Inc., Horseheads, 
N. Y., the more recent fiber and cable advances are outpacing the electron-
ics needed for practical, viable commercial systems. "The fiber is here and 
the cable can be produced. It's now simply a matter of waiting for the 
electronics, waiting for the systems houses to come up with a broad offering 
of the necessary sources, detectors, and other equipment." 

Indeed, many of the systems houses are busy developing such equipment. 
Harris Corp. in Melbourne, Fla., for example, has in its laboratory both a 
1,300-nanometer system and a wavelength-division-multiplexing system that 
are expected to surface commercially in 1982. Also in development is a T3C 
system featuring a 90-megabit/second transmission rate and a capacity of 
1,344 channels, to be introduced next year. 
The development of ultralow-loss optical fibers operating in the wavelength 

range of 1.2 to 1.6 micrometers, together with the realization of suitable, 
high-power high-speed light-emitting-diode sources, "will permit the fabrica-
tion of long-haul high-data-rate links using LEDs instead of lasers, which 
have traditionally been viewed as essential sources for such systems," states 
Andrew C. Carter, research engineer at Plessey Co.'s Allen Clark Research 
Centre in Caswell, Northants., England. Plessey has developed a high-
radiance LED using gallium indium arsenide phosphide and indium phos-
phide layers [Electronics, May 24, 1979, p. 73]. This system allows lattice-
matched double heterostructures to be grown over the wavelength range of 
0.95 to 1.7 gm, he adds, "covering most wavelengths of current interest." 

Carter notes that GalnAs detectors, combined with GaAs field-effect 
transistors, "make very effective, high-performance front ends" for optical 
communications systems. Within the next few months, Plessey plans to 
release commercially such an integrated unit. Carter believes that the long-
wavelength high-speed LEDs are "suitable for systems up to 280 Mb/s, 
maybe even higher." In fact, transmitter and receiver equipment for 800-
Mb/s single-mode optical-fiber transmission at 1.3 gm have been built and 
tested by researchers at Fujitsu Laboratories Ltd. in Kawasaki, Japan. 

Major implementations of fiber-optic communications systems are under 
way in several foreign countries, among them West Germany, Italy, and the 
UK. "Optical-fiber systems have undoubtedly arrived in the United Kingdom 
and are being used widely," states John E. Midwinter, program manager at 
the British Post Office's research center in Ipswich. The user reaction, he 
adds, "has been enthusiastic, recognizing the great advantages in perform-
ance offered." However, though the first installations offer negligible savings 
over conventional systems, he notes that once the development costs have 
been written off, substantial cost reductions will be possible. -B. LeB. 

senior systems engineer. Mann nei-
ther confirms nor denies reports that 
NEC America also has received an 
order from Mountain Bell Telephone 
Co. in Denver for a 32-km (19-mile) 
military defense system that will fea-
ture the first domestic use of man-
hole repeaters. 

Perhaps the most significant of 
NEC America's recent orders, and 
one indicative of changing light-
wave communications technology, 
was placed by Continental Tele-
phone Co. of Virginia in Vienna, Va. 
The system makes use of a recently 
developed fiber from Corning Glass 
Works' telecommunications prod-
ucts department in Corning, N. Y., 
and is expected to use a novel multi-

plexing scheme for increased capaci-
ty. 

Best of both. The new Corning 
fiber, called DWF (for double-win-
dow fiber), has two different attenu-
ation characteristics that allow for 
operation at wavelengths of 850 to 
1,300 nanometers [Electronics, April 
10, p. 176]. "The fiber enables telcos 
to make a decision now, but upgrade 
their systems in the future," says 
William L. Babcock, a Corning sales 
manager. Because "change is painful 
to many," he says, "Corning devel-
oped DWF so that users could reap 
the economic benefits that fiber 
optics provide today and still get the 
performance or capacity benefits yet 
to come." 
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CMOS/LSI LIQUID CRYSTAL DISPLAY DRIVERS 

EASY DRIVER 

SERIAL 
DATA 

`111111111Pe 

DISPLAY 
CLOCK 

Until now you've needed an 
assortment of drivers, gates and buffers 
for your LCD Displays. That's all over. 
Mitel Semiconductor has designed a 
series of single chip CMOS LCD drivers. 
The MD4330B family: an easy, practical 
complement to your elegant, practical 
design. 

The CMOS, MD4330B and 
MD4332B are 30 and 32 bit, Static Shift 
Registers. Each circuit can directly drive 
30 or 32 LCD Segments. For example 
the MD4332B will drive two 16 segment 
characters. True and complementing 
output buffer control provides direct 
A.C. drive to the LCD. A single output 
pin allows cascading of devices for 
driving displays with a large number 
of characters. 

MD4330B, and MD4332B 
Common Features: 
• 11./A Low Power CMOS 
• 3 to 15 volt Single Supply 
• Waveshaping Clock Input 
• 3MHz High Speed Shift Register 
• 40 Pin Dual-In-Line package 

Mitel also offers the following additional 
display drivers for a variety of 
applications: 

Type 
MD 4055B BCD to 7 segment, Level shifting and 

output clock LCD driver 

MD 4056B Latched BCD to 7 segment, Level 
shifting LCD driver 

MD 4311B Latched Hexadecimal to 7 segment, 
high current, Common Anode LED 
display drivers 

MD 4511B Latched BCD to 7 segment, high 
current, Common Anode LED display 
driver 

MD 4368B Hexadecimal to 7 segment, high 

current, Common Anode LED display 
driver. Pin for pin with 9368, TTL. 

All of the above circuits are available 
from stock. 

For further information and data please 
contact your nearest Mitel office. 

MITEL SEMICONDUCTOR 
United States 1735 Jefferson Davis Highway, Suite 1009, Arlington, Virginia, U.S.A. 22202. Telephone 17031243-1600 

1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083. Telephone (215) 449-5556. 
2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone 17141276-3421. 

Canada: P.O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone (613) 592-2122, Telex: 053-4596, 
TWX: 610-562-8529. 

18 Airport Blvd., Bromont, Quebec, Canada JOE 1LO. Telephone (514)534-2321, Telex: 05-267474. 
Circle 91 on reader service card Europe: Hamilton Road, Slough, Berkshire, England SL1 40Y. Telephone 0753-36137, 0753-36138, Telex: ferno 

Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone 1011119302, Telex: 27246 
Asia: TST P.O. Box 98577, Kowloon, Hong Kong, Telex: 64235-Mitel HX 



Probing the news 

Memories 

Microcomputer memories get smart 
8-bit-wide dynamic RAMs and EE-PROMs will be about as easy 

to use as static random-access and programmable devices 

It has been hard for the microcom-
puter system designer to exploit the 
low cost per bit of dynamic random-
access memories and the in-circuit 
alteration possible with electrically 
erasable programmable read-only 
memories. But these devices are lit-
erally wising up: emerging from the 
semiconductor companies are both 
intelligent dynamic RAMs —pseudo-
statics, as they are generally 
called—and EE-PROMs that will be 
almost as easy to use as fully static 
devices. 
Dynamic RAMS and currently 

available EE-PROMs require consid-
erable support electronics to be use-
ful in microcomputer systems. Dy-
namic RAMs need to be refreshed, so 

TIMING 
GENERATOR 

by John G. Posa, Solid State Editor 

if the design cannot guarantee a 
minimum number of memory ac-
cesses within the refresh period, a 
row address counter, multiplexer, 
and miscellaneous control logic must 
be added to the system (see figure). 
Even the pseudostatic RAMs now on 
the market need some logical glue to 
make them work. 

Because they take so long to pro-
gram, today's EE-PRoms need exter-
nal latches to hold addresses and 
data stable. They also require a 
high-voltage (17 to 25 volts) pro-
gramming-pulse generator and a cir-
cuit to tell the central processing 
unit when read and write operations 
have been completed. The block dia-
gram on the right in the figure shows 
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INTERRUPT 
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CLOCK 

how Intel Corp.'s 2-K-by-8-bit 2816 
EE-PROM might be connected to a 
system bus. Other EE-PROMs would 
require a RAM buffer because they 
lack the 2816's byte-erase feature. 
The intelligent pseudostatics and 

EE-PROMs now in design will simply 
incorporate the peripheral circuitry 
on chip needed for smooth intercon-
nection and operation. Byte erasure 
is one of the first such enhancements 
for EE-PROMs, and many if not all of 
the firms promising electrically eras-
able devices will follow Intel's lead. 

Address and data latching will be 
the next function to be integrated on 
the memory chip, says Larry Jordan, 
strategic marketing and applications 
manager for Intel's Special Products 

PORTS 
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Too much glue. Dynamic RAMs and available EE-PROMs require significant support circuitry when used in microprocessor systems. But 

future 8-bit-wide dynamic RAMs—pseudostatic RAMs, as they are called—and EE-PROMs will be smart and easy to use. 
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division in Santa Clara, Calif. 
Beyond that, he says, EE-PROMs will 
be able automatically to time out 
their own erasing and writing opera-
tions and to alert the microprocessor 
through a ready signal when such 
operations have been completed. 

"If you've got all of this integrated 
on chip, you will simply be able to 
tell it [the EE-PROM] that you want 
to do a write operation," says Jor-
dan. "It then accepts the data, per-
forms a false write automatically to 
clear the intended location, and does 
a regular write operation." 

Challenge ahead. The internal tim-
ing of erase and write operations will 
be one of the most challenging fea-
tures to be bestowed on an EE-PROM. 
There are two ways to accomplish 
this timing. In one, called the worst-
case method, the chip waits just 
longer than the longest time within 
which the operations are guaranteed 
to finish. This worst-case period is 
found by testing numerous devices 
and adding an allowance to balance 
processing variations. 

Better than the worst-case ap-
proach, an alternative arrangement 
is to design the EE-PROM so that it 
can accurately and continuously 
monitor the erase and write opera-
tions at the cell level, signaling the 
CPU precisely when they have been 
completed. "The timing network can 
be set up so that whenever an indi-
vidual cell is programmed, the ready 
line says 'I'm done,' " comments Jor-
dan. "Then the device doesn't run on 
maximums anymore," he adds, "it 
runs on typicals." 
So far, only Intel and Motorola 

Inc.'s Semiconductor Group in Phoe-
nix have intimated that they will 
develop smart EE-PROMs. But it 
seems that the widespread accept-
ance of these devices will at least 
partially hinge on the inclusion of 
the ease-of-use features. This can 
also be said of pseudostatic RAMs, 
which have not really been economi-
cally practical in the past because bit 
densities have not been high enough 
to overshadow the added circuitry. 

This helps to explain why Intel, 
Motorola, National, Texas Instru-
ments, Toshiba, and others have 
waited for the 64-K level to bring out 
a pseudostatic RAM. Each will offer 
an 8-K-by-8-bit pseudostatic memo-
ry, and each company will have its 

own scheme for making the refresh-
ing appear invisible to the user. Mos-
tek Corp. of Carrollton, Texas, 
already offers a pseudostatic, the 
4816. So does Zilog Inc. in Cuperti-
no, Calif.: the Z6132. Both will go 
on to produce 64-K devices; Zilog 
may do so as an alternate source to 
National Semiconductor. 

For a pseudostatic memory to rec-
ognize when it can best hide its 
internal refresh operations, it helps 
to know which microprocessor is in 
use. Motorola's device, due next 
year, will be able to ascertain which 
processor it is connected to "by look-
ing at the edges of the address, data, 
and control signals," states Al Bor-
mann, design manager for mos 
memories at Motorola's io division 
in Austin, Texas. From the timing of 
those signals, "the memory will be 
able to distinguish among an 8080, 
8085, 8086, 6800, 6805, 6809, 
68000, and Z8000." 

Static look. Motorola's refresh pin 
will be connected to different signals 
from different processors, so "re-
freshing will occur at different times, 
depending upon the processor," Bor-
mann says. In this way, the RAM 
"will look totally static." Motorola 
has already designed a circuit called 
Motel—for Motorola and Intel— 
that can tell the difference between a 
6800 and an 8080. 

Motorola cannot guarantee that 
its pseudostatic will work with its 
6801 single-chip microcomputer, be-
cause when the 6801 is halted, there 
is no signal from the processor to tell 
the memory when to refresh. TI 

agrees that this is one of the obsta-
cles that it had to overcome for its 
pseudostatic device. "If the micro-
processor goes into a hold state, the 
memory must go asynchronous and 
control its own refresh," says Peyton 
M. Cole, strategic marketing man-
ager at TI's MOS memory division in 
Houston, Texas. He adds that "it 
would be nice if the microprocessor 
could supply a synchronization sig-
nal." A complaint about Zilog's 
device is that it refreshes on every 
cycle, consuming power. "Through 
the refresh pin, you should be able to 
configure the part to look just like a 
dynamic RAM," says "Ws Cole. "If 
the memory is being accessed 
enough, it does not have to be 
refreshed separately," he explains. El 
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Probing the news 

Office systems 

Tailor terminals to people, makers told 
Word-processor manufacturers warned that they ignore 

strained eyes, frazzled nerves, and aching backs at their peril 

Unless designers of automated office 
equipment start mixing psychology 
with their electronics, they may 
increase users' problems instead of 
their productivity—and ultimately 
lose their business. 

Customers today are demanding 
ease of use, ease of upgrading, and 
ease of training, judging from the 
comments at Syntopican, the eighth 
annual convention of the Interna-
tional Word Processing Association, 
held last month in Minneapolis. 
The ease-of-use issue was pushed 

into the spotlight by a report from 
the National Institute for Occupa-
tional Safety and Health, released 
just before the convention. The 
report stated that cathode-ray-tube 
terminals common to word- and 
data-processing equipment can cause 
problems ranging from eyestrain and 
blurred vision to unexpected com-
plaints such as sore shoulders, anxi-
ety, and depression. 
The causes may be electronic, like 

the flicker rate or color of the CRT, 
or may be traced to the system's 
mechanical design. Here, features 
such as detachable keyboards, tilting 
and rotating displays, and nonglare 
screens were found to reduce the 
operators' complaints significantly. 
Now that such cause-and-effect 

relationships have been established, 
attention to human engineering—or 
ergonomics, as that branch of psy-
chology is called—will become more 
critical in the future of the industry 
[Electronics, March 27, p. 102]. For 
example, one life insurance company 
recently discontinued use of a partic-
ular word-processing system because 
it caused eyestrain. A key point was 
that the old units had a green CRT 
display. Newer displays at the com-

pany have either black and white or 
amber displays. 
To reduce the problem with glare, 

the Duke Power and Light Co., Dur-
ham, N. C., relocated lights in the 
work area when word-processing 
gear was installed. Now it is sound-
proofing the equipment. 

Vendors are responding to buyers' 
needs in these areas. The Industrial 
Products division of Hazeltine Corp., 
Greenlawn, N. Y., was demonstrat-
ing for the first time its recently 
developed Opus 80, a shared-
resource system [Electronics, April 
24, p. 44] that incorporates most of 
the user-friendly features in evidence 
at Syntopican. 
CPT Corp., showed a terminal 

whose screen is white with a bluish 
tint and dark characters so that the 
operator can avoid the eye fatigue 
that might result from constant refo-
cusing between high-contrast screen 
and paper, the Minneapolis company 
says. Dictaphone Corp., Rye, N. Y., 
has a tilting screen with a nylon 
coating to reduce glare. 
Nor is software being neglected. 

Many tedious or repetitive tasks, 
such as footnote tie-ins, spacing and 
repagination, tabulation or creation 
of contents, and indexing, are now 
done automatically by the software 
in many systems. 

But all the current attention to 
human engineering in the United 
States pales in comparison with 

Sharing resources. A typical office system featuring shared resources ties stand-alone units 

to a central controller containing hard-disk memory for archival storage. 
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The Associate 
Producer. 

High- quality 6-part 
forms printing 

132-character wide, 
adjustable carriage 

Device forms 
control (optional) 

Terminal status control panel 
indicating column, error codes, 
and configuration parameters 

The OMNI 800* Model 820 RO 
Printer has the same designed re-
liability as its associate, the 810 RO. 
With more standard features and 
options like expanded and com-
pressed printing, the 820 RO offers 
greater flexibility for additional ap-
plications. And, should application 
needs change, the 820 RO is easily 
upgraded to a KSR model for a mod-
est cost. The productive 820 RO 
Printer has all the quality and 

Receive-Only Printer 

150 cps optimized 
bi-directional printing 9x7 dot matrix full 

ASCII printing 

21-character operator-
programmable answerback 
memory 

Operator control keypad 
for user configuration 

1280-character buffer 

110 to 9600 baud 
transmission speeds 

performance you associate with the 
OMNI 800 Family. 

TI is dedicated to producing 
quality, innovative products like the 
Model 820 RO Printer. TI's hundreds 
of thousands of data terminals 
shipped worldwide are backed by 
the technology and reliability that 
come from 50 years of experience, 
and are supported by our worldwide 
organization of factory-trained 
sales and service representatives. 

For more information on the 
820 RO, contact the TI sales office 
nearest you or write Texas 
Instruments Incorporated, PO. Box 
1444, M/S 7784, Houston, Texas 
77001, or phone (713) 937-2016. 
In Europe, write Texas Instruments 
Incorporated, 
M/S 74, B. P. 5, 
Villeneuve-
Loubet, 06270, 
France. 

'Trademark of Texas Instruments Copyright 0 1980. Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
We put computing within everyone's reach. 
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For: 
Stability. 
Repeatability. 
Low Noise. 
Linearity. 
Accuracy. 

It's EDC Model MV105J 
D.C. Voltage Standard 
for use in design and 

development labs as a 
reference, a source and a 

supply. It serves as a 
simulator for ther-

mocouples and transduc-
ers. Production line quality 

contro and field service calibration rely on this 
instrument as a dependable reference/standard. 

Model MV105J's calibration accuracy is 0.003% 
of setting. You can't do better than that! 

Two output ranges: 10 Vdc resolved to 10 pVdc 
and 100 mV resolved to -- 0.1 pVdc. 
Line and Load Regulation is • 0.0005%. 
Other models as low as - 10 mV or up to - 1000 
Vdc, down to 10 mA or up to 10 Adc. 
Model MV105J price S1250.00; Galvanometer 

option S325.00. 
For complete information contact Bob Ross 

ELECTRONIC 
[4 DEVELOPMENT 

CORPORATION 

11 Hamlin St., Boston, MA 02127, Tel: (617) 268-9696 

TLX: 955329 • TWX 710 350-7544 

Probing the news 

European efforts, particularly in 
West Germany. Many companies 
noted that ergonomic features are 
becoming standard requirements in 
European markets, and most feel it 
is only a matter of time before 
American products follow suit. Still, 
there is some foot-dragging about 
specific European requirements. 
Typically, one vendor is adopting a 
wait-and-see attitude about reports 
of health problems. Another markets 
two models of the same unit—one 
that will satisfy the more stringent 
European requirements, the other 
with fewer user-friendly features for 
the U. S. market. 
Room to grow. Answering another 

user demand—for upgradability —is 
a new series of shared-resource sys-
tems. But unlike the traditional ver-
sions of these systems, which share 
the entire computer as well as the 
various peripherals among several 
work stations, the new units let exist-
ing stand-alone word-processing 
units expand. The stand-alone sta-
tions, each already with a microcom-
puter and floppy-disk storage, tie 
over communications links to a con-
troller that houses larger hard disks 
for archival storage and for faster 
printers. 
The Office Automation Systems 

developed by NBI Inc., Boulder, 
Colo., enable the buyer to go from 
the firm's system 3000 independent 
work station to any combination of 
stand-alones, peripheral systems, 
and printers driven by the eight-port 
integrated control unit of the new 
system 8, or the 64-port system 64. 

These join a similar system called 
Netword from Vydec Inc., Florham 
Park, N. J., a subsidiary of Exxon 
Information Systems [Electronics, 
July 3, p. 95]. The Netword control-
lers communicate with the Vydec 
1400, 1800, 2000, and 4000 stand-
alone work stations as well as with 
the Qyx intelligent typewriter. 

Similar announcements were 
made by CPT, which has developed 
the 8000 W/P system with expanded 
storage, and by Micom Data Sys-
tems Inc. of Montreal for its new 
2001 word-processing system. 

Reporting tor this story was provided by Pamela White, 
McGraw-Hill World News, Minneapolis. 
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Signetics' Ea: 
Fast Logic. Fast. 
Pick from over 80 ECL parts — 
and watch our quick delivery. 
When high speed is essential to your 

system, ECL may be the answer. Signetics 
has more than 80 answers in its ECL line. 
Gates, interfaces, flip-flops, counters/ 

registers, memories and 
complex ECL. Total pro-
duct breadth. See us for 
nearly every standard 
10K device. And for 
several that are totally 
unique — and may be per-
fect for your application. 
We don't think high-

speed logic should mean 
low-speed delivery. You'll 
be pleasantly surprised 
how quickly we can 
deliver. Many parts are 
right off the shelf. 
Responsive delivery 

doesn't mean you sacri-
fice quality. We test 
every 10K ECL part— 
cerdip or plastic—to 
Signetics' Upgraded 
Product Reliability pro-
gram, SUPR IIA. Free. 
For only a small extra 

charge we'll test each device 
to SUPR II, Level B. That's an 
accelerated burn-in method derived 
from tough military specs under 
MIL-STD-883A. 

Quality. Product breadth. Availability. 
That's what you should look for in an ECL 
supplier. You'll get all of these from 
Signetics. Plus commitment. 

While we're expanding our 
10K line, we're ready to go 
with the even faster 100K 
series. Get it in sample lots 
today. With production 
quantities very soon. 
Communications. Peri-

pherals. Instrumentation. 
Signetics' ECL is the logical 
choice. Write today for your 
free copy of our 10K/100K 
ECL short-form catalog. 
Or contact your nearby 

Signetics sales office or 
distributor. Signetics Corp. 
811 East Argues Ave., 
P.O. Box 409, Sunnyvale, CA 
94086 (408) 739-7700. 

SIFIDtiCE 
a subsidiary of U.S. Philips Corporation 

Multiple Technologies from 8 Divisions: 
Analog, Bipolar Memory, Bipolar LSI, 
MOS Memory, MOS Microprocessor, 
Logic, Military, Automotive/Telecom 

To: Signetics Publication Services, 811 East Argues Avenue, 
P. O. Box 409, Sunnyvale, CA 94086 

0 I'd like more information about the logical choice in 
10K/100K ECL. 

My application is 0 Mainframe CPUs O Instrumentation 
0 Minicomputers CI Peripherals DI Other  
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Company   Division   

Address  MS   

City  State  Zip   

E717 
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Probing the news 

Software 

Microcomputers adding 
data-base management 

Sales of DBMS packages for small-business systems 

expected to rise 177% a year through 1983 

by Martin Marshall, West Coast Computers & Instruments Editor 

The exploding sales of microcomput-
ers in the small-business market 
have triggered a parallel need for 
data-base management systems, or 
DBMSs, as software modules. In the 
words of a report from Creative 
Strategies Inc., "By 1983, the aver-
age vendor will have to offer a DBMS 
package if it expects to remain com-

petitive." Thus, the San Jose, Calif., 
market research firm projects a dra-
matic 177% compound annual 
growth rate through 1983 for ship-
ment of these packages to the small-
business-computer market. 

In response to the growing need, 
various companies are offering such 
packages as Microseed, MDBS, and 

Info 80, with others such as Harvest 
to follow soon. The most recent of 
these offerings is the Info 80, which 
will be released at the end of this 
month by Data Train Inc. of Grants 
Pass, Ore. Initially it will be mar-
keted for Radio Shack's TRS-80 
model 2, but since it is written in 
Microsoft Basic to be run on a CP/M 
operating system, it can be used with 
other computers running under 
CP/M. Info 80 allows the user to feed 
in data as characters, binary values, 
logical variables, double-precision 
values, or special calendar variables. 
It also can write reports by taking 
information from as many as seven 
files at one time. The user may 
derive data based upon several key 
parameters used together or may use 
a unique key. 

Data Train has developed its own 
data-base language, text editor, and 
a method of processing for Info 80 
that allows it to perform partial 
batch operations, even on systems 
based on minifloppy disks. The pro-

ISO AMPS FOR 
UM PERFORMANCE. 

Our new 289 is the best high per-
formance, high accuracy wide 
band isolation amplifier you can 

buy. It offers 

true 3-port galvanic isolation for 
industrial and instrumentation 
applications where the problem is 
accurate measurements in harsh 
environments. 

The 289 offers dc to 20 kHz 
small signal (-3dB) bandwidth and 
dc to 5 kHz full power bandwidth 
4,- at a gain of 1V/V with 
,„ ;it ±2500Vdccontinuous 
' isolation. It's available in 

're' three accuracy selections, 
// each offering low guaran-
teed linearity error at 10V p-p 
output; -± 0.012% max (289L), 
±0.025% max (289K), and 

± 0.05% max (289J). All this for 
only $39 in 100's (289J). 
When performance is every-

thing, the 289 is the right ISO AMP 
to interface single and multichan-
nel data acquisition systems. 

For further technical informa-
tion, contact James Conant, Appli-
cations Engineer, Analog Devices, 
Inc., PO. Box 280, Norwood, MA 
02062. Telephone 617/329-4700, 
Ext. 1304. 

ANALOG 
DEVICES 

VVMOUT IN FRONT 
Analog Devices, Inc., Box 280, Norwood, MA 02062; CALIFORNIA: Northern (415) 969-8525; Southern (714) 842-1717; 
ILLINOIS, (312)894-3303; MASSACHUSEI lb: (617) 329-47W; TE(AS: Houston (713)664-6704; Richardson (214) 231-5094. 
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Angles. Typical management system provides many ways of viewing same data base. 

gram is distributed, however, on sin-
gle-density 8-inch floppy diskettes. 
A key feature of the package is its 
price: $99 for a license for the data-
base manager program, with options 
for one of three data bases at $99, 
$299, or $499. 

Representing the next step up the 
ladder are two Codasyl-compatible 
network packages, Microseed and 
MDBS. Microseed, developed by In-
ternational Data Base Systems Inc. 
of Philadelphia, and marketed by 

Microsoft Inc. of Bellevue, Wash., 
was introduced in January at a sin-
gle-copy end-user price of $900. Fol-
lowing the Codasyl format, it allows 
the user to establish both records, 
which contain the actual data, and 
sets, which contain the interrelation-
ships of the data. 

Since it is a network system, 
Microseed also has password securi-
ty designed into its schema defini-
tions. The program currently uses 64 
kilobytes of the user's random-access 

memory, but in mid-August it will 
have a load-to-disk feature that will 
alleviate the strain on the user's 
main memory. The program is writ-
ten in Fortran and can be used on 
systems running under CP/M. 

Also coming for 16-bit systems is 
Harvest, a high-level interactive 
query language and report writer 
that can be used with Microseed. 
Due next January, it requires 60 
kilobytes of memory and allows the 
user to make up search criteria for 
pursuing the data base. 

Running with somewhat fewer 
features than Microseed but much 
more compact coding is MDBS, a 
Codasyl-compatible program from 
Micro Data Base Systems Inc. of 
Lafayette, Ind. "We were able to get 
it down to 18 kilobytes by writing it 
in Z80 assembly language," says 
president Andrew Winston. The pro-
gram, whose U. S. price will increase 
to $900 from $750 on Aug. 1, can be 
run with CP/M, North Star-Dos, 
Apple-DOS, and IRS-DOS. D 

ISO AMPS FOR 
  MINIMUM COST 
Our new 290 and 292 are the 
industry's first and only com-
plete function isola-
tion amplifiers 
priced as low as 
$30 in 100's. 

Both 
Model 290 
designed 
for single 

reAutor, 

290 191 

channel applications, and Model 
292, designed for multichannel 
applications, feature ±-1500 
Vdc continuous isolation, 
high common mode rejec-
tion of 100 dB, minimum, at 
60 Hz, single supply operation 
from + 8V to +15.5V, and 
low typical linearity error of 
±0.1%. And, each one 
comes complete with gal-

vanic isolation and internal 
dc-dc converter. 

The 290 and 292 offer you 
the lowest cost and protection 

against damage from transients 
and fault voltages for use in data 
acquisition systems, computer 
interface systems, and high CMV 
instrumentation. 

For further technical informa-
tion, contactJames Conant, Appli-
cations Engineer, Analog Devices, 
Inc., PO. Box 280, Norwood, MA 
02062. Telephone: 617/329-4700, 
Ext. 1304. 

ANALOG 
DEVICES 

WHOUT IN FRONT 
Analog Devices, Inc Box 280, Norwood, MA 02062; CALIFORNIA: Northern (4151969-8525, Southern (714) 842-1717; 
ILLINOIS. 1312) 894-3300; MASSACHUSETTS: 1617) 329-4700; TEXAS: Houston 1713) 664-6704; Richardson (214) 231-5094. 

Circle 99 on reader service card 



Think Twice 
Intel's new 8272 controller for double density floppy 

disks lets you command shorter design times. 
Why have second thoughts 

about designing a double density 
floppy disk drive into your system, 
when Intel's 8272 is available now. 
With a powerful command set, 
microprocessor compatibility, Intel's 
HMOS* technology and the ability 
to reduce CPU overhead, our con-
troller for IBM compatible single or 
double density floppy disks is the 
logical choice for system designers. 

Now, you don't have to spend 
months building and programming 
an entire board of interface logic to 
control one, two, three or four double 
density floppy disk drives. Just 
incorporate Intel's new 8272 
controller into your design 
to save time and space. Our 
double density floppy disk 
controller does more than 
reduce your parts count 50 
to 1. It gives you enough flexi-
bility to shorten your design 
cycle. And Intel's 8272 offers 
you the freedom of designing in 
the 5-volt world. 

Freedom for the CPU. 
Our new 8272 double density 

floppy and mini-floppy disk control-
ler is the right solution for systems 
designers. It saves time, reduces 
power dissipation and slices the high 
cost of burdening an 8-bit or a 16-bit 
CPU with floppy disk control functions. 
A powerful instruction set built into 
Intel's new 8272 controller will reduce 
your programming efforts up to 50%. 
Less code is required, so you spend 
less time and use less memory. 

Intel's 8272 solution also tackles 
the problem of CPU overhead and 
software intervention. Our double 
density floppy disk controller has 
the capability of scanning a single 
sector or an entire track's worth 
of data fields. Data on the floppy disk 
gets compared byte-by-byte with 
data in your system memory. And, 
since a single command locates and 
Circle too on reader service card 

compares the data, no additional 
software is necessary. 

Faster data access. 
Our new 8272 controller does more 

than drive up to four floppy disks simul-
taneously. It handles parallel seek on 
up to four disks for faster data access. 

With multi-sector and multi-track 
transfer capabilities, the CPU is freed 
from time-consuming I/O commands. 
Our new double density floppy disk 
controller removes the 
limitations of 
reading 

or writing only the number of char-
acters a physical sector allows. The 
8272 automatically transfers data 
across the disk's consecutive sectors... 
and, as a result, the CPU isn't forced 
to wait until the next sector is 
positioned. With Intel's new 8272, 
you not only free the CPU, you 
get the assurance of higher system 
performance. 

Easy microprocessor 
compatibility. 

Intel delivers the new 8272 
double density floppy disk controller 
into the 5-volt world. That makes 
our controller an easy, compatible 
interface with Intel's family of 
microprocessors like our 8086, 
8088 and 8085. 

As part of the Intel peripheral 
family, the new 8272 complements 
our other dedicated LSI performers. 
For example, you can team our 
8272 with an 8237 DMA controller 
for the most bus-efficient solution 
to double density floppy disk con-
trol. And like our other family 
members, the 8272 offers systems 
designers highly reliable per-
formance... plus the support of 
field personnel and complete 
documentation. 

Intel's new 8272, here today. 
Now, you don't have to think 

twice about designing a double 
density floppy disk controller 
into your system. With Intel's 
8272, you won't have to settle 
for fewer features or a long 
design cycle, either. Why wait. 
Already second sourced, our 
8272 is on your distributor's 
shelves today. 

For more detailed infor-
mation, contact your local Intel 

sales office or write: Intel Corpora-
tion, 3065 Bowers Avenue, Santa 
Clara, CA 95051. 

-11MOS is a patented Intel process. 

inteJ delivers 
solutions. 

Europe: Intel International, Brussels, Belgium. 
Japan: Intel Japan. Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics. 
Avnet Electronics. Component Specialties. Hamilton/Avnet. 
Hamilton/Electro Sales. Harvey. Industrial Components. 
Pioneer, L.A. Varah. Wyle Distribution Group. Zentronics. 



SPECIAL REPORT: 

The inside news 
on data converters 

Progress in monolithic technology is pepping up the performance of all types 

of data converters and putting entire data-acquisition systems on a chip 

by Roger Allan, Components Editor 

El Great strides are being made in data converters, 
where the emphasis continues to be on upward system 
integration, higher speeds, and better accuracies. Mono-
lithic 12-bit digital-to-analog and 10-bit analog-to-digi-
tal converters are now available. These same integrated 
circuits, while replacing some hybrid converters at the 
low end of 8 bits, are being eagerly gobbled up by the 
hybrid manufacturers for ever more accurate, stable, 
and high-speed products. 

But despite all this activity in monolithic and hybrid 
d-a and a-d converters, modular data converters employ-
ing monolithic, hybrid, and discrete components contin-
ue to achieve the highest performance levels. Even the 
most sophisticated hybrid designs cannot offer, for 
example, true I 2-bit a-d conversion over a converter's 

entire operating-temperature range and operating life-
time—at least not yet. Only modular converters are at 
present capable of this. 
A principal driving force in the growth of d-a and a-d 

converters is the proliferation of microprocessors and 
digital signal processing. And though progress is contin-
uous in integrating more converter functions onto the 
same chip, the going is getting harder as lc manufactur-
ers approach the 12-bit level and beyond. More funda-
mental limitations like the stability of a converter's 
resistor-ladder network and the voltage reference are 
coming into play. As a result, monolithic converter man-
ufacturers are concentrating on improving their present 
8- and 10-bit designs by adding more functions and by 
improving performance. That includes buffering to inter-
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1. Sampled. This comparator makes it possible for National Semi-

conductor to build a C-MOS version of a 12-bit (plus sign) succes-

sive-approximation analog-to-digital converter. The capacitors scale 

the differential voltages and convert them into charges. 

face with microprocessor buses, lower power dissipation, 
single-supply operation, and higher conversion speeds. 
Many of the formerly external functions, such as refer-
ences, output amplifiers, clocks, registers, ladder net-
works, and data latches, are being integrated onto the 
chip. Still, there are quite a few monolithic converters 
that are far from self-sufficient. 

Single-chip data converters have been coming down 
steadily in price, to the point where many 8-bit d-a units 
can be purchased for less than $5 in single quantities. 
Even 12-bit monolithic d-a converters can be bought for 
under $10 in unit quantities. 

Systems on the chip 

As more functionally complete monolithic data con-
verters evolve, entire single-chip data-acquisition sys-
tems are emerging. Single- and multiple-channel data-
acquisition ICs typically contain an a-d converter, input 
multiplexer (for multiple input channels), output buffer, 
and address latch and decoder. Monolithic 8- and 16-
channel data-acquisition ics are readily available. 

Typical is the ADC0808 from Texas Instruments Inc. 
of Dallas. It is an eight-channel successive-approxima-
tion monolithic data-acquisition lc with ± 1/2 -least-
significant-bit linearity error, 100-microsecond conver-
sion time, latched address input, and three-state output 
for easy microprocessor interfacing. 
The data-acquisition market is a lucrative one for 

makers of monolithic converters, who see in it ample 

opportunity for the volume sales of a-d converters that 
can support low prices. Many of them see the automotive 
market as a major one for these ICs. According to one 
important manufacturer's estimate, the data-acquisition 
market is a $40 million one, with a-d converters having 
over one-half of the market share. 

The right choice of technology 

Most of the earlier monolithic data converters were of 
the complementary-moS variety. These integrating-type 
a-d converters were typically slower in response than 
successive-approximation units, but were more accurate, 
used less power, and, most importantly, could be made at 
low cost, since c-mos is an inherently low-cost process. 
And, for portable digital instruments—digital panel 
meters and voltmeters—C-MOs a-d converters continue 
to be ideal. 

But c-mos has its drawbacks. For example, C-MOs 
voltage references are difficult to integrate on chip so 
that there is a host of multiplying mos d-a converters for 
which references have to be supplied externally. Bipolar 
processing, on the other hand, has made possible higher-
speed converters with stable buried-zener and bandgap 
references and high-gain, low-offset-voltage amplifiers 
on the chip, overcoming another c-mos deficiency. Of 
course, bipolar transistors, which are larger than c-mos 
ones, are more expensive and hence unlikely to make it 
in a big way in data-acquisition applications. 

For instance, at this year's International Solid State 
Circuits Conference evening panel session on "Data 
Acquisition Peripherals," Jim Solomon, director of lin-
ear engineering for National Semiconductor Corp., 
Santa Clara, Calif., told how his firm started out heavily 
in bipolar processing for data-acquisition ics, but has 
since switched to mos, which constitutes about 85% of 
National's processing for data-acquisition Ics. "Large 
bipolar die sizes result in very poor process yields and 
higher device costs," he explained. 

Still, some of the most important performance 
advances in data converters have come from bipolar 
technology. Besides the many 8-bit bipolar d-a convert-
ers on the market, 10- and even 12-bit ones have begun 
to surface. Bipolar 10-bit monolithic d-a converters are, 
for example, available from Precision Monolithics Inc., 
Sunnyvale, Calif.; Harris Semiconductor Corp., Mel-
bourne, Fla.; and Signetics Corp., Sunnyvale, Calif. The 
Signetics NE5020 converter, besides being microproces-
sor-compatible, is a self-sufficient unit, complete with 
resistor ladder, voltage reference, output amplifier, data 
latches, and buffers. 
An example of how far monolithic d-a converters have 

progressed in performance is Precision Monolithics' 
bipolar DAC-210. Containing both a voltage reference 
and an output amplifier, the device settles in 1.5 gs and 
is monotonic and linear for 10 bits plus sign (the equiva-
lent of 11 bits) over both commercial (0° to 70°C) and 
military ( — 55° to + 125°C) temperature ranges. 
At the 12-bit level, bipolar d-a chips are available 

from Precision Monolithics; Teledyne Philbrick, Ded-
ham, Mass.; Harris Semiconductor; Analog Devices, 
Wilmington, Mass.; and Advanced Micro Devices. 
The Advanced Micro Devices model 6012 is signifi-
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2. Fast. Hybrid technology allows the making of high-speed successive-approximation analog-to-digital converters. An example is this 8-bit 

ADC-815 from Datel-Intersil with a 600-nanosecond conversion time within -1 'h least significant bit. The converter requires no external parts. 

cant because it is manufactured by a standard bipolar 
process. It has a segmented resistor-ladder network 
whose resistors are diffused boron types that require no 
trimming. The converter is inherently monotonic and 
yields 0.01% differential nonlinearity [Electronics, Dec. 
6, 1979, p. 152]. The firm feels confident enough in its 
design approach to predict 14- and 16-bit versions. 

