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High Reliability Optoelectronic Products. 
Look to HP for high reliability 

in hermetic lamps, numeric and alpha­
numeric displays and optocouplers. 

They are ideal for ground, airborne 
and shipboard equipment, medical 
instrumentation, fire control and space 
flight systems. 

HP is a supplier of JAN and JAN 
TX qualified true hermetic light emit­
ting diode lamps. HP also supplies 
hermetic numeric and hexadecimal 
solid state displays which are imper­
vious to moisture. 

Hermetically packaged opto-

CG08312 

couplers are available in dual and 
quad channel configurations. Several 
types of integrated photo detector 
IC's provide users with high speed, 
high gain and simple transistor 
output options. 

For years HP has been a leader in 
the production of high reliability opto­
electronic products-products that 
are continually tested and upgraded. 
Many of HP's plastic components 
are also used in high reliability 
applications. 

They're in stock right now at your 
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local HP components authorized 
distributor. In the U.S. contact Hall­
Mark, Hamilton/Avnet, Pioneer 
Standard, Schweber, or the Wyle 
Distribution Group . In Canada, call 
Hamilton/Avnet or Zentronics, Ltd. 
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IMAGINE WHERE A 
PERSONAL PDP-11 COULD TAKE 

YOUR OEM BUSINESS. 
If you develop OEM solutions 

for scientific, engineering, indus­
trial or laboratory environments, 
you have a tremendous market­
ing opportunity in store from 
Digital. You can create an entirely 
new class of cost-effective OEM 
products by transporting many 
of the minicomputer applications 
you 've already developed to the 
Professional 300 Series * com­
puter - our Personal PDP-11 * 
system. 

You can use the Professional 
as a workstation controller in an in­
dustrial automation environment. 
As a distributed processing node 
in a networking application. And 
as a standalone system, it gives 
you an endless variety of cost­
effective solutions. 

P/OS, * the Professional 
Operating System, not only 
provides integrated graphics 
support, but also lets you run 
programs developed under 
Digital 's RSX-11 M­
PLUS * 
operating sys-

computer in local and remote 
environments. DECnet* soft­
ware lets the Professional com­
puter serve as a distributed 
workstation with PDP-11 and 
VAX* processors. It provides an 
interface to 10 Mb/sec Ethernet, 
with full support for the V2.0 

work with a pallette of 4,096 col­
ors. Plus you can access these 
graphics capabilities at any soft­
ware level you choose, from 
graphics standards, such as 
CORE, to system primitives. 

Simply stated, if your USP.rs 
need sophisticated information 

tem. What's :====~~!!~!!~!!!!!Ill•• 

For more information on Digi­
tal 's Professional 300 Series sys­
tems, simply fi ll out and retu rn 
the coupon below Or contact 
one of Digital 's Authorized Indus­
trial Distributors. Or call 1-800-
848-4400, ext. 139. In Canada, 

call 617-542-6283. 

more, using 
Displayed above 1s RS 1 · integrated software for sc1ent1f1c and eng•neer1ng uses from BBN Software Products Corporation a subsidiary or Bolt Beranek ana Newman Inc 

PRO/RT-11 *software, OEMscan 
run their realtime programs ­
data acquisition, data analysis, 
computer automated design and 
process control - developed 
under the RT-11 *Operating Sys­
tem. There 's even a realtime 
interface, including IEEE 488 
support, for scientific and indus­
trial environments. 

And the Professional lets you 
develop realtime applications 
for the UN IX* world with the 
VENIX* operating system, a 
UNIX software implementation 
with Berkeley 4. 1 enhancements. 

ETHERNET/DECNET 
NETWORKING TODAY. 

Just as important, you can 
now network the Professional 

standard (IEEE 802.3 specifi­
cation). The Professional can 
also operate as a VT100 * ter­
minal with PDP-11 and VAX sys­
tems. And you can use packet­
switched networks, or standard 
protocols like 2780/3780 and 
3270 to communicate with other 
vendors' systems. 

THE LEADING 
GRAPHICS 
WORKSTATION 
IN ITS CLASS. 

If all this power isn 't enough, 
consider the Professional 's 
graphics capabilities. The bit­
mapped screen has a 960 x 240 
pixel resolution. And with the 
optional color monitor, you can 

management combined with 
high quality information display, 
there 's no finer tool available than 
a Professional . 

BEST ENGINEERED 
MEANS ENGINEERED 
TOA PLAN. 

The Professional 300 Series, 
like every Digital hardware and 
software product, is engineered 
to conform to an overall comput­
ing strategy. This means Digital 
systems are engineered to work 
together easily and expand eco­
nomically. Only Digital provides 
you with a single, integrated 
computing strategy from chips 
to 32-bit systems and direct from 

© D•g.ta1 Equipment Corporation t 984 019.tal the 019.tal .ogo the Pro'ess.ona 300 Ser es POP 1 t VAX P OS RSX·11·M·PLUS PRO Rnl. Alt t. DECnetandVT100are 
trademarks o' 01g1ta Equ pmem Corpora11on VENIX s a irademark of Venturcom UNIX ,5 a trademark of AT&T Bel l Laboratories RSi1 s a traaemarko'. BBN Software Products 
Corporation. a subs1d1ary of Bolt Beranek and Newman. Inc 

D Please send specifications. 
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Digital Equipment Corporation, 77 Reed 
Road, HL02-1/E1 0, Hudson . MA01 749. 

THE BEST ENGINEERED 
COMPUTERS 
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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. 
·units are not OPL listed 

finding new ways 
setting higher standards 

t::1 MiniA~,~!,~m~t~c~o! 
World's la rgest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn, New York 11235 (21 2) 934-4500 
Domestic and International Telex 125460 International Telex 620156 
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BEHIND THE COVER 

To chip designers at Exel Microelectronics, the 
ever increasing bit rates of data communica­
tions systems proved an irresistible temp­

tation to develop a better mousetrap. And after 
extensive engineering analysis of the needs of bit­
synchronous protocols, they succeeded. 

As Alexander Goldberger, the company's man­
ager of technical marketing, explains it, "We 
wanted to come up with a chip that would do a more 
complete job for the serial data communications 
channel, not just one that would offer more chan­
nels or more protocols." Certainly the result satis­
fies the needs of both local- and wide-area bit­
synchronous networks. 

To define what was to become the bit-oriented 
communications controller of this issue's cover 
story (p.155), Goldberger got together with Stan 
Kopec, the director of engineering for micro­
peripherals, and Pradip Madan, microperipheral 
product marketing manager. First, they chose a 
high data rate-4 Mbits/ s-as it matched both 
users' needs and the estimated performance of the 
company's new 2-µm dual-metal CMOS process. 

Next, "we had to provide an easy way for the 
designer to take advantage of the high data rate," 
Madan observes. An on-chip four-channel direct­
memory-access controller seemed essential, and its 
presence made it that much easier to add the rest of 
a microprogrammed channel processor, which sim­
plifies the task of data and buffer management. 

Another decision was not to incorporate high­
level protocol functions in the silicon. Otherwise, a 
different chip would have been needed for SDLC, 
HDLC, and each of the other bit-oriented proto­
cols. 

To actually design the highly complex logic, the 
team had high hopes of one of the latest integrated 
CAD workstations. But gaps in its software pre­
vented them from completing the chip on it, and 
they had to convert the work they had done into 
files for another system. Some time was lost, but 
Kopec feels that it was minimal, and "it was still a 
good experience to learn just how far integrated 
workstations have progressed." 
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DEPARTMENTS 
3 Behind the Cover 
6 Contents Spotlight 

11 On Reflection 
15 Reader Feedback 
19 U.S. Meetings 
87 International Meetings 

343 Index of Advertisers 
344 Reader Service Card 

PERSONAL COMPUTER SERIES 
101 PCs as OEM system components 

A brief manual that calls out the salient features of typical PCs 
should prove helpful to OEMs. 

NETWORKING 

128 Introduction 

Technology Report 

130 Local networks stake their claims and opt for 
coexistence 
As baseband, broadband, and PBX networks divide the territory, 
they see that there is room for all. 

Design Entries 

155 Cover: Bit-oriented coprocessor resolves 
incompatibilities of small and large networks 
One chip combines a 4-Mbit/s data link controller with a channel 
processor that interfaces with the host system. 

TECHNOLOGY NEWS 
27 Newspulse 

Newsfront 
37 50-head disk drive could cut access time by a 

factor of 10 

38 Chip 's high integrat ion , innovative structure raise 
video speed 

42 Now Smalltalk runs on small-instruction-set 
computer 

44 Laser closes link on processed and passivated ICs 
Conference Preview 

53 For 3-d imensional images, time is of the essence 
at Siggraph '84 
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63 Artificial Intelligence faces up to the 
challenges of the real world 
Viewpoint 

73 Program maintenance will gain the most from 
integrated software tools 

74 Artificial intell igence may lead speech recognit ion 
systems down the road to independence 

85 International Newsfront 



171 Twisted-pair bus carries speech, data, text, 
and images 
A serial bus optimized for both speech and data traffic can make 
a low-cost network for integrated communications services a 
reality. 

185 Low-cost local network for small systems grows 
from IEEE-802.3 standard 
Differing microcomputer systems can communicate easily thanks 
to Cheapernet, an extension of a new local-area network standard. 

193 Transceiver and serial interface ICs put personal 
computers on budget LAN 
Half the job of a network interface-managing a specific protocoi 
and encoding scheme-is shared by two low-cost ICs. A third 
links them to the host. 

203 Network controller chip prevents host interface 
tie-ups with 2 OMA channels 
An IEEE-802.3 controller chip easily handles messages that might 
otherwise swamp a small system's CPU. With two other chips, it 
makes a compact network interface. 

221 Manchester chip eases the design of Ethernet 
systems 
Now the physical layer specified by Ethernet can be realized with 
a single chip. Even though it is built with CMOS, it still drives 
three 78-Q twisted pairs. 

DESIGN ENTRIES 

235 32-bit µP reaps benefits of host of enhancements 
Improved on all fronts, a 32-bit processor performs four times as 
fast as its 16-bit kin, works with a larger instruction set, and 
handles more data types. 

255 Design Solutions: 
Precision op-amp rectifier eliminates diodes for economy, simplicity. 
FIFO memory circuit stores waveform data for monitors and scopes. 
PLA shoulders processor's checksum chores for faster data transfer. 

NEW PRODUCTS 

IN THE NEXT ISSUE 

Software Technology: a special 
report on artificial intelligences 
and a set of design articles on 
new tools and techniques for 
software engineering. 

Cover photograph by Ken Schroers 
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Components 
271 Tiny photovoltaic relays replace reeds to switch 

low-voltage ac and de signals 

Analog 
311 Op amp increases gain while pushing down offset 

272 Wireless keyboard for IBM PC runs months on 4 
AA batteries 

273 6-slot pot core eases switcher design 
Computer Boards 

282 Multibus backplane keeps a watchful eye on 
system status 
Digital ICs 

305 64-kbit EEPROM offers choice of write times, 
number of storage cycles 

voltage and lowering noise 
312 CMOS flash converter digit izes 8 bits in 200 ns 
281 Materials 316 Computer Peripherals 
290 Packaging & 319 Factory Automation 

Production 321 Power 
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303 Software 326 Application Notes 
308 Instruments 327 New Literature 
314 Communications 
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wideband 
spst,spdt 

switches 

10 to 2500 MHz 
only $2995 

(6-24) 

IN STOCK ... IMMEDIATE DELIVERY 

• rugged construction; 
pin-diode chips 
on thick-film substrate 

• only 5v control signal for 1 µ,sec 
switching 

• 50 ohm matched in "open" state , 
SPSTonly 

• low insertion loss, <2 dB typ . 

• high isolation, >30 dB typ . 

• hermetically-sealed to meet 
MIL-STD-202 

• one-year guarantee 

SPECIFICATIONS FOR 
PSW-1111 (SPST) and PSW-1211 (SPOT) 

FREQUENCY RANGE 
INSERTION LOSS 

10-2000MHz 
2000-2500 MHz 

ISOLATION 
10-500MHz 

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

SWR 

10-2500MHz 

1.7 dB max. 
2.7 dB max. 

40dBmin. 
30dBmin . 
25 dB min . 
22dB min . 

1.5 max. ("on" state) 

SWITCHING SPEED 1 µ sec . (max.) 

MA XIMUM RF INPUT +20 dBm 

CONTROL +5 V (5 mA max .) 

OPERATING TEMPERATURE - 54°C to +100°C 

STORAGE TEMPERATURE - 54°C to +100°C 

PRICE (6-24) 
PSW 1111 $29 .95 
PSW 1211 $29.95 

Call or write for free 64-pg . catalog 

finding new ways .. 
setting higher standards 

O Mini-Circuits 
A D1v1s1on of Sc1ent1 f 1c Components Corporation 

World 's largest manufacturer of Double Balanced Mixers 

PO. Box 166, B'klyn , N.Y 11235 (212) 934-4500 
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CONTENTS SPOTLIGHT 

Networking 128 

L
ocal networks are flourishing. After years of debate 
over basic questions of technology, each type-base­
band, broadband, and PBX-has settled into its own 

applications area, as our Technology Report documents. 
And as the foment subsides, a host of chips are appearing 
to shoulder the various network chores. Some of the most 
notable, including one chip that simultaneously serves local 
and wide-area networks (see below), are discussed in four 
accompanying Design Entry articles. Two other Design 
Entries describe new low-cost networks. 

Cover: Communications coprocessor 155 

T
he very success of local networks brings with it a 
need to extend their reach-that is, to connect to 
other networks over long distances. A single chip 

that handles bit-oriented protocols can simultaneously 
serve both local- and wide-area networks. It integrates two 
processors: a 4-Mbit/s data-link controller and a channel 
processor. 

Personal Computer Series 101 

0 EMs are finding personal-computer-based work­
stations irresistible. They know that they can 
create a specialized system simply by mixing and 

matching the basic hardware of one manufacturer with 
their own or a third party's application software. But in 
evaluating the various aspects of personal computers 
-processors, memory, operating systems, networking, 
programming-OEMs face a formidable task. A brief 
profile of 10 representative workstations may help OEM 
designers weigh the tradeoffs between complexity and cost 
and formulate their own set of criteria. 

Newsfront: 50-head Winchester drive 37 

Multiplying the number of heads found in a typical 
SMD drive by five could lead to a tenfold reduction 
in system response time under heavily loaded 

conditions. According to the calculations of one 
manufacturer, the figures typically quoted for SMD drives 
will not hold true for more than 18 requests a second. 
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Screw type or % 11 integral 
QC terminals. 

1 pound operating 
force; 50 grams 

force on each of 4 
sets of contacts. 

CIRCLE 5 

Same mounting as 
most power relays. 
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AS BRIGHT AS YOU ARE! 
You're doing everytlring 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 International Standard of 

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

over the entire ope. ange. 

itft'S~ 

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 ~ 
901 Thompson Place, P. 0. Box 3453, Sunnyvale, CA 94088 

(408) 749-5000, outside California, call toll free (800) 538-8450, ext. 5000. 
CIRCLE 6 



Here. 
Lift a cover and see 

our Power FET 
Hybrid Switching Device. 
It's optically isolated and 
CMOSflvlL compatible. 

We used Power FET technology to 
reduce the ON resistance in the 
output stage below 0.3 ohms. That 
means it can switch low level signals 
with no offset voltage. It also means 
it can handle full load currents at 
higher ambient temperatures. 

But the low ON resistance is only 
one of the goodies. Optical isolation 
is provided to protect the sensit ive 
input circuits from voltage tran­
sients. And we also included buffer­
ing so this Hybrid Switching Device 
(HSD™) can be driven directly by 

CM OS as well as TTL logic. And we 7 5 °C. Both are designed to meet 
incorporated a Schmitt trigger in MIL-R-28750, and can be screened 
the CMOS mode to prevent false to MIL-STD-883B. Both are also 
triggering in a noisy environment. available for AC or DC operation. 

We used some special circuits to This Power FET I HSD is a major 
control turn-on and turn-off times. advance in switching technology. 
That virtually eliminates the on/off You can use it in a wide range oflow 
spikes and results in very low EMI. level and power switching applica-

By use of hybrid microelectric tions. Call or write us if you want 
techniques, we've been able to assistance or ideas. 
package all this capability in a tiny ~ TELEDYNE 
Centigrid® package (690 Series), or " 
in a metal DIP (685 Series) which SOLID STATE PRODUCTS 
permits full current operation up to Innovations In Solid State Switching 

CIRCLE 7 

12525 Daphne Ave., Hawthorne, California 90250 • (213) 777-0077 
U.K. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow. Middlesex, England TW5 9QQ • 01-897-2501 

European Hqtrs.: Abraham Lincoln Strasse, 38-42 • 6200 Wiesbaden, W. Germany 06121-7680 
Japan Sales Office: Nihon, Seimei Akasaka Building • 8-1-19 Akasaka, Minato-Ku, Tokyo, 107 Japan (03) 403-8140 

France Sales Office: 85-87 Rue Anatole-France.• 92300 Levallois-Perret, France • 758-71-60 



ON REFLECTION 

Unix: Let's have 
one operating system 
for one and all 

B
illions of dollars are wasted every 
year because there is no one standard 
operating system for engineering ap­

plications. The waste occurs when an appli­
cation program written for one manu­
facturer's computer must be rewritten to 
run on another manufacturer's machine. 

After 15 years of this situation, a solution 
finally seemed to be forthcoming in the 
form of Unix. Soon, it appeared, we would 
have a dream come true-one standard 
operating system for every engineering com­
puter. 

However, it was not meant to be. In fact, 
it has become all too apparent that a stan­
dard operating system is still a fantasy. 
Unix has now splintered into over 70 differ­
ent versions-System III, System V, Berke­
ley version 4.1, Berkeley version 4.2, Zeus, 
Onix, CPIX, U nos, Xenix, and on, and on. 
Consequently, an application program writ­
ten for a computer that uses, say, Berkeley 
version 4.1 will not likely be able to run 
without modification on equipment using 
System V. Thus, after having a possible 
solution within our reach, we're in effect 
back to the same old problem of each com­
puter using a different operating system. 

There are so many variations on Unix be­
cause each company starts with a very rudi­
mentary version of AT&T's original and, 
with its own ideas of what its customers 
want, adds frills and other features such as 
file locking or real-time processing. Since 
there has been no pattern or guideline to 
follow to keep all the implementations the 
same, they wind up incompatible. 

Now the hope of a standard has been re­
stored because of the efforts of the 

/ usr/ group, a collection of technical experts 
representing users, universities, and manu­
facturers such as AT&T, DEC, and IBM. 
The group's goal is primarily to ensure the 
applications portability of Unix and secon­
darily to make the operating system 
hardware-independent. 

I ts first success has been to produce the 
1984 / usr/group Unix standard, a document 
that proposes a single set of Unix system 
calls and subroutines. The document (which 
is available from / usr/group, 4655 Old Iron­
sides Drive, Suite 200, Santa Clara, Calif. 
95050) was recently overwhelmingly ap­
proved by the group's membership. In addi­
tion, ANSI is now considering it for its own 
Unix standard. 

If everyone writes their Unix implementa­
tions according to this document, an appli­
cation program created for one machine 
should be able to run on any other machine. 
Thus the dream of a standard operating 
system may again be on the verge of coming 
true-but it won't unless the industry 
abides by it. 

Curtis Panasuk 
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ONLYONEBUS 
LETS YOU CHOOSE YOUR 

OWN ROUTE. 



The MULTIBUS~ 

architecture. 
Because by n1aking 

your bus architecture 
decision first, you 
can ease the pressures 
of taking a rather ardu­
ous journey Reduce 
your risk Get where 
you're going faster. 
And, to a large extent, 

guarantee yourself a 
veiy sn1ooth ride. 

First, consider hav­
ing a wide open road 
ahead. Only MULTIBUS 
supports more than 
30 different operating 
systen1s. And all the 
1najor n1icroprocessors. 
Seventeen, in fact. So 
you can drive your 
design right at the 
ultimate application. 
Even change your 
n1ind when the n1arket 
changes its. And thor­
oughly profit fron1 
Intel's open syste1ns 
approach. 

It will also con1-
fort you to know that 
MULTIBUS is the 
world's best suppo1ted 
architecture. Over 200* 
companies n1ake and 
distribute MULTIBUS 
products. Giving you a 
selection of 1nore than 
1250* products. 

And as if that weren't 
acceptance enough, 
MULTIBUS is an IEEE 
standard (IEEE 796). 
So you can count on 
your products fitting 
and working together. 
With no design break­
downs along the way 

Next, consider that 
MULTIBUS supports 

all levels of integration. 
Chips. Boards. And 
boxes. Fron1 leading 
edge to co1nn1odity So 
while you're custom­
configuring your own 
product, you can count 
on getting exactly what 
you need. Hardware 
and software. And serv­
ice along the way 

Finally, MULTIBUS 
keeps you fueled up 
for whatever's coming 
around the next bend. 
With a defined upgrade 
path to MULTIBUS re 
Which, by the way, is 
the n1ost advanced bus 
architecture going. And 
which already has over 
100 con1panies con1-
n1itted to its support. 

So call us toll-free to 
begin your travels 
with MULTIBUS. (800) 
538-1876. In California, 
(800) 672 -1833. Or 
write Intel, Lit. Dept. 
C-19,3065 Bowers.Ave. , 
Santa Clara, CA 95051. 

Because there's 
no good reason why 
you should find your­
self up the road 
without a paddle. 

'Source' MULTIBUS Buyer's Guide, Winter 1984. O 1984 Intel Corporation 
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Finally, hUdt-perfonnance 
network analysis from 5 Hz to 200 MHz 

.•. for only $23,500*: 

If you're testing components, amplifiers, 
filters, crystals, or communication 
systems, you're probably paying for 
bandwidth you don't need. Or you're 
getting significantly less performance 
than you really want. But not any more. 
Because with the HP 3577 A Network 
Analyzer, you get precision measure­
ments from 5 Hz to 200 MHz at an 
affordable price. 

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

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

Versatile Group Delay Measurements. 
Swept group delay measurements are 
yours to I ps resolution. Selectable fre­
quency aperture between 0.5% to 16% of 

~ij:iiOfil~ HP-IB: NotjustlEEE-488. butlM 
l\aordw~ . documentation •nd 
support ttwit ckllYlt~ the si-tut 

SYSTEMS pMtl to • musurement system. 
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Introduc~ 
the HP 3577A 

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

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

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

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

F//dl HEWLETT 
~~ PACKARD 

ranges. Add the HP 35677 A/B 50 ohm 
or 75 ohm test set for simultaneous 
reflection/transmission measurements. 
Use the group delay feature to check for 
phase distortion at 45 or 70 MHz in IF 
filters. 

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

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

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

'U.S.A. list price only for the HP 3577A Network Analyzer. 
Add the HP 35677 A/B S·Parameter Test Set (100 kHz to 200 
MHz) for $3,500. 
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READER FEEDBACK 

Open-collector outputs 
make a simpler buffer 

I 
would like to make a sug­
gestion regarding the 
Design Solution "PLA 

Flip-Flop Circuit Buffers 
Bidirectional Microprocessor 
Lines" in the May 17 issue 
(p. 252). The 16R4 PAL has 
three-state outputs, but it can 
be configured to have open­
collector outputs as shown in 
part a of the figure, producing 
the bidirectional buff er 
shown in part b. Using the 

PAL16R4 

BUS TRANSCE IVER 
CLK 2 3 4 5 6 7 B 9 GND 

four equations given in part c 
to program the PAL yields 
the simplified circuit shown 
in partd. 

C. Kao 
PAL Design Specification 
Monolithic Memories Inc. 

· Santa Clara, Calif. 

The author replies: The sug­
gestion of Mr. Kao is correct, 
but it needs a more advanced 
PAL device than the 16R4, 
one that allows independent 
control of each flip-flop three­
state output. 

/OC /RST /HLT /03 /04 /01 /02 /RSTB /HLTB /VCC 
04 := /HLT + /03 
03 : = /HlTB + /04 + HLT* 03 
02 := /RST + /01 
01 := /RSTB + /02 + RST* 01 
IF (/04) HLTB=VCC 
IF (/03) HLT=VCC 
IF (/02) RSTB=VCC 
I F (/01) RST=VCC 

(C) 

19 HLTB J 
i-;1.;..8--------Q - To bus 

RSTB 

CLK 

'"'"~' ( PAL 
16R4 

(d) 

...--T--05 v 
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Finally! 
all the realtime tools 

you need for 

Only Digital Technology, Inc's comprehensive line of MIL-STD-1553 
support equipment lets you choose the right components and 

software to meet your system development requirements. 

MICROPROGRAMMED MULTIPLEX BUS TERMINAL (MBT™) FEATURES: 

• Full MIL-STD-1553 capability 
• Microprogrammed for 

flexibility 
• Software controlled 

. ·/.',•/.·;.·.··: ... 

• Supports F-16, F-18, 1553A and 1553B formats 
• Programmable error injection capability 
• High-speed parallel interfaces for 

realtime simulation 

More than a tester •.• 

DIGIPLEX™ SYSTEM 
FEATURES: 
• Multiple MIL·STD-1553 Bus 

Emulation 
• Programmable Protocol 

Definitions 
• RS232, IEEE488, Ethernet 

Interfaces 
• Microcomputer Based 

Integrated Work Stations 
• Custom Rack Mounted 

Systems 
• Programmable Error 

Generation and Detection 
• Multibus• compatible 

• Multibus is a registered trademark of Intel. 

Digital Technology, Inc. equipment is currently being used in and specified for 
avionics integration and support facilities by industry and government. 

For further information or quotes, contact our sales department. 

Digital Technology. Inc. 
1000 Nicholas Road• Dayton, Ohio 45408 • (513) 443-0412 
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READER FEEDBACK 

Not just 
for private use 

Y
our May 17 Technology 
Report on digital 
signal-proce s sing 

chips [p.100] was most timely. 
However, there is one point 

concerning our finite-im ­
pulse-response filter chip 
that should be clarified. The 
report implies that the chip 
is only for internal use. Actu­
ally, it is a regularly available 
IBM product . 

James Day 
International Business 

Machines Corp. 
Bethesda, Md. 

Correction 

The phone number given 
for Linear Technology Corp. 
in our May 17 N ew Products 
section (p. 260) should be 
(408) 942-0810 . 

Electronic Design welcomes the opin­
ions of its readers on the issues raised 
in the magazine's editorial columns. 
Address retters to Editor-in - Chie f, 
Electron:c Design, 10 Mulholland Drive, 
Hasbrouck Heights, N.J. 07604. Try to 
keep letters under 200 words. Letters 
must be signed. Names will be withheld 
upon request. 

ELECTRONIC DESIGN 

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

We are interested in people with experi­
ence in all aspects of electronics, es­
pecially the explosive area of computer 
technology. To examine your potential in 
the exciting world of engineering journal­
ism, call Lucinda Mattera, Editor-in-chief, 
at (201 ) 393-6000, or write to her at Elec­
tronic Design, 10 Mulholland Drive, Has­
brouck Heights, N.J. 07604. 
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NEW 
lntegri-Test™450 
tests bare boards 
a new way. 
Directly. 
Immediately. 
WITHOUT 
FIXTURES. 

All lntegri-Test needs is the net list 
that created the board, and a small 
sampling of boards. In minutes it 
learns the board, and then it's off and 
testing at 350 points per minute. 

It detects shorts between nets, opens 
& resistive segments within nets (down 
to 1 ohm), and prints out the location 
of faults and identifies the faults. 

lntegri-Test can test up to 32,000 
active points on boards as big as 
21 x24 inches with no grid restrictions 
and point spacing as low as 0.020 
inch . It can even test very dense, 
multi-layered boards, and hybrid 
microcircuits that other testers cannot 
handle without special fixtures. 

--., .............. 

Through software, lntegri-Test 
adapts immediately to changes in 
board layout that would require an 
entirely new fixture. 

By eliminating the waiting time, as 
well as the cost of bed-of-nails 
fixtures, lntegri-Test makes testing of 
moderate quantities of boards 
practical and economical. 

For a demonstration or more 
information call 516/391-4100 or 
write: Electronic Equipment Division, 
320 South Service Road, Melville, 
NY 11747. Telex: 6852371 . 

l?l?lnl 
ELECT~flf!!!lr!El!I, IJIVISIOll 

KOLLMORGEN CORPORATION 

CIRCLE 126 FOR INFORMATION 
CIRCLE 127 FOR DEMONSTRATION 



nterconics 
The new name in interconnects for maximizing miniaturization 

If you're looking for interconnect products 
and technologies that can lead to significant 
advances in package design, introduce 
yourself to lnterconics. 

As eight newly-integrated 
units of BMC Industries, Inc. 
(formerly Buckbee-Mears Com­
pany), lnterconics is unique on 
three counts: 
First, lnterconics offers a full 
spectrum of products and 
technologies - from single­
sided flexible circuits to high­
density, multi-layer rigid /flex 
circuits and surface mount 
device circuits; and from bus 
bars and compliant pins to 
leadframes and hybrid circuits . 
Second, lnterconics capabili ­
ties go beyond the ordinary: 
• Printed and flexible or rigid / 

flex circuits with 5-mil lines 
and spaces and 10 or more 
layers are routine . 

• Microcircuit capabilities in­
clude thick-film hybrids, CMOS 
or bipolar gate arrays. 

• Compliant pins are designed 
to eliminate damage to 
plated-through holes. 

• Bussing systems range from 
low-power clip-on bus bars to 
high-current heavy copper 
multi-layers over six feet long. 

• Specialty circuits typically 
hold feature placement toler­
ances of ± 10 mils over an 
entire 48" x 72" panel - even 
on Teflon®/glass. 

• Leadframes include 256-lead 
Quad packages and spot gold 
or silver plating . 

Teflon is a registered trademark of Dupont. 
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3-Dimensional CAD Design 

Third, lnterconics offers 
advanced package design sup­
port. Whether it be for a single 
component, or a full 3-dimen­
sional interconnect system. 

A new name with 75 years of 
experience 
While our name is new, our 
eight operating units have 75 
years of combined experience 
in electronic packaging. And 
we're writing the book on 
interconnects that maximize 
miniaturization . 

Send for it. Phone 800-
328-9086. Cln Minnesota call 
612-228-6512.l Or write: 
lnterconics , 610 Bremer 
Tower. St. Paul , MN 55101 . 

Advanced Interconnect Products and Technologies 

A UNIT OF BMC INDUSTRIES, INC. 



U.S. MEETINGS 

1984 Microcircuit Pure Materials 
Conference, Aug. 2-3. Hyatt Hotel, 
San Jose, Calif. Pat Westly, Westley 
Enterprises, 3697 South Court, Palo Al­
to, Calif. 94306; ( 415) 494-7115. 

American Association for Artificial 
Intelligence, August 6-10. Performing 
Arts Center/ University of Texas, Aus­
tin, Texas. Claudia Mazzetti, AAA!, 455 
Burgess Drive, Menlo Park, Calif. 94025; 
( 415) 328-3123. 

1984 ASME International Computers 
in Engineering Conference & Ex­
hibit, Aug 12- 16. Las Vegas Hilton Ho­
tel, Las Vegas, Nev. The American 
Society of Mechanical Engineers, 345 E. 
47th Street, New York, N.Y.10017; (212) 
705-7100. 

Computers/Graphics in the Building 
Process, Aug. 19- 23. Hyatt Regency, 
San Francisco, Calif. Dorothy Bom­
berger, BP '84, 2033 M St., N.W. Suite 
333, Washington, D.C. 20036; (202) 
775-9556. 

SPIE's 28th Annual International 
Technical Symposium, Aug. 19-24. 
Town & Country Hotel, San Diego, 
Calif. Sue Knutsen, SPIE, PO Box 10, 
Bellingham, Wash . 98227-0010; (206) 
676-3290. 

1984 International Conference on 
Parallel Processing, Aug. 21-24. 
Hilton Shanty Creek Lodge, Bellaire, 
Mich . Olga Cairns, Hilton Shanty 
Creek, PO Box 355, Bellaire, Mich . 
49615; (616) 533-8621. 

National Software Show (NSS), 
Sept. 5- 7. Anaheim Convention Center, 
Anaheim, Calif. Philip Russell, Raging 
Bear Productions, Inc., 21 Tamai Vista 
Ori ve, Suite 175, Corte Madera, Calif. 
94925; (415) 924-1194. 

Defense Computers-Graphics '84, 
Sept. 10- 13. Convention Center, 
Washington, D.C. Dorothy Bomberger, 
DCG '84, 2033 M Street, N.W., Suite 333, 
Washington, D.C. 20036; (202) 775-9556. 

10th Annual Advanced Control Con­
ference, Sept. 10-13. Fowler Hall, 
Stewart Center, Purdue Univ., W. La­
fayette, Ind. Edward Kompass, Control 
Engineering, 1301 S. Grove Ave., PO 
Box 1030, Barrington, Ill. 60010; (312) 
381-1840. 

EASCON '84, Sept. 10-12. Shoreham 
Dunfey Hotel, Wash., D.C. Larry 

Whicker, LRW Assoc., 1218 Balfour 
Drive , Arnold, Md . 21012; (301) 
765-7264. 

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

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

UNIX* Systems Expo/84, Sept. 11- 14. 
Convention Center, Los Angeles, Calif. 
Sally Nestler, Computer Faire, Inc., 181 
Wells Avenue, Newton, Mass. 02159; 
(617) 965-8350. 

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

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

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

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

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

International Test Conference 1984, 
Oct. 16-19. Franklin Plaza Hotel, Phil­
adelphia, Pa. Harry Hayman, PO Box 
639, Silver Spring, Md. 20901; (301) 
589-8142. 

FOC/LAN 84, Sept. 17-21. MGM 
Grand Hotel, Las Vegas, Nev. Michael 
O'Bryant, Information Gatekeepers 

(continued on p. 21) 
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Feel and 
hear switch 
click millions 
of times 

New Rafi pushbutton switches for 
flat panel applications provide real 
feedback-audible and tactile. Life 
is greater than one million 
actuations. PC mounted. low-profile 
design. switches come in two sizes: 
15mm and I 9mm. either lighted or 
unlighted. Ratings to 250mA. 
60VAC. All available from stock. 
Catalog RF-1519. 

Ledexinc. 
P.O. Box427 
Vandalia. Ohio 45377-0427 U.S.A. 
Phone: 513-898-3621 

·~ LED EX 
"·-----·/ ® 

helpful switch technology 
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U.S. MEETINGS 

(continued from p. 19) 

Inc., 138 Brighton Ave., Boston, Mass. 
02134; (617) 787-1776. 

1984 International Microelectronics 
Symposium, Sept. 17- 19. Loews Ana­
tole, Dallas, Texas. Glenn Dowler, 
International Society for Hybrid Micro­
electronics, PO Box 3255, Montgomery, 
Ala. 36109; (205) 272-3191. 

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

13 t h Annual Confere n ce North 
American Thermal Analysis Society, 
Sept. 24- 26. Marr iott Hotel, Philadel­
phia, Pa. Hal Fer rari, Lederle Labora­
tories, Bldg. 65B, Pearl River, N.Y. 
10965; (914) 735-5000, ext. 3443. 

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

Nor thcon 84 and Mini/ Micro North­
west 84, Oct. 2- 4. Seattle Center Flag 
Pavi lion, Seattle, Wash. Nancy Hogan, 
Electronics Convention Inc., 8110 Ai r­
port Blvd., Los Angeles, Calif. 00045; 
(213) 772-2965. 

IEEE Internat ional Confer ence on 
Computer Design (ICC D 84 ), Oct. 
7-11. Rye Town Hilton, Port Chester, 
N.Y. Harry Hayman, IEEE Computer 
Society, PO Box 639, Silver Spring, Md. 
20901; (301) 589-8142. 

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

Electronics Ma nufacturing T echno­
logies & Systems 84 (EMT AS 84), Oct . 
9- 1 l. North Carolina State Un iversity, 
Raleigh, N.C. Gerri Andrews, Society of 
Manufacturi ng Engineers, 1 SME 
Drive, PO Box 930, Dearborn, Mich. 
48121; (313) 271-1500. 
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CENERAL PURPOSE 
SERVO ACCELEROMETERS 

USER SELECTIVE MINIATURE LOW COST 
RANGE HIGH TEMPERATURE OEM 

SA-100MR SA-127 SA-120RHT 
USER ADJUSTABLE $400.00 SINGLE PC. OPERATIONAL TO 
FULL SCALE BY 350°F !175°Cl 
EXTERNAL RESISTOR REPLACEMENT FOR 

STRAIN GAGE, POT WEIGHT LESS 
LOW NOISE AND L VDT TYPE THAN 1 OZ. 

ACCELEROMETERS 
LOW OUTPUT RUGGED 
IMPEDANCE ALSO IN TRIAXIAL 1500 G SHOCK 

CONFIGURATION 30 G VIBRATION 

~COLUMBIA RESEARCH LABS.,INC. 
Woodlyn,Pa.19094 12151 872-3900 
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Our F0-232 offers longer signal distances and 
greater data rates without modems or line drivers. 

• Up to 2 km (6,562 ft.) 
• Up to 100kb/second 
• Absolutely immune to EMl/RFI in compliance with 

new FCC regulations • No fiber optic experience necessary 

• Low Cost/ Easy Installation 

lfi\-1 Ughtwave Communications.Inc. 
~1650 Danbury Road, Ridgefield, CT Cfi3877 •Tel: (203) 438-3591 
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Gould's new 8 channel waveform 
recorder. Its 256k memory delivers 
the recording power you need. 

The Gould 4300 Series waveform recorder 
with up to 256k memory lets you capture test 
signals throughout the de to 50 kHz range. 
Including a full 100ms of 50 kHz data and 
transients as short as 101-1s More than enough 
capacity to allow detailed analysis of subtle 
transients, as well as providing extensive pre­
and post-trigger information . 

The 4300 is avai lable in four, six or eight 
channels with memory up to 32k per channel. 
Measurement range is a wide 50 mV to 500V 
full scale. 

CIRCLE 18 

Gould also offers the 4300 as part of a fully 
integrated measurement and analysis system 
that includes an enhanced IBM PC~ versatile 
menu-driven software, and color graphics 
display. The 4300 's optional RS 232C and 
IEEE 488 interfaces allow integration with a 
variety of personal and mainframe computers. 

For more information, write Gould Inc., 
Recording Systems Division , 3631 Perkins 
Avenue, Cleveland, Ohio 44114. Or phone 
(216) 361 -3315. 
Nobody else comes close. 

•} GOULD 
Electronics 



PERSONALLY SPEAKING 

CAE data bases need 
both better software 
and industry standards 

The lack of a common data base and 
inadequate data-base management 
systems continue to plague computer­

aided engineering. With the move toward 
application-specific workstations and the inte­
gration of more CAE functions into individual 
workstations, the development of suitable 
data-base software must take priority. Fortu­
nately, the first efforts are getting under way. 

At the beginning of this year, representa­
tives from various industries, including the 
CAE, ATE, and semiconductor communities, 
formed the Electronic Design Interchange 
Format (EDIF) Committee. The group's initial 
task has been to develop a standard interface 
language for the many types of software used 
to design, test, and manufacture semicustom 
integrated circuits. 

The EDIF language, which has been par­
tially documented within the last few months, 
defines desirable physical layouts for gate 
arrays, standard cells, and even fully custom 
chips, and it provides for electrical descrip­
tions at the finest level of detail for test pat­
terns, process rules, and performance informa­
tion. The goal is to finalize the language in the 
third quarter so that companies in the work­
station, test, and semiconductor industries can 
begin to build a common data base starting in 
the first quarter of 1985. 

Similarly, data-base management systems 
for CAE must be developed and standards 
agreed to. Existing data-base management 
systems are not fully suitable for CAE applica­
tions, which need to represent numerous levels 
of detail, as well as heterogeneous relation­
ships in relational data bases. 

New relational data-base technology prom­
ises, through the use of expert systems, to or-

ganize information more efficiently for CAE 
applications and to be flexible enough for ex­
pansion later on. In fact, research is expected 
to lead to new system software by 1986. 

Among the promising approaches is the 
Ingres relational data base developed from a 
research prototype at the University of Cali­
fornia at Berkeley. Ingres will be further 
refined as a result of an agreement recently 
signed by AT&T Information Systems and Re­
lational Technology Inc., which offers Ingres 
commercially. 

Also, new techniques will emerge to protect 
the integrity of CAE data yet still permit wide­
spread access to it. Researchers, for example, 
are closely studying how business applications 
are successfully dealing with data integrity. 

With the adoption of standards and the aid 
of expert systems, engineers should be able to 
reap the benefits of a common CAE data base 
and capable data-base management systems in 
the next couple of years. 

Martin Gold 
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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 
quantities. 

"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
CMOS process technology, 
we've produced the SCX­
Series of high-speed/low­
power dual-layer metal gate 
arrays. Look at the benefits: 
National'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 

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
CMOS brochure, contact 
us at 2900 Semiconductor 
Drive, MS 23200, Santa Clara, 
California 95051. 

~National 
a Semiconductor 

We're doing it. 
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Data I/O's new 298. 
More than just a new paint job. 

Outside, we gave our new 29B 
universal programmer a fresh coat 
of paint. 

Inside, we gave it the technology 
to make it a universal programmer 
you can count on having around for 
a longtime. 

You see, the 29B's multi-func­
tional programming system gives you 
complete flexibility to build your pro­
gramming capacity as your needs 
grow. 

With a now standard 64k x 8 RAM 
and its proprietary programming elec­
tronics, the 29B can program over 1,000 
devices in commercial production today, 
and be expanded to support the more 
complex devices of the future as they are 
developed. 

Efficiency in a host of different 
programming applications. 
The 29B's design allows use of 

interchangeable modules for many dif­
ferent programming applications. With 
a UniPak 2™ , the 29B programs over 
700 MOS, fusible link, and AIM PROMs. 
And with a Gang Pak™, it can program 
a set of eight MOS EPROMs with dif­
ferent data patterns at the same time. 

With the LogicPak™ you can pro­
gram, design, and test a wide range 
of logic devices. Or, by using ABEL'" 
software, you can specify logic designs 
for IFL, PROM, and PAL® devices 
using any method or combination of 
state diagrams, Boolean equations 
or truth tables. 

Select integrated or 
stand alone operation. 

The 29B's twenty-seven 1/0 formats 
enable you to interface with virtually 
every development system available. 
You can enjoy the ease of menu driven 
operation because the 29B 's optional 
software driver allows you to interface 
with IBM®PCs. Yet, it's important to 

know the 29B is a completely self­
sufficient system. So, if your needs 
don 't require interfacing with a PC, the 
29B can operate on its own. 

A unique combination 
of price and performance. 
The 29B is just one example of 

Data I/O's commitment to giving you 
state of the art programming tech­
nology. And you can get it with the 
performance of 64k x 8 RAM for less 
than ever before. Like all our products, 
the 29B is backed by a worldwide net­
work of field sales and service offices. 

All things considered, the 29B is 
the best combination of price and per­
formance in a universal programmer 
today. And tomorrow. 

Now, that's an achievement. 

~uniPak . GangPak, Log1cPak, and ABEL are trade­
marks of Data 1/0 Corporation. ®PAL is a registered 
trademark of Monolithic Memories. Inc., and IBM"' of 
International Business Machines. Copyright © 1984 , 
Data 1/0 Corporation. All rights reserved . 

Data 1/0 Corporation, 10525 Willows Road N.E.. P. 0 . Box 97046, Redmond, WA 9B073-9746. For •mmed1ate action. contact us DATA I ~o 
directly, CALL TOLL FREE : 1-800-426-1045. In Washington, Alaska and Hawa11, call 206-881 -6445. Europe : Vondelstraat 50-52 . 

1054 GE. Amsterdam, The Netherlands, Tel : (20) 186855. Germany G7'bH : Bahnhofstrasse 3. D-6453 Sehgenstadt. 
West Germany. Tel : (6182) 3088. Japan : G1nza Orient Building 6-F. 8-9-13 . G1nza Chuo-ku , Tokyo 104. Japan. Tel · (03) 574-0211. 
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One-chip controller in the works for IEEE-802.4 LANs 

W hat promises to be the first single-chip controller to meet the IEEE-802.4 
specification for token-passing bus networks is now in the late definition 
stage. The controller, being designed at Motorola Inc.'s Israel Design 

Center (Tel Aviv), will be built with a 3-µm HCMOS process and will manage a 
10-Mbit/s broadband network. It is expected to dissipate 1 W or less and will work 
with the VMEbus. Also, it will have four DMA channels on board, in contrast to the 
one DMA channel found on most other Ethernet controllers. 

The chip, which should be here before the end of the next year, will be used to link 
computers in a factory. Until it appears, though, the company is considering working 
with gate arrays and taking a three-board approach. 

Software will turn traditional computers into experts 

By next year, conventional computers will be able to assume the capabilities 
of an expert system, thanks to an unusual software package that mixes an 
inference engine with a natural-language front end and a knowledge-base 

processor. Working with either a 68000-based or a VAX-class computer that runs 
under Unix, the Knowledge Workbench, developed by Silogic Inc. (Los Angeles), uses 
a proprietary Prolog compiler as the inference engine. The natural-language program 
at the front end converts user-and-system dialogue into English-like input or internal 
Prolog representations. For its part, the knowledge-base processor works with a 
relational data base, gives special treatment to data and instructions, converts and 
stores chunks of knowledge, and acts as a link to other data bases. 

Scaled-down bipolar process yields fastest FPLAs 

F use-programmable logic arrays (FPLAs) with propagation delays down to 10 
ns have been fabricated using a scaled-down bipolar process with 2-µm feature 
sizes and a 7-µm metal pitch. Industry-standard parts, in contrast, exhibit 

25-ns delays. The process, called IMP ACT by its developers at Texas Instruments 
Inc. (Dallas), uses a finer geometry than the company's advanced low-power Schottky 
(ALS) TTL technolgy and employs dry etching and ion implantation. Unlike the original 
version ofIMPACT announced earlier this year, the latest variation will make use of 
direct wafer-stepping techniques. The first parts to be ready include a pair of 24-pin 
FPLAs with 32 AND terms and 6 OR terms. Four PAL (programmable array logic) 
devices that share the low propagation delays will also be made. 

Plastic resin to challenge aluminum as disk substrate 

A plastic resin may soon give aluminum a run for its money as the preferred 
substrate for 5114-in. Winchester disks. The 130-mm-diameter substrate, from 
Data Packaging Corp. (Cambridge, Mass.), is smoother and cleaner than its 

typical aluminum counterpart. The polyetherimide resin, dubbed Ultem, consistently 
demonstrates surface variations ofless then 0. 7 µin. ANSI specifications, in contrast, 
allow for surface irregularities of up to 1 µin. 
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Although the plastic disks can be treated and coated with magnetic materials in the 
same way as their aluminum equivalents, they are less than 50% as expensive. They 
also weigh less, thus putting a smaller strain on a Winchester disk drive's spindle and 
in turn encouraging the use of smaller motors. The only drawback of the plastic 
substrate is its rate of thermal expansion, which-at 56 µ,m/°C-is 2.5 times that of 
aluminum and may cause tracking problems in disk drives with open-loop servos. The 
resin, however, will not begin to distort until heated to 200°C. The internal operating 
temperature of most disk drives is well below 140°C. 

DAC hybrids build on digital gate-array structures 

D igital gate-array and analog technologies team up in a series of novel hybrid 
packages that combine a 16-bit digital-to-analog converter with a micro­
processor interface, reference circuitry, and an operational amplifier. 

With all that circuitry squeezed into one package, the hybrids save a square inch of 
circuit board space compared with other d-a converters. Burr-Brown Corp. 
(Tucson, Ariz.) designed the microprocessor interface on the voltage-output units in 
a straightforward manner: the 24-pin DAC709 accepts 16 bits in two bytes 
(ELECTRONIC DESIGN, March 8, p. 141), and the 28-pin DAC707 accepts all 16 bits 
at once, or "broadside." The sister converters, which have current outputs, need an 
external op amp. The DAC708, in a 24-pin housing, accepts two bytes; the DAC708, 
in 28-pin package, all 16 bits. All four units latch the inputs into double buffers. In 
addition, they all have an integral nonlinearity of ±0.003%, a maximum differential 
nonlinearity of ±0.006% of full scale, and a guaranteed monotonicity of 14 bits over 
temperature. 

