
JUNE 28 , 1984 A CAHNERS PUBLICATION 

EXCLUSIVELY FOR DESIGNERS AND DESIGN MANAGERS IN ELECTRONICS 

INTERNATIONAL EDITION 

\ 
Software developments 

to highlight NCC 84 
Use thermal effects 

to solve circuit problems ) 
EON networking project: 

LAN breadboard works 
Track/hold amplifiers 



You're doing everything you can to stay 
ahead of the competition. Shouldn't your IC 
company do the same? 

We think so. 
In 1983 we spent a record-breaking 

18. 7% of sales on research and development. 
That's more than any other major IC 
company. 

And that's why 40% of our total sales 
come from products that were invented here. 

Our Am8052 CRT controller lets you 
squeeze every last drop of performance out 
of a video tube. 

And our Am7910 is the only modem 
you can program for any major telephone 
system anywhere in the world. 

We make the first perfectly matched 
VLSI Ethernet chip set and the only 
complete kit solution to super high speed 
digital signal processing. 

We make the world's first 512K EPROM 
and the world's fastest microprocessor. 

We're even an innovator when it 
comes to quality. 

While other guarantees run on and on, 
ours is short 
and sweet. The lntemational Standard of 

Quality guarantees a 0.1% AQL on all 
electrical parameters, AC and DC, 

over the entire - ange. 

1llN 
So, if you've 

got a product 
you want to 

really shine, call us. We can put you as far 
ahead of the competition as we are. 

Advanced Micro Devices ~ 
For more infom1ation, contact the sales agent nearest you or write the word "IN OVATION" on your le tterhead and mail it to 

Advanced Micro Devices, Mail Operations, P. 0. Box 4, Westbury-on-Trym , Bristol BS9 30 5, United Kingdom. 
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22 dB gain and 40 dB isolation, 10-2000 MHz ... only $J. 79 
Either way, the ZFL-2000 miniature wideband amplifier is an engineer's problem 
solver. Some examples of solutions offered by the ZFL-2000 are 
• Boosting signaVsweep/synthesizer outputs to 50 mW. 
• Achieving broadband isolation, especially when combining 2 signal generators 

for a two-tone intermodulation measurement. 
• Increasing the dynamic range of spectrum analyzers. 
• Driver for power amplifiers, such as Mini-Circuits' 1 and 2 watt ZHL series. 
• Extending the frequency range of signal generators when using a frequency 

doubler, filter and then amplifying. 
• Creating multiple output ports for one signal generator when amplifying and 

then adding a Mini-Circuits power splitter or divider. 
These unconditionally stable wideband amplifiers are available with SMA connec­
tors and are housed with an internal heat sink in a rugged 1.25 in. sq. by 0. 75 in. 
high RFI shielded case. 
Meets MIL-STD 202, these units operate from - 55°C to + l00°C. 
One week delivery and a one-year guarantee, of course. 
or complete specifications and performance curves refer to 

t e Goldbook, EEM, EBG, or Mini-Circuits catalog 
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ZFL-2000 SPECIFICATIONS 

FREQUENCY 10-2000 MHz 
GAIN 20 dB 
GAIN FLATNESS ± 1.5 dB 
OUTPUT POWER + 17 dBm 
( 1 dB compression) 
NOISE FIGURE 7.0 dB 
INTERCEPT POINT 25dBm 
(3rd order) 
VSWR, 50 OHMS 2:1 
DC POWER + 15 V, 100 mA 
volt, current 
HEAT SINK Internal 
OPERATING TEMP - 55°C to + l00°C 



the world's lowest-priced coax attenuators 
3, 6, 10 or 20 dB ... from DC to 1500 MHz 
one-piece design defies rough handling 

Check these features: 
'../Solid one-piece 

tubular construction 
...; Available with BNC, N, SMA, TNC 

connectors 
ii Male/female connectors standard 
ii Connector series intermixing available 
ii 2 watts max. power (except0.5W forSMA) 
ii Excellent temperature stability, . 002 dB/°C 
..J Low-cost, only $11. 95 BNC ( 1-49 qty.) 

attenuation values may be combined 

ii Delivery, from stock 
-V Exclusive one-year guarantee 

Attenuation Change VSWR 
Attenuation, Attenuation Frequency over Frequency Range, Max. 

Model dB Tolerance MHz MHz (50ohms) 
DC- 1000-

DC-1000 1000-1500 1000 1500 

- AT-3 3 :t 0.2dB DC-1500 0.6dB 1.0dB 1.3:1 1.5:1 
-AT-6 6 :!: 0.3dB DC-1500 0.6dB 0.8dB 1.3: 1 1.5: l 
- AT-10 10 ± 0.3dB DC-1500 0.6dB 0.8dB 1.3: 1 1.5: 1 
-AT-20 20 :t0.3dB DC-1500 0.6dB 

L AddprefixCforBNC($11.95), T forTNC($12.95), 
N for Type N ($15.95), S forSMA ($14.95) 

0.8dB 1.3: 1 1.5: 1 
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New graphics-controller !Cs coming to 
market provide increased resolution and faster 
processing in graphics-display systems. The 
improved devices exemplifY the growing trend 
tolvard bit mappi,ng (pg 61). 

ED N 's first semicustom !Cs actually 
work. These gate arrays not only meet our 
initial design specifications, but their per­
formance and economy clearly demonstrate 
the benefits of semicustom-IC use (pg 212). 
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On the cover: OEMs must plan game­
winning design strategies to be competitive 
in the market. High-capacity 5 ':4 -in. Win­
chesters are going to help them score. See pg 
132. (Photo courtesy Priam Inc; cover con­
cept by Imagination) 
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568,000 design engineers 
won't move a finger 
without us. 
That's what it means to be 
The Primary Source Worldwide ... 
Our complete line of electro-mechanical compo­
nents gives more design engineers more of what 
they want and need than any other supplier's line 
in the world. 

In addition to every conceivable type of miniature 
and subminiature switch you can imagine, C&K 
offers unmatched quality, dependability, value, 
and service. 

And our products for the instru­
mentation and electronic 

markets are backed by the same super fast deliv­
ery, global distribution network, and super technical 
support that have made our consumer line the most 
punched out, twisted, turned on, and pushed 
around switch in the world. 

Don't move a finger until you get our new catalog 
and samples. Call (617) 964-6400 and see for your­
self why you can't do better than C&K, The Primary 
Source Worldwide . 
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In 64K DRAMs, INMO 
high performance and flexibl 

... including 8Kx8. 
Look to INMOS for a wide selection of 64K DRAMs. 

I ' We offer access times from 1 OOns. By-1 , by-4, and 
by-8 organizations. Plus features that boost performance 

and simplify design. This is the family that lets you avoid 
compromises by giving you the performance and organization 

you want ... at costs you can afford. 

8Kx8-The cost and space saver. This newest 
member of the INMOS 64K DRAM family. available 
in a plastic package, offers access times of 120 
and 150ns. The by-8 organization is a natural for 
microprocessor designs and other applications that 
require word width rather than memory depth .. . in 
process controllers. intelligent terminals. and buffer 
memories for example. And its pin 1 refresh makes 
it a very attractive alternative to SK x 8 static 
RAMs. Because it combines low power and low cost 
with minimal support circuitry. 

16Kx4-The performance chip. With 100, 120, and 
150ns access times, this organization makes a lot 
of sense in high-performance systems. such as high­
resolution graphics. where high data rates are 
required. Packaged in plastic DIPs, the IMS2620 also 
gives you the right combination of cost. organiza­
tion, and speed for microprocessor systems. terminals, 
and even arcade and home games. If you 're up­
grading from 16Kx1 chips. it provides a factor of 
four reduction in chip count. And its "CAS before 
RAS" refresh assist function minimizes required 
support circuitry for cost and space savings. 

P.O. Box 16000 • Colorado Springs. Colorado 80935 
TWX 910/ 92(}4904 • Burlington. Mass. (617 
San Jose. calif. (408) 298-1786 • Tor ance 
Minneapolis. Minn (612) 831 -5626 • 
Whitefriars • Lewins Mead • Br' 
Phone Bristol 0272 290 861 

64K x 1 - The big-system choice. This DRAM also 
gives you a choice of 100, 120. and 150ns access 
times. What's more, it includes "Nibble Mode,·· 
which allows effective cycle times below 85ns. 
Available in a variety of packages. including plastic 
DIPs. ceramic DIPs, and chip carriers. it"s ideal for 
systems requiring lots of memory depth. 

Check the chart. You 'll find the industry's broade 
family of 64K DRAMs ... and the right device for 
your requirements. Then call an INMOS distributor fo 
all the details. 

Organization Access Time (ns) Cycle Time (ns) 

8K x8 120 190 
150 240 
100 160 

16Kx4 120 190 
150 240 
100 160 

64Kx1 120 190 
150 230 

INMOS Distributors: Anthem Electronics. 
Arrow Electronics. Falcon Elect ronics. 
Fut ure Electronics. Lionex Corp .. RAE' 

Part No. 
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Evecybodytalks 
CMOS gate arrays. 

But only National goes 
beyond talk to bring you low power, 

one nanosecond gate arrays in 
production quantities. 

You know how it is. 
Everybody's heard about 

the benefits of CMOS: High 
density gate arrays with 
Schottky speeds. Low CMOS 
power levels with latch-up 
immunity and ESD protec­
tion. All in production 
q uan ti ti es. 

"Great idea" they say. 
"But it can't be done:' 
Obviously they haven't talked 
to National. Because we're 
doing it! 

Using our proven micro­
CM OS process technology, 
we've produced the SCX­
Series of high-speed/low­
power dual-layer metal gate 
arrays. Look at the benefits: 
N ational's SCX-Series offers 
a full family of gate array 
solutions. Including both 
3 µm/2 ns arrays and the 
first 2 µm/1 ns internal 
tpd CMOS gate array in 

CIRCLE NO 5 

production. Ranging from 
600 to 6000 gates, they all 
drive 50 pF loads. 

And we don't stop there. 
National offers a fully 

integrated CAD system. With 
comprehensive training and 
logic simulation. Plus fault 
grading for design checking 
and testing. And 100% auto­
place and route capabilities. 

So next time the talk 
turns to CMOS gate arrays, 
remember National. We're 
not just talking about it. 
We're doing it. 

For a copy of our micro­
CM OS brochure, contact 
us at 2900 Semiconductor 
Drive, MS 23200, Santa Clara, 
California 95051. 

~National 
~ Semiconductor 

We're doing it. 
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ITS THE LONG 
WAY GO, 

BUT THE DRIVE'S 
LLWORTH IT. 

No other 
OEM supplier 

manufactures 
more of the parts 

that go into their drives than we do. Which is 
why we claim that Tandon is the only true 
manufacturer of disk drives. 

Other so-called manufacturers might more 
accurately be called assemblers. They buy other 
people's parts and put them together. 

About 80 % of the cost of our drives 
consists of parts we manufacture ourselves. 
Which gives us several major advantages over 
our erstwhile competition. 

We keep better control of quality, 
since our people manufacture our parts to 
our specifications. 

That same control helps us keep a tighter 
grip on costs, too. And naturally we pass these 
cost savings on to our customers. 

We're independent of the kind of supplier 
problems that cause product delays for the 
assemblers. We get what we need when we 
need it, from our own factories. 

This vertical integration story has helped 
us go from a start-up company to the 
industry leader faster than any of the assemblers 
thought possible. It's made a significant contri­
bution to our success at achieving our goal 
of providing our customers with the best 
performing, highest quality drives at the lowest 
possible cost. 

A combination the assemblers just can't 
put together. 

lanaan 
THE DRIVING FORCE BEHIND THE SMALL COMPUTER INDUSTRY. 
Tando n Corporation. 20320 Prairie. Chatsworth , CA 91311, (213) 993-6644, TWX: 910-494-1721, Te lex: 194794. Regional Sales Offices: Bosto n (617) 938-1916 • New 
Yo rk (201 ) 851-2322 • Atl anta (404) 934-0620 • C hi cago (312) 530-7401 • Da llas (214) 423-6260 • Irvi ne (714) 669-9622 • Santa Clara (408) 727-4545 • Frankfur.t. West 

Germany 6107-2091, Te lex: 411547 • Lo ndon, England (0734) 664-676, Telex : 848411. Distri butors: Hall -Mark, Kierulff, Schweber. 
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NEWS BREAIZS 
Edited hv Joa n Morro\\' 

MULTIBUS CARDS PROVIDE SEGMENTED-PAGED VIRTUAL MEMORY 
A set of Multibus cards from Virsys Technology Corp (Mt View, CA, (415) 965-8460) 

combines to create a microcomputer with a segmented-page virtual-memory system, such 
as that used in mainframe computers. The CPU card combines an NS16032 processor and 
NS16082 memory-management unit to support UNIX and applications such as interactive 
timesharing, CAD and database management. Model CPU1632 card also comes with a 
hardware floating-point processor and interrupt-control unit designed to minimize the 
software needed to handle priority interrupts. The CPU card costs $2750. Dual-port 
memory cards (the DMM1024 master memory and DMS1024 slave memory) each give the 
system 512k bytes of 150-nsec RAM. The master board costs $2750 and also provides the 
ECC and refresh logic; the slave board costs $1750.-Ed Teja 

FORTH DEVELOPMENT SYSTEM WORKS FROM ROM I BAM INSTEAD OF DISK 
National Semiconductor 's (Santa Clara, CA) MA2301 FORTH system comes in the firm 's 

Macrocomponent package. This stackable package-approximately the size of a tape 
cassette-allows you to assemble a complete diskless development system without any 
backplane. A complete system consists of the FORTH module (FORTH kernel in ROM), a 
CPU module and RAM modules; serial and parallel I / O modules for terminal and printer; 
and a power-supply module . The FORTH module runs ANSI-79 standard MVP FORTH, 
modified to obtain its screens from RAM instead of disk. You can develop code for Z80 , 
8080/ 85 or NSC800 µPs.- Charles H Small 

100-MHz PORTABLE SCOPE CALCULATES DIFFERENTIAL MEASUREMENTS 
With a built-in processor and a price (approximately $2500) that will probably be 

slightly less than its closest competing model from Tektronix, the Hitachi Denshi 
(Woodbury, NY) V-1100 100-MHz portable oscilloscope has on-screen displays from a built­
in frequency counter and DVM. This feature allows the scope to print on its CRT 
differences in voltage and time between reference cursors. The on-screen display is handy: 
You can record the reading with a scope camera. - Charles H Small 

PORTABLE COMPUTERS, PERIPHERALS, PRINTERS SHARE COMDEX LIMELIGHT 
Several portable computers and some very quiet printers were among the most popular 

new products introduced or demonstrated at COMDEX/ Spring, which was held last month 
in Atlanta, GA. Other interesting introductions included microfloppy-disk drives and an 
ST-506 hard-disk controller that provides cache memory for increased speed. 

Three of the products were from Hewlett-Packard (Palo Alto , CA). The company's new 
LaserJet printer, based on technology used in the Canon LBP-CX personal copier , prints 8 
pgs/ min (more than 30 cps) and registers a noise level of less than 55 dB. The $3495 
printer generates letter-quality characters or 300-dots/in. graphics. Microsoft (Bellevue, 
WA) announced its intention to supply versions of Word, its word-processing software , that 
will utilize the LaserJet's capabilities to print italics and other fonts along with regular 
text . A printer somewhat similar to the LaserJet, the Lasergrafix 800 Model I , was 
introduced by Quality Micro Systems (Mobile , AL) at a price of " less than $10,000 ." Also 
based on Canon's electrophotographic technology, the Lasergrafix emulates Diablo and 
Qume printers and Tektronix 4010/ 4014 display devices . 

Along with the LaserJet, HP demonstrated its recently introduced ThinkJet printer 
($495) and its portable computer ($2995) , which features a 16-line x 80-column LCD screen 
and built-in 1-2-3 software from Lotus Corp (Cambridge, MA) . Another computer vaguely 
resembling HP's portable unit, the 80C86-based Pivot from Morrow Inc (San Leandro, CA) 
EDN J U NE 28 , 1984 17 



NEWS BREAI<S 
was also introduced at the show. It includes a built-in modem and a 5 114-in. floppy-disk 
drive in a 9-lb package . The PC-compatible machine will be available in August for less 
than $2500. 

Indicative of the popularity of light-weight portables was the introduction by Panasonic 
(Secaucus, NJ) of six new microfloppy-disk drives . Of the six, three are 3-in. drives (the 
size previously chosen by Panasonic), while three use 3Y2-in. media. One of the 3-in. drives 
requires only a 5V supply and draws approximately 3W, suiting it to portable applications. 
The drives cost $125 to $200 (1000). 

For nonportable, high-speed hard-disk applications, the $795 STDC controller from 
Cromemco (Mt View, CA) contains 64k bytes of on-board cache memory that speeds 
program execution from three to 10 times. The cache on the S-100 board, which was 
designed for use with the company's 68000-based systems and ST-506 disk drives, buffers 
four tracks of disk data and employs a least-recently-used algorithm to minimize disk 
accesses.-Gary Legg 

MAJOR µP FIRM GOES OUTSIDE FOR DEVELOPMENT SUPPORT 
NEC Electronics (Mt View, CA) isn't selling proprietary development systems for its µPs. 

Instead, the firm will depend on Tektronix (Beaverton, OR) for development stations and 
in-circuit emulators for the µPD7800 Series 8-bit (16-bit internal) single-chip µPs . Tektronix 
will supply a 6140 system, which includes an 8561 development station, an 8540 
integration unit and a 4105 color-graphics terminal. NEC, like other makers of 8-bit 
microcontrollers, is rushing to fill the gap caused by 8051 shortages .- Charles H Small 

MODEM MEETS 212A AND x.as REQUIREMENTS 
The WD212-X modem from Wolfdata Inc (Chelmsford, MA, (617) 250-1500) gives a 

personal computer a variety of synchronous and asynchronous communications 
capabilities: Bell 103, Bell 212A and CCITT X.25 LAPB. The synchronous X.25 packet­
communication scheme lets the modem meet international standards and also adapts to let 
your computer talk to mainframe computers via such protocols as SNA and SDLC. Five on­
board processors provide conventional features like autodial (both pulse and tone) and 
autoanswer, and they handle direct connection to telephone lines (including equalization). 
The modem comes as a single IBM PC-compatible board or as a stand-alone RS-232C 
peripheral.-Ed Teja 

NEWSLETTER SUITS ENGINEERS USING PERSONAL COMPUTERS 
Dedicate~ to serving engineers who use their personal computers for engineering work, 

Personal Engineering & Instrumentation News, (Box 983, Back Bay Annex, Boston, MA 
02117) will feature updates on computer-aided-design tools , personal-computer-based data­
acquisition systems and other topics . Focusing on personal-instrumentation systems, the 
newsletter will attempt to keep subscribers informed on news and technologies that could 
change the way engineers use personal computers. - Charles H Small 

FLUKE INTRODUCES DIRECT VOLTAGE-MAINTENANCE PROGRAM 
Built around the portable 732A de-reference standard, Fluke's (Everett, WA) voltage­

maintenance program will maintain traceability to the legal volt as set by the National 
Bureau of Standards. You can obtain the service in two basic ways, ranging in price from 
$250 to $500: Either Fluke will power up and certify your new 732A prior to shipment, or 
it will rent you one for certifying your own in-house voltage standards. The program is 
possible because the 732A is a solid-state unit and travels well-unlike chemical reference 
cells that loose their calibration.-Charles H Small 
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••• and Cherry is the NEWSMAKERI 
Infrared link between keyboard and computer. In the most 
advanced, state-of-the-art low profile ergonomic designs. New ... 
and now ... from Cherry. 

Full custom keyboard designs with CMOS electronic compo­
nents. In your choice of the latest Cherry full travel , sealed contact 
technology .. . or our MX gold crosspoint contacts . 
Special power circuitry requires power only when a key is 
depressed. Extends life of the four AA alkaline batteries. 

Stock standards coming soon! Custom designs start now . .. 
standards available by June! An enhanced version of IBM PC 
keyboard with wireless capability. Also compatible with IBM PCjr. • 
Custom or standard, you're assured of a reliable keyboard from a 
good solid source. Cherry. Your Keyboard Headquarters. 

"IBM PC and PCjr. are the registered trademarks of IBM Corporation. 

CHERRY ELECTRICAL PRODUCTS CORPORATION 
3622 Sunset Avenue, Waukegan, IL 60087 • 1-312-578-3500 
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NEWS BREAIZS: INTERNATIONAL 
by Shelley Mumford 

'LOGIC-CIRCUIT SHORTAGE CREATES INCREASED PRODUCTION 
Nippon Electric Co (NEC) and Matsushita Electronics Corp are increasing their 

production of logic circuits in response to a growing shortage of the parts. NEC plans to 
double production of its high-speed-CMOS standard-logic devices to about 2 million pieces 
per month by this fall . The firm also intends to expand its product line from 50 to 80 
types of devices. The number of DIP models produced will grow from 17 million to 20 
million pieces monthly; miniflat devices, from 1 million to 3 million parts. 

Toward the end of the year, Matsushita will increase production from 7 million to 10 
million pieces per month. Currently, the company offers 140 types of low-power Schottky 
TTL devices, several advanced LS TTL devices with 4-nsec speeds and 1-mW / gate power 
dissipation, and 117 CMOS-logic devices . 

FIRMS' BATTLE FOR LEAD IN 256k-DYNAMIC-RAM PRODUCTION 
In an effort to overtake Nippon Electric Co (NEC) in 256k-dynamic-RAM production, 

Toshiba Corp plans to increase its product output from 100,000 to 1 million pieces per 
month by the end of this year . If Toshiba realizes its goal, the firm will be the first to 
achieve such an output for VLSI memories. NEC has similar plans, but its target date for 
1-million-part production is scheduled for next spring. In response to its production plans, 
the company has recently completed a new VLSI plant and is currently constructing an 
assembly and inspection facility. Both are scheduled to be operational by July. 

COMPANY SEEXS LARGER µP MARKET SHARE WITH THE 68000 
Seeking to capitalize on the current shortage of 68000 µPs, Hitachi Ltd plans to more 

than double its monthly output from 20,000 to 50,000 pieces in the near future. The 
16-bit-µP market is currently dominated by Intel Carp 's 8086/ 8088 family, with a 70% 
share of the market. Hitachi hopes to gain part of Intel's share by making the 68000 more 
readily available to users . 

CACHE AUGMENTS BUBBLE MEMORY IN PROTOTYPE COMPUTER 
Tokyo Agricultural and Industrial College has developed a prototype computer using 

bubble-domain memory for the main memory and a cache memory to speed access time. 
Specifically, the 2M-byte computer uses four 512k-byte bubble devices with a 13-msec 
average access time and 32k bytes of RAM with a 230-nsec max access time . The computer 
was produced in an attempt to use large-capacity bubble memories without sacrificing 
speed. Although bubble memories are already available in 4M-bit configurations (16 times 
as large as the 256k dynamic RAM) , the bubble seriously lags behind in access time. 
Bubble memories, with access times of more than 10 msec typ, are considerably slower 
than the 100- to 300-nsec semiconductor memories. 

GOVERNMENT ENDS TAX WRITE-OFF ON SEMICONDUCTOR EQUIPMENT 
An amortization program that allows semiconductor manufacturers to write off their 

semiconductor-production equipment in five years instead of the usual seven will be 
terminated from fiscal 1985, according to the Japanese Finance Ministry. Japanese sources 
report that the Ministry sees no need to extend such preferential treatment to an industry 
that's become fully competitive. Moreover , the government feels that the additional ¥30 
billion ($133 million) in tax revenues generated by the program's termination could help 
reduce mounting deficits in the national budget. 

Japanese semiconductor producers are expected to protest the action strongly, claiming 
that the program's abrogation would blunt their competitive edge. It's also anticipated that 
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Nicolet's new 800 series ... a gitlnt leap beyond what 
you've come to expect from a Logic Analyzer. 

Full analysis capability-and a wt mQre­

at your .fing erti,ps. 
The NPC-864MSTC is a little different from 

the logic analyzers you're used to. It gives you 48 
channels of state analysis, full analog capability, and 
powerful 200 MHz timing analysis where it counts­
on all 16 timing channels . .. all in one, easy-to-use 
instrument. And that's only the beginning. Time and 
event histograms let you monitor software perfor­
mance. Dual floppy disk drives, special 110 software, 
an IEEE-488 Controller, and RS-232 Master/Slave 
operation help enhance your development and 
trouble-shooting efficiency. Not only that, the NPC-
864MsTC is a general purpose computer, with a full 
CP/M® operating system, at your disposal. 

So simple, you already know how ro use it. 
Each of the four NPC-800 configurations is 

designed to be easy to learn. They're even easier to 

operate. Every function and option is accessed and 
controlled through a familiar ASCII keyboard. It 
makes a lot of sense. 

Think about it. 
Before you choose your next logic analyzer, you 

really owe it to yourself to take a close look at Nicolet's 
easily expandable 800 Series-the Logic Analysis Sys­
tems that give you so much more, for less. Isn't it time 
to raise your expectations .. . and your capabiiities? 

Send for our NPC-800 Series Brochure, or, better 
yet, call our Logic Analyzer Hotline: (800) NICOLET 
(oustide CA), or (415) 490-8300 (inside CA). Nicolet 
Paratronics Corporation, 201 Fourier Ave., Fremont, 
CA 94539. Nicolet Canada 416-625-8302. 

"CP/ M is a registered trademark of Digital Research Corporation. 

~ Nicolet 
Available for rent or lease through NPC-800 Series Logic Analysis Systems 
US Instrument Rentals, Inc., GenStar and Leasametric. 
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NEWS BREAIZS: INTERNATIONAL 
industry will demand an extension of the program, as well as a shortening of the write-off 
period to three years. Such a reduction is justified, the manufacturers contend, because the 
rapid advances in semiconductors have abbreviated the life span of production equipment. 

SURVEY PREDICTS JAPANESE-PRODUCT SUPREMACY TO YEAR 2000 
Japanese supremacy in products and productivity will continue well in to the early part 

of the 21st century, according to a recent survey by the Japan Economic Research Center . 
The study states that while the US might retain its lead in basic research, Japan will 
remain ahead in commercializing products. The Center claims Japan 's edge is primarily 
caused by the US 's inability to organize cooperative ventures between government and 
business . This is in sharp contrast with Japan, which has succeeded in its national efforts 
to develop new-generation computers and robots. 

The survey claims that the US will even have difficulty keeping ahead in biotechnology, 
despite its R&D lead in that area. Unable to translate the biotechnology into actual 
products, the US will be surpassed by the Japanese within three to five years. The Center 
concedes, however , that Japan is seriously behind in the aerospace industry. 

OPTICAL DISK COATING INCREASES MEMORY CAPACITY BY 30% 
Ricoh Co has developed an optical disk coating that increases memory capacity by 30% 

compared with conventional disks coated with metallic material. Suitable for mass 
production, the material could also lead to at least a 60% reduction in production costs . 
The nonmetallic coating features low thermal conductivity, which permits reduction of the 
size of the information-recording pits. Conventional disks can accommodate pits no smaller 
than 0.9 µm, because the heat from the laser beam could distort the material. With the 
organic-pigment material, however, the pit size can be reduced to 0.7 µm. The coating can 
be applied under a normal atmospheric environment. Ricoh plans commercial introduction 
of the disks by 1986. 

FIRMS EXPLORE BIOENGINEERING POSSIBILITIES 
Japanese electronics firms are exploring the bioengineering field and the possible 

development of biochips and biocomputers. Sharp Corp, for example, plans to build a 
manufacturing facility for organic thin-film material as substrate material for microchips . 
Similarly, Matsushita Electric Industrial Co , Hitachi Ltd, Nippon Electric Co , Fujitsu Inc , 
Toshiba Corp and Sanyo Electric Co are also involved in the preliminary research of a new­
generation chip, which might expand memory capacity 1000 times and processing speed 1 
billion times over the most advanced silicon chips. The companies are experimenting with 
an organic film process developed by two General Electric Co scientists. 

VIDEOTAPE RECORDER SUITS USE IN HIGH-DEFINITION TV 
Nippon Hoso Kyokai (NHK), Japan's public broadcasting station, has developed a home 

videotape recorder (VTR) designed for high-definition television receivers . High-definition 
receivers feature more than 1000 scanning lines (compared with 525 lines for conventional 
TVs), which results in superior picture quality. Because the high-definition receiver 's 
signal volume is five times greater than that on conventional TVs, the ~-in . tapes used in 
typical home VTRs are too narrow to record the more advanced image formation. 
Consequently, NHK devised a signal-compression method, which divides a picture frame 
into quarters and assembles them into a complete picture at the receiving end. Metal tape 
is used to allow high-density recording. Japanese industry regards NHK's development as 
a major gain in the global race to determine a high-definition-TV standard. The US has 
proposed a 1050-line system; the Europeans, a 1250-line system. 
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Reach Eor The New · ~ 
Cyclops Touch-Screen 
From ITW Entrex. · 

Get a high-performance, 
low-cost, and 
easy-to-integrate 
touch-screen device. 
Now you can ease operator/ 
computer interface and increase 
the sales appeal of your products. 

Jt.1st reach for the Cyclops™ 
Touch-Screen Device. 

· It utilizes a single light source 
and scanning detector. The simpli­
fied design eliminates the use of 
complex moltiple LEDs and sensors 
-as well as membrane overlays 
which can impair CRT resolution 
and contrast. This means the 
Cyclops is the most cost-effective, 
higb-performance touch-screen 
device available today. 

The Cvclops offers fast 
response and operation. When 
used with menu-driven and 
graphics software, it is a true 
alternative to a keyboard. ' ' 

The.Cyclops can be readily 
integrated with your workstations 
for an unlimited number of busi­
ness, industrial and public 
applications. 

The new Cyclops touch- . 
screen, Beetle™ cursor controller, 
!:rgoPadTM tablet, and ITW 
Cortron's family of low profile and 
standard keyboards comprise ITW 
Data Entry Products. 

Now, your data entry needs are 
answered by one source- ITW 
Data Entry Products. 
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For a free brochure that details 
specifications and applications of 
the Cyclops, contact ITW Entrex, 
6615 West Irving Park Road, 
Ghicago, IL 60634. Phone 
(312) 282-9440. 



500 KHz to 1 GHz from $395 

hi-rel and industrial 

SRA-1 

SBL-lX I 

SBL-1 

miniature, flatpack, and low profile 
MODEL FEATURES Freq. (MHz) 

LO-RF IF 

tConverslon Loss (dB) 
one octave total 
bandedge range 

L-R Isolation (dB) 
lower mid upper Price/Qty. 

bandedge range bandedge 

SRA-1* the world's standard . . . HTRB tested 
hi-rel 3 year guarantee 

.5-500 DC-500 5.5 typ. 6.5typ. 50 typ. 45 typ: 35 typ. 11.95 (1-49) 

TFM-2* world's tiniest hi-rel mixer 
only 4 pins for plug-in/flatpack mouting, 

1-1000 DC-1000 6.0 typ. 7.0typ. 50 typ. 40 typ. 30 typ. 11.95 (6-49) 

SBL-1 world's lowest cost industrial 1-500 DC-500 
mixer, only $4.50, metal case 

5.5 typ. 6.5typ. 50 typ. 45 typ. 35 typ. 3.95 (100) 
4.50 (10-49) 

SBL-lX industrial grade, rugged 10-1000 5-500 
all-metal construction 

6.0 typ. 7.0typ. 50 typ. 40 typ. 30 typ. 5.95 (1 -4) 

ASK-1 world's smallest DBM 1-600 DC-600 
flatpack mounting, plastic case 

5.5 typ. 6.0typ. 50 typ. 35 typ. 30 typ. 5. 95 (10-49) 

LMX-113* rugged flatpack, hermetici¥i tested 5-1000 DC-1000 
thermal shocked to MIL-S D-202 

6.5 typ. 7.0typ. 50 typ. 40 typ. 35 typ. 14.95 (6-24) 

*meets MIL-M-28837/lA performance 
units are not QPL listed 

t LO = + 7 dBm 

finding new ways 
setting higher standards 

r;;:IMini-Circuits 
A Division ol Scienti fic Componen1s Corporation 

World 's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500 

Domestic and International Telex 125460 International Telex 620156 
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10 to 2500 MHz 
from $1995

PSw 1211 (500qty.) 

Now, for your wideband systems design, under -$20.00 
SPST and SPOT pin diode switches that operate over the 
10 to 2500 MHz range with less than 1 dB (typ.) 
insertion loss at 1000 MHz, 1.5 dB at 2500 MHz. 

No waiting, immediate delivery .. . with one year guarantee. 
Call or write for 64-page, catalog or see our catalog in the 
Gold Book, EBG, EEM or Microwaves Product Data Directory. 

SPECIFICATIONS for 
PSW 1111 (SPSTJ and PSW 1211 (SPOT) 

FREQUENCY RANGE 

INSERTION LOSS 
10-2000 MHz 

2000-2500 MHz 

ISOLATION 
10-500 MHz 

500-1000 MHz 
1000-2000 MHz 
2000-2500 MHz 

SWR 

SWITCHING SPEED 

MAXIMUM RF INPUT 

CONTROL 

OPERATING TEMPERATURE 

STORAGE TEMPERATURE 

PRICE (6-24) 
PSW 1111 $29.95 
PSW 1211 $29.95 

10-2500 MHz 

1.7 dB max. 
2.7 dB max. 

40 dB min. 
30 dB min. 
25 dB min. 
20 dB min. 

1.5 max. ("on" state) 

1 µsec. (max. ) 

+ 20 dBm 

+ 5 V (5 mA max.) 

- 54°C to + l00°C 

- 54°C to + 100°C 

finding new ways ... 
setting higher standards 

t:;I Mini~0Q~~~n~C~! 
World's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500 
Domestic and International Telex 125460 International Telex 620156 
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There's alW<l!S 
awa outwith 
The hDensityPlus 
Backplane System. 

Interconnect density. 
Signal integrity. Power dis­
tribution . The world of 
VLSI can be a realjungle. 

Design engineers feel­
ing trapped by these inter- · 
connection demands and 
time-to-market pressure 
now have a way out. 

The High Density Plus 
Backplane System. 

If you're using ECL 
Schottky TTL CMOS, gate 
arrays, or standard cell 
arrays, High Density Plus 
addresses density, speed, 
and power manage-
ment needs better than 
any product available. 

Completely modular, its 
building block approach 
lets you customize designs 
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to_ best meet your needs. 
Our engineers stand 
ready and able to help 

Daughterboard 

As the leader in the 
field, we understand that 
electronic packaging can 

be the decid­
ing factor that 
determines or 
limits perform­
ance, cost 
and reliability. 

Bus blade 

Power bus 

Backplane 
connector module 

Controlled impedance 

So don't 
delay. We 
created High 
Density Plus to 
get cornered multilayer printed 

circutt board 

you tailor-make your sys­
tem. Whether you need 
the whole system com­
pletely assembled and 
tested, or as individual 
components, we have 
what it takes to get you 
out of any jam. 
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designers out of tight spots. 
Call us for help today. 

Teradyne Connection 
Systems, 44 Simon Street, 
Nashua, NH 03060. 
(603} 889-5156. 

Connecting problem ... and solution 
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TE K 2236 PORTABLE 
OSCILLOSCOPE 

It's all within the 
scope of the Tek 2236 ! 

Precision measurements at 
the touch of a button. The 2236 
combines 100 MHz, dual time­
base scope capability with 
counter/timer/DMM functions 
integrated into its vertical, hori­
zontal and trigger systems. 

For the same effort previously 
required just to display the wave­
form you can obtain digital read­
out of frequency, period, width, 
totalized events, delay time and 
~-time to accuracies of 0.001%. 

Practicality is the corner­
stone of the 2236. The 2236's 
intensified on-screen markers 
make gated counter measure­
ments easy, with no mental arith­
metic required. And the 2236 
offers an independent floating 
5000 count auto-ranging multi­
meter with side inputs for DC 
voltage measurements to 0.1%. 
An auto-ranging ohmeter pro-

Left top: Ch 1 true RMS & DC 
volts measurements. Made easily 
at the probe tip. (The 2236 adjusts 
automatically to 1X or 10X probes.) 
The 2236 includes relative refer­
ence capability for subtracting 
offsets. 
Left bottom: Gated frequency 
measurement. Intensified zone 
brackets the period of interest by 
means of the delayed sweep, allow­
ing easy frequency measurement 
on any specified portion of the 
waveform. 

vides resistance measurements 
ranging from 0.010 to GO-as 
well as audible continuity. Oper-

J D r n ,, r 
::J 1. Ju ·1 - o 

Gated width measurement. Pulse 
of interest is selected with the inten­
sified zone. Both width and period 
measurements are made with up to 
10 ps resolution. 

-, -, -, ,-, .-, -, 
_, 1. t '-' '-' c l ' 

Delta time measurement. Time 
between two intensified zones on 
the A sweep is measured with 
up to 50 ps accuracy. 

THE ANSWER 
BY ANY MEASURE 

ator prompts, auto-ranging 
and audible, automatic diode/ 
junction detection features 
serve to simplify set-up and 
enhance confidence in your 
measurements. 

You can obtain scope, 
counter and DMM input 
simultaneously through a 
single probe. The same probe 
is used to provide input for the 
2236 CRT display and the digital 
measurement system resulting 
in easy set-up, greater measure­
ment confidence and reduced 
circuit loading. You can make 
direct digital measurement bf de 
volts and ac coupled true RMS 
volts through the Ch 1 input. 
And the 2236 is backed by the 
industry's first three-year war­
ranty on all parts and service 
-including the CRT. To learn 
more, contact Tektronix: 
U.S.A., Asia, Australia, Central & 
South America, Japan 
Tektronix, Inc. 
PO. Box 1700 
Beaverton, Or 97075 
TWX: 910-467-8708 
TLX: 15-1754 
Cable: TEKTRONIX 
Europe, Africa, Middle East 
Tektronix Europe B.V. 
European Headquarters 
Postbox 827' 
1180 AV Amstelveen 
The Netherlands 
Phone: (20) 471146 
Telex: 18312-18328 



SIGNALS & NOISE 
FFT program corrections 
Dear Editor: 
As you might guess, in spite of my 
supposedly thorough testing, read­
ers have found two errors in the 
programs contained in my FFT se­
ries of articles (EDN, March 8, pg 
209, and April 5, pg 237) . 

The first error is on pg 213 of the 
March 8 issue in Fig 2, line 8626. 
The term "C(ID)" should be 
"C(IZ)." Because this term has no 
effect except in analyzing bandstop 
filters where C(IZ) might not be 
zero, I didn't catch the error. 

The second error occurs in the 
April 5 issue on pg 238, Fig 1, lines 
7000 through 7110. This is a print­
out routine that's never accessed by 
the program. I deleted the menu 
reference to the routine when I de­
cided that a printout feature wasn't 
needed, but I neglected to take out 
the routine itself. Readers can ei­
ther eliminate the routine or include 

a menu reference and an 
"IF ... GOTO" line in the menu sec­
tion of the program. 

Incidentally, I've been receiving 
calls with questions about the pro­
grams. So far they are running not 
only on Apple systems but on an 
IBM Personal Computer, an HP-86 
and an HP-9825. 
Sincerely, 
RF Cobb 
Senior Scientist 
Harris Corp 
Melbourne, FL 

Play it again 
Dear Editor: 
I read with interest the exchange 
between David D Collins and Wil­
liam R Scharrenberg (Signals and 
Noise, March 8, pg 24) regarding 
the choice of a name for floating­
gate MOS memory devices that are 
not designed to be erased. Both 
gentlemen have valid points. Mr 

NOW HAS 
RGB COLOR! 

You're looking at the OEM'S 
best buy in an information 

display, the DATA-PIX® high 
resolution raster scan monitor. 

DATA-PIX® has ± 1 % linearity, up to 1,200 
pixels per line (the best commercially 

available), up to 1, 100 non-interlaced lines at 
65 kHz horizontal frequency, and with 60 Hz 

frame rates for flicker-free performance on 
fast phosphors . EIA registered phosphors 

are also available . 

But that's not all - there's more. 

Scharrenberg points out the desira­
bility of leaving the "E" in EPROM 
to denote that the technology is that 
of the EPROM. Mr Collins, howev­
er, recoils at the use of an "E" (for 
"erasable") to stand for a noneras­
able device. 

I propose the term "NEPROM,'' 
for "nonerasable PROM." The con­
notation of EPROM technology is 
retained, and the fact that the de­
vice is not erasable is clear. (Of 
course, it can be argued that a fuse­
link PROM is not erasable as well. 
But you can't have everything.) 

It has always struck me as curi­
ous that ROMs, which are randomly 
accessible memories, can also be 
considered as RAMs. Insofar as it's 
possible, terminology should be cho­
sen that not only accurately de­
scribes devices but also discrimi­
nates against unintended 
interpretations. Perhaps we in the 
industry should take one more look 

Unretouched photo of 20" unit , 
courtesy of Genisco Computers, lnc. C!' 

DATA-PIX® gives you a choice of scan 
direction, tube size and tube orientation. Plus, 

DATA-PIX® can be supplied with special 
coatings, yokes, shields and special 

reflection - stopping optical filters. 

Write or call for your FREE brochure today. See for 
yourself why companies just like yours have thousands 
of DATA-PIX® monitors working in their alpha numeric 
and graphic systems. 

30 

3833 N . White Avenue, Eau Claire, WI 54703 
(715) 834-7785 

The pioneers in high speed monitor technology 
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A quartet of topAromat performers 
for your instrumentation needs. 

• For high speed switching ... DR Relays ... 
approximately 1 msec. operating time, 0.5 msec. release time. 

~ l __ ::!~~~~~~~~~J__ 
~O.H 
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- Operating power, mW 

• For low thermal EMF. ... SEB Relays ... 
approximately 3µ,v at nominal range. 
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• For excellent high frequency characteristics ... RF Relays ... 
isolation of 65 dB min (900 MHz); insertion loss of 1.5 dB max (900 MHz). 

50 
100 200 300 400 500 600 700 800 900 1000 

Frequency, MHz Frequency, MHz 

• For ultra-low power consumption ... R-C Unit Relays ... 
approximately 100 mA, 1 msec. 

For further details on the relays of 
your choice, write on your letterhead 

CIR to the Aromat address nearest you. 
CLE No 16 

Relays and Switches 
for Advanced Technology 

Northeast Sales Offices 
250 Sheffield St., 
Mountainside. NJ 07092 
Tel. (201) 232-4260 
TWX: 710-997-9536 

Southeast Sales Offices 
2480 Sand Lake Rd., 
Orlando, FL 32809 
Tel. (305) 855-1075 
TWX: 810-850-0256 

North Central Sales Offices 
311 Lively Blvd . 
Elk Grove Village , IL 60007 
Tel. (312) 593-8535 
TWX· 910-222-1423 

South Central Sales Offices 
850 East Arapaho Road, 
Suite 210. Richardson , TX 75081 
Tel: (21 4) 235-0415 

Northwest Sales Offices 
10400 North Tantau Ave .. 

Cupertino , CA 95014 
Tel. (408) 446-5000 
TWX: 910-338-0534 

Southwest Sales Offices 
11542 Knott Street. 

Suite 2. Garden Grove , CA 92641 
Tel: (714) 895-7707 
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SIGNALS & NOISE 
at what we are going to call non­
erasable, floating-gate MOS memory 
devices. It looks like they will be 
with us for some time. 
Sincerely, 
Ted Yellman 
Engineering Assurance Manager 
Data 110 
R edmond, WA 

VME Bus Design Idea 
Dear Editor: 
We would like to point out a few 
shortcomings in the Design Idea 
"FPLA forms VME Bus interrupt­
er" (EDN, December 22, 1983, pg 
270). 

• The block diagram (a) implies 
that more than one load is 
connected to the AS* line. 
This is likely to violate the de 
loading specifications of the 
VME Bus specification, revi­
sion B, section 7.5.1. 

• IACK* is also overloaded with 
respect to the specification. 

The peripheral device circuit­
ry will require a further con­
nection to IACK* to distin­
guish between slave and 
interrupter operation as indi­
cated by VME Bus specifica­
tion, revision B, section 2.4.1. 

• There is no hysteresis on the 
AS* input as required by 
VME Bus specification, revi­
sion B, 7.5.1. 

• A standard PAL16R4 has a 
maximum propagation delay 
of 35 nsec over the commercial 
operating range. The VME 
Bus specification, revision B, 
section 4.5, table 4.3, entry 17 
requires that the IACKOUT* 
line goes high within 30 nsec 
of AS* going high. A faster 
PAL16R4 would help but it is 
necessary to include the delay 
of the necessary buffer with 
hysteresis. 

The VME Bus specification is often 
violated, usually unintentionally. 

Basler 
Quality Control 
is Plural ... 

For the convenience of those users, 
we urge those involved in designing 
VME Bus products to spend time 
implementing the specification 
fully. 
Sincerely, 
Karl Wood 
Walter Scheepens 
Philips R esearch Laboratories 
Solid State Electronics Div 
Surrey, England 

Storage-scope maker 
In the Special Report on storage 
oscilloscopes (EDN, April 5, 1984, 
pg 154), Norland Corp was listed in 
the table of digital-storage-scope 
specs but not in the manufacturers 
list on pg 166. You can contact the 
company at: 
Norland Corp 
Norland Dr 
Fort Atkinson, WI 53538 
(414) 563-8456 
Circle No 739 

State-of-the-Art Technology 
and 
Conscientious Application 
Our testing equipment and devices are as up-to-date as 
"today". And we continually update and replace them as new 
technology becomes available. We also contribute to the 
state-of-the-art by designing and building many of our Quality 
Control devices. Conscientious application is provided by 
our motivated employees whose efforts are a matter of 
personal pride. 

That's why Basler Quality Control is truly Plural. 

c;;) Basler Electric 9 .. Highland, Illinois 62249 (618) 654-2341 

DESIGN/MANUFACTURE SPECIALTY TRANSFORMERS, CUSTOM POWER SUPPLIES AND ELECTRONIC CONTROLS 
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PICK-AND-PLACEABLE. 

SPRAGUE Sprague Type UC Monolythic® Ceramic Chip Capacitors are cost competitive and 
available today on 8mm reels for easy automatic placement and attachment to printed 

CHIP C~ AB)Ac ~ "ITiQRS wi~ng boa:ds and hybri~ circ~its. The~e multilayer 
~ ~ .I_ 1 chip capacitors are supphed with a ch01ce of 

metallized terminations to fit the 

FIT Ex Ac ~TING NEEDS needs of both surface-mounting 
~ • and hybrid technologies. They are 

furnished in a full range of capacitance and temperature characteristics. Write for Engineering Bulletin 
6200F to Technical Literature Service, Sprague Electric Company, a Penn Central unit, 491 Marshall 

Street, North Adams, Mass. 01247 . 

CIRCLE NO 18 
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~' ....... fR~E LEAN MACHIN 
The IBEX PCT-1000 is a revolutionary new IBM format compatible 1 / 2-inch tri-density 
streaming tape drive that slims and trims your space and budget requirements in one easy 
installation. 

At less than 40 lbs., this mighty mite weighs over 60% less, costs 25% less and 
occupies 25% less space than any other 9-track tape drive available. 

The PCT-1000 is IBM and ANSI compatible. It can accommodate standard 
1/ 2-inch, 9-track tape reels from 7to10-1 / 5 inches in diameter, yet it fits into dual 8-inch 
Winchester or floppy drive footprint. 

There's more. Much more. The IBEX PCT-1000 gives you: 
• Storage of up to 136M bytes per reel 
• Transfer rates of 20K to 160K bytes / second 
• 800 bpi NRZI , 1600 and 3200 bpi PE format operation 
• Plug compatible with standard Cipher / Pertee interface 
• Internal diagnostics 
• Mounting options: 5-1 / 2" high top-loading drawer mount or 14" high front-loading 

conventional rack mount 
No matter what your application - disk backup, data interchange, or access to 

archives-the PCT-1000 is your most cost-effective, load-lightening answer. 
PCT-1000. The lean machine that 

out-muscles the competition. 
Call , TWX or write today for complete 

technical data. I B E X 
Right for the times 

IBEX COMPUTER CORPORATION 
20741 Marilla Street, Chatsworth, CA 91311 
(818) 709-8100 - TWX 910-493-2071 

Please see us at NCC Booth #A2225 
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Texas Instruments and Data General 
push supermini performance 

to new heights. 
•Tl's Advanced Schottky Family 

includes the industry's highest speed 
TTL logic, which helps double 
throughput of new 00 state-of-the-art­
designed superminicomputer (Page 2). 

• Performance Budgeting options­
available only with Tl's Advanced 
Schottky Family of ALS/ AS devices­
optimize your system speed/power 
product (Page 3). 

• Having over 240 functions today 
with more to come, Tl's rapidly 
growing ALS/AS Family maxi­
mizes your design options in high­
performance TTL logic (Page 4) ..... 



Tl's high-
• • supenmm 

When it came time to design a virtual­
memory 32-bit superminicomputer 
unmatched for performance, Data Gen­
eral logically turned to Texas Instruments 
for semiconductor logic. And TI 
came through. 

By designing-in high-speed AS logic 
functions from Tl's Advanced Schottky 
Family, Data General was able to 
introduce its new ECLIPSE MV/10000™ 
superminicomputer a year ahead of the 
industry. And achieve a blazing machine 
cycle time of 140 ns. 

Speed increases 
from 45 ns to 32 ns 
The TI 'AS88 l , a 4-bit arithmetic logic 
unit/function generator, got the 
MV/10000 off to a flying start. Far faster 
than standard Schottky, it reduced the 
delay time of a 32-bit ADD operation 
from 45 ns to 32 ns. Plus, its 24-pin, 
300-mil-wide package required 50% 
less board space. 

Tl's high-speed 'AS882, a 32-bit look­
ahead carry generator, also proved crucial 
to the supermini's state-of-the-art design. 
It integrates a 32-bit look ahead on a 
single chip. 

Strong support speeds 
supermini to market 
From an initial presentation ... to 
meeting specs . . . to producing devices 
... to testing ... to on-time delivery, 
TI gave Data General its full support and 
cooperation. 

All of which helped Data General get 
its new supermini to market a year early. 

"ECLIPSE MV/10000 is a trademark of Data General 
Corporation . 

.... For maximum speed, DG's new ECLIPSE 
MV/10000 32-bit superminicomputer incor­
porates 51 Tl high-speed AS logic devices-
46 'AS88ls and five 'AS882s. A versatile, 
high-performance computer system, the 
MV/10000 can be used on a wide variety of 
design projects. Cover example: Development 
of plans for a skyscraper involving simulation 
of various physical forces on the structure. 



speed AS logic speeds DG's 
off the drawing board ... at 140 ns! 

SPEED/POWER RELATIONSHIP 
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Performance Budgeting-specifying Advanced Schottky Family ALS and 
AS devices on a socket-by-socket basis for optimum combination of speed 
and power-allows designers to achieve outstanding performance levels in a 
wide range of state-of-the-art system designs. 

Performance Budgeting: The key to 
optimizing system speed/power product. 
Why compromise your design with too 
little TTL speed? Or too much power? 
Instead, get the highest speed and lowest 
power with Tl's Advanced Schottky 
Family of ALS/ AS devices. Put Tl's 
Performance Budgeting to work for you. 

Performance Budgeting means you can 
place AS devices in the critical speed 
paths to take advantage of their fastest 
speeds, while spotting ALS devices 
where you can make the most of their 
lowest power. 

By specifying socket by socket, you 
can achieve the optimum combination 
of system speed, power, and economy. 

AS functions: 
World's highest speed TTL 
When speed is your top TTL priority, 
Tl's AS logic is your best choice. With a 
typical 1. 7-ns gate delay and only 8-m W 
power dissipation per gate, AS logic is fast· 
er than a compromise approach to TTL 
(see above and at right). And TI offers 

you a wide choice of AS logic devices. 
In addition to the high-speed 'AS881 

and 'AS882 devices used by Data 
General, there are also the following 
new, very fast, 8-bit, byte-oriented !Cs: 

'AS870/'AS871 register files contain 
internally multiplexed, dual, 16-word by 
4-bit data sources for direct ALU input. 
Plus, multiplexed 1/0 ports minimize 
processor data-path access times to 
memory and system bus structures. 

The 'AS877 octal transceiver pro­
vides both parallel and serial ports for 
system interconnection. Its integral serial 
data port simplifies fault detection and 
reduces system debugging. 

'AS86 7 /' AS869 octal bidirectional 
counters are fully paralleled, high­
performance, presettable 8-bit counters 
that minimize next-address generation 
compromises. Both asynchronous and 
synchronous clear versions are offered . 

Many more AS logic devices available 
from your TI distributor are listed on the 
next page. 

ALS functions: 
Lowest power TTL 
Is low power your key TTL requirement? 
Then Tl's ALS devices are your best 
solution. They give you absolutely the 
lowest power-1.2-mW gate power dis­
sipation-plus very respectable speed at 
4-ns gate delay, typically. ALS logic 
typically requires 68% less power than a 
compromise-logic approach, with only 
25% less speed. 

TI packaging options 
include unique 68-pin 
plastic chip carrier 
Need higher complexity functions for 
your new designs? Or pin-for-pin equiv­
alent functions for easy system upgrades? 
Tl 's broad Advanced Schottky Family of 
ALS/ AS devices gives you both. 

Most members of the Advanced 
Schottky Family are available in 14-pin, 
16-pin, 20-pin, and the new 300-mil­
wide, 24-pin D!Ps. Also, the family now 
comes in surface-mount 20-pin, 28-pin, 
44-pin, and Tl's unique 68-pin plastic­
leaded chip carriers. 

Arithmetic Processor 
TYPICAL DATA PATH 

MEMORY 1/0 
ADDRESS 

Throughput Time (ns) 

1/0 Word 
Length 

Register 
File 

ALU 

Accumulator/ 
Address 
Generator 

Total 
Through-
put Time 

8 16 32 
bit bit bit 

12 12 12 

10· 14 19 

10 10 10 

32 36 41 

Higher throughput at the component level 
and more architectural features enable 
you to increase overall system performance 
with Tl's high-speed AS logic. 

Use of the new surface-mount chip­
carrier packages can almost double 
functional densities. Board space can 
also be reduced by using the new 300-
mil-wide, 24-pin DIP versus the industry­
standard 600-mil-wide package. 

For more infonnation on Tl's 
Advanced Schottky Family of ALS/ AS 
logic, return the coupon on the 
next page. Jj~ 

·See back page far mare information. ~ 



Texas Instruments Advanced Schottky Logic Family Today 
Advanced Low-power Schottky 
74ALSOOA 74ALS168A 74ALS521 74ALS644A-1 74ALS8003 74AS298 74AS821 74AS878 
74ALS01 74ALS169A 74ALS522 74ALS645A Advanced 74AS352 74AS822 74AS879 
74ALS02 74ALS174 74ALS533 7 4ALS645A-1 74AS353 74AS832A 74AS880 
74ALS03A 74ALS175 74ALS534 74ALS6n Schottky 74AS373 74AS841 74AS881A 
74ALS04A 74ALS190 74ALS560A 74ALS679 74ASOO 74AS374 74AS842 74AS882 
74ALS05A 74ALS191 74ALS561A 74ALS688 74AS02 74AS533 74AS843 74AS685 
74ALS08 74ALS192 74ALS563 74ALS689 74AS04 74AS534 74AS845 74AS1000 
74ALS09 74ALS193 74ALS564 74ALS804 74AS08 74AS573 74AS857 74AS1004 
74ALS10 74ALS240A 74ALS568A 74ALS805 74AS10 74AS574 74AS866 74AS1008 
74ALS11 74ALS240A-1 74ALS569A 74ALS808 74AS11 74AS575 74AS867 74AS1032 
74ALS12 74ALS241A 74ALS573 74ALS832 74AS20 74AS576 74AS869 74AS1034 
74ALS15 74ALS241A-1 74ALS574 74ALS857 74AS21 74AS577 74AS870 74AS1036 
74ALS20A 74ALS242A 74ALS575 74ALS873 74AS27 74AS580 74AS871 74AS2620 
74ALS21 74ALS242A-1 74ALS576 74ALS874 74AS30 74AS620 74AS873 74AS2623 
74ALS22A 74ALS243A 74ALS5n 74ALS876 74AS32 74AS621 74AS874 74AS2640 
74ALS27 74ALS2431-1 74ALS580 74ALS878 74AS34 74AS622 74AS876 74AS2645 
74ALS28A 74ALS244A 74ALS620A 74ALS879 74AS74 74AS623 
74ALS30 74ALS244A-1 74ALS620A-1 74ALS880 74AS109 74AS638 
74ALS32 74ALS245A 74ALS621 74ALS1000A 74AS151 74AS639 
74ALS33A 74ALS245A-1 74ALS621-1 74ALS1002A 74AS153 74AS640 
74ALS37A 74ALS251 74ALS622 74ALS1003A 74AS157 74AS641 
74ALS38A 74ALS253 74ALS622·1 74ALS1004 74AS158 74AS642 
74ALS40A 74ALS257 74ALS623A 74ALS1005 74AS160 74AS643 Miiitary Qualified Functions 
74ALS74 74ALS258 74ALS623A·1 74ALS1008A 74AS161 74AS644 JM38510/ Generic 
74ALS109 74ALS273 74ALS632 74ALS1010A 74AS174 74AS645 37001BCB 54ALSOOA 
74ALS112A 74ALS299 74ALS638 74ALS1011 74AS175 74AS646 37002BCB 54ALS10 
74ALS113A 74ALS323 74ALS638-1 74ALS1020A 74AS181A 74AS648 37003BCB 54ALS20A 
74ALS114A 74ALS352 74ALS639 74ALS1032A 74AS230 74AS651 37006BCB 54ALS04A 
74ALS131 74ALS353 74ALS639-1 74ALS1034 74AS231 74AS652 37301BCB 54ALS02 
74ALS133 74ALS373 74ALS640A 74ALS1035 74AS240 74AS756 37302BCB 54ALS27 
74ALS137 74ALS374 74ALS640A· 1 74ALS1244A 74AS241 74AS758 37401BCB 54ALS08 
74ALS138 74ALS465A 74ALS641A 7 4ALS1244A· 1 74AS242 74AS759 37402BCB 54ALS11 
74ALS151 74ALS466A 7 4ALS641A·1 74ALS1245A 74AS243 74AS760 37501BCB 54ALS32 
74ALS153 74ALS467A 74ALS642A 74ALS1245A-1 74AS244 74AS762 3n01BEB 54ALS138 
74ALS160A 74ALS468A 74ALS642A·1 74ALS1640A 74AS250 74AS763 370058EB 54ALS133 
74ALS161A 74ALS518 74ALS643 74ALS1640A·1 74AS253 74AS804A 38301BRB 54ALS240 
74ALS162A 74ALS519 74ALS643·1 74ALS1645A 74AS257 74AS805A 38303BRB 54ALS244 
74ALS163A 74ALS520 74ALS644A 74ALS1645A·1 74AS258 74AS808A 37004BCB 54ALS30 

Tl's Advanced Schottky Family. 
240 choices today, more tomorrow. 

Here is the advanced TTL logic you can 
commit to without fear of being boxed 
in by design compromises later. T l's 
Advanced Schottky Family of ALS/ AS 
devices. With more than 240 devices 
available today and over 300 functions 
currently defined by TI , the ALS/AS 

Family is leading the way through 
the '80s. 

Remember, too, Tl's Advanced 
Schottky Family is equally well qualified 
for use in new systems or for upgrading 
existing designs to gain higher perfor­
mance and lower power. More than 100 

--------------------------------------------------------------, 
Texas Instruments Incorporated 

P.O. Box 401560 
Dallas, Texas 75240 

Please send me more information on Tl's Advanced Schottky Family of ALS/ AS devices. 

DAel3 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

AREA CODE 

©1984 Tl 

SDAe133ED3.eec 

STATE ZIP 

TELEPHONE EXT. 

27-4767 

of the ALS/ AS devices listed above are 
pin-for-pin equivalents for standard Low­
power Schottky or Schottky devices. 

Tl's Advanced Schottky Family is fully 
supported and growing rapidly. It's your 
best TTL logic choice. And is available 
today from authorized branches of these 
TI distributors: 
Arrow Electronics 
CESCO Electronics, Inc. 
Diplomat, Inc. 
ESCO Electronics 
Future Electron ics 
General Radio Supply Co. 
Graham Electronics 
Hall-Mark Electronics 
Harrison Equipment Co. 
International Electronics 
ITT Components 

JACO Electronics 
Kierulff Electronics 
LCOMP, Incorporated 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Rochester Radio Supply 
Time Electronics 
L. A. Varah, Ltd. 
R. V. Weatherford Co. 
Wyle Laboratories 

TEXAS ~ 
INSTRUMENTS 

Creating useful products 
and services for you. 



SILICON FOUNDRY SERVICES AND 
STANDARD PRODUCTS: 
-Silicon Gate CMOS 6502 8 - bit Microprocessor family and 

peripheral chips 6521 , 6522 ,6532,6551 at NMOS price 
(in stock ready for immediate delivery) 

- Other CMOS ' 
t 

.. 64K ROM,4K SRAM, Gate Arrays, 74 HC/HCTXXX Logic 
-NMOS, 

16K DRAM, 4K SRAM, HKE 80 8-bit Microprocessor compatible to Z80 

Distributor and representative inquiry encouraged 

~LJfl HD ELELTRD~U~S LD. LTU. 

HEAD OFFICE AND FACTORY : 

9 Dai Shun Stree t , Tai Po Industrial Estate, 

Tai Po N.T. Hong Kong Tel :0-6570373(10 lines) 
Telex : 5089 8 HKETP HX 

.... 

OVERSEAS OFFICE : 

2144 , Ber ing Drive , San Jose , CA 95131 U.S .A . 
Tel : (408) 946-4990 
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DISTRIBUTORS AND 
REPRESENTATIVES 

AS I A 
Australia 
Australian Video Presentation 
Telex RCA AA32935 
Phone_ 03 6997984 

Ind la 
Far East Agencies. 
Electrorncs Division 
Telex : 845752 AMSAIN 
Phone: 54 t 19 

Japan 
ln ternix. Inc 
Telex · 26733 
Phone: 03 (369) 1101 

Korea 
Chunkwang Trading Co, ltd 
Telex: K24786 CHUNCO 
Phone. 744 - 9615 

Israel 
M L A. N Electronics Ltd 
Telex : 342107 ANIS IL 
Phone. 70 81 74/5 

79 69 27 

EUROPE 
England 
Thame Components Lid 
lelex 837917 MEMEC G 
Phone· 084 - 421 - 4561 

Denmark 
AJS Nordisk Elektromk 
Telex : 35200 NOAOEL OK 
Phone. 02 - 84 20 00 

Norway 
Elektronix AJS 
Telex 72738 ELNIX N 
Phone 02 229850 

Switzerland 
Stolz AG 
Telex· 54070 STLZ CH 
Phone. 056 - 84 01 51 

West Germany 
Endrich Bauelemente 

Vertnebs - GmbH 
Telex · 765946 ENDA! 0 
Phone 0745212868 

LSI-Electronic 
Vertnebs GmbH 

Telex - 522627 LSI 0 
Phone 089 - 310 - 1067 

Unitromc GmbH 
Telex 8586434 UNID 0 
Phone: 0211 - 626364 - 67 

USA 
North East US 
Bell Controls Inc (NH) 
T e1ex 710 - 228 -6753 

CHANLA NASU 
Phone. 603 - 662 - 6964 

Boyle Associates (VA) 
Phone. 703 - 620 - 9558 

Source Electronics (Ml) 
Phgne 313 - 961 - 6951 

The Winn Brothers 
lnt'I Co . Ltd (OH) 

Telex : 3775219 WINN BRO 
Phone: 216 - 448 - 1703 

South East US 
K&E Associates Inc. (GA) 
Telex : 810-766- 1594 
Phone· 404 - 448 - 7025 

Mid Sout h US 
Andy Boyle lnt'I Inc. (TX) 
PhOne ; 817 - 267 - 4099 

Western US 
Sctiwerrn & Merrill Inc . (CA) 
Telex ' 4993.653 (025) SCHMERR 
Phone 408 - 735 - 7900 

lnt'I Industrial Purchasing Corp (CA) 
Telex 3718970 (023) llPC 
Ptione 408 - 946 - 3508 

~=~e9x~ A6~~~g~ ~'gs~t) 
Pho e 619 - 265 - 2855 



Injust60 
DASAa 

Tl's conductive .. rubber 
keyboard provided DASA 
with a cost .. eff ective, 
custom keyboard with a 
quality look and feel. 

The schedule was "near impossible." 
The specifications tough. And Texas 
Instruments came through. Working 
from a DASA concept, TI produced a 
complete, custom conductive-rubber 
keyboard for DASA's advanced Direc­
tory Dialer rn in just two months. 

A custom keyboard 
at the right price 
Tl's versatile conductive-rubber key­
board gave DASA precisely what it 
wanted for its new Directory Dialer. It 
provided a rich look. Pleasing tactile 
response. Custom key sizes and layout. 
All at a very reasonable price. 

Just as important, TI is an estab­
lished, reliable keyboard manufacturer. 
Having designed and built more than 
150 million keyboards since 1971, TI 
had both the experience and proven 
manufacturing capability DASA could 
depend on. From initial design dis­
cussions . . . to a fully assembled 
custom keyboard. 

And, because TI is a domestic sup­
plier, DASA had quick and easy access 
to TI engineers. By working closely 
with TI, DASA was able in effect to 
add Tl's design engineers to its own 
design staff. All of which helped speed 
the DASA Directory Dialer to market. 

Today, DASA's design consultant is 
working with yet another TI keyboard 
for a new portable repertory dialer. 

~ At the touch of a key, the new DASA 
Directory Dialer can automatically retrieve 
and dial any number from a directory of 400 
names, saving time and effort. Tl 's custom 
conductive-rubber keyboard provides the ele­
gant look, rich tactile response, and econ­
omy DASA requires. 

© 1984 Tl 27-911 9 



I ~s, Texas Instnunents made 
custom keyboard ready for business. 

Complete and fully assembled, Tl's custom conductive-rubber keyboard includes key-top, 
bezel , rubber actuator, and substrate. 

Give TI a sketch, and we'll 
give you a keyboard. 

It's really just that simple. Once you 
give TI a concept, we can design and 
produce a fully assembled, low-cost 
conductive-rubber keyboard that pre­
cisely meets your needs. 

Highly flexible, Tl's versatile key­
board technology gives you a host of 
design options. You can choose from a 
complete range of keystroke/travel. 
Actuation force from 0. 5 to 7. 0 oz. 
Tactile response from firm to soft. Key 
size and location. And a variety of 
key-top styles. 

Whatever technical assistance you 
need, you'll also find at Tl. Our design 
engineers are equipped to \\-Ork 
closely with you from concept . . . to 
prototype . . . to finished keyboards. 

EDN JUNE 28 , 1984 

A reliable domestic 
keyboard supplier 
TI, in fact, offers you a unique com­
bination of advantages unmatched in 
the industry. 

With TI, you get far more than an 
exceptional custom keyboard. You get 
the full support of a domestic, verti­
cally integrated keyboard manufacturer. 

This works to your advantage in a 
number of ways. 

First, you're assured a reliable supply 
of keyboards from a source near you. 
This greatly simplifies and speeds key­
board design and delivery. Plus it gives 
you ready access to Tl. 

Second, you get a higher quality, 
more reliable, low-cost keyboard 

CIRCLE NO 248 

through Tl's extensive vertical integra­
tion. That's because keyboard compo­
nents are manufactured, assembled, 
and tested at Tl. 

Third, you're dealing with keyboard 
experts. TI has designed keyboards for 
virtually any kind of electronic product 
you can think 0£ And then some. 

So whether your specialty is tele­
communications, data processing, 
instrumentation, or anything else that 
requires a custom keyboard, you can 
rely on Tl. 

For more information on TI key­
boards, call (617) 699-5242 . Or write 
Texas Instruments Incorporated, 
Dept. MSM923ED, P.O. Box 
402250, Dallas, TX 75240. 

Based on demanding life-cycle tests, Tl 's 
durable conductive-rubber keyboard can 
operate reliably up to 10 million cycles. 

TEXAS .,, 
INSTRUMENTS 

Creating useful products 
and services for you. 
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"My father always says 
\If you're so smart, 
give them the part~ 
That's why we give out 
over 20 free sample 
chokes and transformers 
every day:• ~1f 

m 
~- -

"My father 's theory is simple: If your 
products a re really first rate , they'll 
talk for themselves a lot better than 
you can talk for them . 

" He s tarted operating on that 
theory the day he started the busi­
ness . back in 1955. As soon as 
somebody contacted him exp ressing 
an interest in a part , he'd look to see if 
he had a standard item with the re­
quired specs. If he did , he'd send out 
a sample the same day. If he didn 't, 
he'd get to work making a sample , 
and send it out as soon as it was 
ready - usually about 10 days . 

"Well , we're sti ll working the same 
way. The on ly differences are that in­
stead of the two or three standard 
lines my father had in the beginning , 
we have 15, with over 1,400 values . 
And we now have a Sample Depart-

RE NCO 
ELECTRONICS, INC. 
60 Jefryn Boulevard East 
Deer Park, NY 11729 
29 years of excellence in coil winding. 

John 
Rensing , 

Sr. 

ment that takes care of the non­
standard items. and can get the sam­
ple out in less than 1 O days - some­
times as little as two or th ree . 

"And we 're more confident than 
ever that our products will se ll them­
selves . We've had 29 years of experi­
ence add ed to all the experti se my 
father had when he started the busi ­
ness . And we've stayed strictly within 
our specialty , and became probably 
the leading firm exc lusively in the 
business of making coil-wound 
products. 

"We'd like to send you a free sam­
ple . Just dial the Hotl ine number 
below and give us your requ irements . 
Or write for our full line catalog . We 
design and manufacture in the 
U.SA, and ship world wide. 
Thank you ." 

TOLL·FREE 800•645•5828 
ENCilNEERINCi HOTI~:~ York. call !51 6l 586-5566 
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CALENDAR 

CAD/CAM a nd Robotics, Toronto, 
Canada. SME, 1 SME Dr, Box 930, 
Dearborn, MI 48128. (313) 271-0023. 
June 19 to 21. 

International Symposium o n 
Fault-Tolerant Computing, Hyatt 
Orlando, Orlando, FL. Richard 
Sedmark, Sperry Univac, Box 500, 
MS C1SW12, Blue Bell , PA 19404. 
(215) 542-3638. June 20 to 22. 

Computer Showcase Expo, Bos­
ton, MA. The Interface Group, 300 
First Ave, Needham, MA 02194. 
(617) 449-6600. June 21 to 24. 

Com puter Showcase Expo, Minne­
apolis, MN. The Interface Group, 
300 First Ave, Needham, MA 
02194. (617) 449-6600. June 21 to 24. 

Design Aut omation Conference, 
Albuquerque Convention Center, 
Albuquerque, NM. Harry Hayman, 
Box 639, Silver Spring, MD 20901. 
(301) 589-8142. June 24 to 27. 

PC Expo, New York Coliseum, 
New York, NY. Ralph Ianuzzi Jr, 
PC Expo, 333 Sylvan Ave, Engle­
wood Cliffs, NJ 07632. (201) 569-
8542. June 26 to 28. 

Computer Showcase Expo, Mil­
waukee, WI. The Interface Group, 
300 First Ave, Needham, MA 
02194. (617) 449-6600. June 28 to 
July 1. 

Networks '84, London, England. 
Online Conferences Ltd, Pinner 
Green House, Ash Hill Dr, Pinner 
HA5 2AE , Middlesex, UK. 01-868-
4466. July 3 to 5. 

NCC '84, Las Vegas Convention 
Center, Las Vegas, NV. Anne­
Marie Bartels, (703) 558-3613. July 
9 to 12. 

SIGGRAPH , Minneapolis, MN . 
Cynthia Stark, A ssociation for 
Computing Machinery. (312) 644-
6610. July 23 to 27. 

EDN JUNE 28, 1984 
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SGS product expansion headed by top-performance LS404 quad op amp. 
An expanded product line that includes one of the industry's widest package selections, increased produc­
tion capability and aggressive pricing are enabling SGS to make major inroads in the op amp market. One of 
the most notable developments in PERFORMANCE COMPARISON : LS404 VS . COMPETITIVE TYPES 
the expanded line is the LS404 quad 
op amp. The LS404 combines SGS­
developed bipolar technology and 
linear design with a proprietary low 
noise process. An important feature 
of this device is the patented input 
stage which remains in the active 
reg ion even with signals more 
negative than the substrate. This 
makes the LS404 particularly ver­
satile in single supply app lications, 
and useful, too, in industrial control 

QUALITY FACTOR BW -
1, 

MAX IN PUT NOISE VOLT AGE 
(nV I VHz) Rg = 10k 0 

HARMONIC DI STOR TION (%) 

GROUND COMPATIBILITY 
OF INPU TS 

CURRENT CONSUMPTION 15 (mA ) 

LS404 

9 

15 

0.04 % max @ 1kHz 
0.03% typ @ 20kHz 

- 0.5V 
(protected against 

inversion) 

1.3 

SE5532A 
RM4156 (High Cost) TL084 

3.1 2.5 2.1 

14 6 25 

Not Not Not 
Specified Specified Specified 

2VeE Vee + VcESAT 2VaE 

4.5 8 5.6 

LM324 
(Low Cost) 

2.1 

-

Not 
Specified 

- 0.3V 

1.5 

c ircuits. Standard DIP and SO-package versions are available. The new expanded line also includes a dual op 
amp (LS204) as well as the complete family "LM" and "MC" types of op amps and comparators. Due to SGS' 
recent investment in fully automated assembly lines, all op amps and comparators are available at signif i­
cant price breaks with increased reliability. 

Single-chip L296 IC switching regulator delivers 160 watts. 
SGS ion implanted technology has resulted in the development of a monoli th ic li near IC that houses all cir­
cuitry necessary to build a complete switch mode power supply. The L296's combinat ion of power, perfor­
mance and space-saving capabilit ies is already leading to greater cost effi c iency in a wide range of applica­
tions. The device has a minimum of external components and features an output power stage which can 
deliver 160W at up to 100kHz. Operat ing as a step-down switching regulator, the L296 employs pulse width 
modulation to provide regulated voltages from 5.1V to40V. All essential control circuitry is integrated in 
the chip: soft-start, internal precision reference, output overvoltage sensing and a reset signal for a 
microprocessor. 

Dual power op amp unequalled at 1A output current. 
A dual operational amplifier/power booster now avai lable from SGS is capable of delivering up to 1A of out­
put current. This figure is unequalled by competitive monolithic power op amps. In addition, the L272 linear 
IC operates at voltages as low as 4V and as high as 28V. The high-grain, high-power features of the device 
make it suitable for a variety of applications. For example, the L272 can be used with motor servos, voice 
coils and in valve actuation configurations. Other performance advantages include full thermal shutdown 
protection, low saturation characteristics (1V /0.5A), true differential inputs and single or dual supply. The 
L272 is available in 16-lead powerdip or 8-lead minidip packaging. 

Low power, high speed digital designs replace LSTTL logic. 
With over 100 new silicon gate fast CMOS functions currently available, SGS is helping to accelerate the 
jump from LSTTL logic to fast CMOS. The SGS product line offers pin-for-pin compatibility with standard 
LSTTL, while providing wider supply voltage usage, higher clock frequencies, better noise immuni ty, and 
less power consumption. SGS fast CMOS devices feature typical working clock freque!'lt ies of up to 60MHz, 
a power supply range from 2V to 6V, output drive current to 5mA (4mA to 85°C for standard gate, 400mV thres­
holds and an operating temperature range from - 40°C to + 85°C. Typical quiescent power consumption is 
only 0.01W. In order to remain at the forefront of this new technology, SGS will substantially expand its 
family of fast CMOS products during 1984. 

For more information on the above products, call SGS at 602/867-6100 or write: SGS, 1000 East Bell Road, 
Phoenix, Arizona 85022. Created by Martz & Associates 
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Our CRYSTALS and 
OSCILLATORS provide the 
electronic heartbeat for 
most of America's tactical 
and strategic defense 
systems. 

Don't their precision and re­
liability belong in your next 
circuit design? Call or write 
for our new catalog CID. 

We're The First Name In Frequency Control 

BULEY ELECTRIC COMPANY 
2545 West Grandview Blvd. 
P.O. Box 3428, Erie, PA 1650B 
(814) 838-3571 TWX 510-696-6886 
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A CHOICE! 
Flexible metal-core conduit 

systems with a wide selection 
of EMC shielding properties. 

Glenair offers flexible con­
duit systems for mt;chanical 
protection of wiring and 
for electromagnetic com­
patibility applications. 

Unique shielding of flexible 
metal -core conduit meets virtu­
ally any EMl/RFI suppression 
requirement, from Hand E field 
shielding to TEMPEST, EMP and 
Lightning. 
New Series 75 System. 

Glenair's new Series 75 metal ­
core conduit system offers un­
surpassed mechanical integrity 

and compatibility. Supplied 
unjacketed or with a Neoprene 
jacket for complete waterproofing 
and environmental seal ing. Other 
jacketing materials available. 
Conduit construction qualified to 
MIL-C-13909. 

In-house capabilities and 
facilities. 

Glenair has over 25 years 
experience producing solutions to 
special electrical interconnection 
problems. If you're looking for a 
cost-effective answer to a conduit 
problem, call or write : 

GLENAIR, INC. 
1211 Air Way• Glendale, California 91201 -2497 • (818) 247-6000 
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CALENDAR 

Summer Computer Simulation 
Conference, Copley Plaza Hotel, 
Boston, MA. The Society for Com­
puter Simulation, Box 2228, La 
Jolla, CA 92038. July 23 to 27. 

International Conference on Lu­
minescence '84, University of Wis­
consin, Madison, WI. Optical Socie­
ty of America, 1816 Jefferson Pl 
NW, Washington, DC 20036. (202) 
223-8130. August 13 to 17. 

Basic IC Technology, Sunnyvale, 
CA. Pat Fruscello, ICE, 15022 N 
75th St, Scottsdale, AZ 85260. (602) 
998-9780. August 21. 

International Conference on Par­
a 11 el Processing, Shanty Creek 
Lodge, Bellaire, MI. Dr Feng, (614) 
422-1408. August 21 to 24. 

Basic IC Technology, Minneapolis, 
MN. Pat Fruscello, ICE, 15022 N 
75th St, Scottsdale, AZ 85260. (602) 
998-9780. August 28. 

National Software Show/West, An­
aheim, CA. Raging Bear Produc­
tions, 21 Tamai Vista Dr, Suite 175, 
Cortemadera, CA 94925. Septem­
ber 5 to 7. 

International Conference on Opti­
cal Fiber Sensors, Stuttgart, Ger­
many. Optical Society of America, 
1816 Jefferson Pl NW, Washington, 
DC 20036. (202) 223-8130. Septem­
ber 6 to 7. 

Electronics and Aerospace Sys­
tems Conference '84, Shoreham 
Hotel, Washington, DC. Dr James 
Babcock, IRT Corp, 6800 Poplar Pl, 
McLean, VA 22101. (703) 893-2111. 
September 10 to 12. 

MIDCON '84, Dallas, TX. Jerry 
Fossler, Electronic Conventions 
Inc, 8110 Airport Blvd, Los Ange­
les, CA 90045. (213) 772-2965. Sep­
tember 11 to 13. 
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WE'VE BEEN DELIVERING 31/2" WINCHESTER 
DISK DRIVES FOR OVER A YEAR. 

Rodime has been setting a new standard in 
Winchester disk drive storage for more than 
a year. Its 31/i'' drive with 5 and 10 megabytes 
of formatted storage has become the in­
dustry leader for sub 4" Winchester 
disk drives. Rodime has now delivered tens 
of thousands! 

The proven compact drive 
and proven quantity supplier 

With thousands of its 3 'Ii'' Winchester drives 
in operation today Rodi me has further dem­
onstrated its reputation for reliability, a major 
design consideration for our 31/i'' drive. and 
quality. It has a rugged design with high re­
sistance to shock. an important consider­
ation for portability and for vibration prone 
environments. Using advanced large-scale 
integration, the entire electronics for the 
drive are on a single compact board and 
there are no adjustments or select-on-test 
components. 

DIME 

New design horizons 
The compact size of Rodime 's drive sud­
denly puts large-sca le storage into areas 
never considered before. The 350 series is 
one-fourth the volume of a 5'14' Winchester 
drive. And the 250 series. which includes 

mounting brackets and a face plate, fits into 
the same space as a half-reight 5'14' Win­
chester offering even further shock and 
vibration isolation. Now, system designers 
have a new level of flexibility. One area that 
has received attention is use with portable 
computers. Severa! major portable computer 
manufacturers have already incorporated 
Rodime 31/i'' W inchester disk drives into 

their products. There are other equally excit­
ing areas such as desk top computer sys­
tems, intelligent terminals. point-of-sale 
terminals, industrial controllers. telecom­
munications systems, navigation and 
guidance systems, and portable 
instrumentation. In fact, the list of potential 
uses is only limited by the imagination of 
the system designer. 

A tradition of excellence 
In a few short years, Rodi me has established 
itself as a maJor force within the Winchester 
disk drive industry Rodi me is one of the few 
manufacturers that are delivering 5'14' Win­
chester drives with a broad range of capa­
bilities up to 54 megabytes. And is the only 
manufacturer delivering high-performance 
31//' Winchester drives in production 
quantities. 

For the compact 31/i'' Winchester disk or 
other 5'14' Winchester requirements. look to 
Rodime. Rodime delivers. 

Western Sales Office: 1714) 770-3085 •Central Sales Office: (5121 453-5135 
Distributors: San Jose. CA (4081946-8000 •Tustin. CA (7141 730-8000 • San Diego. CA (6191279-5200. 453-9005 
Chatsworth, CA (8181 700-1000 • Tempe. AZ /602) 244-0900 • Englewood. CO 13031 790-4500 
Redmond. WA 1206/ 881-0850 • Scotts Valley. CA 1408/ 438-5454 • Scotts Valley. CA 1408/ 881 -0850 
Addison. TX 1214/ 387-4949 • Austin, TX /512/ 835-0220 • Sugarland, TX (713) 240-2255 ~ 1 984 Rod1me. Inc 
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Kontron KDS 
The Uhra-productive 
Multifunction 
Development System 
Producing the next wave of smart products isn't 
enough. You've got to be first! To be first and 
stay there you need a development system that 
makes your designers more efficient, a system 
that speeds up the time-consuming task of devel­
oping and integrating hardware and software. 
The ultra-productive environment you need is 
available now in the KOS. Kontron 's field-proven 
CPU, mass storage, slave in-circuit emulation and 
logic analysis capabilities are perfectly blended 
in th is user-configurable, ergonomically designed 
workstation . The KOS solution starts with stack­
able, card-configurable modules that may be 
located wherever convenient. Add the detached 
keyboard and adjustable CRT, and a truly pro­
ductive working environment emerges. You can 
tilt, swivel , raise or lower the CRT to su it your 
viewing angle. The detached keyboard gives you 
control over all systems and the ability to display 
all functions on the extra-large (15-inch), easy-to­
read screen. Two 5114'' floppy disk drives are incor­
porated in the CPU; an optional 10 Mbyte hard 
disk plugs in if you need it. Software, emulation 
and logic analysis are fully integrated. 
You have complete control over up to four KSE 
slave emulators and one KSA logic analyzer. 
Emulation support is available for most popular 
8- and 16-bit chips. You can select the 32-, 48-
and 64-channel logic analyzer (to 100 MHz) that 
suits your needs for timing and state analysis. 
KOS comes complete with all the applications 
software you need. Editors, linkers and assem­
blers are provided for assembly language pro­
gramming and for use with Pascal compilers. 
Software developed on other Kontron systems 
can be ported to the KOS via an RS-232 link. 
Industry-standard operating systems* make KOS 
even more versatile, opening the door to third 
party software and many new applications. Find 
out how much more the KOS Multifunction 
Development System can do for you. Write for 
a demonstration. 

ADVANCED I{:~ KONTRON 
ELECTRONIC 

INSTRUMENTATION c ELECTRONICS 
In the United States: 
KONTRON ELECTRONICS 
630 Price Avenue 
Redwood City, CA 94063 
TWX (910) 378-5207 
(800) 227-8834 

In California: 
(415) 361 -1012 

In Europe: 
Kontron Messtechni k GmbH 
Breslauer Strasse 2 
8057 Eching, West Germany 
(089)31901 -1 
Telex: 06 22122 

·c P/M is a registered trademark of Digital Research. Inc. 
"UNIX is a trademarked product of Bell Laboratories. 

Circle 186 for literature Circle 187 for demonstration 



NEW GE POWER 
MOSIGT COMBINES 
BEST OF BOTH MOS 
AND BIPOLAR. 

It 's the MOS Insulated Gate Transistor (MOSIGT). 
A new class of Power Semiconductor that has started 
to reshape the industry. 

A MOSIGT gives you the high input impedance 
and voltage-controlled turn on-off capability of a 
MOSFET. And the low on-state conduction losses 
of a bipolar transistor. 

With the MOSIGT, you achieve high-voltage switch­
ing at currents higher than ever before. Lower costs 
than ever before , too . 

This combination can bring very big savings in chip 
sizes , device costs or both. And that's not all ... 



NOW GE OFFERS THE 
BROADEST LINE OF 
POWER MOSFETS IN 
THE BUSINESS. 

8 Registered trademark of Ge neral Electric Co. 

Over 150 ratings . 0.2 to 40 Amps. T0-237 , 
T0-220, T0-218 , T0-3 and 4-PIN-DIP packages . 
And a second source line for the popular IRF series. 

All quality-processed at our new world­
class facility for Power MOS wafer 
fabrication. 

CALL 1-800-626-2001Ext.400 for 
application information and a free copy 
of our new Selector Guide covering the 
entire GE power MOS line . Or write to 
General Electric Co. , West Genesee St. , 
MD 44, Auburn , NY 13021. 222-Js 
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Is LASAR logic simulation best? 
Take this test. 

If you answered D. for each question, you'd 
be right. And only one simulator can give you 
all of the above. 

LASAR™ Version 6 by Teradyne. 
Why settle for second-best when you can have 

LASAR today? LASAR software predicts logic 
states and event timing more accurately than 

any other simulator. 
Now it's easier to 

create high-quality 
designs for VLSI 

1 devices and boards 
than ever before. 

1·z Here's how. 

x Ourlogicis flawless. 
State/value mapping accurate- Designers using 
ly resolves wired net activity. LASAR software can 

simulate logic activity more accurately than with 
any other tool available. Regardless of circuit 
complexity or IC technology. 

LASAR algorithms let you completely simu­
late tristate and MOS activity to evaluate buses 
and wired net behavior. You'll have more confi­
dence in your simulation results. And you'll elim­
inate multiple prototype iterations. 

Our timing is perfect. 
LASAR software gives engineers the only 

worst-case timing analysis that really works. 
You can make sure that circuits function 
repeatably. Under all operating conditions, 
with mixed component sources or different 
device lots. 

The simulator correctly evaluates circuit tim­
ing, including minimum/maximum propagation 
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delays, and timing constraints at device inputs. 
And you won't have to deal with reams of false 

hazard reports. Or miss any real hazards. By 
eliminating com­
mon ambiguity­
the skew in 
signal timing 
shared by recon­
verging signals­

Use LA SA R software PERUSE displays LASAR Version 
toanalyzesignaltiming. 6 pinpoints all 
actual timing hazards. You'll verify designs more 
efficiently than ever before. 

A model simulator. 
Tran sf er the details of your design directly 

from your schematic capture or layout system. 
Or use LASAR Version 6 to model devices from 

EDN JUNE 28 , 1984 

the bottom up, using logic, memory, MOS primi­
tives or gate array macros. 

You can also build from the top down using 
Teradyne Modeling Language. TML is a register 
transfer language program that lets you compile 
a structural model from a functional description 
of a device. 

For board-level modeling, LASAR Version 6 
offers the largest, most accurate device library 
available, with more than 3,800 devices, SSI 
to VLSI. 

You'll be able to create complete board models 
more efficiently than with any other simulator. 

Testing with the right connections. 
Today more people use LASAR for test pro­

gram generation than any other simulator. 
Using the same simulator for design and test, 

you can typically save months of work. There's 
no need to remodel devices, recreate the net list 
or rewrite patterns. 

Efficient time-based fault coverage analysis 
lets you know that circuits are testable. It gives 
test engineers confidence in the quality of their 
test programs. While pinpointing areas that need 
more work. 

To make the design-test link easier, LASAR 
software takes into account tester behavior such 
as driver skew, and pattern timing and control 
characteristics. 

By creating links to high speed testers, proto­
type and production test plans can be ready 
faster, reducing time to market. 

How can you improve your grade? 
Whether or not you scored well on our test, you 

now have enough information to make a very 
intelligent decision. Contact Teradyne today. 
Write Teradyne, 321 Harrison Avenue, Boston, 
MA 02118. Or call Daryl Layzer, LASAR Soft­
ware Product Group, 617-482-2700, ext. 2808. 

l% measure quality. 
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Lundy graphics terminals 
are setting standards because we set 

high standards for Lundy. 
Standards: no other 3D graphics vector work-station delivers more speed or a higher IQ than 

the UltraGrat,™only our color raster scan display products offer resolution as high as 1,536x1,024 pixels. 
But there's still another standard you should investigate-the one we set for our company. 

Be careful. The fast-paced world of high 
tech breeds a lot of companies that 
don't survive; five years from now, many 
graphic terminal manufacturers won't be 
around anymore. Which means you 
could be left without service, support 
or enhancements. 

Lundy: a company 
as good as its products. 

Thats why we think its important you 
know as much about our company as 
our products. We're a high tech com­
pany thats been able to balance stan­
dard-setting technology with solid 
business sense-no small achievement. 

Now, don't take our word for that, 
take Forbes magazines instead. Lundy 
was on Forbes' Up&Coming List for 1982, 
a select roster of companies that look 
good for the long term because they've 
paid attention to basics: low debt load, 
consistently good profit picture, sound 
management, investment in service, 
support and R&D. 

T5680 color raster, 3D UltraGraj''and T5470. 

Lundy maintains the largest service 
infrastructure-52 locations. 

Our graphics terminals feature the 
best price/performance ratios available 
today. 

We have developed a new software 
subroutine package with exceptional 
compatibility. Its 300 functions deliver a 

new high in high powered productivity. 
Lundy continues to invest ln ex­

panded R&D each and every year. Be­
cause R&D is the name of this highly 
competitive game-and we intend to 
keep setting standards. 

We'll help you 
see more in graphics. 

When you take a close look at our 
graphics terminals, service, support, 
software, systems capability, enhance­
ments-and our company-you'll 
understand why Lundy can help you 
see more in graphics now and in the 
long term. 

For more information, write: 
Lundy Electronics & Systems, Inc. , 
Glen Head, New York 11545, 
or call : (516) 671-9000. 

ml~UNDV 
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Mt. Everest, symbolic of aiming high, was generated on the Lundy T5680 raster. It offers 16 colors and 136 shades from a palette of 4,096 colors. 



Jesse H Neal 
Editorial Achievement Awards 
1981 (2), 1978(2), 1977, 1976, 1975 
American Society of 
Business Press Editors A ward 
1983, 1981 

EDN JUNE 28, 1984 

EDITORIAL 

A negative vote 
for the IEEE 
A new IEEE president-elect for 1984 has been found to fill the 
position left open by the unfortunate death of Donald King. Unfortu­
nately, IEEE members were not given the opportunity to vote for 
King's successor. In a closed-door session, IEEE assembly members 
appointed Charles Eldon as president-elect. 

The IEEE has once again left itself open to criticism by opponents 
of its policies-those who state that the organization doesn't ade­
quately support; or even listen to, the working engineer. In this 
particular case, we'd be hard-pressed to disagree with these critics. 

The Institute has taken the easy way out. Rather than asking its 
members to select a candidate they feel most represents their needs, 
the IEEE chose instead to quote from its bylaws, which state that 
"the assembly shall fill a vacancy occurring in the office of president­
elect." 

EDN doesn't question Charles Eldon's qualifications as IEEE's 
president-elect. Indeed, Eldon's past experience as executive VP in 
1983, treasurer in 1981 and 1982, and his previous position as director 
of IEEE's Region 6 (comprised of the western US), makes him 
uniquely qualified to hold the post. 

But is Eldon better qualified to represent the engineer than Hans 
Cherney or Jerrier Haddad who opposed King in the actual election 
and who each received sizable portions of the vote? We think not. 
Why? Because most IEEE members, except for the assembly 
members, don't know how Eldon stands on issues that might affect 
engineers. 

Unfortunately, it's too late for the engineer to be heard. The 
IEEE, as a matter of misguided expediency, has made the choice for 
you-like it or not. 

The IEEE strongly contested EDN's recent Professional Issues 
survey (April 19, pg 461), which found that more than 50% of the 
respondents were dissatisfied with that organization's representation 
of the engineer. While the IEEE is entitled to its own opinion, this 
latest action seems to support our findings. We, at EDN, believe 
actions speak louder than survey results. 

John Tsantes 
Managing Editor 
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o 1983 Carroll Touch Technology, Inc. ---

Carroll put the touch on Xerox 
It would have taken 129 buttons 
to activate the functions of the 
Xerox 5700 electronic printing 
system. But thanks to a friendly 
input system from Carroll 
Touch Technology, all it takes 
is a touch. 

The Xerox laser printer incor­
porates Carroll 's scanning 
infrared touch system. That 
means the full capabilities of every 
Xerox 5700 are literally at your fingertips. 
Touch the screen, the system responds. 
Quickly. Easily. No buttons or keyboard 
required. 

Carroll 's touch input system is not an overlay. 
Nothing distorts or interferes with a clear, sharp 
image. 

The Carroll system uses a matrix of LEDs 
and phototransistors mounted around a video 
display screen. A grid of infrared light beams 
covers the entire display, invisible to the naked 
eye. Whenever a light beam is broken by the 

Carroll makes standard touch 
input systems for a variety of 

CRTs and flat displays. Custom 
designs for military 

and OEM use are also 
available. 

Carroll has designed and 
manufactured touch input 

systems for AT&T, Raytheon, 
TRW, United Technologies 

(Norden), and other Fortune 500 companies. 
Now, let us design a touch input system for you. 

For more information, contact the leader in 
touch technology. 

SEE US AT NCC 
BOOTH 

#H332 & H334 

c.arroll Touch Tachnolog\) 
a subsidiary of AMP Incorporated 

P.O. Box 1309 
Round Rock, TX 78664, 512/ 244-3500 

user 's fingertip or stylus, the system reacts. Keeping computers in touch with people 
CIRCLE NO 30 
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Now RCA can tum you into a 
semicustom designer in 3 days. 



Megachange at RCA: 

Your instructor begins your semicustom training by teaching 
you how to use MIMIC, our logic simulation program, and 
introducing you to RCA gate arrays and PaCMOS'" standard 
cell libraries. 

If you think of semicustom I Cs as semi­
confusing, semi-time consuming and semi-tough, 
here's some welcome news from RCA: In just 
three days, we can show you how to put CMOS 
semicustom to work. giving you enormous advan­
tages in size, parts and assembly costs, power 
consumption. reliability, speed and security. 

If you're an engineering manager or a design 
engineer, RCA can teach you to design semicus­
tom circuits in just three days. In fact, if you bring 
your circuit idea to our training class, you could 
have a verified circuit diagram to show your man­
agement in only nine days. 

That's because RCA has the easiest design 
automation system on the market today, accord­
ing to customers who have compared all the major 
suppliers. 

Our exclusive designer-friendly software is 
easy to learn and to design with. And the simple 
elegance of the RCA system results in a very high 
rate of first time successes-virtual ly 100% 

We sell finished ICs, not software. 
At RCA we make money selling production 

You input your own design to MIMIC. assisted by the train­
ing instructor. who provides an engineering evaluation and 
recommendations on your design. 

quantities of successful I Cs. There's no need to 
buy expensive design software and a sophisti­
cated engineering workstation because we can 
provide you with convenient and confidential facili­
ties to use while you 're designing. Or you can 
design directly from your own facility using readily 
available terminals. But if you do wish to use an 
engineering workstation our libraries are being 
made available for a modest annual $300 lease fee. 

We do everything we can to keep develop­
ment costs to a minimum. We even offer our train­
ing course at a break-even fee that includes 
hundreds of dollars in take-home materials. We'd 
rather make money on repeat orders. year after 
year, than a one-time profit 

Standard cells plus gate arrays. 
RCA offers a broad selection of CMOS gate 

arrays and standard cells. Our range of technolo­
gies includes 3µ to 5µ geometries, in bulk silicon, 
double level metal (DLM) and silicon-on-sapphire 
(SOS). Our gate arrays range from 250 gate com­
plexity to 6,000 gates. And the RCA Standard cell 
libraries include over 300 verified cells in speeds 

Ca ll Hamburg. 49 -4106-6130. London. 44 -03 -2785511 . Pans. 33-3-946-5656 Hong Kong. 8-52-3-723-6339: Sao Paulo. 55- 11 -2 10-4033 



Semicustom simplified. 

Your completed design may be tested and verified using pro­
grams such as this wave form analysis. From your own loca­
tion you complete the documentation package and return 
your design to RCA for tooling and fabrication of prototype. 

from 3ns to 20ns and up to 4500 gates. 
Of course, all our circuits are in CMOS, which 

was invented by RCA 
Second sources second-to-none. 
Second sourcing is a very touchy subject for 

most semicustom suppliers. RCA offers one of the 
few "true" second sourcing agreements in the 
industry. RCA 50,000 Series is alternate sourced 
by LSI Logic using direct transfer of custom mask 
tooling and test programs between both suppliers. 
So there's no need to redesign on another system 
to have a second source. In standard cells, RCA 
has recently completed a joint development 
agreement with Silicon Systems to create a new 
library of digital and analog standard cells. 

Remember too, when you're linked to an 
establishment like RCA, second sourcing is not as 
critical as when dealing with less established sup­
pliers. Many satisfied customers currently use 
RCA as a sole source. 

Guaranteed success says it all. 
We believe RCA semicustom systems and 

software are unsurpassed in the industry. First time 

Changing to serve you better. 

Typically by the ninth day, you can show your completed cir­
cuit design to your management. RCA has already audited 
the design package, placed. routed and optimized for bond­
ability, verifi ed critical path timing specifications and pro­
vided you with a layout and specifications for final approval. 

success is virtually assured. RCA takes responsi -
bility for supplying product that meets the simula­
tion signed off by RCA and the customer. And we 
guarantee that if reiteration is required due to an 
RCA error, RCA foots the bill. 

Strategic partnering: to have and to hold. 
RCA has made a commitment to be a leader 

in CMOS semicustom. Semicustom is our priority, 
commanding resources, research and respon­
siveness to your needs. Where we share mutual 
goals for growth, RCA can introduce you to our 
strategic partnering capability, working side by 
side to match our resources to your needs and 
future plans. 

Megachange at RCA. 
Semicustom Simplified is just one example of 

the big changes taking place at RCA Our new 
Total CMOS Logic Service offers you one-stop 
shopping for OMOS high-speed CMOS logic, 
memories, micros, peripherals and High Rel com­
ponents. All with RCA quality, RCA reliability, and 
RCA competitive prices. 
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RCA: A megaforce in 
CMOS semicustom. 

0 Please enter my name in the drawing. 
O Send me more information on RCA Semicustom. 
O I'm interested in your 3 day training course. Please 

send me the schedule and a registration form. 

I'm now using these semicustom products. 

Application nnual usage 
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Make HP your choice for high performance optocouplers. 

When you need high performance 
optocouplers, there's one company 
you can call with confidence­
Hewlett-Packard. HP originated the 
advanced photo IC technology 
needed to bring reliable, economical, 
high performance solutions to 
problems caused by ground loops and 
induced common mode noise. 

For example, HP developed an 
optocoupler for use with T'fl and 
CMOS that has data rates up to 10 
MBaud. HP also offers single- and 
dual-channel devices and a variety of 
hermetic products with MIL-STD 
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883 screening for high-reliability 
applications. 

Hewlett-Packard is committed to 
ongoing product development. Our 
latest optocoupler is the HCPL-2200. 
It features low power consumption, 
low input current, and its logic gate 
design makes it easy to use. It also 
provides new levels of performance in 
applications that use CMOS, have a 
Vee greater than 5 volts, or use three 
state gates for data busses. 

HP's optocouplers have been de­
signed to meet rigorous standards for 
quality and reliability. Write to us on 

CIRCLE NO 31 

your letterhead, indicating your 
application, and we'll send you two 
of our most popular optocouplers­
absolutely free . 