Other processes flourish 

One bipolar process that rises superior to the others' 
limitations for data-converter designs is integrated injec-
tion logic. That's what Analog Devices used for its model 
AD565 12-bit d-a converter, which should become avail-
able shortly. The converter settles in just 150 nanosec-
onds in the current-output mode. To circumvent damag-
ing the silicon substrate during resistor-ladder laser 
trimming, Analog Devices employs silicon-chromium 
thin-film resistors in the resistor-ladder network. 
121., processing combines the high-speed advantages of 

other bipolar technologies with the low power dissipation 
advantages of c-moS. It is linear-compatible and makes 
practical the fabrication of high-speed data latches for 
d-a converters as well as small successive-approximation 
registers for a-d converters 
Analog Devices discussed the advantages of PL. pro-

cessing for data converters at this year's isscc, where it 
introduced an 8-bit d-a unit that also uses silicon-
chromium thin-film resistors in the ladder network. The 
AD558 operates from a single power supply of 5 to 15 

volts, settles in less than 1 gs for a 2.5-v output and 
under 2.5 1.is for a 10-v output, and is within ± 1/4 -LsB 
accuracy. The converter is self-sufficient, containing I'L 
data latches, a merged bandgap reference, pnp current 
sources, the silicon-chromium resistor-ladder network, 
an emitter-coupled-logic control gate, and an output 
amplifier [Electronics, Feb. 28, 1980, p. 125]. 
A different process that allows optimization of high 

speed and low power dissipation is dielectric isolation as 
employed by Harris Corp. The firm uses it to make a 
monolithic 12-bit d-a converter that features an output 
settling time of 300 ns for a current-output mode (there 
is no output amplifier on the chip). The laser-trimmed 
device features maximum nonlinearity (at 25°C) of ± 1/4 
LSB and a gain-temperature coefficient of ± 5 parts per 
million per °C maximum. Although this converter lacks 
an internai reference, Harris is working on supplying 
one—the model Hl-565—that will include a buried-
zener 10-v 5-ppmrC reference. The HI-565 will settle 
in 200 ns and be within ± 1/2 LSB over its operating-
temperature range. 

Collector-diffusion isolation is still another process 
used by Ferranti Electric Inc., Commack, N. Y., to 
make monolithic d-a and a-d converters. Similar to an 
i2L process, CD' requires fewer masking steps than bipo-
lar or c-mOS processes and allows on-chip diffusion of 
resistors without laser trimming. It is, however, a low-
voltage process, being limited to less than 10 V. 

There are other processes under development for data 
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3. Speeding up. The successive-approximation a-d conversion scheme has been speeded up with sense and clock control circuitry. Used in 

the 4134 hybrid 1.9-as 12-bit a-d converter from Teledyne Philbrick, the technique is dubbed progressive approximation. 

converters. These include n-channel mos and bipolar— 
C-MOs. Texas Instruments Inc. of Dallas points to the 
bid-FET (bipolar, double-diffused, field-effect-transistor) 
process it has employed successfully for high-voltage 
plasma-panel driver ics as a mixed technology that could 
be useful for future data converters. With bid-FET pro-
cessing, the high speed of bipolar technology, the high 
input impedance of bi-FET technology, the low power 
dissipation of c-mos, and the high-voltage capability of 
DMOS can all be tapped within a monolithic structure. 

Bipolar a-d converters reach new plateaus 

The availability of high-performance bipolar d-a con-
verters has enabled monolithic lc converter manufactur-
ers to use them as a basis for high-performance a-d 
converters. These have now reached the 10-bit level and 
should hit the 12-bit level next year. 

Analog Devices has the only 10-bit a-d converter chip 
on the market. Its model AD571 is made with Pi_ 
technology and contains a successive-approximation reg-
ister, a reference, a laser-trimmed d-a converter, three-
state outputs, and a clock. It has a maximum conversion 
time of 40 its. 
By next year, Advanced Micro Devices hopes to have 

a 12-bit a-d version of its monolithic 8-bit model 6108. 
To be introduced shortly, the 6108 has a maximum 
conversion time of 1 s and maximum nonlinearity and 
differential nonlinearity of ±1/2 LSB. The 8-bit accuracy 
level will apply over the unit's entire operating tempera-
ture range, both commercial and military. The micropro-
cessor-compatible converter is complete, containing a 
successive-approximation register, reference, data 

latches, and so on. Available in a 28-pin dual in-line 
package, the ± 5-v unit will be priced at less than $20 
for 100-lot quantities. 
The 12-bit version of the 8-bit 6108 a-d converter is a 

difficult part to manufacture and is pushing the bipolar 
converter state of the art. Colin Barry, linear lc design 
manager for Advanced Micro Devices, feels the chal-
lenge of using bipolar technology to go to higher resolu-
tions in order to achieve higher accuracy (that is, using 
14- and 16-bit resolutions to obtain 12-bit accuracy 
levels): chip size and hence costs increase as a result, 
testing a designer's ingenuity. Nevertheless, he feels that 
the emergence of high-speed microprocessors demands 
equally fast as well as high-performance a-d and d-a 
converters, and bipolar technology is compatible with 
such data-converter requirements. 

C-MOS converters coming on strong 

Several companies now offer monolithic 8- and 10-bit 
C-MOS d-a converters. Ten-bit devices are available from 
Analog Devices; National Semiconductor Corp.; Intersil, 
Cupertino, Calif.; Micro Power Systems Inc., Santa 
Clara, Calif.; and Motorola Inc., Austin, Texas. All of 
them except Motorola also offer multiplying 12-bit 
c-mos monolithic d-a converters. 

Hybrid Systems Corp., Bedford, Mass., a hybrid con-
verter manufacturer, has gone still farther and designed 
a 14-bit c-mos d-a converter chip to be manufactured by 
a monolithic lc maker under a joint development in 
which Hybrid Systems assisted in the chip's layout. The 
four-quadrant multiplying lc has a settling time of 1 /Is 
(current output), dissipates less than 50 milliwatts, and 
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4. Complete. Rapid and accurate 12-bit a-d conversion will soon become available from this multichip product from Analog Devices. The 
successive-approximation unit has 4-gs conversion and ± 0.012% maximum nonlinearity. No external components are needed. 

features stability of 2 ppm/t. Decoder functions are 
included on the chip, which will have 14-bit accuracy as 
well as resolution at room temperature. 
To quote Dan Hauer, product general manager for 

Micro Power Systems: "Circuit designers usually think 
of their input/output sections last, and as a result leave 
little room for error margins, thus requiring the use of 
high-accuracy and very stable a-d and d-a converters. 
This is why hybrid and modular data converters are 
needed. Our line of multiplying c-mos 12-bit d-a con-
verters with accuracy over temperature is an example of 
what monolithic c-mOs technology is now capable of 
achieving and which formerly required hybrid and mod-
ular converters." 

Micro Power Systems was the first to produce a 
monolithic c-mos data converter back in 1973. The 
company also makes bipolar tcs and is investigating 
mixed bipolar and c-mos processes. 

Speeds are also up in monolithic c-mos d-a convert-
ers. For example, take Motorola's 10-bit MC3510/3410 
d-a c-mos converter. Its conversion time of 250 ns was 
hardly believable for c-mos just a few years back. Later 
this year, Micro Power Systems hopes to introduce a 
500-ns 12-bit monolithic c-mos d-a unit. 
As was mentioned earlier, it is not possible to put an 

accurate voltage reference on a c-mos converter chip. 
This is why all available c-moS d-a converters are multi-
plying types that require external references. Some also 
require other external components, such as an output 
amplifier. 
The lack of a reference is not a total disadvantage for 

c-mos d-a converters. A multiplying-type d-a converter, 
for example, can be used with an external reference 
voltage for ratiometric conversion and for digitally con-
trolled attenuation. 

It has long been conventional wisdom within the 
monolithic data converter industry that the C-MOs pro-
cess is not useful for the fabrication of high-speed 
successive-approximation a-d converters. National Semi-
conductor, in a paper at this year's tsscc, laid that myth 
to rest. It unveiled a 12-bit-plus-sign successive-approxi-

mation c-mos a-d converter chip that should be avail-
able later this year. Until the unveiling of National's 
converter, all monolithic a-d converters available were of 
the slower integrating types, since the c-moS compara-
tors used in successive-approximation conversion 
schemes tend to perform poorly and be slow, not very 
accurate, and noisy. 

An accurate C-MOS comparator 

National licked the comparator performance problem 
by the use of a multiple-input comparator that accepts 
an arbitrary number of differential input voltages 
(Fig. 1). As a result, conversion speed is 50 us and yet 
power dissipation is only 25 mw. 
A unique feature of the converter's design is how it 

achieves its 12-bit linearity—by laser-cutting fuse links 
within its on-chip programmable read-only memory. The 
National 12-bit c-mos a-d converter, like all c-moS 
converters, has no voltage reference. 
To put things in perspective, National's is not the only 

monolithic 12-bit c-mos a-d converter. Intersil also has 
one. Its model ICL7109 is compatible with microproces-
sor buses and with universal asynchronous receiv-
er/transmitters, but it is a slower, integrating type, 
intended for data-acquisition systems. The chip features 
a conversion time that ranges from 20 to 50 ms. 

Integrating-type monolithic c-moS a-d converters 
with resolutions and accuracies greater than 12 bits have 
been readily available for a number of years from several 
manufacturers, including Intersil, Analog Devices, and 
TI. An entire generation of low-power-dissipation, hand-
held digital panel meters and digital voltmeters has been 
made possible by these 31/2- and 41/2 -digit a-d inte-
grating converters, which are used in their front 
ends. When compared with successive-approximation a-
d converters, however, they are slow, with conversion 
speeds being milliseconds at best. 
NEC Microcomputers Inc. of Lexington, Mass., has a 

12-bit c-mos a-d device that achieves 5-millisecond con-
versions by combining an integrating technique the com-
pany calls simultaneous integration with voltage-to-
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5. Two-chip. Hybrid converter makers are using fewer chips for higher accuracies and speeds. Coming soon from Harris Corp. is a two-chip 

30-gs 12-bit a-d converter with an advanced microprocessor interface. The quantizing unit is accurate to 12 bits over — 55° to + 125°C. 

current front-end conversion. The µPD7002 is micropro-
cessor-bus—oriented and includes a multiplexer that 
accommodates four analog inputs. 

Despite all the fanfare about monolithic data-convert-
er technology, the market for hybrid data converters 
continues to show steady growth. These hybrid units are 
generally complete converters, containing all of the con-
verter elements necessary. Furthermore, they achieve 
better accuracy and stability levels over time and tem-
perature, as well as faster d-a settling times and a-d 
conversion speeds. 

How hybrid converters stay one step ahead 

The principal advantage of hybrid converter technolo-
gy is that it allows the mixing and matching of individual 
chip functions, regardless of the lc technology, for opti-
mum performance levels. The drawback is that too many 

chips in a hybrid circuit create a costly complexity and 
reduce reliability because of the number of chip inter-
connections. 
Somewhat paradoxically, hybrid converter manufac-

turers are becoming more involved in the design of the 
Ics they are using to make their products, as evidenced 
by the Hybrid Systems 14-bit d-a converter chip men-
tioned earlier. Hybrid Systems president Wayne Pea-
cock explains that "if hybrid converter makers don't get 
involved with monolithic lc design, the way monolithic 
converters are advancing will leave hybrid converter 
makers holding the bag." Of course, some hybrid con-
verter leaders like Burr-Brown Research Corp., Tucson, 
Ariz., and Analog Devices have monolithic as well as 
hybrid capabilities. Others, like Datel-Intersil Inc., 
Mansfield, Mass., are part of large semiconductor com-
panies. National Semiconductor, on the other hand, a 

106 Electronics/July 17, 1980 



leading monolithic data-converter manufacturer, is also 
pushing its hybrid expertise. 
One of the most significant hybrid converter develop-

ments is an 18-bit d-a converter from Hybrid Systems. 
On its alumina substrate the DAC-370-18 has two 
chips—a custom c-mos switch network and a laser-
trimmed thin-film resistor network. It is the first d-a 
converter in a double-width DIP to offer 16-bit linearity, 
input latches, and 50-mw power dissipation [Electronics, 
March 27, 1980, p. 199]. An equally important feature 
of the DAC-370-18 is its very low price—just $210 in 
100-unit quantities. 
Samuel Wilensky, Hybrid Systems' vice president of 

engineering and one of the company's founders, says 
modestly that "the design of the custom chip at the heart 
of the DAC-370-18 is something any good designer 
should be able to accomplish once sound engineering 
principles are employed." The company had earlier in 
the year introduced a two-chip 16-bit d-a converter 
guaranteed to be 16-bit linear to within ± 1/2 LSB 
(0.008% of full scale). Settling to within 1/2 LSB in 1 µs, 
the 9331-16 surprised many with a price of just $99 in 
100-piece quantities. It also is available in a double-
width DIP [Electronics, Jan. 31, 1980, p. 124]. 

Burr-Brown also has a 16-bit hybrid d-a converter. Its 
DAC73 has a maximum linearity error of 0.0008% of 
full scale and has the all converter functions necessary 
within its DIP. Settling time ranges from 8 to 40 µs. A 
faster-settling version is the 16-bit DAC71 with a sea-
ling time range of 1 to 10 µs. This one has less linearity 
though, with a maximum linearity error of ± 0.003% of 
full scale. It also comes in a DIP. 

Also Burr-Brown's is the 16-bit ADC71 hybrid a-d 
converter, a 50-µs device available in two versions: one 
14 bits and the other 13 bits accurate. 
Micro Networks Corp. of Worcester, Mass., is work-

ing on a truly challenging device—a I 6-bit d-a converter 
that is accurate to all 16 bits over the military tempera-
ture range of —55° to + 125°C. Such a project may, 
however, take two to three years to complete. The firm 
has been selling high-performance data converters to the 
military market for a number of years. 

In its MN3348 12-bit hybrid d-a converter [Electron-
ics, March 13, 1980, p. 174], the firm has managed to 
produce a truly high-performance part in a hermetically 
sealed 24-pin package. Requiring no user adjustments, 
the converter is guaranteed to have a maximum total 
error (including those of gain offset and nonlinearity) of 
± 0.075% of full-scale over the operating temperature 
range of 0° to 70°C. A military version ( — 55° to 
+125°C) has combined errors of ±0.1% of full scale 
over the military temperature range. Linearity for both 
versions is to within ± 0.024% and ± 0.048% of full 
scale, respectively. Equally important is the availability 
of optionally adjustable versions for even higher accura-
cy levels. The fully monotonic converter has an internal 
10-v reference, an output amplifier, a C-MOs switch 
network, and a laser-trimmed thin-film resistor-ladder 
network. Maximum power dissipation is 375 mw. 

In the works from National Semiconductor is a family 
of three-chip hybrid d-a converters that are pin-for-
pin—compatible with the popular DAC80 d-a converters. 

To be introduced by the end of this year, the converters 
contain voltage references and output amplifiers. Sett-
ling time is about 3 its (200 to 300 ns for current output). 

Several manufacturers are racing the clock in trying 
to come up with 12-bit hybrid a-d converters that com-
bine high speed with high performance. Some of these 
products have already surfaced, and others are likely to 
hit the market this year. 
High speeds have already been attained in hybrid a-d 

converters at lower accuracies. A good example is the 
ADC-815 hybrid 8-bit a-d converter from Datel-Intersil 
with a 600-ns conversion time to ± 1/2 LSB. The succes-
sive-approximation a-d converter includes a precision 
reference, clock, comparators, registers, and a current-
output d-a converter (Fig. 2). 

High-speed 12-bit a-d converters coming 

In the 12-bit a-d hybrid converter area, Teledyne 
Philbrick took the successive-approximation technique 
and modified it to what it calls progressive approxima-
tion to achieve still faster conversion speeds. In its model 
4134, conversion typically occurs in 1.9 µs. Faster con-
version times are achieved by the use of a sense-and-
clock circuit that speeds up the converter's clock rate for 
all bits after the third bit (Fig. 3). 

Analog Devices will shortly introduce a 12-bit succes-
sive-approximation hybrid a-d converter with 4-µs con-
version and ±0.012% maximum nonlinearity. The 
AD578 is a multichip device (Fig. 4) with all the neces-
sary components in a DIP—a comparator, reference, 
clock, etc.—to make it a complete converter. 

Another firm with plans to introduce a hybrid 12-bit 
4-µs a-d converter is Harris Corp. The company is 
getting ready to announce a 30-µs hybrid a-d unit accu-
rate to 12 bits over the military temperature range of 
_550 to + 125°C. An important feature of the 5812 is 
that it uses only two chips. Offering an advanced micro-
processor interface and an internal sample-and-hold 
amplifier, the converter operates by a quantizing scheme 
that involves the use of two analog processors on the chip 
(Fig. 5). 

From hybrid to data-acquisition system 

Hybrid converter technology has been particularly 
suitable for integrating upwards into complete single-
channel and multichannel data-acquisition systems. 
Some of these systems are now available in small DiPs. 
Systems like the 12-bit eight-channel MN7140 from 
Micro Networks, which operates at a 20-kilohertz rate 
from a 40-pin double-DIP-width (2.1-by-0.83-by-0.17-
inch) package are setting high-performance small-size 
standards. Another high-performance small-size 12-bit 
eight-channel (differential) data-acquisition system is 
the SDM857 from Burr-Brown, which operates at a 
throughput rate of 18 to 25 kHz. It fits into a ceramic 
package 2.2 by 1.7 by 0.22 in. Still, the highest-perform-
ance hybrid data-acquisition systems require slightly 
larger modular packages. 

This year, Harris Corp. took an unconventional 
approach in a hybrid data-acquisition system with its 
two-DIP eight-channel differential 12-bit data-acquisi-
tion system [Electronics, June 5, 1980, p. 40]. Each DIP 
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6. Data acquisition. Harris Corp. uses leadless chip-carrier inte-

grated circuits in dual in-line packages for a two-DIP eight-channel 

differential 12-bit data-acquisition system. On the left is the HI-5900 

signal processor, on the right the HI-5712 a-d Converter. 

holds several leadless chip-carrier ICs. One DIP is the 
HI-5900 analog signal processor and the other is the 
H1-5712 8-1.4,s successive-approximation a-d converter. 
The HI-5900 has software-programmable gain and sam-
ple-and-hold amplifiers (Fig. 6). 

Just as increasing levels of accuracy in monolithic 
converters are bringing their manufacturers up against 
fundamental limits like resistor-ladder network and volt-
age-reference stabilities, so hybrid converter makers are 
being confronted by increasing labor, materials, and 
packaging costs as hybrid circuit complexity increases. 
There is only so much performance that can be squeezed 
into a hybrid package before the product becomes too 
expensive to manufacture. 

This is one reason why hybrid converter manufactur-
ers without monolithic facilities are getting more 
involved with designing and laying out their own ICs for 
custom production by semiconductor manufacturers. 
They are also investigating a variety of innovative manu-
facturing methods and acceptable packaging materials 
to meet rising labor costs and increase functional densi-
ties. In addition, most of them are switching over from 
manual to automatic wire-bonding machines. Automatic 
laser trimmers and in-process testers are now more com-
monly used. 
How a hybrid circuit is laid out and the layout's effect 

on testing and reworking are becoming as important to 
hybrid manufacturers as the circuit's design. The Harris 
leadless chip-carrier approach (cited earlier in relation to 
the firm's two-DIP data-acquisition system) was chosen 
because it allows economical in-house testing of the 
individual chips used and facilitates reworking through 
simple reflow soldering. 

Nevertheless, certain applications like medical imag-
ing, seismographic measurements, and audio digitizing 
require the use of very high-resolution data converters 
that are accurate to the same resolution and that can 

7. High performance. Modular data converters provide the highest 

performance levels. This 16-bit a-d converter from ILC Data Device 

Corp. has a 4-µs conversion time. The DDC-5497 performs automatic 

corrections with an on-board programmable read-only memory. 

hold that accuracy over time and temperature condi-
tions. As has been the case for the last several years, 
modular data converters using discrete components 
mounted on printed-circuit boards continue to be the 
only type of converter to meet those needs (Fig. 7). 

Modular converters are alive and well 

According to Bernard Gordon, chairman of the board 
and technical director of Analogic Corp., Wakefield, 
Mass., a leading modular converter manufacturer, data-
converter power-dissipation levels, sizes, and prices may 
have been dropping throughout the last two decades, but 
the disparity between what is being offered on the mar-
ket and what the user discovers he or she really needs is 
growing wider. 

"In 1969, we offered a 12-bit a-d converter module 
that sold for about $800," he observes. "But it was built 
with ultrastable wirewound resistors, had a certified 
reference stable to within 0.01% for a year, and exhib-
ited total stabilities of a few parts per million per °C. In 
short, it was 12 bits accurate over all operating time and 
temperature conditions. "Today, one can buy a 12-bit 
a-d converter for under $20 that is certainly much small-
er than the 1969 module and dissipates quite a bit less 
power. But will it be 12 bits accurate over time and 
temperature six months or a year later? Probably not, 
since the basic components used in monolithic and 
hybrid data converters such as resistors and references 
are fundamentally limited in performance." 
Gordon points to the fact that laboratory standard 

wirewound discrete resistors typically used in Analogic's 
modular converters exhibit better long-term stability and 
accuracy than bulk, precision and laser-trimmed thin-
film as well as thick-film resistors typically used in 
hybrid and monolithic data converters. He cautions that 
"for a data converter to work properly, it should be 
designed and built with much better specifications than 
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Breaking the data-conversion speed barriers 
Applications for which data conversion speeds must be 
high are increasing. Radar, medical imaging, telecommuni-
cations, broadcast and video uses, and instrumentation all 
require very high-speed d-a and a-d converters capable of 
working at speeds of a few to tens of nanoseconds. 
Two of the pioneers in high-speed data conversion are 

TRW LSI Products of El Segundo, Calif., and the Computer 
Labs division of Analog Devices, Greensboro, N. C. The 
former has pioneered monolithic high-speed d-a and a-d 
converters, while the latter has been in the forefront of 
developing hybrid and modular high-speed d-a and a-d 
converters. 

At present, a number of monolithic and hybrid data 
converter companies are either actively in or clamoring to 
get into this lucrative high-speed data-conversion field. 
TRW LSI Products has succeeded in reaching the 

30-megahertz speed plateau with its monolithic 8-bit 
TDC1007J a-d converter. The company has 6- and 4-bit 
30-MHz monolithic a-d converters (TDC1014J and 
TDC1021J) as well as 8-, 9-, and 10-bit monolithic 20-
MHz d-a converters (TDC-1016J-8, TDC1016J-9 and 
TDC1016J-10). It hopes to have within a year a 10-bit 
10-MHz monolithic a-d converter that makes use of the 
flash technique the firm employs in its line of high-speed 
a-d converters [Electronics, May 22, 1980, p. 34]. 
The flash, or parallel processing, technique involves the 

use of voltage comparators. The analog input signal for an 
a-d converter is applied simultaneously to several voltage 
comparators that are in parallel with each other. Each 
comparator is biased to operate at a unique voltage level. 
However, the number of comparators gets inordinately 
large with increasing converter resolutions, going up to the 
binary power. For an a-d converter, (2" — 1) comparators 
are needed, where n is the converter's resolution in bits. 
Thus for 8 bits, 255 comparators are needed. On the other 
hand, going from 8 to 10 bits means going from 255 to 
1,023 comparators, and for 12 bits, 2,047 comparators 
would be needed. This sheer number of comparators, 
besides increasing an IC's complexity and manufacturing 
cost tremendously, increases the chip's power dissipation. 

It thus remains doubtful that 10-bit and higher-resolu-
tion monolithic a-d converters could be made to operate 
at speeds like 30 MHz, at least for commercial markets. 
TRW's Defense and Space Systems division in Redondo 

Beach, Calif., on the other hand, need not worry as much 
about the price constraints of the commercial market. 
Under development there, for example, is a 40-MHz 
monolithic 10-bit a-d converter for a defense contract. The 
division also hopes to integrate an 8-bit 25-MHz a-d 
converter and a sample-and-hold amplifier on the same 
chip. Even 10-bit 100-MHz a-d conversion is being looked 
at. 

Motorola, which last year introduced a 10-ns 8-bit 
monolithic d-a converter [Electronics, Nov. 22, 1979, 
p. 140], the 10318, is getting ready to supply samples of a 
7-bit a-d version (10317) using the flash conversion tech-
nique and operating at 30 MHz. Aimed at video process-
ing in broadcast markets, the device will be priced in the 
$100 range for 100-unit quantities. 

Harris has also entered the high-speed d-a converter 
field with an 8-bit monolithic d-a converter. Its HI-5618 
settles in 50 ns and is within ± LSB accuracy over the 
commercial and military temperature ranges. 
A number of other monolithic data converter manufac-

turers have plans for video converters. Ferranti Electric 
Inc. of Commack, N. Y., for example, is working on a 
bipolar 4-bit a-d converter with a conversion speed in the 
nanosecond range. The converter uses four 1-bit a-d 
converters in parallel. At this year's ISSCC, Plessey Semi-
conductor Corp., Irvine, Calif., discussed a 5-ns 8-bit 
monolithic d-a converter subsystem that the firm hopes to 
have ready shortly. Intended as a building-block compo-
nent for a successive-approximation monolithic 15-MHz 
a-d converter, the 8-bit chip has a precision reference, a 
reference amplifier, and a latched comparator with a prop-
agation delay of 1.3 ns. Also expected soon is the mono-
lithic (SDA-5010) 6-bit 10-ns a-d converter from Siemens 
Corp., Iselin, N. J. 

In line with the trend by hybrid converter manufacturers 
to get more involved with monolithic designs, ILC Data 
Device Corp. of Bohemia, N. Y., has designed and laid out 
two 14-bit monolithic d-a converter video-speed chips. 
The devices are being made by a semiconductor IC manu-
facturer and will feature low-glitch outputs. One of the 
141bit d-a chips has a current-output settling time of 
30 ns, is ECL-compatible, contains an on-chip reference, 
and reportedly has an extremely low-glitch output. The 
other 14-bit d-a converter chip is a low-power device that 
also has an on-chip reference, settles in 100 ns (current 
output), and is TTL-compatible. It is classified by ILC as a 
low-glitch-output converter, whose glitch level is slightly 
higher than the first chip's. 
There is only so much monolithic data-converter design-

ers can squeeze out of chips for video-speed perform-
ances before hybrid designs take over for even higher 
performance levels. Take the DAC-HF series of high-speed 
hybrid a-d converters from Datel-Intersil Inc. of Mansfield, 
Mass. Available in current-output 8-, 10-, and 12-bit ver-
sions, they are specified with maximum settling times to a 
full-scale change within 1 LSB of 25, 25, and 50 ns 
maximum. Each unit has a voltage reference, ladder net-
work, and current switches. Stability is typified by a maxi-
mum gain temperature coefficient of 20 ppm/ °C. 
An innovator in high-speed video data converters is 

Computer Labs. The firm makes the fastest hybrid and 
modular a-d and d-a converters in the 4-to-13-bit resolu-
tion range. Its 9000 series "Bare Bones" CLB1310, for 
example, is a 13-bit a-d converter with a word-encoding 
rate of 10 MHz. In the firm's MOD family of a-d converters, 
a line of high-speed video converters spans 4 bits at 
100-MHz (MOD4100) to 12 bits at 5 MHz (MOD1205). 
Some of the devices are on small single printed-circuit 
cards. The 10-bit 20-MHz MOD1020, for example, is 
housed on a small card only 35 square inches in area. The 
card also holds a track-and-hold amplifier with a 25-
picosecond aperture time. Large-signal bandwidth for the 
MOD-1020 is 15 MHz. The firm also makes equally fast 
hybrid d-a converters like the 10-bit 5-MHz 4120E and the 
13-bit 10-MHz model 1310. 

Recently, Computer Labs entered the raster-scanning 
cathode-ray-tube market with the 8- and 10-bit 
HDD0810C and HDD1015C hybrid d-a converters that 
feature rapid settling times and low-glitch outputs in dual-
width dual in-line packages [Electronics, May 22, 1980, 
p. 206]. Offering composite-blanking 1-V outputs and ter-
minated in 75-ohm impedances, the converters feature 
a settling time of 10 ns (to 0.2% of full-scale value). The 
maximum output glitch energy is 200 picovolt-seconds. 
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8. Ultralinear. For digital 

audio, a data converter 

must be highly linear. This 

modular 16-bit d-a convert-

er from Analogic Corp. 

(MP1926) has a total drift 

of less than 1 ppmft and 

less than 0.005% total har-

monic distortion. Offering 

the equivalent of 18-bit lin-

earity, it has ±1/4-LSB 

maximum midrange nonli-

nearity. 

the system's rating, so that the laws of probability will 
see to it that, say, a 12-bit converter is truly a 12-bit 
converter. It is generally counterproductive to attempt to 
just barely make it with a design." 

Although many data-converter designers agree with 
Gordon on the superior performance of discrete compo-
nents used in modular converters, they disagree on the 
extent of limitations he cites for the types of resistors 
used in monolithic and hybrid converters. The fact that 
there are 10-bit monolithic and 12-bit hybrid data con-
verters that pass the time and temperature test indicates 
how much progress has been made in monolithic con-
verter technology—it is only a few years since 8-bit 
monolithic data converters were 8 bits accurate at room 
temperature only. 

Quite a few applications do not demand high levels of 
accuracy over time and temperature. In many such 
cases, users are content with, for instance, a 12-bit 
converter that gives them 10 bits of accuracy. Further-
more, the sensors with which an a-d converter is interfac-
ing are often accurate only to within 1% to 2%. 
On the other hand, for many large process-control 

applications, high levels of converter stability and accu-
racy can translate into high processing efficiencies and 
savings of millions of dollars in improved productivities. 

Ultralinearities for digital audio 

One application for which data converters must be 
ultralinear is in digitizing audio, where a wide dynamic 
range of 96 decibels (16 bits) is needed. A drift of just 1 
bit out of 16 can foul up the digitized audio's quality 
with crosstalk and render the digitizing process useless. 

Analogic recently introduced an ultralinear 16-bit 
modular d-a converter with the analog equivalent of 
18-bit linearity to address this problem (Fig. 8): the 
MP1926, which settles under 3 /Is (MP1962A), has total 
drift from all error sources of less than 1 ppmrC 

(MP1926S). Its total harmonic distortion is under 
0.005%, measured with a deglitched amplifier. It is 
ultralinear, having ± 1/4 LSB maximum midrange nonli-
nearity. The converter is designed specifically for recon-
structing dynamic complex waveforms from digital data, 
particularly audio, acoustic, and sonar signals that have 
substantial information content in the vicinity of the 
midrange of 0 Y. At 0 y, the converter has the equivalent 
of 18 bits of linearity. 
The MP1926 achieves its high performance levels 

thanks to a proprietary sign-magnitude internal architec-
ture that improves the converter's performance as the 
signal approaches zero level from either direction. 
Although the sign/magnitude conversion scheme is a 
known one, it has formerly been limited in high-speed 
and high-accuracy performances. 

The microprocessor: to have or have not 

A debate is on within the data converter industry as to 
whether or not a microprocessor and a data converter 
ought to be integrated together on the same chip. Propo-
nents of this approach argue that, though such an 
approach would make the chip more dedicated, in appli-
cations like those in the automotive field it makes sense 
to combine a microprocessor and a data converter on the 
same chip. Opponents, on the other hand, point out that 
such a level of integration would not only make the 1c 
more specialized, but would also make it so complex as 
to be uneconomical to manufacture. 
The debate is taking on more urgency because a 

number of microprocessor manufacturers have already 
put data converters on the microprocessor chip. The 
most notable of these is Intel's model 2920 so-called 
analog microprocessor [Electronics, March 1, 1979, 
p. 105], which has an a-d converter at its input and a d-a 
converter at its output. Other microcomputers with data 
converters on them are Intel's two-input 8022, 
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Motorola's 146805R2, and Ti's TMS2100. 
Explains Gene Pucket, manager of automotive sys-

tems engineering of Motorola Inc., Mesa, Ariz.: "Al-
though putting an a-d converter on the same chip as the 
microprocessor makes the chip more dedicated for auto-
motive and similar applications, such a chip could serve 
other uses, like industrial control. Besides, a dedicated 
chip containing both the microprocessor and an a-d 
converter is more reliable than two separate chips." 
Motorola and other big data-converter chip makers have 
large automotive programs in which their data-converter 
products are being used. 
One thing everyone agrees on is that many monolithic 

and hybrid data converters on the market are not truly 
microprocessor-compatible, often requiring additional 
external components. As a result, some manufacturers 
are trying to offer products that are totally microproces-
sor-compatible, like the double-buffered series of 
Micro-Dac c-mos d-a converters from National Semi-
conductor [Electronics, June 19, 1980, p. 140] and the 
Beckman 7581 double-buffered 12-bit hybrid d-a unit 
that is pin-for-pin—compatible with the popular DAC-80. 
The issue of microprocessor compatibility is gaining in 

importance because a growing number of data converter 
users know little about the intricacies of analog-to-
digital interfacing. However, with so many microproces-
sor buses out there, which one should be picked as the 
standard interface? 

Leroy Little, senior development project engineer for 

Beckman Instruments Inc., Fullerton, Calif., says that 
"if a standard microprocessor bus could be achieved for 
peripherals—and that could be very difficult —it would 
make the converter designer's job quite a bit easier. 
Certainly the 6800 and 8080 microprocessor families are 
two well-known and popular buses that are well worth 
standard bus interface." 

Another microprocessor-interface issue stems from the 
emergence of high-speed microprocessors. Converter 
manufacturers are now finding that their products have 
to keep pace with faster microprocessors and that the 
right amount of input and output buffering is one way of 
tackling this problem. 

Innovations in design 

Many a converter designer is finding out that old 
circuit ideas never die. Some of these once discarded 
circuit concepts are being brought back to life with a 
new twist. Designers are discovering that totally new 
circuit designs are not always needed to surpass certain 
performance barriers. 
Take the sign/magnitude conversion scheme mention-

ed earlier for Analogic's MP1926 ultralinear 16-bit d-a 
converter with 18-bit accuracy. That conversion tech-
nique is an older one whose previous limitations have 
been improved by Analogic with an innovative circuit 
design. Analogic claims that its implementation of the 
sign/magnitude conversion method is superior in per-
formance to older offset-binary and other bipolar 

9. Stable. Beckman Instru-

ments achieves high stabili-

ty with this current-switch 

and resistor-ladder network 

used in its family of 12-bit 

hybrid data converters. The 

amplifier-based feedback 

loop provides better gain 

stabilities and power-sup-

ply sensitivities than con-

ventional R-2R resistor net-

works and allows better lin-

earity compensation. 
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20-bit a-d. In this experimental circuit from National Semiconductor, a microprocessor and a single-slope conversion technique are used to 

get 20-bit (1-ppm) a-d conversion linearities. Conversion accuracy is limited only by the absolute accuracy of the reference used. 

sign/magnitude techniques. Judging from the MP1926's 
specifications, that claim is modest. 

In Teledyne's model 4134 12-bit hybrid a-d converter, 
an adaptation of the traditional successive-approxima-
tion conversion circuit is used to increase conversion 
speeds. Called progressive approximation, it involves 
adding sense control functions to a conventional succes-
sive-approximation circuit (Fig. 3). 

Often, the most innovative and far-reaching circuit 
designs result from simple circuit ideas. Such is the case 
of the segmented resistor ladder network conceived by 
John Schoeff, project manager for Advanced Micro 
Devices. The network is used in AMD's monolithic 12-bit 
model 6012 d-a converter. 

In all of Beckman Instruments' hybrid 12-bit data 
converters, a modification of a current-switched resistor 
ladder used by H. H. Schmid of General Electric Co., 
Syracuse, N. Y., results in a ladder network with better 
performance than conventional designs. The circuit 
(Fig. 9) offers better gain temperature coefficients, more 
linearity due to its compensation technique, and less 
power-supply sensitivity. 
At this year's 38th Annual Device Research Confer-

ence, researchers from the Japanese Musashino Electri-
cal Communication Laboratory, Tokyo, described a nov-
el resistor-trimming technique that can be used to make 
high-resolution d-a converters. The technique involves 
applying current pulses to arsenic-doped polycrystalline 
silicon. The current pulses cause the polysilicon resistors 
to decrease in resistance and thus be trimmed. The 
resistance can also be increased by following a current-

decreasing pulse with one slightly lower in value. The 
trimming technique described was applied successfully 
to the fabrication of a monolithic 14-bit d-a converter 
with a linearity error of less than 1/4 LSB. Settling time is 
200 ns. Full-scale drift of 3 ppm/°C was claimed. 

Rehashing some old principles 

Remember the single-slope a-d conversion technique 
of some 20 years ago? It might be coming back with a 
new twist. 

At National Semiconductor Corp., Jim Williams, lin-
ear applications engineer, is experimenting with a micro-
processor-based circuit using the single-slope conversion 
technique for extremely high-linearity a-d converters 
(Fig. 10). In fact, he has demonstrated 20-bit (1-ppm) 
linearities in an a-d circuit whose absolute accuracy is 
limited by the accuracy of the voltage reference used. 
One of Williams' colleagues, the venerable Robert 
Pease, staff scientist, is also working with an 18-bit a-d 
conversion scheme using the well-known voltage-to-
frequency conversion principles. 
There may very well be dozens of other examples like 

the ones mentioned here on circuit-design ingenuity. The 
point worth noting is that perhaps the answer to future 
high-performance monolithic data converters lies more 
in the past. It could be that the era of radically new 
circuit ideas has reached saturation point and that inno-
vative thinking may benefit more from a closer look at 
older basics. 

Reprints will be available at $3.00 each. Write to Electronics Reprint Department, P.O. Box 
669, Hightstown, N. J. 08520. Copyright 1980. McGraw-Hill Inc. 
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NOTHING BEATS THE MATCHLESS PRECISION 
OF GUS MATCHED WAFER STEPPERS: 

Machine matching 
allows you to make the 
most efficient use of every 
DSW Wafer Stepper' 
direct step on the wafer 
system in your operation. 
And we guarantee at least 
95% registration at ±0.5 
micrometer between 
every machine in your fab 
area. So you'll get greater 
throughput than ever 
before. 
Hardware is matched in 

several ways: by close 

inspection of the lenses 
for distortion, by reducing 
the tolerance in setting the 
reduction ratio, by control 
of die rotation, and by 
controlling the parallelism 
between the image plane 
and the object plane. Soft-
ware is used to correct dif-
ferences in orthogonality 
and XY scale values. 

In short, with matched 
DSW's, wafers flow non-
stop through your fab area. 
Production bottlenecks are 

eliminated. And equipment 
use is truly maximized. 

For more information on 
the DSW Wafer Stepper, 
write: GCA Corporation, 
209 Burlington Road, 
Bedford, MA 01730. Or 
call: (617) 275-5400. 

• SA 
GCA 

GCA CORPORATION 
Burlington Division 

209 Burlington Rd. 
Bedford, Mass. 01730 
(617) 275-5400 
Telex: 95-1257 

Part of the GCA/IC 
Systems Group 

© 1980 GCA Corporation 
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THE DSD 440. 
TOTAL DEC RX02 
COMPATIBILITY, 

AND MORE. 
The DSD 440 is the only alternative to the DEC RX02 that's 

100% software, hardware and media compatible with 
LSI-11, PDP°-11 and PDP-8 computers, including those 

with extended memory. It can be configured as an 
RX02 for DEC double density or IBM 3740 single 
density recording, or as an RX01 for backward oper-
ating system compatibility. 

MORE 
A 512-byte hardware bootstrap is built into all 

PD P-11 and LSI-11 interfaces. It loads system software 
automatically from either single or double density 
diskettes. Extensive self-testing is DIP-switch select-

able with the "Hyperdiagnostics" that run without being 
connected to a computer. The low profile 51/4-inch DSD 440 

features write protection and diskette formatting. 