Multicolor thermal printing process relies on chemical dyes 

C hemical reaction is the key behind a thermal-transfer printing process that can 
put down a rainbow of colors with only one reusable transfer ribbon. The 
polyester ribbon, coated with alternating layers of temperature-dependent 

dyes, chemically reacts to the developer on the receiving paper when the thermally 
controlled print head passes over it. Unlike wax-coated thermal ribbon cartridges, 
which can be used only once, the ribbon can be rewound as many as 15 times-with 
no appreciable loss in color quality. The process, developed by Ricoh Co. Ltd. (Tokyo) 
and soon to be part of an OEM-targeted printer from Ricoh Corp. (West Caldwell, 
N.J.), yields excellent dot clarity for half-tone images and graphics. 

Second 825-Mbyte Winchester drive makes the scene 

A 14-in. Winchester disk drive that stores up to 825 Mbytes matches the record 
for the largest amount of memory that can be held on a single spindle. Developed 
by Ampex Corp. (Redwood City, Calif.), the drive employs six platters with 

an enlarged recording surface, densities of 960 tpi and 12,500 bpi, and 2, 7 run-length­
limited encoding to achieve high capacity. The unit uses a standard SMD interface as its 
link to the outside world, and data is transferred at 1.859 Mbytes/s. The only other 
commercial Winchester drive with comparable capacity is Control Data Corp.'s XMD. 
(Although the IBM 3380 stores well over 1 G-byte using a thin-film recording medium 
and heads and multiple spindles--it is plug-compatible only with IBM mainframes.) 
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0 Please send me a free CP /M formatted Z80 Source Code Translator, documentation 
and Zilog's.new Winter Software Directory. 

0 I need a 51A" diskette. 0 I need an 8" diskette. 

D I don't need the Translator at this time, D Please have a salesperson call. 
but please send your Software Directory. 

_______________ Title: __________ _ 

______________ City __________ _ 

________ Zip _____ Phone _________ _ 



Gould ... Innovation and Quality in Logic Analyzers 

The K105-D analyzer with 
Trace Control™ helps you find 
faults quickly and easily. 
For most engineers, the frustra­
tion is not in solving the problem 
But in finding it. 

Not anymore. Take the Gould 
K105-D logic analyzer. It can 
help you isolate errors and their 
causes quickly and easily. Be­
cause now you can capture and 
examine several possible cause 
areas with a single pass 

Advanced program tracking 
and data capture. 
Flexibility is the key. 

With 8 levels of Trace Control , you 
can follow every bend and turn 
in you r program flow. No matter 
how complex. And capture widely­
separated slices of code better 
than any other triggering method . 

Although faults and their causes 
may be separated by thousands 
of lines of code , the K105-D 
records only what you want to see. 

Once captured , the K105-D 
brings these windows of informa­
tion directly to the screen for your 
analysis. 

This selective recording con­
serves memory. While it helps you 
get at the problem - and solve it 
- in less time than ever before. 

An analyzer that speaks your 
language. 
The K105 -D speaks simple 
assembly language, not complex 
object code. Quite fluently, we 
might add . 

With our disassembly modules for 
the 68000, 8086, 8080, 8085A 
and Z80® B microprocessors, you 
need only one analyzer for debug­
ging most popular processors. 

Clear, concise pattern 
definitions. 
With the K105-D, you can define 
all your event patterns with sym­
bolic labels. These labels can 
represent address locations, data 
values, fetched instructions or any 
control signal you 're monitoring. 

And since you create them , 
they're easier to understand and 
remember. 

What's more, Trace Control uses 
English -like commands which 
make for shorter set-ups. Quicker 
comprehension. And a more 
productive engineer. 

To make debugging even easier, 
add the optional dual floppy disk 
drive. With it, you can store up to 
35 set-ups and associated record­
ings on a single diskette for instant 
recall. 



You won't get caught in a loop. 
By using the K105-D's loop 
counter, you can follow a 
sequence of events for a specific 
number of iterations. Then stop 
at will. 

It's a quick way for you to test the 
repeatability of a program func­
tion . And verify that your code is 
having the predicted effect. 

Integration made easy. 
For the hard part (hardware/ soft­
ware integration), now there's a 
simpler solution . The K105-D's 
100 MHz high speed link. 

It's an extremely precise way to 
see how timing affects software 
execution . And vice-versa . 

Again , for this task, Trace Control 
can help you track down hard -to­
find faults . So you end up with a 
program that flows smoothly. 
Error free. In a fraction of the time 
it used to take . 

Performance above all the rest. 
At Gould , we engineer every 
instrument to be clearly the best 
in its class. 

So now with your insight and the 
K105 -D analyzer, you can capture 
the problem . And solve it. Fast. 

For the name and number of your 
nearest Gould sales representative 
or for a detailed brochure and 
application notes, call us toll-free at 
(800) 538-9320. In Cal ifornia, call 
(800) 662-9231 or (408) 988-6800. 
Or write Gould Inc., Design & Test 
Systems Division, 4600 Old Ironsides 
Drive, Santa Clara, CA 95054-1279. 

United Kingdom Gould Inc., Design 
& Test Systems Division , Hainau lt 
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 061 82 /801 -1. 

'"Trace Control is a trademark of Gould, Inc . 
• zao IS a registered trademark of Z1log , Inc 

~· :- - - ~' ~-.i 
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The K105-D gives you two levels of HELP 
at the touch of a button. First, step-by-step 
operating instructions that ap,;ear along 
the bottom of the analyzer screen. Second, 
a menu that allows you to select more 
detailed "help" should you need it. 
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Thais always 
awa outwith 
The h Density Plus 
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 

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. 

Power bus 

Backplane 
connector module 

Controlled impedance 

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

circurt 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 



1240~~~ER 

''We need a logic analyzer for 
these problems ... a real workhorse!' 

9JFTWARE t1A'ROW-A'RE. INTSGRATION Gf:-NERAL 
--- --- -

• Execution time • -H~h 5peed bu~ ICBiG • lnterpr~.7or • le$t 
requirements 

• Control signal communi0at1ons documentation 
• 80186 .and ZBO noise • Peripheral • Manuf~c.turir19 
support 

• lntermittents integration arti service 
• Program fiow end • -Hardware/~wsre proce<.lure' 
data flow iYlterface • 7hort learning 
traGking C.Ur\e 



Versatility is its middle name. 
Hardware analysis. Software 

analysis. Integration. The 1240 lets 
you master them all , thanks to 
features like glitch detection and 
triggering. Autorun. 50 MHz 
synchronous, 100 MHz asynchro­
nous data acquisition. 72 channels. 
Performance analysis. A powerful 
trigger and qualifier. The only dual 
timebase in the industry. Plus sup­
port for the 80186, 68000, F9450 
and 15 other chips. 

Acquisition Cards, ROM Packs and COMM Packs 
for the 1240. 

Copynght (<) 1983, Tektronix, Inc All nghts reserved. LAA-058 

Tek's 1240. 

EXECUTE 

FLEXIBLE SOLUTIONS 
FOR A FUTURE OF CHANGE 

IT A"T AUTO 

DD 

We know Murphy can strike. 
We built the 1240 to make 

those unexpected problems a little 
easier to handle. It's modular, so 
you can add capability when you 
need it. Take a look at your choices: 

Acquisition • 9 channels, 100 MHz 
Cards • 18 channels, 50 MHz 

• Microprocessor disas-
sembly (18 processors) 

ROM • Performance Analysis 

Packs • Master/Slave Support 
• Line Printer Support 
• Mass Storage 
• Extended Diagnostics 

COMM • RS-232 
• GPIB Packs • Parallel Printer Port 

Talk about easy. 
Easy to learn . Easy to use 

with smooth scrolling and touch­
sensitive, menu-driven displays. 
Plus multiple levels of operation, 

CIRCLE 22 FOR LITERATURE 
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so you can start with the 
basics and add progressively 
more advanced features . 
Time to talk. 

When your team needs logic 
analyzers to solve many problems, 
and you want to get your money's 
worth, call your Tektronix engineer 
and describe your applications. 
We'll help you put together a 1240 
solution for your team. 

TEKTRONIX LOGIC ANALYZERS 

~W/t/J.-
For further Information, contact: 
U.S.A. , Asia, Australia, Central & South America , 
Japan Tektronix, Inc .. P.O. Box 1700, Beaverton, OR 97075. 
For additional literature, or the address and phone number 
of the Tektronix Sales Office nearest you, contact: Phone: 

~0i~~i~~~h0!8il1.~nl~n\\~,0?6!~&1~~7tEKTRONIX 
Europe, Africa , Middle East Tektronix Europe B.V. Euro­
pean Headquarters, Postbox 827, 1180 AV Amstelveen, The 
Netherlands, Phone: (20) 471146, Telex: 18312-18328 
Canada, Tektronix Canada Inc., P.O. Box 6500, Bame, 
Ontario L4M 4V3, Phone: 705/737-2700 

COMMITTED TO EXCEli.ENCE 



Nationwide Distributor Network Puts 
UDS Moderns Within Everybody's Reach 
UDS modems are on the shelf at more than 100 locations operated and stocked by 38 
leading datacomm distributors. Many of these independent firms offer next-day shipment 
on selected models. When you need accurate advice and reliable data communications 
hardware, rely on the UDS distributor nearest you. 
For his name and phone number, contact any 
of the UDS offices listed below. Universal Data 
Systems, 5000 Bradford Drive, Huntsville, AL 35805. 
Telephone 205/837-8100; TWX 810-726-2100. 

[I Universal Data Systems 
® MOTOROLA INC. 

Information Systems Groc4) 

UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Atlanta, GA, 4041998·2715 • Bellevue, WA 2061455-4429 • Blue Bell, PA 2151643-2336 • Boston, MA, 617/875-8868 • Columbus, OH, 
614/895-3025 • Englewood, CO, 303/694-6043 •Glenview, IL, 312/998-8180 •Houston, TX, 713/988-5506 • Huntsvllle, AL, 205/837-8100 •Mountain View, CA, 
415/969-3323 •Old Bridge, NJ, 201/251-9090 • Richardson, TX, 214/680-0002 •Sliver Spring, MD, 301/587-0166 •Tampa, FL, 813/684-0615 •Tustin, CA, 714/669-8001 
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50-head disk drive 
promises to speed access 
by a factor of 10 

the read head will have to 
scout the disk to find the de­
sired information. The higher 
the possibility that the head 
will not have to move, t he 
faster a data transfer will 
take place. 

Multiplying the number of heads by five in 
a 14-in. Winchester drive may lead to 

Lower response time 

In an SMD drive, each 
read/write head must typi­
cally travel across at least 
half of the disk's surface to 
find the requested data. In­
creasing the number of heads, 
however, reduces the re­
sponse time of the entire sys­
tem, since the probability 
that the read heads must 
travel is greatly reduced. 

a tenfold decrease in a unit's response time. 

A
ranging up to 50 read/ 
write heads in a Win­
chester disk drive 

should make it possible to 
slash by nearly 90% the aver­
age access time to randomly 
sought data. The approach, 
now being tested on a series of 
14-in. Winchester disk drives, 
will likely keep the unit's av­
erage access time to about 
20 ms-even under heavy 
request loads. A typical SMD 
drive, with its complement of 
10 heads, takes, on average, 
150 to 180 ms to access data 
under the same conditions. 

Alpha Data Inc. (Chats­
worth, Calif.) believes that 
the 20- to 30-ms average ac­
cess time quoted for typical 
SMD Winchester drives is 
misleading, because it does 
not hold up under heavy 
loads. Rather, the company 
poi n ts out that the per­
formance of single- or double­
arma ture SMD drives seri­
ously degrades as t h e 
frequency of data searches 
requested by the host in­
creases much beyond 18 or 20 

Stephan Ohr 

a second. 
Such a load, though, is not 

unusual for the large storage 
modules employed in data­
base systems. Under that sort 
of pressure, the response time 
of an SMD unit can climb to 
150 ms and beyond. 

The problem is directly 
related to the probability that 

300 

250 

200 

Response 
time 150 
(ms) 

100 

Under light request loads, 
a typical SMD drive and a 
50-head unit will exhibit 
about the same performance 

I 
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Typical SMD disk drive Y/ 
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I 

/ 
/ 
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0 
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No. of requests per second 

When lightly loaded (servicing about 18 requests a second), both a 
50-head drive and a typical SMD drive perform similarly. As the num­
ber of requests made each second rises, the reponse time of the 50-
head unit shows a slight increase. In comparison, the respose time for 
the SMD drive climbs dramatically. 
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because the likelihood that a 
request will demand some 
movement of the head is 
about the same, since such 
requests are often for con­
tiguous tracks. When lightly 
loaded, therefore both ma­
chines can typically complete 
a single random search with­
in 20 ms. 

Carrying the burden 

Under heavier loading, 
though, the chance that a 
head must move rises for the 
typical SMD unit, in turn in­
creasing its average access 
time. The 50-head drive, in 
comparison, needs no more 
time to complete a search (see 
the figure). 

A second pro bl em that 
must be taken into consid­
eration is that of request 
queuing. Under heavy loads, 
it is likely that one of the SMD 
unit's read/write head will 
still be processing a request 
when the second call arrives. 
The second request in turn be­
comes part of a queue, and the 
average response time of the 
system increases as the time 
needed to service the first 
request is counted as part of 
the response time of the sec­
ond. As requests pile up, the 
average access time of the 
disk will get worse. 

In calculating the differ­
ences in performance, both 
the 50-head drive and the 
SMD drive were assumed to 
have three platters, with five 
of the available six surfaces 
used to store data. The SMD 
unit assigned 2 heads to a sur­
face; the other unit, 10. 

In the calculations, the 
probability of head move­
ment was fixed at 0.4 to show 
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the likely effect of an increase 
in the number of requests 
made every second on the av­
erage access time. That is, 
there is a 40 % chance that as 
each data access arrives it 
will require some degree of 
head movement-a reason­
able number to simulate actu­
al conditions. 

As mentioned, as long as 
the drives remain lightly 
loaded (handling about 18 
requests every second), their 
performance is similar. How­
ever, once that threshold is 
crossed, the queue for the 
typical SMD drive will begin 
to slow down its response 
time. Further, at a rate of 40 
requests a second, the SMD 
drive will "saturate," com­
pleting only 1 out of every 10 
requests. The 50-head drive, 
meanwhile, shows a typical 
response time of 40 ms under 
the same load. 

Alpha Data is currently 
verifying its study in beta site 
tests of its Atlas series of 
160-Mybte Winchester 
drives. 

Chip's integration, 
innovative structure 
raise video speed 

S
everal architectural in­
novations stand be­
hind the speed benefits 

of a controller chip that can 
quadruple the throughput of 
a video display subsystem and 
possibly even increase it hun­
dredfold. 

For the first time, all the 
critical circuitry and tech­
niques that govern a video 

display and memory have 
been integrated on one chip, 
including a dynamic RAM 
con troll er, microprocessor 
arbitration logic, an unusual 
implementation of X-Y ad­
dress registers, and multiple 
address strobes. 

Unloading the host 

The video system control­
ler, designed by Texas Instru­
ment Inc. (Dallas) for 
microprocessor-based sys­
tems assumes two responsi­
bilities normally assigned to 
the host, namely, dynamic 
refreshing and supervision of 
display accesses. With the 
NMOS chip alone handling 
those tasks, the host pro­
cessor can use virtually the 
entire memory bandwidth for 
updating the display with 
new data. Conventional sys­
tems, which rely heavily on 
the host for refreshing and 
accesses, consume about half 
the bandwidth for those pur­
poses, leaving only half for 
updating. 

The memory cycle gener­
ator works hand in hand with 
the arbitration logic to deter­
mine when the host processor, 
the display logic, or the re­
fresh logic can access the 
memory (see the figure). 

Indirect accesses 

The controller's X-Y ad­
dresses registers give the host 
rapid access to data at con­
tiguous pixel locations. The 
main system addresses a pixel 
word indirectly through a 
20-bit register value that 
points to a location within 
video memory. 

The speed advantage arises 
in the method of updating 



IF YOU'RE LOOKING 
FOR A PC NETWORK 
THAT'S NOT WORK, 

CUTITOU1 
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the X-Y registers-through 
hardware circuitry that auto­
matically increments, decre­
ments, or clears the pointer 
register. Conventional sys­
tems depend on software: The 
host must fetch and execute 
separate instructions to reach 
an address, to display the 
data in that address, to in­
crement the address, and 
then to call up the successive 
data. 

Data 
bus 

Refresh 
address 
counter 

TECHNOLOGY NEWS 

Based on a typical access 
time of 400 ns, the controller 
can fill a 1024-by-1024-pixel 
screen with up to 16 colors in 
less than half a second. The 
software approach would 
take close to 2 seconds. 

Beyond range 

Indirect X-Y addressing 
present another advantage in 
terms of range. Since pixels 
are selected through the con-

INT -+--------4-1~-.....J 

ALE-----i 
HOLDACK -----i 
Ready/ Hold 

SYSCLK---+...o 

cs ___ "'--,.. 
- JYW----..-
CE1ow, CEh1gh ____ ,.. 

FSo-FS, ----.i 
RS0 - RS, ____ ... 

Reset----'"'1 

Arbitration 
logic 

Memory 
cycle 

generator 
1----------TR/QE 
1---------- RAS0 -RAS3 t--------- CAS10 w. CAS"'•" w 

The single-chip video system controller from Texas Instruments incor­
porates all the logic and timing required to refresh dynamic RAM, ac­
cess the display memory, synchronize itself to the CRTs, and arbitrate 
contention for the display. A host addresses contiguous pixels 
through the chip's X-Y registers, which update the screen through 
hardware that increments, decrements, or clears the registers. 
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tents of the 20-bit address 
pointer instead of through the 
row and column address 
strobes, the chip can address 
1 million words; the range of 
the host alone might have 
been considerably more lim­
ited. 

The chip's architecture also 
include four row address 
strobes that can be indepen­
dently programmed. As­
suming that the video mem­
ory is wired to accept those 
inputs, the controller can 
write to four different planes 
simultaneously with a pre­
selected color. 

Getting the most out of it 

The controller can control 
as many as 64 dynamic RAMs, 
each either 64 or 256 kbits. 
Though it easily enhances the 
performance of conventional 
chips, the speed, throughput, 
and addressing gains become 
even greater when the con­
troller is paired with a multi­
port dynamic RAM like the 
TMS4161. 

In that type of system, the 
chip automatically handles 
requests for transferring 
data between the 256-bit shift 
register and the main video 
memory. In addition, a multi­
port structure enables the 
processor to access the video 
memory while the screen is 
being refreshed, thereby 
relieving the bottleneck asso­
ciated with single-port mem­
ory. 

Easy interfacing 

The video system controller 
is designed with an open ar­
chitecture, making it com­
patible with a variety of 
popular 8-, 16-, and 32-bit 
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microprocessors. 
Since the controller also ac­

cepts separate video and sys­
tem clock signals, the display 
subsystem and the host pro­
cessor can run asynchronous­
ly. In additional, both the 
vertical and horizontal sync 
inputs can match the control­
ler timing to an external video 
timing source, thereby allow­
ing the controller chip to mix 
its own image data with other 
video signals. 

Heather Bryce 

Now Smalltalk runs 
on small-instruction­
set computer 

F
or the first time, a func­
tional programming 
language has been put 

to work on a reduced-instruc­
tion-set microcomputer. By 
modifying its Soar machine, 
researchers at the Computer 
Science Department of the 
University of California at 
Berkeley have been success­
ful in running Small talk, a 
functional programming lan­
guage developed by the 
Learning Research Group 
of Xerox Corp. (Palo Alto, 
Calif.). 

According to benchmarks 
established by simple rou­
tines, the language runs be­
tween 41 % and 580% faster 
on the Berkeley machine than 
on a high-speed, ECL-based 
minicomputer. 

(Functional programming 
languages use objects that 
send messages to each other 
saying what operation is to be 
performed, but not how to 
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perform it. Hence they differ 
radically from conventional 
languages and do not run 
efficiently on standard com­
puters.) 

Like most reduced-in­
struction-set machines, Soar 
has no microcoded instruc­
tions, few multi cycle instruc­
tions, and no elaborate ad­
dressing hardware. It has, 
however, been extended with 
a few hardware additions to 
make it possible to handle 
Smalltalk. 

In the first place, tagged 
data-type checking, a basic 
feature of object-oriented 
languages, has been added. 
The basis for the type check­
ing is a single-bit tag in each 
word that indicates whether 
it contains an integer or a 
pointer to a data structure 
with type-specified informa­
tion. 

Tag, you're it 

Because the tagging scheme 
does not depend on microcode, 
it relies on software that ma­
nipulates and inspects the 
tags. Further, each instruc­
tion contains a bit that either 
enables or disables the tag­
checking process. 

The untagged mode turns 
off all tag checks, and the 
system then operates on 32-
bit data. When it works that 
way, the tag bits become data 
bits and the normal reduced­
instruction-set programs 
(written in conventional high­
level languages like C or 
Pascal) can be used. 

Also, two so-called shadow 
registers have been located on 
the data buses near the ALU 
to trap operands that are not 
integers. That accomplished, 

integer comparisons are 
made with a traditional com­
pare-and-skip algorithm. 

Overcoming a hurdle 

Using a reduced instruction 
set attacks one problem in­
herent in all functional 
languages-the enormous 
storage demands produced 
when data is not separated 
from the operations that 
work on it. The basic diffi­
culty, picturesquely described 
by the Berkeley researchers 
as the "tenure" problem, is 
how to rid the system of the 
deadwood that accumulates 
in virtual memory. 

The university's approach 
employs a "generation 
scavenging" algorithm that 
copies and updates the 
system's pointer path. In 
other systems, a reference 
counter reclaims storage 
space by indicating when an 
object is no longer being ref­
erenced. Most object-oriented 
languages use an object 
address table, with each word 
containing an index to the 
table and the table entry 
containing the address of 
each object and its reference 
count. 

Instead of reference counts, 
the Berkeley system es­
sentially copies and updates 
the system's pointer path and 
only updates a table when a 
pointer to a new object is 
stored in a memory location 
without an old object. Each 
pointer is tagged with the 
generation-old or new-of 
the object it points to. In that 
way, objects can be purged on 
a regular basis so that only 
active objects remain in the 
memory. Carole Patton 



The one and only Quad. 
Four l·bit DACs and four 
amplifiers in one skinny 
ZO·pin DIP. 
Nobody else could do it. Because 
nobody else has Analog 's LC2MOS 
technology. It lets us shoehorn four 
8-bit latches, four output buffer 
amplifiers and four 8-bit DACs 
into one skinny 0.3" package. 

Not only does our four-in-one 
design save a vast amount of 
real estate, it makes the single chip 
AD7226 exceptionally reliable . 
Reliable enough, in fact for military 
applications. 

And size isn't the only thing 
impressive aboutthe AD7226. It 
has a total unadjusted error of better 
than 2LSB overfull operating range. 
It only requires a single supply. And 
it accepts a wide range of positive 
reference voltages which makes it 
very easy to use. 

So if you think our Quad has 
the right look for you, send for 
complete specs. Call Applications 
at (6 I 7) 935-5565, or write Analog 
Devices, Inc., P.O. Box 280, 
Norwood, MA 02062. 

r.ANALOG 
WDEVICES 

You're looking at 
four DACs and four 

a111plifiers Analog style. 
Analog Devices. Inc. Two Technology Way. Norwood. MA 02062. Headquarters : /6171 329·4 700. California . /7141 641-9391. 16191 268-462 1. J408J 94 7-0633: 

lll1no1s /3121653-5000: New York /7161 425-4101. J315J 437 5277. Ohio J614J 764-8795. Pennsylvania /2151643-7790: Texas 12141 231-5094 . /7131664-6704: Washington : /2061 251 -9550 : 
Belgium J3J 237 4803. Denmark /21845800. France JIJ 687·34-11. Holland J1620J 51080. Israel J052J 28995. Italy /2J 688383 1. J2) 6883832. /2) 6883833: Japan: /3) 263-6826: 

Sweden 181282740. Switzerland 1221315760. United Kingdom JOIJ 9410466. West Germany J89J 570050 
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PTC thermistors, wired in series 
with the FHP motor, provide posi­
tive protection from burnouts due 
to locked rotor conditions. In nor­
mal operation the PTC is low in 
resistance to minimize voltage drop 
across the device. When a locked 
rotor condition occurs, the PTC 
switches to its high impedance 
mode, which red uces the circuit 
current to a safe level. 

Learn more about Keystone 's 
solid-state resettable fuses for 
this and other 
applications, 
send for 
Bulletin 
RF-1282. 

\Keft!!'!o'!! 
Thermistor Division • St. Marys, PA 15857 
Phone 814-781-1591 • Telex No. 91-4517 

Keys tone Th ermis to rs are dis tributed by 
Allied Electronics Phone: 817 /336-5401 
Newark Electronics Phone: 312/638-4411 
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Laser closes link 
on processed 
and passivated ICs 

I 
n a new twist on an estab­
lished technique, a laser is 
closing the links on fully 

fabricated and passivated 
ICs. The approach is a logical 
extension of an idea that has 
already proven viable-em­
ploying a laser to form a con­
nection to substitute redun­
dant circuits. 

An experimental link 
structure that can be incorpo­
rated into conventional IC 
processes uses laser-annealed 
polysilicon to form low-resis­
tance connections on com­
pleted ICs. Jointly developed 
by researchers at Electro­
Scien tific Inc. (Portland, 
Ore.) and from the Depart­
ment of Electrical Engineer­
ing at Texas A&M University 
(College Station, Texas), the 
technique promises to make 
possible new types of pro­
grammable logic structures. 
Further, it should also en­
hance the approach currently 
taken to hardware redundan­
cy in high-density memory 
and logic devices. 

Subjects of interest 

In their work, the research­
ers had two main concerns: 
The first was sufficiently low­
ering the resistance of a poly­
silicon link to produce an ef­
fective "short." The second 
was supplying enough power 
to melt and anneal the silicon 
without risking explosive 
evaporation, which could 
damage adjoining circuit ele­
ments, as well as the pas-
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sivation layer. (Laser links 
are typically blown after pas­
sivation, exposing the sub­
strate, which must then go 
through a second annealing 
stage to reflow the passiva­
tion.) 

The experimental link con­
sists of a single layer of poly­
si licon deposited without 
doping on a layer of thermally 
oxidized silicon in a conven­
tional atmospheric-pressure 
chemical vapor deposition 
reactor. The link's pattern 
is then plasma-etched, and a 
photoresist is allowed to re­
main above the region that 
will form the link. The rest of 
the structure is then im­
planted to lower its resist­
ance. 

The link's resistance, when 
measured using a four-point 
probe on its test pads, is in the 
range of 108 to 5 X 109 Q- de­
pending on the structure . 
When the link is annealed by 
scanning it with a Q-switched, 
frequency-doubled neody­
mium and yttrium-alumi­
num-garnet (0.53-µm) green 
laser with a repetition fre­
quency of 5 kHz, a pulse width 
of 65 ns, and a spot size of 
about 10 µm, its resistance 
drops to between 50 and 500 Q. 

The experiment showed 
that fabricating the links is 
fully compatible with con­
ventional processing techni­
ques and that the link's di­
mensions can be held to 2 µm 
or smaller. Also, the tests 
demonstrated that the links 
could be closed with a single 
pulse from a green laser, mak­
ing the operation as simple 
and as swift as blowing a laser 
fuse. 

Warren Andrews 



Everything you do is DC. 
Plug it all into Motorola rectifiers. 

The world turns on DC. Virtually 
evel)'thing you design depends on P-N 
junctions to block. steer, clamp. 
rectify, bridge or protect. 

And when you depend on Motorola 
rectifiers to change AC to DC, you 
depend on the broadest line of Schottky, 
Ultrafast. Fast and Standard devices 
there is for the exact answer to every­
thing electronic. 

Schottky. Turning point for efficiency. 
Anything slower stands still. For 

Motorola Schottky rectifiers provide 
switching times less than 10 ns-­
approaching that of high speed logic-­
yet offer spectacular 80-85% efficiency 
because of low forward voltage, often 
less than 05 V. In many current ranges, 
devices operate at 175 °C--performance 
unsurpassed in the industry 

Ou r avalanche-like, Schottky guard­
ring technique eliminates dv/ d t 
problems and all Schottky die are 
100% tested for reverse energy capa­
bility and trace anomalies. 

They're available up to 300 A in con­
venient Powetrap TM packaging too. 
Safe, sure, high-temperature appli­
cations with cooler, better-than, stud 
performance and reliability are ensured. 

Ultrafast. A 35 ns snap. 
The fastest going for the function. 
When barrier rectifiers don't quite 

make it in voltage, Ultrafasts offer 
optimized speed/ efficiency parameters 
for Switchmode TM power applications 
from 20 to 250 KHz, 50 to 600 V ... and 
heading for 1 KV. They're available 

in the broadest range of packages, too: 
plastic, metal and Powetrap ™ . 

The increasingly popular T0-220 
and T0-218 packages dominate the 
line from 6 to 30 A Current derating 
is spec'd at both case and ambient for 
a clear performance picture. 

Pedonnance. Packages. Options. 
You can design in a wide variety of 

old standbys. too: axial-lead glass and 
plastic, pressfits, studs and bridges 
with cost effectiveness and reli­
ability only Motorola offers. Unmatched 
production capability ensures your 
production continuity. 

Best of all. price. Motorola rectifiers 
average far less than others, proof once 
again that Motorola's leadership 
strength in rectifiers is real. practical 
and usable. 

Contact the world's premier rectifier 
source: Motorola Semiconductor 
Products, Inc., P.O. Box 20912, Phoenix, 
AZ 85036 for a 1984-updated, 
Selector-Guide-look at evel)'thing you 
want in DC. From factory or 
distributor now. 

RECTIFIER ULTRA- STAN-
PACKAGE SCHOTTKY FAST FAST OARD 

O.SA Leadless • • 
1.0A Leadless • 
O.SA to SA Axial • • • 
6A T0-220 
6 to BOA Stud • • • 
7.SA T0-220 • 
SA T0-220 
10A T0-220 • 15A T0-220 • 16A T0-220 • 20A T0-220 ....I. 
25A Button • • 
30A T0-3 _j_ 
30A T0-220 I 
30A T0-218 ...I. 
~to~AP~flt • 
100-300A Powertaps • • - Dual Diode 

® MOTOROLA INC. 

... -----------------, TO: M otorola Semiconductor Products In c., P.O . Bo• 2091 2. Phoenix. AZ .85036. 

Please send me information on Motorola Rectifiers. I 
188ED072684 

Name 
T itle __________________ _ 

Ca ll me: 

I 
I 
I 

Company I 
I I I Address I 

Cit y State ZIP __ _ 

L-----------------~ 
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HOW YOU CAN OWN THE BEST 

MICROPROCESSOR DEVELOPMENT 
SYSTEM IN THE WORLD 

First look to ZAX. Because ZAX knows But don't stop there. To get things running , 
what it takes to be the "Best." And that means add the capable and economical IBM PC or 
offering development products that are intel- equivalent personal computer. Now make it 
ligent, compatible, fast, powerful, and, what perform with professional software from Micro-
most manufactur- ~ec Research. Microtec's cross-software prod-
ers forget; obtain- ucts include symbolic de-
ab/e - because if buggers, fully manufacturer 
you can't afford to compatible macro assemblers, 
buy it, you can't use it. overlay linking loaders and 

Start with ZAX emulators. hi-level language support. 
They're simply the best single You could end there, but 
microprocessor development tool you ZAX doesn't. As your needs 
can buy. ZAX ICD series In-circuit emulators grow, continued support is as-
offer several advanced features such as exten- sured with System Z; an incredible complete 
sive emulation memory, breakpoint trace cap- development program that can link your PC 
ability, true realtime emulation with no wait with your mainframe computer. 
states, and a variety of powerful debugger If owning the best microprocessor devel-
commands. And as you can see, ZAX supports opment system in the world interests you, 
a broad spectrum of 8 and 16-bit micro- contact ZAX today at 800/421-0982 for more 
processors as well. details. 
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--Z80 
Z80B 
Z80H 

Emulates Z80B microprocessors to 6 MHz 
and Z80H to 8 MHz. Features; 64K byte user 
emulation memory, 2K deep x 32 bits wide 
realtime trace buffer, 29 different debugger 
commands. 

---------------------------------- --- ---·- -
ru fii4 ____ ... 
......,.,..__.,.. .... 

--i8085A 
i8085A-1 
i8085A-2 

Emulates 8085 processors up to 6 MHz. Fea­
tures; 64K byte user emulation memory, 2K 
deep x 32 bits wide realtime trace buffer, 29 
different debugger commands. 

-- -- ~ -- ·-- - -------------------------------------11!111"--

ol ~~{ 
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i8048 
i8049 
i8050 
i8748 
i8749 
i8039 
i8035 
i8040 

Emulates entire 8048 family in one unit to 11 
MHz. Features; 4K emulation memory, 2K 
deep x 32 bits wide realtime trace buffer, 29 
different debugger commands. 8748 and 
8749 units feature a built-in EPROM 
programmer. 
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i8086 
i8087 
i8088 

Co-emulation of 8086 and 8087 or 8088 and 
8087 processors to 5 MHz. Realtime emulation 
to 8 MHz for 8086/ 88 processors. Features; 
128K bytes static RAM - expandable to 1 
Mbyte, 4K deep x 40 bits deep realtime trace 
buffer, 30 different debugger commands. 

---- - -- - ----------------------- ----

68000 

68010 
68008 

Emulates 68000, 68008 and 68010 in one unit to 
10 MHz. Features; 128Kofemulation memory ­
expandable to 256K, 4K deep x 48 bits wide 
realtime trace buffer, 30 different debugger 
commands. 

Zax Corporatl.On 2572 White Road, Irvine, Ca li fo rn ia 92n4 
(714) 474-1170 • 800-421-0982 • TLX 183829 





We could have built just one kind of information manage­
ment system like most other ATE companies. But when 
we talked to our customers , we found out information 
management means different things to different people. 
And no one system could satisfy everybody. 

So we created different systems to meet all our customers ' 
needs - from repair management to report generation . 

For starters, if what you want is repair management , 
you can get our Test Area Controller- and not pay for 
capabilities you really don 't want. The Controller links 
testers with repair stations , eliminating the need for 
"repair tickets ." Which means repairs can be done with­
out paper documentation. And much faster. 

Our Test Area Supervisor combines three key manage­
ment functions-repairs, process control, datalog analy­
sis - in one centrally controlled system for Series 30 users. 
It boasts advanced features such as yield alarms and auto­
matic defect reports for quick problem solving. What 's 
inore, special productivity reports let you fine-tune your 
entire testing operation as you test . 

To some people, information management includes 
entire factories . And for them we 've made the high per­
formance Test Area Manager. With it , you can connect 
most of the test equipment you use- even machines 
made by different manufacturers. We've teamed 
Ethernet'" with a state-of-the-art relational database 
management system to give you maximum flexibility 
and total control of the testing process. You can define 
your own reports , generate programs and pinpoint the 
cause of every problem. 

Of course, we designed our management systems to 
make it easy to grow from one to another . 

For more information , contact ••••••••• 
Fairchild Manufacturing Test FAIRCHILD 
Systems, 299 Old Niskayuna Road ,•••••••• 
Latham, NY 12110, 518-783-3600. A Schlumberger Company 

Ethernet is a trademark of the Xerox Corporation. CIRCLE 31 



On one hand, you could wait years for a proven 
single-chip token-passing LAN controller. 

There are four very good 
reasons why your search for a 
single-chip local area network 
controller should begin and end 
with Standard Microsystems' 
COM9026. 

First, the COM 9026 is the only 
token-passing LAN controller in 
the world being produced in vol­
ume and available for immedi­
ate delivery. That means you can 
give your system the best net-

working capability available­
when you need it the most. 
Today. 

Secondly, the COM 9026 is 
proven. Since its introduction as 
the world's first commercially 
available single-chip LAN con­
troller in 1982, the COM 9026 has 
been used successfully in numer­
ous applications. Ifs a complete 
protocol handler for ARCNET® 
and similar token-passing systems 

currently used by Datapoint, 
Nestor, Tandy, 3M, Zenith and 
others. 

Thirdly, Stdndard Microsys­
tems supports the COM 9026 
with a complete line of system­
level products available off the 
shelf. We have everything you 
need to implement your system, 
from state-of-the-art hardware 
to field-proven software. Our 
board products are also remark-



• 
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On the other, you can get one from 
Standard Microsystems today. 

ably cost-effective because they 
incorporate our VLSI local area 
network chip set. 

Last, but certainly not least, 
the COM 9026 has all the 
advanced capabilities you want 
in an LAN controller. 

It replaces over 100 SSl/MSI 
circuits with one chip, supports 
data rates up to 2.5M Baud and 
avoids the fluctuating channel 
access times caused by data 

collisions in CSMA (Carrier-Sense 
Multiple-Access) schemes. 

So don't go empty-handed 
waiting for a LAN controller you 
can get your hands on today. 
The COM 9026 is a high-density, 
n-channel silicon gate MOS 
circuit fabricated with SMC's 
COPLAMOS® technology. Ifs 
available for immediate delivery 
in a 40-pin ceramic or cerdip 
dual in-line package. 

For more information, 
contact Standard Microsystems 
Corporation, 35 Marcus 
Boulevard, Hauppauge, NY 
11788. (516) 273-3100. 
ARCNET is a trademark of the Datapoint Corporation. 
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For 3-dimensional images, 
time is of the essence 
at Siggraph '84 

Transforming high-quality graphics quickly 
and efficiently tops the bill at this year's 
conference. Standards are also an issue. 

A.tendees at this week's 
Siggraph '84 will find 
that one of the main 

concerns is techniques that 
enable high-resolution three­
dimensional images to be 
rapidly altered. Also of im­
portance at the gathering, be­
ing held in Minneapolis, July 
23-27, will be methods to help 
programmers prepare such 
images with a minimum 
amount of effort. 

Also, the conference will af­
ford a chance to examine ex­
isting graphics standards and 
ways in which they might be 
modified and enhanced. In­
terestingly, although the fo­
cus of much of the meeting 
will be on CAD/ CAM graph­
ics, there is an increasing 
amount of attention being 
paid to animation and other 
movie-making techniques. 

Hidden lines 

One of the most time­
consuming aspects of model­
ing 3D solids is erasing the 
lines and polygons that fall 
behind portions of an object 

Terry Costlow 

as it is moved or rotated on 
the screen. 

One way to speed such 
hidden-line removal employs 
a technique called invisibility 
coherence. The approach, 
from General Electric Co.'s 
corporate research and devel­
opment group (Schenectady, 
N.Y.), trims the amount of 
time it takes for a standard 
scanning-line algorithm to 
eliminate hidden lines and 
shade an image. 

Now you see it ... 

Invisibility coherence uses 
information supplied by the 
imaging data to determine 
what lines will be hidden by 
noting those sections of an 
object that will block other 
portions. That information, 
known as depth data, is pro­
cessed before the horizontal 
and vertical data. Once what 
will be hidden, or invisible, is 
determined, its associated 
data no longer has to be han­
dled, in turn eliminating the 
time normally required to 
process it. 

With a simple object like a 
sphere, which has few hidden 

lines, processing speed is un­
changed or improved only 
slightly. The main benefit of 
the technique is realized 
when complex images are 
created. 

Building on 

In such cases, the improve­
ment in throughput can run 
to nearly 50%. For instance, 
it takes 103.5 seconds to draw 
an image with the approach; 
203.5 seconds, without it. Fur­
ther, invisibility coherence 
can be added to most hidden­
line-removal algorithms, 
boosting their throughput at 
the cost of only a negligible 
fraction of their computa­
tional power. 

Another approach to cre­
ating and altering images 
works with Steiner patches­
free-form shapes that supply 
true representations of curves 
-instead of individual lines. 
Such a display is complete 
with the curves and the var­
ious shadings normally per­
ceived by the eye. 

From the viewer's eye 

Brigham Young Uni ver­
sity' s Department of Civil 
Engineering (Provo, Utah) 
and Purdue University's 
School of Mechanical Engi­
neering (West Lafayette, 
Ind.) have jointly devised a 
tracing algorithm, which 
works with Steiner patches, 
that computes a line from the 
viewer's eye to the object on 
the screen, thus helping draw 
a truer representation. 

In addition to speeding the 
generation of images (when 
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compared with approaches 
that build pictures using indi­
vidual lines), the algorithm 
computes a new line when the 
object is rotated, in t urn, 
boosting throughput. The 
new line furnishes the neces­
sary input to shade and other­
wise adjust the relationship 
between the patches that 
comprise the object's surface. 

Time on your side 

In addition to cutting down 
on processing time, many re­
searchers are interested in 
saving programming time as 
well. The chief route to that 
goal is portable software, 
which can be written once and 
then used without alteration 
on different hardware. 

One such program-for 
opening windows-runs on 
any display that can draw and 
erase vectors. The package, 
from Battelle Northwest Lab­
oratories (Richland, Wash.) 
puts special emphasis on 
graphics processing within 
each window and is designed 
for any operating system 
that can run a number of ap­
plications packages simul ta­
neously. 

Routines for opening, clos­
ing, and moving windows ftre 
supplied, and provisions have 
been made for temporarily 
removing a window from the 
screen and then calling it back 
up with all its data intact. The 
package also maintains a dis­
play list for every window and 
updates the screen as the win­
dows change. 

In and out the window 

The company notes that 
employing some of the fea­
tures common to most ter-
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minals, as well as adding 
some customization for speci­
fic machines, will greatly in­
crease the package's through­
put with a minimal impact on 
portability. Even without 
such improvements, though, 
the windows can manipulate 
displays containing thou­
sands of vectors at a speed of 
about one-third that of a win­
dowless system. 

Of course, the most direct 
way to ensure portable graph­
ics software is through estab­
lishing standards. The Space 
Telescope Science Institute 
(Baltimore), for one, will look 
at some adaptations of the 
Graphical Kernel System 
(GKS), one of the most popu­
lar graphics standards. The 
institute is investigating 
techniques that let users add 
G KS to existing software 
without the burden of having 
to write new code. 

Simpler conversion 

Usually, converting a 
graphics package to GKS 
requires writing a layer of 
code that translates the pack­
age's commands into GKS 
commands. However, pro­
grams that are tightly cou­
pled with specific hardware 
pose more of a problem, since 
the sections that make use of 
unique aspects of a device can 
be difficult to convert into the 
more generic GKS com­
mands. In most such situa­
tions, a general rewriting of 
the code minimizes the reli­
ance on the hardware and will 
permit the program to be used 
with a range of machines. 

Researchers at the insti­
tute also will explore a tech­
nique that eliminates the 

time-consuming task of writ­
ing device drivers for differ­
ent hardware configurations. 

In much the same vein the 
National Center for Atmos­
pheric Research (Washing­
ton, D.C.) is currently work­
ing on a G KS system that 
permits users to configure 
G KS software to a specific 
graphics terminal much fast­
er than if they wrote a device 
driver-a task that requires 
extensive knowledge of the 
hardware. Working with the 
software, engineers can sim­
ply describe a terminal's ca­
pabilities to the package and 
it will then perform the neces­
sary alterations so that the 
program can be run. 

Dynamic control 

At the same time, some 
manufacturers are looking at 
other enhancements to GKS. 
One such consideration is an 
interface that allows an im­
age on any type of display to 
be dynamically controlled. 
The brainchild of IBM Corp.'s 
Data Systems Division 
(Poughkeepsie, N.Y .), the 
enhancement makes it pos­
sible to rotate and change 
the color of an image-as well 
as handle other real-time 
commands-by using a vari­
ety of inputs. The approach 
allows users to simply specify 
the relationship between an 
input device and a display, 
rather than writing code to 
link the two. Currently, these 
inputs must be written for 
specific hardware configura­
tions, since the G KS standard 
does not incorporate dynamic 
control. The technique, could 
also be added to ANSI's 
CORE standard. 



Specify TRW Superfast 
Flat Cable Connectors 
This is the flat 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 you're assured of effective cable 
strain relief without extra parts to buy 
or assemble. And one, simple, snap­
action operation puts it in position. 

T RW 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 

©TRW lnr 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 unique contact 
design for high reliability connections. 

And you can get all the connector sizes 
and types you need in the Superfast 
system. More important, you can get 
fast, off-the-shelf delivery from the 
T RW Connector distributor 
network- the best in the business- to 
prevent strain on y our commitments. 

CIRCLE 83 

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. 

' lrade111ark TRWlnr 

··~·· 
Connector Division 
TRW Ele ct ronic Components Group 



Plan your 
Lin CMOS 

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

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

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

Eliminating external components 
also reduces total system costs. And 
the chip itself is less costly than 
many metal-gate CMOS ICs having 
only an A-0 converter function. 

One potential application for the 
new LinCMOS peripherals is envi­
ronmental control. An array of these 
A-0 peripherals could sense room 
temperatures throughout a building 
and feed them to a microprocessor 
that instructs the heating/cooling 
system to direct air where it 
is needed. 

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

..,. Moving energy costs down by moving air 
around-that's how Tl's new LinCMOS A-0 
peripherals could work in a large building. 
These !Cs could take multiple readings of 
each room's temperature for a microprocessor 
that quickly determines where warmer or 
cooler air is needed. 

'"Trademark of Texas Instruments lncorixirated 

Phoco rnken ac Plaza of chc Americas, Dallas, Texas. 

27-5077 
©1984 Tl 



control system with Tl's new 
microprocessor-controlled A-D ICs. 

DATA-ACQUISITION EVOLUTION 

Technology: 1979-83 1981-85 1983-19905 
Process: Metal-gate CMOS Metal-gate CMOS Si-gate LinCMOS 
Circuit: Resistor ladder Switched capacitor Switched capacitor 

• • • Converter: 
Part types ADC0808. 0809N TL520,521,522N TLC532A. 533A 

Size • 8.000 mil2 • 1,700 mil2 • 500 mil2 
Components 256 resistors 9 capacitors 9 capacitors 

511 switches 26 switches 26 switches 

Features: • • • 
Bar size: 29 .000 m112 21 ,000 mil2 15.000 mi12 
Speed 10k samples sec. 14k samples/sec. 67k samples/sec. 
Error ::: 075 LSB ::: 075 LSB ~ 0.5 LSB 
Inputs. 8 analog 8 analog 11 analog · 

·includes six multipurpose inputs. 

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

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

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

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

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

Handle up to 11 inputs 
Each LinCMOS A-0 peripheral 
family allows a processor to monitor 
up to 11 analog signals. Six signals 
can be digital, if preferred, allowing 
keyboard or switch-position sensing. 

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

Immediate availability 
All of these LinCMOS A-0 
peripherals are TTL, MOS, and 
CMOS compatible. And all are 
available now. With performance 
that will change the way you look 
at linear. 

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

For more information on Tl's A-0 
converters, op amps, and the 
LinCMOS process that creates them, 
call your authorized TI distributor or 
nearest TI sales office. Or write 
Texas Instruments Incorporated, 
Dept. SLA043El, P.O. Box 809066, 
Dallas, Texas 75240. 

TI is first with silicon .. 
gate CMOS for linear. 

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

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

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

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

TEXAS .,, 
INSTRUMENTS 

Creating useful products 
and services for you. 
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High.'power 
on a low budget. 