In the U.S., mail it to: Hewlett­
Packard Co., Components Group, 
370 West Trimble Road, San Jose, CA 
95131. In Europe, mail it to Hewlett­
Packard, Nederland BV, Central Mail­
ing Department, P.O. Box 529 , 1180 
AM Amstelveen, The Netherlands. 

F//89 HEWLETT 
a!~PACKARD 
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Demand for better resolution and animation 
spurs graphics-controller-IC improvements 
William Twaddell, Western Editor 

A rising demand for higher quality 
graphics displays-in a range of ap­
plications that includes personal 
computers, engineering work­
stations, CAD terminals, advanced 
video games and videotex-is prod­
ding semiconductor manufacturers 
to introduce a variety of improved 
graphics-controller chips. Keyed to 
the ever-dropping price-per-bit of 
dynamic memories and exemplify­
ing a growing trend toward bit map­
ping, these new ICs provide in­
creased resolution and faster 
graphics-data processing. 

Interestingly, the appearance of 
improved off-the-shelf graphics 
chips coincides with increased usage 
of custom chips. With newly avail­
able custom-design capabilities 
shortening chip-production times, 
graphics-product OEMs find the 
performance and marketing advan­
tages of home-grown solutions in­
creasingly attractive. Previously 
found only in expensive graphics 
workstations, custom graphics chips 
now appear even in inexpensive 
home computers. 

Consumer products lead the way 
In fact, much of the impetus for 

new graphics chips comes from per­
sonal computers such as the recent­
ly introduced Mindset and Apple's 
Macintosh and from video games, 
the area that started the graphics 
push. To maintain interest in a pas­
time that can quickly become bor­
ing, producers of the games are 
demanding graphics chips that pro­
vide higher resolution and better 
animation. In addition, many of 
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these firms see an eventual end to 
stand-alone video games and are 
pushing into the low-end home com­
puter business with high-quality 
video-game capability as a drawing 
card. Companies that haven't 
turned to a proprietary custom-chip 
solution (and many have) look to 
manufacturers such as Texas In­
struments to provide chips with the 
necessary features. 

One chip exhibiting this evolving 
graphics complexity is Tl's ad­
vanced video display processor 
(AVDP). A new member of the 9918/ 
9118 family of low- to medium­
resolution display controllers, the 
AVDP is backward-compatible but 
adds a number of features not found 
in previous generations. 

For instance, in implementing a 
NAPLPS (North American Presen­
tation Level Protocol Syntax) video­
tex system, the AVDP provides im­
proved 256X210-pixel resolution in 
bit-map mode and displays 16 colors 
from a palette of 512. Among the 
chip's other features is the ability to 
do pixel-by-pixel horizontal or verti­
cal foreground scrolling without af­
fecting memory. This feature allows 
the foreground to jump by as many 
as 256 pixels horizontally or as many 
as 210 pixels vertically. 

To further conform with NAP­
LPS, the AVDP provides an exter­
nal-video mode. In this mode it sup­
plies a signal to an external video 
switch pixel by pixel, detailing 
which source-the AVDP or an ex-

A fully bit-mapped display In NAPLPS (North American Presentation Level Protocol Syntax) 
format demonstrates the color capability of Texas Instruments' advanced video display 
processor. Drawing from a 512-color palette, the chip can modify its 16 display colors on 
every horizontal retrace for subtle shading effects. 
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Put the Power 
ofthelBM PC 
Bus into Your 
OEMS stem 

NEW Single Board 
The power of the IBM PC is 

now available to OEM system 
designers with the new I-Bus 
Single Board Computer 
and Enclosure 
systems. Now you 
can make use of 
that vast array of 
PC-compatible 
expansion cards-
for communications, 
graphics, data acqui 
sition, peripheral 
control, and every 
other imaginable task. 

I-Bus Systems has 
packaged Intel's powerful 
new 80188 CPU into a Single 
Board Computer. It has 
64K of RAM and up to 160K 
of ROM on board, plus a serial 
console port to talk to a terminal 
or a PC. Just plug the SBC into an 
I-Bus 6-slot i:hassis or 9-slot card 
cage and you have the heart 
of a computer system, 
ready to run. 

Then 
just add any of 

the hundreds of PC bus 
cards already on the market, to 
customize your system. 

Best of all, the IBM PC works 
perfectly as a software develop­
ment system. You 'Can assemble 

and test applications 
programs on the PC, 

,/_ 

PC Bus System 
then download them to the I-Bus 
system for dedicated execution. 

You 'll have the best of both 
the PC world and the 
OEM bus-structured 
world with this new 
single board computer 
from I-Bus. 

For all the details, 
give us a call today 
at (800) 382-4229. 
In California, call 
(619) 569-0646. 

Modular PC bus packaging matches your 
system needs, from basic cage to complete 
enclosure system. Internal 40W power supply 
with 6-slot enclosure, external supply for the 
9-slot. 

I-Bus 
IBM PC is a trademark of IBM Corporation 

CIRCLE NO 33 

S 'r'S TEMS 
9235 Chesapeake Drive 
San Diego, CA 92123 
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TECHNOLOGY UPDATE 
ternal video signal-is to appear on ble-driven graphics mode at 
the screen. Another on-board fea- 512 x 192 resolution; the 256x210 
ture is a complex sound generator. bit-map mode; and text modes of 40 

Comprising three program - columns x 24 rows or 80 columns x 24 
mable sound generators and one rows. The 256 patterns for the text 
noise generator, it features 120- characters reside in RAM and are 
to 100,000-Hz frequency response dynamically redefinable to specify 
plus attenuation in 15 steps over 2 to any font. In addition to providing a 
28 dB. foreground and a background color, 

Like its predecessors, the AVDP the AVDP's multicolor mode allows 
generates 32 sprite planes that it highlighting certain operations by 
uses for animation instead of soft- overlaying the text character by 
ware raster operations (raster ops). character with a third color. 
Also, like the 9118, the AVDP re­
quires only two bytes to move a 
sprite anywhere on the screen in 
one horizontal-retrace time. In addi­
tion, it allows 10 sprites per line 
rather than four, and each line of 
the sprite can have a different color, 
thus reducing the number of sprites 
needed to describe an object com­
pletely. Sprites can occupy areas of 
8x8, 16x 16 or 32 x 32 pixels. 

As another aid to animation, the 
AVDP allows grouping of sprites 
into one of eight blocks of related 
functions-a game's missiles or me­
teorites, for example-on the 
screen. A special register, offload­
ing a task from the host µP, tracks 
each group and records when any 
member of one group collides with 
any member of another group. Con­
tents of the eight blocks are dynami­
cally reconfigurable. 

The AVDP also contains a block­
move instruction for animating a 
piece of the foreground or inserting 
a line of text. The instruction han­
dles starting point, destination, 
number of bytes involved, sequenc­
ing, memory-access selection and, 
when it's through, µP interruption. 
With a programmable interrupt you 
can set for every horizontal retrace, 
the AVDP allows you to change the 
displayed colors or even redefine 
one or more sprites, positioning 
multiple sets of 32 sprites over dif­
ferent areas of the screen. 

A high-density NMOS design, the 
AVDP can address and refresh 64k 
of dynamic RAM. It permits µP 
D MA to the video RAM and also 
provides all video, control and sync 
signals for either a TV or a compos­
ite or RGB monitor. Sampling of the 
AVDP is occurring now, and parts 
should be available sometime this 
summer. TI hasn't yet announced a 
price, but the AVDP's TMS9118 
predecessor sells for less than $10 in 
large quantities, a price the AVDP 

The AVDP operates in one of 
seven possible modes: three table­
driven graphics modes at 256 x 192 
resolution; one high-resolution, ta-

With attributes useful in games or text applications, Motorola's MC68486/68487 raster 
memory system can drive screen resolutions from 64 x 64 pixels to 640 x 500 pixels. This 
mountain scene demonstrates 16-color capability at a bit-mapped resolution of 320 x 200. The 
game display shows complex animation effects of true object (sprite) manipulation. 
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will doubtless reach in time. 

Another graphics chip set comes 
from Motorola. Although reaching 
mostly toward personal-computer 
and workstation markets, the ras­
ter-memory system, consisting of 
the MC68487 raster memory con­
troller (RMC) and the MC68486 ras­
ter memory interface (RMI), has 
features and a price suited for 
games, videotex and home comput­
ers. It takes screen resolution to 
640 x 500 pixels in a PAL standard 
interlaced mode; normal resolution 
for a 60-Hz, NTSC standard display 
with 16-color capability is 320x210 
pixels. 

Designed to operate with 
M6809E and M68000 family µPs , 
the raster-memory set will address 
and refresh lM byte of dynamic 
RAM and is backward-compatible 
with the MC6847/6883 display set. 
The RMI, built with bipolar ALS 
technology, generates all system 
clock signals and video timing sig­
nals. It provides an interface be­
tween video memory and the host 
µP, including handshaking and all 
timing signals required by the dy­
namic RAM. In a 6809E system, the 
RMI handles memory management 
for memories larger than 64k bytes, 
making use of page and nibble mode 
cycles. 

The RMC, built in CMOS, fea­
tures display-address generation, 
RGB outputs and video-data proc­
essing. It has on-chip alphanumeric 
and mosaic graphic generators and 
a 32-word color-mapping RAM 
(CMR) that contains the 32 colors 
chosen from a palette of 4096. 

The RMC operates in bit-plane 
(bit-map) mode or in one of six list 
modes. Resolution is selectable 
from 64 to 640 pixels horizontally 
and from 64 to 500 lines vertically. 
In the bit-plane mode, each pixel 
can assume one of 16 colors, except 
in a 512 x or 640x display where 
only four colors are available. The 
six list modes define a combination 
of features optimized for different 
applications. Among the choices are 
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character count (32, 40, 64 or 80), 
number of lines per character row 
(8, 10, 12 or 16) and number of rows 
per screen (16 to 25). 

In addition to 96 ASCII charac­
ters and two types of mosaic charac­
ters (in ROM), the RMC allows as 
many as 32k dynamically redefi­
nable characters (DRCs) for special 
alphabets plus a special type of DRC 
called a fixed object. Some attri­
butes of fixed objects---eollision, 
priority (where one sprite passes in 
front of a second sprite and ob­
scures that second sprite), CMR off­
set and shading-are especially use­
ful in game applications. Attributes 
useful in text applications include 
flashing, video inverting, color, un­
derlining, and generation of double­
height and double-width characters. 

The RMC can also generate eight 
different sprites---or true objects, 
as Motorola calls them-per line. 
They exist in all modes, and you 
position them with X-Y registers 
for use in animation effects. True 
objects have an 8-bit name that de­
fines 256 different patterns; each 
true object can also have 24 differ­
ent colors (with CMR offset) and the 
attributes collision, priority and 
zoom (two, four or eight times). 

The RMC can accomplish smooth 
scrolling by defining a visible screen 
within a much larger virtual screen 
and then moving the visual screen 
pixel by pixel either horizontally or 
vertically. It also allows video over­
lay from external devices. 

To ensure µP access to video 
memory for information updating, 
the RMI time multiplexes memory 
cycles, giving the µP a third of each 
cycle. Although this multiplexing 
prevents update/display refresh 
bottlenecks, it also limits system 
speed. In addition, with some new 
video RAMs, the feature is unneces­
sary (see box, "Multiport dynamic 
RAMs solve video-memory prob­
lems"). 

Motorola expects sampling for the 
raster-memory set to start in the 
4th qtr of 1984. The price will likely 

be in the $20 range in high volumes 
by the end of 1985. 

What's interesting about the TI 
and Motorola chips is their inclusion 
of a bit-map mode even for low- to 
medium-resolution applications. 
This trend to bit mapping is evident 
throughout the industry and proba­
bly spells the end of table-look-up 
graphics and, eventually, table­
look-up text. 

The device that started the bit­
ma pping trend is the NEC 
µPD7220, the first single-chip bit­
mapped graphics controller. This 
chip has enjoyed the market that it 
created and that, until recently, it 
has pretty much had to itself. Sev­
eral devices have appeared to chal­
lenge the 7220, however, and many 
more are on the way. Among them 
are the EF9367 from Thomson-CSF 
and the 7300/7301 chip set from 
NCR. 

Consider first the EF9367. This 
device will handle a 1024x 512 
screen in color or black and white, 
using on-chip character and vector 
generators for text and graphics. It 
can also independently scale text 
characters horizontally and vertical­
ly to 16 times. The chip's vector 
generator can draw lines (continu­
ous, dotted, dashed, or dashed and 
dotted) at a rate of 670 nsec/pixel. 
The EF9367 supplies composite 
sync and blanking signals and the 
timing necessary for interlaced or 
noninterlaced data. 

NCR's chip set consists of the 
7300 graphics-controller chip and 
the 7301 memory-interface control­
ler. Four 7301s can work together to 
control as much as lM byte of video 
memory. Like the Motorola RMS, 
the NCR set computes display ad­
dresses, refreshes memory, handles 
DMA and has RGB outputs. Each 
pixel can display a maximum of 256 
colors, and the system allows dot­
clock rates as high as 30 MHz. 

NEC, meanwhile, isn't sitting 
still with the 7220. An improved 
version, the µPD7220A , with 10 
functional changes and higher 
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for the multi-use& 

SBE's new 8 Mbyte Multibus 10 MHz 68000 CPU with 
memory management and no wait states. 

The ModulasTen M68CPU from SBE introduces 
a new level of performance for multi-user real-time applica­
tions. Clock rate is a lightening-fast 10 MHz. The system 
accesses up to 8 Mbytes of no wait state dynamic RAM. 
And the memory management hardware contains 32 inde­
pendent maps supporting task sizes from 4K to 8 Mbytes. 

But whats really unique is what we didn't do. 
There are no wait states on reading. Or writing. 
We didn't restrict address capability. 
We didn't slow down task switch times. 
We don't use CPU time for memory refresh. 
The M68CPU doesn't even need a cache 
memory. 

A powerful 16/32 bit board set for $2995.* 
Two multiprotocol serial ports on the M68CPU 

board interface to asynchronous, character synchronous, 
or bit synchronous devices. 

The M68CPU supports two iSBX connectors 
with 8-bit and 16-bit single-width, double-width and 
triple-width iSBX Multimodules. 

The board set has mapped dual port memory 
with dynamically selected byte swapping. 

And companion boards offer 512K or 2M bytes 
of parity-protected memory. 
Programming support. 

Our unique capabilities in software support will 
make your work a whole lot easier. So will our systems 
know-how. We manufacture systems, too. 

For more information on the newest high per­
formance multi-user tool-the M68CPU board set­
contact SBE, Inc., 4700 San Pablo Avenue, Emeryville, 
CA 94608. In California phone (415) 652-1805. 
1-800-221-6458. TWX 910-366-2116. 

More good news from the Chairman of the Board 

ISBEJ 
Computer Boards and systems. 

•Single quant ity price for boa rd set with 512K memory Mult ibus, 
Multimodu le and iSBX a re trademarks of Intel Corp. 
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speed, is currently in the sampling 
stage. Although downward compati­
ble with the 7220, the -A version has 
several new features. For instance, 
it has two new reset modes that 
reset only selected parts of the chip, 
and it has the ability to halt a draw­
ing command during updating of 
video RAM. In addition, it provides 
improved area-fill capability, exter-

nal sync on every frame and a 16-bit 
µP interface. 

The 7220A's major advantage is 
increased speed; it's now available 
in 6-, 7- and 8-MHz versions, up­
grades from 5 MHz. In addition, by 
allowing a 128-MHz dot-clock rate, 
it increases display resolution to 
2048 x 1024 from the previous 
1024 x 792. This increased clock rate 

also boosts the DMA-channel data 
rate to 2M bytes/sec and drops the 
drawing time per pixel from 800 to 
600 nsec. Further, using a lower 
resolution 640 x 512 display allows 
cutting that time in half. The 7220A 
also doubles the display-memory 
size allowed by the 7220 from 256k 
to 512k 16-bit words. 

Now nearly through the sampling 

66 

Multiport dynamic RAMs solve video-memory problems 
The trend toward bit-mapped displays is both good own port at rates as high as 25 . MHz. While the 
news and bad news for dynamic RAM manufacturers. register is dumping its contents to the screen, the 
The good news is that bit mapping boosts memory host µP has complete array access for updates. 
requirements by 1 O to 40 times; the bad news is that As an example of the 4161 's use, consider a 
ordinary dynamic RAMs can't meet the displays' screen with 1024x 1024-pixel resolution. Such a 
bit-rate requirements. With some soon-to-appear screen requires 1 M bit of memory, or 16 64k-bit 
multiport dynamic RAMs, however, the bit-rate prob- dynamic RAMs, for each plane of color; screen 
lem goes away. refresh demands a bit rate of about 83 MHz. To 

In some low-resolution cases, of course, single- satisfy the 83-MHz requirement, each of the 16 
port dynamic RAMs are adequate; certain high- dynamic RAMs shifts its data at only 1As the dot rate, 
speed devices can service a graphics screen directly. or 5.2 MHz-an easy task for the 4161 . In addition, all 
Two examples of such chips are the 80-nsec the shift registers together hold 4096 bits of data, 
MK45H6464kx 1 and the 100-nsec MK4856 32kx 8 enough for four lines on the display. Consequently, if 
from Mostek (Carrollton, TX) . Another example is the shift registers load on every horizontal retrace 
Intel's 100-nsec 51 C64 CMOS 64kx 1 dynamic RAM (non-cycle-stealing), screen resolution can never out­
with ripple mode access. run the capacity of the shift registers. As you increase 

Higher resolution screens, however, require bit resolution, you add dynamic RAMs and thus more 
rates in excess of 100 MHz, too fast for even static shift registers. 
RAMs to handle directly. Consequently, system de- Use of this type of memory will probably result in 
signers must increase memory bandwidth, using one reconsideration of display-memory layout for future 
of several possible approaches. One such approach graphics systems. Because the shift-register reload 
is to use wider memories, like 16k x 4 or 32k x 8 time is so insignificant, a unified memory-accommo­
devices, and convert back to a serial bit stream with a dating both display and system µP-becomes possi­
shift register. This approach is effective, but allowing ble. Fully bit-mapped systems will already have 
50% access for µP updates could require bit widths placed text and graphics in one memory space, but 
as high as 64, destroying single-pixel control and the parallel operation of RAM array and shift register 
requiring many "glue" parts to implement. Double means the system µP needn't have a separate 
buffering the bit map also works, but it doubles the memory space of its own. In fact, notes Karl Guttag, 
amount of memory required. senior member of the technical staff and graphics 

The most elegant solution to crop up comes from definition manager for Texas Instruments, even to­
Texas Instruments in its TMS4161 multiport video day's 32-bit µPs aren't fast enough to take advantage 
RAM, a 64k x 1 NMOS dynamic RAM that features a of the increased access time the on-board shift 
built-in 256-bit shift register with its own separate registers give for display updating. 
controls. Working completely asynchronously, the Tl has been sampling the 4161 since last Novem­
RAM array and the shift register relieve the bottle- ber and plans to announce the part this July at 
neck created from clashing requirements of display SIGGRAPH. Also planned for announcement this 
updating and screen refreshing. year will be a competing dual-ported part from NEC. 

The 4161's design allows dumping any 256-bit row The NEC device will have a 64k x 4 architecture and 
of the chip's RAM array into the shift register in one four 256-bit shift registers to handle four bit planes. 
cycle time. The RAM and the shift register then 
disconnect, and the shift register moves data out its 
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Ready when you are. 
It's our instant program. Everything you need in enclo­

sures is available immediately from our standing inventory 
of cases, cabinets and desks. Even DEC* look-a-like 
cabinets are ready when you are. Just ask. Instant avail­
ability too on all cabinet accessories from filler panels 

integrity and traditional design that complements any 
equipment environment. 

Choose from bench-type and portable equipment to 
low profiles and uprights. Panel height sizes range from 
SV4 inches to 70 inches. 

to fans. 
All enclosures feature Everest's unsurpassed structural 

Our two locations also expedite delivery to you. Just 
call the office nearest you for ordering information. 

*Trademark Digital Equipment Corp. 

~verest ~lectronic ~quipment, Inc. 

HEADQUARTERS AND MANUFACTURING 
2100 East Orangewood Avenue, Anaheim, California 92806, (714) 634-2200 
EASTERN REGIONAL OFFICE AND WAREHOUSE 
2979 D Pacific Drive, Norcross, Georgia 30071, (404) 447-9986 
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stage and ready for production, the 
7220A will initially cost $119.88 
(100); the 7220's current price is 
$87.92 (100). 

A possible future competitor for 
the 7220 family could come from a 
current alternate source, Intel 
Corp. In addition to the 7220 (Intel 
calls its version the 82720), the com­
pany makes a highly capable text 
coprocessor, the 82730. Some com­
bination of these two parts would be 
a natural extension of Intel's line, 
although a simple joining of the two 
parts is unlikely. It's possible that 
NEC and Intel, having worked to­
gether on the definition of the 7220, 
might engage in a joint effort. 

Good graphics at low cost 
Despite the capabilities and speed 

of the 7220A and its potential com­
petitors, manufacturers of the real­
ly high-performance, high-resolu­
tion graphics terminals have always 
built their own custom graphics en­
gines and coupled them to bit-slice 
processors. The resulting machines 
usually start at about $50,000, how­
ever. A new personal-computer 
company is bringing much of their 
graphics power to a machine that 
starts at just $1200. 

Sporting high-speed, full-color 
graphics, the Mindset personal com­
puter from Mindset Corp (Sunny­
vale, CA) employs a 16-bit 80186 

host µP with a full-custom graphics­
coprocessor set. The set, consisting 
of a graphics-coprocessor chip and a 
display-processor chip, was de­
signed by Mindset and produced by 
VLSI Technology Inc (San Jose, 
CA). Although its designers kept 
the Mindset computer's resolution 
low (320 x 200) to work with low-cost 
TV displays, the computer nonethe­
less offers full bit-mapped graphics 
and text, 16 colors (from a 512-color 
palette) and hardware raster ops. 

The Mindset's graphics-co­
processor chip, which itself has the 
power and complexity of a 16-bit 
µP, performs raster-op, or bitblt 
(bit-aligned block transfer), opera­
tions that give the computer its 
seamless graphics and smooth ani­
mation. With speed derived from its 
micro-coded architecture, the co­
processor works as a graphics accel­
erator to offload the 80186. 

Eight different block-transfer 
modes in the Mindset coprocessor 
combine source-pixel data (or its in­
verse) with destination-pixel data. 
Combinations can occur via the 
Boolean operations AND, OR, XOR 
and NOT, or the source-pixel data 
can simply replace the destination 
data. In addition, each operation is 
modifiable by a series of masks. A 
write mask, for example, defines 
parts of the destination area to be 
altered. Similarly, a collision mask 

A custom graphics-coprocessor and display-processor chip set are components in the 
Mindset personal computer, an 80186-based machine that sells for only $1200 in its basic 
configuration. The coprocessor performs raster operations that give the Mindset seamless 
graphics and smooth animation. The Mindset's display, indicative of an industry trend, is 
completely bit-mapped for both graphics and text. 
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defines what constitutes a collision 
(as of sprites), and a clipping mask 
defines a screen window in which 
bitblt operations can occur. (Clip­
ping is the process of "trimming'' 
the portion of an image that falls 
outside a viewable area. ) Another 
coprocessor feature , the transpar­
ent mode , allows the creation of 
sprites with essentially no limita­
tions on size, color or position. 

The graphics coprocessor can de­
fine a wide range of interrupt condi­
tions, including the occurrence of 
collision, clipping or the completion 
of an operation. It can also generate 
an interrupt on vertical retrace and 
on every horizontal retrace to allow 
µP modifications to the frame buffer 
(video memory). Alternatively, if 
the computer needs to use only half 
or less of its 32k bytes of graphics 
memory, it can set up two frame 
buffers, alternately displaying each 
while updating the other. 

The graphics coprocessor can also 
draw arbitrarily selected straight 
lines using a built-in function. In 
addition, being completely bit­
mapped, it can create text with any 
font and character size. 

As is the case with most two-chip 
sets, Mindset's second device is a 
display processor that specifies 
screen resolution and color and sup­
plies output sync and timing sig­
nals. It can drive a 320x 200-pixel 
screen with 16 colors or a 640 x 200 
screen with four colors, both non­
interlaced. It also has a 640 x 400 
mode with two colors, but because 
it's implemented with interlacing, it 
causes most screens to flicker. Out­
put options for the display processor 
include TV, composite color monitor 
and RGB monitor. The device also 
refreshs graphics memory. 

But as capable as it is, Mindset's 
custom chip set belongs exclusively 
to Mindset and isn't a threat to 
standard graphics controllers. Cus­
tom solutions have rarely been a 
threat, in fact , because of the time 
and money that custom develop­
ment requires. A recently devel-
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The first thing 
ISi International put on 
this new Multibus· card 
was 2 megaby~es ... 

And that was just 
the beginning. 

Squeezing 2 megabytes 
of memory onto a single 
Multibus• card is quite 
an accomplishment in itself. 
But we believe it takes 
more than just memory to 
meet the increasing needs 
of today's systems. That's 
why our new MCB-2X 
Multibus card is designed 
with a number of significant 
special features. And 
why ISi International is 
truly a leader in Multibus 
memory products. 

Superior 
Dynamic 
Memory 
Relocation. 

The new MCB-2X 
can relocate up to eight 
64K or 256K blocks NOB;!i4 

independently-making 
it a very powerful tool 
for "RAM disk;' 
graphics 
display or 
multiple 
table look-up 
applications. 

Expanded Error 
Correction Logic. 

All single bit errors 
are automatically scrubbed 
during refresh cycles 
without system 
interruption. 
And thanks 
to the automatic 
memory initializa­
tion feature, software 
doesn't have to be pre-
conditioned. 11CBS12 

all 
single 
and 
double bit 
errors, while 
providing 370ns 

read access 
through stan­

dard 64K 
or256K 
RAMs.Plus, 

theMCB-2X 
has CSR and 

ESR interrogation 
capability and soft­

ware control of ECC 
enable/disable, allowing 

users to provide 
comprehensive 

system-level 
diagnostics. 

Flexible 
Addressing 

Capabilities. 
Board addresses 

starting on any 4K 
boundary can be mapped 

to cross 1 and 4 
megabyte 

boundaries. 
TheMCB-
2Xcanalso 

occupy a con­
tinuous 512K 

Look 
into ISi 
International's 
newMCB-2X. 
You'll find all the 
features you need ... 
plus up to 2 megabytes 
of memory for the largest 
capacity available on a 
single card. Or, for non­
volatile CMOS require­
ments, see our MCB-364 
and MCB-332 modules. 
For simpler dynamic 
requirements, investigate 
our MCB-512. 

Since 1970, ISi Inter­
national has shipped over 

10 
billion 

bytes 
of memory 

cards, giving 
us a level of 

experience that's 
hard to match. Put 

it to work for you. For 
systems needs just call 
us in the West at (408) 
743-4442, in the East (201) 
272-3920, or in the Mid­
west call (513) 890-6450. 
For off-the-shelf products, 
contact your nearest ISi 
International distributor: 
Alliance, Anthem, Arrow, 
Future Electronics, R.A.E., 
Quality Components or 
Sch weber. 
•Multibus 1s a Trademark of lntel Corp. ,., 

, N r E R NA r, o NA , Formerly Intersil Systems 
ISi International Corporation 

On-board ECC detects 

or 2048K memory 
space within its 16 

megabyte range. 1275 Hammerwood Avenue, Sunnyvale, CA 94089 • (408 ) 743-4443 
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Dome Switches for 
Data Entry 
• Spec#lll alloy contacet 
• Afl#ioM of snap actions 
• Low contact resistance 
• Lowbounce 
• Low (Jl'Oflle 

Bowmar's KT Tactiflex"' keyboard assembly­
with flat graphic overlay and tactile feedback­
provides just the right touch. And our patented 
snap dome design allows for more circuitry on 
one side of a pc board. Standard or custom 
designs. Custom electronic subassembllesand 
ASCII encoding available. Call or write for free 
Designer's Handbook. (813) 576-2525. 
4640 126th Ave., N., Clearwater, FL 33520. 
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For more information ... 
For more information on the graphics ICs described in this article, circle the 
appropriate numbers on the Information Retrieval Service card or contact 
the following manufacturers directly. 

Intel Corp 
2625 Walsh Ave 

NCR Mlcroelectronlcs Div 
1635 Aeroplaza Dr 

Texas Instruments Inc 
MOS Memory Activity 
Box 1443, MIS 6101 
Houston, TX 77001 
(713) 490-3548 

Santa Clara, CA 95051 
(408) 987-8080 

Colorado Springs, CO 80916 
(303) 596-5612 

Clrcle No 672 Circle No 675 
Circle No 678 

Motorola Mlcroproceasor Div 
3501 Ed Bluestein Blvd 

Silicon Compilers Inc 
105 Albright Way 

Thomson-CSF 
Components Corp 
Semiconductor Div 
Box 1454 

Austin, TX 78721 
(512) 982-6860 
Circle No 673 

Los Gatos, CA 95030 
(408) 370-2008 
Circle No 676 

NEC Electronics USA Inc 
1 Natick Executive Park 
Natick, MA 01760 
(617) 655-8833 

Texas Instruments Inc 
Video & Control Products 
Box 1443, MIS 6426 
Houston, TX 77001 

Canoga Park, CA 91303 
(213) 887-1010 
Circle No 679 

Circle No 674 (713) 879-2411 
Circle No6n 

oped custom graphics-accelerator 
chip has changed that, however. 
Now that licenses for manufactur­
ing the chip are available, the device 
poses a threat to standard products. 

The new chip, appropriately 
named RasterOp and developed by 
Silicon Compilers Inc for use in 
workstations manufactured by Sun 
Microsystems (Mountain View, 
CA), performs much like Mindset's 
graphics coprocessor; it handles bit­
blt operations that are basic to win­
dow manipulation, scrolling, draw­
ing vectors or painting characters. 
Design of the chip took only five 
months, and production of an actual 
working chip took a total of only 
eight months. Silicon Compilers also 
designed the DEC MicroVAX I and 
the Seeq Ethernet chips in similar 
time periods. 

Short turnaround times like these 
can obviously take much of the sting 
out of producing a custom chip. The 
RasterOp is a general-purpose chip, 
not dedicated to any particular ar­
chitecture, but it could easily have 
been tailored to a target application, 
much as was done with the Mindset 
coprocessor. 

In contrast to the Mindset coproc­
essor's eight operations with modifi­
ers, the RasterOp (part number 

16160) implements 256 functions 
that map source, destination and 
pattern registers into 16-bit out­
puts. Using 16-bit data paths, it 
handles all bit shifts and masks, is 
display-resolution independent and 
supports both black-and-white and 
color displays. Silicon Compilers 
claims that the RasterOp is 50% 
faster than implementations of the 
chip's functions in software. 

Silicon Compilers doesn't sell the 
chip, but it does sell a license to 
make it for $80,000. While prices 
like that sound expensive, consider 
that systems built with standard 
parts tend to look the same, while a 
custom chip set like Mindset's can 
put a company far ahead of its com­
petitors. EDN 

References 
1. Twaddell, W, "Next-generation 

graphics chips to debut; bit-slice designs 
suit high-performance use," EON, Sep­
tember 29, 1983, pg 63. 

2. Williams, G, "The Mindset personal 
computer," Byte, April 1984, pg 270. 
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A New Choice. Until now, the 
semi-custom IC world has been 
subject to the design limitations of 
digital gate arrays. 

ZyMOS has changed all that. 
We've developed libraries of 

standard cells that provide exactly 
what you want and need: analog 
and digital functions . Now, you 
can deal with real-world analog 
information like temperature, 
pressure and voice recognition . 

And have digital functions on 
the same chip. 

Which means the limitations of 
designing with gate arrays vanish. 
Parts count goes down. So does 
overall system cost. And the cost 
of putting it all together. Suddenly, 
you're left with a smaller system 
that does more than ever before. 

A lot more. 
In fact , customers have used 

our analog libraries to develop a 
variety of innovative devices. 
Like floppy disk head controllers. 
Energy management systems. Even 

jackhammer motor controllers. 
The Largest Libraries. We 

have something no other standard 
cell company has: the industry's 
largest libraries of analog and 
digital cells. Which gives you 
unmatched performance. And flexi­
bility. Our analog library includes: 

• analog-to-digital converters 
• digital-to-analog converters 
• single or dual-supply op amps 
• comparators 
• matched resistors, capacitors and 

transistors 
• a wide range of multiplexers and 

analog switches 
• VCOs and Schmitt triggers 

The comprehensive digital 
libraries offer a variety of fully 
characterized functions optimized 
for maximum performance. We've 
even added programmable logic 
arrays (PLAs), RAM and ROM­
with compilers-plus Intel's 80C49 
microcontroller. These analog and 
digital libraries are available on 
your CAE workstation, Prime or 

•tat 
VAX™ minicomputer, or remotely 
from your facility. 

Our five years of experience 
makes your task easy . And our 
training classes help you get started 
and up to speed fast. We'll even 
help with your design . 

Our Working Silicon Guaran­
tee. We guarantee your circuit will 
function. In silicon. The first time. 
If you're interested in learning 
more, send a schematic of the de­
vice you're designing for a quote . 
Discover how easy and cost effec­
tive standard-cell design can be . 

VAX is a trademark of D igital Equipment Corporat ion. 

ZyMOS Corporation 
477 North Mathilda Avenue 
Sunnyvale, CA 94086 
Phone: (408) 730-5400 
TWX: 910-339-9530 ZyMOS SUVL 

ZX..MDS 
PIUU:l1'G THE STANJ)OJU) IN Ctsra.1 VLSI 



Now, with 8051 emulation ... the 
• • gives you more microcomputer 

With the introduction of the 
HP 64264S Emulator, you can now 
take full advantage of the versatile 
Intel 8051/31 microcomputer. At the 
same time, if you have opted fur the 
Motorola 6801/03/05 you will find the 
HP 64256S or HP 64192S Emulators 
to be powerful allies when developing 
your microcomputer-based systems. Now 
more than ever you can appreciate 
the flexibility .of the Hewlett-Packard 
64000 Logic Development System 
approach to universal emulauon. 

Only from HP. .. 
the most detailed 8051/31 
emulation available. 

Our HP 64264S Emulator gives 
you a complete picture of internal 8051 
operation showing you more than 
ever before available. You can monitor all 
activity across the internal data bus, 
including data memory accesses (not 
just what's in ROM). You get real­
time, nonintrusive tracing of all Special 
Function Registers. Plus, the HP 64264S 
lets you trace activity on all four of 
the 805l's 1/0 ports. 

Our solution is the only one that 
lets you map the entire 128K bytes of 
the 805l's addressable memory. Plus 
you can resolve activity in blocks of 
only 256 bytes. You get the best of 
both: a significantly refined diagnos­
tic vision over a greatly expanded 
field of view. 

Trace photo of internal data bus is example of 
how the HP 64264S Emulator shows you more 
of the 8051 internal operation than ever before. 



•• 

P64000 
ptions than ever. 

A complete fiunily of 
emulators. 

Our HP 64000 Logic Development 
System features optional emulation mod­
ules for all the most popular micro­
computers and microprocessors as the 
the table shows. Plus our universal 
emulation package can give you an early 
start on future microprocessor offerings. 

8-Blt 16-Blt 
Mlcrocomputen Mlcroprocesson Microprocesson 

6801/03 Z80 68000 
6805 6800 68010 

8048 6802 Z8001 
8051/31 (NEW) 6809 Z8002 

6809E 80186 (NEW) 

8080 80188 (NEW) 

~ 8085 8086 

__::_ NSC 800 8088 

Dedicated vs. universal 
development systems. 

Until now, if you wanted to design 
with the 8051 and wanted emulation, you 
had to buy a dedicated development/ 
emulation system as well. But what if 
you don't want to get locked into a 
single vendor's microprocessor line? 
What if you want the freedom of 
choosing the best microprocessor for 
your application, no matter who 
makes it? That's where the HP uni­
versal solution comes in. 

Call us today 
at 1-800-4HP-DATA. 

We're ready to help, with the prod­
uct and service support that has made 
HP famous. If you already own an 
HP 64000 system loou can move up 
to 8051/31 or 6801 03 emulation for 
as little as $6,000"'. A complete devel­
opment sr.stem, with 8051/31 emu­
lation built in, costs approximately 
$25,000~ To help you decide if our solu­
tion is right for you, outside Colorado, 

call toll free l-800-4HP-DATA. In 
Colorado, call 1-590-3340. We'll send 
you a technical data sheet on the new 
HP 64264S Emulator for 8051 pro­
cessors and a brochure that explains 
our a>mprehensive processor su_I>POrt 
program. Or, call your local HP sales 
oftiCe listed in the ~hone diRdory 
white pages. Ask for the electrolUC' 
instruments department. 
•u.s.A. prlet CllllJ. 

HEWLETT 
PACKARD 
CIRCl.mNOll 



Half-Height 
Family of 
High­
Capacity 
5.25" Floppy 
Drives From 
Philips 

We met Europe's exacting standards and became the 
leader in 96 tpi 5.25 " flexible disk drives. 

Now we're bringing you our field-proven technology, 
Philips' patents, and manufacturing experience in our 
latest 5.25", Half-height 96 and 48 tpi drives. 

• Design simplicity-our drive design uses 20% fewer 
mechanical and electrical parts. They run longer 
(10,000 hrs MTBF), cooler, and use less power~ 

• Dynamic disk registration - Philips' proprietary 
double-clutch clamping cone ensures diskette inter­
change, repeatable centering, and prevents media 
damage even after 50,000 insertions. 

• Dip switch configurable - easy programming in 
production environment, decreased chance of 
configuration change, and no jumpers required . 

• Precise, split-band actuator-highest track 
positioning accuracy in the industry for increased 
data recovery. 

• Manganese/zinc, glass-bonded, ceramic heads -
high resolution , low noise R/ W signal , and extended 
media/ head life. 

Rigorous testing will prove our drives are unsur­
passed in performance. 

PHILIPS 

SPECIFICATIONS X3131 

Capacity (unformatted) 
Track densi ty 
Positioning t ime 

(SSDD ) 
250 KB 
48 tpi 
6 msec. 

X3132 
(DSDD) 
500 KB 
48 tpi 
6 msec. 

X3133 
(SSDD) 
500 KB 
96 tpi 
3 msec. 

X3134 
(DSDD ) 
1 MB 
96 tpi 
3 msec. 

(track to track) 
Interface 
Media 

ANSI/INDUSTRY STANDARD 
ECMA 66 ECMA 66/70 ECMA 78 ECMA 78 

Warranty : One year on all parts and labor 
(se ldom used) . 

Available in volume for immediate sh ipment. 
Call or write today'for a FREE report on Disk Drive 

Evaluation Techn iques and more information on our 
family of flexible 5.25 " drives. 

Philips Peripherals, Inc. 
385 Oyster Point Blvd. Un it 12 
South San Francisco, CA 94080 
(415) 952-3000 

See us at NCC, Booth #04226, 4228 
And unequaled in reliability. 
All made possible by Philips' technology and 100% eJ 

tested premium components. PHILIPS 
CIRCLE NO 40 
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• Extencttd : 
_.. ~C-KTY8:r 

- 55°C to + l 75°C-KTY83 
0°C to +300°C-KTY84 

• Fast response time ( < 3 sec) 
• +0.7% per °C TC 
• Simple linearization 
• Long life durability 
• Close resistance tolerance: 

± 1%, ±2%, ±5% 
• Excellent reproduceability 
• Proven planar technology 
• Gold-to-gold bonding 
•Low cost 

For complete data, contact : 
Market Manager, Sensor Products, 
Amperex Electronic Corporation , 
A North American Philips Company, 
Slatersville Division , 
Slatersville, Rhode Island 02876. 
Telephone: 401-762-3800 
TWX: 710-382-6332 
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No other competitive network even 
comes close to the mUUons of crs 
networks used on production Unes­
wlthout costly Incoming Inspection! 
Some of the largest. toughest-to-satisfy 
companies in the world are putting CTS 
resistor networks right into PC boards­
without costly incoming inspection. 
Confidence in this kind of consistent 
product quality is not easily won. More 
than 1.3 billion hours of testing (with 
only 2 failures!) have proven CTS resis­
tor superiority-in design. performance. 
quality and delivery. 

This level of performance is the result 
of the CTS lbtal Quality Assurance Sys-

tern. It Includes the use of Statistical 
Process Control at every manufacturing 
step-to assure unvarying resistor per­
formance. Finally. ever!I single network is 
tested for resistance value. Result: CTS 
produces more millions of automaticall!I in­
serted networks than any other manufac­
turer. 

WRITE TODAY for Tust Report and 
Catalog on both custom and standard 
CTS networks. Contact: 
CTS Corporation. Berne 
Division. 406 Parr Road. 
Berne. IN 4671 I. Phone: 
(219) 589-8220. 

CIRCLE NO 202 

CTS means Reliability 
CTS CORPORATION • ELKHART. INDIANA 

NEW! Serles 7SO RIC SIP 
Reslstor/capadtor Networks 
New machine insertable SIP package re­
duces inventory. saves time and board 
space by including discrete components 
in a thin profile network package. Avail­
able with 6 pins. 2 capacitors; 8 pins. 3 
capacitors or 10 pins. 4 capacitors. 

Cust om Hybrid Circuits 
for demanding med ical 
electronics. 

Serles 206 Slide-action DIP 
switches. 

Loudspeakers 2' through 8'. Connectors Custom PC board 
and military styles . 

Phone: (317) 463-2565 
CIRCLE NO 203 

Phone: (805) 238-0350. 
CIRCLE NO 204 

. 05 oz.-20.0 oz. ferrite magnets. 
Phone: 15 I 2) 546 -5184 
CIRCLE NO 205 

Phone: 1612) 94 1-9100 
CIRCLE NO 206 



TECHNOLOGY UPDATE 

DIP-housed track/hold amplifiers 
follow AID-converter advances 
Bill Travis, Associate Editor as a normally-unity-gain amplifier 

(inverting or noninverting) when in 
If you're trying to squeeze a little track mode, and it holds the input's 
more performance out of your AID- value only upon the issue of a 
converter application, you might Hold command. 
consider using a track/hold (T/H) 
amplifier. Though emerging high­
speed, high-resolution AID convert­
ers bring dazzling-and affordable 
-performance to a number of sig­
nal-processing applications (see the 
Special Report on data converters, 
EDN, June 14, 1984, pg 118), many 
time-varying-input situations ren­
der them next to useless. With the 
aid of innovative DIP-enclosed T/H 
amplifiers, however, your AID con­
verter can live up to its potential. 

Before proceeding further, a clar­
ification of the nomenclature is in 
order. Specifically, it's important to 
understand the difference between 
a sample/hold and a T/H amplifier. 
Upon application of a Sample com­
mand, the former captures the in­
stantaneous value of the input sig­

True sample/hold amplifiers are 
rare. They're used in such special­
ized applications as high-speed 
radar. Curiously, monolithic-device 
manufacturers have chosen the in-

nal, and then goes immediately into A monolithic T/H amplifier from Precision Monolithics features minimal droop variation over 
hold mode. The T/H amplifier acts temperature, thanks to its bipolar output amplifier. 

TABLE 1-MONOLITHIC TRACK/HOLD AMPLIFIERS 

MODEL LF198 HA5320 SMP10 SMP11 AD585 HA2420-1 UNITS 

INPUT 1010 TYP 106 MIN 3 x 1010 MIN 3 x 1010 MIN 1012 TYP 5 x 106 MIN n 
IMPEDANCE 

BIAS 25 MAX 200 MAX 50 MAX 50 MAX 3 MAX 200 MAX nA 
CURRENT 

GAIN 0.005 MAX 5 x 10- 5 TYP 0.037 MAX 0.037 MAX NO SPEC NO SPEC % 
ERROR AvOL = 200,000 AvoL = 25,000 MIN 

DROOP 0.1 MAX 0.08 TYP 0.02 MAX 0.2 MAX 1 MAX 0.05 MAX V/SEC 
AT 25°C CH=1000.£.F CH = 5000 .£.F CH= 5000 pF 

DROOP NO SPEC 1.2 TYP 0.05 MAX 0.36 MAX DOUBLES 0.22 TYP V/SEC 
AT TMAX CH = 5000 pF CH = 5000 pF EVERY 10°c AT 200°C 

PEDESTAL 1 MAX 1 TYP 4 MAX 4 MAX 3 MAX 15 MAX mV 

FEEDTHROUGH - 86 MAX - 76 MAX - 86 MAX - 86 MAX -92 TYP - 76 TYP dB 
CH = 0.01 J!:_f 

ACQUISITION 6 MAX 1.2 MAX 3.5 TYP 3.5 TYP NO SPEC 4 TYP µ.SEC 
TIME TO 0.1% CH= 1000 pF 

ACQUISITION NO SPEC 1 TYP 5 TYP 5 TYP 3 MAX 5 TYP µ.SEC 
TIME TO 0.01 % 
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Run our INTEl SOITWiH:e.___ 
and full-screen symbolic debugger 

on your IBM-PC 
• Get our complete development solution: compilers, assembler, linker, debuggers , 

and emulators for the entire 8086 family: 8086, 8087, 8088, 80186, . . . 
• Run under MS-DOS with our GenePak<!,l>PLM package , containing Intel's PLM86, 

ASM86, LINK86, LOC86, LIB86, and OH86. Options include PASCAL86, FORTRAN86, 
and C86. Or use the Intel software you already own. 

• It takes less than 6 minutes to recompile a 1000-line PLM86 module and relink it with 
34 others to regenerate a 40K program. 

• Use GeneScope~ our interactive, fully symbolic debugger and emulator line. It 
features macros , help, on-line assembly, automatic disassembly and trace with 
scrolling, simultaneously supporting separate screens for debug and source-file 
viewing during one debug session. GeneScope is easier to use and faste r than 
PSCOPE, ICE-86, and I2ICE, loading JOOK programs in under 15 seconds. Its powerful 
user interface runs in your PC, either connected to your target system with 

GeneProbe~ our full in-circuit emulator, or as a 
software-only debugger for programs in your PC 
or your target sys tem. 

• Use our PC.._....MDS datalink program to bring 
over your existing libraries or store back your new 
modules. It transfers files of any kind , in either 
direction. 

Call us today. 

Genesis™ 
Microsystems 
196 Castro Street, Mountain View, CA 94041 
( 415) 964-9001 Telex: 4998093 GEN MS UI 

INTERNATIONAL DlSTRIBUTORS • tnstrumatic: Deutschlend-MOnchen. Tel. 89185 20 63 · Espana- Madrid, Tel. 1/250 25 77-MalaQa, Tel . 51221 38 98 • Schwelz- Rueschtikon, Tel. 1!724 14 10-Geneve, Tet. 022/36 OB 30 
• United Kingdom- High Wycombe, Tel . 494 450 336 • tsrael-Savyon: Micro-Bit, Tel. 03-380096 · Japan- Tokyo: Asahi Business Consultant Co., Tel (03) 543·3161 ; Showa System Laboratory. Tel. (03) 361-7131. 
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TECHNOLOGY UPDATE 
correct "sample/hold" designation; 
all the hybrid products except two 
use the correct "track/hold" term. 

Why use a TIH amp? 
The need for T/H amplifiers be­

comes clear when you consider their 
role in AID-converter applications. 
For instance, suppose you purchase 
a 12-bit AID converter that offers a 
blazing 2-µsec conversion time. This 
figure, of course, makes you think of 
500 kHz and an attendant ability to 
handle high-frequency signals. In 
reality, the AID converter can only 
tolerate input frequencies of a few 
tens of hertz before yielding intoler­
able errors. By using a T/H amplifi­
er at the AID converter's input, 
however, you can "freeze" the input 
during the conversion time, elimi­
nating frequency-limitation errors. 

In another application, you might 

(a) 

Adding an input-buffer option to a fast 
industry-standard 12-bit TIH amplifier, this 
hybrid from Burr-Brown Corp comes in a 
metal "bathtub" DIP. 

be using a flash AID converter to 
digitize signals whose frequencies 
reach the tens of megahertz. The 
AID-converter manufacturer as­
sures you there's no need for a T/H 
amplifier, because you can latch the 
input comparators. But while latch­
ing the input might work for low- to 
medium-slew-rate signals, in some 
cases fast-slewing input signals can 

TRACK/ 
HOLD 
CONTROL 

(T/H)o
1
-1
4---11 

LOGIC 
CONTROL 
INPUT 

(b) 
3 4 
NULL 

This flash-converter driver from Analog De­
vices eliminates input-slewing problems, 
thereby allowing conversions at the full Ny­
quist rate. 

cause the input comparators to be­
have erratically, yielding codes that 
make no sense at all. Again, the 
solution is to put a T/H amplifier 
before the AID converter to hold the 
input stable. 

Monolithics play catch-up 
As in op amps and data-converter 

products, the level of performance 

7 

TRACK/ 
OFFSET HOLD HOLD 

UNITY-GAIN NONINVERTING CONNECTION 

(c) 

ADJ CONTROL CAPACITOR 

~ 11 

-------r-----

HIGH­
GAIN 
AMP 

1 
I 

LOW­
LEAKAGE 
SWITCH 

HIGH­
IMPEDANCE 

. MOSFET 
FOLLOWER 

IN-

T/H 
CONTROL 

(d) 

-----t{..!!----, 
I 
I 
I 
I 
I 
I OUTPUT 

INTEGRATOR 
COMPENSATION 

~ 0.1 x CH 

Fig 1-These track/hold-amplifier configurations fill moderate-speed, moderate-resolution requirements. The classic LF198 (a) is 
perhaps the most widely used TIH IC in the industry. The SMP1 O and -11 (b) improve on the -198's speed. The HA2420-1 (c) specs 
parameters to 200°C. The pin-compatible HA5320 and AD585 (d) use an integrating approach to minimize pedestal dependency on 
input level. 
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TECHNOLOGY UPDATE 
available in T/H amplifiers depends 
on the technology you select. In­
deed, the steady advance in mono­
lithic devices serves to keep hybrid 
and module manufacturers on their 
toes. In fact, the newer monolithics 
discussed here deliver performance 

only hybrids and discrete modules 
were capable of until just recently. 
Unlike these other product areas, 
however, the number of products 
available from the industry is small. 
(The numbers are expected to in­
crease significantly, however, once 

the performance benefits of these 
devices become better known.) 

Consider, for example, the prod­
ucts listed in Table 1. Three are ICs 
that have existed for a few years, 
and the other two are newer T/H 
amplifiers that show clear advances 
in performance over their predeces­
sors. Fig 1 gives block diagrams for 
four classes of products: the 
multisourced 198/398 family (a), 
Precision Monolithics Inc's SMPlO 
and -11 (b), Harris's 2420 Series (c) 
and the newest configuration (d), 
embodied by Harris's HA5320 and 
Analog Devices' AD585. 

Another flash-AID-converter driver, this hybrid from Micro Networks features a 20-nsec 
acquisition time. It's housed in a ceramic DIP. 

First, consider the industry­
standard LF198/398 Series, sup­
plied by National Semiconductor 
Corp, Advanced Micro Devices, 
Fairchild Semiconductor, Signetics 
Corp and Linear Technology Corp. 
It's a widely accepted, general­
purpose T/H amplifier that offers 
medium performance at prices 
starting at approximately $2.85 
(100). It features splendid gain accu­
racy and low droop (implying very 
low leakage at the hold-capacitor 
junction). 

TABLE 2-FAST 12-BIT TRACK/HOLD AMPLIFIERS 

MODEL MN376 MN3n THA05203 SHC803 SHC804 UNITS 

INPUT 103 TYP 103 TYP 103 TYP 108 TYP 103 TYP n 
IMPEDANCE 

GAIN 0.1 MAX 0.1 MAX 0.1 MAX 0.1 MAX 0.1 MAX % 
ACCURACY 

GAIN 0.01 MAX 0.01 MAX 0.01 MAX 0.005 MAX 0.005 MAX % 
NONLINEARITY 

INPUT 5 MAX 10 MAX 5 MAX 5 MAX 3 MAX mV 
OFFSET (+ 5 BUFFER) 

DROOP 5 MAX 10 MAX 5 MAX 5 MAX 5 MAX V/SEC 
AT 25°C 

DROOP 15 TYP NO SPEC 15 TYP 100 MAX 100 MAX V/SEC 
AT TMAX AT 10°c AT 10°c AT 85°C 

PEDESTAL 20 MAX 25 MAX 20 MAX 5 MAX 5 MAX mV 

FEEDTHROUGH -74 TYP - 74 TYP -74 TYP (0.03% MAX) (0.03% MAX) dB 

ACQUISITION 200 MAX 100 MAX 200 MAX 350 MAX 350 MAX NSEC 
TIME TO 0.01% 

POWER 875 MAX 875 MAX 875 MAX 1025 MAX 875 MAX mW 
DISSIPATION 

SLEW RATE 300 TYP 300 TYP 300 TYP 160 TYP 160 TYP V/µ.SEC 
150 MIN (10 BUFFER) 

APERTURE 50 TYP 50 MAX 50 TYP 25 MAX 25MAX PSEC 
JITTER 100 MAX 

TP4860/HTC0300 YES YES YES NO YES 
PIN COMPATIBLE? 
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Although the tight gain and gain­

drift specs would seem to imply 
adequacy for 12- or 13-bit applica­
tions, beware: You must consider 
nonlinearities issuing from input­
dependent variations in the hold 
step (also called the "pedestal"; see 
box, "Track/hold specs: a potpourri 
of terms"). Spec-sheet curves show 
that with a 1000-pF hold capacitor, 
the pedestal can change from 13 to 7 
m V when the T/H amplifier's input 
changes from -10 to + lOV. This 
variation, translating directly to a 
transfer-function nonlinearity, rep­
resents 11/.i LSBs at 12 bits. 

Why is there this dependency of 
pedestal size on input voltage? The 
pedestal, or track-to-hold step, 

Containing two output buffers, this T!H amplifier from Datel-lntersil is ideal for multistage 
flash-converter configurations. 
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Track/hold specs: a potpourri of terms 
As splendid as the performance may be for the 
track/hold (T/H) amplifiers described in the text, you 
must be able to interpret their data-sheet specs and 
relate them to your system's needs. Sometimes that's 
not easy, especially when the vendors of the parts 
use widely differing terms and, what's worse, dispa­
rate definitions of the same terms. 

Consider "pedestal," for example. It's the step that 
appears in the output when you switch from track to 
hold mode. It comes from the charge dumped from 
the T/H switching circuitry's stray capacitance to the 
hold capacitor. Look, however, at the names given 
this parameter by different T/H-amplifier manufactur­
ers: pedestal, hold-mode charge offset, sample-to­
hold step and sample-to-hold offset error. 

Another possible pedestal-related area of confu­
sion is the parameter "charge transfer," usually ex­
pressed in picocoulombs (pC). This parameter is 
useful if you want to connect an external hold capaci­
tor. Knowing the amount of charge the switch dumps 
to the hold capacitor, you can calculate the pedestal 
by solving for Vin the relation Q=CV. 

What are the parameters "leakage current into hold 
capacitor" and "drift current," seen on two manufac­
turers' data sheets? They're the same: the current 
that leaks into or out of the hold capacitor with the T/H 
switch open. Again, this parameter is useful if you're 
applying an external hold capacitor. To calculate 
droop, solve for dV/dt in the expression l=CdV/dt. 

Now for the can of worms: aperture-time parame­
ters. Consider the following data-sheet definitions: 

• Aperture time: The delay required between the 
Hold command and an input analog transition, 

so that the transition does not affect the held 
output. 

• Aperture time: The time required for the T/H 
switch to open (10 to 90% open), independently 
of delays through the switch driver and the 
amplifier circuitry. 

• Aperture time: The time required for the T/H 
amplifier to switch from track to hold. 

• Aperture delay time: The time from the Hold 
command's 50% transition point to the time the 
output stops tracking the analog input. 

• Aperture delay: The delay before the T/H switch 
opens (including the switch-driver circuitry). 

• Effective aperture delay time: The difference 
between the propagation time from the analog 
input to the T/H switch, and the digital delay 
between the Hold command and the opening of 
the switch. 

• Effective aperture delay time: The interval be­
tween the leading edge of the Hold command 
and that instant when the analog input equals 
the held value. 

Confused? You have a right to be. Take solace, 
however: The last two definitions (which are really 
equivalent) seem to be gaining favor in the industry. 
They effectively define the difference between analog 
and digital propagation times in a T/H amplifier, and 
the resulting figure can be negative, zero or positive. 
A.;cording to Analog Devices, this spec is a useful 
one for assessing T/H performance, because it in­
cludes all the components that have an effect on how 
quickly the device can make the transition from track 
to hold mode. 
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MEMORY LANE 
A confident Multibus, VERSAbus, VME or LBX 

route when you travel it with Plessey Microsystems. 
When it comes time to make that ultimate 
purchasing decision for memories for your 
system, confidence in your supplier should 
be priority one. If that's your kind of think­
ing, Plessey Microsystems is your kind of 
memory company. 

Sure, we'ye got the most advanced tech­
nologies designed into our boards. And 
yes, we've got a full range of memories 
for VERSAbus* and Multibust Systems, as 
well as VME, LBX and Multibus II on the 
road. Even supersmart memories with 
complete error detection and correction 
and up to I Mbyte on a single card. And, 
by the way, our boards meet the bus 
specs better than the bus designers '. 

And it's true that our pricing is a pleasant 
surprise .. . e ore so when you stack 
our fea 'and r prices up against the 

competition.· 

But let's face it. In the final analysis, it's 
the company behind the boards that you 
have to feel good about. At Plessey Micro­
systems, superior memory technology 
and value are just pieces of the Plessey 
package. Consider, too, our consuming 
commitment to quality, reliability, delivery 
and technical support seNices. Thus ... 

Every Plessey memory has a one year 
warranty. Plessey memories are double 
sourced by Plessey both here in America 
and in Europe. To the same demanding, 
faultless specs. Every Plessey memory is 
stocked in enough depth to meet all but 
the most unusual requirements. And 
every Plessey memory has full Plessey 
support worldwiae. 

For your VERSAbus, Multibus or other 
systems, Memory Lane can be a tortuous 
route or a confident path. At Plessey 

CIRCLE NO 44 

Microsystems we know the way. After all, 
we've been making memories since com­
puters needed them, and we still offer 
the most advanced core, semiconductor 
and bubble memory technologies in the 
world. Plus the custom design and 
application expertise you'd expect from 
the super micro memory leaders. 

For details on our standard products or 
custom capabilities call toll-free or write 
Plessey Microsystems, Inc., One Blue Hill 
Plaza, Pearl River, NY 10965. (914) 
735-4661 or (800) 368-2738. 
... Motorola t '"Intel 

8 PLESSEY 
MICROSYSTEMS 

THE PLOY IS BACKI A price deal 
so good you have to call for d~. 
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Capable of mating with 14-blt AJD converters, this T!H amplifier from Analog Devices boasts 
0.001% typ nonlinearity. 

MN373 
High -Resolution 

Tra k-Hold Amplifier 

r- ­

' I 
+ 0-+--1 

MN373 
High-Resolution 

Track-Hold 

= 
T/H I 

Command 1 1 

L- - - - --- - - - -----~ 

14·16 Bit 
A/D 

Converter 

MSB 

LSB 

owes its origin to the charge the 
switching circuitry transfers to the 
hold capacitor during switching. 
And with the grounded-hold­
capacitor configurations of (a), (b) 
and (c), the amount of charge trans­
ferred depends on the voltage on 
the hold capacitor. 

On the other hand, in (d)'s inte­
grating configuration the charge is 
always transferred to a OV virtual 
ground and is therefore invariant 
with input voltage. Hybrid manu­
facturers have used the integrating 
approach for years; it's really the 
only way to overcome the pedestal­
v aria tion problem for high­
resolution applications. It's evident 
that monolithic makers' adoption of 
this technique signals the approach 
of a new generation of 12-bit-and­
better T/H amplifiers. 

Before moving on to the new-gen­
eration -5320 and -585, consider the 
two remaining industry standards in 
Table 1. Precision Monolithics ' 
SMPIO and -11 and Harris's 2420 
are pin-compatible, low-cost T/H 
amplifiers, starting at approximate­

Containing an uncommitted Input amplifier, this TIH amplifier from Micro Networks features ly $3 (lOO). They're faster than the 
specs that qualify it for 14-bit systems. 

TABLE 3-FLASH-CONVERTER TRACK/HOLD AMPLIFIERS 

MODEL HTS0010 MN379 SHM7 TP4865 UNITS 
INPUT 105 TYP 104 TYP 
IMPEDANCE 

104 MIN 1012 TYP u 
OUTPUT ± 40 MIN ± 25 MIN ± 30 TYP NO SPEC mA 
CURRENT 

GAIN 0.93 MIN 0.92 MIN 0.995 TYP 1 TYP VN 
INPUT 5 MAX 10 MAX 20 MAX 10 TYP mV 
OFFSET 

FULL-POWER 40 MIN 25 TYP 40TYP NO SPEC MHz 
BANDWIDTH 

SLEW RATE 250 MIN 300 MIN NO SPEC NO SPEC V/µ.SEC 

APERTURE 5 MAX 2 MAX 10 MAX 5 TYP PSEC 
JITTER 

PEDESTAL 10 MAX 20 MAX 40 MAX 10 TYP mV 
TRACK-HOLD 14 MAX 15 MAX 20TYP 10 TYP NSEC 
SETTLING TIME 

DROOP 100 MAX 5000 MAX 100 TYP 1000 TYP V/SEC 

FEEDTHROUGH - 62 MAX - 60 MAX -~6 MAX NO SPEC dB 

ACQUISITION 15 MAX 20 MAX 25 TYP 25 TYP NSEC 
TIME TO 1% 

ACQUISITION 19 MAX 30 MAX 40TYP NO SPEC NSEC 
TIME TO 0.1% 

POWER 1.75 MAX 1.575 TYP 1.8 TYP 1.4 TYP w 
DISSIPATION 
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Portable Data Recorders that 
Give You a Great Combination 

of Performance and Convenience. 

XR·30 
XR·50 
XR·70 

MulH-channel, mulH­
speed capability in 

videocassette format. 

The TEAC XR-30, XR-50 and XR-70 provide the multitrack 
capabilities and performance of open reel recorders with 
the convenience of cassette recorders. They have four 
selectable speeds with 8, 15, and 22 channels, respec­
tively, and use 1/2-inch videocassette tapes. So you can 
easily take your recorder and a supply of cassettes any­
where in the field (they're light and compact, as well), yet 
not have to worry about performance limitations. 

•Wide-bandwidth FM recording system standard, DR option 
available on XR-30 and XR-50. •Two-way (AC/DC) power sup­
ply capability. •Independent rec/reproduce heads for tape/ 
source monitoring. •Memo announce channel with microphone 
provided. •Tape servo and noise compensation channels for 
improved performance. •Direct switching between transport 
modes. •3-motor, dual capstan drive for stable transport. 
• Low power consumption. 

TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, Japan Tel: (0422) 53-1111 
• U.S.A. TEAC Corporat ion of America, Tel : (213) 726·0303 B.J. Wolfe Enterprise Inc .. Tel : (213) 877-5518 • Canada R.H . NICHOLS CO., LTD., Tel : (416) 661 ·3190 
• New Zealand Mclean Information Technology Ltd .. Tel : 501·801 • Australia Electrical Equipment Ltd ., Tel : 597 1155 • Hong Kong Nissei Sangyo Co .. Ltd ., Tel : 
3-343441-6 • South Africa SPESCOM (PTY) LTD .. Tel : 836-9181 •United Kingdom INTERNATIONAL RECORDERS LTD ., Tel : 04427 5959 • West Germany nbn Elec· 
tronik GmbH .. Tel : 08152/390 •Holland Simac Electronics B.V., Tel: 040-533725 • Belgium & Luxemburg Simac Electronics S.P.R.L .. Tel : 02 -219.24 .53 • France 
Tekelec Airtron ic SA, Tel: (1) 534·75-35 • Italy A.E .S.S.E.s.p.a. Tel: 54.64 .741·2-3 • Spain Ata io lngenieros SA, Tel: 733 0562. 733 3700 • Denmark Dansk Bina>r 
Teknik A/S, Tel: 03·662020 • Sweden teleinstrument ab, Tel : 08·380 370 • Norway METRIC AS, Tel : (02) 611070 • Finland INSTRUMENTARIUM ELEKTRONIKKA. Tel: 
(90) 505·2255 

" If no distributor is fisted above in your area, please contact us directly for further details about our products. 
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-198 Series: Typical acquisition time 
to 10 bits (±0.1%) is 3.5 µsec with a 
5000-pF hold capacitor, vs the -198's 
approximately 10 µsec (extrapolat­
ed from data-sheet figures for 1000 
and 10,000 pF). 

According to the manufacturer, 
the SMPlO's and -ll's fast acquisi­
tion and track-to-hold settling times 
(7 and 1.5 µsec typ to 1 mV; not 
specified for the -198) issue from the 
"super charger" that charges the 
hold capacitor with 50 mA max. 
What's more, the output stage's 
bipolar input results in little var­
iation of droop with temperature-
0. 05V /sec over temperature vs 
0.02V/sec at 25°C for the SMPlO, 
for example. The droop of other 
designs doubles with every 10°C 
rise. 

Model HA2420-l is a T/H amplifi­
er with a twist: It's spec'd for per­
formance to 200°C. The specs at 
200°C are respectable, indeed. Off­
set voltage, for example, varies 
from 4 m V max at 25°C to 6 m V max 
at 200°C; input bias current only 
doubles, from 200 to 400 nA max. 
Droop, however, pays the price of 
the inevitable high 200°C leakage 
currents: With a 1000-pF hold ca­
pacitor, the 25°C spec of 0.05V/sec 
max becomes 220V/sec typ at 200°C. 

More suitable than these older 
parts for high-resolution applica­
tions, the HA5320 and AD585 use 
the integrating configuration to 
eliminate input-dependent pedestal 
variations. Although pin compati­
ble, the parts offer somewhat differ­
ent specs. They're both fast: The 
-5320 specs a 1.2-µsec max acquisi­
tion time to 0.1 % and 1 µsec typ to 
0. 01 %; the -585 specifies only to 
0.01%, 3 µsec max. The -585 specs 
0.5-µsec track-to-hold settling time. 
The -5320 doesn't specify this 
parameter. 

What's more, the two similar 
parts specify droop differently. 
They both spec droop with internal 
100-pF hold capacitors. The -5320's 
25°C figure is 0.08V/sec typ; the 
-585's, 1 V/sec max. The former has 
typical high-temperature droop of 
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Serving as the front end for a 12-bit data-acquisition system, this device from Hybrid 
Systems handles 16 single-ended or eight differential input channels. 

1k 

HOLD COMMAND 111----r-...... 

HOLD COMMAND 12 

(a) 

BUFFER 
INPUT 

(b) 

BUFFER TRACK/HOLD 
OUTPUT 14 13 ANALOG INPUT 

r-----------..., 

SHC8030NLY 

5V 

15V 

SUPPLY BYPASS 
CAPACITORS 

1000 

Fig 2-Representing a class of high-speed, 12-bit T/H amplifiers, these circuits 
have attained industry-standard status. The classic TP4860/HTC0300 configuration 
is shown in (a); the SHC803 (b) adds an input buffer. The buffer/ass SHC804 drops 
into these units' sockets. 
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A perfect combinati 

JAN,JTXand JTXV 
T0-39 HEXFETS. 

Whenever military and 
aerospace power FET 
switching calls for high 
density pc board packaging 
look to the T0-39 HEXFET 
for MIL versions qualified 
to JANTXV levels of 
established reliability specs . 

Eleven low profile 
T0-39* JEDEC types utilize 
three different HEXFET 
families of die sizes with 
voltage ratings from 100V 
to SOOV and current 
ratings from 1.25A to 8A, 
·ro-2osAf 

JAN/JTX/ 
JTXVNo. 

2N6782 
2N6784 
2N6786 

2N6788 
2N6790 
2N6792 
2N6794 

2N6796 
2N6798 
2N6800 
2N6802 

2N6756 
2N6758 
2N6760 
2N6762 

2N6764 
2N6766 
2N6768 
2N6770 

HEXFET 
Part No. 

IRFF110 
IRFF210 
IRFF310 

IRFF120 
IRFF220 
IRFF320 
IRFF420 

IRFF130 
IRFF230 
IRFF330 
IRFF430 

IRF130 
IRF230 
IRF330 
IRF430 

IRF150 
IRF250 
IRF350 
IRF450 

I 

R D S (OH) Qualified to 
Ohms MIL·S-1 9500 

0.6 /556 
1.5 /556 
3.6 /556 

0.3 /555 
0.8 /555 
1.8 /555 
3.0 /555 

0.18 /557 
0.4 /557 
1.0 /557 
1.5 /557 

0.18 /542A 
0.4 /542A 
1.0 /542A 
1.5 /542A 

0.055 /543A 
0 .085 /543A 
0.3 /543A 
0.4 /543A 

Case 
Style 

T0-39 
T0-39 
T0-39 

T0-39 
T0-39 
T0-39 
T0-39 

T0-39 
T0-39 
T0-39 
T0-39 

T0-3 
T0-3 
T0-3 
T0-3 

T0-3 
T0-3 
T0-3 
T0-3 

with On-Resistances as low 
as 0.18 ohms. 

Add small size, less 
weight and a hermetic case 
and you have the ideal 
power MOSFET 
combination : MIL-qualified 
T0-39 HEXFETs. 

Call for details-today. 
And while you're at it 
check on our MIL-type 
T0-3s, too. 

WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910-348-6291 , TELEX 472-0403 

EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RHB 988, ENGLAND TELEPHONE (088 33) 321514321 . TELEX 95219 

Manufacturing Subsldlariea, Sales Ofllces, Representatlves and Diatrtbutots Throughout the IMJrtd. 
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ANALOG 
INPUT 

HOLD 
COMMAND 

SAMPLE 
BRIDGE 

BRIDGE 
DRIVER 

HOLD 
CAPACITOR 

AUXILIARY 
HOLD 

ANALOG 
GROUND 

CASE 
GROUND 

ANALOG 
GROUND 

(a) 

ANALOG 
INPUT (5) r>-----t 

15V SUPPLY (23)0~----• 

- 15V SUPPLY ( 1 2)01------~ 

(b) 

POWER 

BRIDGE 
DRIVER 

COMMON 
~ 

ANALOG 
INPUT 

INPUT 
COMMON 

TRACK 

TRACK 

(c) 

>--~(13) 
ANALOG 
OUTPUT 

(4) 

TIL 
REFERENCE 

(1' 6-11 , 14-18, 20-22) 

...,4----0 GROUND 

Fig 3-The~e flash-converter drivers solve input-slewing problems that plague 
flash AID converters. The configurations are the HTS0010 (a), the MN379 (b) and the 
.SHM7 (c). 

1.2V/sec; the latter's droop doubles 
every l0°C. The parts are housed in 
14-pin DIPs, the -5320 in plastic or 
ceramic, the -585 in ceramic (a plas­
tic version is slated for introduction 
toward the end of the year). Prices 
start at $9.80 (100) for the -5320 and 
$8.85 (100) for the -585. 

When comparing the -5320 and 
-585, note that the the latter's man­
ufacturer claims a much lower out­
put impedance: 0.05 vs l!l typ. (Ed 
Note: These are "typical" specs , and 
therefo re n ot gu aran teed.) The 
lower output impedance is impor­
tant. A lower impedance driver can 
absorb the large current spikes em­
anating from the inputs of some fast 
AID converters without generating 
glitches. (See EDN, March 17, 1983, 
pg 192 for a discussion of input driv­
ing needs of fast AID converters.) 

Advances in monolithic T/H am­
plifiers notwithstanding, there are 
applications in which an IC just 
won't do the job. That's where the 
hybrids step in. They can combine 
such dissimilar component types as 
fast DMOS switches and speedy bi­
polar operational amplifiers, for ex­
ample, and they're not subject to 
monolithic-processing constraints. 

There are three classes of hybrid 
T/H amplifiers that are of particular 
importance to designers: fast 12-bit 
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units, 14-bit devices and ultra-high­
speed, flash-AID-converter drivers. 
The first family (Table 2) repre­
sents new additions to the industry­
standard family comprising Tele­
dyne Philbrick's TP4860 and Analog 
Devices' HTC0300. 

Indicative of industry-standard 
parts, Micro Networks' MN376 and 
!LC Data Device's THA05203 fol­
low Philbrick's specs very closely. 
Acquisition time to 0.01 % is the 
same 200 nsec max; track-to-hold 
settling time, the same 100 nsec 
max. Housed in 24-pin double DIPs, 
the MN376 costs $137 (100), and the 
THA05203 costs $215 (in units; con­
sult factory for higher quantities). 

Staying with the TP4860/ 
HTC0300 pinout, Micro Networks 
intends to introduce its MN377 to­
ward the end of the year. The part 
will offer exactly twice the speed of 
the -376, at the expense of slightly 
compromised offset, pedestal and 
droop specs. 

1 Although somewhat less speedy 
than the preceding parts, Burr­
Brown's Models SHC803 and -804 
offer several performance advan­
tages. Gain nonlinearity, for exam­
ple, is cut in half: 0. 005 vs 0. 01 %. 
Initial pedestal, too, is vastly re­
duced: 5 vs 20 m V max. Pedestal 
drift specs 4-ppm/°C max (of full 
scale) vs 4 ppm typ. The compro­
mise in speed? 350- vs 200-nsec ac­
quisition time, 150- vs 100-nsec 
track-to-hold settling time, and 160-
vs 300V/µsec typ slew rate. 

Another improvement touted by 
Burr-Brown, and borne out by the 
specs, is the reduced track-to-hold 
transient: 150 m V max vs 180 m V 
typ. Fig 2 shows the classic TP4860/ 
HTC0300 block diagram (a) and the 
-803/804's diagram (b). The latter 
circuit applies compensation to the 
output amplifier's noninverting 
input to minimize the transient. 

As an example of the addition of 
features for user convenience, the 
SHC803 offers an input-buffer am­
plifier that increases input imped­
ance from the standard 1 kO. to 
1080. This feature, of course, re-

EDN JUNE 28, 1984 

TABLE 4-14-BIT TRACK/HOLD AMPLIFIERS 
MODEL MN373 

INPUT 5 x 106 TYP 
IMPEDANCE 

INPUT 
OFFSET 

GAIN 
ERROR 

GAIN 
NONLINEARITY 

SMALL-SIGNAL 
BANDWIDTH 

PEDESTAL 

DROOP 
AT 25°C 

DROOP 
AT TMAX 

FEEDTHROUGH 

ACQUISITION 
TIME TO 0.01 % 

ACQUISITION 
TIME TO 0.003% 

NULL 

(1) 

OFFSET ADJUST (3)0----. 
OFFSET ADJUST (4)u----. 

(-)INPUT(1) 

T/H COMMAND (14) 

1 SV SUPPLY (9) (>------+ 
- 1 SV SUPPLY (5) (>------+ 

ANALOG GROUND (13)(>------+ 
(b) 

1 MAX 

0.01 MAX 

0.003 MAX 

0.4 TYP 

2 MAX 

0.25 MAX 

7.5 MAX 

- 84 TYP 

9 MAX 

10 MAX 

AD389 

3 x 103 TYP 

3 MAX 

0.02 MAX 

0.001 TYP 

1.5 TYP 

4 MAX 

1 MAX 

10 MAX 

-74 MIN 

3 MAX 

5 MAX 

UNITS 

n 

mV 

% 

% 

MHz 

mV 

V/SEC 

V/SEC 

dB 

µ.SEC 

µ.SEC 

NULL 

TRACK/HOLD 
LOGIC INPUT 

.---C-H---o (11) EXT HOLD CAP 

>-....L.-O (7) ANALOG OUTPUT 

'-----0 (8) COMPENSATION 

'-----~ (6) ANALOG GROUND 

Fig 4-Boastlng 14-blt linearity specs, these T/H amplifiers mate with the highest 
resolution AID converters. The block diagrams are for the AD389 (•)and MN373 (b). 
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moves the part from pin compatibili­
ty with other industry-standard 
parts. Enclosed in 24-pin metal 
DIPs, SHC803 and -804 prices start 
at $133 and $115 (100). 

Taming the flashers 
As mentioned, it's often neces­

sary to use a T/H amplifier at a flash 
converter's input in order to avoid 
slew-rate-related problems. Table 3 
gives the salient characteristics of 
four T/H amplifiers specifically de­
signed for flash AID converters. 
These are ECL-compatible units, 
and to attain their speed, they dissi­
pate appreciable amounts of power. 

The part with generally the tight­
est specs (and, accordingly, the 
highest price) is Analog Devices' 
$315 (100) HTSOOlO (Fig 3a). This 
T/H amplifier, like all the others in 
this category, specs aquisition time 
to 1 and 0.1 %, about 1 LSB at 7 and 
10 bits, respectively. This parame­
ter is quite fast: 15 nsec to 1 % and 
19 nsec to 0.1 %. 

The MN379 (b) from Micro Net- projected to be $90 (100). 
works and Datel-Intersil's SHM7 
(c) do battle on several fronts. As 
Table 3 shows, the former wins on 
many parameters, but costs $149 vs 
the latter's $95 (100). Also, the 
SHM7's droop figure of lOOV/sec 
typ improves on the -379's 500V/sec 
typ, 5000V /sec max. 

Both Micro Networks' and Datel's 
parts contain some bells and whis­
tles for user convenience. The for­
mer has a TTL-reference circuit 
that makes the part compatible with 
either ECL or TTL levels. Datel's 
device has two output-buffer ampli­
fiers, rendering the unit especially 
suitable for 2-stage AID conversion 
using flash AID converters. 

What about Philbrick's entry, the 
TP4865? Because the part is under­
going data-sheet characterization 
now, performance details are 
sketchy. The formal product an­
nouncement and data sheets are 
slated to appear shortly after this 
article is published. The price is 

SE/DIFF MODE SELECT 

,__ __ -+I SINGLE·ENDED/ 
DIFFERENTIAL 

MODE 
SWITCH 

3 21 

Improving resolution 
With the advent of several AID 

converters offering true 14-bit per­
formance, there's a definite need for 
supporting T/H amplifiers. At this 
moment, there are two hybrids of 
very disparate conception that can 
fill this need. Note the block dia­
grams in Fig 4: Analog Devices' 
AD389 (a) and Micro Networks' 
MN373 (b) both place the hold ca­
pacitor in the output amplifier's 
feedback loop to eliminate murder­
ous (at 14 bits) pedestal variations. 

Table 4 compares the two T/H 
amplifiers' salient specs. The most 
striking difference, of course, is the 
5-MO input impedance of the 
MN373, compared with the -389's 3 
kO. The high value issues from the 
-373's uncommitted input amplifier. 
The AD389 wins, though, in acquisi­
tion time: 3 vs 9 µsec max to 0.01% 
(12 bits), and 5 vs 10 µsec max to 
0.003% (14 bits). 

HS362 

TRACK/ 
OFFSET HOLD HOLD 
ADJ~ CMD CAPACITOR 

14 15 13 12 

16 

ANALOG 
OUTPUT 

CHANNEL AE Ao A, A, SV DIGITAL 15V ANALOG - 15V 
GROUND GROUND 

94 

LATCH 
INPUT CHANNEL SELECT 

Fig S-This multiplexed T/H amplifier allows 16 single-ended or eight differential input channels. It can mate, for example, with a 
classic 574 AID converter to produce a 30-kHz data-acquisition system. 
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Failsafe 
switches for 
hostile 
environments 

Ultra-reliable Ledex packaged 
switches save weight, space, cost, 
and handle high density transler 
switching without relays in extreme 
environmental conditions. They 
combine multiple switching 
functions in one location, handle 
signal and power level switching in 
one package, can be hermetically 
sealed, and provide hard ground. 
Applications include aircraft, 
military, missile, and machine tools 
where electrical failures must not 
happen. Can meet relevant MIL 
specs. Request Catalog PS-3200. 

Ledexlnc. 
P.O. box427 
Vandalia, Ohio 45377-0427 U.SA 
Phone: 513-898-3621 

·~ 
IIEDEX 

~.----·/ ® 

helpful switch technology 
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For more information ... 
For more information on the track/hold amplifiers described in this article, 
circle the appropriate numbers on the Information Retrieval Service card or 
contact the following manufacturers directly. 

Advanced Micro Devices 
Box 453 
Sunnyvale, CA 94086 
(408) 732-2400 
Circle No 658 

Analog Devices Inc 
Box 280 
Norwood, MA 02062 
(617) 329-4700 
Circle No 659 

Burr-Brown Corp 
Box 11400 
Tucson, AZ. 85734 
(602) 746-1111 
Circle No 660 

Datel-lntersil 
11 Cabot Blvd 
Mansfield, MA 02048 
(617) 339-9341 
Circle No 661 

Fairchild Camera & Instrument Corp 
464 Ellis St 
Mt View, CA 94042 
(415) 962-5011 
Circle No 662 

Harris Semiconductor 
Box 883 
Melbourne, FL 32901 
(305) 724-7407 
Circle No 663 

Hybrid Systems Corp 
22 Linnell Circle 
Billerica, MA 01821 
(617) 667-8700 
Circle No 664 

The -389's acquisition-time vic­
tory is perhaps somewhat tempered 
by the slower track-to-hold settling 
time: 1.5 vs 0.2 µsec typ to 0.01%, 
and 2.5 vs 0.25 µsec typ to 0.003%. 
You should, however, look upon 
"typical" specs with some skepti­
cism. They're a nonbinding nongua­
rantee of nothing. Note also that 

· Analog Devices provides maximum 
figures for these specs (3 and 5 
µsec ). Micro Networks does not. 

Housed in 14-pin ceramic DIPs, 
the AD389 and MN373 dissipate 500 
and 390 mW max and cost· $7 4 and 
$39 (100); respectively. 

T/H amps multiplex inputs 
To round out the discussion of 

DIP-housed T/H amplifiers, consid­
er a multichannel unit offered by 
Analog Devices and Hybrid Sys­
tems. Called the AD362K by the 
former and the HS362 by the latter, 

ILC Data Device Corp 
105 Wilbur Pl 
Bohemia, NY 11716 
(516) 567-5600 
Circle No 665 

Linear Technology Corp 
1630 McCarthy Blvd 
Milpitas, CA 95035 
(408) 942-0810 
Circle No 666 

Micro Networks Co 
324 Clark St 
Worcester, MA 01606 
(617) 852-5400 
Circle No 667 

National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 
(408) 721-5000 
Circle No 668 

Precision Monollthlcs Inc 
1500 Space Park Dr 
Santa Clara, CA 95050 
(408) 727-9222 
Circle No 669 

Slgnetlcs Corp 
811 E Arques Ave 
Sunnyvale, CA 94086 
(408) 739-7700 
Circle No 670 

Teledyne Philbrick 
Allied Dr at Rte 128 
Dedham, MA 02026 
(617) 329-1600 
Circle No 671 

it incorporates two 8-channel multi­
plexers to accommodate either 16 
single-ended or eight differential 
input channels. Fig 5 is a block 
diagram of the device. 

The HS362's data sheet indicates 
certain improvements over the 
AD362K's specs. Acquisition time is 
12 vs 18 µsec max, and the HS unit 
specs a 600-nsec track-to-hold set­
tling time; ADI's data sheet doesn't 
furnish a figure for the latter spec. 
When used with the supplied 2000-
pF polystyrene hold capacitor and a 
25-µsec, 12-bit AID converter, the 
-362 forms a 30-kHz data-acquisition 
system. Housed in 32-pin triple 
DIPs, both parts list at $137.50 
(100). EDN 

Article Interest Quotient 
(Circle One) 

High 503 Medium 504 Low 505 
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SIEMENS 

Select the technology 
that sets new standards . •• 

SIPMOS® - Siemens Power MOS 
means more than just power semi­
conductors in MOS technology. 
When you opt for SIPMOS you get 
the technology that has and 
will set new standards. 

This applies to both SIPMOS 
power and small signal transistors. 
And these examples prove it, 
whatever your priorities. 

• Superb Price/Performance Ratio : 
Our BUZ 7 ... transistor family is 
also known as the "ECONOFETs". 

• Outstanding Thermal Cycling 
Reliability : A special feature of 
SIPMOS Transistors. 

• High Breakdown Voltages. 
In power MOSFETs, who supplies 
more 800 V and 1000 V 
MOSFET varieties than Siemens? 

CIRCLE NO 48 

And in small signal MOSFETs, 
Siemens offers P-channel types 
up to 200 V as well as N-chan­
nel types. Package varieties, 

• Smart Solutions. FRE:DF-E:. Ts 
(fast-recovery-epitaxial-diodes) 
for example, provide free­
wheeling without any problems. 
Or consider the SIPMOS TRIAC. 
It's free from interference, 
~LP compatible, with or without 
zero-voltage crossing capability. 

Set your standards high - SIPMOS 
will meet them. 
Write to : Siemens AG, lnfoservice/ § 
B 8419, Postfach 156, D-8510 Furth, m 

~ quoting "SIPMOS". ai 



System Z is going to change the way you look at 
microprocessor development systems ... forever 

System Z is not an individual product, not a 
single technique, but an incredible complete 
development system born from Zax's total -
product planning philosophy, Z .. . ing. 

This total-system approach results in a fully­
integrated development program that is com­
patible with any operating system, in any 
environment, on any level. 
System Z emphasizes flexibility and efficiency 
by allowing the design engineer to choose the 
most effective combination for a particular 
requirement. So nothing - not time, materials 
or money- is wasted. 

98 

The versatility of System Z permits the use of 
any personal or minicomputer. Additionally, 
the proven power and reliability of Zax's own 
microcomputer, the BOX, may be used to 
deliver outstanding performance at a very 
economical price. 
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•• . because there's never been a system that's this 
flexible, this powerful and this efficient. 

System Z as viewed 
from the target pro­
cessor side. 

~ ... 
... 6, ., .. ~-~~~-

System Z as viewed 
from the software 
support side. 

System Z as viewed 
from the host compu­
ter side. 

SYSTEM-Z List 

RSX11 l'IT11 UNlll CG M'.lS AOSIVS iRMXM MS DOS ~: UNIX = 
• i8086/87 Dewlopment System 

' • • • . • • • • • ::i: • • • • • • • • • • c • • • • • • . • • • • • • • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
Q • • • • • • • • • • • • 

• i8088/ 87 Dewlopment System . • • • . • • • • • • • • • • • • • • • • 
c • • • • • • . • • • • • . • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
Q • • • • • • • • • • • • 

• i80186 Dewlopment System 

' • • • . • • • • • • • • • • • • • • • • c • • • • • • . • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
Q • • • • • • • • • • • • 

• MC 68000 Dewlopment System 

' • • • . • • • • • • • • • • • • • • • • c • • • • • • . • • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • Q • • • • • • • • • • • • 

• MC 68010 Dewlopment System . • • • . • • • • • • • • • • • • • • • • c • • • • • • . . • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
Q • • • • • • • • • • • • - ICD In-Circuit Emulator Debugger -- OS STD ASM Assembler 

SYSTEM Z-from Z. . .ing 

• MC 68008 Dew lopment System 

' • • • . • • • • • • • • • • • • • • • • 
c • • • • • • . • • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
Q • • • .A • • • • • • • • 

• Z80 Dewlopment System . • • • . • • • • • • • • • • • • • • • • 
c • • • • • • . • • 
' ~ • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
Q • • • • • • • • • • • • 

• i8085 Dewlopment System . • • • . • • • • • • • • • • • • • • • • c • • • • • • . • 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
Q • • • I .A. • • • • • • • 

• i8048 Dewlopment System 

' • • • . • • • • • • • • • • • • • • • • 
c • • • • • • . • 
' • • • • • • • • • • • • • • • 
' 
G 

• MC 6809-09E Dew lopment System 

. • • • . • • • • • • • • • • • • • • • • 
c • • • • • . 
' • • • • • • • • • • • • • • • 
' • • • • • • • • • • • • 
Q • • • • • • • • • • • • 

ZICE ICD's System Software - Interactive Simulator 

C-Compiler G Pascal Compiler 

ZAX 
Zax Corporation 2572 White Road, Irvine, California 92n4 

(714) 474-1170 • 800-421-0982 • TLX 183829 
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Half the cost. Half the loss. 
The switch is on to TMOS" 



Twice the flexibility. 
power MOSFETs. 

One power MOSFET fam ily is 
emerging as design-in winner in the 
battle for fast. efficient. practical 
power switching. TMOS. 

Not because of structural or topo­
graphical variations. 

But because TMOS offers more of 
what you, the designer, expect from 
the acknowledged leader in mass­
production of discrete semiconductors. 

Price. Performance. Production. 
Packaging. Quality. Delivery. 

From any and all standpoints it has 
the advantage. 

And, once again, Motorola grasps 
leadership in an MOS technology 
built on long-established expertise 
in bipolar. 

Price. Down a steep slope. 
Individual price leaders (often 

losers) aren't Motorola's game. Our 
philosophy of across-the-board 
price reductions reflects higher yields 
and product improvements as we 
accelerate down the learning curve. 
It's gone fast enough for us to recently 
announce price cuts up to and 
over50%. 

While power MOSFET prices aren't 
yet head-to-head with bipolar, lower 
voltage (up to 500 V) TMOS is rapidly 
overtaking them. Motorola's new 
prices are typical examples of rapidly 
narrowing parity between TMOS and 
bipolar: The MTP5N06 5 N60 V, 0.5!1 
TMOS unit has a new 100-up ofSl.10. 

Comparable bipolar is 69¢. 
The MTM5N40. 5 A/400 V l.Ofl 

TMOS type is 100-up priced at $3.50. 
Bipolar is nearly as much -$3.00. 
Our MTP5N40. 5 A/400 V plastic 

TMOS unit has a new 100-up ofS2.25. 
Bipolar is Sl.60. 
And comparable competitive 

MOSFETs remain at 100-ups exceed­
ing $3.25. 

Motorola's IRF730 and IRF830, 400 V 
and 500V TMOS units sell forS2.50 at 
the 100-up level. 

We'll furni sh you either of these 
devices forSl.75 in lOK quantities. And 
make your system cost-effective 
right now. 

HaHthe switching loss at 100 A . 
Generally. anything with rDS(on) 

under 0.1 !l has been considered 
leading-edge efficient in holding down 
"on" losses. Taking advantage of the 
inherent power dissipation capabil­
ities of its "Black Beauty" package. 
Motorola now offers the MTE-series 
of industrial-oriented, 500 W. TMOS 

power FETs with rDS(on) less than 
half that of others - 9 milliohms 
(0.0090) at 100 A 

These 200 A units-first of their 
kind in the industry-offer a simple. 
unique and inexpensive way to realize 
optimized high power from power 
MOSFET technology. The price of one 
Black Beauty package is actually less 
than four T0-3s, in parallel. and instal­
lation of one single-sided package is 
at least 50% less. 

"On" losses can be lower, in many 
cases, than bipolar units. 

Switching losses are minimized, too, 
for low-voltage automotive, traction 
motor, solar and wind power converter/ 
inverter applications. And. of course, 
they're excellent candidates for very 
efficient. high-speed switching, 
regulators, controllers and synchro­
nous rectification. 

The MTE200N06 is actually usable 
to beyond 500 KHz. 

Twice the voltage. 
With high-voltage TMOS, you can 

raise high-frequency, series-resonant 
power supply operating efficiencies 
to higher-than-you-thought-possible 
levels. 

These 500-volt-to-l-kv MTP-MTM2N/ 
3N/6N units can be directly driven 
from control !Cs -typically capable of 
100 mA- to control power supplies up 
to 100 W. A bipolar design requires 
10 times more drive. 

This TMOS figure of merit sparkles 
even more brilliantly when you con­
sider TM OS uses its tum-on 
source only about 10% of the time 
for input capacitance charging. not 
continuously like bipolar. 

If you 're using one of the new, fast 
control !Cs such as the MC34060 or 
TlA94 sourcing 250 mA or designing 
slower. less speed-critical circuits, 
buffer stages can usually be eliminated 
-an additional saving. 

Switching losses are lower with less 
required heat sinking and drive 
circuits are simpler. . Size and weight 
of componentry shrinks. 

And new applications for 2-phase, 
220 V international and 230 V 
domestic use can now be implemented. 

Motorola has 18 high-voltage TMOS 
units ranging from 550 V to 1 KV in 
plastic T0-218, T0-220 and metal 
T0-204 (T0-3). 

We're just about the only ones that 
offer them with any degree of conti­
nui ty. 

All TMOS meets 100 ppm AOQL. 

~ 
Twice the packaging. 

Free literature. Free Data Book. 
We11 send you a copy of the new 

TMOS Selector Guide: a matrix and 
listing of the most outstanding power 
MOSFETs in the industry including 
a cross-index of comparable devices. 
And we'll include the popular Switch­
mode™ Guide, a designer's aid to 
switching power supply circuits and 
components according to applica­
tion and performance comparison. 

To the first 500 who respond on 
their company letterheads we11 send 
a newTMOS Data Book-unquestion­
ably the latest. most comprehensive 
word on the finest technology of its kind. 

All are free. 
Send coupon or letterhead to 

Motorola Semiconductor Products. Inc., 
P.O. Box 20912. Phoenix, AZ 85036. 
Now. 

® MOTOROLA INC. 

~-----------------, TO : Motorola Semiconductor Products Inc., P.O. Bo• 20912. Phoeni• . AZ 85036. 

I Send me more information on TMOS" power MOSFETs. I 
I 161EDN062884 I 

Name 

Title -------------------

Call me: 

Company ---- -------------

I 
I 
I 
I 
I I Address I 

City State ZIP __ _ 
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TH HIGH 

If you think you're hopelessly locked into CMOS gate 
arrays from somebody else, think again. You can still break free 
with CDI. We know you can't afford CMOS gate arrays with 
surprising engineering costs and extended delivery schedules. At 
CDI, our advanced, full automation design and simulation program 
can deliver most gate array prototypes in just 8 weeks. With high 
accuracy, lower design costs, and more development flexibility. 
Plus CDI offers a full range of CMOS gate arrays, including new 
Dual Layer Metal (DLM) technology that puts you a generation 
ahead. And CDI makes getting started in gate arrays extra nice, 
extra easy. Chances are, we can take the work you've already 
done and instantly integrate it into our fast-moving CMOS design 
and development flow. 

Call CDI today and set yourself free. 

I 
'(\:..~ -{O~~~- I 
•'(j<;j -!>-~ \(.\~· ITS Ff/EE ! 

THE FASTEST WAY 
TO GATE ARRAY. 

CIRCLE NO 50 

(:)~\~(:) JUSTMJ::! 

'fl~· ~/ 
\ \ \ \J )------------------------------~ 
~ ( FIND OUT HOW TO UNLOCK YOUR GATE ARRAY PROGRAM FAST. SEND \ g_ TODAY FOR OUR FREE CDI "GET YOUR GATE ARRAY MOVING" KIT. 

~ ~........ c.m •• ;, O.·k~ '"'·· 2201 Q.>mo Dd ... Sm )MO, CA 95131 """ 9'S-SOOO 

-----. ~J :::: 
\:~ C -OM-~N-Y~~~~~~~~~~~~ 

I . ADDRESS 

I 
I CITY STATE ZIP 

I EON 6-28-84 
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Gould ... Innovation and Quality in Digital Storage Oscilloscopes 

The 4500 Digital Oscilloscope 
brings digital performance and 
accuracy to the analog world. 

For capturing and correlating 
analog and digital signals, the Gould 
4500 Digital Oscilloscope stands alone. 

Suppose you 're debugging a disk 
drive controller. And you need to look 
at analog signals generated by digital 
data. The 4500 can do that job, and 
others like it, better than any other 
instrument. 

Unsurpassed accuracy and 
resolution 

The 4500s unique acquisition 
techniques and precise Auto Calibra­
tion routine assure you of accurate 
measurements to within 10/o of voltage. 
With time resolution to 10ns on two 
separate channels. 

The 4500 also provides a bandwidth 
of 35 MHz to keep pace with your 
most challenging high speed tests. 

Comprehensive signal processing. 
With on board post-processing 

capabilities, the 4500 lets you easily 
make a variety of signal comparisons 
and measurements. For instance, you 
can add or subtract waveforms to see 
just how much they differ. 

Or you may expand your traces 
vertically and horizontally for a more 
detailed look at waveforms. 

And for good measure, there's our 
Signal Averaging feature. Which effec­
tively improves the signal-to-noise ratio 
by a factor of 16. 

One button set-up. 
Now, with the 4500, you can con­

centrate more on the measurement. 
And less on the set-up. 

That's because our Auto Set-up 
feature sets the controls for an 
optimum trace display-automatically. 

Fully programmable. 
For system applications the fully 

programmable 4500 has GPIB and 
RS-232-C interfaces for control and 
data transfer. Plus a separate OMA 
interface. 

There's even an optional floppy disk 
drive for permanent storage of up to 
40 waveforms and set-ups. 

Leading performance. 
As the leading name in digital 

storage oscilloscopes, Gould designs 
every instrument to be clearly the best 
in its class. And our 4500 is no excep­
tion . It's the only one that comes to 
grips with your analog/digital interface. 

CIRCLE NO 51 

For more information or a 
demonstration , write Gould Inc., 
Design & Test Systems Division , 4600 
Old Ironsides Drive, Santa Clara, CA 
95054-1279. Or call toll-free (800) 
538-9320. In California, (800) 
662-9231 or (408) 988-6800. 

United Kingdom : Gould Inc., Design 
& Test Systems Division , Hainault 
Operation , Roebuck Road , Hainault , 
Essex 1G6 3UE, United Kingdom . 
Phone: (44) (1) 500-1000. 

West Germany: Gould Inc. , Design 
& Test Systems Division , Dieselstrasse 
5-7, D-6453 Seligenstadt 3, West 
Germany. Phone: 06182/801-1 . 

The 4500 Digital Oscilloscope captures 
and correlates analog and digital signals 
with push-button convenience and 
unequaled performance. 

© 1984, Gould, Inc. 

·> GOULD 
Electronics 



TECHNOLOGY UPDATE: NEW PRODUCTS 

Novel packages for LEDs and LED arrays 
solve front-panel backlighting problems 
PCT and PCV Series LEDs and 
LED arrays come in housings that 
can be chained together to create 
any desired array size for mounting 
parallel to the plane of a pc board. 
This chaining capability solves the 
traditional problems of backlighting 
and legend illumination. 

Though many LED manufactur­
ers offer standard array sizes (1 x 4 
or 2x 4, for example), you might 
have requirements that don't match 
these standards. With the PCV and 
PCT devices, you can readily config­
ure a 2x 5 array by combining stan­
dard parts. When interlocked, the 
array looks like a molded part. The 
lens or diffuser has the same 
capability. 

All devices are available in T-1 %­
size packages, but some are offered 
in T-1 housing styles. The injection­
molded packages feature a base ma­
terial that carries a 94V-O UL rat­
ing. Because the material is flame 
retardant, the devices accommodate 
wave-soldering processes. 

The LEDs are available in four 
colors, which you can mix within the 
same array. The arrays can be sup­
plied with current-limiting resistors 
where required, and they operate 
from a 110V ac source in some 
cases. Standard brightness levels 
range from 2 med (for indoor opera­
tions) to 500 med (for visibility in 
direct sunlight). A 1 x 4 array typi­
cally costs $1.20 (1000), with a lens 

Simplify array customization for panel­
backlighting applications with the PCV and 
PCT Series of packaged LEDs. The devices 
provide selectable brightness and a range of 
color mixes. 

adding $0.40 per part. The lenses 
are available with optional custom 
legends.-Maury Wright 

L edtronics I n c, 4009 Pacific 
Coast Hwy, Torrance, CA 90505. 
(213) 373-5437. 

Circle No 745 

Thin-film-technology read/write heads 
directly replace ferrite heads 
Most thin-film read/write heads on a ceramic slider that has been 
have 2-wire coils, and most ferrite 
heads have 3-wire coils. Cyber 400 
Series units come with a center tap 
that makes them plug-compatible 
replacements for the minicomposite 
and minimonolithic ferrite heads 
currently used in Winchester disk 
drives. As a result, you can install 
Cyber 400 Series heads in most 
Winchester disk drives without 
modifying the drive's read/write 
circuitry. The heads ensure com­
plete compatibility with the stan­
dard 3-wire SSI 117 and SSI 104 and 
other microchips designed for the 
ferrite heads often used in 8-, 5¥4-
and 31h-in. Winchester disk drives. 

Cyber 400 heads feature 24 turns 
and a 30-µm gap in a double-layer 
Hepstead-type coil. The coil resist­
ance is 200 max. The inductive thin­
film transducer is deposited directly 
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machined to achieve extremely sta­
ble flight characteristics. The head 
flies at 12 µm with a 15g load force. 