FASTER 
The optimized DSD 440 microcode increases system throughput 

when using the RT-11 foreground/background monitor. In partic-
ular, the DSD 440 with an LSI-11 runs fill and empty buffer opera-

tions 2 0 % faster than an RX02. 

FOR LESS 
The DSD 440 is the RX02 compat-

ible flexible disk system that combines 
high performance and advanced fea-

tures with fast delivery.., at a lower price. 
For further information, call or write Data 

Systems Design today. A data sheet and 
price list will be forwarded to you 
immediately. 
Trademark of Digital Equipment Corporation 

EASTERN REGION SALES 
Data Systems Design, Inc. 

51 Morgan Drive, Norwood, MA 02026 
Tel (617) 769-7620 TWX: 710-336-0120 

WESTERN REGION SALES 
Data Systems Design, Inc. 

2560 Mission College Blvd., Suite 108 
Santa Clara, CA 95051 Tel: (408)727-3163 

CORPORATE HEADQUARTERS: Data Systems Design, 3130 Coronado Drive, Santa Clara, CA 95051 
Tel: (408) 727-9353 TWX: 910-338-0249 
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Guarding ICs 
against static discharge 

Individual devices and loaded circuit boards should be 
handled and transported in laminated or carbon-loaded containers 

by Donald R. Yenni Jr. and James R. Huntsman, 3M Co., St. Paul, Minn. 

Major advances in processing are already resulting in 
very large-scale mos integrated circuits with increased 
packing density, higher operating speed, and lower oper-
ating power. However, the finer lines and thinner oxide 
layers of these new superchips will aggravate a problem 
that has plagued mos manufacturers and users since the 
emergence of these devices—device failure from electro-
static damage. 

Fortunately, effective methods and materials for han-
dling and packaging static-sensitive devices have been 
developed. For mos devices—whether individual parts 
or mounted on printed-circuit boards—transportation in 
bags, tote boxes, or storage tubes made of special metal-
ized film laminates or carbon-loaded plastics serving as 
static-protective materials is required. The use of older, 
military-specified materials has resulted in device dam-
age and failure. 

Today's mos ICS can be damaged by electrostatic 
discharge as low as 100 to 200 volts. Electrostatic dam-

1. Zapped. Protective devices for MOS ICs are often ineffective in 

preventing field-induced static damage. Here a direct discharge from 

a person has damaged the input-protective diode of a p-MOS char-

acter-generator chip, damaging the entire circuit in the process. 

age to complementary-MOs devices occurs from 250 to 
3,000 V. And although mos circuits are the most suscep-
tible to electrostatic discharge, large numbers of bipolar 
ics, diodes, and even film resistors have been damaged 
or even completely destroyed by static charge in various 
stages of board assembly. The danger is evident when it 
is realized that a person merely walking across a tile 
floor can generate an electrostatic charge upwards of 
25,000 V. 
The single most important characteristic of a static-

protective packaging material is its electrical resistance. 
The lower the resistance of the package, the greater the 
static protection. In fact, to characterize a material as 
being static-protective, a resistivity measurement may be 
all that is needed, as will be seen. 

In any discussion of packaging materials, two ele-
ments must be considered: the ability of the material to 
protect devices from damage due to triboelectrically 
(frictionally) generated charge and its ability to shield 

2. In the bag. This 3N157 MOS FET was damaged by static charge 
generated while inside a MIL-B-81705 Type I film bag. Type I material 

consists of an opaque aluminum foil laminated to a polyethylene film. 

Static is created inside bag as parts rub together. 
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TABLE 1 HOW PACKAGING FILMS TESTE 

Packaging films 

Number of damaged devices 
after shipment test 

3N157 
(10 tested) 

SM110CJ 
16 tested) 

MIL-B-81705 Type I 

MIL-B-81705 Type II 

Metalized film laminate 

Carbon-loaded film 

9 

9 4 

o 

o 

its contents from external electrostatic charge. 
Triboelectric charge generation between materials is 

independent of electrical resistivity. It results whenever 
two materials contact one another and then separate, 
and rubbing enhances the effect. Triboelectric charge 
can damage semiconductor devices, particularly as they 
are inserted or removed from a bag and during shipment. 

External static fields may also present a problem, a 
factor often overlooked in selecting a packaging materi-
al. The electric fields from nonconductors such as foam 
packing material and tape and from conductors such as 
charged employees all have been shown to cause electro-
static damage to semiconductors unless the proper steps 
are taken to shield the devices. 

Charged personnel 

Electrostatic damage occurs most commonly when a 
person charged with static electricity touches a semi-
conductor device, causing a transient voltage discharge 
to pass through it. This discharge produces such a high 
current density at the junction interface in the device 
that overheating and melting result. An example of 
static-induced damage is shown in Fig. I. 
Many semiconductor devices also can be damaged 

without direct contact. One of the most basic semicon-
ductor structures, consisting of an insulating layer 
between two relatively conductive layers (essentially a 
capacitor), can be destroyed by exposure to a voltage 
field. When such a field exceeds the insulating layer's 
dielectric strength (about 100 v on current mos chips), 
dielectric breakdown occurs. These field-sensitive capac-
itive elements are present in all mOS devices. A similar 
capacitive element is often found in non-MOs semicon-

3. Triboelectric screening. A test apparatus of this type is used for 
triboelectric screening of bag materials. In a typical test, the material 

in question is rubbed against pc boards and devices and monitored 

for charge buildup by means of electrometers. 

ductors— for example, as a discrete capacitor in linear 
ICs or hybrids and inherently in bipolar ICS between 
insulated metal crossovers. 

Faraday established that field-induced effects can be 
prevented by enclosing an object in a highly conductive 
material. This creates an electrostatic shield, or Faraday 
cage. The degree of shielding of the Faraday cage is a 
function of the conductivity of the shield material: the 
higher the conductivity, the better the shielding. 

Bagging it 

One of the most widely applied methods of protecting 
static-sensitive ICs is static-protective bags. These bags 
should protect their contents both from frictionally gen-
erated static and from a handler's static charge. 

Basically, four types of bag material are available. 
Two are materials specified by MIL-B-81705, the major 
military standard for protective packaging materials. 
The others are a low-resistivity carbon-loaded film and a 
metalized laminate film. Tests done at 3M Co. show 
both military-specified films to be ineffective in prevent-
ing static damage. On the other hand, the two commer-
cial types worked well. 
Type I mil-spec material is an opaque-foil film lami-

nate composed of aluminum foil on polyethylene film. 
This material can act as a shield against electromagnetic 
interference. Also, it has an extremely low moisture-
vapor transmission rate, which enhances its use for long-
term storage. However, although Type I film is an 

TABLE 2. PROPENSITY OF PACKAGING FILMS TO GENERATE TRIBOELECTRIC CHARGE 

Bag material Tendency to 
charge 

Resistivity of 
bag material 

Number of devices damaged lout of 10) 

Devices on 
printed-circuit 

boards 
Loose devices 

Plain polyethylene 

MIL-B-81705 Type I 

MIL-B-81705 Type II 

Carbon-loaded plastic 

Metalized film laminate (antistatic side) 

high 

high 

low 

low 

low 

10'6 S2/sq 

10 16 12/sq 

10 2 2/sq 

300 S2-cm 

10 13 S-2/sq 

10 

6 

none 

none 

none 

9 

10 

none 

none 

none 
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4. Shield testing. This apparatus tests the shielding capability of 

various types of protective bags. A capacitive sensor detects the 

amount of static voltage coupled from a simulated static discharge. 

The sensor's voltage is displayed on an oscilloscope. 

excellent electrostatic shield, it is not electrostatic-free. 
Because the inside, black, heat-sealable surface of the 
film is an insulator having a surface resistivity in excess 
of 10'6 ohms per square, it will not dissipate static 
electricity and will easily create static when parts rub 
against it. 
Type Il materials are transparent extruded antistatic 

films. Typically, they are composed of polyethylene plus 
an antistatic agent; the latter is an organic compound 
dispersed throughout the volume of the polyethylene or 
coated onto the completed film's surface. Type II bags 
do not effectively protect their contents from external 
fields of static charge. 
As noted, two other types of film are also commercial-

ly available for protecting static-sensitive devices. One is 
a carbon-impregnated volume-conductive film. The oth-
er is composed of an outer metalized layer forming a 
Faraday cage and an inner antistatic film preventing the 
generation of triboelectric charge [Electronics, Feb. 16, 
1978, p. 167]. It combines the best feature of the Type 
and II films. 

All four bag materials were tested for static protectivi-
ty by placing 3N I 57 mos field-effect transistors and 
SM I IOCJ linear ics, which contain both bipolar and 
p-channel mos devices, on pc boards and sealing them in 
various bag materials. Each semiconductor was tested 
before being inserted onto a board. The results showed 
conclusively that the two commercial bags were more 
effective than their military counterparts. 
The bagged boards were placed in a cardboard box 

with a foam packing material commonly used for pro-
tecting components. In low humidity, this insulating 
foam can accumulate a high static charge through 
triboelectric charging during shipment. It was used to 
determine whether its charge could damage devices 
through the walls of the protective bags. 

How they did 

The box was sealed and placed on a truck bed vibrator 
and run at 250 revolutions per minute for one hour. 
Relative humidity was held to 30%. The box was then 
unpacked and the devices retested. As expected, the 
foam had developed from 3 to 8 kilovolts of electrostatic 
charge due to vibration. 

Significant failure levels were found in the two mili-

TABLE 3 COMPARING THE PULSE CHARACTERISTICS OF 
COMMERCIALLY AVAILABLE PROTECTIVE BAGS 

Bag material 

MI L-B-81705 
Type II 

Carbon-loaded 
plastic 

Carbon-loaded 
plastic 

Metalized film 
laminate 
(metalized side) 

Resistivity 

1 x 10 12 12/sq 

3 x 102 St-cm 

5.6 x 103 St-cm 

1 x 102 S2/sq 

Pulse amplitude 
(V) 

450 

310 

500 

15 

tary-specified films (see Table 1). Devices in the Type I 
material bag were well shielded from the external effects 
of the charged foam packing but were damaged by 
frictionally generated charge on the pc boards and on the 
semiconductors themselves inside the bag. Figure 2 is a 
scanning electron photomicrograph of one of the 3N157s 
damaged while inside the Type I material bag. 

Devices in the Type II material resisted triboelectric 
charging because of the bag's antistatic inner surface. 
However, they were damaged by the voltage field from 
the charged foam. 
The highly conductive carbon-loaded film and the 

metalized film laminate with an antistatic interior mini-
mized the effect of triboelectric charge and provided 
sufficient shielding from the voltage generated on the 
charged foam. No devices were damaged in bags made 
of these films. 

Static testing 

Relatively simple setups were devised to test whether a 
material is suitable for controlling triboelectric charge 
generation and providing electrostatic shielding. To test 
its resistance to triboelectric charging, the material is 
rubbed against electronic devices and pc boards and 
monitored for charge buildup as shown in Fig. 3. This 
test gives a reasonable indication of whether a damaging 
static charge might be produced on a device, a pc board, 
or the film itself. 

Voltages on ics with metal, ceramic, and plastic lids 
were monitored by attaching a single lead to the pins 
along one side of each dual in-line package. The voltage 
induced on the lead frame resulting from rubbing the 
DIP lid against each test film was monitored by electro-
meter. In the case of the boards, a single wire soldered 
into one of the terminal holes was used to indicate the 
voltage on the device lead located on the board. Both the 
film samples and the devices were electrically isolated 
from ground during these tests. 

Films causing residual voltages in excess of 25 v on 
either the device it was being rubbed against or on the 
film itself were rated as having a high propensity for 
such charge generation. Those films charging to less 
than 5 v were considered to have a low propensity for 
charge generation. 

Surprisingly, there did not seem to be any middle 
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5. Type 11 bag. Lack of an electrostatic shield and high surface 

resistance result in a long-duration, 450-volt pulse coupled to the 

interior of a Type II bag. As this voltage is sufficient to damage most 

MOS devices, this bag is an ineffective electrostatic shield. 

ground for the films being tested. At most speeds and 
loads, a film charged either rapidly or hardly at all. 

Because of their antistatic surfaces, the metalized film 
laminate and Type II materials did not charge them-
selves or the parts during the charging tests (see Table 
2). Similarly, the conductive carbon-loaded film pro-
duced less than 5 V on itself and on the parts. 

More results 

Plain polyethylene tended to generate rather high 
localized charges on itself. Because of its high resistivity, 
it could not dissipate these charges. Spot voltages on a 
sample typically varied from + 200 to — 1,000 V. 
Type I material, like plain polyethylene, exhibited 

high charging tendencies. The highest measured voltages 
occurred on the devices' lead frames and on the pc 
boards and not on the film itself, as had been the case 
with plain polyethylene. It is suspected that the highly 
conductive aluminum sublayer in the Type I film sup-
pressed the voltage field surrounding the charges on the 

50 v 

0--> 

film, making accurate measurement difficult. 
According to these results, both conductive and anti-

static films are capable of controlling triboelectrically 
generated charges. Table 2 indicates that a correlation 
does exist between resistivity and a film's ability to deal 
with frictional charge generation. Antistatic films having 
a surface resistivity of 10" 1-1/sq or less are capable of 
retarding triboelectric charge generation. Although the 
experiments conducted at 3M have not been extended to 
these limits, volume-conductive materials having a resis-
tivity of even as high as 10" 9-cm are capable of dis-
tributing charge rapidly enough to prevent the damaging 
effect of triboelectrically generated charge. 

Resistivity versus charge 

A test was run to determine whether the results shown 
in column 1 of Table 2 could be correlated with the 
problems that could occur if a static-sensitive device or 
board was placed into a package of the material and 
shipped. This was done by sealing several 3N157 mos 
FETS (in metal-can packages) mounted on pc boards in 
bags made of various materials, shaking them for a few 
seconds, and then retesting them. In addition, loose 
3N157s were placed singly in bags and shaken for 1 
minute. Columns 3 and 4 of Table 2 show the results of 
these tests, along with the triboelectric screening data 
and material resistivity for each. 
As expected, no device failures occurred in the bags 

having antistatic inner surfaces or made of the conduc-
tive carbon-loaded film. The tendency of plain polyethyl-
ene to generate and sustain isolated voltage differences 
was the likely cause of failure for all the mos FETS that 
were mounted on pc boards and the 9 out of 10 loose 
devices that were damaged in bags of this material. 

Voltages triboelectrically created by the Type I mate-
rial resulted in the destruction of 6 out of 10 of the 
devices mounted on pc boards and all 10 of the loose 
devices. Therefore neither the Type I material nor plain 
polyethylene should be used as intimate wraps for static-
sensitive devices. 
The amount of electrostatic shielding a material pro-

vides is directly related to its conductivity. The question 

6. Carbon-loaded. Variations in the resistivity of carbon-loaded bags result in variations in the coupled pulse's height. A carbon-loaded 

sample with a resistivity of 300 9-cm (left) has a 20% lower pulse height than a 5,600-9-cm sample (right). 
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The continuing threat of electrostatic damage 

Electrostatic damage to printed-circuit boards loaded with 
MOS integrated circuits continues to plague both commer-
cial and military users of complex electronic equipment. In 
fact, the concern is so great that the Department of 
Defense has come out with a new standard, DOD Stan-
dard 1686, on electrostatic discharge control [Electronics, 
July 3, 1980, p. 39] that among other things calls for the 
use of a combined antistatic and conductive wrap for 
electronic items shipped on Government contracts. 

Prime examples of industry's concern are the experi-
ences of the Unitech Products division of Radian Corp., 
Austin, Texas, and the McDonnell Aircraft Co., St. Louis, 
Mo. Unitech, a producer of programmable batch termi-
nals, recently had a near disaster when a rash of IC failures 
was directly traceable to a change in static-protective bag 
material. As for McDonnell, it has initiated an extremely 
stringent program to protect static-sensitive semiconduc-
tor components on the F-18 fighter's electronic subsys-
tem. Part of the program consists of insisting that all 
vendors ship boards and components in static-shielding 
bags or risk return of the material. 

Unitech manufactures a microprocessor-controlled 
communications system that contains a considerable 
number of MOS components requiring special protective 
measures. Under Bob Morton, then a senior engineer with 
the company, precautions were taken to eliminate every 
source of static electricity. Manufacturing operations were 
conducted at static-safe work stations and test station 
benches were grounded. Loaded pc boards were moved 
from station to station and shipped in opaque carbon-
loaded bags. These precautions proved effective. 

However, to be able to see and identify the type of 
board inside each bag, Unitech engineers substituted 
transparent antistatic-coated pink polyethylene bags for 
the opaque carbon-loaded types that had been used. The 
results were nearly catastrophic. The number of boards 

with damaged or destroyed ICs zoomed, 
customer's end. 
"We were having to ship almost twice 

to the field as replacements, since a 
boards shipped were turning up dead 
Morton. Unitech's fix was first to return ti 
type and then to switch to bags of a 
material from 3M Co. combining a nicke 
ter, and antistatic polyethylene. 

Morton is now manager of digital elect 
Inc.'s Wide-Lite division, San Marcos, Te 
a program to develop microprocessor-be 
trols. His first move on his new job, he si 
carbon-loaded bags, conductive mats, ar 

"At McDonnell," says Glen Fisher, a ; 
tronics support technology, "failure an 
that many electronic failures of linear ani 
program were caused by electrostatic d 
of this fact, we are in the process of 
people in static control, and we feel we 
other airframe firms in attacking the probl 

McDonnell has written stiff proces 
installed conductive benches, and eve 
films on electrostatic protection. It uses o 
the 3M metalized laminate internally and 
boards and components shipped in ba 
must use a similar material or be returned 
The importance of electrostatic dame 

components is underscored by the fi 
Force's Reliability Analysis Center, Rome 
Center, Rome, N. Y., is going to devote e 
to the subject on Sept. 9-11 at the Tc 
Hotel in San Diego, Calif. The seminar's 
will cover all phases of electrostatic di 
such topics as problems and technique; 
nisms, and protective networks. 
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is, how conductive must it be to provide adequate shield-
ing protection? 

In order to answer this question, a special test was 
designed to measure how much of a specified external 
static discharge is coupled into the interior of a bag. The 
test setup is pictured in Fig. 4. 

Shielding tests 

A special sensor consisting of two conductive plates 
separated by an insulator monitored the voltage differ-
ence between the top and bottom of the inside of the bag. 
Each capacitive plate was connected to an input of the 
differential amplifier of a fast storage oscilloscope. A 
metal disk was positioned against the top of the bag and 
held there between two parallel nonconductive holders. 
A static discharge was then applied to the top of the 

bag through the metal disk. All discharges were at 1,000 
from a charged 200-picofarad capacitor through a 

1,000-0 resistor. Table 3 shows the resulting transient 
voltage observed across the sensor in several commercial-
ly available bags. 

Because of its intermediate metal-foil layer, the Type 
I bag is an excellent static shield. (It cannot, however, be 
considered completely protective, because of the tribo-

electric charging propensity of its nonconductive inner 
surface.) 
Type II material showed poor shielding because of its 

extremely high surface resistance (Fig. 5). A measure-
ment of the entire pulse duration in this bag could not be 
made using this equipment. Charge equalization across 
the sensor occurred faster through the probes (108 to 
ground) than around the bag (1012 u) Type II material, 
like plain polyethylene, does not offer Faraday-cage 
static protection. 

Increasing the resistivity 

A tremendous difference in the shielding effectiveness 
of volume-conductive materials having a resistivity in the 
range of 102 to 103 12-cm was illustrated with two 
carbon-loaded plastic bags (Fig. 6). Increasing the film 
resistivity from 300 to 5,600 e-cm resulted in a 20% 
increase in pulse amplitude. 
As important as the amplitude of the pulse, however, 

is its duration. The increase from 300 to 5,600 52-cm 
yielded a thirtyfold increase in pulse length. Higher 
voltages can be tolerated by a device for shorter times. 
The lower the resistance around the bag, the shorter the 
pulse duration and the less the opportunity for damage 
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7. Metal laminate. A bag composed of a metallic coating over a 

polyester film followed by a layer of antistatic film effectively stops 

capacitive pulse coupling, resulting in a short-duration 15-volt pulse. 

The coating acts as an effective Faraday cage against external fields. 

to the device. 
The surface resistivity of the metalized film laminate 

was found to be 100 St/sq, and only a barely observable 
pulse was produced (Fig. 7). 

Although this pulse-shielding test does predict relative 
material behavior well, it must be noted that it uses a 
step-function voltage excitation. In an actual person's 
touch discharge, though, the excitation is not a step 
function. The reason is that as the person's hand nears 
the bag, the electric field causes induced charge redis-
tribution in the material before contact actually occurs. 
The pulse amplitude, or voltage difference, actually 
occurring across the bag is therefore reduced proportion-
ally to the conductivity of the bag. 
The advantage of the pulse test is that it allows the 

relative effects of the electrical properties of a material 
on static protection to be determined quickly and easily. 
Once the basic electrical parameters enhancing static 
protection are identified, their effects on devices may be 
observed by means of a practical in-use test. 

Personal tests 

A 3N157 was used to evaluate the effects of material 
resistivity on actual device protection when a person is 
touching the bag. The mos FET's actual level of static 
sensitivity was determined by alternately connecting a 
200-pF capacitor in series with a 1-kilohm resistor to a 
variable dc supply and to the gate lead of the FET. The 
pulse-forming network was alternately charged by the 
power supply and discharged through the FET in rising 
25-v increments until damage occurred, with damage 
defined as a shift out of manufacturer's specification in 
the gate-threshold voltage (VT) or gate-leakage current 
(Icss ). The 90% failure level was determined to be 200 V. 
A 3N157 that had been tested and found good was 

placed in one of a variety of bags. A charged person then 
touched the outside of the bag directly adjacent to the 
device. After removal from the bag, the FET was retested 
to see if it had been damaged. If not, the voltage on the 
person was increased and the experiment repeated until 
either the device failed or the test equipment maximum 
of 25 kilovolts was reached. This test was performed on 

10 different devices in each bag sample. The average 
level of voltage on the person at which device failure 
occurred in various volume- and surface-conductive bags 
is shown in Fig. 8. 

Lowering the resistivity 

For volume-conductive materials (4 mils thick), a 
sudden drop in shielding effectiveness occurs in bags 
made from films exhibiting a resistivity of between 102 
and 10 il-cm. The 5,600-9-cm bag, exhibiting the high-
er, longer pulse in the oscilloscope testing, protected the 
devices to only one third the voltage of the 300-St-cm 
material. At lower resistivities, the shielding effective-
ness increased very rapidly. This relationship is an 
important consideration in selecting packaging materials 
that will provide effective static protection. The effect of 
increasing the thickness of a volume-conductive material 
is that of raising the level of protection afforded by film 
of a given resistivity. Thus, whereas a thin-walled bag 
made from a material having a resistivity 102 to 10' 
St-cm might allow static damage, tote boxes or DIP tubes 
of a very thick volume-conductive material would be 
highly protective. 
A similar relationship of protective efficacy to increas-

ing conductivity was noted with surface-conductive 
materials, as shown by the curve on the right of Fig. 8. 
In this case, however, the effects of conductivity were not 
so abrupt. The maximum surface resistivity that offered 
25-kv protection to the mOS FETS was found to be about 
104 ru/sq. For surface-conductive materials, variations in 
film thickness were found to have very little effect on 
shielding. Consequently, tote boxes and DIP tubes of such 
materials provide little more shielding than the thin-
walled bags. 

Protective tote boxes 

The primary use for tote boxes is for in-plant transpor-
tation of devices and pc boards to and from controlled-
static work stations. As with bags, low-resistivity materi-
al is best for electrostatic protection. 
The shielding effectiveness of two types of tote box-

es—a volume-conductive, carbon-loaded plastic box with 
a resistivity of 300 St-cm and a surface-conductive anti-
static plastic box having a resistivity of 10" St/sq —were 
examined experimentally. A test apparatus similar to 
that of Fig. 4 was used to measure the amplitude and 
length of the pulse coupled into the two types of box. The 
transient discharge was applied from a human-body 
equivalent consisting of a 200-pF capacitor discharged 
through a 1,00042 resistor. The transient voltage across 
the boxes was monitored with the probes and oscillo-
scope used in the pulse tests for bag materials. 

Thicker walls 

For volume-conductive boxes, increasing the wall 
thickness decreases the resistance around the box. This 
in turn enhances the shielding ability of the box over that 
of a thin-walled bag made from a material having the 
same resistivity. 
The 75-mil thickness of the material from which this 

tote box was made cut the amplitude of the pulse in the 
tote box to a twentieth of that of the comparable bag 
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RESISTIVITY OF VOLUME CONDUCTIVE BAG MATERIAL cm) 

10 10' 10' ion Iwo 10" 

(see Fig. 6 again). More important, the duration of the 
voltage transient in the tote box was extremely short 
(under 200 nanoseconds). 
The surface-conductive antistatic tote box also had a 

much thicker wall than the comparable bag, but that did 
not appreciably improve its shielding ability. The 
increase in wall thickness from 6 mils for a bag to 75 
mils for a box increased the shielding ability by only 
30%. 
The tote boxes were also functionally tested for their 

static protection. A pc board containing a static-sensitive 
mOs FET was placed in each box. The foil pattern of the 
board was designed so that each lead was terminated at 
the card edge, and the board was large enough to span 
the box from one side to the other. 
The voltage on the experimenter was increased in 

steps starting at 1 kv up to a maximum of 25 kv. At 
each step, the charged person touched one end of the 
box. This test was run with the box on a conductive table 
top and on a nonconductive table top. 
Ten devices were tested in each tote box. One device at 

a time was mounted on the pc board and tested. The 
high, low, and average values of the voltage on the 
person touching the box when the device was no longer 
within manufacturer's specifications were recorded 
in the test. 

All 20 devices placed inside the antistatic plastic tote 
box (10 on a conductive table top and 10 on a noncon-
ductive top) were damaged at from 1 to 4 kv. The 
devices on the pc boards in the carbon-loaded plastic tote 
box all were protected to voltages in excess of 20 kv. 

Perhaps the most common carrier used for shipment, 
storage, and automatic handling is the storage rail, or 
tube, designed for holding dual in-line packages. These 
DIP tubes are fabricated from a variety of materials, 

8. Shielding effectiveness. This composite 

graph compares the shielding effectiveness 

of both volume-conductive and surface-con-

ductive bags. Note that for volume-conduc-

tive bags, shielding effectiveness increases 

rapidly at low values of resistivity. 

including aluminum, plain plastic, carbon-loaded plastic, 
and antistatic plastic. 

Because of the odd shape and small size of these tubes, 
it was difficult to make many meaningful measurements 
of the pulse inside using the high-speed oscilloscope 
technique previously described. Therefore, the shielding 
ability of each type of DIP tube was examined by placing 
a SM 1 1 OCJ integrated circuit inside. This 14-pin ic was 
tested using a 200-pF capacitor discharged through a 
1,00042 resistor. 

Static protection in DIP tubes 

The tube containing the ic was placed on an 
uncharged surface and touched by a person at a poten-
tial of 2,000 V. The device was then tested for damage. If 
it was still good, the voltage was increased and the test 
repeated until damage occurred. The voltage at which 
the device was damaged was recorded for five different 
devices in each DIP tube. This test was performed on 
both grounded conductive and uncharged nonconductive 
table tops. 
A comparison of the data on device damage for plain 

plastic and antistatic DIP tubes shows that there is virtu-
ally no difference in their shielding characteristics. 
Devices contained in these plastic tubes were destroyed 
at an average voltage on a person of 4,000 V. Although 
the nonconductive package materials used to provide 
physical protection for these tubes in shipment are often 
charged far in excess of 4,000 V, the biggest hazard is 
people, who commonly attain potentials of as high as 
10,000 V in the manufacturing environment. The devices 
packaged inside the DIP tubes made from carbon-loaded 
plastic (300-1Z-cm resistivity) and those packaged in the 
aluminum tube all were protected to the maximum test 
voltage of 25 kv. 
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Designer's casebook  

Dynamic logic probe 
displays five states 
by Mihai Antonescu 
Federal Institute of Technology, Lausanne, Switzerland 

Providing the convenience of the logic probe proposed by 
Prasad and Muralidharan', which utilizes a seven-
segment display readout rather than discrete LEDs or 
lamps, this five-state detector also senses the presence of 
pulses and differentiates between the logic 0 and open-
circuit conditions. Furthermore, provision has been made 
to bias the probe via its external-reference inputs, per-
mitting it to check logic levels in circuits built with either 
TTL or complimentary-MOS devices. 
As shown in the figure, the test signal, V,„, is compared 

with reference voltages Viel to Vref4 at comparators AI to 
A3. Voltages \ire to Vrer2 are derived from the supply that 
powers the circuit under test, with Vren (developed from 
the probe's power source) and Vrem at approximately 0.05 
volt and 0.1 V below ground, respectively. Switches Sla 
and Sib at the voltage divider are used to set the required 
logic-level references at AI and A2 in order to check 
either TTL or C-MOS circuits. 

Gates GI—G13, comprising the combinational-logic 
detector, determine Vin's relation to V ren — V ret4 and acti-
vate the appropriate segments of the display (see table). 
AI and A2 are used to check for the logic 1, 0, and 
guard-band conditions. A3 is used to detect the no-
connection, or open-circuit, condition, which can be dif-
ferentiated from the logic 0 state because Vrem is main-
tained at 0.1 v below ground. Note that the logic 0 state 
for TTL will typically be 0.4 V and is hardly ever below 
0.2 y, whereas the logic 0 state for c-mos will be 
typically 0.01 Y. 

All-state. Logic probe having seven-segment display detects logic 1 and guard-band conditions, can differentiate between logic 0 state and 

open circuit, and senses a pulse train. Unit can check logic levels in circuits built with the two most popular families, C-MOS and TTL. 
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RESPONSE OF FIVE-STATE LOGIC PROBE 

Test voltage Display Comparator Display segments 

C-MOS* TTL Letter A, A2 A3 a b c d g e f 

V., < 40% V,,, < 0.8 L L L H on 

on 
permanently 

•°‘ of Vrel 

40% < V,,, < 60% 0.8 < Vir, <2 F L H H on on 

V,,, > 60% V,,, > 2 H H H H on on on 

NC NC 0 L L L on on on on 

pulse pulse P — — on on on 

Switch S2 must be depressed to catch any expected 
input pulses having a width down to 15 nanoseconds. 
This action resets the 555 one-shot, enabling it to over-
ride the displayed symbol with the letter P when the 
pulse arrives. If a train of pulses having a repetition rate 
greater than about 0.2 seconds (the time constant of the 
555) is detected, the P will be displayed indefinitely. 

With faster one-shots, pulses of 5 ns can be snared. 
The probe can be powered by any dc source having a 

minimum voltage of 19 V. Resistor R should be selected 
to pass about 30 mA to the probe circuit. 

References 

1. S. Jayasimha Prasad and M. R Muralidharan, "Logic tester has unambiguous display," 
Electronics. March 3, 1977. p. 117. 

Adjustable ex generator 
colors synthesizer's sounds 
by Randall K. Kirschman 
Mountain View, Calif. 

Providing the control signals for voltage-controlled 
amplifiers, oscillators and filters in order to modulate 
sound parameters such as loudness, pitch and timbre, 
this adjustable ex generator is the indispensable ingredi-
ent required to attain superior performance in a music 
synthesizer. Only four integrated circuits and a few 

passive components are needed in the inexpensive unit, 
which costs under $6. 
When gated or triggered, the generator produces a 

waveform that passes through four states: 
• An exponential attack. 
• An initial decay, or fallback. 
• A sustain, or steady dc level. 
• A final decay, or release. 
Each of these four parameters is continuously variable, 
so that waveforms having a large variety of shapes can 
be generated. 
The waveforms are generated by the sequential charg-

ing and discharging of capacitor CI (see figure). In 
general operation, CI is connected to a current source or 
sink as required, through the 4016 complementary-mos 

Musical tint. Four-state 

generator provides myriad 

control waveforms for mod-

ulating voltage-controlled 

amplifiers, oscillators, and 

filters in a music synthesiz-

er, and thus is useful for 

coloring loudness, pitch, 

and timbre. Attack and 

decay times are variable 

from 5 to 500 milliseconds; 

sustain level is adjustable 

from 0 to 10 volts. 
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IT'S NEW! 
THE 3PX158 
A dual drive, double 
-sided flexible disk 
certifier 
Yes, Three Phoenix Company now offers 

the ultimate in FLEXIBLE DISK CERTI-
FICATION equipment...the 3PX158. And 
it's ideally suited for MANUFACTURERS, 
OEM SUPPLIERS AND END USERS alike. 

The 3PX158 is really two testers in one. It's an 
internally programmed, 8085-microprocessor 
controlled system, providing totally indepen-
dent, but concurrent testing of 8-inch flexible 
disks and consecutive testing of 5-1/4-inch 
disks.. single or dual-sided. 

Operation is simple. You can select any one of 
three operating modes.. Automatic Reject, Stop 
on Error, or Continue on Error...or you can 
manually perform selected tests on any desired 
track. In all, the 3PX158 performs a series of 
comprehensive tests to provide Engineering with 
an evaluation tool, Quality Control with in-
coming inspection, and End Users with GO-NO 
GO testing capabilities.., including the 
separation of 100 percent disks from marginal 
disks for specific applications. 

Performed tests Include: 
• Amplitude • Missing Pulse 

• Modulation • Peak Jitter 

• Resolution • Overwrite 

• Extra Pulse 
And check these features: 

• Interactive CRT 

• Hard Copy Printer 

• Manual slewing to any track 

• Comprehensive front panel control/display 
functions 

Remember, at Three Phoenix 
we specialize in automatic 
test and certification equipment. 

For further information, contact: 

THREE PHOENIX COMPANY 
21639 North 14th Avenue/Phoenix, Arizona 85027 
(602) 242-6300 

• 
Semi-Finished 
Quartz Crystals 
Choose from the largest 
inventory in the U.S. • 
P R Hoffman is one of the world's largest pro-
ducers of semi-finished quartz crystal wafers 

For nearly 40 years, we specialized in providing crystal blanks 
to finishers Today we grow our own High-CI pure Z cultured quartz 
and process natural and cultured quartz to meet customer require-
ments for electronic and electro -optical applications We supply 
crystal blanks lapped to the customers final frequency tolerances We 
can also meet the most stringent specifications supplied with 
regards to dimensioning and orienting to precise angles 
P R Hoffman maintains an inventory of over 2,000,000 crystals 

and can often ship from stock to meet your requirements For 
information and prices, send your specifications to. 

P. R. Hoffman A Norlin Technology Co. 

321 Cherry Street, Carlisle, PA 17013 Telephone: 717-243-2011 
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NEW INTEGRATING 
POWER ANALYZER 

simultaneous readouts in amps•volts•watts 

MODEL 4612 
DIGITAL POWER ANALYZER 

Rugged instrument performs test operations on motors 
and virtually any other electrical device. Its advanced features, 
many of them exclusive, include 
• NEW microprocessor control 
• NEW improved noise 
immunity 
• NEW floating-point non-
blinking readouts for improved 
resolution 
• NEW manual start/stop for 
amp-, volt-, and watt-hour load 
measurements 
• Pushbutton range selection 
with overload and error 
protection 
• True WAS readouts 

• No need for burden 
compensation 
• Illuminated pushbutton 
function controls 
• Ranges 0-50 amps, 0-600 
volts, 0-30,000 watts 
• Typical accuracy better than .5% 
• Portable, needs no hard wiring, 
simple setup 
and operation 
• Analog and 
digital outputs 
optional 

Request information on this precision power analyzer today. 

M. out catalog 

IHOMPAr 
Ca Call lt toli.free et 

800.8211 7844 
(except Neer York Ste.) 

MAGTROL, INC. 

70 GARDENVILLE PARKWAY WEST BUFFALO, NEW YORK 14224 716-668-5555 
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analog switches. These switches are controlled by simple 
logic set into action by the gate-input pulse. Triggered 
operation is made possible by adding a monostable mul-
tivibrator to the circuit. 

In the dormant state (gate input low), analog switch C 
is on, switches A and B are off and the RS flip-flop 
formed by two 4001 NOR gates is reset. The onset of a 
gate pulse turns on switch A and turns C off. Conse-
quently, CI charges through R3 and R4, producing the 
attack segment of the waveform. Note that the L M356 
buffer protects CI from excessive loading. 
When the voltage across CI reaches V.,,x (determined 

by voltage divider R1—R2), the LM311 comparator sets 
the RS flip-flop. This action in turn switches B on and A 
off. Thus the initial decay segment is generated as CI 
discharges through R5 and R6 to reach the sustain volt-
age, the level of which is determined by the setting of 
potentiometer R2. 

Concurrently, the comparator's output has gone low, 
but the RS flip-flop remains set until the gate pulse 
moves to logic 0, at which time switch C turns on. Thus 
CI discharges through R7 and R8 to produce the final-
decay portion of the wave, after which the circuit reverts 
to its dormant state. 

Low-loss shunt protects 
high-current supplies 
by Roy Hartkopf and Ron Kilgour 
Alphington, Victoria, Australia 

The usual method for providing short-circuit protection 
in low-voltage, high-current power supplies is to employ 
a current-sensing resistor in series with the load. Unfor-
tunately, this scheme develops an appreciable voltage 
drop across the resistor when large currents flow and 
may consequently reduce the available output voltage to 
a great degree. The voltage drop can be virtually elimi-
nated with an alternative method, shown here, which 
uses an audio transformer and a single-turn winding to 
sense the overcurrent condition at the secondary of the 
supply's power input transformer. Besides being inexpen-
sive, the current sensor will react faster to overloads than 
some of the more conventional circuits. 
As shown in the figure, current protection may be 

secured for a typical 27-volt, 20-ampere supply by wind-
ing a single turn of 10-gauge wire, which is placed in 
series with the power transformer's secondary and the 
supply's rectifier bridge, onto a small audio transformer 
connected in the control section of the supply. During 
normal operation, transistor Q1 will be saturated because 
current is delivered to its base from the 27-v supply line. 
Note that the secondary of the audio transformer, in 
conjunction with diode DI, will contribute a relatively 
small negative voltage at the summing junction of PI. 

Should the current demands increase, however, the 
magnitude of the negative voltage developed at the audio 
transformer's secondary will increase and, consistent 
with the setting of potentiometer PI, pull the base-
to-emitter voltage down to cut off Q1. The 2N2646 
unijunction transistor will then turn on and trigger the 
silicon controlled rectifier, and the control signal will be 
brought low. Thus this signal can be used to cut off the 
supply. This action will be instantaneous, occurring on 
the first overload cycle. 

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. We'll pay $50 for each item published. 

Current gauge. An audio 

transformer and a single 

turn of heavy-gauge wire, 

placed between input 

transformer's secondary 

and rectifier, give high-cur-

rent supplies overload pro-

tection without introducing 

input-to-output voltage 

drop that occurs with units 

employing current-sensing 

resistors. Potentiometer P, 

sets the overload point. 

Overload detection is in-

stantaneous, occurring on 

the first positive cycle of 

input voltage. 
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Microcomputer for emulation 
bares hidden buses, functions 

Internal states and data paths not visible on standard pins 
call for special bond-out versions of modern MOS machines 

by Jim Moon, Intel Corp., Santa Clara, Calif. 