. Dale's HLW. 
Our HLW resistors are a cost-saving 

way to. dissipate power from 3 to 20 watts. 
You get quick, easy board insertion, 
long-term wirewound stability, standard 
resistance as low as .1 ohm - plus fast 
availability.from stock. HLW's are just part 
of a versatile family of Dale silicone­
coated industrial wirewounds with power 
capabilities to 300 watts. They offer a 
variety of termination options and are 
available in tapped and adjustable 
models. For all your power handling · 
needs, contact our experts at : 
Dale Electronics, Inc., 2064 12th Ave., 
Columbus, NE 68601 

~~~a'ffr~a11 .. 402-564-3131 
CIRCLE 34 

"S"Lelrel 
with extras 
·yqu'll appreciate . 

Dale's SE. 
We deliver metal film resistors that do 

more than just meet MIL-R-55182 for "S" 
level hermetically sealed parts. Our SE 
styles use patented construction to . 
provide superior performance and 
environmental characteristics. And, our 
extensive factory and distributor stocking 
program makes them available faster in 
RNR55, 60 and 65 styles. Find out about 
our complete capability to develop specific 
reliability programs to your requirements. 
Contact: Dale Electronics, Inc., 
2300 Riverside Blvd., 
Norfolk, NE 68701 

For complete 402 37-t 0080 
information: • .a.• 
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Dale CRCW 1 % and 5% chips offer 
design flexibility for meeti'ng ·precision q.nd 

• general purpose req~irements in surface 
mount applications. CRCW 1 % styles 
provide a rating of 1 /8 weltt from 20 to 
300K ohms with a TC of ± 100 PPM/°C. 
CRCW 5% styles provide 1 /8 watt from 1 O 
ohms to 2.2 megohms with a tc of ± 200 
PPMl°C. All CRCW styles have 

.wraparound terminations and utilize the 
standard .126" x .063" size which is 
compatible with automatic placement 
equipment. 
Contact: Dale Electronics, Inc. , 
2300 Riverside Blvd. , Norfolk, NE 6870.1 

For com;i~te402 371 0080 information: • • 
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. . . 

for Surface 
Mountin~ 

. . . 

·Dale's Hand Ul 
A choice of tw.o Oqle chip-~tyle 

thermistors makes it easier to integrate 
temperature measurement and control 
into hybrid and surface-mounted design: 
Type "H" has silver wraparound 
terminations on each end. Type "W" has 
silver terminations on top and bottom 
surfaces. B'oth are available in ± 5% and 
± 10% tolerances with R25 vall!eS from 50 
ohms to 1 meg. depending on type and 
size. For information and technical · 
assistance, contact: Dale Electronics, Inc., 
Western Thermistor Division ,, . 
2300 Riverside.Blvd. , Norfolk, NE 68,701 

CIRCLE 37 
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Introducing the MK68200 16-bit microcomputer/microprocessor. 
Unlike any other 8- or 16-bit single-chip micro­

computer, the new Mostek MK68200 pertorms 
equally well as a single-chip microcontroller and as 
a peripheral l/O controller. In the latter type of 
application , the MK68200 can provide local intel­
ligence required to handle typical computer system 
1/0 functions. Without tying up the host processor. 
In addition , it can transfer data to and from system 
memory using a software OMA function . So, as an 
example, it's ideal as a front-end processor for han­
dling complex serial VO protocols. 

Actually, the 16-bit MK68200 gives you a whole 
new dimension of system control. O ne that enables 
you to monitor, measure, regulate, sense, and inter­
connect with more precision than ever before. 

The operative word is more. More speed. More 
powertul instructions. More l/O functions. More 
efficiency. More versatility. All of which mean more 
application opportunities. For robotics. Engine 
contro l. Pattern recognition . And real-time meas­
urements and control - as a stand-alone device, or 
in tandem with other microprocessors as an intel­
ligent peripheral controller. 

First , consider speed. Using the 6 MHz instruc­
tion clock rate, the MK68200 can execute a 16-bit 
multiply as fast as a 3. Sµs; a 32 x 16 divide in 3.8µ s; 
and a 16-bit add/subtract in as little as 500ns. In 
other words, it's faster than any other general­
purpose, single-chip micro currently available. 

One reason for this faster speed is code efficiency; 
most MK68200 instructions are just one word. That 
not on ly saves code space, it also improves execution 
speed. And the powerful instruction set incorporates 
more than 50 instruction types which operate on 

both byte and word operands. 
Next, look at the available versions. The MK68200 

comes in a 48-pin DIP with 0 or 4K bytes of ROM 
and 256 bytes of RAM. It is expandable to address a 
full 64K byte address space externally. And finally, an 
84-pin LCC version (with no ROM), is available for 
system development or for mult iple bus applications. 

For single-chip applications, up to 40 pins of the 48 
pins are available for VO to include two 16-bit parallel 
ports. Plus a full-duplex USART with double-buffered 
transmit and receive capable of operating at data 
rates up to l.SMbps (using a 6MHz instruction clock). 

The MK68200 offers extensive interrupt capa­
bilities. O ne non-maskable interrupt input is provided 
as well as 14 maskable interrupt sources. In addition , 
all 14 independently vectored interrupts are user­
assignable in software for any priority scheme. And 
to enhance serial communications, there's also an 
innovative wake-up interrupt on the serial channel. 

As fo r support , there's a powerful Macro C ross 
Assembler, along with a host of other software 
tools. As well as RADIUS'~ a very cost-efficient 
remote development station. And to expand the 
MK68200 family, plans include higher pertormance 
versions with denser memory and faster throughput. 
Plus power-conserving C MOS. 

Look beyond the limits of conventional single­
chip systems into the realm of ultimate control. It's 
yours with the MK68200. For more information, 
contact Mostek, 1215 W. Crosby Road, MS2205 , 
Carrollton, TX 75006, (214) 466-6000. In Europe, 
(32) 021762.18.80. In Japan , 03/496-4221. In the 
Far East (Hong Kong), 5-681157-9. 
RADIUS is a crademark ofMoscek O::iri:oration. 

IJUNITED 
TECHNOLOGIES 
MOSTEK 
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For reliable surface-mount packaging, 
rely on Tl's copper clad Invar. 

Now there's a fa r better way to solve 
thermal-expansion mismatch problems 
between multilayer boards and surface­
moun ted ceramic devices. Copper clad 
lnvar fo il from Texas Instruments. It's 
simply your easiest way to go. 

When substituted for copper as the 
ground and power planes in multilayer 
boards, Tl 's innovative copper clad lnvar 
fo il constrains thermal expansion . This 
eliminates solder-jo int fa ilures between 
leadless ceramic chip carriers and multi­
layer boards. 

These same outstanding characteristics 
can help you produce higher quality 
boards and higher yields during fabrica­
tion. Fact is, Tl 's copper clad lnvar fo il 
handles so much like copper fo il that you 
can easily integrate it into your con­
ventional manufacturing process. 

© 1984 Tl 27-9227 

What's more, T l's copper clad lnvar 
fo il is fa r more cost effecti ve than other 
low-expansion alternatives. 

Simple to incorporate, T l's copper claJ lnvar 
fo il replaces copper as the grounJ anJ rxiwer 
planes in a typica l mu lti layer hoarJ. 

••••••llliii- coPPER (SIGNAL} 

EPOXY-GLASS 

·------mt-COPPER (SIGNAL} 

EPOXY-GLASS 

CO~PER CLAD 
INVAR (GROUND} 

EPOXY- GLASS 

.,,,,,,,,,,,,~_JCOPPER CLAD 
INVAR (POWER) 

EPOXY- GLASS .------*-COPPER (SIGNAL) 
EPOXY- GLASS ""1111111--------- COPPER (SIGNALI 

O thers have already ga ined the advan­
tages of surface-mount technology and 
are in full production today! So why 
wait ? Put Tl 's copper clad lnvar foil to 
work for you today. 

For more information and a list of 
sources for treating and lamination, write 
Texas Instruments Incorporated, Dept. 
MMN873ED, P.O. Box 402250, Dallas, 
TX 75240. O r call 1-800-341 -5202. 

TEXAS . 
INSTRUMENlS 

C reating useful products 
and services for you . 
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TECHNOLOGY NEWS 

CONFERENCE PREVIEW 

Artificial intelligence 
faces up to the challenges 
of the real world 
The AAA/ conference details the current 
strengths and weaknesses of Al as they apply 
to industry and where the field is going. 

The state of artificial 
intelligence-today's 
catch word for many 

types of symbolic process­
ing-and how it is moving out 
of the laboratory and aca­
demic environment into in­
dustry is the focus of this 
year's gathering of the 
academic and research com­
munity at the National Con­
ference on Artificial In tel­
ligence. Sponsored by the 
American Association for Ar­
t ificial Intelligence (AAAI) 
and the University of Texas at 
Austin, the conference will be 
held Aug. 6-10 on the univer­
sity campus. 

For the first time, the con­
fere nce will concentrate on 
the strengths and limitations 
of current AI technology and 
how it relates to industrial 
applications. In an effort to 
establish a sense of reality 
about Al, key panel dis­
cussions will concern what 
may happen if industry over­
scribes to the potential ben­
efits of AI and how AI tech­
nology can be transferred to 
industry. 

Despite the fact that many 
of the technical papers are 

Ray Weiss 

concerned with AI theory, 
many others zero in on speci­
fic aspects of the technology 
whose impact is now, or will 
soon be, felt by industry, in­
cluding development systems 
and languages for AI, expert 
systems, and the relationship 
of computer architectures to 
AI programs. 

Where it's at 

The present strengths of AI 
lie in software and hardware 
techniques offering limited 
solutions to specific prob­
lems. One of the obvious first 
steps in bringing these 
strengths to bear in industry 
is to make AI tools-lan ­
guages and development sys­
tems- available . One such 
effort, from IBM Corp.'s 
Thomas J. Watson Research 
Center (Yorktown Heights, 
N.Y.) is an implementation of 
the AI language Lisp to run on 
VM-based systems (IBM 370s 
or other machines that can 
emulate those running with a 
VM operating system). 

Another version of Lisp, 
known as "common Lisp," is 
the basis of an implementa­
tion devised by Gold Hill 
Computers Inc. (Cambridge, 
Mass.) to run on the IBM per-

sonal computer. Even more 
notable is a complete AI sys­
tem, including an AI lan­
guage and development soft­
ware, from Tekronix Inc. 
(Beaverton, Ore.). 

Finally, an interactive pro­
gram serves as a tutor for 
Lisp programmers. Called the 
Novice System by its devel­
opers, the Advanced Comput­
er Tutoring Project of the 
Department of Psychology at 
Carnegie-Mellon University 
(Pittsburgh), the system 
teaches users how to program 
in Lisp, pointing out pro­
gramming irregularities and 
problems as they are entered. 

Vying for much of the at­
tention at various sessions 
will be expert systems, which 
collect a body of problem­
solving rules from experts 
and attempt to apply those 
rules in a simulated "thought" 
process! 

Using approximately 500 
"if . . . then" rules, a real­
time expert system has inter­
active control over an oper­
ating system to aid computer 
operators. Dubbed the York­
town Expert System (YES) by 
its developers at IBM's Wat­
son research center, the sys­
tem is designed to work with 
the MVS operating system. 

Doing the job 

The initial implementation 
handles six types of activities: 
managing job-entry queue 
space, solving channel-to­
channel link problems, 
scheduling large batch jobs, 
correcting MYS-detected 
hardware errors, monitoring 
the software subsystems, and 
monitoring the overall sys­
tem performance. The knowl-

Electronic Design • July 26. 1984 63 



Discover the 
Secrets of 

Better BASIC 

Secrets of Better BASIC 
Ernest E. Mau 

Revea ls the soph isticated program ming 
techniques used by professional software 
authors to wri te more effective programs. 
Also discloses professional secrets for 

.~ • testing & debuggi ng 
~--0.\ -y.~ programs 
::i.~( ,~~1 1~ • using memory efficientlv 
~~ • executmg loops & 

~:;:.::. subroutines 
• creating disk files 

Helps you overcome the limitations of BASIC 
programming, improve program execution 
time, handle files more easi ly, and fo rmat 
your programs for easy reference. 

#6254, $14.95 

Order By Phone• 1-800-631-0856 
opel'tllor FE63 • /11 NJ201 -368-2202, ex/. 19 

Dept. FE63 •Hayden Book Company, Inc. 
JO Mulholland Dr. , Hasbrouck Hts., N.J. 07604 

Please send me Secrets or Better BASIC. If I am 
not comple1ely satisfied, I may return the book 
undamaged within IO days for a complete refund. 
Please add $2.00 to cover shipping and han­
dling. 
D Enclosed is my check or money order. 
Please bill my D Visa D MasterCard 

Name 

Address 

City 

State/Zip 

Visa/MasterCard # Exp. 

Signature 8228 I 
Residents of NJ and CA must add sales tax. I 

L _______ Pri c:.'.ubje~~a~_J 

TECHNOLOGY NEWS 

CONFERENCE PREVIEW 

edge base was gathered from 
research staff, system pro­
grammers, MVS designers, 
and technical manuals. 

An expert system for build­
ing expert systems comes 
from still another group at 
IBM's Watson research cen­
ter. EMCYN is based on one of 
the first commercial expert 
systems, MYCN, which diag­
noses blood disorders. It uses 
the expert system's skeleton 
with the domain (expertise) 
deleted so that different rules 
can be entered. It has room 
for about 400 rules. 

Another expert system, 
built for the U.S. Navy, is 
aimed at equipment losses. 
Developed jointly by the Navy 
Center for Applied Research 
in AI (Washington, D.C.) and 
the Computer Science De­
partment of New York Uni­
versity, t he system cate­
gorizes, summarizes, and 
analyzes the reasons for the 
casualty loss of a broad 
variety of equipment. 

Hardware for Al 

Though much attention at 
the conference will focus on 
software, ongoing efforts to 
develop hardware that can 
run AI programs will occupy a 
share of the spotlight. Pro­
grams in AI languages gener­
ally run slowly on standard 
architectures. On the other 
hand, special machines to run 
these languages have in many 
cases been prohibitively ex­
pensive. 

The FAIM-1 Machine 
Project at Fairchild Labora­
tories (Palo Alto, Calif.) has 
concluded that a number of 
architectural changes to 
standard microprocessors 
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would speed up execution ap­
preciably. 

Its proposed solution for 
running Lisp, Zealisp, and 
other AI languages that use 
type checking and tagged 
architectures is to add special 
instructions to a standard 
microprocessor instruction 
set. These instructions would 
relate to the handling of tag 
values, the handling of indi­
rect addressing without pro­
cessor intervention, the use of 
upper address space as a tag 
field, and bit-field extraction 
instruction. 

Less may be better 

Investigators at Carnegie­
Mellon Uni versity took a 
different tack. Their research 
indicates that a reduced­
instruction-set computer 
(RISC) is the best vehicle for 
running AI software. Using 
OPS-5, an AI system also 
d'eveloped at Carnegie-Mel­
lon, the researchers simu­
lated the performance on var­
ious RISC and conventional 
machines. Their findl.ngs in­
dicate that the RISC ma­
chines could execute most 
necessary instructions in only 
two machine cycles, com­
pared with the four to eight 
cycles required for conven­
tional computers. 

The Fairchild and Car­
negie-Mellon studies, how­
ever, agreed that the use of 
parallel systems will have 
only limited success in AI 
systems. In a simple simula­
tion, going from 1 to 40 pro­
cessors improved the per­
formance only twelvefold. 
Memory bandwidth appears 
to be one of the major con­
straints.o 





A Texas 
Control 

Months ahead of the market, Control 
Data is delivering the DOC (Director-to­
Device Controller) interface on its 
33800 Disk Storage Subsystem. It's an 
extremely compact, high-speed, large­
capacity unit. Most important, it is the 
only available mass-storage subsystem 
plug compatible with the new-generation 
IBM DOC. What helps give Control 
Data this competitive edge? The 
SN75 l 74 line driver from Texas 
Instruments. 

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

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

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

Forty-two '174s are used in a fully 
configured 33800 disk storage subsystem. 

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

<1111111 Leading the market, Control Data is 
shipping the first non-IBM storage sub­
system that's plug compatible with the 
IBM Director-to-Device Controller inter­
face . Use of Tl's new SN75174 line 
driver not only made the Control Data 
design feasible but also minimized design 
time, component count, board size, and 
power requirements. 

27-4812 
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Instruments line driver drives 
Data to market faster. 
cation, providing fault protection and 
power up/power down protection, as well 
as enable and fault flags. 

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

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

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

Get on the party line faster 
with eight new line circuits 

from Texas Instruments. 

llDlllECTIOfW. PRlltTER 
REPEATER 

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

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

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

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

SN75177 NSN75178A 
Bus Repeaters 
These two differential ICs are identical 
except for complementary enable inputs. 

CIRCLE 27 

The SN75177 A is active high and the 
SN75178A is active low. This allows you 
to pair the two back-to-back for im­
proved bidirectional communication 
when extending cable distance. 

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

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

The two quad receivers are similar to 
existing RS-422 devices but have higher 
input impedance and extended common­
mode range, from ± 7 V to ± 12 V. 
Sensitivity is ± 200 m V over - 12 V to 
+ 12 V common-mode range. 

All other standards covered, too 
In addition to offering these new 
devices that meet RS-4 22 and other 
party-line applications, TI offers the 
industry-standard !Cs you need to meet 
the EIA RS-485, RS-232-C, and RS-423 
standards, as well as IEEE 488. 

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

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

TEXAS . 
INSTRUMENTS 

Creating useful products 
and services for you. 





Kontron KDS 
The Ultra-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 this 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 suit 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. 

ELECTRONIC • ftl 
ADVANCED I{:' ... "•DNTRON 

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

In Callfomla: 
(415) 361-1012 

In Europe: 
Kontron Messtechnik GmbH 
Breslauer Strasse 2 
8057 Eching West Germany 
(0 89) 31901-1 
Telex: 06 22 122 

'CP/M is a registered trademark of Digital Research . Inc. 
'UNIX is a trademarked product of Bell Laboratories. 
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Megachange at RCA. 



An emerging force in 
CMOS and Power. 

In today's fast changing marketplace, you 
need more than a supplier. 

You need a technological partner with that 
rare combination of advanced mainstream tech­
nologies, a broad line of industry-standard and 
specialized devices, full-scale production capabil­
ity, and a proven record of quality and reliabiiity. 

RCA has been changing to improve our per­
formance in these critical areas. These changes 
have been so rapid and so all-encompassing that 
the only way we can sum them up is to coin a new 
word: Megachange. 

Megachange means that RCA has dedicated 
tremendous resources to areas that will be the 
keys to the future, particularly CMOS I Cs and 
power MOSFETs. We're rapidly expanding our 
already broad line, focusing increased R&D on 
advanced technologies, and improving already 
high standards for quality, reliability and customer 
service. 

Megasupplier. Many people think that RCA 
Solid State's primary business is supplying com­
ponents to other RCA divisions. Let's set the record 
straight: more than 90% of our sales are non-RCA. 

Our business is supplying active components 
to companies like yours. RCA Solid State, backed 
by the resources of a $9 billion corporation, has 
made the commitment to meet your needs ... now 
and in the future. 

We're adding to our already broad line of linear 
I Cs, CMOS logic I Cs and power MOSFETs. 

We've also begun an active program of 
alternate-source agreements with companies 
like Motorola, Philips and LSI Logic. 

Megaresearch. RCA has significantly 
stepped up R&D. The combined expertise of our 
Princeton Lab, Solid State Tech Center and in­
house engineering staff has produced a dramatic 

Photography by Ryszard Horowitz, N.Y. 

Changing to serve you better. 

increase in new product introductions: 66 in 1981 , 
171 in 1982 and 295 in 1983. 

Our world-renowned David Sarnoff Research 
Center is a proven source of major innovation, 
such as the invention of CMOS, the first commer­
cial silicon power transistors, first CMOS µP and 
first BiMOS op amp. Now we've invented 
COMFET and logic level MOSFETs. 

And we're working on 1.25 micron and sub­
micron geometries. 

Megaquality. RCA achievements in quality 
and reliability have been impressive: an order of 
magnitude improvement in AOO over the past 
four years. And a 95% reduction in failure rate, 
making RCA reliability excellent. 

In many cases, we're setting new standards. 
For example, our power MOSFETs have a quality 
level of only 1 OOppm. 

Megaservice. We're significantly expanding 
our force of technically-trained field represen­
tatives and field applications engineers. Semicus­
tom design centers are being opened around the 
world. And we· ~e increasing distributor support 
with a new on-line order-entry and inventory sys­
tem to assure you of fast, reliable delivery. 

Our distributors and sales reps are a source of 
pride to RCA. Put their knowledge and experience 
to work for you and you'll see what we mean. 

But the best proof of our ability to be your long­
term partner is our track record with customers, 
including major computer, telecommunication, 
automotive, industrial and military companies. In 
many cases RCA is the sole source for a number 
of critical components. 

RCA just might be the right technological 
partner for you. Call your local RCA sales office. 
Or call toll-free (800) 526-2177. 
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1000s OF MISSIONS. 

Spo A ~GUE Sprague MIL Style CRHOJ thru CRHOS Metallized Polycarbonate Capacitors are 
~ manufactured by the Dearborn Electronics Division of Sprague Electric to meet Military 

C' A DA ~c1r"f'Y'\RS WITH Specificat!on MIL-C:-83421/0~. These hermeticaµy­
~ ~ • '-./ sealed, axial-lead units have ·s level approval which 

'S' LEVEL APPD~Q~TA T ~~~~~a~~;e~.t~~;~~~~~~oeo~~~.t-hours 
~ ' f ~. they've also logged millions of capacitor 

hours in military aircraft. Competitively priced , they're available through the nationwide network of 
Sprague Distributors. Voltage ratings from 30 to 400 VDC. Capacitance values from 0.001 to 22 µF. 
Write for Engineering Bulletin 2712.l to Technical Literature Service, Sprague Electric Company, a 
Penn Central unit, 34 7 Marshall St., North Adams, Mass. 01247. CIRCLE 44 



TECHNOLOGY NEWS 

VIEWPOINT 

Program maintenance 
will gain the most 

from integrated software tools 

Leon Presser 
President 
Softool Corp. 
Santa Barbara, Calif. 

The time has come, be­
lieves Leon Presser, for 
software developers to 

extend their focus from short­
term programming concerns 
to the long-term maintenance 
and updating needs of their 
software projects. 

"Maintenance constitutes 
70 % to 80% of the time and 
money spent on large soft­
ware packages." he notes. 
"Sadly, the fact that we spend 
so much on maintenanr2 
means that the quality is just 
not there to begin with." 

To get quality software and 
therefore lower maintenance 
costs, Presser maintains, "we 
should plan for the entire 
product cycle. We must then 
concentrate on the initial 
requirements and design 
phases, ensuring that the 
software is well structured 
and maintainable over its life 
cycle." 

Fortunately, adds Presser, 
"software technology now ex­
ists that can increase a pro­
grammer's productivity ten-

Ray Weiss 

fold," not only in terms of the 
time spent initially devel­
oping programs but also with 
respect to maintenance. 
"There is a bit of irony in all 
this," reflects Presser. "Soft­
ware, an industry that spe­
cializes in automating other 
technologies, has been slow in 
automating its own critical 
processes." 

~ I 
Leon Presser founded Softool in 
1977, following several years of 
teaching at the University of Cal­
ifornia. He holds an MSEE from 
the University of Southern Cali­
fornia and a PhD from the Uni­
versity of California at Los An­
geles. He has written more than 
30 technical articles and collabo­
rated on three books on comput­
er science. 

Like many others, Presser 
sees a solution in the inte­
grated software environ­
ment, one that follows all 
stages of a program's life­
from initially defining the 
requirements and designing 
a structure that fulfills those 
requirements to actually 
writing the program and sub­
sequently maintaining and 
revising it. 

"It's a matter of priorities. 
We must put our efforts 
where the problems-and 
costs-are. Better languages 
or editors won't help us 
enough." 

"Instead," Presser sug­
gests, "we must integrate the 
tools and techniques that can 
produce, control, and mon­
itor an application program 
throughout its useful days. 
We can cut both costs and 
errors dramatically by auto­
mating many tedious labor­
intensive tasks." 

"It's a matter of priorities," 
he insists. "The sooner we ac­
cept and adopt the integrated 
environment, the better we 
can aim our efforts at the 
problems of poor quality and 
costly maintenance." 

Whereas much of the mun­
dane bookkeeping and manu­
al chores have traditionally 
been relegated to the soft-
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ware systems serving the 
programmer, Presser ex­
plains, "we're now at a place 
where both the physical 
hardware and the operating 
system are becoming trans­
parent to the high-level pro­
grammer. The uniform and 
consistent setting that results 
proves to be an ideal vehicle 
for automating the costly, 
labor-intensive aspects of 
software development and 
maintenance. 

Presser's vision of the ideal 

integrated environment com­
bines a straightforward user 
interface with maintenance 
aids that supplement the 
standard software tools. 
"We're talking about tools 
that track program changes, 
versions, and configurations; 
ones that locate inefficient 
code and optimize it for a par­
ticular application; and still 
others that test software at 
all levels and detect errors. 
Other types of tools will auto­
matically document new and 

existing code or evaluate the 
impact of changes on existing 
software." 

The planning and control 
offered by those and other 
tools promise to raise pro­
grammer productivity and 
minimize maintenance. 

"The technology is already 
at hand," insists Presser. 
"The key factor is how quick­
ly and easily industry can 
adjust to the integrated de­
velopment and maintenance 
environments." 

To achieve speaker independence, 
speech recognition systems need 

a knowledge of English, Al approach 

Sam Viglione 
President 
Interstate Voice Products 
Orange, Calif. 

T
rue speaker-indepen­
dent speech recogni­
tion will depend on 

more than advanced digital 
signal-processing chips, con­
tends Sam Viglione. It will 
also call for both a process­
ing approach that recognizes 
the structure of the English 
language and a computer 
that adheres more closely to 
artificial intelligence than 
to conventional computing 
tenets. 

Viglione predicts that the 

Stephan Ohr 

74 Electronic Design • July 26, 1984 

Sam Viglione, a pioneer in 
speech recognition, is the presi­
dent of the year-old Interstate 
Voice Products, which grew out 
of Interstate Electronics. Earlier, 
he worked for McDonnell­
Douglas Astronautics. 

first generation of speaker­
independen t recognition 
computers will make its de­
but within the next five 
years. In all likelihood, they 
will incorporate many paral­
lel processing elements and 
recognize about 100 words in 
short phrases, regardless of 
the speaker. 

"Beyond 100 words," ex­
plains Viglione, "the pro­
cessing machinery not only 
will have to respond to words 
and voices but will also have 
to associate those words 
with the structure and syn­
tax of the English language, 
as well as make judgments 
on what it understands." 

"We already have the tools 
to design the necessary 
hardware and software for 



500 KHz to 1 GHz from $395 

hi-rel and industrial 

SRA-1 

SBL-lX 

S BL-1 

miniature, flatpack, and low profile 
MODEL 

SRA-1 * 

TFM-2* 

SBL-1 

SBL-lX 

ASK-1 

LMX-113* 

FEATURES 

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

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

world's lowest cost industrial 
mixer, only $4.50, metal case 

industrial grade, rugged 
all-metal construction 

world's smallest DBM 
flatpack mounting, plastic case 

rugged flatpack, hermeticity tested 
thermal shocked to MIL-SID-202 

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

t LO = + 7 dBm 

Freq. (MHz) 

LO-RF IF 

S500 DC-500 

1-1000 DC-1000 

1-500 DC-500 

10-1000 5-500 

1-600 DC-600 

5-1000 DC-1000 

tConversion Loss (dB) L-R Isolation (dB) 
Price/Qty. one octave total lower mid upper 

bandedge 

5.5 typ. 

6.0 typ. 

5 .5 typ. 

6.0 typ. 

5.5 typ. 

6.5 typ. 

range bandedge range bandedge 

6.5typ. 50 typ. 45 typ'. 35 typ. 11 .95 (1-49) 

7.0typ. 50 typ. 40 typ. 30 typ. 11 .95 (6-49) 

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

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

6.0typ. 50 typ. 35 typ. 30 typ. 5.95 (10-49) 

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

finding new ways 
setting higher standards 

t;;;:IMini·Circuits 
A Division of Scientific Components 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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VIEWPOINT 

the first generation," Vigli­
one insists, "but making 
those speaker-independent 
systems affordable and prac­
tical for most applications 
will be the major problem." 

The current state of speech 
recognition is characterized 
by isolated spoken words­
here, operands-which a mi­
croprocessor or digital signal 
processor compares with 
stored patterns. The latest 
speech recognizers-based, 
for instance, on the 80186 
-can respond to as many as 
240 discrete (isolated) words. 

By precoding the words, 
the systems diminish some­
what the differences be­
tween several speakers' 
voices. Nevertheless, since 

the specific operands are cre­
ated by sampling one indi­
vidual's voice, few of those 
systems can be considered 
genuinely speaker-indepen­
dent. 

Attaining true speaker in­
dependence is a goal compli­
cated by two factors: the 
frequency differences among 
voices and continuous speech 
behavior, which makes dis­
similar words sound the 
same when uttered in a sen­
tence. To surmount those 
difficulties, Viglione expects 
that future speaker-in­
dependent recognizers will 
be forced to break the sen­
tence into isolated words by 
sampling the spoken phrase 
at appropriate intervals, say, 

Electronic Design's 

every 20 ms. They will then 
have to examine the sentence 
structure and interpret the 
intonation to correctly iden­
tify the words. 

Today's techniques have 
already produced speaker­
independent computers that 
respond to what Viglione 
calls "digits"-the numbers 
one through ten. The struc­
ture of each digit (that is, the 
configuration of formants, 
fricatives, and sibilants) is 
so distinct that one digit can 
rarely be confused with an­
other. Viglione pegs the hit 
rate- that is, the rate of suc­
cessful recognition on these 
prototype systems-of about 
98% for roughly 85% of the 
North American population. 

August 9 issue delivers 
special coverage of Software 
ALSO IN THIS ISSUE: 

- Integrated Circuits 
- Test and Measurement 
- Power Control 
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TH HIGH 
DEL 

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. 

THE FASTEST WAY 
TO GATE ARRAY. 
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Cal i forn ia Devices Inc .. 2201 Qume Drive, San Jose. CA 95131. (408) 945-5000 
Attn .: Marketing Dcpan111cn1 
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"Over 2 minutes at 100,000 AID 
samples per second and IAB· DATAX 

hasn't missed a data point?' 
Fred Molinari, President 

L AB-DATAX is a microcomputer based data acquisition 
system built for the most demanding laboratory environ­
ments. As you can see, this sys­
tem is capable of continuous data 
input (or output) at high speeds 
for extended periods of time. 

For shorter stretches, 
it can achieve aggregate 
rates of up to 250, 000 
samples per second to 
or from memory. 

LAB-DATAX is very 
flexible. It can go fast or 
it can go slow. It can han­

LAB-DATAX CAPABILITIES 
Throughput 250 kHz at 12 bits to Memory 

Throughput 100 kHz at 12 bits to Winchester Disk 

High Level BASIC and 
Language Support FORTRAN 

AID Capability 
Up to 256 channels. 

12-14-16 bits 
resolution 

DI A Capability Up to 32 channels 
at 12 bits 

Digitall/O Up to 64 channels 
input/output 

BNC connections, 
Package Design complete separation of 

analog and digital 
signals 

dle up to 256 analog input channels of high level or 
low level signals, with up to 16-bits 
of resolution. 

A nd because LAB-DATAX is LSI-11123 based, it offers the performance of DEC's 
hottest microprocessor. And it's compatible with the LSI-11 family 
of products. Including over 50 of our analog I/O peripherals and 
our DTLIB, CPLIB, RSXLIB, and DTBASIC software packages. 

Naturally, LAB-DATAX comes with complete diagnostics, full 
documentation, and comprehensive warranty and service support. 

This system was designed by the most innovative 
company in analog VO. There's none to match it. 

World Headquarters: Data Translation, Inc., 100 Locke Dr. , Marlboro, MA 01752 (617) 481-3700 Tix 951-646. 

For a copy of our 
336 page catalog call Data Translation. 
Or tum to Volume 111 of the Gold Book. 

European Headquarters: Data Translation, Ltd. , 430 Bath Rd , Slough, Berkshire SU 6BB England (06286) 3412 Tix 849-862. 
LSl-11 and DEC are registered trademarks of D1g1tal Equipment Corporation. LAB-DA TAX 1s a registered trademark of Data Translation, Inc. 
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Still First. Still Best. 
The Toughest Fiber Optjc 
Connectors in the World. 

The military specifies only the most reliable 
fiber optic connectors for use in field, shipboard and 
undersea communications. So they choose Hughes. 

They demand rugged bodies, super sealing, 
low insertion loss, precise alignment. repeatabil­
itv, field termination and simplicity The ultimate 
in performance. 

We're proud to be first with th~ militarv, for 
their land, sea and undersea fiber optic connec­
tor applications. 

So if you need the toughest fiber optic con­
nectors in the world, contact your Hughes repre­
sentative or phone Jack Maranto at 714-660-5759. 
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 IRC RAFT CO MPANY 

CONN£CTING DCVICE.S DIV . 
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NEVER HAS so LITTLE MEANT 
SO MUCH. 

In the last decade, we've 
opened more technological gates 
than anyone. 

In both CMOS and bipolar. 
Our 11,000 gate 2 micron CMOS 

array is just part of the story. We 
also offer ITL up to 2,000 gates. ECL 
to 3,000 gates. And 400 to 11,000 
gate CMOS arrays. Not to mention 
our IOOK- and IOKH-compatible 
ECL arrays. 

Of course, a gate array is only 
as good as the people behind it. 
And at NEC, we have some of the 
best support engineers. Ready to 
help you take your design from start 
to finish. 

With easy-to-use CAD tools. 
And sophisticated software capable 
of simulating up to 20,000 gates. 
All available at our 18 customer 
design centers, worldwide. 

As for quality; we offer 100% 
burn-in, standard. At no extra cost. 
And you won't have to wait long 
to get it. Our turnaround is as 
quick as 8 weeks. 

So next time you need a gate 
array, weigh your alternatives. 
Then call NEC. 

WERE TAKING ON THE FUTURE. 

For the fastest response to your questions or for more detailed information, 
ca ll us TOLL FREE at 1-800-556-1234, ext. 188. In Ca lifornia. call 1-800-441-2345. 
ext. 188. 

NEC national sales offices: Woburn, MA (617) 935-6:!39 · Melville, NY (516) 
423-2500 · Poughkeepsie, NY (914) 452-4747 · Ft. Lauderdale, FL (305) 776-0682 · 
Norcross. GA ( 404 ) 447-4409 · Columbia. MD (30l) 730-8600 ·Arlington 
Heights. IL (312) 577-9090 ·Southfield , Ml (313) 559-4242 ·Bloomington. MN 
(612) 854-4443 ·Austin, TX (512) 346-9280 ·Dal las. TX (214 ) 931-0641 · 
Orange. CA (714 ) 937-5244 · Cupertino, CA ( 408) 446-0650 

• 1984. NEC Electronics Inc. 
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leading reliability from 
a world leader in computers 
and communications. 
When space is tight and condi­
tions tough, specify MR62. It 's 
the reliable DIP DPDT relay that 
really thrives on challenge. And 
delivers flawless performance 
in far-ranging applications. 

MR62 relays- with nitrogen­
gas-filled, twin crossbar contacts 
-come encased in imperme­
able armor. Their PBT shield 
scorns almost any attack- auto 

soldering, immersion cleaning, 
even chlorinated solvents. 

Yet all this reliability stands 
only 0.45-inch high. And occupies 
a mere 0.31 square-inch of 
precious PC board real estate . 

MR62 relays come in two 
series: standard and extra-high 
reliability. 

We use our own relays in 
a full range of NEC computers 
and communications equipment. 
So we totally understand your 
need for reliability. Because our 
reputation , like yours , can rest 
on a single relay. 
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Contact form: 2C (DPDT). 
Contact rating: 30W, 150VDC, 

l.25A; SOVA, 125VAC, l.25A. 
Dimensions: H0.45" (+pins 0.13") 

xWO. 795"xD0.386". 
Availabilities: Single Coil 

Latching Type ; High 
Breakdown Voltage Version 
(Meets FCC Part 68). 

NEC Amenca , Inc. 
Electromechanical Devices Department, 
532 Broad Hollow Road, Melville, 
New York 11747, USA. Tel: 516-752-9700. 
Telex: 144658 NEC AMER MELV. 

World Products, In-c-., (-:--:U---=-.s-. d,.,--is-tr-,--ib-ut-or-) -
19678 8th Street East, Sonoma, CA 95476, 
P.O. Box 517, USA. Tel: 707-996-5201. 
Telex WORLD PROD SNOM 171715. 

NEC 
NEC America, Inc. 



INTERNATIONAL NEWSFRONT 

Al system speeds displays, 
using graphics boards 
in place of memory banks 
Graphics drivers directly linked to a 
supermini's CPU and terminals can 
update a bit-mapped screen in under 1 ms. 

T
he sophisticated man­
machine interface that 
characterizes an arti- ' 

ficial-in telligence system 
places a tremendous strain on 
such a sytem's ability to han­
dle graphics. The critical fac­
tor in these cases is how fast a 
system responds. The most ef­
fective way to drive graphics 
terminals is directly from the 
system processor, but unti l 
now no artificial-intelligence 
machine could do so. A com­
puter planned for release lat-
er this year, however, changes 
all that. 

The multi-user KPS-10 
knowledge-processing sys­
tem simply substitutes 
graphics drivers for memory 
banks, allowing bit-mapped 
terminals to be updated as 
quickly as the computer cab 
write to its memory. In fact, a 
1180-by-1440-dot screen can 
be updated in less than a 
millisecond. 

In comparison, systems 
that use RS-232 links to 
update graphics screens 
can sometimes take minutes 

Mitch Beedie 

to build a picture. DMA 
schemes, on the other hand, 
are usually fast enough for 
the job. Unfortunately the 
extra receiver circuits they 
demand drive up the price of 
the graphics terminals. 

10 links in a chain 

The KPS-10, from Racal­
Norsk Ltd. (Fleet, England), 
is based on the Norsk Data 
ND-570, a 32-bit supermini­
computer that works with up 
to 10 daisy-chained main 
memory banks. The memo­
ries, which have 4 Gbytes 
each of virtual storage for 
both data and instructions, 
are linked by an internal 
communications bus that 
requires more than 100 bal­
anced line drivers and re­
ceivers to handle the address, 
data, and control lines. A bus 
of that type is rarely found in 
minicomputers. The setup is, 
however, ideal for transmit­
ting information over long 
distances-for example, to 
graphics terminals 100 me­
ters from the computer. 

Each graphics board drives 
a bit-mapped monochromatic 

terminal. In theory, the sys­
tem can manage 36 bit­
mapped screens and still 
leave one memory bank free. 
The practical limit, however, 
is 20 screens. It is set by the 
amount of processing that 
must be carried out in artifi­
cial-intelligence systems. 

Four for one 

Every monochromatic dis­
play can be refreshed on four 
independent bit planes using 
the graphics board's 1-Mbyte 
memory. Further, each plane 
can be selected instanta­
neously and has indepen­
dently variable contrast. 

Since up to four displays 
can take the place of a single 
memory bank, different ar­
rangements of terminals can 
be had-monochromatic, 
monochromatic with gray 
scaling, and color. 

Normally, a board drives a 
single monochromatic ter­
minal. Two boards also can be 
linked in parallel, with one 
supplying a new display as the 
user is working with the 
screen drawn by the other. 

A color terminal is driven 
by two boards, with a color 
controller taking the place of 
the third board. The fourth 
can still drive a monochro­
matic display. The data from 
the bit planes on the display 
controllers is used to address 
a look-up table on the color 
controller. The outputs from 
the look-up table power three 
high-speed digital-to-analog 
converters, which supply the 
red, green, and blue outputs to 
the monitor.o 
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THE POWER OF TECHNOLOGY 
ENERGETEC CUSTOM DESIGNS ARE THE COST-EFFECTIVE 
SOLUTION TO YOUR SWITCHING POWER SUPPLY NEEDS. 

Now Energetec brings you the 
exact features you require in your 
switching power supplies - with cus­
tom designs as cost-effective as the 
standards you 're now buying. 

Our highly skilled design engi­
neers will work directly with you to 
help determine the best features , 
specifications, and optimum topolo­
gies for your system . This means 
your Energetec switching power sup­
plies are neither over- nor under­
specified . You 're paying only for the 
design features your application 
requires . 

And with careful and specific 
consideration of your mechanical de­
sign , Energetec custom power sup­
plies can actually decrease the 
assembly costs of your product . 

Energetec incorporates exten­
sive experience in 100 KHz FETtech-

nology to design custom switchers 
that meet your exact application. 
And , as a result of 100 KHz switching 
frequency , Energetec switchers are 
smaller and lighter to allow you 
greater design flexibility and more 
options. This same advanced tech­
nology provides greater operating ef­
ficiency , which eliminates excess 
system heat . 

Energetec switchers can be de­
signed to provide low leakage cur­
rent , elevated temperature require­
ments , extended hold-up times , 
custom configurations - and any 
other features required for your spe­
cific application. 

Such features incorporated into 
Energetec custom designs have 
proven reliable in a wide variety of in­
dustries , including medical , indus­
trial controls , computer systems , and 
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portable instrument applications. 
With in-house capabilities for 

P.C.B. and mechanical prototyping , 
Energetec evaluation units can be 
designed and available for you in as 
little as two weeks! 

In addition to custom designs, 
Energetec offers a full line of stand­
ard switchers that offer maximum re­
liability for a variety of applications. 

For more information on 
Energetec custom capabilities and 
standard switching power supplies, 
contact Energetec Systems, Inc. , 
130 E. St. Charles Rd ., Carol Stream, 
IL 60188. Phone (312) 653-1920. 

ENERGETEC 
SYSTEMS, INC. 



INTERNATIONAL MEETINGS 

Mechatronics Autofact Japan '84, 
Aug. 2- 6. Minato Fairgrounds, Osaka, 
Japan. Leslie Hossack, Society of Manu­
facturing Engineers, 1 SME Drive, PO 
Box 930, Dearborn, Mich. 48121; (313) 
271-0023. 

Conference on Precision Electro­
magnetic Measurements, August 
20- 24. Delft, the Netherlands. H. Post­
ma, Delft University of Technology, PO 
Box 5031, 2600 GA Delft, the Nether­
lands; (31) 15 781736. 

Electronic Industry Production and 
Testing Equipment Exhibition, Aug. 
27-31. American Trade Center, Taipei, 
Taiwan. Cordag Associates, Inc., 4405 
East-West Highway, Bethesda, Md . 
20814; (301) 652-6403. 

Euromicro '84 Symposium , Aug. 
27-30. Copenhagen, The Netherlands. 
Euromicro, p/a TH Twente, Dept. INF, 
Room A306, PO Box 217, 7500 AE En­
schede, the Netherlands; (31) (53) 
338799. 

1984 International Conference on 
Solid State Devices and Materials, 
Aug. 30-Sept. I. International Confer­
ence Center Kobe, Kobe, Japan. The Ja­
pan Society of Applied Physics. 

Regional Micro-Computer Shows, 
Sept. 4-6. Hotel Stuttgart Interna­
tional, Stuttgart, West Germany. Net­
works Events Ltd., Printer Mews, Mar­
ket Hill, Buckingham, MK181JX, 
England; (0280) 815226. 

Electronic Displays, Sept. 5-7. Frank­
furt Inter-Continental, Frankfurt, Ger­
many. Networks Events Ltd., Printer 
Mews, Market Hill, Buckingham, MK18 
lJX, England; (0280)815226. 

Tenth European Solid-State Circuits 
Conference (ESSCIRC '84) Sept. 
19-21. Edinburgh, England. ESSCIRC 
'84 Secretariat, CEP Consultants Ltd., 
26 Albany St., Edinburgh EHl 3QH, 
England; (031)-557 2478. 

Sama/Swissdata/ Autofact Europe 
'84, Sept. 25-29. Swiss Industries Fair, 
Basel, Switzerland. Leslie Hossack, 
Society of Manufacturing Engineers, 1 
SME Drive, PO Box 930, Dearborn, 
Mich . 48121; (313) 271-0023. 

Eurocon '84, Sept. 26- 28. Brighton, 
England. Conference Services, Institu­
tion of Electrical Engineers, Savoy 
Place, London WC2R OBL, England; 
01-240 1871, ext. 222. 

International Symposium on Indus­
trial Robots (ISIR), Oct. 1-4. Goth­
enberg, Sweden. Patricia Van Doren, 
Rl/SME, 1 SME Drive, PO Box 930, 
Dearborn, Mich. 48121; (313) 271-1500, 
ext. 369. 

World Conference on Ergonomics in 
Computer Systems, Oct. 1-2, London, 
England; Oct. 3-4, Dusseldorf, West 
Germany; Oct. 4-5, Helsinki, Finland. 
Robert W. Bailey, Computer Psychology 
Inc., 54 E. Main St., PO Box 16, Mend­
ham, N.J. 07945; (201) 543-9009. 

Infomatics '84, Oct. 2-4. Singapore, 
China. Infomatics '84, PO Box 34404, 
Bethesda, Md. 20817; (301) 983-0604. 

Toronto Tool & Manufacturing 
Engineering Conference & Exposi­
tion, Oct. 2-4. International Centre, 
Toronto, Ontario. Tom Reichert, Ex­
positions Division, Society of Manu­
facturing Engineers, 1 SME Drive, PO 
Box 930, Dearborn, Mich. 48121; (313) 
271-1500, ext. 323. 

Japan Electronics Show, Oct. 4-9. 
Harumi International Fair Ground, 
Tokyo, Japan. Japan Electronics Show 
Assn. Tokyo Chamber of Commerce 
Building, 3-2-2, Marunouchi, Chiyoda­
ku, Tokyo, Japan. 

Taiwan Electronics Show, Oct. 5- 11. 
Taipei Sungshan Airport, Taiwan, Chi­
na. China External Trade Development 
Council, Taipei Sungshan Airport, Tai­
wan, China. 

1984 APL Users Meeting, Oct. 15- 17. 
Westin Hotel, Toronto, Canada. 
Rosanne Wild, I.P. Sharp Assoc., Ltd., 2 
First Canadian Place, Suite 1900, 
Toronto, Ontario, Canada, M5X 1E3; 
( 416) 364-5361. 

International Electronic Packaging 
and Production Equipment Confer­
ence and Exhibition, Oct. 16- 18. Met­
ropole Exhibition Centre and Brighton 
Centre, Brighton, England. Tom Webb, 
BTDO, 845 Third Avenue, New York, 
N.Y. 10022; (212) 752-8400. 
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low 
• distorflon 

mixers 
hi level ( + 17 dBm LO) 

5to 1000 MHz 
only $31 95 (5-24) 

IN STOCK ... IMMEDIATE DELIVERY 

• micro-miniature, pc area only 
0.5 x 0.23 inches 

•RF input up to+ 14dBm 

•guaranteed 2 tone , 3rd order 
intermod 55 dB down 
at each RF tone OdBm 

•flat-pack or plug-in mounting 

• low conversion loss, 6.2dB 

•hi isolation, 40 dB 

• MIL-M-28837/1A performance* 

• one year guarantee 
·units are not QPL listed 

TFM-2H SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
LO, RF 5-1000 
IF DC-1000 
CONVERSION LOSS, dB 
One octave from band edge 
Total range 
ISOLATION, dB 
low range LO-RF 

LO-IF 

mid range LO-RF 
LO-IF 

upper range LO-RF 
LO-IF 

TYP. 
6.2 
7.0 

TYP. 
50 
45 
40 
35 

30 
25 

MAX. 
7.0 

10.0 
MIN . 
45 
40 

30 
25 
20 
17 

SIGNAL 1 dB Compression level +1 4 dBm min 

finding new ways ... 
setting higher standards 

t;;IMini·Circuits 
A D1v1s1on of Sc1enhl1 c Componenls Corpora tion 

Worlds largest manufacturer of Double Balanced Mixers 

2625E.14th St B'klyn , NY 11235(212) 769-0200 

C100-3 Rev. Orig. 
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Did 



you know. 
that you can build a portable, battery-operated computer 
with built-in MODEM and LCD display that synthesizes speech, 
tells time, reads temperature, voltage, or MPH, drives your 
printer, relay, or robot's arm, times events, "sleeps" when it's 
not in use, and, lives in your briefcase! 

And you can get all the ICs from Hitachi. 

• CMOS 4, 8, 16-Bit Microprocessors 
• CMOS RAMs 
• CMOS ROMs 
• CMOS EPROMs 

• CMOS Real Time Clock 
• CMOS Programmable Timers 
• CMOS Peripheral Interface ICs 
• CMOS LCD Drivers 

If you're planning some new "dream" product design 
(perhaps a computer that fits in a matchbox), give us a call. 
We've been doing the "impossible" in CMOS for some time. 
For more information about the CMOS Family, contact your 
local Hitachi Representative or Distributor Sales Office. 

• CMOS Speech Synthesizers 
• CMOS Gate Arrays 
• CMOS A I D Converters 
• CMOS Logic 
• LCD Displays 

FAST ACTION 
To obtain product literature immediately, 

CALL TOLL FREE 
1-800-842-9000, Ext. 6809. 
Ask for literature number 703. 

@HITACHI 
A World Leader in Technology 

Hitachi America, Ltd . 
Semiconductor and IC Sales and Service Division 
1800 Bering Drive 
San Jose, CA 95112 
1-408/292-6404 







12.5 MHz 68000 CPU 

180ns 128K-2Mb EDC DRAM Board 

170ns 128K-2Mb Parity Only 
DRAM Board 

iLBX Backplane 

PROM Board 

iLBX * Cache Memory Board 

140ns 128K-512K EDC DRAM Board 

135ns 128K-512K Parity Only 
DRAM Board 

Prototyping Board 

QIC-02 Cartridge Tape and Controller 

10 MHz Z8000 * CPU 

EPROM/RAM/EEPROM Board 
with Real Time Clock/Calendar 

Static RAM Board with 128K CMOS 

Double-Density Floppy Disk 
Controller 



C2DDD System Cabinet 

Multi-Media Controller 
(Disk/Floppy/Tape) 

High Performance Octal Serial Interface 

Intelligent Octal Serial Interface 

Octal Serial Interface 

Quad Serial Interface 

SMD Disk Controller 9-Track Tape Controller 

Whatever your Multibus * application , you 'll 
find the quality and reliability you need in the 