Using thin-film deposition gives 
the heads the performance­
consistency characteristic of semi­
conductor devices. 

The heads come in versions suit­
ing four track densities to match the 
drive's requirements: 1200, 960, 800 
and 500 tpi. At each density, the 
Cyber 400 Series heads afford reso­
lution in excess of 70% at f.ux densi­
ties ranging from 8000 to 15,000 fci, 
depending on the characteristics of 
the media and read/write channel. 

Outside track overwrite is better 
than - 26 dB with a 50-mA write 
current. The head flies at 12 µm 
with a 15g load force. 

The heads cost $100, and the min­
imum order is $1000 for 10 heads. 

Advanced plating, sputtering, photolltho­
graphic and lapping technologies combine 
to produce high volumes of thin-film read! 
write heads that can directly replace existing 
ferrite heads in small Winchester drives. 

Call the manufacturer for larger vol­
ume pricing or specifications of 
higher recording densities. 

-EdTeja 
Cybernex Corp, 6580 Via Del Oro, 

San Jose, CA 95119. Phone (408) 
224-8010. 

Circle No 743 
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Bring the power of 
computer-aided 
engineering to your VAX 
11n30, 11nso or 11nso. 
Give yourself a friendly 
concurrent multi-engineer 
design environment under 
VMS: 
• Second generation 

schematic capture (with 
full multi-window 
software) 

• Several engineers can 
work on same design at 
the same time. 

• Logic and fault simulation 
• PC and IC design with 

interfaces to: 
SCICARDS1m MEDS'm 
SPICE HIL0-21m 
ZYCAD 1

m 

COMPUTERVISION 
and others 
No additional hardware 
may be required . Get an 
immediate increase in 
design productivity and 
accuracy! 
For further information or to 
schedule a demonstration, 
contact CAE Systems, Inc., 
1333 Bordeaux Drive, 
Sunnyvale, CA 94089 
(408) 745-1440. 
Boston, MA 617/ 879-5575 
Chicago, IL 312/397-2540 
Dallas, TX 214/ 788-5233 
Denver, CO 303/741-3364 
Minneapolis, MN 612/ 332-0057 
CJVAX is a reg istered trademark of 
Digital Equipment Corp. 
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Rugged 41h-digit DMM 
reads 1500V de, lOOOV ac 
The Model HD140 handheld DMM is 
the only 4¥2-digit unit available in 
portable, ruggedized form. The 
$259 unit is waterproof, contamina­
tion-proof, and can withstand a 10-ft 
drop. It qualifies under Type II 
enclosure styles A and B of the 
MIL-T-28800B specification for test 
equipment. 

The designers have reinforced 
the meter by shock-mounting its 
LCD, enabling it to withstand 
rough handling or dropping. Elasto­
meric (rubber) strips reside be­
tween the glass of the display and 
the pc board. Gold conductors 
pierce the elastomeric strip verti­
cally. These conductors remain in 
contact with the pc board and con­
ductors on the LCD's glass even 
when jolted. 

The meter's single-knob switch is 
a proprietary design. The switch 
doesn't employ traditional wafers. 
Instead, the knob incorporates a 
cam that causes conductors to make 
contact at the various switch points. 
This means that the contacts of 
opened switches are not continuous­
ly under pressure and scraping 
against another surface. Tests show 
that the switch has a life of greater 
than lOOk cycles. 

A gasket seals the switch and all 
exposed surfaces to protect the 
meter from water and other con­
tamination. The effects of water 
penetrating the unit's case are obvi­
ous, but dust contamination can also 
affect accuracy or cause damage to 
an instrument. A foam package re­
strains the battery to prevent its 
failure under shock. 

The HD140 has some impressive 
measurement specs. When measur­
ing de voltage, the meter maintains 
an accuracy of 0.07%, ±2 least sig­
nificant digits, at the highest 
(1500V) range. Lower ranges drop 
the figure to 0.05%. Circuitry pro-

Durability and a 41h-digit display combine 
in the HD140 handheld DMM to serve indus­
trial and military applications. 

tects the meter from overvoltage 
transients of less than 6 kV. Over all 
ranges, the unit's input impedance 
specs at 10 Mn. 

For ac voltages, the top range 
specs lOOOV with true-rms capabili­
ties at frequencies of 10 kHz and 
less. The DMM attains ac accuracy 
of 1 %, ±40 digits on a 200V, 10-kHz 
signal. Lowering the frequency to 5 
kHz brings the figures to 0.5%, 
±30 digits. 

In ac and de modes, the meter 
measures current to lOA. The lOA 
input has separate overload protec­
tion to lOA, while the lower ranges 
withstand 2A at 600V. The top re­
sistance range is 20 Mn, and the 
unit has an instant-continuity func­
tion as well as an in-circuit diode 
test. The HD140 has a 1-yr calibra­
tion cycle and operates from a 9V 
battery.-Maury Wright 

Beckman Industrial Corp, 630 
Puente St, Brea, CA 92621. Phone 
(714) 773-8198. 
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Question: How Do You Mate 
a 300 Pin Connector? 
Answer: With Great Difficulty! 
Solution: Hughes Low Insertion 
Force <LI F> Connectors. 

L I F to the rescue! Our contacts are designed with super 
low forces - 172 oz. per contact. Connector breakage is 
thus eliminated due to the incredible ease of mating. And 
yet, good contact wiping action is maintained. 

At the same time, there's no loss of electrical integrity, 
even under the stresses of vibration and shock, as evidenced 
by the use of our L I F 296-pin P C connector in the com­
puter processor module of the 8-18. 

The new Hughes LI F connectors do the job easily, quickly, 
efficiently- with n6 mating gadgetry So if your applica-

tion requires hi-density, multi-pin P C connectors, let us 
solve your L I F problem. 

It could save you an awful lot of trouble. 
For more information, contact your Hughes representa­

tive or phone Bob Torres at 714-660-5829. Or write Hughes 
Aircraft Company, Connecting Devices Division, 17150 Von 
Karman Avenue, Irvine, CA 92714. In Europe: Hughes 
Microelectronics, Ltd., Clive House. 12/18 Queens Road, 
Weybridge, Surrey KT13 9XD, England. 

r--- - --------------, 
I I 

! HUGHES! 
I I 

L-------~----------J 
HUGHES A I RCRAFT COMPANY 

CONNECTING DEYICl:a DIV . 
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Bring the power of 
computer-aided 
engineering to your VAX 
11n30, 11nso or 11nao. 
Give yourself a friendly 
concurrent multi-engineer 
design environment under 
VMS: 
• Second generation 

schematic capture (with 
full multi-window 
software) 

• Several engineers can 
work on same design at 
the same time. 

• Logic and fault simulation 
• PC and IC design with 

interfaces to: 
SCICARDS'm MEDS'm 
SPICE HIL0-2'm 
ZYCAD1m 

COMPUTERVISION 
and others 
No additional hardware 
may be required. Get an 
immediate increase in 
design productivity and 
accuracy! 
For further information or to 
schedule a demonstration, 
contact CAE Systems, Inc., 
1333 Bordeaux Drive, 
Sunnyvale, CA 94089 
(408) 745-1440. 
Boston , MA 617/879-5575 
Chicago, IL 312/397-2540 
Dallas, TX 214/788-5233 
Denver, CO 30317 41 -3364 
Minneapolis, MN 612/332-0057 
©VAX is a registered trademark of 
Digital Equipment Corp. 
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80286-based processor board 
improves PC performance 
The IBM Personal Computer is find­
ing its way into many scientific and 
engineering applications. Some­
times, however, the computer can't 
deliver the processing power re­
quired by a potential application. 
The PC286 processor board con­
fronts that problem by furnishing a 

· plug-in-and-run, 80286-based CPU 
board that runs at 4, 6 or 8 MHz. 
The new CPU completely replaces 
the 8088 µP, yet it maintains IBM 
bus compatibility, running existing 
PC - DOS software without any 
modification. 

On-board circuits perform DMA 
arbitration, address decoding and 
data conversion between the I6-bit 
80286 µP and the 8-bit system bus. 
A socket supports use of an optional 
80287 math coprocessor for applica­
tions that require significant 
amounts of floating-point math. 

To take full advantage of the 
80286 µP's capabilities, the board 
comes with 256k bytes of 3-port 
RAM (expandable to IM byte). The 
CPU, an on-board expansion con­
nector and the PC's bus all have 
independent access to the memory. 

If IM byte isn't enough memory 
for your application, the expansion 
connector lets you add more memo­
ry via a piggyback card which sup­
ports 5I2k to 2M bytes of RAM. An 
on-board latch lets the PC bus ac­
cess the additional memory in IM­
byte increments, giving peripheral 
devices, · such as DMA disk control­
lers, access to the full I6M bytes of 
address space. 

In addition to providing for addi­
tional memory, the expansion con­
nector makes available to the sys­
tem fully buffered address, data and 
control lines from the CPU, as well 
as DMA request and acknowledge 
lines. Consequently, the expansion 
connector furnishes a means of com­
munication between the bus and the 
expansion card located anywhere in 
the 24-bit address space. 

Production quantities of the 
PC286 will be available in August. 
Single-quantity pricing begins at 
$2395.-Ed Teja 

Seattle Telecom & Data Inc, 2637 
151st Pl NE, R edm ond, WA 98052. 
Phone (206) 883-8440. 
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Plug the PC286 board into an IBM PC to obtain the increased performance of a system 
containing an 80286 CPU. 
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Check architecture­
not just benchmarks! 
When you do you' ll find that the Philips/ 
Signetics S68000 microprocessor check­
mates the rest. With 32-bi t architecture 
and direct 16-Mbyte linear addressing, 
programmers love it. No wasted moves to 
overcome restrictive registers and ad­
dressing modes. A modern architecture 
th at speeds development and gets your 
system on the market sooner. 
And what's more, when you upgrade your 

systems you use the same software thanks 
to the true architectural compatibility with­
in the S68000 fami ly. A choice of 8 or 
16-bits, with 32-bits just a move away. A 
family that lets you build any system right 
from simple contro llers up to the most 
complex mu ltiprocessor configurations. 
The edge you gain with S 68000 arch itec­
tu re will be clinched in the end-game by 
the right bus specifications. VMEbus is 
the one that wil l keep you ahead right in to 
the '90s and beyond , offering total com-

CIRCLE NO 191 

patibility through 8, 16 and 32-bits with­
out unhandy 'bridges'. 
The 68000/VMEbus is supported by full 
ranges of chips, boards, target software 
and software development tools. 

For proof, contact 
PHILIPS 
VMEbus/68000 product line 
Marketing Services, Bu ilding TO 111 -4 
5600 MD Eindhoven, The Netherlands 
Telex: 35000 PHTC (NL) 

PHILIPS 



Bring the power of 
computer-aided 
engineering to your VAX 
11/730, 11/750or11/780. 
Give yourself a friendly 
concurrent multi-engineer 
design environment under 
VMS: 
• Second generation 

schematic capture (with 
full multi-window 
software) 

• Several engineers can 
work on same design at 
the same time. 

• Logic and fault simulation 
• PC and IC design with 

interfaces to: 
SCICARDS'm MEDS'm 
SPICE HIL0-2'm 
ZYCAD tm 
COMPUTERVISION 
and others 

No additional hardware 
may be required . Get an 
immediate increase in 
design productivity and 
accuracy! 

For further information or to 
schedule a demonstration, 
contact CAE Systems, Inc., 
1333 Bordeaux Drive, 
Sunnyvale, CA 94089 
(408) 745-1440. 
Boston, MA 6171679-5575 
Chicago, IL 312/397-2540 
Dallas, TX 214/766-5233 
Denver, CO 303/ 741 -3364 
Minneapolis, MN 612/ 332-0057 
f:' VAX is a registered trademark ot 
Digi tal Equipment Corp. 
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Bipolar FIFO memory 
achieves 35-MHz speed 
Taking advantage of an innovative, 
proprietary circuit design that dou­
bles internal data-processing 
speeds, the 57/67413 first-in, first­
out (FIFO) memory increases the 
maximum operating speed for such 
devices to 35 MHz. This perform­
ance opens up new areas of applica­
tion in digital signal processing, 
floating-point processing and video 
and image processing. 

You can also apply the device's 
added speed to higher speed tape 
and disk controllers and data-comm 
systems. In special cases, the de­
vice can replace a high-speed RAM. 

The specialty of all FIFOs is data­
rate matching between devices or 
systems, and the 67413's de to 
35-MHz shift-in/shift-out rate per­
mits the widest range of possibili­
ties. Organized as 64 wordsx 5 bits, 
inputs and outputs operate asyn­
chronously. The I/O pins are placed 
directly opposite each other on the 
package for ease in cascading. Parts 
can be cascaded to any word depth 
or, using a few external logic gates, 
any bit width. The unit also has 

'11- T IN 

output-enable, half-full, almost-full 
and almost-empty flags . The al­
most-full and almost-empty flags go 
High at 56 words and eight words, 
respectively, with decoding per­
formed by the half-full flag. 

The device is available in versions 
for the military temperature range 
(-55 to + 125°C) as the 57413 or the 
commercial temperature range (0 to 
75°C) as the 67413. The military 
part's shift rate is 25 MHz max with 
a power supply of 5V, ±10%. The 
67413 has a 35-MHz shift rate using 
a 5V + 5% supply. Data-fallthrough 
times for the 57413 and 67413 are 
750 and 650 nsec, respectively. 

Packaged in a 20-pin ceramic DIP 
and costing approximately $38 
(1000), the 57/67413 has 3-state out­
puts, is TTL compatible and pro­
vides 24 mA of output drive. Maxi­
m um supply current over 
temperature specs at 240 mA. 

- William Twaddell 
Monolithic Memories Inc, 2175 

Mission College Blvd, Santa Clara, 
CA 95050. Phone (408) 970-9700. 
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Extending the speed range of FIFO memories to 35 MHz, the 57167413 3-state, 64 x 5 FIFO 
opens up new applications in signal and video processing . Moved into a 20-pin package, the 
device features output-enable, half-full, almost-full and almost-empty flags. 
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Chabin 's un ique BNC Transmission 
Line Assembly (TLA) makes life easier 
whether you're in design, manufactur­
ing or field service for applications 
requiring internal BNC/ coaxial cables. 

Now there's an alternative to the 
use of large, cumbersome, shielded 
coax that's tough to thread through 
your system. 

And forget about your worries of 
stripping and soldering to obtain a 
strain relief to the pin field. We've 
added our strong, reliable Series 100 
and 200 connector which mates with 
.025" round or square posts. 

When the connector has to be 
removed, it can be done with ease ... 
again and again. 

We've also incorporated a sub­
miniature, drain wire coax that was 

specially designed for computer and 
instrumentation appl icat ions. It's ideal 
when low noise, controlled impedance 
and consistent propagation delay 
transmissions are top priority. 

If your internal wiring calls for coaxial 
cables, Chabin makes your job easier. 

Call or write us today for complete 
information. CHABIN CORPORATION, 
890 Fortress Street, Chico, CA 95926 ; 
(916) 891-6410, TWX : 910-536-1001 . 
Western Office: (408) 727-5811 , 
Eastern Office: (603) 883-0909, 

Transmission Line Specialists 

EDN JUNE 28, 1984 CIRCLE NO 56 111 



RASCO 
CSeries 
data clock oscillators 
Low Current Drain, compatible with high speed 
CMOS logic, capable of driving such devices as the 
74HC series with highly capacitive loads. 
Precise Rise And Fall Times, rigidly controlled so 
as to meet the stringent requirements of high speed 
CMOS microprocessors. 
High Reliability - drastically reduced internal 
parts count , fewer interconnects, thus greatly im­
proved MTTF. 
Enable/Disable optionally available. Contact fac­
tory for application information . 
All-Metal , Welded Package - provides full 
hermetic seal for resistance to heat/humidity ex­
tremes. Pin 7 is case ground for improved 
shielding, helping to meet FCC EMI specifications. 

CIRCLE NO 198 

MMB series batteries feature a unique, patented 
electrode configuration that minimizes the 
" memory effect." NiCd MMB batteries are .thus 
capable of maintaining a cycle of constant trickle 
charge when power is on , slow discharge when 
power is off, with a typical life expectancy in excess 
of 5 years. 
Easy PC board mount - can be wave soldered (5 
sec. max) directly to the printed circuit board ; no tie­
down straps are needed. MMB batteries take up 
less than 1 " diameter board space and have low 
seated height (only .524" for 3.6V models). 

~ . Motorola , RASCO and MMB are trademarks of 
Motorola Inc. © 1984 by Motorola Inc. 

MOTOROLA INC. 

Components Division 
2553 N. Edgington 
Franklin Park, Ill. 60131 31 2/451-1000 
TWX: 910-255-4619 Telex: 4990104 
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Fluorescent color filters 
enhance LCD brightness 
These fluoresce nt - illuminated 
LCDs form a bright multicolor dis­
play, overcoming the dull appear­
ance and washout problems that 
have historically kept liquid-crystal 
technology out of many applica­
t ions. Though more colorful nega­
tive-mode displays have put some 
life into LCD products, they've 
done so at the expense of high 
power consumption. These color 
LCDs feature a hybrid configura­
tion that enhances presentation ca­
pability without exacting a power­
consumption penalty. 

The displays use the transflective 
properties of positive-mode reflec­
tive displays to retain vivid presen­
tations in the reflective mode for 
bright ambients. The key to color 
brightness, however, comes from 
transmissive fluorescent color fil­
ters. Unlike ordinary filters, fluores­
cent filters convert higher energy 
light into the desired colors. 

The displays are available in a 
wide range of hues, and you can 
specify multiple colors within the 

viewing window. Yellow, red and 
orange are the most efficient colors 
for fluorescent filters. Blue and 
green also make for attractive dis­
plays, but they do not perform as 
well in bright ambients. 

Low-power performance stems 
from the use of a proprietary light­
pipe design that provides maximum 
efficiency with minimum light loss. 
You can evenly illuminate a display 
with a 5X7-in. active area with less 
than 3W of incandescent lighting. 
According to the manufacturer, this 
figure represents one-third to one­
fifth the power required by competi­
tive units. Light-pipe efficiency al­
lows a single lamp in any corner of 
the display to illuminate the dis­
play's entire active area. 

Though the product is basically 
custom in nature, the manufacturer 
projects a $25 price for a 4-digit 
module.-Tom Ormond 

Printed Circuits International 
Inc, 1145 Sonora Ct , Sunnyvale CA 
94086. Phone (408) 733-4603. 
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Reducing the high current and washout problems that have historically plagued the 
technology, these LCDs use transmissive fluorescent color filters to achieve enhanced color 
performance at low power. 
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Fast access times (100 ns max.) 
·Faster system execution. 
Fastest turnaround times in the business. 
Solid State Scientific has a new 128K CMOS ROM~The 
23Cl28. It's extremely fast- 75 ns typical or 100 ns 
worst case. So you can use it with the world's fastest 
microprocessors. It has the low power and high 
reliability of our state-of-the-art CMOS technology. It's 
available now at prices that make it as cost-efficient as 
it is technically superior. Production volumes take 
only 7 weeks, prototypes just 3 weeks. 

Forget your NMOS ROMs and EPROMs 
If you're using NMOS ROMs, our new 23Cl28 can give 
you far better speed and reliability. If you're using 

EPROMs, our pre­
programmed fast ROMs 
can speed your system 
execution by eliminating 
wait states. With much 
faster turnaround, too. 
And, at a cost more than 
25% below EPROMs. 

Quick specs on the 23Cl28 
3 Speeds: 150, 120 and 100 ns max. Standby Current: 
50 microamps max. Operating Current: 10 milliamps 
max. LSTTL-compatible inputs and outputs. 28-pin 
JEDEC standard. Military versions, too. 

Much more CMOS memory coming from SSS 
In case you didn't know it, SSS delivered more 32K 
and 64K CMOS ROMs than any domestic supplier last 
year. And we're out to do the same with our new 128K 
CMOS ROM. Other new CMOS memory devices, 
including a new 256K CMOS ROM, are on the way. 

So why wait? 
For details on our new 23Cl28 CMOS ROM or any of 
our other CMOS memories or logic devices, just call 
or write. And find out why CMOS is a Solid State of 
mind. Solid State Scientific, 3900 Welsh Rd., Willow 
Grove, PA 19090. (215) 657-8400. 

~ Solid State Scientific 
~~ CMOS ResponsAbility™ 
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Rugged Winchester drive 
runs portable µCs 
A plated medium, a balanced linear 
actuator and a thermally isolated 
stepper motor all promise high reli­
ability for the HH-725 disk drive, 
according to its manufacturer. In­
tended for the harsh environments 
of transportable computers, which 
are larger than battery-powered 
briefcase computers but still porta­
ble, the drive stores 25.5M bytes of 
data unformatted and 20M bytes 
formatted. 

A closed-loop servo-positioning 
system with an embedded servo 
keeps the heads centered on the 
track to ensure the reliability of 
read/write operations, regardless of 
thermal deformation of the disk or 
hysteresis of the stepper motor. 
Thermal isolation of the stepper 
motor keeps it from transferring 
heat to the hard-disk assembly. A 
buffered seek operation allows aver­
age-access times of 80 msec; track­
to-track access time is 3 msec. 

Processor monitors performance 
An internal processor takes care 

of maintaining the quality of data 
stored on the drive. During power­
up, for example, the processor per­
forms a self test, and during normal 
operation it continues to monitor 
quality by executing a set of diag­
nostics. A green LED on the front 
panel indicates the exact error by 
flashing a 4-bit code. The in-drive 
processor also controls the servo's 
position and monitors the drive's 
interface st.atus. 

All of the drive's electronics come 
on a single pc board, which saves 
space inside the half-height drive 
package and eliminates interconnec­
tions that can affect system reliabili­
ty. Using LSI on the pc board re­
duces the amount of heat generated. 

A new brushless-dc spindle motor 
helps to keep noise levels down and 
drive vibration low. But the drive 

114 

Designed for ruggedness and equipped 
with diagnostics that ensure it stays reliable, 
Model HH-725 packs 20M bytes in a half­
height package. 

handles vibration whether im­
pressed internally or externally. 
The firm claims vibration tests on 
the drive indicate it withstands 5- to 
30-Hz 0.4-in. p-p vibrations without 
damage and shock waves of 40g 
(20 msec). 

The media's the thing 
The manufacturer uses a plated 

medium in the drives to ensure reli­
ability. If the drive is bounced 
around, the surface of the disk won't 
flake away, taking your data with it. 
As a bonus, the plated medium pro­
vides higher resolution than conven­
tional media and allows the drive to 
store 648 tpi and 9680 bpi. 

You can mount the drive in almost 
any orientation to suit your pack­
age. The 4-lb drive consumes 18W 
to allow it to operate on the power 
supply available in most µCs. The 
HH-725 costs $999 (1000).-Ed Teja 

Microscience International Corp, 
575 E Middlefield Rd, Mt View, CA 
94043. Plwne (415) 961-2212. 
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JOB SHOPPING? 
Check EDN 's Career Opportunities 

EON: Everything Designers Need 

NEW 
HI-PERFORMANCE 

FLOPPY DISK 
CIRCUIT 

Silicon Systems' latest innovation in 
disk drive integration is the SSI 570. 
This creative design by Silicon Systems 
engineers integrates both the read and 
write data p™lllflg functions on one, 
2-channet monolithic IC. The circuit is 
designed for use with 8': 5-1/4", and 
3·1/4" double-sided floppy disk drives. 

The write data circuitry includes the 
erase head drive with programmable 
delay and hold times, and the read data 
circuitry includes low noise amplifiers 
for each channel. This TTL compatible 
circuit operates on +5 and +12 volts 
and is provided in a 28-pin plastic DIP 
package. 

For more Information on this new 
advanced product from the leader in 
disk drive integration, contact: Siiicon 
Systems, 14351 Myford Rood, Tustin, 
CA 92680, (714) 731-7110 Ext. 575. 

JliconJl fonJ INNOVATO~GRATION 



SSi-INNOVATORS IN 
DISK DRIVE INTEGRATION 

We've delivered more read/write 
IC's than everyone else combined, 
but we're not satisfied. 
Everyone knows that Silicon Systems 
dominates the market with read/write IC's 
forl4", 8", 5-1/4", and smaller Winchester 
disk drives. What they may not know Is 
that we're not satisfied to stop there. 
Although our present line of rotating 
memory circuits includes much more than 
read/write IC's, we won't be satisfied until 
we completely integrate Winchester disk 
drive electronics. And we ore continuing 
to expand the industry's most complete 
line of "Applications Specific" IC's for 
Winchesters, Floppies, and Tope Drives. 

Circle 226 for production Information 

We're also the leadlng hlnovators 
In cultolll IC's for use with mu 
storage 1yste1n1. 
In addition to our broad line of standard 
circuits, we have developed a host of 
innovative custom IC's for use with a 
variety of mass storage systems. We have 
produced custom IC's for read/write elec­
tronics, spindle motor control, analog 
data processing. digital bus interface, 
and servo control functions. 

For rigid and floppy disk drives, or tape 
bock-up systems-If the circuit you want 
Isn't In our standard line, we hove the 
capability to produce it for you. We have 

the analog and digital design capability, 
the Bipolar and CMOS process tech­
nology, and the rotating memory IC 
experience to make the exact custom 
chip your system needs. 

For more Information on 
our standard products 
and custom copabllltles, 
send for our "Rotating 
Memory Integrated 
Circuits" brochure. 

SHlco• lrst- IBCorponitMI, 
14351 Myford Rd., Tustin, CA 92680 
(714) 731-mo, Ext. 575. 

db& rJfrmJ 
INNOVATORS IN INTEGRATION 
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Take advantage of our learning curve with the STD BUS. 
Sometimes, there's just no substitute for experience. And that's why so 

many smart designers continue to develop new ideas with our MD Series"' 
STD,Z80 BUS,compatible boards. For energy, environmental and process 
control. Test and measurement equipment. Computer peripherals. High, 
speed printers. Medical electronics. Data communications. And an ever, 
expanding list of applications too numerous to mention. 

Because for a wide variety of situations, our compact boards provide all 
the power designers need. At a price that's powerfully cost,efficient. 

Not only that, our boards are already designed and proven in thousands 
of applications. Plus, they're assembled. Tested. Debugged. And modular, 
ized by function so you only have to buy what you need. And there are 
more than 30 boards to choose from. Av0.ilable through Mostek or your 
local Mostek distributor. 

We also offer development software and operating systems, plus a com, 
plete array of card cages and sub,system enclosures to ease and speed 
your design and packaging. 

What's more, the STD, BUS is fully expandable. Which makes it sim, 
ple and economical to add, delete, or interchange boards when you want 
to redesign or upgrade. 

Take advantage of our learning curve experience with the STD,Z80 
BUS. It's a time,proven course that can add a degree of success to your 
own system designs. For more information, contact Mostek, 1215 W. 
Crosby Road, MS2205, Carrollton, TX 75006, (214) 466,8816. In Europe, 
(32) 021762.18.80. In Japan, 03/496'4221. In the Far East (Hong Kong), 
5 '68115 7 • MD Seri es is a trademark of Mostek Corporation. 
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Look for it in the Augu5t 9 issue. 
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Tomorrow's one-step 
connectors. 
Integral EMl/RFI shielding. 
Easy 1/0. 
From AMP, right now. 
Our newest idea in 1/0 comes in a one-piece assembly, already shielded , 
all ready to go . 

One crimp operation terminates flat shielded cable . And applies strain 
relief at two points . And attaches the cable shield to the connector shield . 

One operaton. 

And our new SOL connector is as hard-working as it is good-looking . 
Selective gold plating gives it a high cycle life , with easy insertion , 

secure retention , simple release. 

Shielded Data Link connectors available in 4, 8, 16, 24 
contact configurations. Insulation-displacing design 
provides redundant contact on each conductor. 
Built-in polarization/keying system. 

Sensible? You bet: the shielding you need, in an economical 
connector with unbeatably economical one-step application . 

Cost effective? No question about it: it's from AMP. 

For more information, contact the 
AMP SOL Connector Desk, (717) 780-4400. 
AMP Incorporated, Harrisburg, PA 17105. 

AIVIP means productivity. 

Top or side entry pcb receptacles , 
for complete design flexibility. 

CIRCLE NO 253 

Round shielded cable 
terminates in just two steps­
one. for the conductors, 
one for the shield . 

AMP is a trademark of AMP Incorporated . 



LEADTIME INDEX 
Percent of respondents 

ITEM ITEM 

TRANSFORMERS RELAYS 
Toroidal 9 9 27 46 9 12.0 9.8 General purpose 36 36 5.5 
Pot-core 30 20 40 10 11 .7 11.9 PC board 38 38 8 7.9 
Laminate (power) 23 29 23 15 10.4 9.9 Dry reed 5,j 43 10.7 

CONNECTORS Mercury 57 29 - i 7.0 

Military panel 66 17 17 12.4 14.8 Solid state 8 46 46 11.2 6.9 

Flat cab le 25 50 25 8.5 5.4 DISCRETE SEMICONDUCTORS 
Multi -pi n circular 42 33 25 7.5 11 .8 Diode 16 40 20 12 9.7 
PC 15 23 47 i 15 6.6 i 6.5 Rectifier 28 28 38 8.8 
RF Coaxial 14 57 29 I- 5.8 4.3 Th ristor 23 23 46 8 
Socket 13 20 47 20 7.4 i 6.0 FET 25 25 42 8 13.2 
Terminal bl ocks 27 7 46 7 113 8.3 I 5.9. Zeners 26 28 18 28 
Edge card 6 13 43 38 9.8 7.6 INTEGRATED CIRCUITS, DIGITAL 
Subminiature 42 29 29 7.8 12.3 CMOS 24 24 20.5 17.4 
Rack & panel 40 40 20 7.2 7.4 TTL 35 22.8 18.1 
Power 33 67 I- 6.0 10.4 LS 29 123.3 22.6 

PRINTED CIRCUIT BOARDS 
Single-s ided 5 29 33 33 5.1 

j 59 32 8.4 Double-sided 9 
Multilayer 25 75 14.0 11 .4 Voltage regulator 

8 I - 8 4.2 5.2 
MEMORY CIRCUITS 

Prototype 8 76 

RESISTORS 
Carbon film 22 41 26 1 11 - l - 4.i ... 5.0 
Carbon composition 6 44 l 39 J 11 - J - 5.8 4.4 
Metal film 20 33 33 14 - I - 5.5 5.0 

RAM 4K 
,..--.., - '18 18 55 9 21 .4 19.3 

RAM 16K - 9 18 27 37 l 9 18.4 18.6 
RAM 32K - - - 25 82 I 13 24.2. 19.6 
RAM 64K - - 18 9 55 18 22.8 21 .1 

Metal oxide 10 40 30 20 - J - 6.4 5.2 
Wirewound 27 40 33 9.0 I 7.6 
Potent iometers 27 23 45 5 11 .1 7.6 
Networks 33 13 54 10.3 8.5 

ROM/PROM - I - 17 42 33 ! 8 19.1 18.6 
EPROM - 7 7 27 52 1 7 20.7 17.2 
EEPROM I - ! - 111 17 88 - 21 .2 19.2 

FUSES 
38 37 25 2.7 2.7 

DISPLAYS 
Panel meters l '11" 11 33 45 - 1 - Jio.1 6.2 
Flourescent 14 14 43 29 - - } 8.4 6.4 

SWITCHES Incandescent 14 29 43 14 - - 8.3 7.4 
Pushbutton 17 44 28 1 11 ~- 4.9 6.4 LED I s 26 39 22 4 - } 8.2 5.5 
Rotary 7 21 51 21 - l - 7.9 6.9 Liguid Cr}'.stal l - 15 ! 31 31 l 23 - 113.7 9.0 
Rocker 11 33 45 11 l- I - 6.0 8.2 
Thumbwheel - 45 44 11 I- I - 6.2 7.3 
Snap action 11 22 1 67 - - J - 5.8 6.5 
Momentary 11 44 45 - I- 1- 4.5 7.1 
Dual -in-line - 1 25 _1_50 25 l - l - 8.5 6.7 

WIRE AND CABLE 
Coaxial 73 3.61 4.0 
Flat ribbon 17 44 4.5 4.1 

MICROPROCESSOR ICs 
8 24 !29 41 [2U1 21.7 

FUNCTION PACKAGES 
Amplif ier 

.,....--, 71)' 60 
....-

12.d_10.3 - - - -
Converter, analog_ to digital - - 33 45 22 - 1s.eI 11 .o 
Converter, di9ital to analo9 - - 37 50 13 - ~4.3 1 11 .4 

LINE FILTERS 
Multiconductor 15 46 4.7 ! 5.4 
Hookup 47 37 2.0 2.5 
Wire wrap 30 60 2.0 2.9 

CAPACITORS 
Ceramic ~ 18 ~ 36 

,......., '8.1' 6.9 - -
Power cords 29 42 3.2 4.3 Ceramic, monlolythic 5 32 27 36 - - 8.6 7.5 

Other 16.6 4.0 Ceramic, disc 10 30 30 30 - - 7.8 6.3 

POWER SUPPLIES 
8 8 53 31 8.2 

CIRCUIT BREAKERS 
30 30 30 8.4 

Film 12 24 46 18 - - 7.1 7.0 
Electrolytic 13 13 39 26 9 - 9.9 8.8 
Tantalum 13 22 111 44 4 - 9.9 8.9 

INDUCTORS 
- 10.8 6.4 

HEAT SINKS 
12 29 53 6 5.8 7.2 Source: Purchasing magazine 's electronic business survey 
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When reUability is imperative. 

NEW! 3-phase, 400 Hz, 
Mil-Spec Linear Power Supply 

For demanding airborne applications, such as 
acoustic data processing, electronic surveillance and 
countermeasures equipment, Abbott's new WL Series 
of compact power supplies deliver: 
MORE POWER IN LESS SPACE. WL Models provide 
power densities of up to 3.67 watts per cubic inch , with a 
maximum case height of just 2.5 or 2.75 inches, depend­
ing on output power. This permits a space savings of up to 
60%, since a balanced ac power distribution system can 
now be maintained without resorting to three single-phase 
supplies or costly custom designs. 
ENVIRONMENTAL PERFORMANCE. Ruggedly bu ilt WL 
Models are fully encapsulated and hermetically sealed to 
protect against salt spray, high humidity, shock, vibration 
and other applicable environmental conditions defined in 
MIL-STD-810C. 
ELECTRICAL PERFORMANCE. The low EMI of these 
power supplies ensures compatibility with sophisticated 
electronics. All units meet applicable requirements of 
MIL-STD-4618 for emissions and susceptibility. They are 
also protected against input transients of up to 180 Vrms 
for 100 ms, in accordance with MIL-STD-704. 
ABBOTT RELIABILITY. Design engineers have been 
specifying Abbott power supplies for 23 years .. . whenever 
reliability is imperative. The consistent performance that 
has made the Abbott single-phase Model W the most 
popular 400 Hz power supply in airborne applications is 
now available in our new 3-phase WL and WWL Series. 
Please contact Abbott Transistor Laboratories, Inc., 
Power Supply Division . 
Eastern Office: (201) 461-4411 . Southwest Office: (214) 
437-0697. Western Office: (213) 936-8185. 
Call or send for Specs and Full Line Catalog 

·Input: 105-125 Vrms, 380-420 Hz, 3-phase 
"delta" std . 3-phase "Wye" input optional 

•Single and dual outputs, 5-28 Vdc 
• Output power 48 to 420 Watts 
• Low ripple of 5 mVrms, peak-to-peak 25 mV 
• High 55% efficiency 
•Load regulation : 0.1% from no-load to full -load 
•Operating temperature range - 55°C to + 100°C 

HIGH RELIABILITY: 
MTBF CALCULATED PER MIL-HDBK-2170 

Standard ER Version 
883,580 hours 
94,956 hours 

MILITARY POWER SUPPLIES 
EDN JUNE 28, 1984 CIRCLE NO 60 123 







Sizes, pes, 
colors and configurations. 
You need high performance, innovative 
design data displays. Contact Audiotron ics. 
We have what you need. In 3'; 5'; 7'; 9'; 12'; 14'; 
15'; 23" and 5" x 9'; monochrome and color, 
integrated (neck-mounted}, chassis, kit or 
cabinet. And if we don't have what you 
need, we'll design it for you. 
Using our basic displays, our engineers 
become your engineers. They custom design 
a display for your specific application, 
meeting your particular system design 
requirements. 
Just give us your specifications and we'll 
solve all your display problems. And 

See us at NCC Booth A-1434 

we'll deliver on time, when you want them. 

Audiotronics has been solving problems for 
almost 30 years, designing thousands of 
custom data displays for important customers 
like you, both large and small. Call us today. 
Turn our engineers loose with your display 
system problems. 

AUDIOTRONICS 

North Hollywood 
California 91605 
(818) 781-6700 
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Two 
proprietary 

hybrid 
microcircuits 
provide control 

and current 
limit functions . 

These 
reduce parts 

population, 
increasing 
MTBF and 

lowering cost. 

~KEPCO. 
146-1449 



KEPCO/TDK 
SERIES ERX TM 

SINGLE-OUTPUT 
OPEN-FRAME 
SWITCHING 
POWER SUPPLIES 

Kepco/TOK introduce a whole new generation 
of single-output, open-frame switching power 
supplies. 

We call them ERX. You'll call them the answer 
to the problem of finding cost-effective power 
supplies that meet international safety and EMI 
standards. 

Our series ERX consists of 12 models ... from 
5V to 24V in three sizes; 30 Watts, 60 Watts and 
120 Watts. They provide well-stabilized 
adjustable d-c outputs, protected by a current 
limiter and over voltage protector, with remote 
error sensing available to compensate for the 
connecting wire's voltage loss. A flying lead 
allows you to select either 115V a-c or 230V a-c 
operation. 

The built-in EMI filter attenuates conducted 
noise below the limits of FCC 20780 for Class B 
computing devices and meets VOE 0871 as well. 
An optional enclosure reduces radiated noise 
below VOE 0875/7. 71 (level N) - a useful option 
if you will use the power supply in a non-metallic 
enclosure. 

The series ERX has the clearance/creepage 
spacings and meets the hi-pot ratings of IEC 380 
and VOE 0806. And, of course, meets both 
UL478 and CSA C22.2-154. It is truly an 
international design. 

To make room for the greater spacings and 
larger transformer needed to meet VOE/IEC 
requirements, we designed two custom hybrid 
microcircuits, chip components bonded to a 
ceramic substrate. As the close-up photography 
reveals, these hybrid microcircuits contribute to a 
clean, un-cluttered layout. 
Best of all is the price: 
Single unit price Optional enclosure 
$ 49.00 . .. 30W CA-15 . . . $9.00 
$ 75.00 . . . 60W CA-16 ... $9.00 
$129.00 .. . 120W CA-17 . .. $9.00 
Quantity discounts are available to OEM buyers. 

This KEPCO 
product is backed 

bya firm 

1·YUR 
WARRAllTY Data subject to change without notice 

© 1983 KEPCO, INC. Litho in U.S.A. 

KEPCO, INC. · 131-38 SANFORD AVENUE· FLUSHING, NY 11352 USA· (212) 461-7000 ·TWX #710-582-2631 • FAX: (21 2) 767-1102 



ERX 5-6 ERX 12·2.5 ERX 15-2 ERX 24·1.3 
5V 12V 15V 24V 

Adjustment Range 4.5-5.5 10.8-13.2 13.5-16.5 21 .6-26.4 

40"C 6 2.5 2.0 1.3 Input Current (at 40"C, nominal Input voltage): 
Output 50"C 4.8 2.0 1.6 1.0 • typical - 0.6/0.3A 
Current , • maximum - 0.810.4A 
Amperes 60"C 3.6 1.5 1.2 0.8 • input fuse value - 2.5A 

70"C 2.4 1.0 0.8 0.5 •surge current (thermistor limiter)- 41/82A 

Current Limit (Amps) 6.3- 7.8 2.6- 3.3 2.1- 2.6 1.4- 1.7 
• efficiency (typ) - 68% 

OVP Setting (Volts) 5.8- 6.9 13.7- 15.7 17.0- 19.0 27.0- 30.5 

Ripple & Noise ( 1) 
(mV, p-p) 

source (typ) 5 20 20 30 

(max) 10 40 40 50 

switching (typ) 40 40 40 40 

(max) 70 80 80 100 (1) Source component 2x source frequency, and 
switching component approximately 30-100 KHz. 

spike noise (2) 150 300 300 400 (2) Measured with a 50 MHz bandwidth, p-p. 

ERX 5·12 ERX 12·5 ERX 15-4 ERX 24·2.5 
5V 12V 15V 24V 

Adjustment Range 4.5-5 .5 8.4-13.2 10.5-16.5 16.8-26.4 

40"C 12 5 4 2.5 Input Current (at 40"C, nominal Input voltage): 
Output 50"C 9.6 4.0 3.2 2.0 • typical-1.4/0.7A 
Current , • maximum - 1.6/0.8A 
Amperes 60"C 7.2 3.0 2.4 1.5 • input fuse value - 3.1 SA 

70"C 4.8 2.0 1.6 1.0 •surge current (thermistor limiter)- 41/82A 

Current Limit (Amps) 12.6- 15.6 5.2- 6.5 4.2- 5.2 2.6- 3.3 
• efficiency (typ) - 72% 

OVP Setting (Volts) 5.8- 6.9 13.7- 15.7 17.0- 19.0 27.0- 30.5 

Ripple & Noise ( 1) 
(mV, p-p) 

source (typ) 5 20 20 30 

(max) 10 40 40 50 

switching (typ) 30 40 40 40 

(max) 50 80 80 100 (1) Source component 2x source frequency, and 
switching component approximately 50 KHz. 

spike noise (2) 150 300 300 400 (2) Measured with a 50 MHz bandwidth, p-p. 

ERX 5-24 ERX 12-10 ERX 15-8 ERX 24-5 
5V 12V 15V 24V 

Adjustment Range 4.5-5.5 8.4-13.2 10.5-16.5 16.8-26.4 

40"C 24 10 8 5 Input Current (at 40"C, nominal Input voltage): 
Output 50°C 19.2 8 6.4 4 • typical - 2.3/1.2A 
Current, 

4.8 
• maximum - 2.811 .4A 

Amperes 60"C 14.4 6 3 • input fuse value - 5A 
70"C 9.6 4 3.2 2 •surge current (softstart limiter)- 17/34A 

Current Limit (Amps) 25.2- 31.2 10.5- 13.0 8.4- 10.4 5.2- 6.5 
•efficiency (typ)- 74% 

OVP Setting (Volts) 5.8- 6.9 13.7- 15.7 17.0- 19.0 27.0- 30.5 

Ripple & Noise (1) 
(mV, p-p) 

source (typ) 5 20 20 30 

(max) 10 40 40 50 

switching (typ) 40 40 40 40 

(max) 70 80 80 100 (1) Source component 2x source frequency, and 
switching component approximately 50 KHz. 

150 300 300 400 (2) Measured with a 50 MHz bandwidth, p-p. 
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SPECIFICATIONS 
INPUT CHARACTERISTICS 
Source voltage: 85-132V a-c or 170-264 V a-c. 
jumper selectable. 
Source frequency: 47-66 Hz, single phase. 
Brownout voltage: 80/160V a-c. 
Typical efficiency vs loading: (see Fig. 1) 
Holding time: for the nominal input voltage and 40°C 
loading current - 30 msec typical , 20 msec 
minimum. 
Conducted noise: built-in input filter attenuates the 
conducted noise below the limit of FCC Part 15 
Class B. · 
Radiated noise: an optional shielded metal 
enclosure is available. With this cover, the radiated 
noise is below VOE 0875/7.71 (level N) 

OUTPUT CHARACTERISTICS 
Voltage adjustment range: See tabulated 
adjustment range . 
Current limit: the current limit setting is tabulated 
for each model. It is fixed by an internal resistor with 
the threshold of the current limit within the tabulated 
limits. Shape approximately rectangular (not 
foldback type), so there is no difficulty driving 
non-linear loads or using multiple power supplies in 
series. Recovery is automatic. The change in the 
current limit threshold for temperature and source 
input is ± 10%. 
Recovery Characteristics: a step load change 
from 50% to 100% produces less than 4% output 
excursion; recovery occurs to within 1 % of the 
original setting within 1 millisecond (for a step load 
rise time > 50J..tsec). 
Overvoltage Protection: an overvoltage sensor 
shuts down the switching oscillator drive and 
reduces the output . It is reset by turning the source 
power off for approximately 60 seconds. The OVP 
threshold is tabulated for each model. 
Remote Error Sensing: jumper wires are provided 
between the output and terminals marked ± S. If 
these jumpers are cut, and separate wires are run 
to the load, the ERX power supply can compensate 
for voltage drops in the load wires up to 0.35V per 
wire. 

STABILIZATION 
Specification Condition ~ypical Maximum 

Source effect min-max 0.6% 1.0% 

Load effect' 10-100% 0.6% 1.0% 

Temperature effect 0-70"C 1.0% 2.0% 

Combined effect envelope 2.2% 4.0% 

Time effect 8-hr drift @ 25' C 0.1% 0.5% 

"load ettect is measured between + S and -- S terminal 

GENERAL 
Ambient operating temperature range: 0-70°C. 
Storage temperature range: - 20 to + 75°C. 
Humidity: 85%RH, noncondensing. 
Isolation: (at 25°C, 65% relative humidity) : 

between input and output terminals : 
3750V a-c, 1 minute 

between input and chassis: 
1250V a-c, 1 minute 

between output terminals and chassis: 
500V d-c, 100 megohms 

Vibration: 
5-10 Hz: 10mm, 3 axes. 10-55 Hz: 2g, 3 axes. 
Shock: 20g, 3 axes (11 ± 5 ms pulse duration) 
Safety: All models are designed to meet 

UL 478 ·CSA 22.2-154 ·VOE 0806 • IEC 380 
Dimensions: See outline drawings. 

POWER SUPPL.JES 

Fig. 1 - TYPICAL EFFICIENCY VS. LOADING 

!r 70% ---~ 60% 
~ 

.L.. i--

~----''°V_L 
-'L_ 
"JOW/ 

,.: 50% 

~ 
!!! -

~ 30% 

25% 50% 75% 100% 

OUTPUT CURRENT, PERCENT Of MAX. 

Decimal 
dimensions in 
light lace type 
are in inches, 
dimensions 

In bold flee type 
111 In mllllmltlrs. 

Tolerances 
0.03 inches/ 

0.7 mllllmeters. 

30 WATT 
MODELS 

0 BOTTOM VIEW 

(4) 8-32 
/ TAPPED HOLES 
~ DEPTH 0.2/5mm 

60 WATT 
MODELS 

O BOTTOM VIEW 

120 

1.1/ZI 

WATT 
MODELS 

WEIGHT: English 1.5 lbs./ Metric 0. 7 Kg 

~ 5219-04A 3181-04fU 1381 ATL Moth 

OUTPUT san.v. 5118 Series 5HM s.iel Mo6rn 

1.0/ ZA.5 

WEIGHT: English 1.5 lbs./ Metric 0.7 Kg 

INPUT 5219-04A 3111-Q4R1 1311 ATL Mo6ex 

OUTPUT &2T7·1M 5118 8-iel 5114 Series Mo6ex 

z 00 ~ • 8 
0 

i-----B . 80~ .04/ 221%1---~ 

i----- B.O/Zll- - - --< 

(4) 8·32 
TAPPED HOLES 
DEPTH 0.2/5mm 

WEIGHT: Eng~sh 3 lbs./ Metric 1.4 Kg 

INPUT 52t l-04A 3191-o4A1 1381 An. Mo6ex 

OUTPUT 5219-0ltA 31U.()8A1 1311 An Mr:1iex 
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We have the 
components that 

make your disc 
drive drive. your 

printer print. 
etc., etc. 

We have the electromechanical components you need for 
your computers and peripherals. And the responsiveness 
you need to keep your production rolling. 

For memory units, we supply solenoids and a complete 
line of brushless DC motors designed for 5X" to 18" disc 
drives. And linear actuators that position read/write heads in 
precise digital steps. 

For printers, we make rotary steppers and subfractional 
HP motors, and magnetic pick-ups. 

For microcomputers, minis and mainframes, Airpax 
magnetic circuit breakers assure positive protection. They're 
unaffected by ambient temperature, and serve the dual 
function of power switch and overload protection. 

And Airpax thermostats monitor cabinet temperatures, 
and shut down systems instantly when overheat threatens 
sensitive circuits. 

You can select from our thousands of standard models. 
Or we'll create a custom model for you , and produce a 
few dozen for prototypes, or millions for a production run. 

Ask us for engineering data. Airpax Corporation, a 
North American Philips Company, W. Johnson Ave., Box A, 
Cheshire, CT 06410. (203) 272-0301 . 

AIRPM 
We give you control. 
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SPECIAL REPORT 

• 
ISk rive 

Winchester-disk-drive manufacturers continue to make 
technological innovations) pushing capacities) 

performance and packaging densities 
to significant new levels. 

Storing 100M to 200M bytes of data, Micropolis Corp 's 1350 Series 
of 5114-in. Winchester drives come with an ESDI interface. 

Three drive families, the XT-1000, XT-2000 and EXT-4000, from 
Maxtor furnish 380M bytes (unformatted) of data storage in a 5114-in. 
form factor. 

Manufacturers of 51/4-in. Winchester disk drives are finally deliver­
ing what they promised-high-capacity units in production volumes. 
(Photo courtesy Vertex Peripheral Corp) 

EDN JUNE 28, 1984 

Edward R Teja, Western Editor 

Despite some technological false starts and credibility 
gaps that premature product announcements create, 
Winchester-disk-drive manufacturers have reached the 
critical and requisite step toward device stability­
volume production. Today most of the high capacities 
touted for 51/4-in. drives are available. Indeed, you can 
buy 51/4-in. Winchesters that store from 5M to 320M 
bytes of formatted data. 

Along with storage-capacity improvements comes 
the equally impressive progress that manufacturers are 
making in lowering prices. Pricing depends to a large 
extent on drive capacity. A half-height !OM-byte drive, 
for example, typically costs around $500, and a 320M­
byte drive sells for about $4250. The larger drive, while 
costing much more, can actually prove more economical 
in terms of price/megabyte--$13.28/megabyte com­
pared with $50/megabyte on the smaller-capacity drive. 
Knowing your system's requirements is imperative if 
you're going to choose the most cost-effective drive. 
(Fig 1 shows the price/megabyte curve for the high­
capacity 51/4-in. drives covered in this article.) 

Beyond system requirements, you'll also have to 
understand the changing terminology manufacturers 
use to classify their drives. Nowadays, low-capacity 
51/4-in. drives are those that offer less than 40M bytes 
storage. Similarly, manufacturers refer to drives with 
an average access time in excess of 35 msec (some 
vendors use 40 msec) as being low performance. In 
general, your final choice of drive will most likely 
depend on 

• disk capacity 
• access time 
• cost effectiveness 
• future needs (eg, expansion for additional users). 
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Disk drives have become 
complex system components 

Removable-only Winchester cartridges using 100-mm-diameter 
media let Syquest Technology's SQ306RD store SM bytes in a small 
package space. 

Promising high performance in a half-height 10M-byte drive, 
Microscience International Carp 's HH-612 ($999) uses two head 
assemblies to achieve 55-msec average access times. 

What all this means is that you can't talk about drives 
by themselves any more. They aren't simple compo­
nents to be specified in bulk with no thought to future 
use. The division of drives into low- and high-perform­
ance categories, for example, only exists in terms of 
their applications. Otherwise, such divisions make no 
sense. Disk drives are complex components, and each 
drive's true capabilities become clear only when you 
take a look at its role in the overall system. 

Table 1 puts some of the drive's most important 
performance characteristics into perspective, listing 
key specs for some of the high-performance, high­
capacity drives currently available. Arranging the 
specifications of the drives you're considering in this 
tabular manner quickly discloses whether a candidate 
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meets your basic cost/performance requirements. But 
remember that most OEM prices are negotiable. Don't 
let price differences of a few dollars deter you from 
talking to vendors of higher-priced drives. 

But before you begin your selection process, keep in 
mind that the choice of native interface (the one the 
disk controller will have access to) can actually dictate 
some significant drive characteristics, such as storage 
capacity. Priam's 5114-in. Winchester, for example, uses 
one set of electromechanical components to meet sever­
al capacity needs. Its Model 504 costs $1850 (OEM) and 
comes with the ST-506/412 native interface currently 
used by most drives. Equipped with its ST-506/412 
electronics, Model 504 stores 86M bytes of data. The 
same drive with Priam's own native interface becomes 
the lllM-byte Model 505 and costs $2300 (OEM). Both 
models have six platters. 

The difference in capacity between the two models 
results from one of the ST-412 specification's character­
istics rather than any technology changes. At any given 
disk-rotation speed, the interface standard's data­
transfer rate of 5M bps limits a drive's linear storage 
density-the number of bits it can store linearly along 
each track-to 9212 bpi. On a 5114-in. disk, this figure 
works out to 10,416 bytes/track after the disk is format­
ted. An interface that doesn't restrict the data-transfer 
rate to such a low level permits higher linear densities. 
In the case of the Model 505, that higher linear density 
turns out to be 11,886 bpi or 13,440 bytes/track. 

The fine art of specsmanship 
The difference in linear densities that accrues from a 

change in the interface is a good indication of the 
difficulty inherent in selecting a drive strictly from its 
data sheet. While not impossible, to compare one drive 
to another, you must follow a rough and rocky road. 

Right on the line between technology and manufacturability, 
Vertex's drives use thin-film media and under-the-bubble preamps for 
maximum performance. 

EDN JUNE 28, 1984 



One of the the most critical and often confused drive 
specs is average access time. The access time is literally 
the time it takes to access information on the disk. But 
this figure represents a typical access time, assuming 
that your data is distributed randomly on the disk 
surface and you don't know ahead of time how many 

DRIVE CAPACITY 
(M BYTES) 

260 

240 

220 

200 

180 

160 

140 

120 

100 

80 
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40 

20 

320 

cylinders the head will have to move. Thus, the average 
access time proves a critical measurement in determin­
ing how well a particular drive meets the needs of 
multiuser and multitasking systems. 

The track-to-track access time is the time it takes a 
drive to move its heads from one track (or cylinder) to 

$13 $20 $21 $23 $26 $30 $41 COSTIM BYTE 

Fig 1-As the storage density increases, the cost/megabyte falls, making the higher capacity drives cost effective despite their 
seemingly high price tags. 

Using plated media, Tandon Corp 's Model TM705 stores 50M bytes 
of data and costs less than $1000 in large OEM quantities. 
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You can choose from 20M to SOM bytes of storage with Quantum 
Corp 's 0500 Series of 51/4-in. drives. 
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Average access time measures 
disk-drive performance 

the next. This time represents the best but unlikely 
case where the data resides on adjacent tracks. To 
calculate a more typical time, given that data storage is 
random, drive vendors assume that the drive will, on 
the average, have to move Va of the maximum number 
of tracks in a random seek operation. 

In addition to describing the time it takes to move the 
heads to the desired cylinder, the average access time 
must include settling time-the time allotted for the 
heads to settle down to ensure reliable reading and 
writing. Unfortunately, there is more than one mea­
surement method used to determine the average access 
(or seek) time. Some methods measure only part of the 
time that must elapse before the drive can read or 
write. 

Properly defined, the average seek time is the time 
that the Seek-Complete interface signal on an ST-506 
drive remains False. This line goes False when the step 
pulse is sent to the drive and stays there until the heads 
are positioned for reading or writing. Thus, measuring 
average seek time by this standard includes all of the 
time it takes for the drive to get ready to take care of 
system business. 

For high-performance computer systems, the aver­
age access time might be the most important drive 
specification outside of price. Fig 2 shows the relation­
ship between a drive's average seek time and the 
amount of disk activity it will support. A disk drive 
with a 30-msec average access time will allow slightly 
more than 90,000 seek operations/hr. But if the access 
time increases to 40 msec, data-access capability 
falls to approximately 70,000 seek operations/ hr. 
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Fig 2-The drlve's average access time, measured in 
milliseconds, determines the amount of disk activity the 
system can support, measured in the number of seek 
operations/hr. (Courtesy Vertex Peripheral Corp) 

Formatted as 306 cylinders to maintain compatibility with IBM 
PC/DOS software, Cogito Systems' Model CG912 half-height Win­
chester uses less than 12W. 

Translating the number of seek operations/hr to a 
system application with a large number of users gives a 
clear indication of how this spec limits system opera­
tion. For instance, an 8-user system that employs a disk 
drive with an 85-msec average access time would limit 
each user to less than 500 seeks/hr-8.3 seek opera­
tions/min. In a large 32-user environment, each user 
could go to the data well only 125 times an hour-two 
times a minute. This is clearly an unrealistic figure. 
Any disk-intensive application such as software devel­
opment or business software using overlays, like 
spreadsheet and word-processing packages, can place 
heavier access demands on a system. Micropolis sug­
gests that a 30-msec-access-time drive in a multiuser 
UNIX system couldn't support more than eight to 10 
users. Because of the file structure, it takes seven to 30 
seek operations to access a single record under UNIX, 
and studies indicate that users won't tolerate more than 
a 2-sec wait for a response. Thus most vendors place the 
single-user/multiuser demarcation line for drives at 30 
or 35 msec. 

Three techniques increase capacity 
The race by disk-drive manufacturers to increase 

storage capacity is taking place in three product­
development arenas. The brute-force mechanical ap­
proach involves adding more disks and heads to existing 
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TABLE 1-HIGH-PERFORMANCE 51/4·1N. WINCHESTERS 
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ATASI 30333 26 $1500 $58 5 3 800 8780 30 ST-506/412 

3046 36.4 $1600 $44 7 4 800 8780 30 ST-506/412 

3065 51 .6 $1850 $36 7 4 980 9490 24 ST-506/412 

3075 59.0 $1950 $33 8 5 980 9490 24 ST-506/412 

COMPUTER MEMORIES INC CM-7660 47.22 $1310 $28 6 3 1173 9275 40 

CM-7880 62.97 $1505 $24 8 4 1173 9275 40 

CM-6640 31 .5 $1045 $33 6 3 720 9275 40 

CONTROL DATA CORP 9415-36 36.29* $1250 .. 5 3 800 9000 45 ST-506/412 

9415-86 8.96* $1845 .. 9 5 960 9540 35 ST-506/412 

FUJITSU AMERICA LTD M2241AS 24.7 $1600J_100l $65 4 3 760 10,200 30 ST-506141°2 

M2242AS 43.2 $1800 (100) $42 7 4 760 10,200 30 ST-506/412 

M2243AS 67.8 $2000 (100) $30 11 6 760 10,200 30 ST-506/4~2 

MAXTOR XT-1065 52.5 $1635 (500) $31 7 4 980 9875 30 ST-506/412 

XT-1140 112.5 $2915 (500) $26 15 8 980 9875 30 ST-506/412 

XT-2085 70.2 $1795 (500) $26 7 4 980 11 ,155 30 ST-506/412 

XT-2190 150.4 $3205 (500) $21 15 8 980 11 , 155 30 ST-506/412 

EXT-4075 70 $1490 (500) $21 3 2 980 22,310 30 ESDI 

EXT-4380 320 $4250 (500) $13 15 8 980 22,310 30 ESDI 

MEMOREX 512 30 $1680 (100) $56 3 2 970 9912 25 ST-506/412 

513 50 $2005 (100) $40 5 3 970 9912 25 ST-506/412 

514 70 $23901 100_1_ $34 7 4 970 9912 25 ST-506/412 

MICROPOLIS CORP 1302 20.4 $975 $48 3 2 960 9077 30 ST-506/412 

1303 34 $1095 $32 5 3 960 9077 30 ST-506/412 

1304 40.8 $1195 $29 6 4 960 9077 30 ST-506/41"°2 

1323 33.5 $1175 $35 4 3 1000 9824 30 ST-506/412 

1324 50.2 $1335 $27 6 4 1000 9824 30 ST-506/412 

1325 67 $1470 $22 8 5 1000 9824 30 ST-506/412 

PRIAM 502 55 $1550 $28 7 4 960 9212 32 ST-506/412 

503 71 $1750 $25 7 4 960 11 ,886 32 PRIAM/ANSI 

504 86 $1850 $22 11 6 960 9212 32 ST-506/412' 

505 111 $2300 $21 11 6 960 11 ,886 32 PRIAM/ANSI 

QUANTUM Q520 16.8 $895 $53 4 2 591 9200 45 ST-506/412 

Q530 25.2 $995 $40 6 3 591 9200 45 ST-506/412 

Q540 33.6 $1095 $33 8 4 591 9200 45 ST-506/412 

RODI ME R0206 31 .5 $995 $32 6 3 600 8192 60 ST-506/412 

R0208 42 $1115 $27 8 4 600 8192 60 ST-506/412 

TANDON CORP TM703 31 • < $1000 .. 5 3 600 10,000 39 ST-506/412 

TM705 so• < $1000 .. 5 3 1000 10,416 39 ST-506/412 

VERTEX CORP V130 24.3 $1100 $45 3 2 960 9920 (MAX) 30 ST-506/412 

V150 40.4 $1400 $35 5 3 960 9920 (MAX) 30 ST-506/412 

V170 56.6 $1650 $29 7 4 960 9920 (MAX) 30 ST-506/412 

V2100 78.7 $1750 $22 7 7 960 16,310 (MAX) 25 ST-412HP 

NOTES 
1. FORMATTED CAPACITY IN MEGABYTES; ASTERISK DENOTES UNFORMATTED CAPACITY 
2. UNLESS NOTED, PRICES IN 1000-UNIT QUANTITIES 
3. PRICE/CAPACITY 
• • NOT APPLICABLE-CAPACITY INDICATED IS UNFORMATTED 
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Vendors use three approaches 
to increase maximum capacity 

READ/WRITE 
HEAD 

HEAD FLEXURE 

SPI NDLE WITH 
INTEGRATED MOTOR 

ACTUATOR ARM 

PREAMPLIFIER CHIPS 

ACTUATOR LOCK 

ACTUATOR 
MAGNET 
HOUSING 
ASSEMBLY 

VOICE 
COIL 

BASE 
CASTING 

Fig 3-Puttlng as many platters and heads in a package as the laws of physics allow, Maxtor's drive squeezes the most out of 
every inch of space. 

drives. At any technological level, more platters and 
more heads will produce more storage space. This 
technique isn't limited to low-end drives. Maxtor man­
ages to push technology and still take advantage of this 
approach in its tightly packed (enhanced) drives. The 
firm has a unique spindle motor built into the disk's hub 
that allows as many as eight platters to sit (closely 
spaced) within a 5%-in. package in its EXT-4000 family 
of drives. The drive also uses a rotary actuator, which 
takes less space than a linear actuator. Fig 3 shows the 
mechanical aspects you need to increase capacity from 
75M to 380M bytes in this package size. The 75M-byte 
version costs $1490 (500); the 380M-byte version costs 
$4250 (500). 

The problem with simply adding heads and platters 
to gain capacity is that it adds to the mechanical 
complexity of the drive without necessarily adding any 
sophistication. Mechanical complexity can reduce relia­
bility. You don't get any particular performance bene-
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fit. You might, however, get a cost benefit from putting 
more storage in one package. But according to Jim 
Adkisson, executive vice president of Vertex Peripher­
als, at any given capacity, the most economical and 
reliable solution involves the fewest heads and disks. 

Another method of increasing disk capacity is to 
increase the density of data tracks. The closer together 
the tracks are, the more tracks you can record on the 
disk. The efforts in this area focus on precision position­
ing mechanisms (the more tracks there are in a given 
area, the narrower and harder to track they become), 
better read/write . channels and higher resolution 
media, usually plated media. State-of-the-art 5%-in. 
drives exhibit a track density of 1000 tpi max, typically 
960 to 980 tpi (Table 1). Computer Memories Inc 
provides an exception-its CM 7000 family boasts 1173 
tpi. Computer Memories attributes its unusually high 
track density to a swing-arm actuator and a closed-loop 
servo system. To accommodate narrow track widths, 
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The intelligent disk drive 
The push for higher disk-drive ca­
pacity makes sophistication within 
the peripheral important to the 
success of the application. Sys­
tem throughput increases by al­
lowing a drive to take over disk 
housekeeping functions now han­
dled by a host CPU, such as error 
detection and correction, automat­
ic retries and self arbitration. 

All rigid disk drives have some 
media defects. The standard 
method of handling the inevitable 
defects that appear on disk sur-

ERROR MAP MLC-1 
BYTE BYTE 
FROM FROM 

CYLIND. HEAD INDEX CYLIND. HEAD INDEX 
128 3163 
139 7337 
505 3613 
801 158 
866 1208 

An error map provides the location of 
every hard defect at the time the drive is 
shipped. 

faces is to provide the customer 
with a list of locations on each 
platter which can't be used (fig­
ure). In microcomputer systems, 
the system integrator must enter 
these locations into the system. 
Unfortunately, as additional plat­
ters are added to increase the 
drive's storage capacity, the num­
ber of media defects also increas­
es. With as many as eight platters, 
the job of entering the defect loca­
tions can get out of hand. But 
there are other ways to handle the 
problem. 

Higher capacity drives require 
defect mapping, a function easily 
provided in intelligent drives. De­
fect mapping makes the location 
of defects transparent to the sys­
tem. The drive puts data into good 
locations and keeps track of 
where it stores things. Thus, the 
host computer neither knows nor 
cares the physical location of data 

on the disk. 
Although intelligence in drives 

and interfacing has largely been a 
panacea for large-capacity drives 
on powerful computer systems, it 
isn't restricted to those applica­
tions. Even in lower capacity 
drives like Shugart Carp's 706S 
and 712S, intelligence proves 
useful. In this particular case, the 
intelligence ensures that the 
drives speak the language of the 
SCSI interface and obviate inter­
facing to the drive on the native­
interface level. The host proces­
sor then spends less time dealing 
with file 1/0 and has more time for 
computational tasks. All of the 
valid arguments in favor of intelli­
gent drives on a large computer 
system, Shugart contends, apply 
equally well to a small system 
where computational power is at a 
premium. 

the drive uses gap-length manganese heads. These 
narrower-than-normal heads allow the drive to read 
and write thinner tracks. 

The last method of improving storage capacity in­
volves increasing linear density, the density of bits 
along a track. Given a fixed number of tracks, the more 
bits you can store in the track the more data you get on 
the disk. In this arena, 12,000 bpi tends to be a magic 
number. High-quality thin-film media and quality read/ 
write channels make these barriers reachable in the 
newer drives, but as the resolution of the media in­
creases, read/write channels must improve to match. 

Full-height 51/4-in. drives from /Ml store 12M to 51 M bytes. 

Some data-compression techniques make linear den­
sity the easiest target of the three capacity-increasing 
techniques for drive manufacturers to pursue. Termed 
run-length-limited coding (RLL), such encoding 
schemes let the drive store more bits on a track than it 
has flux reversals. Normally it takes a flux reversal to 
store a bit. But with RLL, after you've reached the 
limit of increasing the number of flux changes/in. (fci) in 
the media, you haven't reached the storage limit of the 
drive. RLL compresses the data so that it takes fewer 
bits written on the disk to store a certain number of 
data bits. Each bit written represents more than one 
data bit. 
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RLL codes compress data 
to achieve a density increase 

Maxtor's EXT-4000 family proves the point. This 
drive incorporates the (~, 7) RLL code dictated by the 
ESDI (enhanced small-disk interface) specification. The 
drive's combination of plated media and high-perform­
ance read/write channel supports 14,873 fci, yet the 
drive stores 22,310 bpi through (2, 7) encoding. Because 
this scheme depends on an efficient encoding of data 
rather than a technological development, the technique 
is available to all manufacturers without incurring an 
additional large development or manufacturing cost. It 
is the most economical approach to higher capacity. 

Micropolis Corp's newest 5114-in. Winchester drive 
also takes advantage of (2, 7) coding. Its 1350 Series 
sports the ESDI interface and storage capacities rang­
ing from 85M to 170M bytes. This indicates an avowed 
trend toward RLL among high-capacity disk vendors 
with the exception of Computer Memories. Its CM 7000 
drives feature a low 9275-bpi linear density but push 
track density to the limit. 

The high-capacity drives listed in Table 1 use these 
three techniques in varying degrees to reach their 
particular storage level. Some manufacturers, such as 
Micropolis and Priam, loudly announce that they aren't 
on the leading edge of any technology but follow closely 
behind with proven (ie, manufacturable in high volume) 
technology. This they find a safe, yet competitive, 
course to follow. Of all the manufacturers, only Maxtor 
chooses to assault all three techniques with vigor. 

Going upscale for performance 
Some manufacturers, meanwhile, are also increasing 

disk storage capacity, but are doing so without adopt-
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Analyzing disk-drive specifications 
Disk-drive specs can be confusing. Understanding 
them can go a long way toward ensuring that the 
drive you ultimately select meets your system 
needs. Bob Mortenson, product requirements man­
ager at Micropolis Corp, offers the following advice 
when dealing with disk-drive manufacturers to help 
you get through this critical phase: 

• Ask about the drive's capacity and compare 
formatted capacities rather than unformatted. 
Drives with equal unformatted capacities can 
differ in their actual storage capacity. 

• Check the physical size. Some drives exceed 
the 8-in. length requirement for the 51/4-in . 
form factor, Mortenson warns. Check the 
mounting orientations that the manufacturer 
permits while you're at it. Some drives must be 
mounted along one or two of the three possi­
ble mounting axes. 

ing the newest technologies. For instance, Seagate 
Technology, an established front runner in low-capacity 
5114-in. Winchesters, chose to move to an 8-in. form 
factor for its entry into the multiuser-system market­
place. Putting the requisite capacity and performance 
into an 8-in. drive, while keeping costs down, proved 
much simpler than accomplishing the same feat in a 
5114-in. package. Seagate wanted to incorporate a drive 
that could store lOOM bytes (unformatted) of data and 
furnish an average access time of 30 msec into a 
half-height package. The result was the highly manu­
facturable ST8100. The $1500 (OEM) drive uses the 
firm's own ST-412HP interface (and its ST9100 control­
ler) to transfer data at lOM bps. 

Seagate isn't the only manufacturer turning to 8-in. 
drives as cost-effective alternatives to 5114-in. units. In 
fact, firms such as Priam, Micropolis and Quantum 
moved to 5114 in. only after establishing themselves as 
vendors of 8-in. drives. More important, many of these 
firms also possess 14-in.-drive technology. As a result, 
these vendors are transferring much of the technology 
they've perfected for larger drives to the smaller pack­
ages. And according to Larry Jacobs, Priam's product 
marketing manager, vendors who have been in the 
large (8- and 14-in.) Winchester drive business for a 
while bring something else to the party: a knowledge of 
the requirements of multiuser systems. That knowl­
edge pays dividends in getting things right the first 
time. "User feedback is no substitute for good design," 
says Jacobs. 

It's important to keep in mind that some manufactur­
ers choose to remain in the larger drive market and 

• Look for separate reliability specs for the HOA 
(head/disk assembly) and the electronics. Cir­
cuit boards are field replaceable, but a failure 
in the HOA will mean that the drive returns to 
the vendor-quite likely destroying all the data 
stored on the disk in the process. 

• Ask manufacturers how they measure aver­
age access time. Many data sheets don't 
define the term "average." The most widely 
accepted method is to use the time of a 
11.3-length seek; the average distance is con­
sidered to be 11.3 of the total number of cylin­
ders. Look for a drive's ability to seek and 
buffer step-pulses simultaneously (allowing 
the drive to begin its seek operation when it 
receives the first step pulse). This will produce 
faster seeks in real system operation. 
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Some drives provide their own means of data backup. The OMA 
360 (a) from OMA Systems Corp and Model 450 (b) from Memorex 
Corp furnish only removable cartridges. Cynthia Periphera/'s Model 
0520 (c) combines both the cartridge and a fixed disk. 

resist the temptations of the 51/4-in. format. Their 
offerings shouldn't be ignored in planning your system 
design. The 8-in. form factor offers sufficient space to 
incorporate high-performance technologies without sig­
nificantly impacting price. Northern Telecom's Mer­
cury Series of drives, for example, provide average 
access times of 20 to 25 msec and capacities ranging 
from 35M to 174M bytes. The drive has an SMD 
interface. 

The Kennedy Company is also introducing a new 8-in. 
drive, the Model 73160, at the National Computer 
Conference in Las Vegas next month. The $4695 
drive furnishes 165.9M bytes of (unformatted) storage 
and features a new rotary actuator with four fixed 
rare-earth magnets, which allows an average access 
time of 20 msec. You can choose SMD, ANSI or PICO 
native interfaces for the drive to suit your needs. 
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In spite of the hoopla over high capacities, it's the 
low-capacity Winchesters that have created the mar­
ketplace for the 5%-in. form factor, and their capacity 
and performance continues to increase. Today's lOM­
and 20M-byte drives typically come in smaller (half­
height) packages than the space-wasting, full-height 
5M- and !OM-byte drives of not too long ago. What's 
more, system integrators can find in the smaller drives 
a flexible alternative to more expensive high-capacity 
drives. Some of the more sophisticated controllers on 
the market will let you interleave seeks on multiple disks 
to achieve faster performance and larger capacities 
than you can obtain from single 5%-in. drives. 

Not all low-capacity drives, however, use 5%-in. 
media. The demand for rigid disk drives for portable 
and transportable computers is causing vendors to look 
at even smaller media and package sizes--sub-4-in. 
drives to be specific. 

Good examples of sub-4-in. developments are the 
Models SQ312, -325 and -338 drives from Syquest, 
which use 3. 9-in. (100-mm) media with a proprietary 
ChromaFlux overcoating to store lOM, 20M or 30M 
bytes of data. The entire package measures 
1.625x4.8x8 in., including the pc board, and weighs 2.9 
lbs. Much of Syquest's design effort focuses on prepar­
ing its drives to face the shocks of working in the 
transportable world. The manufacturer runs fragility 
tests on a shock-test machine to ensure that failures 
due to shock are well understood and that the drive will 
withstand reasonable impacts. Both a step-acceleration 
test (simulating dropping the drive onto a stiff surface) 
and a shock-transmission test, where the machine puls­
es the drive with a 15g and 20g, 11-msec, 112-sine shock 
pulse, are employed to determine the drive's ability to 
withstand battering under normal handling. 

In an even smaller package size, you'll find Rodime's 
Model R0350 Series of 3112-in. Winchesters. These 
drives incorporate as much as lOM bytes in a 
1.625x5. 75x4-in. package. Featuring average access 
times of 90 msec, the tiny Winchesters interface to an 
ST-506 controller. 

Half-height drive-full-height performance 
In the larger 5%-in. disk format, the emphasis is 

currently on half-height drives. A half-height Winches­
ter, combined with a half-height floppy disk or car­
tridge tape drive, packs a lot of storage in the space 
formerly allocated to a single disk drive. 

Shugart Corp puts 5M and lOM bytes in its Model 706 
and 712 half-height Winchester drives for a mere $444 
(OEM) and $499 (OEM), respectively. The half-height 
5%-in. form factor has been around for some time now 
and is understood sufficiently so that reliability prob­
lems are almost nonexistent. Shugart's 700 Series 
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Holographic testing of disk drives 
Rudy Garza, Newport Corp 

As track densities pass the 1000-
tpi mark, head-positioning prob­
lems associated with vibration and 
thermal deformation become 
major concerns. How do you mea­
sure mechanical movements of 5 
to 10 µm? How do you character­
ize resonance in the flexure when 
the mass of an accelerometer is 
large enough to change both the 
resonant frequency and mode 
shape? One answer is hologra­
phy. Recent advances in hologra­
phy make it simple and conve­
nient to measure and record such 
data. 

Thermal deformation 
Most drives have the carriage 

and spindle mounted on a com­
mon base plate. Heat from inter­
nal components and the environ­
ment can cause differential 
expansion or warpage of the base 
plate, resulting in a misalignment 
of the carriage and spindle. Holo­
graphic interferometry records 
these changes in real time. 

The first step is to make a holo­
gram (essentially a 3-dimensional 
laser photograph) of the base 
plate using a test setup such as 
the one shown in Fig A. This 
becomes the reference pattern. 
After applying thermal stress (you 
heat the drive), take a second 
picture, and superimpose it over 
the reference pattern. This pro-

Fig A-A stable test setup lets you cre­
ate a doub le-exposure holographic 
image. 
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Fig B-lnterference patterns show changes in the base plate due to thermal stress. 

Fig C-When you see fringes across the time-average hologram of the flexure, you 've 
found one of its resonant frequencies . 

duces a double exposure in real 
time that records the changes that 
have taken place in the base plate 
under thermal stress. The black 
and white fringes shown in Fig B 
are interference patterns pro­
duced by changes in the base 
plate. 

You can read the amount of 
stress by interpreting the fringes 
as you would contour lines on a 
topographical map. The elevation 
between successive fringes is 1f.! 
the wavelength of a helium-neon 
laser, 12.4 µm. The bullseye pat­
tern is a bulge in the bottom of the 
plate. 

This noncontact measurement 

technique works as well for vibra­
tion as it does for heat. With a 
hologram you can watch the entire 
flexure vibrate and identify various 
resonant frequencies. By vibrating 
a flexure assembly across various 
frequencies until you see a stand­
ing wave in the double exposure 
as shown in Fig C. The fringes 
represent an incremental 9- to 
13-µm vibration (depending on 
the laser's wavelength). 

Rudy Garza is manager of tech­
nical marketing development for 
the Fountain Valley, CA-based 
Newport Corp. 
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Lower technology in 8-in. drives 
furnishes high performance 

TABLE 2-LOW-CAPACITY WINCHESTER DISK DRIVES 

FORMATTED 
CAPACITY PRICE COST AVERAGE ACCESS 

MANUFACTURER MODEL (M BYTES) HALF HEIGHT (1000) ($/M BYTE) TIME (MSEC) 

COGITO SYSTEMS CG-912 10 YES $585 $59 85 

IMI 2306H 5 YES $420 $84 85 

2312H 10 YES $515 $52 85 

MICROSCIENCE INT CORP HH-612 10 YES $810 $81 85 

RODI ME RO 351 5 YES $470 $94 92 

RO 352 10 YES $590 $59 92 

SEAGATE TECHNOLOGY ST 406 5 NO . 65 

ST 412 10 NO . 65 

ST 419 15 NO . 65 

ST 425 20 NO . 65 

ST 212 10 YES . 65 

SHUGART CORP 706 5.24 YES $444 $85 85 

712 10.49 YES $499 $48 85 

SYQUEST TECHNOLOGY SQ325F 20 YES $700 <100 

SQ338 30 YES $850 <100 

TANDON CORP TM251 5 YES $425 $85 85 

TM252 10 YES $500 $50 85 

TULIN CORP TL-226 20 YES $850 $43 95 

TL-240 30 YES $1055 $35 95 

*MANUFACTURER REQUESTS THAT OEMs CONTACT THEM DIRECTLY FOR PRICING . 

drives boast 20,000-hr MTBFs. 
To reduce interfacing and system housekeeping prob­

lems, you can even specify intelligent versions of these 
drives, designated Model 706S and 712S. These 
drives feature the SCSI interface as your access point 
to the drive. On-board intelligence tackles logic jobs 
normally handled by the disk controller. The price for 
intelligence? Model 706S costs $661 (OEM) and the 
712S costs $716 (OEM). The intelligence in the drive 
takes care of such tasks as disk formatting, error 
detection and correction and defect mapping. 

Putting intelligence within the drive, Shugart Corp 's 700S Series of 
drives provide 5M or 10M bytes of storage and an SCSI interface. 
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Meanwhile, Seagate Technology's half-height ST212 
drive not only provides lOM bytes of storage, but also 
uses two heads on each platter to furnish an average 
access time of 65 msec. Seagate is so confident of the 
quality of its products that it gives OEMs a 105% 
guarantee. If you buy more than 500 drives for US 
delivery and one of the drives fails incoming inspection, 
Seagate will repair and return the drive and issue you , 
an additional 5% credit. 

Because not everyone wants or needs a half-height 
drive, in addition to its ST212, Seagate meets a wider 

Two faces of data storage are Seagate Technology's 100M-byte 
half-height 8-in. STB100 Winchester and its 12M-byte 51/4-in. ST412 
Winchester. 
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Half-height low-capacity drives 
drive larger units upscale 

range of system storage requirements, from 5M to 20M 
bytes, with its full-height ST400 family of drives. 

International Memories Inc has also put its market­
ing faith in half-height drives for 5M- and lOM-byte 
packages. Its 2306H and 2312H offer 85-msec average 
access times for as little as $420 (1000) for the 5M-byte 
2306H. 

One newcomer to the disk-drive market, Tulin Corp, 
is pushing the limits of half-height packaging by provid­
ing as much as 30M bytes (Model TL-240) with a 
95-msec average access time. If you don't need quite 
that much capacity, the company also makes the TL-226 
and TL-213 drives at 20M or lOM bytes, respectively. 

Although drive manufacturers like those mentioned 
are aiming products at broad application areas, some 
firms have chosen to customize their units for particular 
systems. The current spotlight is on storage systems 
and modules for IBM PCs, but there are other dedicat­
ed systems as well. Texas Instruments, for example, 
makes drives for its Professional Computer. Its full­
height lOM-byte drive suits use in the desktop comput­
er, and its half-height lOM-byte drive fits either the 
desktop or transportable computer. Intended for end­
user markets, either drive retails for $2295 and has an 
85-msec average access time. 

Table 2 compares the particulars of a cross section of 
low-capacity drives in order to illustrate the tradeoffs 
in package size, capacity and performance that are 
available. 

Cartridges create portable data 
Once you have decided on a particular disk drive for 

your application, you might want to consider some sort 
of backup storage system. Like choosing drives, choos­
ing the optimum system is not as simple as looking 
through a product catalog. Although the issue of which 
method is best to back up the data stored on a Winches­
ter might never be resolved, the manufacturers of 
cartridge drives continue to push their products as 
viable alternatives to floppies or tape. The rationale 
behind using cartridges is the ultimate convenience 
that they offer. Backup is quick: One cartridge backs up 
one similar-sized fixed disk and you have only a single 
peripheral to deal with. 

The smallest cartridge drive comes from Syquest. Its 
Model SQ-306RD measures a mere 1.625x 4.8 x8 in. 
and weighs 2.4 lbs. Its Q-Pak cartridge is less than 5 in. 
wide and less than 72 in. thick, letting you stash the 
media in a coat pocket. Where space is a problem (space 
in the system for the drive and space to store data 
cartridges), the SQ-306RD excels. These cartridge 
drives cost $480 (1000). Each data cartridge ($60 in 
1000s) stores 5M bytes (formatted) in 306 cylinders, and 
the drive features an average access time of 90 msec. 
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Imported to the US from Scotland, Rodime 's RO 208 drives store 
53.3M bytes and feature a 50-msec average access time. 

But this drive has only removable storage. You might 
need to add a fixed disk to obtain the performance your 
system requires and let the cartridge act as a backup 
device only. 

In a slightly larger format, you'll find DMA Systems' 
Model 360 provides more removable storage capacity. 
For applications where costs must be kept low, this 
removable-only half-height drive packs 7.5M bytes on a 
5¥.i-in. cartridge for less than $500 (OEM). Its average 
access time is 98 msec. 

To pack even more data storage in the same size 
package, consider the Memorex 450 5¥.i-in. cartridge 
drive. It stores 12. 75M bytes (unformatted) on two data 
surfaces and furnishes an average access time of 98 
msec. Priced at $960 (100), Model 450 fits in the 
footprint of a half-height 5¥.i-in. floppy drive and con­
sumes 25W typ; it uses the ST-506 interface. 

Another cartridge candidate in this capacity range is 
Cynthia Peripheral's D520 drive. Priced at $1380 
(OEM), the unit combines lOM bytes (formatted) of 
removable cartridge storage with lOM bytes (format­
ted) of fixed-disk storage. If its price tag is higher than 
the other cartridge drives, so is its performance-a 
40-msec average access time. 

DMA Systems also provides the fixed/removable 
combination. Its Micro-Magnum 11/11 combines llM 
bytes of fixed storage with the same amount of remov­
able-cartridge storage. Compatible with and intended 
for use with the IBM PC/XT, the Micro-Magnum 11/11 
costs $1525 (1000); the removable-only version, the 
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Ampex announces 
more of a good thin. 

The demand for small discs in 1984 alone will 
reach 6 million units. 

Thirty percent of these discs will be thin film 
media. A technology we pioneered at Ampex. 

One we will continue to lead the way in. 
Which is why our new $15 million 

automated ALAR™ disc thin film facility is 
continually stepping up production quantities. 

So your disk drives can have more of the 
good things thin film has to off er. 

More storage capacity. Greater performance. 
More durability. 

More of what you need to build the best 
little disk drive in the world. 

AMPEX 
Ampex Corporation • One of The Signal Companies (iJ 

Disc Media Operations, Media Products Division, 
960 Rincon Circle, San Jose, CA 95131, 

(408) 945-5600, TWX 910-378-5920, TLX 34-84-64 

™ALAR Is a trademark of Ampex Corporation . 
<O 1983 Ampex Corporation 

See us at NCC Booth #A1034 
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Intelligence in a drive 
reduces system housekeeping 

Micro-Magnum llR, costs $1190 (1000). 

References 
Yet another manufacturer, Athenaeum Technology 

Inc, provides its Aegis 1010 for applications requiring 
ll.47M bytes of fixed and removable storage. A linear 
voice coil, shock isolated from the casting to prevent 
ringing errors, furnishes a 40-msec average access 
time. The drive costs $1300 (1000) (an evaluation unit 

1. Gibeau, F C and Brown, S F, "Wringing higher 
performance from 51/4-in . Winchesters," Mini-Micro Sys­
tems, February 1983. 

. costs $2500) and uses standard 5~-in. cartridges. EDN 

2. Teja, ER, A designer's guide to disk drives, Reston 
Publishing Co, 1984 . 

3. "The average seek time: Fact or fiction?, " The IRIS 
Connection, Vol/No 1, Point 4 Data Corp. 
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Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 

Manufacturers of Winchester disk drives 
For more information on the disk drives mentioned in this article, contact the following manufacturers directly or circle 
the appropriate numbers on the Information Retrieval Service card. 

Ampex Corp 
Computer Products Div 
10435 N Tantau Ave 
Cupertino, CA 95014 
(408) 255-4800 
Circle No 711 

Atasl Corp 
2075 lanker Rd 
San Jose, CA 95131 
(408) 995-0335 
Clrcle No 712 

Athenaeum Technology Inc 
105 Bay State Dr 
Braintree, MA 02184 
(617) 848-8388 
Circle No 713 

Coglto Systems 
2355 lanker Rd 
San Jose, CA 95131 
(408) 942-8262 
Circle No 714 

Computer Memories Inc 
9216 Eton Ave 
Chatsworth, CA 91311 
(818) 709-6445 
Circle No 715 

Control Data Corp 
Box 0 
Minneapolis, MN 55440 
(612) 853-3276 
Circle No 716 

Cynthia Peripheral Corp 
766 San Aleso Ave 
Sunnyvale, CA 94086 
(408) 745-0855 
Circle No 717 

OMA Systems 
601 Pine Ave 
Goleta, CA 93117 
(805) 683-3811 
Circle No 718 

Fujitsu America Inc 
3075 Oakmead Village Dr Bldg 3 
Santa Clara, CA 95051 
( 408) 988-81 00 
Circle No 719 

Hitachi Ltd 
Mita Ko Kusai , Bldg 1-4-28 
Mita Minato-Ku 
Tokyo 140 Japan 
INQUIRE DIRECT 

International Memories Inc 
10381 Bandley Dr 
Cupertino, CA 95014 
(408) 446-9779 
Circle No 720 

Maxtor Corp 
61 East Daggett Dr 
San Jose, CA 95134 
(408) 942-1700 
Circle No 721 

Memorex Corp 
San Thomas at Central Expwy 
Santa Clara, CA 95052 
(408) 987-1000 
Circle No 722 

Mlcropolls Corp 
21329 Nordhoff St 
Chatsworth, CA 91311 
(818) 709-3300 
Circle No 723 

Mlcroscience International Corp 
575 E Middlefield Rd 
Mt View, CA 94043 
(415) 961-2212 
Circle No 724 

Miniscribe Corp 
1871 Lefthand Circle 
Longmount, CO 80501 
(303) 651-6000 
Circle No 725 

NEC Information Systems 
1414 Massachusetts Ave 
Boxborough, MA 01719 
(617) 264-8000 
Circle No 726 

Priam 
20 W Montague Expressway 
San Jose, CA 95134 
(408) 946-4600 
Circle No 727 

Quantum Corp 
1804 McCarthy Blvd 
Milpitas, CA 95035 
(408) 262-1100 
Circle No 728 

Rodime PLC 
25801 Obrero Ste 6 
Mission Viejo, CA 92691 
(714) 770-3085 
Circle No 729 

Seagate Technology 
920 Disc Dr 
Scotts Valley , CA 95066 
(408) 438-6550 
Circle No 730 

Shugart Corp 
475 Oakmead Pkwy 
Sunnyvale, CA 94086 
(408) 733-4355 
Circle No 731 

Syquest Technology 
47923 Warm Springs Rd 
Fremont, CA 94538 
(415) 490-7511 
Circle No 732 

Tandon Corp 
20320 Prairie St 
Chatsworth, CA 91311 
(213) 993-6644 
Circle No 733 

Texas Instruments 
Box 202146 
Dallas, TX 75220 
(713) 895-3133 
Clrcle No 734 

Tulln Corp 
2393 Qume Dr 
San Jose, CA 95131 
(408) 942-9025 
Circle No 735 

Vertex Peripherals 
2150 Bering Dr 
San Jose, CA 95131 
(408) 942-0606 
Circle No 736 

Manufacturers of 8-in. drives mentioned 
in this article: 

Kennedy 
1600 Shamrock Ave 
Monrovia, CA 91016 
(818) 357-8831 
Circle No 737 

Northern Telecom Inc 
Memory Systems Div 
Box D 
Ann Arbor, Ml 48106 
(313) 973-4000 
Circle No 738 
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THECOGITO 
I TAI ,F-HEIGHTS. 

Thousands of Cogito half-height 51,4 inch 
Winchester disk drives have already been 
delivered. All of them have one charac­
teristic in common: unmatched high 
quality. This quality results from 
Cogito's philosophy that our mature 
technology will pay off for Cogito's 
customers-and for our custom­
ers' customers. 

The Cogito half-heights' 
iron oxide recording media 
provides the long term 
reliability that protects 
our customers' data 
integrity in the 
marketplace. And 
Cogito half-height 
Winchesters use 
only half the 

power of regular disk drives. This is an 
achievement that has repeatedly been 

confirmed by the field. 
Cogito's management has trans­

formed its wide experience in the 
mass production of Winchester disk 

drives into a product line where 
the quality is repeated in every 

disk drive that comes from 
Cogito's high volume 

manufacturing facility. 
For more information, 

call or write Cogito 
Systems Corporation, 

Sales Department, 
2355 Zanker Road, 

San Jose, CA 95131, 
Telex 171023, 

( 408) 942-8262. 

QUALITY WORTH REPEATING. 

See us at NCC , Booth #C3242 

COGITO 
S Y S T E M S 
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THOMAS EDISON DIDN1 
HEJUSTMA 



[NVENT THE LIGHT BULB. 
lEITWORK. 

Fifty years before Edison, people were taking 
the air out of glass tubes, sending in current and 
hoping the filament would glow. 

But in 1879, Edison attacked the bigger 
problem of how to distribute the electricity. So 
that by developing the power grid first, he was 
able to determine the precise combination of 
carbon rod, vacuum, voltage and current that 
his lamp would demand. 

At Priam, we build our disc drives with a 
similar focus-on your system's requirements, 
and on your production schedule. It's a commit­
ment that has made us the leading U.S. manu­
facturer of high-performance, high-quality 8" 
voice-coil Winchesters-from 35 to 500MB. 
A commitment we're now making to our new 
86MB 51;4 '' drives as well. It's why we provide 
total, industry-standard interface support, 
including ST412, ANSI, SMD, SCSI, IPI-3, and 
our own Priam interfaces. And it's why we've 
just opened a new, automated production 
facility, one of the largest and most modern in 
the OEM world. 

Priam. For high-performance disc drives, 
check with us first. We'll make sure it works. 

JUST THE RIGHT DISTANCE FROM 
THE LEADING EDGE. 

20 West Montague Expwy., San Jose, CA 95134 (4081946-4600 
Boston (6171444-3973 ; U.K. (441734-884-788 



tche for Electronic 
Designed and manufactured to meet cost and 

performance requirements of the electronics industry. 

Typical Applications 
Electronic Computing 

116L provides 
operator access 
to disc drive 

storage area. 

116L with flush 
push button. 
Finger 
release to lift cover 
for paper loading on printer. 

107L provides 
limited access 
and secure 
clamping for 
RF! shielding on CPU. 

Office Equipment 

119L allows easy operator 
access to paper storage 
area on copier. 

104L permits 
easy access to 

D 

service door on 
microfilm reader/printer. 

119L flush la tch for 
electronic drawer 
opening. 

cmr:Dlll Tension Latches 
34L Serles. Miniature latch; available with secondary lock. 
112L Serles. Small, yet high strength (600 lbs.). Self­
compensating for variable loads. 47L Serles. Low profile, large 
take-up. Styling characteristics of similar plastic versions but 
is trouble free. 95/96L Serles. Attractive style. Available in 
two sizes; numerous materials/ finishes. 51L Serles. Adjustable 
series; over 200 variations: secondary locks, right angle 
bases, extended drawhooks, etc .. 30L Serles. Miniature latch. 
High strength to weight ratio. 

CIRCLE NO 222 

f11m!!!Jlll Hold-Down Device 
Meets ARINC 600 specifications~ 
Ultra lightweight (0.123 lbs.). 
Secures line replaceable avionics. 
Protects against shock, vibration 
and acceleration. Controls 
clamping force within ± 20 

pounds. Prevents bent connector pins; mechanically limits 
jack-out angle. "AAINC specifications specify a 

ii clamping force of 100 to 125 lbs. 

'" "• 

~~Ji~ 
~KNOB 

KEEPER / 

1. Assembly lifts to clear NAS 622 
hook. Keeper is rotated to captivate 
clamp assembly to the hook. Knob is 

'""'""' re"'"'"'"--~· 
- -~7:r_NCE 

2. Fully installed in locked position. 

,. 

3. Shown here in the extraction 
mode. To release from hook, 
keeper is rotated and assembly 
falls free. 
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Equipment 
For modems to black boxes ... from office equipment to avionics. 

) 

tmmlll Panel Latches 
104L Serles. Slams to close, 1/4-turn to open. No strike 
required. Available with 6mm hex for tool operation.118L 
Serles. Open by turning 60° in either direction. Available 
with decorative knobs and 4mm hex recess. 107L Serles. 
Flush trigger latch. Ideal for gasketed applications. 106L 
Serles. Self adjusting pawl compensates for tolerances and 
gasket wear. Tool or hand actuator. 65L Serles. Manually 
adjustable where positive joint compression and high 
strength is needed to compress gaskets or suppress 
vibration. 119L Serles. Hand installed; requires only finger 
operation to open. 116L Serles. Push button to open; slam 
to close. Clean, unobtrusive design. 
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tmmlll Chassis Latches 
Provide mechanical advantage to 
engage and disengage drawer from 
pin connectors. Also function as 
carrying handles. Ideal for compressing 
RFl/EMI shields as well, or securing 
chassis equipment against high tension 
and shear loads. 

Secure removable 
electronic drawers. CIRCLE NO 225 

Typical Applications 

L ~ 

~1 ~ D dJ~ ~ 
= 0 

Yi 

Instrumentation and 
Telecommunications 

@ 104L provides 
restricted 
access for servicing 
data switch gear equipment. 

95L attaches outer cover to portable 
field oscilliscope; smooth appearance. 

Military/Aerospace 
Electronics 

30L latches interconnect electronic 
countermeasure equipment 

51 L provides modules. Low profile. 

secure avionic 
drawer 
equipment. 

Rexnord 
ll/11111111 
Specialty Fastener Division 

adjustment and moisture seal to 
gaskeled door on naval computer. 

601 Route 46 W est, Hasbrouck Heights, NJ 07604 
201/ 288-8300 • TWX 710/ 990-6147 

Engineered Fasteners lor the 
Electronics/lnclustrial Markets. 



• High Reliability 
• Economy 
• High Performance 
• Low Power Consumption 
• Quality 
• Quantity 

Solid features you 've 
been looking for. Delivery 
you can depend on. 

It really will be a 
refreshing change. 

CIRCLE NO 67 

NCC and Las Vegas. 
What a backdrop for 
an exciting, refreshing 
change of pace. The 
change is 
Microscience's 
introduction of two 
new half-height 
Winchester disk 
drives. 

Amid all the hustle ... all 
the bustle . .. all the songs 
.. . all the dancing ... and 
all the noise, Microscience 
will unveil two new half­
height Winchesters with a 
dramatic set of differences. 

• • • Mic::rosc::ienc::e 
• • • International 
• • • Corporation 

575 E. Middlefield Road 
Mountain View, CA 94043 
(415) 961-2212 Telex: 275907 

Area Sales Offices : Or lando , FL (305) 339-8283 •Boston , MA j617) 229-5823 International Sales Office: Munich, West Germany, 
Te l. 0894315669, TTX 5213442 Distributors: U. S. -Gu f Strea m, Weatherford , North East Pe riphe ra ls, Or io n • 

lnternational- Mu lti lek , Ca nada • Pericomp, Austra li a • Datag uild , U. K. • Metro logie, France and West Germany 

Don't miss the real excitement at Booth #C4366 



EDN Networking Design Series 

Additional LSI and h~brid parts 
ease completion of LAN 

Bringing up the completed LAN-node breadboard turns out to be 
surprisingly easy. Three volume-produced devi-ces perform 

the difficult token-passing and line-interfacing tasks. 

Robert H Cushman, Special Features Editor 

An effective way of achieving a shared-RAM data link 
between two asynchronously coupled systems was 
described in the second article of EDN's networking­
design series (Ref 2). That article highlighted the 
operation of an interface between SMC's 9026 LAN 
controller and a host µP. In this final installment, we'll 
describe the completion of our networking breadboard. 
We'll also describe the ultimate test of our system­
integrating the breadboard into an existing network to 
see if it communicates with other nodes. 

It turns out that in selecting ARCnet, we made an 
excellent choice of a LAN to breadboard. The ARCnet 
LAN is a good example of a mature, well-engineered 
system. Its history has been sufficiently long (it was 
introduced in the mid-1970s) to permit elimination of all 
the bugs. What's more, it's so well supported by LSI 
and hybrid devices that it wasn't too difficult to bread­
board. 

Fig 1 illustrates our complete breadboard system. 
The interface between our 65C02 host µP and the 9026 
controller chip (boards 1, 2 and part of3a) was cemplet­
ed during the preparation of this series' second article. 
We'll now describe the interface between the 9026 LAN 
controller on board 3a and the BNC network cable 
connector on board 4. There is also an extension to the 
system, board 3b; this extension carries the switches 
by which a user manually sets the ID (identification 
number or network address) of the node. 

The parts go together nicely 
Fig 2 diagrams the circuitry that comprises boards 3 

and 4. You'll note that the LAN-cable interface side of 
the 9026 controller requires much less wiring and fewer 
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glue parts than the interface to the host µP. In fact, the 
dedicated ARCnet devices are so well matched to the 
application and to each other that this portion of the 
breadboard project proceeded rather easily. 

As with other LANs, the ARCnet protocol can be 
unusual and confusing, particularly when establishing 
and maintaining the token-passing scheme. Fortunate­
ly, the 9026's microcode automatically takes care of the 
necessary protocol. Indeed, we found that we really 
didn't have to understand it in great detail in order to 
bring the system up. 

Similarly, the hardware-design problems are, for the 
most part, taken care of by the 9032 transceiver and the 
hybrid cable interface. About all that is left for the 
designer to do is see that the parts are properly 
connected and know enough about the operation of the 
system to make waveform checks and write the simple 
software for the basic operational tests. 

What the parts do 
Even though the 9032 eliminates much of the hard­

ware you'll need, it's not a very complex device when 
compared with the 9026 controller. This transceiver is a 
gate array that replaces only six to eight TTL parts. It 
operates from the 20-MHz signal of the 0.1 %-tolerance 
crystal oscillator, and it uses this signal as a clock for 
encoding and decoding the transmitted and received 
signals. The 9032 also divides the 20-MHz signal by 4 to 
produce the two 5-MHz clocks required by the 9026. 