D Integration on large and very large scales is presently 
ushering in an era of systems on chips. Although this 
trend may make microprocessor users smile, it is giving 
headaches to some test equipment designers. What hap-
pens when the internal workings of a processor can no 
longer be viewed through its pins? How will it be tested? 
How will it be emulated? 
These questions loom larger as microprocessors and 

single-chip microcomputers are stoked with instruction 
prefetch units and look-ahead queues, asynchronous 
communications controllers, analog converters, and hid-
den buses. One solution is specialized chips that provide 
access to these internal subsystems and buses and allow 
memory normally accessed internally to be located off 
chip. On such devices, special test and monitoring points 
are made available via extra bonding pads; for this 
reason such components are termed bond-out chips. 

In early microprocessors such as the 8080, only one 
function or process is performed during any time period. 
Today's processors, however, as well as virtually all 
foreseeable designs provide for multiple parallel asyn-
chronous functions (see Fig. 1). Although these func-
tions vary according to the intended use of a particular 
microprocessor, they all communicate with, and alter the 
sequence of, operations of the central processing unit in a 

way that cannot be determined from the device's pins. 
Other problems are encountered when an attempt is 

made to interrupt the processor's operating sequence to 
gather information about its state. Processor functions 
that either do not respond directly to a sequence of 
operation codes or may change state as a result of an 
interrogation of their status pose complex problems to 
the designer of the test instrumentation so essential to 
their successful application. 

Architectures contrast the problems 

A relatively simple example can be put forth using the 
16-bit 8086. In this microprocessor, a central processing 
unit communicates with program memory, data memo-
ry, and input/output ports over a well-defined bus struc-
ture. Each operation begins with the fetching of an 
operation code, or op code. This may be followed by 
additional bus cycles, depending upon the decoded 
instruction. Each bus cycle is accompanied by status 
information that, together with address and data values, 
fully describes the step-by-step operation of the micro-
processor. 
The most common way to emulate a device of this 

type involves a forced sequence of instructions, inserted 
at the point where machine-status data is desired. Initi-
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1. All at once. In oldèr microprocessors like the 8080, only one process is performed during a time interval. With today's machines and all 
foreseeable designs, many asynchronous functions are performed in parallel, so the chip's state cannot be read from its pins. 
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ated by the first op-code fetch cycle after this point has 
been reached, the interjected instructions place the con-
tents of the various registers and flags on the data bus. 
The transition out of the emulation mode consists of 

loading desired values back into each of the registers and 
performing an unconditional jump to the address of the 
next user instruction to be executed. Proper handling of 
the device's interrupt functions and its hold/hold-
acknowledge and ready/wait signals makes proper emu-
lation something more than trivial; but it can be accom-
plished with a moderate amount of external logic. 
One architectural feature of the 8086, while enhanc-

ing performance significantly, also happens to create 
considerable difficulty in implementing an accurate real-
time emulator. As shown in Fig. 2, the microprocessor 
consists of three asynchronous functional blocks, only 
one of which communicates with the external world. The 
execution unit takes its instructions out of the instruction 
queue, and the bus interface unit determines the priority 
of the bus activity and synchronizes the other two blocks 
with the outside world. Such an arrangement improves 
performance by optimizing the use of available bus and 
memory bandwidth. However, the activity at the pins of 
the device no longer reflects the execution unit's 
sequence of operations. 

Instruction-prefetch bus cycles load the instruction 
queue a word at a time, irrespective of the address of the 
first byte of an op code (the only exception is the first 
address fetched after a jump, call, or return instruction 
to an odd address). Any nonsequential code execution, 
however, causes the queue to be emptied so that the bus 
cycles associated with the prefetched instructions must 
somehow be disregarded in determining the machine's 
state. The implementation of breakpoints and condition-
al-trace routines becomes a major problem. Although 
queue-status information is available on the pins while 
operating in the maximum mode (used in larger systems 
with multiple master processors), either the queue must 
be duplicated in external hardware or the execution 
address must be regenerated as each byte is taken from 
the queue. In either case, accurate emulation requires a 
substantial amount of external hardware. 

A single-chipper's needs 

The 8051 single-chip microcomputer provides another 
point of reference. This device includes a read-only pro-
gram memory, a random-access memory, an asynchro-
nous serial port, two timer-counters, four parallel 
input/output ports, and a vectored interrupt structure 
(see "Inside the 8051 single-chip microcomputer," 
p. 128). All of this is on chip. The device functions either 
in a single-chip mode, in which all program and data 
memory transfers are performed internally, or in memo-
ry-intensive applications, where up to 65-K bytes of 
program memory and the same amount of data memory 
may be addressed off chip. 

Even in the 8051's most basic single-chip mode of 
operation, several emulation problems become immedi-
ately apparent. First, software debugging demands the 
use of external random-access memory for code storage. 
With the 8051 two ho ports (0 and 2) are used to 
implement the external memory bus, which means that 
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2. Three in one. The 8086 microprocessor is composed of three 

independent function blocks: the execution unit, instruction queue, 

and bus interface unit. This partitioning makes emulation difficult 
because only one of the sections talks to the outside world. 

these may not be referenced in the user's program. 
Second, an instruction sequence to gain control of the 
8051 for emulation must limit its use of interrupts to the 
low-priority level, reserving the higher level and one of 
the external interrupt inputs for emulator use. Finally, 
the inability to control timers and serial-port functions 
during an emulation break would be severely restrictive. 
The inability to readily determine device operation at 

the pins of modern components like the 8051 points to a 
need for extraordinary solutions to the problems of 
advanced microprocessor system testing. At the same 
time, the increased complexity of system applications 
suggests a reevaluation of those capabilities considered 
to be essential for effective microprocessor diagnosis. 
The functions to be provided through in-circuit emula-

tion show where microprocessor system testing is 
headed. First of all, the instrument will provide accurate, 
real-time emulation, where real-time means an exact 
duplication of the operation of the target processor. 
The ability to predict and control the operation of 

asynchronous functions such as serial ports, timers, and 
counters during an emulation break is possible at the 
discretion of the user, since the desired mode of opera-
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Inside the 8051 single-chip microcomputer 

The 8051 contains 4-K bytes of program read-only memo-
ry, a 128-byte random-access memory, 32 I/O lines, two 
16-bit counter/timers, a five-source, two-priority interrupt 
structure, a serial communications port that can handle 
multiprocessing, and an on-chip clock and oscillator. An 
8051 system can be expanded with external memories 
and peripheral chips. In the 8051 series, the 8751 replaces 
the 8051's mask-programmable ROM with an erasable 
programmable ROM, and the 8031 contains no internal 
program memory. 
The architecture of the 8051 is based on the 8048's, but 

enhanced with direct addressing, four eight-register stor-
age banks, and a 128-byte stack. Instructions added to 
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64 KI 

4,095 

the 8048's repertoire include those for nonpaged jumps 
and those to multiply, divide, subtract, and compare. Most 
instructions occupy 1 or 2 bytes and, with a 12-megahertz 
crystal, execute in 1 microsecond. 
Operands for the 8051 can reside in four spaces: the 

64-K bytes each of program memory and external data 
memory, a 384-byte internal data memory, or a 16-bit 
program counter. Internal data memory is further split into 
a RAM and special function registers that contain the 
memory-mapped I/O ports, timers, etc. 
The 8051 has extensive bit-manipulation capabilities 

through an internal Boolean processor. It has its own 
instruction set and accumulator (the carry flag). 
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tion will depend upon the application and the test. 
Finally, the user is relieved of the tedium of translat-

ing addresses and data into program listings. Symbolic 
references are used and programs and data are displayed 
in symbolic form to save engineering time. 

These goals require a special version of the processor 
to be emulated; the 8051 bond-out chip is such a device. 
Housed in a 64-pin leadless carrier, the bond-out chip 
has no internal read-only memory. Addresses and data 
are transferred between the processor and external mem-
ory by way of a specialized bus that is brought out via 
the extra bonding pads. The need for off-chip buffering 
of this bus required close attention to a number of timing 
parameters to insure that the bond-out version does not 
differ from the way a normal 8051 accesses its program 
ROM. As shown in Fig. 3, the bond-out chip includes 
special-purpose inputs and registers to control the serial 
port, timers, and interrupts during an emulation break. 
Two special-purpose registers provide a means to 

determine the processor's state without compromising 
data integrity. A general-purpose communication regis-
ter located at address 9E16, unused in the 8051, permits 
the contents of the accumulator, flags, and registers to 
be read from the processor without affecting the I/O-port 
pins. The second register, at address 9F16, supplies the 
status of interrupts in progress, the specific interrupting 
device, and its priority level. These registers are accessed 
via special control pins that permit their contents to 

appear on the bond-out address and data buses. 
Control inputs are provided to stop the timer-counters 

and to inhibit the normal response to an interrupt 
request. Memory-mapping features of the in-circuit 
emulator are supported through a control input that 
functions in accordance with the normal internal-to-
external address boundary at 4-K bytes. This feature 
permits the mapping of program memory that would 
normally be accessed via Po and P2 port pins into the 
emulator via the bond-out address and data buses. 

Bond-out techniques, although costly to develop, pro-
vide a diagnostic tool that emulates the target processor 
and circumvents the functional problems associated with 
emulation breaks. The pins of the bond-out chip that are 
identical in function and timing to those of the target 
processor interface directly with the system designed 
around the part. No additional timing or buffer elements 
need be used, so the speed degradation inherent with 
such devices is avoided, and load and drive requirements 
are identical. 

What the future holds 

Future microprocessors will garner more on-chip func-
tions (Fig. 4). In addition to asynchronous functions 
such as direct-memory-access channel controllers, serial-
1/0 interfaces, and arithmetic processors, more on-chip 
hardware will be dedicated to specialized operating sys-
tem and algorithmic requirements. 
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3. Bonded out. The internal memories and buses of single-chip microcomputers are especially difficult to get at for test purposes. For full 

emulation of the 8051, a special version was developed. It has inputs and registers to control I/O ports, timers, and interrupts. 
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4. Chip of the future. In future processors, particularly single-chip 

units, added functions such as cache memories, preprocessors, and 

I/O controllers will compound the problems of in-circuit emulation, 

making bond-out versions necessary for system development. 

Single-chip processors will continue to expand their 
on-chip memory. ho functions will grow in scope and 
complexity; analog-to-digital and digital-to-analog con-
verters as well as serial communications controllers are 
among the more obvious additions. The 8022 single-chip 
microcomputer, with its on-chip a-d converter and its 
inability to address external memory, also warranted a 
bond-out version, which will be introduced soon. Time-
critical relationships between uo functions and software 
execution require test systems that can provide the nec-
essary stimulus and measurement capabilities. 

Processors with 16-bit and wider buses will undergo 
the architectural evolution that has already taken place 
in the minicomputer and mainframe domain. On-chip 
cache memories, instruction preprocessors, and protec-
tion hardware for multitasking environments will create 
problems in the design of instrumentation to support 
hardware and software integration, with the result that 
software diagnostic aids alone will not suffice. 
The chip maker should address the testing and diag-

nostic needs of a processor from concept through volume 
production. Many problems will only be solved from 
within the component. Many of the necessary diagnostic 
features will serve little or no purpose in applications 
and, in fact, would only create another level of testing 
complexity if used in the applications. 
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LSI trio calls the tunes 
in microcomputer's CPU 

Bus duo and chip combining programmable logic and read-only memory 

give LSI-1 1 /23 speed and expandable microinstruction store 

by Duane Dickhut, Burt Hashizume, and William N. Johnson, Digital Equipment Corp., Maynard, Mass. 

LI How best to apply large-scale integration to an exist-
ing computer architecture is a continuing challenge in 
the industry. Reduced size, power consumption, and 
costs are the rewards, but the designer faces the risks of 
reduced flexibilty to make future enhancements. 
The LSI-11/23, the latest microcomputer member of 

the PDP-11 family, resolves the problem by using a 
multiple-chip central processing unit. Rather than 
include the microinstructions and the bus that transports 
them on a single chip as one-chip cPus do, this multichip 
approach makes the bus accessible and the number of 
microinstructions expandable. 
The flexibility inherent in an expandable number of 

microinstructions makes microprogramming easier and 
makes it possible for these chips to be used also for other 
PDP-11 machines and such non—PDP-11 products as 
input/output controllers. 

In addition to its flexibility, the LSI-11/23 is power-
ful. Though it costs about as much as the entry-level 
LSI-11 microcomputer, the LSI-11/23 has about two 
and a half times the execution speed and offers the 
functions and performance of the PDP-11/34 mid-range 
minicomputer [Electronics, March 15, 1979, p. 88]. 

1. Side by side. The three chip types that 

form the heart of the LSI-11 / 23 microcom-

puter are packaged in a novel manner: the 

data-path chip is mounted on the same DIP 

as the control-store chip, to which the pen 

points, and immediately to the left of this 

package two additional control-store chips 

share another DIP. The memory manage-

ment unit (hidden) resides by itself. 

The multichip processor keeps the LSI-11/23 fully 
software-compatible with the other members of the 
PDP-11 family, ranging from the LSI-11 at the low end 
to the PDP-11/70 at the top. In particular, the LSI-
11/23 uses the same electrical bus structure as the 
LSI-11. Therefore it can directly replace the central-
processing-unit module in the LSI-11—based PDP-11/03 
microcomputer and operate with the same associated 
hardware. Furthermore, it implements the entire basic 
PDP-11 instruction set. It uses PDP-11/34—type memo-
ry management and its hardware supports a physical 
address up to 18 bits long. This compatibility permits the 
RSX-11M timesharing operating system and PDP-11 
application software to run unchanged on the LSI-11/23 
microcomputer. And because its microcode is expand-
able, other PDP-11 instruction sets such as the FP-11 
floating-point operations and business-oriented features 
like string and decimal operations can be added. 
The central processing unit of the LSI-11/23 is 

mounted on a single 5-by-8-inch printed-circuit board 
(Fig. 1). At its heart is a set of three custom n-channel 
MOS LSI chips: a data-path (DAT) chip, a control-store 
(cu.) chip, and a memory management unit (mmu). 
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2. Accessible communications. A major advantage of the multiple-chip approach is the accessibility of the microinstruction bus (Me), 

which lets up to 32 control-store chips be used. The data- and address-line (DAL) bus also handles the interrupt and abort information. 

The data-path chip handles math and logic functions, 
address and data-bus transfers, and most interchip com-
munications. It contains 16-bit PDP-11 registers, 16-bit 
temporary (scratch-pad) registers, the arithmetic and 
logic unit (ALu), and conditional branching logic. 
The memory management unit provides memory man-

agement registers and memory relocation logic that are 
functionally identical to those on the PDP-11/34. It also 
holds the FP-11 floating-point register set that is func-
tionally identical to those on the PDP-11/34, PDP-
11/60, and PDP-11/70 minicomputers. 
The control-store chip contains a unique combination 

of mask-programmable read-only memory that stores 
the control microcode (also known as microstore) and 
programmable logic arrays that act as the microprogram 
sequence logic. It holds 552 25-bit words. These chips 
can be cascaded up to an architectural maximum of 32, 
each containing entirely independent microprograms. 
The LSI-11/23's maximum microstore capacity is thus 
552 X32, or 17,664 words. 
Each CTL chip is responsible for accessing only its 

local microstorage. Only one CTL chip may be active at 
any given time, and jump microinstructions transfer 
microprogram control between CTL chips. With all nec-

essary control functions on these self-contained chips, 
microstore extension can be achieved without any 
change to the DAT and mmu chips or to CTL chips 
already on the board. 

Packaging 

As seen in Fig. 1, the DAT and the first CTL chip are 
mounted side by side on a 40-pin hybrid dual in-line 
package located at the center of the CPU board. The 
mmu chip is mounted by itself in a single DIP at the left 
side of the board. Just to the left of the DAT-CTL 
package, a similar dual-chip DIP houses two more CIL 
chips that contain the optional FP-11 floating-point 
instructions. 
These chips communicate with each other and with 

surrounding logic on the CPU board over two buses—a 
16-bit microinstruction bus (m1B) and a 16-bit data- and 
address-line (DAL) bus, as shown in Fig. 2. The microin-
struction bus transfers the 16-bit microinstruction por-
tion of the 25-bit microcode word and control informa-
tion. The DAL bus communicates interrupt and abort 
information, as well as data and addresses. 

Both the MIB and the DAL bus are bidirectional and 
time-division multiplexed. Transmission of different 
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3. Two paths are better than one. The data-path chip is built around a 16-bit arithmetic and logic unit and a dual-ported register bank. 

Because of the two ports, any register can be either the source or the destination of operands, thus cutting execution time. 

types of information is assigned to particular half cycles, 
either the positive phase (4)) or the negative phase (4)) of 
the 288-nanosecond LSI-11/23 microcycle. The MIR 
uses the 71) half cycle to transfer a microinstruction from 
the active CTL chip to all other chips. Then, during the /9 
half of the microcycle, the MIB transfers control signals 
associated with this microinstruction from the DAT to the 
mmu and other CTL chips, as well as to the other logic on 
the CPU board, and to the hardware that interfaces to the 
outside world. 
The DAL bus can be used for a variety of data 

transfers during the (/) half-cycle. Floating-point data can 
be transferred either way between the DAT and the 
mmu, microprogram subroutine return data can be 
moved from the DAT to the CTL, or data from the local 
buffer can be moved into the DAT. In addition, the DAL 
bus can be called upon during this half-cycle to transport 
virtual addresses from the DAT to the mmu and the 
outside world, to accept macroinstructions from the out-
side world, or to move data between the outside world 
and the chips. 

In the 4) half-cycle, however, the DAL bus restricts 
itself either to transferring physical addresses from the 
mmu to the outside world or to moving service data from 
the outside world into the cu. The service data includes 
synchronous interrupts (such as those generated by 
peripherals, the ac power-failure monitor, a halt switch, 

and the real-time clock), as well as asynchronous events 
like memory management abort, parity error, bus time-
out trap, and illegal macroinstruction trap. 
When handling macroinstructions during the 4) half-

cycle, the DAL bus gives copies of the current macroin-
struction to the DAT, mmu, and every CTL —not just the 
currently active CTL. Each chip then executes its partic-
ular functions, decoding the necessary data from its 
PDP-11 macroinstruction register. This technique of 
transferring the macroinstruction initially to all chips, 
whether they need it or not, is used because it is less 
time-consuming than the alternative approach of trans-
ferring a single copy of the PDP-11 macroinstruction 
into the DAT and then sending copies of that to other 
chips in sequence as needed. This design tradeoff in the 
LSI-11/23 has reduced execution time but added to each 
chip the hardware needed to eliminate sequential trans-
fer of macroinstructions. 

Multiplexing and LSI packaging 

The purpose of time-division-multiplexing two types of 
function on both the MIB and the DAL bus was to make 
the size of the microstore extendible in a compact, 
convenient, and economical fashion—that is, fitting the 
chips into a 40-pin DIP, the familiar hardware configura-
tion of single-chip processors. 

Without time-division multiplexing, the DAT and CTL 
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chips would each have had to have four 16-bit buses— 
one for microinstructions, another for control signals, a 
third for data and address transmission, and one more 
for service signals—and 64 pins. Moreover, additional 
pins would have been needed for extra control signals, 
plus power and ground, bringing the total to more than 
the 64 pins that is the current maximum for DIPs. 

Reduction of the pin count from what would have 
been more than 64 to fewer than 40 through time-
division multiplexing reduced the cost of both the inte-
grated circuits and the chip packages. It was possible to 
mount two 40-pad chips on a single ceramic substrate 
forming a 40-pin dual-in-line package, whereas it is not 
practicable at present to mount and connect two 64-pad 
Ics on a 64-pin DIP. 

Microinstruction set 

Key to the operation of these chips are the microin-
structions that perform the tasks indicated by the macro-
instructions coming from the program. Each 25-bit 
microcode word consists of 16 bits of microinstruction 
and 9 bits of sequencing data, commonly called a next 
address. The currently active CTL chip transmits the 
16-bit microinstructions to the DAT, MMU, and other 
CTL chips via the MIB. Each chip decodes certain fields 
within the 16-bit microinstruction to determine its oper-
ation, if any. 

There are 63 LS1-11/23 microinstructions that fall 
into seven major classes. One of the most commonly used 
classes is operate, which consists of an 8-bit operation 
code (op code) field, a 4-bit operand-source specifier, 
and a 4-bit operand-source or -destination specifier. 
Each of the 4-bit operand specifier fields can select any 
one of 16 registers in the DAT register file. Each of the 
31 operate instructions has four variations that act on 
different types of data, and 22 of the instructions are 
identical to PDP-I1 macroinstructions in symmetry, 
operation, and condition-flag setting. These microin-
structions include such operations as logical shifts and 
rotates, arithmetic shifts, arithmetic and Boolean opera-
tions, byte-word moves, and bit testing and setting. 
The six literal microinstructions, each of which con-

tains 8 bits of immediate data that are used as the source 
operand, include such operations as load, compare, and 
add. The nine address instructions specify the type of bus 
cycle— for example, read-only or read-modify-write — 
and select the source register in the DAT for the virtual 
address. 
The four input-control microinstructions receive mac-

roinstructions, peripheral interrupt vectors, and operand 
data from the outside world and transfer floating-point 
data from the mmu to the DAT chip. On the other hand, 
the four output-control microinstructions transmit data 
from the DAT to the CTL, the mmu, and the outside 
world. These transfers include floating-point data from 
the DAT to the mmu and microprogram subroutine 
return information from the DAT to the CTL. 
There is only one unconditional-jump microinstruc-

tion, and it transfers control from the currently active 
CTL to any other of the up to 32 chips. Finally, the eight 
conditional jumps make decisions on the basis of ALU 
output data or PDP-11 condition flags. The 8-bit jump 

address field contains the branch target address within 
the currently active CTL chip. 

Built around a 16-bit ALU and a dual-ported register 
bank (Fig. 3), the data-path chip is central to the LSI-
11/23. This register bank contains 10 PDP-11 general-
purpose registers, including registers RO to R5, a kernel-
mode stack pointer (KsP), a supervisor-mode stack point-
er (SSP), a user-mode stack pointer (usP), and a pro-
gram counter (Pc). In addition, there are the processor 
status-word (Psw) register and five working registers for 
scratch-pad storage for microprogramming complex 
operations. 

Since the register file in the DAT is dual-ported, data 
in a given register can be considered as either a source or 
a destination operand. Whereas the Rb port can be used 
only as a read path (source), the bidirectional R. port 
can be used for both read and write (source and destina-
tion) access. In implementing the PDP-11 instruction 
set, this dual-ported arrangement cuts execution time 
and simplifies chip design by reducing the number of 
registers in the data path needed for emulating macroin-
structions. 
The microinstruction register in the DAT receives the 

active microinstruction over the MIB from the CTL. The 
PDP-11 macroinstruction register (at the bottom right of 
Fig. 3) receives the macroinstruction from the currently 
executing PDP-I 1 macroprogram over the DAL bus from 
the main memory. When the current macroinstruction is 
a PDP-I 1 branch instruction, this register is used by the 
special branch logic to test the PSW condition codes in 
the DAT register file. 

In control 

The contents of the microinstruction register are used 
by the control logic to generate control signals. These 
signals are then transmitted over the MIB during the 0 
half-cycle to the CTL, the mmu, and the outside world. 
In this process, the vertically encoded microinstruction 
received from the CTL microstore is translated into hori-
zontal microinstructions, called nanoinstructions, that 
can be used directly to control the data paths and logical 
functions. 
The R. and Rb address multiplexer permits the regis-

ter specifier portions of the microinstruction to access 
directly any one of the 16 registers in the DAT register 
file. These specifier portions of an instruction can be set 
to select particular registers by means of 3-bit source-
register and destination-register specifiers included in 
the macroinstruction. The ability to specify source and 
destination addresses for the microprogram avoids the 
need for additional chip hardware and extra execution 
time to calculate the address. The older LSI-I 1 micro-
processor, for example, uses an additional microcycle to 
perform this task. 
The 16-bit outputs of the R. and Rb ports, as well as 

literal operands from the microinstruction register, enter 
the ALU. The ALU performs binary and binary-coded-
decimal arithmetic and Boolean operations as deter-
mined by the microinstruction op codes. A set of status 
flags in the ALU are updated every microcycle and can 
be tested by conditional-jump microinstructions. 
From the ALU the 16-bit output goes into a register-
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4. Now combo. The novel combination of 138 words of programmable logic array and 414 words of read-only memory in the control-store 

chip increases the performance of the LSI-11/23 over the LSI-11, since the CTL directly handles the microcomputer's microcode sequencing. 

write multiplexer, which selects either the ALU results or 
data from outside the CPU for transfer to the R. port 
over the bidirectional A-bus. The data is then written 
back into the register file at the location indicated by the 
destination specifier in the microinstruction. The A-bus 
connection to the R. port is also used to transmit data 
from the register file to the outside world and to load the 
PDP-11 macroinstruction register. 
Operands are read out of the DAT register file and 

latched into the ALU during the 4) half-cycle. The ALU 
operation is completed and the result is written back into 
the register file through the R. port during the .7) half-
cycle. Therefore, two 16-bit numbers can be fetched, 
added, and placed back into the destination register file 
within one microcycle. 

The CTL chip 

The control-store chip holds the microcode that directs 
the operation of the data-path chip. The microstore in 
this chip (Fig. 4) is a novel combination of 138 words of 
a programmable logic array (PLA) and 414 words of 
read-only memory (ROM). The PLA structure is designed 
for efficient decoding of PDP-11 macroinstructions, and 
the ROM is used for efficient storage of in-line micro-
code. Input data into the PLA consists of 16 bits from the 
PLA input register, which can be either a macroinstruc-
tion or any type of microsequencing information, plus 

the 9-bit-long next address. The next address can invoke 
either PLA locations for decision making or Rom loca-
tions for in-line microinstructions. 

Integration of the PLA and Rom into a single semicon-
ductor microstore provides two valuable characteristics. 
First, the output of the PLA is itself an executable 
microinstruction, rather than simply an address. Second, 
PLA terms and ROM words may be mixed in any order 
because the next-address fields permit transferring with-
in and between PLA and Rom without a time penalty. In 
the customary two-tier control-store structure in many 
microprocessor designs, on the other hand, the macroin-
struction is decoded in the PLA in order to generate the 
starting address of the instruction's execution microcode 
stored in a separate control store. There may be several 
stages of mapping PLA or ROM for deciding addressing 
modes in addition to the op codes. 
An outstanding advantage of these characteristics is 

the elimination of the need to wait for dispatching. The 
first microinstruction in the appropriate addressing or 
emulation sequence is immediately executed. And since 
most of the PDP-11 arithmetic and logic macroinstruc-
tions are emulated by matching microinstructions, they 
can be executed in a single microcycle following macro-
instruction fetching without any decoding overhead. 
System interrupts, line-clock interrupts, bus errors, 

and memory management aborts occur asynchronously, 
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5. Registers and memory. Two sets of registers in the memory management unit keep the user and system modes of operation separate 

when translating virtual-memory to real-memory addresses. Also on the chip are the unrelated floating-point accumulators. 

but many of them must be tested at the end of each 
instruction execution. The LSI-11/23 uses the PLA struc-
ture to test for these interrupts, again without a time 
penalty. While the last microinstruction of a macroin-
struction routine is being executed, the PLA input regis-
ter is loaded with the interrupt information. If interrupts 
are pending, the PLA decodes the interrupt requests and 
generates the first service microinstruction in the next 
microcycle. If none is pending, the PLA translation 
instead generates the first microinstruction in the next 
macroinstruction routine. 

In fact, the major reason for the increased perform-
ance of the LSI-11/23 over the LSI-11 is the saving in 
execution time within the integrated PLA and ROM 
microstore in the CTL. 

The MMU chip 

The virtual address translation and memory manage-
ment function of the mmu chip (Fig. 5) is based on 
information contained in two sets of page-address regis-
ters (PARs) and page-description registers (PDRs). One, 
called the kernel set, is for the exclusive use of the 
operating system and has unrestricted access to all CPU 
functions. The user's set, however, has restricted access 
and is for the application program. In addition, there are 
four status registers (SRO—SR3) that are functionally 
equivalent to those used in the PDP-11/34 minicom-

puter's memory management mechanism. 
The active mmu register set—user PAR and user PDR 

or kernel PAR and kernel PDR —is defined by the 2-bit 
mode specifier in the PSW in the DAT's register file. The 
top 3 bits of the virtual address received over the DAL 
bus determine which one of eight PARS or PDRS for each 
mode is to be used. 

Addresses 

The contents of the selected PAR is one input to an 
adder; the remaining bits of the virtual address from the 
DAL bus are the other. The adder combines bits 6 to 12 
of the virtual address to the 12-bit PAR term to form bits 
6 to 17 of the physical address. Bits 0 to 5 of the physical 
address are identical to bits 0 to 5 of the virtual address. 
The address translation takes just one microcycle— the 
virtual address is transmitted back to the DAL bus by the 
adder during 0 in the same microcycle. 

Information in the PDRs, together with the compara-
tor, is used to implement memory protection features. 
The four status registers capture information when there 
is an abort caused by violation of the protection rules. 

Although they are unrelated to its basic function, the 
mmu also provides storage space for eight 64-bit float-
ing-point accumulators. A particular accumulator is 
selected by a combination of the input and output micro-
instructions and by the PDP-11 macroinstruction. 0 
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Engineer's notebook  

MOS FETs sequence power 
to sensitive op amps 
by J. E. Buchanan 
Westinghouse Electric Corp., Baltimore, Md 

Though hardly mentioned, even in application notes, 
operational amplifiers with double-diffused input devices 
often require—like many other integrated circuits pow-
ered by bipolar supplies—the simultaneous or sequential 
application of positive and negative voltage. This is to 
prevent device degradation or burnout due to forward 
biasing of various input-circuit diodes and transistors. 
One simple and low-cost means to meet these require-
ments can be achieved by using mos field-effect transis-
tors, which have high input impedance and low output 
impedance, to apply power to one terminal of the op amp 
after sensing the presence of power at the opposite 
terminal. Such an arrangement is not only more reliable 
than any using double-pole relays, but uses less power 
and takes up less space as well. 
The basic circuit shown in (a) ensures the simulta-

neous application of plus and minus voltage to a 
MC1556 op amp. The p-channel, enhancement-mode 

MOS FET in the positive supply line requires a negative 
gate voltage to turn on and the n-channel unit in the 
negative supply line requires a positive gate voltage to 
turn on. Therefore, this cross-coupled configuration does 
not allow the application of positive voltage unless a 
negative voltage is present, and vice versa. If one supply 
fails, power applied from the other supply is removed. 
The FETs are selected such that the threshold, or turn-
on, voltage is roughly equal to the difference between the 
positive and negative supply rails. Thus both supplies 
must be near their rated values before either FET can 
turn on. 

In actual operation, the gates of the FETs will have to 
be biased via resistive voltage dividers in order to match 
their individual threshold requirements, and other sup-
porting circuitry is needed as well, as shown in (b). The 
addition of a capacitor at the divider will allow the 
turn-on time to be selected. The capacitor can also be 
used to compensate for a relatively slower FET in one leg 
or for differences in supply turn-on times. 
The delay in applying the voltages to the op amp is 

determined by the RC time constant formed by the 
equivalent resistance of the divider and the turn-on 
delay. The decoupling capacitor is also useful for noise 
suppression and in supplying peak (transient) load cur-
rents. A diode may be required across the mos switch, as 
shown, to ensure the rapid discharge of the switched 
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Mine. Two MOS FETs protect sensitive op amps against input-

circuit damage (a) by ensuring simultaneous application of bipolar 

supply voltages. Practical circuit configuration (b) includes various 

capacitors and diodes for controlling turn-on delay and for transient 

protection. Only one MOS FET is required for applications where the 

plus and minus voltages are to be supplied in sequence (c). 
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nodes when the system's supplies are turned off. 
A basic circuit that will apply bipolar voltages in 

sequence is shown in (c). This circuit ensures that the 
positive supply is not turned on unless the negative 
supply is established. A similar arrangement is used for 
positive-supply predominance, except that an n-channel 
device is placed in the negative-supply lead. 

Use of the Supertex VP01 p-channel mos FET (and 
the n-channel VN01) is ideal for all applications. They 
have a specified on-resistance of about 10 ohms, which is 

Calculator notes 

low enough to ensure that there is little voltage drop 
across them when they are on; in this case, the drop is 
only 50 mv for a supply current of 0.5 mA, and it will not 
increase greatly despite rather heavy current flow. 

Again, voltage divider R1—R2 is selected so that the 
VP01 will be fully on with minimum operational supply 
levels. Circuitry as seen in (b) is also needed. 

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 $50 for each item published. 

TI-59 MOS FET program 
aids LSI designers 
by Ray Pinkham 
Texas Instruments Inc., Houston 

Designers of large-scale integrated circuits who use this 
TI-59 program to find the dc response of many simple 
networks built with mos transistors can avoid having to 
wait for a computer-aided design system that is down or 
has long job-turnaround times. The program is fast and 
easy to use. 

Given the modeled devices' semiconductor constants, 
operating potentials, and the circuit's configuration, the 
program finds the drain current through each mos FET 
operating in the linear region from: 

kpWeffa [2( N/Gs — VT) Vas — a(Vos)2]  
lD — Lcd 1 + O(Vcs — VT)] 

or, for saturated operation, where VI3S> (VGS — VT )/a, 
automatically selects: 

kpWeff(N/Gs — VT)2{1 + X [VDs — (N/Gs — VT)/a] }  
ID — Led 1 + 0( VGS VT)1 

to calculate drain current, where: 
Vcès = average drain-source voltage 
N/Gs = average gate-source voltage 

kp = gain factor 
Wefr = effective channel width 
Leff = effective channel length 
O = mobility reduction factor due to normal field 
a = pinch-off modulation value due to normal field 
X = channel-length modulation value due to drain 
potential 
VT = threshold voltage, which is given by: 

VT = VT0 BER2OF — V) "2 (2001/21 

where 
Vas = substrate-to-source voltage 
V-ro -= threshold voltage with Vas = 
BE = body-effect or back gate-bias coefficient 
= Fermi potential of substrate at equilibrium 

The device parameters for up to three separate mod-
eled mos FETs can be loaded into memory locations 30 
through 60 (see table) and recorded on a magnetic card 
using memory bank three. Later, any one of the three 
models can be called and loaded back into memory with 
three keystrokes. Numerous NOP (no operation) instruc-
tions also appear throughout the program to provide for 

it future program expansion. Parameters can be added to 
describe the behavior of devices with ever-decreasing 
channel widths and lengths. DO loops can also be 
inserted to iterate executions of the los calculation to 
achieve a given ID for specified gate, source, and drain 
supply voltages (VGG, Vss, and VDD) or channel width W 
or length L, where Wcff = W — WR, where WR is the 
channel-width reduction value. Similarly, LR is the 

MEMORY LOCATIONS OF MOS FET PARAMETERS 

Parameter 01 
(label: +) 

02 
(label: —) 

03 
(label: X ) 

Leff 30 38 46 

kp 31 39 47 

VTO 32 40 48 

X 33 41 49 

o 34 42 50 

0 35 43 51 

BE 36 44 52 

•OF 54 54 54 

'WR 55 55 55 

• LR 56 56 56 

'assumed the same for all devices 

Drained. TI-59 program finds current flowing through each of up to three MOS transistor stages, given their semiconductor constants and 

operating potentials. Device parameters may be stored in memory (see table) in order to quickly expedite design changes. 
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MICROTEMI» cuts off thermal 
hazards fast. 

Today millions of people around the 
world are counting on the 
M1CROTEMP" thermal cutoff to 
disconnect the circuit in their appli-
ance when a fault temperature is 
reached. Whether that temperature 
is 60° or 240° C. or anywhere 
in between. 

Circle 139 on reader service card 

The fault must be corrected and 
the M1CROTEMP" replaced before 
the appliance will work. 

In today's 
consumer conscious 
society, design 
engineers are 
designing for safety. 
Which is why 
they've bought over 
750 million 

NlICROTEMP" thermal cutoffs, 
making us the leading manufacturer 
of temperature control devices in 
the world. You're safe with No. 1. 

MICRO DEVICES 
EMERSON ELECTRIC CO 

gm 1991 sOoTHTOWN BLVD DAYTON 0,7 45439 
MI 513 294 0581 TELEX 28 8087 

BuRRIMmi. 

"EZENDEX Model ZX-908 PROGRAMMER 
FOR MDS or SBC OPERATION 

Hardware compatible to MDS-UPP-103 
via 25 pin cable. Software compatible 
to ISIS-UPM . 

*TM INTEL CORP. 

Made in Dublin,t by 

Multibus* edge connector allows use 
in SBC-80 systems. Simple I/O port 
interface with examples in Manual 
provided. 

r- p r- -t- lc) ri 

For 2716, 2732 or 2732A model EPROMs, 
the ZX-908 can program up to 16K Bytes 
of storage in one operation. Zero-
Insertion-Force sockets are provided 
for quick insertion/withdrawal. 