full line from Central Data Corporation . 

Central Data's engineers have been designing 
firsts for over eight years and our complete line 
now includes innovative CPU boards , 1/0 
boards, and the industry's fastest Dynamic 
RAM boards. We also offer disk controllers , 
tape controllers , cabinet subsystems, back­
planes and accessories for every need . 

We 've got it all , but at Central Data, that isn't 
enough . We 're constantly researching and de­
veloping new board technologies and offering 
them to you. Eight new board designs are 
being introduced this year and many more are 
in the design and testing stages. And if all th is 
isn 't enough for you , call and let us know what 
your special needs are . 

Call us at our new toll-free number: 
800-482-0315 (outside Illinois) 

Central Data 
Central Data Corporation 
1602 Newton Drive 
Champaign, IL 61821-1098 
(217) 359-8010 
twx 910-245-0787 

*Multibus and iLBX are trademarks of Intel Corporation. 
ZSDDD is a trademark of Zilog Corporation. 
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IF YOUR WT CUSTOM IC PROJECT TURNED 
INTO A MONSTER, IT'S TIME TO TURN TO HOLT. 

If your last custom IC cost 
you more money and took 
longer than it should, con­
sider the Holt alternative. At 
Holt, we're willing to guar­
antee that a new design will 
work the way we both 
agree it should. Our confi­
dence springs from over 
seven years of solving some 
pretty tough circuit inte­
gration pr~blems. For you, 
our expenence means peace 
of mind. 
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We do more than just 
promise to meet your design 
specs. We also help you 
make sure that those specs 
result in a part that really 
works in your application. 
You'll get a working 
breadboard of the chip, 
so you can put the design 
through its paces. That 
way, you can be sure the part 
will work in your product, 
not just in computer 
simulation. 
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If you think your next IC 
project might turn into a 
monster, talk to us. Call Rick 
Stevens at (714) 859-8800. 
Or write him at Holt Inc., 8 
Chrysler Avenue, Irvine, CA 
92714. Or telex 753307. 

HOLh 
INTEGRATED CIRCUITS 

MAKING CMOS WORK FOR YOU. 



In August, Electronic Design 
has something extra 

for career-minded engineers 
Career Extra is the industry's only 

recruitment newspaper for 118 ,000 
professional engineers. Our career­
oriented articles and interviews with 
leading Personnel Managers give 
readers a complete assessment of 
employment trends and 
opportunities. 

Like which engineering titles are 
currently in demand. And by whom. 

Which industries are on the rise 
and are bringing new employment 
opportunities. And which ones 
aren't. 

The new strategies companies are 

taking to overcome manpower 
shortages. And what alternative 
methods they 're using to recruit 
working engineers. 

News about career development 
centers and college relations 
programs. 

Plus exclusive career studies 
surveying industry conditions, 
attitudes and opinions . 

As an Electronic Design subscriber, 
you' II receive four issues of Career 
Extra in 1984. The next one's coming 
in August. Don't miss it! 
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When you think about interfacing with a micro­
processor- think Tel mos. During the past 
three years we have developed an ever 
expanding line of advanced devices specifically 
for µP interfacing. Telmos' new products 
provide innovative circuit designers with "first­
to-market" opportunities. Simplify your system 
circuits and obtain improved performance with 
our silicon gate "leligenf" CMOS processes. 

Analog Semicustom: 
In the past, when circuit 
designers wanted to convert 
their precision analog/digital 
ci rcuits to a single IC, they 
had one choice - Full 

Custom. Now Tel mos' semicustom precision analog/ 
digital TMG6000 Series answers all of these needs. The 
range of circuits that can be implemented on these semi­
customs is an engineer's delight. Everything from AID 
converters to switched capacitor filters . Design manuals 
and designer's kits allow engineers the optimum in design 
creativity and imagination. 

This series already has six star performers: • TMG6001 , 
instrumentation; • TMG6002, sensor subsystems; 
• TMG6003 , switched capacitor appl ications; • TMG6004 , 
data acquisition; • TMG6005 , signal processing ; 
• TMG6006 , signal processing . 
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A/D and DI A High 
Speed Converters: 
All you need in a flash is 
available right now from 
Tel mos. Our complete line of 
6- and 7-bit CMOS sil icon 

gate flash converters is designed to save you time and 
money. Take your pick : fastest (TML 1070, 10 MHz), lowest 
power (TML 1072, 20 mW) , lowest priced 7-bit (TML 1073), 
and lowest priced 6-bit (TML 1060). 

Other features include: programmable power, one-pulse 
conver sion , overrange/ underrange, chip enable, open 
drain drivers, floating digital ground , and more. , 
Video DAC ~et\,O· 
First ever silicon gate, 25 MHz, 100 mW, 8-bit video DAC 
replacement for power hungry bipolar DACs. The Model 
TML1840 drives 75-ohm cables directly with the f.uJ I scale 
output current adjustable by an external res istor. It has 
composite sync, composite blank , 10 percent bright. It 
operates from a single + 5V supply, is TTL/CMOS 
compati ble, and uses .3 wide, 24-pin package. 

1 
A/D Converter TML1250 "NeU'• 
The TML 1250 is a CMOS, low power, analog-to-digital 
building block designed for use with most micro­
processors. The superior CMOS replacement for the 
Texas Instruments' Tl505 contains all the analog elements 
necessary for dual slope conversion . With a simple soft­
ware routine by the µP, voltages are digitized , signals 
linearized , peak readings stored , and alarms and controls 
generated . 



. The Inter[ ace Company • • • 

Analog High Speed 
Switching FETs: Replace 
your SD210-215 with the 
superior, low drift, Telmos 
TMF110-115. Also, the TMF150 
Series are direct replacements 

for the Quad SD5000 Series. The TMF120 is a dual SD210 
on a single substrate. Manufactured in silicon gate tech­
nology, Tel mos devices offer lower leakage, higher speed 
and better long-term stability than conventional metal 
gate designs. 

Octal Buffers and 
Drivers: Telmos' CMOS line 
of octal buffers, line drivers, 
latches and flip flops replaces 
the power hungry bipolar 
Schottky LSTTLs. These 

parts are low power (80 µA) and total LSTTL 54/74 
replacement is guaranteed by these performance 
features: 13 nsec speed, fan out of 30 LS loads, 24 mA 
output drive, and 150 pF load drive. In addition, no pull-up 
resistors are required . Models include: HCT373, HCT374, 
HCT240, HCT241 , HCT244, HC373, HC374, HC240, 
HC241 , and HC244. 

Comparing TMD74 (HCT374} to JEDEC 

Tel mos 
HCT374 

JEDEC STD #7 
Test Standards 

•Low Level •High Level •Max. Prop. delay 
output current output current to output TPHL, TPHL 

24ma 15ma 31 ns 

6ma 6ma 44 ns 

·Ambient Temperature is - 40°C to 85°C 

High Voltage Interface: 
Fortune 500 companies have 
selected Tel mos to solve their 
voltage interface problems. 
Why? Because Telmos has 
taken the lead with its high 

voltage gate arrays. Check these TMG5000 Series 
innovations: SiGate CMOS, SiGate DMOS, both sink and 
source, multiple 100/ 200 volt drives, and all on one 
semicustom IC. 

The new TMG5002 has seventeen 100/ 200 volt output 
drivers, dielectric isolation , 3-state, with both sink and 
source and 5V semicustom logic control. This semi­
custom lets designers put the logic and high voltage right 
where it's being used-thus eliminating routing high 
voltage cables all over the system. A proprietary IC is 
achieved with just one metal mask, allowing for custom­
ization of numerous high voltage architectures, and first­
to-market opportunities. We're currently designing 300, 
400, and 500 volt drives. 

Digital Semicustom: 
Featuring extended 5 to 15 V 
operation. The TMG4000family 
of digital arrays are the work­
horses for digital control 
applications. Limited analog 

functions also can be realized. Direct replacement for 
obsolete metal gate arrays is available from Tel mos using 
our exclusive 15 V process. 

Coming Soon l 
Quad DAC TML 1841, 8-bit, voltage output, 3 µs settling 
time, single 5-15 volt supply, V2 LSB. 

Data Acquisition Unit TML 1340, 16-channel analog 
multiplexer, 8-bit AID converter, bus compatible 8-pin 1/ 0 
data port, µP compatible control logic. 

Serial/ Parallel Data Controller TMD7001, 32-bit 
ECG generation, 1 to 4 byte generator polynomial , any 
polynomial can be loaded by software. 

Telmos has everything you need for your interface 
circuit design manuals, data sheets, sample parts, 
applications data, and semicustom design kits-aids. 
Call Telmos marketing at (408) 732-4882, and 
remember, Tel mos is ... The Interface Company ..• 

'ti/gent'" is a Telmos trademark. 

DOMESTIC REPRESENTATIVES: AZ, Tempe: Cantec Sales. Inc. (602) 829-0191 ; 
CA, Los Gatos: Reptech (408) 356-8855 ; CA, Santa Ana: California Electronic 
Marketing (714) 835-2702; CO, Longmont: Tee-Mar Associates (303) 447-2414; FL, 
Largo: Electrocralt Inc. (813) 530-4749; IL, Rosemont: Synmark Sales Company 
(312) 825-3455; IN, Ft. Wayne: Denton Marketing Inc. (219) 627-5525; MD, 
Baltimore: Micro-Comp Inc. (301) 247- 0400; MA, Marblehead: Electronic Marketing 
Associates (617) 631-2886; MN, Bloomington: High Technology Sales (612) 888-
8088 ; NY, So. Hauppauge: Technical Applications and Marketing (516) 348 -0800; NY, 
Buffalo: The Robert F. Lamb Co., Inc. (716) 874-4900; OH, New Lebanon: J. N. Bailey 
& Associates (513) 687-1325; TN. Greeneville: Dimark Inc. (615) 639 -0113: TX. 
Dallas: Marcom (214) 351-4532; WA, Bellevue: Thorson Company Northwest (206) 
445-9180; CANADA, Pointe Claire, Quebec: Eleam GBM, Inc. (514) 697-4556. 

INTERNATIONAL REPRESENTATIVES: Denmark: ITT Komponent A/S 
(2) 4518 22; Finland: Turion Oy (90) 372144; France: Microel (6) 9070824; Israel: 
Telsys Ltd.; Italy: Newtek (2) 3163 30; Japan: Dainichi Contronics Inc. (03) 265 -
7381 ; Norway: Euro Data (2) 80 2892; Sweden: AB Nordqvist and Berg (08) 6904 00; 
Switzerland: Di mos Ag ( 1) 62 61 40; United Kingdom: Pascall Electronics Ltd. 
(1)979012; West Germany: Elcowa GmbH (6123) 5011 ; West Germany: VSC 
(711) 79 7041 . 

SATELLITE DESIGN CENTERS: California (Northern): Kashtronics, Inc. (408) 
730-5944; California (Southern) : Sunshine Semiconductor (714) 675-6171 ; Indiana: 
Poly Tech Inc. (219) 262-4127 ; Massachusetts: Silicon Development Corp. (617) 245-
5201 ; France: Integration S.A. (1) 5346775 ; Japan: Dainichi Contronics Inc. (03) 
265 -7381 ; Holland: Sagantec Europa B.V. (40) 452404; United Kingdom: Silicon 
Microsystems (6662) 4844; West Germany: G.M.E. (89) 431-2602. 

EUROPEAN OPERATIONS AND DESIGN CENTER: West Germany: TELMOS 
GmbH (89) 432004. 

.. . The Interface Company ... 

Telmos Inc. • 740 Kifer Road • Sunnyvale, CA 94086 
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Sierracin 
helps you meet 
VDE, UL, FCC, 
CSA~ETC .... 
quicKly. 

Ship while your competition 
waits by having your products comply. 

To sell electronic equipment 
in the world today, your products must 
meet safety and/or RF emission stan­
dards set by a myriad of regulatory 
agencies. It's UTE in France, VDE in 
Germany, CSA in Canada ... more 
than 25 such agencies in all. A paper­
work maze. 

Of course, since so many of 
Sierracin's widest line of open frame 
linear and switching power supplies 
already meet VDE, FCC, UL, CSA 
and the many other standards, they 
help you get to market faster. 

For extra help in expediting 
the process, Sierracin offers "Regula­
tories in the Electronics Marketplace;' 
a free booklet full of time and money­
saving tips to get your products 
certified and shipped ... fast. 

And with four different switch­
ing technologies, Sierracin is the only 
manufacturer in the industry to offer 
you the most cost effective power 
supply in your specific power range. 
Single and multiple output ... from 
2.5 to 500 watts ... in stock at the 
factory or your local distributor. 

Start shipping ... call or write 
for our regulatories booklet today. 
For on-line applications information 
dial toll-free outside California (800) 
423-5569. Sierracin/ Power Systems, 
20500 Plummer Street, Chatsworth, 
CA 91311. Phone (213) 998-9873. 

Sierracin is 
where it's happening 
in power supplies. 

Sierracin/Power Systems 
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DESIGNING OEM SYSTEMS 
AROUND PERSONAL COMPUTERS 
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PERSONAL COMPUTER SERIES 

DJ 
-•111:: .. """' ¥tv,·,···•s·q1 

Evaluating todays 
PC-based 
workstations 
is a formidable task 
forOEMs. 
A brief manual 
that calls out 
the salient features 
of typical units 
should prove helpful. 
Jesse Shereff 
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As the sophistication of 
personal computer-based 
workstations rises and their 
prices fall, more engineers 
and managers are installing 
the machines on their desks. 
Many of those systems arrive 
with manufacturer-supplied 
but user-assembled hard­
ware and software. Special­
purpose applications, how­
ever, are being served quite 
well by systems that have 
been enhanced and repack­
aged by OEMs. In some cases, 
in fact, OEMs have added so 
much specialized software or 
hardware that users would be 
hard-pressed to recognize the 
original workstation. 

OEMs find personal com­
puter-based workstations 
irresistible, largely because 
of open-ended architectures, 
the proliferation of third­
party enhancements, or the 
low price of the system. The 
IBM PC personal computer 
and several other well-en­
trenched workstations fit 
those categories. Other 
systems-the Sym holies 
3600, for example-in­
corporate such outstanding 
sophisticated features that 
they appeal to OEMs, even 
though their original pack­
age might not afford much 
flexibility. 

Though a complete list of 
actual and potential applica­
tions for all workstations 

OEM SYSTEM COMPONENTS 

would be virtually impossible 
to compile, what follows is a 
select sampling of ten work­
stations that have found a 
place in the OEM world, 
ranging in sophistication and 
size from the Symbolics 3600 
to the IBM PC and in base 
price from several thousand 
dollars to well over $80,000. 
Between those two machines 
lie eight other workstations, 
including the Texas Instru­
ments Nu Machine, the HP 
9000 Model 520, the Mass­
comp WorkStation-500, the 
Apollo DN460 and DN660, 
the Sun-2, the DEC Micro­
VAX I, and the Apple Lisa 2. 

Some trends seem appar­
ent in the midrange work­
stations. To start with, the 
future seems to rest in 32-bit 
processing, whether through 
proprietary CPUs or through 
the 32-bit internal architec­
ture of the industry-standard 
68000. Second, many systems 
continue to use the 16-bit 
Multibus, though the next 
generation will likely opt for 
32-bit buses, following the 
route already taken by the Nu 
Machine, which uses the 
32-bit NuBus. What's more, 
most workstations make net­
work provisions, with Ether­
net leading the list and one 
company, Apollo, designing 
its computational nodes pri­
marily for a proprietary net­
work. 

As for operating systems, 
Unix, with virtual memory 
capability and often Berkeley 
enhancements, has captured 
the attention of most system 
software developers. Many of 
those suppliers have both the 
standard Unix and Berkeley 
Unix environments running 
simultaneously. 

Given that high degree of 
standardization-68000 pro­
cessors, the Multibus, Unix, 
Ethernet-the compatibility 
among systems is on the rise. 
Independent hardware and 
software designers work eas­
ily with widely accepted com­
ponents. If hardware and 
software enhancements can 
be attached to several sys­
tems, an OEM need not de­
pend on one source for the 
basic workstation. 

The choice and sequence of 
workstations presented here 
is meant to be representative, 
not definitive. The entries 
should not be considered 
superior to systems not cov­
ered-space is the sole con­
sideration. Within each sys­
tem's specifications is the 
minimum configuration of­
fered by the manufacturer, 
an "official line" that can 
usually be negotiated. 
Whereas some workstation 
makers offer only fairly com­
plete packages, others may 
sell as little as the mother­
board. 
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PERSONAL COMPUTER SERIES 

Symbolics 3600 
/;\\'•:·>'.ii\\" Symbolics Inc., 4 Cambridge Center, Cambridge, Mass. 02142; Scott Garron, hardware 

products manager, (617) 576-1043. 

Specifications 
Processing elements: 36-bit proprietary CPU with micro­
programmed instruction set designed for Lisp, 180- to 250-ns 
cycle time, and 20-Mbyte/s transfer rate. Operating features in­
clude run-time data-type tagging and checking , instruction pre­
fetching , a stack-oriented architecture, and hardware-assisted 
garbage collection. A floating-point processor can be optionally 
integrated. 

Serving as the front-end processor is a 68000 processor dedi­
cated to controlling 1/0, logging errors, and initiating recovery 
procedures. It contains 128 kbytes of RAM and 64 kbytes of 
EPROM and handles OMA transfers at 1 Mbyte/s. 

Memory: 2 Mbytes of RAM (minimum), 30 Mbytes (maximum), 
and 1 Gbyte of addressable virtual memory. 

Mass storage: A 167-Mbyte Winchester drive (minimum), a 
474-Mbyte Winchester drive (optional), and a 300-Mbyte 
removable hard-disk drive (optional). 

One TC20 1/4-in. tape cartridge is required at each site, with a 
capacity of 45 Mbytes and nine tracks. (Symbolics updates the 
software on these cartridges.) A TOSO nine-track drive (optional) 
works in the start / stop mode at 25 ips and in the streaming mode 
at 100 ips for 1600 bpi or at 50 ips for 3200 bpi. 

Network: An Ethernet controller is on the L bus backplane; com­
munications packages are written in Lisp. 

Backplane: The L bus is a private communication channel ; A 
Unibus (and soon Multibus) interface controller is optional ; bus 
memory map is stored in the front-end processor. 
Ports: Three RS-232 serial lines, connected to the front-end pro­
cessor, handle 19.2 kbi ts/s. 

Graphics: 1280 by 1040 pixels by 8 bit planes, 16.8 million colors. 

System software: Written in the Lisp language, with all source 
code included. Facilities include flavor-based windowing, menus, 
and error handling; real-time text editor (ZMACS), which inter­
prets and compiles Lisp forms; incremental compilers; dynamic 
loading and linking; display-oriented debuggers; compatibility 
package for running Interlisp 10, Interlisp-VAX, and Interlisp O on 
3600. 

Languages: Symbolics ' own Zetalisp dialect, with enhancements 
like flavoring. 

ANSI Fortran 77-implemented under Lisp environments, com­
piled into Lisp code, and then recompiled . Fortran programs be­
come Lisp functions invoked by Lisp calls. The system also treats 
Pascal (IBM 370- compatible) in the same manner. 

MACSYMA-software for symbolic mathematical manipulation. 

Minimum OEM configuration: Complete 3600 workstation, with 
modules possible in the future. 
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One of the largest and 
most powerful single-user 
workstations, the Symbolics 
3600 incorporates the hard­
ware and software required 
to run Lisp, an artificial-in­
tel ligence language that 
handles symbolic relation­
ships and processing, as well 
as numerical computations. 

Its proprietary hardware 
and software complement 
each other. The 36-bit CPU, 
which performs integral and 
run-time data-type tagging 
and checking, can tr an sf er 
data at 20 Mbytes/s and 
address 1 G byte of virtual 
memory. With supermini­
computer power, the ma­
chine can execute operations 
at the rate of 1 million a sec­
ond. The architecture uses a 
large stack buffer with hard­
ware pointers. Speed is en­
hanced with an instruction 
pre-fetcher, a large instruc­
tion cache, and garbage col­
lection. 

Lisp source code is a stan­
dard feature of the machine. 
Obviously, the 3600 differs 
greatly from systems that 
merely graft the Lisp lan­
guage onto a typical com­
puting structure. 

Among the machine's 
powerful software develop­
ment tools are incremental 
compilers, which play a part 
in translating Fortran and 
Pascal programs into Lisp­
type instructions. 



An enhanced dialect called 
Zetalisp adds t he unique 
"flavor" concept to defining 
and relating obj ects. Flavor­
ing permeates win dows , 
graphics, menu s, and vir­
tually all other aspects of 
the Lisp-based system. Be­
cause the machine makes no 
distinction between the oper­
a ting system and the inte­
grated system utilit ies, pro­
grammers can extend the 
behavior of most utilities 

OEM SYSTEM COMPONENTS 

using their own Lisp code. 
The CPU, front-end pro­

cessor, memory, mass stor­
age , and most peripherals 
communicate over the pro­
prietary L bus, to which an 
OEM generally has no ac­
cess. The machine has a 
Unibus and soon a Multibus, 
enabling a chassis to be at­
tached for standard Unibus 
and Multibus peripherals . 

Given the complexity of 
the Sym holies 3600, few 

. OEMs would want to tamper 
with the system's harmony 
by modifying the essential 
hardware or software. How­
ever, the workstation pre­
sents a splendid opportunity 
for developing sophisticated 
application software, es­
pecially when so few experi-­
e n c e d Lisp programmers 
exist. Prime targets include 
CAE/ CAD, process control, 
and robotics (e.g., vision sys­
tems). 
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PERSONAL COMPUTER SERIES 

Texas Instruments Nu Machine 
' iii I.;!'' "' i I ii I I\. Texas Instruments Inc., Data Systems Group, 17881 Cartwright Road, Irvine, Calif. 92714; 

George White, manager of Nu Machine development, (714) 660-8207. 

Whereas most computer 
systems are designed around 
a processor, Texas Instru­
ments took a surprising tack 
by building its Nu Machine 
around MIT's NuBus, a 32-bit 
structure that works with a 

Specifications 

37.5-Mbyte/ s bandwidth. 
The company views the 
NuBus as an efficiently con­
trolled "data freeway" over 
which information travels 
among processors, memory, 
mass storage, and remote 

Proce11ing elements: A 68010 CPU with a 4-kbyte, 45-ns cache 
memory and hardware-implemented memory management; OEMs 
can substitute another CPU. 

An 8088-based system diagnostics board contains ROM, 2 
kbytes of battery-backed RAM, two serial ports, and an Interface 
for a 1/4-in . streaming tape drive. The board automatically config­
ures system hardware, bootstraps the software, and converts be­
tween formats of NuBus and Multibus. 

Memory: 500 kbytes of RAM (minimum); additional memory 
boards hold 500 kbytes or 2 Mbytes, for a total addressable 
memory of 4 Gbytes. The practical limit depends on the available 
NuBus slots and the memory boards used-typically 3 to 12 
Mbytes for the desktop model, 7 to 28 Mbytes for the rack­
mounted version . 

Mass storage: An 84- or 169-Mbyte (unformatted) hard disk for 
the desktop machine, a 474-Mbyte (unformatted) hard disk for the 
modular version. 

A 1/2-in. 20-Mbyte streaming tape cartridge (optional) works at 
90 ips, uses a standard DC300XL cartridge, and interfaces with 
the Nu Machine through the system diagnostics board . 

Network: Optional Ethernet interface and support software for 
both Xerox Network Systems and TCP/IP protocols. 

Backplane: 12 slots for desktop model-6 for the NuBus, 3 for 
the Multibus, and 3 hybrid; 21 slots for the rack-mounted 
version-13 for the NuBus, 5 for the Multibus, and 3 hybrid (one 
hybrid slot is always reserved for interbus communications). 

Ports: Two RS-232-C serial lines on diagnostics board. 

Graphics: An 800-by-1024-pixel monochromatic 15-in. screen 
with 60-Hz noninterlaced refreshing , keyboard, and mouse. 

Operating system: Adaptation of Unix System V with languages, 
utilities, and editors; enhanced for windowing. 

Programming languages: Unix System V's standard Fortran, 
Pascal , and C. 

Minimum OEM configuration: Power supply, card cage, disk con­
troller and drive, and system diagnostics board (no CPU required 
in minimum system). 

106 Electronic Design • July 26, 1984 

network nodes. The 10-MHz 
bus is processor-independent 
and boasts a memory­
mapped architecture that is 
optimized for 32-bit data, 32-
bit addresses and transfers, 
and multiprocessing. 

The backplane accommo­
dates three-high Eurocards, 
with three 96-pin connectors 
per board. NuBus occupies 
only one of those connectors; 
the other two are free for 1/0 
and subsidiary buses. The 
versatile backplane also inte­
grates the Multibus, thereby 
letting designers hang 16-bit 
Multibus peripherals and 
faster 32-bit devices on the 
system. The Multibus works 
independently of the NuBus, 
except during cycles that em­
ploy both. Some of the actual 
backplane slots are dedicated 
to the NuBus, some exclu­
sively to the Multibus, and 
some to either one. 

The 68010 CPU has a 4-
kbyte, 45-ns cache memory 
and hardware for managing 
memory. Like the NuBus, the 
computer can work with any 
appropriate processor and 
can thus be updated or modi­
fied as technology advances. 
In fact, Lisp Machine Inc., 
one Of the first OEMs to use 
the Nu Machine, added its 
own Lisp processor to the 
68010-based CPU. (If the 
68010 is incorporated, an 
adaptation of Unix System V, 
which encompasses virtual 



I 

OEM SYSTEM COMPONENTS 

memory, can be used.) The 
architecture is particularly 
valuable when a team of engi­
neers is sharing one data 
base: Each member can have 
a different CPU in his or her 
terminal and access the large 
data base over the NuBus, 
which can be considered a 
superfast local network .. 

An 8088-based system di­
agnostics unit plugs irtto the 
NuBus and can be activated 
remotely or locally to test the 
bus, board, and system. The 
unit is responsible for trans­
lating the format of one bus 

into the format of the other, 
allowing masters on either 
the NuBus or the Multibus to 
access slaves on the other 
bus. 

The workstation's high­
resolution 15-in. monochro­
matic graphics subsystem is 
equipped with a low-profile 
keyboard and a mouse cursor. 

The computer is configured 
as a compact desktop ma­
chine or as a rack-mounted 
module. The former is fitted 
with a 12-slot chassis and a 
controller for an 84- or 169-
Mbvte hard-disk drive (un-

100-ns clock 
period 

37.5-Mbyte/s 
transfer rate 

Diagnostics processor 

Peripheral controllers 

Multibus gateway 

Fair arbitration Network Interface 

Memory to 6 Mbytes 

68010-based processor 

formatted). The modular 
version uses a standard 
single-bay 19-in. EIA rack 
and has a 21-slot card cage 
and a 474-Mbyte hard disk. 
The minimum OEM con­
figuration requires no CPU, 
proving that the Nu Ma­
chine's architecture is truly 
independent of processor 
technology. Memory comes in 
500-kbyte boards with error 
checking and correction or in 
200-Mbyte cards with parity 
checking; total capacity is 
limited only by the number of 
available NuBus slots. 
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PERSONAL COMPUTER SERIES 

Hewlett-Packard HP 9000, Model 520 
Hewlett-Packard Co., Fort Collins Systems Division, 3404 East Harmony Road, Fort Collins, 
Colo. 80525; John Hettrick, OEM manager, (303) 226-3800. 

Like the other m icro­
computers in the HP 9000 
family's 500 series, the Model 
520 desktop workstation is 
based on a proprietary 32-bit 
microprocessor chip that 
gives it the number-crunch­
ing power and speed required 
for engineering and scientific 

Specifications 

applications. In addition, its 
value can be enhanced with 
HP's numerous I/O, periph­
eral, and software options. 

At the heart of the work­
station is a 12-slot memory 
and processor module that 
holds the CPU, RAM, and I/O 
processor boards. Each sys-

Processing elements: A proprietary 32-bit CPU with an 18-MHz 
clock rate and a microinstruction cycle time of 55 ns; up to three 
CPUs per workstation . 
Memory: 512 kbytes (minimum) up to 5 Mbytes, in increments of 
512 kbytes (the total amount depends on the configuration of the 
CPU and 1/0 processor boards). 
Mass storage: A 264-kbyte (formatted) floppy-disk drive and a 
10-Mbyte fixed-disk drive (optional); more storage added through 
1/0 slots. 

Network: HP's LAN 9000 1/0 board handles Ethernet version 1.0 
protocol under HP-UX. 
Backplane: Memory and processor module has 4 spare slots 
without 1/0 expander cards, which add 8 slots each to a maxi­
mum of 16. 1/0 processor card has bandwidth of 960 kbytes/s 
(for one channel) up to 5.5 Mbytes/s. 
Ports: Various interface cards and associated peripheral devices 
available from HP and th ird parties. 
Graphics: Choice of standard color (512 by 390 pixels by 4 bit 
planes), monochromatic (560 by 455 pixels), or high-performance 
color (560 by 455 pixels by 3 bit planes); all displays are 13 in. 
and built into desktop cabinet. An optional interface for a 19-in. 
color video monitor (576 by 455 pixels by 4 bit planes) plugs into 
the backplane. 

An intelligent graphics processor, the 97060A, optionally works 
with the system through a general-purpose Interface card, yielding 
1024 by 768 pixels by 8 bit planes for a 19-in. monitor. 
Operating systems: HP's Basic System, using Basic language for 
single users; HP's enhanced version of Unix for single- and multi­
ple-users, dubbed HP-UX, comes standard with C and optionally 
with Fortran and Pascal. 

Programming languages: Basic, C, Fortran, and Pascal, de­
pending on operating system. 

Minimum OEM configuration: CPU card, 1/0 processor card, 
512-kbyte RAM card, 264-kbyte floppy drive, and 13-in. CRT. 
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tern can be configured with as 
many as 3 CPUs, 3 I/O pro­
cessors, and 10 memory cards 
of 512 kbytes of RAM (up to 5 
Mbytes). Two CPUs can raise 
the speed of the multitasking 
system by a factor of 1.9, 
three CPUs by a factor of 2.9. 
Adding CPUs is simply a 
matter of plugging in the ex­
tra boards. The operating 
system automatically ad­
justs to the situation, with no 
need to change software . 
However, because the 12-slot 
module cannot be expanded, 
using multiple CPUs or sev­
eral I/O processor boards is 
clearly a tradeoff against 
memory. 

Each I/O processor board 
controls eight DMA channels 
in the backplane or in an I/O 
expander. The workstation 
assigns four DMA channels 
on the first board for internal 
peripherals, the remaining 
four for external devices. 
Each I/O card added to an 
external expander yields an 
extra eight I/O slots. 

There are three choices of 
13-in. display. The mono­
chromatic display has green 
phosphors, a resolution of 560 
by 455 pixels, and an optional 
light pen. A standard color 
version paints 16 colors from 
a palette of 4096 and has a 
resolution of 512 by 390 pixels 
with 4 bit planes (no light 
pen). Last, a high-perfor­
mance color display has a 



WITH OUR REAL-TIME 
OPERATING SYSTEM AND 

"' 

YOUR IBM® PC. YOU COULD 
CONTROL THE WORLD. 

Factory automation is just one of the 
many control and data acquisition appli­
cations you can run with our MTOS-86/PC 
operating system and your IBM® PC 
(or equivalent). Chemical process control 
is another. Alarm reporting systems are a 
third. The list is virtually endless. 

MTOS-86/PC is the newest member 
of our MTOS-86 family of real-time multi ­
tasking operating systems. The fastest, 
most efficient O/S software on the 
market today. 

Within your IBM PC, MTOS-86/PC 
fully controls the PC and its peripherals, 
including keyboard, disk drives, timer, 
interrupt controller and process input/ 
output systems. It allows custom drivers to 
be attached for special hardware and can 
easily be configured for your application. 

MTOS-86/PC comes on diskette in the 
PC format. It includes executive, console 
driver, debugger, high-speed file system, 
a run-time interface for the Intel® C com­
piler and a test/demonstration program. 

IBM is a registered trademark of International Business Machines Corporation 
Intel is o registered trademark of Intel Corporation. 

CIRCLE 59 

Price for a single copy, including 
user manuals, is $495. Inexpensive 
technical support is available, too. 

For more information, contact 
Industrial Programming Inc., 100 Jericho 
Quadrangle, Jericho, NY 11753. 
(516) 938-6600. Telex : 429808 (ITT). 

• • 
I J)l 1ndust1'ial 
Programming Inc. 
The standard-setter in operating system software 

Electronic DHign • July 26, 1984 109 



CHEN 
DIGITAL 
LABORATORIES 
Contact: (206)881-5031 •Intel Trademark 
16718 NE 41st Street, PO Box 751 , Redmond, WA 98052 

CIRCLE 80 

Introducing 
Manchester 

Encoder-Decoder 
Module 
(MEOM) 

Technitrol's high speed serial 
data communication device 
For use as a complete Manchester interface 
between a local area network (LAN) controller 
and a LAN transceiver, the MEDM offers 
independent Manchester Encoding and decoding, 
on chip transmit clock oscillator and self-test 
loopback capability . Other features include: 
Up to 20 MB/S data rate • Master reset • Transmit 
enable •TTL input/output compatibility • 16 pin 
package • 5-volt operation 

Write or call 

1952 East Allegheny Avenue• Philadelphia, 
Pennsylvania 19134 • (215) 426-9105 

CIRCLE 81 

HP 9000, Model 520 

resolution of 560 by 455 pixels 
by 3 bit planes, a dithered pal­
ette of 4201 colors (of which 8 
are true and the remaining 
ones are created by dith­
ering), and an optional light 
pen. 

The basic workstation is 
configured with a 264-kbyte 
floppy-disk drive a 10-Mbyte 
hard disk, thermal printer, 
and light pen can be option­
ally integrated. 

When HP's assorted I/O 
interface cards are combined 
with the workstation's I/O 
processor boards, they con­
form to an HP standard that 
is independent of the host 
and can be used in future HP 
computers. Among the I/O 
cards are the HP-IB, which 
ties into the IEEE-488-1978 
bus; a general-purpose I/O 
card that handles 8- or 16-bit 
parallel communication with 
DMA; a single-channel asyn­
chronous serial port; an asyn­
chronous eight-channel mul­
tiplexer; and the LAN 9000, a 
network card that supplies 
bundled hardware and soft­
ware for an Ethernet link; 
and a remote-job-entry card 
that helps emulate IBM 2780 
and 3780 terminals. 

The Model 520 runs under 
one of three operating sys­
tems. HP's own single-user 
Basic System uses the Basic 
language. The machine oper­
ates under single- and 
multiple-user versions of 
HP-UX, an enhanced version 
of Unix that runs C as the 
standard language and can 
also accommodate Fortran 
77 and Pascal. 
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SIMPLE AND ACCURATE. 

TheFSMA 
fiber optic connector 

with a nose for 
superior performance. 

The nose is the news in our newest fiber optic idea. 

The precision resilient tip on our FSMA OPTIMATE connector 
minimizes tolerance problems, accurately centering the fiber during 
mating without special procedures, without extra parts. And the 
internal-ferrule construction provides two-point support and axial 
alignment to within 0.1 degree for remarkably low insertion loss. 

Need a rugged package? Corrosion resistant metal construction 
provides high strength. Simplified bonding minimizes fiber stress 
in extreme temperatures. And the overall design meets proposed 
NATO and !EC standards for FSMA type fiber optic connectors. 

The result is everything you're looking for in a light connection. 
The FSMA connector that's simple. Precise. And available right now. 

For more information, call the AMP OPTIMATE Desk at 
(717) 780-4400. AMP Incorporated, Harrisburg, PA 17105. 

AMP and OPTIMATE are trademarks of AMP Incorporated 



PERSONAL COMPUTER SERIES 

Masscomp WorkStation-500 
Masscomp, 1 Technology Park, Westford, Mass. 01886; Ed Marcato, OEM marketing 
manager, (617) 692-6200. 

Specifications 
Processing elements: A 10-MHz 68010 CPU and a 10-MHz 
68000, the latter handling page faults in virtual memory while the 
former executes another program. The CPU has a 4-kbyte cache, 
a 1024-element translation buffer, a 1024-entry 1/0 map, and 
three serial lines. 

An optional FP-501 floating point processor performs single­
and double-precision arithmetic and holds 16 sets of 32 double­
precision (64-bit) registers. 

An optional AP-501 array processor executes single- and 
double-precision floating-point vectors, locally stores 32-bit ele­
ments, incorporates a 68000 that moves data to and from virtual 
memory, and requires the FP-510 for double-precision tasks. 

Memory: 1 Mbyte (Minimum), 6 Mbytes (maximum); up to 16 
Mbytes of virtual memory per process. 

Mass storage: A 1-Mbyte floppy-disk drive, a 40-Mbyte (for­
matted) Winchester disk drive, and a 45-Mbyte 1/4-in. tape car­
tridge (all optional). 

Network: An optional plug-in Ethernet controller and supporting 
software. 

Backplane: 8-slot enhanced Multibus with transfer rate of 6 
Mbytes/s; eight alphanumerical terminals can be attached through 
backplane. 

Ports: Three serial lines through CPU. 

Graphics: Two 19-in. terminals (optional) attached through Multi­
bus, each with its own 68000 and 128-kbyte program storage. 
The monochrome version displays 1024 by 800 pixels, the color 
unit 832 by 600 pixels by 6 or 10 bit planes. Each has 60-Hz non­
interlaced refreshing and a 117-element keyboard ; a mouse (or 
puck) and tablet are optional. 

Operating system: The real -time RTU with virtual memory is com­
patible with the source code of Unix System Ill and of Berkeley 
4.2 Unix and includes communications, text-processing, and sup­
port utilities; editors; source-code control system; and Bourne and 
C shells. 

Programming languages: Fortran 77, C, and Pascal. 

Minimum OEM configuration: CPU, power supply, 1 Mbyte of 
RAM, 8-slot backplane, and cabinet. 
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In designing its minicom­
puter-strength, multitasking 
workstation, Masscomp kept 
OEMs as a primary target. 
Both the hardware and the 
software in the WorkStation-
500 are assembled with 
industry-standard com­
ponents, making the ma­
chine's architecture highly 
accessible. Depending on the 
purpose, the computer can be 
configured in many ways 
from a large selection of com­
ponents. In addition, OEMs 
should find the W orkStation-
500 a powerful companion for 
developing Unix-based appli­
cations and adding Multibus 
peripherals. 

Key to the workstation's 
power are its multiple pro­
cessors. The 68010 CPU, 
running at 10 MHz, works 
with a 10-MHz 68000, which 
handles page faults in virtual 
memory. The private 500-
Series bus connects the CPU 
to separate single- and dou­
ble-precision floating-point 
and array processors. The 
floating-point device can 
complete a single-precision 
addition or multiplication in 
1.6 µs . The array processor 
tackles a 1024-point arith­
metical operation in 240 µs. 

Added power comes from 
high-resolution graphics 
terminals (one or two per 
station), each of which con­
tains an independent 68000 
that stores programs in 128 



kbytes of local storage. 
An enhanced Multibus 

with an 8-slot backplane 
handles 6 Mbytes/s-twice 
as many 16-bit data transfers 
as the normal Multibus can 
perform. The WorkStation-
500's distributed computa­
tional power can accommo­
date up to 10 users with no 
degradation in response. In 
addition to the two indepen­
dent graphics terminals, up 
to eight alphanumerical ter­
minals can be multiplexed 
through the Multibus back­
plane. 

The computer can address 

Bus 
adapter 

32-bit 
CPU 

Independent 
graphics 

processor 

CRT 

Keyboard 

Up to 
6 Mbytes 
of RAM 

Independent 
graphics 

processor 

CRT 

Keyboard 

OEM SYSTEM COMPONENTS 

16 Mbytes of virtual memory 
for each process; RAM starts 
at 1 Mbyte and goes up to 6 
Mbytes. OEMs can add a 
1-Mbyte floppy-disk drive 
and a 40-Mbyte (formatted) 
Winchester drive that uses 
a 1/4 -in . tape cartridge as 
backup. 

Masscomp's real-time, 
virtual memory RTU oper­
ating system also meets in­
dustry standards. Its source 
code is compatible with that 
of both Bell Laboratories' 
Unix System III and Berkeley 
4.2. The overall software in­
cludes Bourne and C shells; 

Floating-point 
processor 

Mass-storage 
controller 

Array 
processor 

Ethernet 
controller 

most Unix and Berkeley utili­
ties and editors; and Fortran 
77, C, and Pascal-2. The com­
pany has enhanced Unix with 
windowing and the Quick­
Choice user interface. 

The workstation can be 
tied into an Ethernet net­
work that emplo y s the 
TCPi'IP protocol. When con­
nected with other Unix-based 
systems in the 10-Mbit/s net­
work, proprietary software 
can handle intertask com­
munication, remote file 
tr an sf ers, virtual terminals, 
printing spools, and elec­
tronic mail. 
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PERSONAL COMPUTER SERIES 

1 
Apollo DN460 and DN660 

\ Apollo Computer Inc., 15 Elizabeth Drive, Chelmsford, Mass. 01824; (617) 256-6600. 

Specifications 
Proce11ing elements: A proprietary 32-blt-sllce processor with a 
bipolar 4-kbyte Instruction cache and a bipolar 16-kbyte data 
cache, an Integral floating-point processor for single- and double­
precision arithmetic, and a three-stage Instruction pipeline. 

Memory: 1 Mbyte of ECC RAM (standard), expandable to 4 
Mbytes; 256 Mbytes of virtual memory per process for up to 24 
concurrent processes. The Domain network manages virtual 
memory. 

Ma11 storage: Various combinations of 68-, 158-, and 300-Mbyte 
Winchester disk drives, spread throughout network or attached to 
Individual workstations. 1.2-M byte diskettes and 1f2-ln. 1600-bpl 
magnetic tape drive are accommodated. 

Network: Proprietary 12-Mbyte/s Domain, a baseband network 
using a continuously synchronizing token-passing ring and a dual­
address packet with single-token arbitration. Several thousand 
nodes can share one network, with each active node separated by 
as much as 1 km. Other communications protocols accepted are 
X.25, IBM 3270 terminal emulation, and TCP/IP Ethernet. 

Backplane: 5-slot IEEE-796 Multibus; interface for Versatec 
printer-plotter. 

Ports: Three RS-232-C serial lines, working at 19.2 kbytes/s. 

Graphics: DN460-bit-mapped 19-in. monochromatic display with 
1024 by 800 pixels, 60-Hz noninterlaced refreshing, 128-kbyte 
display memory, and 32-Mbit/s block transfers. 

DN660-bit-mapped 19-in. color display with 1024 by 1024 
pixels by 8 bit planes, up to 2 Mbytes of dual-port display 
memory, dedicated 16-bit processor, and 320-Mbit/s block 
transfers. The display works with a palette of 16 million colors and 
4 or 8 color planes in the interactive mode and 24 in the imaging 
mode. The subsystem handles raster operations for all planes and 
produces an RS-343 RGB output with composite sync on green. 

Operating system: Proprietary object-oriented Aegis, with multi­
ple windows and demand-paged virtual memory. Also available 
are AUX and Berkeley 4. 1 Unix, which share the Aegis kernel. 
All systems can run simultaneously in separate windows. (Unix V 
and Berkeley 4.2 will be offered later this year .) 

Programming languages: ANSI Fortran 77 with extensions, C, 
and ISO Pascal with extensions. 

Minimum OEM configuration: Complete workstation without disk 
drives. 
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Although the DN460 and 
DN660 workstations can be 
configured as stand-alone 
systems, their hardware and 
software reach their full 
potential when using the 
memory and computational 
power of Apollo's distributed 
network, called Domain. The 
network gives users access to 
all resources, including extra 
nodes. Moreover, programs 
can run on any node without 
recompiling or rebinding. 

Considered powerful gen­
eral-purpose computers, the 
workstations are based on a 
proprietary 32-bit processor 
and can accommodate multi­
tasking applications in a vir­
tual memory system. The 
workstations differ in their 
high-resolution graphics, 
monochromatic for the DN-
460 and color for the DN660. 

Since much of the Domain 
network architecture is pro­
prietary, OEM users gener­
ally concentrate on adding 
peripherals and on develop­
ing application software. The 
workstations ' Aegis oper­
ating system is proprietary, 
but Apollo also offers both 
Berkeley 4.1 Unix and the 
AUX version of Unix III with 
all their usual utilities. 

Both of those commercial 
operating systems have the 
same kernel as Aegis and can 
run simultaneously with 
Aegis in separate windows. 
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PERSONAL COMPUTER SERIES 

Sun-2 Workstations , .. ,,.; .. ,.,, 
t Ii I I jj • 

Sun Microsystems Inc., 2550 Garcia Ave., Mountain View, Calif. 94043; Jay Puri, marketing 
manager, (415) 960-1300. 

Specifications 
Proce11ing elements: A 32-bit 68010 CPU running at 10 MHz 
translates addresses for virtual memory; gives high-speed periph­
erals direct access to virtual memory; and incorporates a propri­
etary memory management unit that lets the CPU access main 
memory without wait states. 

An optional floating-point processor works with the IEEE-754 
data format for single- and double-precision arithmetic. 

Memory: 1 Mbyte for desktop model , 2 Mbytes for rack-mounted 
computer, all expandable to 4 Mbytes using 150-ns dynamic RAM 
with byte-parity error detection; up to 16 Mbytes of virtual 
memory per process. 

Mall storage: A 42-Mbyte (formatted) Winchester disk drive, 
which needs an SCSI bus and ST506 host adapter, or a 
130-Mbyte (formatted) Winchester drive, which needs an SMD 
controller to hook up with the Multibus. Other optional peripherals 
Include a 1/4-in. 20-Mbyte streaming tape cartridge, 8000 bpi, four 
tracks, and 90 ips (SCSI and QIC-2 adapter) and a 112-ln. 
45-Mbyte start/stop reel, 1600 bpi , nine tracks, and 25 ips (Partee 
Interface). 

Network: Ethernet Interface is built into the computer; a second 
can turn the workstation into a gateway to another Ethernet 
system. 

Backplane: Multibus (IEEE-796) with parallel arbitration. The 
desktop model has a 9-slot chassis with 4 slots used by system, 
whereas the rack-mounted version has a 15-slot chassis with 5 
used by system. 
Ports: Two RS-423 serial lines; SCSI adapter has four additional 
RS-423 ports. 
Graphics: 19-in. monochromatic screen with 1152 by 900 pixels, 
70-Hz nonlnterlaced refreshing, 100-MHz bandwidth; 13- or 19-in. 
color display (optional) with 640 by 480 pixels by 8 bit planes, 
60-Hz noninterlaced refreshing, and 511-line RS-170 Interface 
(red, green, blue, and sync). All graphics are handled by the 
device-Independent SunCore library. 

Operating system: Berkeley 4.2 Unix. 

Programming languages: Fortran, Pascal, C, assembler. 

Minimum OEM configuration: CPU, memory management unit, 
1 Mbyte of RAM , and 9-slot Multibus (Sun-2/120); CPU, memory 
management unit, 2 Mbytes of RAM, and 15-slot Multibus 
(Sun-2/170). 
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The Sun-2 workstations 
are 32-bit general-purpose, 
multi tasking computers 
built with standard hard­
ware and software and 
featuring virtual memory. 
Each station, whether con­
figured as a stand-alone sys­
tem or as a node on a distrib­
uted local network, has its 
own CPU and runs under 
Berkeley 4.2 Unix. 

Sun Microsystems has cre­
ated an open and accessible 
architecture for OEMs, who 
can easily integrate hard­
ware enhancements and 
application software into 
the Sun-2/120 desktop 
computer or the Sun-2/170 
rack-mounted version. Ap­
plication software can be 
developed in Fortran, C, 
Pascal, or assembler through 
Berkeley 4.2 Unix. 

Most external peripherals 
tie into the standard Multi­
bus card cage. For instance, a 
42-Mbyte Winchester can be 
added, through an SMD disk 
controller, to the Multibus. A 
programmable keyboard 
with nine function keys 
features up/down encoding. 

The workstation comes 
with an interface for the 
Ethernet network. Further­
more, a high-resolution 
monochromatic screen 
allows users to interact with 
the system through multiple 
windows, but that should 
present no obstacle to OEMs. 
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PERSONAL COMPUTER SERIES 

DEC MicroVAX I 
Digital Equipment Corp., 146 Main St., Maynard, Ma88. 01754; Tom Fisher, OEM marketing, 
(617) 568-6264. 

Specifications 
ProceHing elements: Proprietary 32-bit CPU (the KD32-AA) 
consisting of two boards-a memory controller and a data path 
module. It contains an interface with the 022 bus, up to 4 Mbytes 
of main memory, an 8-kbyte directly mapped cache, a 512-entry 
(long-word) translation buffer, a 10-ms interval timer, an 8-kbyte 
boot PROM; it interfaces with the serial console terminals and the 
front and rear panels. 

Memory: 500 kbytes (minimum) expandable to 4 Mbytes; 4 
Gbytes of virtual memory (limited to 1 Gbyte with MicroVMS). 

Ma88 storage: The RX50, a dual 51/4-in. single-sided floppy-disk 
drive with a total capacity of 800 kbytes; the RD51 , an 11-Mbyte 
(formatted) fixed-disk drive; and the RD52, a 32-Mbyte (format­
ted) fixed-disk drive. All three drives require an RODX1 controller, 
which occupies the last-used backplane slot and connects to the 
022; it can control one floppy and two fixed disk drives. Larger 
mass-storage peripherals are available commercially. 

Network: An Ethernet interface can be plugged into the 022, with 
a second one turning the workstation into a network gateway. 

Backplane: The extended LSl-11 (022) bus with 8 slots; optional 
expansion chassis. 

Ports: Serial and parallel lines can be tied into the 022. 

Operating systems: MicroVMS, a full implementation of VMS, 
covers relational data bases, Ethernet support, and some Unix­
type functions. Ultrix-32, a version of Berkeley 4.2 Unix, encom­
passes Bourne and C shells and many standard Berkeley editors 
and utilities. VAXElan, a run-time executive, handles concurrent 
CPUs in a local network or multiprocessor system. 
Programming languages: For MicroVMS-Fortran, Pascal, and 
C; for Ultrix-32-Fortran, Pascal , C, Franz Lisp, and Unix assem­
bler; for VAXElan software-t.ools run under VMS and include an 
optimizing Pascal compiler and a symbolic Pascal debugger. 

Minimum OEM configuration: CPU, cabinet, power supply, 500 
kbytes of RAM, and a 022 bus interface. 
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The beauty of the Micro­
VAX I workstation is two­
fold: it implements the VAX 
architecture, and it runs the 
VAX-11 operating system. 
Working with one to four 
users, the microcomputer 
gives OEMs a powerful 32-
bit machine with virtual 
memory, strong software 
support, and VAX compati­
bility at a palatable price. 
Software running on the 
VAX-11 series can be adapted 
to the MicroVAX with little 
or no modifications. 

The main departures from 
the VAX architecture are the 
workstation's bus-the ex­
tended LSI-11 bus, the Q22, 
instead of the customary 
Unibus-and its incompat­
ibility with the PDP-11. 
VAX-11 programs that ad­
dress the Unibus or attempt 
to execute PDP-11 instruc­
tions must be modified before 
running on the MicroVAX I. 
Otherwise, the workstation 
accepts the complete set of 
VAX-11 instructions, with 
some emulated in software. 

The 32-bi t CPU, com­
prising two boards, works 
with 32-bit internal data 
paths and transfers. The data 
path communicates directly 
with VTlOO or VT200 ter­