During transmission, the 9032 takes the TX pulses 
from the 9026 and converts them into the pair of Pl and 
P2 pulses that the LAN hybrid converts to the + lOV, 
- lOV "dipulse" that's transmitted over the cable. 

On the receive side, the 9032 takes the RCVD 
positive pulses from the hybrid and converts them to 
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The 9026's microcode 
takes care of protocol 

NOTE: 
ALL 74 PARTS 74HCTXX FROM RCA (EXCEPT 7402) 

7400 7474 

74245 
74367 

BOARD#4 
SMC9032 
20-MHz ZENITH 
CRYST HYBRID 
osc 

7402 74367 7402 

BOARD#2 

RCA 
74HCT166 

BNC 
CONNECTOR 
TOLAN 
CABLE 

HARRIS 82C82 LATCH 
MOSTEK 2k x 8 RAM 
("ZEROPOWER" CMOS WITH 
PIGGYBACKED LITHIUM 
BACK-UP BATIERIES) 

Fig 1-The breadboard designed for EDN's network is composed of easily disconnected modules, which permit easy 
troubleshooting and modification. Based on the number and types of /Cs, we estimate that it would cost $100 to make a similar 
breadboard, and that a product based on it would sell for approximately $300. As component prices come down, such a product 
could eventually sell for as little as $100. Note we used a Mostek Zeropower RAM. This wasn't necessary (an ordinary 2k x 8 RAM is 
adequate), but the built-in lithium backup battery gives us the luxury of saving test messages during breadboarding and trials. 

the NRZ signal that the 9026 expects to see. The 
DSYNC control from the 9026 stops the CA clock so 
that there is byte-by-byte synchronization of the data 
detection during reception. 

The hybrid module is the most interesting part 
available for this interface. Its operation reveals some 
of the problems you might encounter when interfacing 
to a LAN cable that's perhaps one-third of a mile long 
(2000 ft). On the transmission side, both paths inside 
the 75453B line drivers (made by Texas Instruments 
and others) are paralleled to produce the fairly hefty 
push-pull dipulse. 

In Datapoint's original design, this square pulse cycle 
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was sent out directly to the cable, but FCC noise 
requirements forced the company to add the zero­
insertion lowpass LC filter shown to round the wave 
shape into an approximate sine wave. A tiny 6-pin-DIP 
RF transformer couples both the transmit and receive 
signals to the 920 RG-62 coaxial cable. The transformer 
keeps each station on the network sufficiently isolated 
to ensure that, if one station should lose power, it won't 
interfere with system operation. 

On the receive side, there is another LC filter and a 
75108A line receiver. This filter is of particular impor­
tance to the success of ARCnet. It's a transcendental­
type filter that's matched to the fundamental frequency 
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Kyocera America (San Diego, CA). of the sine wave that the dipulse is approximating, and 
it sharply rejects all other frequencies. In fact, the need 
for sharp frequency rejection is precisely the 'reason 
why a dipulse is used: It's an easy signal to detect. 
Datapoint says that its system can continue functioning 
even when a noise signal that's larger by an order of 
magnitude is present. 

At the current price of $9 a piece (dropping to $6 in 
quantity) , most users will find, as we did, that these 
multisourced hybrids are quite convenient to use. Our 
particular design employs a unit from Zenith CRT & 
Components Operations (Glenview, IL), but the hy­
brids are also available from Centralab Inc (Milwaukee, 
WI), Micro-Technology Inc (Menomonee Falls, WI) and 

Before the final test of our breadboard-incorporat­
ing it within an actual LAN-we performed some local 
checks to ensure that it was functioning properly. In 
one check we looked at the contents of the 9026's status 
register (at memory-space location 9000 in our system). 
This register always read "F5," which agreed with the 
9026's specification folder with respect to the status bits 
that should be set following a power-on-reset (POR). 

The first two RAM locations (8000 and 8001 in our 
system) were also checked. After a POR, the first 
location was set to "DI." The DI, according to SMC, 
represents the proper result of the 9026's power-up 
initialization. It verifies the 9026's instruction code, 
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Fig 2-The interface between the 9026 LAN controller and the LAN cable turns out to be quite simple. Most of the design 
problems are neatly solved by the 9026 LSI controller, the 9032 gate-array transceiver and the hybrid cable driver/receiver. These 
components go together with a minimum of additional glue parts. 
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A hybrid LAN module 
eliminates design problems 

instruction register, program counter, the command 
and decode, interrupt logic and the bus arbitration. The 
code is also an indication that 80% of the 9026 chip is 
functional , according to SMC. 

The content of the second RAM location is what we 
had set into the ID switches. This code confirms that 
the 74166 shifter is being properly clocked to enter the 
ID serially, and that the working registers, the internal 
I/O bus and the buffers are all functioning. 

Without actually connecting our breadboard to a 
working network, it was difficult to make sense out of 
the jumbled data pattern that the 9026 transmits. 
However, by carefully adjusting the scope trigger and 
settings, we found that we could begin to see details of 
the pattern. The pattern's periodicity was approximate­
ly 1 sec. John Murphy of Datapoint, one of the ARCnet's 
original developers, says that we were observing the 
9026's activity as it tried in vain to make contact with 
other nodes. 

Getting the bugs out of the interface 

During this operation, the 9026 waits 840 msec for 
activity on the cable, and then, not seeing any, it sends 
out a "reconfigure burst" consisting of eight marks 
repeated 765 times. Thanks to the delay feature on our 
60-MHz scope (a Tektronix 2215), we could see the 
overall pattern and expand individual details at 5 nsec/ 
cm to verify the timing between different signals. 

The procedure is particularly useful for observing the 
alterations of the outgoing waveforms passing through 
the 9032 and the hybrid. We also found that we could 
follow incoming signal reception back through the hy­
brid and the 9032 right up to the RX pin on the 9026, 
because there would (of course) be reception of the 
transmitted dipulses. Our signals appeared to agree 
with the waveforms shown in the SMC manuals. (More­
elaborate node self checks are outlined in Chapter 5 of 
Ref 3 from Datapoint. The company uses the 9026's test 
pins, such as ECHO, and the TEST flag in the 9026's 
status register.) 

There was one bug in our very 
simple interface between the host 
µP and the 9026 LAN controller. 
We found it would not work at all 
when we substituted the full­
speed 5-MHz clock for the 
3.5-MHz oscillator we had been 
using during early checkouts. 

We returned to the 3.5-MHz os­
cillator and examined the wave-

forms. The delay feature of our 
Tektronix Model 2215 scope was 
invaluable here, because it per­
mitted us to see 5-nsec/cm time­
base details of the accesses while 
still providing a wider look at the 
long overall pattern of the soft­
ware-driven test loop. (We pro­
grammed software loops to cause 
the host µP to address CSa or CSs 

continually.) The problem ap­
peared to be that each time the 
9026 tried to release the host at 
the end of the access cycle (by 
lowering WAIT), the continuous in­
puts from the µP clock to AS on 
our original design (Ref 2) made 
the 9026 think another access 
cycle was needed (both CSa and 
CSs were still Low). 
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65C02 
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A NA.ND gate and two flip flops in a redesigned circuit provide a single, reliable AS 
strobe. 

Our solution was to ensure that 
only a single strobe for AS would 
occur each time the µP wanted to 
access the 9026 or shared RAM. 
We produced the desired single 
strobe by configuring a spare 
NANO gate and the two flip flops 
of a 7474 (figure) . 

Normally the flip flops would be 
in a reset condition, but whenever 
the CSa or CSs select lines indicat­
ed that an access should be 
made, the first flip flop would be 
set to start the AS strobe. Then 
the µP's 02 clock would set the 
second flip flop, which would in 
turn reset the first flip flop and end 
the AS strobe. With this additional 
circuitry, our interface, which is 
still fairly simple, worked at both 
3.5 and 5 MHz. 
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For the acid test, we took our Rockwell AIM µC with 
the LAN breadboard to SMC's lab. The company has 
set up a network using its LAN boards in IBM Personal 
Computers. A 20-ft length of cable made the connection 
between one of the PCs and the BNC connector on our 
breadboard. It was a minimal 2-computer network, but 
it was adequate for the tests. 

We performed two basic tests: receiving transmis­
sions from ·the IBM PC and transmitting to it. The 

TEST FLOW DIAGRAM 

A 

SYSTEM CHECKS AFTER POWER ON 
IS 9026'S STATUS REGISTER• F5? 

LOCATION 9000• FS? 
ARE RAM'S FIRST TWO LOCATIONS OK? 
aooo-011 
8001 • 01 (SETTING OF ID SWITCHES) 

DEFINE CONAGURATION TO INDICATE 
2k RAM BEING USED 

B RECEIVE MESSAGE 

SEND ENABLE RCV 
COMMAND TO 9026 

READ OUT MESSAGE 

C SEND MESSAGE 

LOAD IN DESTINATION (DID) 
LOAD IN MESSAGE 

WAIT FOR 
TA TOGO 
BACK ON 

CAN SEND ANOTHER MESSAGE 

AIM CODE FOR TESTS 

< M > 9000 · F502F502 
< M > 8000 - 01014141 • AIM MONITOR COMMAND, 
DISPLAY MEMORY 

LDA#OD 
STA9001 

LDA#04 
STA9001 

WAIT LOA 9000 
AND #80 
BEQWAIT 

AIM MONITOR COMMAND 

f SID DID START 

< M > 8000=~20~ 0~2 
8004 42 42 42 42 

42 4242 42 

MESSAGE, j 
ASCII " Bs" 

~~~ =°~ SID(SOURCE ID) 

~~~ ~~1 DID (DESTINATION ID) 

LOA #05 START VECTOR 
STA 8202 
~~~ =~~5 MESSAGE (FIRST CHAR) 

~~~ z~6 MESSAGE (SECOND CHAR) 

LOA #OB XMT COMMAND 
STA 9001 

WAIT LOA 9000 
AND#01 
BEQWAIT 

Fig 3-The software for testing our breadboard on ARC­
net turned out to be just a few routines. 
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software we used in the AIM (Fig 3) is so simple that 
the AIM-to-PC transmit code was written on the spot 
during the tests, which lasted approximately 1 V2 hrs. 

At the start of the test session we prepared our 9026 
by sending it a Define Configuration command. To 
accomplish this task, we performed a Load Immediate 
of the command code (LDA #OD) followed by a store to 
the 9026's memory-mapped command location (STA 
9001). The procedure informs the 9026 that a 2k (rather 
than a lk) RAM is being used. Without this command, 
we could only receive and transmit to and from page 
zero. 

For the receive test we sent an Enable Receive 
command (#04 to 9001), which directs the 9026 to 
receive any message on the cable addressed to its ID 
and store it in the RAM's page zero. This command 
resets the RI status bit in the 9026's status register 
(read from 9000) to Zero and provides a means for 
handshaking during reception. We then directed our 
AIM to enter a wait loop, reading the 9026's status 
register and monitoring when RI returned to One 
(indicating that a message had been received and was 
waiting in RAM). 

When RI went to One, we had the AIM read out the 
correct contents of page zero of the RAM. The SID 
(source ID) at location 00 was 02 (the IBM's ID), and 
the destination ID was 01, the address we had manually 
entered into our breadboard's ID switches. 

The third byte was 03, which means the message 
starts at location 03. At that location there was a string 
of ASCII 42s (letter B), which composed the test 
message from the PC. 

We had a bit more difficulty in transmitting from the 
AIM to the IBM PC, because we weren't aware that we 
should be starting our message at RAM location 8200 
rather than 8100 (which would have been used if we had 
a lk RAM). But as soon as we spotted the mistake and 
revised the code, our message, an ASCII 33 (number 3) 
followed by an ASCII 34 (number 4), appeared instant­
ly on the PC's screen. 

It's important to note that the stark simplicity of our 
test software might be quite misleading, in terms of 
actual trends taking place in LAN application software. 
With the large amounts of available low-level hardware 
and software (Open Systems Interconnection levels 1 
and 2), systems-software suppliers are moving quickly 
to provide much higher and more complex levels to 
exploit the vast potential of LAN s. For example, they 
are trying to write software that allows one user to lock 
out others with respect to modification of a remote file. 
Beyond this, there is even talk of software that would 
allow users to treat all the resources on a network as 
part of their personal computer's "virtual domain." 

But even our modest tests dramatically illustrated 
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Simple off-line checks 
test 80% of the functions 

how a LAN can enable totally different computers with 
totally different operating systems to talk to each other 
at high speeds. Our implementation-a single-board 
AIM with its 8-bit 65C02 host µP, and the relatively 
expensive IBM PC with its 16-bit (internal) 8088 µP­
helps illustrate this point. 

Future networking projects 
With the successful completion of EDN's net­

working-design series, we anticipate more experi­
mentation with software. For example, it makes more 
sense to make use of the 9026's interrupt signals rather 
than tie our AIM up in crude wait loops. We'd also like 
to incorporate some network self-checks, traffic log­
ging, etc. In terms of hardware, breadboarding a 
version of the ARCnet active repeater hub to include a 
µP for continuous hub diagnostics also seems appropri­
ate. This shouldn't be too difficult a task, because the 
hubs principally use multiple hybrid modules. With 
regard to applications, we believe that the way ARCnet 
automatically reconfigures itself when nodes are 
plugged in or dropped out of the network might have 
widespread appeal. 

Although this article concludes EDN's networking­
design series, we hope to update readers in the near 
future regarding progress we're making in software 
and hardware enhancements of our system. We also 
expect to report on unique applications we might en­
counter as our research continues. EDN 
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TE K 7000 SERIES PLUG-IN 
SPECTRUM ANALYZERS 

From 20 Hz to 5 MHz: The lei< 7L5 Spectrum~ 
delivers high value, measurement versatility. 

VALUE-ADDED ENGINEERING 
BY TEKTRONIX. 

The ?LS delivers more performance 
per dollar than you're likely to find in any 
other baseband spectrum analyzer on 
the market today. Simplified operation. 
Synthesized tuning . Excellent frequency 
accuracy and stability. All in an afford­
able, versatile plug-in that fits into any 
7000 Series mainframe and is exchange­
able with over 30 different test and 
measurement plug-ins . Match growing 
requirements at a reasonable cost. 

ADD UP THE BENEFITS. 
Very easy to use, the 7LS lets you. 

concentrate on answers, not operation. 
Digital storage and synthesized fre­
quency control mean fewer external 

Copyright© 1983, Tektronix, Inc. All rights reserved . SAA-201 

controls. Three-knob operation makes 
set-up a snap. You can set cent.er fre­
quency with six-digit accuracy 1mm~d­
iately upon turn-on . Reference level 1n 
1 dB steps. 

SEE IT ALL. 
The ?LS covers 20 Hz to S MHz in one 

display, with 10 Hz resolution and no . 
more than 1 Hz residual FM. Comparing 
baseband channel performance is easy 
because the ?LS switches from a single 
channel to a 60-channel supergroup 
without retuning . You can see all chan­
nel amplitudes at a glance, side by side. 

Digital storage provides ~harp , 
flicker-free displays, plus d1g1tal aver­
aging and peak detection to measure 
very low level signals and noise. Its MAX 
HOLD function makes it possible to 

track slowly drifting waveforms 
over long periods of time. 

The 7L 14 (10 kHz to 1.8 GHz) and 
7L18 (1.5 GHz to 60 GHz) are the 
other two members in the 7000 
Series family of high-performance, 
digital-storage, plug-in spectrum 
analyzers. 

All parameters, including center fre­
quency, are displayed on the CRT for 
easy referencing and documentation. 

FRONT-END 
FLEXIBILITY. 

Probe-compatible input modules ac­
commodate a variety of impedances. 
The L3 provides switch-selectable 
so ohm, 600 ohm and 1 megohm inter­
face and the L3-1 offers 75 ohm, 
600 ohm and 1 megohm alternatives. 
Displays are automatically calibrated 
for the module in use. Utilization of a 
013-0182-00 Balanced Input Trans­
former provides correct matching to 
balanced loads. 

7000 SERIES VERSATILITY 
IS PART OF THE BARGAIN. 

An optional Tracking Gener:ator can 
be included in your 7L5 plug-in to 
measure filter shape and make swept 
frequency tests from 1~ Hz to 5 MH~. It 
requires a third space 1n a 7000 Series 
mainframe. 

Other 7000 Series Spectrum Analyzer 
Plug-ins extend your range to 60 GHz. 
And you can use ~he sarr1e power:ful 
mainframe for logic analyzer, oscillo­
scope and other measurements. This 
kind of value is the foundation of the 
Tektronix plug-in concept. 

Contact your ne~rest.Tek~ronix ~eld 
Office (listed in maior city directories) for 
more information. Or call 1-800-547-1512 
for descriptive literature. (In Oregon, 
1-800-4S2-1877). 

Tektronix, Inc., PO. Box 1700, 
Beaverton, OR 9707S. In Europe: 

Tektronix Europe 
B.V., PO. Box 827, 
1180 AV 
Amstelveen, 
The Netherlands. 

Amplitude comparison 
of a 12 channel baseband 
system 

Performance 
worth the 

name 
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SAY HELLO ID 
PC-AIDED SEMICUSTOM 

Screen your logic on 
q IBM XTor Apo/to.• 

Then phone it in. 

Imagine sitting down at 
an IBM® XT or Apollo 
computer, developing 
your logic and sending it 
over the phone to a 
semicustom LSI manu­
facturer: Then sittjng back 
tmtil prototypes arrive in 
aJlittle as eight weeks. 

~Qle&, get on the 
PC COllledl .. 

A wide.range of parts. 
These unique, state-of-the-art CAD services 
speed up the design cycle. And our wide choice 
of MOS and bipolar technologies can also help 
put your product on the leading edge. 

Our range goes from high-speed ECL and 
low-power ISL (Integrated Schottky ·L.OJBQll». 
ultra low-power CMOS. And we've · 
duced oxide isolated ISL. 
If you think that's a tough act to 
look at our arc~ 
masterslice,8"'Q~U'~U 
l\lfe~--~ 





If you'd like to reduce that 
big rack of test equipment 
on your next GPIB test set· 
up, eliminate the messy 
maze of cables and complex 
interconnections, and use 
one uniform programming 
syntax for all of your 
measuring functions, the all­
new SC61 GPIB Waveform 
Anal~er is for you. 

IT S A TOT AL GPIB 
MEASURING CENTER IN 
ONE UNIT: The SC61 
replaces up to seven 
separate GPIB instruments 
all in one unit including: 

• Two DC volt meters 
autoranged to 2,000 
voe 

• Two autoranged freq. 
counters to 100 MHz 

• Two exclusive PPV 
meters · good to 60 
MHz 

•One specialD.(Delta) 
tester for time, 
frequency or PPV for 
any waveform section 
you select for either 
scope channels A or 8. 

And you program any or 
all of these measurements 
with only one programming 
syntax - eliminating the 
confusion and frustration 
associated with multiple 
piece programming. 

Plus the SC61 is both a 
talker and listener meaning 
true unattended operation 
for your ATE test station. 

A TRUE BARGAIN: At 
$2,995 ($625 additional for 
the 1872 488 Bus Interface) 
you get a lot more for your 
budget dollar with the SC61 
compared to buying 
individual pieces. 

And when not on the bus, 
the SC61 doubles as an 
excellent digital readout 
scope (3d8 at 60 megahertz, 
12d8 at 100 megahertz) 
stretching your budget dollar 
even further. 

LIMITED OFFER· 15 DAY 
TRIAL: We're so convinced 
that after even a few hours 
of use you will make the 
SC61 the heart of your next 
GPIB test set-up that we 
want you to try an SC61 and 
1872 for 15 days to convince 
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yourself. There is absolutely 
.DQ...QQ!jgati~f you do 
return the 1 at the end of 
15 days, there will be no 
questions asked. 

We've set 100 units aside 
for this trial period, so act 
quickly - first come, first 
served. Simply mail the 
enclosed return card, or . . . 

PHONE TOLL FREE 
1-800-843-3338 
In Canada Toll-Free 1-800-665-4871 
South Dakota, Alaska, and Hawaii call 
collect at 605-339-0100. 

Sencore, Inc., 3200 Sencore Drive 
Sioux Falls, South Dakota 57107 
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NCC sessions to highlight 
software developments 

The latest demands of software engineering) along with 
many current hardware concerns) are the focus of 

more than 90 meetings at the Las Vegas show. 

Richard Comerford, Senior Editor 

Next month at the 1984 National Computer Conference 
in Las Vegas, the technical program's balance tips 
toward software. Where last year's sessions were bal­
anced evenly between hardware and software, this 
year all session topics (even the one on hardware and 
architecture) address software issues in a major way. 

The show will run from Monday, July 9 through 
Thursday, July 12 at the Las Vegas Convention Center. 
The keynote address, to be delivered by John F Akers, 
president of IBM Corp, is scheduled for 9:30 to 11 AM. 
In addition to last year's nine topics is a new one, 
issuing from the software session, that's devoted to 
artificial intelligence. The 10 major topics, or tracks, 
comprise more than 90 sessions (see nearby schedule). 

Also look for 18 developmental seminars, four half­
day sessions and 14 full-day sessions. Again, those of 
most interest to designers-covering such topics as 
artificial intelligence, computer graphics, local net­
works and UNIX on microcomputers-are software 
oriented. 

The preponderance of software topics -reflects its 
growing importance in industry. Correspondingly, the 
software track outgrew the slots available over a 4-day 
period. Perhaps the best explanation for this · growth 
comes from Winsor Brown of Volition Systems, who 
organized the software track. 

Just a matter of programming? 
Brown recalls that when the subject of topics for the 

software track first came up, software was dismissed as 
merely programming, ie, simply the writing of code. 
This casual dismissal triggered a sharp response. "Soft­
ware engineering isn't just a matter of programming," 
Brown asserts. "It involves management, design, spec-
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ification and testing. Coding is only a small portion." 
The software sessions have since grown in breadth 

and number. There's even a session that regards soft­
ware from a market-driven perspective ("Writing Mi­
crocomputer Software that Sells" on Thursday). In 
addition, two Monday sessions on software mainte­
nance in the category of information-processing man­
agement are software-track spinoffs. 

Software maintenance is a concept that EDP manag­
ers have been familiar with for years. It takes on new 
significance in the microcomputer world, however. The 
software-maintenance sessions will explore the subject 
from a microcomputer perspective. Participants will 
report on a new kind of engineering effort, called 
continuation engineering, that's already developing 
within some companies. 

Continuation engineers try to tune products already 
in production to the latest market demands. Though 
this task might involve hardware changes, more often it 
means altering the ·software to provide extra feat~res. 
Consequently, the Engineering Change Order mecha­
nism for product control is evolving to include software. 

New tools control software life 
A related issue concerns the management of software 

engineering. EDP managers once developed their own 
tools for soft~are maintenance. The proliferation of 
software, however, has now created a situation that 
demands general-purpose maintenance tools. Such 
tools provide the underlying theme in many of the 
software sessions. A good example of this theme and 
focus is a Tuesday session, "Software Engineering 
Management." 

Leading off that session is Robert Loesh of the Jet 
Propulsion Laboratory in Pasadena, CA, who will look 
at the challenges presented by new system architec-
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NCC '84 SCHEDULE 

MONDAY , JULY 9 AFTERNOON TU ESDAY, JULY 10 

TECHNICAL SESSIONS 
PROGRAM TRACKS 1 :30 PM TO 2:50 PM 3:20 PM TO 4:40 PM 8:30 AM TO 9:50 AM 10:20 AM TO 11 :40 AM 1 :30 PM TO 2:50 PM 3:20 PM TO 4:40 PM 

THE AUTOMATED STATE OF THE ART ANALYZING MANAGERS'/ MANAGEMENT WORK DESIGN AND INTEGRATION VOICE TECHNOLOGY 
OFFICE IN OFFICE AUTO· PROFESSIONALS' NEEDS STATIONS AND INTE · FUNCTIONALITY ALTERNATIVES IN THE OFFICE 

MATION FOR OFFICE AUTOMATION GRATED INFORMATION IN OFFICE SYSTEMS AND STRATEGIES 
SYSTEMS 

HARDWASE AND DISTRIBUTED MUL Tl -PROCESSING 32 BIT MICRO· ATTACHED FLOATING NEW MULTI · VLSI SYSTEMS 
ARCHITECTURE SYSTEMS SYSTEMS PROCESSOR POINT AND ARITHMETIC MICRO PROCESSOR 

ARCHITECTURES PROCESSORS ARCHITECTURES 

' 
SOFTWARE COBOL BX-THE NEW SOFTWARE MODULA·2 AND ITS APPLICATIONS EMERGING TRENDS 

STANDARD ENGINEERING APPLICATIONS PROTOTYPING IN INTEGRATED SOFT· 
MANAGEMENT PRACTICES WARE 

COMPUTER EVOLUTION OF BUSINESS GRAPHICS : 
GRAPH ICS AND COMPUTER THE EXPERTS PREDICT 
ENTERTAINMENT GRAPHICS IN AN THE FUTURE 

INFORMATION 
CENTER 

PERSONAL PERSONAL COMPUTER MULTIUSER AND NET · NEXT GENERA· FRONTIERS IN . 
COMPUTERS INDUS TRY: THE EXPERTS WORKED PERSONAL TION PC'S PERSONAL 

FORECAST THE FUTURE COMPUTERS COMPUTING: THE 
USER INTERFACE 

EDUCATIONAL AND MEDIA MICRO SMART CARDS- WORKING REMOTELY: ENHANCING TELE-SOFTWARE 
SOCIETAL ISSUES MANIA THE ULTI MATE WHERE WILL THE CREATI VITY IN DELIVERY 

CONSUMER OFFICE OF TH E EDUCATION 
COMPUTER FUTURE BE? 

INFORMATION SOFTWARE SOFTWARE MAINTENANCE : BUSINESS PLANNING INFORMATION MANAGE· SOFTWARE DISTRIBUTING 
PROCESSING MAINTENANCE: THE FUTURE OF PRESENT AND INFORMATION MENT IN TH E '80s: A MAN· DEVELOPMENl INFORMATION-
MANAGEMENT NEW SYNERGY SYSTEMS SYSTEMS AGERIAL PERSPECTIVE PRODUCTIVITY A MANAGEMENT 

STRATGIES PERSPECTIVE 

DATA BASE CURRENT STATUS SOL DATA BASE 
MANAGEMENT OF THE RELATIONAL LANGUAGE 

DATA BASE MODEL 

ARTIFICIAL KNOWLEDGE BASED Al TECHNIQUES 
INTELLIGENCE TRAINING SYSTEMS FOR SIGNAL 

INTERPRETATION 

COMPUTER MULTI-VENDOR MULTI -VENDOR VIDEOTEX UPDATE ON LOCAL 
COMMUNICATIONS NETWORKS- PART I NETWORKS-PART 11 AREA NETWORKS 

PROFESSIONAL 1 :00 PM TO 4:30 PM 9:00 AM TO 4:30 PM 
DEVELOPMENT MOTIVATING AND MANAGING BREAKTHROUGHS IN STRATEGIC PLANNING AND EDP· MANAGEMENT 
SEMINARS COMPUTER PERSONNEL THE COMPUTER PROFESSIONAL AS EXPERT WITNESS 

LETTING GO OF STRESS EVALUATING AND USING DATA BASE MANAGEMENT SYSTEMS FOR 
PEOPLE AND TECHNOLOGY: ISSUES MICROCOMPUTERS 
AND RESPONSES ARTIFICIAL INTELLIGENCE 

HOW TO SAVE TIME & MONEY BUYING A DESKTOP COMPUTER 

tures such as networking, distributed processing, mul­
tiple processors and fault tolerance. He's found , for 
example, that concurrent design principles don't exist 
in the multiprocessing environment. It thus becomes a 
management responsibility to develop them. 

company's use of software-development tools, and he 
will present quantitative measurements of their effec­
tiveness. As examples, he'll use both large (128,000 
lines of code) and small (30,000 lines) projects as well as 
real-time applications. The most positive tools he found 
were walkthroughs, in which a software engineer's 
peer group reviews the full code asking hypothetical 
questions, and inspections, in which the group tries to 
determine what's missing in a program based on the 
members' general programming knowledge. 

Because of the difficulty these architectural attri­
butes can create, Loesh advises managers and design­
ers that it's better to proceed witp 1- and 2-processor 
architectures until you find a solid reason not to. If you 
find such a reason, you should develop the system's 
architecture piece by piece. Newer architectures re­
quire more time for development , he observes. The 
wise designer or manager will have to do more proto­
typing as a result, but there will be a fallback design in 
case of problems. 

During the same session, Wolfgang Strigel of Mac­
Donald Dettwiller & Associates Ltd will discuss his 
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Strigel concludes that these tools produce results 
that conform to software-engineering principles. He 
found that you can apply even simple software­
engineering techniques with positive benefits. He sup­
ports that statement by noting the high productivity 
achieved in the projects: 40 noncomment source lines 
were generated per person per day, vs the industry 
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WEDNESDAY JULY 11 THURSDAY JULY 12 

8:30 AM TD 9:50 AM 10:20 AM TO 11 :40 AM 1 :330 PM TO 2:50 PM 3:20 PM TO 4:40 PM 8:30 AM TO 9:50 AM 10: AM TO 11 :40 PM 1 :30 PM TO 2:50 PM 

STRATEGIC SYSTEMS SHARED MICRO-MAINFRAME ELECTRONIC MAIL- OFFICE AUTOMATION LARGE OFFICE 
PLANNING: ART NETWORK CONNECTION CURRENT DEVELOP - EQUIPMENT SELECTION : AUTOMATION 
SCIENCE, OR RESOURCES MENTS Q & A SESSION SYSTEMS 
NONSENSE? 

TRENDS IN SUPER - THE FIFTH -PIONEER DAY SESSION- -PIONEER DAY SESSION- SYSTEMS 
COM PUTER SYSTEMS: GENERATION LAWRENCE LIVERMORE THE OCTOPUS SYSTEM RELIABILITY 
DESIGN AND USE REVISITED LABORATORY-THE EARLY 

YEARS 

SOFTWARE ENGINEER- UNIX STATE SOFTWARE AUTOMATION A BATILE ROYAL: WRITING MICROCOM- LARGE vs_ SMALL MILITARY VS 
ING WORK STATIONS OF THE ART - AN INTERNATIONAL STRUCTURED TOOLS PUTER SOFTWARE PROGRAMMING COMMERCIAL 

PERSPECTIVE & METHODS THAT SELLS LANGUAGES: DOCUMENTATION 
PROS & CONS 

NEW TECHNIQUES IN 3D CASE STUDIES IN EMERGING STANDARDS MICRO-GRAPHICS 
AND ANIMATION COMPUTER AN IMATION IN COMPUTER 

GRAPHICS 

DATA MANAGEMENT IN PORTABLE COMPUTERS TOWARDS A UNIVERSAL 
INTEGRATED OPERATOR AND THEIR SOFTWARE SOFTWARE STANDARD 
ENVIRONMENTS 

TELE/CONFERENCING: LEGAL ROADBLOCKS TO PROGRAMMER MAL- AN OPERATIONAL 
THE FUTURE OF BUSI- EXPLOITATION OF PRACTICE APPROACH TO 
NESS MEETINGS TECHNOLOGY PENETRATING 

VERTICAL MARKETS 

MULTI-USER MICROS STRUCTURED NEW INFORMATION DECISION SUPPORT INFORMATION SYSTEMS PLANNING FOR AND SOFTWARE TEST 
vs_ NETWORKED PCs METHODOLOGIES MANAGEMENT METHOD- SYSTEMS AND DIS AND PRODUCTIVITY SUPPORTING END AND VALIDATION 

AND AUTOMATING OLOGIES TRIBUTED PROCESSING USER BUSI NESS 
THE SYSTEMS DEV- COMPUTING 
ELOPMENT PROCESS 

DATA BASE WORK- ENTITY RELATIONSHIP FOURTH GENERA- DATA BASE 
STATIONS APPROACH TO DATA TION LANGUAGES APPLICATIONS 

BASE DESIGN AND PERSONAL AND INTERFACES 
COMPUTERS 

EXPERT SYSTEMS IN TOOLS FOR SOFTWARE ENGINEER- NATURAL LANGUAGE INTELLIGENT AIDS THE FIFTH GENERA-
THE COMPUTING COMMERCIAL ING TECHNIQUES INTERFACES TO SOFT- TO DOCUMENT TION: WHAT, WHY, 
INDUSTRY Al SYSTEMS WARE SYSTEMS PREPARATION AND SO WHAT? 

COMPUTER INTE - COMPUTER AT&T DIVESTURE : THE THE WORLD OF 
GRATED AUTOMATION SYSTEMS1AND AFTERMATH INTEGRATED 

DEVICES NETWORKS 

9:00 AM TO 4:30 PM 9:00 AM TO 4:30 PM 

SOFTWARE ENGINEERING WITH ADA SUPERCOMPUTERS: WHY ARE THEY NEEDED AND WHERE ARE THEY 

INTRODUCTION TO COMPUTER GRAPHICS USEFUL 

TRAINING TO SUPPORT ELECTRONIC TECHNOLOGIES: MANAGING THE CHANGE LOCAL NETWORKS 

DATA ANALYSIS TECHNIQUES PUTIING UNIX TO WORK ON A MICRO 

PROJECT PLANNING AND CONTROL WORKSHOP STRUCTURED DESIGN 

AN INFORMATION SYSTEM PHILOSOPHY FOR THE 1980's 

average of 10 to 20 lines. He also notes that after 
integration, there was a rapid decrease of effort, sug­
gesting that use of the tools helped eliminate bugs. 

Development systems, with their in-circuit emula­
tors, are typically used in embedded system design. 
You might use a software-engineering workstation to 
develop application programs that would run on a full 
system when the in-circuit emulator would be extrane­
ous. In the session, participants will attempt to formu­
late a more complete description of a software­
engineering workstation while providing practical 
examples of what's already been done. 

Strigel also found, however, that very few tools 
helped with problem solving. That lack and the nature 
of the desired tools are further explored in the session 
titled "Software Engineering Work Stations." 

The soft half of workstations 
A software-engineering workstation is the logical 

counterpart of the CAD hardware workstation. It dif­
fers from development stations, which usually enter the 
design cycle at the end of the software effort when code 
is being written, integrated and tested with the hard­
ware. A software-engineering workstation, on the 
other hand, should help throughout the software life 
cycle, in design, analysis and maintenance. 
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One example comes from Phil Grouse from the Uni­
versity of New South Wales, who will describe the 
workst~tion he designed, called Flowdata, which is 
based on the IBM Personal Computer. The system links 
the flow diagram, code and commentary together, so 
that if you make a change in one area, the other areas 
affected are apparent. Connecting these areas in such a 
manner helps control design. The workstation 
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NCC'84 
is oriented toward tree-structured, modular software. 

With this emphasis on software, you might expect 
more discussion than demonstration. Cooperation 
among a number of companies, however, has managed 
to produce a practical demonstration of software with 
hardware at multiple levels. When the exhibit hall 
opens on Monday, you'll be able to go to two booths and 
see network protocols in action. One booth is sponsored 
by the National Bureau of Standards and Boeing Com­
puter Services, the other by General Motors. 

The NBS/Boeing booth will contain equipment from 
nine manufacturers: Advanced Computer Communica­
tions (Santa Barbara, CA), Charles River Data Sys­
tems (Framingham, MA), Digital Equipment Corp 
(Maynard, MA), Hewlett-Packard Co's Colorado Net­
works Operation (Fort Collins, CO), Honeywell (Phoe­
nix, AZ), Intel (Santa Clara, CA), International Com­
puters Ltd (London, England) and NCR Corp (Dayton, 
OH). Software will link the hardware to create a 
multivendor CSMA/CD (carrier sense multiple access 
with collision detection) local-area network that con­
forms to the IEEE 802.2 protocol. 

In the other booth, Allen-Bradley Systems Division 
(Highland Heights, OH), Concord Data Systems (Wal­
tham, MA), Gould Inc's Programmable Controller Divi­
sion (Andover, MA), IBM's Industrial Systems Divi­
sion (Boca Raton, FL) and Motorola Inc (Phoenix, AZ) 
will provide equipment to implement a multivendor, 
broadband token-passing network that conforms to 
IEEE 802.4 and General Motor's Manufacturing Auto­
mation Protocol (MAP). The latter is a GM specification 
that selects existing or emerging standards for multi­
vendor communications in manufacturing. 

Both exhibits will demonstrate the ability of net­
works that link equipment from various vendors to 
function successfully as high as the transport layer, 
which is layer 4 of the 7-layer Open Systems Intercon­
nection (OSI) Reference Model. The transport layer 
provides control of the information flow between sender 
and receiver. 

At the show, you'll be able to verify that this layer 
really works by creating your own file at one manufac­
turer's station and accessing it at another's. Once 
you've seen the networks in action on Monday, you'll be 
able to get more specific information at the 2-part 
"Multivendor Networks" session on Tuesday. Part 1 
will be chaired by Robert Blanc of NBS, Part II by 
Mike Kaminski of GM. 

Hardware enthusiasts, don't despair 
Although the sessions are heavily oriented toward 

software, there's plenty of hardware information to be 
gleaned from the track on hardware and architecture 
organized by Associate Professor Faye Briggs of Rice 
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University. All nine sessions (six have contributed 
papers and three are panel discussions) should have 
something for hardware designers. 

Even in this track, however, experts will contend 
with software issues. The first session, "Distributed 
Systems," will investigate operating systems and data­
base design for distributed processing systems. Session 
chairman Ben Wah of Purdue University will discuss a 
new bus-arbitration scheme for which the university 
has filed a patent. 

The scheme, developed for a local network of VLSI­
based systems, is a protocol that recognizes two states: 
no access or access by one or more nodes. Its algorithm 
has the advantage of resolving access contention in an 
average time that's independent of the workload. The 
scheme compares favorably with such networks as 
Ethernet, in which contentions rise as the workload 
increases. An Ethernet-like system can suffer from 
lengthy contention-resolution times. 

The session also covers the practical experience 
gained at Bell Laboratories in implementing DMERT, 
an operating system for the ESS #5 telecommunica­
tions switching system. S F Ho of the Naperville, IL 
facility will explain how the design group overcame the 
problem of designing the operating system so that, 
with the given hardware, they could detect a fault and 
reconfigure the system to overcome it. 

The second session in the track, "Multiprocessing 
Systems," will provide some detailed hardware­
architecture solutions. Armond Inselberg of Synapse 
Computer Corp (Milpitas, CA) will explain how that 
firm was able to use off-the-shelf parts to build a system 
based on multiple 68000 processors with their own 
cache memories. He'll provide details on how the cache 
convergence problems were overcome while ensuring 
that the cache remains transparent to the user. 

One of the more useful session for hardware design­
ers will be "32-bit Microprocessor Architectures." At 
this session, representatives of National Semiconduc­
tor, Zilog, Motorola, Bell Laboratories and Hewlett­
Packard will present their 32-bit architectures side by 
side so that you can compare them. 

In general, this year's NCC technical sessions should 
provide an interesting software counterpoint to the 
more than 650 predominantly hardware-oriented exhib­
its. Dividing your time between the technical sessions 
and workshops and the exhibit floor should provide a 
solid update on the state of the art in the computer 
industry. If you haven't already registered, call 800-
NCC-1984. EDN 
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or Off·the·Wall. 
Whether you buy standard stock or our 'customerized" 
models, your PacTec enclosure is engineered inside 
and out to look smart, last long, and cost less. 

Because hundreds of PacTec enclosures are available 
from stock, it's likely we've already designed a package 
for your idea. 

But if you have something in mind that's truly out of the 
ordinary, PacTec engineers, with years of packaging and 
design experience, will work with you to make your enclo­
sure attractive, functional, and cost-effective-perhaps 
with just a simple modification to an existing PacTec 
package. 

All PacTec enclosures offer you these benefits: 

• Host of standard accessories-handles, carrying straps, 
tilt stands, belt chps, and many more. 

• Low-cost modifications- vents, louvres, and mounting 
flanges-plus, custom front and rear panels and spe­
cial colors. 

PacTec's standard enclosures do away with long lead 
times and secondary finishing, and save money in tooling 
and assembly. 
So if you're looking for something off-the-shelf or off-the­

wall , give us a call. We have all the in-house capabilities 
for design, production, and secondary operations to pro­
vide you with a single source for any enclosure you can 
imagine. 

PAC TEC~orp. 
Subsidiary of LaFrance Corp. 
Enterprise and Executives Aves., Philadelphia, PA 19153 
(215) 365-8400 

© Pac Tee Corp. CIRCLE NO 73 PAC-139 



Cartridge Tape System 
Digi-Data's Model 70 PC cartridge tape system lets you back-up your 
PC's Winchester drive without getting buried in floppies. One cartridge 
holds 16.5 Mbytes of data, more than you can put on 51 floppy disks! 
And you can back-up your 10 Mbyte PC XT® drive in less than 15 min­
utes of unattended operation. That is a small fraction of the time it 
would take with the PC's floppy, with you standing there changing 
disks. 

Our file-oriented structure makes it possible for you to back-up 
only what has to be changed on your disk. That saves still more time 
and storage capacity. 

70 PC comes ready to run on your IBM PC XT and most compati­
bles like Compaq , Columbia Data Products and Eagle. Complete with 
contro ller board, driver software and cables . 

Digi-Data 's products also include 1/2 inch and 1/4 inch start/stop 
and streaming drives and systems. 
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8580 Dorsey Run Road 
Jessup, MD 20794 
(301) 498-0200 Telex 87580 

In Europe contact: 

DIGl-DATA LTD 
Unit4 
Kings Grove 
Maidenhead, Berkshire 
England SL6 4DP 
Tel. 0628-29666-6 
Telex 847720 

"' PC XT is a registered trademark 
of IBM Corporation 



NCC'84 
Disk-controller and host-adapter boards 
suit use with multiuser µC systems 
Model ACB-5580 controller incorpo­
rates an SMD interface as well as a 
full SASI/ANSI SCSI bus imple­
mentation that includes arbitration 
and disconnect/reconnect functions. 
To allow a host to run concurrent 
I/O tasks, this latter function con­
nects a disk drive and I/O bus orily 
when that drive is ready to receive 
or write data. 

Suited to use with multiuser mi­
crocomputer systems such as those 
running Bell Labs's UNIX opera­
ting system, the board can support 
as many as seven host computers 
through the SCSI bus and as many 

as four 8- or 14-in., 9.6M-bps SMD 
disk drives. The board manages 
multiple accesses to files, relieving 
the operating system of the task of 
managing shared disk resources. To 
increase data throughput, the con­
troller implements noninterleaved 

operation, which allows information 
on one disk track to be accessed in 
one rotation. 

Model ACB-5580 costs $980. Host 
adapters, which function as I/O pro­
cessors between the SCSI and host 
buses and furnish l.5M-byte/sec 
DMA, include the Multibus­
compatible Model AHA-1530 ($460) 
and S-100-compatible Model AHA-
1510 ($425). Production quantities 
will be available 3rd qtr. 

Adaptec Inc, 580 Cottonwood Dr, 
Milpitas, CA 95035. Phone (408) 
946-8600. 
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IBM PC-compatible speech-input board 
recognizes 240 utterances 
Compatible with IBM's PC and XT 
computers, this speaker-dependent 
speech-recognition board can recog­
nize 240 isolated words or short 
phrases with 99% accuracy. Each 
utterance can be as long as 1.25 sec; 
minimum word length is 80 msec. 

The plug-In board contains all the 
AID-converter, signal-processing 
and I/O circuitry necessary to con­
vert the spoken word to digital 
code; it incorporates an Intel 80186 
16-bit µP, 128k bytes of dynamic 
RAM, and 32k bytes of EPROM 
(expandable to 64k bytes). It also 
includes its manufacturer's proprie­
tary ASA-16 spectrum-analysis 
chip, which derives spectral pat­
terns from input sound waves. 
Input bandwidth is 200 to 7000 Hz. 

Supplied with the board, a menu­
based utility program prompts oper­
ators with questions and instruc­
tions via the computer's display. In 
the board's keyboard mode, digi-
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tized voice data appears to the com­
puter as if it were entered via the 
keyboard; that mode permits the 
board to be used with any PC-com­
patible software. The PC mode ac­
commodates users who write their 
own applications software and wish 
to incorporate speech input into it. 

The board comes with a connect-

ing cable, users' manual and a choice 
of head-mounting or desk micro­
phone. Power requirements include 
5V at lA, + 12V at 80 mA and - 12V 
at 150 mA. Less than $2000. 

I nterstate Voice Products, 1849 
W Sequoia Ave, Orange, CA 92668. 
Phone (714) 937-9010. 

Circle No 680 
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Compact 80-lpm dot-matrix printer 
interfaces with desktop computers 
Model MVP 150B dot-matrix line 
printer furnishes correspondence­
quality output at 80 lpm; a com­
pressed-print mode allows opera­
tion to 200 lpm. Such performance 
suits it for use as a shared resource 
for workstation clusters. Moreover, 
its Centronics-compatible interface 
permits it to work with a variety of 
desktop computers, suiting it for 
use as a system printer for µC­
hased local-area networks. 

Under software control of a host 
computer, the MVP 150B can print 
a 132-coluinn report on 8% x 11-in. 
paper, eliminating the need for xe-

rographic reduction. For graphics 
applications, it features 100 x 100-
dot/in. resolution. Plotting speed 
ranges from 8.3 in./min in a high­
resolution mode to 25 in./min in a 
high-speed mode. The unit's block­
graphics character set allows users 
to generate custom business forms. 
It can provide shadowing and bold­
face printing. 

200-ips streaming-tape drives 
store 500M bytes per cartridge 
Two streaming-tape drives in the 
MT-2000 family operate at 200 ips 
ahd can store 500M bytes of data on 
ll book-size cartridge employing 
1500 ft of 112-in.-wide magnetic re­
cording tape. The drives can also 
work with 300M-byte cartridges 
using 1000 ft of tape. 

The "full-wide" Model MT-2210 
fits in a standard 19-in. rack; it's 
8.75 in. high and 17.5 in. deep. The 
"half-wide" Model MT-2220 has an 
8.5 x 10.2-in. panel footprint (mak­
ing it form-factor compatible with 
Control Data Corp's Model 9175 
FSD drive) and is 24 in. deep. 

Both units operate at 200 or 50 ips 
in the streaming mode and at 50 ips 
in the start/stop mode. Data­
transfer rate at 200 ips is 240k 
bytes/sec-allowing each drive to 
back up or restore 500M bytes in 36 
min. The units use a 24-track, bit­
serial serpentine format that yields 
a 9600-bpi recording density. Each 
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model includes a 2-track read/write 
head assembly that's stepped 12 
times to achieve the 24 tracks. This 
head-stepping procedure permits an 
average 30-sec access time to any 
record stored in the cartridge. 

Data encoding and decoding takes 
place in the drive's integral format­
ter and is transparent to the con­
troller. The formatter accepts byte­
wide data from the controller and 
encodes it into bit-serial data during 

Font-matrix dimensions range 
from 13 x 12 for lower-case charac­
ters in the word-processing mode to 
7 x 5 for upper-case characters in the 
compressed-print mode. The print­
er's adjustable tractors feature 
5-pin engagement and handle form 
widths from 3 to 16 in. 

The 60-lb printer measures 
10.5 x 24.6 x 20. 7 in. Power require­
ments are 200W max at 120V ( + 10, 
-30%), 47 to 62 Hz. $3745. 

Printronix, Box 19559, Irvine, 
CA 92713. Phone (714) 863-1900. 
TWX 910-595-2535. 

] 
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a write operation. During a read 
operation, the formatter sends the 
co11troller 9-bit-wide data-eight 
data bits plus a parity bit. 

The MT-2210 and MT-2220 cost 
$5500 and $5750, respectively; a 
500M-byte tape cartridge costs 
$140. Delivery begins 3rd qtr. 

MegaTape Corp, Box 317, Duar­
te, CA 91010. Phone (213) 357-
9921. 

Circle No 682 

EDN JUNE 28, 1984 



Dimensional stability. Wear resistance. Consistency. 
Three reasons why this minifloppy was 

made with thermoplastic composites from LNP. 

When Drivetec set out to design a 
smaller, lighter, more reliable mini­
floppy disk drive, they knew each 
injection molded part had to meet 
stringent specifications for durability 
and stability. That's why they con­
tacted the thermoplastics experts 
at LNP 

It was a tough assignment, but 
we accepted it. And soon delivered a 
complete series of our Thermocomp• 
resins to Drivetec-on time and on 
spec. Not bad, considering that 23 
out of 25 plastic parts used in this 
minifloppy were made from com­
posites specifically formulated for 
the application. 

But there's another reason why 
demanding customers like Drivetec, 
manufacturers of the high capacity 
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3.3 megabyte drive, do business with 
LNP You see, we're large enough to 
respond to your thermoplastic com­
posite needs, yet flexible enough to 
listen. So next time you have a critical 
mission in mind, call LNP right away. 
Vk 'II accomplish it without delay. 

LNP Corporation, 412 King St., 
Malvern, PA 19355 (215) 644-5200 

That's ingenuity. 
That's LNP. ....... 

A Beatrice Company 

© LNP. 1984 
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165.9M-byte Winchester disk drive 
achieves 20-msec average access time 
An 8-in. Winchester disk drive, 
Model 73160 employs composite 
heads and a rotary actuator to 
achieve a 40-msec max, 20-msec av­
erage access time; 1-track access 
time specs at 5 msec. Unformatted 
capacity equals 165.9M bytes. Aver­
age latency time is 8.33 msec at a 
3600-rpm disk speed. The drive 
comes with an SMD, ANSI or PICO 
interface. 

To achieve these access times, the 
drive's actuator system employs 
four samarium/cobalt magnets and a 
flat electromagnetic coil to minimize 
mass. The actuator arm is balanced 
to compensate for gravitational 
forces, allowing the drive to operate 
in any orientation without adjust-

ment. The composite heads, which 
fly 14 to 17 µin . above the disk 
surface with a 9.5g loading, mini­
mize fringing, permitting high track 
densities. 

Each unit includes six platters 
that provide 10 data surfaces and a 
servo surface used to compensate 

for thermal expansion effects. The 
disks can store 9980 bpi on their 
inner tracks and feature 823 tracks 
per surface. A modified frequency­
modulation technique achieves a 
9.67-MHz data-transfer rate. 

The drive operates from 40 to 
122°F. Incorporating a brushless, 
direct-drive de motor, the unit re­
quires 5V at 1.5A and 24V at 4A 
peak running current, 5A starting 
current. The 25-lb drive measures 
4.62 in. high, 8.55 in. wide, and 
14.25 in. deep. $4695. Delivery, 90 
days ARO. 

Kennedy Co, 1600 Shamrock 
Ave, Monrovia, CA 91016. Phone 
(818) 357-8831. TLX 4720116. 
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Half-height 514 -in. floppy-disk drive 
offers l.6M-byte storage capacity 
Model 475 double-sided 5Vi.-in. Mini­
floppy drive features a 1.6M-byte 
storage capacity, 500k-bps data­
transfer rate and a 3-msec track-to­
track access time. Furnishing 96-tpi 
performance, the drive can also 
read data written on 48-tpi 5Vi.-in. 
diskettes. 

The drive can use a standardized 
8-in.-disk recording format, giving 
users access to software written for 
8-in. floppy disks. Formatted capac­
ity is 1.2M bytes. 

To achieve its storage capacity, 
the 1.63 x 5.75 x 8-in. Model 475 em­
ploys high-coercivity, 600-oersted 
media, which is easier to magnetize 
than the 300-oersted media used 
with most 5Vi.-in. floppy disks. To 
yield the 500k-bps transfer rate, the 
drive incorporates a brushless, di­
rect-drive de motor that revolves at 
360 rpm, rather than the 300-rpm 
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spec common to other drives. 
The drive's pc board includes LSI 

circuitry and a 4-bit µP to handle 
read-channel, write-channel and 
motor-control operations. A step­
per-motor/band-actuator system po­
sitions the read/write head. A verti­
cal clamping mechanism centers the 
diskette on the drive hub to help 
minimize positioning errors. 

Power consumption specs at 
12.5W during operation and 3.6W 
during standby. MTBF specs at 
10,000 power-on hrs. $200 (OEM 
qty). Volume deliveries are sched­
uled for 3rd qtr. 

Shugart Corp, 475 Oakmead 
Pkwy, Sunnyvale, CA 94086. 
Phone (408) 737-4355. 

Circle No 684 
Continued on pg 180 
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As many as 320 Winchester 
drives can be tested every 
eight-hour shift using Wilson's 
new MDTS-1000 Multiple 
Drive Test Station. 

With a continuous flow of 
32 drives attached, the 
system can automatically 
certify up to eight drives• 
every 12 minutes. Thafs faster 
throughput than from any 
other digital test system on 
the market! 

For All Volume Users 
Designed for production floor 
testing, large-scale incoming 
inspection and burn-in appli­
cations, the MDTS-1000 
accommodates all SYl drives 
with ST506 interface, up to 
16 heads and 2048 cylinders. 

Fufure advanced Interfaces 
such as ESDI, ST 412HP. etc., 
can be added easily on site. 

Composed of e1ght 
standard Wilson DTS-1000 
Drive Test Stations linked 
through an RS-232 MUX to an 
MS-DOS based microcom­
puter, the MDTS-1000 uses 
the computer for centralized 
logging, test control, CRT 
display and data printout via 
a high-speed printer. 

The standard Wiison test 
Includes veriflcafk>n of basic 
drive functions, followed by 
media verification, read 
margin and drive voltage 
margin testing. Modified or 
custom tests can be added 
if desired. 

The computer allows factory­
action status reports, plus 
long-term trend, error and 
throughput analyses based 
on accumulated test data. 

More Winchester Analyzers 
Wilson offers a greater 

selection of Winchester drive 
analyzers than any other 
test equipment company. 

MWX-10 00 Winchester 
Drive Analyzer. The ·heart" of 
all Wilson Winchester test 
systems, the MWX-1000 
automatically tests a single 
drive at a time. 

DTS-1000 Drive Test Station 
With four drives attached, 
the DTS-1000 fully tests up to 
five drives an hour. 

BIG PAYLOADU 
Now the fastest non-stop system for 

Winchester testing comes from 

WILSOnn 

Another First from the 10-year 
leader in Test Equipment 

·using Standard Wilson Test on 10 mb Winchester drives. 

---
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SEND FOR COMPLETE INFORMATION AND PRICES 

[9J>l-,WILSON 
Laboratories, Inc. 
2237 N. BATAVIA STREET • ORANGE, CALIFORNIA 92665 
TELEPHONE (714) 998-1980 ·TELEX 181 598 
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Hoiographk R 
2lrt)Q'le can prodtiQe an 
minute deformations and 
as they evolve. 

Straightforward Interpretation 
Each fringe in the holographic contour map 
represents a precise 12.4 microinch change in 
elevation Using 
this simple guide, 
it is clear that the 
coffee cup is 
bulging. And any­
one can use the 
HC-1000 after 
only about an 
hour of orienta­
tion.All-electronic, 
it requires 
no chemical 
processing. 

Other engineers depend on the HC-1000 to 
study the tulTH>l'l/ 
warm-up response 
of circuit boards, 
laser housings, 
and gyroscopes, 
and to observe 
the dimensional 
temperature 
sensitivity of 
small radio dish 
antennas at 
-120°c 

Free Offer. 
A Powerful 
Design/NOT/QC 
Tool. 

Explore how 
holography can 
be applied to your 

The figures tugging and pulling on this 5 1/ 4 inch disk drive have been 
sketched in to help visualize the nature of the thermal deformations revealed 
by the holographic fringe pattem 

work in a FREE 
introductory session in our consulting labora­
tory or take advantage of our low cost leasing 
program. We also have a free 208 page 
Laser/Optics catalog for anyone interested in 
general laser applications. 

Disk drive manu-
facturers use the HC-1000 to visualize thermal 
deformation of critical structural components 
and housings. Warping from the thermal 
transients can cause alignment and tracking 
errors-the HC-1000 pinpoints their causes. 

All YOUR LASER NE EDS 

~ Newport Corporation 
18235 Mt. Baldy Circle, P.O. Box 8020, Fountain Valley, CA 92728-8020 Phone (71 4) 963-9811 Telex 685535 
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Discover HP's 
revolutionary answer to 

your measurement needs 
Introducing an extremely versatile 
solution to your measureme.nt needs: 
The HP 7090A Measurement Plotting 
System. By merging several technologies 
-waveform recording, digital plotting, 
analog recording, and automated 
measurement-the HP 7090A provides 
a powerful solution to a broad range 
of measurement problems. Imagine ... 
significantly increasing your ability 
to measure and display low frequency 
phenomena and, at the same time, 
substantially improving your real­
time recording and digital plotting 
results. All in one low-cost system! 

Hewlett-Packard's new 7090A-
the single-instrument solution for low frequency measurement, 

. analysis and documentation 

Now you can capture 
low frequency 

( <3kHz) signals. 
The HP 7090A precisely measures, 
stores and displays signals 
through simultaneous sampling 
on each of three channels, with 
U-bit resolution, a bandwidth 
of de to 3kHz (33.3k samples/s 

interface. And data can be streamed 
at up to 500 points/s from either 
the internal l K buffers, or in real 
time from the analog-to-digital con­
verters. A menu driven software 
package is available for HP Series 
200 computers, allowing you easy 
data manipulation, storage/retrieval, 
and system integration. 

maximum) and a 1000 word And the HP 7090A gives 
memory per channel. you much more ... 

You get 6 trigger mode The HP 7090A is also a high per-
flexibility. formance real-time X-Y recorder, 

. . · digital plotter and DVM. 
y1~~ally_any signal change can now ... In a stand-alone mode, 
m1t~a t~ s 1g~al capture through ~ ~ it annotates setup 
HPs six tn&ger mod~s. ~ -- ,, , .. "' conditions, date and 
~ven ?ecaymg repeh- • , 5 

' time, selected data 
hve s19nals, such ~s . ¢«"" points from mem-
faults m a .rower lme , ory and even the 
volt~ge or m a transducer s trigger time. Plus, you 
carne_r, can ~e captured. ~d can even make overhead 
combined with our pretngger · f h · 1 

b
.1. h HP 7090A M transparencies or tee mca 

capa 1 1ty, ~ e . ea~ure- resentations! 
ment Plottmg System 1s your ideal P 
system for turn-on/turh-off charac­
terization, fault monitoring and 
mechanical motion analysis. 

Plus, it's a system 
component. 

All panel functions of the HP 7090A 
are programmable via the HP-IB 

The HP 7090A is your 
low-cost, one-stop system. 

From its 3 analog inputs to its 
6-pen writing system, the HP 7090A 
adds a totally new dimension 
to low-frequency measurement, 
analysis and display. And with 

a price tag of only $4400,* 
the HP 7090A is your complete 
measurement plotting system. 

Send today for your free 
information package. 

Clip out and mail the coupon 
below to receive-absolutely free­
a complete information package, 
including our detailed brochure 
and specifications. 
·oomcstic U.S. pri ce only 
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--------------------------- , YES! I need a one-stop breakthrough solu­
tion like this in my lab. Please send me more 
information about Hewlett-Packards new 
HP 7090A Measurement Plotting System. 

Name 

Title 

Address 

Ci ty State 

Phone ( 

Detach and mail to: 
Hewlett-Packard 
16399 W Bernardo Drive, 
San Diego, CA 92127 

Zip 

Attn : Marketing Communications 11403 EM6 

'-----------------------------



TAPE DRIVE 

The GCR CacheTape family of 
group-code-recording (GCR) tape 
drives achieves 6250-bpi recording 
densities and employs their manu­
facturer's Vz-in.-tape interface to fa­
cilitate compatibility with system 
software. Total storage capacity ex­
tends to 180M bytes. 

Model M990 features a 128k-byte 
cache size and a 72k- to 395k-byte/ 
sec average transfer rate. Model 
M991 sports a 256k-byte cache size 
and a 72k- to 790k-byte/sec average 
transfer rate. Maximum block size 
specs at 32k bytes for the M990 and 
64k bytes for the M991. Both mod­
els incorporate 4-track error­
correction schemes. Measuring 14 
in. high, they suit use in office envi­
ronments. Battery backup is option­
al. $6000 to $8000 (OEM qty). 

Cipher Data Products Inc, Box 
85170, San Diego, CA 92138. Phone 
(619) 578-9100. 

Circle No 690 

C SYSTEM 

At the heart of its manufacturer's 
15-user C development system, the 
Model GMX 6809 CPU III board 
(shown here) performs 1-byte/µsec 
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DMA transfers from memory to 
memory or memory to 110 devices. 
The use of memory attributes and 
illegal-instruction trapping protect 
the system from program crashes. 
If one user's program crashes, only 
that user is affected; other users 
remain unaware of the problem. 
The board automatically arbitrates 
contention problems between on­
board memory and external devices. 

The system also comes with intel­
ligent serial 110 boards that allow 
user terminals to run at 19.2k-baud 
rates. Other features include lM 
byte of static CMOS RAM; a 72M­
byte hard-disk drive; a 6M-byte, 
removable-pack hard-disk drive and 
a 96-tpi double-sided , double­
density floppy-disk drive. 

The compiler runs under OS-9, a 
multiuser, multitasking operating 
system similar to Bell Labs 's 
UNiX. The system costs 
$18;868.09. 

Gimix Inc, 1337 W 37th Pl, Chi­
cago, IL 60609. Phone (312) 927-
5510. TWX 910-221-4055. 

Circle No 687 

A 24-piri printhead composed of 8-
mil-diameter print wires allows 
Model P1340 to provide 80-column 
letter-quality output at 54 cps. A 
draft-quality mode operates at 144 
cps (12 cpi) or 120 cps (10 cpi). 

To maximize throughput, the 
P1340 prints in a single pass, even 
when producing bold-face type or 
underlining. It offers software­
selectable fonts , pitches and line 
spacing as well as a 132-column, 

78-cps condensed-print mode (16. 7 
cpi) and proportional spacing for use 
with word-processing packages sup­
porting that function. The unit also 
includes a 180x 180-dot/in., dot-ad­
dressable graphics mode. 

The printer accommodates sheet 
stock or continuous forms from 5.4 
to 10 in. wide. Line-spacing speed is 
37 lps for a 6-lpi pitch. Friction and 
pin feed come standard, as does a 
Centronics-compatible parallel or 
RS-232C serial interface. The 22-lb. 
unit measures 11.6x 5.9 x l6.5 in. 
$995. Delivery, 60 to 90 days ARO. 

Toshiba America Inc, Informa­
tion Systems Div, 2441 Michelle 
Dr, Tustin, CA 92680. Phone (714) 
730-5000. 

Circle No 686 

E-MAIL TERMINAL 

The Z80-µP-ba sed Model MSR 
744-8B terminal includes a 62-key 
keyboard that generates 128 ASCII 
characters. The battery-backed-up 
memory can store 8k characters. 
The printer includes a 256-character 
buffer and furnishes 30-cps per­
formance. Fourteen character den­
sities range from 5 to 20 cpi; a 
graphics mode provides 120-dot /in. 
horizontal, 60-dot/in. vertical reso­
lution. 

The Bell 103-compatible internal 
modem operates at 0 to 300 baud 
and allows the terminal to communi­
cate with such networks as TWX, 
Telex, GTE Telenet, ITT Dialcom, 
MCI Mail, Tymshare Tymnet and 
Western Union Easylink. The 
modem features originate and auto­
answer modes and permits key­
board and automatic-single-key di-
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Profits, time and labor can get lost 
in connecting a circuit board and 
an LCD or a membrane switch. 
That's why you get pressure to find 
faster, more economical ways to 
make a reliable connection. 

It'd be so easy if you could just 
tape it together. And even easier if 
you could automate the process. 

Now you can. 
Scotchlink Connector Tape is its 
own connector. Conductive silver 
stripes, each with a conductive 
adhesive coating, are regularly 
spaced on a polymer backing. It's 
a new technology based on two 
areas of proven 3M expertise: 
electrical PSA tapes and mass 
termination cable. 

It will save ypu the labor and 
cost of clips; redUce assembly 
time and eliminate contact 
problems. And spare you the 
aging problems and mechanical 
clamping of elastomeric con­
nectors. 

In roll form, Scotchlink Tape is 
ready for automated assembly. 
Just cut to any length and heat 
bond in 5 seconds. You reduce 
inventories on various connector 
types and standard lengths. Have 
a contact that can withstand 
humidity and provide reliable 
connections even at elevated tem­
peratures. And increase your 
design options with the tape's light 
weight and flexibility. 

Free Sample is available with 
detailed literature. Contact Electro­
Products Div./3M, 225-4N, St. Paul, 
MN 55144. 

Scotch link® Connector Tape for reliable, 
high-speed automated assembly 

3M Hears You .. . 
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aling. It operates on an 
unconditioned voice-grade line; re­
ceive sensitivity is -40 dBm, and 
transmit power level equals -9 dBm. 

The 12-lb unit measures 
14x 12x 4.5 in. $1495. 

Quint Systems, 3693 Commer­
cial Ave, Northbrook, IL 60062. 
Phone (312) 498-5060. 

Circle No 688 

Model H80 prints 27 cps in a near­
letter-quality mode and 140 cps in a 
draft-quality mode. Able to produce 
pica and elite characters, the dot­
matrix printer features overstrike, 
proportional-character and con­
densed- and expanded-print capabil­
ity. It can produce half-size and 
superscripts and subscripts. It ac­
cepts fanfold and single-sheet paper 
from 5 to 10 in. wide and can print 
an 8-in.-wide line. It also accepts 
roll paper. 

The 18-lb unit's dot-matrix pat­
tern measures 11 x 9 in the draft­
quality mode and 23 x 16 in the near­
letter-quality mode. Horizontal 
pitch equals 5, 6, 7.5, 8.6, 10, 12 and 
17.2 cpi. Other features include un­
derlining and single-, double- and 
quadruple-density graphics capabil­
ity, out-of-paper detection, a self­
test mode and reverse paper feed. 

The printer measures 
15.75x l2.6 x 4.3 in. It operates on 
120V ac and consumes 120W. It 
comes standard with its manufac­
turer's parallel interface; an RS-
232C port is optional. $699. 

Centronics Data Computer Corp, 
1 Wall St, Hudson, NH 03051. 
Phone (603) 883-0111. 

Circle No 689 
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PLOTTER 

Model 4731 Plotwriter is a 4-pen 
drum plotter capable of producing a 
45-line, 104-cpl output at speeds to 7 
cps. Selectable plotting areas mea­
sure 8~ x 11 in. or 11 x 17 in. Able to 
use ballpoint or fiber-tip pens, the 
plotter prints 0.11 x 0. 06-in. alpha­
numeric and O.ll x 0.07-in. Kataka­
na and Greek characters. Character 
spacing equals 0.1 in.; line spacing is 
0.16 in. The plotter accepts 12. 6-
in. x 131-ft roll paper. 

Resolution equals 0.004 in. Re­
peatability specs at 0.008 in. Pen 
replacement results in less than 
0.012-in. errors. Plotting commands 
allow the unit to draw straight lines 
and circles as well as smooth curves 
through specified points. 

The 28-lb, 21.6 x ll.8 x 5.8-in. 
plotter comes with an RS-232C, 
IEEE-488 or 8-bit-parallel inter­
face. It consumes less than 90 VA. 
$2500. 

Western Graphtec Inc, 12 Chrys­
ler St, Irvine, CA 92714. Phone 
(800) 854-8385; in CA, (714) 770-
6010. 

Circle No 691 

MODEMS 

Available in CCITT V.29 and V.27 
bis/ter configurations, Models 
R96DP and R48DP achieve trans-

mission rates as high as 9600 and 
4800 bps, respectively. Plug com­
patible with their manufacturer's 
line of 1200- to 9600-bps modems, 
they permit full-duplex operation 
over 4-wire dedicated unconditioned 
lines or half-duplex operation over 
the switched telephone network. 

Other features include a -43- to 
0-dBm dynamic range, automatic 
adaptive equalization, programma­
ble tone generation and RS-232C 
compatibility, and local analog and 
remote (locally activated) analog 
and digital loopback capability. The 
modems can transfer data to and 
from a µP via the RS-232C interface 
or in parallel fashion. A control bit 
selects serial or parallel operation. 

TTL and CMOS compatible, the 
modems consume 3W typ and mea­
sure 4X4.8 in. Model R96DP oper­
ates at 9600, 7200, 4800 and 2400 
bps; Model R48DP, at 4800 and 2400 
bps. The R96DP costs $500; the 
R48DP, $350 (OEM qty). 

Rockwell International, Semi­
conductor Products Div, Box C, 
Newport Beach., CA 92660. Phone 
(714) 833-4700. TWX 910-591-1698. 

Circle No 692 

CONNECTORS 

For use with 0.05-in. flat ribbon 
cable, FT Series insulation­
displacement connectors include 
ejector latches that ensure positive 
locking of the socket to the header 
as well as easy detachment. Avail­
able with or without strain relief, 
the headers feature a straight or 
right-angle design with solder tail. 
Polarized for correct socket-to-
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a ~phisticated 
yom: Multiwire 

tr can shorten your 
by weeks, saving 
ds of dollars. 

er a variety of design 
tlepending upon your 
our boards are designed 

little input as a logic 
or net list, along with 

:geometry and special 
ters. 

Multiwire designs and fab­
s finished boards to meet 

your routine and accel­
ted delivery requirements. 

in fact, you can receive a 
~.uuo· hed board from schematic 

in as little as four to six weeks, 

I MU;;;-----, 
110 Andrews Rd., Hicksville, NY 11801 I 
I D Please send me your B-page sales brochure. I 

D Please have a salesman call. 

I Nrune I 
I Title I 
I Company I 

Address 

I City/State/Zip I 
I Telephone EON' 
..._ _____ _ 
•• MULTIWIRE® 

TTDIVISION 
KOLLMORGEN CORPORATION 

including desigir 
And when you 

changes, they Will~-
and fast. That's ~aue-
wire boards only use 
to distribute the power 
ground potentials. So a 
change is simply key 
computer, creating new 
for wiring and drilfmg, 
circuitry is rerouted for y 
next board. 

When it comes to mo:v;n,a. 
project from paper to protot 
to production, nobody does it 
faster or more economically 
Multiwire. To learn more, ret 
the coupon, or circle the reader 
service number . 

MULTIWIRE/NEW YORK-31 Sea Cliff Ave., Glen Cove, NY 11542 (516)448-1428; MULTlWIRE/NEW ENGLAND-41 Simon St., Nashua, NH 03060(603)889-0083 
MULTIWIRE/WEST3901 East La Palma Ave., Anaheim, California 92807 (714) 632-7770; MULTIWIRE/ADVANCED MANUFACTUR ING GROUP IO Andrews Rd., Hicksville, NY l1801 (516) 938-2000 

Multi wire is a U.S. registered trademark of the Kollmorgen Corporation. 
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header assembly, the units come in 
10-, 14-, 16-, 20-, 26-, 34-, 40-, 50-, 
60- and 64-pin versions. 

Manufactured with a glass-filled 
PBT/94V-O material, the connectors 
have a lA current rating and with­
stand 800V ac for 1 min. Insulation 
resistance specs at 1000 MO min at 
500V de, contact resistance is 30 mO 
max, and operating temperature 
range equals -25 to +85°C. A 26-
position right-angle version with 
locking latches costs $3. 71 (1000). 

SMK Electronics, 1901 Nancita 
Circle, Placentia.. CA 92670. 
Phone (714) 996-0960. 

Circle No 693 

TAPE DRIVE 

A 60M-byte, 9-track, %-in. car­
tridge-tape system, the Cache Car­
tridge features a QIC 11/24 record­
ing format and an SCSI interface to 
facilitate data transportability and 
easy connection to µCs. 

A back-end multitasking system, 
the Cache Cartridge performs tape­
to-disk and disk-to-tape data trans­
fers without host intervention. Its 
64k-byte cache allows 90k-byte/sec 
data transfers without requiring 
special streaming software. 

All utilities are menu driven and 
include help functions. The utilities 
can perform selective file read/write 
operations, mirror-image streaming 
dumps and ASCII/EBCDIC code 
conversions and read foreign for­
mats. $1995. 

SICOM Inc, 352A University 
Ave, Westwood, MA 02090. Phone 
(617) 461-0200. TLX 924473. 

Circle No 694 

184 

NCC'84 
DATABASE SOFTWARE 
BASIS is an interactive on-line in­
formation storage and retrieval sys­
tem that can handle databases with 
more than lOM entries. It features 
term and phrase searching via in­
verted indices, full thesaurus capa­
bilities and a full formatted screen 
module for editing and creating re­
cords. It permits variable-length 
data elements and records and al­
lows entire sessions to be saved. In 
addition, it includes integrated com­
putation capabilities. 

The package runs on computers in 
Control Data Corp's 70, 170 and 
6000 Series, DEC's 20, 30 and VAX 
Series, IBM's 370/155, 30XX and 
43XX Series, Prime's X50 Series, 
Univac's 1100 Series and Wang's VS 
Series. 

The package is written in 85% 
FORTRAN and 15% assembly code. 
Training is at either the customer's 
site or the supplier's office. First­
year maintenance is included in the 
purchase price, which starts at 
$26,600. 

Battelle Software Products Cen­
ter, 505 King Ave, Columbus, OH 
43201. Phone (614) 424-5524. 

Circle No 696 

Model 6300 daisy-wheel printer fea­
tures automatic underscoring, cen­
tering and justification as well as 
proportional spacing and bold and 
shadow printing. It operates at 40 
cps max and accepts Diablo 96-char­
acter daisy wheels and Hytype II 
multistrike ribbons. Users can 
choose a Centronics parallel or RS-
232C serial interface. 

The unit consumes 25W idling and 
70W running. It comes with a 3k-

byte buffer, expandable to 15k 
bytes. Noise specs at less than 60 
dBa. MTBF is 3000 hrs under a 25% 
duty cycle; mean time to repair is 15 
min. 

The 31-lb unit measures 
23.6 x 15.7x 4.9 in. $1000 to $1200. 

Juki Industries of America Inc, 
299 Market St, Saddlebrook, NJ 
07662. Phone (201) 368-3666. TLX 
219022. 

Circle No 695 

KEYBOARD 

Each KB IV Series sculptured, low­
profile keyboard, similar to the IBM 
PC's keyboard, features top-mount­
ed and removable keycaps. A KB II 
model, similar to the IBM PCjr's 
keyboard, features keycaps that 
can't be removed that are captured 
by the keyboard's molded frame; 
keycaps on KB II keyboards don't 
include legends, which instead ap­
pear on easily changeable graphics 
overlays. 

Keyboards in both series provide 
either linear or tactile feel. The lin­
ear version, with a 50M-cycle life, 
employs a conical metal spring that 
compresses during actuation. The 
tactile version has a 30M-cycle life 
and includes an elastomer layer that 
forms a dome-shaped spring be­
tween each keycap plunger and the 
keyboard circuit. In high volume, 
costs average $0.57/key position for 
fully encoded, serial-output key­
boards and $0.37/key position for a 
non-encoded keyboard. Infrared 
wireless capability is optional. De­
livery for custom designs is 4 to 6 
mos ARO. 

Cherry Electrical Products 
Corp, 3600 Sunset Ave, Waukegan, 
IL 60087. Phone (312) 578-3500. 

Circle No 699 
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"IN 2001,WE REACHED THE STARS. 
NOW,WE CAN PRACTICALLY 1DUCH THEM:' 

DOUGLAS TRUMBULL 
Director. Creator of Oscar Winning Special Effects. Three- Time Oscar Nominee. 

Film Making Innovator. 

PG02415 215W 

EDN JUNE 28 , 1984 

f')1 he year was 1968. 

I But for the audience, 
the year was 2001.And they 
were not in a movie theater, 
they were in deep space- pro­
pelled by the stunning special 
effects of Douglas Tru!J!bu!L 

The incredible realism 
of "2001. A Space Odys.5ey" 
opened new possibilities in 
film making-which Trumbull 
explored in "Silent Running;' 
"Close Encounters;' "StarTrek;' 
"Blade Runner;' and "Brain­
storm'.' 

But ultimately, it 
launched Trumbull on an odys­
sey that may completely revo­
lutionize films. 

"Films try to recreate 
or record reality. The more life­
like a film is, the more ex­
citing it will be. Right now, I'm 
trying to create the most life­
like films ever:' 

Trumbull has developed 
a new way to shoot and pro­
ject film that goes beyond 3-D. 
In" New Magic~ his first effort, 
the images are so sharp and 
life-like the screen seems non­
existent. 

"The differel}ce is aston­
ishing. Yet, all we did was 
utilize the full potential of the 
technology. It's that simple'.' 

Trumbull is, perhaps, 
being too modest. At Hewlett­
Packard, we know it takes 
exceptional skill and commit­
ment to transform mere 
potential to full reality. That's 
what sets Hewlett-Packard 
apart, just as it sets Douglas 
Trumbull apart. 

Like Trumbull, we've 
found that the superior results 
justify the effort. And the clear 
superiority of the HP-41CX 
Advanced Programmable 
Calculator is a perfect 
example. 

Compare functionality. 
The HP-41CX offers 223 built­
in functions. But that's just the 
beginning. You'll have over 
2,500 different software pro­
grams to choose from. 

Compare programma­
bility. The HP-4ICX gives you 
2.2K bytes of main memory­
again, just the beginning. It 
expands to 6.4K bytes. And the 
RPN logic of the HP-41 CX gives 
you maximum use of memory 
through its ability to eliminate 
scores of extraneous keystrokes. 

More functionality. 
Superior programmability. In 
short, the power to solve more 
kinds of technical problems 
more simply than any other 
calculator. 

The HP-41CX. 
Do you need a calculator 

this capable? That depends. 
Do you 
want to 
merely 
reach for 
the stars, 
or actual­
ly touch 
them? 

RJr the HP dealer neaff!sl you, 
call (8()()) FOR-HPPC. 

F//dl HEWLETT 
~/!.a PACKARD 
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DISK/TAPE DRIVE 

Designed for use with DEC's Q Bus 
computers, including PDP-11123, 
11173, Micro/PDP-11 and MicroVAX 
systems, these 51t4-in. Winchester 
and Vi-in. tape subsystems furnish 
40M- to 140M-byte unformatted ca­
pacities. One tape cartridge can 
provide as much as 20M bytes of 
backup. A data-buffering scheme 
handles data transfers between the 
drive and the Q Bus. 

Compatible with DEC's digital 
storage architecture, the subsys­
tems can run with existing opera­
ting systems without requiring soft­
ware patches. 

The drives come in rack-mounting 
and stackable, tabletop versions. 
Other features include software di­
agnostics, power-on confidence 
tests, on-board self-diagnostic rou­
tines and a front-panel digital read­
out. From $5695 for a 40M-byte 
Winchester model. 

Data Systems Design Inc, 2241 
Lundy Ave, San Jose, CA 95131. 
Phone (408) 946-5800. 

Circle No 697 

DOT-MATRIX PRINTER 

Model 7065 operates at 300 cps in 
draft mode , 125 cps in near-letter­
quality mode, and 65 cps in letter­
quality mode. In its graphics mode, 
it provides resolution of 144 x 144 
dots/in. 2 and repetition rate of 1500 
dots/sec per activated needle. 

The unit can store three letter-
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quality fonts on line. Standard 
word-processing fonts include 
Trend and Courier; others are op­
tional. Using escape-code sequenc­
es, a host computer can download 
parameters to the printer, allowing 
selection of eight character sets, a 1-
to 256-line forms length, vertical 
and horizontal tabs and margins, 
and vertical pitch. Escape codes 
also allow users to select print den­
sity, proportional spacing and mar­
gin justification as well as underlin­
ing, automatic-repeat and bold­
print features. 

Controlled by a Z80 µP, the print­
er includes a 4. 7k-byte input buffer 
as well as Centronics-compatible 
parallel and RS-232C serial interfac­
es. The serial-channel baud rate 
ranges from 110 to 19,200 bps. 

Qantex Div, North Atlantic In­
dustries Inc, 60 Plant Ave, Haup­
pauge, NY 11788. Phone (800) 645-
5292; in NY, (516) 582-6060. 

Circle No 698 

DATA CABLE 

The 8162 Series multipair data ca­
bles combine low capacitance (12.5 
pF/ft) with a foil and 65%-coverage 
braid shield and chrome/PVC jacket 
to allow extended-distance data 
transmission in RS-232C and 
RS-422 applications. Shielding on 
each pair minimizes crosstalk. 

The cables employ #24 AWG 
stranded conductors. Versions are 
available with 2, 3, 4, 5, 6, 7, 8, 10, 
15, 18 and 25 pairs. Representative 
prices include $464. 70 for 1000 ft of 

2-pair cable and $3094.50 for 1000 ft 
of a 25-pair cable. 

Belden, 2000 S Batavia Ave, Ge­
neva, IL 60134. Phone (312) 232-
8900. 

Circle No 700 

PORTABLE PC 

Compatible with the IBM PC, the 
Z-160 PC features a detached key­
board, four open expansion slots 
and 128k bytes of dynamic RAM, 
upgradable to 640k bytes. The 
unit's single or dual top-loading disk 
drive accepts 51t4-in. IBM-format 
double-sided, double-density disk­
ettes. 

The 80-characterx 25-line, 9-in. 
amber-phosphor video display 
comes standard. Color monitors can 
connect to the unit via a 9-pin RGB 
output. In color applications, the 
Z-160 PC comes with a choice of 
eight background and 16 fore­
ground colors and 320x200-point 
color-graphics resolution; each 
graphics point can be one of four 
colors selectable from one of two 
color palettes. B/W graphics 
resolution is 640 x 200 points. 

The keyboard provides 10 func­
tion, 17 keypad and 57 alphanumeric 
keys. An audible click accompanies 
each keystro~e. The unit includes an 
RS-232C serial and Centronics­
compatible parallel interface. It 
weighs 33 lbs and measures 
19.5 x 8.38 x l9 . 13 in. $2799 and 
$3199 for single- and dual-disk-drive 
versions, respectively. 

Zenith Data Systems, 1000 Mil­
wa,ukee Ave, Glenview, IL 60025. 
Phone (312) 391-8744. 

Circle No 701 
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We're the people with the switches. And 
we probably have a standard switch with the 
specifications to fit your design . ITW Switches 
offers over 83 different lines of standard switches. 
When you consider the variations available, that's 
thousands of different switches. All with off-the­
shelf speed and availability at competitive prices. 

Whatever type of switch you need-lighted or 
non-lighted pushbuttons, slides, rotary, snap­
action , rockers, paddl es, sealed industrial, leaf, 
custom , .. we can match the right switch product 
to your requirement. 

EDN JUNE 28, 1984 

Specify ITW Switches as your number one 
switch source. We are ready to provide you with 
complete engineering support and application 
assistance. 

For more product information, catalog 
or sample, contact your local ITW Switches 
representative, distributor or ITW Switches, An 
Illinois Tool Works Company, 6615 West Irving Park 
Road , Chicago, IL 60634. Phone : (312) 282-4040. 
TWX : 910/221 -0275. Te lex 433-0130. 

LICON• CHICAGO SWITCH· UID • RCL 

1TU1WSwitches 
©Illinois Tool Works. Inc. 1984 
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MICRO:F'ILM PRINTERS 

Models 5310 and 5320 computer­
output-microfilm systems provide 
automatic microfi che pr oduction 
from magnetic tapes formatted by a 
host computer. Model 5310 uses a 
photographic-chemistry process, 
while Model 5320 uses heat as the 
developing agent. 

Each unit includes an 8086-µP­
based single-board computer that 
allows it to communicate with the 
manufacturer's personal computer 
over an RS-232C cable. The person­
al computer can thus store on disk 
job-specific information like page 
size, lens size and operator 
prompts. The systems can also use a 
self-loading tabletop tape drive for 
data input. A typical configuration 
costs $67,000. 

NCR Micrographic Systems Div, 
520 Logue Ave, Mt View, CA 94943. 
Phone (415) 965-3700. 

Circle No 702 

Model ZDF-1 controls disk and tape 
drives while occupying only a single 
slot in Data General's Nova/Eclipse 
Series minicomputers, employing a 
dedicated µP for each function. In 
addition, the controller employs 
EEPROMs to eliminate the need for 
on-board DIP switches and to allow 
board configuration from an opera­
tor's console. 
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Similarly employing EEPROMs, 

the Model BMX-1 single-board disk­
drive controller supports as many as 
four SMD disk drives on Data Gen­
eral computer systems. Both boards 
are plug compatible with Data Gen­
eral's FCC-compliant chassis. 
Model ZDF-1 costs $4195; Model 
BMX-1 costs $4995. 

Custom Systems Inc, Zetaco 
Div, 6850 Shady Oak Rd, Eden 
Prairie, MN 55344. Phone (612) 
941-9480. 

Circle No 703 

HARD-DISK DRIVE 

The Centaurus family of 14-in. Win­
chester disk drives provides 330M-, 
660M- and 825M-bytes unformatted 
storage capacities in rack-mounting 
configurations. All three models 
employ a linear voice-coil actuator in 
a closed-loop servo system to 
achieve average access times of less 
than 25 msec. 

Other features include a direct­
dri ve spindle motor, built-in tester, 
universal ac-input power supply, au­
tomatic spindle/carriage locks, and 
an SMD interface with dual-port 
capability. The disks can store 
40,320 bytes/track; the drives 
achieve a l.859M-byte/sec data­
transfer rate while maintaining the 
SMD interface protocol. 

The drives employ conventional 
ferrite heads and oxide media. Field 
upgrades, requiring exchange of the 
head/disk assembly, take less than 

30 min. The units consume 350W 
after spin-up. MTBF equals 12,000 
hrs. An 825M-byte model costs 
$8250. Shipments begin in Sept. 

Ampex Corp, 401 Broadway, 
Redwood City, CA 94063. Phone 
( 408) 725-2017. 

Circle No 704 

UPS 

Offering 10 min of backup operation 
at full load, Model 1350 (shown here 
with its manufacturer's line of 215-
to 750-VA line regulators/ 
conditioners) can drive a 350 VA 
load. Recharge time specs at 8 hrs 
max. 

The unit accepts a 120V ac ( + 10, 
-15%) input at 4A max and delivers 
a 120V ac output ( + 5, -15% at full 
load and +22, - 15% at no load). 
Power-line to UPS transfer takes 
place at a 102V (typ) input level; 
transfer back to the line occurs at a 
108V (typ) input level. Transfer 
time specs at 12 msec. The 32-lb 
unit measures 6x 10. 75 x 12.625 in. 
$750. 

Dymarc Industries Inc, 21 Gov­
ernor's Ct, Baltimore, MD 21207. 
Phone (800) 638-9098; in MD, (301) 
298-9626. 

Circle No 707 

TERMINAL 
The Freedom 110 low-end smart 
video terminal has a tilt-and-swivel 
display, detached 94-key DIN-stan­
dard keyboard with numeric pad, 
and a nonglare display. 

Standard feature s include a 
24 x 80-character display with a 
user-accessible 25th status line, 10 
programmable nonvolatile function 
keys, flexible nonvolatile full-page 
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The 
TRANSDUCER I Family of 
TECHNOLOGIES T d 
1Nc rans ucers 
Ps1-Tron1x and Strain Gages 

At PSl -Tron ix our commitment is to 
supply you with the finest transducers 
and strain gages. Our engineering staff 
supports this with constant R & D activ ­
ities to provide you with the highest 
rel iability and accuracy and at the 
lowest cost . 
The silicon strain gage sensor is housed 
in stainless steel and we offer 0.5% ac­
cu racy and 0 .1 % repeatability with 
standard 100 mV-0/5 V-4/20 mA . For 
any special applications send your 
specs to our engineering department 
for prompt design considerations. A ft er 
all, that's what families are for . 

TRANsDucrn / nt J · 
TECHNOLOGIES "'_..,PSI-Tron ix 
!NC '-' 

2275 E. Foothill Bl. Pasadena, CA 91107 
(818) 793-4164 

CIRCLE NO 81 

llht111ced Piii. & El'ROM 
ClllJ System 

PAL & EPROM programming system 
Program PALs from standard logic equations 
On-line manual available at aU t imes 
Full screen editor for entering PAL equations 
Interactive PAL logic simulator 
Standard PAL assemblers for 20 & 24 pin PALs 
Program aU 5-volt JEDEC pin-out EPROMs 

(2716 through 27256) 
Uses new fast programming algorithm fo r larger 

EPROMs (2764 to 27256) 
New devices can be added to library through 

software upclates 
Allows user to blow verify-protect fuse for 

PAL design security 
Includes card , diskette and external box with 

Zero Insertion-Force sockets 
Requires IBM® PC® or XT®with 128k, 1 drive. 

Compatible with all PCDOS releases. 
$549.00 

PROGGER by 
Locust Computer Systems Corporation 

622 Gladstone Avenue, Ottawa, Ontario 
CANADA KlR 5P4 (613)235-2294 

send $3.00 for demonstration diskette 
IBM. PC and X T are registered trade marks of l nrernational 

Business Machines Corporation 

CIRCLE NO 82 
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or status-line set-up modes, 15 thin­
line graphics characters, nine 
cursor-control keys, eight editing 
keys, screen time-out, a bidirection­
al buffered auxiliary port, eight for­
eign character sets, and built-in self 
test. The 7 x 9-dot characters are 
displayed in a 9 x 12 matrix. 

The terminal also provides block, 
conversation, monitor and local 
communication modes. It emulates 
the Televideo 910, ADDS Regent 
25, Lear-Siegler ADM 3A/5 and the 
Hazeltine 1420. $595. An optional 
amber-phosphor screen adds $25. 

Liberty Electronics, 625 3rd St, 
San Francisco, CA 94107. Phone 
(415) 543-7000. TLX 470439. 

Circle No 708 

CAD SOFTWARE 

A pc-board-artwork editor for the 
IBM Personal Computer, smART­
WORK allows interactive control 
over the placement and routing 
process. The program permits quick 
correction and revision of artwork, 
increasing design productivity. 

A user can design single-sided or 
double-sided pc boards as large as 
10 x 16 in. The layout can be dis­
played in color or black and white. 
Under smARTWORK control, a 
dot-matrix printer can produce 
twice-normal-size plots; a pen-and­
ink plotter can produce camera­
ready artwork. An optional mouse 
can serve as a pointing device. $825. 

Wintek Corp, 1801 South St, La­
fayette, IN 47904. Phone (317) 742-
8428. 

Circle No 705 

MULTIUSER µ.C 

System 816G employs a NS16032 
µP running at 6 MHz and an 
NS16082 memory-management 
unit. It features 512k bytes of 16-bit 
static memory, expandable to 16M 
bytes, 12 serial ports, one Centron­
ics-compatible printer port, an addi­
tional parallel port, l.2M bytes of 
floppy-disk storage, 40M bytes of 
hard-disk storage, and l.5M bytes 
of solid-state mass storage. 

Software supplied with the sys­
tem includes Bell Labs's UNIX ver­
sion 4.2 operating system as well as 
the C and FORTRAN languages. 
$19,995. Available 3rd qtr. 

Compupro, 3506 Breakwater Ct, 
Hayward, CA 94545. Phone (415) 
786-0909. 

Circle No 706 

UPS 
Suitable for office installation, the 
Integra Series UPS can furnish as 
much as 10 kVA of uninterrupted 
power. Typical specs for a 5-kVA 
unit include a 120V, single-phase 
60-Hz input, ±1% voltage regula­
tion, and ±0.5% frequency regula­
tion. 

Total harmonic distortion is less 
than 5%. The unit can tolerate a 
25% overload for 10 min and a 50% 
overload for 1 min. Static switching 
circuitry achieves a less-than-%-cy­
cle transfer time. 

Battery voltage equals 120V de; 
battery hold-up time is 15 min (ex­
pandable). A 5-kVA model costs 
$12,975. Delivery, 4 to 6 wks ARO. 

Nova Electric Manufacturing 
Co, 263 Hillside Ave, Nutley, NJ 
07110. Phone (201) 661-3434. 

Circle No 709 
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Order Your EON Magazine 
Conference Proceedings Now! 

If you design with linear integrated 
circuits or if you are planning to use 
gate arrays, semicustom, or custom 
i~tegrated circuits, you will find these 
proceedings invaluable. I 
Practical Design With Linear Integrated 
Circuits Conference Proceedings 

This proceedings presents the talks of engineers 
from Advancecj Micro Devices, Harris, National Semi­
conductor, Precision Monolithics, RCA, Signetics, 
Siliconix, Texas Instruments and other leading linear 
integrated circuit manufacturers on the application of 
newly introduced devices. Products covered include 
the industry's fastest analog switches, an operational 
amplifier that also functions as a signal conditioner, the 
latest flash analog-to-digital converters, and state-of­
the-art analog large-scale-integration. 

Unique new circuits covered include monolithic ac~ 
tive filters , fast and accurate sample/hold amplifiers, 
switching regulators, CMOS lin~ar devices, · an(!.log 
multiplexers, FET-input operational amplifiers, drivers, 
interface circuits, and more. · 

Each talk in the proceedings was prepared to help 
engineers learn about the features and applications of 
new devices. The authors are applications engineers 
and are familiar with the problems commonly enc;oun­
tered in designing with integrated Circuits. Each paper 
deals with application considerations and many in­
clude actual design examples. 

Practical D~sign With Gate Arrays, Custom, and 
Semicustom ICs Conferen~e Proceedings 

This proceedings consists of 23 papers which were 
given at the 1982 /198~ conference held by EON Maga­
iine to acquaint engineering designers with the rules 
and techniql!eS for selecting and using the latest con­
cepts in custom/serriicustom technology. Virtually 
every important integrated circuit manufacturer con­
tributed a talk including AMI, California Devices, Inter­
design, National Semiconductor, Silicon Systems, Sig­
netics, RCA ~nd Synertek. 

Topics presented include ways to go custom, how to 
get started, advant~ges of cell liprary systems, choos­
ing parameters for a C\.lStom circuit, personalizing gate 
arrays, the role of computer aided design, testing gate 
arrays, linear custom products, and customer owned 
tooling. 

Heavy emphasis is placed on design examples in­
volving gate arrays. Newly developed products cov­
ered in the proceedings include the ACE series (ad­
vanced customized ECL) from Signetics, the R series 
of bipolar devici:is from Ferranti for systems with com­
plexities to 10,000 gates, CMOS and CMOS/SOS gate 
arrays from RCA, EC!- core arrays from Applied Micro 
Circuits Corp., and analog/digital gate arrays from 
Telmos. Also of interest are papers on linear arrays, 
logic simulation, software, and testing . 

., 
Proceedings can be purcha~ed by European and 
other overseas readers at the. same prices shown. 
Orders from European and other overseas readers 
should be accompanied by" checks payable 
through New York banks or branches, in U.S. dol­
lars. Ui;;e the coupon to order.. · 

r---------------... ---- Order Now! ----, 
EON Magazine Conferences 
P.O. Box 1021 
Melville, N.Y.11747 

Send the following proceedings : 
O Linear IC Proceedings. 1982/1983. $95. 

Get the latest 
design information. 

O Gate Arrays , Custom, Semicustom Proceedings. 1982/1983. $95 
0 Both of the above Proceedings. $185. 

I 
I 
I 
I 
I 
I 
I 

Make check payable t9 EON Conferenc;:es. I 
European/Overseas orders: Please make ch~cks payable in U.S. currency through New York banks. I 
Mailing cost is included in prices ~hown. I 
Name _______________________________ 

1 
Title - ------------------------------- I 
Company ______________________________ I 
Street------------------------------- I 
City _________________ State _______ Zip ____ I 

L--------------------------------~ 
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Our big 
achievement • 10 

• microwave 
transmission. . . ' . 

A complete transmitter package, 
including modulator. 

0 200 watts peak power, in less than 2 seconds* 
from switch-on. 

0 Super-compact-only11 in3 (180 cm3). 

0 Lightweight-only 7 oz (200 g). 

0 Powered by 24 V d.c. 

And here's why: 
The M-OV miniature magnetron lies at the heart of this 

little marvel. It occupies only 0.5 in3 (8 cm3), and weighs 
little over 2 oz (60 g). It has a unique, fast-warm-up 
cathode and produces in excess of 200 W peak power, 
with a duty cycle of up to 50% for short bursts of energy. 
It's available for X-band now, with S, Ku and Ka-band 
versions following shortly. Its advanced design permits 
relatively low voltage operation (typica lly 800 Vat X-band). 
It's extremely rugged-designed to withstand the most 
severe military environments, and meeting MIL Spec 
standards. And it has a non-operational shelf life of over 
ten years. 

192 

*typical figure 

1\vo types of traµsmitter 
The transmitter package comes in two versions: 
0 Pulse-producing a pre-programmed, free-running 

pulsed signal on application of the d.c. supply. 
0 Burst-producing a variable pulsewidth, variab!e PRF 

output controlled by~ TTL input. 

Numerous applications, lowest cost 
Wherever you need a rugged, compact, lightweight 

microwave transmitter or magnetron-in applications such 
as missile guidance systems and proximity fuses, 
transpol"lders/ beacons, communications, radar, decoys, or 
radar simulators-M-OV has the solution. At the lowest 
cost. 

Meeting your precise requirements 
More than that, M-OV will use its unmatched 

experience and expertise to design a transmitter package 
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It's very small 
by other people's 

standards. 

Actual size. 

to meet your precise requirements. And deliver prototypes 
promptly. 

Over 40 years' experience 
M-OV's experience in magnetrons goes back over 

40 years. After all, M-OV led the way in manufacturing the 
very first cavity magnetron-which made centimetric radar 
a practical possibility. And it's led the field ever since: 
innovating, improving, refining, developing. 

That expertise and experience is at your disposal. 
To find out how it could help you, simply return the 
coupon today. 
EEV Inc., 7 Westchester Plaza, Elmsford, NY 10523. 
Tel: 914-592-6050. Telex: 6818096. 
EEV Canada Ltd, 67 Westmore Drive, Rexdale, 
Ontario M9V 3Y6. Tel: 416-7 45-9494. Telex: 06-989363. 
The M-0 Valve Comf2any Ltd, Hammersmith, London 
W6 7PE, England. Tel: 01-603 3431. Telex: 23435. 

M·OV 
A MEMBER OF THE GEC GROUP 

! Please ~m~ about your micro~ transmitters- - - l 
and magnetrons. I 
Name, ______________ _ 

Position _____________ _ 

Company _____________ _ 

Address _____________ _ 

________ Tel: _______ _ 

EEV Inc., 7 Westchester Plaza, Elmsford, NY 10523. 
EEV Canada Ltd, 67 Westmore Drive, Rexdale, Ontario M9V 3Y6. 

I 
I 
I 
I 
I 

I The M-0 Valve Company Ltd, Hammersmith, London W6 ?PE, England. I L_ ____________ _J 
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Personality Problems. 
Valley Data Sciences (VDS) has cured 
what's been ailing the hardware approach 
to programming-with software. And 
the prognosis goes from complicated 
to simple. 

We are the authority on ease in pro­
gramming. With VDS, there are no more 
hardware obsolescence, maintenance nor 
inventory problems, because software 
replaces hardware adapters. We put all 
algorithms, electrical parameters and pin­
signal assignments on floppy disk. 

Forget about personality modules, 
socket adapters, and 'pa.Ks: Make room 
for a VDS personal computer-based pro­
gramming workstation and use software. 

MemSoft!"' LogiSoft!"' and GangSoft™ 
our powerful programming software for 
memory and logic devices. Plus you can 
use all the programmable logic develop­
ment software available for the IBM PC: 
CUPL, PALASM, AMD PALASM 20, 
PLAN, and AMAZE. 

Getting started is easy. Chances are, 
you already have half of a VDS work­
station-an IBM PC compatible computer. 
Pair it up with one of our programming 
consoles for development or production. 
You've created your own personal 
programming workstation for less than 
you'd spend on a dedicated hardware 
programmer. 

If you don't already have a PC! you 
can buy a whole workstation - PC, 
programming console, plus soft­
ware-and get a lot more 
value than with any 
hardware-driven ----....~==~, 
system. Not only 

can you program up to 96 pin devices, 
you also nave general purpose PC 
processing to help you in other tasks. 

For production, program up to 32 
devices at a time or hook us up to your 
auto handler. For design, program PAL 
and IFL logic arrays, EPROMs, EEPROMs. 
Bipolar PROMs, and EPROM-based 
microcomputers. 

The VDS workstation increases your 
programming productivity. too. Here's how. 

VDS uses menu-based, single key 
commands with self-prompts in English. 
Easy to learn, easy to use. 

No more wasted time loading or 
saving files off-line. Now everything can 
be stored on floppies. Masters and 
backups. 

New device updates are quick and 
convenient, thanks to the VDS Software 
Subscription Service. Our Valley location 
allows us to work closely with semi­
conductor manufacturers to convert the 
latest devices and programming algo­
rithms to floppy. Then we mail you new 
floppy updates so you're always ahead. 