1- 6398 Dougherty Road. #32. Dublin. CA 94566 

• (415) 829-1284 
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TI-59 PRINTER LISTING: MOS FET STAGE ANALYSIS 

Loc Key Loc Key Loc Key Loc Key Loc Key Loc Key Loc Key Loc Key Loc Key 

000 LBL 051 NOP 102 09 153 NOP 204 NOP 255 NOP 306 357 SBR 408 STO 
001 A 052 RTN 103 RTN 154 LBL 205 NOP 256 NOP 307 RCL 358 GTO 409 06 
002 STO 053 LBL 104 LBL 155 I x I 206 RCL 257 NOP 308 23 359 RTN 410 RCL 
003 00 054 E 105 X2 156 RCL 207 09 258 NOP 309 ÷ 360 NOP 411 48 
004 RCL 055 STO 106 STO 157 07 208 STO 259 X'-,T 310 RCL 361 LBL 412 SBR 
005 00 056 04 107 10 158 + 209 21 260 RCL 311 21 362 - 413 C' 
006 - 057 SBR 108 RTN 159 RCL 210 NOP 261 18 312 ) 363 RCL 414 RCL 
007 RCL 058 00 109 LBL 160 11 211 NOP 262 GE 313 ) 364 38 415 49 
008 13 059 29 110 IX 161 X 212 RCL 263 ) 314 ) 365 STO 416 STO 
009 = 060 SBR 111 STO 162 1 213 06 264 2 315 = 366 01 417 08 
010 RTN 061 00 112 11 163 1 214 X 265 X 316 NOP 367 RCL 418 RCL 
011 LBL 062 42 113 SBR 164 2 215 1 266 RCL 317 NOP 368 39 419 50 
012 8 063 SBR 114 I xl 165 X 216 RCL 267 23 318 NOP 369 STO 420 STO 
013 STO 064 00 115 RTN 166 RCL 217 00 268 X 319 NOP 370 06 421 09 
014 01 065 71 116. LBL 167 12 218 - 269 RCL 320 RTN 371 RCL 422 RCL 
015 RCL 066 RTN 117 1/X 168 - 219 RCL 270 18 321 LBL 372 40 423 51 
016 01 067 LBL 118 STO 169 RCL 220 13 271 - 322 + 373 SBR 424 STO 
017 - 068 A' 119 12 170 20 221 1 272 RCL 323 RCL 374 C' 425 10 
018 RCL 069 STO 120 SBR 171 ) 222 ÷ 273 21 324 30 375 RCL 426 RCL 
019 14 070 05 121 lx1 172 JX 223 1 274 X 325 STO 376 41 427 52 
020 = 071 RCL 122 RTN 173 - 224 RCL 275 RCL 326 01 377 STO 428 SBR 
021 RTN 072 05 123 LBL 174 1 225 01 276 18 327 RCL 378 08 429 J X 
022 NOP 073 - 124 RCL 175 2 226 - 277 X2 328 31 379 RCL 430 NOP 
023 NOP 074 RCL 125 STO 176 X 227 RCL 278 = 329 STO 380 42 431 NOP 
024 NOP 075 04 126 13 177 RCL 228 14 279 X 330 06 381 STO 432 NOP 
025 LBL 076 = 127 SBR 178 12 229 1 280 RCL 331 RCL 382 09 433 NOP 
026 C 077 STO 128 00 179 1 230 NOP 281 21 332 32 383 RCL 434 SBR 
027 STO 078 20 129 04 180 J X 231 NOP 282 X 333 SBR 384 43 435 GTO 
028 02 079 SBR 130 RTN 181 ) 232 NOP 283 RCL 334 C' 385 STO 436 RTN 
029 RCL 080 I x I 131 LBL 182 = 233 ÷ 284 24 335 RCL 386 10 437 NOP 
030 02 081 RTN 132 SUM 183 STO 234 1 285 = 336 33 387 NOP 438 LBL 
031 - 082 LBL 133 STO 184 22 235 1 286 RTN 337 STO 388 RCL 439 GTO 
032 RCL 083 B' 134 14 185 RTN 236 + 287 LBL 338 08 389 44 440 RCL 
033 04 084 STO 135 SBR 186 NOP 237 RCL 288 1 339 RCL 390 SBR 441 54 
034 = 085 06 136 00 187 NOP 238 10 289 RCL 340 34 391 J X 442 SBR 
035 STO 086 RTN 137 15 188 NOP 239 X 290 24 341 STO 392 NOP 443 1/X 
036 17 087 LBL 138 RTN 189 NOP 240 RCL 291 X 342 09 393 NOP 444 RCL 
037 RTN 088 C' 139 NOP 190 NOP 241 23 292 RCL 343 RCL 394 NOP 445 55 
038 LBL 089 STO 140 NOP 191 NOP 242 ) 293 23 344 35 395 NOP 446 STO 
039 0 090 07 141 NOP 192 NOP 243 = 294 X2 345 STO 396 SBR 447 13 
040 STO 091 SBR 142 NOP 193 NOP 244 STO 295 X 346 10 397 GTO 448 RCL 
041 03 092 I x I 143 NOP 194 LBL 245 24 296 1 347 RCL 398 RTN 449 56 
042 RCL 093 RTN 144 NOP 195 CLR 246 RCL 297 1 348 36 399 NOP 450 STO 
043 03 094 LBL 145 NOP 196 RCL 247 23 298 + 349 SBR 400 LBL 451 14 
044 - 095 D' 146 NOP 197 17 248 ÷ 299 1 350 J X 401 X 452 RTN 
045 RCL 096 STO 147 NOP 198 - 249 RCL 300 RCL 351 NOP 402 RCL 
046 04 097 08 148 NOP 199 RCL 250 09 301 08 352 NOP 403 46 
047 = 098 RTN 149 NOP 200 22 251 = 302 X 353 NOP 404 STO 
048 STO 099 LBL 150 NOP 201 = 252 NOP 303 1 354 NOP 405 01 
049 18 100 E' 151 NOP 202 STO 253 NOP 304 RCL 355 NOP 406 RCL 
050 NOP 101 STO 152 NOP 203 23 254 NOP 305 18 356 NOP 407 47 

Instructions 

• Key in program 

• Enter device's desired channel width and length 
(W), A, (L), 

• Specify device's operating voltages 

(VGG), C, (V00 ), D, (Vss ), E, (V88 ), A' 

• State device's semiconductor constants 

(kp), 8', (VT0 ), C', (A), D', (a), E', (0), GTO x2 R/S, (BE), GTO NFc R/S, 
(OF), GTO 1/x, R/S, (WA), GTO RCL R/S (LR), GTO SUM R/S 

• Press GTO CLR R/S to find drain current, ID• 

length reduction value resulting from lateral diffusion. 
The general procedure for using the program is: 

• Choose the desired drain current, Id. 
• Call up the Qi parameters by pressing GTO + R/S. 
• Specify W I, LI, and supply voltages. 
• Find ID by keying GTO CLR R/S. 
• If ID # Id, provide new W, L, such that W/L = 
WIId/(L110. 
• Call up the stored Q2 parameters by pressing GTO 

R/S and repeat the two steps preceding this one. 
• Call up the Q3 parameters by pressing GTO X RIS and 
repeat the third, fourth, and fifth steps. 

Consider the simple case where a single MOS FET 
stage, QI, has W = 50 micrometers, L = 5 gm, Vro = 
0.7 volt, k, = 10(10 -6) ampere/V 2, BE = 0.25, X = 0.1, 
0 = 0.15, VGG = 2.5 V, VDD # 5 v, Vss = 0; VBB = — 2 
V, a = 1, OF # 0.3, WR = 1(10 -6) gm, and LR = 
0.1(10 -6) gm. The program yields ID # 273.8885 µA. D 
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Engineer's newsletter  
Fooling the 

TRS-80 on LPRINT 

through software 

Cass Lewart's hardware suggestion for fooling the TRS-80 into thinking it 
has a printer connected to it [Electronics, June 19, p. 62] is sound but 
unnecessary, says Philip M. Haskell of Datel-Intersil Inc. in Mansfield, 
Mass. "Outputs to both the screen and the printer are controlled by 
pointers in the 4000 16 page of random-access memory," he notes. "If 
desired, printer data may be diverted to the screen or screen data may be 
sent to the printer. All this can be done under software control. To divert 
LPRINT from the printer to the screen for analysis, enter POKE 16422, 88 
and POKE 16423, 04. In this mode, normal PRINT will work as expected. 
ASCII codes above 128 will appear on the screen as graphics, since the 
character read-only memory is designed to do just this. To return to the 
normal mode, enter POKE 16422, 141 and POKE 16423, 05. 

"If you wish to send the screen data to the printer for a hard copy of a 
program display, enter POKE 16414, 141 and POKE 16415, 04. The printer 
will respond with all outputs that would normally appear on the screen. It 
actually echoes the keyboard. To return to normal from this situation, 
enter POKE 16414, 88 and POKE 16415, 04. When the printer is ready, 
PEEK 14312 will equal 63; if it is out of paper, PEEK 14312 will equal 127. 
Use of these memory locations and their contents will avoid getting a 
program HUNG." 

NASA and Boeing Want to use a computer to increase productivity in your company? A 
national symposium, set for Sept. 17-19 at the Brown Palace in Denver, 

aim to increase Colo., will tell you how. The first of its type, it is sponsored by the 
your productivity National Aeronautics and Space Administration and a technical advisory 

board from industry. The theme: "IPAD— A National Resource for 
Increased Productivity." IPAD is an acronym for "Integrated Programs for 
Aerospace-Vehicle Design," but IPAD concepts, even though spawned in 
the aerospace field, apply to technical problem solving throughout the 
electronics industries. Ralph E. Miller, director of the IPAD program for 
the Boeing Co., says that "the primary goal of the meeting is for 
companies to increase productivity through the application of an inte-
grated computer system to support both management and engineering 
activities in the design process, to manage all the data required for these 
activities, and to provide a smooth link between the design process and 
manufacturing." 

For more information, write to the NASA IPAD Project Office, Mail 
Stop 246, NASA Langley Research Center, Hampton, Va. 23665, or to 
Ralph E. Miller, Boeing IPAD Manager, Box 3707 (M. S. 73-03), Seattle, 
Wash. 98124. 

EIA reports on 

optical cable, connector 

tests and standards 

If you feel that your fiber-optic cable or connectors, or both, might be run 
over by a truck or tank — not a farfetched idea for mobile communications 
and military applications—get a copy of the Electronic Industries Associa-
tion's "Standard Test Procedures for Fiber Optic Fibers, Cables, Trans-
ducers, Connecting and Terminating Devices—Addendum No. 2." This 
report is the latest word concerning fiber and connector air-leakage and 
crush-resistance tests and standards. It was formulated by the EIA'S 

Working Group on Fiber Optics Test Methods and Instrumentation under 
Jim Wittmann of Hughes Aircraft Co. A copy of RS-455-2 costs $4.50. It 
is available from the association at 2001 Eye St. N. W., Washington, 
D. C. 20006. -Harvey J. Hindin 
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New 

Nodose 
WASH-OFF PRODUCTS 

c Eastman Kodak Company. 1980 

A beautiful way to get from 
revision to reality. 

Now there's a wash-off film that's mightier than the pen, pencil, and eraser. 
A wash-off film that'll take revision, after revision, after revision. 

With negligible or no ghosting. One that gives you reproductions so fresh and 
crisp, you may mistake them for originals. Reproductions that are dimensionally 

stable and that will not tear, crack, or grow brittle. 
Excellent durability. Excellent stability. Excellent erasability. New KODASTAR 

Wash-Off Films. Now you've got an excellent choice. 

SEND FOR A FREE SAMPLE OF NEW KODASTAR WASH-OFF FILM. 
Prove to yourself you've never tried anything like it. 

Eastman Kodak Company, Dept. GDO1 8, Rochester, NY 14650 

Circle 141 on reader service card 



Quality plus versatility. 

Choose the configuration you need 
SPST, SPDT, DPST, DPDT, 4PST. 

You'll get the extra reliability of 
gold-plated contacts, locked into 
thermoset base rails. All switches 
can be supplied with epoxy sealed 
bases and/or disposable-tape top 
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CTS Series 206 DIP switches 
for communication, data processing, instrumentation and consumer applications 

...priced right at your Distributor now! 

cover seal to eliminate contact con-
tamination during flow solder and 
cleaning processes. SPST switches 
offer choice of low profile or ex-
tended actuators with crisp, positive. 
visible slide action. MIL qualified. 
Get the facts! For prices, fast 

service and complete catalog, con-
tact your CTS Distributor...or 
CTS KEENE, INC., 3230 Riverside 
Avenue, Paso Robles, CA 93446. 
Phone: (805) 238-0350. 

CTS CORPORATION 
ELKHART INDIANA 
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New products  

Microcomputer draws only 3 pA 
Unpackaged chip, based on programmable logic arrays, needs 

minimal external circuitry for timing and control uses 

by John G. Posa, Solid State Editor 

The AMCC 1259 complementary-
mos 4-bit single-chip microcomput-
er is heavy on input and output capa-
bility and light on the amount of 
external circuitry required to build a 
working system. Though the device 
was intended primarily for timekeep-
ing applications, its unique architec-
ture—based on programmable logic 
arrays—gives it many other timing 
and control applications. The 1259's 
low cost also makes it attractive for 
the rapidly expanding range of elec-
tronic consumer products such as 
toys and games. 
The c-mOS chip does not come 

packaged; it is delivered in die form. 
This allows the user the flexibility of 
selecting the most appropriate pack-
age for the device's intended use or 
for mounting the microcomputer on 
a hybrid substrate. The 170-by-199-
mil chip is fabricated with a stan-
dard metal-gate c-moS process, ion-
implanted for 1.5-v operation from a 
single battery. At this voltage, the 
chip draws only 3 A. 
Of the chip's 64 bonding pads, 5 

accept inputs from push buttons and 
48 can directly drive liquid-crystal-
display (La)) segments. A 32-kHz 
crystal is connected across two other 
pads. These feed an oscillator and a 
chain of frequency dividers from 
which all internal timing is derived. 
An alarm output pad, when coupled 
to a single external transistor ampli-
fier, drives a piezoelectric or mag-
netic speaker to provide audible 
tones. 
A separate pad called VDIS con-

trols the voltage delivered by the 48 
output lines. In general, to drive an 
LCD display, VDIS is equal to the 
battery voltage and the output lines 
are toggled at about 32 Hz. How-
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MULTIBUS "..CP/M • 
for OEM 

MIN 

IMO" 

D ZBC-80 — Single board computer, 
4MHz Z80A, math chip, 16 interrupts, 
16K/64K RAM and 20K ROM. 

D FFD-1 — Floppy disk controller, 
single/double density, with 32K bytes 
of RAM, 8/16 bit operation. 

D MEGA-1 — 32, 64 or 128K byte 
RAM card, 8 or 16-bit operation. 

D MEGA-4 — 128, 256 or 512K byte 
RAM card, 8/16 bit, with parity, 
error correction and memory 
management. 

• RGB-256/4 — 256 x 256 color 
graphics on a single card. 

D FG-01 — Video digitizer. 

D MSBC-2480 — 24 lines of 80 alpha-
numeric characters. 

• RGB-ALPHA — Programmable 
format, color alphanumerics. 

• MSBC-512 — 512 x 512 graphics 
with scroll. 

• NSBC-512 — 512 x 512 graphics 
with vector plot. 

D MSBC-QV1 — 4 independent 
alphanumeric controllers. 

• CCB-7 — 7 slot card cage, 5.25"H x 
19-W, with power supply. 

111 Software — CP/M, BASIC, 
FORTRAN, COBOL, PASCAL, 
and over 200 other programs. 

•LIOGITAL RESFARCFr INTEL' 

  MintION 
(II •  ./ electronic system/ ltd. 

US 8 CANADA: 
5800 ANDOVER AVE., 7.1A.R.. QUE.. FI47 1H4, CANADA 
TEL.: 514-735-1182 TELEX: 05-825851 

EUROPE: 
HERENGRACHT 22, 4924 8H DRUNAIELEN, HOLLAND 
TEL: 01828-3850 TELEX: 74341 PAATFIX NL 

New products 

ever, the VMS level can be raised to 
be compatible with standard c-mos 
and the output drivers can be electri-
cally switched between VDIS and the 
battery voltage. In this configura-
tion, the 48 output lines can drive 
standard c-mos loads. The remain-
ing pads are assigned miscellaneous 
functions. 
As can be seen in the block dia-

gram of the chip shown on page 143, 
the microcomputer has program-
mable logic arrays for program stor-
age, mode control, and arithmetic-
and-logic-unit operations. The archi-
tecture also includes a 32-by-4-bit 
random-access memory and output 
decoders and drivers, in addition to 
miscellaneous timing and control cir-
cuitry. 
The program PLA'S address is 

stored during each microcycle in an 
8-bit address register. This makes it 
possible to address 256 program 
steps, though only 136 are imple-
mented on the chip. Five of the bits 
are simultaneously used to address 
the on-chip RAM. A compare flag 
allows branching in the form of con-
ditional IF statements in the micro-
program. 
The mode control PLA determines 

the next state of the machine based 
upon the present state, the contents 
of the mode control buffer, and the 
status of the five external pushbut-
tons. For each valid switch closure, 
the outputs of this array are strobed 
and stored in the mode register's 
latches. This present state is then 
used as a portion of the program 
PLA's address. 
RAM data is referenced via a 5-bit 

row address and a 2-bit half-digit 
address. Such partitioning allows 
access to a full 4-bit word, the most 
significant bit of a word, or the 3 
least significant bits. Also, RAM 
addresses are part of the microin-
struction word and are therefore 
under program control. The number 
of assigned memory locations is 
stored in the program PLA. Up to 64 
uniquely addressable RAM locations 
can be referenced. 
The chip's arithmetic unit is 

another PLA. Its incrementer and 
decrementer use programmable 
lookup tables. An internal compare-

flag generator, with 4-bit inputs 
from the data bus and the program 
PLA, performs standard comparisons 
such as A <B and A = B and also 
allows for customer-specific compar-
isons. 
The instruction set of the 1259 is 

structured for maximum efficiency 
in timing applications. A machine-
code instruction is composed of a 
3-bit operation code, a 4-bit compare 
code, and a 2-bit RAM control code. 
The programmer is allowed to deal 
with binary, octal, decimal, and hex-
idecimal numbers in the same pro-
gram. 
Programming is done by the man-

ufacturer by generating a metal 
mask pattern for the program PLA. 
A one-time mask fee costs from 
$12,000 to $16,000, and this price 
includes 25 prototypes of the chip. In 
production quantities, the microcom-
puter's cost ranges from about $3.50 
in 100,000-piece quantities to about 
$6.00 apiece when fewer than 1,000 
parts are ordered. Delivery is from 8 
to 10 weeks after settling on a work-
ing program. 
A preprogrammed multifunction 

chronograph version with alarm is 
also available at the same per-unit 
costs. However, there is no mask fee 
for this version. 
Applied Micro Circuits Corp., P. 0. Box 552, 

Cupertino, Calif. 95014. Phone (408) 257-

4030 [338] 
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Beckman's new digital multimeter 
is ready to handle any job you are. 

Continuity checks. High current 
measurements. In-circuit resistance 
measurements and semiconductor 
tests. Whatever the job, if a multi-
meter is called for, call for a new 

Beckman digital multimeter. 
There are three models to choose 

from with a price tag as low as $140. 
All three feature Insta-Ohms'" 

quick continuity indicator, (exclusive 
to Beckman digital meters), 10-
amp current ranges, in-circuit 
measurement capability in all 
six ohm ranges, a dedicated 
diode test function, and up to 
two years normal operation 
from a common 9V battery. 

The Model 3020 has seven 
functions, 29 ranges, and 0.1% 
Vdc accuracy for just $170. 

For just $140, there's the 
Model 3010 which has all the 
features of the 3020, but with 
Vdc accuracy of 0.25%. 

Or, for measuring noisy, 

non-sinusoidal signals, there's 
the Model RMS 3030. It features true 
RMS (ac and dc) voltage and current 
measurement capability with 0.1% Vdc 
accuracy for only $200. 

And every Beckman meter uses 
band-gap reference elements, thin-
film resistor networks, gold switch 
contacts and custom designed CMOS 
LSI chips to assure long-term accuracy 
and reliability. 

So, for ease of operation and 
reliability from your digital multimeter, 
choose Beckman. For information 
on the complete line and accessories, 
write or call your local distributor or 
the Advanced Electro-Products 
Division, Beckman Instruments, Inc., 
2500 Harbor Boulevard, 
Fullerton, CA 92634, 
(714) 871-4848, ext. 8927. 

BECKMAN 
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New products 

FETs used in 200-W supply 
New FET-based design cuts size and weight; autoranging 

feature provides variable current and voltage combination 

by Pamela Hamilton, New York bureau manager 

Single-output power supplies have 
traditionally been capable of provid-
ing maximum power output at only 
one combination of voltage and cur-
rent. In addition, they have tended to 
be bulky and unsuited to use in both 
systems and laboratory operations. 
However, by applying advanced 
technology to those problems, Hew-
lett-Packard Co.'s New Jersey divi-
sion has implemented an innovative 
design concept involving autoranging 
and the use of power mos field-
effect transistors for de power sup-
plies. 
The most noteworthy feature of 

the 6024A dc power supply is its 
autoranging capability. In contrast 
to the conventional constant-voltage, 
constant-current units, HP'S supply 
provides maximum output power 
over a broad and continuous range of 
voltage and current combinations— 
it supplies up to 60 v and up to 10 A, 
the particular combination being 
limited to a total of 200 w. Both 
voltage and current outputs can be 
manipulated by using front-panel 
controls, through analog program-
ming, or by an optional system inter-
face. Front-panel controls are 10-
turn potentiometers; minimum ad-
justment for voltage is 20 mv, and 
for current 5 mA. 
Up to eight units can be connected 

in parallel while using a single mas-
ter power supply to increase current 
output to a maximum of 80 A. The 
total output voltage may also be 
increased—to 240 v —by connecting 
four units in series with the master 
supply. When operating the 6024A 
in the constant-voltage mode, the 
user may set a maximum current 
limit; if operating in the constant-
current mode, a maximum compli-

ance voltage may be set. A trip volt-
age setting on the front panel, 
adjustable from 2 to 64 v with a 
maximum of 1.5 v above output 
voltage, avoids false tripping. 

As noted, the 6024A includes 

power MOS FETs. Although the 
switching frequency of 20 kHz is not 
unusual, the use of power MOS FETs 
in the 12-lb supply permits the use of 
substantially smaller power-handling 
components and filter capacitors— 

Applied. Configured in a system, H-P's supply can help test devices. 
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SIEMENS 

In Ten Nanoseconds 
from Analog to Digital 

In only 10 billionths of a second 
it converts analog signals into 
digital 6-bit words. This is the 
new extraordinary device from 
Siemens—the SDA 5010. 

It's the first 6 bit/100 MHz 
A/D converter in bipolar, mono-
lithic technology, it's reasonably 
priced, and its applications 
range from radar, ultrasonics 
and instrumentation to X-ray and 
medical engineering. 

Special features include: 
• 10 MHz scan frequency 
• 6 bit resolution 
• Linearity + IÀ LSB 
• No sample and Hold required 
• Power dissipation only 
450 mW 

• ECL compatibility 
• Logic-compatible supply 

voltage. 

An evaluation board to the 
SDA 5010 is, of course, available. 

And that's only half of it. 
This device has many other 
technical refinements. To find 
out contact: Al Liebich, 
(201)494-1000 ext: 2563 or 
Bob Bruckstein (408) 255-4721. 
Siemens Corporation, 
186 Wood Avenue South, 
Iselin, New Jersey 08830. 

The ultrafast, integrated A/D converter 
from Siemens 
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Nichicon aluminum 
vs. tantalum 

An apples-to-apples comparison for quality, reliability and size. 

When you have a production li eep An apples- Super Miniature 4mm Radial Series 
running, performance leyels that can't be to-oranges When super miniature size is just as criti-
compromised and you'reaced with cal as low-leakage performance and 
soaring tantalum capacitor prices and comparison for reliability, it's time to consider Nichicon's 
overextended lead times, its time to price, availabili 4mm Super Miniature Radial Series. ty turn to Nichicon. Samples are available now in a 
Axial and Radial Low Leakage Series and delivery, capacitance range from 0.1p,F through 

Start saving with Nichicon's Low Leak- 47/2.F. 
age Series of Axial and Radial Miniature Aluminum So why put up with tantalum prices and lead times 
Electrolytic Capacitors. They're available now from when we give you performance, super miniature 
your local Nichicon distributor, and they give you size, quick delivery and savings to 40%. 
tantalum-like performance over a capa- Call your local Nichicon representative 
citance range of 0.111,F to 100µ,F. And you'll or distributor or write us for data sheets and 
get low-leakage reliability of only 0.002CV samples. 
or 0.4µA from -40°C through +85°C. 

• ta 

We're capacitor specialists. We have to go to extremes for you. 
Nichicon (America) Corporation • 927 E. State Parkway • Schaumburg, IL 60195 • (312) 843-7500 

Stocking distributors, Ambur Electronics • Argent Industries • Bell Industnes • Captronics • CAM. RPC • Century • Deeco • Eric Electronics • GC Electronics • Hall Mark Electronics • Jaco 

• Kahgan • National Capacitor Supply • Nova Electronics • N.R.C. • Phme Electro Products Co. • R.E.H. Electronics • Service Specialists • Sterling Electronics • To-Start. Inc. 

Division of Nichicon Capacitor. Ltd.. Kyoto, Japan 
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New products 

a design approach similar to the 
one used with HP'S recently intro-
duced modular supply [Electronics, 
July 3, p. 46]. 
"The FETs are easy to control," 

notes Dennis Gyma, section manag-
er of engineering for the Rockaway, 
N. J., facility. "They go on precisely, 
and when you tell them to go off, 
they go off," he observes. The HP 
design also meets the European 
radio-frequency-interference sup-
pression criteria of VDE 0871/6.78, 
level A, and VDE 0411. 

In a system. Most system design-
ers need more than one power supply 
for equipment testing. They must 
also anticipate future systems needs 
when considering new supplies. The 
6024A, because of its autoranging 
capability, answers many of these 
needs, says Bob Taylor, marketing 
engineer. "Most ATE guys end up 
with four to eight power supplies 
around them. Wherever they turn 
they run into a power supply," he 
says, but "with the 6024A only 
three or four units may be needed." 
The 6024A provides an amplified 

current monitor to track those cur-
rent shunts that are often lost in 
noisy systems. This amplified cur-
rent monitor feature provides a volt-
age referred to the negative output 
terminal that is proportional to the 
output current. This voltage varies 
from 0 to 5 v for output currents 
between 0 and 10 A. This reading is 
accurate to within 0.9% + 7 mv, 
and the output impedance is 10 ki2 
nominally. 
With a remote-control feature on 

the 6024A, the output voltage or 
current can be programmed by an 
external voltage input or resistors 
connected to programming termi-
nals. A voltage input of 0 to 5 V 
produces a full-scale output of either 
0 to 60 V or 0 to 10 A. A maximum 
resistance of 2.5 kfl produces a full-
scale output of either 60 y or 10 A. 

Using input resistance program-
ming, an output voltage accurate to 
within 0.7% + 1 mv or an output 
current accurate to within 2.3% + 1 
mA is possible. With a voltage input 
signal, an output voltage accurate to 
within 0.2% + 1 my or an output 
current accurate to within 0.9% + 1 

mA can be produced by the input. 
By means of an optional interface 

(option 002), the user may integrate 
the 6024A into a system. The inter-
face ensures up to ± 600-v isolation 
for status and control lines. Six iso-
lated status lines give a digital read-
out of constant voltage, constant cur-
rent, unregulated output, ac-line 
fault, overtemperature, and overvolt-
age. The open-collector outputs from 
these lines can be connected directly 
to TTL or complementary-mos de-
vices. Remote shutdown and output-
bias supplies of +5, + 15, and — 15 
V are also part of the optional inter-
face package. 

Current input programming, in 
addition to the voltage and resist-
ance programming, is available with 
this interface option. By supplying a 
0-to-2-mA current sink, the user may 
obtain a zero-to-full-scale voltage or 
current output. The output voltage is 
accurate to within 0.3% + 7 mv and 
the output current is accurate to 
within 1% + 2 mA. 

"Current programming is starting 
to come on in systems program-
ming," says Taylor. "It provides sys-
tems with noise immunity." 
Load regulation for voltage is 

0.01% + 3 my and 0.01% + 3 mA 
for current, both under any load. 
Ripple and noise (listed as PARD, or 
periodic and random deviation) be-
tween 20 Hz and 20 MHz are speci-
fied in root-mean-square and peak-
to-peak terms: voltage PARD is 3 my 
and 30 mv, respectively; current 
PARD is 5 mA rms. Also, when oper-
ated in the constant-current mode, 
output-voltage recovery time is less 
than 1 ms to regain 75% of the nomi-
nal output following a change in out-
put current of 90% to 100% of maxi-
mum current. 
The fan-cooled supply operates 

from 0 to 55C. It accepts an ac 
input from 104 to 127 V ac at 48 to 
63 Hz, 5.3 A rms maximum. 
The supply sells for $875, with the 

system interface option adding an-
other $300. Delivery is within two to 
four weeks. 
Hewlett-Packard Co., New Jersey Division, 

Green Pond Rd., Rockaway, N. J. 17886, or 

1501 Page Mill Rd., Palo Alto, Calif. 94304 

[339] 
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The NEW 
Electronics 

Buyers' Guide 
is now available! 

Completely new listings of catalogs, new 
phone numbers, new addresses, new man-
ufacturers, sales reps, and distributors! 
The total market in a book—four directories 
in one! 
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The only book of its 
kind in the field. 

If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with 
the coupon now. 

Yes, please send me copies of 
1980 EBG. 

D I've enclosed $30 per copy delivered in 
USA or canada. Address: EGG, 1221 Avenue 
of the Americas, New York, N.Y. 10020. 

O I've enclosed $52 for air delivery 
elsewhere. Address: EGG. Shoppenhangers 
Road, Maidenhead, Berkshire S16, 
201 England. 

Name 

Company 

Street 

City 

State Zip Country 
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New products 

Microcomputers & systems 

Unit controls 
tapes, hard disks 

Multibus-compatible controller 

handles up to four hard-disk 

and four tape drives 

The latest of the new wave of disk 
controllers for Winchester disk 
drives in small-computer systems 
handles both hard-disk drives and 
the tape drives that are so necessary 
for backup memory storage. The 
Rimfire 38, a single-board controller 
that is manufactured by Computer 
Products Corp., handles up to four 
disk and four tape drives and oper-
ates on the Intel Multibus. 

Like the recently introduced Shu-
gart Associates floppy- and fixed-
disk and tape controller [Electronics, 
April 24, p. 208], the Rimfire saves 
the system designer the expense and 
trouble of designing his own control-
ler and at the same time saves space. 
But, emphasizes Computer Products 
president Ronald B. Thomas, "un-
like the Shugart controller, which 
operates on a general-purpose inter-
face bus, the new controller works on 

the widely used Multibus." 
The Rimfire 38 can run any of 

Priam Corp.'s 8- and 14-in, disk 
drives, handling disks that store 
from 10 to 150 megabytes. For back-
up, the unit interfaces with as many 
as four Cipher Data Microstreamer 
tape drives, for a maximum of 46 
megabytes of tape storage. 
The core of the Rimfire 38 board 

is an Intel 8089 input/output proces-
sor that communicates with pro-
grammable read-only memory and 
random-access memory over its own 
16-bit local bus. The controller is 
software-programmable to run with 
either an 8- or a 16-bit host system. 
It has 20-bit addressing to access 
memory directly and can function in 
a single- or multiple-processor envi-
ronment. It also has software-pro-
grammable interrupts and contains 
full-sector buffering on board. It for-
mats and detects errors using a cyc-
lic-redundancy-checking technique 
across 16 bits (CRc-16). 
The disk- and tape-drive control-

ler operates in two modes—incre-
mental and backup. Tape files may 
be read, written, and edited incre-
mentally in real time, as in disk 
operation. This mode is useful for 
file reconstruction, says the manu-
facturer, "where fragmented por-
tions of a disk file are reconstructed 
sequentially in system memory and 

TAPE 
INTERFACE 

DISK 
INTERFACE 

PROGRAMMABLE 
READ-ONLY 
MEMORY 

RANDOM-ACCESS 
MEMORY 

LOCAL-BUS F_ 
INTERFACE 

MULTIBUS 
INTERFACE 

8089 
CENTRAL 

PROCESSING 
UNIT 

LOCAL BUS 

1  BUS AR r BITER 

the heart of the Rimfire 38 controller is an Intel On-board. At 

communicates with PROM and ROM over its 16-bit local bus. 

8089 I/O processor that 

then stored on tape or later reloaded 
onto the disk." In the non-real-time 
backup mode, the controller locks 
the system bus and bypasses local 
buffers to save large portions of a 
disk on tape. As a buffer area for 
this mode, system memory must 
offer a minimum of 4 kilobytes; the 
optimum-size buffer is a full track of 
data (about 19 kilobytes for a Priam 
Diskos 3350 with 1-kilobyte sectors). 
With enough host-system memory, 
the Rimfire can transfer data from a 
disk at a rate of up to 1.3 MHz, and a 
30-megabyte disk can be loaded onto 
tape in 10 minutes. 

Prices for the disk and tape con-
troller range from $1,795 apiece for 
orders of 50 units or more to $2,295 
each for up to 9. The Rimfire 38 is 
also available in disk-only (38D) and 
tape-only (38T) versions. These are 
priced at from $1,895 for single units 
to $1,485 apiece in 50-unit quanti-
ties. The controllers can be delivered 
within 45 days after an order is 
placed. 
A second member of the Rimfire 

family will follow shortly, says com-
pany vice president Michael L. 
Quealy. Instead of the interface with 
the Microstreamer, the forthcoming 
controller will include a Data Elec-
tronics Inc. '/4-in, tape-cartridge 
interface, he says. "We anticipate 
that this controller will appeal to the 
designer of smaller systems using 
8-in. disks." 
Computer Products Corp., 2415 Annapolis 

Lane, Plymouth, Minn. 55441. Phone (612) 

559-2034 [371] 

AmZ8000 gets emulator, 

development systems 

To provide support for the 
AmZ8000 microprocessor family, 
Advanced Micro Computers has 
introduced two development systems 
and a real-time emulator for the 16-
bit processors. The AmSYS8/8012 
is a double-density floppy-
disk-based system that offers com-
plete hardware and software devel-
opment for the AmZ8000s, and the 
AmSYS8/80I 4 is a 10-megabyte 
enhancement of the 8012. Both sys-

150 Electronics/July 17, 1980 



EAROM 
the word erasable memory. 

GENERAL 
INSTRUMENT 

Whenever you want to record 
data, retain it, or change it in 
system...that's when you will 
want to consider General 
Instrument EAROM. 

Electrically Alterable Read Only 
Memories give you the application 
ease of a RAM, the non-volatility 
of a ROM...plus electrical 
erasability, word alterability and in-
system reprogrammability. That 
adds up to an unmatched memory 
capability.., enough for you to 
provide in-circuit programming 
and reprogramming control 
without data loss in power outages. 

Unlike other non-volatile memory 
devices, General Instrument 
EAROMs provide word erasability. 
This feature permits select changing 
of data in system without the time 
consuming need to erase and 
rewrite everything each time a 
change is required. 

Our EAROMs, available in many 
configurations, are being used in 
control, measuring, recording, 
metering, and tuning applications, 
to name but a few. 

General Instrument has already 
shipped over 6-million EAROM 
devices. That's why we say our 
EAROMs are: A reality for today, 
rather than a promise for tomorrow. 

To learn more about our EAROM 
family call (516) 733-3107. Or if 
you wish to discuss applications 
call (516) 733-3611. Or write 
Microelectronics Division, General 
Instrument Corporation, Dept. EM, 
600 West John Street, Hicksville, 
New York 11802. 

We help you 
compete° 
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tems are based on the AmSYS8/8 
development system, except that the 
8012 uses an Am8085A-based 3-
MHz central processing unit and 
doubles the amount of mass storage 
to one megabyte, and the 8014 has a 
cartridge-disk subsystem with 5 me-
gabytes each of fixed and removable 
storage. The 8012 is priced at 

$10,900; the 8014 is $22,400. 
The model RTE16/8050 16-bit 

emulator provides real-time emula-
tion for both the nonsegmented 
AmZ8002 and segmented AmZ8001 
microprocessors. It includes an emu-
lator, real-time trace, breakpoint, 
and control and program memory 
boards. The emulator has a dual-bus 

s talk 
corn 

If you design telecommunications equip-
ment, give us a call. (408) 496-6660. Siliconix 
telecom engineers are available to discuss 

your telecom applications and specific systems 
needs. Whether you want advanced loop dis-
connect dialers, CODECs, analog switches, 
current regulators or VMOS FETs, we have 
discrete devices and integrated circuits to fit 
your design requirements. Best of all, products 
are in stock and ready for immediate delivery. 
And by summer we'll be introducing our 
brand new line of telecom filters. So give 
us a call. And let's talk telecom. 

If you can't find a phone, just grab your 
pen and write "TELECOM" on your busi-
ness card. Mail it to us and we'll rush you 
the new Siliconix Telecommunications 
Data Book absolutely free. This invalu-
able reference guide is filled with the 
latest telecom applications information 
and technical data. Send your card to-
day to: Siliconix Inc., P.O. Box 4777, 
Santa Clara, CA 95054. 

Siliconix 
TELECOM ICs 

structure and 8-K bytes of static ran-
dom-access memory that can be 
expanded to 256-K bytes with stan-
dard dynamic RAM. With an 
AmZ8002 emulator pod, the 
RTE16/8050 card set is priced at 
$7,250; with an AmZ8001 pod, its 
cost is $8,250. 
The emulator and the develop-

ment systems are all available 120 
days after the placement of an order. 
Advanced Micro Computers, 3340 Scott 

Blvd., Santa Clara, Calif. 95051. Phone 

(408) 988-7777 [373] 

Apple Ill computer has 

up to 128-K bytes of memory 

The most powerful of the Apple per-
sonal computers, Apple III, has up 
to 128-K bytes of memory and 
includes a built-in disk drive, color 
and black-and-white video capabili-
ty, and a 6-bit digital-to-analog con-
verter for voice or music generation. 
The computer uses a superset of the 
6502 instruction set. 
The first two application packages 

available for use on the Apple III are 
Information Analyst software for 
forecasting, planning, and schedul-
ing, and a word-processor software 
package. The $4,340 Information 
Analyst consists of an Apple III with 
96-K bytes of random-access memo-
ry, a built-in 5'/4-in. floppy-disk 
drive, keyboard, two printer inter-
faces, and a 12-in, black-and-white 
monitor. Software includes Apple's 
Sophisticated Operating System 
(SOS) and assorted management 
tools. 
The word-processor system con-

sists of the same basic configuration 
except that it includes two disk 
drives—one built in and one exter-
nal. These can store about 60 pages 
of text per removable diskette. With 
a thermal printer the word processor 
sells for $5,330; with a daisy-wheel 
printer it is $7,800. A variety of 
peripherals is available, including up 
to 32-K bytes of additional RAM and 
up to four 51/4 -in. floppy-disk drives. 
Shipments begin this month. 
Apple Computer Inc., 10260 Bandley Dr., 

Cupertino, Calif. 95014 [375] 
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THIS is not a dream. 
You are heading toward Hong 
Kong harbour on an avenue 

paved in Italian stone. You pass a 
fountain, its plume as tall as a giant 
palm. You stop, very nearly at the 
shoreline itself. 

And there it is, towering above you 
like some incredible glass and marble 
ocean liner. Through its walls you see 
the lights of the city sparkling beyond. 

This is The Regent, Hong Kong's 
newest hotel. There has never been 
another quite like it. Anywhere. 

Is it luxurious? Certainly. Attentive? 
Of course. But the essence of The 
Regent is to be found in a thousand 
remarkable details. Together they create 
a unique environment, and a genuine 
event in hotel history. 

Half innovation, half tradition 

From the moment you arrive, life at 
The Regent is a civilized blend of the 
best of old and 'new. The lobby is 
stunningly modern, with its 40-foot-
high glass walls and its rosewood 
central counter. But the formally-
dressed reception staff and concierge 
who greet you are reminders of another 
era. 

Your registration form is filled out 
for you instantly, by a computer. You 
are shown to your room and discover 
that your luggage has already arrived by 
a special express lift. 

Alone, you pause to survey the 
spectacular view. 

You scan the modern cargo ships, 
the ancient junks, the distant hills. And 
you begin to doubt that any of the 
room's future occupants will . ever 
actually turn on the colour TV. 

You look around the room, finding 
much to your liking. A full-sized desk. 
Telephones in all the right places. A 
door that isolates your foyer from the 
bedroom itself. 

In the spacious bathroom, you note 

R.. 223 

Once every 
generation 
Hong Kong 
acquires a 
great hotel 

the marble tiling. The enormous tub. 
The separate shower. 

You search for the mini-bar, and are 
a bit surprised not to find one. But of 
course. One tends to forget that 24-hour 
room service can still exist. At The 
Regent each floor has its own private 
butler. When you ring for service, he's 
there in a matter of seconds. 

For dining out, you'll find three 
outstanding restaurants right in the 
hotel. Book a table at the fabulous 
Plume. Indulge yourself at Hong 
Kong's only authentic Steak House. Or 
choose the casual elegance of Harbour-
side any time of the day or night. 

Before dinner you stop at the 
Mezzanine Lounge. You order and the 
waiter pours your drinks right at the 
table, just as they do at your private 
club. 

You glance across to the lobby 
below. A limousine pulls up to the 
hotel entrance and its elegant passen-
gers vanish up a sweeping marble 
staircase. This leads to the Regent 
Ballroom, largest ever built in Hong 
Kong and destined to be the room 
where the city will celebrate its great 
events of the 1980s. 

A resort-sized pool 

The better you know hotels in Hong 
Kong, the more you will appreciate The 
Regent's huge octagonal pool and its 
exotic garden setting. It is a true resort, 
in the very heart of the city. 