minals, the front panel, and a 
rear patch panel (for serial 
lines and option cables). Main 
memory, mass storage, and 
other peripherals exchange / 



data over the Q22 bus, which 
has 22-bit addressing, uses 
a 16-bit data path, and 
tr an sf ers information at 3.3 
Mbytes/s. Physical ad­
dresses can be 23 bits long, 
with the system handling up 
to 4 Mbytes of physical 
memory. 

The MicroVAX I runs 
under three operating sys­
tems. Micro VMS is a full im­
plementation of DEC's VMS, 
which is used on V AX-11 
computers. (All VMS soft­
ware not using system­
specific privileged instruc-
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fixed disk 
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tions can be adap.ted to 
MicroVMS.) The Ultrix-32 
operating system, which is 
the company's version of 
Berkeley 4.2 VM/Unix, 
affords an open-ended porta­
ble structure . The third, 
V AXElan, is a run-time exec­
utive for real-time, on-line, 
and stand-alone tasks that do 
not require a full operating· 
system. It works with truly 
concurrent CPUs in a local 
network or multiprocessor 
environment for dedicated 
applications. 

The workstation's archi-

tecture makes provisions for 
3~-bit virtual address space, 
for a total of 4 G bytes. The 
Micro VMS operating system, 
however, limits the virtual 
space to 1 G byte, though 
Ultrix-32 could handle that 
capacity if other factors 
allow it. 

DEC has not yet developed 
a graphics package for Micro­
VAX I, making that a natural 
:;i.rea for OEM involvement. 
The system itself is designed 
primarily for OE Ms and can 
be obtained in a bare mini­
mum configuration. 
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PERSONAL COMPUTER SERIES 

Apple Lisa 2 
/!11 1111;1'•1""\\ Apple Computer Inc., 20525 Mariani Ave., Cupertino, Calif. 95014; Matt Slavik, OEM 
'''' ' 

11
.:... department, (408) 996-1010. 

Specifications 
Processing elements: A 68000 CPU, with a 32-bit internal and a 
16-bit external data path , runs at 5 MHz with an 800-ns cycle 
time. A board slot is provided for an optional floating-point math 
coprocessor. 

Memory: 500 kbytes (minimum) expandable to 1 Mbyte through a 
500-kbyte expansion board. 

Mass storage: One 400-kbyte floppy-disk drive (minimum), a 
5-Mbyte external fixed disk for Lisa 2/5 (optional), and a 10-
Mbyte internal fixed disk for Lisa 2/10 (optional). 

Network: Various local network software packages will become 
available commercially. Apple supplies two terminal emulation 
packages-LisaTerminal (software) for the VT100, VT52, and TTY 
terminals and the Cluster Controller (hardware) for the IBM 3270. 

Backplane: Three expansion slots with OMA tie into the expan­
sion bus, with any interfacing done through a 56-pin connector. 
Timing is tied to the CPU. 

Ports: Two 244-kbitls RS-232-C lines and one parallel line; Lisa 
215 and 2/10 reserve the parallel port for their disk drives. 

Graphics: 12-in. monochromatic monitor with bit-mapped 
graphics, 364 by 720 pixels, up to 40 lines of 132 characters, 64 
contrast levels under software control, 60-Hz refreshing . 

Operating systems: Lisa Office System, an icon-oriented , multi­
tasking structure that allows cutting and pasting of various win­
dows. Available commercially are Xenix and UniPlus+, two 
versions of Unix System V, with Xenix incorporating Berkeley en­
hancements and utilities. Microsoft is also developing a version of 
MS-DOS for Lisa 2. 

Programming languages: Basic, Pascal , and Cobol for Lisa Office 
System, including QuickPort and ToolKit/32; C, Fortran , Pascal , 
and assembler for Unix-like operating systems. 

Minimum OEM configuration: 500 kbytes of RAM, one floppy­
disk drive, built-in graphics screen, two serial ports, one parallel 
port , keyboard, one-button mouse. 
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Apple's Lisa introduced 
the user community to a de­
gree of power and sophistica­
tion previously unknown in 
desktop personal work­
stations, largely because of 
its 68000 CPU, which runs at 
5 MHz. Given its powerful 
features (including graphics 
and a one-button mouse cur­
sor) and its low price, many 
OEMs find it an attractive 
workstation for CAE and 
CAD systems. 

The standard workstation 
has a built-in 400-kbyte 
31/2-in. floppy-disk drive. The 
Lisa Model 215 externally 
adds a 5-Mbyte fixed disk, 
and the Lisa Model 2/10 inte­
grates a 10-Mbyte fixed disk; 
both hard-disk drives use the 
computer's parallel port. 

An expansion bus, which 
closely follows the timing of 
the 68000, contains a 12-bit 
address and a 16-bit data 
path and is accessible 
through three slots on the 
system board. All interfacing 
is achieved through a 56-pin 
connector. 

The icon-oriented system 
software supplied by Apple is 
called the Lisa Office System, 
which lets the user select 
operations and files-via the 
mouse-from a screen dis­
play that employs images, or 
icons. Multitasking and win­
dowing facilitate cutting and 
pasting of applications and 
files. 
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Application software can 
be developed in Basic, Pascal, 
and Cobol, each of which has 
a related set of tools-dubbed 
QuickPort-t h a t adapts 
existing programs to the Lisa 
2. For instance, ToolKit/ 
32 provides the tools needed 
to incorporate Lisa features 
into OEM applicat ions. Lisa­
Terminal emulates VTlOO, 
VT52, and TTY terminals, 
while Apple's Cluster Con­
troller enables Lisa 2 to emu-
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PERSONAL COMPUTER SERIES 

DJ IBM PC 
.a 1r•i::J(l'l IBM Corp., Entry Systems Division, 1000 N.W. 51st St., Boca p1J111Y 11 

Raton, Fla. 33432; (305) 998-6048. ~ I I I J ~ · 

When IBM first published 
Specifications the specifications for its 
Processing elements: An 8088 CPU, with 16-bit internal and 8-bit open-architecture PC, it rev-
external data paths, runs at 4.77 MHz and uses 20-bit addressing, olutionized the standards for 
for 1 Mbyte of space. Its four 20-bit DMA channels complete data small personal computers. 
transfers in 1.05 µs. Rounding out the CPU circuitry are three 16- Overnight a new industry bit timer-counter channels . An 8087 floating-point math coproces-
sor is optional. was born-OEM repackag-
Memory: 64 kbytes of RAM minimum, 256 kbytes maximum on ing. Adventurous OEMs, al-
board , 640 kbytes maximum through expansion slots. ways ready when oppor-
Mass storage: Double-sided, double-density floppy-disk drives tunity knocks, knew that the 
with formatted capacity of 320 kbytes (MS-DOS 1.x) or 360 PC would be around, gar-
kbytes (MS-DOS 2.x). A 10-Mbyte Winchester can be added nering support, for years to 
through an expansion slot (though it comes standard on the IBM come. 
PC XT). Third parties supply other drives. The PC's open structure 
Network: Numerous setups are available commercially. has fostered tens of thou-
Backplane: 5-slot 1/0 bus with 8-bit-wide data path; 8-slot expan- sands of compatible prod-
sion bus for memory boards, mass storage, peripherals, network ucts, including virtually all controllers, etc. One slot each from the standard and optional 
chassis is reserved for communication . As many as three cards types of peripherals and al-
can request control of the 1/0 bus. most every popular (and 
Ports: RS-232 serial and Centronics parallel lines added through some not-so-popular) pro-
expansion slots. gramming language. Most 
Operating systems: MS-DOS 1.1 and 2.0-the former organizes general-purpose software is 
floppies for 320 kbytes (8 sectors/track), the latter for 360 kbytes developed first for the PC and 
(9 sectors/track), thereby creating some incompatibility. MS-DOS then modified for other per-
2.0 adds subdirectories and other facilities for hard-disk drives. 

sonal computers. CP/M-86 can be obtained through Digital Research, and 
various versions of Unix, including Xenix and IBM's PC/IX will be IBM's PC was the first sue-
released soon. cessful small system to break 
Programming languages: Basic, GW Basic (advanced features), the 8-bit, 64-kbyte barrier. 
8088 assembly, Fortran, Pascal , C, Cobol , APL, Forth, and Lisp. Along with its overwhelming 
Minimum OEM configuration: CPU, ROM , 64 kbytes of RAM , reception came double-den-
power supply, cassette port , 5 expansion slots, and cabinet. sity, double-sided floppy-disk 

drives and reliable fixed-disk 
drives of 10 Mbytes or more. 
With an 8088 CPU, which has 
a 16-bit internal and an 8-bit 
external data pa th, and a pair 
of floppy-disk drives, the PC 
significantly increased capa-
bility and capacity over exist-
ing personal computers. So-
phisticated applications that 
had been restricted to larger 
computers were now being de-

1 22 Electronic DHign • July 26, 1984 



veloped on an inexpensive 
small machine accessible to 
almost anyone. 

Using the minimum config­
uration as a starting point, 
OEMs can build a multitude 
of systems with proprietary, 
t h ird-party, or IBM com-
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ponents. Because essential 
parts like adapters, parallel 
and serial ports, and disk con­
trollers need expansion slots, 
the machine's five available 
slots can be filled quickly. 
For tunately, multifunction 
boards from third-party sup-

Expansion unit 

pliers can greatly enhance 
each slot's utility. IBM itself 
offers an expansion unit that 
adds eight slots. 

The value of the IBM PC for 
OEM systems is limited only 
by the imagination of the de­
signer. 
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8051s?WE'RE 
GMNG'EM AWAY. 

With such a hot product, this might be the only 
way you could get your hands on them. 

and CMOS microcontrollers, we're already filling a 
lot of orders. And we're ramping up to fill more. 
Our state-of-the-art Albuquerque facility is It's our "Guess-The-Number-of-805ls" Contest. 

There will be only one winner. 
But what a prize! If your estimate 
is closest to the correct number 
of 8051s in the jar pictured here, 
you pick up 2,500 programmed 
parts. That's over $20,000 worth 
of microcontrollers! 
So take a close look at the jar and 
the contest rules.Then send us 
your guesstimate. It could win 
you what money can't buy. 

We know you want more. 
And we want to sell them 
to you. As the only licensed 
alternate source for the 
full Intel line of NMOS 

r-----------------1 
I Enter me in Signetics' 8051 contest f I I estimate there are 8051s in the jat I 

Name Position ____ _ 

I Company Division I 
I Address Phone I 
I City/State/Zip _____________ _ 

I My 8051 applications are: __________ _ 

I Name of purchasing contact----------
1 Entrant's signature ____________ _ 

I L __ 

-------------i;;;i::~-



producing 805ls around the clock. And these are 
real 8051s, not copies. So they have socket and 
timing compatibility with the Intel products. 
What's more, they meet our industry-leading 
standards for quality. To assure this, we use double­
pass testing at two temperature levels. We sample 
to 0.1% AQL, only accepting lots with defective 
sampling of zero. And we only sell first-run parts, 
because we've abolished reworks. (If it isn't good 
enough for us the first time, it's not good enough 
for you.) 
Now Signetics, Philips and Intel are working 
together to develop new microcontroller family 
additions. This is part of the major commitment 
we've made to MOS. In the past four years, Signetics 
has invested extensively to make sure we'll be 
able to meet your production needs for MOS. 
During 1984-85, we'll have increased our capacity 
by $200 million a year over the 1983 volume. 
And we're ramping up to a full $1 billion a year 
by the end of the decade. This will make us one of 
the leading suppliers of microprocessors and 
peripherals, memories and datacom circuits. So 
keeping up with demand for hot new products will 
be all in a day's work. 

Even if you don't win, you can still win. 
There will be one big winner in our contest. But, 
even if you're a runner up, we'll plug your require­
ments into our future supply. 
We'll also keep you informed of availability, send 
you parts for qualification, and give you the latest 
news about additions to the microcontroller line. 
Which can move you ahead of the competition. 

So fill in the coupon, cut it out and send it off 
right away. If you just want more information, ask 
your local Signetics representative. Or call us toll 
free for literature and the phone number of your 
nearest Signetics sales office. And good luck! 

800-227-1817, Ext. 903C 

The rules of the game. 
!. The closest guess to the correct number of 805 ls in the jar is the winner. 

(In the event of ties, a drawing will be held to determine the eventual 
winner.) 

2. The winner's company will receive 2,500 programmed SCN8051AH 
parts in the 40-pin plastic "N" packages. (A $20,000-plus value!) Product 
will be supplied to standard Signetics data sheet specifications. 

3. All entries must be attached to the entrant's company letterhead. 
4. The entry coupon (or facsimile) must be filled out completely and legibly. 
5. Only one entry per person. 
6. All entries must be postmarked no later than 8/ 31/84. 
7. The winner will be announced on 9/28/ 84. 
8. Shipment of 805ls to the winner will be 10 weeks after verification 

of the winner's ROM code in accordance with Signetics' standard 
verification procedure. 

9. Signetics distributors, brokers, reps and Signetics/ Philips employees 
are not eligible to win. 

I 0. All entries will remain the property of Signetics. 
11 . Contest offer not valid where prohibited by law. 

VLSI trom Sigr.i~tt~ 



IT TAKES AWT OF DRIVE 
In CAD I CAM. In seismic and 

transaction-based systems. Or PBX's. Or 
anywhere else you need a lot of data fast 

That's why we created the Ampex 825. 
This 14" Winchester family delivers 

everythin~ou need to take the lead in 
multi-user, multi-tasking applications: 825, 
660 or 330 MB of unformatted capacity. 

The new standard 1.859 megabyte 
per second data transfer rate. 

Access times of 21 milliseconds. 
Plus the best price per megabyte 

on the market 
Fact is, we off er a better 825 MB 

price than any combination of small drives. 
And-thanks to a design that teams RLL 
encoding with proven, standard head and 
media technologies-better yields than other 
big drives. So you won't have to wait for us 
to get our act together in manufacturing. 



TO MAKE IT BIG IN PICTURES. 
Or in QA Or field service. Because 

we designed the Ampex 825 with features 
that keep it on the fast track There's a 
unique control panel with an LED /keypad 
for push-button diagnostics and configu­
ration. A modular head/ disk assembly so you 
can upgrade capacity in minutes. A reliable, 
brushless DC motor, a universal power 
supply and a dual port option. 

Plus something else no one else can 

match: our vertical integration and 20 
years of computer peripheral and offshore 
manufacturing expertise. 

So if you're looking for someone with 
the drive it takes to play a supporting role 
in your next big release, contact Ampex. 
Call us tollfree at 800 621-0292. 
800 821-94 73 in California. We'll be happy 

tos~~upanAMPEX 
aud1t1on. 

Ampex Corporation · One of The Signal Companies I 
CIRCLE 62 
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In the early days of local-area net­
works, designers had to deal with 
big conceptual questions: Should the 
network be implemented as a star, a 
ring, or a bus? Should it employ token 
passing or carrier-sense multiple access 
with collision detection? Should the me­
dium be coaxial cable, twisted pairs, or 
fiber optics? Should the network operate at 
baseband or as a broadband carrier system? 
What should its speed be? 

To a large extent, these questions have been 
resolved: It is clear or is rapidly becoming 
clear just when each of these approaches is 
most applicable. Broadband carrier systems 
are clearly the choice for long distances, and 
CSMA/CD equally clearly wins the nod for 
lightly loaded high-speed applications, to cite 

but two examples. No, designers today 
worry not so much about the fundamen­

tal nature of their systems as about 
the age-old question of how to keep 

system costs down. 
Fortunately, as the Tech­

nology Report and the set of 
Design Entries that follow 
make clear, a plethora of 
chips is arriving, promising 
to greatly cut the cost of im­
plementing local networks. 
Among them are a fast, 

powerful network controller, 
an IEEE-802.3 chip set, and a 

Manchester encoder-decoder. 
Moreover, low-cost networking 

schemes are being conceived to make 
sure that designers do not have to pay 

for more capability than they need. A less 
expensive version of IEEE-802.3 for per­
sonal computers and a twisted-pair serial bus 
for integrated communications services are 
two unusual demonstrations of this trend. 
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LANs stake their claims 
and opt for coexistence 
AS BASEBAND, BROADBAND, AND PBX 
NETWORKS DIVIDE THE TERRITORY, 

THEY SEE THAT THERE IS ROOM FOR ALL. 
Roger Allan 
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P 
rogress is continuing apace in local­
area networks. As might be expected, 
the old questions and debates concern­
ing which topology, accessing scheme, 
and transmission medium best suit an 

application are being settled. Chip and board-level 
interfaces - in conjunction with the work accom­
plished by different standar-ds organizations -
have helped to carve out specific niches for base­
band, broadband, and PBX network s. Inter­
estingly, the two principal accessing schemes -
CSMA/CD and token passing - though often 
competing, seem to be equally at home in all 
camps, making their presence felt in all three net-

work types; in bus, ring, and star to­
pologies; and on coaxial, fib er-op­

tic , and twisted-pair cables. 
Baseband networks using 

CSMA/CD (carrier-sense 
multiple access with colli­

sion detection), such as 
Ethernet, have mainly 
s taked their c laim 
where expensive periph­
erals, like laser printers 

and Winchester drives, 
are to be linked within a 

single building or over di s­
tances of a few miles. Such 

systems typically transfer data 
at 1to10 Mbits/s. Broadband net-

works, on the other hand, are settling 
in where greater distances must be traversed -
generally up to 10 miles. Their broad bandwidths 
- spanning hundreds of megahe1tz - make them 
particularly suitable for video conferences ancl 
high-speed graphics. 

PBXs (private branch exchanges) are estab­
lishing their domain in settings that demand 

data rates of 1 Mbit/s or less . They join 
clusters of office terminals and tele­

phones, carrying voice and data over 
conventional phone lines. 

Nonetheless, findin g the en­
vironment best fitted to a 
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network is only part of the story. In each area, 
work is under way to better the network itself. 
For instance, in baseband systems, efforts con­
tinue to improve the nondeterministic aspect of 
CSMA/ CD in order to minimize message delays. 
For broadband networks, the main thrusts are to 
link more equipment and to handle more ser­
vices. Finally, PBXs are going the all-digital 
route, looking eventually to become totally inte­
grated systems that conform to the standard be­
ing developed for integrated services digital 
networks (ISDNs). 

Among baseband networks, Ethernet is the 
most popular, mostly because there are more 
interface chips furnished for it than for any 
other system. Although the network's controller, 
transceiver , and encoder -decoder (or serial 
interface adapter) are still individual units, 
work is being carried out at several semiconduc­
tor manufacturers to integrate them further, 
ultimately realizing an intelligent micro­
processor chip with a local network port. Such a 
device would in turn lower the cost of every 
Ethernet connection. Simultaneously, board­
level manufacturers are taking whatever chips 
are at hand and building multifunction parts, 
further reducing connection costs. Against this 
background, chip and computer manufacturers 
are striving to develop devices and interface 
schemes that offer much lower connection costs 
than Ethernet (see "The Search for Lower-Cost 
Networking"). 
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Ethernet is coming to the factory as well. For 
one, Bridge Communications Inc. (Mountain 
View, Calif.) has recently introduced a family of 
diskless communications servers and a central 
network controller that allows the network to go 
to work in industrial settings. 

The CSMA/ CD accessing scheme is well suited 
to lightly loaded systems. At heavier loads, how­
ever, most networking experts agree that 
CSMA/CD is less efficient and ultimately leads 
to unacceptable delays. Some critics claim that 
delays are encountered with as little as 70% of 
the network's total load capacity being tapped, 
although others argue that delays are not much 
of a problem until the system is loaded to about 
90% of its capacity. 

To solve such problems, AT&T Co. (New York) 
has come up with a high-speed Ethernet­
compatible bus network that employs coaxial 
cable with a 10-Mbit/s data transfer rate and a 
maximum segment length of 500 m. Like Ether­
net, 3BNet, as it is known, employs CSMA/CD. 
Unlike its predecessor, its packets are 4000 bytes 
long instead of 1500 bytes. Further, at 500 
kbits/ s, the system achieves five times the end­
to-end throughput of Ethernet. Finally, the net­
work accepts up to 100 nodes as taps along the 
cable. 

Another CSMA/ CD network-one which uses 



a single twisted-pair cable-conforms to the 
first three layers of the ISO's Open Systems 
Interconnection (OSI) model (see "Firming Up 
the ISO's Reference Model," opposite) and trans­
mits speech, data, and videotex signals at 1.024 
Mbits/ s. The Integrated Services Terminal, or 
IST, bus network from Philips International BV 
(Eindhoven, the Netherlands) links up to 30 sta­
tions that are separated by as much as 350 m (see 
p. 171). Although the bus uses a contention­
accessing scheme, it also ensures that stations 
gain access to the network within 250 µs (for an 
idle channel) or within the time needed to trans­
mit a packet plus 2 ms (for an occupied channel 
with no collisions). This modified form of guar­
anteed access, combined with contention acces­
sing, is made possible by the IST's software, 
which assigns certain stations higher priority 
than others. 

Linking up to broadband 

Broadband local networks of all types are also 
proliferating, particularly where data must be 
transmitted over longer distances than those 
possible with baseband networks. Also, they are 
being put in place for sending wide-band video 
and time-critical voice signals. 

One broadband system that uses CSMA/ CD 
accessing detects signal collisions by employing 
the bit-comparison scheme. (There are three 
main methods of detecting collisions, bit com­
parisons, energy-level detections, and code viola­
tions or illegal transitions.) LocalNet 20, from 
Sytek Inc. (Mountain View, Calif. ), uses more 
than 95% of its channel before delays are en­
countered. The network supplies up to 120 con­
tinuous channels, each with a 300-kHz band­
width and is capable of transmitting signals at 
128 kbits/ s. To allow computers and terminals to 
tie into the system, LocalNet employs packet 
communications. As an added benefit of this 
approach, some of these packets allow data to be 
encrypted, which can greatly enhance network 
security. 

The company feels that baseband and broad­
band CSMA/ CD networks will coexist, with each 
fulfilling different needs. Ethernet, it believes, 
will be given over to local environments, such as 

within a building, and broadband networks will 
tie several such local configurations together. In 
fact, Sytek feels that the present method of using 
gateways to connect several baseband networks 
in different buildings is limited by the distances 
those systems can span. 

Instead, it proposes that broadband rf sub­
networks be brought into each building, each of 
which would contain a local head end. (A head 
end is a central hub of a broadband local net­
work. It receives signals at one set of frequencies 
and retransmits them on another. ) Baseband 
networks would then be linked to t he sub-

Firming up the ISO's model 

Efforts to develop protocols for the ISO's seven­
layer Open Systems Interconnection (OSI) reference 
model are gathering speed. Not only has the basic 
reference model been adopted by the ISO as stan­
dard 7498 and by the CCITT as recommendation 
X.200, but protocols for many of its layers are in 
various stages of being accepted as eit her draft pro­
posals or draft international standards. 

(An ISO document goes through three stages be­
fore it becomes an international standard: a draft 
proposal, a draft international standard, and an 
international standard. Once it reaches the second 
stage, its ratification as an international standard is 
mostly procedural. Changes between the first and 
second stages are generally minor. ) 

In general, each layer consists of two parts, a 
service and a protocol specification, each of which 
must go through the three stages of approval. The 
service specification defines what the layer does, 
and the protocol specification defines how it does it. 
Since the first specification is one of principles and 
is not as specific as the second, it is generally easier 
to get accepted than the second one. Furthermore, 
each layer can have more than one protocol. (Often, 
discussions of the OSI reference model actually 
refer only to the service specifications.) 

Protocols for all seven layers are in various stages 
of standardization, with ones for the network, trans­
port and session layers and for file transfers (the 
application layer) closest to completion. Generally, 
there are proposals for many protocols within each 
layer, and new proposals are constantly being put 
forth. Moreover, the ISO's work on the OSI refer­
ence model will always continue, since protocol pro­
posals are constantly evolving from varous stan­
dards groups. 
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networks. Specifically, it sees broadband 
CSMA/ CD networks joining several buildings, 
with the rf subnets branching off the broadband 
backbone that runs between them. 

Enabling baseband CSMA/ CD networks to 
operate on their broadband counterparts is a 
subject being investigated by Digital Equipment 
Corp. (Maynard, Mass.) and M/ A-COM DCC Inc. 
(Germantown, Md.). Instead of the three com­
mon collision detection schemes, though, the two 
companies have proposed a variation on the bit­
comparison technique. It calls for all network 
transceivers to demodulate a detected rf burst 
identically (even in the presence of different 
absolute values of the burst at various network 
taps). 

Further, it specifies that all transceivers stay 
tuned to an out-of-band frequency. That fre­
quency can be used by any collision-detecting 
transceiver to halt transmissions and to allow all 
nodes to back off and try again. The technique is 
said to furnish a better collision detection capa-

bility for a 3000-m network than any of the 
existing collision detection schemes. 

As mentioned earlier, a key objection to 
CSMA/CD is the lengthy transmission delay en­
countered on heavily loaded systems-a serious 
shortcoming for real-time applications like voice 
transmission and process control. It comes as no 
surprise, then, to discover that widespread re­
search is being carried out to overcome this 
shortcoming by combining contention and deter­
ministic accessing schemes. 

Minimizing contention delays 

Researchers at the Universities of Siegen and 
Stuttgart (both in West Germany) have jointly 
developed a protocol for broadband networks 
that allows both contention accessing (when a 
broadband channel is idle) and deterministic ac­
cessing (when a channel is busy). The re­
searchers have modeled, analyzed, and simu­
lated their protocol, known as CSMA/CD/DP 
(the last pair of letters for "dynamic priorities") 

The search for lower-cost networking 
Because of the relatively high cost of connecting 

personal computers on networks like Ethernet (even 
though that cost is constantly dropping), the search 
is on for a less expensive means of linking them, one 
that trades off some performance for a simpler and 
less expensive interface. 

One manifestation of this search is Cheapernet 
(seep. 185), a concept first broached by the Europe­
an Computer Manufacturers Association and later 
taken up by the IEEE 802 Local Area Network Stan­
dards Committee. The first interface chip set for 
Cheapernet is now available from National Semi­
conductor Corp. (see pp. 193 and 203). 

A major challenger for designers of Ethernet/ 
Cheapernet chip sets is the safety requirement for 
high-voltage isolation. The chips must be protected 
against high-voltage transients and lightning surges 
on the transmission medium, as well as against ac 
power-line voltages that may be present (if the 
transmission medium accidentally touches the ac 
power line). The European Computer Manufacturers 
Association calls for isolation of 2000 V rms min­
imum, whereas the IEEE 802 committee specifies 
500 V rms, capabilities that are not yet within the 
grasp of silicon. National Semiconductor solved this 
problem for its Ethernet/Cheapernet chip set with 
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specially designed isolation transformers, in 16-pin 
DIPs, from Pulse Engineering Inc. (San Diego, Cal­
if.). The units are compatible with the IEEE-802.3 
specifications for Ethernet/Cheapernet and can be 
used with any of the other available Ethernet chip 
sets. 

Despite Cheapernet's lower cost per connection, 
several companies feel that Cheapernet is not low 
enough in cost in general, and in particlar that its 
10-Mbit/s speed makes the complexity and cost of 
the transceiver chip relatively high. Instead, they 
argue that a midrange (1-Mbit/ s) local network us­
ing conventional twisted-pair wiring (or even 
RG58U coaxial cable) would lower the cost per net­
work connection even more, making the networking 
of personal computers and terminal clusters truly 
practical. 

At the IEEE 802 committee's general meeting in 
February, a group of four companies-AT&T, Intel, 
NCR, and Wang Laboratories-presented a proposal 
for a 1-Mbit/s network. By a 15-0 vote, the commit­
tee decided to evaluate the proposal further at its 
next general meeting, July 15-20, in Vancouver Brit­
ish Columbia. The four were backed by six other 
computer makers, and Intel is on the verge of intro­
ducing a chip set for such a 1-Mbit/s network. 



and report high throughputs and low delays for 
both normally loaded and overloaded networks. 

Engineers at Nippon Telegraph and Telephone 
Public Corp. (Yokosuka, Japan) have come up 
with a CSMA/ CD scheme they call determini'3tic 
contention resolution (DCR). During normal 
transmissions, the protocol operates like stan­
dard CSMA/ CD. When collisions occur, they are 
resolved by a form of implicit token passing. The 
accessing scheme has been tested on a prototype 
fiber-optic network, with favorable results re­
ported (Fig. l). 

The best of three 

Not all such work is restricted to the research 
and development stage. One local network auto­
matically combines the best of the three major 
accessing schemes-CSMA/ CD, token passing, 
and time-division multiplexing-on baseband 
and broadband coaxial cables, as well as on fiber­
optic cables. UniLan, from Applitek Corp. 
(Wakefield, Mass.), is a 10-Mbit/ s network that 
operates with variable- and fixed-length mes­
sages in both contention and deterministic 
modes. When the network is lightly loaded, it 
runs like a typical CSMA/ CD system. As net­
work traffic increases and as intelligent synch­
ronous terminals are added on (or both), UniLan 
senses the changes and adjusts for a more deter­
ministic form of accessing-thus speeding re­
sponse times. 

Although UniLan costs about 10% to 15% 
more than Ethernet or a straight token-passing 
network, it affords the access advantages of both 
through its universal access protocol. The proto­
col, called UniLink, breaks up the network's 
10-Mbit/s transmissions into message periods 
that handle fixed- and variable-length data 
packets. The message periods are assigned to 
specific equipment (depending on whether they 
are asynchronous or synchronous) and are num­
bered sequentially. Asynchronous equipment 
with low duty cycles shares time slots and thus 
accesses the network on a contention basis. 
Synchronous equipment, as well as intelligent 
terminals and mainframe computers, are as­
signed exclusive time slots (see the table, op­
posite) and thus accesses the network on a more 

104 
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Binary 
exponential 

back off 
(CS MA/CD) 

Deterministic­
contention 
resolution 
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1. A CSMA/CD accessing scheme that em­
ploys a degree of deterministic contention 
resolution (OCR) can boost confidence lev­
els to 95%. Proposed by NTT, the technique 
is superior to conventional CSMA/CD, 
which employs a binary exponential backoff 
(BEB) algorithm. The curves show message 
delay as a function of network load, for 
510-bit-long messages transmitted at 10 
Mbits/ s. 

Unilink protocol 

Me•sage 
Musage number 

Performance allocation 
length 

Dedicated Contention 
•imilar to: 

Yes 
Token passing 

Yes and CSMA/CD 

Variable Yes No Priority token 
passing 

No Yes Priority CSMA/CD 

Yes Yes Dual-mode STOMA 

Fixed Yes No Reservation STOMA 

No Yes Contention STOMA 

STOMA = slotted time-division multiple access 

Application• 

Mixed 
environments 

Synchronous 
devices: real-time 

voice, factory 
control 

Asynchronous 
burst devices 

Highly synchronous 
applications or 
long networks 
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deterministic basis. 
Despite their abundance, Ethernet chips are 

obviously not the only local network interfaces 
available. The token-passing protocol used in 
ARCnet, from Datapoint Corp. (San Antonio, 
Texas), has had controller and encoder-decoder 
chips readily obtainable for quite some time 
from Standard Microsystems Corp. (Haup­
pauge, N.Y.). A hybrid transceiver unit can also 
be had from Zenith Corp. (Chicago). 

The COM9026 controller, from Standard Mi­
crosystems, is the basis of a network interface 
board that Brown University (Providence, R.I.) 
built to hook up 16-bit microprocessors and 
32-bit minicomputers over ARCnet. The network 
interface (Fig. 2) is based on an Intel 8085 and 
allows efficient and economical communications 
between a V AX-11/780 and a group of 68000-
based workstations. 

The first shall be last 

Though token passing has been ratified as a 
standard for bus networks by the IEEE 802 com­
mittee, it has not met with the same acceptance 
for ring networks. The 802.5 working group must 
still resolve a number of issues; one of the more 
important being the order in which bits are 
transmitted. In the 802.3 and 802.4 standards, 
which govern CSMA/CD bus networks and 
token-passing bus systems, respectively, the 

Host 
interface 

least significant bit is transmitted first in a 
message packet. The 802.5 proposal reverses that 
order, sending the most significant bit first. 

Although the second approach is more effi­
cient in some cases, allowing more rapid compar­
isons of items such as group addresses and 
messages priorities, the difference in the trans­
mission order is seen by some as the root of 
unnecessary complications. Beyond its incom­
patibility with the previously approved stan­
dards, there is also the problem of the circuitry 
needed to wed MSB-first networks to their LSB­
first counterparts. The MSB adherents, on the 
other hand, argue that such circuitry is relative­
ly easy to implement in silicon and that the 
advantages of the MSB-first approach far out­
weigh what they see as minor difficulties. It 
should also be noted that communications 
systems have traditionally implemented the 
LSB-first scheme and computer systems have 
gone with the MSB-first method. 

In the chips 

Texas Instruments Inc. (Dallas) is working on 
the first chip set for a token-passing ring. The set 
is being built for IBM Corp. (Armonk, N.Y.), for 
the latter's planned token-passing ring network. 
Although TI has yet to fabricate any interface 
ICs (which are more difficult to make than 
CSMA/CD interface chips), the feeling among 

2. A sophisticated interface circuit, designed by researchers at Brown University, 
ties VAX-11/780 minicomputers and 68000-based workstations into Datapoint's 
ARCnet, a token-passing bus network. The interface is built around the COM9026 
controller chip, developed at Standard Microsystems. Three programmable periph­
eral interfaces are needed, two as 1/0 ports and one for control and status signals. 
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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 famil y 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 Compu View. Makes source code 
entry a snap . Full-screen text editing , plus 
TECO-like macro facility for repetitive 
iasks. Pre-configured for over 40 terminals 
and personal computers as well as in user­
configurable form. 

CP / M-80 version . ............... ... . $150 
CP / M-86 or MOOS version .. . .. .. $195 
{when ordered with any Avocet product) 

EPROM Programmer -- Model 7128 
EPROM Programmer by GTek 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. 

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 
XASMZ8 Z8 
XASMF8 F8/ 3870 
XASM400 COP400 
XASM75 NEC 7500 

New ... XMAC68K. .............. 68000 

{Upgrade kits will be available for new 
PROM types as they are introduced .) 

Programmer . . . . . . . . . . . $429 
Options include: 

Software Driver Package -­
enhanced fea tures, no ins tallat ion 
req ui red. 
CP/ M-80 Version ... . . . . . .. . $ 75 
IBM PC Version . . . . $ 95 
RS 232 Cable ..... . ........ $ 30 
8748 fam ily socket adaptor . . . $ 98 
8751 fami ly socket adaptor . . . $174 
8755 fami ly socket adaptor ... $135 

G7228 Programmer by GTek -- baud 
to 2400 ... superfas t, 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, Fa ir c hil d, Tektronix, Texas 
Instruments and Binary formats. 

Converter, each version ..... . . $250 

CIRCLE 63 

CP/ M-86 CP/ M-80 
Version IBM PC , MS DOS• • 

Versions 

$250.00 
each 

$200.00 
each 

$300 .00 
each 

$500.00 

$595.00 

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 formats now 
available -- please specify. Prices do not include shipping and 
handling -· call for exact quotes. OEM INQUIRIES INVITED . 

"Trademark of Digital Research • ·rrademark of Microsoft 

AVOCET~ 
SYSTEMS INci 
DEPT. 784-ED 
804 SOUTH STATE STREET 
DOVER, DELAWARE 19901 
302-734-0151 TELEX 467210 
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many in the IEEE 802 committee is that the 
company is too far along with its design for the 
MSB-first token-passing proposal not to be 
passed. The consensus is that 802.5 will be stan­
dardized by the 802 committee sometime this 
year. 

For its part, IBM has so far only shown a 
prototype of its network, demonstrated by its 
research laboratory (Riischlikon, Switzerland). 
The prototype (Fig. 3) employs passive wiring 
concentrators to link terminals over twisted 
pairs (fiber-optic cables may also be used for 
longer-distance communications). Data is sent 
over the main ring at 4 Mbits/s, and bypass 
relays are used within the wiring concentrators 
to handle malfunctioning terminals and to iso­
late them from the ring. 

At home and at work 

Before the end of the year, the first token­
passing broadband bus network to meet the 
IEEE-802.4 standard will be unveiled. 

Wiring 
concentrator 

Main ring 

a 

Lobe 

3. In IBM's token-passing ring, wiring concentrators 
interconnect terminals and computers over twisted­
pair wire. Relays inside each concentrator allow 
transmissions to bypass downed and inoperative 
nodes so that the rest of the network can continue 
normal operation. 
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Token/Net, from Concord Data Systems Inc. 
(Wal th am, Mass.), is designed both for the office 
and for factory automation. Access to the net­
work, which uses coaxial cable, is through an 
interface module that includes a frequency-agile 
5-Mbit/s rf modem, controller, access unit, and 
power supply. Several such modules, dubbed 
TIMs, were used to demonstrate how equipment 
from different manufacturers could communi­
cate using General Motors' Manufacturing Au­
tomation Protocol (MAP). The demonstration 
was held earlier this month at the National Com­
puter Conference. 

The Token/Net approach is taken one step 
further with a network that totally integrates 
voice, data, and text (Fig. 4). Although Sopho­
LAN, from Philips, handles all three types of 
signals, it treats each of them separately. 

Controlling accessing delays is particularly 
important for voice transmissions, especially as 
PBXs attempt to enter the world of local net­
works as universal voice and data carriers. 

Concern with such delays is one reason why 
Ztel Inc. (Wilmington, Mass.) chose to adopt a 
token-passing scheme for its network, PNX. The 
system uses a PBX as one node in its ring and 
conforms to the proposed IEEE-802.5 standard. 

Double rings 

The network makes use of existing twisted­
pair wiring for the PBX. It also consists of circuit 
and packet rings (configured with either coaxial 
or fiber-optic cables) that carry both voice and 
data traffic. The former operate at 64 kb its/ s; the 
latter, 10 Mbits/ s. Access to the network is possi­
ble at each node through a system processing 
unit, which performs switching (for voice and 
data transmissions over telephones), handles 
such tasks as routing, and takes care of data 
conversion (for establishing data packets and 
translating protocols). Up to 40 rings can operate 
within the PNX (although the theoretical limit is 
in the hundreds) so backup rings ensure reliabil­
ity (Fig. 5). 

Instead of a ring architecture, InteCom Inc. 
(Allen, Texas) is using a standard star topology 
to permit its PBX to handle voice and data com­
munications. The company'i;; integrated business 



For the manager who is serious 
about improving product quality and 

lowering production costs ... 

HP introduces the Q-SfAR network 
Move into the age of computer in­

tegrated manufacturing with HP board 
test systems and HP's exclusive 
Q-STAR network. 

Q-STAR (Quality Systems for Test, 
Analysis and Repair) is an integrated ap­
proach to solving your manufacturing 
test problems when your requirements 
call for more than just a test system. 
Analysis of the test data provides infor­
mation you can use to solve your manu­
facturing process problems. 

With the HP 3065 Board Test System, 
you can test your complex analog/digital 
PC boards. HP's Q-STAR network gives 
you detailed process data to help fine 
tune your entire manufacturing and 
assembly process. You can use this infor­
mation to smooth out your production 
process as well as greatly increase your 
product quality. Use Q-STAR to identify 
chronically bad parts and subassemblies. 
Search out the weaknesses in the build 
procedure. Minimize product rework. 
Control production costs and boost pro­
duct quality by maintaining tighter, 
more informed control of the pro­
duction cycle. 

In addition, HP paperless repair soft­
ware provides automation of your repair 
process, speeds the repair and provides 
insight into what actually happened, per­
mitting rapid identification of subtle 
manufacturing process problems. 

hnproving Product Quality. 
With HP's Q-STATS and paperless 

repair software (part of the overall 
Q-STAR system), you can get manage­
ment, utilization and process yield 
reports to help you reduce inventory and 
improve your process. To provide a total 
solution to your testing problems, HP 
offers this capability as a standard no­
charge feature of the HP3065 Board Test 
System. Plus, by taking advantage of 
Q-STAR's compatibility with HP's much 
larger Manufacturer's Productivity Net­
work (MPN), you have a powerful set of 
tools for increasing product quality. 

Lowering Production Costs. 
The HP 3065 Board Test System pro­

vides the highest throughput possible to­
day. That means your test backlogs 
become significantly reduced. Get your 
new products into production faster with 
the new HP CAD-VANTAGE software. 
A vital component of the HP Q-STAR 
network, this software automatically 
links any CAD database to an HP 
3065, freeing you from laborious manual 
entry of board topology. Once your 
CAD data is transferred, HP's advanced 
IPG-11 test program genera­
tion package lets your 
engineers produce efficient 
test code. For greater respon-
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siveness to increasing production sche­
dules, each HP 3065 controller can sup­
port up to six configurations including 
three test heads, six development and 
repair stations, or a combination of 
your choice. 

With the HP Q-STAR network, you 
can improve product quality while lower­
ing production costs. 

Hewlett-Packard provides a complete 
line of board test systems, featuring a 
wide selection of capabilities and prices 
to satisfy most production test applica­
tions. To find out more, contact your 
local HP field office listed in the 
telephone directory white pages. Ask for 
the electronic instruments department. 

Ff/OW HEWLETT 
~~ PACKARD 
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exchange, or IBX, is transformed into a local 
network by fitting it out with the company's 
LANmark (Fig. 6). The network uses standard 
twisted-pair wiring, yet permits terminals and 
other devices to communicate with one another 
in 10-Mbit/ s bursts. The completely digital net­
work has a 512-Mbit/ s bandwidth and carries 
out both full-duplex voice (circuit) and data 
(packet) switching. 

The use of digital PBXs to integrate voice and 
data communications in the office has proven 
very popular, since it allows users to build onto 

Public telex and 
teletext network 

existing telephone networks. These integrated 
PBXs are coming in at all sizes, down to systems 
intended for 10to100 telephones. The Telenova 1, 
from Telenova Inc. (Los Gatos, Calif.), is a wholly 
digital system with a twin-bus architecture-an 
18-Mbit/ s circuit-switching bus and a 670-
kbyte/ s packet-switching bus (ELECTRONI C 
DESIGN, April 4, p. 38). 

At AT&T Information Systems (Morristown, 
N.J .), designers have combined the advantages of 
centralized PBX architectures and distributed 
local area bus architectures in a voice and data 

Public data 
network 

File or mail 

Teleprinters or teletext terminals 

Function ,,-;. 
processor• 

Function 
processor 
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Sopho-LAN 

4. The Sophomation system, from Philips Interna­
tional, totally integrates voice, data, and text infor­
mation. A key component is SophoLAN, a broad­
band token-passing bus. 

5. Voice and data rings form the backbone of the 
PNX, a token-passing ring that counts a PBX as one 
of its nodes. A function processor supervises all ac­
cess to the Ztel network. Circuit rings carry voice 
signals at up to 64 kbits/s, and packet rings carry 
data at up to 10 Mbits/s. Both ring types can use 
twisted-pair or fiber-optic cables. 
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network. Dubbed the Datakit/VCS (virtual cir­
cuit switch), the star network comprises a switch 
and two buses: one for contention and one for 
sending or broadcasting information (Fig. 7a). 
The buses are kept short to minimize propaga­
tion delays inherent in longer buses, and the 
backplane that houses the buses is used for plug­
in cards that allow specific types of terminals 
(e.g., asynchronous, synchronous, bisynchro­
nous) to be linked. The delay associated with 
each packet transmission is less than that found 
in conventional CSMA/ CD bus and token­
passing bus networks (Fig. 7a). 

Instead of a star, Doelz Networks Inc. (Irvine, 
Calif.) uses a ring to handle circuit- and packet­
switched data in its Elite One system. The net-

IBM 3278 
terminal 

work employs a prioritized contention-accessing 
scheme that transmits data at up to 10 Mbits/s­
regardless of the type of cable used. (At present, 
the system is being used at up to 56 kbits/s). A 
unique aspect of the network, which speeds 
packet transmissions, is the inclusion of desti­
nation addresses in the packet right at the inter­
face node. Other networks require the assembly 
and disassembly of destination addresses at the 
central switch as well as the destination. Since 
Elite One demands that packets be assembled 
and disassembled only at the end points of the 
network, packet transmission is speeded up con­
siderably. In fact it takes less than 6 ms for a 
packet to enter and leave a switch. 

As PBXs take on more and more dataand voice 

Xerox Star 
workstation 

8192 voice and data ports, 
32-bit processors , 
nonblocking and 
redundant switch 

Coaxial or 
fiber-optic cable 

for remote distribution 
(up to 25,000 fl) 

IBM 3274 
cluster controller 

Twisted-pair wires 
(up to 2000 ft) 

To front-end 
processor or 

IBM equipment ...------~ 
To Ethernet 

6. LANmark, a PBX-based local network from lnteCom, lets IBM and Xerox terminals communicate in 10-Mbit/ s 
bursts over standard twisted-pair wiring. The system has a 512-MHz bandwidth and transmits voice and data in 
a full -duplex mode. 
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7. Two distributed buses (contention and broadcast) 
and a centralized PBX system combine to give AT&T 
Information Systems the best of two worlds (a). In 
terms of message delays, AT&T's Datakit/VCS net­
work excels in both CSMA/CD (solid black) and 
token passing (solid color) for scheduling packet 
transmissions at different loads, when compared with 
perfect scheduling (dotted line) (b). As the ratio in­
creases between bus propagation delay and the mean 
message transmission time, the performance of 
CSMA/CD and token passing decreases. 
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transmissions, efforts are under way to 
standardize PBX-to-computer interfaces. Two 
such efforts are the computer-to-PBX interface 
(CPI), from Digital Equipment Corp. and North­
ern Telecom Inc. (Nashville, Tenn.) and the digi­
tal multiplexed interface (DMI), from AT&T In­
formation Systems. Although CPI is backed by a 
greater number of companies (including Inte­
Com, Mi tel, Rolm, American Telecom, and Prime 
Computer) and its hardware has been installed 
in dozens of manufacturers' PBX and computer 
equipment, it is being challenged by the more 
recent DMI, which meets the proposed ISDN 
international standards. The latter has the back­
ing of Honeywell and Hewlett-Packard. In­
terestingly, some companies, like Wang Lab­
oratories and Data General are backing both 
interfaces. 

Both proposals are similar in that they aim to 
reduce the cost and complexity of the interface 
hardware and software needed to move voice and 
data signals between computers and PBXs. Both 
also call for a Tl link, which operates at 1.544 
Mbits/ s. They do differ, however, in their circuit 