At VDS, we're changing the character 
of programming and we're committed to 
switching you to our way of thinking. 

Don't buy more personality problems. 
Call us for a demo. Valley Data Sciences, 
2426 Charleston Road, 
Mountain View, California 94043. 

Distributed by 
Kierulff Electronics: USA 
Future Electronics: Canada 

"' 
The Authors of Soflwarc-Driv<!ll Programnwrs . 

415/968-2900 
VOS, Valley Data Sciences, l.ogiSolt, MemSolt. Gang$olt-of l/lltev Data~ IN.and MLASM - of Monoltthlc Memoriea, Inc. CUP!. trademartc ol -Tec:llnolclW Inc. 
AMAZEtrademartcofSiQnetlcl.AMDFALASM20-olAMD. PLAN_ol_SemlconductorCorporation. IBMPCregistered-rnarkofln18matlonalBusi11811-Corporalion. 
Uni Pat< 2 and LogiPat<-..i.a ol Data 1/0 Corporation, 
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That's right. One of the world's most 
popular 16-bit microprocessors is now 
supported by advanced, real-time, 
in-circuit emulation. 
And that's not all. Microcosm's 
emulators also support the 8086, 8088, 
and 80188. 

OUR EMULATOR .. . YOUR HOST. 
Because we wanted our entire family of 
emulators to be useful in as many 
design environments as possible, we've 
built them to work with your IBM PC7 
Compaq Portable Computer,* Intel 
Series 1117 and DEC VAX* running UNIX* 
or VMS: There's no need to buy a new 
development system when all you need 
is an emulator. 

GET MORE FROM YOUR BUDGET. 
Microcosm's emulators cost much less 
than what you'd spend for the competi­
tion. In fact, the Microcosm 80186 
emulator, an IBM PC, and software 
cost about a 
quarter of what 
you'd spend on 
other systems. 
Which means you 
can use the money 
you 'll save to 
buy other equip­
ment - or more of 
our emulators. 

FEATURES 
YOU'D EXPECT ... 
ANDA WHOLE 
LOT MORE. 
We wouldn't be 
offering much of 
an emulator line if 
it didn't have an 
advanced human 
interface, extended 
trigger recognition 
capabilities, 2K frames 
of trigger controlled real- ' 
time trace, and 32 kbytes of 
emulation memory expand-
able to 128 kbytes. Our emu-
lators have all of that. But in 
addition, they also have special 
Freeze-Free '" emulation to 
protect the emulator and host 
from target system failures, and an o al logic module 
monitoring up to 8 .external events for extended trigger and 
tracing capability. Optional 32K emulation RAM boards and 
communications software for each host are also available. 

Circle 220 for more information 

ALL OF THIS ... AND GENERIC, TOO 
Microcosm's emulators are easily 
upgraded in your lab. Changing from 
8086 to 8088 support or from 80186 to 
80188 support is as easy as replacing 
the emulator's target processor and 
throwing a switch. Upgrading from the 
8086/88 emulator to an 80186/188 
emulator just means buying an addi­
tional probe module. No need to buy 
the whole package. 

WE'RE READY TO SHIP. 
If you've been waiting for 80186 or low 
cost 8086/88 support, now's the time to 
move. Just call or write us and we'll 
have one on its way. Complete with a 

· 90-day warranty and backed by full 
service and support. 

BUT IF YOU'RE STILL NOT SURE . .. 
We know this all sounds pretty 
incredible. So if you'd like further 
proof, just send us the coupon below 

and $10 and we'll 
mail you a 
demonstration of 

rlBM PC 
man interface. 

j 

'IBM and IBM 
Personal Computer are 

r119istered trademarks of International 
Business Machines Corporation, Compaq Portable 

Computer is a registered trademark of Compaq Computer 
Corporation . VAX and VMS are registered trademarks of 
Digital Equipment Corporation. Intel lntellec Sanes Il l is a 
registered trademark of Intel Corporation, UNIX is a registered 
trademark of Bell Labs. Microcosm and Freeze-Free are 
trademarks of Microcosm. Inc. 
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MOSFETs, Schottky diodes vie 
for low-voltage-supply designs 

Lower Rvs renders power MOSFETs competitive with Schottky 
diodes for low-voltage) high-current power supplies. However) 

to take full advantage of power-MOSFET performance) 
carefully consider circuit implementation. 

Richard Biaricliard and Rudy Severns, 
Siliconix Inc 

Designers of low-voltage, high-current power supplies 
face a perennial problem: How do you overcome the 
efficiency loss imposed by the offset voltage inherent in 
Schottky and pn junction diodes? MOSFET-based syn­
chronous rectifiers can provide a solution to the prob­
lem, servl.ng as practl.cai alternatives to Schottky recti­
fiers , particularly for outputs below 5V. (To understand 
how you optimize MOSFET devices for power applica­
tions, see box, "Power MOSFETs: the inside story.") 

To exploit the opportunity provided by the MOSFET, 
however, designers must answer several questions. 
What's the basis for choosing between a MOSFET and 
a Schottky diode in a given application? What extra 
drive circuitry is needed when you use a synchronous 
rectifier in place of a line-commutated diode? What are 
the performance limits? How do you use the device 
in a circuit to take advantage of its characteristics? 

Efficiency dictates rectifier choice 
When choosing between rectifier types, efficiency 

provides the most important selection criterion. In 
low-voltage power supplies, losses in the rectifiers 
dominate overall efficiency (TJ). The relationship be­
tween efficiency and the rectifier forward drop V R can 
be expressed as 
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Fig 1-The rectifier's forward drop VR is a major factor in 
determining power-supply efficiency at low output voltages. 
For outputs of 2 and 5V, there's a marked difference in 
efficiency as VR changes frorri 0.4 to 0.6V. 
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Schottky diode's offset voltage 
imposes efficiency penalty 

; 

where ~ equals the percentage of power dissipated 
withiri the power supply, and V 0 equals the nominal 
output voltage. When you lt>ok at a graphic presenta­
tion of this equation (Fig 1), it's clear that with a low 
output voltage, the rectifier's forward drop is a major 
factor in overall efficiency regardless of other circuit 
losses. That doesn't mean, however, that losses in 
addition to forward drop are insignificant. 

Reverse leakage current, for example , is the most 
prominent of these additional losses in a Schottky 
diode. It can be substantial at junction temperatures of 
100 to 150°C, the normal operating range for the device. 
The Schottky diode's high capacitance also creates 
problems. Losses related to capacitance charging and 
discharging are relatively small. However, large cur­
rent spikes can develop irt high-frequency inverters 

Powe,r MOSFETs: the in~lde story 
· Ii 

In a typical device-introductiqn variety of layouts: linear geoi:ne-
cycle, manufacturers of power try, square on square grid, circle 
MOSFETs first provide transistor on square grid, hexagon on 
selections that perform across a square grid, square on hexagonal 
qroad voltage range, and then grid, circle on hexagonal grid and 
they· optimize devices for certain hexagon on hexagonal grid , 
appiications, for example, low- Though the areas of these geom-
voltage rectifi~ation . There a~e etries vary to jlist a small degree, 
many designs for power the square-on-hex layout is more 
MOSFETs presentiy in use. Un- efficient than the rest. Keep . in 
fortunately, most of these struc- mind optimal design depends 

on breakdown voltage and drain 
current (for high-current devices). 

Low-voltage, high-current de­
vices using some of these optimiz­
ing techniques are beginning to 
~ppear (table). While the devices 
listed are practical synchronous 
rectifiers; they are by ,no means 
fully optimized. Significant im­
provement (by a factor of 2 or 
more) should be possible. 

tures were originally optimized for 
service over a 100 to 400V opera­
ting range. As a result, they do not 
reflect the practical limits attaina­
ble for On resistance when it 
comes to low-voltage . applica­
tions. In fact, tests show that con­
siderable improvement remains ti:> 
be achieved below 1 oov. 

SYNCHRONOUS RECTIFIER PARAMETERS 

A look at the cross section of a 
contemporary MOS transistor 
(figure) illustrates how manufac­
turers minimize a device's On re-
sistanc~ . First, they employ the 
thinnest and lowest-resistivity epi­
taxial layer that's consistent with 
the required breakdown voltage. 
Second, they must optimize gate 
width. If it's too wide, surface utili­
zation is poor; if it's too narrow, 
the JFET formed by bddy regions 
results iri an unwanted increase in 
total resistance. The surface ge" 
ometry also must be optimized to 
squeeze maximum performance 
from th~ devices. Increased chip 
area will also reduce resistance, 
but in practice, this usually in­
volves paralleling several dies. 

Layout efficiency varies with the 
surface geometry. There is a wide 
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(greater than 100 kHz) where the primary switches' 
transition times measure 20 nsec or less. These spikes 
can increase dissipation and peak-power stress in the 
primary switches. 

Reverse-leakage current is insignificant in a MOS­
FET, and capacitance can be as much as an order of 
magnitude lower than that of a Schottky diode. This 
lower capacitance is particularly significant for high­
speed conversion. Given the MOSFET's short transi­
tion-time capability, a synchronous rectifier's operating 
frequency can approach 1 MHz in switch-mode convert­
ers. Even higher operating frequencies are possible in 
resonant converters. 

To put the efficiency question in perspective, look at 
the power-loss equations for the Schottky diode and the 
MOSFET. For the diode, 

~ 
0 
w 
> 

" "' Q. 

0.6 

Ps = If.(rms) Rs + hVos + P1, 
where: h = average output current 

Herms> = RMS diode current 
Rs = diode bulk resistance 
Vos = diode offset voltage 
P1 = losses due to leakage. 

20 

15 

10 

5 

- 5 

-1 0 

For the MOSFET, 

By evaluating the difference between these two 
equations, you can determine which device is superior 
in a particular application. In terms of power saved by 
using a MOSFET, this operation yields the equation 

PsAVED = Il (rms> (Rs - Rns) + h Vos + PL. 

Using typical values for Rs, Vos and a range of values 
for Rns, you can graph this equation (Fig 2) to simplify 
the task of selecting the most efficient device. If P sA vED 
is positive, the MOSFET has the edge. When PsAVED is 
negative, the Schottky diode is the superior device for 
the application. 

It's important to realize that though the graph in Fig 
2 is a useful tool, it does not take all efficiency factors 
into account. For example, as the rectifier's efficiency 
changes the rms currents in the transformer's wind­
ings, the primary switches and the filter capacitors also 
change. Because most of these losses are proportional 

ROS(ON) = 2RBULK 

Fig 2-To simplify the choice between a power MOSFET and a Schottky diode for any given application, simply look at the 
polarity of the power-saved parameter. Positive values favor the power MOSFET, while negative levels dictate the use of Schottky 
devices. 
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Allowing intrinsic-diode turn-on 
lowers the FET's dV/dt limit 

to 12nns, as the rectifier's efficiency improves, the value 
for 13 (the percentage of power dissipated within the 
power supply) also improves significantly. 

The curves in Fig 2's graph also do not include the 
temperature effect on Ros, Ro, Vos and P1. Ros, Ra and 
P1 all increase with temperature, while Vos increases as 
TJ decreases. At lower junction temperatures, there­
fore, PsAyEo increasingly favors the MOSFET. It's 
important to consider this behavior when comparing 
devices. 

There are several other factors to appraise when 
using power MOSFETs for synchronous rectification. 
You must not exceed maximum gate-to-source voltage 
limits as called out on the manufacturer's data sheet. 
This sounds like a straightforward task, but the dynam­
ic behavior of switching circuits such as those found in 
switch-mode power supplies often results in unexpect­
ed transients. Careful design and analysis will help you 
avoid problems caused by unexpected voltage 
excursions. 

Not your typical operating scheme 
If you decide to employ a power MO SF ET, you can't 

simply drop it into your circuit in place of a Schottky 
diode. This is because the performance of a power 

PWM (a) 

MOSFET operating as a synchronous rectifier differs 
significantly from that in either linear or switching 
applications. For one thing, a power MOSFET conducts 
current equally well in both directions. Therefore, a 
power MOSFET's gating must be properly timed to 
achieve rectification (hence the term "synchronous rec­
tifier"), and its operating point must be selected to 
avoid intrinsic-diode turn-on. Such a condition can alter 
circuit performance, because the device's reverse­
recovery characteristics allow current to flow for some 
time after the voltage reverses. 

The presence of minority carriers resulting from 
intrinsic-diode conduction can have other effects on 
circuit performance. Carriers present in the body-drain 
junction region reduce the dV/dt limit of a power 
MOSFET. 

You also have to address current-related problems. 
Power MOSFETs do not maintain their resistor-like 
characteristics as the current increases. First, an in­
crease in current forces more carriers through the 
channel region, causing a transverse voltage drop. The 
channel region then narrows, and current flowing 
through the device reaches saturation, resulting in 
increased On resistance. Device heating arising from 
increased current also increases channel resistance. 

12 

13 

1. 

+ 

Vs 

+ 

v, 

+ 

v2 

(b) 

Fig 3-Proper gate-drive timing Is critical for optimal circuit operation, but it varies with the converter design. For the 
quasi-square-wave converter (a), proper timing for I, and 12 conduction (b) occurs with a 50% duty-cycle drive in phase with V5• 
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With these operational considerations in mind, you're 
ready to address some of the details of designing power 
MOSFETs into synchronous-rectifier-based supplies. 

Correct timing is all important 
Gate-drive timing is critical to proper circuit opera­

tion. Unfortunately, proper timing considerations vary 
with the type of converter circuit used. The popular 
quasi-square-wave converter circuit (Fig 3a) provides 
a good example. 

As the voltage and current waveforms illustrate (b), 
the proper timing for I1 and I2 conduction occurs with a 
50% duty-cycle drive, which is in phase with Vs· 
However, when you configure the converter using a 
regular diode in place of the MOSFET, the current 
waveforms change completely (Fig 4). Notice that 
during the intervals when both Sa and S4 are Off, h 
divides more or less equally between the two rectifiers. 

From a loss point of view, this change in waveform 
isn't significant in a diode. However, to reduce power 
losses in power-MOSFET-based synchronous rectifiers, 
you must change the driving scheme (Fig 5) to gener­
ate similar current waveforms (without trr spikes). This 
drive-timing scheme improves efficiency, because con­
duction losses in a power MOSFET are proportional to 
the rms current. The extended conduction interval thus 
provides a waveform having a lower rms for the same 
average current than in the quasi-square-wave design. 

Now examine what happens when gate timing varies 
from the ideal. There are two possibilities worth analyz­
ing: conduction intervals that are too short and conduc­
tion intervals that are too long. If Si's conduction 
interval terminates early, I1 must continue to flow (the 
switch is in series with an inductor), and it will do so 
through the integral diode within the MOSFET. This 

Fig 4-Current waveforms change completely when you 
configure the quasi-square-wave converter with a regular 
diode in place of a power MOSFET. 
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Fig 5-To generate current waveforms that are free oft,, 
spikes, you must reduce power losses in power-MOSFET­
based synchronous rectifiers. 

current flow is not catastrophic, but it will increase 
overall losses because of the diode's higher forward­
voltage drop. It will also introduce reverse-recovery 
current spikes, and it can aggravate the dV/dt problem. 

If the conduction interval is too long, there's a 
possibility that S1, 82 and either Sa or 84 will be On 
simultaneously. As a result, the secondary will be short 
circuited for some period of time, and the primary 
switches will see a large current spike. This is clearly 
an undesirable situation. Fortunately, MOSFETs are 
easy to drive, and they switch rapidly, so you can avoid 
these problems with careful drive-circuit design. 

For other converter circuits, the consequences of 
mistiming could be quite different. For example, in the 
buck converter (Fig 6), there's no advantage to extend­
ing the conduction interval beyond 50%, as there was in 
the quasi-square-wave converter. On the other hand, if 
the conduction interval does become too long, the 
current-limiting action of the input inductor won't im­
press current spikes on the primary switch. This per­
formance is definitely an improvement over that of the 
quasi-square-wave circuit. The buck-derived converter 
also handles a conduction interval that's too short by 
allowing the integral diode to conduct. 

The boost converter circuit (Fig 7) is even more 
tolerant of long conduction intervals. Though a 50% 
duty cycle is favored for drive-circuit simplicity, the 
circuit will. accommodate duty cycles well beyond 50%, 
because the primary inductor will again limit switch­
current transients. With this converter circuit, in fact, 
you can use synchronous rectifiers for output control if 
their conduction duty cycles are greater than 50%. 
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Careful design and analysis 
prevent unexpected transients 

To realize such performance, you simply vary the 
conduction duty cycles of 81 and 82 so that both switches 
are On simultaneously for part of the switching se­
quence. You can thus achieve regulation without having 
to couple a control signal back to the primary circuit-a 
significant design simplification. Clearly, gate-drive 
timing requirements and the degree of tolerance to 
mistiming depend on which converter circuit you use. 

Design drive circuit with care 
The most basic method of providing gate drive uses 

an auxiliary winding on the transformer's secondary 
(Fig 8). The scheme's simplicity is definitely a positive 
factor, but it does have some disadvantages. To illus­
trate, consider what happens when you use an auxiliary 

50% v, 

_1_ _1_ 

PWM 

j_ 

r1 -
1, -

T T 
50% v, 

1, 

1, 

v, 

v, 

Fig 6-There's no advantage to extending the conduction 
interval beyond 50% in the buck-derived converter circuit. 
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winding with the quasi-square-wave converter circuit. 
When the driving transistors are both Off (a condi­

tion that occurs twice each switching cycle), V1=0, so 
there's no gate drive to synchronous rectifier 81. While 
! 1 continues to flow, it now goes through Si's integral 
diode and increases the power losses. 

This isn't the only problem you'll run into using 
auxiliary-winding drives in the quasi-square-wave fam­
ily of converter circuits. You could destroy the synchro­
nous rectifier, because the voltages of the transformer's 
gate-driving winding are directly proportional to input­
voltage levels. If the gate-drive voltage equals 12V 
when the input voltage is low, it will rise to 24V when 
the input voltage is doubled-not an uncommon re­
quirement. Most MOSFETs spec a ±20V limit for gate 

V0 > 0.5V v, 

l_ j_ s, 
-1, 

Ts. T 
V0 > 0.5V v, 

1, 

1, 

---·· ·---·· . 
v, : 

....... ··-···1 . . 
v, . . . 

Fig 7-When it comes to tolerating long conduction 
intervals, the boost-derived converter proves to be the most 
flexible. 
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Fig 8-The most basic gate-driving scheme employs an 
auxiliary winding on the transformer's secondary. 

voltage; exceed this level and you'll destroy the device. 
You can, of course, adjust the winding so that the gate 
drive is below 20V for a high line condition. This could, 
however, produce insufficient gate drive at low line 
levels and thereby increase conduction losses. 

The winding voltage's dependence on input voltage 
also increases the peak voltage levels seen by the 
rectifiers. For a 5V output, for example, the rectifier 
commonly sees a peak voltage (not including noise or 
transients) of 20 to 25V. For a relatively high rectlfi.er­
voltage rating (in proportion to nominal output volt­
age), this requirement means that the Ros of the 
MOSFET must be higher for a given device's current­
carrying capacity. 

You can easily overcome all of these problems with a 
different converter circuit. Both the buck- and boost­
derived current-fed converters have correct timing and 
a relatively constant gate voltage when used with an 
auxiliary winding. In addition, the rectifier only sees a 
reverse voltage equal to twice the output (lOV in a 5V 
supply), regardless of the input voltage. 

Gates require protection 
Drive-circuit design involves more than the choice of 

a converter. Even the best-designed converter has 
some noise, ringing and transients appearing across the 
transformer's windings. In converters empioying an 
auxiliary-winding drive, these transients couple direct­
ly into the gate, where they could cause timing prob­
lems or even destroy the gate. You can avoid such 
problems by providing some form of gate protection 
(Fig 9). You must locate protective components close to 
the switching devices to minimize seri.es inductance. 
The protection scheme should also have a response time 
in the nanosecond range. Not all transient suppressors 
and zeners have this response capability. 

Note also that the source connection for the gate­
drive in Fig 9 is brought out s'eparately. This technique 
reduces pick-up problems that might develop as a result 
of high current in the source lead. You Cari provide 
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additional protection by bringing the drive winding to 
the FET via a twisted pair. 

The circuit also employs damping resistors across the 
gates. Without such precautions, winding and drive­
circuit leakage inductance can resonate with gate ca­
pacitance to generate a ringing voltage on the gate. 
This ringing could damage the gate or cause spurious 
switching. Although you can use either series or shunt 
resistances for damping, the series option has the 
disadvantage of reducing the switching speed. For 
ringing frequencies greater than 1 MHz, you can use a 
ferrite bead for damping. This technique also minimizes 
parasitic oscillation. 

Other drive circuits are possible 
Of course, the auxiliary-winding scheme is not the 

only drive technique available. You can, for example, 
use a separate drive source derived from the primary­
switch circuit (Fig 10). An independent gate drive 
does offer several advantages. 

For one thing, switching speeds are typically faster. 
It's much easier to provide gate protection, and precise 
gate drive is easily achieved. You can also optimize V Gs 

at a predetermined value and eliminate the negative 
part of the drive to reduce drive power and gate stress. 
In some circuits (Fig 7), it's even possible for the 
rectifiers to perform control functions. 

Unfortunately, you must pay a price for such per­
formance. Increased circuit complexity is an obvious 
disadvantage. The increase in complexity, however, is 
not monumental, so the option is worth examining. 

Addressing triggering, thermal problems 
Whatever drive scheme you use, make sure the 

device's integral diode is not allowed to conduct. The 
absence of conduction reduces loss and eliminates the 

0 

Fig 9-Some form of gate protection is required to avoid 
noise-related problems when the converter employs an 
auxiliary-winding gate drive. 
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Gate-drive mistiming tolerance 
depends on converter circuit used 

diode's reverse-recovery current spikes. More impor­
tant, it helps preserve static dV/dt characteristics. 

As long as there's no reverse diode current, most 
MOSFETs stay Off with an applied ciV /dt of 50 to 
lOOV /nsec. It's quite unllkely that a low-voltage power 
supply will even approach this limit. However, when 
diode current is present, the dV/dt capability could fail 
to a value as low as O.SV/nsec, a rate that's possible 
even in low-voltage supplies. Triggering a synchronous 
rectifier on during reverse-voltage conditions effective­
ly short-circuits the transformer's secondary and could 
result in damage. 

There are also temperature aspects to consider. Ros 
is a positive function of junction temperature T3 , and 
when a current source (the inductor) controls Io, posi­
tive thermal feedback develops. As the FET becomes 
hotter, Ros increases. This in turn increases power 
dissipation, which increases the junction temperature 
even further. For this reason, it's extremely important 
to observe good thermal-design practices. In fact, 
efficiency relies heavily on good thermal design. 

There is hope for a solution to the problem. Cryogen­
ically cooled equipment is becoming relatively common, 
and the low temperatures associated with such equip­
ment provide a unique opportunity to reduce conduc­
tion losses drastically. A power MOSFET will work just 
fine at liquid-nitrogen · ( -196°C) and liquid-helium 
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Fig 1 ~aster switching speed is a key advantage of an 
independent gate-driving scheme. It also simplifies the task 
of providing gate protection. 

( - 265°C) temperatures. At a - 196°C junction tempera­
ture, Ros measures only 20 to 25% of its value at 
T3= 125°C. As an added bonus; heat transfer is much 
better because of silicon's higher thermal conductivity 
at these temperatures. Switching properties are not 
affected significantly, so you should use cryogenic cool­
ing if it's available. 

There's one final thermal consideration-Io reduc­
tion. Conduction loss in a MOSFET is defined by the 
expression 

2 
Pc=(ID<rms>) (Ros). 

Because Ros is a function of T3 , and T3 is a function of 
Io<rms» Ros is also a function of I0 • In essence, Pc is 
proportional to Ina, where a>2. 

High efficiency requires that Io<rms> be as small as 
possible, and there are practical ways to accomplish 
this. You can, for example, make the averaging induc­
tor larger, which changes the shape of the current 
waveforms (Fig 11). While both of these typical switch­
ing waveforms have identical average currents, rms 
current decreases as inductance increases. When you 
raise the ratio of the two values to the 2.5 power, the 
power-loss difference measures almost 40%. Clearly, 
the averaging inductor's value is critical. 

Circuit design also has an effect on the rms current. 

BA 

I 
SMALL L-1rms=4.62A 

LARGE L-1 rms = 4.04A 

Fig 11-By using a large inductance to reduce rms current, 
you can improve converter efficiency. 
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Simplest gate-drive scheme 
uses auxiliary transformer winding 

For the same output current, for example, the circuits 
in Figs 3 and 6 have a lower rms rectifier current than 
the circuit shown in Fig 7. This occurs because of the 
pulsating nature of the output current in any boost­
derived converter. EDN 
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NEXT TIME 
EDN's July 12 issue will be Part 1 of our 19th semi­
annual Product Showcase. This invaluable com­
pendium will review the most noteworthy new­
product introductions of the past 6 months, cover­
ing four key product areas: 

• Hardware and interconnect devices 
• !Cs and semiconductors 
• Power Sources 
•Software 

Also look for our regular Design Ideas department 
and for expanded Literature coverage of com­
puters and peripherals, components, and instru­
ments. You can 't afford to miss this issue! 
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The 1075 Marathon Copier (at the left) represented a 
whole new level of technology for Xerox: a copier that 
could think for itself, analyze input, make decisions and 
turn out copies like those above. 

Just as remarkable is the machine that helped 
plan, manage and expedite it: the Xerox Star 8010 pro­
fessional workstation (at the right). 

"Star was worth it for the graphics alone;' said one 
Xerox engineer. "With it, we could sketch out the parts 
we needed, change the dimensions and locations elec-

tronically, print out hard copies for our suppliers and 
store everything in the memory. In no time at all, we 
had a family tree of components." 

For a Chief Engineer, "forms and more forms" was 
his primary use for Star. "It's hooked up to an Ethernet, 
so it's a breeze to get tooling authorizations, for example, 
through the electronic mail." 

"We also use it to document problems in design 
iterations, in testing-we can incorporate changes so 
much faster and easier.'' 



Another engineer regularly used Star for its 3270 tell you how easy it's made all the administrative details:' 
and ITY emulation capabilities-"for highlighting A Xerox Project leader summed it up: "Star gives us 
infant mortality and installation problems. We would more control over what we do. Actually, I think it's one 
take data generated by the field and use the ITY to pull of the most useful tools we've ever used in an engineer-
it back into the network." ing environment:' 

An engineer at the Xerox plant in Webster, N.Y, feels For m~re information, ask a (Team Xerox 
Star has given him a kind of extra edge over the compe- Xerox engineer. . ~ 
titian. "We've been able to use a lot of Xerox innovations Star is part of Team Xerox, a wide array of products, 
like the mouse, icons, windows, property sheets and people and services to help meet all your information 
combined text and graphics for some time now. I can't needs. XEROX®.8010®. and Marathoo l075acc tradcmacksof XEROX CORPORATION 

CIRCLE NO 87 



212 

Our first working gate arrays clearly demonstrate the suitability of 
semicustom-IC technology to our sample system. Analysis of the 
chips' performance and economy proves that even trade-press 
editors can design /Cs with significant advantages over standard 
components. 
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EDN Semicustom-IC Design Series 

determine project success 

In a blazing triumph of editors over technology) EDN)s first 
semicustom ICs actually work. Performance and cost 

analyses prove that gate arrays easily 
satisfy our design objectives. 

A prototype of our semlcustom-IC-based system (top) occupies 
only one. fourth the space of our standard-IC-based system(bottom). 
In addftion, it provides added functionality and costs roughly $60 less 
to construct. Note that our system's semicustom-IC-based version 
incorporates only three /Cs. 

EDN JUNE 28, 1984 

Andy Rappaport, Special Projects Editor 

After nearly nine months of planning, intermittent 
design work, writing and waiting, we have finally 
received our first gate arrays. These gate arrays not 
only meet our initial design specifications, but their 
performance and economy clearly demonstrate the ben­
efits that well-conceived semicustom-IC use can bring 
to electronic systems. Indeed, chip tests and system­
cost analyses indicate that our first gate array meets 
our design goals with resounding success. 

Our first gate arrays were shipped to us by LSI 
Logic. Of the three chip vendors involved in this design 
series, LSI Logic was the first to receive design data 
sufficiently detailed to allow chip production. In addi­
tion, of the three series participants, LSI Logic cur­
rently employs the most mature automated tools for 
design transmission, layout and test design. Therefore, 
the firm was able to meet its promise to deliver 
prototypes eight weeks following our approval of layout 
results. With the other two vendors, American Micro­
systems Inc and International Microelectronic Prod­
ucts, we used new and largely untested design trans­
mission and conversion software. Therefore, debugging 
and experimentation time has extended the delivery 
times of chips from those two vendors. 

Most important, the chips we're expecting from IMP 
are based on standard-cell technology-technology that 
currently results in added layout and fabrication time 
compared to gate arrays. IMP promises prototype 
delivery within 12 to 14 weeks of design receipt and 
thus adds four to six weeks to average gate-array 
delivery times. We're especially anxious to analyze the 
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EDN's first semicustom ICs 
meet our design goals 

performance and cost benefits of our standard-cell­
based chips in light of the ICs' extended prototyping 
cycles. 

The moment of truth 
Upon completing our prototype gate arrays, LSI 

Logic sent us 25 tested parts. That firm's production­
floor tests using patterns based on our simulation runs 
confirmed that these 25 arrays performed the functions 
we requested. Our goal in analyzing the devices cen­
tered on determining whether the functions we asked 
for accurately reflected our actual system require­
ments. To gauge such correspondence, we tested our 
chips in the working environment they would encounter 
in actual use. 

The arrays' 8-week prototyping cycle gave us plenty 
of time to construct a wire-wrapped prototype board 
representative of our sample application's complete 
system. In addition to the gate array and a few passive 
and discrete components, our system now includes only 
a CD4011 quad CMOS NAND gate used for clock 
generation and an XR2206 function generator that 
performs our system's analog functions. Thus, proto­
type construction was a simple and rapid task. 

The most time-consuming aspect of our prototype­
development efforts involved the construction of a 
programmer used to exercise roughly half of our chip's 
function. We developed the specifications for this pro­
grammer as we designed and simulated our semi­
custom chip, but had given no thought to its construc­
tion until submitting our semicustom-IC designs for 
layout and fabrication. Compared to our 3-chip semicus­
tom-IC-based system, our 15-chip programmer repre­
sented a sizable design and prototyping challenge, 
especially in light of our lack of CAE tools for that 
system-development step. Indeed, were our program­
ming circuit destined for production of more than a few 
units, we'd consider designing a second semicustom 
chip to reduce complexity and enhance portability. 

By using our waiting time to construct a prototype 
system, we prepared ourselves to test our gate arrays 
immediately upon receiving them. Our first tests un­
covered a few errors in our prototype board's wiring-a 
few pull-up resistors instead of pull-downs, for example 
-but, on the whole, our gate arrays behaved predicta­
bly. We noticed that our chip's first gate-array version 
wakes up in an active test state, but soon settles into a 
predictable quiescent condition. Initial conditions are 
hard to predict through simulation and depend some­
what on logic-cell and -macro design. We'll be curious to 
observe how the other two versions of our design begin 
their operation. In any event, our chip's short self­
initialization cycle entails no adverse system­
performance consequences. 
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Exhaustive in-circuit chip tests yielded remarkable 
results. In all ways, our gate arrays behaved consist­
ently and predictably. All major chip functions worked 
exactly as desired. Our only disappointment stems from 
a single unintentionally inverted input line. We should 
have caught and corrected this misplaced inversion 
during design and simulation steps, but it somehow 
managed to escape our scrupulous investigations. As a 
result of this line's active-Low rather than active-High 
operation, we were forced to borrow an inverter from 
our circuit's clock oscillator in order to restore normal 
system function. Were our system destined for produc­
tion, we'd have corrected our design database immedi­
ately to ensure proper operation of production circuits. 

According to most semicustom-IC application engi­
neers, our unintentional signal inversion is typical of 
the types of errors discovered in prototype arrays. Our 
simulations, like those of most designers, centered on 
verifying the performance of large, complex internal 
chip functions; it dealt only briefly with I/O functions . 
The misplaced inverter, therefore, easily escaped our 
observation. 

Simulations of I/O behavior are further complicated 
by a lack of tools aimed at integrating chip simulations 
into overall system analyses. The improperly inverted 
signal in our design is fed by a diode decoder wired to 
two of our chip's output pins. During chip simulations, 
we used software to assign values to this input signal, 
but we didn't set up a system simulation designed to 
analyze the operation of our external decoder. To do so, 
we could have used our chip as an element in a larger 
system simulation, a simulation that would have uncov­
ered our design error immediately. Such simulations 
are now possible-although time consuming-using 
most CAE workstations, but impossible using most 
semi custom-IC vendors' proprietary design systems. 
In our next chip-design project, we'll anticipate these 
simulation difficulties by using a functional simulator to 
quickly establish specifications for I/0-signal polarity 
and external-circuit operation. 

No way to use production vectors 
Our in-system tests verified the operation of our 

design but couldn't check our chips as exhaustively as 
did our production-test programs. Our production vec­
tors, executed using ATE, result in comprehensive chip 
tests in far less than 1 sec. By contrast, similarly 
exhaustive tests using our prototyping board and pro­
grammer take more than 1 hr, including both chip­
operation and manual test-setup time. As a result, we 
relied heavily on LSI Logic's tests of our chips to 
ensure overall chip consistency. We used our tests 
primarily to verify the correctness of our basic design, 
to check the operation of all chip functions, and to 
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characterize such chip parameters as I/O capability and 
power dissipation. 

In our design, the most interesting chip parameters 
are those relating to power dissipation. Our circuit's 
32. 768-kHz master clock results in no critical system­
speed parameters, and none of our system's input 
signals involve timing characteristics sufficiently com­
plex to demand detailed examination of our chip's I/O 
speed. In addition, none of our circuit's I/O characteris­
tics stress our gate array's input or output capabilities. 
Most of our system's interface signals operate at CMOS 
current levels and involve no significant threshold 
sensitivity. The most critical interface signal requires 
our chip to sink 0.5 mA during active cycles, a 
current level well within the 3.2-mA capability of the 
output buffers selected for our LSI Logic gate arrays. 

Power dissipation, however, is critical in our design. 
Because it must be capable of operating from standby­
battery power for extended periods of time, our system 
must consume only minimal power. Therefore, we made 
extensive power-supply comparisons between our gate­
array - based system and our original standard­
component prototype. 

Our standard-component system consumes nearly 
1 W during quiescent periods and dissipates slightly 
more than lW during active cycles. Most of the design's 
current requirements stem from our use of LM555 and 
LM556 timer chips to control long-interval system 
timing. Together, our circuit's timers draw 50 mA at 
12V, resulting in power requirements of nearly 600 

mW. We could have designed our system for minimal 
current drain by replacing the bipolar timing circuits 
with CMOS counters, but that scheme would have 
significantly increased our system's IC count. Instead, 
in our standard-component system, we minimized 
standby power dissipation by using an elaborate power­
switching system that kept only real-time clock circuits 
alive during low-battery intervals. 

Our semicustom-chip -based system, on the other 
hand, draws only 13 mA at 12V, most of which is 
required by our XR2206 oscillator. The gate array 
itself requires 665 µA during quiescent periods and 1.6 
mA during active cycles. Almost all of this chip current 
is required by I/O drivers; our calculation indicates that 
the chip's core, which includes 1200 active gates, dissi­
pates less than 80 µ W. These calculations are based on 
a specified consumption of20 µW/MHz per active gate, 
a clock frequency of approximately 0.03 MHz and 
assumptions that, on average, only 10% of all gates 
toggle during each clock cycle. 

Thanks largely to our semicustom chip's CMOS oper­
ation and our 3-chip system's elimination of several 
power-hungry signal decoders and multiplexers, our 
gate-array-based circuit requires less than 20% as much 
power as our original system. Therefore, without elab­
orate power-switching schemes, the new system ex­
tends standby-battery capability five times. 

Although significant in our application, the power 
savings offered by our semicustom chip pale in compari­
son to the cost saving it provides. Our initial design 

Softening our views 
Receiving our first working gate 
arrays has altered our previously 
clinical view of semicustom ICs. 
Until now in this design series, we 
consciously avoided becoming 
overwhelmed by the gee-whiz as­
pects of IC design. Semicustom­
ICs have been touted by vendors 
and the media as panaceas-so­
lutions to problems ranging from 
escalating system complexity to 
US industry's problems compet­
ing in world technology markets. 
To us, however, semicustom ICs 
were primarily an addition to engi­
neers' toolboxes. In our evalua­
tions of the IC-design process, we 
focused almost exclusively on the 
extent to which semicustom ICs 
deliver on their promises, not on 

intellectual and emotional appeal. tion. Instead, we thought back on 
past designs that could have ben­
efited from semicustom-IC tech­
nology and, more important, 
ahead to all of the systems that we 
can now build practically and eco­
nomically. Our enthusiasm was 
only heightened by the cost and 
development-time analyses sum­
marized throughout this article. 
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Those views changed when our 
first tests began to indicate that 
our design work over the past nine 
months has actually led to the 
production of ICs meeting our 
functional and performance speci­
fications. As our gate arrays 
began to show signs of life, our 
coldly rational analyses became 
colored by a feeling of design free­
dom. As seasoned system de­
signers long held captive by the 
tyranny of standard-IC vendors, 
we now fully appreciate the power 
of do-it-yourself chip design. 

Indeed, as we continued to 
probe our gate array, we thought 
little about the suitability of our 
first chip to its intended applica-

Thus, having successfully har­
nessed the potential of semi­
custom silicon, we feel that our 
efforts have been educational in 
several respects. Not only have 
we learned how to use semi­
custom-IC and CAE technologies, 
but we have learned why to use 
them as well. 
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CMOS gate arrays 
reduce power needs by 20% 

STANDARD COMPONENT VERSION 

COMPONENT IC INSERTED 
COST COST 

12xCD40XX $ 6.00 $30.00 
2xLM556 0.50 5.00 

LM555 0.25 2.25 
ICM72023 4.00 6.00 
XR2206 3.00 5.00 

TOTAL $13.75 $48.25 

SEMICUSTOM-IC VERSION 

COMPONENT IC INSERTED 

GATE ARRAY 
XR2206 
CD4011 

TOTAL 

COST COST 

$13.20 $15.20 
3.00 5.00 
0.50 2.50 

$16.70 $22.70 

Fig 1-Baaed on dig Ital-IC purchase costs alone, our gate 
array provides no bargain. But when receiving, stocking and 
assembly costs are factored in, the gate array saves more 
than $25. 

CLASS STANDARD COMPONENTS 

QUANT NAME INSERTED 
COST 

ACTIVE 12 4000 SERIES $2.50 
COMPONENTS CMOS ICs 

2 LM5561Cs 2.50 
LM555 IC 2.25 
ICM7223 IC 6.00 

1 XR2206 5.00 
5 2N2222 XISTOR 0.75 

LM7812 1.50 

PASSIVE 41 1N914 DIODES 0.25 
COMPONENTS 1 LED 0.50 

50 1/4-WATI RES 0.25 
21 CERAMIC CAP 0.25 

5 ELECTROLYTIC 0.35 
4 BCD SWITCHES 2.50 
1 CRYSTAL 1.50 
3 TRIMMERS 1.00 
2 20-PIN CONN 1.25 

PACKAGING 50-IN• PC BOARD 12.50 

TOTAL 

objective called for the trimming of 60% from the cost 
of producing our system's digital circuitry. Analyses of 
the costs associated with both standard-component and 
semicustom-chip implementations of our design indi­
cate that we have nearly met this goal and, as a result, 
have slashed 47% from the production costs of our 
system's analog/digital main circuit board. 

Fig 1 illustrates the comparative costs for our sys­
tem's active digital circuitry. We computed these costs 
based on a production run of 10,000 pieces, a volume 
typical of the yearly production of systems now incorpo­
rating gate arrays. According to LSI Logic, our gate 
arrays, packaged in 28-pin plastic DIPs, would cost 
$13.20 in 10,000 piece lots. The firm claims that this 
price would drop to $11.85 in 1985, as it ascended the 
learning curve, but we elected to base all of our 
comparisons on the higher 1984 price. 

Based on IC-purchase prices alone, our gate array 
costs slightly more than the sum of all of the digital ICs 
required to build our system using standard compo­
nents. However, cost comparisons based only on pur­
chase price are misleading. Most investigations into the 
true costs of system production yield added costs­
costs associated with receipt, tert, stocking and inser­
tion-averaging $2 per IC. Adding these costs to our 
IC-price analyses suggests that our gate array actually 
reduces our system's digital-IC costs by $25.55, or 53%. 

SEMICUSTOM IC 

TOTAL QUANT NAME INSERTED TOTAL 
COST COST COST 

GATE ARRAY $15.20 
XR2206 5.00 
CD4011 2.50 

4 2N2222 XISTOR 0.75 
LM7812 1.50 

53.50 27.20 

21 1 N914 DIODES 0.25 
1 LED 0.50 

24 1/4WATI RES 0.25 
5 CERAMIC CAP 0.25 
3 ELECTROLYTIC 0.40 
4 BCD SWITCHES 2.50 
1 CRYSTAL 1.50 
3 TRIMMERS 1.00 

8-PIN CONN 0.75 
·47.25 29.45 

12.50 13-IN• PC BOARD 3.25 3.25 

113.25 59.90 

Fig 2-Passlve-component and pc-board costs are also reduced through semicustom-IC use. Passive-component prices in this 
estimated system-cost analysis include assembly expenses of $0.20 to $1 . 
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This cost reduction doesn't quite meet our 60% goal, 
but it's significant. 

In addition, our semicustom IC reduces the number 
of passive and discrete components our system requires 
(Fig 2). Not only does it eliminate' diodes and resistors 
used for signal decoding and interface functions, but it 
also eliminates two connectors by communicating seri­
ally with an external programmer. Building serial 
communications into the standard-component version 
of our system would have added several !Cs; as a result, 
a lowest cost standard-IC implementation employs two 
20-pin connectors that accommodate programming sig­
nals. Semicustom-chip economy allowed us to build 
serial communications into our gate-array and stan­
dard-cell-based chips, thus reducing the system's pro­
gramming-pin count to eight and eliminating two costly 
connectors. Factoring in all of these costs, including 
overhead costs of $0.20 to $1 per passive component, 
yields additional cost savings of $18.55. 

Moreover, our semicustom-IC-based system requires 
a pc-board area of only 13 in. 2 compared with 50 in. 2 for 
our standard-component system. Assuming pc-board 
costs of $0.25/in. 2, then our semicustom-chip saves an 
additional $9.25. Therefore, gate-array use results in an 
overall savings of $53.35, or 47%, on the assembled cost 
of our system's main circuit board. Through careful 
design and efficient production, we might have reduced 
the cost of our standard-component-based system, but 
we doubt that these efforts could come close to match­
ing the cost reductions for our first gate array. 

Analyzing system savings 
Of course, in our case, a circuit board is not a 

complete product. Although we saved 47% on our 
circuit board's cost by employing semicustom logic, we 
can't hope to realize that level of cost reduction for our 
entire system. But the overall system cost savings we 
can expect through gate-array use are significant. 

Fig 3a illustrates an overall cost analysis for our 
sample system. In addition to its main circuit board, 
our system employs an RF transmitter ($35 in volume), 
a plug-in 12V transformer ($5) and a sealed, recharge­
able 12V battery ($7.50). These costs remain constant 
regardless of the method we use to construct our main 
circuit board. Our package costs, however, are reduced 
through semicustom-IC use. We estimate that the small 
circuit board required by our semicustom-based system 
could lead to package-cost savings of $5, further adding 
to the economy of our semicustom-IC based system. 
Adding $15 for assembly and test expenses results in an 
overall cost of $190. 75 for a standard-component-based 
system vs $132.40 for a system employing our gate 
array. Total savings, therefore, equal $58.35, or 31%. 

Our 31 % cost savings are sufficiently high to allow us 
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to recoup our development expenses fairly quickly. 
According to LSI Logic, the development of our gate 
array would have involved charges of $17,000 for ven­
dor-supplied engineering time, $10,000 for tooling and 
$4500 for the computer time we used for simulation and 
testability analysis. Because our prototypes were pro­
duced using production-ready tooling, LSI Logic claims 
that we would incur no additional charges upon commit­
ting to full-scale chip production. Total engineering and 
tooling costs for our design, therefore, equal $31,500. 

By saving more than $55 on the cost of each of our 
systems, we could recoup our direct development ex­
penses after producing only 540 units. Interestingly, 
we could recoup both chip-development expenses and 
the cost of the CAE tools we used for chip qesign after 
only a few months of production. 

Assuming that we spent $100,000 to acquire an 
engineering workstation with design-entry, simulation, 
timing-analysis, mass-storage and hard-copy capabili­
ties, and assuming a production rate of 10,000 units per 
year, we would reach our break-even point of approxi­
mately 2250 units after less than three months of 
production. It appears, therefore, that CAE tools used 
to design semicustom !Cs can pay for themselves 
through successful implementation of only a single chip. 
As Fig 3b demonstrates, over a production run of 

COSTS STANDARD COMPONENTS SEMICUSTOM IC 

PC BOARD $113.25 
RF CIRCUITRY 35.00 
PACKAGE 15.00 
TRANSFORMER 5.00 
BATTERY 7.50 
ASSEMBLY/TEST 15.00 

TOTAL COST 190.75 

NET SAVINGS -
QUANTITY NEEDED TO JUSTIFY 
$31 ,500 DEVELOPMENT COST 
QUANTITY NEEDED TO REPAY $31 ,500 
DEVELOPMENT PLUS $100,000 CAE COST 

(•) 

COST FOR 10,000 $1,907,500 
IC DEVELOPMENT COST 
TOTAL COST FOR RUN 1,907,500 
NET SAVINGS FOR RUN 

(b) 

$ 59.90 
35.00 
10.00 
5.00 
7.50 

15.00 

132.40 

58.35 

540 UNITS 

2254 UNITS 

$1 ,324,000 
31,500 

1,355,500 
552,000 (29%) 

Fig 3-An overall system-cost analysis (a) demonstrates 
that our gate array reduces our system's cost by more than 
$58. This saving is sufficiently large to allow us to recoup 
development expenses after producing only 540 units and to 
pay for CAE tools after building fewer than 2500 units. A 
production-run analysis (b) shows that after a 10,000-piece 
run, our gate array saves us more than $550,000. 
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Simplified system assembly 
offsets array purchase costs 

DESIGN STEP STANDARD COMPONENTS SEMICUSTOM IC 

LOGIC DESIGN 1 WEEK 2WEEKS 
SIMULATION - 2 WEEKS 
TEST ANALYSIS - 1 WEEK 
LIBRARY CONVERSION - 1 WEEK 
RESIMULATION - 1 WEEK 
PROTOTYPING 2 WEEKS BWEEKS 
DEBUGGING 3 WEEKS 1 WEEK 

TOTAL 6 WEEKS 111 WEEKS 

Fig 4-Ten weeks were added to our development sched­
ule by our decision to use a gate array in our system. But the 
cost savings resulting from semicustom-IC use more than 
compensate for development delays. 

10,000 systems our semicustom chip yields a total cost 
savings of more than $550,000, excluding the amortiza­
tion of our CAE tools, or $450,000 after paying the 
costs of CAE. 

What hidden costs does our semicustom chip involve? 
Primarily, it entails increased development time. Fig 4 
shows estimated development schedules for two ver­
sions of our relatively simple system. Because we had 
to design our own real-time clock for the semicustom­
based system (as opposed to using an off-the-shelf 
CMOS LSI component), development of our chip's basic 
logic design took one week longer than the design of an 
equivalent standard-component-based system. 

In addition, we spent approximately two weeks simu­
lating our design and debugging its logic-time we 
probably wouldn't have invested in a standard­
component-based system. But we recouped this simula­
tion time through shortened debugging cycles. Actual 
debugging of our wire-wrapped prototype board took 
less than one day. The remaining time allotted to 
debugging our semicustoni-chip-based system was 
spent testing and characterizing our gate array. In 
contrast, we estimate that debugging an equivalent 
system built from standard ICs would take approxi­
mately two weeks. In our case, therefore, simulation 
cost us one week. 

Test design also delayed our project by one week. In 
the design of most standard-component-based systems, 
test design usually doesn't commence until after logic­
design, -prototyping and -debugging cycles. In our 
case, however, as with all semicustom-chip design 
projects, test design was tied tightly to design and 
simulation. The result of up-front testing, however, is 
that we'll need to spend little time developing routines 
to test our entire system. The vast majority of our 
system is tested by our gate-array or standard-cell 
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vendor through production testing of our semicustom 
chip. Therefore, we consider our week of test develop­
ment to be time well spent. 

The most significant scheduling costs associated with 
our LSI Logic gate array result from design transmis­
sion and prototyping. We spent approximately one 
week formatting and checking our design using LSI 
Logic's design tools; we received prototypes approxi­
mately eight weeks after we'd turned over our design. 
This prototyping time compares to approximately one 
week for a standard-component system and therefore 
results in a net delay of eight weeks. Some gate-array 
vendors promise to shrink prototyping times, but eight 
weeks is about average for cycles without significant 
rush charges. 

In all, development of our gate-array-based circuit 
added 10 weeks to the development of our system. In 
light of the cost reductions it affords, however, we 
believe the array to be worth the wait. 

What happens next 
Analyses of our first gate arrays not only prove the 

suitability of semicustom chips to our sample applica­
tion, but they also prove our ability to master the 
gate-array design process. We're glad, though, that the 
chips we've received so far have come to us pretested. 
Had we received untested chips, or were our proto­
type-characterization objectives centered on repeating 
and observing production tests, we would have had 
considerable difficulty. We don't possess an ATE sys­
tem similar to those used by IC vendors, and rapidly 
applying and observing test patterns is beyond the 
capabilities of our fairly simple logic-analysis equip­
ment. Therefore, the extent to which we could exhaus­
tively analyze our 25 prototypes is severely limited. 

In the next and final installment of this chip-design 
series, we'll report on the characteristics of our remain­
ing two chip versions and discuss measures and test­
systems needed to characterize untested semicustom 
ICs without the aid of million-dollar ATE setups. EIHI 
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Design Our Gate Arrays 
On Your Workstation 

*IDEA 1000, LOGIC IAN and SCALDsystem are trademarks of 
Mentor Graphics, Daisy Corporation and Valid Logic, respectively. 

No one delivers Gate Array Design 
Software like we do ... No one. 

EDN JUNE 28, 1984 CIRCLE NO 88 

Now you can design and verify 
gate arrays in-house on your 

own Mentor Graphics IDEA 
1000~™ Daisy LOGICIAN*™ 

or Valid Logic SCALDsystem*"' 
engineering workstation. 

Powerful New 
Software From 

LSI Logic 
Corporation Gives 
You The Freedom 

Our new SOFTWARE DATA 
BOOKT" series of macrocell libraries 

gives you all the documentation, data 
sheets and array design rules needed to 
begin design of LSI Logic Corporation 
logic arrays. Installation is simple , 
straightforward and takes only minutes. 
Using the SOFTWARE DATA BOOK 
means your time can be used more 
productively on the workstation for 
design creation-without concern that 
logic models are outdated or incorrect. 

Our new DESIGN VERIFIER 
SOFTWARET" turns your Mentor 
Graphics IDEA 1000 workstation into a 
complete system for designing our 
LL5000/LL 7000 series gate arrays. Used 
in conjunction with the SOFTWARE 

DATA BOOK you can enter your 
circuit description, then proceed to 

logic verification, performance 
simulation and output of a net­

work description file compatible 
to the LDS-11™ design system 

at any LSI Logic Corpora­
tion Design Center. 

Together, the SOFT­
WARE DATA BOOK 
and DESIGN VERI­

FIER SOFTWARE give you the most 
complete in-house design and verification 
capability available. Call or write for 
complete information today. 
LSI LOGIC CORPORATION, 
1601 McCarthy Blvd., Milpitas, CA 95035. 
Call ( 408) 263-9494 or Telex: 172-153. 

LSI LOGIC 
CORPORATION 
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HOWTOGET 

MORE 
FOR YOUR ADVERTISING 

DOLLAR! 
... You can reach over 120,000 engineers . 

... EON is the best read electronics publication . 

... EON will accept your advertisements up to 14 days 
before issues are mailed . 

... EON has the lowest page rate for recruitment 
ads-that means more readers, more service, and 
more for your advertising DOLLAR! 

For more information call: 
Jennifer Purinton, Eastern Recruitment Manager 

617-536-7780 
or 

Brenda Stillman, Western Recruitment Manager 
213-826-5818 
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Time, Interest and Attention 
The typical EDN reader is bombarded with over 4,000 pages of information from special­

ized professional publications each month. Just digging your way out of that pile of paper can 
become a task to reckon with. 

This means you have to become discriminating in your reading habits. Although most of 
you have access to almost every publication in the field, chances are that you consistently 
choose to receive some magazines more than others. 

And of the magazines you choose to receive, you consistently choose to read a few more 
than others. 

And of those magazines, you prefer one as the primary source of the information you need 
to do your job. 

We're happy to say that EON is that magazine. In over 86% of the independent readership 
studies conducted since 1978, you've voted us the electronics publication that gets more of 
your time, interest and attention than any other. 

Thank you. We'll make sure that you can continue to count on EON to bring you the infor­
mation you want and need to get your job done. 

Readership is the name of the game for us - it tells us how well we're serving you . And if 
we've got readership, we've got it all. 

If you haven't got readenhip, what have you got? 

EDN 
First in readership among engineering managers and design engineers in electronics 

A Cahners Publi cation • 221 Columbus Avenue, Boston, MA 02 11 6 • 6 17/536-7780 
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Designers' Guide to: GaAs Logic 

GaAs logic characteristics 
result in integration problems 

The high speeds of gallium-arsenide logic devices create 
a new set of design constraints and challenges that 

occur from circuit conception and board 
layout through testing. 

Jeff Haight, GigaBit Logic 

In the first two articles in this series (Refs 1 and 2), you 
learned about various gallium-arsenide technologies, 
their applications potential and the implications and 
variables in high-speed design. This final article dis- , 
cusses actual design considerations, the interface to 
other logic families and the tradeoffs associated with 
the resulting architecture. 

In the late '60s and early '70s, TTL emerged as the 
standard logic family. As technology improved and new 

INPUT 

BIDIRECTIONAL 
CURRENT 
LIMITER 

(SATURATED RESISTOR) 

(a) 

INTERNAL 
GaAsLOGIC 

logic types such as AS, ALS and more recently high­
speed CMOS became available, they remained compati­
ble with TTL. For very-high-performance designs, 
ECL has maintained its supremacy, and its new fami­
lies are compatible with older ones. Gallium-arsenide 
circuits interface with little difficulty to both TTL and 
ECL. 

Many GaAs designs appear in systems that previous­
ly used ECL. Furthermore, GaAs performance might 
motivate retrofits such as speeding front ends and 
critical paths. This allows you to increase system clock 

FROM INTERNAL LOGIC 

(b) 

Fig 1-GaAs logic Input and output circuits play a large role in device interfacing. Clamping voltages VocH and VocL can 
enhance performance, and their values depend on the values of RwAo and Vrr in the table. 
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Ga.As is compatible 
with TTL and ECL 

rates with minimal impact on multilayer pc artwork, 
final test, · logistics and other system aspects. 

Although most GaAs digital !Cs have ECL-compat­
ible input and output voltage levels, differences do 
exist. Current GaAs production technology, specifically 
depletion-mode MESFETs, requires two supply voltag­
es. For ECL compatibility, they require Vss=-3.5V 
with - 5.2V VEE for the supply. Because internal cur­
rent sources power internal logic, VEE can vary widely 
without greatly impacting performance. V ss, however, 
acts as a logic-switching. threshold for this internal 
logic, so you must control it carefully to maintain noise 
immunity. 

It's easier to understand the interface characteristics 
and performance of GaAs !Cs if you examine a block of 
input and output circuitry (Fig 1). In front-end designs, 
device inputs often resemble sine waves rather than the 
desired digital square waves. Furthermore, peak-to­
peak values can substantially exceed normal ECL val­
ues because of standing waves. Even valid ECL levels 
can have slower than optimal rise times. 

To extract maximum switching speeds in GaAs logic, 
you can use input clamps to reduce effective rise times 
and optimize levels. This reduces stored charges and 
minimizes the required internal voltage swing without 
sacrificing noise immunity. For this purpose, use V1cH 
(voltage input clamp high) and V1cL (voltage input 
clamp low) . In a typical ECL system where 
VEE =-5.2V, these clamps have a nominal value of 
-1.3V. But these clamp voltages are optional, and 
GaAs performance exceeds ECL's even without 
clamps; the performance improvement they bring de­
pends on the input waveform's condition. If you don't 
need maximum performance, you can connect V icH to 
V ooL and tie V 1cL to V ss and still protect the device from 
static discharge without affecting input waveforms. 

VocL 

LOAD RESISTOR (ALoAD• 0) 
TERMINATION 

VOLTAGE 
(VTT) 25 37.5 50 75 100 

-2.0 -1 .53V -1 .62V -1 .67V -1 .73V -1.76V 

-3.5 NA -0.88V -1 .03V -1 .21V -1 .31V 

-5.2 NA NA NA -0.88V -1 .03V 

GaAs logic often uses a saturated resistor in its input 
structure. This resistor, a GaAs FET connected in 
series, limits input current to 15 mA. (Actual input 
impedance is a function of frequency. At de, it's approx­
imately 5 kO, falling to roughly 6000 at 1 GHz, where 
gate capacitance begins to dominate. ) Following the 
resistor are clamping diodes that switch at roughly 1 
THz (1000 GHz). Because the diodes have a very low On 
resistance, an electrostatic discharge (ESD) on the 
input results in a much lower field across the subse­
quent gate than for MOS devices. This effect reduces 
susceptibility to punchthrough, the most common cause 
of static-induced failures. The safety procedures for 
handling and installing MOS devices are also recom­
mended for GaAs, but actual susceptibility of installed 
devices to ESD damage is minimal. 

The output circuitry of GaAs devices must take the 
input requirements of other logic families into account. 
In ECL, for instance, performance deteriorates if in­
puts are overdriven. Most ECL gates require that 
input voltages don't exceed approximately - 0.5V to 
guarantee that their input transistors aren't driven into 
saturation. For this reason GaAs devices often provide 
VocH and VocL pins (output driver clamp high and low, 
respectively) to limit output voltage swings. 

Remember that in this discussion the driven gate's 
input voltage swings are a primary concern, so if lines 
are lossy, you can compensate by increasing output 
swings somewhat. On the other hand, if ringing be­
comes excessive at the subsequent input, reducing 
output swings might help. Again you have the option of 
using V oCH and V ocL for maximum performance. Their 
optimal value, as shown in the nearby table, depends on 
the terminating voltage (V rr) as well as the line's 
characteristic impedance and terminating resistor 
value. 

YocH 

LOAD RESISTOR (ALOAD• 0) 
TERMINATION 

VOLTAGE 
(VTT) 25 37.5 50 75 100 

-2.0 -1.45V -1 .66V -1 .78V -1 .93V -2.02V 
-3.5 NA -1 .19V -1 .38V -1.SOV -1 .73V 

-5.2 NA NA NA -1.32V -1.49V 

NOTES: 1. PIN VocHs PROVIDES A -1 .BV SUPPLY AND CAN BE 
CONNECTED TO PIN VDCH WHEN 500, - 2V TERMINA­
TION IS USED. 
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2. NA = NOT RECOMMENDED. CURRENTS THROUGHOUT 
THE TERMINATION RESISTOR USING THIS CONFIGURA­
TION EXCEED THE RATINGS OF THE OUTPUT DRIVER. 
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With some degradation in maximum performance, 
you can connect V DCL to V ss and tie V DCH to OV to 
eliminate two additional voltages. Note, too, that you 
don't need these output clamps when you feed GaAs 
outputs to GaAs inputs. As with most ECL parts, 
GaAs devices provide separate V DD pins for internal 
logic V DDL and output drivers (V Doo). This separation 
reduces coupling between internal logic and noise gen­
erated on the outputs during switching. 

This coupling raises another minor point. Outputs 
from your board and its internal logic will almost 
always de couple these outputs to subsequent inputs. 
However, 5011 test-equipment inputs almost always 
have their shields connected to ground (Fig 2). Thus, 
for easy interfacing to test equipment, reference V TI to 
ground. Doing so might require shifting v •• and other 
voltages to make V TI equal to the external ground. The 
table of V DCH and V DCL vs V TI is referenced to VEE of 
- 5.2V. 

Track both temperature and voltage 
Another requirement in high-performance ECL sys­

tems is temperature tracking. Unlike TTL families , 
ECL's optimal input voltage levels and resultant volt­
age output levels shift as a function of temperature and 
vary among different ECL families. Unmodified GaAs 
devices suffer less input and output voltage shifts than 
ECL, so thermal gradients on a board or in a system 
don't reduce noise immunity in GaAs as much as in 
ECL systems. 

To optimize noise immunity on a board with mixed 
logic families, all circuits must track both input and 
output voltage levels. For instance, if a temperature 
rise of 30°C raises VoL 0.1 V, you'd like Vott to increase 
by the same amount. Ideally, VIL and V IH will increase 
by the same amount. Many GaAs devices provide a 
V TRIM pin that can match GaAs temperature/voltage 
shifts with any ECL family when you add the circuit in 
Fig 3, which consists of a GaAs inverter, an ECL 
inverter and an op amp. Inverter voltages shift as a 
function of temperature and logic input and output 
levels. The appropriately scaled V TRIM forces the GaAs 
logic to accurately track the ECL maintaining maxi­
mum noise immunity. 

Another design consideration arises when you want 
to drive TTL with high-speed GaAs gates. For in­
stance, a multistage counter might accept gigahertz 
frequencies and deliver output frequencies low enough 
for TTL or even CMOS. In this way you could construct 
high-speed frequency counters without sacrificing the 
low power, low parts count and cost advantages of 
available CMOS parts. 

This interface problem isn't difficult to solve. In fact , 
you can use SSI gates as level shifters (for example, 
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ECL to TTL) and create a design that operates faster 
than available silicon devices (Fig 4). Because the 
voltage swing is greater for TTL and CMOS, these 
circuits tolerate more ringing than does GaAs. If the 
lines are long and noise is a problem, reduce line imped­
ance to construct a more correctly terminated line. 

Another challenge that surfaces with the advent of 
GaAs logic is testing to determine actual device per-

500 

Fig 2-When interfacing GaAs logic to 500 test equip­
ment reference Vrr to ground; this might require shifting VEE 
and other voltages to make Vrr equal to the external 
ground. 

Fig 3-This temperature-tracking circuit connects to the 
V r R1M pin of GaAs logic devices so you can match their 
temperature/voltage shift with ECL families. 

R1 = 240 

R2 = 360 

SV 

":' 

TTL OR 
CMOS 
DEVICE 

Fig 4-You can drive TTL and CMOS devices with GaAs 
logic with this interface, which you can apply with either 
CMOS or TTL. 
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GaAs front-end retrofits 
optimize total system speed 

formance. Although some of the following points might 
seem of peripheral or academic interest to circuit 
designers, you'll see how they help in understanding 
the requirements and tradeoffs in the design process. 

The initial level of integration in GaAs logic devices 
may be modest , but their phenomenal speeds and rise 
times make some ac testing a nontrivial task (for 
functional and de tests, vendors can use the equipment 
they have for silicon circuits). You can avoid significant­
ly degrading device performance and still use inexpen­
sive packaging. Furthermore, many designers will 
place these die in high-performance hybrids. All these 
conditions require extensive testing at the wafer level. 

First , you can quickly eliminate some parts by mea­
suring device parameters and testing for performance 
using wafer-ring oscillators. However, you must still 
perform full functional and extensive parametric test­
ing on the remaining die. As noted, some ac tests 
require ingenuity and creativity. Standard test probes 
don't have the transmission-line properties required for 
performance at several gigahertz (eg, at 4 GHz, exces-

(a) 

(b) 

3-GHzCLOCK 
10-MHzGATE 

sive stub lengths are actually very short), and the 
resolution of timing signals is 1 nsec in most available ! 

test units. The fastest oscilloscopes have bandwidths of 
less than 2 GHz, and even at that frequency, outputs 
are attenuated several decibels. 

For obvious reasons, test-equipment makers are anx­
ious to keep current with GaAs developments so they 
can develop the necessary test units. Meanwhile, you 
need a great deal of creativity to accurately character­
ize available GaAs logic devices. For instance, you can 
do some analysis in the frequency domain where signal 
generation and accurate spectral analysis at gigahertz 
frequencies are routine. Furthermore, gating high-fre­
quency signals with slower gates provides one means of 
assessing delays (Fig 5). With such techniques, you 
need to know exact transmission times, so you need 
lines with equal lengths or lengths with differences you 
can exactly determine. 

Such factors will affect your design decisions. For 
instance, this series earlier analyzed different pc-board 
materials (Ref 2). Most nonmilitary designs use stan-

I , I \ 
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(c) 

INPUT u--_,____. 

(d) 

~AN NOT RESOLVE CLOCK, ONLY PRESENCE OF HIGHS WHEN GATED ON\ 

DEVICE 
UNDER 
TEST 

t---9-----U OUTPUT 

CABLES OF EQUAL LENGTH 

TRACES 

TRACE A 

PROPAGATION 
DELAY 

I 

___..1 :+-
I I ,....--------. 

Fig 5--0ne way to assess high-speed delays is by gating high-frequency signals with much slower gates (a). Compare the actual 
output (b) to what you would see on an oscilloscope (c). In (d) you can see a test setup that allows you to determine delays when 
you know the exact lengths of test leads. 
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<lard glass epoxy materials such as FR4. Does this fact 
mean that a small GaAs retrofit is a major undertaking? 
Not at all. Assuming you continue using glass epoxy, 
your circuit's signals slow down as a function of the 
material's dielectric constant, but this shouldn't cause 
concern if lines are short. Such materials are lossy at 
higher frequencies, so long lines will act as lowpass 
filters and attenuate higher harmonics. And although 
this effect might slow rising edges and reduce the 
maximum frequency at which devices work reliably, the 
reduced harmonics slightly reduce the ringing that 
arises if lines are terminated less than perfectly. 

In fact, it's likely that you'll often mismatch termina­
tions to the line's characteristic impedance at both the 
source and the load. Because the characteristics of glass 
epoxy vary from batch to batch, line impedance will 
vary similarly. This variation, although not great, 
causes ringing. However, lossy lines attenuate ringing 
further with each reflection. Thus, this lossy behavior 
isn't always a disadvantage when attenuation isn't so 
great that you can't realize valid logic levels. 

Characteristic impedance varies power 
Another question concerns tradeoffs with character­

istic impedances. Most high-frequency designs use lines 
with 500 characteristic impedance. Commonly avail­
able cables generally use 500 SMA connectors. (BNC 
connectors are also typically 500, but the interface's 
stub length and suboptimal HF design preclude reliable 
high-frequency performance.) This impedance plays a 
role in the power consumption of today's GaAs logic 
circuits. The near-term level of integration for most of 
these devices is SSI and MSI, so complex systems 
require many input and output lines. Also, the lower 
the value of the characteristic impedance, the lower the 

" O" 

" O" 

Fig 6-Change the frequency of this ring oscillator, which 
consists of three GaAs Nor gates and a GaAs buffer, by 
varying the lengths of the feedback path. 
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value of the terminating resistor and the higher the 
power consumption. Because most high-performance 
designs are ECL, typical values are 25 mA for each 
output (approximately l.2V across 500 when outputs 
are High and VIT=-2.0V). When you add output 
driver dissipation, you realize that a fair amount of 
power is consumed. 

One way to reduce power consumption is to raise the 
characteristic impedance by using 750 or 930 termina­
tions. Besides lowering consumption, however, such 
impedances make it more difficult to construct con­
trolled-impedance lines within a given tolerance. If the 
load has a significant capacitive component, it gener­
ates ringing at high frequencies. (If the load is induc­
tive, though, performance can actually improve.) Such 
loads require a balun (balanced-unbalanced transform­
er) when used with most high-frequency test equip­
ment. However, where a high-impedance test probe 
proves sufficient on 500 lines, it also does the job at 
higher line impedances. Again, short lines and low 
performance requirements make your decision easier. 

SMD characteristics vary at HF 
A factor of more immediate concern in your designs is 

the behavior of passive components at gigahertz fre­
quencies. With stripline and microstrip circuitry, you'll 
often use surface-mount components. Therefore, you 
automatically eliminate concerns about lead inductance 
for resistors and capacitors. The stated values of such 
components often vary with frequency and can vary 
significantly at gigahertz frequencies. Because very 
high-frequency performance isn't relevant for most 
designs, catalogs and data sheets don't always contain 
performance curves for component value variation vs 
frequency. If these performance curves aren't included, 

Fig 7-Driving GaAs gates as in (a) creates false imped­
ances that affect circuit operation. A better method is to 
distribute one signal to several GaAs gates using the ap­
proach in (b). 
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Optional clamp volta~es 
reduce effective rise ames 

or if the vendor doesn't make specific guarantees about 
high-frequency performance, call the factory before 
placing an order. Remember, it's more difficult to 
rework a surface-mount multilayer pc board than it is to 
change a DIP in a socket on a wire-wrap board. 

Chip carriers themselves will contain small capaci-
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tors in their cavities to minimize inductance and reduce 
concerns for external bypass requirements at multi­
gigahertz frequencies. However, external bypass ca­
pacitors also need good performance in the 500-MHz to 
1-GHz range. Furthermore, resistors can take on ca­
pacitive values at these frequencies, moving their effec-
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(C) 

Fig 8-Hlgher throughput and performance from computers are leading to new architectures where GaAs logic could play a role. 
In the multiprocessing system (a) there are many communication paths from the control processors to the slaves. By increasing 
pipelining (b), you can significantly increase the clock rate, a feature well suited for GaAs. In the systolic architecture (c), fast setup 
and hold times with GaAs ease system implementations. 
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tive impedance far from the desired 500. Similarly, 
terminating resistors' capacitive load can slow the rise 
and fall times of input signals and reduce the circuit's 
maximum reliable operating frequency. Edge-mount 
SMA jacks might provide better HF performance than 
surface-mount jacks because you can reduce the edge­
mounts' stub length more easily. As usual, maximum 
performance with surface-mount SMAs exceeds the 
best ECL, but edge-mount techniques are preferable to 
obtain the best performance. 

At these frequencies, layout and transmission-line 
placement become important considerations too. For 
instance, Fig 6 shows how changing the length of a 
feedback path changes a ring oscillator's frequency. 
With such high frequencies and short propagation 
delays, it's sometimes practical to adjust frequency 
with jacks that vary the length of the cable connecting 
the output to the input. You can also easily provide 
further control over a narrow range with GaAs diodes. 
By configuring the diode as a reverse-biased varactor, 
you can vary the ring oscillator's frequency by varying 
diode bias and capacitance. In such configurations, 
frequency changes when you change line lengths or 
hang devices with nonlinear parameters on signal lines. 
You should remember this when you place diodes at 
GaAs logic-device inputs to exploit the diode's speed to 
further clamp ringing or inputs with unacceptable 
voltage swings. 

Some old design methods won't work 
By now you should realize that traditional circuit 

design techniques aren't universally applicable to giga­
hertz circuits. Certainly, you should consult one of the 
many books written about high-frequency design prior 
to commiting a design to a pc board. Although rigorous 
paper design and an2.lysis usually save time in the long 
run, some TTL designers prefer to rough out a design 
and devote more time to debugging with scope probes 
and wire-wrap guns than to agonize over timing dia­
grams while adding delays to account for manufactur­
ers' worst-case specs. This roughing out, however, 
becomes less and less acceptable as the speed of your 
circuit increases. 

Layout considerations make it difficult to design an 
easily modifiable prototype. Transmission line length 
and shape affects cross-coupled noise, losses and rise 
times. Don't infer, however, that with higher frequen­
cies and rigorous analysis simulations will converge on 
reality. Even today, good RF designers who work 
extensively on simulations and analyses of their layouts 
still revert to beating waveguides with little hammers, 
bending semirigid coax into bizarre shapes and adding a 
half turn of wire before their circuits work. 

By their very nature, though, digital circuits using 
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GaAs won't require such arcane techniques for debug­
ging. Problems that would preclude acceptable RF 
analog circuitry are often more than acceptable in 
digital systems. For instance, running long lines when a 
signal drives several inputs doesn't present a major 
problem (Fig 7). Bringing the trace close to each 
package and out to the next package reduces stub 
length to the distance from the package's edge to the 
die. Because you need a controlled impedance, you can't 
run lines directly from one output to several inputs and 
terminate each because the impedance becomes too 
low. Similarly, you can't run long lines from one output 
to several distant inputs and terminate only one be­
cause the others act as stubs and generate reflections 
and ringing. A single oblique line is the only acceptable 
approach if you want to avoid significantly compromis­
ing performance. Further, if a line has multiple imped­
ances along its length, try to place the highest imped­
ance in the middle and place the lower impedances at 
the source and termination to reduce the malignant 
effects of ringing. 

New architectural possibilities 
With these design ground rules established, it's 

worth examining the architectures and possibilities 
motivated by GaAs logic. Some of the easy and obvious 
uses or retrofits have already been mentioned, but 
engineers are also investigating architectures and soft­
ware for multiple processing. The overhead required to 
control and communicate between processors limits 
throughput when running several identical processors 
in parallel. 

Fig 8 sketches multiprocessing and its alternatives 
for increasing throughput. Multiprocessing, with or 
without shared memory (a), requires a supervisory 
processor to apportion data and tasks, delegate bus 
priorities and control communications with the outside 
world. Pipelining (b) reduces the total delay time 
between clocked stages. Increasing the number of 
pipelined stages by n delays the flow of processed data 
by n clock cycles initially, but the clock rate can be 
raised and the hardware reduced. Finally, systolic 
arrays (c) typically have data flowing through in paral­
lel elements. Coefficients can flow in a different direc­
tion or be fixed, and each element transfers information 
only to its immediate neighbors. 

Pipelining often allows an increased clock rate, espe­
cially in early GaAs designs. Because the integration 
level is low, you'll have to deal with a significant 
number of interconnections. But because the logic is so 
fast, interdevice communication time requires a high 
percentage of total system time. Obviously, the fewer 
the gates and communication delays between latches, 
the faster the latches can grab new data (setup and hold 
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To reduce temperature effects, 
have mixed logic track one voltage 

times for GaAs is roughly 100 psec). Typically, increas­
ing the amount of pipelining increases throughput with 
only a small penalty in required hardware. 

This fact might prove especially useful in systolic 
architectures undergoing extensive investigation . 
Many digital signal-processing algorithms and scientific 
data-processing tasks, such as inverting large-matrices, 
lend themselves to systolic approaches. The major 
problems currently include partitioning and optimizing 
array elements to perform the desired algorithm. 

Early experiences as well as physics and simulations 
indicate that GaAs digital devices should withstand 10 
times more radiation than silicon devices without fail­
ure. Similar studies indicate that GaAs junctions should 
reliably tolerate much higher temperatures than their 
silicon counterparts. Certainly, only industry experi­
ence with such devices will confirm these and other 
suspicions. But designers now have a new set of design 
tools that should allow them to both increase the 
performance of present designs as well as come up with 
new concepts. EDN 
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Common sense tells us that 
o single microprocessor 
esign can deliver optimum 
erformance in every single 
pplication. 

Which is why we at Intel 
ake our microprocessors 

iff erently. 
We tailor them. 
Obviously, we can't dedi­

ate a microprocessor to each 
d every application, no one 

can. But what we can do and 
have done since the begin­
ning is to tailor each one of 
our microprocessors to fit very 
nicely into one of the major 
use environments. 

Namely, dedicated, repro­
grammable, and multitasking. 

By targeting each of these 
environments, Intel can 
optimize microprocessor 
performance in each. 

Which, in turn, allows you a 
head start in optimizing your 
own system's performance. 

Design engineers all over 
the world seem to agree with 

That's because the 80286 is the 
first microprocessor that ac­
tually increases multitasking 
system performance. It does 
this by supplementing impor­
tant performance features 
like task-switching, virtual 
memory, and memory protec­
tion, on-chip. Instead of in 
software. 

Every Intel microprocessor 
in production comes in vari­
ous levels of integration, from 
chips to complete systems. 
All built on industry standard 
architectures. Supported by 
the most sophisticated (and 

our approach, because 
they've made Intel 1NTELM1cRoPRocEssoREVoLUT10N 

microprocessors and ENVIRONMENT 

microcontrollers the 
most popular choices Multitasking 

in almost every 
category. Reprogrammable 

In the dedicated 
environment, for in­
stance, OUr family Of Dedicated 

8-bit microcontrollers 
accounts for one out 
Of every twO SOld This chart shows the genealogy of Intel's microprocessors and 
worldwide.And each how they're tailored.for d(fTerent enuironments. 

delivers the kind ofbit­
oriented performance best 
suited for things like robotics 
and automotive engines. 

Our 8086, 8088, and 80186 
in reprogrammable applica­
tions have not only become 
the industry standards for PCs, 
they've also attracted a huge 
software base. A base that 
includes over 3000 applica­
tion programs, worth more 
than $1 billion in software 
R&D alone. 

The same thing is happen­
ing today in the emerging 
multitasking market. Multi­
tasking is what our 80286 does 
best. Conversely, no other 
chip does multitasking better 

tO 1984 Intel Corp(>ration 

timely) development tools in 
the business. And backed by 
the people who invented the 
microprocessor in the first 
place. 

Us. 
To get more information 

about Intel microprocessors, 
call us toll-free at800-538-1876, 
in California, 800-672-1833, 
or write Intel, Lit. Dept. F-8, 
3065 Bowers Avenue, Santa 
Clara, CA 95051. 

Because the best micro­
processor in the business is 
the one that's best for you. 
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Interconnections are key points of susceptibility to EMl/RFI problems. In your 
battle to knock electronic noise out of your system, Amphenol Products may be 
your best ally. We've developed cost-effective anti-pollution solutions for your 
connection needs. 

Using shielding to control radiated emissions, filtering for line conducted 
interference, and fibre optic technology for EMl/RFI protection, we can help 
you get your data straight. Call the Amphenol Products sales office nearest 
you. 

Shielded data communication 
cable assemblies. For compatibility 
with systems environments, 
Amphenol® interface bus cables 
are multi-shielded designs featuring 
double-shielded cable with addi­
tional shielding around the inner 
data bus lines. IEEE488-1975 style 
bus cables are terminated with 
24-contact connectors. 
RS-232C/RS-449 style EMl/RFI 
shielded modem/data cables use 
tin-plated 0-subminiature 
connectors with grounding 
indentations. 
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C1984 Allied Corp. 

Shielded D-submlnlature 
connectors. As the most commonly 
used input/output connector in 
business equipment, shielded 
D-subminiatures are a key element 
in FCC compliance. We provide 
radiation protection using a variety 
of backshell configurations, from 
conductive plated plastic, to 
stainless steel, to die cast alloy. 
Our backshells provide shielding 
coverage for all Amphenol~ 
Bendix®. and Spectra-Strip® 
RS-232C/RS-449 D-subminiatures. 
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Fibre Optic Connectors. For the 
ultimate in reliable data transmis­
sion, we offer a broad range of fibre 
optic interconnection technologies 
and styles. Amphenol® and Bendix® 
connectors. From epoxy/polish and 
epoxyless/polish to epoxyless/no­
polish. From single-channel, to 
duplex, to 29 channels in a single 
connector. Fram low-cost plastic 
connectors, to SMA styles. From 
rectangular styles, to environmental 
circular connectors. Also, for 
mounting semi-conductor devices. 
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Low-cost filtered Input/output 
connectors. Our new cost-effective 
design uses stress-isolated NPO 
dielectric filter chips to eliminate 
conducted interference in each 
line. Available in a full range of 
D-subminiature and ribbon connec­
tor types and sizes, the connectors 
are intermateable with most existing 
industry standard non-filtered 
products. A pricing break-through, 
these filtered connectors can be 
matched to your insertion loss and 
band-pass requirements by 
capacitance value selection. 
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Fiitered Miiitary/Aerospace 
Connectors. lntermateable and 
intermountable with standard 
Mil-Spec circulars as well as 
MIL-C-24308 rectangulars. 
Amphenol® and Bendix® filtered 
connectors pass desired low 
frequency signals while attenuating 
line conducted EMl/RFI. These 
connectors are also designed for 
maximum protection from radiated 
EMl/RFI. Available in a broad range 
of filtering characteristics, shell 
sizes, styles and contact 
termination options. 
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Shielded planar products. Planar 
cables and mass terminated insula­
tion displacement connectors are 
increasingly important in data trans­
mission applications. Spectra-Strip® 
shielded planar cables, connectors 
and cable assemblies are your best 
choice for putting an end to garbled 
data. Cable is available in coax and 
28 AWG versions, with integral 
aluminum/mylar shielding and 
optional drain wires. Stainless steel 
backshells provide total coverage 
and a low impedance path to 
ground for D-sub connectors. 
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Amphenol Products world headquarters, 2122 York Road, Oak Brook, Illinois 60521-USA-Telex: 206-054 
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THE 
BEST 
80186 

DEVELOPMENT I 
DEBUGGING 

It's powerful, portable, configurable. 
Use it to turn your mini / micro computer 
into a cost-effective full-scale universal 
development system. 

Use it to expand your full-scale 
development system into a multi­
workstation system. 

Use it with MULTIMICE to debug 
hardware/ software in a multi proces­
sor environment. 

Use it to evaluate different micro­
processors at a minimum change­
over cost. 
It's easy to use. MICE 1/ 0 
drivers are available for 
Apple 11, IBM-PC, PDP-11 , 
VAX, MDS, iPDS, Tl Profes­
sional and all CP/ M 
systems. And symbolic 
debugging is available 
for some models. 

MICROTEK INTERNATIONAL, INC. 
2-1 Science Road 1 
Science-Based Industrial Park 
Hsinchu, Taiwan, 300, R.OC. 
Telephone (035) 772155 
Telex 32169 MICROTEK 
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TOOL 
YOU 
CAN 
BUY 
FOR 

$4,200 

It gives you all these features. Real­
time emulation with no wait state • 
Retain full memory and 1/ 0 space• 
Resident assembler I disassembler • 
Real-time forward / backward trace up 
to 2048 cycles • Instruction step, cycle 
step through program • Two hardware 
breakpoints • Interchangeable personality 
module• Up to 128K emulation memory. 
It supports all these microproces­
sors. 8048 • 8085 • 8086/ 88 (MAX)• 
8086 / 88 (MIN) • 80186 / 80188 • 
6809 / 6809E • 68000 • 68008 • 
68010 • 6502 • 65SCXX Series• 

65SC1XX Series• ZBOR • 
NSC 800. 
And it's programmer sup­
ported. GP-256 micro based, 
system / gang EPROM program­
mer for JEDEC pinouts. MICE 
1/ 0 driver or master loading. 

MICROTEK LAB, INC. 
17221 South Western Ave. 
Gardena, CA 90247 
(213) 538-5369 

See us at NCC Booth #2179 



Take advantage of thermal effects 
to solve circuit-design problems 

You probably consider thermal effects in circuits your enemy) 
but they can prove useful in many design situations. 

Jim Williams, Linear Technology Corp 

The direct relationship between temperature and elec­
tronic-device failure is the source of more design head­
aches than any other single consideration. But instead 
of trying to eliminate or compensate for thermal para­
sitics in circuits, you can use them to achieve novel 
solutions to measurement and control problems. 

A look at a temperature-control loop illustrates the 

15V 

techniques involved, and familiarity with some of these 
techniques can help you apply them in less obvious but 
equally useful ways. 

Fig 1 shows a precision temperature controller for a 
small components' oven. When power is applied to the 
circuit, the thermistor-a negative-temperature­
coefficient devic~xhibits a resistance that's high 
enough to saturate amplifier A1's output positive. This 
forces the LT3525 switching regulator's output (pin 13) 

0.02µF / GAIN-BAND~l:kTH COMPENSATION VALUES 

15V 100k 0 

100k' 

16 1 

2 6 5 
RT .... _ ":" 

STEPTEs':T--- ":" sk I o.o15 ~F .... ~~~ ~ . * .............. ______ -:- ~ __ _..,..,.,,,,,,,,..,,,,,., 
50 

NOTES 
'TRW MAR-6 RESISTOR 

RT= YSI #44014 (YELLOW 
SPRINGS INSTRUMENT 
CO, YELLOW SPRINGS, OH) 
(R, = 300k AT 25 °C) 

ALL DIODES= 1 N914 

-..-..._ ----A -------- / . 
THERMAL FEEDBACK 

Fig 1-A precision temperature controller for a small oven makes use of a thermistor's negative temperature coefficient. The son 
resistor and switch in series with the thermistor can generate a step input for testing the circuit's response. 
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RC networks model 
a thermal control loop 

Low, biasing Qi On. As the 200 heater warms, the 
thermistor's resistance decreases, reducing the voltage 
at Ai's positive input. When that voltage decreases to 
the inverting input's level, Ai comes out of saturation, 
and the LT3525 pulse-width modulates the heater via 
Qi, completing a feedback path. Because the heater 
voltage's modulation rate is much higher than the 
thermal loop's response, the oven maintains an even, 
continuous heat flow. 

To achieve such high-performance control, you must 
match Ai's gain-bandwidth product (GBW) to the re­
quirements of thermal-feedback path. Theoretically, 
achieving this match should be a simple matter using 
conventional servo-feedback techniques. But practical­
ly, the long time constants and thermal delays inherent 
in thermal systems present a challenge, and thermal­
control systems often demonstrate the unfortunate 
relationship between servo systems and oscillators. 

Modeling the thermal loop 
A thermal-control loop can be simplistically modeled 

as a network of resistors representing thermal resist­
ance and capacitors representing thermal capacitance. 
Fig 2 models a heater, sensor and heater/sensor inter­
face, each of which has an RC factor that contributes to 

2V/DIV 

(a) SSEC/DIV 

O.SV/DIV 

(c) 

the lumped delay in a thermal system's ability to 
respond. To prevent oscillation, Ai's GBW must be 
limited to account for this delay, although high control 
performance dictates that Ai's GBW be large. Thus, the 
delays must be minimized. 

The delay associated with the heater itself depends to 
some extent on the size of the heater, and placing the 

TEMPERATURE REFERENCE (CAN BE A 
RESISTANCE, VOLTAGE OR CURRENT 
CORRESPONDING TO TEMPERATURE) 

Fig 2-Resistor-capacitor networks can model a heater 
and a sensor as well as the heater/sensor interface. 

O.SV/DIV 

(b) 2SEC/DIV 

0.5 SEC/DIV 

Fig 3-A step input to Fig 1 's circuit can result in underdamped (a), overdamped (b) or critically damped (c) responses. The 
critically damped performance results from the component values shown in Fig 1. 
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sensor in intimate contact with the heater reduces the 
heater-sensor-interface time constant. To minimize the 
sensor's RC product, you should select a sensor whose 
size is relatively small compared to the capacity of its 
thermal environment. Clearly, for an oven with 6-in.­
thick aluminum walls, you don't have to use the small­
est sensor available. Conversely, for controlling the 
temperature of a Vi.6-in.-thick glass microscope slide, a 
very small (ie, fast) sensor is in order. 

After minimizing thermal time constants, your next 
step is to choose insulation, which keeps the heat-loss 
rate down so that the temperature-control system can 
keep up with the losses. For any given system, increas­
ing the ratio between heater and sensor time constants 
and the insulation time constants betters performance. 

Optimizing the loop 
After attending to these thermal considerations, you 

can optimize the loop's GBW. Fig 3 shows the effects of 
different compensation values at A1• To fine tune the 
compensation, you can alter the temperature set-point 
in small steps and observe the loop response at A1's 
output. In Fig 1, the 50!1 resistor and switch in the 
bridge's thermistor leg simulate a 0.01°C step. 

Fig 3a shows the effects of too much gain bandwidth 
-the step input forces a damped ringing response that 

a. 

11 
2k 

remains at a significant level for more than 50 sec. The 
ringing eventually dies out making the loop conditional­
ly stable. A further increase in Ai's GBW would result 
in continuous oscillation. Fig 3b illustrates the effect of 
reducing GBW. Settling time is much faster and more 
controlled. The waveform is overdamped, indicating 
that a higher GBW can be achieved without compromis­
ing stability. 

Fig 3c shows the response for the component values 
shown in Fig 1, and it illustrates a nearly ideal critically 
damped recovery. Settling occurs within 4 sec. An oven 
so optimized can easily attenuate external temperature 

0.2V/DIV 

50 mSEC/DIV 

Fig 5-The small die size of Fig 4's transistor array allows a 
quick, clean response. Settling time in response to a full­
scale step input is 250 msec. 

5ok· 

+15 

NOTES: 

o, 

L T-1021 -1 OV 

OUT 

• 1 % RESISTORS 
D = HP-5082-4204 PIN PHOTODIODE 
Q~ - 0 5 = CA3096 (CONNECT SUBSTRATE OF 
CA3096 ARRAY TO o;s EMITTER) 

o, 

14 

':' 
RESPONSE DAT A 
LIGHT (900 nm) DIODE CURRENT 

1 mW 
100 µW 
10 µW 
1 µW 

100nW 
10nW 

03 

1' \ 
330\ 

' I 
I 

-:- I 

350 µA 
35 µA 
3.5 µA 
350nA 
35 nA 
3.5nA 

Eour(V) 
10.0 

7.85 
5.70 
3.55 
1.40 

-0.75 

\~ ':' // 
------------------~ 

Fig 4-Logarlthmlc signal conditioning allows this circuit based on a PIN photodiode to measure light levels over a 100-dB range. 
The circuit precisely controls the temperature of Q,, the logging transistor. 
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Logarithmic amplifiers 
are temperature sensitive 

shifts by a factor of thousands without overshoots or 
excessive lag. 

With this background in the basics of thermal-loop 
operation, consider some practical applications for tem­
perature control. PIN photodiodes, for example, often 
serve in photometric circuits. The photodiode in Fig 4, 
for instance, responds linearly to light intensity over a 
100-dB range, and digitizing this diode's linearly ampli­
fied output would require an AID converter with 17-bit 
resolution. Using signal-conditioning circuitry to loga­
rithmically compress the diode's output eliminates this 
resolution requirement, but it involves using logarith­
mic amplifiers, which depend on a transistor's V BE vs 
collector-current relationship. 

This characteristic is highly temperature sensitive 
and often requires special components and layout con­
siderations to achieve good results. Using temperature­
control techniques, however, Fig 4's circuit logarithmic­
ally signal conditions the photodiode's output and re­
quires no special components or layout. 

In Fig 4, A, and ~ convert the diode's photocurrent 
to a voltage output with a logarithmic transfer function. 
A2 provides offset and additional gain. Aa and its 
associated components form a temperature-control loop 

15V 

90k' 90k' 

10k 

that maintains ~ at a constant temperature. (All 
transistors in this circuit are part of a CA3096 monolith­
ic array.) The 0.033-µF at Aa's compensation pins gives 
good loop damping if the circuit is built using the array 
transistors as shown-this configuration achieves opti­
mal temperature control at~. the logging transistor. 
Because of the array die's small size, response is quick 

------41N.----~ 

BO TI OM -+-21N.-+ 

Fig 7-Sandwlchlng two thermistors between Styrofoam 
blocks provides them with an isothermal environment. Coil­
ing the thermistor leads attenuates heat-pipe effects to the 
outside ambient temperature. 

100k' 

10k' 10k' 

1 µF 'j 
(MYLARU. 300 • 

242 

0.01 µF 

INPUT 

BAN 

T, T,. T, 9 

GAN 

NOTES: 
'1 % RESISTORS 

A1 , A2 =DUAL-AMPLIFIER LT1002 

T, ' T, = YELLOW SPRINGS INSTRUMENT 
CO THERMISTOR 
COMPOSITE #44018 

100k ' 10k' 

1N4148 

10k' 

FULL-SCALE TRIM 

Fig &-Achieving a 50-MHz bandwidth and 2% accuracy, this circuit measur~s the de heating power of an input waveform. Crest 
factors as high as 100:1 contribute Jess than 0.1% additional error. 
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and clean. Settling time in response to a full-scale step 
(Fig 5) is only 250 msec. 

To use this circuit, first set the thermal-control loop 
by grounding Qa's base and adjusting the 2-kn pot so 
that Aa's - input voltage is 55 m V higher than its + 
input voltage. That adjustment places the servo's set 
point at about 50°C, corresponding to a 25°C rise (2.2 

HEATER RESISTOR 

FLOW-

SIZE TUBING OUTER DIAMETER TO FIT 
RESISTOR INNER DIAMETER. USE 
THERMAL COMPOUND FOR GOOD HEAT 
TRANSFER. I 

~--.,..,...---------~·--------------_--_"".,_j __________ __ 
1,1 
'1' 

IN 

I 
SENSORT1 

15V 

'\. OUT 

J 
STAINLESS 

TUBING 

SENSORT2 

MIXING GRID PREVENTS LAMINAR FLOW. 

Fig 9-To measure a fluid's flow rate, Fig B's circuit depends 
on a heater to induce a temperature change in the fluid. 
Sensors on either side of the heater measure the induced 
change. 

3.2k " 

6.25" 

":' ":' '" 1 AHEATER 

100k 1N4148 

mV/°Cx25°C=55 mV) above a 25°C ambient tempera­
ture. To complete this first step, remove the ground 
from Qa's base and the array will come to temperature. 

Next, place the photodiode in a completely dark 
environment and adjust the 50-kO dark-trim pot so that 
A2's output is OV. Finally, either apply or electrically 
simulate (according to Fig 4's response-data chart) a 
light level corresponding to 1 mW and adjust the 1-Mn 
full-scale-trim pot for a lOV A2 output. Once adjusted, 
the circuit responds logarithmically to light inputs from 
10 n W to 1 mW with accuracy limited by the diode's 1 % 
error. 

Thermal rms/dc converter 
A thermal rms/dc converter demonstrates another 

application for temperature control. Conversion of ac 
waveforms to their equivalent de-power value is usually 
accomplished by rectifying and averaging or by analog 
computing methods. Rectification and averaging, how­
ever, work only for sinusoidal inputs. Moreover, analog 
computing methods generally aren't suitable at fre~ 
quencies above 500 kHz, and crest factors greater than 
10 can cause significant reading errors. 

Overcoming these drawbacks, Fig 6's circuit 

":' FLOW 
CALIBRATION 

15V 

4.7k 

":' 

300pF 
OUTPUT 

NOTES: 
'1% FILM RESISTORS 
''SUPPLIED WITH THERMISTOR 

NETWORK 

T 1, T 2 = 661,f~~~\':~~~~l~~~~~ENT 
#44201 

RHEATEA =DALE HL·25 

100k 
0·300 Hz=> 
0-300ml/MIN 

Fig 8--0vercoming the drawbacks of mechanical transducers, this thermally based flow-meter circuit generates an output 
whose frequency is proportional to flow rates as low as 1 ml/min. 
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Fig 10-The temperature difference detected by Fig B's sensors is inversely proportional to flow rate. Amplifiers A3 and A. in Fig 8 
linearize this relationship. 
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#328 

........... --------:] AIR FLOW 
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15V 
02 
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ZERO FLOW 

NOTES: 
A1-, A2 =LT1002 DUAL 
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o. 

0 

Fig 11-A lamp with its glass envelope removed serves as the basis for a thermally based anemometer. The lamp's filament 
should be oriented 90° to the airflow direction. 
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Thermal rms/dc converter 
tolerates 100:1 crest factors 

achieves wide bandwidth and high crest-factor per­
formance by directly measuring the de heating power of 
the input waveform. Using thermal techniques to inte­
grate the input waveform, it achieves a 50-MHz band­
width with 2% accuracy. And because the thermal 
integrator's output is a low-frequency signal, the circuit 
uses standard components and requires no special trim­
ming techniques. 

The circuit works by measuring the amount of heat 
required to maintain two similar but thermally decou­
pled masses at the same temperature. The input signal 
is applied to T1, a dual-thermistor bead. The power 
dissipated in one leg of this bead (T1A) forces the other 
leg (Trn) to shift down in value, unbalancing the bridge 
completed by the other bead and the 90-kO resistors. 
The A1-Az-A3 combination amplifies this imbalance, and 
Aa's output, applied to T2A, heats T2A causing T2B to 
decay in value. As T2B's resistance drops, the bridge 
balances, and Aa's output adjusts the drive to T2A to 
maintain Trn and T2B at equal values. 

Under this condition, the T2A voltage should equal the 
rms value of the circuit's input, although in fact slight 
mass imbalances between T1 and T2 contribute a gain 
error, which Ai corrects. RC filters at A1 and A2 and the 
0.01-µF capacitor eliminate possible high-frequency 

20-200 Hz 

error due to capacitive coupling between T1A and Trn. 
The diode in Aa's output line prevents latchup. 

Fig 7 details the thermistor's recommended thermal 
arrangement. The Styrofoam blocks provide an isother­
mal environment, and coiling the thermistor leads 
attenuates heat-pipe effects to the outside ambient 
temperature. The 2-in. distance between the devices 
allows them to see identical thermal conditions without 
interacting. 

To calibrate this circuit, apply lOV de to the input and 
adjust the full-scale-trim pot for a lOV output at Ai. 
Accuracy remains within 2% from de to 50 MHz for 
inputs from 300 m V to lOV. Crest factors as high as 
100:1 contribute less than 0.1% additional error, and 
response time to within rated accuracy equals 5 sec. 

Low flow-rate thermal flow meter 
Another application for thermal-control techniques 

involves measuring low fluid flow rates, a task often 
fraught with difficulty. Paddlewheel and hinged-vane­
type transducers, for example, have low, inaccurate 
outputs at low flow rates, and such transduction tech­
niques become mechanically impractical for small­
diameter tubing, such as that used in medical or bio­
chemical work. 

NOTES: 
·1% FILM RESISTORS 

• • 1 Ok DUAL POTENTIOMETER 
WITH 0.1% MATCHED 
TRACKING 

t MATCH LIKE CAPACITOR 
VALUES TO WITHIN 0.1 O/o 

L1 =#327 
L2_5 =#1891 

OUTPUT 

r-i-----;;H;-_::--;.;;; :.--- - ------- -
2kHz 20 kHz 

1 1 1 1 
0.82 µF 0.082 µF 0.0082 µF 0.82µF 0.082µF 0.0082µF 

953• 
953• 

Fig 12-The positive temperature coefficient of lamp filaments can be used to control an oscillator's gain, thus ensuring that 
oscillation will occur but preventing saturation limiting. The circuit regulates gain to within 0.25 dB over a 20-Hz to 20-kHz range. 
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Thermal technique allows low 
flow-rate measurements 

Fig 8 illustrates a convenient alternative technique; 
it generates an output whose frequency is a linear 
function of flow rate, and it achieves high accuracy at 
flow rates as low as 1 mVmin. 

This circuit operates by measuring the differential 
temperature between two sensors arranged as shown in 
Fig 9. One sensor, Ti, measures the fluid's temperature 
before the fluid is heated by Fig S's 150 heater. The 
second sensor, T2, measures the temperature rise in­
duced into the fluid by the heater. The sensors' differ­
ence signal appears at Ai's output and is amplified by 
A2, whose time constant is set via the 10-MO pot. 

Fig 10 shows A2's output vs flow rate-an inverse 
relationship. As and ~ linearize this relationship while 
providing a frequency output. As functions as an inte­
grator biased by the LT1004 diode and 383-kO input 
resistor; its output is compared with A2's output at ~. 
Large inputs from A2 force the integrator to run for a 
long time before ~ can go high, turning Qi On and 
resetting i\s. For small inputs from A2, As does not have 
to integrate very long before resetting action occurs. 
Thus, the configuration oscillates at a frequency in­
versely proportional to A2's output voltage, yielding a 
frequency that linearly corresponds to flow rate. 

This circuit requires attention to several thermal 
considerations. First, the amount of power dissipated 
into the fluid stream should be constant to maintain 
calibration. Ideally, you could measure the volt-ampere 
product at the heater resistor and construct a control 
loop to maintain constant dissipation. However, the 
resistor specified in Fig 8 has a sufficiently small drift 
with temperature that you can assume constant dissipa­
tion with a fixed-voltage drive. 

In addition, the fluid's specific heat affects calibra-

10V/DIV 

0.01V/DIV 

246 

20/LSEC/DIV 

Fig 13--At a 10-kHz output, the circuit in Fig 12 exhibits less 
than 0.003% harmonic distortion. Most of this distortion is 
due to second-harmonic content, though some crossover 
disturbance is also noticeable. 

tion. Fig lO's curves illustrate circuit performance for 
distilled water. To calibrate this circuit, set the flow 
rate to 10 mVmin and adjust the flow-calibration-trim 
pot for a 10-Hz output. The response-time adjustment 
allows you to filter out flow aberrations due to mechani­
cal limitations in the pump driving the system. 