But Hong Kong's favourite pastime 
isn't swimming. It's shopping. You'll 
find some of the best boutiques in town 
right in The Regent. (Or ask the con-
cierge for a few of his secret addresses. 
You're just a few steps from downtown 
Kowloon so they're certain to be nearby.) 

The Regent opens later this year. But 
its not too soon to contact Regent 
International Hotels or ask your travel 
agent to reserve for you right now. 

Hong Kong is about to discover its 
great hotel of this generation. 

A REGENT INTERNATIONAL HOTEL 

HONG KONG. BANGKOK. KUALA LUMPUR. MANILA. 

BALIKPAPAN, FIJI. NEW YORK. CHICAGO. COLOMBO. 

ALBUQUERQUE. HONOLULU AND PUERTO RICO. 

U.S.A. TOLL FREE 800-4214530;CALIFORNIA BOO-252-0277; U3S ANGELFS213-652.1454; HONGKONG 3.7211211. TELEX HX 37134; 
OR CONTACT ANY REGENT INTERNATIONAL HOTEL 
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Computers & peripherals 

TRS-80 gets 
voice recognition 

Second-generation 

voice-entry terminal 

has 40-word vocabulary 

With the market for voice-recogni-
tion equipment expected to soar to as 
much as $1 billion or more by the 
late 1980s [Electronics, May 22, 
p. 95], the field is spawning a num-
ber of new competitors, all eager to 
cash in on the emerging technology. 
One of the latest entrants is Scott 

Instruments Corp. In February, the 
firm introduced the Vet-1 voice-
entry terminal priced at $495. Now, 
five months later, the two-year-old 
company has unveiled a second-gen-
eration unit priced at $895 that 
offers extended vocabulary capabili-
ties as well as some performance 
improvements. 

Known as the Vet-2, this voice-
entry terminal comes with a 41/2 -by-
101/2 -by-101/2 -in. preprocessor cabi-
net that contains digitizing and asso-
ciated circuits; other components 
include a noise-canceling micro-
phone and a 4-kilobyte operating 
system housed on a 51/4 -in. minidisk-
ette that also provides space for stor-
ing the vocabulary templates. Like 
the Vet-1 —now discontinued—the 
Vet-2 has been designed to work 
with Tandy Corp.'s TRS-80 model 1 
personal computer. It is being adapt-
ed to work with Pet and Apple 
machines as well. 
A speaker-dependent system, the 

Vet-2 requires operator training in 
that each person using the machine 
must repeatedly say the words of the 
desired operating vocabulary to cre-
ate the voice-pattern templates; the 
templates are then used for the com-
parisons that make possible word 
recognition. Though this procedure 
is similar in many respects to that of 
competitive systems, Vet-2 employs 
some software techniques to aid rec-
ognition accuracy and system flexi-
bility that are believed to be unique. 

In one such technique, the system 
does a first-pass analysis of the num-
ber of syllables in an utterance 
before performing template compar-
isons for word recognition. This 
approach improves speed and cuts 
potential error by automatically by-
passing from one third to one half of 
the word templates in a typical 40-
word vocabulary that do not contain 
the proper number of syllables, 
explains Brian L. Scott, the compa-
ny's president. 

Another technique—Scott calls it 
variance weighting—applies more 
stringent recognition criteria to those 
portions of a word that are least 
subject to pronunciation differences 
from person to person; other portions 
are permitted greater variation. In 
some cases, this feature allows the 
Vet-2 to be used by two different 
individuals using the same set of 
templates, Scott officals say. 
The Vet-2's recognition accuracy 

is specified as better than 98%. 
Response time using a 40-word 
vocabulary is pegged at less than 
200 ms typically. 
The Vet-2 goes beyond the single 

40-word vocabulary provided on the 
earlier Vet-1, however. It employs a 
software overlay feature that allows 
an unlimited vocabulary by linking 
multiple 40-word template sets, 
though response time may be de-
graded, the company says. The mini-
diskette provides an 89-kilobyte 
memory. With 4 kilobytes devoted to 
the operation of the system and each 
40-word vocabulary requiring 5 kilo-
bytes, the unit has a potential capac-
ity for 17 vocabularies. 

Vet-2 units for use with the TRS-
80 model 1 are available now. Ver-
sions designed to work with Pet and 
Apple personal computers are ex-
pected in about six weeks. 
Scott Instruments, 815 North Elm, Denton, 

Texas 76201 [361] 

Intelligent terminal has 

custom emulation firmware 

A stand-alone intelligent terminal 
for distributed processing comes in 
two versions: a desktop and a pipe-

154 Electronics/July 17, 1980 



You may never need the extreme-value engineering of our Snap-Lock metal 
circulars. They're made for the exceptionally tough environmental job. where 

failure is out of the question. 
But our polycarbonate Thorkom circulars take over from there. And still. there's no 
skimping on quality. High impact housing. high contact density. high reliability— 

everything is high. but the price. 
So. cut costs? Why sure. 

But skimp on Viking quality? Certainly not. 

We don't think 
skimping on the connector 

ever makes sense. 

Vikin gCONNECTORS 
21001 Nordholl Siam Chatsworth. CA 91311. 

(213) 341-1:i30 .11VX 910-494-2094 
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Test drive our high performance 
compact. 
Over 20 million Aromat NF relays in use 
built for high performance, with a low profile 
that s perfectly suited for the busy traffic patterns 
of today s high density PC boards 

Responsive handling is the key to the NFEBs 
reliability, with shock absorbing construction to 
assure smooth long lasting performance 
Aromat was the pioneer in plastic sealed 

relays over 10 years ago. and is now producing 
the NFEB in the U.S. Extensive test data, 
gathered here and abroad, prove the 
dependability of these relays 

SPECIFICATIONS 
Contacts 
Arrangement 2 4C 
Rating resistive load 
Max. switching power  60W 100VA 
Max. voltage  220V AC DC 
Max. current 2A 

UL rating 0  5A 125V AC, 2A 30V DC 
VDE rating   1A 65V AC, 2A 30V DC 
Expected life, min. operations 

Mechanical   NF2/3 e 108, NF4/108 
Electrical (2A 30V DC Resistive)   108 

(1A 30V DC Resistive)   5 x 106 
initial contact pressure  approx. 8.5g (0.3 oz) 
Contact bounce  approx. 1.5 msec. 
Contact material 

Movable contact Gold-clad silver 
Stationary contact  Gold-clad silver 
For telephone circuit applications 
gold-clad silver-palladium type is available 
rated 0.1A 50V DC 10 x 106 operations 

Initial contact resistance 
Maximum 50 mil 
Typical   25 mn 

Coll 
Min operating power (at 25°C)  approx. 

NF2/150mW, 
NF4/240mW 

Nominal operating power (at 25°C)  approx. 
NF2/300mW, 
NF4/480mW 

Max. operating power appros. 
for continuous duty  1W at 40°C 1o4°F 
Characteristics (at 25°C, 50% R.H. sea level) 
Max. operating speed 50 cps 
Operate time  approx. 10 msec. 
Release time approx. 5 msec. 
Electro static capacitance 

Contact/Contact  approx. 4 pF 
ContacVCoil approx. 7 pF 
Contact/Ground approx. 6 pF 

Breakdown voltage 
Between open contacts  750Vrms 
Between contact sets 750Vrms 
Between live parts and ground 1  000Vrms 
Between contacts and coil 1  000Vrms 

Initial insulation resistance ..1,000Mu at 500VDC 
Ambient temperature  - 40 to + 65°C 

-40 to +149°F 
ShockNibration resistance 

Deenergized condition  8G/8G 55 cps. 
Energized condition 20G/20G 55 cps. 

Unit weight  approx. NF2/14g (0.5 oz.) 
NF4/16g (0.6 oz.) 

Specifications for MBB contact types 
Expected life, min. operations 

Electrical (1A 30V DC Resistive)  106 
Breakdown voltage 
Between open contacts  200Vrms 

All other characteristics are the same as those of 
standard types. 
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NFEB Amber Beley 

Free Samples. Write to Aromat or your regional 
distributor today. and get a free sample and test 
data on the NFEB relay . Once you've driven this 
engineering marvel, you'll never turn back' 
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Aromat 
Member of Matsushita Group 

Relays for Advanced Technology 

Aromat Corporation: 

250 Sheffield Street 

Mountainside, NJ 07092 

(201) 232-4260 

Mid-Western Office: 

311 Lively Blvd 

Suite 1 

Elk Grove Village. IL 60007 

(312) 593-8535 

Western Office: 

10400 North Tantau Avenue 

Cupertino, CA 95014 

(408) 446-5000 
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column model. As many as four cath-
ode-ray-tube display stations and 
four input/output devices (plotter, 
printer, floppy disk, and modem) can 
be operated from one model 427 ter-
minal. The manufacturer of the ter-
minal will customize the firmware at 
no extra charge for special applica-
tions and for the emulation of any 
existing terminal. 
The basic 427 includes a light pen, 

a Z80 microprocessor, a 256-byte 
random-access memory, a I-kilobyte 
read-only memory, and a CRT dis-
play and keyboard. The CRT monitor 
has a screen capacity of up to 2,048 
7-by-12-dot matrix alphanumeric 
characters. It displays 20 lines and 
buffers 12 lines on its 12-in, raster-
scan screen. The keyboard has a full 
128-character upper- and lower-case 
ASCII set. The terminal transmits 
full- or half-duplex asynchronous 
data at rates of up to 9,600 b/s via 
its RS-232-C interface. Options for 
the 427 include memory expansion 
to 65 kilobytes, synchronous proto-
col, and choice of parity and number 
of stop bits. 
The desktop model sells for 

$3,680; the pipe-column model is 
$3,910. Delivery takes 60 to 90 days. 
Computer Talk, P. O. Box 100, Idledale, 
Colo. 80453. Phone Joan Henann at (303) 
697-5485 [363] 

Electrosensitive unit prints 

graphics from dumb terminal 

An electrosensitive graphics printer 
fits Lear Siegler Inc.'s ADM-3A 
dumb terminals that have Digital 
Engineering's graphics option, Ret-

ro-Graphics. Retro-Graphics is a 
printed-circuit board (model RG-
512) that makes the ADM-3A com-
patible with Tektronix software so it 
can perform such complicated com-
puter graphics as point plotting and 
automatic vector generation. The 
Graphx-Printer, model GP-100, 
plugs into the RG-512 pc card. 

The GP-100 can print a hard copy 
of the graphics within a 6.7-by-5-in. 
area in under 20 seconds. It prints 
alphanumerics at a rate of 170 
lines/minute. 
The suggested list price is $1,995. 

Digital Engineering Inc., 1775-C, Tribute Rd., 
Sacramento, Calif. 95815. [365] 

NEWPORT DIGITAL MET 
THE NEW ALTERNA 
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Higher accuracy, better resolu tion, and 
lower cost with Newport's Series 230/260. 
Measurements of temperature, 

pressure, flow, speed, voltage and 
current can now be easily made 
with Newport's new meter relay 
line by selecting a plug-in signal 
conditioner tailored for a particu-
lar sensor and measurement 
range. A thermocouple conditioner 
will provide reference junction, 
µV preamp and linearizer, while 
a pressure cell conditioner (strain-
°meter) will provide bridge excita-
tion, µV preamp and offsetting. 

In addition, the basic AC-
powered meter provides an analog 
output for strip chart recorders. 

DC Voltmeter or Ammeter 

AC Voltmeter or Ammeter 

NEWPORT 
Newport Electronics has an office near you: 

Santa Ana Schiphol Dreieich Stevenage 
CA 92705 Holland Germany England 

Optional single or dual set 
point relay control is provided 
with 1500V isolated form C relay 
contacts rated at 5A for each set 
point. A dual set point controller 
can be logic level programmed for 
3-position or hysteresis control. 
External control of latching and 
resetting of relay coils is provided. 
For each set point a pushbutton 
switch, when depressed, displays 
the set point value stored in a 
multiturn potentiometer. An LED 
lamp lights when the relay coil is 
energized. 

Write for more details about: 

Process Monitor RTD Pyrometer 

Tachometer IC Pyrometer 

Strainometer 
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Components 

IC amplifier puts 
out 5 W at 'I kHz 

SIP-cased dual-power audio 

amplifiers deliver 70 dB 

gain into 8-ohm load 

The heat is on for manufacturers of 
audio power-amplifier integrated 
circuits to develop products that 
deliver more power from smaller 
packages, without sacrificing high 
performance levels. The LM2878P 
high-voltage dual audio-amplifier IC 
from National Semiconductor Corp. 
is one example of industry's re-
sponse. 

Packaged in an 11-lead single in-
line case, the IC amplifier operates 
into 8-9 loads over an operating tem-
perature range from 0° to 70°C. 
Despite its price of $1.50 each (in 
100-unit quantities), the IC delivers 
impressive performance. For exam-
ple, it operates over a voltage range 
of from 6 to 32 volts. Ripple-rejec-
tion and channel-separation per-
formances are also excellent for 

devices in such a price range: they 
are 60 and 70 dB, respectively, 
referred to the output. 
The output-power rating of 

5 w/channel is taken at a frequency 
of 1 kHz and at a total harmonic 
distortion of 10%. At that frequency, 
distortion is typically 0.20%, 0.15%, 
and 0.14% for output-power levels of 
0.05, 0.5 and 2 w, respectively. The 
amplifier delivers an output-voltage 
swing of 6 v peak-to-peak into an 
8-1Z load. Open-loop gain is typically 
70 dB and open-loop input imped-
ance is typically 4 mQ. 
The IC's maximum junction-tem-

perature rating is 150°C. To operate 
at ambient temperatures of over 
25°C, it must be derated using 
thermal resistance curves that de-
pend on the device-mounting method 
used. 

Included in an 11-pin SIP are cur-
rent-limiting, short-circuit—protec-
tion, and thermal-shutdown features. 
Typical current limit is 1.5 A. The 
amplifier's slewing rate is typically 
2 v/µs. Its 3-dB power bandwidth 
(at 2.5 w) is 65 kHz. 
The LM2878P is internally com-

pensated for gains greater than 10 
and operates from a 22-v supply. 

Applications include stereo phono-
graphs, radio and Tv receivers, tape 
recorders, power comparators, and 
servo amplifiers. Delivery is from 
stock. 
National Semiconductor Corp., 2900 Semi-

conductor Dr., Santa Clara, Calif. 95051. 

(408) 737-5000 [341] 

Infrared device emits 

10.5 mW at 100 mA 

The XC-88-PC infrared emitter pro-
vides a minimum output of 10.5 mw 
at 100 mA. Power conversion effi-
ciencies for the packaged devices can 
reach 20%, so according to the man-
ufacturer the devices typically deliv-
er twice the optical power of the best 
gallium arsenide emitters that are 
commercially available. These di-
odes have a typical output wave-
length of 880 nm, which allows for 
improved coupling efficiency to sili-
con phototransistors. 

--

The IR emitters are useful for 
applications in solid-state photoelec-
tric controls, optical switches, reflec-
tive transducers, and encoders. They 
are available in TO-46 hermetic, 
T-1 1/4 plastic, and T-1 plastic pack-
ages. For 1 to 24 pieces, each compo-
nent sells for $3.06; they are $2.35 
each for 25 to 99 pieces; and in lots 
of 100 to 999 the devices sell for 
$2.14 apiece. Delivery is from stock. 
Xciton Corp., 5 Hemlock St., Shaker Park, 

Latham, N. Y. 12110. Phone (518) 783-7726 

[344] 

8-pin DIP thin-film resistors 

sell for under $1.60 

Selling for under $1.60, the model 
694 is a thin-film eight-pin dual in-
line package that contains four iso-
lated precision resistors. The resis-
tors can be connected in parallel and 
in series to create ratios for voltage 
dividers and current summing units. 
The thin-film resistor network allows 
the ratios to track within 5 ppm/°C 
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Interested in network variety? 
Select from a spectrum of 542 standards. 

Allen-Bradley has the popular configurations you need. Pull-ups, Pull-downs. Line Termi-
nators. Networks to complement Core Memory Sense Amplifiers. TTL to ECL Translators. 
0-Pad Attenuators. R/2R Ladders. Interconnect Networks. All styles available from 
your Allen-Bradley Electronic Distributor Call for specs or check your EEM Catalog. 

If you need specials, contact your local Allen-Bradley district office for fast turn-
around. Ask for Publication 5840. A-B is an experienced twin-film manu-

facturer, i.e. precision thin film and thick film. 

as a special feature. 

for mechanical mechanical stability. 

Coet. .4-ttieee 
aids orientation and indicates 
number of pins. Blue-14 pin; 
green-16 pin. 

--Ke>-gee- deeriz/a4-4 
...room for more 
resistors, higher 
power ratings, larger 
resistance values. 

eety,t.crideldeet/prAa.r 

for visual inspection. 

Quality in the best tradition. 
ALLE N-B RADLEY 
Milwaukee. Wisconsin 53204 

EC14913 
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These days, an American 
made relay is like money 
in the bank. 
Think of the U.S. economy as a bank, one 
with too many withdrawals and too few 
deposits, and you've got a major cause for 
inflation Putting your money into American 
made goods, like Wabash Relays, can help 
bring inflation under control. 

Wabash relays are 100% American made. 
That says something special about our 
quality and our fast, dependable 
service and delivery. Wabash 
offers over 6,000 reed relay 
variations alone, at a price 
competitive with those 
manufactured outside the U.S. 

For relays you can bank on, give 
Wabash a call. Just tell 'em 
Sam sent you. 

Wabash Relay & Electronics 
First and Webster Streets 
Wabash, Indiana 46992 
(219) 563-2191 

Circle 160 on reader service card 

wabash. 
The Reed Relay Specialists 

A new X-Y controller that 
operates from fingertip glide 
A lower-cost, long-life alternative to trackballs, 

joysticks, light pens, etc. 

With this new X-Y controller all you do is 
slide your fingertip in the desired direction. 

Then 3600 solid-state sensors embed-
ded in a tough plastic block along with VLS 
hybrid circuitry detect the presence, 
motion, and direction of motion of your 
fingertip on the Touch Graphicsulsurface, 
producing X- and Y- digital control signals 
for all graphics applications. 

The result is a cost-effective alternative 
to trackballs, light pens, thumb wheels, etc. 

CALL TODAY 
This is a new micro-proximity touch-

sensing technology you should know 
about. Call now for sales literature on this 
and other control devices. 

lama 
2348 Walsh Ave., Santa Clara, CA 95051 
(408) 727-TASA • TWX 910 338 7820 

New products 

over the temperature range from 
— 55° to + 125°C. The absolute tem-
perature coefficient is 50 ppmfC or 
better. The units sell for $1 to $1.50 
each in lots of 1,000. 
Beckman Instruments Inc., Network Prod-

ucts Operations, 2500 Harbor Blvd., Fuller-

ton, Calif. 92634. Phone (714) 773-8326 

[346] 

100-A rectifiers 

recover within 75 ns 

The SER 8050, 8100, and 8150 100-
A rectifiers are rated from 50 to 150 
V. They exhibit a reverse-recovery 
time of 50 ns typically and of 75 ns 
maximum. The Epion ion-implanted 
devices have an average forward 
voltage drop of 450 mv and an aver-
age reverse current of 5 mA. The 
packaging uses metallurgically 
bonded construction with modified 
DO-5 case. The peak repetitive for-
ward current is 400 A and the peak 
surge current is 1,000 A. The operat-
ing temperature range is —65° to 
+175°C. In quantities of 100, the 
rectifiers sell for from $14.95 each to 
$20.95 each, depending upon the 
peak inverse-voltage rating. Delivery 
is from stock to 30 days. 
Solid State Devices Inc., 14830 Valley View 

Ave., La Mirada, Calif. 90638 [347] 

Scott T transformer 

has 0.3-in. profile 

The 52910 Scott T transformer, 
measuring 0.5 by 0.85 by 0.3 in. 
± 0.035 in., converts three-wire syn-
chro information into four-wire re-
solver information. The 0.3-in. 
height allows for minimal board-to-
board spacing and is also compatible 
with average integrated-cir-
cuit—board heights and spacing. 
Weighing only 0.25 oz., the trans-
former operates over the tempera-
ture range of from — 55° to +125°C. 
In quantities of 1,000, it sells for 
$27. Delivery time is approximately 
eight weeks. 
Magnetic° Inc., 182 Morris Ave., Holtsville, 

N. Y. 11742. Phone (516) 654-1166 [348] 
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When you design circuitry 
this tight, you need the 
protection of ymigig. 
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Fine line printed circuit board 
designs call for tight conductor 
spacing. And with spacing toler-
ances of less than 0.3mm (0.012 
inch), you need circuitry protection 
beyond the capability of ordinary 
screen printed solder mask. You 
need VACREL dry film solder mask. 

In the cross sectional illustra-
tion below, VACREL uniformly 
covers the circuitry with no skips. It 
provides maximum protection of 
fine line circuitry, even below 
0.2mm (0.008 inch) conductor 
spacings, resulting in electrical, 
environmental and mechanical 
protection. 

Uniform coverage 
with VACREL Solder Mask 
0 2mm (0.008 )— 

Skips with conventional 
screen printed solder mask 
0.2mm (0.008 in.)— 

Conventional screen printed 
solder mask has limited utility in the 
protection of fine line circuitry. 

Interested? Ask us to show you 
how VACREL dry film solder mask 
can protect your tightest circuitry 
designs. Write: VACREL Solder 
Mask, RISTON® Products, DuPont 
Company, Rm. 38014, Wilmington, 
DE 19898. 

Innovations for Electronics 

0( -* 
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TI 
Distributors 

New products 

Packaging & production 

E-beam measures 
chip voltages, cuts 
probe capacitance 
Normally, circuit voltages on a bare 
integrated-circuit chip or wafer are 
measured using fine tungsten-wire 
mechanical probes. However, for 
fine-geometry very large-scale inte-
grated circuits and high-speed de-
vices, the stray capacitance from a 
probe's contacts can change the 
characteristics of the device being 
examined. A new technique may 
overcome that problem. 
Those using scanning electron 

microscopes (sEm) for detailed chip 
examination have long been aware of 
the difference in appearance be-
tween static IC sites with positive 
charges and those carrying a nega-
tive charge. Now Perkin-Elmer has 
introduced its Etec Autoscan 

VC 200, which employs electron-
beam technology to make precise 
measurements without the stray ca-
pacitance problem. The submicrom-
eter beams also provide greater reso-
lution than the mechanical probes. 
The new system is actually an 

SEM, modified to provide quantita-
tive characterization of time-vari-
able voltage within an IC. It bom-
bards the chip or wafer with elec-
trons, which cause secondary emis-
sions from the device surface. Also, 
the electron-beam pulse rate is syn-
chronized to the device's operating 
frequency. An electron energy ana-
lyzer-part of the VC 200 system-
measures the secondary energy from 
the device surface and generates a 
signal that in turn can be calibrated 
to measure circuit voltage. Nor-
mally, SEM beam excitation is on the 
order of 30 kv. In the VC 200, it 
ranges between 10 and 20 kv, in 
order not to damage the device. 

By locking the electron-beam 
pulses to the operating frequency of 
the circuit, a stroboscopic operating 
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EPROM flexibility. ROM compatibility. 
Immediate availability. 

32Ks from Texas Instruments. 
More and more applications are de-
manding more and more memory — in 
the same size space. 

So, more and more, TI's TMS2532 
32K EPROM is your practical, econom-
ical choice. For a lot of good reasons. 

ROM compatibility 
TMS2532 is pin compatible with 32K 
ROMs supplied by ten sources. So, 
when your programming is finalized 
and you're ready for volume produc-
tion, the switch from EPROM to ROM 
is quick, easy and cost-effective. 

Upgradability 
From 16K or to 64K. Easy. TI's 
TMS2532 is plug-in compatible with the 
industry-standard 16K 5-V EPROM. 
All you need to do is include the signal 
to PD in the address decoder. Minimal 
modification for upgrade to 64K, too. 

© 1980 Texas Instruments Incorporated 

And the trend is continuing. Two 
other EPROM suppliers now provide 
this JEDEC-approved pinout. 

Low power and lower power 
The standard TMS2532 comes in at 400 
mW typical active power (worst case — 
TA = 0°C). When deselected, TMS2532 
automatically assumes a low power 
mode — 50 mW typical. 

The even lower power TMS25L32 ac-
tively dissipates 325 mW typical, while 
offering ± 10% power supply tolerance. 

Available now 
If you're thinking 32K EPROM, think 
TMS2532. For new systems design. 
For upgrading existing systems. Or for 
eventually switching to 32K ROM. 
Production is up and distributor 

stocks are in good supply, ready 
to move. 

For fast delivery of 32K EPROMs, 
call your nearest TI sales office or 
authorized distributor. 
For more information on 
the entire TI 5-V 
EPROM Family, write to 
Texas Instruments, 
P. O. Box 1443, M/S 6965, 
Houston, lbxas 77001. 

TEXAS INSTRUMENTS 
INCORPORATED 85139A 
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New products 

mode is created, and that permits 
sampling over a large number of 
operating cycles for precise voltage 
measurements. Small, discrete 
changes in the sampling point within 
the duty cycle can result in a time-
voltage profile with resolution on the 
order of 1 ns and 20 mv. Voltage 
readout may be through either an 

oscilloscope or a graphic recorder. 
The final prototype of this ma-

chine was exhibited at the recent 
Semicon West in San Mateo, Calif., 
but delivery will not start until this 
fall. The prices will be between 
$160,000 and $170,000. 
Perkin-Elmer Etec Inc., 3392 Investment 

Blvd., Hayward, Calif. 94545 [391] 

BEGONE 
CURSED 
ALIAS 

The new Precision 616 cuts 
clean with programmable 

ease. 80 dB/octave attenua-
tion slopes and time domain 

filters superior to Bessel. 
Up to 16 filter channels, 
programmable for gain 

and cutoff frequency 
Interfaces with mini, 

micro or GPIB. Typical 

phase match is 340, 
with worst case of 2°. 
You get performance that 
used to require a custom 
instrument, without paying 
a custom price. 
Call Don Chandler, 
607-277-3550, 
or write for complete 
specs and a demonstration. 

PRECISION FILTERS, INC. 

Compliant contact allows 

0.035-to-0.041-in. tolerance 

A compliant contact for multi-
layered printed-circuit boards over-
comes relaxation, or creep, effects 
and has hole tolerances of from 
0.035 to 0.041 in. It is designed for 
use with complex multilayer printed-
circuit and heavy copper back pan-
els, providing an efficient interface 
between plated-through holes and 
interconnections with other areas of 

an electronic system. 
The Reli-Afit contact supplies a 

high retention force that does not 
damage the plated-through holes of 
expansive multilayer back panels. 
The contacts are available on contin-
uous reels in either feed-through or 
cantilever form. Application tooling 
is available. For the gold-plated ver-
sion, each contact costs 3¢ in pro-
duction quantities. Delivery time is 
from 12 to 14 weeks. 
Methode Electronics Inc., Connector Divi-

sion, 7447 W. Wilson Ave., Chicago, III. 

60656. Phone (312) 867-9600 [393] 

Clip-on bus bar lessens 

assembly and installation time 

A clip-on bus bar system for proto-
typing and for custom and produc-
tion assembly of backplane power 
and signal buses should lower termi-
nation costs by at least 60% by les-

164 Circle 164 on reader service card Electronics/July 17, 1980 



sening the time spent in assembly 
and installation, says 3M. The bar, a 
conductive copper alloy (CDA 110), 
is coated with Scotchcast electrical 
resin, a tough epoxy that will not 
crack when the bar is bent to mate 
with nonaligned rows of pins. Con-
tacts are available with either gold 
or tin-lead plating. Kits come with 
two 6-ft lengths of bus bar (with 
0.100-in, or with 0.125-in, spacing) 
that can be cut to desired lengths, 
150 contacts, a contact-to-bar as-
sembly tool, and a bar-to-pin field-
insertion tool. 

Preassembled and pretested 12-in. 
units with 24 tin contacts spaced 
0.100 in. apart sell for $2.70 in 
quantities of 500 or $3.95 with gold 
contacts. A unassembled bus bar 
sells for 830/ft. The price of 1,000 
gold-plated contacts is $111 and $76 
for those with tin. Delivery time is 
three to four weeks. 
3M Co., P. O. Box 33600, St. Paul, Minn. 

55133. Phone Richard Barker at (612) 733-

9214 [394] 

Self-aligning elastomeric 

connector mates pc boards 

An elastomeric zero-insertion-force 
connector for printed-circuit boards 
measures 0.100 in. high by 0.500 in. 
wide and is available in lengths from 
0.10 to 10 in. The MOE connector 

has nickel or copper-nickel-gold 
alloy conductors 0.5 mil thick lami-
nated to a silicone rubber substrate. 
These conductors wrap around the 
substrate and connect the edge-con-
nector pattern of one pc board to 
that of another. Because the connec-
tor's conductors are very narrow — 
0.010 in. wide and on 0.020-in. cen-

ters — they provide redundant con-
tacts. In fact, the connectors are self-
aligning and therefore lend them-
selves to automatic positioning. In 
quantities of 10,000, each costs 25C 
per inch of length. Delivery takes 
four weeks. 
Hulltronics Inc., 333 Byberry Rd., Hatboro, 

Pa. 19040. Phone (215) 672-0787 [397] 

OUR MOST 
RESOLUTE 
ALIAS 

STOPPER 
Our new Precision 636 

provides 3-digit resolution 
with 4092 cut-off 

frequency selections. 
If you need more, our 31/2-

digit option provides 6141. 
Either way, you get up to 
16 programmable chan-
nels with convenient key-
board address and LED 

displays. Time delay filters 
superior to Bessel. Elliptics 
with 80 dB/octave attenu-
ation. Phase match within 
2°. Interface with mini, 
micro or GPIB. 
Call Don Chandler, 
607-277-3550, or write for 
specs on all Precision 
anti-alias filters. 

ffl PRECISION FILTERS, INC. 303 W Lincoln, Ithaca, N Y 14850 
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New products 

Semiconductors 

MOS FETs have 
45o-v breakdown 
Power MOS transistors, 

built with Z-MOS process, 

operate from ac line 

Using its new process for producing 
vertical double-diffused mos field-
effect transistors, Intersil has devel-
oped a family of vertical power MOS 
FETs that guarantees freedom from 
breakdown below 450 Y. The compa-
ny expects them to be the first such 
devices capable of operating directly 
from ac line voltages while staying 
within industry-accepted safety mar-
gins. 

Several suppliers offer power MOS 
FETs specified for 350-to-400-v 
breakdown, and so will Intersil. But 
the firm expects the 450-v break-
down provided in its IVN6000 series 

to give it a big edge in designs for 
switching power supplies, ac motor 
controls, and other applications call-
ing for operation from an ac line. 
What's more, their 10-ns switching 
speeds make units of the series an 
order of magnitude faster than com-
petitive MOS FETs (100 ns typically) 
and several orders of magnitude fas-
ter than conventional bipolar power 
transistors (several microseconds 
typically), claims Jerry Zis, Intersil's 
director of analog and power prod-
ucts marketing. 

According to Zis, the additional 
50-to-100-v breakdown specification 
of the IVN6000 series "makes a big 
difference" to the circuit or system 
designer calculating safety margins. 
That is because line voltage in the 
United States, for example, ranges 
from 105 y to 132 v, which means 
that peak voltage (1.414 x line volt-
age) can be as high as 186.65 v, he 
explains. Though standard practices 
of doubling the peak voltage would 
suggest that a breakdown voltage of 
375 y or more would be sufficient, 
Zis says, "that's not good enough." 

The Intersil marketer notes that 
there are other factors to be consid-
ered when determining safety mar-
gins. Among these are the stray 
inductances associated with trans-
formers, lead wires, and other circuit 
elements that subtract about 10 V 
from the safety margin. Allowance 
also must be made for momentary 
line surges that could reach several 
volts for a few microseconds and 
cause a breakdown, he cautions. 

Perhaps most significantly, Zis 
notes that because of the inherent 
characteristics of power MOS FETs, 
their breakdown voltage "is a func-
tion of junction temperatures, in 
turn affected by the ambient temper-
ature. Specifically, at the low end of 
their temperature range, breakdown 
voltage is reduced. So when operat-
ing in cold environments, you don't 
have the breakdown voltage you 
thought you had." 

At 0°C, for example, the break-
down voltage is derated to 97% of 
what it is at 25°C; at — 40°C, it is 
derated to 92%. Under these condi-
tions, a power MOS FET rated for 
400-v breakdown at 25°C must be 
derated to 388 v for operation at 0°C 
and to 368 y at —40°C, or "well 
below safety margins, with a failure 
almost guaranteed," in Zis's words. 
At these temperatures, a similar 
device rated for 450-v breakdown at 
25°C would be derated to 436.5 y 
and 414 v, respectively. 

Initially, the new power MOS FET 
devices will be made available with 
three voltage ratings-450 v for the 
IVN6000KNT, 400 y for the 
IVN6000KNS, and 350 y for the 
IVN6000KNR —and will come 
packaged in a standard TO-3 can, 
with a TO-220 package to come at a 
later date. On-resistance for the 
units at 1.0 A is 2.5 SZ typically and 
3.0 1/ maximum. Continuous current 
is 2.25 A maximum, and peak cur-
rent is 7.5 A. 
Thanks largely to the z-mos pro-

cess [Electronics, July 3, p. 46], 
which yields density improvements 
on the order of 20% to 25%, the 
power MOS devices are believed to be 
priced below competitive MOS FETs, 
although still more costly than bipo-
lar power transistors. However, that 
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Your Marketing department wants a new black box 
design. They want it to handle 37 bytes of informa-
tion. It has to be solar energized. It has to fly. It has 
to speak. It has to reproduce. Naturally, it'll need 
special cable configurations. Call Belden. 
We've developed workable wire, cable and cord 

answers for a lot of extraordinary new products. 
In fact, a lot of designers have found that working 
with Belden in the early stages of a design project 
usually pays dividends in compatibility, workability 
and lower overall costs. 
And once your product is rolling, we're ready to 

dig in to wire processing, assembly and installation 

problems to help insure that your idea makes it to 
market economically. 
You see, Belden's capabilities in wire, cable and 

cord are comprehensive. Sure, we make thousands 
of standards, but we can also provide just about any 
custom that you can imaginc. And our technical 
knowhow ranges from innovative packaging to in-
depth value analysis. 

Just imagine a wire, cable or cord—and we'll 
come through with it. Belden Corporation, Elec-
tronic Division, P.O. Box 1327, Richmond, IN 47374; 
317-966-6661. Out West, contact our Regional Sales 
Office in Irvine, CA at 714-833-•7700. 
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Your special designs 
need a special 
wire source 

c 1979 Belden 

Imagine 
what we 

can do 
for you 

BELDEN 
Coming through... 
with new ideas for nloving electrical energy 
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The source for... 

DEFENSE ELECTRONIC 
PRODUCTS AND SERVICES 
U.S. Suppliers 
1980 

Sixth 
Annual 
Edition 
228 pp. 

$40 

The only technical sourcebook 
of its kind, covering more than 
40 categories of U.S. defense 
products and services. 

Sixty major U.S. suppliers 
provide detailed specifications 
and some 300 illustrations in 
such categories as... 
• Command and control • Com-
munications, including data 
communications • Displays • EW 
• Fire control • Maintenance 
services • Navigation • Radar 
• Recorders • Systems engi-
neering • Telemetry • Test 
equipment and instruments 
• Training aids and simulators 
• Plus...cross-index and five 
appendixes. 
Order your copy today! 

The Directory of Defense 
Electronic Products and 
Services, 1980 

Electronics Magazine 
1221 Ave. of the Americas 
New York, NY 10020 USA 

Please ship__... copies of 
"The Directory of Defense 
Electronic Products and 
Services, 1980" at $40 each, 
postage and handling included. 
Non-U.S. orders add $14 for 
air shipment. 
Payment must accompany order, 
checks payable to Electronics. 

Name/title 

Company/organization 

Address 

City/postal code/state/country 

New products 

could be offset to some extent by the 
bipolar units' slower speed and need 
for more complex and costlier drive 
circuitry. 

Delivery extends from stock avail-
ability to 30 days. Units in the series 
cost $10.95 (450 V), $10.25 (400 v), 
and $9.50 (350 v) each in quantities 
of 100 to 999. 
Intersil Inc., 10710 Tantau Ave., Cupertino, 

Calif. 95014. Phone (408) 996-5000 [411] 

Telephone speech chip 

interfaces 2 to 4 wires 

A monolithic speech circuit in a 14-
lead dual in-line plastic package, 
replaces the hybrid circuit in tele-
phone handsets. The LS285A inter-
faces two wires with four, so that the 
sending signal from the handset's 
microphone does not reach the 
receiving capsule except as a con-
trolled amount of sidetone. The chip 
lets the same type of transducer 
serve sending and receiving circuits. 
Upon sensing the line current, the 
LS285A adjusts the gain on both 
sending and receiving amplifiers to 
compensate for the line attenuation. 
In lots of 1 to 99, the circuits sell for 
$9 apiece and are available now 
from stock. 
SGS-ATES Semiconductor Corp., 240 Bear 

Hill Rd., Waltham, Mass. 02154. Phone 

(617) 890-6688 [414] 

Counter with MNOS memory 

generates own voltage 

To ease interfacing with TTL or com-
plementary-mos logic, a six-decade 
up-counter generates its own voltage 
for a nonvolatile metal-nitride-
oxide-semiconductor memory. The 
integrated circuit comes in three ver-
sions: a batch counter and two 
lapsed-time indicators. The 
MN9106 batch counter has an over-
flow latch that is activated when the 
counter hits 999999; the MN9107 
lapsed-time indicator will display up 
to 99 hours, 59 minutes, and 59 sec-
onds; the MN9108 displays 10,000 
hours less 1 minute. 

The counters operate off a stan-
dard 12-v or a dual power supply. 
The manufacturer guarantees data 
retention for one year without exter-
nal power. The synchronous six-dec-
ade counter operates from dc to 100 
kHz and has 64 bits of MNOS memo-
ry, a self-scanning multiplexer, sev-
en-segment display drivers, and an 
on-board voltage generator. All 
three versions are in stock and sell 
for $15 apiece if purchased in quan-
tities of 100. 
Plessey Semiconductors, 1641 Kaiser Ave., 

Irvine, Calif. 92714. Phone (714) 540-9979 

[415] 

E-beam lithography fits 

16-K static RAM on one chip 

A 16-K very large-scale integrated 
static random-access memory has 
been fabricated with electron-beam 
lithography. The 16-kilobit static 
memory on a single chip is equiva-
lent to a 64-K dynamic memory, says 
the manufacturer, but fits on a chip 
only about half the size. The RAM 
has a maximum access time of 
200 ns and maximum power dissipa-
tion of 600 mw. It is organized as 
2,048 by 8 bits and uses fully static 
circuitry that requires no clocks or 
refreshing. N-channel silicon-gate 
mos technology allows for directly 
TTL-compatible inputs and outputs, 
as well as operation from a single 
+5-v power supply. 
The model MSM 2128 comes in a 

24-pin dual in-line ceramic package. 
It sells for $105.60 apiece in quanti-
ties of one to 24, $87 for 25 to 99, 
and $72 for 100 to 999. 
OKI Semiconductor, 1333 Lawrence Ex-

pressway, Suite 401, Santa Clara, Calif. 