implementations. 

How they differ 

Specifically, CPI allows 56-kbit/s synchro­
nous transmissions over 24 channels, and the 
DMI permits 64-kbit/s synchronous transmis­
sions over 23 channels, with an additional chan­
nel used for multiplexing signaling information. 
Also, each proposal has a European version. 
CPI's consists of 32 channels, and the DMI's 
comprises 30 channels, plus two more for signal­
ing. Both the CPI and the DMI handle 19.2-kbit/s 
asynchronous transmissions. Although DMI has 
a higher synchronous transmission rate, it is 
prone to data errors at its maximum speed and 
thus requires the use of a higher-level communi­
cations protocol. 

One of the largest differences between the two 
is that CPI is a character-oriented standard and 
DMI is packet-oriented. Further, CPI can detect 
and correct errors at up to 9.6 kbits/ s, while DMI 
can only detect them at up to 19.2 kbits/ s. 

Other than the foregoing performance differ­
ences, CPI, as mentioned, has been put to work in 
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a greater number of settings than DMI­
although it is seen by some as a temporary inter­
face that may have to be modified to meet the 
ISDN standard once it is approved. 

The ISDN standard itself is being developed by 
the International Telecommunication Union's 
International Consultative Committee on Tele­
graphy and Telephony (CCITT), located in Gene­
va. They govern end-to-end digital transmission 
of voice and data information over PBX-based 
networks. 

The ISDN standard calls for two time­
division-multiplexed channels, each capable of 
carrying 64 kbits/s of voice and data, a 16-kbit/s 
signaling channel for packet-switched data, and 
a 48-kbit/s channel for framing the information 
in the voice and data channels and for resolving 

contention between network terminals. Thus the 
standard's total bandwidth is 192 kbits/s. Fur­
ther, there are provisions that allow up to a 
2-Mbit/s bandwidth to be realized, in turn mak­
ing for some possible competition between PBXs 
and local networks in the future. 

Pick a letter 

Different letters in the proposed ISDN stan­
dard (S, T, and U) designate the interfaces be­
tween a subscriber's telephone or terminal and 
the central-office switch of the public telephone 
network. The S interface, for instance, governs 
the specifications for linking the subscriber's 
apparatus and the network-terminating point 
(either a wall outlet in the home or a PBX in the 
office). This interface takes up the entire 

8. Narrowband and broadband systems can coexist within Siemens's Integrated Services Digital 
Network, dubbed ISDN. Twisted-pair wiring satisfies the requirements for narrowband commu­
nications, fiber-optic cables meet the requirements for broadband. 
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192-kbit/ s bandwidth. 
The T interface governs specifications within 

the network's terminating point itself. The 
144-kbits/ s interface (two channels at 64 kbits/ s 
and one at 16 kbits/s) is a sore point between 
telecommunications and computer manu­
facturers in the U.S. and in Europe. In the U.S., 
this interface is generally the responsibility of 
the local telephone company, which leads U.S. 
companies to insist that the user need not be 
concerned with it. In Europe, on the other hand, 
the users have generally shouldered the respon­
sibility for the interface because of the way that 
their governments control communications. 
They argue that the ISDN standard should 
therefore govern the interface. 

Another point of contention is the U interface, 
which links the network termination point and 
the central office. Although it has yet to be spec­
ified, many European companies are leaning to­
ward a 160-kbit/ s bandwidth. 

There are other disagreements as well. In 
Europe, the ISDN proposal calls for data to be 
transferred at 2.048 Mbits/ s. In the U.S., that 
rate, as noted, is 1.544 Mbits/ s. There also are 
differences of opinion as tow hat the voltage level 
of the bit transmitter should be (between 0.5 and 
0.7 V) and to the location of a system's power 
supply. Because of their concern with reliability, 
Europeans are calling for a central power source. 
In the U.S., in comparison, manufacturers are 
arguing that the user should be responsible for 
the power supply and its placement. 

Oil on troubled waters 

As a result of all the foregoing differences and 
disagreements, the ISDN standard is not ex­
pected to be adopted until the late 1980s. Never­
theless, work is being done to build bridges and 
mend fences, and a great deal of progress is being 
made. So much so, in fact, that nearly every 
major semiconductor manufacturer in the U.S. 
and in Europe is eyeing ISDN chips very careful­
ly, and many already have large programs with 
chips ready to be introduced once the standards 
become more firm. 

Siemens AG (Munich, West Germany) is ac­
tively engaged in developing I Cs for the CCITT's 
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S and U interfaces and expects to have them 
ready by late 1986 or early 1987, when field trials 
for the narrow band (192 kbits/s) ISDN chips 
will take place. The company has also built both 
128-point and 512-point crosspoint space switch 
chips for the 144-Mbit/s ISDN broadband inter­
face. The space-division approach, rather than 
time-division multiplexing, was chosen because 
of the lack of devices fast enough to handle the 
144-Mbit/ s signals encountered in broadband 
ISDN systems. The company is also working 
strongly on the development of multifunction 
voice and data terminals that will conform to the 
ISDN S, T and U interfaces and plans to have 
them ready within one to two years. 

Siemens sees both narrow band and broad­
band digital communications existing side by 
side within one large and totally integrated net­
work (Fig. 8). Twisted-pair wiring would satisfy 
the former's requirements; fiber-optic cables, 
the latter's. 

As part of its broadband ISDN fiber-optic 
efforts, Siemens is field testing Siconet, an inte­
grated communications system that will con­
form to ISDN standard. The network, which 
links as many as 92 devices-27 video telephones, 
60 digital telephones, and 5 telex terminals-is 
being tested at Siemens's Hoffmanstrasse facili­
ty (Munich). 

The company is also conducting field trials for 
the technical evaluation of its broadband inte­
grated fiber-optic local network, known as BIG­
FON. The network integrates data, voice, video, 
TV, and broadcast stereo signals. 

Fiber-optic cables will eventually play leading 
roles in all types of local- and wide-area net­
works, particularly as advances bring better fi­
bers and more reliable components like taps, 
multiplexers, connectors, light sources and re­
ceivers, splitters, transceivers, and modems. 

Bus networks like Ethernet, for instance, can 
now be readily converted into fiber-optic 
systems like the Fiber Optic Net/One, from 
Ungermann-Bass Inc. (Santa Clara, Calif.). Cur­
rently, the company is the only one making a 
complete fiber-optic local network. Other manu­
facturers offer only the transceiver or some oth­
er parts, but not the total system.o 
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speed of ordinary 
EPROMs. 

Speaking of speed, 
only Intel offers you 
these one-time pro­
grammable EPROMs in 
four different read ac­
cess times: 200, 250, 
300 and 450ns. 

And since plastic is 
so rugged, Production 
EPROMs are tough 

enough 
to go 
into 

automatic 
insertion 
machines 

and come 
out alive. 

So for high volume 
production, they can't be 
beat. Or for that matter, 
beat up. 

Want more plastic 
information? 

Call us toll-free at 
800-538-1876, in Cali­
fornia 800-672-1833, or 
write us at Intel, Lit. 
Dept. #W9, 3065 Bowers 
Avenue, Santa Clara, CA 
95051. 

And get the Produc­
tion EPROMs you need. 
With the advantages 
of plastic. 

inter 





Your Mentor now makes 
design engineering 

four steps faster. 

The concept of Computer-Aided 
Engineering has now reached its 
logical and highly productive 
conclusion: 

A non-stop path from schematic 
entry to debugged prototype hardware. 
One that anticipates all your engineer­
ing needs and has the right tools 
waiting every step of the way. 

The Mentor Graphics IDEA 1000. 

Capture schematics and 
creativity as well. 

With Mentor's powerful graphics­
driven interface, the transition from 
concept to symbolic circuitry has 
never been faster. 

And in addition to " flat " 
schematics, the IDEA 1000 lets you 
create an entire hierarchy of design 
data. From function diagrams down 
to transistors , you have a better 
conceptual grasp of your design. 

Save time and money 
through simulation. 
Mentor's digital and analog circuit 
simulators let you bypass much of 

the expense and labor associated 
with breadboard prototype circuitry. 

These simulator tools simply access 
the software version of your design 
which resides in the IDEA 1000 
system database. You head off most 
hardware problems before they 're 
even physically realized. 

Automate physical 
layout tasks. 

When you 're ready to take your 
design to physical layout , Mentor's 
integrated tool set tracks right along 
with you. 

Our CADISYS gate array layout 
tools deliver true state-of-the-art 
performance. The entire gate array 
layout process can be completely 
automated from start to finish. 

Use integrated 
logic analysis. 

Mentor Graphics completes the hard­
ware design cycle through MIDAS 7000, 
a fully integrated logic analysis system. 

The same Mentor workstation that 
helped you produce your hardware 

will now help you verify its function­
ality. You can even compare real-time 
data acquisitions with earlier 
simulation runs. 

Your Mentor puts 
it all together. 

The IDEA lOOO's computerized and 
integrated design environment is the 
key to faster, better electronic 
engineering. Contact us and we'll 
show you why. 
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Mentor Graphics Corporation 
8500 S.W. Creekside Place 
Beaverton, OR 97005 
(503) 626-7000 

Mentor Graphics (U.K.) Ltd. 
Phone: 0734-884888 

Mentor Graphics (Deutschland) GmbH 
Phone: 089/319-1003 

Mentor Graphics Japan Co. , Ltd. 
Phone: (03) 989-7950 



A perfect combinati 

JAN,JTXand JTXV 
T0-39 HEXFETS. 

Whenever milita ry 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 ut ilize 
three different HEXFET 
families of die sizes with 
voltage ratings from 100V 
to 500V and current 
ratings from 1.25A to 8A, 
*T0-205AF 

JAN/JTX/ 
JTXV No. 

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 

R D S (ON) Qualified to 
Ohms MIL-S-19500 

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) 3215/4321 . TELEX 95219 

Manufacturing Subsidiaries, Sales Offices, Representa<ives and Distributors Throughout the World. 
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DESIGN ENTRY 

Bit-oriented coprocessor 
resolves incompatibilities 

of small and large networks 

One chip combines a 4-Mbitls data link controller 
with a channel processor that interfaces 

with the host system at up to 10-MHz bus clock rates. 

local networks proliferate, they will in­
creasingly be asked to communicate 
with one another over long distances. 

Indeed, the disparate requirements of local and 
wide-area data communications have already 
been anticipated-and integrated-in such 
network standards as IBM's Systems Network 
Architecture (SNA) and the CCITT's X.25 pro­
tocol. Similar coherent solutions could soon be­
come a universal design goal. 

Pradip Madan, Wen Huang, Chris Kao, 
and Arthur Yu, Exel Microelectronics Inc. 
Pradip Madan, product marketing manager of micro­
processors and peripherals, joined Exel Micro­
electronics in San Jose, Calif, in 1983. He previously 
worked with Intel and LSI Logic and holds BS degrees 
in physics and electrical engineering, an 
MS in computer science, and an MBA. 

Wen Huang, a member of Exel 's tech­
nical staff, has also designed communica­
tions controllers at Advanced Micro 
Devices. He has worked at Intel and 
Fairchild, and he holds a BS and an MS 
in electrical engineering. 

Chris Kao, also a member of the tech­
nical staff, joined Exel last year, after 
holding positions at Fairchild and Intel. 
He has a BS and an MS in electrical 
engineering. 

Arthur Yu, another technical staff mem­
ber, is involved with interface logic. Ear­
lier he worked for Qume and Intel. He 
holds a BSEE. 

The development of a VLSI component that 
can simultaneously serve both local and wide­
area networks entails reconciling somewhat 
different and even conflicting objectives. First, 
local links typically operate at higher band­
widths than the other type of system, largely 
because of the tradeoff between distance and 
the frequency and complexity of transactions. 

Second, being smaller and more numerous, 
local networks are more cost-sensitive than the 
wide-area kind, rendering low component 
count, simple software, and ease of manu­
facture paramount concerns for the designer. 
Third, since wide-area networks involve com­
plex routing and usually serve a highly diverse 
set of user requirements, their link manage­
ment software is more complex than local soft-
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ware and could benefit from high-level silicon 
support. 

From a VLSI designer's standpoint, the three 
requirements diverge. Nonetheless, they are 
all met by a bit-oriented communications 
coprocessor (BOCC), a chip that handles pro­
tocols like HDLC, SDLC, and ADCCP, as well 
as such variants as the HDLC-based CCITT 
X.25 (see "Bit-Oriented Protocols Unraveled," 
below). 

Fabricated with a two-layer metal HCMOS 
process that affords high density and low power 
consumption, the coprocessor comes in two 
versions-the XL88C585 and the XL68C565-
and will be housed in a48-pin package. In terms 

of internal circuitry, the chip actually com­
prises two processors: a data-link controller 
that can operate at a higher data rate of 
4 Mbits/s and a channel processor-with a 
built-in DMA controller-that works at bus 
clock rates of up to 10 MHz (Fig.1). 

Several factors contribute to the communica­
tions coprocessor's cost-effectiveness. Its sys­
tem interface can be tailored for different 
CPUs, memory sizes, and bus widths. Further­
more, its integrated channel processor obviates 
the need for an external DMA controller and 
other logic, thereby simplifying system hard­
ware. The preprogrammed buffer management 
microcode simplifies message and buffer man-

Bit-oriented protocols unraveled 

Among all protocols for wide-area or local net­
works, bit-oriented protocols have reached the high­
est levels of standardization and stability (with the 
possible exception of CSMA/ CD, for carrier-sense 
multiple access with collision detection). They are 
amenable to low-cost implementations, thanks to 
the established base of hardware and software, as 
well as the broad selection of speeds, communication 
media, link-layer subset protocols, and higher-level 
configurations. 

The frame forms the basic communication unit in 
bit-oriented protocols, in which the beginning and 
ending frame-synchronization flags enclose an ad­
dress, a control, and an information field, plus a 
2-byte frame check sequence field, which is used for 
error detection. To prevent the flag pattern 
(01111110) from occurring unintentionally within a 
frame, the transmitter automatically inserts a 0 ev­
ery time it detects five consecutive ls in any field 
(except a flag field) . At the destination, the receiver 
automatically removes the 0. Thus six consecutive ls 
are transmitted only in flags and in certain special 
characters, like idle and abort. 

Leading today's list of bit-oriented protocols for 
local and wide-area networks are HDLC (High-level 
Data Link Control), backed by the International 
Standards Organization; ADCCP (Advanced Data 
Communications Control Procedure), advocated by 
the American National Standards Institute; and 
IBM's SDLC (Synchronous Data Link Control). 

All three cover a broad range of speeds and take 
care of encapsulating fr~mes, controlling interfaces 
and errors, and routing signals throughout the sys­
tems. Nevertheless, they differ in certain respects. 
First, HDLC and ADCCP work with extensible ad-
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dress and control fields. When the least significant 
bit in either kind of field is set to a 0, it indicates an 
extension byte. The address field may be lengthened 
indefinitely, but the control field may only be ex­
tended by one 8-bit word. Also, the information field 
in HDLC and ADCCP implementations may contain 
any number of bits. In contrast, SDLC permits only 
a single 8-bit word in the address and control fields, 
and it restricts the information field to an integral 
number of 8-bit groups. In addition, it uses a frame­
checking sequence of only 16 bits, whereas HDLC 
and ADCCP employ 16 or 32 bits. 

Except for commands pertaining to the loop mode, 
which only SDLC possesses, all three protocols boast 
similar data-link commands. Commands belonging 
to SDLC's other operational modes form a subset of 
the three modes specified in HDLC and ADCCP. 
SDLC accommodates only unbalanced normal re­
sponses, HDLC and ADCCP supplement that with 
unbalanced asynchronous and balanced asyn­
chronous responses. 

Some of the commands and character formats 
vary. For example, the HDLC abort character com­
prises seven contiguous ls as opposed to eight in 
SDLC. In fact, the SDLC protocol recognizes seven 
ls following a 0 as the End of Poll command for its 
loop configuration. Without a loop mode, the HDLC 
and ADCCP protocols obviously suffer no such con­
fusion. 

Whereas open-ended local networks must adhere 
to standards like the token-passing bus or CSMA/ 
CD (or / CA-collision avoidance), the bit-synchro­
nous characteristics of most bit-oriented protocols 
are well suited both to closed local clusters and 
subnetworks and to wide-area systems. 



agement software. 
The coprocessor is architecturally designed 

for concurrent operation of the data-link con­
troller and the channel processor. With such a 
structure, the coprocessor can handle asyn­
chronous timing between the host and network 
interfaces. 

The on-chip channel processor includes an 
inte lligent four-channel DMA controller, 
which is microcoded for flexible buffer man­
agement, and logic for arbitrating bus ex­
changes and for controlling interrupts. With 
the integrated interrupt logic, the circuit can 
detect user-programmable internal conditions 
and can direct host responses, through vectors, 

to the appropriate service routine. Together the 
channel processor's circuits let the coprocessor 
share the host system bus, aided by only a few 
external parts. Additionally, the chip can com­
municate rapidly and adaptably with a host 
CPU through a shared memory block, or mail­
box. 

The channel processor, controlled by a micro­
program within the DMA controller, automat­
ically manages linked lists of free and full 
buffers and also transfers frames between the 
on-chip FIFO registers and external memory 
through the DMA controller. With data traffic 
evolving from message to file tr an sf ers, the 
ability to handle back-to-back frames continu-

r- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -, 
Receive Transmit : 

dMa dma 

NRZI 
decoder 

Data-link controller 

r- --------

CRC 
checker 

Zero 
deletion 

Receiver 
control 

OMA 
registers 

Receive 
shift 

register 

OMA 
controller 

1 
Channel proceasor 
L----------------

Crystal CRC 
oscillator generator 

Bit-rate 
generator 

Digital 
PLL and 

clock 
control 

Transmitter 
control 

NRZI 
encoder 

- - - - - - - - - - - - _ _J 

- - - - - - - - - - - - - - - - - -, 
.---....Z..-----. I 

Control and 
status registers 

110 buffers 
and control 

Interrupt 
control 

I 

______ _.... 

1. With two separate on-chip processors serving high-speed serial and parallel interfaces, the bit-oriented 
communications coprocessor can handle network data at up to 4 Mbits/s. The channel processor contains a 
OMA controller (with 24-bit addressing) that manages the 1/0 buffers through on-chip microprograms. 
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ously and quickly without overloading the host 
CPU or degrading system performance is be­
coming even more critical. With the integrated 
channel processor, the device can tr an sf er 
128-byte frames at the rate of 3000 frames a 
second-without real-time intervention of the 
host CPU. 

As for the serial data-link controller, its digi­
tal phase-locked loop and built-in data link 
control intelligence allow a simple and quick 
link controller design. With a simple trans­
ceiver, an inexpensive local link can be es­
tablished over twisted-pair cable. 

Like similar circuits, the data-link controller 
handles automatic insertion and deletion of 
zeros and generates and checks cyclic redun­
dancy code, a necessity for detecting frame­
level errors. It also encodes and decodes NRZI 
(non-return-to-zero inverted) data and gener­
ates the transmission clock through an exter­
nal crystal oscillator and internal baud-rate 
generator. The phase-locked loop recovers clock 

I Initialization block pointer I 
Bit-oriented 

communications 
coprocessor 

Initialization block 

General parameters 

Receive parameters 

Receive buffer 
descriptor fist 

pointer 

Transmit parameters 

Transmit buffer 
descriptor fist 

pointer 

Diagnostic dumping 

signals from the incoming data stream, and 
separate transmit and receive FIFO buffers 
synchronize data flowing between the chip's 
data-link controller and the channel processor. 

Operational agility 

The communications coprocessor chip acts as 
a master or a slave or remains in an idle state. 
As a slave, it has its chip-select or interrupt­
acknowledge input asserted by the host. The 
slave commands supply sophisticated manage­
ment and control of both the link and the 
system. 

To become bus master, the chip employs a 
simple sequence for requesting and granting 
the bus. The user programs the maximum num­
ber of bytes that can be transferred during a 
bus acquisition. 

The master mode commands, which the cir­
cuit reads through one of its DMA channels, fall 
into two categories. Commands from the 
system initialization block configure the net-

Receive buffer descriptor list 

r- Control and status H Receive buffer OJ Receive buffer 0 pointer 
Buffer size l Bytes used 

. . 
Control and status H Receive buffer NJ Receive buffer N pointer 

Buffer size I Bytes used 

Transmit buffer descriptor list 

r1 Control and status 

Transmit buffer O pointer H Transmit buffer OJ 
Transmit buffer O length 

. . 
Control and status H Transmit buffer N l T ransmlt buffer N pointer 

Transmit buffer N length 

2. Apart from some vital initialization parameters and error information, the com­
munications coprocessor and the host exchange all messages and commands 
through a shared memory. 
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3. Tailored signals like BRN (Bus Request), BGN (Bus Grant) and BGACKN (Bus Grant Acknowledge) make 
the bus arbitration circuitry between the communications coproceHor and the 68000 microproce99or ex­
tremely simple (a). When the chip interfaces with an 8086 CPU, HLDRQ and HLDACK (Hold Request and Hold 
Acknowledge) serve as the direct bus exchange handshaking signals with the CPU's Hold and HLDA signals 
in the minimum system configuration (b). 
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work node, and those extracted from the receive 
and transmit buffer descriptors are related to 
the frames. The commands for the master 
mode, plus the integrated DMA capability, 
raise bus bandwidth higher than is possible 
with just slave I/O or external DMA control. 

The CPU converses with the coprocessor 
through a mailbox consisting of two types of 
structures (Fig. 2). On-chip registers and the 
initialization block, which store all system­
wide parameters, constitute one type. The 
linked lists in buffer memory, through which 
all frame-related data, commands, and status 
flow, constitute the other. 

The built-in registers hold parameters and 
flags, such as the initialization block's address, 
the bus width, and the enabled interrupts. The 
64-byte initialization block, whose location is 
user-programmable, contains several trans­
mission and reception parameters, as well as a 
few general control parameters. Furthermore, 
it stores the address pointers to the separate 
lists of descriptors for the receive and transmit 
buffers. 

Each descriptor in a list contains a pointer to 
a data buffer, the length of the buffer, and the 
control and status bits, among other informa­
tion. The lists for the transmit and receive 
buffers can be any length, providing that both 
lists, plus the 64-byte initialization block, fit 
into a 64-kbyte segment. 

Flexible queues 

Consequently, the number of transmission 
and reception tasks that can be queued for 
execution is restricted only by the amount of 
memory given to their descriptor lists. For ex­
ample, with 8 bytes per task descriptor, approx­
imately 4000 transmission and 4000 reception 
tasks can be sequentially queued. If each task 
represents a frame of 128 bytes, complete files 
as large as 0.5 Mbyte may thus be set up. 
Acknowledgment requirements are easily han­
dled through transmit and receive control com­
mands, appropriate buffers, and real-time 
pointer updates. 

Each buffer descriptor describes one buffer, 
and successive buffers can be concatenated for 
longer frames. Also, the user can specify the 
length of each buffer to an 8192-byte maxi­
mum-in increments of 1 byte for the transmit 
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buffers and 32 bytes for the receive buffers. The 
channel processor searches the descriptor list 
in a pipelined look-ahead manner either to 
chain data buffers while transmitting long 
frames or to handle back-to-back frames dur­
ing reception. 

Managing the buffers 

At system startup, the host CPU programs 
the coprocessor with the address of the initial­
ization block of commands and with several 
global parameters. It then enables the inte­
grated channel processor with a high-level 
command. After that, the coprocessor and the 
CPU communicate primarily through the mail­
box memory. 

The channel processor traverses the trans­
mit list when frames must be transmitted and 
the receive list as they are being received. Each 
buffer descriptor for transmit and receive 
fr.ames has an Own bit, which acts like a sema­
phore and can be programmed by the communi­
cations controller and the host CPU. After the 
host has filled one or more transmit buffers, it 
assigns them to the controller by setting the 
Own bit in their buffer descriptors, after which 
it enables the transmitter. As the transmitter 
moves through the buffer list and transmits the 
contents of successive buffers, it resets the Own 
bits to return the buffers to the CPU. A similar 
process takes place during reception. 

The end of a descriptor list is indicated by a 
Last bit, which resides in the control byte of the 
descriptor. Thus, the list's length is at the dis­
cretion of the programmer. When that bit is 
detected, the channel processor resets the 
pointer to the first list entry in the initial­
ization block, in effect configuring a circular 
list. 

Frame transmission and reception 

To transmit a frame, the host must place the 
frame's control and information fields in the 
associated set of buffers. The communications 
coprocessor can send an optional preamble (for 
synchronization purposes) and one or more 
flags, depending on the mode programmed. It 
then accesses the data buffer specified in the 
descriptor and transmits the number of bytes 
indicated. Besides that, it accumulates and ap­
pends the CRC (if programmed), as well as the 
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closing flag. If the frame is transmitted suc­
cessfully, the controller resets the Own bit in all 
descriptors associated with that frame, thereby 
returning free buffers to the CPU. 

The communications coprocessor can be pro­
grammed to receive a frame in several ways. It 
can be set to respond only when it detects a 
match with the station address or the group 
address or when it detects a broadcast address, 
or it can be set to receive all frames (primary 
mode). Once set, the chip checks the address on 
the incoming frame and places the entire mes­
sage in the designated buffers. The receiver 
computes the CRC on the incoming frame. The 
buffer descriptor is updated with the number of 
bytes obtained in the frame, the error status, 
and the status of the buffer's Own bit when the 
frame is completely received. 

Protocol support possibilities 

The communications coprocessor can be pro­
grammed to accommodate many of the frame 
format options found in bit-oriented protocols. 
For instance, the address field can be as short 
as 8 bits or extended indefinitely in multiples of 

Address, control , 
and data 

Host 
CPU 

EN 

8 bits, and the control field may be one or two 
8-bit words. In addition, the optional preamble 
can be sent before the opening flag, allowing the 
receiving station to synchronize itself with the 
data stream. 

What's more, the characters in the informa­
tion field can be set for lengths of 5 to 8 bits for 
both the receiver and the transmitter. During 
receiving or transmitting, the device auto­
matically switches to the programmed charac­
ter length at the beginning of the information 
field. Additional protocol support comes in the 
form of the detection and generation of flag, 
abort, and idle bit patterns. 

The controller reports status and error con­
ditions in two ways. The first one, consistent 
with link-level requirements, sends status and 
error information about the transmitter, re­
ceiver, or system interface-for instance, 
bus exchange errors or unavailable data 
buffers-directly to the CPU through on-chip 
registers. That technique is also suitable for 
initiating system interrupts. 

The second level of reporting encompasses 
both frame status, such as residual character 
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4. A dual-port memory controller supplies all the address, data, and control 
signals, as well as the memory refresh signals, that permit multiple communica­
tions coprocessors and the host to share the message buffer memory. 
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Networking: Communications coprocessor 

lengths, and exception conditions, like a CRC 
error or the receipt of an abort character. These 
reports are held in associated buffer descrip­
tors. 

Diagnostics included 

The coprocessor also incorporates several 
link and system diagnostic aids. For example, 
the chip can be commanded to dump its internal 
registers and status information into memory. 
Further, to assist local diagnostics it can be 
programmed for loGal loopback through the 
receiver. 

The design of the communications co-

processor meets two hardware goals. First, its 
interface easily meshes with a variety of host 
CPUs. Second, the circuit holds enough arbi­
tration functions to facilitate efficient config­
uration of multimaster systems. 

Addressing the first goal are the two versions 
of the controller: the XL68C565, which is opti­
mized for the 68000 microprocessor family, and 
the XL88C565, which is geared for the iAPX 86, 
88, 186, and 188 families; the MCS-85; the 
MC6800; the Z80, Z800, Z8000, and Z80000; and 
the NS16000 series, among other 8-, 16-, and 
32-bit CPUs. 

For the second goal, all bus exchange and 

IBM 
mainframe 

Terminals 

Public 
data 

network 

HDLC encapsulated 
local network 

_,, 

Switch 

... ..... 
..... ... 

' 
Modem 

Async 

Home 
computer 

Data and 
voice 
PBX 

Engineering 
__ .. and manufacturing 

Workstations 
Corporate 

office equipment minicomputers 

5. In a typical wide-area network, local systems are often interconnected through gateways to public data 
networks or to the public switched telephone network. The communications coprocessor would be an appro­
priate choice for establishing the high-level serial links within the local (tint) and the wide-area systems. 
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system controls-except logic for multimaster 
arbitration, address decoding, and bus buf­
fering-are put on chip. In the absence of other 
bus masters, the bus exchange schemes are 
extremely simple (Fig. 3). For higher-perfor­
mance CPUs that require greater bus band­
width, dual-port configurations can be used 
with multiple communications coprocessors 
(Fig. 4). 

Other general system parameters can be pro­
grammed through the initialization block. For 
instance, the DMA controller's addressing 
range can be selected for 16 or 24 bits, with the 
16-bit choice helping to minimize the DMA 
cycle overhead in systems having a shared 
memory of less than 64 kbytes. 

Network topology choices 

The protocol controller operates in several 
network topologies. For instance, one chip can 
act as a master (HDLC nomenclature), or pri­
mary station (SDLC nomenclature), while· 
several others serve as backup masters and 
slaves, or secondary stations; the resulting 
system can operate as a multidrop network, 
with station and group addresses suited to the 
network's requirements. 

In a star configuration, slave stations on the 
spokes of the network communicate point to 
point with master communications controllers 
at the hub. The host CPU directs the traffic 
among the spokes. 

The chip can also work in the SDLC loop 
mode, one of the simplest forms of local net­
work. The loop is essentially a ring consisting of 
any number of slave stations plus one master 
station, whose operation is handled by a con­
troller in the normal SDLC mode. Unaddressed 
slave station chips, programmed for the loop 
mode, automatically implement the required 
1-bit pass-through repeater delay while the on­
chip PLL recovers the clock. Special commands 
built into the protocol controller permit a node 
to get on and off the network without dis­
turbance, even when the network is active. The 
chip can also be programmed to echo the data 
passively in an inactive mode. 

A wide-area network can actually be formed 
by a hierarchy of different types of local net­
works (Fig. 5). As part of such a complex 
system, an encapsulated HDLC local network 
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might run through an entire building con­
necting different subnetworks of equipment, 
each piece of which could use a communications 
coprocessor. 

Cluster controller A, for example, might be 
implemented with two coprocessors that to­
gether access a multidrop subnetwork of engi­
neering workstations and a high-capacity 
shared file server. The chip on the subnetwork 
side would act as a master and as the gateway to 
the parent local network. The coprocessor on 
the side of the main local network would inter­
face with slave stations. Each workstation and 
file server within the subnetwork might also 
use one of the coprocessors. In fact, the system's 
number of nodes can be increased indefinitely 
by extending the addressing on the subnet­
work-without the need to modify existing 
hardware in the cluster controller. 

In addition, manufacturing terminals can be 
connected to cluster controller B, over point-to­
point links, giving them access to a manu­
facturing minicomputer over the local network. 
The terminals can use either asynchronous pro­
tocols for low cost or the HDLC protocol for 
error-immunity in a noisy environment. In the 
latter case each terminal would communicate 

. with the network through a communications 
coprocessor. 

For process control, a multidrop token­
passing scheme using HDLC at 4 Mbits/ s would 
be practical. Controlled access through tokens 
guarantees network stability, while HDLC's 
error control keeps error rates low. 

If any of these network environments are 
closed (in other words, compatibility with a 
different protocol is not an issue), using the 
communications coprocessor would give the 
system designer a much lower chip count and 
cost per node than if another local network 
alternative were used. Typical LSI solutions 
distribute the functions of clock recovery, data 
reception and transmission, and frame man­
agement among two or three devices, raising 
cost considerably. o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 
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Ho-w -we created an MDS that 
looks like a million, performs like 100 grand 

and costs under $20,000. 
Introducing Emulogic's ECL-3200 
universal development system. 
It wasn't simple. And it took a lot more than 
seven days. 

But when you start with the world's most 
advanced emulator, you're already way ahead. 
The ECL-3211 universal emulator gave our 
new MDS a repertoire of features you can't find 
in any comparable system. Like full-speed, 
no-wait-state emulation. Eight real-time, multi­
function breakpoints for every chip. Real-time 
trace decode. And full-speed, full-range mem­
ory mapping with single-word resolution. 

And then DEC'" made our job a little easier, 
too. We built their powerful new desktop com­
puter-the Professional 300-right into the 
system. With RTllXM~ 11/23 with MMU, 22-bit 
addressing, 512KB ·memory, 800KB dual diskette 
and optional 5 or lOMB Winchesters. 

We didn't skimp on looks, either. We wrapped 
the ECL-3200 in a clean, compact package that, 
frankly, we call beautiful. But you tell us what 
you think. 

You might conclude that, with all we've put 
on the inside, the price tag on the outside 
would be just as impressive. Not so! We 
brought the ECL-3200 in for 253 less than 
expected. So now you can buy a full-function 
development system for under $20,000-
253 less than you'd expect. Including an 8-bit 
emulation package for the Z80~ 6502, 6809 or 
another popular chip. And you can also use it 
with all 16-bit emulation packages and our 
new high-level software development tools 
like C and Pascal cross-compilers and our 
just-introduced SLlCE'" Symbolic Debugger. 

So you see, creating our miracle MDS wasn't 
all that difficult. But we don't recommend 
anyone else try. 

For detailed information, call 800-435-5001 
or 617-329-1031 in Massachusetts. Or write 
Emulogic~ Three Technology Way, Norwood, 
MA 02062. 

Professional 300, RTllXM and DEC are trademarks of 
the Digital Equipment Corporation. SLICE is a trademark, 
and Emulogic is a registered trademark, of Emulogic, Inc. 
Z80 is a registered trademark of Zilog, Inc. 

EMU LOGIC® 
MICROPROCESSOR 
DEVELOPMENT SYSTEMS 
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European Distributors: Austria: Walter Rekirsch, (43 222) 235555; Denmark: Instrutek, (45 5) 611100; France: YREL, (33 3) 9568142; Sweden: Aktiv Elektronik AB, 
(46 8) 7390045; Switzerland: Instrumatic AG, (411) 7241410; United Kingdom: MSS, (44 494) 41661; West Germany: Instrumatic Electronic GmbH, (49 89) 852063. 



Super assemblers 
plus the world's 

largest selection of 
cross assemblers! 

Z-80 
Macroassembler $49.50 
Power for larger programs! This 
2500AD macroassembler includes: 
• Zilog Z-80 Macroassembler (with 

the same powerful features as all 
our assemblers) 

• powerful linker that will link up to 
128 files 

•Intel 8080 to Zilog Z-80 Source 
Code Converter (to convert all 
your Intel source to Zilog Syntax 
in one simple step) 

• COM to Hex Converter (to convert 
your object files to Hex for PROM 
creation , etc.) 

• 52 pages User Manual 
8086/88 Assembler 
with Translator $99.50 
Available for MSDOS, PCDOS, or 
CPM/86! This fully relocatable macro­
assembler will asemble and link code 
for MSDOS (PC DOS) AND CPM/86 
on either a CPM /86 or MSDOS 
machine. This package also includes: 
•An 8080 to 8086 source code 

translator (no limit on program 
size to translate) 

• A Z-80 to 8086 translator 
• 64 page user manual 
• 4 linkers included : 

- MS DOS produces .EXE file 
-CPM/86 produces .CMD file 
- Pure object code generation 
- Object code and address 

information only 
Linker features : 
• Links up to 128 files 
• Submit mode invocation 
• Code, Data Stack and extra 

segments 
• Handles complex overlays 
• Written in assembly language for 

fast assemblies. 
•MICROSOFT .REL format option 

Z-8000 Cross Development 
Package $199.50 
Instant Z-8000 Software! This 
package allows development and 
conversion of software for the 
28001 , 8002, 8003 and 8004 based 
machines on a Z-80, Z-8000 or 8086 
machine. This powerful package 
includes: 
•a Z-80/8080 to Z-8000 Assembly 

Language Source Code Translator 
• Z-8000 Macro Cross Assembler 

and Linker 
The Translators provide Z-8000 
source code from Intel 8080 or Zilog 
Z-80 source code. The Z-8000 
source code used by these 
packages are the unique 2500AD 
syntax using Zilog mnemonics, 
designed to make the transition 
from Z-80 code writing to Z-8000 
easy. 

All 2500 AD Assemblers and 
Cross Assemblers support the 
following features: 
Relocatable Code - the 
packages include a versatile Linker 
that will link up to 128 files together, 
or just be used for external 
reference resolution. Supports 
separate Code and Data space. 
The Linker allows Submit Mode or 
Command Invocation. 
Large File Handling Capacity 
-the Assembler will process files 
as large as the disk storage device. 
All buffers including the symbol table 
buffer overflow to disk. 
Powerful Macro Section­
handles string comparisons during 
parameter substitutions . Recursion 
and nesting limited only by the 
amount of disk storage available . 
Conditional Assembly-allows 
up to 248 levels of nesting . 

Assembly Time Calculator­
will perform calculations with up to 
16 pending operands, using 16 
or 32 Bit arithmetic (32 Bit only for 
16 Bit products). The algebraic 
hierarchy may be changed through 
the use of parentheses. 
Include files supported­
Listing Control-allows listing 
of sections on the program with 
convenient assembly error detec­
tion overrides, along with assembly 
run time commands that may be 
used to dynamically change the 
listing mode during assembly. 
Hex File Converter, included 
-for those who have special 
requirements, and need to generate 
object code in this format. 
Cross reference table 
generated-
Plain English Error 
Messages-
System requirements for all pro­
grams: Z-80 CP/M 2.2 System with 
54k TPA and at least a 96 column 
printer is recommended . Or 
8086/88 256k CP /M-86 or MS DOS 
(PCDOS) . 
Cross Assembler Special Features 
Z-8-512 User defined registers 
names, standard Zilog and Z-80 
style syntax support. 
8748-standard Intel and Z-80 
style syntax supported. 
8051-512 User defined register 
or addressable bit names. 
6800 Family-absolute or 
relocatable modes, all addressing 
modes supported, Motorola syntax 
compatible. 
6502-Standard syntax or Z-80 
type syntax supported, all 
addressing modes supported . 



·----- 8086 and Z-8000 XASM includes Source Code Translators - - - - - - • 
I 

Z-80 
CP/ M® 

ZILOG 
SYSTEM8000 

UNIX 

IBMP.C. 
8086/88 
MS DOS 

IBMP.C. 
8086/88 
CP/M86 

OLIVETII 
M-20 

PCOS 

8086/88ASM 
8086/88 XASM 
16000(all) XASM new 
68000 XASM new 
Z-8000<® ASM 
Z-8000XASM 
Z-80ASM 
Z-80XASM 
Z-8XASM 
6301 (CMOS) new 
6500XASM 
6502XASM 
65C02(CMOS) XASM new 
6800,2,8 XASM 
6801 ,03 XASM 
6805XASM 
6809XASM 
8748XASM 
8051 XASM 
8080XASM 
8085 XASM new 
1802 XASM new 
F8/3870 XASM new 
COPS400 XASM new 
NEC7500 XASM new 
NSC800new 

$199.50 
199.50 
199.50 

199.50 
49.50 

99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 

$750.00 
750.00 
750.00 
750.00 

500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 
500.00 

$ 99.50 

199.50 
199.50 

199.50 

99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 

$ 99.50 

199.50 
199.50 

199.50 

99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 

$199.50 
199.50 
199.50 
299.50 

99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 
99.50 

Subtotal $ __ _ $ __ _ $ __ _ $ __ _ $ __ _ 
Name ____________ ~ 
Company ___________ _ 
Address ____________ _ 
City ____ State ___ Zip __ _ 
Phone Ext. __ _ 

Make and model of computer 
system ____________ _ 

D C.O.D. (2500AD pays C.0.0. charges) 
D VISA or MasterCard#, Exp. Date (mo./yr.) 

TO ORDER. Simply circle the product or 
products you want in the price columns above, 
enter the subtotal at the bottom of that column 
and add up your total order. Don't forget 
shipping /handling. Total$ __ _ 

Check one: shipping /handling 
D 8" Single Density ($6.50 per unit, 
D 5W' Osborne $20.00perunitfor 
D IBM P.C. Intl airmail)$ __ _ 
D Cartridge Tape Total Order$ 
D App I e ( s 0 ft ca rd) CP M is "'egostered trademark of Digital Rese.,ch, Inc. 

Signature _____________ _ 

RE f\C 
L • • • • • • •• P.O. Box 441 410, Aurora, CO 80014, 303-752-4382 TELEX 752659/AD • • • • • • • • • J 



When you need fast, 
easy selection of magnetic cores for 

switching power supplies, 

Driver 

Bobbin cores 

Ni-Fe tape 
wound cores 

Ferrite 
toroids 

We deliver the widest 
product choice-useful design data­

the best application engineering-
all from a single source: MAGNETICS. 

It's a jungle out there in the 
switched mode power supply 
and regulator design world. 
Higher frequencies. Smaller 
sizes. Greater efficiencies. 
Better semiconductors. And 
choices, choices, choices in 
magnetic core materials 
and geometrics. 

You know the impact the 
proper choice of core material 
will have on your power sup­
ply cost and performance. 
There's only one house that 
can provide you with the full 

range of your magnetic core 
needs-and world class 
design data and application 
engineering to go with it­
MAG NETICS. 

Let us show you. It will cost 
you nothing. Tell us the pro­
blem you face or describe 
your need. We'll provide you 
with core information, back it 
up with application engineer­
ing and supply sample cores 
if needed. Write: MAGNETICS, 
P.O. Box 391, Dept. ED-6, 
Butler, Pennsylvania 16001. 

MAGNETICS. The Promise Keepers. ··-­mRSRETICS --··® A Division of Spang and Company 
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DESIGN ENTRY 

Twisted-pair bus 
carries speech, data, 

text, and images 

A serial bus optimized for both speech 
and data traffic can make a low-cost network 

for integrated communications services a reality. 

I
f any one characteristic can be said to domi­
nate currently available local-area networks, 
it is efficient data transfer. That is all well 

and good, except for integrated communica­
tions networks, where traffic consists mainly of 
digitized speech. In the foreseeable future, in 
fact, speech traffic will become increasingly 
important, so that communications networks 
will have to be as efficient in transferring dig­
itized speech as in transferring data. 

In addition, a digital network for general­
purpose communication must be able to trans­
mit other types of information as well; inter­
face easily with telephone sets and existing 
networks; use a low-cost transmission medium; 
and of course connect to almost all types of 
equipment commonly found in factories, offices 
and so on. 

for transmitting digitized speech, data, text, 
and facsimile copies. A serial bus, it conforms to 
the seven-layer Open Systems Interconnection 
reference model of the ISO and uses twisted­
pair cable to carry 64-kbit channels synchro­
nized to the 8-kHz speech sampling frequency. 

The IST bus provides distributed switching 
and control and offers several major benefits 
over current telephone, intercom, and small 
PBX systems. It can be interfaced with larger 
networks such as digital or analog PBX, public 
telephone, Telex, and data networks, and 
higher-performance (local and wide-area) net­
works. 

The first applications will be for small, inter­
nal communication systems that primarily 
handle speech. Here, subscribers require very 

All these requirements are met by the 
Integrated Services Terminal (IST) bus, 
which forms a low-cost local network NETWORKING 
Wouter Bourgonje 
Philips Internat ional BV 
Wouter Bourgonje shared in the design of the 
IST bus at Philips's Electronic Components & 
Materials (ELCOMA) Division in Eindhoven, 
the Netherlands, where he now works as 
system architect and project coordinator for 
ISDN terminals. He received his technical ed­
ucation at NV Hollandse Signaal Apparaten 
and previously worked for Philips in Norway 
and at the ELCOMA Division's Central Appli­
cations Laboratories. 
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DESIGN ENTRY 

Networking: Twisted-pair serial bus 

few lines (often only one) to the public network, 
and the IST bus will form an economical and 
versatile communications medium. In addition, 
the bus's data, text, and telemetry facilities will 
allow factories, offices, retailers-and even 
consumers-to connect telephone sets, person­
al computers, intercoms, word processors, and 
viewdata and point-of-sales terminals, as well 
as lighting, heating, and security equipment. 

Twisted-pair cables 

The twisted-pair cable of the bus gives high 
speech and data transfer rates at low cost for 
the wire, installation, connectors and coupling 
transformers. The transmission speed is 1.024 
Mbits/ s, the maximum bus length 350 meters. 
Depending on the type of cable used, the charac­
teristic impedance of the line can be between 
100 and 150 n. 

Each station is connected to the bus bv an 
interface circuit and has a microcontroller, 
called the station controller (Fig. 1). The only 
other circuits needed are those which provide 
the services at each station. 

As many as 30 stations may be connected 
either in a cluster or spread along the cable, and 
a de power supply can be connected directly to 
the bus to provide up to about 0.5 W to each 
station. A small transistor splits the de supply 
and the digital bus signals. Alternate mark 
inversion (AMI) line code, which reverses the 
polarity of each successive 1 to ensure no de 
component, prevents the coupling transformer 
from distorting the signals. 

Both circuit-switched and packet-switched 
data can be transmitted across the bus. In a 
circuit-switched channel, a connection between 
the calling and called stations is established for 

The rules for control and message packets 
The IST bus uses a protocol for its packet-switched 

channel that closely resembles HDLC (High-level 
Data Link Control). One important difference is that 
each byte of data transferred over an IST bus channel 
is preceded by a 1 (the start bit), as long as informa­
tion is transferred in a channel, whereas HDLC uses 
flag bytes to indicate the start and end of a data 
packet. Another is that the first bit of the first byte 
indicates whether the message being transferred con­
sists of information (I) or control (C) characters (see 
the figure) . 

Control characters are transmitted by a station in 
the form of a seven-bit frame control message (FCM), 
the main uses of which are to arbitrate between sta­
tions wishing to make a connection to the eight cir­
cuit-switched channels and to set up the physical link 
(layer 1 of the ISO's seven-layer reference model) 
between the stations. 

Before connecting to one of the circuit-switched 
channels, a station must first take control of the 