A thermally based anemometer 
Fig 11 shows another thermally based flow meter, 

but this design measures air or gas flow. It operates by 
measuring the energy required to maintain a heated 
resistance wire at a constant temperature. A type 328 
lamp makes a good sensor for such a circuit because of 
the lamp's positive temperature coefficient and ready 
availability. The lamp is modified for this circuit by 
removal of its glass envelope. 

The lamp forms one leg of a bridge, which amplifier 
Ai monitors. Qi then current amplifies A1's output and 
drives the bridge. The 500-pF and 0.01-µF capacitors 
and the 2200 resistor ensure stability. 

When power is applied to this circuit, the lamp's 
resistance is low, and Qi tries to turn full On. As 
current flows through the lamp its temperature quickly 
rises, forcing its resistance to increase, raising the 
voltage at A1's minus ( - ) input. Qi's emitter voltage 
then reduces, and the circuit finds a stable operating 
point. To keep the bridge balanced, A1 attempts to force 
the lamp's resistance-and hence its temperature-to 
remain constant. 

------------------------------------------... 
DISTORTION(%) 
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Fig 14-At low frequencies, the Fig 12 circuit's distortion 
increases. Achieving better distortion performance at the 
expense of reduced output amplitude, a low-frequency 
mode makes use of four lamps to increase the thermal time 
constant. 
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A lamp filament can serve 
as an anemometer 

The 10-kO and 2-kO bridge resistance values allow 
the lamp to operate just below the point of incandes­
cence-a temperature sufficiently high to minimize the 
effect of ambient temperature shifts on circuit opera­
tion. Under these conditions, the only physical parame­
t er that can influence the lamp's temperature is a 
change in the dissipation characteristic, and airflow 
provides such a change. Air moving past the lamp tends 
to cool it , and Qi's emitter voltage must therefore 
increase to raise the lamp's temperature back up to its 
normal operating point. Qi's emitter voltage is thus 
nonlinearly but predictably related to the airflow rate. 
A2, Aa and the array transistors form a circuit that 
squares and amplifies Qi's emitter voltage to yield a 
linear, calibrated output vs airflow rate. 

To use the circuit, place the lamp in the airflow so its 
filament is at a 90° angle to the flow direction. Next, 
either shut off the flow or shield the lamp from it and 
adjust the zero-flow pot for a OV circuit output. Then, 
expose the lamp to a 1000-fpm airflow and adjust the 
full-flow pot for a lOV output. f'hese adjustments 
influence each other and must be repeated until both 
end points are at the correct level. When adjustment is 
completed, the circuit is accurate to within 3% over the 
0- to 1000-fpm range. 

A thermally stabilized oscillator 
Fig 12 employs the positive temperature coefficient 

of lamp filaments in a modern adaptation of a classic 
circuit. In any oscillator, it is necessary to control gain, 
as well as phase shift, at the frequency of interest. If 
gain is too low, oscillation won't occur, and too much 
gain can cause saturation limiting. 

The circuit in Fig 12 uses a variable Wien bridge to 
provide frequency tuning from 20 Hz to 20 kHz. The 
lamps' positive temperature coefficients furnish the 
gain control. When power is first applied in the normal 
mode, lamp Li's resistance is low; thus gain is high, and 
the oscillation amplitude builds. As amplitude builds, 
though, the lamp current increases, causing heating 
and an increase in resistance. This resistance increase 
in turn reduces amplifier gain, and the circuit finds a 
stable operating point. The lamp's gain-regulating be­
havior is flat within 0.25 dB over the circuit's 20-Hz to 
20-kHz range. Fig 13's top trace shows circuit operation 
at 10 kHz. 

The lower trace in Fig 13 shows harmonic distortion, 
which is less than 0.003%. The distortion is primarily 
due to second-harmonic content, and some crossover 
disturbance is also noticeable. The low resistance val­
ues in the Wien network and the LT1037's 3.8-nV/v'Hz 
noise spec eliminate amplifier noise as an error term. 

At low frequencies, the thermal time constant of the 
small L1 lamp begins to introduce distortion levels 
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higher than 0.01 %. Such distortion is due to hunting as 
the oscillator's frequency nears a level corresponding to 
the lamp's thermal time constant. Switching to the 
low-frequency, low-distortion mode eliminates this ef­
fect at the expense of reduced output amplitude and 
longer amplitude settling time. This mode employs four 
larger lamps to provide a longer thermal time constant. 
Fig 14 illustrates the performance of both modes. EDN 
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OKI's on the move in high speed, low power CMOS. Again. We're reinforcing our 
longterm commitment to the small-box maker with a new VLSI position: 16-bit 
microprocessors with the OKI CMOS edge-no serious application tradeoffs. 
Because the OKI CMOS design is functionally compatible with familiar NMOS 
circuitry. 

Great news for the small-system designer! This move makes it easier to build 
in the extra compactness and portability so important today in personal com­
puters, word-processors, work stations and intelligent communications applica­
tions. Now you can get the low power, battery backup and board space-saving 
advantages of CMOS VLSI devices, without the usual drawbacks or expensive 
software changes. 

And even better news: this is just the next step in OKI's far-sighted CMOS 
strategic planning directed to total system integration in low-power VLSI. 

OKI Semiconductor: coming on sironger \han ever in user-responsive CMOS 
technology. With software-compatible 8-, and now 16-bit microprocessors (and a 
32-bit strategy in the works); 4- and 8-bit single-chip microcontrollers. With very 
high density CMOS memories. With CMOS gate arrays. Plus a broad range of CMOS 
speech, telecomm, real-time clock and other peripheral products. 

Supported by solid CMOS-process experience in place since 1974, and further 
strengthened by one of the world's most sophisticated robotized silicon factories, 
OKI is uniquely organized to satisfy your on-going generic and application­
specific CMOS device needs; and to anticipate and meet your developing needs for 
CMOS VLSI innovations in both computational and telecommunications circuitry. 

Special sensitivity to current and future demands by system manufacturers has I 
helped define every OKI CMOS product move. I 

Because we understand just how critical application-ease and design support ' 
are to you today-as well as access to high-quality, high-volume production-OKI ' 
Semiconductor specializes in "value-added" product and services: precisely the 
capabilities you're looking for to maintain efficiency and cost-effectiveness ... 
and to hold your own in the increasingly competitive small-portable-system 
marketplace. 
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Announcing a new 

16-Bit CMOS Microprocessor Strategy 
to assure the small-box designer 
total low-power system support. 
OKI Semiconductor and Intel Corporation have announced an agreement to manufacture 
and market CMOS microprocessors, microcomputers and related peripheral circuits 
which are fully compatible with existing Intel devices. This cooperation will begin with 
the upcoming manufacture of the 80C86 and 80C88 16-bit microprocessor and 
peripheral family, using the OKI CMOS design now totally compatible with Intel's NMOS 
8086/ 8088. Later next year, OKI will provide the power-down and bus-hold Intel version 
which is functionally identical as a replacement to the OKI design . 

What's in it for OKI 16-bit MPU users? 

• Easier application in standard NMOS designs: 
The OKI CMOS design provides complete functional 
chip-compatibility with NMOS configurations: so 
totally compatible, absolutely no software changes 
are required. 

• Easier availability: 
Reliability of supply is now improved by international 
second sourcing through two mutually-cooperative 
major IC suppliers-with availability scheduled in the 
second half of '84; qualification starting now. 

• Easier upgrade from 8-bit to 16-bit microprocessors: 
Use your familiar 8086/ 8088 development systems 
without revisions or new capital investments. 

• Easier access to OKI robotized mass-production: 
To handle worldwide volume demand, OKI in 1982 
launched a further $360-million expansion of one of 
the world's most advanced, most automated semi­
conductor manufacturing facilities. 

• Easier packaging specification: 
OKI's robotic technology can be programmed to 
accommodate a broad range of packaging options. 

• Totally safe to apply CMOS VLSI systemwide: 
The freedom to utilize the power of CMOS throughout 
your small-box application is fully protected by OKI's 
license for worldwide merchant marketing. 

I 
e 

PART NO. DESCRIPTION 

l:U!ij:ll CMOS 16-bit Microprocessor (16-bit 1/0) 

l:!Hi:f:i CMOS 16-bit Microprocessor (8-bit 1/0) 

(~-~.J CMOS Programmable Interval Timer 

(..!:~.J CMOS Programmable Peripheral Interface 

CMOS Priority Interrupt Controller 

CMOS Clock Generator/Driver 

CMOS Bus Controller 

Start the qualification process now for your upcoming portable 
small-system applications. Send for your data sheets today, and 

watch for the OKI Starter Kit announcement coming soon. 

r-------------, I 
Send for Preliminary Data on the I 
OKI CMOS 16-bit MPU Family 

I ( ) Please rush technical information on the OKI I 
I compatible-CMOS MSM 80C86/ 80C88 I 

Microprocessor Product Line. 

I Name Title I 

OKI : 
SEMICONDUCI'OR I 

I Please attach coupon to business card or letterhead and return to: I 
OKI Semiconductor, 650 North Mary Avenue, Sunnyvale, CA 94086. 

L
. Tel: (408) 720- 1~~0 . (P/ease notenewaddressand phone.) EON <r I 

---------------OKl-69-484 

EDN J U NE 28 , 1984 CIRCLE NO 98 251 



To EON readers, for consistently votin 
EON your favorite electronics 
publication. 1,-u -s•s. 

rns • 

... 

252 EDN JUNE 28 , 1984 



l I 
;1 

From the staff of EON 
EDN JUNE 28, 1984 253 



Thick Film Hybrid and 
LSI Circuits: 
APTEK can solve your special problems calling for LSI 
or thick film hybrid circuits, or a mixture of the 1wo. 
We offer you unique expertise in the four areas illus­
trated on this page. And within those disciplines what 
we can do with circuits may surprise you. 

We have an applications-oriented engineering 
group, highly conscious of cost-effectiveness and of 
the relationship of lead time and marketing factors. 
We think you'll like working with us, on what you're 
designing now, or what you're designing next. Why 
don't we talk about it? 

Brochure available on request. 

we interact. 
we act. 

I 

wereaptek 

~,;• ·af:.~, 

" "'" apt•ll ca"' 
Ilk aptek aptek ~ a t k 
t ~lek aptek apltl1 p e 
111.aptek apt•k "' microsystems, inc. 
~\!. Qptele aPj" 700 N.W 121h Avenue. Deerfield Beach. FL 33441 

""-'~'!. .~!"!!"' (305l 421-8450-n.x: 441020 



Understand system partitioning 
to optimize custom-IC use 

Custom and semicustom !Cs provide myriad system benefits. 
But retdization of these advantages requires effective 

partitioning of la1lfe systems into economictdly 
integrated segments. 

Clement Lee, Tony Valentino and Dan Yoder, 
VLSI Technology Inc 

Custom and semicustom ICs offer system designers the 
ability to decrease product size and cost while increas­
ing product performance and design security. Exploit­
ing this potential, however, requires more than just 
thoughtful IC design. It also requires careful attention 
to how you divide systems into easily and economically 
integrated sections. Indeed, system partitioning is 
often the most significant factor in determining the 
rewards of custom- or semicustom-IC application. 

System partitioning, however, is a highly subjective 
task. Partitioning decisions depend heavily on IC, sys­
tem and design-cycle economics, and optimum parti­
tioning methods vary widely with system cost, per­
formance and design-time needs. In addition, although 
ideal partitioning schemes call for chips of minimum die 
size, lowest packaging cost and fastest design time, 
these objectives are often mutually exclusive. To parti­
tion your system properly, and realize the advantages 
of user-designed silicon, you must assess a set of 
tradeoffs involving level of system integration, design 
flexibility, IC-design time and component costs. 

A 3-dimensional problem 
Because of the many factors that influence partition­

ing decisions and because of the variety of approaches 
to splitting system functions, partitioning becomes a 

EDN JUNE 28, 1984 

3-dimensional problem (Fig 1). Most designers parti­
tion a design by collecting in a user-designed IC all logic 
not included in standard-component LSI. Although this 
method works satisfactorily in some cases, more sophis­
ticated alternatives such as partitioning by function or 
by building block often prove simpler and economical. 

Along a second axis, partitioning decisions must 
reflect design-methodology choices. Including complex 

t GATEARRAY 
> 
§ 
0 c 
~ STANDARD 
t;j CELL 
:I 
z 
CJ 
iii 
:!l FULL 
i CUSTOM 

RANDOM 
LOGIC 

BUILDING 
BLOCK 

LOWEST 
PACKAGE 

COST 

MINIMUM / 
PIN COUNT ~ 

~ 
MINIMUM C-" 
DIE SIZE g,~ 

SUBSYSTEM ,/'O 

-PARTITIONING SCHEME -

Fig 1-Because design partitioning requires consideration 
of many factors, you can look upon it as a 3-dimensional 
problem. You must simultaneously consider the partitioning 
scheme, design methodology and design objective. 
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Partitioning can be the key 
factor in semicustom designs 

0 
MONITOR KEYBOARD 

CPU 

SYSTeMBUS 

0 
DISK 

DRIVE 

COMMUNICATIONS 
CONTROLLER 

l/OPORTS 

Fig 2-To understand partitioning by subsystem, consider this block diagram of a personal-computer system. Here you divide the 
total system into subsystems that require minimal interconnection and that operate flexibly in a variety of applications. 

LSI circuits in custom or semicustom !Cs often forces 
the use of specific design methodologies. Conversely, 
using a specific design methodology can impose con­
straints on partitioning alternatives. Therefore, you 
must consider system segmentation in light of method­
ology tradeoffs (see box, "Match methodologies to 
partitioning schemes"). 

Finally, partitioning decisions depend on semicon­
ductor economics. Chip costs hinge on die size, pin 
count and package style-factors determined by IC 
densities and 110 requirements. As a result, segmenta­
tion decisions must reflect the cost impact of each 
partition's transistor count and interconnection re­
quirements. Assessing this impact, though, requires 

Match methodologies to partitioning schemes 
The tradeoffs inherent to each nish low gate/pin ratios and thus 
custom and semicustom-IC meth- suit circuits partitioned through 
odology directly affect partitioning random-logic collection. 
decisions. For example, partition- Just as partitioning decisions 
ing plans that call for the integra- often drive methodology deci-
tion of complex LSI circuits such sions, some methodology choices 
as CPUs and large memory ar- mandate specific circuit-
rays rule out gate arrays. They segmentation methods. For ex-
typically don't provide the density ample, a decision to exploit gate-
or functional flexibility needed to arrays' fast design-turnaround 
implement these LSI elements. times precludes partitioning meth-
Chips incorporating such subcir- odologies that call for chips with 
cuits are best suited for implemen- on-board CPUs or memory. 
tation using full-custom or cell- Subtle differences between 
based-semicustom methods. cell-based methodologies also af-

On the other hand, partitioning feet partitioning decisions. For ex-
schemes that yield pad-limited ample, cell libraries that include 
chips are frequently good candi- fixed-dimension LSI-equivalent 
dates for integration using gate functions might allow you to inte-
arrays. Gate arrays typically fur- grate a complex circuit. But the 
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architectural and performance 
constraints imposed by fixed cell 
dimensions might prohibit the lay­
out of an economically producible 
chip. More advanced cell libraries 
such as those based around com­
pliable cells allow user-defined 
function characteristics and thus 
make practical some system parti­
tions that conventional methods 
render impractical. 

In addition, by providing a wide 
variety of performance and func­
tional options, cell-compiler·librar­
ies ensure that the cells called for 
by a particular partitioning 
scheme will be available in silicon­
efficient forms. 
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(a) 

(b) 

(c) 

RIW 
RESET 
CLOCK 

CHIP 1 (49 PINS) 

CHIP1 
(36PINS) 

CHIP SELECT (4) 

READ 

INTERCHIP BUS (6) 

CLK 

INTERCHIP BUS (6) 

RESET 

TIMING LOGIC ANO 
REGISTERS 

l/OLOOIC 

l/OLOOIC 

CLK 

CHIP2 
(43PINS) 

CHIP2 
(36PINS) 

Fig 3--Examlnlng one subsystem helps you appreciate the decisions associated with partitioning by subsystem. In (a), the 
floppy-disk controller needs only 17 pins to connect to other system functions but needs 26 more pins to tie into peripherals. Using 
two chips for this function (b), however, raises each chip's pin count above that for the single-chip solution. Adding address 
decoding to each of those chips (c) requires adding only a few gates but eliminates a total of 13 pins. 
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You must make several tradeoffs 
when partitioning your design 

understanding of the ways in which density and I/O 
needs influence device cost (see box, "Understanding 
chip economics"). In addition, you must consider chip 
costs in light of overall system-cost concerns. 

Despite the importance of methodology decisions and 
economic considerations, system partitioning should 
begin with an analysis of the three major segmentation 
approaches. The first approach, partitioning by subsys­
tem, breaks a large system into a series ofless complex, 
stand-alone subfunctions. For example, a personal com­
puter's subsystems might include a CRT controller, 
floppy-disk controller, keyboard controller, communi­
cations controller and CPU (Fig 2). Each subsystem 

Understanding chip economics 

constitutes a complete function block and requires few 
connections to system buses and other subsystem 
blocks. 

Partitioning by subfunction not only divides a large 
system into blocks requiring minimal interconnection, 
it also yields circuits usable in multiple designs. A CRT 
controller, for example, might prove useful in a video 
terminal as well as in a personal computer. Sharing one 
custom controller among multiple product lines reduces 
inventory costs, allows component cost reductions due 
to higher purchase volumes and speeds amortization of 
development expenses. 

Subsystem functions entail varying complexities, but 

Effective system partitioning de­
pends on a thorough understand­
ing of the factors that determine IC 
cost. Partitioning decisions, after 
all, are only effective if they yield 
specifications for chips that re­
duce system costs. But to under­
stand chip economics, you must 
become familiar with factors that 
differ significantly from the consid­
erations of standard-component­
based systems. 

Basically, as you increase the 
number of functions included on 
an IC, chip die size increases. 
This increase results in costlier 
circuits because it reduces the 
number of dies that can be fabri­
cated on a fixed-dimension silicon 
wafer (Fig A). In addition, as chip 
complexities increase, so does 
susceptibility to manufacturing de­
fects. Therefore, the relationship 
between increases in die area and 

device cost are sharply nonlinear 
(Fig B). Adding large functions to 
already large dies entails a con­
siderable die-cost penalty. 

But added functions don't al­
ways incur increased die costs. In 
addition to its active circuitry, 
every IC includes a ring of 1/0 
bonding pads. In high-pin-count 
circuits, the dimensions of these 
pads-and not the dimensions of 
active circuitry-often determine 
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Fig A-To determine the effect of adding functions to your 
partitioning scheme, consult this graph. It shows that as you add 
functions and increase die size, you a/so reduce the number of dies 
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you can fabricate on a wafer and increase susceptibility to manu- Fig 8-Thls logarithmic curve shows that the relationship be-
facturing defects. tween increase in die area and device cost are sharply nonlinear. 
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all require relatively high pin counts. Although subsys­
tems typically communicate with other system ele­
ments through efficient system buses, each requires 
connection to its own dedicated peripheral. These con­
nections often require large numbers of chip-110 pins. 
For example, Fig 3a's floppy-disk controller requires 
only 17 pins to connect to other system subfunctions but 
needs 26 additional pins to connect to peripherals. 

cause you need additional pins to connect subsystem 
sections. In Fig 3b's circuit, for example, each chip 
requires only 13 connections to peripheral devices in 
addition to its bus-interface pins. But 20 interchip 
connections raise each chip's pin count to a total greater 
than that for the single-chip solution. 

A more effective approach to pin-count reduction 
involves duplicating logic in the two subsystem chips. 
Eight of the 20 interchip connections in Fig 3b's circuit 
carry register-decoding data between a demultiplexer 
on the first chip and a register bank on the second. By 
including address decoding functions in both chips, you 
can reduce the first chip's pin count by eight pins and 

In some cases, you can reduce pin counts by splitting 
subsystem functions among multiple chips. Thus, you 
can reduce the peripheral-interface requirements for 
each chip. Unfortunately, unless carefully conceived, 
such schemes might increase overall 110 demands be-

die size. As long as added circuit­
ry entails no additional 1/0 pins, 
you can add functions to pad­
limited chips without significantly 
increasing die costs. The only cost 
increases incurred in such cases 
result from added susceptibility to 
manufacturing defects and added 
test expenses. 

ing schemes that result in high-
1/0-count circuit sections often 
cost more than partitions resulting 
in highly complex, low-pin-count 
ICs. Moreover, active circuitry that 
reduces a partitions' pin count 
often costs nothing. 

In addition, circuitry added to 
pad-limited chips comes free, so 
you can add functions to some 
chips without adding cost. This 
situation not only adds flexibility to 
the system-partitioning process, 
but it also lets you create chips 
economically for multiple uses. 

Most important, you must con­
sider these chip-cost concerns in 
light of overall system economics. 
A circuit partition that combines a 
core µP with its peripheral circuit-

ry might result in a large-and 
expensive-custom IC, but its 
total cost might remain less than 
the cost of a solution involving 
multiple, smaller custom chips. 
Such savings are especially pro­
nounced in systems with space 
limitations. 

Be aware, though, that because 
increased chip complexity is often 
reflected in die costs, partitions 
involving the integration of func­
tions equivalent to standard LSI 
circuits might not be economical. 
But such partitioning schemes 
often reduce the pin counts and 
packaging costs of resulting cus­
tom ICs. As a result, they often 
represent viable partitioning 
approaches. 

Adding pins to IC designs, 
.though, often results in large cost 
increases. In pad-limited circuits 
each added 1/0 connection 
stretches die perimeters, thereby 
increasing manufacturing costs. In 
addition, even for circuits where 
active-device dimensions deter­
mine die size, added pins often 
increase packaging costs. Pack­
age costs remain a nonlinear 
function of pin count, especially as 
pin counts exceed 68 (table), so 
pin-count reductions directly affect 
packaged-chip expenses. In addi­
tion, each added pin entails extra 
test costs. 

TABLE-PACKAGE TYPE VS 
RELATIVE COST 

Indeed, in most designs, 1/0 
pins cost much more than active 
functions . Unlike standard­
component design where each 
added logic functions entails in­
creased component cost, custom­
and semicustom-IC design in­
volves a series of tradeoffs be­
tween active-component and 1/0 
costs. Because of the high costs 
associated with 1/0 pins, partition-
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24-PIN DIP (PLASTIC) 
28-PIN DIP (PLASTIC) 
40-PIN DIP (PLASTIC) 
48-PIN DIP (PLASTIC) 
68-PIN LCC (PLASTIC) 
24-PIN DIP (CERAMIC) 
28-PIN DIP (CERAMIC) 
40-PIN DIP (CERAMIC) 
48-PIN DIP (CERAMIC) 
64-PIN DIP (CERAMIC) 
68-PIN LCC (CERAMIC) 
84-PIN GRID ARRAY 
100-PIN GRID ARRAY 
120-PIN GRID ARRAY 

$1.0 
1.18 
1.50 
3.07 
3.07 
6.78 
6.96 
9.54 

10.37 
22.68 
12.19 
24.39 
29.27 
36.59 
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Each of the three partitioning 
approaches suits certain designs 

eliminate five pins from the second IC; eliminating 
them adds only a few gates to the second chip. Similar­
ly, you can eliminate several additional connections by 
duplicating chip-select and read-write decoders on the 
second chip. Thus each segmented chip requires only 36 
1/0 pins (Fig 3c). 

In many cases, subsystem-oriented partitioning 
schemes demand the integration of LSI functions simi­
lar to those available as off-the-shelf components. Thus, 
to effectively partition by subsystem, you must use a 
cell library that includes high-level, LSI-equivalent 
functions. Constructing such functions from low-level 
elements, like those found in gate-array and limited 
standard-cell libraries, is risky unless you understand 
the technical ambiguities of the required LSI circuits. 

Build it with blocks 
A second partitioning method, with building blocks, 

suits systems with highly structured or repetitive 
architectures, or circuits involving no clearly definable 
stand-alone subsystems. Instead of requiring the defi-

TO PRINT 
HEAD 

FROM 
SWITCHES 

FROM 
SWITCHES 

FROM 
SWITCHES 

nition of large system blocks, this method requires you 
to isolate less complex basic system elements that can 
be used repeatedly throughout single or multiple sys­
tems. Often, by imbuing these building blocks with 
small amounts of added logic, you can create general­
purpose ICs that suit use in widely differing systems. 

You can employ the building-block approach to any 
system by stripping from its design all the glue logic 
that makes the circuit application specific. The remain­
ing elements, such as registers, ALUs, controllers and 
1/0 elements, constitute the circuit's basic building 
blocks. You'll often find that these elements are com­
mon to many systems. In addition, the building-block 
approach is useful in circuits involving arrays of similar 
elements, such as multibit data-path and CPU designs, 
which you can break down into identical bit-, nibble- or 
byte-wide structures. 

As an example of a circuit that lends itself to build­
ing-block partitioning, consider Fig 4a's printer con­
troller. Six 8-bit parallel ports and an 8kx8 ROM 
connect to one processor bus. By dividing the circuit 

CUSTOM BUILDING BLOCK 

CUSTOM BUILDING BLOCK 

FROM 
SWITCHES 

TO MOTOR 

FROM 
SWITCHES 

TO PRINT 
HEAD 

FROM 
SWITCHES 

Fig 4-Use the building-block approach to partitioning in systems with regular architectures or those without definable 
stand-alone subsystems. This example of a printer controller (a) ties six parallel ports and a ROM to one processor bus. By dividing it 
into two 3-port blocks (b) you must add address decoding but you eliminate five pins and also produce a chip that could easily suit 
other systems. 
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Fig 5-Partitioning by random-logic collection typically integrates all functions not performed by standard LSI circuits. The 
personal-computer system puts chip-select decoding, expansion-bus buffering and standard 110 functions in a semicustom chip. 

into two 3-port, 4k-byte building blocks (Fig 4b), you 
can implement it using two custom or semicustom ICs 
and a standard-component microprocessor. In addition, 
by doing so you create a combination ROM/parallel­
interface chip that might suit use in other systems. 

Note that you should include address-decoder logic in 
both chips. Not only does this logic duplication allow 
you to implement the system using two identical custom 
or semicustom chips, it also saves pins. The µP address 
bus must enter the building block to feed the ROM 
array, so internal address decoding saves the need for 
dedicated 1/0-select inputs. In Fig 4b's example, the 
small amount of logic added by the internal 2-to-4-line 
decoder is more than offset by the elimination of three 
package pins. 

By allowing the definition of ICs suited for use in 
multiple designs, partitioning by building blocks often 
allows multiple systems or design projects to share 
non-recurring engineering (NRE) charges. Adding a 
few gates to enhance circuit versatility requires consid­
erably less engineering expense than the design of a 
new IC_ You can reduce the design times and costs for 
several applications through the development of gener­
al-purpose, proprietary building blocks. 

Moreover, custom building blocks benefit from econo­
mies of scale. Because they're used in multiple applica­
tions, you typically purchase them in higher volumes 
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Fig 6-Removlng circuitry from random-logic partitions 
can sometimes reduce pin counts. The peripheral in (a) 
requires five input lines for the chip-select signal; using an 
off-chip address decoder eliminates four pins (b). 

261 



Subfunction partitioning yields 
devices you can use elsewhere 

CONTROL~ 
Busq 

ADDRESS,__ _____ _.___._ ___ __,, 

BUS (1?) 

DATA (8) 
BUS 

BUFFER 

BUFFERED-------' 
DATA (8) 
BUS 

VIDEO. 
CONTROL 
CIRCUITRY t--~ 

OCTAL 
LATCH 

OCTAL 
LATCH 

{6S4S) t-------R-AS_T_E_R-BU_S _____ --"' 
CHARACTER· 
GENERATOR 

ROM 
{8kx8) 

DELAY 
LOGIC 

BUFFER 

FONT 

v.-------...,..- SELECT 

SHIFT 
REGISTER 

Fig 7-Uae this CRT controller circuit to examine each of the three partitioning schemes discussed. The resulting partitions are 
given in Figs 8, 9 and 10. 

than single-system custom or semicustom chips with 
corresponding lower purchase prices. Furthermore, 
standardization of user-designed building blocks results 
in simplified inventory and field-service procedures. 

Bear in mind, however, that the development of 
effective, widely applicable building blocks requires 
considerable forethought. To isolate those circuits that 
are candidates for multiproduct use, you must consider 
the nature of current design projects as well as the 
characteristics of future projects. Remember that the 
extra active circuitry required to increase the versatili­
ty of a circuit partition often costs nothing. 

Logic collection provides fast turnaround 
Despite the advantages of more sophisticated parti­

tioning schemes, partitioning by random-logic collec­
tion can result in efficient system integration. By 
integrating all functions not performed by standard 
LSI circuits, you can quickly exploit semicustom ICs' 
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advantages without incurring the risks inherent in the 
customization of LSI functions. Partitioning by ran­
dom-logic collection is best suited to gate-array designs 
because it yields semicustom devices devoid of CPUs, 
large memories and other LSI functions. In addition, 
chips created as a result of random-logic partitioning 
typically feature low gate counts and high pin counts so 
they're often pad limited. 

As an example of a system partitioned by random­
logic collection, consider Fig 5's personal-computer 
circuit. The system CPU as well as controllers for the 
keyboard, floppy disk, CRT and memory are imple­
mented with off-the-shelf LSI components. Chip-select 
decoding, expansion-bus buffering and basic 110 func­
tions, normally the province of SSI and MSI devices, 
are performed by a semicustom chip. By incorporating 
all SSI and MSI functions in one package, the system 
exploits the benefits of user-designed !Cs without 
requiring the design of complex LSI circuits. 
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Fig 8-When you Integrate as much of Fig 7's logic as possible, you get this partitioning. The scheme in (a) requires 78 110 pins 
and makes low-cost packaging difficult if not impossible. Duplicating a transceiver off-chip reduces pin count by eight, and 
eliminating the on-chip address decoder does away with another five pins. 
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Try duplicating logic to reduce 
total system pin count 

Because ICs designed through random-logic collec­
tion often include only loosely related functions, their 
gate-to-pin ratios remain low compared with those of 
more structured chips. You can improve these ratios, 
and thereby allow die-size reductions in some cell-based 
devices, by carefully examining the need for 110-
intensive on-chip circuitry. 

For instance, you can often eliminate pins from a 
random-logic IC by duplicating logic. As in Fig 4b's 
building-block example, demultiplexers included within 
random-logic partitions often save package pins. For 
example, including a 3-to-8-line decoder saves five pins 
while adding minimal active circuitry. 

On the other hand, removing circuitry from random­
logic partitions can sometimes reduce circuit pin 
counts. In Fig 6a's peripheral circuit, for example, an 
on-chip address decoder requires five input lines to 
generate a chip-select signal (CPUMSEL). Moving the 
address decoder off chip eliminates four package pins 
(Fig 6b). 

In addition, you can often reduce random-logic cir­
cuits' die sizes by multiplexing or encoding output 
signals. Typically employed in 16-bit µPs, this tech­
nique often results in significant pin-count reductions 
with only minimal increases in active-component areas. 

Examine the tradeoffs 
To understand the tradeoffs involved in circuit parti­

tioning, consider an example based on a CRT controller 
similar to that in the IBM PC's monochrome-display 
adapter. The basic circuit (Fig 7) includes a bus inter­
face, address and chip-select decoders, memory­
address multiplexers, CRT timing generators, display 
formatter, character generator, video memory, output 
shift register and a data-bus buffer that feeds both 
CRT-control and printer-port circuitry. A standard­
component implementation of this circuit requires two 
6116 2k x8 static RAMs, a 2364 8kx8 character­
generator ROM, a 6845 CRT controller, 21 SSI circuits 
and 31 MSI chips-a total of 56 ICs. The percentage of 
this logic incorporated on a custom or semicustom chip 
depends on partitioning approach. 

One approach to partitioning the CRT controller 
circuit integrates as much logic as possible. This meth­
od results in the greatest level of integration and thus 
affords the greatest system size and cost savings. But 
because most chip functions are performed by fixed, 
on-chip logic, this approach furnishes minimal perform­
ance flexibility. 

Fig Sa illustrates a partitioning scheme that inte­
grates as much of the controller's logic as is practical 
with custom or semicustom MOS processes. In general, 
MOS processes don't lend themselves to integrating 
analog functions, so this sample partition doesn't in-
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elude the controller's analog CRT-drive circuits. In 
addition, this partition excludes video-memory circuits 
because these relatively large memories are most cost 
effective when purchased as standard components. 

Fig Sa's first-pass partition requires 78 110 pins: 42 
for · system- and printer-bus interfaces, 29 for video­
memory-interface functions and seven for video-output, 
font-selection and clock functions. Unfortunately, low­
cost DIPs are available with only as many as 48 pins, 
and low-cost plastic leaded chip carriers with more than 
68 pins aren't widely available. To eliminate the need 
for expensive ceramic or custom-tooled plastic packag­
es, you must reduce the controller's pin count. 

One way to reduce pin count for the controller 
partition is to eliminate bus-interface logic. For exam­
ple, the circuit's data bus inputs feed an octal transceiv­
er that buffers data transfers. The buffered data sig­
nals (BD0-BD1) feed both the CRT controller and a 
printer-interface circuit. Thus, when the latch resides 
only on the CRT-controller chip, eight 110 lines bring 
buffered data signals off the chip. Duplicating the 
transceiver off chip, however, eliminates the need to 
bring out the BD bus, thereby saving eight pins (Fig 
Sb). You could also eliminate package pins by eliminat­
ing the data buffer from the custom chip. But unlike 
Fig Sb's logic-duplication scheme, that approach re­
quires you to bring data-direction signals off chip, and 
thus requires extra pins. 

Moreover, eliminating the on-chip address decoder 
reduces the controller's pin count by five more pins, 
resulting in a total 110 count of 65 pins. As a result, the 
circuit can reside in a low-cost 68-pin leaded enclosure. 
With this partitioning scheme, a custom or semicustom 
chip replaces a total of 18 SSI chips, 26 MSI ICs and two 
LSI circuits. The chip includes 72,600 transistors, and, 
if built using 3-µm HMOS processes, requires die 
dimensions of 240x240 mils. If predefined cells for the 
6845 and 2364 LSI circuits are available, the chip might 
require 18 to 20 weeks to design; building those LSI 
circuits from SSI elements might increase chip-design 
time to 35 to 40 weeks. 

Off-chip ROM adds flexibility 
Fig S's partitioning schemes result in chips that 

afford greatest cost savings over standard-component 
implementations, especially in high-volume applica­
tions. But because they call for an on-chip character­
generator ROM, they lock in the CRT controller's 
display capabilities. A more versatile approach allows 
modification of the circuit's character repertoire. 

One means for allowing character-generator altera­
tion involves designing several versions of Fig Sb's 
circuit and combining them on a multiproject wafer. 
Each version could include different ROM data and thus 
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Fig ~nhance this circuit's flexibility by bringing character-generator-ROM address and data lines off chip (a). This approach 
requires 85 110 pins, forcing the design into an expensive ceramic package. When you take the entire ROM off chip along with the 
video shift register (b), you can get by with 61 110 pins and eliminate 90% of the chip 's transistors. 
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Block partitioning suits 
systems without definable subsystems 
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Fig 10-Partltlonlng the controller to Include only SSI and MSI circuits reduces transistor count to 3000. The glue-logic chip 
requires 46 110 pins. 

produce a different character set. Each multiproject 
wafer would include a fixed number of each chip ver­
sion; because they're produced in parallel on one wafer, 
all versions can be accommodated by a single set of 
production tooling. 

As an alternative, you could add flexibility to the 
CRT controller's character set by bringing character­
generator-ROM address and data lines off chip. Then an 
external EPROM or EEPROM could determine the 
circuit's video repertoire. This memory could shadow 
the internal ROM, thus providing a tool for prototyping 
and character-set debugging as well as furnishing 
means for adding chip versatility. Unfortunately, such 
a partitioning scheme (Fig 9a) requires 85 110 pins and 
forces the controller circuit into an expensive ceramic 
package. 

A third method for enhancing circuit flexibility re­
moves the character-generator ROM and video shift 
register from the controller chip. Doing so not only 
provides external character-set programmability, it 
also eliminates nearly 90% of the chip's transistors and 
37% of its area. The resulting chip (Fig 9b) requires 61 
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110 pins and occupies 190x 190 mils. However, because 
the chip still requires a high-pin-count package and 
because it demands the use of several external compo­
nents, its die-cost savings don't necessarily contribute 
to decreased system costs. 

For greatest flexibility and least risk, you could 
partition the CRT. controller to include only SSI and 
MSI circuits (Fig 10). By relying on a standard­
component LSI controller, you could create a chip that 
performs all of the example circuit's glue-logic func­
tions, but one that requires only 3000 transistors. The 
glue-logic chip requires 46 110 pins and could be de­
signed in 16 weeks. Although this approach results in a 
custom chip with a level of integration far lower than 
that of the other options, it entails the least risk. 

The nearby table summarizes the tradeoffs of each 
approach. As you can see, Fig 8's high-level-integration 
approach affords the greatest system cost savings but 
requires the longest development time. On the other 
hand, the random-logic approach provides 75% of the 
cost savings of the first method but enables faster 
development. Note that cost-savings estimates are 
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The KM6 Subrack System 
will never be complete ... 

The KM6 Subrack System has always been years ahead of its time 

1981 
Polarising/PCB 
Mounting 
Bracket 
Secured to front panel 
or direct to PCB. Mating 
half fitted to front of PCB 
guide during assembly. 
Polarisation by breaking 
spills and filling corres 

~~r~e~.ng~· , ~ 
II? I ~ 

I 

Security PCB 
Retainer 
Ensures PCB's stay 
electrically mated to 
connectors within sub 
rack. Easily assembled. 
Prevents PCB's 
becoming disengaged 
even in vibrative . ,,,~ 

1982 
Front Panels 
An increased variety 
of front panels for PCB 
mounting. Just look 
around .. . you'll notice 
them everywhere, 
good looks and 
quality where 
it counts. 

• ' 1ii 

. ! 111111 
1111 j 
~ ~ 

~ 

Horizontal 
Mounting Kit 
Horizontal Mounting 
Kit accommodates any 
size of PCB within width 
of card 
frame. 

1983 
PCB Ejector/ 
Injector 
Unique saddle 
operated Injector/ 
Ejector means 
increase in number of 
connector contacts 
without difficulty of 
inserting and 
retracting PCB's from 
subrack. 
Unit operates with in 
confines of subrack, 
utilising normal front 
panels, hinged or 
otherwise. 

1984 
9U KM6. Flexibility in Packaging 
Triple High Eurocards 
Anticipating packaging needs has always been 
our strong point. 
KM6 is now available in 9U heights for those who 
need the extra 'real estate' a triple high Eurocard 
offers. 
Needless to say you can also mix single and 
double Eurocards along with triples. 