95051. Phone (408) 984-4840 [417] 

Memory management unit 

for Z8000 sells for $187 

Zilog's recently announced Z8010 
Memory Management Unit for the 
Z8000 microprocessors family [Elec-
tronics, April 10, p. 134] is available 
in sample quantities for $187 apiece. 
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Motorola's unique 
multi-million dollar 
facility in Joplin mom 

a meaningful 
new factor in 
your CRT Display 
decisions. 
Make; buy; where to buy? If you 
are involved with CRT Display 
decisions, the new Motorola 
facility in Joplin, MO, is of vital 
interest to you. It houses the 
most inventive and exacting 
production and in-line testing 
equipment ever designed to 
achieve the ultimate in 
consistent quality conformance 
for CRT display systems. 

Only Motorola can offer phase 
to phase quality control and 
verification throughout the total CRT 
Display manufacturing process. 

Beginning with basic components 
manufacturing, the Joplin plant is 
equipped with the latest in pro-
grammed sequencing and automatic 
insertion. New production line 
techniques keep handling to a 
minimum as circuit panels move 
through assembly and self-soldering 
stations. Verified at every stage, 
the panels must then pass testing 
on Motorola's futuristic Video 
Display Analyzers. No faulty focus 
or resolution; no blemish; no linear 
or geometric flaw can escape 
detection. Finally, samples of every 

production run are subjected to long 
term extreme environmental testing. 

The bottom line is consistent top 
quality and reliability at the right 
price. The Joplin plant represents 
a new state of the art in engineer-
ing and manufacturing fine CRT 
Displays. No terminal manufacturer 
could profitably match Motorola's 
productivity and the overall quality 
of its end product. 

rs 11110, 

Motorola 
displays the 
character 
of your 
business. 

MOTOROLA 

Display Systems 
1155 Harvester Road West Chicago, IL 60185 
312/231-4400 
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Concerned About Soft Errors 
On 64K RAMs? Aehr's Model MBT-100 

Could Save Both Your 
Company's Reputation 
and Your Budget! 

This monitored burn-in system 
for 64k RAMs is the answer to 
your worries about single bit or 
soft errors. It has the capacity 
to parallel test 832 dynamic or 
static RAMs at temperatures up 
to 200°c. Device failures are 
data logged and a hard copy 
print-out identifies the time and 
temperature of all failures. 

The Aehr Model MBT-100 is a 
revolutionary new solution for 
collecting reliability data on 
memories susceptibility to soft 
errors caused by alpha particles 
or pattern sensitivities. It's an 
economic answer to the long 
N2 and data retention tests re - 
quired for 64k and 4k static RAMs. 

lfeIR AEHR TEST SYSTEMS 

For further information, write or call: 

160 CONSTITUTION DRIVE, MENLO PARK, CALIFORNIA 94025 
Telephone: (415) 321 -1580 Sales representatives throughout the world. 
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SERVO 
FEEDBACK 

Design It in your way! 

on 
00 

UP 

• 

pa 
so Iss 

Waters built in Ogi 
servo-feedback elements simplify design and cut costs. 

Why box yourself in with "packaged pots" — and linear-to-rotary conversions, 
and linkages, and costly housings, shafts and bearings you don't really need? 

Design your system your way — with our long-lasting, low-noise, custom-made 
feedback elements. We can supply squares, circles, strips — any geometric 

shape you need in linear and non-linear plastic elements. You'll save time. 
Cut costs. And chances are you'll improve performance. 

Send today for full information. Or call (6171358-2777. 

U. U. I à 

Waters Manufacturing, Inc. 

Longfellow Center, Wayland, MA 01778 (617) 358-2777 • Telex 948-441 

New products 

The Z8010 mmu offers dynamic 
segment relocation and memory pro-
tection for each of the Z8001's 8-
megabyte address spaces. Each unit 
has 64 randomly accessible segments 
that range in size from 256 bytes to 
64 kilobytes. These can be mapped 
into a total physical address space of 
16 megabytes. The logical structure 
with which the device provides the 
memory space is largely independent 
of the data's physical location. It 
prevents such errors as attempts to 
execute data and the unauthorized 
access to memory resources of data. 
It also protects the operating system 
from unexpected access by the user. 
The Z8010 mmu also supports 

high-level language requirements 
crucial to the selection of 16-bit 
microproessors. Multiple mmus can 
be used to support several transla-
tion tables. 
Zilog, 10340 Bubb Rd., Cupertino, Calif. 

95014. Phone (408) 446-4666 [416] 

Single-chip quad op amp uses 

0.38 mW per channel at 5 V 

The OP-420 single-chip, bipolar 
quad operational amplifiers [Elec-
tronics, July 3, p. 166] can be used 
with either single or dual power sup-
plies having voltages as low as + 3 v, 
± 1.5 V. Maximum power consump-
tion is 0.38 mw per op amp when the 
unit is operated off a 5-v supply. The 
device has an open-loop gain of 
800 vimv (110 dB) minimum on 
each channel and consumes a total 
of 220 µA at ±15 V. Input offset 
voltage is typically 500 LV, with a 
drift of less than 5 v/°C. Two ver-
sions of the device have maximum 
offset voltages of 3.5 mv. 

In 14-pin hermetic dual in-line 
packages, the OP-420 op amps are 
rated at — 55° to + 125°C for mili-
tary applications (suffix BY and 
CY); —25° to + 85°C for industrial 
(FY and GY); and 0° to 70°C for 
commercial (HY). All versions are 
available from stock and range in 
price from $18.50 to $5.25 apiece in 
100-piece quantities. 
Precision Monolithics Inc., 1500 Space Park 

Drive, Santa Clara, Calif. 95050 [413] 
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TO-220 crimped 
to 146 Series 
Connector. 

BUNKER 

RAMO 

No soldering with AmphenoIR 146 Series 
Mounting Connectors. So, no overheating 
problems. Just crimp-connect for fast, 
easy mounting. 
Soldering TO-220 leads to PC boards can damage the package. And it takes 
valuable time. 
But our 146 Series Mounting Connector solves that problem. It simply crimps 
to TO-220 leads. With its standard 1/4" termination lugs, the 146-plus-T0-220 

package can then be separately mounted away from the PC board. 
The result is easier access plus economy. The TO-220 i easy to get to, 
because it can be mounted on the outside of a chassis. Or on a remote 
metal surface, thus eliminating a costly heat sink. Testing, trouble-
shooting, and replacement are simpler—no de-soldering, just remove 
three screws. 
Our termination tool cuts and forms the leads, then crimps all three 

at once. 
The optional mating connector (shown above) accepts three terminals 

and is keyed to avoid mismating. 
Turn a hot problem into no problem with no-solder Amphenol 146 Series 

Mounting Connectors. They're just one of our many problem-solving connectors. 
For more information, technical data, dimensions and prices, contact the 

sales office nearest you. 

AMPHENOL NORTH AMERICA 
A Division of Bunker Ramo Corporation 

Amphenol North America Division Headquarters: Oak Brook. Illinois 60521 

Sales Offices: Atlanta 1404) 394-6298 • Boston (6171475-7055 • Chicago (312) 986-2330 • Dallas (214)235-8318 • Dayton 15131294-0461 
Denver (303) 752-4114 • Greensboro 19191292-9273 • Houston (7131444-4096 • Indianapolis (3171842-3245 • Kansas City (8161737-3937 
Knoxville (615)690-6765 • Los Angeles (2131649-5015 • Minneapolis (6121835-4595 • New York (516) 364-2270 • Orlando (3051647-5504 
Philadelphia (215) 732-1427 • Phoenix 1602) 265-3227 • St Louis (3141569-2277 • San Diego 1714) 272-5451 • San Francisco (408)732-8990 
Seattle (206) 455-2525 • Syracuse (315) 455-5786 • Washington. DC (703) 524-8700 
Canada: Montreal (514) 482-5520 • Toronto (416) 291-4401 • Vancouver (604) 278-7636 • International: Oak Brook Illinois TELEX 206-054 
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With SuperScribe, 

You get what you pay for. 
and then some. 

The SuperScribeTm Series 4900's 
pen positioning system utilizes a 
unique capacitance transducer 
rebalance element. Developed by 
Houston Instrument, the 
capacitance transducer 

• 

eliminates many of those prob-
lems associated with the 
conventional resistence slidewire 
type rebalance recorder. Since 
this patented innovation is a 
non—contacting device the 
slidewire wear resulting in 
"glitches" and "noises" inherent 
in conventional recorders is 
thereby eliminated. The 
results—increased recorder life, 
accuracy, reliability and infinite 
resolution. 

Reliability, Technology, 
Performance, H.I. puts it 
on the line. 

For rush literature or local sales 
office information, persons out-
side Texas call toll free 
1-800-531-5205 

Circle .l72 for 1 iterature 
Circle -,173 to have a representative call 

Features 

• • 

• 280 switch selectable chart speeds. 
• A 3-position RUN; STOP; ADVANCE 

switch is also provided for local 
control of the chart. 

• Remote control of the chart is 
accessible through a rear input 
connector. 

• A toggle switch allows for local 
up/down control of the pen. Also 
accessable through a rear connector 
for remote control. 

• Fourteen calibrated ranges in a 
1-2-5 switching sequence from 
1MV full-scale to 20V full-scale. 
Variable control gives between range 
span adjustments. 

• Push-Button and front panel Zero 
control provides positioning of the pen 
from -10% to +110% of full-scale. 

• Pen response 0.25 sec. from zero to 
full scale. 

• Optional integrator is a modern, 
inexpensive all solid-state integrator 
which is independent of line frequency 
and responds instantly to the input 
signal. 

• The integrating trace is displayed 
along the zero base and gives 100 
counts per transverse with a "blip" 
every 1000 counts. 

• A front panel "integrator balance" is 
provided to compensate for base li 
drift. 

In 
One Houston Square 
Austin, Texas 78753 
(512) 837-2820 TWX 910-87 

European headquarters: 
Rochesterlaan 6 8240 Gistel 
Phone 0591277445 Telex Ba 



Products newsletter  

One more local 

carrier joins the 

Ethernet competition 

Josephson junction 

simulator operates 

at room temperature 

TI second-sources 

RS-422 and RS-423 

Schottky diodes 

AMI enters military 

market with S6800s 

A packet-switching coaxial-cable network —the Alphanet from Alpha 
Professional Systems Inc. of Beverly Hills, Calif.—joins the swelling ranks 
of local networks that aspire to compete with Xerox's Ethernet [Electron-
ics, June 5, p. 89]. Although not a passive network like Ethernet, Alphanet 
will be made compatible with the combined Digital Equipment Corp., 
Intel, and Xerox specifications for Ethernet when those are released later 
this year. The Alphanet controller that is at the core of the new network 
will link to a keyboard, a video display, an 8085 microprocessor with 64 K 
of random-access memory, dual minitloppy-disk drives, and software to 
form a word and data processing network for under $6,000 per station. 
The network, which is slated for delivery in the third quarter of this year, 
transmits data at 1 Mb/s. 

A newly formed Beaverton, Ore., company —Philipp Gillette and Asso-
ciates— has created a $245 Josephson junction simulator based on conven-
tional circuitry. The Josephson Junction Analog allows the user to design 
circuitry around Josephson junctions, then observe simulated junction 
oscillations and transient-switching behavior without having to create the 
near-absolute-zero temperature environment in which a real Josephson 
junction device would operate. The unit provides simulation at lower 
speeds and higher voltages than such a device: it operates at 100 ms and 
1 y, not at the usual 15 ps and 10 my of a typical Josephson junction 
circuit. The simulator lets the user adjust the critical current and monitor 
the junction supercurrent on its own separate terminal. 

With the intention of blanketing the market for data-communications line 
circuits that meet the Electronic Industries Association's RS-422 and 
RS-423 standards, Texas Instruments Inc. has introduced a variety of 
low-power Schottky chips that second-source circuits built by other manu-
facturers. Among the quadruple- and dual-line drivers and receivers to be 
second-sourced are the AM26LS31 and -32 from Advanced Micro 
Devices, the MC3486 and -87 from Motorola, and the µA9636 and -37 
from Fairchild. TI will also provide an alternative version of the N8T26, a 
quadruple bus transceiver from Signetics. The new chips are available now, 
priced at between $1 and $2.30 each. They supplement the Dallas compa-
ny's own line of SN75172 through -175 family, which also provides 
party-line capabilities that go beyond the RS-422 standard. 

American Microsystems Inc. of Santa Clara, Calif., is offering 10 military 
versions of the S6800 microprocessor and memory products, each 
screened to MIL-STD-833, method 5004. The chips, which operate over a 
— 55° to + 125°C temperature range, include the S6800, S6802, and 
S6808 microprocessors and microcomputers; the S6810 1-K static ran-
dom-access memory; the S6821 peripheral interface adaptor; the S6840 
programmable timer; the S6852 synchronous serial data adapter; the 
S6831B 16-K read-only memory; the S5101 (256-by-4-bit) comple-
mentary-mos static RAM; and the S6508 (1,024-by- 1 -bit) static C-MOS 
RAM. The chips come in two class B versions, one for method 5004 and 
one for method 5004.0, and in a class C version. The class B, method 5004 
version of the S6800 costs $42.60 each in quantities of 1,000 or more. 
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Teko introduces a new product line: 
• electronic enclosures 
• processor boxes 
• electronic antenna for mobile houses and boats 
• telecommunication systems 

t rti 
1690/136 MHz Converter 

Linear Power Amplitie>\.. 

electronic enclosure 
C)/14 

For catalogues and further information, call or write: 

Teko Antenna 

Teke losur, ci, A E- KI 

12839 Westheimet 

LLJ • — ---77077 

--Houston Texas 

----I 713 I 497 6089 

— • " 
Distributors 
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Why should I pay for Electronics 
when other magazines in the field 
are free? 

Think of it this way: Would the other 
publishers in the field give away their magazines 
if they could sell them? 

Another question Would 94.637* 
worldwide subscribers pay to read Electronics 
if it weren't a far better magazine than the 
"giveaways"? 

And finally: If Electronics is worth your 
time (which you are investing in the magazine 

right now ), isn't it worth 69 cents? That's the 
cost per copy based on a one year US. 
subscription. Based on our long-term 
subscriptions, the cost is even less. 

Send in a subscription card from this 
magazine. If someone has beat you to them, 
write subscription department, Electronics, 
McGraw-Hill, 1221 Avenue of the Americas. 
New York. N.Y. 10020. 

Electronics Magazine. 
The one worth paying for. 
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New literature 

Transducer interfacing. "Transducer 
Interfacing Handbook—A Guide to 
Analog Signal Conditioning" tells 
how to connect transducers to sys-
tems for sensing temperature, pres-
sure, force, level, and flow. The 100-
page book contains nearly 100 appli-
cation examples illustrating trans-
ducer principles and shows the user 
how to apply them in electronic cir-
cuits for measurement and control. 
It sells for $14.50 and is available 
postpaid from Analog Devices Inc., 
P. O. Box 796, Norwood, Mass. 
02062. 

Bus bars. "Mini/Bus," a 24-page 
brochure, describes the design and 
applications of the series Mini/Bus 
printed-circuit—board bus bars. The 
brochure gives alternative uses for 
the bars under and between the rows 
of integrated circuits on the pc 
board. It also includes a short article 
on how to assemble a complex 
breadboard and an in-depth discus-
sion of electrical characteristics. 
Standard specifications, ordering in-
formation, and mounting guidelines 
for each configuration are also given. 
Rogers Corp., Bus Products Divi-
sion, Circuit Systems Group, P. O. 
Box 700, Williams Field and Dobson 
Road, Chandler, Ariz. 85224. Circle 
reader service number 422. 

Peripherals. A 12-page catalog de-
scribes computer peripheral equip-
ment that can be rented, leased, or 
purchased. The equipment available 
includes cathode-ray-tube terminals, 
storage devices, data-communica-
tions systems, desktop computers, 
controllers, calculators, and logic 
analyzers. Manufacturers repre-
sented in the catalog include Digital 
Equipment Corp., Hazeltine, Hew-
lett-Packard, Lear Siegler, Diablo, 
Texas Instruments, Fluke, Biomation, 
and Tektronix. Prices quoted are for 
a one-month rental and a one-year 
operating lease. U. S. Instrument 
Rentals, 2121 South El Camino 
Real, San Mateo, Calif. 94403 [423] 

• ABC Publisher Statement 
Detemner 1979 

Pulse transformers. A 14-page engi-
neering handbook on pulse trans-
formers provides a short introduction 
to these parts, as well as to their 



Ask yourself some 
loaded questions about 

bare board testing. 

As loaded PC boards become more complex 
and more costly, ask yourself some questions 
about owning an electrical test system for 
bare boards. A system that insures fault-free 
boards before they're loaded. 

1 Why should I consider electrical 
testing at the bare board rather than 

the loaded board stage? 

Faults at the loaded board stage are more 
costly, time-consuming and impractical. And 
visual inspection is often not enough. Elec-
trical testing at the bare board stage is 
designed to detect faults early to increase 
yield, reduce cost. The Everett/Charles 
Test Equipment, Inc. Series 50 evalu-
ates a 120 square-inch reference circuit 
board with .015-inch lines and spaces 
and 28,672 test points in less than 15 
seconds. Yield is 240 boards per hour. 
Visual inspection of the same board takes 
10 minutes, yield is 6 boards per hour. 

2 Electrical testing sounds great, 
but would it be too much of a 

financial load for my 
present operation? 

That depends on the volume 
of your production. But 
chances are that you'll 
more than break even with 
a reasonable total capital 
investment in fixturing and 
test equipment. At the cur-
rent factory labor rate for 
visual versus electrical in-
spection, compare a 10-minute 
visual inspection that costs 
$1.50 per board to a 15-second 
electrical, one-minute visual inspec-
tion that costs just 290 per board. 
Electrical testing represents a savings 
of over $1,200 per 1,000 boards. And there's 
no comparison in accuracy between the 
two test methods. 

3 Is the Series 50 loaded with test 
options? 

There's a variety of efficient ways to do 
electrical bare board testing with the Series 
50. From the simple red light/green light for 
bad board/good board testing to the fully 

V.ce P,es.den, 

translated output on an alphanumeric printer 
for specific failure information. With any test 
method, the Series 50 gives high-speed 

scanning for fast program-
ming, fast test times. 

4 Will I be overloaded 
with programming 

problems? 

Not at all. Programming is 
automatic from a 
known good board. 

There's no complex or expen-
sive programming needed, no 
specially trained personnel 
required. 

5 What's so 
special about 

the Everett/Charles 
Test Equipment 
Series 50? 

The highest test 
speeds available 
for shorts and 
continuity. And it 
resolves high 
resistance shorts. 
Not to mention 
the Series 50's 
"Dwell Time," 
modifiable for 

abnormally high 
capacitance found in 
highly complex, multi-

layer assemblies. In fact, the Series 50 can 
modify systems default settings to accom-
modate a number of open and short 
threshold limits. 

6 Will the Everett/Charles Test 
Equipment Series 50 take a 

load off my mind for bare board testing? 
Definitely. Its reliable, cost effective and fast. 
The Series 50 is a well designed, well inte-
grated system that's easy to program, easy to 
fixture and modifiable to meet future needs. 
Don't wait until the loaded board stage to 
test. For fault-free testing at the bare board 
stage, there's no question about it. The 
Everett/Charles Test Equipment, Inc. Series 50. 

e/ ?s,EAre-re/cmAAms 
 rEseEzezieeribeAfe, 

2887 NORTH TOWNE AVENUE 
POMONA, CALIFORNIA 91767 
(714) 621-9511 TVVX 910-581-3838 
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Sound 
Alternatives 

Wide selection; 4 models. 
New piezo audio indicators with vaned 
performance ranges. 2000 to 2600 Hz fre-
quency. Three voltages: 3-20 Vdc, 3-30 Vdc, 
15-130V AC/DC. 62 to 104 dBA. Disconnect 
tabs or screw mount. Continuous and pulsing. 
Fit Pe diam. openings. Series models: 
AI-380, 381, 382, 385. Write for specs: 
Projects Unlimited, Inc., 3680 Wyse Road, 
Dayton, Ohio 45414. 
Phone: (513) 890-1918. PrOjeCtS® 
TWX: 810-450-2523. unlimited 
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The chips will be stacked in 
your corner with the BOSS 
(BUS Oriented System Sup-
port) line of microprocessor 
system support cards. The ca-
pabilities of your system can 
be expanded as easily as in-
serting a new card ... and the 
BOSS line makes many func-
tions available so you won't be 
caught with a short deck. 

The BOSS family of cards mea-
sures 4',2" x with standa.d 
56 pin connectors designed es-
pecially for the STD BUS. The 
material that comes with every 

Pick a Card... 
Any Card 

You'll Win the 

STD BUS 
Game with 

the BOSS 
(pus Oriented SystemSupport) 

BOSS card is easy to under-
stand . • geared to techni-
cians. engineers and manufac-
turers. So. let the BOSS line 
take the gamble out of linking 
the microprocessor and the 
real world. 

For the selection of cards in 
our deck, please call or write 
today! 

MICRO LINK CORPORATION 
624 S. Range Line Road 
Carmel. Indiana 46032 
(317) 846-1721 
TWX 810-260-2634 

New literature 

specifications. The handbook, which 
also contains diagrams for the vari-
ous case sizes of the transformers, is 
available from Hans Schaffner's 
U. S. representative, Power Dynam-
ics Inc., 177 Valley St., South 
Orange, N. J. 07079 [424] 

Power supplies. A power-supply wall 
chart features 21 ac-dc and dc-dc 
product families and lists input and 
output voltages as well as package 
size. The chart includes off-line 
switchers, switched-mode regulated 
dc-dc converters, uninterruptible 
power-supply systems, and several 
new products—among them a uni-
versal, supply for 5V4-in. floppy-disk 
drives. The reference chart includes 
a reply card for ordering a free 64-
page power source engineering 
guide and reference material on such 
topics as testing procedures and 
thermal management. Semiconduc-
tor Circuits Inc., 218 River St., Hav-
erhill, Mass., 01830 [425] 

Communications products. A 36-
page product guide, OPT-115, pro-
vides tabulated data and outline con-
figurations for a line of optical com-
munications products. The guide 
includes infrared-light—emitting di-
odes and injection lasers, single ele-
ment p-i-n photodiodes, avalanche 
photodiodes, hybrid photodiode-
preamplifier modules, and optical 
communications systems. It delves 
into device and system characteris-
tics and includes a selection guide 
and a section on optical communica-
tions terms and definitions. RCA, 

Box 3200, Somerville, N. J. 08876 
[426] 

Active filter applications. A 20-page 
guide presents tables and graphs of 
the theoretical frequency and phase 
response for the 700 series family of 
fixed-frequency, bandpass and band-
reject active filters. Besides electrical 
and mechanical specifications, the 
booklet gives the working center fre-
quency equations and discusses their 
interrelationship with Q—.-the circuit 
sensitivity —in terms of realizable 
values. Frequency Devices Inc., 25 
Locust St., Haverhill, Mass. 01830 
[427] 
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HIRE THE BEST 
MINDS IN EPDXY R&D. 

FREE. 

If you're a Hysol 
customer, you get something 
extra with every can or drum 
of Hysol epoxy you buy. 

You get the services of 
one of the strongest epoxy 
R&D teams in the industry. 

Free. 
Hysol maintains three 

major research labs, located 
in New York and California. 

Application-based 
development projects are 
directed by an experienced 
team of polymer PhDs. 

Plus a complete support 
staff of more than 70 trained 
chemists, technicians and 
technical specialists. 

Exactly what could this 
high-powered R&D capability 
accomplish for you? 

Well, if you make 
semiconductors, for example, 
you might ask us to develop 
epoxy formulations that 
reduce epoxy flash, leave 
molds cleaner, develop 
hardness faster and post-cure 
quicker. In fact, they're 
available now. 

Or if you make aircraft, 
you might ask us to formulate 
an epoxy film that's less tacky 

on one side than the other for 
easier handling and better 
fabrication properties—yet 
bonds on both sides with the 
same chemistry and adhesive 
strength. 

Done. 
The point is, whatever 

you manufacture with epoxy, 
Hysol's strong commitment to 
application-based research 
can help. 

Hysol is the leader in 
epoxy technoloe. And 
leadership is why Hysol 
epoxies deliver more 
reliability, better handling and 

superior performance. But 
don't just take our word for it. 

Start your own free 
research. 

r - 1 HYSOL DIVISION 
  THE DEXTER CORF-,URATION 

15051 East Don Julian Road, 
Industry, CA 91749. 
Telephone (213) 968-6511. 

sot 
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One small word about computers. 

Osborne 
The Leader in Microcomputer Books 

Z8000 Assembly Language 
Programming 
by Lance Leventhal et al. 

The first in this popular series of books 
to have the combined authorship of Dr. 
Leventhal, Dr. Adam Osborne, and 
Charles Collins. The Z8000 processor 
instruction set is described in detail, and 
the discussion of assembly language 
programming techniques makes the book 
an invaluable teaching tool, 
programming manual, and Z8000 
reference book. 
Available August. 

#36-5 $15.00 

The 8086 Book 
by Russell Rector and George Alexy 

A handbook for all 
8086 microcomputer 
users, it includes 
8086 programming 
instruction, a thorough 
analysis of the 8086 
instruction set, 
and detailed hardware 

and interfacing guides which reveal the 
full power of the 8086 multiprocessing 
capabilities. 

THE 
8086 
BOOK 

#29-2 $15.00 

Interfacing to S-100 (IEEE 696) 
Microcomputers 
by Sol Libes 

A comprehensive book on the S-100 
Bus and devices compatible to the S-100 
Bus. An invaluable reference for 
designers, engineers and technicians 
developing S-100 microcomputer 
systems. The IEEE standard specification is 
used throughout 
Available this fall. 

#37-3 $15.00 

An Introduction to Microcomputers: 
Vol. 1, Basic Concepts, 2nd Ed. 
by Adam Osborne 

Since this book 
first appeared in 
1976, more than 
200,000 copies 
in four different 
languages have 
been sold, making 
it the best selling book 
on microprocessors 
ever written. Now it has been completely 
revised to reflect changes in this dynamic 
field. Basic Concepts, 2nd edition 
contains the most current information on 
microprocessor fundamentals to be 
found in any publication. 

#34-9 $12.50 

FITRODUTION 

Microcomputers 

_ 11 

6809 Assembly Language Programming 
by Lance Leventhal 

Another book in the popular series of 
assembly language programming texts, 
this for the powerful 6809 processor. In a 
comprehensive style and format, Dr. 
Leventhal describes the 6809 instruction 
set, provides numerous sample programs, 
and discusses the merits of assembly 
language programming techniques. 
Available this fall. #35-7 $12.50 

The 8089 I/0 Processor Handbook 
by Adam Osborne 

Intel is developing the co-processor 
concept; the 8089 is the first of the Intel 
co-processors. The 8089 I/0 Processor 
Handbook provides a fully detailed 
description of this innovative device, its 
operation, and use in 8086 systems. This 
Osborne Handbook contains complete 
discussions of pins, signals, timing, the 
instruction set, and programming and 
configuration guidelines. Also describes 
the 8289 Bus Arbiter. 

#39-X $5.95 

The CRT Controller Handbook 
by Jerry Kane 

Describes five devices in detail. the 
Intel 8275, the National 8350, the 
Motorola 6845, the SMC 5027, and the 
Synertek 6545. Each device is described 
and compared with every other device 
for various applications. 
Available this tall. 

#45-4 $5.95 

PET and the IEEE 488 Bus (GPIB) 
by Eugene Fisher and C. William Jensen 

The only complete reference 
available on interfacing the Commodore 
PET computer to any I/O device using the 
IEEE 488 Interfacing port. It includes a list 
of the available IEEE 488 Bus-compatible 
Instruments. 

NEW and 
Upcoming Titles 

#31-4 $15.00 

To order, return coupon with check or money order. 
Include 75a per Item for 4th class mail, $1.25 per 
book UPS, or $2.50 per book air mail in the U.S. 
California residents also include local sales tax. To 
place an order by phone call 415/548-2805. 

Notify me when available 

06809 ALP 0 Z8000 ALP 
0 CRT Controller Handbook 

Interfacing to S-100 Microcomputers 

etOSBORNE/McGraw-Hill 

630 Bancroft Way Dept. E21 
Berkeley, CA 94710 

Book Price Quantity Amount 

Name  

Address  

City State ZIP 

Phone HOW TO SHIP  

Tax 

Shipping 

TOTAL 

178 Circle 178 on reader service card 

S1094 

Electronics/July 17, 1980 



WHY NEW YORK 
IS A SOLID STATE 

FOR THE 
ELECTRONICS 
INDUSTRY_ 

Look at what New York 
State offers the electronics in-
dustry, and you'll agree: It's 
more profitable to do business 
in New York State. 

It costs less 
to do business in 

New York State sites 
than in San Jose, California. 

And we can prove it. 
An independent study ana-

lyzed the four critical costs of 
taxes, wages, power and con-
struction for a model new elec-
tronics firm. It showed that 
New York State offers sites 
where these costs are less than 
they are for choice electronics 
industry sites around the 
country. 

For example, these costs 
would total $7.6 million annu-
ally in San Jose, versus only 
$6.4 million in, say, Brook-
haven, New York. 

New York has the best 
business advantages 

in America. 
Our costs are lower because 

we have the best tax incentives 
and credits. We have on-the- job 
training and job incentive 
programs. Long-term, low-cost 
financing. And, we've cut per-
sonal and business taxes by 

$2 billion per year. 

Our labor force is 
#1 in productivity. 

New York ranks #1 in elec-
tronic components productivity 
(value added per production 
wage dollar) among the sites 
analyzed. And in the past five 
years, New York's number of 
idle man-days due to work stop-
pages was half that of the na-
tional average. 

We graduate more 
electronics engineers than 

any other state. 
Thanks to universities like 

RPI and Cornell — and dozens 
of other fine colleges —more 
electronics engineers are grad-
uated each year in New York 
State than any other state in-
cluding California or Massa-
chusetts. And since many of 
the largest electronics firms are 
already doing business here — 
GE, IBM, to name only a 
couple —our graduates are 
quickly turned into seasoned 
professionals. 

When you look 
into New York, 

you'll love New York. 
We have an abundance of 

electric power. Lots of afford-

able housing for your employees. 
And our 30 million acres in-
clude thousands of available 
plant sites. Not to mention 
some of the most magnificent 
outdoors and year-round 
recreation on the American 
continent. 

Tell me more about why New York is a 
solid state for business. lam particularly 
interested in information on: 

0 Electronic Components 
0 Small Computers 
0 Semiconductors 

William D. Hassett, Jr. 
Commissioner of Commerce 
New York State Dept. of Commerce 
230 Park Avenue 
New York, New York 10169 

Name  
TitIP 
Company Name  
Address  
City  
State  7ip  

K1SEA 

1 

NEW YORK STATE. 
The best place in the world 
to do business. 
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Vactec photodiodes 
are the Gateway* to 
solutions for 
detection problems 
requiring: 
Blue spectrum 
response, high signal 
to noise ratio, 
excellent linearity, 
superb stability, 
high voltage 
operation, 
fast rise times, 
low shot noise, 
low cost 

*St. Louis Arch in background. 
"The Gateway to the West." 

. Circle 180 on reader service card 

Just a few of the applications for which Vactec pho odiodes 
have found solutions are: 
light pens, colorimeters, spectrophotometers, analyzers for 
color film processing, blood analysis, color sorting, camera 
exposure controls, and hand held exposure meters. 

Packages for our photodiodes cover the complete range from 
hermetic with glass or U-V transmitting windows, isolated 
detectors, to ceramic headers epoxy coated. Custom arrays 
are readily fabricated and packaged in dual-inline 
configuration. Write for Bulletins VTB-1B and VTP-1. 

Vactec, Inc. 
2423 Northline Ind. Blvd. 
Maryland Heights, Mo. 63043 
(314) 872-8300 
TWX 910-764-0811 



NEW & BEST-SELLING 
BOOKS from 

WILEY-INTERSCIENCE 

MECHANISMS OF RADIATION EFFECTS IN 
ELECTRONIC MATERIALS, Vol. 1 
V.A.J. van Lint, T.M. Flanagan, R.E. Leadon, J.A. Naber, & V.C. Rogers 
(Prepared under Defense Nuclear Agency Contract 
DASA01-71-C-0092) 

CONTENTS: Introduction. Interaction of Radiation. Charge Transfer 
Ionization Effects in Semiconductors. Ionization Effects in Gases. 
Ionization Effects in Insulators. Displacement Effects in Silicon. 
Displacement Effects in Nonsilicon Semiconductors. References. 
Glossary of Symbols. Index. 

359 pp. (1-04106-8) 1980 $26.50 

INTEGRATED DEVICES IN DIGITAL CIRCUIT 
DESIGN 
G.S. Hope 

This book presents a method of designing and building logic circuits 
using medium-scale integration (MSI) chips. It is a useful, simplified 
introduction to logic circuit design, microcomputer architecture, 
microprogramming, and software-driven logic. Both event-driven and 
clock-driven circuit design are covered. 

approx. 464 pp. (1-07920-0) Sept. 1980 $24.00 (tent.) 

SEMICONDUCTOR OPTOELECTRONICS 
Proceedings of the Second International School on Semiconductor 
Optoelectronics, "Cetniewo 1978", May 6-13, 1978 
Edited by Marian A. Herman 

Intenational specialists present 23 lectures examining current status 
of physical principles, technological fundamentals, and application 
perspectives of devices and materials. 

approx. 750 pp. (1-27589-1) Sept. 1980 $44.00 (tent.) 

DATA CONVERSION INTEGRATED 
CIRCUITS 
Edited by Daniel J. Dooley 
A source of design and reference information for both the designer 
and user of circuits that convert digital and analog data in computers 
and other digital systems. It treats specific design techniques which 
are being developed, providing readers with a working knowledge of 
design approaches and limitations. 

298 pp. (1-08154-X) 1980 $26.95 Cloth 
298 pp. (1-08155-8) 1980 $17.50 Paper 

OPTICAL FIBRE COMMUNICATIONS 
Edited by C.P. Sandbank 

The contributions from this team of specialists cover most aspects of 
optical fiber communications from its inception to the present state-
of-the-art. Material on technological design and practical applications 
is supplemented by numerical examples. 
347 pp. (1-27667-7) 1980 $49.00 

CHARGE COUPLED DEVICES 
AND SYSTEMS 
Edited by M.J. Howes & D.V. Morgan 

Develops the concept of integration of device physics with circuit 
problems through contributions from internationally renowned scien-
tists in the field. 

300 pp. (1-99665-3) 1979 $42.95 

DIGITAL DESIGN WITH STANDARD MSI AND 
LSI, 2nd Ed.: Design Techniques for the 
Microcomputer Age 
Thomas R. Blakeslee 

This is the only digital circuit and microcomputer book that provides a 
complete set of modern design tools. Revised, updated classic. 
384 pp. (1-05222-1) 1979 $19.95 

PHASELOCK TECHNIQUES, 2nd Ed. 
Floyd M. Gardner 

A greatly expanded and largely rewritten edition of this best-selling 
book, incorporating much new and never before published material. 

285 pp. (1-04294-3) 1979 $21.50 

COOLING TECHNIQUES FOR ELECTRONIC 
EQUIPMENT 
Dave S. Steinberg 

This book is designed to show engineers and designers quick 
methods for designing electronic hardware that will withstand severe 
thermal environments without failing. Techniques presented permit 
the design of reliable electronic systems without the aid of a large 
high-speed digital computer. 

approx. 425 pp (1-04403-2) Sept. 1980 $26.50 (tent.) 

FREQUENCY SYNTHESIZERS: 
Theory and Design, 2nd Ed. 
Vadim Manassewitsch 
This popular, updated book deals with the design of ultrastable signal 
sources generating high-accuracy, spectrally pure ac signals. It 
describes basic principles of and problems associated with circuit and 
system design, recommending design procedures. 

approx. 544 pp. (1-07917-0) Aug. 1980 $35.00 (tent.) 

HIGH SPEED PULSE AND DIGITAL 
TECHNIQUES 
Arpad Barna 

A complete treatment of circuit design techniques for ultra-fast digital 
systems, oriented toward circuit designers and illustrated by many 
worked case studies of good engineering practice. 

185 pp. (1-06062-3) 1980 $17.50 

FREQUENCY SYNTHESIS BY PHASE-LOCK 
William F. Egan 
A practical, engineering-level presentation of the fundamentals of 
frequency synthesis based on the phase-lock principle, including 
design techniques used to meet strict system requirements. Examples 
and problems clarify the concepts presented. 
approx. 300 pp. (1-08202-3) Nov. 1980 $20.00 (tent.) 

PHYSICS OF SEMICONDUCTOR LASER 
DEVICES 
G.H.B. Thompson 
This is an introduction to the physical principles behind existing 
semiconductor laser devices (LEDs), the technology involved in their 
fabrication, the factors that determine their reliability, and their 
application role in electronic systems. 
approx. 504 pp. (1-27685-5) July 1980 $57.95 (tent.) 

DIGITAL SYSTEM DESIGN WITH LSI 
BIT-SLICE LOGIC 
Glenford J. Myers 
An introduction to bit-slice computer architecture and the related 
concept of microprogrammed control, providing advice on designing 
systems with bit-slice devices. 

338 pp. (1-05376-7) 1980 $28.50 

TO ORDER BY PHONE call toll free 800-526-5368. In New Jersey, 
call collect (201) 797-7809. 
Order through your bookstore or use the coupon. 

WILEY-INTERSCIENCE 
a divison of John Wiley & Sons, Inc. 
605 Third Avenue, New York, N.Y. 10158 
In Canada: 22 Worcester Road, Rexdale, Ontario 

rPlease send the books indicated for 15-DAY FREE 
EXAMINATION. (Restricted to the continental U.S. and Canada.) 
Mail to: WILEY-INTERSCIENCE 

P.O. Box 092, Somerset. N.J. 08873 
O Payment enclosed, plus sales tax. Wiley pays 

postage! handling. We normally ship within 10 days. If 
shipment cannot be made within 90 days, payment will be 
refunded. LI Bill me. O Bill firm or institution. 

D (1-04106-8) Van Lint D (1-04294-3) Gardener 
(1-07920-0) Hope D (1-04403-2) Steinberg 

DI (1-27589-1) Herman D (1-07917-0) Manassewitsch 
0 (1-08154-X) Dooley (cloth) El (1-06062-3) Barna 
CI (1-08155-8) Dooley (paper) D (1-08202-3) Egan 
D (1-27667-7) Sandbank El (1-27685-5) Thompson 
0 (1-99665-3) Howes CI (1-05376-7) Myers 

(1-05222-1) Blakeslee 

*Forthcoming. Do not send payment, we will bill you. 

NAME 
AFFILIATION   

ADDRESS_ 
CITY STATE/ZIP 

L Prices subject to change without notice. 0921-7788 j 
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Data 
Communications 

Books. 
McGraw-Hill's Compilation of 

Data Communications Standards 
Presents all 89 user-relevant data communications standards 
promulgated by CCITT, ISO, ANSI. EIA, and U.S. FTSC. Also 
includes descriptions of the 
standards organizations, plus 
relational charts of similar 
interfacing standards produced by 
different groups. Edited by Harold C. 
Folts and Harry R. Karp. 1133 pp., 
clothbound, $165. 