~~~~:~1 I C, FCM I CRC I CRC I EMPT I NACK I 
Message! 1 DEA \std, MSll DATA ----------- Data I CRC CRC j EMPT I NACK I packet L. ::...· ::.=..._J.L.:.....:.:____:....1. _______ .i... __ ..___ _ ___.._ __ .____~ 

C = 'control' bit 
FCM = 7-bit frame control mes-

sage 
s/ d = signaling or data bit 
Data = data being transmitted 
EMPT = empty byte 

I = information bit 
DEA = 5-bit destination address 
MS\ = 7-bit message service 

indicator 
CRC - cyclic-redundancy-check 

byte 
NACK = not acknowledged byte 
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packet-switched channel by transmitting a frame 
control message (to prevent circuit-switched mes­
sages from colliding). Once a station has transmitted 
this message, it occupies over one or two vacant 
circuit-switched channels, depending on whether the 
connection is half- or full-duplex. 

A station will also place a frame control message on 
the bus when it wishes to make an external call. The 
master station decodes this message, "wakes up" the 
link to the exchange, and synchronizes the IST bus to 
it. Once the transmitting station has finished the call, 
it sends another frame control message to the master, 
which disconnects from the exchange. 

If the first bit of the first byte indicates an infor­
mation message, the following five bits form a desti­
nation address and the last two bits are unused. The 
second byte contains a message service indicator for 
the controller of the receiving station, of which the 
first bit specifies whether a signaling or data message 
follows; the remaining seven bits indicate further 
message type identifications, for example, call setup 
messages or response messages. On this byte, the 
controller can also decide to take the message or route 
it to another I2C bus member. 

The subsequent data bytes carry the actual infor­
mation in the message being transmitted (signaling 
information, display information, packet data, and so 
on). The number of data bytes in a message is limited 
only by the buffer space in the stations' IST bus 
interface circuit. 

For signaling messages, the data bytes give the 
information used to establish and cancel circuit­
switched connections. A telephone call or circuit-



exclusive use of the circuit until the connection 
is released (as for a telephone call), whereas in a 
packet-switched channel the connection be­
tween stations exists only while each individual 
packet is being transmitted. 

The data on the IST bus is time-multiplexed 
into frames that are synchronized to the stan­
dard 8-kHz speech sampling frequency, making 
for easy and inexpensive connection to public 
and private digital networks. Each frame is 
125 µ,s long and is divided into 10 channels, one 
for 8-kHz frame synchronization; one 64-kbit/s 
half-duplex channel for control, signaling, and 
packet-switched data; and eight 64-kbit/s half­
duplex channels (or four simultaneous duplex) 
for speech and circuit-switched data. In one 
frame, each occupied channel begins with a 1 
(the start bit), followed by a single word com­
prising four bits for the frame synchronization 

switched data transmission on the circuit-switched 
channels is therefore preceded by one or more signal­
ing messages on the packet-switched channel to es­
tablish the connection; after the call or transmission 
is finished, signaling messages are sent to release the 
connection. 

All packet-switched data and telemetry transfers 
between stations use data messages. Such messages 
would establish a packet-switched connection be­
tween terminals, serve as a "wake-up call," or signal 
the start or end of a packet transport. The data bytes 
in this message would consist, for example, of packets 
between Telex terminals, between V.24 (RS-232) or 
X.25 stations (personal computers or word pro­
cessors), between remote control equipment, or be­
tween telemetry equipment. 

After each control or information packet, two CRC 
(cyclic-redundancy-check) bytes are transmitted for 
error detection. The end of a transmission is indicated 
by an "empty" byte, which is simply the absence of 
start and information bits. After this byte, any sta­
tion that was unable to receive the message can trans­
mit a "not acknowledged" (NACK) byte (11111111). It 
will do so if an error was detected, if the station's 
buffer was full , or if there was a collision between two 
or more transmissions that destroyed the informa­
tion. This negative acknowledgment allows broadcast 
calls to be made (one station transmitting to all oth­
ers, using the destination address 00000). 

If a not-acknowledge signal is detected, the IST bus 
interface circuit retransmits the message, relieving 
the terminal from the software burden of retransmis­
sions. 

channel and eight bits for each of the other 
channels. 

The 32-kbit/s frame synchronization chan­
nel (f) carries a four-bit frame word (0011), 
which is transmitted by one of the stations on 
the bus every 125 µ,s to synchronize all stations 
to the 8-kHz speech sampling frequency. Dur­
ing power-on, a synchronization procedure se­
lects the station that will transmit the frame 
word. Each station has a unique five-bit ad­
dress, and each begins to count up from that 
address; the fir~t to reach 00000 takes over as 
the master station (that is, begins to transmit 
the frame word). If this station later fails or is 
removed from the bus for any reason, another 
station will take over as master. 

If any station needs to make an external call, 
the bus must be synchronized to the PBX or 
public network. Stations with links to ex­
changes have higher addresses (a sixth address 
bit is hard-wired on the station) and con­
sequently take priority in becoming masters 
over other stations. 

Besides overall synchronization, the syn­
chronization procedure also ensures that there 
is no corruption of the data when equipment is 
plugged onto the bus, because a station can only 
begin to transmit data once it has been synchro­
nized. 

The circuit-switched channels 

The eight 64-kbit/ s channels that carry dig­
itized speech and circuit-switched data to and 
from the stations are designated b1 -b8 • Stations 
take control of vacant circuit-switched chan­
nels as needed. Two halves of a duplex phone 
call between two stations may, for example, be 
carried on channels b3 and b8, while those for a 
call between two other stations may be located 
on channels b4 and b6 • Routing for the calls is 
performed by the relevant station controller 
using the station's IST bus interface circuit. 

The packet-switched channel (bd) has three 
main uses: to arbitrate between stations wish­
ing to make a connection to the circuit-switched 
channels, to set up the physical links that will 
transfer the circuit- and packet-switched data 
between stations, and to transfer packet­
switched data and telemetry information be­
tween stations. It uses a protocol similar to the 
ISO's High-level Data Link control (see "The 
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Rules for Control and Message Packets," p.172). 
The channel's access method keeps retrans­

miss ions and access delays to a minimum for 
efficient packet transport. It is based on 
CSMA/ CD (carrier-sense multiple access with 
collision detection), which allows network con­
trol to be folly distributed. CSMA/CD uses the 
princip le "listen before a nd during trans­
mission" to access the bus. All stations monitor 
the signals on the bus, and any unit can begin 
transmission as soon as the bus is free (CSMA). 
If two or more units begin to transmit simulta­
neously, they detect that fact (CD) and retire 
from the bus. 

During message transmission, signaling and 
frame control messages have a higher priority 
than data messages. If, for example, two signal­
ing messages and three data messages were to 
try to simultaneously access the bus (an im­
probably high number, even with 30 stations), 
the signaling messages would be transmitted 
first, followed by the data messages. 

Message errors and collisions are resolved by 
an access protocol that prevents continued col­
lisions from occurring. This protocol-unlike 
that of Ethernet and many other CSMA/CD 
networks-guarantees that a station will gain 
access within a certain time; if the message 
suffers three successive retransmissions (be­
cause the destination station was unable to 
receive the message), the bus interface warns 
the station controller, which takes the appro­
priate action. 

Access delay to the packet-switched channel 
is low-less than 250 µs-if the channel is idle. 
If the channel is occupied and no collision oc­
curs, the worst-case access delay is the max­
imum packet length of the station currently 
occupying the bus plus 2 ms. 

Gateways can connect the bus to analog and 
digital PBXs, public Telex and data networks, 
and other local networks. The interface is par­
ticularly easy to implement if the larger net­
work is an integrated services digital network 
(ISDN), because the bus has been designed with 
such networks in mind. Furthermore, the bus 
can be connected to a PBX to particular advan­
tage. 

The traditional star configuration of a PBX is 
reliable but rather costly (each station requires 
an interface and twisted-pair cable to the ex-
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change). In addition, it cannot be extended eas­
ily. Large bus systems, on the other hand, are 
easy to extend and, because of today's VLSI 
technology, can use low-cost interfaces. A bus 
network, however, is very sensitive to bus fail­
ures, which can moreover be difficult to locate. 

An island cabin 

Small, local IST buses connected to a PBX 
give the advantages of both bus and star net­
works with none of the attendant disadvan­
tages. The IST bus can simply be connected in 
place of an existing PBX telephone set; the 
resulting network has the reliability of a PBX 
and is also inexpensive to implement (much of 
the existing PBX wiring can be used). 

The networks connected by the bus function 
as speech and data "islands" passing informa­
tion between telephone sets, data terminals, 
building energy-control equipment (lighting, 
heating, and ventilation), and security equip­
ment. This island configuration is very flexible 

Telephone set, 
keyphone, 
Intercom 

Telex, 
videotex, 

word processing 

Facsimile, 
slow-scan TV 

Remote control, 
remote meter 

reading, security 

1. The IST bus serves speech and data transfer, car­
ry up to 30 stations and can easily be interfaced to 
larger networks. The twisted-pair cable can supply 
de power to the stations on the bus. 



and can be easily extended. 
A station connected to one node of the bus can 

range from a single digital telephone up to a 
computer with peripherals. In addition, the sta­
tion can incorporate network interfaces to con­
nect to other computers, local networks, and the 
exchange. The modular architecture (Fig. 2) 
will allow a complete range of stations to be 
built up from a few dedicated I Cs, together with 
general-purpose microcomputers, RAMs, LCD 
drivers, and so on. 

The two major interfaces in this architecture 
are the inter-IC (I2C) bus and the Terminal 
Highway (THW). Together, they guarantee a 
well-structured station architecture with easy, 
smooth expansion from simple systems up to 
intelligent data terminals with integral speech 
services. 

The I2C bus is a two-wire multiple-master 
bus for tr an sf erring data and control informa­
t ion between integrated circuits (ELECTRONIC 
DESIGN, March 31, 1981, p. 69A). Its maximum 

Text, image, 
and /or data interface 

module(s) 

Microphone 
Loudspeaker 
I 

Speech interface 
module 

Terminal Highway 

12c bus 

LCD 

specified transfer speed is 100 kbits/s (for 
synchronization reasons, t h e maximum 
transfer rate for interfacing with t he 8-kHz 
synchronous IST bus is 64 kbits/s). The multi­
master feature of this bus makes distributed 
system control possible and is therefore very 
powerful for use in ISDN telephone sets and 
ISDN interfaces for personal computers and 
data terminals. The bus carries the information 
transfer to be received or transmitted across 
the packet-switched channel. This information 
includes signaling, telemetry, and packet­
switched data, as well as control information 
between the station controller (which has an 
on-chip I2C bus interface) and other ICs in the 
station. In a gateway station, the information is 
similar. 

The Terminal Highway is a standard 2.048-
Mbit/s 32-channel PCM highway that is com­
patible with those used in digital telephone 
switching equipment. In an IST bus station, it 
provides connections between the various cir-

Service 
modules 

IST bus 
interface 

Network interface 
controller 

(microcomputer and 12C bus) 

Application-dependent } Basic 
network interface network 

....__(g_a_te_wa_y_s_ta-tio_n_s _on-ly-) ___. Interface 

IST bus 

External communications: 
existing telephony. 

Telex , and data networks 

2 . In this modular setup for telephones and data terminals, the interfaces between 
the various ICs are standardized by means of the 12C bus and the Terminal High­
way. The lower part services the network interface, the upper part the speech and 
data services. 
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cuits in the station, such as the station control­
ler; the IST bus interface circuit; and the I Cs in 
the speech, text, image, and/ or data interface 
modules and network interface(s). Access to 
the THW is assigned via the I2C bus by the 
station controller, which switches the 64-kbit/s 
channels of the various circuits to the required 
THW channels. 

The IST bus interface circuit performs all 
functions needed to establish a link between 
stations and to transfer information and con­
trol messages over the packet-switched channel 
between two or more stations, including re­
transmissions. It therefore relieves the station 
controller from OSI layer 1and2 functions. The 
circuit is controlled, and data entered, via the 
I2C bus, which can function as an interface 
medium to layer 3. This layer is actually located 
in the software of the station controller, or it 
can be part of the service modules. 

A station will be connected to the bus using 
this IC and a small coupling transformer (Fig. 

~ 
8-MHz crystal~ 

--+--1 
418 MHz --+-I 

Terminal ESC --+-+1 

supply Reset --+--1 

1 

3). The transformer provides a convenient 
means of supplying de to the stations and also 
affords a high resistance to induced common­
mode signals, important in industrial environ­
ments. Some additional components are re­
quired when the station is supplied de via the 
bus-for example, a polarity guard bridge to 
prevent incorrect installation and a de-de con­
verter to convert the varying de bus voltage 
(approximately 20 to 50 V) to a stable 5-V sta­
tion supply. 

To reduce the implementation costs of an IST 
bus system, the interface circuit will be inte­
grated onto a single chip. (Samples are planned 
for mid-1985). It will incorporate a dedicated 
microcontroller, a 256-by-8-bit RAM, and a 
PLA (programmable logic array). On-chip lay­
er 1 circuitry will interface the IST bus with the 
THW and the I2C bus and layer 2 functions will 
be implemented in the control section's PLA. 

To keep system costs low, the interface chip 
will integrate several additional circuits. These 

Timing 
circuitry 

Controller 
(dedicated microcomputer chip) 

Internal data bus 

, I 
De-de 

converter 

De-de 
t+----t-+t conversion 

controller 

IST bus 
interface 

THW 
interface 

12c bus 
interface 

~ 

IST 
1 .!:: S:-

bus ---.. · ~l · t---------~ 

~ 

t 
.__{ (1ri~ck~~~/s) 

Terminal 
Highway 
(2 MHz) 

3. In the one-chip IST bus interface, layer 1 functions-such as for the 12C bus, 
THW, and IST bus-are performed by dedicated hardware. Layer 2 functions are 
programmed into the memory of the special on-chip microcontroller. The chip in­
cludes a 256-by-8-bit RAM for message storage and housekeeping. 

176 Electronic Design • July 26, 1984 



Soillebody else Illade a lot of noise about 
" ... The best little relay in the world:' 
So we let our tiger sleep. 
UNTIL NOW. 

Meet the tiger. 
Our 1/6 size 
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. 

CIRCLE 79 

Give us a growl. 
For MF specs and samples, contact: 
Dave Arrowood, Product Manager, 1-(704) 628-1711 
or write: 

lllTM Communications 
Instruments, Inc. 
P.O. Box 520 • Fairview, NC 28730 
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include a 8.192-MHz crystal-controlled oscilla­
tor, a choice of a 4.096- or 8.192-MHz clock 
output (to provide the clock for other station 
ICs), a 2.048-MHz Terminal Highway synchro­
nization output, and the control section of the 
station's de-de converter. For synchronization 
with other digital networks, the IC will also 
have an 8-kHz external synchronization input. 

The timing section of the interface chip will 
also take care of any cable delays. Once a sta­
tion gains access to the packet-switched circuit­
switched channels and begins transmitting, the 
receiving station must be synchronized to it. 
Although each station is synchronized to the 
8-kHz frame word at the beginning of each 
frame, there will be a cable delay between 
transmitting and receiving stations. The bus 
interface IC therefore allows for a 4-µs recep­
tion window, which accounts for the maximum 
cable length (5 ns/ m X 2 [400 m]) as soon as it 
receives the start bit, the chip synchronizes to it 
to permit reception of the attendant byte. 

A 1-Mbyte/ s data bus in the IC will connect 
the layer 1 circuitry to the chip's controller. 
Packet-switched data and control signals will 
be routed via this bus to the various sections of 
the circuit. 

Thirty-two RAM locations will be used for 
internal housekeeping, the remainder provid­
ing four bd channel buffers. The size of each of 
these buffers will be programmable by mes­
sages across the I2C bus interface during 
system initialization. Two buffers are used to 
transmit and receive the signaling messages to 
and from the bd channel, and two to transmit 
and receive data packets. 

The station controller can route information 
into two additional header buffers, allowing the 
interface chip to route incoming signaling or 
data messages to other ICs in the station inde­
pendently of the station controller. 

Putting it all together 

The IST bus interface circuit simplifies the 
designer's job of connecting the terminals of an 
internal communications system to an inte­
grated services digital network. As stated ear­
lier, it takes care of all layer 1 and 2 protocols, 
and the designer needs to know only the proto­
col used on the I2C bus, which serves as an 
interface between layers 2 and 3. The network 
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controller, which can be one or more standard 
microprocessors, will incorporate the software 
for layer 3 and higher layers. 

The microprocessor adds the routing ad­
dresses to calls and routes incoming signaling 
messages and data packets to other terminal 
circuits such as the terminal's display, the data 
modules, or in case of a gateway, to the inter­
face circuit of another network. 

The terminal controller's software modules 
include call setup and breakdown routines and 
initialization routines that cause the terminal 
circuits to initialize at power-on. 

The initialization procedure for the IST bus 
interface circuit will be performed mostly by 
the chip itself; it resets all internal registers 
and RAM locations after power-on. During this 
process, which takes about 4 ms, the Reset out­
put is kept high. If this output is connected to 
the Reset input of the terminal controller, the 
program counter of the controller will be kept 
at zero. 

After the reset process is finished, the ter­
minal controller starts the initialization pro­
gram to load the IST bus address of the ter­
minal; set the sizes of the on-chip signaling, 
message, data-packet transmission or recep­
tion and routing header buffers; and initialize 
the IST bus. The IC then does the rest auto­
matically. If another terminal begins to trans­
mit the frame word, the chip will lock its syn­
chronization circuitry to the IST bus; otherwise 
it will itself start to transmit the frame word 
and then become available to set up connections 
on the bus. 

The use of an interface circuit implementing 
layers 1 and 2 makes terminal design more of a 
software than a hardware job. Like the ter­
minal architecture around the I2C bus and the 
THW and the architecture of the IST bus inter­
face IC, the software of the network or terminal 
controller will be modular. When the software 
modules become available for standardized call 
setup procedures and routing routines, life will 
be even easier for the terminal designer. o 
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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 BreakregionrM 
• 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 

EMULATOR S . • • • 

ASSEMBLERS •••••••• •• •••• 

•Extended maintenance contracts available. 
lntellec and iPDS are registered trademarks of Intel Corporation. 
Spice and Breakregio n are registered tradem arks of Relational Memory Systems, Inc. 
ZSO is a registe red trademark o f Zi log Corporation. 
NSC800 is a registered trademark of National Semiconductor Corporation. 
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~· dareally 
Put the "personal" back in personal 

computers with the WD2001 Personal 
Chip™ from Western Digital. 

Consider the facts: today's per­
sonal computer is a shared 
computer. People in the 
Modern Office are 
standing in line to use the 
nearest PC. John updates 
his sales forecast , Jane keeps her prod­
uct plans on target, Martha processes 
salary reviews, Joe does his monthly 
report, Teddy wants to write a letter 
home to Mom - all on the same PC. 

How can they keep their files pri­
vate and prevent electronic eaves-

dropping? With a Personal Chip, 
that's how. 

Your customers 
will take it personally. 

In this Age of Compatibility, it's 
tough for a PC maker to build 

in distinguishing product features . 
Now it's easy to add a unique feature -
data privacy - and offer your cus­
tomers a more personal computer. Just 
design in the Personal Chip. 

The WD2001 Personal Chip is a 
complex-on-the-inside, simple-on-the­
ou tside VLSI device that enables 
users to lock their files . It implements 
a s~phisticated encryption algorithm 
that's been exhaustively tested and 
certified by the National Bureau 
of Standards. 

Each user has a personal key, 
known only to him or her. There's 

not even a look-up table 
~ 



personal computer. 
for clever hackers to stum­
ble upon. Without the 
key, stored data is unintel­
ligible and uncrackable. 
Type in your key and, 
instantly, alphabet soup 
is turned back into data. 

For your eyes only. 
We humans are naturally 
nosy. We can't resist a peek at our · 
neighbor's mail if we get the chance. 
With a shared computer you're just 
tempting human nature. 

Winchester disk drives in personal 
computers compound the problem 
of data privacy. At least you can lock 
your floppy disks in a drawer, or 
even take them home. If your data 
is on a hard disk it is there for every-
one to access. 

v·· . ••• 
The Personal 

Chip protects data 
privacy on floppies , 
hard disks, tape 
drives, shared 

Put a lock on da ta stored on disk 
with the Personal Chip. peripherals, even 

during transmis­
sion in a local area network. In fact 
our NetSource/PC-LAN IBM­
compatible local area network board 
includes a Personal Chip to ensure 
secure data transmission. 

Our application engineering team 
is ready, able and eager to work with 
you to help you design in the Personal 
Chip. Because the WD2001 takes just 
Personal Chip is a trademark of Western Oigirnl Corporation. 

a single socket, it makes 
sense to design it into 
your system's mother­
board. Or, as the indus­
try's leading designer 
and manufacturer of 
disk controller boards, 
we' re in a perfect posi­
tion to supply you with 

a custom Winchester/floppy/tape 
controller with a built in Personal Chip 
for secure data storage. 

Your technology partners 
in data privacy. 

Make us your technology partner 

The Personal Chip encrypts Decrypt data with a few quick 
data, making it safe to store or keystrokes -if you have the key. 
transmit. 

in data privacy and we'll work with 
you closely to ensure your success. 
Write for the WD2001 Data Sheet 
and Application Note. Or give Dan 
Fili a call on our Data Privacy 
Hotline , 714/863-7828. Western Digital 
Corporation, 2445 McCabe Way, 
Irvine, California 92714. 
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Cl1984 All ied Corp. 

Amphenol® 
D-subminiatures. 
We've got your 
numbers. 
When you're looking for 0-subminiatures, 
Amphenol Products, the new connector 
company has the answers. Choose from several 
different families. With a wide range of dielectric 
materials, contact types, configurations, and 
accessories, whatever your design and core re­
quirements, we can probably meet them. And you 
can quote us! 

For low-cost, high-volume applications, the 
Poke-Home® 17RR Series has reel-fed rear-release 
crimp contacts and 94V-O rated insulators. The 



170 Series, for low-cost fixed-contact applications, 
comes in four contact termination styles. Both 
series conform to EIA RS-232C/RS-449. 

Original Poke-Home 17 Series connectors have 
been an industrial standard for years. Removable 
screw-machine contacts can be inserted in various 
arrangements in five shell sizes. With extended 
nylon insulators, they virtually eliminate sleeving 
or potting. 

For flat-ribbon cable in data communications 
applications, 17DFR Series plastic shell and 842-817 
Series metal shell connectors are low profile and 
fully intermateable with other 0-subminiatures 
with standard 0.054" (1 .37mm) contact centers. 
No cable preparation is needed. 

For military applications, the 17DMM Series 
conforms to MIL-C-24308 with monoblock OAP 
insulators and fixed contacts. The 17DF Series, for 
industrial and telecommunications applications, 
conforms to NFL 93 425 and EIA RS-232C/RS-
449. The two-piece insulators are 94V-O rated. 

Standard contact plating is 30 microinches gold 
over nickel. Contacts are fixed. Both series accept 
solder pot, straight or right-angle PC board and 
wire-wrappable contacts. Filter, power, coax and 
high-voltage contacts are also available. 

For the numbers you want to hear, check with 
us today. For more information, technical 
assistance, and prices . .. 

Call the new connector company 

1-800-323-7299 

ALLIED Amphenol 
~ Products 

Amphenol Products world headquarters: Oak Brook, IL 60521 
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Low-cost local network 
for small systems grows 
from IEEE-802.3 standard 

Differing microcomputer systems can communicate 
easily thanks to Cheapernet, an extension of 

a new local-area network standard. 

E
xisting standards for local-area net­
works define a utility that can serve the 
communications requirements of an en­

tire building or plant site a lengthy period of 
time. But the meteoric success of the personal 
computer and workstation is creating a need 
for still simpler systems. 

Indeed several such networks already exist, 
giving rise to numerous and confusing permu­
tations of access method, cable type, data 
rate, and so on. But thus far, no single domi­
nant candidate has emerged to set a de facto 
standard. Accordingly, the IEEE 802 Local 
Area Network Standards Committee has un­
dertaken to provide one that conforms to the 
Open Systems Interconnection reference 
model formulated and adopted by the Interna­
tional Standards Organization and ap-
proved by the IEEE and the European 

Computer Manufacturers Association. This 
new open system network has been dubbed 
Cheapernet. 

By accommodating common communica­
tions protocols, Cheapernet will enable differ­
ent manufacturers' equipment to be inter­
connected. It draws heavily on the technology 
and protocols for the IEEE-802.3 standard (see 
the table, p. 186), which is based on the access 
method known as carrier-sense multiple access 
with collision detection (CSMA/ CD) and is de­
rived from the earlier Ethernet specification. 

Essentially a smaller version of the 802.3 
network, Cheapernet trades off cable span and 
the number of stations to obtain lower cost 
and easier installation. Yet because it is 
spawned from the earlier standard, it will be 

NETWORKING 
Alan V. Flatman 
International Computers Ltd . 
Besides serving as manager of local network 
applications f or !CL in Kidsgrove, Staffs., 
U. K., Alan V. Flatman is chairman of the 
Cheapernet Task Group of the IEEE 's 802 
Local Area Network Standards Committee. 
He has also worked in the areas of displays 
and f iber optics. A member of IEE, he holds a 
BS in electronics engineering and a PhD in 
thermionic storage and speech synthesis from 
Staffordshire Polytechnic. 
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able to use the same highly integrated chips 
that are just becoming available for 802.3-
based networks. The result will be additional 
savings as the cost of the three chips in­
volved-a transceiver, serial encoder-decoder, 
and network controller-drops further to re­
flect the economy of large volume production of 
both types of local networks. (See pp. 193 and 
203 for a description of three such chips.) 

Data rate is OK 

Interestingly, Cheapernet's definers de­
cided not to reduce the data rate from the 
original standard's 10 Mbits/s, even though 
such a move would have further reduced the 
cost. Only marginal savings would have been 
produced by cutting the data rate to 4 Mbits/s; 
slowing the rate still further would have con­
gested the channel and required extensive 
data-packet buffering for certain applica­
tions. Worse, lowering the data rate would 
have rendered Cheapernet incompatible with 
the original 802.3 standard, which it is in­
tended to complement. 

However, one effective cost-cutting method 
that was adopted was reducing the range, or 
overall cable span, of the system. A single 
Cheapernet segment is limited to 600 ft, com-

IEEE-802.3 and Cheapernet 
local-area networks compared 

Parameter IEEE-802.3 Cheapernet 

Data rate 10 Mbits/s 10 Mbits/s 

Segment length 1600 ft 600 ft 

Network span 8000 ft 3000 ft 

Nodes per 
100 30 segment 

Nodes per 
1024 1024 network 

Node spacing 
2.5 m 

0.5 m min. (at cable marker bands) 

Segment cabling 
0.4-in. diameter, 50-!! 0.25-in. diameter, 50-!! 

coaxial cable with coaxial cable with system N-series connectors BNC connectors 

0.38-in .-diameter 
Transceiver multiway cable with 15- Not applicable interface pin D connectors 

(length up to 165 ft) 

Installation Installer required Simple, mainly by user 
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pared with about 1600 ft permitted by the 
earlier standard. This allows the use of RG-58, 
a cable that is thinner and more flexible and 
therefore costs much less than the one spec­
ified in 802.3. 

For further economy, Cheapernet terminals 
connect directly to the network's primary 
cable. The tradeoff here is that the new net 
accepts only 30 nodes, whereas the standard 
802.3 system accepts up to 100. 

That direct connection, a result of placing 
the network's transceiver inside the user's 
data terminal equipment (DTE), is physically 
the most substantial departure from the origi­
nal 802.3 specification (Fig. 1). The latter calls 
for external (and therefore more expensive) 

N-series 
50-r! connector 

;ermina~to_r __ ~ I 
T Transceiver 
'-lo-~ 1 Transceiver 1->-"-T.J 

100 

15-pin 
D connectors 

Thin 50-r! BNC connectors 

-'·~. 

Transceiver 
interface 

cable 

Personal 
computer 

.... _ .... ____ ,--,c-

(b) 

1. The acceptance of the Ethernet-like IEEE-802.3 
local-area network standard (a) has created interest 
in a related but less expensive version suitable for 
small microcomputer systems. To reduce the cost, 
the newly proposed Cheapernet standard (b) short­
ens the cable length to make less expensive cables 
and connectors practical. The data terminal equip­
ment (DTE) incorporates a transceiver IC and so 
connects directly to the primary cable. 



transceivers at the primary cable and con­
necting cables extending to the DTE. 

With Cheapernet, in contrast, each user will 
likely connect to the primary cable using 
ready-made cables prefitted with connectors. 
Alternatively, users can construct their own 
connector and cable assemblies if they know 
how, but ready-mades with molded strain re­
liefs are expected to be more reliable and less 
expensive. In either case, each user station at­
taches to a tee adapter in the primary cable. In 
addition, each tee must be separated from its 
nearest neighbor by at least 0.5 meter. No other 
restrictions apply, however, unlike 802.3, where 
connections are made only at specified cable 
markers. 

Although Cheapernet is intended for very 
local use, several 600-ft segments can be 
joined together with the help of signal re­
peaters. Alternatively, several segments can 
be similarly attached to a standard 802.3 net­
work, which would thus be made to form the 
overall network's "backbone" (Fig. 2) . The 
compatibility between the two networks' 
transmission levels, data rates, and protocols 
means that the same basic repeater (except 
for having different coaxial connectors) could 
be used throughout. 

Best of both worlds 

Of the two extended configurations, the 
two-system collaboration is particularly ap­
pealing. Such a hybrid unites the attributes of 
both types of nets: Local users are free to con­
figure their own equipment while enjoying the 
resilience and reliability of the backbone's 
data communications infrastructure. More­
over, connections between the systems need 
no complex and expensive bridges or any addi­
tional designing. 

The length of such a network is limited by 
the 25-µs maximum end-to-end delay time 
that can be tolerated by each network's 
CSMA/CD protocol. Translated into cable 
length, this means that the maximum length 
of a standard local network alone is 8000 ft 
and that of the Cheapernet is 3000 ft . For a 
hybrid setup, the maximum length depends on 
t he number of repeaters, the individual 
lengths of each segment, and other factors. 
The rules for configuring hybrid systems will 

be laid out in the Cheapernet specification. 
Despite the low cost and simplicity of con­

necting to a node in the Cheapernet standard, 
the basic cable components-the RG-58 coax­
ial cable and ENC connectors-are well prov­
en and reliable. Tests have shown the cable 
and the ENC connector to meet the need at 
hand. In fact, both pass the FCC rf emission 
requirements fo r Class A and Class E tests. The 
cable's susceptibility to electromagnetic noise 
is also acceptably low. 

As for the ENC connector, its mili tary rat­
ing ensures a low contact resistance even after 
hundreds of remating cycles. In addition, it 
resists environmental contamination and the 

2. To overcome its limited range (600 ft per seg­
ment), several Cheapernet lengths can be joined by 
a repeater or tied into a larger local network 
"backbone." In the latter configuration, a system 
can offer the best of both worlds: a low-cost and 
easy-to-use Cheapernet backed up by a flexible and 
powerful Ethernet-like network. 
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degrading effects of long storage periods. De­
spite these strengths, the wide application of 
the ENC connector keeps its cost low. 

In connecting individual lengths of cable to 
the system, the designer must take care to 

. cover any exposed metal, be it at a connector, 
tee adapter, or line terminator, in order to 
prevent accidental multiple ground connec­
tions and their resulting current loops. Such 
loops would reduce the signal integrity of trans­
mission line. Cheapernet accordingly specifies 
that plastic moldings be snapped over the ex­
posed metal at each junction, both to prevent 
ground loops and to help secure the connection 
they protect. Deliberate grounding should be 
limited to a single point along the coaxial cable, 
but even this is optional, since each station will 
contain a high-value resistor to discharge any 
static electricity that builds up on the line. 

compa­
tible 

interface 

3 miniature 
pulse 

Transceiver transformers 
chip ) ~-~ 

~Im 
Electrical 
isolation 

Serial 
chip 

Local­
area 

network 
controller 

chip 

3. Cheapernet chips are well on their way to the 
user because of the low-cost network's compatibil­
ity with the already accepted IEEE-802.3 Ethernet 
derivative. The same trio of IC components-a 
transceiver, a serial encoder and decoder, and a 
controller-will work with both systems. In Cheap­
ernet, however, the pulse transformers that isolate 
the terminal from the network's primary cable are 
located within the DTE, not outside it. 
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Despite Cheapernet's newness, some semi­
conductor companies are well on their way to­
ward integrating the three active elements of 
the system. These elements are the trans­
ceiver, the serial encoder and decoder, and the 
controller (Fig. 3); As noted, integrated ver­
sions of these parts, which have begun to 
appear this year, are being developed for the 
network defined by the 802.3 standard and 
will automatically apply to Cheapernet as 
well. 

Of the three chips, it is the transceiver that 
transmits and receives data and senses a colli­
sion on the line. As mentioned, this device will 
be located within the DTE, close to the ENC 
connector and the primary line itself. Placing 
the transceiver close to the primary line helps 
maintain the network's low shunt capacitance 
(8 pF). 

What's more, pulse transformers between 
the transceiver and serial encoder and decoder 
chips electrically isolate each DTE from the 
others in a segment-a separation that is 
called for in the Cheapernet specification. The 
DTE is isolated between the transceiver and 
serial chips and not at the interface to the 
primary line, because there it would obstruct 
the sophisticated collision-sensing system, a 
mechanism that relies on monitoring the 
line's de level. 

The second chip of the system, the serial 
encoder and decoder, translates data into the 
Manchester biphase format for transmission 
on the system and into the NRZ (non-return­
to-zero) coding needed by the controller chip. 
The Manchester code, having abundant clock 
pulses, eases the task of decoding data. 

Finally, all transmission protocol func­
tions, serial-to-parallel conversion, and com­
munication with the host are the job of the 
last of the three chips, the controller. This IC 
could ultimately be combined with the serial 
encoder and decoder and so cut the system's 
cost even further.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Circle 

547 
548 
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160W SGS switching regulator proven 
in millions of power supplies. 

Immediate availability, world 
standard packaging and excep­
tional power make L296 device 
No. 1 design-in choice. 

The reason why more design engineers 
are specifying the L296 step-down switch­
ing regulator can be summed up in two 
words: power and efficiency. 

The 160W linear device employs pulse 
width modulation techniques to deliver 
regulated voltages from 5.lV to 40V. 

L296 BLOCK DIAGRAM 

(Compare this to 30V max. output for 
competitive types.) 

The L296 provides high efficiency (up 
to 90%) at switch ing frequencies of up to 
lOOkHz. This means lower dissipation, 
a smaller heatsink and, consequently, a 
smaller, less expensive power supply. 

In fact, all necessary circuitry to build 
a complete switch mode power supply is 
housed in the I C's cost-saving plastic 
Multiwatt~ package. 

In addition, the L296 includes more con­
trol/protection functions, while requiring 
fewer external circuits. For example, only 
one capacitor and one resistor are needed 
for the device's reset circuit to provide a 
signal to the microprocessor. Plus, with 
most other switching regulators, an exter­
nal current limiter must be added; this func· 
tion is standard in the L296. Soft-start, 
internal precision reference and overload 
output protection are also part of the high 
performance L296 package. 

'lb date , millions of L296 switching regula­
tors are on the job in a host of products 
including monitors, printers, personal com- · 
puters and typewriters. The SGS device is 
in demand because of its exceptional power 

CIRCLE 86 

A TYPICAL SYSTEM PERFORMANCE 

Characteristic Rating 

Input Voltage Vi = 7.5 to 50V 

line Regulation vi = IOV to 40V lo = 2A 60dB 

Load Regulation Vi = 20V lo = 0.3A to 4A 60dB 

Ripple Rejection I= 120Hz 50dB 

and its proven track record. In short, the 
L296 is simply the logical choice for en­
gineers who can't afford to gamble on their 
power supply design. 

L296 evaluation kit now 
available from SGS. 
The kit, which is available for immediate 
shipment, includes an L296, PC board and 
layout information as well as detailed 
application notes. Th order, send a $10 
check to SGS Semiconductor Corporation, 
Product Marketing, 1000 E . Bell Road, 
Phoenix, AZ 85022. Or call 602/867-6262. 

Multiwatt is a registered trademark of 
SGS Semiconductor Corporation. 

Created by Martz & Associates 



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 for 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 emulation. 

f7h"til 64264A EM 11'12.J H01terr , ULATION PROBE 
PACKARD 

USE WITH B4263A CONTROL BOARD 

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. 

FOR 

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. 

§.Q51 
CEssoRs 



HP64000 
options than ever. 

A complete family of 
emulators. 

Our HP 64000 Logic Development 
System features optional emulation mod­
ules fo r 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-Bit 16-Bit 
Microcomputers Microprocessors Microprocessors 

6801103 Z80 68000 

6805 6800 680!0 

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 . 

CIRCU 17 

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 SY.stem, with 8051/31 emu­
lation built in, costs approximately 
$25,000>t: 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 comprehensive processor support 
program. Or, call your local HP sales 
offJCC listed in the tclephone directory 
white pages. Ask for the electronic 
instruments department. 
0 U.S.A. price anly. 

HEWLETT 
PACKARD 



Circuit breakers. Airpax magnetic 
breakers trip accurately at rated current, 
regardless of changes in ambient tem­
perature. Single and multiple pole 
models, for UL, CSA, VOE and military 
requirements. 

CIRCLE 191 

Thermostats. Snap action design 
assures precise operation without 
electrical noise. Immersion and surface 
sensing types cover temperature range 
from 15° F to 575° F. 

CIRCLE 192 

Relays. Miniature models, only Y2 
cubic inch, and Y2 ounce, are UL-listed 
and switch 'lo HP at 12 VAC. Super 
sensitive models operate on as little as 
44 mw power. Also general purpose, 
rni litary and high voltage models. 

CIRCLE 193 

.................................................................................................................. . 

Tachometers. TACHTROL® 2, digital 
speed and rate monitor has exceptional 
precision , fast response and low price. 
TACHTROL 3 dual-input tachometer 
computes and displays speed ratio, 
percent difference, etc. 

CIRCLE 194 

Stepper Motors. Unipolar and bi­
polar types supply high torque in mini­
ature size. Step angles range from 
1.8° to 18° per pulse, running torque up 
to 28 oz-in ., holding torque up to 46 oz-in. 

CIRCLE 195 

Pickups. Over 350 different models of 
passive magnetic pickups, zero-velocity 
and bi-directional types, in the widest 
range of sizes, temperature ratings 
and special designs on the market today. 

CIRCLE 196 

We give you control. 
Better control. Of your own design, manufacturing and quality assurance 

processes. Not only with the varied line of Airpax components shown here. But 
also in the way we offer these products to you. 

Quick response to your requirements. 
Delivery on schedule. 
Rigid quality standards. 
Economical prices. 
If your requirements are standard, we can probably fill your needs with one of 

our thousands of existing products. 
If you need something special, we can create a custom design for you, and 

manufacture it economically-whether you need a few hundred or a few million. 
We know that quality, price and delivery are important to you. So we give you 

more than electromechanical components. We give you control. 
Contact your local Airpax representative, or write: Airpax Corporation, a North 

American Phi lips Company, West Johnson Ave., Box C. , Cheshire, CT 06410. 
(203) 272-0301 . 

AIRPB 
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Transceiver and serial 
interface I Cs put personal 
computers on budget LAN 

Half the job of a network interface-managing a specific 
protocol and encoding scheme-is shared 

by two low-cost /Cs. A third links them to the host. 

dding a local-area network interface to a 
computer or co mputer peripheral 
should increase its cost of manufacture 

by no more than 10%, say equipment manu­
facturers. According to that rule of thumb, the 
complex board interfaces using discrete !Cs 
that conform to the recently approved IEEE-
802.3 standard are much too expensive for per­
sonal computers and low-end workstations. 

Cheapernet, a low-budget variation about to 
be added to the Ethernet-derived 802.3 docu­
ment, is now setting the stage for affordable yet 
standard local networks. Among other econo­
mies, it uses less-and less costly-cable, 
simpler connectors, and fewer nodes (see 
p.185). Moreover, the node circuitry is the same 
for both Cheapernet and 802.3 networks and, in 
view of the huge potential demand, well 

worth integrating into one chip set. 
The DP8392 coaxial transceiver interface and 

the DP8391 serial network interface make up 
two of the three players needed to form a local 
area network interface. The third IC, the 
DP8390 network interface controller, completes 
the cast and is described separately (p. 203). 

The chips' appeal lies not only in their com­
patibility with 802.3 and Cheapernet specifica­
tions, but also in their low cost and ease of use, 
since a complete interface requires few addi­
tional components. For example, with only a 
1 % resistor, the transceiver chip performs all 
the functions defined for the 802.3 medium­
access unit, except for signal and power iso­
lation. Similarly, the serial interface IC, by 
substituting a digital for an analog phase-

Ramanatha V. Balakrishnan 
National Semiconductor Corp. 

NETWORKING 
Ramanatha V. Balakrishnan, with National 
Semiconductor since 1978, is currently a design 
section manager of new 'J)'roduct development 
for the interj ace design group in Santa Clara, 
Calif He is also a member of the IEEE 802.3 L. 
Standards Committee and chairman of the 
Electrical Specifications Task Group of the 
IEEE P896 Future Bus Standards Committee. 
The holder of 10 patents in the field, he has 
worked on several data communication chips, 
including the industry's first trapezoidal trans­
ceiver. 
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locked loop decoder, sharply cuts the number 
of precision components needed. In fact, the 
entire network interface, including 4 kbytes of 
local buffer memory, requires only 15 in.2 of 
board space and in volume production should 
cost the original-equipment manufacturer 
about$100. 

flexible RG58 coaxial cable, which lets de­
signers put the transceiver IC inside the user's 
system (ref erred to generally as the data ter­
minal equipment, or DTE) and dispense with an 
expensive transceiver cable. 

Another source of savings is Cheapernet's 

Actually, the chip set offers designers three 
interface options, provided the necessary con­
nectors are installed (Fig. 1). Equipping the 

!~~; RG58A/ U coaxial c~:~~aperne: 
cable IEEE-802.3 I 

local-area network BNCt 
connec or 

Medium-access t 
unit : 

.----~ I 
DP8392 
coaxial 

transceiver 
interface Transceiver 

DP8392 
coaxial 

transceiver 
interface 

interface l S-pin 

'-++....._ ______ __. r--c-ab_le_s_+t.._J connector 
I 

..--'----.Broadband t 

Data terminal 
equipment -------

Pulse 
transformer DP8391 

serial 
network 
interface 

DP8390 
network 
interface 
controller 

network'----------------------- --

Broadband network cable 

1. The three-chip local network interface consisting of the DP8392 coaxial trans­
ceiver interface, the DP8391 serial network interface, and the DP8390 network 
interface controller connects to the recently approved IEEE-802.3 (Ethernet) stan­
dard, as well as to its proposed low-cost version, Cheapernet. In addition, the in­
terface will tie into a broadband network currently under construction by the IEEE. 

I I Coaxial 
cable I, __ ____ 

I I 
I I 
I I 
I I 
I I 
I 

Coaxial transceiver 
interlace chip 

Vee 

Receiver 

Driver 

Jabber 

Collision detector i---T--­
and 

heartbeat 
generator 

Pulse transformers 
in 16-pin 

DIP 

Power 
pair 

Receive 
signal 
pair 

Transmit 
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pair 

Collision 
signal 
pair 

Transceiver 
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(optional) 

2. In the coaxial transceiver interface, the receiver and driver carry Manchester­
encoded data between the network's coaxial cable and the serial network interface 
chip. The jabber circuit turns off an errant driver. The collision detection circuit is 
tested by the "heartbeat" circuit, which simulates a collision signal and so tests 
the system's ability to respond. 
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DTE with a ENC connector permits it to link up 
with Cheapernet, while adding a 15-pin D con­
nector (and its accompanying cable) enables 
the DTE to join not only the 802.3's Ethernet­
derived system, but also a 10-Mbit/s broadband 
network currently being defined by the IEEE's 
802.3 committee. 

Complex but simple to use 

Although the chips simplify the job of con­
nection, they are themselves quite complex de­
vices that draw on several process technologies 
and numerous design innovations (see 
"Selecting Chip Technologies," opposite). The 
serial interface chip, for example, uses a 
patented scheme in its digital phase-locked loop 
to avoid the need for a 1-GHz clock. Of the three 
chips in the set, however, the transceiver is the 
most difficult to integrate onto a single chip 
because it combines high-precision analog 
functions with high-speed ECL-based digital 
circuitry (Fig. 2). 

In all, the transceiver contains four main 
circuits: a driver, a jabber, a receiver, and a 
collision detector and "heartbeat" generator. 
As required by the local network specifica­
tions, the driver must keep the rise and fall 
times of its output to 25 ± 5 ns, while matching 
the two within 1 ns and keeping skew to 2 ns or 
less. What's more, if the driver's output re­
mains active for more than 20 ms, the jabber 
circuit disables it. Since 15 ms is the maximum 
time a driver has to send its message, the jab­
ber in effect detects a faulty transmitter and 
removes it from the network. 

The chip's receiver features an equalizer to 
reduce signal distortion and a squelch circuit 
to keep the receiver from responding to noise 
on the cable. Also, should a collision occur be­
tween messages from any two stations, the 
chip's collision detection circuit turns on a 
10-MHz warning signal. 

This circuit, which contains a four-pole 
Bessel filter and a trimmed on-board voltage 
reference, also issues a "heartbeat" signal at 
the end of every packet that the chip transmits. 
The heartbeat is a burst of the 10-MHz col­
lision detection signal sent to the DTE, and 
tests the transceiver's ability to respond to a 
collision. 

Additional components are needed to pro-

vide de isolation between the transceiver's 
power and signal connections and the DTE. In 
new designs, the best way to isolate the power 
connections is to energize the chip from a sep­
arate winding in the DTE's power-supply 
transformer. However, this may not be prac-

Selecting chip technologies 
The decision to partition the network interface 

into three chips using different technologies was 
based mainly on the differing precision, speed, and 
density requirement of their functions. However, 
in the case of DP8392 coaxial transceiver interface 
chip, the circuitry between the primary cable and 
the isolation transformers was a logical candidate 
for integration, since it would keep all electronics 
on the cable side of the transformers within a 
single chip. 

Th integrate the transceiver called for a process 
that resisted any failures that could disable the 
entire network, and at the same time one that 
could perform high-precision analog and high­
speed digital functions . For these criteria, de­
signers tailored a junction-isolated bipolar process 
specially for the device. Its deep epitaxial layer 
withstands voltage spikes on the coaxial line and 
its thick oxide layers enhance the bipolar technol­
ogy's inherent static immunity. 

Also, because the standard 802.3 network re­
quires a reliability of 1 million hours MTBF, de­
signers took extra steps to ensure the transceiver's 
longevity. The most critical was a lead-frame pack­
age design, which increases the chip's thermal con­
ductivity, boosting reliability by reducing the 
chip's operating temperature. In addition they kept 
the current density low through the metal lines of 
any critical paths and adhered to a conservative set 
of spacing rules throughout. 