Mixing different depths? 
~~~~~~~~ No problem. 

It will never be complete because our 
programme of improvement and 

innovation will never cease ... 

',' 
',' 

BICC-VERO ELECTRONICS INC. 
Vero 171 Bridge Road Hauppauge New York 11788 

Telephone: (516) 234-0400 TWX: 510-227-8890 
4001 Leaverton Court Anaheim California 92807 
Telephone: (714) 630-2030 Telex: 277732 

Leaders in packaging technology 
CIRCLE NO 100 
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Custom building blocks benefit 
from economies of scale 

TABLE-SUMMARY OF PARTITIONING ALTERNATIVES 

TRAN-
ISC DIE SIZE SISTOR 

APPROACH REPLACED PINS (MIL~ COUNT 

HIGH-LEVEL 
INTEGRATION 46 65 240x240 72,600 

EPROM AND 
INTERNAL ROM 43 85 248 x248 72,800 

EXTERNAL ROM 
AND S/R 41 61 190 x 190 7100 
RANDOM-LOGIC 
PARTITION 34 46 180 x 180 3000 

based on pc-board, power-supply, inventory and inser­
tion costs averaging $0.50 per chip. In addition, the 
table's cost data assumes that a custom or semicustom 
IC's cost equals the total cost of the standard compo­
nents it replaces. 

Partition efficiency is reflected in the ratios of pins to 
transistors and transistors to die area. Tr".nsistor/pin 
ratios are highest for the densest chips and fall sharply 
as densities decrease. Similarly, each transistor in the 
high-level-integration approach occupies 0. 79 mil2 com­
pared to 10.8 mil2 for the random-logic approach. These 
figures not only reflect the pad-limited nature of the 
random-logic chip but also suggest the relatively high 
densities of chips incorporating large ROM arrays. 

Be sure to consider the advantages and disadvantag­
es of each approach in light of system-design and -cost 
concerns. The first approach provides the best silicon 
utilization but might prove unsuitable in applications 
requiring product versatility and extremely fast turna­
round times. Conversely, the last approach provides 
the fastest time to market but might violate system­
size constraints in some applications. 

Most important, consider development expenses in 
light of system-cost savings. Although this example's 
first partitioning approach might mandate high devel­
opment expenses, its $23 cost reduction per system 
provides a fast payback. For instance, you can recoup a 
$100,000 development cost after the production of 
fewer than 4500 units. EDll 
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Article Interest Quotient (Circle One) 
High 491 Medium 492 Low 493 

TRAN-
SIS-

TORS/ MIL2 PER ICs IN DEVELOPMENT 
PIN TRANSISTOR SYSTEM TIMEl WEEKSl 

1117 0.79 5 

856 0.84 6 

116 5.08 7 

65.2 10.8 8 
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r HOW COMPUTERVISION 
BEGINS AND ENDS 

I •I ELECTRONIC DESIGN 
Designing sophisticated 

:,I: electronic products today 
And with our flexible 

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

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

I\ 
I' 

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

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

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

~---~ 

And our 

~ 

to end. 

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

ongomg 
research and 
development 
ensures your COMPUTERVISION 

• Electronics/Electrical Machinery • Fabricated Materials • Architecture, Engineering and Construction• Aerospace• Mechanical Machinery • Automotive• 
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A brand new perspective on 
filling your IC Microcomputer 
and Microprocessor needs. 

Here's news for every design 
and purchasing department: 
Toshiba has developed one of the 
world's most comprehensive 
line-ups of CMOS and NMOS 
Microcomputers available today. 

In fact, we're the world's 
second largest manufacturer of 4-bit 
CMOS and NMOS Microcom-

puters. Our 8-bit devices-includ­
ing the CMOS and NMOS 8048 
and 8049 as well as the CMOS Z80 
family-are meeting wide approval 
because they're tops in quality and 
are in high volume production now. 
And our 16-bit processors are on the 
way. 

Throughout our entire product 
line, we have the experience, tech­
nology, quality, price, performance 
and availability to surprise you in a 
lot of pleasant ways. 

AREA SALES OFFICES: WESTERN AREA, Toshiba America. Inc .. (714) 752-0373 ; CENTRAL AREA, Toshiba Am eri ca . Inc .. (61 2) 831-2566 ; EASTERN AREA, Toshib a America. Inc .. (61 7) 272 -4352. 
NORTHWESTERN AREA, Toshiba America . Inc .. (408) 720-8570 : REPRESENTATIVE OFFICES: ALABAMA, Gl en White Associa tes. (205) 883-7938: ARIZONA, Semper Fi Sales Company. (602) 991 -4601 ; 
ARKANS AS, Technology Sales Company. (214) 380-0200 ; CALIFORNIA (Northern ). Elrepco. Inc .. (415) 962-0660; CALIFORNIA (Southern) . Sager Electronics. Inc . (7 14) 95 7-3367: COLORAOO, 
Dully Associates. (303) 595-4244 : CONNECTICUT, Oatcom . Inc .. (203) 288-700 5: DELAWARE, Van lage Sales. (609) 663-6660: FLORIDA, Donato & Associates. (305) 522 -2200 . (305 ) 352-0727. 
(813) 785-3327; GEORGIA, Glen White Ass ociates. (404) 441-1447; IDAHO, Components West. (206) 271-5252: ILLINOIS, L-TEC . (312) 593·7200; INDIANA, Leslie M. OeVoeCompany. (31 7) 84 2-3 245: IOWA, 
J.R. Sales Enginee ring . (319) 393-2232: KANSAS, R.R. Burton & Associates. (816) 763-538 5; KENTUCKY, Lesl ie M. DeVoe Company. (317) 84 2-3245: LOUISIANA, Technology Sales Company. (214 ) 360-0200: 
MARYLAND, Glen White Associates . (301 ) 252-6360 : MASSACHUSETTS, Oatcom . Inc .. (61 7) 691-4600 ; MICHIGAN, R.C. Nord strom & Company . (313) 559-7373 : MINNESOTA, Quantum Sales. Inc .. 
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Get close to the world's most 
respected name in MOS technology 
and make us your new source of 
CMOS and NMOS Microcomputers 
and Microprocessors. 

Toshiba. This new perspective 
will do you a world of good. 

8-BIT SINGLE CHIP MICROCOMPUTERS-804818049 FAMILY 
Operating Standby 

Device Technol~ ROM (Bytes RAM (Bytes Speed Current (Max Current 
TMP8048 NMOS lK 64 6MHz 135mA ISmA 
TMP80C48 CMOS lK 64 6MHz I Om A lOµA 
TMP8049 NMOS 2K 128 6M~~~Hi 170mA SOmA 
TMP80C49 CMOS 2K 128 I Om A lOµA 
TMP80CSO CMOS 4K 256 6MHz lSmA IOµA 

8-BIT MICROPROCESSOR-CMOS Z80A FAMILY I I l Operating l Power-Down 
Device Description Technology Current Current 

TMPZ84COO 1. 4MHzZ80ACPU L CMOS .1 ISmA I lOµA 
(@ 4MHz) 

Also available are the popugL~~i,~~Ar~s ~V~~OS including P 110 , CTC, 

8-BIT MICROPROCESSOR-8085A FAMILY 
TMP8085A NMOS 8085A 3MHz CPU plus many oftbe popular 8-bit peripherals . 

4-BIT SINGLE CHIP MICROCOMPUTERS-TLCS-47 FAMILY 

The TLCS-47 Includes Many Powerful Features Including: 
• 90 Instruction, Instruction Set • U-Bit Timer/Counter 
• Se ri al 1/0 Cap ability • 6 lntenupts 
Available Device Types: • Devices With LCD Drive 
• CMOS Devices •Devices With V.F. Drive 
• NMOS Devices • Many ROM/RAM, 1/0 Versions 

TOSHIBA AMERICA, INC. 
A WORLD STANDARD IN MOS. 

(612) 884 -4700: MISSISSIPPI, Glen White Associates . (804) 237-6291; MISSOURI, R.R. Burton & Associates . (B16) 763·5385; MO.TANA, Components West , (206) 271-5252: NEBRASKA, R.R. Burton & 
Associates . (816) 763-5385; NEVADA, Elrepco . Inc . . (415) 962-0660: NEW JERSEY, Necco 1. (201 ) 461-2789. Va ntage Sales, (609) 663-6660; NEW MEXICO, Semper Fi Sales Company, (602 ) 991-4601 : 
NEW YORK, Necco 1. (201) 461 -2789 . Pl·tronics . (315) 455-7346: NORTH/SOUTH CAROLINA, Gl en While Associates . (919) 7B7-7016, (919) 7B7-7023 ; NORTH/SOUTH DAKOTA, Quantum Sales . Inc .. 
(612) 884 -4700; OHIO, Del Steffen & Associates . (216) 461-B333 ; (419) 884-2313, (513) 293-3145; OKLAHOMA, Engineering Sales Company, (918) 493-1927. Technology Sales Company, (214) 380-0200; 
DREGOI, Components West. (503) 643-5588: PENNSYLVANIA, Del Steffen & Ass ociates , (412) 276-7366 . Van1age Sales , (609) 663-6660; TENNESSEE, Glen White Associates . (615) 477-8850: TEXAS, 
Technology Sales Company, (21 4) 380-0200 . (512 ) 476-9874 ; UTAH, Duffy Associates . (303) 595-4244 ; VIRGINIA/ WEST VIRGINIA, Glen White Associates . (804 ) 237-6291 . (804) 295-0435 , (804) 224-7764 . 
(B04) 224-0404 : WASHINGTON, Components West . (206) BB5·58BO: WISCONSIN, L·TEC , (414) 774-1000 ; WYOMING, Duffy Assoc ia tes. (303) 595-4244 : CANADA, Source Electronics . Ltd .. (416 ) 675-6235 . 
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Megachange in Power. 



RCA announces the world's first 
logic-level power MOSFETs. 

Now RCA brings you 
the most significant 
breakthrough in Power 
technology since the 
invention of the MOSFET 
logic-level MOSFETs 
(L2FETs). 

SV gate drive. 
Until now, MOSFETs required an interface 

device between driving logic and gate terminals to 
raise gate voltage to 1 OV. New L2FETs require only 
5V of gate drive to produce full output current. So 
you can eliminate interface circuits, and extra 
Power supplies used solely for the interface. 

Drives directly from low-level logic. 
All the popular 5V logic technologies can now 

provide direct drive for L2FETs. Use NMOS, TIL or 
RCA QMOS (high speed CMOS logic). 

Since L}FETs can be connected directly to 
logic circuits, they simplify load control. 

No trade-offs. 
As every designer knows, most performance 

gains involve trade-offs. Not this one. 
Your switch to L}FETs means no sacrifice in 

speed, ros (oN1, current handling capabilities, or reli­
ability. RCA has implemented VLSI technology to 
form a sensitive gate that produces full saturation 
at 5V bias levels, but otherwise performs the same 
as conventional MOSFETs. 

Best of all, L}FETs are priced only slightly 
above our 1 OV MOSFETs. That's because RCA's 
advanced production capability has achieved 
very high yields resulting in low costs that we pass 
along to you. 

And RCA quality and reliability are designed 
into every part we sell. 

Complete line of 10V MOSFETs, too. 
RCA also offers a full line of traditional 

MOSFETs at very competitive prices. 

RCA SV N-channel L2FETs in stock now. 
Type Package lo Voss PD(W) ros(ON)t Price* 

RFL1NOBL T0-39 1A BOV B.33 140n 1.29 
RFL1N1 0L T0-39 1A l OOV B.33 140n 1.79 
RFL1N1 2L T0-39 lA 120V B.33 2.15!1 1.29 
RFL1N1 5L T0-39 1A 150V B.33 2.15!1 1.79 
RFL1N1BL T0-39 l A 1BOV B.33 365!1 1.29 
RFL1 N20L T0-39 1A 200V B.33 3.65n 1.79 
RFP2N1BL T0-220 2A l BOV 25 3.50n .74 
RFMBN1 BL T0 -3 BA 1BOV 60 0.60!1 2.57 
RFMBN20L T0 -3 BA 200V 60 0.60!1 3.56 
RFPBN1 BL T0 -220 BA l BOV 60 0.60n 1.59 
RFPBN20L T0 -220 BA 200V 60 0.60!1 2.20 
RFM1 2NOBL T0-3 12A BOV 100 0.20!1 2.51 
RFM12N10L T0-3 12A 100V 100 020n 3.4B 
RFP12NOBL T0 -220 12A BOV 75 0.20n 1.59 
RFP1 2N1 0L T0-220 12A 100V 75 o.20n 2.20 

Available second quarter 1984. 
RFL2N05L T0-39 2A 50V B.33 a.son 
RFL2N06L T0-39 2A 60V B.33 a.son 
RFP2NOBL T0-220 2A BOV 25 1.25n 
RFP2N10L T0 -220 2A 100V 25 1.25n 
RFP2N1 2L T0-220 2A BOV 25 2.oon 
RFP2N1 5L T0-220 2A 100V 25 2.oon 
RFP2N20L T0 -220 2A 200V 25 3.50!1 
RFP4N05L T0 -220 4A 50V 25 O.Bon 
RFP4N06L T0-220 4A 60V 25 a.son 
RFM1 0N1 2L T0-3 10A 120V 60 0.30!1 
RFM10N1 5L T0 -3 10A 150V 60 0.30n 
RFP1 0N12L T0-220 10A 120V 60 0.30!1 
RFP10N1 5L T0-220 10A 150V 60 0.30n 
RFM15N05L T0-3 15A 50V 60 0.15n 
RFM15N06L T0-3 15A 60V 60 0.15n 
RFP1 5N05L T0-220 15A 50V 60 0.15n 
RFP1 5N06L T0-220 15A 60V 60 0.15n 

t r DS(ON)measured at 1h ID . "100 piece price. Opt ional distributor resale 1n U.S. 

$30 million investment in Power. 
Over the past few years, RCA has invested 

$30 million in modernizing Power production facili­
ties . Our capacity has increased by 30%, with out­
standing improvements in quality, reliability, cost 
and cycle times for our entire line. 

From ultra-fast rectifiers to SwitchMax and 
Darlington devices, RCA can transform your 
Power designs. 

For more information fill out the coupon below, 
call your local RCA sales office or distributor. 
Or call toll-free (800) 526-21n. 

,--------------------------------------------, 
I Mail to RCA Solid State. Box 2900. Somervi lle. NJ 08876. Application I 
I D Please send me L2FET data sheets for the following types I 
I Estimated annual usage I 
I Name Title I 
I . I I D Free samples. Please send me the fol lowing samples: Company I 
I Quantity (maximum 2) Type Address I 
I Type City/ State/ Zip I 
L ____ - - ------ - - - --------- - -------------___ _ _i.DN-2_, 

Photography by Ryszard Horowitz. N Y 

Changing to serve you better. ncn 



Cost-Saving Molded Solid 
Tantalum Capacitor-Serles 40MS 
• All the performance of solid 

tantalum with cost savings of 
non-metal case 

• Available in 6 standard sizes 
• Capacitance: 0.1 to 68 µf 
• Voltage range: 2 to SO WVDC 
•Operating temperature: -ss 0 to 

+ 12s 0 c 
• Permanent. legible laser marking 
• Chamfered case end for easy 

positive lead identification 
• Tape and reel packaging for 

automatic insertion 
• Weldable and solderable leads 

High CV Computer Gracie 
Alumlnum Electrolytlc Capacitor­
Serles 3195 
• New generation foil processing tech­

nology provides highest capacitance 
value for given voltage/case size. 

• Operating life: 1000 hrs. at 8S°C 
with full rated DC voltage 

• Capacitance: 0.0028 to I .2f 
• Voltage range: 5 to 100 WVDC 
• 39 standard case sizes from 1%" to 

3" diameter 
• Operating temp: -40° to+ 8S°C 
• Offered in PCB mounting configura­

tion or with standard screw terminals 
• A 2000 hr. long life version (Series 

3196) also available 

Long Life/High Performance 
Alumlnum Electrolytic Capacitor­
Serles 3194 
• Computer grade product designed 

primarily for use as input filter capaci­
tors in off-line SMPS applications 

• Operating temp: -ss0 to+ I05°C 
•Ratings: ISO, 200 and 250 WVDC 
• Design requires no derating 
•Capacitance: 290 to 17000 µf 
• Available in PCB mounting configura­

tion or with standard screw terminals 
• 39 standard case sizes from 1%" to 

3" diameter 

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

Reliability across the board 
Mepco# Electra 

A NORTH AMERICAN PHILIPS COMPANY 
CIRCLE NO 103 
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DESIGN IDEAS 
Edited hy Bill Travis 

Nested functions calculate standard Rs 

David Bidwell 
RFL Industries Inc, Boonton, NJ 

If you program in BASIC, you can use nested user­
defined functions to perform repetitive calculations too 
complex for a single function. As an alternative to a 
subroutine call, this technique can result in a smoother 
flow to the source code. Consider, for example, the 
algorithm for selecting standard 1% resistors (EDN, 
March 3, 1982, pg 167). If you include the following four 
lines of code anywhere in a BASIC program, 
100 DEF FNN%(R)=INT(0.5+96*LOG10(R)) 
110 DEF FNO(R)=lO j (FNN5(R)/96) 
120 DEF FNP%(R)=INT(LOG10(FNO(R)))-2 
130 DEF FNR(R)=lO j (FNP%{R))* 

INT(0.5+ FNO(R)/10 j (FNP%(R))) 
then (FNR)R will be the closest standard 1 % value for 
any computed value of resistance R. 

The following examples illustrate the program's exe­
cution: 

READY 
PRINT FNR(l5. 97) 
16.2 
READY 
PRINT FNR(2397),FNR(148.5E3),FNR(148.6E3) 
2370 147000 150000 
READY 

In the example, note that once this segment of code 
has been executed, the functions have been defined and 
can then be used in the immediate mode. The technique 
has been used successfully with Digital Equipment's 
RT-11 BASIC on a PDP-11, and will probably work 
with most BASICs. However, an attempt to use it with 
a VIC-20 proved unsuccessful. The algorithm is subject 
to minor inaccuracies for median values as discussed in 
the referenced article. EDN 

To Vote For This Design, Circle No 750 

Write protect 8-in. disk drives 

Donald Patterson 
Argonne National Lab, Argonne, IL 

The circuit in (b) adds a write-protect switch and 
indicator light to Shugart Models SA801 and SA800 
8-in. disk drives. You can also use the circuit for other 
manufacturers' drives or other Shugart models. The 
scheme provides a switch that write protects the disk 
via hardware the same way the disk is write protected 
by an uncovered notch. The LED turns on whenever 
the disk is hardware write protected, either by the 
switch or by removal of the tab from the notch. 

Despite the fact that most systems already have a 
hardware and software write-protect mechanism, the 
method here is useful for several reasons. CP/M in­
cludes a software write-protect mechanism that re­
quires you to type Control C before writing on any 
newly inserted disk. However, the method does not 

EDN JU NE 28, 1984 

allow you to write on one disk after inserting it into a 
drive while keeping a disk in another drive write 
protected. You can also accidentally defeat the software 
write protection. For example, if you remove a disk 
from drive B and replace it with a second disk, any file 
on the newly inserted disk can be erased simply by 
using the ERA command with the correct file name 
before reading the disk for any other reason. 

Although the notch on most 8-in. disks does activate 
a hardware write-protect circuit that overcomes the 
problems of using the software write-protect mecha­
nism, this feature is often awkward to use. It works 
well if you want to protect a disk for long periods 
between updates, but when developing programs or 
changing databases frequently, it's often desirable to 
write protect a disk for a short time, then remove the 
protection so you can update the disk's data. The 
awkwardness of removing the disk from the drive and 
then removing tape from the notch discourages short­
term use of the normal hardware write-protect feature. 
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DESIGN IDEAS 
The figure (a) shows the write-protect circuit found 

in the two cited Shugart drives. An LED constantly 
directs a beam of light toward a nearby photodetector. 
If the disk's write-protect notch is covered (disk not 
protected), the light doesn't reach the detector. The 
detector resembles a high-value resistor when no light 
is present; a low-value one when it receives enough 
light. Therefore, the detector's output is nearly 5V for a 
protected disk, nearly OV for an unprotected one. The 
comparator's output is Low whenever the voltage at its 
positive input is less than 2.2V and High otherwise. 
The 470-kO resistor provides a small amount of hystere­
sis to prevent comparator chatter. 

The additional circuit needed to add a write-protect 
switch and indicator LED is shown in (b). The only 
direct connection to the disk drive is through a connec­
tor to test point TP25 (the photodetector output). When 
closed, the write-protect switch simply pulls the detec­
tor output to nearly 5V regardless of the presence or 
absence of a tab covering the disk's protection notch. If 
you don't need a write-protect indicator, only this 
switch and the 5.6-kO resistor are required. 

The LM311 comparator essentially duplicates the 
comparator circuit in (a), except that the inverting and 

TP25 

noninverting inputs are interchanged. Therefore, the 
LM31l's output is Low and the LED lights when the 
disk is write protected. Note that the LED indicates 
the write-protect status of the disk regardless of 
whether the disk is protected through use of the notch 
or the added switch. Moreover, the added switch can 
protect an otherwise unprotected disk, but can not 
override a disk that's write protected through removal 
of its tab. 

Test point TP25 is a pin the same size as a pin on a 
wire-wrap IC socket. Therefore, you can use a connec­
tor intended to mate with a wire-wrap pin to connect 
the add-on write-protect circuit without modifying the 
drive. The 5V supply is available from the drive's 
supply. You can build the comparator circuit on a small 
perforated board and mount it near the switch and 
indicator light, mounted on an unused section of the 
computer's front panel. EDN 
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470k 

510 390 
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(a) 

5.6k 

5.6k + 33 µF 
220 r WRITE 180k 

PROTECT 

4.3k 2 
LED ~ 

7 
':" 

SV 

Add flexibility to write protection with (b)'s add-on circuitry. It eliminates the awkwardness of write protecting 8-in. disks with 
notch-covering tabs. 
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3 KHz-800 MHz 
over 50 off-the-shelf models 
from $295 

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

Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 
·urn1s are nol OPL l1sled 

finding new ways . 
setting higher standards 

t;;J Mini-Circuits 
A D1vis1on of Scient ific Components Corporation 

World 's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn, New York 11 235 (212) 934-4500 

Domestic and International Telex 125460 International Telex 620156 
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DESIGN IDEAS 

Algorithm converts BCD fractions to binary 

V K Agrawal and S Murugesan 
!SRO Satellite Centre, Bangalore, India 

Although integer number conversions from BCD to 
binary are quite common, algorithms for fractional 
numbers are less well known. The table gives an 
example of the application of an algorithm that converts 
a D-digit fractional BCD number to the equivalent n-bit 
binary number. You can use either a µP or conventional 
logic circuitry to execute the routine. 

The algorithm is based on repetitive multiplication of 
the fractional BCD number by two. It's performed by 
shifting each decade one bit left with carry from one 
decade moved to the one on its left, and by further 
correcting the digits for proper BCD representation. 
The unity-weight carry (after multiplication and cor­
rection) from the most significant BCD digit is also 
shifted left for each multiplication. After repeating this 
operation n times, the resulting carries from the most 
significant BCD digit correspond to the integer part of 
2n times the BCD data. Dividing this by 2n (equivalent 
to simply placing the binary point to the left of the most 
significant binary digit) yields the fractional binary 
representation of the BCD number. 

During multiplication of a BCD digit by two (by left 
shifting), if a one crosses a decade boundary, its rela­
tive weight becomes only 10 rather than 16. Adding six 
to that decade corrects the weight. Alternatively, you 

FRACTIONAL BCD· TO-BINARY EXAMPLE 
CONVERTED FRACTIONAL BCD DECADES 

BINARY 
OPERATION NUMBER MSD, D1 (10 - 1) D2 (10-2) D3 (10 - 3) 

LOAD BCD NUM. 

bi\00008• 1000 0011 0010 

1. A) ADD 3' 000000 1011 0011 0010 
B) SHIFT LEFT 000001 0110 0110 0100 

2. A) ADD 3' 000001 1001 1001 0100 
B) SHIFT LEFT 000011 0011 0010 1000 

3. A) ADD 3' 000011 0011 0010 1011 
B) SHIFT LEFT 000110 0110 0101 0110 

4. A) ADD 3' 000110 1001 1000 1001 
B) SHIFT LEFT 001101 0011 0001 0010 

5. A) ADD 3' 001101 0011 0001 0010 
B) SHIFT LEFT 011010 0110 0010 0100 

6 . A) ADD 3' 011010 1001 0010 0100 
B) SHIFT LEFT 110101 0010 0100 1000 

RESULT 110101 

·ADD 3 TO EACH BCD DIGIT IF ITS VALUE , AFTER THE PREVIOUS STEP, IS 
GREATER THAN OR EQUAL TO 5. 

CONVERTED BINARY RESULT b = b12 - 1 + b22 - 2 + b32 - 3 + b42 - • + b52 - s + 
b.2 - • 
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could add three to the decade prior to the shift, if its 
value is greater than or equal to eight. Another correc­
tion is required if the value of a digit after shifting is 
greater than nine, a situation that can arise when the 
decade value prior to shifting is from five to seven. This 
correction involves adding one to the next higher 
decade and subtracting 10 from (or adding six to) the 
current decade. You could also accomplish this before 
shifting, by adding binary three to a decade. 

Both these corrections can occur jointly before shift­
ing, for all the BCD decades simultaneously and inde­
pendently, if you add binary three to a decade having a 

• SET BYTE CTR = 2 
•CLEAR SAVED CARRY 
•SET DATA PTA= LS BYTE 

GET 2 BCD DIGITS 
OFDATA( = 1 BYTE) 

• DATA - DATA+X 
•DATA - SHIFT-LEFT DATA 

WITH SAVED CARRY 
•SAVED CARRY = CARRY OUT 
•DEC. DATA PTA 

NO 

RESULT - SHIFTED RESULT 
WITH SAVED CARR\' 

NO 
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01 (1(1 

0100 :310002 

0103 1600 

0105 0608 

0107 OE04 

0109 210003 
01 (I(: AFF5 

OlOE lEOO 

0110 7E 

0111 E60F 
011 :3 FE05 

01 15 DA1A01 
0118 1E03 

01 lA 7E 

OllB E6FO 
011[1 FE507B 

01 20 DA2501 

0123 F630 

0125 8677 

0127 F17E 

0129 17F577 

012C 2BODC20E01 

0131 F17A1757 

01 ::::5 05 

01 ::::6 C20701 
01 :39 76 

01 '.::A 

SERIAL BINARY 
(MSBFIAST) 

LB4: 

LB:3: 

LBl: 

LB2: 

ORG l OOH 

LXI SP,200H 

MVI D,OH 

MVI B18H 

MVI c. 2H 

LXI H, :300H 

XRA A!PUSH 

MVI E, OH 

MOV A,M 

ANI OFH 

CPI 05H 
,JC LBl 
MVI E,03H 

MOV A,M 

ANI OFOH 

CPI 50H!MOV 
. .Jc LB2 

ORI 30H 

PSW 

A, E 

!START 

!SET SP 

;CLEAR RESULT 

; ~3ET BIT CTR 

;SET BYTE CTR 

; SET DATA PTR=LS BYTE 
; CLR CY g, STR 

;CLR TEMP.REG. 

;GET DATA 

;SELECT LOWER NIBBLE 

IF ( 05H 

GOTO LB! 
ELSE STR 03H IN TEMP.REG. 

;SELECT UPPER NIBBLE 

OF DATA 

IF <:50H 

GOTO LB2 

ADD M ! MOV M,A 

ELSE.OR 30H WITH TEMP.REG. 

;ADD TEMP.REG.WITH DATA 

;SHIFT LEFT WITH SAVED 

CARRY,STR DATA & 
POP p~;w ! MOV 

RAL ! PUSH PSW 

DCX H DCR C 

POP PSW ! MOV 

RAL MOV D,A 

DC:R B 

0.JNZ LB4 

HLT 

END 

A,M 

! MOV M,A 

SAVE CARRY 

JNZ LB3 ;DEC DATA PTR & BYTE CTR. 

A,D 

IF (:>0 GOTO LB:3 

ELSE STR RESULT 

!DEC BIT CTR 

IF<>O GOTO LB3 

ELSE STOP 

DC BA 

CONDITIONAL 
CORRECTOR I 

(CC) I 
_____ .J 

Convert fractional BCD numbers to binary with this method. The table gives an example of the routine; the figure shows a 
hard-wired circuit that does the job; the flow chart and I/sting illustrate a µP implementation. 
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DESIGN IDEAS 
value greater than or equal to five. Thus, the conver­
sion process is: 

• Load the D-digit fractional BCD data into a 
register and clear the n-bit binary register. 

• Independently perform the addition of binary 
three (0011) to each decade if its value is greater 
than or equal to five. 

• Shift left one bit from all the BCD decades and 
the binary register, with the carry from one 
decade moved to the one on its left and the carry 
from the most significant BCD decade moved to 
the binary register. 

• Perform the two preceding steps n times. 
The binary register gives the equivalent binary frac­

tion, with 2- 1 and 2-n weighting of the most and least 
significant bits, respectively. The table shows the 
conversion of the 3-digit BCD number 0.832 to its 6-bit 
binary equivalent 0.110101 (0.82812510). Note that for 
certain BCD fractional numbers the exact binary repre­
sentation might not terminate with a finite number of 
bits. 

The figure (a) shows a hard-wired BCD-to-binary 
converter. It consists of multiplexers and a "conditional 
corrector" that adds three to the input if the latter is 
greater than or equal to five. The multiplexer selects 
the BCD data input to be converted (or corrected data, 
based on the MUX's control input) and feeds it to the 
latch. At the beginning of conversion, the MUX selects 
the BCD input and latches it, and the correctors 
perform their function. The corrected data loads back 
to the latches through the MUX at the next clock pulse, 
with a required skew of one bit (corresponding to the 
shift-left operation). This process repeats n times for an 
n-bit binary result. Finally, the flow chart and listing 
show the conversion routine for an 8080/8085 µ.P. EDll 

To Vote For This Design, Circle No 749 

Techniques simplify active filters 

Manuel Cereijo 
Florida International University, Miami, FL 

The circuits in (a) and (b) provide easy approaches to 
the realization of biquartic bandpass filters and second­
order allpass networks, respectively. A biquartic filter 
is a modification of the classic biquad circuit. To tune 
the biquartic filter shown in (a), use the following 
procedure: 

• Apply input signal VIN at center frequency fo. 
• Detune the second integrator by connecting a 

10-kO resistor across C2 to obtain V 2· 
• Tune the first integrator for a complete null at Vi, 

by adjusting its Q and resonant frequency via Rs 
and Cs. 

• Remove the detuning resistor from the second 
integrator and tune R6 for a complete null at V 2· 
The full output now appears at V 3, even with fo 
null at V1 and V2. 

• Adjust bandwidth by varying the integrator 
gains via R1 and R2. 

The second-order allpass network shown in (b) is 
used to vary a system's phase characteristics without 
affecting signal magnitude. The allpass function is 
given by 

280 

s2 - s Wo + Wo2 
T(s) = ___ Q..___ (1) 

s2 + s Wo + Wo2 
Q 

(Wo2 - ur) - jw Wo 

TUw)= ~· 
(~ - u}) + jw Q 

(2) 

where 

IT(jw)I = 1 (3) 

The main technique used to realize an active second­
order allpass network is based on the following expres­
sions: 

1 - Tsp = 1 - K. , (5) 
s2 + s Wo + Wo2 

Q 

where Tsp is the transfer function of a second-order 
bandpass filter. If K=2wo/Q, then 
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There's no stopping us now. 
The quality level on 

Bourns trimmers is so good 
they can go directly from 
Dock-to-Stock without stop­
ping for inspection. 

Bourns quality is 10 times 
better than the industry aver­
age. Every unit is inspected to 
0.1 % AQL. That translates into 
the best off-the-shelf quality 
trimmers in the industry today. 

With unbeatable quality 
like this, you'll not only save 
on inspection costs, but also 
cut the cost of manufacturing 
rework. And you'll save on 
costly field repairs, too. 

If you want to increase 
quality, while reducing costs, 
don't stop until you have all the 
facts on our Dock-to-Stock 
program. It's a program you 
can count on now and into the 

CIRCLE NO 105 

future, because Bourns is 
determined to continue to set 
new standards of quality for the 
industry. Call or write us today. 

Bourns, Inc., Trimpot Divi­
sion, 1200 Columtia Avenue, 
Riverside, CA 92507, 
(714) 781-5555. 



DESIGN IDEAS 
s2 - s Wo + Wo2 

Q 
T(s) = 

s2 + s Wo + Wo2 
Q 

(6) 

To design the allpass network, refer to (b). With the 
switch at position A, 

R R 
VIN TBP k1 + VIN k2 

VoA = (7) 
R+R 
k1 k2 

s2 + s Wo + Wo2 
Q 

Adjust k1 and k2 so that 

This yields 

k2 1 
k1 = Q2 • 

s2 - s Wo + Wo2 
v OA - T - __JL_ Q 
VIN - AP - 1 + Q2 . 

s2 + s Wo + Wo2 
Q 

(8) 

(9) 

(10) 

(11) 

If the switch is at position B, 

VoB ( 1 ) VoA 
VIN = k1 + k2 VIN' 

(12) 

which means that V oB is actually a scaled form of VoA 
in Equation 11. Next, select again 

(13) 

and 

To conclude, to implement a second-order allpass 
active network, configure a second-order bandpass 
active filter. Then, adjust the potentiometers to obtain 

k2 1 
k1 = Q2° 

EDll 
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(1) 
5-50 

r---it---/\N..._.__.,NV...._ __ ___..........,5_50 pF .---111---.-..l'N......,._..JV'..r-..... --..... ....,pF 
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(b) 

R,, 
15.9k 

C1 O.Ol µF 

c 

R,s 
15.9k 

C
2 

0.01 µF 
__ ... 

R/k1 

A 

B 

OUTPUT 
SUMMER 

NOTES: 
R1 =R2 
C1 =C2 =C3 =C4 
F0 = 1000HZ 
A - 741 

Configure bandpass and allpass networks easily with these circuits. The text gives procedures for both configurations. 
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Who ets blamed 
~ enyour 

applications grow 
and your 

single board 
Choosing a Single BoarrJ Computec (SBC) computer munication between the CPU and all that 
isn't easy. First , you've got to make sure d J,A off-board memory on the P2 connector. 
that the SBC you choose is right for the oesn I With data transfer between memory and 
job you're doing now. With enough speed, • other processors handled on the P1 path . 
memory and flexibility to do what you want. Which means you can "add off".-add 

Next, you've got to make sure that you Multimodule interface, capacity for 128K more memory boards that back up the 
look far enough ahead, because what may bytes of PROM, and Microbar's unique K2's on-board memory. Or add other 
have seemed like a simple enough appli- Dual Bus '" architecture. That's the basic SBCs, with their own processors and 
cation at the start can grow very quickly. DBC68K2, the K2 . memory, for very high-powered comput-
Suddenly, you need more speed, more You'll also get-standard with the K2- ing applications that demand multi-user, 
memory, and more flexibility. features such as programmable baud multi-tasking performance. 

Finally, the single board computer 
you've chosen for one function may be 
called on later to handle completely differ­
ent tasks as well-not just word processing, 
for instance, but graphics computation, 
communications, process control or 
data base management. 

In other words, the computer that 's at 
the heart of your system must be the right 
choice for now, the right choice as your 
applications grow, and the right choice 
as your applications change. 

Begin with high 
performance 

You won't go wrong starting with the power­
ful Motorola MC68000 microprocessor, 
in 10 or 12 MHz versions, 128K bytes of 
dual-ported on-board memory, the iSBX'" 

iSBX is a trademark of Intel Corporation 
Dual Bus is a trademark of Microbar Systems, Inc. 
XENIX is a trademark of Microsoft Corporation 
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rates, two 16-bit timers, two RS232C serial 
ports with asynchronous and synchronous 
protocols, and dynamically-selectable 
byte-swapping and word reversing. 

The K2: The SBC with Add-Ons 
Then add on RAM modules that boost 
on-board memory to 256Kb or 512Kb, 
the SBX-compatible parallel 1/0 module 
from Microbar, or any of the wide variety 
of available SBX modules. And, you can 
add on your choice of memory manage­
ment options-either a segment-oriented 
(68451) or 2-level page-oriented MMU. 
That means you can support high perfor­
mance operating system software such 
as XEN IX~" 

The K2: The SBC that also''Adds Off" 
Because of Microbar's clever use of the 
IEEE 796 bus architecture, you also get 
the advantages of direct high speed com-

CIRCLE NO 106 

The K2: Versatility that protects 
your decision 
So if you've got the responsibility for 
choosing an SBC that's right for today 's 
and tomorrow's systems, choose 
Microbar's DBC68K2. With its add-on 
and add-off flexibility, and its performance 
versatility, you'll know the K2's the board 
that will grow as your applications grow. 
Call or write Microbar Systems, Inc. 
1120 San Antonio Rd., Palo Alto, CA 94303, 
415/964-2862, Twx: 910 373 2047 

II MICROBAR 
,,_.,,SYSTEMS, INC. 
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NEW PRODUCTS: COMPUTERS & PERIPHERALS 

FLOPPY SUBSYSTEM. The 
StacPac floppy subsystem provides 
8-in. media for the Micro/PDP-11 
and lets you transfer data between 
8- and 51h-in. disks. The table-top 
system measures 3.25 x 14.08x 16.25 
in. Two RX02-compatible versions 
are available: the DS 100, a 0.5M­
byte, single-sided drive with con­
troller; and the DS 105, a lM-byte, 
double-sided drive, also with con­
troller. Units are available without 
a controller and can be daisy­
chained for a dual-drive configura­
tion. The DSD 4140 controller is 
compatible with the DEC RX02 
dual-floppy subsystem and fits into 
any Q Bus backplane. It's transpar­
ent to DEC operating systems, 
back-up utilities, user-written ap­
plications and RX02 support diag­
nostics. It supports 22-bit address­
ing with an optional DSD software 
handler. Used with the DS 100 and 
105 drives, the board's microcoded 
diagnostic routines can be invoked 
from a terminal to verify module 
operation and provide detailed sta­
tus reports. DS 100, $1995; DS 105, 
$2295; DSD 4140, $1250. Data Sys­
tems Design, 2241 Lundy Ave, San 
Jose, CA 95131. Phone (408) 946-
5800. TWX 910-338-0249. 
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STORAGE SYSTEMS. The 895 
disk storage system and the 7990 
back-up storage system are compat­
ible with Cyber 170 Series 800 com­
puters. The 895 comes in two ver­
sions: the 895-1, which interfaces 
directly to the 7165 storage control­
ler, and the 895-2, which attaches to 
the 895-1 to expand storage. A sin­
gle controller controls as many as 
four systems. Each version has four 
independent disk spindles. Each 
spindle provides a sectored capacity 
of 2.4G bytes for a total of 9.6G 
bytes per system. Average disk 
seek time is 16 msec. Thin-film 
heads extend the recording density 
to 12.3M bits/in2

• The basic 7990 
storage system includes a controller 
and storage module. Module capaci­
ty is 55G bytes, achieved with 
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175M-byte IBM-3850-type tape car­
tridges. Four modules can be con­
nected to the controller for a total 
on-line capacity of 220G bytes. 
Model 895, $93,710; 7990, $460,000. 
All systems will be available in the 
4th qtr of 1984. Control Data Corp, 
8100 34th Ave S, Box 0, Minneapo­
lis, MN 55440. Phone (612) 853-
4253. 
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IMPACT PRINTERS. The 5000 Se­
ries of daisy-wheel printers-the 
25-cps 5025, the 40-cps 5040 and 
the 55-cps 5055-operate at a 
50-dBA noise level and have built-in 
Centronics parallel and RS-232C in­
terfaces. Each printer comes with a 
parallel printer cable and handles 
132-column forms. The units use a 
specially designed printing wheel 
that furnishes as many as 125 char­
acters on a single wheel. The print 
wheels for the 5040 and the 5055 are 
interchangeable. External software 
controls allow the units to print as 
many as 309 Teletex characters. In­
cluded with each printer is a daisy 
wheel, ribbon-cassette cartridge, 
paper guide and documentation. 
Model5025, $799;5040, $1675;5055, 
$1990. Amdek Corp, 2201 Lively 
Blvd, Elk Grove Village, IL 60007. 
Phone (312) 364-1180. TLX 254786. 
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GRAPHICS GENERATOR. The 
VP-2 stand-alone graphics/char­
acter generator includes a keyboard 
and micro disk drive. Resolution is 
1510 pixels x 483 lines. The color pal­
ette contains 512 colors, eight of 
which can be combined on a page. 
Any six fonts from the supplier's 
library of 45 fonts can be used simul-

taneously. You can perform individ­
ual character edging and full hori­
zontal and vertical character 
overlapping. Other effects include 
palette animation at variable rates 
and background-color changes 
every two raster lines. Graphics 
pages from the disk memory can be 
called up and displayed at variable 
rates and in any sequence. The unit 
rolls a page at any of four speeds. 
Menus, prompts and cursor com­
mands assist operation. An internal 
keyer allows superimposition of 
graphics over an input video signal. 
The unit locks onto any NTSC video 
signal. All video outputs are BNC­
type connectors with signal levels 
spec'd to 75f! termination. Standard 
output is NTSC. $7500. Chyron 
Corp, 265 Spagnoli Rd, Melville, 
NY 11747. Phone (212) 986-6668. 
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HIGH · SPEED MODEM. The 
MP-192 SM is a voice-grade, 19.2k­
bps modem with an integral statisti­
cal multiplexer. Aggregate speeds 
to 38.4k bps can be achieved over a 
single leased line (3002) with Dl 
conditioning. The modem provides 
eight or 16 channels of statistical 
multiplexing with a 2:1 max concen­
tration ratio. It achieves a 1x 10-6 

bit error rate at a 28-dB SIN ratio 
for the 3-kHz bandwidth. An auto­
matic adaptive digital transversal 
equalizer accomplishes channel 
equalization. For synchronous oper­
ation, the modem supports several 
protocols including BiSync (ASCII 
and EBCDIC), HDLC/SDLC (NRZ 
and NRZI), CCITT X.24 Level 2 
and a transparent RTS/CTS mode. 
The modem accommodates synchro­
nous speeds from l.2k to 12k bps 
and asynchronous speeds from 50 to 
9.6k bps. A command port allows an 
asynchronous ASCII terminal to in­
itiate local and remote diagnostic 
tests and implement port configura­
tions. $16,900 to $18,900. Deliveries 
begin in October. Paradyne, Box 
1347, Largo, FL 33540. Phone (813) 
530-2000. 
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COMPUTERS & PERIPHERALS 

COPROCESSING SYSTEM. The 
ZIP 3216 array processor suits sig­
nal- and image-processing applica­
tions. Its dual processors operate 
concurrently, are synchronized in 
hardware and can be programmed 
together in a single-source pro­
gram. The 29116 processor controls 
data flow, while a pipelined proces­
sor with a full ALU handles 16-bit 
computations at speeds to 20M 

floating-point operations/sec and 
32-bit operations at speeds to 5M 
floating-point operations/sec. Soft­
ware-development tools provided 
with t he system run under 
MS-DOS, CP/M, UNIX and DEC 
operating systems, so array­
processor programs can be written 
and debugged on computers ranging 
from IBM Personal Computers to 
VAX systems. Tools include a ZIP/C 

Looking for the RIGHT SWI 
to exactly match YOUR application? 

Here are a few thousand possibilities! 
They are contained in our new Catalog EMC-2 ... 64 pages of 
detailed specs, drawings, logic charts, etc. to give you all the 
facts you need to design with and specify heavy-duty snap, de­
tent and cam act ion switches. The possible combinations of 
switch types, ratings, options, etc. run literally into the tens of 
thousands. 
Includes switches rated from 5A/600V to 200A/600V ... with up to 
16 pos itions! It 's a " must" for your idea and reference fi les. 
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Use inquiry card or call us direct for your copy. 

e ;./;0~~~'!.,'!,,~~/TCH 
Telephone: 617/335/5200 • TWX: 710/388/0377 
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programming language and compil­
er, a linker, and a simulator/ 
debugger that times and measures 
program efficiency. A library con­
taining algorithms for I/O, arithme­
tic, and signal and image processing 
can be called from the user's pro­
gram. The 3216 interfaces to the 
Multibus, Q Bus and VME Bus. 
$8000. Mercury Computer Systems 
Inc, Wannalancit Technology Cen­
ter, 600 Suffolk St, Lowell , MA 
01854. Phone (617) 458-3100. 
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IMAGE PROCESSOR. The Model 
794 real-time image processor 
digitizes and stores either 525-line, 
60 Hz or 625-line, 50-Hz video sig­
nals. Its recursive-filtering feature 
improves the S/N ratio by taking a 
moving average of the input signal. 
The processor's 16-bit-wide memory 
can store 256 frames for image inte­
gration. Pictorial details are ex­
tracted from image data using a 
variety of arithmetic operations. 
For example, a stored reference 
image can be subtracted from an 
input image, and the resulting dif­
ference can be sent to a video moni­
tor. Stored images can also be inter­
spersed with live displays. The 
remotely controllable unit measures 
6x 17 X20 in. and weighs 39.6 lbs. 
$15,000. Hughes Image and Dis­
play Products, 6155 El Camino 
Real , Carlsbad, CA 92008. Phone 
(619) 438-9191. 

Circle No 326 
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COMPUTERS & PERIPHERALS 

WINCHESTER-BASED µC. All 
configurations of this Q Bus­
compatible, Winchester-based µC 
include the system enclosure, fixed 
or removable peripherals and 
LSI-11 processors and memory. Se­
ries 1000 Model 40 is DEC compati­
ble and runs all systems and applica­
tion software developed for the 
LSI-11/23 or LSI-1 1173 CPUs with­
out modification. A foundation mod-

ule integrates the mass-storage de­
vice controller, two serial 
communication ports, all backplane 
circuitry and the Support Monitor 
Subsystem on a single board with­
out requiring one of the backplane 
slots. You can customize the subsys­
tem's user interface and operate it 
from the front panel or from a 
menu-driven console terminal. The 
system incorporates a quad-wide 
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Take a Closer 
Look at Our 

Disk Drive ICs 
34 70A Read Amplifier - Provides the 
full readback function. Converts the sig­
nal from the head to a digital output­
peak sh ift is low (23 maximum), ampli­
fier gain is 110 ± 10 volts/volt. 
34708 Read Amplifier-All of the fea­
tures of the 3470A ... but for less money. 
Peak shift is 43 maximum. And there is 
no power-on latch problem. 
224 7 Write Amplifier - Provides the full interface function between write 
data signals and the tunnel-erase heads. Incorporates intertrack, write-
current compensation and internal switching diodes for dual-head drives. 
And Remember ••. Our in-house custom IC disk drive experience can fulfill 
your special requirements. 
For full details ... Check with EXAR (Call us at 408/732-7970) 

XR 3470A 

XR 34708 

XR 2247 

XR 2247A 

READ AMPLIFIER ICs 

PEAK SHIFT PREAMP GAIN 

2% MAX 110 - 1ov v 

4% MAX 110 - 10vlv 

WRITE AMPLIFIER ICs 

INTERNAL TRAN SISTOR·HEAD 
SWITCHING NETWORK 

INTERNAL DIODE·HEAD 
SWITCHING NETWORK 

~R 
750 Palomar Avenue 
Sunnyvale, CA 94088 
Tel.(408)732-7970 lWX910-339-9233 

For telecommunications, industrial, 
medical and military IC applications 
.•• EXAR Goes One Step Further. 
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22-bit Q Bus backplane with six free 
slots, and it emulates the DU han­
dler/device driver via the mass stor­
age control protocol (MSCP). Single , 
or dual 5 1/4-in. Winchester-disk 
drives provide 12M to 70M bytes of 
capacity. Main memory ranges from 
256k to 2.5M bytes. The µC sup­
ports real-time and timesharing 
operating systems, including RT-11, 
RSX-llM, RSX-llM +, RSTS/E , 
UNIX and TSX-Plus. From $5800. 
Delivery, 8 wks ARO. Scientific 
Micro Systems Inc , 777 E 
Middlefield Rd, Mt View, CA 94043. 
Phone (415) 964-5700. 
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PHONE/MODEM. Tel-A-Modem is 
an intelligent modem built into a 
2-line telephone. It couples to either 
line by simply pressing a button on 
the phone's keypad, thereby leaving 
the handset free for voice communi­
cation on the other line. The RS-
232C-compatible unit permits simul­
taneous voice/data communication. 
Phone features include optional tone 
or pulse dialing, audio/visual phone 
status, a hold function for both 
lines, last-number automatic redial, 
9-number autodialer and individual 
volume controls for ring signals and 
a line monitor. Modem features in­
clude 300- and 1200-bps data­
transmission rates, full-duplex op­
eration, autoanswer capability , 
automatic selection of baud rate and 
answer/originate tone, and LED 
status indication. The unit plugs 
into a wall outlet. $695.95. Code-A­
Phone Corp, 16261 SE 130th Ave, 
Clackamas, OR 97015. Phone (503) 
655-8940. 

Circle No 328 
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COMPUTERS & PERIPHERALS 

HARD-DISK SUBSYSTEM. Med­
ley is a 5114-in. Winchester-disk and 
114-in. cartridge-tape SCSI drive 
that provides transparent storage 
and back-up capability for users of 
the DEC Q Bus and Unibus comput­
ers. The subsystem is packaged in a 
desktop or standard RETMA rack­
mount chassis (5.25 x 22x19 in.). 
The Winchester drive stores 36M or 
110M bytes of formatted data, and 
the tape drive stores as much as 
70M bytes. The subsystem is Q Bus 
or Unibus compatible with the ap­
propriate host adapter (included in 
the subsystem package). The quad­
wide UC02 adapter plugs into a sin­
gle Q Bus slot and supports full 
22-bit addressing. The hex-sized 
UC12 adapter plugs into a single 
Unibus CPU slot. Each adapter em­
ulates the DEC Mass Storage Con­
trol Protocol (MSCP) and handles as 
many as four drives. The tape drive 
uses 3M cartridges and records data 
in streaming mode per ANSI X3.55-

1977. Tape speed and density are 55 
ips and 8000 bpi, respectively. From 
$9795. Emulex Corp, Box 6725, 
Costa Mesa, CA 92626. Phone (800) 
854-7112; in CA, (714) 662-5600. 
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FLOPPY DRIVE. The Model 475 
half-height disk drive stores l.6M 
bytes on a double-sided, 96-tpi, 5114-
in. floppy disk. It has a data­
transfer rate of 500k bytes/sec and a 
3-msec track-to-track access time. 

MULTIBUS MOTOR CONTROL 

290 

Meet the 1810 Motor Controller-a single axis controller for 
the MULTIBUS. It's the newest addition to Compumotor 

Corporation's advanced line of digital positioning 
equipment. Designed to be used with our 25,000 

step per revolution motor/drives or standard 
stepper translators. 
The 1810 is an intelligent peripheral that 
controls a complex series of open or closed 
loop positioning tasks. Several 1810's and 
motor/drives can be easily combined for 
sophisticated multi-axis control. 

The Compumotor System leads the motion control field in performance and ease 
of use. With the 1810 we're making the job even easier. 

• MULTIBUS/ IEEE-796 Bus Compatible 
• Digital Control of Acceleration, Velocity, and Distance 
• Complex Motion Sequences Performed by On-board 8088 Processor 
• Communication through Bi-directional Hardware FIFO's 
• Continuous Failsafe Monitor and Automatic Self Test 

The leader in advanced motion control technology 

COlil'Uli10tO=t 
V?~S)@~\S) ~\ ~rtr(5\fm 
~Lr '1JLE.111~u u." 
1179 North McDowell Blvd .. Petaluma, CA 94952 
(707) 778-1244/(800) 358-9068/TLXII 510 744 211 5 
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The unit can also read data written 
on 48-tpi, 5114-in. diskettes. For 
high-density storage, disks with 
600-0e coercivity, rather than the 
300-0e media currently used with 
most floppy drives, are required. To 
ach!eve the high transfer rate, the 
low-profile, brushless, direct-drive 
de spindle motor revolves the spin­
dle at 360 rpm. Power requirements 
are 12.5W active, 3.6W standby. 
Evaluation units are available now; 
volume deliveries begin 3rd qtr. 
Less than $200 (OEM qty). Shugart 
Corp, 4 75 Oakmead Parkway, 
Sunnyvale, CA 94086. Phone (408) 
733-0100. 
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RACK-MOUNT TERMINALS. 
This family of ANSI X3 .64-
compatible rack-mount terminals is 
available in RS-301C configuration 
for use in factory control systems 
and laboratory consoles. The family 
consists of Model 7 (2-pg, soft-key, 
soft-controls editors), Model 16 (4-
or 8-pg, soft-key editors) and Model 
100 (DEC VT102 and -131 block­
mode editors). Each terminal com­
prises a display unit and keyboard 
assembly. The displays are 12-in. 
nonglare CRTs with a logic pc board 
and power supply, mounted in a 
12114 x 19-in. rack. The keyboard ar­
rangement is panel mounted, with 
its key plane tilted approximately at 
30°. A detachable keyboard with a 
6-ft cable is optional. $1590 to $1900. 
Delivery, 5 to 6 wks ARO. Teleray, 
Box 24064, Minneapolis, MN 55424. 
Phone (612) 941-3300. 

Circle No 360 
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Consider the perfect standard. 

Unchanging. Totally accurate. 
Absolutely reliable. 

It exists in an imaginary world, of 
course. A world without 
temperature change or human 
error. A world without drift. 

At Datron, we don't claim to 
have reached that perfect standard. 
We've merely come closer to it 
than anybody else. Which is why 
our precision calibrators and top-of­
the-line digital multimeters can 
bring unprecedented levels of 
performance, accuracy and 
reliability to your Standards or 
Calibration Laboratory. 

Consider Datron 's AUTOCAJ!M 
4000 Series calibrators. Instruments 
that not only surpass anything else 
in their class, but which incorporate 
a number of unique design features 
that allow you to transport 
traceable Metrology standards out 
into a production environment 
where comprehensive calibration of 
any DMM is now possible. 

Both our 4000 and 4000A DC 
Calibrators, and our 4200 AC 
Calibrator, feature AUTOCAJ!M, 
Datron's exclusive, all-electronic 
calibration technique which permits 
calibration of any Datron 
AUTOCAf!M instrument in a matter 
of minutes. With unparalleled 
" hands-off" and "cover-on" ease 
and exactitude. 

For standard-setting performance, 
consider our solid-state 4200 AC 
Calibrator. It delivers twice the 
accuracy available 
in any other instru­
ment. Providing 
performance up to 
40 ppm on a 6~ 
digit scale, with 
output ranges from 
1 millivolt to 1000 
volts . AC current is 
optionally available. 

T he Search For The 
Perfect Metrology 

Standard 

But performance is no less critical 
when 1t comes to selecting a 
Standards Laboratory DMM. 

That's why you should consider 
Datron 's 1071 and 1081 DMMs, 
which provide optimum perform­
ance in their class, in both 
laboratory and production 
environments. On DC voltage, for 
instance, the 1081 's 24-hour 
stability is down to only ± 1.5 
ppmR ± ~ digit, while on AC 
voltage u frequency range of 0. 1 Hz 
to 1 MHz is provided with mid-band 
accuracy of 0.01 % achievable. 

Datron 's unique standard features 
include: AUTOCAJ!M, extended 
IEEE-488 capabilities and instant 
'Spec' read-out a patented 
technique for providing the limits 
of uncertainty. These features can 
be found in every Datron 
AUTOCAL™ Instrument. And 
nowhere else. Also standard is a 
no-nonsense, no-worry warranty 
which, on some of our instruments, 
gives you protection for five full 
years . A dear sign of our 
confidence and our commitment. 

In your own quest for accuracy, 
speed and reliability, you may 
never attain the perfect standard. 

But now, at least, you know 
where to begin your search . 

For more information about 
the world's finest Standards 
Calibrators and DMMs, write to: 

Datron Instruments, Inc., 
3401 SW 42nd Avenue, Stuart, 
FL 33497. Telephone: Toll-Free 
800-327-0938. In Florida: 
305-283-0935. Telex: 525724. 

Datron Instruments, Ltd ., 
Hurricane Way, Norwich Airport, 
Norwich NR6 6JB, ENGLAND. 
Telephone: Norwich 
(0603) 404824. Telex: 975173. 

datrcn 
INSTRUMENTS 

Circle 196 for demonstration Circle 197 for additional information 



COMPONENTS&PACKAGING 

16-BIT DIA CONVERTERS. Incor­
porating built-in µP interfaces, 
Models DAC708 and -709 AID con­
verters feature maximum linearity 
error of ±0.003% FS reading. They 
are monotonic to 14 bits over their 
specified temperature ranges. KH 
models operate over 0 to 70°C and 
spec ± lO-ppm/°C gain drift. BH 
versions accommodate - 25 to 
+85°C operation and feature ±7-
ppml°C gain drift. The µP interface 
has two 8-bit input registers and one 
16-bit DIA register, each with its 
own Enable line. An 8-bit data port 
connects to both high and low byte 
registers for 8-bit bus compatibility. 
Chip Select, Write and Clear control 
lines are available. Input data is 
loaded one bit at a time with each 
bit strobed by a write pulse. Bipolar 
input coding is two's-complement, 
and unipolar coding is straight bina­
ry with the addition of an external 
inverter on the MSB line. In bipolar 
output mode, the Clear control line 
zeros the input registers and sets 
the 16-bit DIA register to the input 
code that gives OV at the outputs. 
Maximum differential linearity 
error equals ±0.006% FS reading, 
and settling time to ±0.003% FS 
reading measures 8 µsec for V ouT 
units and 1 µsec for l our models. 
From $44 (25). Burr-Brown Corp, 
Data Products Div, Box 11400, Tuc­
son, AZ 85734. Phone (602) 746-
1111. TLX 666491. 
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VME BUS CHASSIS. The 
DSSERCK20 VME Bus chassis ac­
commodates 20 double-Eurosize 
boards. It comes in table-top and 
rack-mount versions and is supplied 
with two cooling fans and a switch­
mode power supply, which provides 
5V at 45A (1 % regulation), ± 12V at 
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lOA, -5V at 4A and 24V at 4A. The 
mother board provides transfer 
rates to 20 MHz and a daisy-chain 
system for interrupt and arbitra­
tion. A key-operated power switch 
is at the back of the chassis, and a 
removable plate covers the rear con­
nectors. Two half-height, 8-in. flop­
py-disk drives can be mounted on 
the 9- and 20-slot table-top versions. 
From $1995 (single qty). Data-Sud 
Systems/US Inc, 2219 S 48th St, 
Suite J, Tempe, AZ 85282. Phone 
(602) 438-1492. TLX 165788. 
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MATRIX SWITCH. This 500 pro­
grammable 4 x 4 matrix switch op­
erates over a de to 1000-MHz fre­
quency range. Insertion loss is less 
than 2 dB at 1000 MHz, and VSWR 
is less than 1.5:1at1000 MHz. Isola­
tion is greater than 30 dB at 1000 
MHz. Any of the four inputs can be 
individually connected to any of the 
four outputs. All unused ports are 
500 terminated. The operating volt­
age is 5, 6, 9, 12, 18 or 26V. Power­
handling capability equals 1 W cw, 
and switching speed specs at 6 msec 
max. The switch operates over -55 
to +71°C. The unit's connectors are 
SMA fem ale for RF I/O and solder 
terminals for control. $695. Deliv­
ery, 8 wks ARO. Wavetek Indiana 
Inc, Box 190, Beech Grove, IN 
46107. Phone (317) 788-5975. TWX 
310-687-6033. 
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HYBRID TCXOs. The Series 

1.5 x l.5 x 0.32 in. The RF circuit 
(oscillator, automatic gain control, 
buffer amp, and CMOS or TTL out­
put device) is housed in a double­
DIP resistance-welded case. The 
hybrid package is mounted on a pc 
board, which is housed in a solder­
sealed case. The hybrid meets MIL-
0-55310 requirements and is 
screened to MIL-STD-883. Its com­
panion Series C0-259 measures 
1.5 x 2x 0.4 in., includes an internal 
mechanical frequency adjustment 
and provides for a T0-8-housed 
crystal to withstand severe shock 
and vibration. Both series have 
TTL outputs in the 20-kHz to 
60-MHz range or CMOS outputs in 
the 400-Hz to 15-MHz range. From 
$243 (10). Delivery, 14 wks ARO. 
Vectron Laboratories Inc, 166 
Glover Ave, Norwalk, CT 06850. 
Phone (203) 853-4433. TWX 710-
468-3796. 
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MEMBRANE SWITCH. Featuring 
tactile feedback, the MCS Series 
switch has a built-in metal dome of 
chrome nickel steel with a partial 
gold coating that guarantees lM op­
erations min. Operating travel is 0.5 
mm. Maximum switching current is 
125 mA over a 5 to 48V range. Gold 
contacts can be ordered for voltages 
ofless than 5V. The switch comes in 

C0-258 temperature-compensated seven colors for both bezel and actu­
crystal oscillator measures only ator area. Legends with as many as 
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six letters can be silk-screened. 
Snap-in panel or pc-board mounting 
versions are available; additional 
mounting hardware provides a wa­
ter-tight seal for the front panel. 
$1. 16 (1000). Delivery, 4 to 6 wks 
ARO. Schurter Inc, 1016 Clegg Ct, 
Petaluma, CA 94952. Phone (707) 
778-6311. TLX 176084. 
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HYBRID V/F CONVERTERS. No 
external components are needed for 
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these hybrid, self-contained, V/F 
converters. Systems of 10, 25 and 
100 kHz are available in 14- and 
24-pin packages. Each unit can be 
operated from a ± 15V or a single 
+ 15V supply in either V/F or FN 
mode. Linearity is guaranteed to 
within ±0.005%. 10-kHz version, 
$19 (100). Dynamic Measurements 
Corp, 8 Lowell Ave, Winchester, 
MA 01890. Phone (800) 225-1151; in 
MA, (617) 729-7870. TWX 710-348-
6596. 
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F-0 TRANSCE IVERS. These four 
transceivers are pc-board assem­
blies with HFBR-1201 and -1202 
transmitters, HFBR-2203 and -2204 
receivers and support circuitry for 
TTL I/O. The units' performance at 
20M bps is guaranteed over 0 to 
70°C. Although they're optimized 
for 20M-bps operation, the trans­
ceivers' board-mounted support cir­
cuitry can be optimized for other 
data rates. Featuring connectors 
made by the supplier , Model 
HFBR-0221 has a 33 to 67% duty 
factor and is for use with code 
schemes like Manchester and bi­
phase; the similar -0222 version uses 
the SMA connector style. Model 
HFBR-0223 also uses the supplier's 
connectors and has a 5 to 95% duty 
factor to accommodate code 
schemes like NRZ and NRZI; the 
similar -0224 version uses SMA con­
nectors. The devices can be mount­
ed parallel or perpendicular to a 
reference pc board via an edge-card 
connector. A right-angle edge-card 
connector for parallel mounting is 
included with each transceiver. $175 
(250). Hewlett-Packard Co, 1820 
Embarcadero Rd, Palo Alto, CA 
94303. Phone local sales office. 

Circle No 337 
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Welch Allyn HBD-EZ. 
Welch Allyn brings you a versatile 

method to track production and 
materials, control WIP, manage inven­
tory and increase productivity. The 
HBD-E2 decoder family offers the 
compatibility, simplicity and accuracy 
you need to link manufacturing to 
management with real-time data. 

Designed for "plug-in" 
compatibility. 

With fou r models in the line it's 
easy to integrate models into your 
data collection system. 

You can use the basic E2 as a stand 
alone terminal or along with a CRT. 
The E2 DISPLAY DECODER features 
a highly vis ible 24-character display. 
In addition to the display, the E2 
MINI-TERMINAL has a 57 key, full 
ASCII keyboard and four function keys. 
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The HBO-NC NETWORK CON­
TROLLER permits you to interface up 
to 31 E2 units with your host computer. 

All E2 decoders read eleven codes 
and talk via RS-232-C, RS-422 or modi­
fied RS-485 Multidrop for maximum 
data management compatibility. 

The easiest decoders to use. 
Welch Allyn has made bar code 

terminal configuration easy. All you do 
is scan a bar code menu to read all or 
any of eleven codes, or program parity, 
baud rate, 1/ 0 format and more. Bright, 
readable displays, along with the 
adjustable beeper, verify data input. 

Unsurpassed accuracy. 
All E2 decoders come with Welch 

Allyn stainless steel , industrial scanners. 
Superior optics provide excel lent depth 
of field for higher read rates and fewer 
non-reads. Plus, programming by 
scanning eliminates external switches 
and makes the E2 series the most 
tamper-proof decoders on the market. 

CIRCLE NO 115 

Welch Allyn speaks your 
language. 

Whether you "speak bar code" or 
not, we can help solve your data col­
lection problems with good products 
and good advice. For more data on 
our E2 series or applications assist­
ance contact us today . Welch Allyn , 
Inc. , Jordan Rd ., Skaneateles Falls, 
NY 13153-0187, Tel. (315) 685-8351 , 
TWX (710) 545-0203. 

,,~~\ 
Welch Allyn 
INDUSTRIAL PRODUCTS DIVISION 

We Speal< 11 1111 1~1J~m 111 11 
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COMPONENTS&PACKAGING 

colors. A top-entry, 25-pin shield, 
$1.10 (1000). Delivery for custom 
products, 6 wks ARO. Eldon Group 
America Inc, 1 Westchester Plaza, 
Elmsford, NY 10523. Phone (800) 
238-2388; in NY, (914) 592-4812. 

sealing remains intact through the 
switch's 2000-cycle operational life 
and protects the gold-plated spring 
contacts from flux and environmen­
tal contaminants. For logic-level ap­
plications, the 4- and 8-position 
switches with standard 0.3 x 0.1-in. 
footprints provide spst and multi­
pole/multithrow slide actuation with 
visual on/off indication. Thermo­
plastic housings, including the 
standoffs, stand only 0.21 in. above 
the pc board and are unaffected by 
wave-soldering techniques. Phos­
phor bronze tails 0.14-in. long, with 
tin/lead over nickel plating, accept a 
variety of board thicknesses. 
Switching capability equals 100 mA 
max at 6V de. Contact resistance is 
50 mO max initially, and 100 mO 
max after 2000 cycles with a resis­
tive load of 24V de and 25 mA. 
Maximum capacitance is 5 pF. AMP 
Inc, Harrisburg, PA 17105. Phone 
(715) 564-0100. 
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EMI/RFI SHIELDS. These plated­
steel enclosures for D-subminiature 
connectors provide EMI/RFI 
shielding and mechanical strength. 
Top- and side-entry versions fit 9- to 
20-pin sizes. The 2-piece compo­
nents can be opened for field service 
without disturbing the cable braid, 
which is terminated by crimping to 
provide mechanical strain relief and 
continuous shielding without solder 
or pigtails. Air-operated tooling is 
available for production, hand tool­
ing for prototypes and field service. 
Custom ferrule diameters can be 
supplied to match precisely the 
user's cable diameter. Molded plas­
tic shells are available in a variety of 

DIP SWITCH. Total compatibility 
with automatic IC-insertion equip­
ment permits high-speed applica­
tion of this permanently sealed, au­
toinsertable DIP switch. Integral Circle No 339 

long delivery oil that IC you need? 
Get the reliable alternate sou~ guide ... 

and save 10%. 

When you need direct pin-for-pin sub­
stitution for !Cs manufactured world­
wide, you can find them quickly and 
easily with the new DAT.A.BOOK 
IC Functional Equivalence Guide. 

Order now and get a special 10% 
introductory discount. You save 
$10.00 off the regular subscription 
price of$95.00. (Canadian subscribers 
pay only $113.00 Canadian.) This off(;!r 
expires August 31. 1984. 

Phone toll-free: 1-800-854-7030 
In canada, phone: 1-800-268-7742, Op. 83 

In california. call 1-800-421-0159 
or write to : D.A.T.A., Inc. 

Box 114. Dept. S0764F 
8660 Miramar Road I 5an Diego. CA 92126 

Box 114 · Dept. SCJ764F . 8660 Miramar Road. San Diego, CA92126 
Name _ _______________ _ 

Company Name 

Address ----------------
City _______ ____ State ___ _ 

Zip Phone( __ ) ------

P.O. # - - - ----- ---- -----
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DURING THE PERIOD OF 
WORLD RECESSION, 
WE MANAGE TO STAY AFLOAT 
BY GIVING OUR BUYERS 
WHAT THEY WANTED. 
Reliable Service I High Quality 
Prompt Delivery I Right Pricing 

OUR PRODUCTS: 
* RESISTOR, CAPACITOR, SWITCHES 
* COMPUTER CABLE/CONNECTOR 
* AUDIO-VIDEO CABLE/CONNECTOR 

~® 
~KER 

Writer or Telex for your free brochure today. 
YOUNKER DEVELOPMENT INC. 
YOUNKER ELECTRONIC INDUSTRIAL CO., LTD. 
P 0 Box: 87-993 Taipei 
Cable: " YOUNKER " TAIPEI Telex: 26596 YOUNKER 
Tel : (02)7629301 , 7629304, 7630196-8 
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"Mine is 
smarter 

and faster 
than yours!" 

Philips' PM 6654 ... the timer/counter 
that's 100%-programmable and more affordable 

"Think I can't back that up? Just watch. 
First, mine is 100%-programmable. One 
micro-computer automates the front panel 
controls, another speeds up measuring and 
data handling. 

I can select Voltage measurements: Vmax, 
Vmin, Vctc, Vpp or even Vrms whether on LF 
si newaves or high speed pulses. 

In combination with the time measure­
ments: DUTY FACTOR, PERIOD, PU LSE 
WIDTH , RISE-AND-FALL TIME, these 

~ Test & Measuring 
~ Instruments 

new PULSE-VOLTAGE measurements 
a llow your automatic test system to measure 
pulse- and other input parameters, that pre­
viously only could be viewed on an oscillo­
scope. 

Speed? Mine reads up to over 400 mea­
surements/s. Its 2ns real-time clock gives 
higher resolution and speed than othe rs. 

Can you match all that? Only if you are 
al ready using the PM6654. 

If not, contact . . . 

CIRCLE NO 118 

... your local Philips Sales organisation o r 
contact Philips S&I, T&M Dept, TQ lll-4-62, 
5600 MD, Eindhoven, The Netherlands. 
In the U.S. call 800-631-7172 except Hawaii , 
Alaska and New Jersey. 
In New Jersey call collect (201) 529-3800 
or write to 85 McKee Drive, Mahwah, 
NJ07430. 
Germany (0561) 501486 
Great Britain 0223-35 88 66 
F rance 01-830 1111" 

PHILIPS 



COMPONENTS & PACKAGING 

94 x 38 mm. Each bar measures 
3.8x6.4 mm with 0.2-mm separa­
tion. Columns are 6.4 mm apart. 
The SP-533 is a true 1 % bar graph 
with one column of 101 bars. Its 
viewing area measures 65 x 18 mm. 
The 0 bar and every 10th bar mea­
sure 12.7x 0.5 mm, and the other 
bars are 13 x 5 mm. The diplay's 
overall 70 x30.4-mm size makes it 
compatible with elastomeric connec­
tor and bezel assemblies. Both units 
operate over -10 to +60°C and re­
quire 3V for operation. SP-539, 
$8.30; SP-533, $5. 70 (100). Seiko 
Instruments USA Inc, 2990 W 
Lomita Blvd, Torrance, CA 90505. 
Phone (213) 530-8777. 
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mounting on a 0.5-in. slot spacing. 
The board accepts !Cs with 0.3-, 
0.6- and 0.9-in. pin centers. Exten­
sive V cc and groundplanes with un­
committed wire-wrap pins provide 
adjacent access to !Cs and other 
components. Sixty I/O holes for 
right-angle, D-subminiature con­
nectors are provided. For more cir-

P ROTOTYPE BOARD. Model cuit capacity, plug-in piggyback 
PClOO is an IBM PC/XT-compatible boards are available in four lengths. 
prototype board with 2-level wire- A full-size layout sheet is included to 
wrap pins on the component side. simplify component placement. $59. 
Its configuration uses no more Intercon Inc, 11 Charlam Dr, 
space than a pc board and permits Braintree, MA 02184. Phone (617) 

-=====---=:::::-:-------- ------------, 848-9656. 

BAR-GRAPH DISPLAYS. These 
LCD bar-graph displays replace 
mechanical meters and other dis­
play technologies in such applica­
tions as tape-deck VU meters and 
power-level indicators. The SP-539 
comes with permanently attached 
pins or with conducting pads for use 
with elastomeric connectors and 
bezel assemblies. It measures 

Circle No 34 I 

UV ERASER 
• Built in safety switch 

• Removable anti-static Unitray™ (opt.) 

• 1 hour timer (opt.) 

BUV3A s57 
Please Call or 

Write for Details 
(305) 994-3520 

• Detachable keyboard 
option 

• Stand Alone - RS 232 

sgg5 

\~ 

Telex: 5109527637 Other Systems Available Distributor 

r:tmor.:1rn ® COMPUTER SYSTEMS CORP. Inquiries Welcome 

~U ~W 4089 s. Rogers Circle #7. Boca Aoton. FL 33431 
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TUNABLE FILTERS. TCD Series 
bandpass filters generate continu­
ous tuning without the reset prob­
lems of servo feedback. The devices 
are iris - coupled, 0. 05 - dB 
Chebyshev-design cavities that 
come in 3- and 5-section configura­
tions. Each section is capacity load­
ed to tune over a 2:1 frequency 
range. The filters are tunable over 
any one octave in the 32-MHz to 
3-GHz band. A self-contained, µP­
hased control provides easy inter­
face with the customer's digital sys­
tem. The unit is automatically 
tunable to any center frequency 
within the range of the filter array. 
RS-232C, IEEE-488 and 8-4-2-1 
parallel BCD interfaces are avail­
able. Standard bandwidth is 5% of 
center frequency, and tuning reso­
lution is 0.5% of center frequency. 
$2400. Delivery, 6 to 8 wks ARO. 
Telonic Berkeley Inc, Box 277, La­
guna Beach, CA 92652. Phone (800) 
854-2436; in CA, (714) 494-9401. 

Circle No 342 
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• functional boerds: 
high density RAM boards, 
1/0 interface boards 

• mott.boerds 
• mrd C8g9I 

• computS mmlnfnnm with 
12 end 1 klot motherboard 
•nd power supply 

• e11rd n1cks for 19" rmley 
n1ck mounting 

• Plugbords 
• e11rd •xtendws 
• conn8cton 
• - •nd endosur• 

Vector delhter$ top quality components for: 

{lf:EE 696) 

STD-bus 
(IEEE P961) 

Multibus* 
(IEEE 796) 

*Multibus is trademark Intel Corp. 
CIRCLE NO 120 

Production quantities in 
standard or custom 
configurations to satisify 
your bus system needs . 

t/a1Bt fAel1fnnieOJmfX11111 
12460 Gladstone Avenue 
Sylmar, California 91342-0336 
telephone (818) 365-9661 
TWX (910) 496-1539 
Outside California, call toll 
free (800) 423-5659 

(106-84-03) 
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Real-time ctata analysis 
that ttoesn't miss a bit. 
The ADS 100™ is as comfortable processing test flight data 
as it Is probing the outer reaches of space. 

Take it out to the flight test 
range as a stand-alone data 
acquisition system or interface it 
to a host computer as a special 
purpose real-time pre­
processor. The ADS 100's 
modular hardware and software 
design gives you the distributed 
processing hardware flexibility 
to configure a system to fit your 
particular telemetry data 
processing needs by simply 
adding or deleting card sets. 

The ADS 100 is a portable unit that replaces an entire rack of equipment to 
accept data from multiple sources including PCM, PAM, and analog (fm) 
inputs, as well as time and MIL-STD-1553A/B streams. Its bit-slice processing 
power can limit check, compress, or convert data at real-time rates. Or pre­
program the ADS 100 to solve specific problems of your application. It even 
provides quick-look capability on the data. 

The distribution of raw and processed data is also the prerogative of the 
user. Test results may be distributed to various analog and digital forms to strip 
charts, event monitors, digital tapes or a host computer. 

From PCM decommutation to 1553 data processing, our clients rely on 
products from Loral Instrumentation. And our on-going field support gives them 
even more reason for their confidence. Such services as our toll free 800 
service hotline and our advanced tum-around on hardware modules keep our 
instruments up and running and avoid costly downtime. 

The ADS 100 is more than the ultimate in flexibility when it comes to 
telemetry decommutators or front end processing. It's a new generation in 
microprocessor instrumentation from the leaders in data acquisition hardware. 
Call Loral Instrumentation today to explore the ways it can fit your needs. 

CT::::iCQJ~~CT::::i 
INSTRUMENTATION 
A SUBSIDIARY OF 1..CJFIAL CORPORATION 

8401 Aero Drive 
San Diego, California 92123 
(619) 560-5888 Telex 695222 
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COMPONENTS 
&PACKAGING 

PRESSURE TRANSDUCER. 
Serving low-pressure applications, 
the AR's accuracy is within ±0.25% 
from the best fit line, including the 1 

effects of nonlinearity, hysteresis 
and repeatability. Each unit is com­
puter trimmed for temperature 
compensation, and calibrated to en­
sure unit-to-unit interchangeability 
of ± 1 %. A stainless-steel case and 
diaphragm provide immunity 
against corrosive media. Overpres­
sure capacity specs at three times 
without damage and 10 times with­
out bursting. The unit can be flush 
mounted or mounted to a variety of 
pressure port adapters. High-input 
impedance ( 400±100!1) reduces 
power consumption. With an excita­
tion level of 5 to lOV de, the unit 
generates a FS output signal of 100 
to 200 mV. $110 (100). Data Instru­
ments Inc, 4 Hartwell Pl, Lexing­
ton, MA 02173. Phone (617) 861-
7450. TLX 200081. 
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HYBRID AMPLIFIERS. Incorpo­
rating silicon monolithic gain stag­
es, Models GPM-552 and -1052 thin­
film, cascadable modular amps 
cover 5 to 500 MHz and 5 to 1000 
MHz, respectively. They feature 
33-dB gains, 5-dBm output power 
and noise figures as low as 6 dB ( 4. 5 
dB typ). They're housed in hermeti­
cally sealed T0-12 transistor cans. 
Premium-performance Models 
UTM-1053, -1055, -1056 and -1057 
cover the 5- to 1000-MHz range with 
gains as high as 27 dB, noise figures 
as low as 6.5 dB, 15 dBm of output 
power and gain flatness as low as 
±0.2 dB typ at 25°C. They come in 
hermetically sealed T0-8 transistor 
cans. Models AGC-553 and -1053 
have voltage-controlled gains rang­
ing to 45 dB and 5 dBm output 
power. The 0 to 5V control signal is 
TTL compatible. GPM models, from 
$33; UTM models, from $136; and 
AGC models, from $175. Avantek 
Inc, 3175 Bowers Ave, Santa Clara, 
CA 95051. Phone (408) 496-6710. 

Circle No 386 
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DEVELOP NON-INTEL 
MICROPROCESSORS 

WITH YOUR INTELLEC® or iPDS® 
If you own or are considering buying 
an lntellec or iPDS Microcomputer 
Development System, then you need 
RELMS' powerful relocatable macro 
cross-assemblers and in-circuit 
emulators for complete support. 

With these tools and your lntellec or 
iPDS, you can develop products 
based on non-Intel microprocessors 
while minimizing your capital equip­
ment outlays. 

Compatibility is the key to 
engineering productivity. 

RELMS assemblers and emulators 
are completely compatible with all 
Intel development systems- both the 
lntellec and the iPDS-as well as all 
manufacturers' syntax (Zilog , 
Mostek, Fairchild , Rockwell and 
Motorola), and produce an ISIS-11 
compatible output. 

Capitalize on your 
experience curve. 

The RELMS cross-assemblers utilize 
directives similar to those used in 
the Intel 8085 assembler, reducing 
the need to learn new commands. 

The RELMS assembler modules can 
be combined with Intel PLM-80 and 
other compiler output modules to 
produce optimal programs. Then 
your Spice~ in-circuit emulator can 
be used to debug and integrate the 
program with your product hardware. 

Complete support. 
Today and tomorrow. 

RELMS is committed to supporting 
8 and 16-bit microprocessors not 
supported by Intel with total support 
packages that include complete 

documentation , free updates, three­
month maintenance on Spice units 
and a full year of maintenance on 
RELMS software.• 

Versatility, efficiency and speed. 

RELMS in-circuit emulators now 
feature: 
• Full symbolic debug 
• Dynamic symbolic trace 
• Batch disassembly 
• Interrupt trace all modes 
• Realtime emulation 
• Relational breaks and BreakregionTM 
• Realtime trace memory 
• Relocation registers 
• Memory disassembler 

Order now. 

RELMS cross-assemblers and Spice 
in-circuit emulators are available, 
today, off-the-shelf, for immediate 
delivery. For further information, clip 
the coupon or write : 
RELMS, 1650-B Berryessa Road 
San Jose, CA 95131 
Telephone (408) 729-3011 
TWX 910-374-0014 

iMULATOR S . • • • 

~~ ·············· 

•Extended maintenance contracts ava ilable. 
In tellec and iP l;)S are registered trademarks of Intel Corporation. 
Spice and Breakregion are registered trademarks of Rela tional Memory Systems, Inc. 
Z80 is a registered trademark of Zilog Corporatio n. 
NSCBOO is a registered trademark of National Semiconductor Corporation. 
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r--------------------------------, 
RELMS RELMS .. . 
ASSEMBLERS o Please rush me more information on 
D ZBO bl 
0 6800 

your assem ers. 
o 6804 o Your incredibly powerful in-circuit 
o 6805 emulators, Spice, sound fantastic , 
o 6809 too. Send me complete data. 
g ~~00 D I'm interested in other high perfor-
0 1802 mance development tools for my 
o zsooo application , which 1s: _____ _ 
o zs o My lntellec model # is:-----
o 68000 . 
0 NSCaoo D I plan to develop the following 
o 9900 microprocessors: -------
o 8051 
o 8085 Name Title __ _ 
IN-CIRCUIT 
EMULATORS Company _ ________ _ 
D ZBOA Add 
D ZBOB ress I 
D NSCBOO City State - - Zip -- : 
D 8085 f 

I D ZBO (CMOS) Phone (- --) I 
t D 80C85 I 

L--------------------------------~ 

Relational Memory Systems, Inc. 
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DISK PRODUCTION. The Xeno­
Disk Production System for the 
IBM PC/XT and compatibles reads, 
writes, formats and duplicates near­
ly 60 different types of 5114-in. dou­
ble-density disk formats without ad­
ditional hardware. Eighty track 
formats are supported with appro­
priate disk drives. Running under 
PC-DOS/MS-DOS, each module is 
menu driven. Disk formats support­
ed include most CP/M computers 
plus CP/M-86, TRSDOS 1.3, p­
SYSTEM, NECDOS and European 
formats. Direct disk format parame­
ter input allows use of 40- and 80-
track CP/M formats not on the 
menu. An additional utility, Xeno­
Sift, provides ASCII file filtering 
and processing to aid data file con­
versions. Optional utilities include 
80Mate CP/M-80 emulator, which 
simulates a CP/M 2.2 environment 
under PC-DOS or MS-DOS, and the 
80Term terminal emulator. These 
additional programs simulate a 
CPIM environment under MS-DOS 
and allow the user to run CP!M 
software before using Xe no-Disk to 
prepare di stribution diskettes . 
Xeno-Disk, $379.50; 80Mate , 
$99.50; and 80Term, $44.95. Vertex 
Systems, 7950 W 4th St, Los Ange­
les, CA 90048. Phone (213) 938-
0857. 
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CIRCUIT ANALYSIS. S-Node, a 
linear circuit analysis program, uses 
a combination of Hewlett-Packard's 
200 Series BASIC language and a 
compiled subprogram to solve cir­
cuits. Data is entered by compo­
nent- and node-specifying state­
ments. The program uses a sparse 
matrix-enhanced technique, writ­
ten in a compiled subprogram, to 
increase solution speeds. After the 
circuit description is written, the 
user can use soft keys to produce 
graphs and tables. As many as five 
parameters can be tuned, or an au­
tomatic optimizer can be engaged to 
optimize a network. S-Node re­
quires at least 750k of RAM and 
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SOFTWARE 

runs on HP calculators 9816, 9836A, 
9826, 9836C. It requires BASIC 2.0 
with BASIC enhancements 2.0 or 
2.1. Circuit limitations are maxi­
mums of 30 nodes, 50 components 
and 100 frequency points. $475. 
Suncrest Software, Box 40, Vera­
dale, WA 99037. Phone (509) 926-
6691. 

Circle No 351 

REAL-TIME OS. MTOS-86, a real­
time multitasking operating system 
for the 8086/80881 is available for 
the IBM PC or equivalent. It con­
trols the PC and its peripherals in­
cluding keyboard , disk drives, 
timer, interrupt controller and 
process 110 systems. The system 
allows attachment of custom drivers 
for special hardware and for config­
uring the user's application. MTOS-
86/PC is distributed on diskette in 
PC format and includes an execu­
tive, console driver, debugger, run­
time interface for the Intel C com­
piler, user manuals and 
tes t/demonstration program. 
MTOS-86/PC $495. Technical sup­
port $125/year. Industrial Pro­
gramming Inc, 100 Jericho Quad­
rangle , Jericho, NY 11753. Phone 
(516) 938-6600. TLX 429808. 
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PASCAL. The Pascal-286 compiler 
for the 80286 µP meets ISO stan­
dards for the Pascal language. The 
language is upwardly compatible 
with programs written in Pascal-86 
for the 8086 µP, allowing programs 
written in Pascal-86 to be moved to 
systems employing the more power­
ful 80286 µP. The consistent format 
of object (or machine) code pro­
duced by the language and the man­
ufacturer's other 286 translators 
(PL/M-286 and ASM-286) lets users 
develop programs using a mixture 
of languages. The language's exten­

286 supports the IEEE standard 
and operation of the 80287 numerics 
coprocessor. $3900. Intel Corp, Lit­
erature Dept I-11, 3065 Bowers 
Ave, Santa Clara, CA 95051. 

Circle No 353 

C CROSS COMPILER. BSO/C, an 
optimizing Motorola 68000 compiler 
for the DEC VAX, conforms to the 
Kernighan and Ritchie standards 
for C. Its extensions make it a sys­
tems implementation language per­
mitting easier C language program­
ming for embedded µP systems and 
applications. Features include built­
in optimization functions, interrupt 
and 110 functions, a run-time math 
function library , an operating­
system interface that permits inter­
face to any operating environment, 
recursive and reentrant code pro­
gramming capability and symbolic 
debugging support. $5000 with as­
sembler and debugger. Boston Sys­
tems Office, 469 Moody St, Wal­
tham, MA 02254. Phone (617) 
894-7800. TWX 710-324-0760. 

Circle No 354 

sions increase program efficiency. WORKSTATION SOFTWARE. 
In addition, the compiler automati- CAE/2000 VXcomputer-aided-engi­
cally marks where nonstandard neering software for VAX computer 
features occur with flags. PASCAL- systems runs under either the VAX/ 
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SOFTWARE 

VMS or Berkeley UNIX 4.2 operat­
ing systems. Features include a 
multiuser distributed database, hi­
erarchical command menus, pop-up 
menus, multiple overlapping view­
points (windows), templates and 
menus, user-defined macros, self­
explained English commands, and 
command summary explanations. A 
schematic capture package permits 
capturing, manipulating, and man­
aging electronic designs. The pack­
age can be interfaced with the VAX-
11/750 and 780 32-bit computer 
systems. Interfaces include HILO, 
SPICE, TEGAS and the manufac­
turer's IDEAL. The package sup­
ports Megatek 1645, 1650 and 7250 
graphics terminals. Each supports 
local graphics display list processing 
via an RS-232C communications line 
to a VAX at a maximum of 19.2k 
bauds. $45,000. CAE Systems Inc, 
1333 Bordeaux Dr, Sunnyvale, CA 
94089. Phone (408) 745-1440. 

SCREEN MANAGEMENT. TI- each field or mask on the screen. 

Circle No 355 

FORM/PC, a form-based screen 
management utility, reduces devel­
opment time for Professional Com­
puter software by simplifying 
screen design. Compatible with TI­
FORM 990 for the manufacturer's 
Business System Series, the pack­
age allows screen formats in applica­
tions programs to be migrated from 
Business System minicomputers to 
the Professional or Portable Profes­
sional Computers and provides es­
sentially the same screen­
development capabilities as 
TIFORM 990. Form design deter­
mines the fields layout on the 
screen, the type of data accepted 
within each field and any post-pro­
cessing that occurs. The utility's 
generation of common screens for 
Professional Computers and Busi­
ness System computers makes it 
useful in environments that use 
both. It allows a choice of eight 
colors or monochrome intensities for 
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The system includes interfaces for 
RM/COBOL 1.5, MS-Pascal 3.01 
and MS-FORTRAN 3. 04 and re­
quires MS-DOS, 192k bytes of RAM 
and two disk drives. $400. Texas 
Instruments, Data Systems Group, 
Box 402430, Dallas, Texas 75240. 
Phone (800) 527-3500. 
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MAIL MESSAGING. Electronic­
mail messaging packages ComN et-8 
and ComNet-16, and complementa­
ry inter-network communications 
packages ComN et-8N and ComN et-
16N, are for 8- and 16-bit µCs. Both 
operate with either a multiuser µC 
or within a LAN environment. 
ComNet-8 supports CP/M; Com­
Net-16 supports CP/M-86 and 
MS-DOS. All packages are written 
in C, permitting transfers to most 
networks and computer environ­
ments. Both provide a keyword la-



Specify TRW Superfast 
Flat Cable Connectors 
This is the Oat cable mass termination 
interconnect system that's designed to 
relieve strain in every way. 

The cover/strain relief is pre-assembled 
as an intergral part of the connector. 
So yo u're assured of effective cable 
strain relief without extra parts to buy 
or assemble . And one, simple, snap­
action operation puts it in position. 

TRW Superfast connectors are just as 
easy on your budget. Low prices to 
begin with . More density because of 
the lower profile of the overall package 
height. And the Superfast design 

<CJTRW Inc 1984 

requires less cable, less labor and 
reduces space requirements when used 
in a daisy chain mode. Superfast even 
meets MIL-SPEC requirements. 

All this is part of the Value 
Engineering that TRW built into every 
Superfast Flat Cable Connector. It 
also includes features like an exclusive 
one-step insulation displacement 
contact system with a un ique contact 
design for high reliability connections. 

And you can get a ll the connector sizes 
a nd types you need in the Superfast 
system. More important, you can get 
fast , off-the-shelf delivery from the 
TRW Connector distributor 
network- the best in the business- to 
prevent strain on your commitments. 

CIRCLE NO 125 

For more information on the 
Superfast Flat Cable Connector 
System, contact your TRW Electronic 
Components Group sales office, or see 
your local TRW Connector 
Distributor. Or write: Connector 
Division, TRW Electronic 
Components Group, 1501 Morse 
Avenue, Elk Grove Village, Illinois 
60007. Phone 312.981.6000. 

'Tiadeinark TRW Inc 

Connector Division 
TRW Ele ctronic Components Group 



beling system for easy identification 
of messages , distribution lists, 
name aliases and codes to identify a 
message's status: unread, an­
swered, unanswered, deleted, cop­
ied or filed. Together the packages 
handle mail and allow access to 
other networks via hardwire, tele­
phone/modem links or standard 
gateways. ComNet-8 and ComNet-
16, $395 each. ComNet-8N and 

SOFTWARE 

ComNet-16N, $495 each. Action 
Technologies Inc, 1804 Broadway, 
San Francisco, CA 94109. Phone 
(415) 775-9396. 
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GRAPHICS PACKAGE. Four 
graphics systems for the Advanced 
Personal Computer (APC) meet a 
variety of graphics needs. Each con-

tains a graphics software package, 
an APC graphics subsystem (graph­
ics board), and 128k bytes of user 
RAM . The Analyst includes 
CP/M-86, GraphPlan and a printer. 
The Executive includes Context 
MBA and a printer. The Presenter 
comes with the Screen Shooter with 
Polaroid camera; its screen-oriented 
version uses Videograph and is used 
for producing slide presentations, 

---- -------- -----------------1 and its plotter-oriented version uses 
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Graphwriter and generates paper 
copies and overhead transparencies. 
The Designer uses Autocad soft­
ware with input via keyboard, 
mouse, or digitizer and output via 
pen plotter. With APC purchase, 
each package in monochrome costs 
$848; in color, $998. NEC Informa­
tion Systems Inc, 1414 Massachu­
setts Ave, Boxborough, MA 01719. 
Phone (617) 264-8000. 
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KEY DEFINITION. SmartKey II 
Plus, an enhanced version of the 
SmartKey II keyboard-redefinition 
program, provides users of the IBM 
PC or compatibles a keyboard­
definition display visible at the bot­
tom of the computer's display while 
a key is being redefined. The dis­
play scrolls either vertically or hori­
zontally and accommodates any 
number of characters. Users can as­
sign a series of characters or com­
mands to any key on the keyboard, 
thus eliminating the need for repeti­
tive typing. Each key can take on 
seven different definitions. With a 
word processing program, Smart­
Key II Plus lets a personal comput­
er function as a dedicated word 
processor using specially defined 
keys to perform routine functions. 
The package requires 4k of memo­
ry. $89. 95. Owners of Smartkey II 
can upgrade to SmartKey II Plus by 
sending the original disk and $20 for 
shipping and handling to the compa­
ny. Software Research Technolog­
ies, 3757 Wilshire Blvd, Suite 211, 
Los Angeles, CA 90010. Phone (213) 
384-5430. 

Circle No 359 
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Somebody else made a lot of noise about 
" ... The best little relay in the world:' 
So we let our tiger sleep. 
UNTIL NOW. 

Meet the tiger. 
Our 1/6size 
MF crystal can relay 
equals or surpasses 
T0-5 type relays. 

And we warrant 
something they can't. 
We consistently 
deliver in half 
the time. 
Test it yourself. 
Compare MF to T0-5 
for price, sensitivity, 
contact resistance 
and volume/space 
requirements. 

The MF is superior for RF 
switching, mobile communications, 
test and medical equipment 
and avionics. 

Give us a growl. 
For MF specs and samples, contact: 
Dave Arrowood, Product Manager, 1-(704) 628-1711 
or write: 

•11™ Communications 
W Instruments, Inc. 

P.O . Box 520 • Fairview, NC 28730 
CIRCLE NO 127 



MICROWAVE COUNTER. The 
Model 2440 counter provides 3-
channel frequency measurements 
from 10 Hz to 20 GHz. It displays 
measurements on a 9-digit LCD. 
You achieve resolution to the full 
nine digits automatically in normal 
use, or you can set it manually to 0.1 
Hz over the full range. The display 
rate adjusts from 11 msec to 20 sec. 
Microwave-acquisition time is typi­
cally 20 msec. The instrument can 
make measurements in the presence 
of as much as 30-MHz peak-deviat­
ion FM and 40% AM depth. £3750 to 
£3950. Delivery, 8 wks ARO. Mar­
coni Instruments Ltd, Longacres, 
St Albans, Herts AL4 OJN, UK. 
Phone (0727) 59292. TLX 23350. 
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HV DIGITAL VOLTMETERS. The 
50/5 high-voltage systems DVM is 
available in two versions, measur­
ing to ±65,536 and ± 131,072V with 
5 and 51h digits plus polarity, re­
spectively. Measurement rate for 
both instruments is 1. 66 readings/ 
sec. Resolution is either 0.1or0.2V, 
and input impedance is 6.5 or 13 
GD. The IEEE-488 bus-interface 
address can be set from 0 to 15. 7480 
or 9870 DM, depending on version. 
Heinzinger, Happingerstrasse 71, 
8200 Rosenheim, West Germany. 
Phone (08031) 64141. TLX 0525-
777. 
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2.5-kW HV SUPPLY. The OL Se­
ries of high-voltage power supplies 
incorporates remote-control facili­
ties and the output protection need­
ed for ion-implantation and other 
rugged applications. Output power 
is 2.5 kW max. The supply comes in 
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INTERNATIONAL 

a 10.5-in.-high, 19-in. rack-mount­
ing enclosure, with a 7-in.-high sec­
tion for the high-voltage part, which 
is air-insulated. Available outputs 
range from 1 kV at 2.5A to 30 kV at 
80 mA. The front panel includes 
twin meters for voltage and current 
monitoring and 10-turn potentiome­
ter output controls. The supply can 
operate in current-limit or variable­
trip modes. Line and load regula­
tion figures are both 0.1 %. Ripple is 
0.5% at full load, and the standard 
temperature coefficient is 300 
ppm/°C, with better values avail­
able. Approximately £3500. Deliv­
ery, 8 wks ARO. Wallis Electron­
ics Ltd, Dominion Way, Worthing, 
West Sussex BN14 8NW, UK. 
Phone (0903) 211241. TLX 877112. 
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KEYPAD MODULES. Intended for 
pc-board mounting, Albis 82 key­
assembly modules allow you to build 
keypads of any required size. The 
keys have a normally open contact 
and come with or without LEDs. 
They fit on a 0.1-in. grid and have a 
service life of more than 106 opera­
tions. You can fit one or two 3-mm 
LEDs. You insert the indicators into 
a mounting i?trip that directly at­
taches to the key assembly. The 
contact system comprises a moving 
contact member made of conductive 
elastic material, which is gold plated 
in the dust and splash-proof area. 
The modules can be protected 
against ESD by placing a conduc­
tive strip over the diode mounting. 
Siemens AG, Zentralstelle fiir In­
formation, Postfach 103, 8000 Mu­
nich 1, West Germany. Phone (089) 
2341. TLX 0523121. 
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CONNECTOR HOUSING. Provid­
ing protection against splashes, Han 
24E and 64D alloy housings fit over 
DIN-41612 connectors, allowing the 
DIN connectors to be used through­
out a system. Guide pins and sock­
ets ensure that the housing clips 
together without instability or inad­
missable inclination. Two connec­
tors can be mounted in a single 
housing. 3. 72 to 6.30 DM (without 
contact elements), depending on 
configuration. Harting Elektronik 
GmbH, Postfach 1140, 4992 Espel­
kamp, West Germany. Phone 
(05772) 471. TLX 97231011. 
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SILICON COMPILER. Dedicated 
to CMOS designs, the Chipsmith 
automatic silicon compiler runs on 
the Apollo Domain workstation and 
a variety of other computers, in­
cluding VAX systems, IBM's 4300, 
or Perkin-Elmer's 3200. Input is ac­
complished via the company's 
MODEL design language. Once a 
logic design has been compiled into 
an intermediate design language, it 
can be evaluated on the switch-level 
simulator, EXERT. The compiler is 
a new version of the previous GATT 
software, and it can be used in both 
gate-array and standard-cell de­
signs. It has a back end that pro­
duces complete mask-making art­
work, which is compatible with 
most popular machines, including 
Electromask, Ebeam and David 
Mann 3600. $30,000 to $150,000, de­
pending on hardware configuration. 
Lattice Logic, 9 Wemyss Place, 
Edinburgh EH3 6DH, UK. Phone 
(031) 225 3434. 

Circle No 366 
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COST-EFFECTIVE. 

455-3107 

SPD "GUE~ Make it a rule to use Sprague Series 8126, 8160 and 8161 control circuits in your 
~ switched-mode power supplies. For the same reason you use other Sprague -ic uoR SMPS components. These SMPS devices are reliable and available at 

~ s r I reasonable cost. Choose the one that fits your needs . For detailed 

CONTROL 
technical data on these high-performance SMPS ICs , write for 

Engineering Bulletin Group 27466 tn Technical Literature I I 
• Service , Sprague Electric Company, 491 Marshall Street, 1 1 I 

North Adams, Mass. 01247. For application assistance , call Ron Lutz at 617/853-5000. 
CIRCLE NO 128 a Penn Central unit 



4A OP AMP. Mounted in a 5-lead 
Penta Watt plastic power-tab pack­
age, the L465A power op amp deliv­
er s as much as 4A at supply voltages 
to ±20V. A low output-stage satu­
ration voltage of ±l.5V at OA to 
±2.5V at 4A provides 66% typ effi­
ciency, driving 3A into 4.0. The slew 
rate is 14V/µ.sec. Safe-operating­
area, short-circuit and thermal pro­
tection are provided. SGS-Ates 
SpA, Via C Olivetti 2, 20041 Agrate 
Brianza, Italy. Phone (039) 6555 1. 

INTERNATIONAL 

TLX 330131. The board contains two 8-bit bidi-
Circle No 367 rectional I/O ports, two 16-bit tim-

er/counters and one 8-bit I/O shift 

GRAPHICS BOARD. Using a NEC 
7220 graphics processor and a 6809 
µ. P, this single-Eurocard module 
provides 262,144 (eg, 576 x 432) 
monochrome graphic dots at a rate 
of 24 MHz, or 35 MHz optionally. 
Screen formats and scan and refresh 
rates are fully programmable. Out­
put is TTL or 75.0 composite video. 

register. Other features include a 
serial RS-232CN.24 interface, 20 
parallel (6522 VIA) I/O lines and the 
capacity for 32k bytes of EPROM 
and 8k bytes of RAM. 1950 Dfl. 
Malotaux Electronic Systems De­
sign, Dorpsstraat 74, 3732 HK, De 
Bilt, Holland. Phone (030) 770105. 
TLX 47825. 
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Our 

• PAL . 
Programmers 

Cost 

LESS 

• Four Models to choose from 
• LOWEST Cost in the Industry 
• Programs all MMI 20 and 24 pin PALs 
• PALASM Compiler Built-In to all Models 
• All Programming via Boolean Equations 
e Complete FUNCTION Test of Your PALs 
• Works with Your Computer or "Stands Alone" 

c a R p a R A T I a N 

3201 North Hwy. 67 Suite H. Mesquite, Texas 75150•1214) 270-4135 •Telex: 203941 
' PAL and PALASM are registered trademarks of Monolithic Memories, Inc. 
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PLASMA DISPLAY. The TH7612 
ac plasma panel has a 12-line x 40-
character display capability. The 
panel is supplied with control cir­
cuitry and terminal-interface logic 
in a package measuring 260 x 155 
mm with a depth of only 33 mm. 
RS-232C, 20-mA or parallel inter­
faces are available as options. 
Brightness of the 5x 7-dot matrix 
characters can be adjusted in four 
discrete levels. Cursor, underlining 
and selective character blinking can 
be provided. The display operates 
over - 10 to +60°C and requires 
four supply voltages-5, 12 and 
±95V. Thomson CSF, 38 Rue Vau­
thier, BP 305, 92102 Boulogne­
Billancourt Cedex, France. Phone 
(1) 604 81 75. 
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VME µC. The SYS68K standard 
lAC is a fully-integrated VME µ.C 
system with the Coherent operating 
system (UNIX-compatible with C 
compiler). It comprises an 8-MHz 
68000 µ.P , 512k bytes of dynamic 
RAM, a SASI interface and control­
ler, a 20M-byte Winchester and lM­
byte floppy-disk drive, and a 200W 
power supply. Space for an addition­
al six VME cards is provided. The 
unit comes in a 19-in. enclosure with 
a 9-slot backplane, twin fans and 
cables. Force Computers GmbH, 
Daimlerstrasse 9, 8012 Ottobrunn, 
West Germany. Phone (089) 
6092033. TLX 524190. 
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VME MODULE. The EFD-Combo 
board for the VME Bus provides a 
multipurpose slave function with as 
much as lM byte of RAM, four ROM 
sockets, on-board EPROM pro-

E D N JUNE 28 , 1984 



'' 
1. Q-BUS RX02 COMPATIBLE 811 

FLOPPY DISK CONTROLLER­
MXV22. 

4. Q-BUS RL01/RL02 COMPATIBLE s 11. II 

WINCHESTER DISK CONTROLLER 
MLVllM. 

7. Q-BUS RX02 COMPATIBLE 811 

FLOPPY DISK SUBSYTEM-MD3100. 

2. Q-BUS RX02 COMPATIBLE SI/• " 
FLOPPY DISK CONTROLLER­
MXV22M. 

5. NEW Q-BUS TSVOS COMPATIBLE 
11. II STREAMING CARTRIDGE 
TAPE CONTROLLER-MSVOS. 

8. Q-BUS RX02 and RL02 811 FLOPPY/ 
WINCHESTER SUBSYSTEM­
MD3500. 

3. Q-BUS RL01/RL02 COMPATIBLE 8 11 

WINCHESTER DISK CONTROLLER 
MLVll. 

6. NEW UNIBUS RX02 COMPATIBLE 
51/•" or 8 " FLOPPY DISK 
CONTROLLER-MX22. ,,, 

• 
9. NEW Q-BUS RL02 AND TSVOS 811 

WINCHESTER 1 11. II STREAMING 
CARTRIDGE TAPE SUBSYSTEM 
MD3800. 

(714) 632-7580 
We're Talking More Value For Your DEC® Storage Dollar 

DEC-compatible controllers and 
subsystems from MTI offer more 
features per product which trans­
lates into uncommonly high value 
for your storage investment. High­
value features include more format­
ted Winchester storage per drive, 

built-in bootstrap, 22-bit capability 
with built-in or software diagnos­
tics. MTI products emulate RX02 
for Floppy disks, RL01/RL02 for 
Winchesters and TSVOS for stream­
ing tape. They are also compatible 
with DEC-supported software, 

TSX-Plus™ and applicable DEC 
diagnostics. As a measure of our 
confidence in our proven controller 
products, we offer a full year war­
ranty. For a competitive quote that 
delivers more value for your storage 
dollar, call us today. 

Jllfil Micro Technology, Inc. 
Micro Technology, Inc. • 1620 Miraloma Ave. • Placentia, CA 92670 • Telephone: (714) 632-7580 

Q-bus, Unibus, DEC, RX02, RLOI, RL02, TSVOS are registered trademarks of Digital Equipment Corporation. 
TSX-Plus is a registered trademark of S&H Computer Systems, Inc. 
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gramming for either 8k or 16k de­
vices in two sockets , and a SASI 
interface using the 68230. Other 
functions include a timer, program­
mable interrupt and LED status 
display. 15,000 FF. Thomson Semi­
conducteurs, 45 Ave de l'Europe, 
78140 Velizy, France. Phone (3) 946 
97 19. TLX 204780. 
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VOLTAGE DETECTOR. External 
resistors set the trip point and hys­
teresis for the PCF1251 voltage de­
tector. There are four outputs, two 
of which can be delayed through the 
use of capacitors. Current consump­
tion is typically 1 µA. Designed 
primarily for power on/off monitor­
ing, the device consists of a 1 to 
l.3V bandgap reference and a delay 

---------------------------~ circuit. Two versions are available, 

CIRCLE NO 131 
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in either SOT-96A or SOT-97A 
packages. NV Philips' Gloeilamp­
enfabrieken, Elcoma Div, Box 523, 
5600 AM, Eindhoven, The Nether­
lands. Phone (040) 757005. TLX 
51573. 
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DC/DC CONVERTERS. Switchpac 
de/de converters use MOSFETs 
switching at 150 kHz to handle 50W 
on a single 100 x 160-mm Eurocard. 
Output choices are 5V at 5 or lOA, 
12V at 4.2A, 15V at 3.3A, 18V at 
2.8A and 24V at 2. lA. Input voltage 
is 24V to a tolerance of -2V, +4V. 
Supplied in a plug-in format for 
19-in. racks, the front-panel width 
is 40.64 mm. Features include soft 
start and overvoltage protection. 
Schroff GmbH, 7541 Strauben­
hardt 1, West Germany. Phone 
(07082) 794 1. TLX 7245024. 
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JOB SHOPPING? 
Check EDN 's Career Opportunities 

EON: Everything Designers Need 

EDN JUNE 28, 1984 



.. .. . 
Look for it in the August 9 issue. 

EDN JUNE 28, 1984 3 13 



COMPUTER-SYSTEM SUBASSEMBLIES 

DISPLAY CONTROLLER. The 
IV-1653 is a VME Bus, character­
oriented, color CRT-display co11trol­
ler that supports displays of 48 
lines x 80 characters noninterlaced 
or 66 lines x 102 characters inter­
laced. It has a 256-character, down­
loadable RAM character set for 
user-defined fonts and mosaic 
graphics. You select among eight 
foreground and eight background 
colors, with blinking and underlin­
ing options. The controller supports 
soft scroll, split screen and horizon­
tal scroll. It includes a parallel key­
board-input port and two full­
duplex, asynchronous serial ports. 
The 16k-word character map memo­
ry and 4k-word character-generator 
RAM are dual ported with the VME 
Bus. These ports are accessible 
from the bus with minimal latency 
and no visual disturbances. Addi­
tional circuitry allows synchroniza­
tion with the IV-1651 graphics­
display controller to provide an 
alphanumeric overlay. $1295. Iron­
ies Inc, Box 356, Ithaca, NY 14850. 
Phone (607) 277-4060. 

Circle No :rn 1 

DIA BOARD. Compatible with all 
S-100 Bus µC systems, the Model 
SB-64 DI A converter board pro­
vides 64 output channels by multi­
plexing an 8-bit converter. The 64 
channels perform as discrete D/ A 
converters, each with digital input 
latches and an output amp. Each 
output drives a 1-kD load and has 
±0.4% absolute accuracy from 0 to 
10.625V. Address decoding allows 
memory-mapped I/O to any 256-
byte sector in the RAM. Ten digital 

314 

outputs, a 12-bit DI A converter 
with 3-msec settling, a ± 15V track­
ing regulator with 600-mA output, 
and 24-bit address decoding are all 
optional. AC devices are computer 
controllable when driving dc/ac pro­
portional controllers with the con­
verter. $495. Digital Multi-Media 
Control, 355 California St, Suite 
122B, Burlingame, CA 94011. 
Phone (415) 342-5904. 

Circle No :l02 

PANEL PRINTER. Model 6610 is a 
µP-based, 24-column, panel-mount 
printer that uses plain roll paper, 
similar to the type used in calcula­
tors. According to its supplier, it's 
the first panel-mount unit to feature 
a true RS-232C 20-mA port. Baud 
rate is switch selectable from 75 to 
9600 baud. Data bits, parity and 
stop bits are also user selectable. 
Standard type prints in a 5 x 7-dot 
matrix, and users can choose fonts 
of double height or double width or 
both. The printer's µP can be facto­
ry programmed for graphics capa­
bility. A switch or control cqaracter 
provides first-line-up or first-line­
down printing. Impact heads print 
0.9 lps. A word-wrap switch lets 
users eliminate split words or num­
bers on lines exceeding 24 charac­
ters. $495. Digitec Corp, Box 458, 
Dayton, OH 45401. Phone (513) 254-
6251. 
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PROGRAMMABLE CONTROL­
LER. The Quantum 2000 provides 
scan speeds of 4 to 5 msec, 24 I/Os 
(expandable to 472 I/Os), and 2048 
16-bit words in RAM or EPROM. It 

has 56 counters or timers, 512 con­
trol relays and internal fusing. In 
addition, the printer features 75k­
cps counting, positioning, 2-speed 
motor control, analog comparison 
and adjustable counting and timing. 
A handheld personal computer or 
the supplier's One-Step CRT pro­
grammer performs programming. 
The One-Step, based on the KayPro 
II computer, has a ladder-diagram 
documentation package. Contacts, 
coils and relays have 3-line, plain­
English descriptions. Each rung can 
be as many as 60 characters in width 
and one page in length. $700. Mc­
Gill Manufacturing Co Inc, 1002 N 
Campbell St, Valparaiso, IN 46383. 
Phone (219) 465-2200. 

Circle No :l04 

TAPE COUPLERS. Models TC05 
and TC15 provide software­
transparent storage and back-up ca­
pabilities, using Control Data's 
start/stop/streaming 1/4-in. car­
tridge tape drive , with DEC 
LSI-11, PDP-11, Micro/PDP-11 or 
VAX-11 CPUs. The couplers incor­
porate bipolar, bit-slice µP technol­
ogy. Microprogrammed firmware 
on the board supports high-speed 
tape-streaming operations automat­
ically, dictated by application effi­
ciency and requiring no operator 
intervention. Both couplers provide 
functional emulation of the DEC 
TSll tape subsystem and operate 
transparently to the DEC RSXllM 
and M-Plus, RSTS-E, RT-11 and 
VMS operating systems and diag­
nostic software. Both units are 
packaged on a quad-wide pc board. 
The TC05 embeds directly into a Q 
Bus backplane slot in LSI-11 and 
Micro/PDP computers; it supports 
22-bit addressing and provides 4M 
bytes of memory. The TC15 embeds 
in a Unibus SPC slot of PDP-11 or 
VAX-11 CPUs. Both couplers han­
dle 16-bit NPR data transfers. 
TC05, $1300; TC15, $1400. Emulex 
Corp, Box 6725, Costa Mesa, CA 
92626. Phone (800) 854-7112; in CA, 
(714) 662-5600. 
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Got a oomplex problem? We've got a FAST™ 
answer. 84, to be exact, including 74 oomplex 

MSI devices. More than any other high-speed­
logic family. 

FAST (Fairchild Advanced Schottky 
TTL) from Fairchild. Because high-speed 

and low-power MSI solutions run in the 
family. See your nearest sales office or 

distributor or oontact the Product 
Marketing Dept., Fairchild Digital 

Products Division, 333 Western 
Avenue, South Portland, Maine 
04106. 
(207) FAIRCHILD 
775-8700. A Schlumberger Company 

FAST (Fa1rchlld Advanced Schonky TILJ is a trademar&,; ot Fa1rch1la Camera and Instrument Con'.loratK)n tor Digital Prcxlucts Fairchild Camera and lnstrumenr Corpora!IOfl 

CIRCLE NO 133 

CIRCLE NO 145 
316 

COMPUTER-SYSTEM 
SUBASSEMBLIES 

IEEE-488 BOARD. The MXI-241 
IEEE-488 (GPIB) multifunction 
board provides an interface between 
the IBM Personal Computer and 
GPIB-compatible devices. You can 
connect as many as 15 devices to the 
unit. The board allows the IBM PC 
to act as a GPIB system controller. 
The unit has one programmable in­
terval timer and one programmable 
Intel 8255 peripheral-interface chip 
with 24 I/O lines. A software pack­
age supplies all routines for the 
GPIB function. All macro com­
mands are in object code, which is 
loaded into memory upon powering 
the IBM PC. The package furnishes 
an address link into the object code 
when macro commands are called 
from BASIC. $395. $100 for soft­
ware support package. Qua Tech 
Inc, 478 E Exchange St, Akron, OH 
44304. Phone (216) 434-3154. 

Circle No :306 

INSTRUMENT CONTROL. The 
GPIB-1014 lets you implement 
VME Bus-compatible computers as 
general instrumentation system 
controllers. It provides IEEE-488 
access to high-end VME Bus sys­
tems based on 32-bit µPs like the 
68000, and compatibility with 8- or 
16-bit µPs. The board furnishes di­
rect VME Bus memory access to 
and from the GPIB. The interface 
can serve as an IEEE-488 talker, 
listener or controller. It supports 
normal and extended talker and lis­
tener, serial and parallel poll, serv­
ice-request and remote­
programming functions. Other 
capabilities include VME Bus ad­
dressing, GPIB synchronization de­
tection, a carry-cycle function and 
DMA test mode. Software support 
includes a set of driver routines, an 
interactive control program and di­
agnostics. The driver package is 
available as a shared, multiboard 
handler running under UNIX Sys­
tem III. $1295. National Instru­
ments, 12109 Technology Blvd, 
Austin, TX 78727. Phone (800) 531-
5066; in TX, (512) 250-9119. 

Circle No 307 
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WHO'S GOT 
DIBS ON THE DWG? 

gital Word Generators are always in demand. 

DWGs simulate prototype environments. 

You never know where a Digital Word Generator 
from Interface Technology will show up next. 

From testing discrete designs before system 
integration to simulating prototype environments, 
these DWGs can handle it all. Speeds to 100 MHz 
and up to 4096 bits of memory on each of 16 chan­
nels make the RS-660 and RS-680 the most power­
ful and versatile instruments of their type. 

With Interface Technology's unique timing 
simulation capability, you can generate variable 
width pulses or timing patterns, thus conserv-

DWGs eliminate building dedicated circuitry. 

have integral CRTs. The ability to display a large 
portion of your serial data stream or parallel 
pattern makes either instrument easy to use. Use is 
further simplified by the choice of either hex or 
binary display; combined with a block memory fill 
for repetitive pattern entry. 

Other f ea tu res such as a programmable sync 
output for triggering, remote interface, and up to 
a 64K deep serial memory just add to an already 
powerful instrument. 

So put an Interface Technology RS-660 or RS-680 
ing time and memory space. Data 
may then be output in a single 
step, burst or continuous mode. 

Both the RS-660 and RS-680 
interface 

DWG to work at your place-all 
over your place. Call today to 
put "dibs" on your DWG. 
(714) 592-2971. TECHNOLOGY 

If it's digital, we can test it. 
A Dynatech Company, 150 East Arrow Highway, San Dimas, CA 91773 

Circle 188 for literature Circle 189 for demonstration 



COMPUTER-SYSTEM SUBASSEMBLIES 

PRINTER EMULATOR. The dual­
purpose Passport printer emulator 
prevents potential time and data 
loss in personal computers. It fea­
tures two operational modes: print 
passthrough and print bypass. 
When the latter mode is selected, 
the emulator appears as a standard 
printer device. Inadvertent depres­
sion of the print-screen key or other 
means of invoking printer opera-

tions prevent the keyboard from 
locking up, or from forcing you to 
reload the computer. The mode re­
quires no physical printer mecha­
nism or printer cable. When pass -
through mode is selected, the unit 
permits normal printing operation. 
Reselecting the bypass mode allows 
you to abort a print operation. De­
signed to work with the IBM Per­
sonal Computer and compatible sys-

318 

• Superior design, materials 
and workmanship. 

• Plus Beryllium Copper terminals 
free of molding compound add up to 300 volts at 1112 amps. 

• 105°C operation. 
• Individual cords for single fan applications. 
• Custom designed "Daisy Chains" for multiple fan applications. 
• Fan tray assemblies to customer specifications. 
• Fan cords custom finished at input end to your specifications. 
• Guaranteed zero defects. 
• UL listed and CSA Approved. 
• Write or phone our Sales Department tor your requirements. 

World's Largest Fan Harness Manufacturer 

Computer Crafts. Inc. 

CIRCLE NO 134 

terns, the unit emulates virtually all 
parallel printers normally connected 
with a PC-compatible printer cable. 
The device is compatible with 
PC-DOS and MS-DOS. $29.95. De­
livery, 4 to 6 wks ARO. Micro Com­
puter Components, Box 195, San 
Diego, CA 92126. Phone (619) 453-
3367. 

Circle No 308 

VAX DISK CONTROLLERS. The 
SC7000 disk controller connects 
multiple, multivendor disk drives to 
DEC VAX-111750 or -11/780 CPUs. 
It allows you to mix disk drives of 
different types and configurations, 
handling as many as four physical 
(eight logical) industry-standard 
SMD or Winchester-type drives 
with capacities of 825M bytes and 
beyond. Serial data-transfer rates 
reach l.8M bytes/sec. The extend­
ed-hex-size pc board plugs into the 
CMI bus of the -111750 via one of 
three RH750 backplane slots, or 
into one of two slots in the vendor's 
V-Master chassis, which fits in the 
-111780. DMA data transfer handles 
32-bit words via the CMI or SBI 
bus. On-board switching allows you 
to select 64 combinations of 
predefined disk-drive configura­
tions on four ports. On-board firm­
ware emulates DEC's RM03, RM05 
and RM80 disk subsystems. A 4k 
RAM buffer furnishes 12-sector 
buffering. The controller operates 
transparently to VMS and UNIX 
operating systems and diagnostic 
software. $8950. Emulex Corp, Box 
6725, Costa Mesa, CA 92626. Phone 
(800) 854-7112; m CA, (714) 662-
5600. 

Circle No 309 
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Before Johann Sebastian Bach developed 
a new method of tuning , you had to 
change instruments practically every time 
you wanted to change keys.Very difficult. 

Before Avocet introduced its family of 
cross-assemblers , developing micro-pro­
cessor software was much the same . You 
needed a separate development system 
for practically every type of processor. 
Very difficult and very expensive . 

But with Avocet's cross-assemblers, a 
single computer can develop software for 
virtually any microprocessor! Does that 
put us in a league with Bach? You decide . 

The Well-Tempered Cross-Assembler 
Development Tools That Work 
Avocet cross-assemblers are fast , reliable 
and user-proven in over 3 years of actual 
use . Ask NASA, IBM, XEROX or the hun­
dreds of other organizations that use them . 
Every time you see a new microprocessor­
based product, there's a good chance it 
was developed With Avocet cross­
assemblers . 
Avocet cross-assemblers are easy to use . 
They run on any computer with CP/ M' 
and process assembly language for the 
most popular microprocessor families . 
51/4" disk formats available at no extra 
cost Include Osborne, Xerox, H-P, IBM 
PC, Kaypro , North Star, Zenith , 
Televideo, Otrona, DEC. 

Turn Your Computer Into A 
Complete Development System 
Of course , there 's more. Avocet has the 
tools you need from start to finish to enter, 
assemble and test your software and finally 
cast it in EPROM: 

Text Editor VEDIT --full-screen text edi­
tor by CompuView. Makes source code 
entry a snap . Full-screen text editing, plus 
TECO-like macro facility for repetitive 
tasks . Pre-configured for over 40 terminals 
and personal computers as well as in user­
configurable form . 

CP / M-80 version .. . . . .. . .. . . .. . . .. .. $150 
CPI M-86 or MOOS version . . . . . . . $195 
(when ordered with any Avocet product) 

EPROM Programmer -- Model 7128 
EPROM Programmer by GT ek programs 
most EPROMS without the need for per­
sonality modules . Self-contained power 
supply .. . accepts ASCII commands and 
data from any computer through RS 232 
serial interface . Cross-assembler hex ob­
ject files can be down-loaded directly. 
Commands include verify and read , as 
well as partial programming . 
PROM types supported : 2508, 2758, 
2516, 2716 , 2532, 2732 , 2732A, 
27C32 , MCM8766, 2564, 2764, 27C64, 
27128, 8748, 8741 , 8749 , 8742, 8751 , 
8755, plus Seeq and Xicor EEPROMS . 
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Avocet Target 
Cross-assembler Microprocessor 

XASMZ80 Z-80 
XASM85 8085 
XASM05 6805 
XASM09 6809 
XASM18 1802 
XASM48 8048/ 8041 
XASM51 8051 
XASM65 6502 
XASM68 6800/ 01 
XASMZB Z8 
XASMF8 F8/3870 
XASM400 COP400 
XASM75 NEC 7500 

Coming soon : XASM68K .. . 68000 

(Upgrade kits will be available for new 
PROM types as they are introduced .) 

Programmer ...... . . . ....... $429 
Options include: 

Software Driver Package -­
enhanced features , no installation 
requi red. 
CP/ M-80 Version .. . . . . . .. . . $ 75 
IBM PC Version .... ... .. . . $ 95 
RS 232 Cable . .. . . .... .. . . . $ 30 
8748 family socket adaptor . . . $ 98 
8751 family socket adaptor . . . $174 
8755 family socket adaptor . . . $135 

G7228 Programmer by GTek -- baud 
to 2400 .. . superfast, adaptive program­
ming algorithms ... programs 2764 in one 
minute. 

Programmer . . ....... . . . .... $549 

Ask us about Gang and PAL programmers. 

HEXTRAN Universal HEX File Con­
verter -- Converts to and from Intel, 
Motorola, MOS Technology, Mostek, 
RCA, Fai rc hil d, Tektronix, Texas 
Instruments and Binary formats. 

Converter, each version ....... $250 

CIRCLE NO 135 

CP/M-86 CP./M-80 
Version IBM PC , MSDOS'' 

Versions 

$250.00 
each 

$200.00 
each 

$300.00 
each 

$500.00 

Call Us 
If you're thinking about development sys­
tems , call us for some straight talk . If we 
don't have what you need, we'll help you 
find out who does . If you like , we'll even 
talk about Bach . 

CALL TOLL FREE 1-800-448-8500 
(In the U.S. except Alaska and Hawaii) 

VISA and Mastercard accepted . All popular disc format~ now 
available· · please specify. Prices do not include shipping and 
handling ·· call fo r exact quotes. OEM INQUIRIES INVITED . 

' Trademark of Digital Research ••Trademark of M~osoft 

AVOCET y-­
SYSTEM§ .NC. 
DEPT. 684-EDN 
804 SOUTH STATE STREET 
DOVER, DELAWARE 19901 
302-734-0151 TELEX 46721() 
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ICs & SEMICONDUCTORS 

DC/DC CONVERTER. The Model 
TSC7660 CMOS de/de converter 
generates a negative voltage from a 
positive source. With two external 
capacitors, the unit converts a 1.5 to 
lOV input signal to a level of - 1.5 to 
- lOV. It generates -5V in +5V 
digital systems . The converter 
charges a capacitor to the applied 
supply voltage, and internal analog 
gates connect the capacitor across 
the output. Charge is transferred to 
an output storage capacitor, com­
pleting the voltage conversion. The 
negative open-circuit output voltage 
is within 0.1 % of the positive input 
voltage. Power-conversion efficien­
cy is 98% for 1-mA loads and 92% 
for 15-mA loads. Contained on chip 
are a series de power-supply regula­
tor, RC oscillator, voltage level 
translator, four output power-MOS 
switches and a logic element. The 
logic element senses the most nega­
tive voltage in the device and en­
sures that the output n-channel 
switches are not forward biased to 
provide operation that's free of 
latch-up. The unit can convert the 
positive input voltage to a higher 
positive level. It comes in a plastic 
or hermetic 8-pin DIP and is avail­
able for commercial, industrial and 
military temperature ranges. $1. 90 
to $8 (100). Teledyne Semiconduc­
tor, 1300 Terra Bella Ave, Mt View, 
CA 94043. Phone (415) 968-9241. 
TWX 910-379-6494. 

Circle No 310 

INSTRUMENTATION AMP. The 
addition of a CMOS multiplexer and 
resistor network aids the AD625 
single-chip instrumentation amp 
in designing 12-bit software-

320 

programmable-gain amps (SPGAs). 
The amp's four grades spec 5-ppm/ 
°C max gain TC, 4-nV/YHz input 
noise and a ± lOV input range. 
Users can configure the unit either 
as a resistor-programmable-gain 
amp (RPGA) or as an SPGA. An 
AD625-based RPGA can be config­
ured for gains between 1and10,000 
with three external resistors. The 
amp's gain-sense pin has 130 dB of 
common-mode rejection regardless 
of feedback-resistor matching. Max­
imum specs for the A and S models 
are ±0.005% nonlinearity, ±0.05% 
gain error, 200-µ V input offset 
voltage, 5-m V output offset voltage 
and 110-dB CMR. The B version's 
maximum specs are ±0.003% non­
linearity, ±0.03% gain error, 75-µ V 
input offset voltage, 3-m V output 
offset voltage and 120-dB min CMR. 
Maximum specs for the C version 
are ±0.001% nonlinearity, ±0.02% 
gain error, 25-µ V input offset 
voltage, 2-m V output offset voltage 
and 130-dB min CMR. $9.50 to $27 
(100). Analog Devices Semicon­
ductor, 804 Woburn St, Wilming­
ton, MA 01887. Phone (617) 
935-5565. 
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OP AMPS. Combining JFET/ 
bipolar technology and dielectric 
isolation, Models 1346 and 1347 
provide ± 250-fA bias current, 
± 100-µ V offset voltage, 2-MHz 
unity-gain bandwidth and 30-m W 
power consumption. The amps are 
suitable for such applications as 
precision long-term integratbrs, 
high-impedance buffers and low­
drift track/hold amplifiers. Housed 
in 8-lead T0-99 packages, the amps 

operate over 0 to 75°C. They're also 
available spec'd for the military 
temperature range. $5 to $19 (100). 
Teledyne Philbrick, Allied Dr at 1 

Rte 128, Dedham, MA 02026. Phone 
(617) 329-1600. TWX 710-348-6726. 
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TIMER IC. The . Model G65SC32 
programmable-CMOS-RAM, I/0-
timer device is bus compatible with 
650016800 Series µPs and has func­
tions for programmed control of two 
peripherals. In a 40-pin DIP the 
device combines a 128X8-bit static 
RAM, two 8-bit bidirectional data 
ports, an interval timer and inter­
rupt control. The RAM, which can 
be used as a scratch pad or special 
data buffer, interfaces directly with 
the µP through the data bus and 
address lines. The bidirectional data 
ports permit direct interfacing of 
the µP and selected peripherals. 
Two programmable registers pro­
vide data direction control at each 
port; this control can be implement­
ed line by line with intermixed 110 
lines within the same port. The in­
terval timer contains a preliminary 
divide-down register, programma­
ble 8-bite register and interrupt 
logic. It can be programmed to 
count 256 time intervals with inter­
rupt timing capability in intervals 
from one to 262,144 clock periods. 
The IC is implemented using the 
silicon-gate CMOS process; it con­
sumes 2 mA at 1 MHz. It comes 
housed in plastic or ceramic packag­
es or ceramic DIPs. $7.65 (100) in 
plastic packaging. GTE Microcir­
cuits, 2000 W 14th St, Tempe, AZ 
85281. Phone (602) 968-4431. 

Circle No 313 

EDN JUNE 28 , 1984 



·A STARTLING NEW STEP 
IN THE HUMANIZATION 
OF THE COMPUTER. 
A breakthrough technology is enabling computers to receive 
and transmit information in much the same way that 
human senses supply information to the brain. For the 
handicapped, it may bring the gift of speech. For pilots, it 
can save time in critical situations. For engineers, it will seive 
as a powerful new tool with virtually unlimited application. 

What makes all this possible? Two electromagnetic track­
ing systems developed by McDonnell Douglas. Now you can 
track human movement, track and control equipment and 
measure nonmetallic objects in three dimensions with x, y, z 
coordinates and azimuth, elevation and roll. Based on the 
motion of a sensor through three orthogonal electro­
magnetic fields, the system Jets you solve the most complex 
position and orientation problems with unprecedented 
speed and precision. 
The 3Space Tracker: 
The computer that reads body language. 
By replacmg the keyboard with a sensor that can be mounted 
on any part of the body, the 3Space Tracker enables 
computers to work on human terms. By tracking head 
motion, it synchronizes a pilot's eyepath to targets or helps 
the handicapped select letters from an alphabet display. 
Limb motion tracking offers vast potential for biomedics and 
sports training. 

In manufacturing, this technology can mean developing 
a new generation of highly interactive video displays or 
performing difficult or dangerous mechanical tasks by 
remote control. 
3Space Digitizer: Measures models in 3D. 
With a stylus-mounted sensor, the 3Space Digitizer Jets you 
capture almost any object in all six degrees of freedom, 
with ease and dependability far superior to existing 
mechanical and acoustical systems. 

Because it works in three dimensions instead 
of two, the Digitizer greatly speeds almost any 
computer-aided design and engineering task. Tracing 
an objects outlines with the stylus provides a much simpler 
method of generating graphics and animation. 

For more information call or write Jack Scully, 
Polhemus Navigation Sciences Division, 
McDonnell Douglas Electronics Company, 
P.O. Box 560 Colchester, Vermont 05446 
(802) 655-3159 Telex: 5102990046 

Imagine digitizing a 3-dimensional 
model simply by placing a stylus 
on points of interest. 

See us at SIGGRAPH Show, 
July 23-27, Minneapolis Auditorium 



ICs & SEMICONDUCTORS 

DRIVER ICs. Power interface !Cs 
UDN-2935Z and -2950Z each incor­
porate a source-sink driver, associ­
ated predrive and input buffer stag­
es and clamp diodes. The 
high-current, bipolar half-bridge 2A 
motor drivers also include logic 
lockout to prevent the source and 
sink dr ivers from turning on simul­
taneously, and they provide thermal 
shutdown and an increased logic­
supply voltage range. Although de­
signed for use with servo motors, 
they're also applicable to ac, single­
winding de and brushless de motors 
as well as capacitive loads. The 
units eliminate the requirements for 
four external logic elements in the 
full-bridge configuration. The 
-2935Z directly replaces the 
SG3635P, and the -2950Z replaces 
the UDN-2949Z and SN75605 in 
most applications. Sprague Elec­
tric Co, North Adams, MA 01247. 
Phone (413) 664-4411. 

Circle No 314 

POWER MOSFETs. These 64 
TMOS power MOSFETs are direct 
second-source replacements for the 
IRF 100, 200, 500 and 600 Series 
MOSFETs and cost 10 to 25% less 
than those units. The devices are for 
use in switching power supplies, 
motor controls, inverters, audio am­
plifiers and coil drivers. They fea­
ture a V nss rating of 60 to 200V and 
an In of 3. 5 to 40A, depending on the 
device. $1.16 to $20.66 (100). Deliv­
ery, stock to 6 wks ARO. Motorola 
Semiconductor Products Inc, Box 
20912, Phoenix, AZ 85036. Phone 
(602) 244-4911. 
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FET OP AMP. The dielectric­
isolation FET (DiFET) OPAlll op 
amp features a 0.4-fA/YHz current 
noise, which allows it to achieve 
total circuit noise lower than a 
bipolar device in applications where 
source resistances exceed 15 kn. Its 

More power 
than a 

Thunderchief. 

6-nV/VRz voltage noise is three to 
five times better than the top 
BiFETs, according to the manufac­
turer. Other specs include 1-pA max 
bias current, 1-µ V f'C max voltage 
drift and 1-µ V rms max noise. 
Testing guarantees noise perform­
ance. Laser trimming achieves 
±250-µ V max offset voltage and 
1-µ V t'C max FET drift. The amp 
produces 125-dB open-loop gain and 
consumes 2. 5 mA. Common-mode 
and power-supply rejection are 110 
dB typ , and slew rate and 
unity-gain bandwidth are 2V/µsec 
typ and 2 MHz typ, respectively. 
Housed in a hermetic T0-99 
package, the op amp has a standard 
741 pinout. Two versions operate 
over -25 to +85°C, and a third 
operates over -55to+125°C. From 
$6.35 (100). Burr-Brown, Analog 
Div, Box 11400, Tucson, AZ 85734. 
Phone (602) 746-1111. TLX 666491. 
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When it comes to choices in tape transports, Innovative Data Technology puts unprecedented po......er a11u 
technology in your hands. Its Series TD-1012, TD-1050 and TD-1750 tape transports offer full 7- and 9-track 
IBM/ANWECMA/ISO 1 /2-inch magnetic tape compatibility and can be configured for a variety of data 
transportation, data logging and data back-up. Integrated with these tape transports are a complete line of 
controllers for: RS-232C, IEEE-488 (GPIB), Unibus/Q Bus, Intel Multibus, Parallel 1/0 and the new Small Computer 
Systems Interface (SCSI). 

111111111 

The TD-1012 operates at 12.5 ips Start/Stop and 100 ips Streaming, 
1600 bpi (PE). Dual mode, 800 (NRZI) and 1600 bpi (PE), operation is 
offered at 45 ips Start/Stop for the Series TD-1050 and 75 ips Start/Stop for 
the Series TD-1750. The Series TD-1750 represents even more advanced 
engineering-an active tension arm technique that eliminates noisy vacuum 
columns_:a first in 75 ips tape transports to take advantage of this 
technology. IDT's family of tape transports. They'll give you more power 
than a Thunderchief. 

INNCMTIVE 
DATA . CN THE RIGHT TRACK 
TECHNOLOGY 
General Offices: 
P.O. Box 178160 • 4060 Morena Blvd. • San Diego, CA 92117 
(619) 270-3990 •TWX: (910) 335-1610 
Eastern Regional Office: 
PO. Box 1093 • 6845 Elm St., Suite 608 •Mclean, VA 22101-1093 
(703) 821-1101 • TWX: (710) 833-9888 

Aircraft photo cqurtesy of Squadron Signal Publications from "Air War <Her Southeast Asia" 
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Solutions 
tOr rJ@t11 AND 

~BEYOND 
IBM is a trademark of International Business Machines Corp. 
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t's light. It's lean, It's rugged. It's 
:trong. It's Scamp DC. 
It's the new dimension in brushless 

)C fans for cooling electronic com per 
tents: the Thin American dimension. 
}one are the weight, bulk, and noise 
>folder AC fans. Not a scaled-down 
rersion of another DC fan, the 
>camp DC represents a significant 
leparture in fan technology. The results 
rre impressive: excellent cooling 
:haracteristics in a slender, lightweight 
>ackage that meets the needs of modem 
:omputer, power supply and periph­
:ral designs. 

Scamp DC is 3.14" wide, 3.14" 
righ, and a remarkable .88" thin. It 
"eighs only 2.8 ounces, draws less than two watts 
>f power, is polarity protected, and maintenance 
ree. From its dependable solid state motor circuitry 
o its sintered bronze sleeve bearings, Scamp DC 

n 
~~ EGc.G ROTRON 

Commercial Division 
ROTRON INC., SHOKAN, NEW YORK 12481 
TEL: (914) 657·6661 TWX: 510·247·1941 

has been built to last. 
And to deliver up to 21 CFM of 

air, for maximum cooling power in a 
minimum of space. 

Best of all, Scamp DC is made in 
America by the Commercial Division 
of EG&G Rotron, the world's most 
experienced manufacturer of fans for 
the electronics industry. 

So whether you're designing micro­
computers, peripherals, electronic 
office equipment, motor vehicle 
electronics, power supplies, or any 
other system where space is tight and 
cooling necessary, consider entering 
the new dimension in brushless DC 
fans. Consider ROTRON D.C. 

SCAMP DC, theThinAmerican. FANCAPITOL 
Call or write today for com- OF THE 

plete literature on' Rotron's ELECTRONICS 
American-made Scamp DC. INDUSTRY 

For literature only, call (800) 431-6003. 
In NYS and for product or technical assistance, call our 

Application Engineering Department at (914) 657-6661. 
CIRCLE NO 131 



l 

!Cs & SEMICONDUCTORS 

POWER MOSFETs. Characterized 
by low roscoN> figures , these high­
current TMOS power MOSFETs 
range from 50 to 200V and feature a 
120 to 200A continuous drain cur­
rent rating. The units feature high­
frequency capabilities as well as 
peak current capability to 800A. 
The low roS<ON> results in minimal On 
losses and improved efficiency. 
These units can replace T0-3 devic-

es operating in parallel. Applica­
tions include mainframe power sup­
plies, motor controls, inverters, 
solar regulators and uninterrup­
table power supplies. Model 
MTE200N05/06 200A devices with 
50 and 60V Voss, respectively, $114 
and $120. Motorola Semiconductor 
Products Inc, Box 20912, Phoenix, 
AZ 85036. Phone (602) 244-4911. 

Circle No :n 7 
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BREAKTHROUGH! 
Totally new optical fibers like these 

offer designers more capacity, far more 
reliability for control and LAN applications. 

(And the cables are as easy to 
handle as wire coax.) 

Ensign-Bickford's new proprietary hard cladding chemically 
bonds to the silica core. Resultant fibers are so tough they handle like 
wire, install quickly and reliably, provide long, EMI-resistant life. 
Large core and high NA mean easy coupling. High strength and 
microbend resistance mean easy deployment-and you can use 
standard, off-the-shelf connectors! 

Call or write for the data you need to specify from a wide range of 
fiber, cable and terminated assemblies. 

Ensign-Bickford ilptics ©@ITiJD~tID~ 
a sub8ic:liary of En.ign-Bickford ~. l'lli:@o 

660 Hopmeadow St. Simsbury, Conn. 06070 203/658-4411 

CIRCLE NO 139 

GaAs FETs. IMFET internally 
matched FETs furnish 6W ( +38 
dBm) min output power at 1-dB gain 
compression. Each unit delivers 7W 
typ output power with 20W max 
power dissipation. The IM-3742-6 is 
optimized for the 3. 7- to 4.2-GHz 
frequency band, the IM-4450-6 for 
4.4 to 5 GHz, the IM-5051-6 for 5 to 
5.1 GHz, and the IM-5964-6 for 5.9 
to 6.4 GHz. Power-added efficien­
cies are 31 % or 32%, and minimum 
gain is 8.5 to 10.5 dB. Each model is 
tuned for operation in a 50fl system. 
External tuning is not required. 
$525 (50). Avantek Inc, 3175 Bow­
ers Ave, Santa Clara, CA 95051. 
Phone (408) 496-6710. 

Circle No :nB 

OCTAL LATCH. The CD74HC373 
octal transparent latch has 3-state 
outputs and is an addition to the 
QMOS high-speed-CMOS logic fami­
ly. Its 6-mA current-drive capabili­
ty lets it serve as a data-bus driver 
in 8-bit µP systems. For transpar­
ent operation, the eight output lines 
track the eight input lines when the 
Latch Enable (LE) line is High. 
When LE goes Low, data is latched 
in the chip's input buffers, and the 
output lines are unaffected by input 
line changes. A separate Output 
Enable line controls the 3-state out­
puts. Latch operation is indepen­
dent of the Output Enable line. The 
latch specs a 14-nsec typ propaga­
tion delay time. Power-supply range 
is 2 to 6V de, and operating temper­
ature spans -40 to +85°C. The 
latch comes housed in a 20-lead plas­
tic DIP. $1.98 (100). RCA Solid 
State Div, Rte 202, Somerville, NJ 
08876. Phone (800) 526-2177. 

INQUIRE DIRECT 
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From Elantec. Wide band, high slew rate opera­
tional amplifiers. High speed buffers. High current 
output amps. And more. 

The ironclad guarantee. If any Elantec amplifier 
fails to perform to Elantec's published specifications, 
we'll replace it. And give you an additional part. Free. 

Commercial or MIL STD-883. All MIL STD-883 
devices are 100% made in the U.S.A. And, if special 
testing or processing is required , we'll work with 
you every step of the way. 

Off-the-shelf availability. You'll find stocking 
distributors of Elantec devices throughout North 
America. And the world. 

Answers when you need them. When you call 
Elantec, you 'll get answers. Fast. Data sheets. Tech­
nical assistance. Test procedures. Everything. 
Because we don't just pay lip service to quality and 
service. We guarantee them. 

Need parts fast? Call us for the name of your near­
est stocking distributor. Or, TWX us at 910-997 -0649. 
We'll solve the problem. With elan. 

STATE 

AL 
AZ 
CA 
CA 
co 
CT 
FL 
FL 
FL 
GA 
IL 
IN 
IN 
IA 
MD 
MA 
Ml 
Ml 
MN 
MO 
MO 
NH 

Elantec Sales Offices 
PHONE 

205-830-4030 
602-998-3688 
4 15-962-0660 
213-883-7606 
303-779-0666 
203-269-7964 
305-368-7373 
813-584-8110 
305-724-8294 
404-329-0530 
312-956-1000 
219-486-1912 
317-271-5183 
319-393-5763 
301-944-8262 
617-444-8071 
616-468-4200 
31 3-348-38 11 
612-888-8088 
8 16-763-5385 
314-434-1678 
603-772-3300 

STATE 

NM 
NJ 
NJ 
NY 
NY 
NY 
NC 
OH 
OH 
OH 
OR 
PA 
PA 
SC 
TN 
TN 
TX 
TX 
TX 
UT 
WA 
WI 

PHONE 

505-293-1399 
609-966-4070 
201-263-1535 
516-757-1606 
315-463-8592 
716-924-9101 
919-784-7304 
513-521-8800 
513-293-4044 
216-942-3407 
503~42-1818 
215~38-4850 
412-963-0727 
704-541-2628 
615-883-1414 
615-753-8081 
51 2-250-0320 
713-772-4988 
214-867 -0592 
801 -973-7969 
206-451-0568 
414-782-1171 

Germany Bitronic, Munich 60 01 05 Japan lnterni x. Tokyo 369-1101 

Elantec, Inc., 1996 Tarob Court, Milpitas, California 95035, (408) 945-1323 
Outside California Call Toll Free (800) 821-7429 

CIRCLE NO 140 
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INSTRUMENTATION & POWER SOURCES 

PROTOTYPING BOARD. The eZ 
board is a solderless system that 
provides a method for building ex­
perimental add-ons that interface 
with personal computers. A flat­
ribbon cable connects a solderless 
breadboard to a computer's bus ex­
pansion slot. Versions are available 
for the IBM Personal Computer and 
Apple and Commodore computers. 
The breadboarding area consists of 
2090 tie points with a capacity of 24 
14-pin DIPs. Components with lead 
.diameters as great as 0.032 in. plug 
in and are connected with solid 
hook-up wire. Four distribution 
buses with 50 tie points each can be 
used for power, ground, clock lines, 
reset commands, etc. A 4-position 
DIP switch is mounted on the board; 
each switch position connects to a 
set of tie-point block sockets on ei­
ther side, to aid in the development 
and analysis of experimental cir­
cuits. $174.95. Sabadia Export 
Corp, Box 1132, Yorba Linda, CA 
92686. Phone (714) 630-9335. TLX 
756582. 

Circle No 374 

FLOPPY SWITCHERS. The ML 
Series floppy-disk-drive switching 
power supplies provides open- or 
closed-frame construction, 50-kHz 
operation and an input-voltage 
range of 98 to 132V ac at 4 7 to 440 
Hz. The series' three supplies con­
form to UL 114, 478 and CSA 
C22.2, Nos 143 and 144, and meet 
FCC noise regulations, Class B. 
They provide power for two stan­
dard 5114-in. floppy-disk drives. 
Other specs include as many as 
three outputs, typically 5V de at 1 
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to 3A, 12V de at 0.2 to l.5A (3A 
peak) and -12V (or - 5V) de at 0 to 
O. lA; 0.2% max input line regula­
tion; 2% max load regulation; 1 % 
p-p max ripple and noise; overvolt­
age and short-circuit protection; and 
a 50°C operating temperature with­
out derating. The units measure 
5. 7x 3.15 x 1 in. and weigh 1.1 lbs. 
$30 (OEM qty). Delivery, stock to 
16 wks ARO. Panasonic, 1 Pana­
sonic Way, Secaucus, NJ 07094. 
Phone (201) 392-4264. 

Circle No 375 

50W SWITCHER. The XS5D is a 
50W, single-output switching power 
supply featuring CMOS PWM, pow­
er-MOS switching, fixed switching 
frequency from 50 to 200 kHz (cus-

tomer selected) and an optocoupled 
voltage sensor. Other features in­
clude fault-tolerant connectors for 
uninterruptible operation, short­
circuit protection, soft start and 
85% typ efficiency. Units can be 
stacked together in series or in par­
allel. $99. IXYS Corp, 3685 Enochs, 
Santa Clara, CA 95051. Phone (408) 
733-4045. 

Circle No 376 

WAVEFORM DIGITIZER. The 
3500SA/200 consists of an intelligent 
mainframe and a plug-in 200M­
sample/sec transient recorder. It 
provides 5-nsec time resolution and 
8-bit amplitude resolution. You can 
add other digitizer or signal­
conditioning modules as needed. 
The digitizer features 8192-point 
waveform memories. Bit-slice-proc­
essor technology controls acquisi­
tion and performs high-speed signal 
processing on the data as it's ac-

quired. The system generates 512-
point FFTs on raw or averaged 
time-domain data, and it can aver­
age the instantaneous frequency 
spectrum. A separate processor 
permits simultaneous viewing of 
frequency and time displays with­
out slowing acquisition tirne. On­
screen manipulations include nor­
malization, subtraction, overlay, 
peak search, smoothing and display 
of selected regions. The system fur­
nishes fully programmable control 
and analysis. You control acquisition 
and display via keyboard or light 
pen. A stored command procedure 
sequentially executes as many as 
600 actions, including archiving to a 
floppy disk or a remote computer. 
$24,995. LeCroy Research Systems 
Corp, 700 S Main St, Spring Valley, 
NY 10977. Phone (914) 425-2000. 
TWX 710-577-2832. 

Circle No 377 

SIGNAL SWITCHER. Allowing 
multiple switches to be closed at the 
same time, Model 604 200-MHz pro­
grammable signal switcher per­
forms make-before-break or break­
before-make operations. It switches 
200-MHz signals with only 0.6-dB 
typ attenuation at the highest fre­
quency. The unit is IEEE-488 com­
patible. Automatic bed-of-nails test­
ing takes approximately 15 sec. In 
the field , an input can be attached 
and channels switched through to 
measure output. The unit measures 
8.5 x 3.5 Xll in. $695. Wavetek, 9045 
Balboa Ave , San Diego, CA 92123. 
Phone (619) 279-2200. TWX 910-
335-2007. 

Circle No 378 
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San Fernando Electric Division 
is your instant source for 

Hi~Rel MIL-Spec 
MLC capacitors and filters. 

We deliver while others 
promise. You can have off-the­
shelf delivery of most military 
capacitors. Our team of 20 
distributors and 30 stocking 
locations gives you nationwide 
availability. 
QPL reliability. 

Select the re li abil ity level you need ­
avai lable now. 

• MIL-C-39014 capaci tors in stock: 
C KR 04. 05. 06. 07. 08. 11. 12. 13, 
14. 15, 16. 17. 18. 20. 22. 23 
(''S" leve l) 
C KR 24 ("M" level) 

• MIL-C-20 capacitors in stock: 
CC R 05, 06. 09 (''S" level) 

CCR 07, 08. 75, 76. 77. 78. 79 
("M" leve l) 

• M I L-C-55681 capacito rs in stock: 
CD R 0 1, 02. 03, 04, 05 , 06 
(''S " level) 

Standard and custom filters. 
Our mini-fi lters are qualified to 

M IL-F-15733. Single and three-phase 
custom filters are designed and manu­
fa ctured to your requirements. 

Service second to none. 
You can choose from a full range of 

established reli ability (ER) M LCs and 
fi lters. We can provide you with our 
proven "N i Bar" barrier-end termina­
tion to endure the most demanding 
so ldering temperatures, chips with 
marking identification and tape-and-

CIRCLE NO 141 

reel packaging fo r automatic inse rti on. 
Write to SFE Technologies. San 

Fernando Electric Division. 1501 First 
Street. San Fernando. CA 91 340-2793. 
O r call Ron Marhevka, our General 
Sales Manager. at (8 18) 365-9411. In 
Europe contact SFE Technologies 
Europe B.Y., Wilton-Straat 11-13. 
2722 NG Zoetermeer. The Netherlands. 
Tel. 079-41 323 1. 

We deliver. Others promise. 

SFE 
TECHNOLOGIES 

San Fernando Electric Division 
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QUAD-OUTPUT SWITCHERS. 
The MRX-400 Series of 400W, 
quad-output, open-frame switching 
power supplies has a regulated 12 or 
24V, 1.5A output for driving CRT 
displays. The units also provide a 
5V, 50A output and a choice of ± 12 
or ± 15V, lOA outputs. The supplies 
have a power density of more than 
2.lW/in. 3 An adjustable main con­
trol loop regulates the line and load 
of the 5V output to ± 1 %. A second 
adjustable control loop on the pri­
mary side of the output transformer 
regulates the line and load of the 
±12 or ±15V outputs to ±2%. An 
adjustable linear postregulator 
holds the 12 and 24V outputs to 
± 1 %. Selectable ac inputs vary 
from 90 to 132V ac or 180 to 264V 
ac, at 47 to 63 Hz. Soft-start circuit­
ry minimizes input-current surge at 
turn-on. Ripple and noise are 0.2% 
rms (1% p-p) or 100 mV, whichever 
is greater. All outputs have over-

load protection; overvoltage protec­
tion is provided for the first three 
outputs. Remote sensing is stan­
dard on the 5V output. Efficiency is 
75% typ. The units weigh 5 lbs. 
$535. Todd Products Corp, 50 
Emjay Blvd, Brentwood, NY 11717. 
Phone (516) 231-3366. TWX 510-
227-4905. 

Circle No 379 

FLOPPY EXERCISER. The port­
able Model 911 floppy-disk exerciser 
runs 8-, 514- and 3-in. drives with 
standard interfaces. It features a 
crystal-controlled write frequency, 
a 7-segment display for seek ad­
dress, and auto, continuous and sin­
gle-step modes. It provides all sta­
tus signals via LEDs. Test points 
align and troubleshoot drives down 
to the component level. A keypad 
sets the desired track address. The 
unit operates from a 5V supply. 
Adapters for running the Osborne 

and Apple floppy-disk drives are 
available. $550. J&E Computer 
Service, 4000 Rosebay St, Chino, 
CA 91710. Phone (714) 597-5135. 

Circle No 380 

8096 DEVELOPMENT TOOL. 
The iSBE-96 single-board emulator 
is the debugging portion of an 8096 
development package (see Software 
Products section). It's the logical 
equivalent of the 8096 microcontrol­
ler, allowing the debugging of 8096 
hardware and software in real time. 
You can use the board to integrate 
hardware and . software develop­
ment for some MCS-96 applications. 
$3500; $2450 for ASM-96 software; 
$16.50 (10,000) for the MSC-96 
microcontroller (the MSC-96 is cur­
rently available in sample quanti­
ties). Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051. Phone (408) 
496-9484. 

Circle No 381 

New! 
f"\11ACESELF-COMPENSATING 

SllOCK ABSOBBEBS 
giveyouedradesignfreedom. 

PSPICE 
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Here's a shock absorber that 
gives you extra design freedom 
to motion control in lightweight, 
sensitive high technology equip­
ment. Far more than simple 
dashpots, the sophisticated MC 
Series automatically compensates 
for changing conditions. You c:an 
achieve-

• Increased operating speeds 
• Simple, tamper-proof 

installation 
• Smooth, repeatable 

deceleration regardless of 
force temperature and speed 

• Low reactive force (less than 
two pounds) with no rebound . 

Three capacity sizes available-
150, 225 and 600 in-lbs-all 
priced to deliver more capacity 
per dollar. 

~~~~ RMl -·~. For more data orname of 
--.:: - nearest distributor, write or call 
... , .... .,....., ACE CONTROLS, INC., 

P.O. Box 71, Farmington, 
Michigan 48024. 
(313) 476-0213 •Telex 235614 

controls inc. 

CIRCLE NO 142 

ELECTRICAL CIRCUIT SIMULATOR 
For the IBM PC 

• AC, DC, and Transient Analysis 

• Up to 120 Transistors per Circuit 

• 1/15 to1/5 speed of v;v;.. 11/780 

• $650 (quantity one) 

BLUME ENGINEERING 
158 Pineview • Irvine, CA 92714 • (71 4) 731-8091 

VAA Is a registered trademark of Digital Equipment Corporation 

CIRCLE NO 143 
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122 Spanish Village, # 608 • Dallas, Texas 75248 

Cashin all 
your spares 
and woes. 

For a limited time Varix will give 
you a generous trade-in allowance 
on your existing progranuner, from 
$500 to $1500, towards the purchase 
of the universal, cost-effective 
Omni-Programmer. 

Universal because the Omni-Pro­
grammer is capable of progranuning ("'/' 
virtually any logic or storage device in ... 
existence and many currently in design. e,,. 
Cost effective because you don't buy /4'l 
expensive personality modules every \ '1 
time a new or larger device is introduced. 
Rather, Omni-Progranuner updating @AG~~ 
capabilities are provided by software -
made available on floppy disk. And, ~ * 
Varix enhances its user interface and overall fv~ 
flexibility through continuous new software / <::5t-. 
development distributed on disk (a floppy ~ 
disk is considerably less expensive than a 
new programmer.) 

If that weren't enough, consider this: 
the Omni-Progranuner will burn your 64K 
EPROMs in less than one minute with a 
simple, one-button operation. To Manu­
facturing that represents an increase in 
throughput with significant time and dollar 
savmgs. 

So, don't saddle yourself with an 
obsolete instrument in your day-to-day 
operations. Cash in all those spares and 
woes on the universal Omni-Progranuner 
SP0300 or the Omni-Progranuner GP1140 
Gang Progranuner for your design and 
gang progranuning needs. Call us at 
(214) 620-0925 and we'll tell you how and 
how much. 

EDN JUNE 28, 1984 
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DIP-SIZED CONVERTERS. The 
CA Series of de/de converters pro­
vides unregulated, isolated single 
and dual outputs. Maximum output 
power is l.5W and the units with­
stand lOOOV de at 100-MO input-to­
output isolation. The converters 
come in 16-pin DIP-compatible 
packages. Power foldback furnishes 
indefinite short-circuit protection. 
The units have only eight leads in a 
staggered pattern that ensures 
proper orientation. The missing 
leads also allow extra room under 
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the device for additional pc-board 
traces. $27.60 (100). Phaze IV 
Technology Inc, Box 8187, Lowell, 
MA 01853. Phone (617) 454-3044. 

Circle No 382 

CABLE TESTER. This tester trou­
bleshoots insulation-displacement 
connectors (IDCs) and cables that 
conform to MIL-C-83503 dimen­
sions. The FCT-100 automatically 
tests for shorts, miswiring, connec­
tor reversals and opens in IDC ter­
minations of as many as 64 conduc­
tors. The unit's total testing time is 
58 msec, and it weighs 10 lbs. Thirty 
adapter boards are available, along 
with uncommitted boards for indi­
vidualized fabrication. $1603. Alpha 
Wire Corp, Box 711, Elizabeth, NJ 
07207. Phone (201) 925-8000. TWX 
710-996-5895. 

Circle No 383 

500W VARIABLE SUPPLY. The 
SYR 50-9.5 has an output-voltage 

range of 0 to 50V and a 9.5 max 
current output. It operates in a con­
stant-voltage or constant-current 
mode with automatic crossover. The 
efficiency rating exceeds 75%. The 
unit provides for remote voltage and 
current programming, remote shut­
down and connection for remote 
sensing. You make voltage and cur­
rent adjustments with dual concen­
tric coarse and fine front-panel con­
trols. Standard units operate on an 
ac input of 103 to 127V ac at 48 to 63 
Hz. Optional ranges are 188 to 230V 
ac, 198 to 242V ac and 205 to 255V 
ac. Current regulation, line or load, 
is 0.25%. The unit specs a 0.02%/°C 
TC and a 0 to 71°C ambient opera­
ting-temperature range with derat­
ing. The 3.5 x l9x 16-in. unit weighs 
42 lbs. $695. Delivery, stock to 10 
wks ARO. Sytron Inc, RFD 1, Pe­
rimeter Rd , Londonderry, NH 
03053. Phone (603) 627-3655. 

Circle No 384 
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YOU DON'T NEED TO 
GO BACK TO SCHOOL JUST 

TO BUY CUSTOM ICs. 
If you're more interested 
in getting an IC solution than 
an IC education, Holt may 
have what you're looking for. 

We figure that you have 
enough problems designing 
and testing your own prod­
ucts. That you have better 
things to do than trying to 
cope with the latest IC soft­
ware models, or thumbing 
through reams of computer 
printout. 

Use Holt, and tend to 
your own business. Let us 
be your IC experts for design 
and production. 

EDN JUNE 28, 1984 

Just give us a schematic 
or your functional specs. We'll 
take it from there. 

As we proceed from chip 
definition to final integration, 
we'll be maintaining a dialog 
with you, at whatever tech­
nical level you prefer. 

Early on, your engineers 
will receive a breadboard of 
the proposed chip, built with 
standard logic and propri­
etary silicon analog aids. The 
~esign review is condu~ed 
m a language your engmeers 
will understand-hardware. 

CIRCLE NO 146 

To get all the details of 
our low-risk approach to the 
integration of your circuit, 
call Erich Suter. We promise, 
he won't try to send you 
back to school. Holt Inte­
g_r:_ated Circuits AG, CH-4437 
Waldenburg, Switzerland. 
Telephone (061) 97 9773. 
Telex 966 206. 

HOLi; 
INTEGRATED CIRCUITS 

MAKING CMOS WORK FOR YOU. 
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INSTRUMENTATION & POWER SOURCES 

DATA ACQUISITION. The PCI-
3000 operates as a front-end proces­
sor interfacing a personal comput­
er's bus to both industrial and 
laboratory transducers as well as 
signal sources for transmission of 
analog and digital data. Compatible 
host computers include the IBM PC 
and XT, Apple, Compaq, DEC and 
Hewlett-Packard systems, and 

many minicomputers and main­
frames. The front end has a modular 
design and a wide selection of ana­
log, digital and special-function I/O 
boards. Internal, user-modifiable 
firmware accepts high-level com­
mands. The basic system includes a 
master unit with power supply, 
Z80A µC and firmware board with 
64k of RAM and EPROM, and as 

------ -------------- - ------- . many as three 110 boards. As many 

Time and date 
with battery 
back-up 

Ziatech also 
manufactures 
IEEE 488 interfaces 
for STD Bus and 
MULTIBUS systems 

332 

Compatible 
with IBM PC, 

Tl PC, COMPAQ, etc. 

Easy-to-use 
language support for 

BASIC, Compiled BASIC, 
FORTRAN, Pascal, 

C, and Assembly language. 

:§1111 ZIAT§.,':;J:! 
3433 Roberto Court 

San Luis Obispo, California 93401 USA 
(8051 541 -0488 • ITT Telex 4992316 

CIRCLE NO 147 

as 192 analog or digital 110 points 
are available from a single master 
unit. With additional expansion en­
closures, the master unit provides 
as many as 1024 110 points using 15 
110 boards. Analog input is ± 10 m V 
to ± lOV direct, with programmable 
gain of 1 to 1000 and 12-bit resolu­
tion. Analog output is ± lOV, 4 to 20 
mA. TTL digital 110 is 24-mA cur­
rent sink, 15-mA current source. 
From $3000. Burr-Brown Corp, 
Box 11400, Tucson, AZ 85734. 
Phone (602) 746-1111. TLX 666491. 

Circle No 387 

31h-DIGIT DMM. In peak-hold op­
eration, Model 3100A handheld 
DMM holds the peak value of tran­
sient signals in a short-term analog 
memory, remembering and display­
ing the highest positive de or ac rms 
level reached by the input signal. 
Should the signal on the input leads 
change to a larger value, the peak­
hold memory will track the change 
to hold the new maximum level, 
even if the input should fall there­
after. The DMM provides eight 
functions in the following ranges: de 
volts from 200 m V to lOOOV FS; ac 
volts to 750V; de and ac current 
from 200 mA FS to lOA; and resis­
tance from 2000 to 20 MO. Other 
features include a diode-testing 
mode and continuity beeper. Basic 
de accuracy specs at ±0.1%. The 
unit can measure ac signals to 5 
kHz. Electrostatic shielding pro­
tects against EMI. The unit oper­
ates from a 9V alkaline battery. 
$129. Ballantine Laboratories Inc, 
Box 97, Boonton, NJ 07005. Phone 
(201) 335-0900. 