Data Communications 
Procurement Manual 
The most authoritative and current 
information you need to turn data 
communications procurement into 
a smoothly running, cost-effective 
operation. Includes sample 
solicitation clauses and forms, 
specification checklists on 38 devices. 
and 8 useful appendixes. By Gilbert 
Held. 150 pp..clothbound, $24.50 

Practical Applications of 
Data Communications: 
A User's Guide 

Articles from Data Communications 
magazine cover architecture and 
protocols, data-link performance, 
distributed data processing, software, 
data security, testing and diagnostics, 
communication processors, and 
digitized-voice and data-plus-voice. 
424 pp., paperback, $13.95 

Basics of 

Data Communications 
This compilation of essential articles 
from Data Communications mag-
azine includes chapters on terminals, 
acoustic couplers and modems, 
communications processors, 
networking, channel performance. data-link controls, 
network diagnostics, interfaces, and regulations and policy. 
303 pp., paperback, $12.95 

Order today, using this coupon! 

Electronics Magazine Books 
P. 0. Box 669 
Hightstown, NJ 08520 
Tel. (609) 448-1700, ext. 5494 

Please send me... 
  copies of Data Communications Standards @$165. 

 copies of Data Communications Procurement Manual @ $24.50 
 copies of Practical Applications of Data Communications @$13.95 

 copies of Basics of Data Communications @$12.95 

11-11 
mtm â 

Name Title 

Company 

Street/ P.O. address 

City/state/zip D Bill me 0 Bill my company 

D Payment enclosed (payment must accompany orders under $25) 

Ten-day money-back guarantee applies on all books. EL 

Upward mobility. 

When are you going to get your very 
own, personal subscription to Electronics? 

It could be very important to you. 
And we're not just referring to your status in the 
office hierarchy 

You (and we) are in a quick-moving 
business. News breaks frequently Change is the 
name of the game. Awareness is the way to win 

You've got to follow what's going on 
beyond your specialty Your career may have to 
last longer than your specialty 

If change is the game, obsolescence is 
the penalty for losing. Obsolescence of products, 
of technology and, =fortunately of people. We 
can't change this fact. But we can help you cope 
with it. 

Give us one hour of reading time every 
two weeks and we will keep you aware of what's 
going on around you and around the changing 
world of electronics technology. 

Move up. Fill out one of the subscrip-
tion postcards in this issue. 

Electronics Magazine. 
The one worth paying for. 
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Classified section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES 

SUPPORT 
ENGINEERS 

AUTOMATIC TEST EQUIPMENT COMPONENTS 
-(HARDWARE & SOFTWARE) 

RELIABILITY QUALITY 

Your expertise is desperately needed by many of our 
clients located throughout the country. RCI is a Cincin-
nati based technical search firm. Although Cincinnati is 
our base, we are national in scope. for we travel 
thoughout the U.S. recruiting and interviewing 
prospective candidates for our client companies. 

Should you be interested in exploring new opportu-
nities, send a resume or a brief description of your 
background. 

Manny Rao 

RCI 
213 W. 9th Street Rm. A 
Cincinnati, Ohio 45202 

513/579-1513 

Our nationwide search firm would like to confidentially 
represent you to the most prestigious, progressive companies 
in the U.S. Many different on-going projects for the 
experienced Engineer. 

MICRO PROCESSORS ANALOG 
SOFTWARE SEMI-CONDUCTORS 
HARDWARE DIGITAL 

COMMUNICATIONS 

Salary $18451( Affiliates in all major cities. 

PENTAD 
Darryl Lustig 
3315 Algonquin Road 
Rolling Meadows, IL 60008 
312 25g-8696 

ELECTRONICS 
SPECIALIST 

To repair and maintain in-plant minicom-
puter systems. 8 S. degree or 2 years tech-
nical schooling and a minimum of 2 years 
experience are required. Familiarity with 
general automation. interdata or DEC 
equipment is a plus. Our maintenance re-
sponsibilities include disk drives. CRTs and 
various special purpose electronic devices 
Assistance and training are provided. No 
travel, component level repair, and design 
o tunnies make this position a step 
a • .ve field engineering. Send complete 
resume and salary requirements to. 

P-2572, Electronics 
Classified Advertising Dept. 
Po Box 900 NY NY 10020 

S.W. & SUNBELT 

• System EE s 
• Design EE s 
• Product EE s 

• Software 
• Design ME s 
• Communications 

$20,000 to $50,000 
100% Fee Paid 

Specializing in placing technical people 
with data acquisition and peripheral 
equipment manufacturers located 
across southern U.S. Send complete 
resume, salary history and geographic 
preferences to: 

j robert Thompson companies, inc. 
11 Management & Employment Consurtants 

111 HnolutWon'eTeLa7:707 eZ7 7 h Sune 400 13/627,1 

Harness Systems 
Marketing 
Applications 
Manager 
Apply your well developed technical skills and 3-5 years 
experience with wire harness productt preferably in the In-
terconnect field: to adapting our unique technology to the 
growing Interconnect Marketplace. 

You will evaluate new harness systems opportunities both 
technically and economically:, work directly with customers 
integrating Raychem's wire products to specific needs, coor-
dinate product design and development to meet customer re-
quirements, and be involved in long term planning for specific 
harness problems. BSEE ' or equivalent, preferred; working 
knowledge of current military vehicle wiring, EMC and/or con-
nector Mil Specs a plus! 

RAYCHEM TODAY has a technology expanded to include con-
ductive polymer systems, heat recoverable metals, cross 
linked polymer chemistry, new specialty polymers and adhe-
sive systems. Our commitment to maintain a leadership posi-
tion in our field is demonstrated by our 25% annual com-
pounded growth rate since 1957. 

FOR IMMEDIATE CONSIDERATION, Contact Dennis E. 
Mitchell, 415 561-5755, or send your resume to Mr. 
Mitchell at Raychem, 300 Constitution Drive, Menlo Park, CA i d 
94025. An equal opportunity employer. 

Raychem 
—  GREATER TEXAS POSITIONS 

EngineerIng and related management open, 
logs throughout the Southwest Top clients 
paying all fees and relocation expenses. 
Send resume in confidence to: Alan Myler. 

KEY SEARCH 
P.O. Box 38271 
Dallas, TX 75238 

SOUTH &SOUTHWEST POSITIONS 
Engineering and Management posi-
tions throughout the South. 
Southwest and U.S. Employers pay 
all fees, Send resume in confidence 
to- Bob Hogue permnerel etkettultuo 

Soeeedt 7Eeltaical 
P.O. Box 33070, 

San Antonio, Texas 78233 

ATTENTION 
ELECTRONIC ENGINEERS!!! 

Electronic Design Engineers 
Design Engineers (Digital) 
Analog Design Engineers 
Systems Design Engineers 
Electrical Design Engineers 
Instrumentation Design Engineers 
Test Design Engineers 

24-36K 
25-35K 
-25-35K 
-28-35K 
-24-40K 
-25-40K 
-24-35K 

Our clients are aerospace and electronic firms who pay, 
our fees for locating engineers. For more information, 
send note or resume to Al Madsen, C.E.C. 

CORPORATE PERSONNEL CONSULTANTS, INC. 
5950 Fairview Road 

Two Fairview Plaza, Suite 608 
Charlotte, North Carolina 28210 

(704)554-1800 
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Software  
Engineers. 

You wind you up. 
We turn you on. 

Coulter Electronics is a world leader 
in medical electronics and instru-
mentation. An innovator in precision 
products related to health care and 
hematological functions. 

The technology involved—and the 
diversified application problems— 
require constant upgrading in software 
design and engineering. 

Obviously, we can't rely on yester-
day's technology. 

We need engineers with a grasp on 
tomorrow. Professionals who care about 
contributing to a project totally—from 
concept through implementation. 

Which is why from day one at 
Coulter Electronics, you're highly 
visible. You're contributing. You're 
recognized. 

We turn you loose. We turn you on. 
Expecting excellence because we have 
a tradition of engineering excellence. 

Right now, we need Software 
Engineers with micro-processor/ 
mini-computer experience for our 
top-down design, structured pro-
gramming environment. 

This is your chance to utilize your 
degree in Math, Computer Science, 
or Electrical Engineering—and your 
process control experience. 

This is your chance to grow. 
Send in your resume and salary 

history to: Mr. Pete Chylko, Em-
ployment Manager, Dept. E, P.O. 
Box 5-2794, Miami, Florida 33152. 

COULTER ELECTRONICS, INC. 
INNOVATING A VITAL TECHNOLOGY. 

NOTICE 
TO 

EMPLOYERS: 

Why 
we can recommend 

our readers 
for the top jobs 

The subscribers to this magazine have 
qualified professionally to receive it. They 
are also paid subscribers —interested 
enough in the technological content to have 
paid a minimum of $18 for a subscription. 
As subscribers to ELECTRONICS, our 

readers have told you several things about 
themselves. They are ambitious. They are 
interested in expanding their knowledge in 
specific areas of the technology. And they 
are sophisticated in their need for and use 
of business and technology information. 

Our readers are now in senior engineer-
ing or engineering management, or they are 
on the road toward those levels. In either 
case, they are prime applicants for the top 
jobs in almost any area. 

If you are interested in recruiting the 
best people in electronics, these pages are 
open to you for your recruitment advertis-
ing. 

Our readers are not "job-hoppers". To 
interest them you will have to combine 
present reward with challenge and op-
portunity for future career advancement. 

The cost of recruitment advertising on 
these pages is $71 per ad-

vertising inch. For information call or write: 

Electronics 
Post Office Box 900, New York, NY 10020 

Phone 212/997-2556 

\ii Equal Opportunit Emplo>er \1 I 
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THOMAS ALVA HAD THE SPIRIT. 
Out of darkness. 
Into the light. 
A lone man pursued his 

dream and invented the electric 
incandescent lamp. 

It was a unique moment in 
history. When dedication, 
curiosity and creativity converged 
to achieve the impossible. 

The spirit of innovation that 
inspired Thomas Alva Edison to 
greatness lives on today. At Harris 
Semiconductor in Melbourne, 
Florida. 

Where the simple trans-
mission of electrical current has 

t' 

developed into the highly com-
plex world of microelectronics. 

Where state-of-the-art IC 
technology and commitment to 
excellence are a way of life. 

At Harris Semiconductor, we 
realize that real prowess cannot 
occur without creative freedom. 
And we are dedicated to provid-
ing just that for our engineering 
professionals. 

Thomas Edison's achieve-
ment opened the door to a future 
of electronic technology. Harris 
Semiconductor is the future of 
microelectronics. 

You missed that first historic 
journey from darkness into light. 

e 
-t 
.1, 

Don't miss this opportunity to 
make engineering history at 
Harris today. 

If you have the spirit— fill out 
this confidential mini-application 
and rush it to: Manager, 
Professional Staffing, Harris 
Semiconductor, P.O. Box 883, 
Dept. 233, Melbourne, Florida 
32901. 

rirl HARRIS 
SEMICONDUCTOR GROUP 

Equal Opportunity Employer M/F 

THE SPIRIT IS ALIVE. 

NAME   

• ADDRESS   

CITY STATE ZIP  

--I HOME PHONE  HIGHEST LEVEL OF EDUCATION 

 _J 

Electronics/July 17, 1980 185 



Phoenix 
Growth opportunities 

tor Engineers 
Sperry Flight Systems is an industry leader in the design, 
development and manufacture of state-of-the-art flight 
instruments and controls for aircraft and space flight 
applications. Join us in one of the nation's fastest growing 
high-technology centers, and benefit from the expansion 
of our business! 

Control Systems 
Engineers 
Your duties will include hardware/software design 
trade-offs; specification design including guidance, 
navigation, and control algorithm development; systems 
integration and installation; flight test and customer liaison. 
Experience in hardware and software design is required. 

Software Development 
Engineers 
Your duties will include design, test, and integration of real-
time operational software with emphasis on modular and 
structured programming techniques. Experience in assembly 
language and PASCAL and/or JOVIAL is desirable. 

Circuit Design Engineers 
You'll be designing circuits using state-of-the-art 
technologies. Experience in analog and digital circuit design 
is required. Knowledge of microprocessor application is 
useful. 

Join UM 
We offer industry-competitive salary, a complete benefits 
program, and outstanding opportunities for professional 
growth. To be considered, send your resume and salary 
history, in complete confidence, to Jim Kenyon. 

4 sPEry 
II FLIGHT SYSTEMS 

P. O. Box 21111 
Phoenix, Arizona 85036 

Were an Equal Opportunity Employer. 

U.S. citizenship or permanent resident status required. 

n EGG 

ELECTRICAL 
ENGINEER 

EG & G/Kirtland Operations cur-
rently has an opening for Electri-
cal Engineer. This individual will 
research, design and develop 
electronic instrumentation and 
equipment. Work will involve 
both analog and digital elec-
tronic designs. Much of the work 
will concern optical effects and 
devices and will be a good op-
portunity to learn optics. This 
individual will supervise and con-
duct experiments, record and 
evaluate results and assist in 
preparation of kirk proposals. 
Send resumes to: 

Elaine Mitchell 
Personnel Administrator 

EG & G/Kirtland Operations 
P.O. Box 4339 

Station A 
Albuquerque, NM 87196 

POSITIONS VACANT 

Engineers—discrete, personal, 
reputable national fee paid place-
ment serv. Murkett Assoc. Box 527, 
Montgomery. AL 36101. 

The Department of Electrical 
Engineering of Gonzaga University 
invites applications for a tenure track 
position at the Assistant Professor 
level. Desired areas of expertise are: 
electromagnetic fields, communica-
tions and solid state electronics. A 
Ph.D. and some practical experience 
are desirable. Send resume to: W.P. 
Ilgen, Dean, School of Engineering, 
Gonzaga University, Spokane, WA 
99258. An equal opportunity/affir-
mative action employer. 

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, 
Lynchburg, OH 45142. 513/364-
2305. 

RESUMES 

Resumes—Complete instructions 
and examples; $4, Consultants, Box 
567-1. Bergenfield, N.J. 07621. 
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We'd like to work for you. 
Achievements by our engineers: 
they are what keep us out in front, 
on the curl of the fast-moving wave 
of electronics technology. 

And we never forget it. 

Breakthroughs from frequency-
scanning 3-D radar to computer-
based technical maintenance infor-
mation systems haven't been ac-
complished by "the company." 

The credit belongs to our individual 
hardware, software, and firmware 
specialists. 

Here at Hughes Ground Systems, 
management is always eager to 
work with and for members of our 
technical staff, to create and main-
tain the most productive working 
climate possible. We'll supply every 
tool you can use. 

If you're an electronic engineer, 
computer science graduate, mech-
anical engineer, mathematician, or 
physicist — 

If you want to move ahead of the in-
dustry tide in radar, special-purpose 
and general-purpose computers, air 
defense systems, EW, communica-
tions, or ASW systems — 

We'll give you all kinds of support: 

Support personnel — some of the 
most highly skilled technicians and 
programmers anywhere. 

Computers — and access to them. 

Computerized design, manufactur-
ing, and test assistance — so ad-
vanced we had to invent much of it. 

Plus a lot more. Including fel-
lowships and other plans to make it 
easy to continue your education. 
(Competitive salary, top-of-the-
industry benefits, and suburban 
Southern California living are ex-
tras.) 

Make us a job offer. 
Join us. Hughes is working on a 
backlog of at least 1,500 varied as-
signments that add up to more than 
$4 1/2 billion worth of variety, secu-
rity, and future. 

Tell us what you want when 
send your resume to: 

Hughes Aircraft Company 
Ground Systems Group 
Professional Employment Dept. E-7B 
1901 W. Malvern Ave. 
Fullerton, CA 92634 

you 

JOINT SURVEILLANCE 
SYSTEM 

JSS, the new North American 
peacetime surveillance and 
control system, replaces 
SAGE in the U.S. and Canada. 

Besides providing air 
sovereignty, the system will 
support the defense of the 
two nations in case of air at-
tack through surveillance, 
identification, and intercep-
tor aircraft control. 

HUGHES 
L J 
HUGHES AIRCRAFT COMPANY 

GROUND SYSTEMS 
U.S. citizenship required 
Equal Opportunity M/F/14C Employer. 
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Computer Hardware 
Professionals 

Our clients, highly successful manufacturers and OEMs of Computer Systems. 
Electronic Systems. and Peripherals, have immediate openings for Hardware 
Development Professionals to work on FUTURE SYSTEMS PROJECTS. Such 
projects include COM PUTER ARCH ITECTU RE. DATA COMMUNICATIONS. 
PERIPHERAL DEVELOPMENT. and POWER SUPPLY DESIGN. Specific 
openings currently exist at Senior and Intermediate levels for: 

COMPUTER ARCHITECTS - Definition and development of Micro- Mini-
computer systems. 

POWER SUPPLY DESIGN ENGINEERS - Switching regulators for OffiLine 
Power supplies. Experience in High Frequency P.W.M. techniques and AC Power 
Distribution would be desirable. 

MICROPROCESSOR DESIGN ENGINEERS - Design Development of state. 
of.the.art Microprocessor based systems and interfaces. Experience on any 
Microprocessor acceptable. 

LSI DESIGN DEVELOPMENT - Numerous positions with local systems 
oriented firms in 1.Si technology development. 

CPU DESIGN ENGINEERS - BSEE BSCS and or experience in the design ol 
Digital Computers or Microprocessor systems. Requires an understanding of Soft-
ware. i.e. ASSEMBLY. FORTRAN. or PL-I. 

DIGITAL LOGIC AND CIRCUIT DESIGN ENGINEERS - Logic and Circuit 
design plus a familiarity with 'rri., cmos.1,si'VLSI. etc. 

ANALOG DESIGNERS - 30 to 40 megahertz Phase Lock loop experience. Ex-
perience with 80 megahertz power drivers and IX' motors. 

PCB DESIGNERS - With CAD experience. 

COMM t 'N ICATIONS SYSTEMS DEVELOPERS - Experience with store and 
forward message switching. Network Data Link Control, andor PBX and EPX 
Systems. 

Compensation on all positions ranges from low 20's to low 40.s, based upon ex-
perience.. Client companies are equal opportunity affirmative action employers. 
provide excellent benefits, and assume all fees. 

Qualified applicants will receive. IMMEDIATE RESPONSE and are invited to 
contact: Don Bateman. in strict confidence. M 16171 861.1020. Or submit current 
resume. to him for review. For those who find it inconvenient to call during working 
hours. our offi,, will be open until 7:30 p.m. 

Contact: Don flute-man 

RE Robert Kleven and Co., Inc. 
INDUSTRIAL RELATIONS MANAGEMENT CONSULTANTS 

Three Fletcher Asenue. Lexington. Mansechunetts 0217:1 
Telephone 16171w-um 

Member 
4...•rbto ttttt Profe.monal Placement Ion.ult•nt. 
N•fional omputer A.., ,.u. 
'Office. 5.,,..,. do 
Repemenfina Equal Oppertuatt, Emplo,er. '11 

Engineers 
• Design 
• Development 
• Project 
• Software 

S20,000-S50,000 
Riddick Associates Engineering 

Division specializes in placement of 
electrical and electronics engineers 
with top companies in the Southeast 
and throughout the U S. We provide 
advice on careers. resumes and inter-
views for a position tailored to your 
skills. Client 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 

FACULTY POSITIONS VACANT 

Faculty Positions in Electrical 
Engineering Technology Under-
graduate teaching positions in 
electrical engineering technology 
available on August 16, 1980 in Tus-
caloosa, Alabama at The University 
of Alabama. Teaching duties will be 
in the area of circuits and electronics 
and one or more of the following 
areas: power, controls, communica-
tions, digital electronics. Master's 
degree or equivalent and at least one 
degree in EE or ED' desirable. Some 
recent relevant industrial experience 
required. Some teaching experience 
desirable. P.E. registration desirable. 
Although positions are tenure track. 
apphcations are desired from those 
wishing a temporary appointment for 
all or part of the 1980-81 academic 
year. Applicants should send a com-
plete resume to: Dr. John D. Antrim, 
Director, Engineering Technology 
Programs. The University of Ala-
bama. P.O. Box 1941, University, AL 
35486. An EO/AA employer. 

ELECTRONIC 
ENGINEERS 

INTERESTED OR WITH EXPERIENCE IN 

ANALOG/DIGITAL DESIGN 
ENGINEERING 
SOFTWARE DEVELOPMENT 
SYSTEMS ANALYSIS 
DATA ENGINEERING 
DESIGN TO UNIT PRODUCTION 
COST PROJECT ENGINEERING 
RELIABILITY ENGINEERING 
PARTS ENGINEERING 
RADAR SYSTEMS ENGINEERING 
INERTIAL DEVELOPMENT 
ENGINEERING 
Immediate and challenging positions now available 

in our 4-season location in Western New York State. 
Attractive area housing costs and a generous 
company relocation policy warrant investigation. 
Please send resumes, in confidence, to 

Edward Weiser, Employment Supervisor, 
Bell Aerospace Textron, PO Box 1, 
Buffalo, NY 14240 

Bell Aerospace 

Division of Textron Inc. 

An Equal Opportunity Employer M F Hc 

TEXTRON 

FREE 
Your dream job. 

We hope you're happy in your current position, 
but there's always that ideal job you'd prefer if 
you knew about it. 

That's why it makes sense to have your 
resume on file in the Electronics Manpower 
Register, a computerized data bank containing 
the qualifications of career-conscious 
ELECTRONICS readers just like yourself. 

You'll benefit from nation-wide exposure to 
industry firms privileged to search the system, 
and since the computer never forgets, if you 
match up with their job requirements you'll be 
brought together in confidence. 
To take advantage of this free service, mail 

your resume to the address below. 

ELECTRONICS MANPOWER REGISTER 
Post Office Box 900/New York, N.Y. 10020 
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NOINEERS 
ELECTRONICS ENGINEERS‘, $60,000. Choice entry level to 

management positions imme-' 
diately available in Pennsyl-
vania & national locations. 
Reply in strict confidence to 
J. G. Weir, President, WEIR 
PERSONNEL SERVICES, 535 
Court St., Reading, PA 19603 
(215/376-8486). 
ELECTRONICS ENGINEERS, 
$18,000-$40,000. Nationwide 
positions in digital, analog, 
microprocessor, microwave & 
instrumentation technology. 
For immediate confidential 
response, send resume w/ 
salary history to Glenn Eng-
lish, President, GLENN ENG-
LISH AGENCY, 7840 Mission 
Center Ct., San Diego, CA 
92108 (714/291-9220). 
ELECTRONICS ENGINEERS, 
$18,000-$40,000. Suburban 
New Jersey & nationwide. 
Numerous choice positions in 
co's utilizing the latest State-
of-Art methods & equipment. 
Reply in confidence to James 
E. Mann, VP/Eng., ARTHUR 
PERSONNEL, Suite Y6, 8 
Forest Avenue, Caldwell, NJ 
07006 (201/226-4555). 
DESIGN ENGINEERS to $38K. 
Central Penna. & nationwide. 
Design connectors/terminals, 
microprocessors & controls. 
Reply in confidence to Z. A. 
Gonglewski, M ECK ASSOC. 
PERSONNEL . 1517 Cedar Cliff, 
Camp Hill, PA 17011 (717/ 
761-4777). 

NATIONAL 
PE RSOHNE L 
CONSUL T ANTS 

Your Ultimate Choice 

TELEPHONE ENGINEER 
Salary Area $30,000 

A leading integrated oil company is 
seeking an electrical engineer to fur-
nish technical support in all aspects 
of the company's telecommunications 
equipment. including consultation 
services for overseas protects. Signif-
icant experience in telecommunica-
tions is the key to this challenging 
opportunity which is accompanied by 
a profit sharing plan and other out-
standing benefits. 

For further information, please 
contact our Engineering Specialists. 
Glen Bixler or Bill McDaniel at 1713i 
943-2860. 

ALL FEES ASSUMED BY COMPANIES 

435 Houston Natural Gas Building 
1200 Travis 

17131943-2860 
Houston, Texas 77002 

PE RSONNEL SERVICES 

ENGINEERS 
SEND YOUR CREDENTIALS TODAY! 

TRANSITION to your new CAREER OBJEC-
TIVES using TSCs nationwide employment 
search resources. 

TRANSITION SEARCH CONSULTANTS 
2697 IMemational Parkway, Suite 203, 

Virginia Beach, Virginia 23452 
804-427-3700 

ENGINEERS 

Expanded 
career opportunities 
are at your fingertips 

call 800-321-6980 
(In Ohio 800-362-6120) 

Talk to Tom O'Brien 
about your skills and background for, 
positions such as... 
Software Engineers Capitalize on your Comp. Sci. or related 
degree and apply your software experience — assembly lan-
guages, PASCAL, FORTRAN. Utilize our VAX 11/780 
DEC 11/34 or TEKTRONIX Development Systems to support 
your designs. 
Hardware/Firmware Design Engineers Design NC and PC 
systems employing advanced digital techniques. Degree and 
2+ years experience desired. Your involvement would in-
clude design verification using VAX 11/780, DEC 11/34 or 
TEKTRONIX Development Systems. 
Application Engineers Define customer control system 
requirements, prepare proposals and assist new product 
planning. 
Product/Marketing Engineers Research and identify product 
opportunities based on industry requirements utilizing your 
degree and 2 + years of electronics or industrial experience. 
These are opportunities with a future. 
We are a dynamic part of an international corporation em-
ploying over 17,000 people. Our products apply "leading edge" 
computer and microprocessor technology that increases pro-
ductivity for all types of industry. 
Our careers are challenging and rewarding... 
Let's Talk About It — Call Today: or if you prefer, send your 
resume to: 

ALLEN-B RADLEY 
747 Alpha Drive 
Highland Heights, Ohio 44143 
An Equal OPporturnty Employer M F 
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The biographies of 5,240 
of your colleagues... 
Profiles the Top Management 
of Major Electronics Firms 
throughout the World 
—and more 

This is the only reference devoted solely to biographies of the 
most influential people in electronics: corporate executives... 
technical managers...designers and developers of important 
products and processes ... government and military officials... 
academics... editors and publishers...securities analysts... 
directors of trade and professional groups ...and consultants. 

McGraw-Hill's 

Leaders in 
Electronics 
Prepared by the Staff 
of Electronics 
651 pages 

As easy to read as any professional 
publication in electronics 

With LEADERS IN ELECTRONICS on your bookshelf, you no 
longer have to search through many different sources for bio-
graphical data on your colleagues. What's more, you don't have 
to strain your eyes reading minuscule type, nor do you have to 
waste valuable time trying to decipher seemingly endless para-
graphs of abbreviations. Boldface type spotlights the various 
information categories so that you can scan entries rapidly to 
pinpoint what you need. 

Unique convenience feature... 
Index of biographees by affiliation 

A special 80-page index lists individual organizations alphabeti-
cally, complete with the names and titles of top employees. By 
looking up the names in the general biography listing, you can 
get a complete profile of the organization's top management in 
a matter of minutes. Plus an easy-access listing of independent 
consultants in every electronics specialty. 

Electronics Magazine Books 
PO. Box 669, Hightstown, NJ 08520 

Send me copies of Leaders in 
Electronics @ $39.50 plus applicable sales tax. 
McGraw-Hill pays regular shipping and han-
dling charges on pre-paid orders. 

I must be fully satisfied or you will refund full 
payment if the book is returned after ten-day 
trial examination. 

Payment enclosed E Bill firm E Bill me 
Charge to my credit card: 7'. American Express 
E Diners Club E Visa :1Master Charge 

Acct. No. Date Exp. 

On Master Charge only, 
first numbers above name 

Name 

Company 

Street 

City State__ Zip 

Signature 

1 
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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. 

O.K., 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. 

'lb 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 Americffl, 
New York, N.Y. 10020. 

ELECTRONI 

Electronics Magazine. 
The one worth paying for. tr— 

CUBIT INTRODUCES 

AIM-65 

PROGRAMMING 

POWER 
THE EPROM PROGRAMMER DESIGNED 

EXCLUSIVELY FOR THE AIM-65 

'Zero Insertion Force Socket' 
for EPROM programming 

'Powerful Monitor' contains 
all programming routines. 

'EPROM Expansion' for 8K of 
user programmed EPROM 

'Female Connector' plugs directly 
onto the AIM-65 expansion bus. 
Male connector plugs into 
motherboards. 

For more information on AIM-
65 programming power call or 

write: 

CUBIT 
(415)962-8237 

2267 Old Middlef ield Way 

Mountain View, CA 94043 

G Still rowl' ig 
In Education. 

\Vorld Travel. and 

Pride; in himself 

.‘itut his shipmates. 

Your Son. Our Nlan. 

Navy 

is 

AIM 65 Is a trademark of Rockwell International Corporation 
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C] Mr 
NAME El Mrs _ 

r) Ms 

COMPANY 

1. 

YOURS FREE 
when you subscribe 
to Electronics. 

This Designers 
Casebook— 
Number 3 

PLEASE ENTER MY SUBSCRIPTION TO ELECTRONICS FüR. 

ONE YEAR AT $18 TWO YEARS AT $31 . THREE YEARS AT $46 
U. Payment Enclosed ; Bill Me 

54540-G 
CHARGE MY SUBSCRIPTION TO 

n AMERICAN EXPRESS n DINERS CLUB Ft VISA 
n MASTERCARD INTERBANK NO  
ACCT 
NO 

DATE CARD EXPIRES 

SIGNATuRE   

 TITLE 

 DIV or DEPT   

COMPANY ADDRESS  

CITY 

Li 
Check here you wish 
DUbkaliOn r0 be sent io 
home address 

Qualification for above rates is based on answers to all questions listed below Those 
not qualifying may pay higher than basic price of $30 one year or $75 for three years 

STREET CITY 

STATE ZIP   

Signature 

STATE ZIP 

1 , Please check which best describes your 
0. company s business at your location 

LI Manufacturing 

(.] Other   

[J Distribution I ) Retailing 

2.  I 
A. 
B. 
C. 
O. 

E. 
F. 
G. 

H. 

J. 

PLANT 

2 Indicate the primary product manufactured or service performed at your plant (Bou t I and in your department 
DEPARTMENT (Box 2) Be sure to indicate applicable letter in each of the two boxes even if they are the same letter 

Large computers 
Mini-computers 
Computer peripheral equipment 
Data Processing Systems isystems 

integration) 
Office and business machines 
Test and measuring equipment 
Communications systems and 

equipment 
Navigation and guidance or control 

systems 
Consumer entertainment electronic 

equipment 
Other consumer electronic equip 

(appliances, autos, hand too(s) 

K. Industrial controls, systems and 
equipment 

L. Sub-assemblies 
M. Passive electronic components 
N. Active electronic components 
O. Materials and Hardware 
P. Aircraft. Missiles space and ground 

support equipment 
O. Oceanography Geology Astronomy 

and support equipment 
R. Medical electronics 
S. Industrial equipment containing 

electronic components or products 
T. Independent R & D laboratory or 

consultant 

U. Research and development 
organizations which are a part of an 
educational institution 

V. Government Agency and military 
W. Industrial companies using and or 

incorporating electronic products in 
their mfg . research or development 
activities 

X. Utilities 
Y. Broadcasting. sound and motion 

pictures and recording studios 
Z. Commercial users of electronics 

equipment (railroads. pipelines 
police airlines hospitals banks) 

9. 4 yr College. University 
10. Other   

3. 
Indicate your principal lob function (place applicable number fl in box If numbers 9. 10. or 11 are used, fill in name of 

  college or university) 

1. General and corporate management 

2. Design and development engineering 

3. Engineering services (evaluation, quality control. 
reliabilrty, standards. test) 

4. Basic research 

5. Manufacturing and production 

6. Engineering support (lab assistant technician) 

7. Purchasing and procurement 

8. Marketing and sales 

9. Professor at   

10. Senior student at   

11. Graduate student at   

Senior and graduate students are eligible for professional rate 
for one year subscription only 

4. 
1A. Management 

Indicate your principal lob responsibility (place 
the appropriate number and letter in boxes) 

18. Engineering Management 2A. Engineenny 

5. I Your design function: (Insert 

each letter that applies) 

A. I do electronic design or development engineering work 

8. I supervise electronic design or development emineennq 
work 

C. I set standards for or evaluate electronic components. 
systems and materials 

6. Estimated number of employees at this location (check one) 

Fi to 49 50 to 249 I  250 to 999 [_1 over 1.000 

Subscnptions are normally entered within 2 weeks but please allow 4 weeks for shipment 



BUSINESS REPLY MAIL 
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Electronics 
P.O. Box 514 
Hightstown, N.J. 08520 

NO POSTAGE 
NECESSARY 
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Electronics 
Reader Service 
For additional information 
on products advertised, 
new products or new literature, 
use these business reply cards. 

Complete entire card. 

Please print or type. 

Circle the number on the Reader 
Service postcard that corresponds 
to the number at the bottom of the 
advertisement, new product item, or 
new literature in which you are 
interested. 

To aid the manufacturer in filling your 
request, please answer the three 
questions. 

All inquiries from outside the U.S. that 
cannot reach Electronics before the 
expiration date noted on the Reader 
Service postcard must be mailed 
directly to the manufacturer. The 
manufacturer assumes all respon-
sibilities for responding to inquiries. 

Subscriptions & Renewals 

Fill in the subscription card adjoining 
this card. Electronics will bill you at 
the address indicated on the card. 

r MR IIIIM IBM MM. Mil 

expires October 17, 1980 Bectronics July 17, 1980 This reader service card 

NAME  TITLE   

PHONE (     COMPANY  

STREET ADDRESS (Company Cl or home D check one)   

II CITY   STATE  ZIP   I Was Th,s Magaz.ne Personally Addressed to You/ 0 Yes 0 No 
Industry classification (check one): 

111 a D Computer & Related Equipment e D Test & Measuring Equipment 
b D Communications Equipment & Systems f D Consumer Products 
c D Navigation, Guidance or Control Systems g D Industrial Controls & Equipment 
d D Aerospace, Underseas Ground Support h D Components & Subassemblies 

Your design function (check each letter that applies): Your principal job responsibility (check one) 
X D I do electronic design or development engineering work. 

t 0 Management y 0 I supervise electronic design or development engineering work. 
V D Engineering z D I set standards for, or evaluate electronic components, systems and materials. 

Estimate number of employees (at this location: 1. D under 20 2. D 20-99- 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 423 

-. 

438 

.-

453 468 483 498 703 718 2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 5 20 35 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 
6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 7 22 37 52 67 82 97 112 127 142 157 172 187 202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 10 25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492  507 712 954 

11 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 14 29 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 346 361 376 391 406 421 436 451 466 481 496 701 716 959 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 497 702 717 960 

5 Source of Inquiry-DOMESTIC 
j D Independent R&D Organizations 
k D Government 

Electronics July 17, 1980 This 17, 1980 

I NAME  TITLE   

reader service card expires October 

PHONE (     COMPANY  

STREET ADDRESS (Company 0 or home 0 check one)   

CITY   STATE 
Was This Magazme Personally Addressed to You/ 0 Yes 0 No 

Industry classification (check one): 
a CI Computer & Related Equipment 
b D Communications Equipment & Systems 
c D Navigation, Guidance or Control Systems 
d El Aerospace, Underseas Ground Support 

e D Test & Measuring Equipment 
f D Consumer Products 
g D Industrial Controls & Equipment 
h D Components & Subassemblies 

ZIP   

5 Source of Inquiry-DOMESTIC 
j D Independent R&D Organizations 
k D Government 

Your design function (check each letter that applies): Your principal job responsibility (check one) 
x D I do electronic design or development engineering work. t 0 Management 
y 0 I supervise electronic design or development engineering work. 0 Engineering 
z D I set standards for, or evaluate electronic com ponents, systems and materials. 

Estimate number of employees (at this location: 1. D under 2 - - 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 

.. _....-. 

423 438 

.-

453 468 483 498 703 718 2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 5 20 3 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 
6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 7 22 37 52 67 82 97 112 127 142 157 172 187 202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 10  25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492 507 712 954 

11 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 14 29 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 346 361 376 391 406 421 436 451 466 481 496 701 716 959 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 497 702 717 960 



Electronics 
Reader Service 

If the cards below have already been used, 

you may obtain the needed information 

by writing directly to the manufacturer, 

or by sending your name and address, 

plus the Reader Service number and issue date, 

to Electronics Reader Service Department, 

P.O. Box No. 2530, Clinton, Iowa 52734. 

. Mal UM MI Ma OM NM MI MI Ma MI IMM Ma MM Ban 

Affix 

Postage 
Here 

Electronics 
P.O. Box No. 2530 
Clinton, Iowa 52735 
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Affix 

Postage 

Here 

Electronics 
P.O. Box No. 2530 
Clinton, Iowa 52735 



Ifie 

liis single unit is so incredibly 
versatile it can replace several 
you may be using now. And you 
may never need another. It's an 
extremely broadband high 
power, solid state, Class A linear 
amplifier. It's rated at 50W from 
1.5-400 MHz. But it can provide 
100 Watts from 1.5-220 MHz. All 
you need with the 550L is any 
standard signal or sweep gener-
ator and you've got the ultimate 
in linear power for such applica-
tions as RFI/EMI testing, NMR, 

i; • 

RF Transmission, ultrasonics 
and more. 
And, like all ENI power ampli-
fiers, the 550L features uncon-
ditional stability, instantaneous 
failsafe provisions, and absolute 
protection from overloads 
and transients. 

The 550L represents the pinnac 
in RF power versatility. There's" 
nothing like it commercially avail-' 
able anywhere! And it may be 
the only RF power amplifier you 
ever need. 
For more information, a demon-
stration, or a full line catalog, 
please contact us at ENI, 3000 
Winton Road South, Rochester, 
NY 14623. Call 716/473-6900, 
or telex 97-8283 ENI ROC. 

ENI 
The advanced design line of power amplifiers 

Circle 901 on reader service card 



Why Assemble, Mount and 
Calibrate a Pot and Dial... 

4. 

When you can h 

simply insert a Knobpot® 
potentiometer into your panel? 
No assembly, no calibration . . . saves you 
time and money with no hassle. Knobpot 
potentiometers are integrally designed 10-turn 
wirewound pot/dial components that are 
preacembled and prephased at the factory. 
Attractive, rugged and accurate, they're easy to 
install, require less front panel space than most dials 
alone, and are available with either digital or clockface 
readouts. A recent product upgrade provides improved 
reliability, positive lens retention and smoother rotational 
torque. Four different models to fit your front panel needs: 

Digital Readout Clockface Readout 
3610 3650 3600 3640 

Diameter 78- 114- 34' • 1*4 ' 

Standard Resistance 
Range (Ohms) 100-100K 100-500K 100-100K 100-500K 
Resistance Tolerance +5% +3% +5% +3% 
Repeatability 
(Voltage Ratio) 0.1% +0.05% 0.1% +0.05% 
Power Rating 
(25 C) 1.5w 2.5w 1.5w 2.5w 
Rotational Life 
(Revolutions) 50.000 100.000 100.000 100.000 
Mounting Style Snap-in Recessed CUP Bushing Bushing 

Save time . . . save money . . . save space. Specify Knobpot potentiometers 
— built only by Boums. They're in stock now at your local Boums distributor 
and available for immediate installation. Call your local Boums representative 
or distributor for more information and for your new 52 page PP-1 Precision 
Potentiometer catalog. 
PRECISIONS DMSION, BOURNS, INC., 1200 Columbia Avenue, Riverside, CA 92507. 
Ph: 714 781-5122 TWX: 910 332-1252. 

European Headquarters: Boums AG. Zugerstrasse 74 6340 Baar, Switzerland. Ph: 042 33 33 33. Telex: 78722. 

The last word in resistive components 

For Immediate Application—Circle 120 For Future Application—Circle 220 