Circle No 388 
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In the past you probably didn't even consider using multi­
pliers in your system design for obvious reasons: high 
power consumption, heat build-up, low reliability, large 
power supplies, elaborate cooling schemes, and more ... 

Now all that's over. 

IDT'S HIGH SPEED 16x16 BIT CMOS MULTIPLIERS. 
Thanks to our unique leading edge CE MOS TM technol­
ogy, our IDT721 o/7217 multipliers run incredibly fast at 
extremely low power levels. Now, for the first time, the 
tremendous performance advantages of the digital sig­
nal processing design approach become viable in such 
diverse systems as video image enhancement, high­
speed color graphics, speech synthesis, voice recogni­
tion, telecommunications, pattern generation, robotics 
control, data communications, radar, sonar, counter­
measures, medical systems ... 

How about your system? 

LOW POWER. Our IDT7216/7217 multipliers feature 1/12 

the power consumption of equivalent ECL or bipolar 
products. Look at the chart-we're not talking almost 5 
watts. The cool running of CMOS significantly enhances 
system reliability, increases packing density and re­
duces the need tor large power supplies and cumber­
some cooling apparatus. No need tor auxiliary air or liq­
uid cooling. And our IDT7216/7217 multipliers allow the 
use of LCCs that weigh only 1/ 10 as much and take up 
less than % the board space of dual-in-line packages. 

HIGH SPEED. The speed of bipolar. These advan­
tages are made available without sacrificing speed. 
Look at the chart. Commercial speeds of 65ns 
(15MHz). Military speeds of 75 ns (13MHz). 

RELIABILITY. Our military parts are 100% screened to 
MIL-STD-883, Method 5004. Commercial versions differ 
only in burn-in time and electrical test temperatures. 

AVAILABILITY. All speed, power and package options 
are available off-the-shelf. 

DSP FAMILY. Our 16x16 multipliers are the first of a 
family of high-performance CMOS DSP circuits. An 
exciting series of high speed/low power devices are in 
development for introduction later this year. They will 
continue to make your job easier. 

EVALUATION SAMPLES. Write us about your applica­
tion on your letterhead and we'll send you an evaluation 
sample of our IDT7216/7217 multiplier. 

CMOS SOLUTIONS. We also supply the world's fastest 
CMOS 16K static RAM family, 64K static RAM modules 
and memory support logic products. And that's just the 
beginning. 

MAY WE BE OF ASSISTANCE? Call or write today 
for complete information on our 16x16 bit multipliers 
and our other CMOS system solutions. 

Integrated Device Technology, Inc. 
3236 Scott Blvd., Santa Clara, CA 95051 
(408) 727-6116 TWX 910-338-2070 
CEMOS is a trademark of Integrated Device Technology, Inc. 

(.;) Integrated Device Tech~ 
CIRCLE NO 148 
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Speed/torque drive systems 
and SCR controls 
Catalog CDM-PM-C contains 20 pgs 
of information on the selection and 
application of permanent-magnet 
adjustable speed/torque drive sys­
tems and companion SCR controls. 
Featured products are SCR con­
trols, motors and gearmotors as 
well as a newer line of motors and 
gearmotors with more power per 
frame size. Text, operation graphs 
and control- and drive-selection ta­
bles guide the reader to the best 
selection for his application. Use of 
the vendor's drives with power sup­
plies from other companies is 
provided with application informa­
tion for user-designed systems. Di­
mensional drawings, mounting rec­
ommendations and electrical operat­
ing requirements are included. Bo­
dine Electric Co, 2500 W Bradley Pl, 
Chicago, IL 60618. 

Circle No 343 

A primer on robotics 
This primer describes the funda­
mentals of simple, nonservo robots. 
The 26-pg publication covers the el­
ementary aspects of robotics and 
includes application information. A 
layout chart and associated manual 
serve as practical guides in struc­
turing a robot in the cartesian co­
ordinate system from standard com­
ponents. Mack Corp, 3695 E 
Industrial Dr, Flagstaff, AZ 86001. 
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Buyer's guide focuses on 
hand tools and testers 
This 144-pg buyer's guide illustrates 
and describes hundreds of hand 
tools, tool kits, test equipment and 
related products. In addition, one 
section is devoted to tool kits for 
those who repair, maintain and 
service electronic and electrome­
chanical equipment. Name-brand 
hand tools are illustrated and de­
scribed in detail with specifications 
included. Electronic Tool Co Inc, 
101 Castleton St, Pleasantville, NY 
10570. 

Circle No 345 
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Guidelines for designing or 
selecting magnetic shields 
For magnetic-shield users, the 
84 - pg Procurement Catalog I 
Engineering Manual No 90 contains 
useful technical data needed to de­
sign or choose the optimum magnet­
ic-shielding solution for a given ap­
plication. Three engineering 
sections include reprints of articles 
written by the publisher's engineer­
ing staff. Technical articles also 
cover the enhanced skin effect and 
the basic relations between E and H 
vectors for a plane wave. Twenty­
five case histories contain solutions 
to such problems. Ad-Vance Mag­
netics Inc, 625 Monroe St, Roches­
ter, IN 46975. 
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Quartz frequency 
management devices 
The Guide to Quartz Frequency 
Management Devices provides pho­
tographs and outline drawings of 
standard and custom crystal prod­
ucts. Included are precision, mili­
tary and µP crystals; TCXO­
TCVCXO, ovenized, SC cut, 
voltage-controlled crystal and hy­
brid clock oscillators; and standard 

filters/discriminators and custom fil­
ters. Crystal performance curves 
and a MIL-vs-commercial cross ref­
erence for MIL-equivalent crystals 
are provided. CTS Corp, Knights 
Div, 400 E Reimann Ave, Sand­
wich, IL 60548. 
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Specs on LVDTs 
Featuring graphically plotted per­
formance specifications, this 40-pg 
catalog furnishes complete design 
parameters on linear variable differ­
ential transformers (LVDTs). The 
graphs are provided for each of 
seven variables, showing what hap­
pens to an LVDT's performance 
when such parameters as tempera­
ture, frequency and output load im­
pedance are introduced. The catalog 
details the use of the products in 
various displacement-sensing in­
strumentation systems. It also de­
scribes LVDT operating principles, 
construction, custom designs and 
accessories and includes a glossary 
introducing readers to LVDT termi­
nology . Robinson-Halpern, Box 
248, Plymouth Meeting, PA 19462. 

Reference guide 
to data systems 

Circle No 348 

This 6-pg color brochure provides 
data-systems engineers with a 
quick reference guide to the mag­
netic-tape systems and controllers 
that are compatible with specific 
HPIB and IEEE-488 computer sys­
tems. It describes how the products 
enhance data-processing systems 
for users of Hewlett-Packard, DEC, 
Tektronix, Fluke and other comput­
er systems. The brochure includes 
performance ranges and applica­
tions of the supplier's product line. 
A convenient reference chart shows 
which products interface with spe­
cific computer brands on a model­
by-model basis. Dylon Data Corp, 
9561 Ridgehaven Ct, San Diego, CA 
92123. 
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THE INTELLIGENT 
SCOPE! 
HITACHI V-1100 

The only 
Portable 100 MHz 
Oscilloscope 

A B c 

with CRT readout 
and built-in micro­
computer to make 
measurements 
faster, easier and 
more accurately. The exclusive Hitachi V-1100 features: 

Digital DVM 

Measurement 
functions Frequency 

counter 

D 

A. Delay Time 

B. DVM Measured Values 

C. Cursor Measured Values 

D. DVM Relative Values And 
Frequency Measured Values 

E. Scaling Factor (CH1) 

F. Add Indicator 

G. Scaling Factor (CH2) 

H. Invert Indicator 

I. BWL Indicator 

J. Scaling Factor (Sweep A) 

K. Scaling Factor (Sweep B) 

DC voltage: Corresponds to screen 
AC voltage: 50Hz to 10MHz CH1 

Frequency: 120Hz to 99.9MHz 
only 

Display: 

Research, electronics, medical 
equipment development, mili­
tary applications, or just general 
trouble-shooting ... the Hitachi 
V-1100 Oscilloscope offers the 
ultimate in high-tech, high­
versatility and high-value. 

Voltage Vabs: 
VoltageV: 

REFtoGND 
a. to REF 

3 dig~s + units 

The Intelligent Scope is the 
smartest choice you can make. 

This innovative state-of-the­
art system is ruggedly engi­
neered for enhanced reliability 
in the lab or out in the field. 

Compare and you'll see why 
the Hitachi V-1100 is an incom­

Readout Cursor REF, a. Amplitude ratio: % (5div = 100%) 

functions Readout TimeT: a. to REF 
function 

cursors 
Time duty ratio: % (5 div = 100%) 
Phase: Deg (5 div = 360") 
Frequency: 1fT = a. to REF 

Panel setting Vertical axis: V/div, INVERT, ADD, BWL, UNCAL, MAG 

Value displays 
Sweep speed: s/div, UNCAL, MAG 
Other: delay time and A trigger source 

GND Ground line display 
Reference (GND LINE) 

CH1 and CH2 displays are available. 
function 

Additional features include quad channel (CH. 1, 2, 3, 4) with independent position controls, 
8 trace with alternate sweep, 1 BkV-6" rectangular CRT, minimum deflection factor 1 mvldiv, 
maximum sweep time 2ns/div, TV-sync, X-Y operation up to 1 MHz (3° or less), variable 
hold-off, gate outputfor A and B sweep, CH 1 signal output to 100 MHz (-3d8) .. .plus much more. 

parable value. 

@!:!,~!~~-HI® 
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175 Crossways Park West., Woodbury, New York 11797 •Telephone: 516-921 -7200 
For fast action, call TOLL FREE 800-645-7510 

Chicago: 1725 North 33rd Avenue, Melrose Park, Illinois 60160 • 312-344-4020 
Los Angeles: 18005 South Adria Maru Lane, Carson, California 90746 • 213-538-4880 (TOLL FREE) 800-824-9751 

Dallas: 14169 Proton Road, Dallas, Texas • 214-233-7623 
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Presenting the first UNIXTMoptimlzed SMD disk controUer,,. 
for Multibus:M Available today from INRRPHASL 

The SMD 2190 is the first high performance disk control­
ler optimized for UNIX and UNIX-like operating systems. 
Its highly intelligent caching scheme gives you the flexi­
bility to match your disk controller to your operating 
system. This means optimum performance for all ver­
sions of UNIX. 
With the SMD 2190, you get high speed cache memory 
plus all the features you've come to expect from a high 
performance disk controller. 

1 :1 Interleave, 20 Mb/S data rate, 32-bit ECC, Auto­
matic Error Correction, Bad Track and Sector Mapping, 
and Overlapped Seeks for high performance on the 
disk side. 

Ultra-high speed OMA, 8- and 16-bit data transfers, 
and both Relative and Absolute 24-bit addressing for 
high performance on the Multibus side. 

Easy to use MACRO-level Commands - READ, 
WRITE, FORMAT - mean simple software drivers. 

Most-Primitive Error diagnostic reporting and a low 
parts count mean minimum integration time and high 
reliability. 

Software compatibility a~ross the lnterphase Family of 
SMD disk controllers means the maximum return on 
your software investment. 
You've come to expect high quality innovations from 
lnterphase ... the most talented intelligent disk controller 
specialists in the country. And the SMD 2190 is no 
exception. It is elegant, well designed, affordable and 
available off the shelf. 
But that's not all. We give you full support to help you 
integrate the SMD 2190 into your system. And we'll even 
leave some change in your pocket. Call or write us today. 

~~t~HASE 
UNIX is a trademarl< of Bell Laboratories 
Multibus is a trademari< of lnlel Corporation 

2925 Merrell Road, Dallas, Texas 75229 • 214-350-9000 •Telex 73-2561 (TELESERV) DAL 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

.. 
NEW SERIAL EEPROM PROGRAMMER 
First time available anywhere, a dedicated 
gang programmer for 8-pin serial EEPROMs. 
Programs 16 EEPROMs or NOVRAMs at a 
time in its 8 ZIF sockets, in 3 seconds or less. 
Programs the following devices: 

National Semiconductor - NMC 9306/9346 
Xicor - 2443/2444 (NOVRAMS) 

General Instrument - 59256 
NCR- 59308 

PROGRAM AUTOMATION, INC. 
385 Main St., Metuchen, N.J. 08840 

201/494-3330 

CIRCLE NO 255 

NEW SINGLE & DUAL ROW "POSTL 
BOXE" CONNECTORS & HEADERS 
PERMIT PC BOARD STACKING 
Based on .100" (2.54mm) grid system. A high 
density system for positioning anywhere on PC 
board. From 2-65 (single row) or 4-130 (dual row) 
positions. Rated at 3 AMPS (250 VAC). Phosphor 
bronze, tin plated contacts. Housings 94V-O 
rated , glass-filled polyester. 

ME'THOOE ELECTRONICS, INC. 

INTERCONNECT PRODUCTS DIVISION 
1700 Hicks Road, Rolling Meadows, IL 60008 

312-392-3500 TWX 910-687-0760 

CIRCLE NO 258 
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NEW! 
FREE! 

v TRANSDUCERS 
v STRAIN GAGES 
v INSTRUMENTATION 
v COMPUTER 

INTERFACES 
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GIMIX 6809 Multiuser Systems offer the ultimate in per­
formance for development and business applications. 
Features include: protection of the system and other users 
from crashes caused by defective user programs; and In­
telligent 1/0 boards, each with their own processor, that 
significantly reduce system overhead by handling routine 
1/0 functions, freeing the host CPU for running user pro­
grams. This improves system performance, and allows 
multiple terminals to be used at 19.2K baud. All systems 
can use up to 1 megabyte of Static RAM and are powered by 
a ferro-resonant constant voltage power supply. Systems 
are available with Winchester and/or floppy drives . A wide 
variety of languages and development software is available 
for this Unix like operating system. 

l:lmlx 1337WEST 37th PLACE 
inc. CHICAGO, ILLINOIS 60609 

(312) 927-5510 
TWX 91 0-221 -4055 
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To advertise in Product Mart call: 
Joanne Dorian, (212) 949-4445 or Diane Turco, (212) 949-4447 

AC Analysis Transient Analysis 

Tired of trial & error circuit design? Analyze and debug your 
designs before you build them. With MICRO-CAP you simply 
sketch your ci rcuit on the CRT screen using built-in 
keyboard-dri'len graphics routines, then run an AC, DC or 
Transient Analysis. Your circuit may consist of RESISTORS, 
CAPACITORS, INDUCTORS, DIOOES, SWITCHES, BAT­
TERIES, SINEWAVE PULSE OR USER-DEFINED SOURCES, 
BIPOLAR OR MOS TRANSISTORS, OPAMPS, OR TRANS ­
FORMERS.MICRO-CAP is a full non-linear simulator and can 
analyze virtually any network containing up to 60 nodes . 
Includes a user-controlled library for modelling complex 
components. The product is available for APPLE II (64k) and 
IBM PC (192k + co lor graphic adapter card) systems and 
requires two drives. The price is $475. An Evaluation Kit , 
identical to the main product but limited to 5 node 
simulations, is available for $50 and may be credited towards 
the purchase of MICRO-CAP. Write or call for brochure. 
SPECTRUM SOFTWARE DEPT E, 1021 S. WOLFE RD #130., 
SUNNYVALE CA 94086. (408) 738-4387 
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MICRO-LOGIC 
LOGIC DESIGN & SIMULATION SOFTWARE 

MICRO-LOGIC DRAWING 

MICRO-LOGIC TIMING SIMULATION 

MICRO-LOGIC is an interactive drawing & simulation system. 
You simply sketch your logic diagram right on the CRT screen 
using built-in keyboard-driven graphics routines . The 
program then generates the netlist required for the timing 
simulation automatically. MICRO -LOGIC can handle 
networks as large as 1750 5-input gates. It includes editors for 
Networks and MACROS, Data Channel patterns. clock 
waveforms and Gate Libraries . Gate attributes include truth 
table, name. delay and clocking convention. The product is 
available for APPLE II (64k) and IBM PC (l92k -.- cotor 
graphics adapter card) systems and requires two drives. The 
price is $450. An Evaluation Kit. identical to the main product 
but limited to 25 gate simulations, is available for$50 and may 
be credited towards the purchase of MICRO-LOGIC. Write or 
ca ll tor brochure . SPECTRUM SOFTWARE DEPT E, 1021 S. 
WOLFE RD #130., SUNNYVALE CA 94086. (408) 738-4387 

CIRCLE NO 260 
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Static 
Control 

Products 
• Complete line for use in producti on. 

shipping. storage. computer rooms 
• Specialists in conductive and anti-stati c 

foams - urethanes. Dow Ethafoam. 
Un iroyal Ensolite<• CEC 

• Bench tops. floor mats. trays. bins. bags. 
and many other accessories 

• Packaging design. custom die cutting, and 
foam fabr ication 

Call or write for catalog 
B. ZEITZ & SONS, INC. 
EAST WEST 
P 0 Box 1622 1767 Junction Ave 
Cherr y Hi ll. NJ 08034 San Jose. CA 9511 2 
(609) 663-5 504 (408) 97 1- 8899 

CIRCLE NO 261 

For free c atalog , 
phone toll-free (800) 225-1008 

In Massac huse tts (617) 938-0900 

Genstar REI Sales Companr. 
6307 DeSoto Avenue, Suite J 

Woodland Hills, California 91367 
CIRCLE NO 264 
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AVOID EQUIPMENT FAILURE! 
The electricity that powers your sensitive elec­
tronic equipment is "polluted". Filled with power 
surges, voltage spikes and noise interference. 
The result? • Incorrect readings 

• Premature circuit failure 
• Information loss 

Protectyourequlpment. Purifyyourpowerwith 
a POWER MASTER* Line Monitor Conditioner. 
Ready to use- just plug in. FREE 24-page Catalog 
featuring 1 O UL listed models. 
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SGLWABER 
a division of SGL Industries, Inc. 

300 Harvard Ave., Westville, NJ 08093 
(800)257-8384 
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Maximize IC density with MINI/BUS.® 
Rogers MINI/BUS® PCB bus bars let you 
create higher density boards without the added 
design time and expense of multilayer. Be­
cause they eliminate on-board power and 
ground traces. And save valuable real estate 
for maximizing ICs and signal interconnec­
tions. All at about half the cost of 4-layer PCBs. 
Call (602) 830-3370. Or write: Rogers Corpo­
ration , 5750 East McKellips Road , Mesa, AZ 
85205 . 
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ROEDERSTEIN 

1984 
catalog 
For a complete guide to a comprehensive 
selection ot passive compcnents you need 
"The Step-Save(' Roederstein's 1984 Catalog. 
With a complete listing ot product in1or­
mation. the new 1984 Catalog can save you 
time-consuming steps when looking tor 
reliable resistors and capacitors. Order your 
catalog today and keep a current listing ot 
the most comprehensive inventory ol 
passive compcnents at your Unger tips. 
Roedenteln llec:tfonlcs 
Yow Source lor Quality JlaAlft Components. 

ROEDERSTEIN B.ECTRONICS, INC. 
PO Box 5588, 2100 West Front St .. Statesville, NC 286n 
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To advertise in Product Mart call : 
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... - -s. 

0868K/VMEI SINGLE BOARD 
COMPUTER ON THE VME BUS 

• 12 .5MHz68000Rl2 16/32 bit 
CPU • (8) pairs .of 28-pin sockets for RAM 
or ROM • (2) RS-232( serial ports using (I) 
68681 DUART • (2) 8-blt parallel 1/0 ports 
using (I) 68230 Pl/T • System controller 
functions are supported • (7) Priori tized bus 
or auto vectored prioritized interrupts 
• Two year limited warranty. 

DI OMNIBYTE CORPORATION 
245 W. Roosevelt Road 
West Chicago..: IL 60185 
(312) 231 -61180 
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RS232 or 8 BIT PARALLEL 
MINI CASSETTE SYSTEM 

.. 
e LOW COST - $388 @ 100 UNITS" 
• Microprocessor Controlled 
• > 200K Bytes Formatted/ Tape 
e Variable Baud Rate (110-9600) 
e Error Rat e 1 in 10 to the 9th 
e Small - 3" x 3.5" x 5" W/ 0 Case• 

2 1 OTHER CA RTRIDGE. CASSETTE, FL OPPY 
SYS TEMS WI TH STORA GE TO 12 MEGABYTES 
Basic Drive with R/ W Electronics Start at $150 

ANALOG 8c DIGITAL PERIPHERALS INC 
8 1 5 Diana Drive n l.\~D Troy. Ohio 45373 

u~ 513/339-2241 
TWX 810/450-2685 

Branc h Off: Ok lahoma City OK - Fac tony: Yucca Valley.CA 

See us at NCC Booth A1846 
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MORE RAM ON-CARD MAKES HEURIKON 
HK68A A COMPLETE SINGLE BOARD 

UNIX SYSTEM 
Heurikon Corporation is pleased to announce its HK68A is now 
available with 512KB or 1 Mbyte of RAM on-card ! 
With the added dimension of 1hMB or 1 Mbyte on the HK6811 along 
with its powerful array of on-board features including Win­
chester and tape l/F, four to eight serial ports, two iSBX 110 expan­
sion plugs , quad channel OMll, MMU, 32Kbytes of EPROM, user 
programmable LEDs and dipswitches, and three programmable 
16-bit counter/timer channels, the HK68A is transformed into a 
COMPLETE SINGLE BOARD UNIX' " SYSTEM! 
Heurikon currenUy supports UNIX System Ill and V with drivers for 
Ethernet™, SOLC/HOLC, and floating point processors. Other 
operating systems include CP/M-68K, Poly FORTH™, llNO 
Regulus™. 
For more information, contact Heurlkon Corporation, 3125 
Latham Drive, Madison , WI 53713, or phone 1-800-356-9602. 
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CBX 583 CLOCK/CALENDAR iSBX * 
MODULE provides seconds, minutes, 
hours , day, date, month and year and 
1024, 1, 1/60, 1/3600 Hz interrupt out­
puts. 4-year calendar with automatic 
leap year reset. Only 1.2ma @ 5V. 
Lithium battery backup for minimum 
6-year data retention. $195 single-piece 
price. Contact Bill Long , Diversified 
Technology, P. 0 . Box 748, Ridgeland, 
MS, 39157. (601) 856-4121 . *TM Intel 
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Wire-Wrap® 
& Multiwire® 

Software 

Whip your desi gns 
into shape wi th 
WI REMASTER 

Never do another design by hand! Your 
computer and Wiremaster will quickly and 
acc urately convert your schemati c into 
wire lis ts , net maps, parts lists, checklists , 
and plots (optional) to give you total control. 
Hand les EGL and twi sted pair wiring . 
Versions availabl e for NC machines. 
Runs on IBM -PC, VAX, CP/M, MSDOS and 
Un ix Compu ters. 

No-risk demo disk available. Cal l or write 
for details. 

AFTERTHOUGHT ENGINEERING 
7266 Courtney Dr., San Diego, CA 92111 

(619) 279-2868 

CIRCLE NO 273 

$275 

Printing Speed. 80cps, 640 dots/line per 
second 

Printing D1rection Normal-Bld1rect1onal, logic 
seeking: Superscnpt and bit image 
graph1Cs- urnd1rec1ionar. left to nght 

Interface. Standard Centromcs: optional AS232 

1-liJ Everett/Charles® 
\::\:,.} Marketing Services Inc. 

6101 Cherry Ave., Fontana CA 92335 
800-443-1860, or 1n Calif. (800) 821 -0589 
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500 Watts 
and P3 

Reliability 
The Powercube 
Hi Five"': an off-line 
switching power supply 
based on MOSFET technology. 

Powercube's new Hi 5 delivers 70%+ effi­
ciency; line and load regulation of .5% Max; 
transient response of ±250 mV Max between 
.2 to .6 L with 300 µsec settling time; extremely 
fast pulse-by-pulse current limiting; and bu ilt­
in EMl filter. 

It's the ideal source for demanding military, 
scientific, and industrial applications. 

Rely on Pl the WORLD leader. 

~ ~\M!f!e:t~E 
B Suburban Park Drive 
Billerica, MA 01B21 
(617) 667-9500 
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Two Channel Interface 
at Single 
Chanriel 
Prices 

® 

SERIAL-28 Expansion Module 
For low cost serial communication with 
system peripherals 
• Two independent RS-232C compatible 

ports 
• Based on popular 8251 A USART s 
• Uses baud generation circuitry of host 

single board computer 
•Quantity 1 price $]60, available from 

stock to 30 days 

§!] General Digital Corporation 
700 Burnside Avenue, E. Hartford. CT 06108 

(203) 528-9041 
Expansion modules for all requirements 

CIRCLE NO 274 

$150.00 
51/• " Half High, 
Shugart Compati­
ble, Single Sided, 
Double Density 

$165.00 
3V211 Micro 
Floppy, Disk Drive, 
Shugart Compati­
ble. Single Sided. 
Double Oensily 

•

$195.00 
51/•" Half High, 
Apple® Compati· 
ble, Single Sided, 
Double Density 

'Tl1ldl!mlilkOIApslie~. lnc 

1-liJ Eve"tt!Charles® 
\::\:,.} Marketin~rvices Inc. 

(800) 443-1860, or in California (800) 821-0589 

CIRCLE NO 277 

To advertise in Product Mart call : 
Joanne Dorian, (212) 949-4445 or Diane Turco, (212) 949-4447 
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ALPHANUMERIC DOT MATRIX 

LCD MODULES 
• Integral E-L backlight (standard) 

•Operating temperature: - 20° to + 70°C or 
0° to + 50°C 

• Built-in CMOS RAM and ROM 

• Wide viewing angle (top or bottom) 

• Sizes: 1 x B, 1 x 16, 1 x 20, 1 x 24, 1 x 40, 
1 x BO, 2 x B, 2 x 16, 2 x 20, 2 x 24, 2 x 40, 
2 x BO, 3 x 40, 4 x 16, 4 x 20, 4 x 40, 4 x 80, 
B x 20, Bx 40, Bx BO, 16 x 40, 16 x BO, and 
25x 2 (CRT) 

_r-\c::OENSITRON 

&...I 8~!!!:~~!1;,~?.~ 
2ons S. Western Ave., Torrance, California 90501 

Phone: (213) 618-9647 
FAX: G2/G3: 213-618-1658 Telex II : 910-349-6200 
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Electronic 
Circuit 
Analysis 
• AC and DC analysis 
• Very fast , optimized machine language 
• Worst case, sensitivity analysis 
• Sweep component values 
• 64 Nodes 
• Compare circuits 
• Log or linear sweep 
• Full file handling 
• Full editing, error trapping 
• Frequency response, magnitude and phase 
• Complete manual with examples 
• Transmission lines 
• Complex y parameters 
• Available for CP / M, MSDOS, TRSDOS 
• Price - $150.00 

Tatum Labs 
P.O. Box 698 
Sandy Hook, CT 06482 
(203) 426-2184 
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BROAD-LINE SOCKET & 
TERMINAL STRIPS 

Over 3,000 varieties. Interconnect or' ' Stack" PC 
boards for high density. Easily repairable packag­
ing. May be used to mount IC's, OP-amps, relays, 
or as test points. 20 and 32 positions standard . 
Most feature " Easy-Instant-Breakaway" - easily 
snaps into any required shortened length. Right­
angled versions available for edge-board or test­
point connections. For full specification contact: 
SAMTEC, INC,, PO BOX 1147, NEW ALBANY, 
IND 47150 or call B12/944-6733. 
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Reliable 
& Versatile 

MJ 
Series 
You have 

reliable perfor­
mance and custom 

. ~ design versatility with 
' Bowmar's MJ Series 
miniature joy sticks. 

Standard benefits Include: • All metal functional and 
structural parts• Replaceable potentiometers • Propor­
tional rate control • Simpli1ied 1ield repairs. 

Add to this Bowmar's long-term leadership in design 
and production. Choose MJ Series joy sticks tor a vari­
ety of your needs. Contact us today. 

:5Bowmar 
BOWMAR INSTRUMENT CORPOAATIONJAeroapaee Division 

8000 Bluffton Rd . •Fort Wayne, IN 46809 • 2191747·3121 

CIRCLE NO 279 

S imple Genius i n Multi bus· 
• I nte l Trademark 

Serles VI from CDL is the lat est offering 
of System Chassis leadership t echnol ogy. It 
houses a 6 slot solid welded cardcage, a pair 
of half height 5 1 /4" flexibl e or hard disk 
drives and a sensibl e 150 W power supply. 

CHEN 
DIGITAL 
LABORATORI ES 

Contac t 
(206)88 1-5031 

16718 NF. 4 lst Stree t , Redmond, WA 98052 

CIRCLE NO 282 

zeooon• MULTIBUS™ SBC 
Z8001 or Z8002 16-bit CPU (6 MHz); 32K or 128K 
DRAM (upgradable to 51 21<); up to 48K static RAM 
or EEPROM; up to 128K EPROM; 2 RS-232 ports 
(Z8030 SCC); 40 parallel 1/0 lines and six 16-bit 
counter-timers (Z8036 CIOs); vectored interrupts; 
two 8-bit DIP switches. EPROM resident Debug 
Monitor, MICRO CONCURRENT PASCAL, C, 
FORTH, VRTX. Develop Z8000 software on your 
IBM PC, PDP-11 , Intel MOS, Olivetti M20 or any 
8080/Z80 CP/M system. Z8000TM Zilog, 
Multibus™ Intel Corp. SINGLE BOARD SOLU­
TIONS, 7669 Rainbow Drive, Cupertino, CA 95014. 
(408) 253-0181 

CIRCLE NO 285 

BEST QUALITY, QUICK TURNAROUND 
NMOS MASK ROM:16K,32K,64K,128K 
CMOS STATIC RAM:1K,4K 

ERSO/ITRI 
8TH Fl .. No. 315. Sung Chiang Rd ., 
Taipei, Ta iwan, R. 0 . C. 
Telex: 12974 ERSO ITRI Tel : (02) 542-8212 
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The "Tri-State Box''® 
ESL MODEL 700 MODEM & TERMINAL 

INTERFACE POCKET ANALYZER 

New Tri-State LED's Display 
Red, Green, and Mixture (Orange) 
For Accurate Datacomm Testing. 

• 
The unique Model 
700 EIA RS·232 
Inte rface Analyze r 
uti lizes tri-statc LEDS 
to cica<ly d;,play po­
lari ty, activity, and 

l[)!!l~~~~~(.Jl"::l idity of all key interface signals 
si m ul t a n cous I y. 
Compact and battery 
powered , ideal fo r 
computer room or 
fie ld xrvic.e ~. Im­
mediate ddivcry. Call 
now! 

CJ ELECTRO 
STANDARDS 
LABORATORY, INC. 

P.O. BOX 9144 PROVIDENCE, A.I. 02940 14011943.1164 

TELEX: 697 2057 ESLAB 
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6801 Test Bed 
& Programmer 

CIRCLE NO 286 

To advertise in Product Mart call : 
Joanna Dorian, (212) 949-4445 or Oli ne Turco, (212) 949-4447 

EMI PROBLEMS? 
Let Eagle Magnetic CURE your 
magnetic shielding problems! 

Guaranteed FCC Compliance! 
Testing for FCC Part 15) compliance may not 

be enough. In case of f a ilure, you need to 
know exactly bow to b_ring your device into 
compliance. 

Our test sites are tested to be identical to the 
FCC's. We show you inexpensive, effecti ve 
board level fi xes to satisfy the regulation. If 
you need to fi le for cert i fi cation, we wi ll do 
the submission. 

The nationally recognized compliance 
specialists. Fixed price , agreed upon in 
advance. No surprises or hidden extras . 

DASH, STRAUS & GOODHUE 
593 Massachusetts A venue 
Boxborough, MA 0 17 19 6171263-2662 
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CAT 2000 

COMPUTERIZED 
ADJUSTMENT 
TOOL 

• Adjusts pots, coils and 
trimmers 

• Accuracy greater than 
.03 degrees 

• Computer interfaced by 
the IEEE-488 GPIB 

The CAT 2000 will improve your adjustment 
speed, consistency and precision, resu lting 
in lower production costs. For more informa­
tion , call or write: 

Q UAntum i>ATA 
455 Kehoe, Carol Stream, IL 60188 
Phone: (312) 668-3301 Telex: 206 725 

CIRCLE NO 287 
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ENGINEERING SOFTWARE 
CPM-aO • MSDOS • TRSDOS • PCDOS 0 

_::I! -
Free Catalog Dealer Inquiries Welcome 

Professional - Affordable 
PLOTPRO - 5C1 t1f1c; Graph P 1ot1~ Program S49. 95 

ACNAP - Electronic C11cu1t.An8~/S Program S49. 95 
SPP - 5!9n I Process1og Program S59. 95 

• 96 computers nd tormalS 1nclud1ng (BM 1Qok-al1ke . 
8087 co- roci;s m !slightly ore) . and Apple with 
CP/ l[1clut;J S-3.00 119.00 Foreign/ sh1pp1ng and 
han l1rig with e ch progr~m Cal1forn1a add 6% 

BV Engineering 
Box 3429 •Riverside, CA 92519 • (714) 781-0252 
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RELIABLE 0.1 AQL SOLID STATE RELAY 
Teledyne's 615 features AC load ratings to 40 
amps @250VRMS, optical isolation to 3750 
VRMS, logic compatible input, and zero voltage 
turn-on . Constant current input from 3 to 
32VDC. Built-in snubber for high noise immuni­
iy . Incorporates custom IC's to reduce compo· 
nent count. Conditioning screen prior to ship­
ping yields highly reliable 0.1 AQL SSR. UL 
recognized (file #E55197); CSA approved . 
615V meets VOE and IEC standards. From 
$10.75 ea in production quantities. Teledyne 
Solid State Product, 12525 Daphne Ave. 
Hawthorne, Cal. 90250 (213)777-0077 
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ManageMint™ 
The Most Complete 

PERT I CPM Software 
• 999 to 3,000 activities 
•Tracks 26 resources plus budget 

& %complete 
• 1,200 working day calendar with 

holidays & any work week 
• Gantt charts, histograms, 

resource & budget graphs 
• Reports: standard , exception & 

user-defined 
• Runs on IBM-PC/XT, TRS-80 & 

CP/M Systems 
•Customization available 

...,. 36 Baltimore Pi i<e, Suite 106A 
•.!!!!'ff .. Media, PA 19063 DEPT. EDN 

(215) 566-0801 

orders only: 800-441-7680 X 500 
Wanted: Manufacturers Reps. 
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Ouelo'" 68QQQ Assembler 
~ 

New 5.0 Release 

The OueloTM portable 68000 assembler conforms to the Motorola 
resident assembler, publication M68KMASMf04J. 

Quelo™ 68000 Assembler Package Features: 
Input file co,ncatenation, Incl ude function. macros~ global 
parameler subsh!ut ion lrom command line, listing date-time 
s!amp, up to 31 character symbOls, condi tional assembly, st(uc· 

~~~~~tli:;~,r~~~~~o~i ~enc~i~~!·i~~~~~~~~~x o~~~~~!::~~nii~~n~ (a7; 
operators), 08-0W-OL directives for ZBO by te order data gene(a­
tlon, ObJe~t library ut ility, software conligural!on !racking, coni:11-
tional J(nking, options for assembler and ) inker to write complete 
symbol tabte to a file, detailed symbol table listings, assembler 
symbOI cross-reference, linker global s~mbol cross-reterence. ob­
ject library symbol cross-reference, superb linker road map, 
vane.us HEX load formats produced by linker. error messages in 
Eng!1sh, extensive typeset manual with index, readily transported 
to any system with a C compiler and " UNIX like" system inlerlace. 

Ready to cun in various disk formats for 
CP/M-80, ·86, ·68K , MS-DOS and PC-DOS 

Por1able source version with detalled 
Jnstal (at lon and tesling instructl ons. 

$595 

$150 and license 
agreement. 

OueloTM For more tnformahon or to order 
write or call Patr(ck Adams 

COD.J. v rsa, MasterCard . 

2464 33rd Ave W., Suile #1 73 
Seallle, WA 98199 

(206) 285-2528 

MUL Tl-SET EPROM PROGRAMMER 
The IM3016 programs up to 16 different 
masters in one cycle. Suitable for engineering 
applications with large EPROM sets and RS232 
computer interfacing. The IM3016 provides 
dependable, high-throughput operation for pro­
duction environments using electronically 
isolated sockets, one-key control , and fast pro­
gramming algorithms. Software selection for all 
common EPROMs including 2764, 2764A, 
27128, 27128A, and 27256. 

INTERNATIONAL MICROSYSTEMS, INC. 
11554 C Avenue, Auburn, California 95603 
For immediate action call: 916-885-7262 
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Quantity One ••• $349* 

•Substantial OEM discounts available 

• 4mHx ZIQAt CPU, 64fC RAM • Two RSllt HNI pc>ftl 

• Mini lloppy comrollcr • P1<1llcl prtnwr port 

• Qn..boerd-1tvcorwcrtcr • Only5.75 .J<. 7.751nchn 

• -Requirement +5YDC @l .75A; +1!1VDC @l .05A 

• 5acwl directly onto 1 mini floppy drlw 

All this ••• 

~ ~:' .. ~~:!~~~IOI 
COMPU! E s !NC~POF'IATEO 11~/ .. ~ •'c"""'w1r-....r.to1oea-.CI\. 

67EastEvelynAve. • "'°°ntainView,CA94041 • (415)962-0230 

• 
LEMO S SERIES CONNECTORS 

The Lerno S Series features a wide variety of 
precision-machined cylindrical connectors 
with several capabilities: subminiatures, 
coaxial , triaxial , PC board mount, multipin to 
106 contacts, robotic , thermocouple, high 
voltage , mixed high voltage, coaxial and 
multipin configurations, audio video, and 
custom designed. Quick connect-disconnect 
system, positive locking mechanism, avail­
able in aluminum or stainless steel. 

Lerno U.S.A., Inc., P.O. Box 11006, Santa 
Rosa, CA, 707/578-8811 

CIRCLE NO 293 

IBM PC - 8088 PROTOTYPE 
DEVELOPMENT SYSTEM 

$500 Package Includes: 

• SBCB~ Board with BOBB, 1RAM, monnor ~OM, Parallel and 
Serial 1/0. Interrupt Controller, Timers and WN area. 

• Software: Assembler, ut ility program; deve lop. program oo 
PC, down load and on-line debug. 

• Cable: SBCBB to IBM PC Senal Pon 
• Use(s Guide 

Msridi11n Systsms 
321 Av18dor Streei Su~e II/ 

Camarillo, CA 9JO I 0 
805/ 484-8696 TWX 910-332-1292 
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THE 
~OUGHEST! 

Now ... Our SECS 80 Militarized Co01puter 
Syste01 Is Available Radiation Hardened. 
Will Survive Tactical Level Nuclear Events 
EMM is under contract to deliver radiation hardened 
militarized computers and memories that will operate 
after tactical level nuclear events. To accomplish this, 
we've completed extensive design evaluation and 
testing, and have implemented a total hardness 
assurance program . 

Versatile MIL-Spec System 
Our Intel® -licensed 8 and 16-bit computer systems 
meet MIL-E-4158, 5400, 16400 - and more . 
They're field-proven too , with over 1,000 being 
used in airborne , shipboard and ground systems. 

A Complete System 
SECS 80 is a complete microcomputer system with 

ERIRI 

8080, 8086 and 8088 CPU's - plus memories and 1/0 
expansion modules. Compatible Intel software includes 
operating systems and an extensive suite of high level 
languages such as Fortran , Pascal PL/Mand MIL-STD 
1589 Jovial (J -73) . 

Save Time, Money and Eliminate Risk 
We've done the military design , testing and documenta­
tion . Just develop your software using off-the-shelf Intel 
commercial programs, then transfer them to the rugged­
ized SECS 80 system. 

For More Information on SECS 80 Militarized Computer 
Systems, use our Toll Free Numbers: 

In Callfomla: 800-367-3726 or 800-EM·SESCO 
Out•ide Callfomia: 800-423-5527 

· Registered trademark of Intel Corporation 

Severe Environment Systems Company 
A Subsidiary of Electtonk. Memories & Magnetics Corporation 

P 0 Box 2668 • Chatsworth . CA 9 131 1 
COMPUTERPRODUCTSFORSEVEREENVIRONMENTS 
France, Italy , Spain A: Bel9tum Gcrm•ny, Switzerland, Au•trla A. Holl•nd U.K., Scandln.vta A European Head Offtce 

Telephone : (818) 998·9090 • TELEX: 69-1404 Tel. France (6) 085 1255 Tel. Ge<many 106171) 293 1 Tel. U.K. (06281 72134 
Telo 600 233 Telex 04 10734 Telex 849298 
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PROFESSIONAL ISSUES 
...,Written and cdirc? by Shelley. Mumford 

More jobs with higher salaries 
greet 1984 engineering graduates 
With the current high demand for 
electrical engineers, this year's 
graduates are experiencing no diffi­
culty in finding employment. Many 
high-technology companies prefer 
new EE graduates who can be 
trained to the organizations' partic­
ular styles, so the firms are urging 
recruiters to spend more time on 
college campuses. 

The current popularity of gradu­
ating EEs is also causing enrollment 
figures to soar. At Rensselaer Poly­
technic Institute (RPI, in Troy, 
NY), where undergraduates have 
until their sophomore year to choose 
a major, almost 70% of the 1984 
freshman class is interested in elec­
trical engineering. Programs in 
computer science (CS) and comput­
ers and systems are equally 
popular. 

But RPI and many schools like it 
are having difficulty accommodating 
this high interest. To remedy the 
problem, RPI is attempting to dis­
courage some students from enter­
ing the EE or CS programs. The 
school has tightened its grade­
poi n t-a v erage requirement for 
transfer students to a minimum of 
3. 7. Furthermore, RPI is encourag­
ing students to consider future fluc­
tuations in the demand before rush­
ing into an EE or a CS curriculum. 
Pointing to the rise and fall in the 
demand for chemical engineers, 
Vicki Lynn, director of RPI's career 
development center, cautions in­
coming students that the same kind 
of decrease could occur in the de­
mand for electrical engineers. 

Despite efforts to control matric­
ulation, the number of graduates 
continues to grow. According to the 
Engineering Manpower Commis­
sion, the number of BSEE gradu­
ates in 1983 increased by 16% over 
1982's total, rising from approxi-

EDN J U NE 28, 1984 

1984 $27,271 $29,268 $28,260 $26,745 $27,759 
BSEE 1983 $26,136 $25,776 $26,880 $26,436 $25,827 

1984 $31 , 123 $32,628 $31 ,800 $31, 100 $33,134 
MSEE 1983 $29,201 $29,268 $31 ,080 $29,520 $31,340 

NO FIGURE 
1984 $54 504 $43,000 $48,100 Y~T COMPILED 

PhD 1983 $40,416 $39 ,720 '$30,000 $38,680 

A random sampling of US engineering schools reveals that this year's salary 
offers are higher than last year's. Stanford University (Palo Alto, CA) graduates are 
being offered the highest salaries at both the bachelors and doctorate levels. 

r 

mately 16,000 to almost 19,000. On 
the MSEE level, the number of de­
gree recipients also escalated by 
14%, moving from approximately 
4086 to 4645. PhDs increased by 
14% from 549 to 628 recipients. 
Throughout the nation, those 
schools graduating the highest num­
ber of EEs in 1983 include the Geor­
gia Institute of Technology (Atlan­
ta, GA), with the most BSEE 
graduates (349), and Stanford Uni­
versity (Palo Alto, CA), with the 
highest number of masters-degree 
recipients (209) and the largest class 
of PhDs (41). 

Demand creates inflated wages 
College-placement officials report 

that high-technology firms nation­
wide are paying premium salaries 
for EEs on all three levels-bache­
lors, masters and PhDs. The Engi­
neering Manpower Commission re­
ports that as of last March, the 
average salary offerings for EEs 
were $26,100 for BSEEs, $30,444 

for MSEEs and $38,964 for PhDs. 
(These figures are based on a compi­
lation of offers from 167 US 
schools.) 

In comparison, graduates of Stan­
ford and MIT are receiving the 
country's highest salary offers. A 
J Qne 1984 PhD recipient from Stan­
ford, for example, is receiving an 
average of $55,000, an increase of 
35% over last year's average offer of 
$40,000. (See the figure for average 
salary offers at sample schools.) 
Masters-degree recipients will com­
mand an average of $33,000, up 
11.4% from 1983, while BSEEs will 
earn approximately $29,00(), a 
13.5% increase over the average 
1983 offer of $26,00Q. 

Similar salaries are going to MIT 
graduates at the pach~lors- and 
masters-degree levels. This yea,r's 
MSEEs will earn an average of 
$32,000 (no significant increase over 
the previous year), and BSEEs will 
earn approximately $~,000. PhDs, 
on the other hand, are being offered 
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Reprints 
Reprints 
Reprints 
Reprints of articles which have appeared in 
Cahners' magazines can easily become an 
important means of increasing your mar­
keting results. This complete reprint serv­
ice is available to you at a very low cost. 

There are innumerable ways Cahners' re­
prints can be of vital assistance to your 
company's total marketing program. They 
are exceptionally valuable promotion piec­
es, particularly when you use them as part 
of a Cahners' Direct Mail Program. 

Here are some uses which just scratch the 
surface of the many ways you can make 
reprints go to work for you and build your 
company's profits. 

• Direct mail to customer and prospect 
lists. 

• Trade show hand-outs 

• Envelope stutters. 

• Leave-behind pieces 

• Direct mail to stockholders 

• Sales tools for sale staff 

• Use at company meetings 

• Publicity Releases 

• For display at corporate, field and show­
room offices. 

• Educate sales personnel 

• Welcome new customers 

• Demonstrate market superiority 

• Direct mail to special lists 

• Followup on inquiries about your product 

• Announce a new product development 

These are just a few of the ways you can 
strengthen your company's position as a 
leader in your market. Fast, high-quality 
service for all your reprint needs are avail­
able through Cahners' Reprint Service. 

EDN 
FOR DETAILS, CONTACT: 

AW. Lehmann, Manager 
Cahners Reprint Services 
Cahners Plaza 
P.O. Box 5080 
1350 E. Touhy Avenue 
Des Plaines, IL 60018 
(312) 635-8800 
(800) 323-2075 
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considerably less than their Stan­
ford peers. The average offer is 
approximately $43,000-$12,000 
less than the Stanford figure. 

Graduating from these top 
schools, however, appears to lose its 
significance below the PhD level. In 
fact, the highest offers for MSEEs 
goes to graduates of tj'le University 
of California at Los Angeles 
(UCLA), who may expect to receive 
an average salary of $33,000. Simi­
lar salary offers greet graduates of 
RPI ($31,000) and the Georgia Insti­
tute of Technology ($31,000). Sala­
ries remain comparable at the 
BSEE level with RPI graduates 
being offered $27,000; Georgia In­
stitute of Technology, . $27,000; and 
UCLA, $28,000. 

Wall Street seeks EEs 
EEs are being sought in a variety 

of areas; the most prevalent include 
aerospace, robotics and computer­
aided design. College-placement of­
ficials report that the demand for 
hardware vs software engineers is 
evenly divided, as is the demand for 
analog vs digital engineers. 

The most unusual hiring trend 
noted by the major engineering 
schools is the growing interest of 
Wall Street brokerage firms. Ac­
cording to Robert Weatherall, direc­
tor of career services at MIT, com­
panies like Morgan Stanley Inc and 
Goldman Sachs Inc are combing the 
doctorate level for EEs specializing 
in management information systems 
(MIS). Weatherall states that Mor­
gan Stanley, in particular, is seek­
ing someone to develop an MIS and 
computer model to support the fi­
nancial side of the house. He adds 
that with the enormous trading in 
AT&T right now, the brokerage 
firm feels computer analysts could 
provide much neeqed assistance. 

Carnegie Mellon's assistant direc­
tor of career services and place­
ment, Robert H Nelson, has also 
observed the Wall Street interest in 
PhDs. He attributes brokerage in­
terest to a need for bright, innova­
tive people who have a broad techni-

cal base to build on. However, 
despite the high salaries offered by 
Wall Street (beginning at $60,000), 
Nelson doubts that this year's PhDs 
will actually trade in their technical 
expertise (and the time and money 
spent obtaining it) to join Wall 
Street. 

Graduates remain in the area 
Regardless of their degree level, 

most EE graduates tend to stay in 
the same geographic area as their 
alma mater. At RPI, for example, 
70% of 1983's graduating class re­
mained in the Northeast. The grad­
uates were least attracted to oppor- . 
tunities in the Southeast. 

At two Califorpia schools, Stan­
ford University and UCLA, the ten­
dency of engineers is to stay in the 
state. Approximately 80% of the 
1983 Stanford graduates remained 
in Silicon Valley, and 85% of those 
from UCLA stayed in California. 

EDN 

MAKE THE MOST OF 
YOUR PROFESSION! 

• Do you know that almost 50,000 
engineers are lef:ving the profes­
sion each year? 

• Do you know that the export of 
electronic products could cost 
you your job? 

• Are you looking for ways to stay 
abreast of technology but don 't 
know how to go about it? 

• Do you find it tough to keep up 
with Washington leg islation that 
could affect the electronics 
industry? 

• Are you having trouble getting a 
patent for your software program? 

• Do you want to learn some suc-
cessful management tactics? 

EDN's Professional Issues section 
can help you find the answers to 
these and other questions that en­
gineers face each day. Every issue 
of EON provides you with an update 
on industry issues and events . And 
contributed articles from law and 
management experts are featured 
regularly . 

So turn to Professional Issues and 
learn how to make the most of your 
profession. 

EON: Everything Designers Need 

EDN JUNE 28, 1984 



DATAACQUISITION SOFTWARE 
THAT SPANS TWO WORLDS 

Now one IBM PC can direct high 
speed acquisition of analog signals, and 
simultaneously read and control instru­
ments on the IEEE-488 bus. Connect 
your analog signals to the Keithley DAS 

1 Series 500 Measurement and Control 
System; connect IEEE-488 instruments 
to our new Plus500 Instrument Control 
System. The same software environ­
ment controls both interfaces at the 
same time. 
• Soft500 and new Plus500 
software make measurement and 
control accessible. 
SoftSOO and Plus500 software are 
enhancements of BASIC, the language 
of personal computing. As easy to use as 
BASIC itself, Soft500 and Plus500 add 

EDN JUNE 28, 1984 

powerful data acquisition and control 
capabilities to a higher level language. 
• You can trust the data. 
SoftSOO's foreground/background 
scheduling carefully times multiple 

•. tasks to ensure that successive readings 
from the same channel maintain pre­
cisely the same sampling interval. And 
there's still time for simultaneous data 
analysis. 

• The Series 500 is fully modular. 
Seventeen modules form an extensive 
and growing family that supports ana­
log input, analog output, digital 110, 
current loop output, pulse counting, 
and AC/DC relay control. And now the 
Plus500 Instrument Control System 
allows simultaneous access to the IEEE-
488 bus as well. 
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• Quality manufacturing, 
quality service. 
The Series 500 is built like an instru­
ment. It has the highest accuracy, the 
lowest noise, and the best thermal sta­
bility of any personal computer based 
data acquisition workstation. That's why 
it comes with a one-year warranty and a 
free product support hotline. 
• For more information 
Call us toll free at 1-800-552-1115. In 
Massachusetts, call 617-423-7780. We'd 
like to tell you more about the Series 
500 measurement and control family. 
349 Congress Street 
Boston, Massachusetts 02210 

KEITHLEY 
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Disk 
Drives 

From 
FUJITSU 

A major OEM peripheral 
procurement involves a substantial 
con:imitment of your company's re­
sources. You should choose a supplier 
who is able to make an equivalent 
commitment in return . 

Fujitsu America is one of the 
few disk drive suppliers with both the 
experience and the resources to stand 
behind such a commitment. 

Fujitsu offers a complete 
family of disk drives, from 51/ 4 to 14 
inch, with capacities ranging from 7 to 
671 megabytes. Fujitsu drives provide 
access speeds among the fastest avai l­
able today. 

Of even more importance to 
you is Fujitsu's absolute dedication to 
product quality and customer support. 

For more information on 
Fujitsu 's complete family of quality disk 
drives, contact the Fujitsu America 
sales office nearest you . Northwest: 
(408) 946-8777, Central : (612) 835-7025, 
East Coast: (617) 229-6310, Southwest: 
(714) 476-0852, Europe: 441/493-1138. 
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PROFESSIONAL ISSUES 
.. 
' 

A Question of Law 

Lack of federal software-protection law 
produces inefficient, incomplete coverage 

Ralph D Clifford, Attorney at Law 
Stamford, CT 

Although copyright, patent and trade-secret laws pro­
tect software to varying degrees (see Refs 1 and 2), 
software remains without its own clear and simple 
protection mechanism. This final article in a series of 
three will explore the reasons why the legal system 
hasn't adequately provided that mechanism, and it will 
suggest changes to the existing system that would cure 
some of the problems associated with protection. 

Computer software represents an invention that has 
several characteristics never seen before. Prior inven­
tions were either machines that could be touched or 
processes that produced physical results. The work 
required to reproduce the invention or result was 
generally significant and normally required the manu­
facturer's factory. 

Software has none of these characteristics. It isn't 
physical, and once entered into a machine, it can be 
reproduced rapidly at almost no cost. After distribu­
tion, it can be replicated without any assistance from 
the manufacturer or his equipment. For the first time, 
therefore, an invention of high complexity and cost can 
be duplicated rapidly and cheaply by someone who isn't 
the invention's manufacturer. 

As a consequence, the problem of protecting soft­
ware isn't easy to solve. Unfortunately, given the 
nature of software, any legal scheme that's established 
for its protection will not be able to prevent its misap­
propriation. If your software is illegally reproduced, 
the only legal recourse you have as the software's 
inventor is the recovery of the losses suffered as a 
result of the copying. 

Keep in mind that recovering your losses might not 
be easy j ther. The current legal system is inadequate. 
Specifically, there are four debilitating problems in the 
existing laws that might prevent you from being fully 
compensated. These problems can be classified as in­
complete coverage, inconsistent coverage, preemptive 
coverage and expensive coverage. 

The current laws for software protection can't pro-

© 1984 by Ralph D Clifford . All rights reserved . 
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Analyzing your software program's potential market ap­
peal and the uniqueness of its algorithms can help determine 
the laws best suited to your software's protection. 

tect all the computer programs that deserve legal 
coverage. To determine to what extent your program 
can be protected, examine the matrix pictured in the 
figure. The horizontal axis measures the uniqueness of 
your program's algorithms. The vertical axis computes 
the size of the potential market for your program. 

If your computer program can be placed in cell A or 
B, your program's algorithms have a low uniqueness 
level, and so the value of that program is derived from 
the work necessary to express its algorithms rather 
than from the algorithms themselves. The copyright 
law is specifically designed to protect objects that gain 
their value because of the work necessary in expressing 
them. Consequently, any program falling into those 
areas is covered under copyright-law protections. 

If your program falls into box C, however, your 
market share is small, and you will thus be able to 
maintain your program's secrecy fairly easily. In this 
case, you are best protected by trade-secret laws, 
which protect your program's unique algorithms from 
loss due to any cause except independent discovery. 

Protecting programs in cell D, however, poses seri­
ous problems and remains virtually impossible. If your 
program falls into this category, you can't use the 
copyright law, because it requires the disclosure of 
precisely that which gives the program its value-its 
unique algorithms. You can't rely on trade-secret pro­
tection either, because it's virtually impossible to en­
force laws protecting widely marketed trade secrets. 
This difficulty in enforcement is caused by the variance 
in state laws and the restrictions existing in consumer­
protection and antitrust laws. 

In addition to incomplete legal coverage, software 
protection is further complicated by the multiplicity of 
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laws available to the software inventor. For instance, 
the law of copyrights and trade secrets can always be 
used for any given computer program. However, those 
programs that are highly unique and suited for integra­
tion into a larger invention require the protection of 
patent law. 

So choosing the right set of laws to protect your 
program is important. A protection mechanism should 
be chosen when you're ready to market your program. 
Beware, however, that if the wrong system is chosen 
(relying on trade secrets, for example, for a program 
that ultimately is widely marketed), you might loose 
your ownership rights to the program. Unfortunately, 
it's not always possible to predict the market behavior 
of your program before it's introduced. 

A third obstacle to sufficient protection is preemptive 
coverage. Copyright law contains a provision that 
might preempt any state's trade-secret protection 
that's effectively equivalent to copyright protection. 
Should this apply in a given case, the protections 
provided by trade-secret laws become invalid. There­
fore, if you distribute your programs using trade se­
crets to protect them, this preemption might amount to 
total loss of protection, because your trade secret no 
longer exists. 

Unfortunately, if the program is protected under the 
copyright law as an alternative to trade-secret cover­
age, anyone can study the program (copyrighted pro­
grams can be examined at the Library of Congress in 
Washington, DC for a nominal fee), extract the algo­
rithm and then rewrite the program. As long as the 
program is rewritten and not simply copied, no viola­
tion of the copyright law has occurred. You'll thus have 
lost whatever rights you had to the algorithm. 

Varied coverage is costly 
Whenever multiple options are available, there are 

costs associated with the process of choosing among 
them, particularly in protecting computer software. 

Prior to marketing your software, you must investi­
gate the factors that control your choice of protection 
schemes. Such an investigation is expensive and time­
consuming. For example, you must evaluate the size of 
your potential market. In addition, you must determine 
the uniqueness of your program, the type of purchaser 
you're most likely to attract, and the potential misap­
propriation threats you might encounter. 

Obviously, the solution to all four types of problems 
in the current system is a single nationwide law to 
protect computer software. The best law should pro­
vide protection for the computer program, including 
its algorithms. This could be accomplished by adding 
secrecy provisions to the copyright law. With such an 
amendment, when copyrighting your program you 
would have the choice of requesting protection of the 
algorithms in addition to the program. When such 
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protection is requested, the program wouldn't be avail­
able for inspection at the Library of Congress. 

However, because it's important to disclose an algo­
rithm so that additional algorithms can be developed 
from it, the secrecy provided for the program should 
only last for a limited period of time-10 to 15 years, 
perhaps. To encourage the disclosure of an algorithm, 
an additional fee should be charged for the secrecy 
service, so that only programs that actually obtain their 
economic worth directly from their algorithms would be 
kept secret. 

Also, the law should explicitly preempt all other 
possible protections for computer software. If the law 
were to take effect, only a copyright could be used to 
protect computer software. 

Finally, so that the currently existing software could 
take advantage of the new law, the ideal statute should 
contain a saving clause that would allow existing pro­
grams to obtain the new form of protection. 

The advantages of a single Federal software law are 
obvious and essential to anyone active in the computer 
industry. To promote such a statute, however, it's 
necessary to alert Washington with regard to the 
significance of such a law. Currently, the groups most 
active in expressing their opinions to Congress are the 
major industry giants and their representatives. But 
while the efforts and needs of large firms are impor­
tant, their proposals make it more difficult for small 
companies and single inventors to obtain protection. 
Thus, if you're not with a large company and want a 
legal system that will serve your needs also, you too 
must express your needs to your Congressional repre­
sentative. EDN 
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DESIGN TECHNOLOGY UPDATE NO. 1 FROM EATON CORPORATION 

A practical guide to specifying 
-~ot matrix impact printers. 

BEGIN AT THE END. 
Dot matrix impact printers are very 
popular today for three simple reasons. 
They're rugged . They're reliable. And 
they're reasonably priced. 

Still , specifying the right impact 
printer isn't easy. So we suggest you 
begin with a few questions targeted 
to the end-user. 

For example, what form of hard 
copy would be needed? On cards or 
roll paper? And if paper, how many 
plies are needed? 

And what about characters per 
line? And pre-printed forms? Is through­
put speed or transaction time critical? 
How important is graphics capability? 

w z 
3: w 
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t.KE A TEST DRIVE. 
Dot matrix impact printers come in 
all shapes and sizes. But the biggest 
variable is speed. 

In most impact printers, speed is 
affected by the shape and density of 
the characters-both of which can 
be changed . Another key factor is the 
method of moving paper through 
the printer. 

By compressing the matrix, you 
can get more characters per line. By 
using stepper motors rather than 
solenoids, you can greatly improve 
paper speed. 

As you can see, the possibilities are 
endless. So take a test drive first. 

Eaton's new M-4 
family of stepper 

motor printers 
feeds paper at a 

brisk 20 lines per 
second. With a print­

ing speed of 3 lines per 
second bi-directionally. Plus, 

the printhead has a rated life of 
100 million characters. The M-4 
family inciudes journal printers , 

both single and split roll, with 
or without multi-line validation , 
and slip or document printers 

for single or multi-ply forms. 
For M-4 custom applica­

tions, just contact 
Eaton Printer Products, 
,r-Technic;:al Research 

Park, Riverton, WY 
82501. Phone:307/ 

856-4821 . 
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To assist you , Eaton Printer Products 
offers a development kit complete with 
expanded driver board and printer 
mechanism to help test & evaluate 
your complete prototype. 

E'cE-TO-FACE 
INTERFACE. 
A prime factor in specifying a printer 
is the supplier's willingness to work 
one-on-one with you . 

Rather than costly trial-and-error on 
your part, Eaton provides the neces­
sary technical advice, either in person 
or in written form . 

And Eaton offers you customized 
service for your customized design. 
Because there's nothing standard 
about your work. 

EsTCHANGE 
CHANNELS. 
There are two other important consid­
erations in your design process: 
product changes and short lead times. 

Eaton offers you a direct line to 
their engineering staff. So as problems, 
changes, or deadlines develop, your 
answers are a phone call away. 

RovEN VALUE. 
Investigate the track record of both 
printer and manufacturer. For exam­
ple , Eaton pioneered dot matri x 
impact printers ... earning a reputation 
as a specialist in today 's highly com­
petitive market. And Eaton's 40 column 
dot matrix printer has a field-proven 
performance record that has set 
industry standards . It can be a solid 
complement to your design, too . It's 
a high performance printer. It's reliable. 
And it offers one practical feature 
that no other printer has .. . it's built 
in the U.S. and backed by Eaton 
worldwide . 262-3 

FOR HIGH PERFORMANCE 
PRINTER TECHNOLOGY ... 
EATON IS THE ONLY SOURCE. 
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CAREER OPPORTUNITIES 
Introducing the 

EDN 
Career Opportunities Sales Team 

Please join us in targeting the field's top professionals 
from coast to coast with EDN Career Opportunities 

positions available 

A~F 
ELECTRICAL 

ENGINEER 
AMF, Incorporated, a world-wide producer of leisure and in· 
dustrial products is seeking an Electrical Engineer to plan arid 
direct major and complex programs from concept to fi nal stage 
for its advanced bowling equipment. 
This position is a lead project engineer who will supervise en­
gineers in hardware and software applications as well as elec­
tromechanical applications. A BS in Electrical Engineering or 
equivalent knowledge and 1 O years of progressively respon-d 
sible experience in software, hardware and electromechani· 
cal applications with digital and analog circu itry is required. 

Employment will be with our Engineering Research and De­
velopment Group located in the Columbus, Ohio suburb of 
W~sterville. AMF will offer a competitive salary and benefit 
package. Send resume in confidence to: Dennis J. Foegen, 
Manager, Personnel and Industrial Relations 

AMF, Inc. Bowling Products 
151 Martin Drive 

Shelby, Ohio 44875 
An Equal Opportunity Employer 

\ 

Crown International, Inc. of Elkhart, Indiana 
(a national leader in audio electronics manufac­
turing) is seeking an Electronic Project Engineer 
with a BSEE or 3 to 5 years of work experience 
in audio electronics engineering. The selected 
candidate will be responsible for taking elec­
tronic circuits from prototype to production, in­
cluding design and packaging. 

Applicants should have experience in analog 
circuit design; compensating and stabilizing cir­
cuits; and optimizing circuits for cost, ease of 
construction, and quality. 

Noted for its state-of-the-art technology, Crown 
uses modern equipment (including CAD) in a 
new facility . We offer a professional working 
atmosphere in a rural location. 

Please submit your resume to: 
\! 

Careers Unlimited 
1238 S. Main St. 

Elkhart, IN 46516 
ATTENTION: Steve Berger 
• 
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General Dynamics Data Systems Division helps shape the future to create a more exciting future. 
of many significant programs at its major locations in San Diego, The Data Systems Division gives you the chance to join one of the 
California; Fort Worth, Texas; and Norwich, Connecticut; as well as at most skilled teams in the industry today, and offers excellent salaries 
satellite locations including Detroit, Michigan, and Pomona, California. and benefits. ; 
We provide diverse support functions for such high-technology If you're interested in shaping your own future on our innovative 
programs as the F-16 multimission fighter/attack aircraft, the Ml main support team, one of our opportunities listed below may be just right 
battle tank, nuclear-powered submarines, and the entire family of for you. 
cruise missiles. 'fhroughout our division you'll find a variety of For immediate consideration, send your resume to the Vice 
opportunities to apply your own scientific and engineering expertise President/Director at the Data Center of your choice. 

PRODUCT SOFI'WAKE CAD/CAM ENGINEERING SYSTEMS 
- Bachelor's and/ or Master's degree, and 

3-8 years' experience. 
- SKILi$: FORTRAN, JOVIAL, PASCAL, Ada, 

Assembly Languages, Applied Math, 
Data Bases, Operating Systems, 
Documentation (MIL Standards) . 

- APPLICATIONS: Command & Control 
Software (Guidance, Navigation, C3I, 
Display Systems, Executive & System 
Support Software) , Mission Planning, 
Data Handling & Communication, 
Automatic Testing Equipment/ 
Simulations, Image Processing, 
Estimation & Control Theory. 

- Embedded Systems: Real-Time Software. 

- Bachelor's and/ or Master's degree, and 
3-8 years' experience. 

- SKILi$: FORTRAN, Ada, Assembly 
Languages, IBM, CDC & VAX Operating 
Systems, Computational Geometry, 
Information Modeling & Data 
Dictionaries. 

- APPLICATIONS: Tum-key Graphic 
Systems, Solid Modeling, Robotics, 
CNC-DNC, Real-Time Processing 
Control, Group Technology. 

- CADAM, CAT /A, Computervision, 
SC/CARDS, Model 204, Systems 
Engineering, Group Management. 

- Bachelor's and/ or Master's degree, 
and 3-8 years ' experience. 

- SKILi$: Simulation Languages, 
FORTRAN, COBOL & IBM Assembler, 
TSO, SPF, DISSPIA, RAMIS, Scientific 
Programming and Microcomputer 
experience. 

- APPLICATIONS: Simulation, SIAM, 
Manufacturing, Operations Research, 
Image Processing, Graphics Application 
Development, Sneak Circuit Analysis, 
Program Marketing. 

U.S. CITIZENSHIP REQUIRED 
Equal Opportunity Employer, M/F 

GENERAL DYNAMICS 
Data Systems Division 

WESl'ERN CENTER 
~O. Box85808, Drawer003 

San Diego, CA 92138 

CENTRAL CENTER 
P.O. Box 748, Drawer003 

Fort Worth, TX 76101 

EASTERN CENTER 
100 Winnenden Rd., Drawer 003 

Norwich, CT 06360 



Engineering 

ZENITH DATA 
SYSTEMS: 
A PERFECT BLEND 
OF GREAT 
PRODUCTS & THE 
GOOD LIFE. 
Zenith Data Systems is one of the fastest 
growing segments of Zenith Elearonics 
Corporation. Our sales are increasing at 
a record pace. Our commitment to new 
product development has never been 
greater. We provide a great place to work 
and a fantastic place to live. 

Our facility is nestled in a beautiful Lake 
Michigan resort community with good 
schools and affordable housing. We can 
make your career and your lifestyle the 
model of compatibility. Just try us. 

Our growth has created the following 
immediate opportunities: 

c OMPUTER DESIGN 
ENGINEERS 
If you have the ability and desire to 
design computers for one of the nation's 
leaders in personal computers, we invite 
you to join our team. A BSEE or MSEE 
with 3 years hands on experience 
designing personal computers or 
terminals is required. 

T#NlrH I data 
~..&.:~"'~ systems 
A Wholly Owned Subsidiary 
of Zenith Electronics Corporation. 

l;RMINAL DESIGN 
ENGINEER 
You'll join a high level team of engineers 
involved in the design. development and 
testing of intelligent terminals. To join 
this team a BSEE or MSEE with 3 years 
hands on design experience is required. 

You should know more and think hard 
about a future with Zenith Data Systems. 
Find out more, send your resume in 
striaest confidence to: D. Trombly, 
Zenith Data Systems. Dept. EDN684, 
Hill Top Road, St. Joseph, Ml 49085. 
or call 6 I 6-982-3504. Equal Opportunity 
Employer M/F/H/V 

LET Us RACEYOU 
=INA-~ 

BETTERJ<>B N<lW 
Put our 20 years experience placing 
technical professionals 10 work for you 
Client companies pay all tees . yau ge. I 
our expen advice and counsel FREE 
Nationwide opponunities in Comm um · 
cations, Defense . Intelligence . 
Computer. Energy and Aerospace 
Systems II yau earn over $25.000. we 
have a ·better. more rewarding job for 
you . . right now Send your resume rn 
confidence to Dept EDN·B 

WALLACH 
associates. inc. 
Wnt110Qlon Scienoe Contor 
6101 E•eculive BOUMY•rd. Box 6016 
RockviHe. Maryland 20852 

Technal and E1.ecul1ve Se1rctt 

Wallach Your Career Conneclton 

ENGINEERING 
MANAGER 

If you have 10 years ex­
perience in electronic 
development , a strong 
background in analog & 
digital circuit design , a 
BSEE or MSEE degree, 
DCM may have the ideal 
job for you . We seek a 
shirt-sleeve individual to 
direct in-house develop­
ment of sophisticated 
computer & microproces­
sor electronic measure­
ment instrumentation for 
copper & fiber opt ic 
telecommunication cable. 
This person will also build 
& maintain a design en­
gineering staff, administer 
development schedules, 
insure a high level of de­
sign practice & control 
documentation. DCM is a 
well established company 
doing business worldwide 
in telecommunications . 
Send resume to: General 
manager 

DCM Industries Inc. 
13666 East 14th ST. 
San Leandro CA 94578 
(San Francisco Area) 

Sunbelt and Nationwide 
ENGINEERING PROFESSIONALS 

Design Software Hardware 
Send Resume wllh Current Salary or Call 
800·845·0436 (toll lree) 803·572-3000 (in 
SC) 

..-----AGGRESSIVE 
MANUFACTURERS AGENTS 

WANTED 
Acme Chemicals is looking to expand 
sales coverage for its silver adhesives, 
inks, and paints products line . Manv ex­
clusive territories available. For more 
information contact: Don EHgen 

My career really got moving 
when I answered an ad in EDN. 

Technical Careers 
2162 Credi! Union Lane. Suile 504 . Oepl. 8 

N. Charleslon . SC 29418 
All Fees Paid By Chenr Companies 
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Acme Chemicals 
P.O. Box 1404 

New Haven, CT Dti505 
._ ___ (203) 562·2171 ___ __. 
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How to break away after a breakthrough 
concept at Texas Instrutnents. 

At Texas Instruments, in Dallas and 
Lewisville, Texas, you can break away 
to year-round outdoor pleasures like 
this. Only 15 to 30 minutes from 
your home. 

Or break away to professional 
sports like football with the Dallas 
Cowboys. Basketball with the 
Mavericks. And baseball with the 
Texas Rangers. 

You can break away to the new 
Dallas Museum of Fine Arts. The 
Dallas Theater Center. Direct-from­
Las Vegas showroom acts. Six Flags 
Over Texas entertainment park. And 
lots more. 

When you're an engineer or com­
puter professional with TI, you can 

Copyright © 1984 Texas Instruments Incorporated 
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live your lifestyle to its fullest. Plus 
have a career in high technology you'll 
really love. 

For example, Texas Instruments is 
at the forefront of technology in the 
government electronics area. 

Right now, we're working on 
innovations in government products 
planned for the middle l 990's. From 
Radar and Missile Guidance systems 
to Navigation and Intelligence 
systems. 

You'll be part of a team on com­
plete systems, too. So you'll see the 
end result of your efforts. And have a 
great chance to add to our long list of 
breakthrough concepts. 

So think about it . 

Think about a career that can 
really set you apart. And a lifestyle 
that can set you free. Including no 
state income taxes and one of the 
lowest average costs of living of any 
major metropolitan area in the nation . 

Break away to Texas Instruments. 
Send your resume, in confidence 

to: Rich Allen/ Texas Instruments/ 
P.O . Box 226015/ M .S. 3186/ 
Dallas, Texas 75266/ 1-800-527-3574. 

An Equal Opportunity 
Employer M/ F • 

TEXAS 
INSTRUMENTS 
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THE PEOPLE BEHIND 
MISSILE TECHNOLOGY'S 

NEXT STEP 

Talented ... determined ... proud . The 
people behind Hughes Missile Systems in 
Tucson are leading the chall enge to new 
technical horizons. Advanced Missile 
technology ... coupled with 
uncompromising engi neering. These people 
have made it an art. 

At Missile Systems/Tucson, Hughes 
people are enjoying the hospitality and 
sunshine of America 's fastest growing 
technological oasis. 

There is a stimulating relationship 
between the people and their work 
environment. That's what Hughes 
Missile Systems in Tucson is all about. 
People . 

People like you. 

Current openings: 
• Mechanical Design Engineers • Test 
Equipment Design Engineers 
• Production Support Test Engineers 
• Circuit Design (Di~ital/Analog/Hybrid) 
Engineers • Industrial Engineers 
• Assembly Planning Engineers 
• Manufacturing/CAD/CAM Engineers 
• Quality Assurance Engineers 
• RF/Microwave Design Engineers 
• Software Design/Scientific 
Programmers • Missile Systems Test 
and Analysis Engineers • Subsystems 
Design and Analysis Engineers 
• Components and Materials Engineers 
• Reliability/Product Effectiveness 
Engineers 

Send your resume to : Cathleen Woodward , 
Hughes Aircraft Company, Professional 
Employment , Dept. NDE-6D, P.O. Box 
11337, Tucson , AZ 85734. 

Creating a new world with electrunics 
r----------- -------, 
I I 

iHUGHESi 
I I 

L---------------- -- ~ 
HUGHE S AIR CR AFT COMPANY 

Proof of U.S. Citizenship Req uired 
Equal Opportunity Employe r 

MISSILE SYSTEMS/ 
TUCSON 

SENIOR 
INSTRUMENTATION 

ENGINEER 
Science Applications, a La Jolla, CA based R&D firm, has an im­
mediate career opening in our Las Vegas office. 

The position requires a U.S. citizen with a B.S. , M.S. in Electri­
cal/Mechanical Engineering with previous experience in military 
experimental test programs. A strong background in planning , 
recording systems design, system fielding and operation, and data 
recording and processing is necessary. Prior experience with tran­
sient digitizers, oscilloscopes, fiber optic systems and signal con­
ditioning is important. 

We are an employee-owned company offering excellent career 
growth opportunity and outstanding salary and employee benefits . 

For additional information call our Employment Manager, Bill 
White at (619) 456-6936 (collect) , or send your resume to: 

&I SCIENCE APPLICATIONS, INC. 
• ~ P.O. Box 1454, Dept. EON 

La Jolla, CA 92038 7 Equal Opportunity Employer 

ENGINEERS 
Join THE LEADER ... 
in the development of ultra-high speed integrated circuits. 

MARKETING 
• Strategic Marketing Manager 
• Customer Service Manager 
• Product Marketing 

SALES 
• Regional Sales Managers 
• Field Sales Engineers 
• Field Applications Engineers 

MANUFACTURING 
• Process Engineering Managers 
• Assembly Engineers 
• QA/Reliability Manager 

RESEARCH & 
DEVELOPMENT 
• Test Engineering 
• Circuit Design Engineers 
• Layout Digitization 

GigaBit Logic is a new venture microelectronics company, located in 
Southern California. GigaBit designs, develops and manufacturers ultra 
high speed gallium arsenide integrated circuits. 

GigaBit offers a challenging work environment and an opportunity to 
see ideas turn into products . We offer salary commensurate with ex­
perience , an excellent benefits package and all key positions involve 
stock options. 

For prompt consideration , call (805) 498-9664 collect or send your re­
sume to : E.D. McCarthy, 1908 Oak Terrace Lane, Newbury Park, CA 
91320. 

Sun, Surf, Ventura County, the fastest growing center of electronics 
activity in Southern California. 

{GBL} GigaBit Logic 

The Next Generation ... 
EDN JUNE 28, 1984 
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Make your move to Sperry's Flight Systems group in Al­
buquerque, where the technology and the environment are 
state-of-the-art. There's room for you here, where our 
Defense operation is designing some of the world 's most 
sophisticated avionics systems for advanced aircraft such as 
the F- I 5 and F- 16 fighters and the B- I B bomber. 

So join us in Albuquerque, a small-town kind of city with 
a mild climate, clean air and a leisurely Sunbelt lifestyle. We're 
looking for engineering talent in the following areas: 

Engineering Design 
CRT Displays 

Requires a BSEE and two or more years ' experience in one 
of the following areas: hardware design of microprocessor­
based electronic systems; analog circuit design related to CRT 
displays; high and low voltage power supplies; and design 
of programmable symbol generation systems. 

• Electronic Fllght Instruments 
• Programmable Symbol Generators 
• Analog Design 
• Software Development 

Helicopter Avionics 
Requires a BSEE degree and two or more years ' experience 

in one of the following areas: analog and digital circuit de­
sign; test equipment design; human factors/systems design; 
microprocessor-based systems including 1/0, I 553B bus ar­
chitecture and data processing. 

• Analog and Digital Design 
• Human Factors 
• Software Development 

Flight Control Systems 
Requires a BSEE degree and two or more years' experience 

associated with design of microprocessor-based systems in­
cluding 110, data transmission, bus architecture (I 553B type) 
and signal conversion, and analog digital circuit design. Ap­
plications include: 

• Flight Management System Development 
• Analog/Digital Circuit Design 
• Flight Control System Development 

EDN JUNE 28 , 1984 

Engineering Support 
Failure Analysis Lab Engineer 

Expertise in detailed part failure analysis using sophisti­
cated tools such as microprobes, SEM, and X-ray spectro­
graph. Familiarity with solid state physics is essential, as is ex­
perience in detailed physical analysis. 

Environmental Lab Engineer 
Experience with vibration and environmental techniques. 

You will'also program and maintain microprocessor control­
lers as well as schedule and supeNise lab activities. Experi­
ence in environmental labs and familiarity with MIL-STD-781 
and MIL-STD-810 essential. 

Components Engineer 
Preparation of component specifications and provision of 

technical liaison between Sperry and component vendors. 
Need specialists in electrical/electronic and mechanical 
components. 

Reliability Engineer 
Performance of circuit stress analysis, reliability prediction 

and failure mode analysis, and participation in reliability de­
velopment testing. 

EMIC Engineer 
You will participate in equipment design, prepare control 

and test plans and reports and assist in testing. Experience 
in EMIC testing and planning. Familiarity with MIL-STD-461 
and -462 is necessary. 

Power Supply Engineer 
Assist project groups in the analysis and design of low and 

high voltage power supplies for high-reliability applications. 
A working knowledge of MIL-STD-704 and power FET 
switchmode conversion circuitry is essential. 

Electronic Packaging 
Coordination of customer requirements, packaging 

concepts, analysis, manufacturing processes and test to 
achieve a viable product. Requires BSME and minimum two 
years' experience with military airborne or space electronic 
equipment. 

Each of the above positions requires a BSEE or BS Engineer­
ing Physics. 

With Sperry, you 'll enjoy an excellent salary and benefits 
with one of the country's leaders in electronics. For consid­
eration, send your resume and salary information, in confi­
dence, to Jim Richter, Sperry, P.O. Box 9200,Albuquerque, 
NM 87119. 

Equal Employment OpportiJnity/Affirmative Action Employer. 
U.S. citizenship required. 
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Everyone involved with computer software will come to know 
Ada. The U.S. government, the largest consumer of software in the 
world , has already selected Ada as its language of preference. 
Widespread use of Ada throughout industry and business is 
assured. 

Our Commitment To Excellence 
Martin Marietta is committed to a future of computer software 

excellence. And Ada is part of that future. For us, it 's more than a 
new language, it is a new beginning. But our commitment to 
becoming the software center of excellence requires exceptional 

people-people who don 't wait for the future , but work to create it. 

Our Commitment To You 
Martin Marietta is now looking for software professionals to 

move ahead with us, to step into the future and help lead the way. 
There are already many opportunities to work with Ada as we 
explore its many applications. We have even started intensive on­
site education for our employees, including a full-time, 13-week 
introductory program. 

So, if you want to succeed in the future, come to where we 
already speak its language. 

Ada: The language of the future. 
NIARTIN IWARIETTA 

EDN JUNE 28, 1984 



Martin Marietta Aerospace has professional opportunities available 
for engineers with at least 3 years experience in: 

SOFTWARE 
• Data Communications 
• Digital/Simulation Modeling 
• Data Base 
• Software Applications 
• Operating Systems Software 
• Computer Systems 
• Software Quality 
• Computer Controllers 
• Artificial Intelligence 

SOFTWARE TEST 
• Programming/Computer System 

Operation 
• Software Verification Requirements 

Analysis 
• Software Test Plans 
• Software Test Procedures 
• Software Test Data Reduc­

tion/Reports 
• Hardware/Software Integration 

Testing 
• Preliminary/Formal Qualification 

Tests 
• Independent Verification Validation 

SYSTEMS 
• EMC/Tempest 
• Systems Survivability 
• Mass Properties 
• Human Factors 
• Reliability I Availability 
• Flight Operations 
• Operations Training Specialist 
• Operations Rehearsal Engineer 
• Systems Interface 
• Trade Study Analysis 
• Deployment/Activation 
• Orbital Mechanics 
• Mission Analysis/Operations 
• Guidance and Control 
• Systems Requirements and Design 
• Computer Controllers 
• Software Systems Analyses 
• Computer System Security 
• Computer System Modeling 

SYSTEMS SAFETY 

LOGISTICS 
• Logistics Support Analysts 
• Maintainability Engineers 
• Senior Technical Writers 
• Engineering Supplier Data 

Checkers 
MECHANICS 
• Structural/Mechanical Design 

Engineers 
• Structural Dynamic Engineers 
• Thermal Engineers 
• Stress Analysts 
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TEST 
• Test Requirements 

Engineer-Systems 
• Test Requirements 

Engineer-Mechanical Equipment 
• Test Requirements-Components 

or Systems 
• Electronics Test Engineers 
• Software Test 
• Checkers 
• Liaison Engineers 

ELECTRONICS 
• Guidance and Control Spacecraft 

Analysts 
• RF/Microwave Hardware Engineers 
• Signal Collection Systems 

Engineers 
• Communications Systems 

Engineers 
• Senior Millimeter Wave Systems 

Engineers 
• Antenna Engineers 
• Digital Circuit Design 
• Microprocessor Hardware/Firmware 

Design Engineers 
• Fiber Optics Systems Design 

Engineers 
• VLSI and VHSIC CAD/Software 

Development Engineers 
• Analog Circuit Design 
• Program Parts Engineers 
• Parts Engineering Specialists 
• Radiation Effects Analysis 
• Worst Case Analysis 
• VLSI Design Engineers 
• Parts Test Engineers 
• Computer Aided Circuit Design 
• Electrical/Electronic Engineers 
• Power Conditioning Circuit Design 

Leads 
• Solar Array Designers-Spacecraft 

Power 
• Power Systems Engineers 
• Analog Circuit Design and Analysis 

Engineers 
• Electrical Distribution Designers 
• Artificial Intelligence Specialists 
• Robotics Engineers 
• Flight Data Subsystem Engineers 
• Flight Data Systems Digital Design 
• Flight Data System Analog Design 
• Packaging Cable Designers 
• Thermal Analysis Engineers 
• Senior Product Design Engineering 

-Electronic Packaging 
• Printed Wiring Board Design Engi­

neering-Electronic Packaging 

NIARTIN NIARIET'TA 

QUALITY SOFTWARE 

MANUFACTURING 
• Manufacturing Engineers 
• Tool Engineers 

AEROSPACE PROGRAM PLANNERS 
• Hardware or Software Development 
• Logistics 
• Procurement 
• Strategic and Long-Range Planr ing 
• Risk Assessment 

CONTRACTS 
• Contract Managers 
• Contract Administrators 
• Data Management Specialists 
• Contract Engineers 

MATERIEL OPERATIONS 
• Subcontract Administrators 
• Buyers/Sr. Buyers 
• Sr. Subcontract Cost Analysts 
• Design Packaging Specialist 

Other challenging opportunities are 
available at Martin Marietta in Balti­
more, Maryland, Orlando, Florida, New 
Orleans, Louisiana , and Vandenberg 
AFB on the Central California coast. 

RECENT EXPERIENCE ON GOVERN­
MENT /DOD STATE OF THE ART 
PROGRAMS A REAL PLUS. 

SPECIAL BACKGROUND INVESTIGA­
TION MAY BE REQUIRED. 

Our representatives will be attending 
the BP I Job Fair in conjunction with 
the NCC Tuesday, July 10th and 
Wednesday, July 11th at the Sands 
Hotel. 

If you are unable to meet with us at 
this time, please send a confidential 
resume to: Martin Marietta Denver 
Aerospace, P.O. Box 179, L1311, 
P704, Denver, CO 80201. No agen­
cies please, we prefer talking to the 
individual. 

U.S. CITIZENSHIP REQUIRED. 

An Affirmative Action Employer 
Actively Seeking the Veteran and 
Handicapped. 
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Axe Opportunities 

Kennedy Company offers you opportunity based on 20 years of successful techno­
logical leadership. Our capabilities in developing and manufacturing trend-setting 
computer memory products can t.e part of your bright future. Consider our strengths 
in: 

Products: Our achievements span capacities from 24 to 360 megabytes and include 
reel-to-reel tape peripherals, Winchester disk drives and format control units. 

Manufacturing: We fabricate a high percentage of the components making up our 
products, from sheet metal parts to printed circuit cards and precision magnetic 
read-write heads. This makes the Kennedy development process self-rel iant and 
assures full control of qual ity at every step of manufacturing. 

Research and Development: The entire design-to-shipping cycle is within our capa­
bilities. Under one roof, marketing, design , manufacturing and test professionals 
pursue a common goal of excellence. 

Immediate Opportunities: 
• Analog Engineers 
• Software Design Engineers 
• Manufacturing Engineers 
• ATE Engineers 
• Product Management 
• Mechanical Designer 
• Jndustrial Engineers 

Affordable Living: Located 30 minutes east of downtown Los Angeles, we're sur­
rounded by attractive, affordable residential choices near mountain and desert 
recreation areas and several renowned centers of higher learning . 

Benefits: We offer competi tive compensation and a benefits package wh ich includes 
a generous paid holiday/ vacation schedule, continuing educational support , insu­
rance and ret irement plans, and a relocation program. 

Make the most of you r capabilities. Apply to Kennedy Company, Attn: Proleaslonal 
Employment, 1600 Shamrock Ave., Monrovia, CA 91016. An Equal Opportunity 
Employer. 

KENNEDY • 
ALLEGHENY 
INTERNATIONAL 

Let's meet in Las Vegas 
during NCC 

We have nationwide openings. 

H/W & S!W Engineers & Managers 
Unix " C" 

Communication Protocols 
Graphics/Work Stations 
Product Line Managers 

Systems Design Engineers 
Switching Power Supplies 

Packaging Engineers 
And Many Others 

You can reach me at 
THE SAHARA 

All messages answered . 
Let's have a chat. 

~• Search Northwest 
il'IV Associates 

Ports O'Catl·Swan Island 
4505 N. Channel 
Portland, Oregon , 97217 
Phone: (503) 285-6560 

Keith Nyman 

ENGINEERS 
$30-$60,000 + 

Midwest-Coast to Coast-Sunbelt 
Military Electronics 

C3 · Software Engineering 
Telecommunications Engineers 

RF Communications 
High Tech Engineers 

Aerospace Engineering 
Semiconductors 

ATE Test Engineers 
Radar Engineers 

Overseas Field Program Managers 

Send resume wi th salary to M.A. 
Rohrberg, Reliable " Exec-Tech" 
Search, 11318 Davenport Street, 
Omaha, Nebraska 68124. 

402/330-2814 

SOFIWARE ENGRS. 
. Robotics . SCADA 
. ATE . MS-DOS 
. Mini·Micro·s . UNIX 

$30's and $40's 
We place software pros t hroughout t he 
sunbelt . We literally place hundreds of 
people-Oirect and thru national NPA affil· 
iates - 100% Co. fee paid. Send confidential 
resume. Specify obj ective. geographic pref­
erence and salary requirements: 

- J-robert tho"'90n 
I I ~1118e. m. 

Electronics Placement Specialists 
2200 West Loop South. Suite BOO 
Dept. N. Houston. TX 77027 171 31 627·1940 

EDN 
reaches 
more 

engineers 
than 
any 

other 
electronics 
publication 

120, 706 readers 
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SINCE THE BEGINNING OF TIME, 
it has been proven again and 
again. When people combine 
their energies, ideas and skills 
... channel them toward a com­
mon goal . .. they can work 
wonders. Wonders that no in­
dividual could achieve alone. 

Through creative ' interaction 
with co-workers and customers 
alike, the people at Honeywell 
Avionics are working their own 
wonders. We're pooling our tal­
ents on an array of state-of­
the-art projects for military, tac­
tical and space programs : 
Space Shuttle Main Engine 
Control, third generation Guid­
ance Systems for Centaur. 
Ring Laser Gyro Technology, 
Electrostatic Suspended Gyro 
Navigational systems, Advanced 
Distributed On-Board Process­
ing (ADOP). and Ada computer 
language applications.And were 
having the time of our lives. 

If your Engineering specialty is 
Systems, Hardware, Software. 

Electronic Components. Pro­
duction. Mechanical, Test or 
Reliability . .. wet! like to get to­
gether with you and discuss 
career opportunities. 

For details on challenging ca­
reers and Florida lifestyles, send 
your resume to: Alex P. Allen, 
Employee Relations. Honeywell 
Avionics. 13350 US Highway 
19 South. Clearwater. Florida 
33546. Mail Station 120-1. 
US Citizenship required. Equal 
Opportunity Employer m/f/v/h. 

Together. we can find the answers . 

Honeywell 

SOME THINGS 'YOUJUSTCAN'T DO ALONE. 



Cahners Means Business 

T he electronics and computer market has doubled in size 
since 1978. And it will double again by 1987. It takes a lot 

of circulation to reach all of the important buying influences in 
this very complex, fast-growing market. Cahners publishes 
eight magazines in the electronics and computer fields. These 
magazines have a combined circulation of over 650,000. Each 
magazine serves a well-defined, important segment of the elec­
tronics and computer market, and is recognized as a prime 
source of information on the technology and products in its 
field. Last year we sent out over 3.4 million sales leads from 
our readers to advertisers in our electronics and computer 
magazines. Cahners means business . That's why we're the first 
choice of American business in magazines for electronics 
and computers. 

!;!!IB~!!J.~\!!?,!ic~!!,~g 
Electronics& Computers, Foodserv ice, Manufaclllring, and Health Care. 
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LOOI<ING AHEAD 
Standard-function ICs 
yield to custom circuits 
The demand for standard-function 
SSI, MSI and LSI circuits is shift­
ing to a demand for custom arrays, 
according to Insight Onsite, a con­
sulting group based in San Jose, 
CA. The company foresees a 33% 
growth rate in the worldwide mer­
chant logic-array market between 
1983 and 1988 to $3.3 billion, or 35% 
of the total logic market. 

Masked logic arrays (MLAs) are 
expected to grow at a 36% rate to 
$2.6 billion. The programmable­
logic-array (PLA) share of the array 
market, however, will drop from 29 
to 22%, reaching a sales level of 
$710 million in 1988. 

Two-thirds of the MLAs shipped 
in 1982 were in the speed range 
traditionally served by TTL. By 
1988, 1- to 5-nsec devices should 
dominate. Insight Onsite also pre­
dicts that silicon-gate CMOS proc­
essing will be used for approximate­
ly 70% of all MLAs by 1988. 

According to the firm, 72% of 
1982's MLA shipments were gate 
arrays, 11 % were cell arrays and 
20% were standard cells. It expects 
the major growth to be in standard 
cells, with cell arrays gaining in 
market share. 
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US FINE-FILTER MARKET(% OF 1988 SHIPMENTS) 

Fine, ultrafi:ne filters 
to reach $525M by 1988 
The aim of semiconductor-device 
makers to protect microchips from 
impurities will spark the growth of 
the market for fine and ultrafine 
filtration equipment through the 
next several years, reports Frost & 
Sullivan, a market-research firm 
based in New York City. By 1988, 
shipments of filters and housings 
will reach $525 million, a 38% in­
crease from 1983's $381 million. 

Growth in the electronics indus­
try's demand for fine and ultrafine 
filters is approximately the same: 
14.2 and 14.3%, respectively. Such 
growth outpaces the demand of 
other industries. There is a signifi­
cant need for the ultrafine filters in 
electronics, a direct result of the 
miniaturization of integrated cir­
cuitry. The filters must provide 
effective contamination control. 

At $39 million, wound-cartridge 
models were the most popular of the 
fine-filter types, accounting for 29% 
of all shipments. Their popularity 
could shrink, however, as the trend 
continues toward finer filtration re­
quirements. On the other hand, 
pleated models and porous-metal 
and related filters will gain in mar­
ket share. The porous-metal types 
are costly but economically competi­
tive in the long term because of 
their heat resistance, noncorrosive 
nature and ability to be reused. 

Virtually all ultrafine filters are 
membranes in pleated or disk form. 
Cellulose types represented approx-
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imately one-third of all ultrafine­
filter shipments in 1983, but they 
will grow at only a 2.6% annual 
rate. Nylon units have emerged as 
the clear leader among the car­
tridge types and will grow at nearly 
a 12% annual rate. Other types in­
clude Teflon , polyvinylidene­
diflouride and polysulfone devices. 
Disposable units are also gaining 
market share, at the expense of disk 
units. 

Packaged-software market 
to see tenfold increase 
Through the next 10 years , $23 bil­
lion worth of mini- and microcom­
puter software packages will be 
sold, reports Frost & Sullivan. This 
marks a tenfold increase in that 
market, which is already booming. 

Application packages, which are 
expected to account for $453 million 
in sales in 1984, should see that 
sales figure jump to $3.4 billion by 
1993. Even more dramatic will be 
the growth in systems software 
through the same period, from $70 
million to $2.5 billion. 

The firm observes that system 
software (operating systems, data­
base managers, compilers, etc), 
once the province of computer­
hardware vendors, is now being suc­
cessfully sold by software compa­
nies . Microcomputer system 
software is expected to account for 
77% of the demand for system pack­
ages sold in 1984, rising to 91 % of 
that market sector by 1993. 

•• 
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The Earth from 22,300 miles in space. (Photo: Courtesy of NASA) 

Clarke's proposed 
3-satell ite system. FINDING NEW WAYS ... 

In 1945, Arthur C. Clarke- a British mathematician , wire­
less operator and creative science fiction writer found a 
better way to beam communications signals around the 
world . He theorized that an artificial satellite , carried by a 
rocket to an orbit 22,300 miles above the earth 's equator 
and traveling at 6879 mph (the speed at which the earth 
rotates on its axis), would appear motionless to an ob­
server on earth . From that height, Clarke reasoned , a radio 
relay station could cover one-third of the earth 's surface; 
three such satellites , placed in geosynchronous orbit 
around the equator could provide worldwide communica­
tions . In 20 years , advances in electronics , miniaturization 
and rocketry made Clarke's dream a reality and gave the 
world improved communications capability. 

Likewise, in 1969, Mini-Circuits made its total commitment to 
serve the emerging communications market .. . by replacing 
expensive, custom RF signal-processing components with 
low-cost, catalog units with unparalleled reliability. 

Our dream, like Clarke's, has come true. Over 1,000 catalog 
items available with such Mini-Circuits innovations as our ex­
clusive HTRB burn-in testing , the world 's only 3-year guaran- j 
teed mixers, computer-automated performance data (CAPO) ; 
to eliminate design guesswork . . . just to name a few. 

Mini-Circuits' products have become the industry stan­
dard . We are actively dedicated to the pursuit of further 
improvements in product cost/performance , quality and 
reliability for more effective worldwide communications. 

finding new ways ... 
setting higher standards 

CIRCLE NO 155 

r:J Mini~0~~c~Y~cl0~ 
World 's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn , New York 11235 (212) 934-4500 
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up your dumb terminal­
dd a UD 212 A/D 

A little outside intelligence can turn your dumb terminal into a data 
communications genius. And the intelligence you need is built into UDS' new 
212 AID, a smart 300/1200 bps modem with an integral automatic calling unit. 

With the 212 AID you can dial from keyboard or, with a single 
keystroke, from memory. Five 30-digit numbers in memory 
are battery backed for 3-5 year retention after shutdown. 
Built-in test functions allow fast, reliable verification 
of system operation. 

Before you invest in more microcomputers, check 
the advantages of add-on intelligence. Contact 
Universal Data Systems, 5000 Bradford Drive, Ill Universal Data Systems 
Huntsville, AL 35805. Telephone 205/837-8100; 
TWX 810-726-2100. *NCC'84 ® ~~~LA'~:.. 

._ #11-3238 •nun1rouur1~,~tems~.,.... 

UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Atlanta, GA, 404/998-2715 • Bellevue, WA 206/455-4429 • Blue Bell, PA 215/643-2336 • Boston, MA, 617/875-8868 • Columbus, OH, 
61<41895-3025 • Englewood, CO, 303/694-6043 • Glenview, IL, 31~180 • Houston, TX, 713/988-5506 • Huntsvllle, AL, 205/837-8100 • Mountain View, CA, 
4151989-3323 •Old Brtdge, NJ, 201 /251-9090 •Richardson, TX, 214/680-0002 •Sliver Sprtng, MD, 301/587-0166 •Tampa, FL, 813/684-0615 •Tustin, CA, 714/669-8001 
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Approach The Speed of Light 
with New 

Extended Distance 
Data Cables from Belden. 

There is no equal. 

Set new standards in data 
transmission 
When data speed and distance 
set the limits to superior per­
formance of your computer 
system, your design requires a 
new cable solution. Belden's 
new Extended Distance Data 
Cables provide faster data rates 
over longer distances while 
maintaining the integrity of the 
signal. This new series of data 
cables combines Belden's 
unique Datalene® foam dielec­
tric or semi-rigid PVC insulation 
with superior shielding technol­
ogy to achieve higher levels of 
performance than you 

Choose from a wide 
selection of data cables 
in multipair or multi-con­
ductor configurations. For 
capacitance levels as low as 
12.5 pF/ft. , specify Datalene 
insulation, available in conduc­
tor sizes of 24 and 28 AWG. Or· 
request semi-rigid PVC insula­
tion, offered in conductor sizes 
of 22, 24 or 28 AWG. All cables 
are shielded with foil and 6q% 
braid for superior shielding 
effectiveness at both low and 
high frequencies. 24 AWG mul­
ti pair cables are also available 
with individual pairs shielded 
in foil , plus an overall foil/braid 
shield for critical high noise 
applications. 

Let Belden assist you with the 
selection of data cables to suit 
your system needs at the onset 
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Bit rate vs. distance for individually 
shielded single pair cables. 
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of your design. This niay help 
you avoid the need for costly 
overdesigned cable later on. , 

Settling a bit of confusion. 
In general_, low capacitance 
contributes to a better computer 
cable. However, at higher bit 

rates, th"e distance trade-off 
becomes more dependent 

on other cable parame­
ters such as shielding, imped­
ance and attenuation. "Low 
capacitance" can no longer 
define the performance require­
ments you need. Belden offers 
an examination of performance 
by addressing all parameters of 
data cables as they are affected 
across the bit rate spectrum in 
RS-232 and RS-422 applica­
tions. When it comes to opti­
mizing performance, there is 
no equal to Belden. 

Write or call Belden today for 
our Computer Cable and Data 
Transmission brochure to help 
you define your cable perform­
ance requirements. Belden 
Electronic Wire and Cable, P.O. 
Box 1980, Richmond, IN 47375. 
Phone: 317-983-5200. 
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