For the DP8391 serial network interface, the 
high speed needed for its digital phase-locked loop 
decoder was the overriding consideration. As a re­
sult, an oxide-isolated bipolar process was chosen . 
Circuitry is configured in high-speed differential 
ECL, except for the interface buffers to the con­
troller chip, which are 'ITL devices. What's more, 
in combining ECL and 'ITL circuits, designers 
were careful to keep separate Vee and ground lines 
for each to minimize noise. 

The last chip of the three, the DP8390 network 
interface controller (see p. 203), emphasizes logic 
and memory devices and is processed with Micro­
CMOS technology. This process delivers the req­
uisite high speed (10 Mbits/ s) and density and 
forestalls the potential problems of limited supply 
current and poor cooling in small systems. It is 
characterized by oxide isolation, two layers of met­
al, and self-aligned 2-µm gates. 
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tical for an existing design. In that case, one 
practical approach when (as in Cheapernet) 
the transceiver chip is located inside the DTE 
is to use a de-to-de converter. Since the chip 
requires -9 V de, this power can be drawn 
from the DTE's 5-V de logic supply through a 
low-cost circuit consisting of a transformer, a 
simple two-transistor self-oscillating primary 
circuit, and a regulated secondary circuit. 

Even for an Ethernet-like application, where 
the entire transceiver unit is external to the 
DTE and the 12-to-15-V range reduces the regu­
lator 's efficiency, the transceiver chip's low 
current drain still allows an unusually low cost 
regulator to be employed. 

As for the signal lines, pulse transformers 
isolate the receiver, collision detection, and 
transmitter pairs. What's more, to eliminate 
large idle currents through the pulse trans­
formers, the differential outputs of the chip's 
receiver and collision signals become zero 
when no signal is present. Furthermore, the 
input to the transmitter section contains a 
squelch circuit to suppress any noise that could 
result from keeping both its differential lines 
at the same potential. 

De power. 
12- 15 v de 

Receive 
signal 
pair 

Transceiver 
cable 

(optional) 

Transmit 
signal 
pair 

Collision 
signal 
pair 

Power 
pair 

The pulse transformers that provide de iso­
lation of the transceiver chip's receiver, trans­
mitter, and collision detector signals also 
couple these signals to the second chip in the 
set, the serial network interface (Fig. 3). Even 
if this coupling is routed through a separate 
cable to the DTE, the connection does not 
require additional isolation at the DTE end. 
That is because the serial network chip's dif­
ferential drivers and receivers succeed in meet­
ing all of the connection's short-circuit, break­
down, and common-mode requirements. In 
addition, like their transceiver chip counter­
parts, they feature squelch circuits on the re­
ceivers' inputs and zero-current idle states on 
the drivers' outputs. 

When transmitting data, the serial network 
chip converts non-return-to-zero (NRZ) data 
and clock pulses from the controller chip into 
Manchester encoding and sends the converted 
data to the transceiver. The opposite process 
occurs for reception, but then the serial net­
work chip must decode a 10-MHz signal that 
has accumulated as much as ±20 ns of jitter. 

To do this, the chip uses a novel digital PLL 
to avoid the pitfalls of an analog one. An analog 

Digital PLL RX Data 

decoder RX CLK 
cs 

Loop back 
circuit Loopback signal 

Crystal 
oscillator 

TX CLK 

Manchester 
TX Data 

encoder TXEN 

Collision 
Collision detection 

decoder detection 

3. During transmission, the serial network interface chip changes NRZ data from 
the network interface controller into Manchester-encoded data for the coaxial 
transceiver. During reception, a digital phase-locked loop helps decode 10-Mbit/s 
data containing as much as ± 23% jitter. 
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PLL would require several prec1s10n com­
ponents and its performance could degrade be­
cause of poor layout or induced noise. In con­
trast, the digital PLL requires no external 
components and performs more predictably. A 
conventional digital PLL, however, would have 
to sample the input signal every 2 ns and would 
therefore require a precise and extremely ex­
pensive 1-GHz clock. 

Beat the clock 

Instead, the chip uses a patented technique 
to extract the needed 2-ns resolution from a 
less critical 160-MHz, three-phase clock. This 
clock is generated on chip from only one exter­
nal part: a 20-MHz crystal. Thus the chip saves 
board space while providing a high-per­
formance digital PLL-one that locks on in-
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stantly to the first valid edge of a signal and 
achieves full resolution in no more than 5 bits. 

In addition to its encoding and decoding 
function, the serial network chip also develops 
a carrier-sensing signal from its receive-signal 
lines and decodes the collision-sensing signal 
into TTL and MOS levels for the controller. 
Finally, for diagnostics purposes, the chip in­
cludes an internal signal-loopback path. 

The pin assignments of both the t ransceiver 
and serial interface are designed to minimize 
the crossover of any printed-circuit t races. 
Moreover, some of the components needed for 
an Ethernet-like interface are eliminated for 
Cheapernet (Fig. 4). For instance, Cheaper­
net's relaxed load capacitance (8 pF, compared 
with 4 pF for the modified Ethernet) obviates 
the need for an external capacitance isolation 
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4. A complete interface occupies less than 15 in.2 and costs only about $100 (the dashed lines indicate the 
parts not needed for Cheapernet). Pulse transformers provide the necessary de isolation for signals be­
tween the transceiver chip and the rest of the interface. De power must also be isolated using either a 
de-to-de onverter or a separate power supply winding from the user's system. 
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diode. Also, because Cheapernet has the trans­
ceiver inside the user 's system, it requires 
neither a separate cable nor Ethernet's line­
terminating resistors found on the trans­
mitted-signal lines (TX + and TX - ) at the pulse 
transformer. 

Prepare with care 

Despite the network's lack of precision 
components, the designer must lay out certain 
sections of the circuit board with special care. 
The most critical of these is the coaxial cable 
connections to the transceiver's Receiver Input 
(RXI) and Transmitter Output (TXO) pins. 
These must be kept as short as possible. Also, 
when attaching an external diode to the trans­
ceiver chip, the designer must minimize any 
stray capacitance, particularly on the diode's 
anode side. To do this, all metal lines must be 
kept as far as possible from the RXI and TXI 
lines. In particular, a designer should keep V cc 
and ground planes at least 0.5 in. away. 

Moreover, to meet the stringent capacitive 
loading requirements on the coaxial cable, the 
transceiver chip must be soldered directly to 
the pc board without a socket. What's more, to 
improve the chip's heat conduction, VEE pins 4, 
5, and 13 should be connected to large metal 
traces or planes. The chip's lead-frame pack­
age also helps keep its operating temperature 
down. 

The transceiver chip uses a separate ground­
voltage sensing pin (CD Ground, pin 16) to ac­
curately detect a collision-voltage level on the 
coaxial cable. This pin should be independently 
attached to the cable's shield to minimize 
errors caused by ground currents. 

Another critical area of the printed-circuit 
layout is the connection of the 20-MHz crystal 
to the serial network interface chip. Stray 
capacitance can shift the crystal's frequency 
out of range, causing the transmitted fre­
quency to overshoot its 0.01 % tolerance. Since 
a crystal's frequency is usually specified for a 
given shunt capacitance, the designer should 
make every attempt to match that capacitance. 

In making that match, the factors to con­
sider are stray capacitance at the chip's pins 
(about 5 pF), at its socket if one is used, and at 
the circuit board's traces (to be kept as short as 
possible) and plated through holes. Once the 
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total stray capacitance is determined, the de­
signer can calculate any shunt capacitance 
that may be needed to match that specified for 
the crystal. Furthermore, as a check, the de­
signer can measure the transmission fre­
quency at the serial interface chip's Transmit 
Clock pin (TX CLK) and adjust the shunt 
capacitance accordingly. Tests show that a 
25% change in the shunt capacitance causes a 
0.01 % shift in a crystal's frequency. Once the 
designer finds the correct capacitance for a 
given layout, a fixed-value 5% tolerance capac­
itor is all that is needed. A typical value for 
that shunt capacitor is 20 pF. 

Line termination is another important con­
sideration for the network interface. The line­
driver output pairs of the transceiver chip, the 
Received (RX +, RX - ) and collision detection 
(CD +, CD - ) signals, and that of the serial net­
work chip, the transmitted signal (TX +, TX - ), 
require external resistors to match their 
impedance to that of the pulse transformers. 
Here, each driver's output impedance must be 
low enough to drive the minimum expected 
load inductance, in order to not exceed the 
maximum allowed signal drooping levels. At 
the same time, the impedance must not be so 
low as to draw excessive current. 

For 802.3 the minimum inductance is conser­
vatively low, 81 µH (27 µH in parallel with 50 
µH), because the hardware on the far end of the 
transceiver cable is unknown. However, for 
Cheapernet it is the user who determines the 
inductance-he or she can pick a higher value, 
say 50 µH, and therefore a higher drive imped­
ance and less dissipated power. 

All three driving pairs (receive, transmit, 
and collision detection) should be terminated 
with a 78-Q differential resistive load at their 
receiver end. What's more, to reduce the 
common-mode impedance to about 20 Q and so 
help attenuate common-mode transients, the 
designer should split each termination into 
two equal resistors and ground their common 
(center) node.o 

How useful? 
Immediate design appl ication 
Within the next year 
Not applicable 
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TFC HAS THE BROADEST AND MOST SOPHISTICATED LINE 
OF COAX AND FIBER OPTIC CABLES AVAILABLE ANYWHERE. 

Whether you are planning a Local Area Network 
(LAN) or upgrading one, Times Fiber Communica­
tions has the cable you need. Baseband, broadband, 
twisted pair, and fiber optic cable and assemblies 
specifically designed for LANs. 

For broadband systems, consider our new T4 PLUS rM 

cable. It is totally bonded from conductor to jacket, 
and can be bent to a 4" radius without kinking or 
flattening. Unique. 

Considering Ethernet*? Times Fiber Communications 
has supplied more Ethernet cable than any other 
company in the world. 

If you need help in making the right choice for your 
needs, our 35 years of experience is yours for the 

asking. After you choose TFC, you also get fast 
delivery from one of our widespread distribution 
centers, along with the most respected technical 
back-up in the industry. 

Call or write for our complete "Cabbs for Electronic 
Data Processing" catalog. If you are interested in 
specifically designed cable for your LAN, contact 
John Palasciano, Marketing Manager, LAN Products, 
Times Fiber Communications, Inc., 358 Hall Avenue, 
PO. Box 384, Wallingford, CT 06492, (203) 265-8439 
or (800) 243-6904. *A trademark of Xerox Corporation. 

T FC TIMES FIBER COMMUNICATIONS, INC. 

RF CABLE PRODUCTS DMSION 
358 Hall Ave. · P.O. Bax 384 • Wallingford. CT 06492 
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COMMANDING. 

Spill A ~GUE Sprague's new UDN-29528 and UDN-2952W full-bridge motor drivers are designed 
~ for 2-phase bipolar control of stepper motors, brushless d-c motors, and some servo Tic E~CEL AS applications. Continuous output currents to 2 A at 40 v are allowed, and 

~ S 1~ peak start-up currents as high as 3.5 A. For high-power requirements, 

C Mo OR RS 
the UDN-2952W in a 12-pin SlP power 

• tab package is suggested. For lower D if DRIVE • power applications, the UDN-29528 in 
a 16-pin DIP is supplied. Both are compatible with slandard log;c families. Volume prices (50k) for the I 
DlP version is less than $2, and the SIP version just over $2. Write for Engineering Bulletin 29319 to 
T echnkal Literature Setvice, Sprague Electric Co., a Penn Central urut, 34 7 Marshall Street, North 
Adams, Mass. 01247. For applications assistance, calJ Mark Heisig at 617/853-5000. 
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Network controller chip 
prevents host interface tie-ups 

with 2 OMA channels 

An IEEE-802.3 controller chip easily handles messages 
that might otherwise swamp a small system 's CPU. 

With two other chips it makes a compact network interface. 

designers of small systems eye the 
coming low-cost chips for local-area 
networks, they will have to consider the 

burden that the network interface places on 
their system's CPU and bus structure. What 
they will find is that such an interface must 
constantly monitor the needs of the central 
processor and the network. The reason is that 
an incoming message can appear any moment, 
and instant access to the network is never cer­
tain for outgoing messages. In short, the net­
work's complex and unpredictable nature can 
hamstring a small system's CPU and clog its 
address and data buses. 

To counteract this potential logjam, a re­
cently announced IC for the IEEE-802.3 
standard, the DP8390 network interface con­
troller, features two high-speed 16-bit, 

ful logic sections that can manage a buffer 
memory and arbitrate access to the system bus. 
What's more, when it is used with two new 
transceiver and serial interface chips (see 
p. 193), the overall network interface can be . . 
very mexpens1ve. 

The chip has other strengths, as well: It is 
compatible with both low-cost 8-bit micropro­
cessors and high-performance 16-bit ones; it 
incorporates a scheme for addressing several 
stations at the same time; it records the net­
work's performance and monitors errors; and 
it tests itself and the network by looping back 
transmitted messages through several stages 
of the interface. 

The network interface controller relieves 
the system's CPU and bus structure of the 

direct-memory-access channels. In­
stead of relying on the system's host 
processor, both channels share power- NETWORKING 
Herb Schneider 
National Semiconductor Corp. 

Herb Schneider is an application engineer 
with National Semiconductor's digital periph­
erals design group in Santa Clara, Calif He 
joined the company in 1981 after graduating 
f rom the University of California in Davis 
with a BSEE. In addition to his work on 
local-area network !Cs, he has helped define 
and develop the DP8460 hard-disk controller 
chip set. 
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nitty-gritty of accepting messages from, and 
preparing them for, the network's cable. 
Among the details it takes over are allocating 
buff er and main memory, handling partly re­
ceived messages, retransmitting messages 
after a collision, and writing status and 
message-linking information to memory. Ob­
viously, the more work a controller handles 
for a system's central processor, the less of a 
burden is the network interface. 

Two-channel champion 

The advantage of a powerful two-channel 
DMA function is that designers usually em­
ploy a dual-port buffer memory to isolate the 
system's CPU from the real-time demands of 
receiving and transmitting messages. But 
many dual-port designs still require bus arbi­
tration logic, as well as buffers, latches, and 

Collision 
Detection 

Carrier 
Sense 

Collision 
recovery and 

interframe gap 
timing logic 

other glue logic. The network interface control­
ler, however, uses few extra devices, because its 
on-board DMA circuitry is tailored to access 
the buffer memory and transfer data between it 
and the main memory. 

As a result, the controller is especially 
suited to low-cost systems that may lack the 
space or budget for many extra components. It 
is also easy on the system power supply. Be­
cause the chip is fabricated using a high­
density CMOS process, it consumes relatively 
little power despite its high speed (see 
"Selecting Chip Technologies," p. 195). 

The controller's two major operating modes 
are for receiving and transmitting data, and 
so most of the chip's logic focuses on these two 
tasks (Fig. 1). In the receiving mode, the chip 
first aligns into bytes any received serial mes­
sage of the proper format . Among the fields of 
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1. The DP8390 network interface controller chip transfers message packets between a host system bus and a 
companion serial interface IC. Some of its logic elements deserialize received messages and check their ad­
dress and error detection fields, as well as other aspects of the IEEE-802.3 protocol. In the chip's transmitting 
mode, other logic elements serialize outgoing data and append the proper bit fields. In addition some of the 
chip's circuitry is dedicated to managing two 10-Mbyte/s OMA channels (tinted area). 
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a properly formatted message are a 62-bit pre­
amble, a 26-bit synchronization field, 6-byte 
destination and 6-byte addresses, a 2-byte 
field giving the message's length, a data field 
of 46 to 1500 bytes long, and a 4-byte CRC, or 
cyclic redundancy code. 

Once the incoming message bytes are 

aligned, the controller's address recognition 
logic simultaneously stores the 6-byte 
destination field in an on-board 16-byte FIFO 
(first-in, first-out) register and compares the 
field with the node's own programmed 
address value (see "Software Initialization: 
The Basics," below). If the comparison is a 

Software initialization: The basics 

The DP8390 network interface controller powers 
up as a peripheral device in a reset state. Therefore 
a CPU can invoke the controller only after sending 
it a command to leave that state (see the figure) . 
The controller's resetting action upon powering up 
is a safety measure that prevents it from sending or 
receiving messages arbitrarily when uninitialized. 

Once the controller is commanded to leave the 
reset state, it cannot carry messages until software 
has initialized several sets of its registers. These 
registers set the network and system operating con­
ditions, like physical and multiple ("multicast") ad­
dresses, transmitter and receiver configuration, 
data width, and details of the buffer memory's man­
agement. 

For starters, the host system must load the phys­
ical address register with the 48-bit address unique 
to that particular node on the local network. In 
addition, if multicast addressing is used, a program 
must calculate a 6-bit pattern that reflects the user­
assigned multicast address and load that pattern 
into the multicast address register. To calculate the 
6-bit pattern, the user submits the multicast ad­
dress to a software routine that performs a binary 
division calculation, similar to that for producing 
the well-known error-checking cyclic redundancy 
character. The desired pattern for the multicast ad­
dress consists of the most significant 6 bits of the 
division operation's 32-bit remainder. 

Also requiring initialization is the receive config­
uration register. It determines if the controller will 
save message packets that contain errors or accept 
the remaining fragment of a packet dubbed a "runt" 
packet that is left after a collision. The same reg­
ister determines what combination of broadcast, 
multicast, and physical addresses the controller 
will be able to accept. It also has the ability to set 
the controller receiver section to simply monitor 
network activity. 

Another register, the transmit configuration, 
requires initialization, since it establishes the ac-

tions of the controller's transmitter section per­
taining largely to diagnosis and testing. With it, the 
designer can withhold the cycle redundancy check 
character and establish several loopback test modes. 

To adapt the controller to its host system, the 
data configuration register programs the chip's 
direct-memory-access operations for byte- or word­
wide transfers. It can also configure the chip's dual 
16-bit DMA channels as a single 32-bit DMA chan­
nel. Also programmed by the data configuration 
register is the threshold at which the chip's 16-byte 
FIFO register initiates a DMA operation. 

Before the controller can receive message packets, 
the system's CPU must establish a receive buffer 
queue by programming the page start and page stop 
registers. The receive buffer queue can reside any­
where within a 64k address space. 

Finally, once the host processor initializes the 
controller's registers, it sends a start command to 
the controller that enables it to transmit or receive 
messages. 
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match, the FIFO register continues to store 
the message packet. Before the register 
overflows, however, the controller's DMA 
starts transferring the bytes to a buff er 
memory. Meanwhile the controller's protocol 
control logic monitors all receptions and 
determines whether to reject any packets 
containing frame alignment or CRC errors or 
packets with fewer than 64 bytes (called 
"runt" packets). 

Before transmission the protocol control 
logic senses the network for a carrier, which 
signifies that another node is active. During 
transmission it also checks for collisions on 
the network. If one occurs, the logic initiates a 
jam sequence, backs off, and reschedules the 
message for another time. In a jam sequence, 
the transmitter continues to send data after 
sensing a collision on the line, to ensure that 
all other stations detect the collision. Message 
rescheduling is based on a back-off period, 
which delays transmission for a random 
amount of time, as specified in the IEEE-802.3 
standard. 

At the start of transmission the controller 
sends a preamble, a sync field, destination and 

DP8390 
network 
interface 
cont roller 

I 
Address 
Strobe 1---

source addresses, and data. DMA operations 
transfer the data for transmission from the 
buffer memory to the chip's FIFO register. At 
the same time, the controller generates and 
appends the CRC fields that complete the 
format. 

Speed vs the unpredictable 

Basically the chip's design attacks the in­
terface designer's biggest problem: con­
necting the host system's bus to the local net­
work's fast, but unpredictable, 10-Mbit/s 
serial data streams. Thus, where other con­
trollers use a single DMA channel that 
transfers data at about 2 Mbytes/s, the new 
controller has two 10-Mbyte/s DMA channels, 
one local and the other remote. Together the 
channels, in effect, turn a single-port buffer 
memory into a dual-port one for temporarily 
storing message packets (Fig. 2). 

The local DMA channel transfers any mes­
sage packets, either just received or ready for 
transmission, between the buff er memory and 
the controller's FIFO register. Furthermore, 
to simplify the designer's job and reduce the 
need for intervention by the system processor, 
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2. Two OMA channels, remote and local, speed the flow of data between a host 
system and the controller chip. In a typical transmission, data from the host 
travels via the remote OMA channel through an 1/0 port and into a buffer memory. 
The local channel then carries the data to a FIFO register inside the controller. The 
reverse occurs with received data. 
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the chip's buffer control logic conducts the 
transfer directed by a built-in algorithm. 

In fact, when the contr:,oller is receiving 
message packets, the buffer control logic 
serves three basic needs: It chains separate 
pages of buffer memory together when a 
packet exceeds 256 bytes; it recovers the 
buffer pages of a received packet that was sub­
sequently rejected because of a CRC or frame 
alignment error; and it recycles buffer pages 
that the host system has already read, making 
those pages available again for storing incom­
ing packets. 

Please register first 

Before the buffer control logic can auto­
matically send any received message packets 
to the buff er memory, the local DMA channel 
must know where in the buffer memory it can 
legitimately store the incoming data. For this, 
special registers within the controller, called 
pointers, define all the buffer memory lo­
cations available to receive data. In doing so, 
these pointers define the receive buffer queue, 
a continuous string of 256-byte pages within 
the buffer memory. 

One such pointer, page start, marks the be­
ginning of the receive buffer queue, and a 
second pointer, page stop, marks the receive 
buffer queue's last location within the buffer 
memory (Fig. 3). Finally, a third pointer, 
boundary, indicates the starting location of 
those received message packets that have not 
yet been transferred to the host~in other 
words, data that must not be overwritten by 
additional incoming messages. 

Just as the host processor must initialize 
these pointers before reception begins, it must 
also read several registers within the control­
ler as it receives message packets. With other 
controllers for local networks, the processor 
has to interrupt the controller to read its reg­
isters; however, in storing message packets, 
the new controller's DMA circuit writes the 
contents of these registers into the buffer 
memory, avoiding the need for a real-time re­
sponse from the host. 

The information stored in the buffer 
memory includes the receiver's status, the 
number of bytes already received, and the 
next available buffer page (Fig. 4). The host 

processor can read this information when it 
has time without interrupting the controller. 
Instead of continually interrupting the host, 
the controller does so only to tell it to read the 
interrupt status register, which indicates that 
a message has been received. 

Turning toward transmission 

Not surprisingly, the operation for trans­
mitting a message through the controller is 
the reverse of receiving one: The local DMA 
channel moves message packets from t he 
buffer to the controller's FIFO register. Here, 
too, the buffer control logic directs the DMA 
process automatically. In this case, however, 
the controlling buffer pointers are the trans­
mit page-start register, which points to the 
first byte in the buffer to be transmitted, and 
two transmit byte-count registers, which give 
the total number of bytes to send. 

During transmission, the buffer control 
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1 
3. A receive buffer que1.1e in the buffer memory 

stores incoming data in contiguous pages of 256 
bytes each. Two registers, the page start pointer 
and the page stop pointer, define the boundaries of 
the queue, and a third register, the boundary point­
er, marks the point between data that is waiting to 
be transferred to the system memory and the buffer 
space from which data has already been transferred. 
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logic watches out for collisions on the line. If 
one occurs, it immediately resets the control­
ler's FIFO register and restores the transmis­
sion pointers. Then the logic reschedules the 
transmission for another time. 

Take the local to the host 

In contrast to the local DMA, which handles 
messages between the buff er memory and the 
controller, the remote DMA uses an I/O port to 
move blocks of data between the buffer mem­
ory and the host system. The controller pro­
vides handshake signals between the buff er 
and the port. Using an I/O port has two im­
portant advantages. First, it separates the 
buff er sufficiently from the main memory so 
that whole data blocks can be mapped into the 
main memory. Second, it speeds the data flow, 
since, for the host's DMA controller, I/0-to­
memory transfers typically take half the time 
that memory-to-memory transfers do. 

One possible role for the remote DMA is as a 
"spooler" either to assemble packets in the 
buff er for transmission or to remove packets 
from the buffer once they have been received. 
For example, using the remote DMA to 
assemble packets lets the designer link parts of 
a message that is longer than that permitted 
by the 802.3 standard. 

Since at least 2 kbytes of buffer memory is 

typically available, and the maximum packet 
is by definition 1514 bytes (1500 of which are 
actual data), the remaining memory can store 
link control packets for reconnecting the 
message at its destination (Fig. 5). In this 
operation, the host divides the file to be trans­
mitted into multiples of 1500 bytes or less, ini­
tializes the network header information, adds 
two link control bytes, and issues a Transmit 
command. 

As each packet is transmitted, the next can 
be loaded (spooled) into the buffer's transmit 
memory without need for the host to update 
any of the header information (unless a pack­
et's length changes) or to change the local or 
remote DMA starting addresses. This oper­
ation can be done because each packet starts 
from the same point in the buffer memory. 

Receptive state 

When the controller is in its receiving mode, 
the local DMA channel can send packets into 
the system memory, even if their location in 
the receive buffer queue is not known. This 
capability is important if the buffer's pointers 
have not been initialized and incoming mes­
sages threaten to overflow the buffer. The 
solution lies in a single command from the host 
that automatically causes the controller's 
remote DMA circuit to first read the packet's 

Receiver status 

Length 

Next packet 

Forward link to next buffer 
(check for overflow 

or last buffer) 

-1-'-_,_......._,_--'--'--'--'--'--'~I+-- End of packet 
__ .., 

4. The controller chip transfers into the buffer the received data and then receiver 
status information, the message packet length, and the address of the next avail­
able buffer page. The host's processor can read this information more con­
veniently from the buffer and leaves the controller free to receive other messages. 
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INMOS has some tough RAMs for hostile territory ... 
Fast 16K static RAMs that meet MIL-STD 883. 

~" 
When you need 16K static RAMs with specs that are guaranteed over 

the full military temperature range of -SS°C to 12S°C, look to the 
to the INMOS military family. These RAMs are fully processed and 

qualified to MIL-STD 883, including screening to Class B Method S004 
and qualification to Method SOOS. They're parts you can rely on when conditions get tough. 

A choice of speeds and organizations. Select from 55 
or 70ns chip-enable access times. And either 16Kx1 or 
4K x 4 organizations. All members of the family dissi­
pate a maximum of 660 mW active and only 165 mW 
standby. So you get high performance without paying 
the penalty of high power. 

Packaging variety too. To suit your design require­
ments. this family is available in side-brazed ceramic 
DIPs. chip carriers, and flat paks. Which means you get 
the performance you need in the package best suited to 
your design. construction, and inspection requirements. 

Check the chart. Choose the speed and organization 
t ou n r those tough requirements. Then call an 
Jt-.IMOS istrio r for all the details. 

Organization Speed (ns) Package Part No. 

16Kx1 55 DIP IMS1400S-55M 
Chip Carrier IMS 1400W-55M 
Flat Pak I MS 1400F-55M 

70 DIP IMS1400S-70M 
Chip Carrier IMS1400W-70M 
Flat Pak IMS1400F-70M 

4Kx4 55 DIP IMS1420S-55M 
Chip Carrier IMS1420W-55M 
Flat Pak IMS1420F-55M 

70 DIP IMS1420S-70M 
Chip Carrier IMS1420W-70M 
Flat Pak IMS1420F-70M 

INMOS Distributors: Anthem Electronics. 
Arrow Electronics. Falcon Electronics. 
Future Electronics. Lionex Corp. 
CIRCLE 88 

P.O. Box 16000 • ngs. Colorado 80935 (303) 6304000 
TWX 91 • Burlington. Mass. (617) 273-5150 • 
San Jb;e. Calif. (408) 298-1786 • Torrance. Calif. (213) 530-TI64 • 
Minrleapolls. Minn (612) 831-5626 • Baltimore. MD (301) 997-2947 
Whitefriars • LeWlnS M9lll • Bristol BS 1 2NP • England 
Phone Bristol 2 ?SQ.ail e ~ 444723 



DESIGN ENTRY 

Networking: 802.3 controller chip 

header bytes to determine the length and then 
transfer the packets from the 1/0 port to the 
system memory. 

Although some other network controllers do 
provide DMA channels, the DMA tr an sf er 
cycle is too slow to permit byte-wide transfers, 
and so must transfer 16 bits at a time to keep 
pace with the incoming data. To avoid this 
problem, the new controller features a min­
imum transfer cycle of 200 ns for 16- and 8 bit 
transfers. As a result, word-wide DMA trans­
fers take as little as 12.5% of the available bus 
bandwidth. Byte-wide transfers, however, 
take twice as long and therefore twice as much 
bandwidth. 

Different systems have different bus laten­
cies and this is another consideration for the 
designer. To account for delays in accessing the 
system bus to transfer data, the controller's 
16-byte FIFO register has a programmable 
threshold that determines when the DMA cir­
cuitry will issue a request to use the bus. 

During reception of data, when the control­
ler transfers incoming data from its FIFO reg­
ister to the buffer memory, the threshold 
determines to what level the FIFO register will 
be emptied before a bus request is issued to 
send more data. If the designer anticipates de­
lays in accessing the bus, he can program the 
FIFO register to issue a DMA request early 
enough to guarantee that the FIFO register 
does not overflow during reception or under­
flow during transmission. Also, being indepen­
dent of the host, the controller has time to 
receive consecutive, or back-to-back, packets 
even though there is only a 9.6-µs delay (the 
interframe gap) between arriving packets. 

Fine-tuning the turn-around time 

A critical performp,nce parameter for net­
work controllers is the turn-around time in 
switching from receiving to transmitting. 
Failure to turn around in less than 9.6 µs 
severely penalizes a node's ability to gain fair 

Transmit 
buffer memory 

File in host 's 
memory 

Header { assembled 
prior to 

establishing 
link 

Request { 
packet 

Destination address, 
source address, 

and length 

Data 

Destination address 
source address, 
type , and length 

Information field 

Remote DMA 
circui try 

copies data 
to transmit 

buffer memory 

From 1/ 0 port 

~( 
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Packet 3 

~-----~ 

Acknowledgment { 
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type, and length 

Information field 

5. The controller's remote OMA circuitry can serve as a "spooler" for linking mes­
sages that are longer than the packet's 1500-byte capacity. First, the host pro­
cessor divides the file to be transmitted into multiple packets of 1500 bytes or less. 
Then the remote OMA funnels each packet from the host to the transmit buffer for 
the controller to remove and transmit over the network. 
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access to the network. The controller's free­
dom from the system processor lets the con­
troller switch within 9.6 µs from receiving a 
message to transmitting one, decreasing the 
likelihood of a collision and increasing the con­
troller's chance of accessing the network be­
fore another node does. This is particularly 
important in a file server application, where 
each single packet received can trigger the 
transmission of many packets. As a result, a 
file server's network controller must have as 
many opportunities to transmit as possible. 
Otherwise, any data requested but not trans­
mitted will congest the file server. 

Turn-around time is a function of the depth 
of the controller's FIFO register and the effi­
ciency and transfer time of its DMA operation. 
The time needed to turn the controller around 
is the total time it takes to flush the FIFO 
register of received bytes, write four bytes of 
data from internal registers to memory, re­
initialize the DMA to point to the packet to be 
transmitted, and transfer the bytes needed to 
fill the FIFO register. 

Thus the deeper the FIFO register is, the 
greater the turn-around time, since more re­
ceived bytes will accumulate in it. Experience 
shows that the new controller's single 16-byte 
FIFO register is of optimum depth. Moreover, 
to further reduce turn-around time, the chip's 
buffer control logic does not access any point­
ers in external memory in order to store or 
transmit a packet because these pointers are 
stored on chip. 

Multiple addressing 

Another important feature of the controller 
is its ability to filter multiple addresses. This 
lets it identify certain destination addresses 
that refer to more than one node. Thus a mes­
sage packet intended for several nodes would 
carry a so-called "multicast" destination ad­
dress, and the multitude of nodes that were 
previously assigned that address would accept 
the message packet simultaneously. 

One advantage of multiple (multicast) ad­
dressing is that it can reduce the traffic of a 
network. Here the controller can serve in a 
gateway between a small cluster of nodes and a 
"backbone" network. Such filtering econo­
mizes on the bandwidth of the backbone, since 
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only those messages intended for the backbone 
get through to it. In other words, the gateway 
monitors all the traffic on the cluster and 
blocks all multicast addressed packets from 
reaching the backbone, recognizing that they 
are messages for nodes within the cluster. 
Within the cluster, each node can be assigned 
its own multicast address, in addition to its 
unique physical address. The physical address 
allows any node either on the backbone or the 
cluster to still get in touch with any other node 
in the overall network. 

The controller permits up to 64 different 
multicast addresses, well within the maximum 
of 30 nodes for a typical low-cost local network 
like Cheapernet (see p. 185). In the controller's 
receive status register, a bit indicating 
whether a multicast or physical address match 
occurred can also indicate whether a cluster­
or network-wide packet was received. Without 
multicast filtering in the controller, every 
multicast packet would have to be accepted and 
filtered in software, thereby sacrificing a real­
time response and burdening the host's CPU. 

Monitoring and testing 

As for monitoring the network and diag­
nosing problems, the controller has several 
hardware features for this job, which would be 
difficult to do in software. For example, it has 
three 8-bit tallying registers. One counts pack­
ets received with CRC errors and another 
counts packets with frame alignment errors. 

The third register counts the number of 
packets lost because of insufficient buffer 
space or some other reason. In addition, the 
controller can be used as a network monitor, 
thanks to its ability to filter packet addresses 
and check the CRC codes, but it does not store 
any of the packets' data bytes. 

By way of self-testing features, the control­
ler can loop back a transmitted signal from one 
of three points. It can loop back its own output 
or those of its companion serial encoder or 
transceiver chips. Moreover, all loopback tests 
are conducted at the network's full 10-Mbit/s 
data rate. 

In a typical application, the controller could 
serve in a local network as part of the interface 
for a personal computer with an 8-bit bus (Fig. 
6). Four octal devices make up all the glue logic 
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required to build the interface and turn the 
circuit's two memory chips into a dual-port 
buffer. 

The first glue chip, Ui. is an octal D-type 
latch that demultiplexes the controller's com­
bined address and data bus. Only one octal 
latch is needed for the 16 lines, because address 
lines AD8-AD15 carry only addresses and never 
data (the circuit needs two octal latches when 
the controller is set for 16-bit transfers). 

The next bus component, U2, serves as a bi­
directional latch that stores data as the latter 
is transferred between the local and the host 
system buses. The controller supplies all the 
handshaking signals needed by the latch, and 
the inverters around the latch come from spare 
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The third glue chip, U3 , is an octal bus trans­

ceiver that gives the host CPU access to the 
controller's internal registers for initial­
ization and control. The processor selects indi­
vidual registers with Register Address lines 
RA0-RA3, in conjunction with the Chip Select 
(CS), Register Read (RRD), and Register Write 
(RWR) control lines. Moreover, the controller 
de-asserts BREQ, chip's Acknowledge output 
line (ACK) disables the bus transceiver during 
local DMA cycles to prevent the system pro­
cessor from interfering during local DMA 
operations. 

The fourth and final glue part, U4, is a 
3-to-8-line decoder and multiplexer for de-
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6. Only four octal components are needed to complete the controller's interface to the 8-bit bus of a typical 
personal computer. U1 demultiplexes 8 bits of the controller's 16-bit address and data bus; U2 stores data 
traveling between the host and the controller; U3 gives the host access to the controller's internal registers; 
and U4 decodes the host's three most significant address bits. 
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coding high-order addresses A13-A15 on the 
host bus. To avoid additional glue logic, the 
buffer memory for received packets starts at 
hexadecimal address 2800 and extends to 
37FF. For the same reason, the transmit buffer 
addresses fall between 1800 and lFFF. 

Buffer memory 

The buffer memory itself consists of three 
2k-by-8-bit RAM chips. Two form a4k-by-8-bit 
receive buffer, which can store two maximum­
length packets, and the third makes up the 
transmit buffer, with which the host can .as­
semble and transmit up to 1500 bytes of data 
and a 15-byte header, the largest allowable 
packet. 

Bus bandwidth is not of great concern on the 
local bus because the controller is usually the 
only peripheral trying to gain access to it(in 
other applications, a local 8-bit processor could 
share the bus). Therefore a 400-ns DMA cycle 
suffices and the designer can generate it easily 
by connecting the controller's Bus Clock input 
to a 10-MHz reference clock, like the one from 
the controller's companion serial network in­
terface chip. However, this slower transfer 
rate means that 50% of the local bus band­
width is used during a reception or transmis­
s10n. 

A typical remote DMA operation begins 
when the host software writes the starting ad-

BREQ --.1 
BACK ---

dress and byte count of the tr an sf er into the 
appropriate controller registers. Once the reg­
isters are initialized, a command from the host 
starts the data transfer. For a remote read 
operation, the controller arbitrates access to 
the local bus by issuing a Bus Request signal 
(BREQ), and upon receipt of a Bus Acknowl­
edge signal (BACK), it transfers data from the 
buff er to the bidirectional latch (U2) under 
control of the Port Write strobe (PWR) (Fig. 7). 
When the transfer is completed, the controller 
de-asserts BREQ, asserts its Port Request line 
(PRQ), and waits until the host processor or its 
DMA controller reads the data. The controller 
repeats these steps until all the bytes desig­
nated are transferred. 

During this process the controller arbitrates 
access to its local and remote buses, giving the 
remote DMA operation the lower priority. As 
mentioned earlier, the Acknowledge signal 
holds the system processor off for the duration 
of the DMA transfer. For a local transfer, the 
processor is held off the whole burst, but for a 
remote transfer,it is held off one transfer at a 
time.o 

How useful? 
Immediate design applicat ion 
Within the next year 
Not appl icable 

Circle 

553 
554 
555 

ADo-AD,. ---1 byte/word----------------

AOS0 ---.1 
RD-----

PRO --------

RACK --------------- ,--------L_J 
-Byte written - Wall for_ Bytde 

to latch - host - rea -
by host 

7. Once commanded by the host, the controller manages all the handshaking sig­
nals required to complete a remote OMA transfer, including those for arbitrating 
access to the local bus (BREQ and BACK). Under the controller's supervision, PWR 
strobes the data to be transferred into a latch and then asserts a PRQ line to tell 
the host that the data is ready to be delivered. 
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Manchester chip 
eases the design 

of Ethernet systems 

Now the physical layer specified by Ethernet can be 
realized with a single chip. Even though it is built 
with CMOS, it still drives three 78-fl twisted pairs. 

0 f the many techniques for establishing 
local-area networks, one seems to be 
leading the pack here in the U.S. and 

abroad: the IEEE-802.3 standard, better known 
as Ethernet. The specification calls for base­
band signaling at 10 Mbits/ s employing Man­
chester coding. Clearly then, a single-chip Man­
chester encoder-decoder that can implement 
the physical layer of the Ethernet protocol 
would be welcomed by many systems designers. 

The 8023 Manchester code converter (MCC) is 
just such a chip. It meets or exceeds all of the 
requirements of the IEEE-802.3 Standard Pro­
tocol Specification and handles coding and de­
coding, collision detection, and carrier sensing. 
The encoder-decoder is capable of being looped 
back, making possible system diagnosis, and it 
contains a 20-MHz crystal-controlled 

supply. What's more, although it is fabricated 
in CMOS, the chip can nevertheless drive 78-Q 
twisted-pair cables. Further, good jitter toler­
ance is ensured by configuring the decoder as a 
phase-locked loop. Doing so has an added 
advantage-it does away with the need to ad­
just the analog circuitry. 

Functionally, the chip is divided into two 
sections, a transmitter and a receiver. The first 
creates a serial bit stream by exclusive-ORing 
the clock signal with the input data. The second 
derives a clock from the serial bit stream to 
recover the original data. A feature of this 
encoding scheme, known as Manchester en­
coding (see "Characteristics of Manchester 
Encoding'', p. 222), is that there is a logic level 
transition at the center of each bit cell-

clock. Basically, the chip replaces the 
modem used in point-to-point links. 

The device is powered by a + 5-V NETWORKING 
Haw-Ming Haung and Gerald Moseley 
Seeq Technology Inc. 
In 1982 Haw-Ming Haung, 'project manager 
for Ethernet product development, joined 
Seeq Technology in San Jose, Calif He has 
been involved in microprocessor design since 
1978, when he started at AMI. 

Gerald Moseley, Seeq's strategic marketing 
manager for peripheral !Cs, joined the com­
pany in 1982, following six years in interna­
tional custom marketing at Signetics. 
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positive-going for a 1 and negative-going for a 0. 
Only 15 passive components are needed to put 

the chip to work (Fig. 1). A 20-MHz crystal with 
a tolerance of 0.01 % controls the transmitter 
clock. Each of the differential inputs of the 
access unit interface (AUI) is terminated by a 
pair of 39.2-Q resistors, and a resistive divider 
supplies 3.5 V of common-mode biasing. 

A pair of grounded resistors is required to 
bias the differential transmitter outputs. These 
two resistors, which must be rated at 0.5 W or 
more, help reduce the chip's power dissipation. 

To understand how the encoder-decoder 
functions, consider how it would be integrated 
as part of a typical Ethernet node (Fig. 2). In 
that setting, the system interface links the 
host's system bus to the network. Since they 

replace approximately 60 MSI and SSI com­
ponents, the device and its companion chip­
the 8003 data-link controller-make possible 
an economical implementation of both the 
physical layer and the data link layer of the 
Ethernet protocol. 

As the block diagram shows (Fig. 3), seven 
signal lines connect the encoder-decoder and 
the controller, and three 78-Q twisted pairs 
form the link with the access unit interface. In 
addition, there is a loop-back control signal 
(LPBK). 

In the beginning 

Data encoding and transmission start with 
Transmitter Enable (TXEN) going active 
(high). As long as TXEN remains high, which it 

Characteristics of Manchester encoding 
In Manchester code, each bit is encoded by a zero­

crossing signal transition (Fig. A). A 1 is encoded as 
a low-to-high transition and a 0 as a high-to-low 
transition. Further, there is a continuous supply of 
bit-framing information in a Manchester decoder, 
since each bit has a transition at its center. 

On IEEE-802.3, or Ethernet, networks, messages 
are sent as a series of one or more formatted packets 
(Fig. B). The packet begins with the preamble, an 
8-byte field used to synchronize the receivers. The 
preamble is a series of alternating l s and Os, so the 
resultant signal is easily synchronized. The pream­
ble always ends with two ls, which the receivers use 
to synchronize the bytes. Following the preamble 
are two 6-byte address fields, the first for the mes­
sage destination and the second for the source. A 
two-byte field labeled C gives the byte count for the 
information field to follow. There can be 46 to 1500 
bytes in the information field. The last field is a 
32-bit CRC (cyclic redundancy code) used for error 
detection. The packet ends with a delimiter, a two­
bit period lasting 200 ns during which no signal 
transitions occur. The delimiter is, of course, a non­
data code and cannot be mistaken for data by the 
receiver. 

As mentioned, each bit is encoded as a signal 
transition. A bit-boundary transition is inserted be­
tween two like bits to correct the line polarity for 
encoding the second bit . Between unlike bits, no 
bit-boundary transition is necessary. That is the 
reason for making the preamble field a packet of 
alternating ones and zeros. Obviously, such a pat­
tern eliminates the bit boundary transitions­
leaving only bit-center transitions. It is thus the 
easiest pattern to employ for synchronizing receiv-
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ers on the network. 
In each bit window the signal is high for half of 

the time and low for the other half; therefore, the 
Manchester-encoded signal has a constant de com­
ponent. That feature is used in the IEEE-802.3 pro­
tocol for detection of collisions. The cable drivers 
used for Ethernet are current-mode drivers. Thus 
when a collision occurs, the de average on the line 
will double, since the two currents will be added. 
Collisions are detected by monitoring the de voltage 
on the cable, averaged over a few bit times. 

Bit 
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1. A 20-MHz crystal, four capacitors, and ten resistors are all that is required to 
turn the 8023 Manchester code converter into a complete realization of the phys­
ical layer of the Ethernet protocol. 
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2. In a typical Ethernet node, two chips-the data- link controller and the encoder­
decoder- do the job formerly done by about 60 SSI and MSI devices. 
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does for the length of the frame, encoding con­
tinues under the control of the chip's crystal 
clock. At the end of the frame, TXEN goes low, 
terminating the transmission. 

The chip carries a balanced differential 
driver for connecting its transmitter to the 
access unit interface cable. Only two bias re­
sistors-and no active interface circuits-are 
required to complete the interface. 

The differential line receiver and the squelch 
and noise-rejection circuitry for the Receiver 
and Collision twisted-pair lines (RX and COLL, 
respectively) are on-chip as well. The circuit 
will not react to noise when a signal is not on the 
line. Also, external line receivers are not neces­
sary; these inputs can be joined to the access 
unit interface cable using two resistors for 
de biasing, two for line termination, and a by­
pass capacitor for proper ac common-mode 
termination. 

Listening in 

The medium access unit (MAU), or trans­
ceiver, continuously monitors the cable to de­
tect collisions on the network. When one occurs, 
the transceiver generates a 10-MHz signal that 
is carried to the chip over the collision lines of 
the access unit interface's cable. The encoder­
decoder contains a detector that recognizes the 
10-MHz Collision signal. When one is detected, 
the chip asserts a high logic level on its COLL 
pin to tell the data link controller to stop trans­
mitting until the interference has passed. 

In the loopback mode, encoded data is 
switched to the PLL decoder instead of the RX 
outputs. The Transmitter inputs (TX) are 
muted. Transmitted data is thus looped back to 
the communications processor to test the local 
transmitter and receiver circuitry. 

The phase-locked loop in the decoder locks to 
the bit-center transitions of the Manchester­
encoded signal within 1.2 µs after the beginning 
of the frame (12bit times). Once locked, the PLL 
can tolerate up to 18 ns of timing jitter, as 
allowed by the IEEE-802.3 specification. Dur­
ing idle periods, when no signal is being re­
ceived, the input multiplexer switches to the 
crystal-controlled transmitter clock to keep the 
receiver clock running at precisely 10 MHz. 

The line receiver input stages for the RX and 
COLL signals are linear-responding differen-
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tial amplifiers, which allow signals to undergo 
analog processing on chip for squelch and noise 
rejection. The squelch circuits for the RX and 
COLL lines afford a static noise margin of 160 
to 340 m V to eliminate spurious responses when 
the line is idle. In addition, each of these input 
channels has an impulse-noise-rejection filter 
to further improve noise immunity. After the 
chip has detected a valid incoming signal, the 
squelch and impulse-noise circuits are auto­
matically disabled to prevent further inter­
action during reception. What's more, adjust­
ments are never required. 

There are three basic methods for connecting 
an Ethernet channel to a system bus. The first 
employes a FIFO buffer memory to hold the 
transmitted and received frames. On the 
system-bus side of the FIFOs, data is trans­
ferred serially, one byte at a time, by the pro­
cessor. 

The second method uses direct memory ac­
cess to transfer data directly from the system 
memory to the Ethernet data-link controller, 
and vice versa. 

Direct memory access is also employed in the 

CSN o---4 
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RXD 
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Encoder 1--t....__--I 
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3. As the block diagram of the encoder-decoder 
shows, the chip includes a loop-back function 
(LPBK) that routes the encoder output through the 
multiplexer to the decoder. Doing so permits off-line 
testing of the local communications circuitry. 



third approach. In this case, a temporary buffer 
memory is put in place between the system 
memory and the encoder-decoder chip. The in­
tervening buff er relieves the systerri bus of 
some of the pressures imposed by the traffic 
and timing requirements associated with the 
channel. 

High-speed driving 

As mentioned, the data transfer rate for 
Ethernet is 10 Mbits/s, so data transfers during 
active periods must take place at 1.25 Mbytes/s. 
If the DMA controller cannot work at this 
speed, frames will be lost. Additionally, if the 
system is to handle loopback diagnostics, both 
the transmission and the reception DMA chan­
nels will have to operate simultaneously, to­
gether transferring 2.5 Mbytes/s. Clearly, not 
all DMA controllers can accomplish that. 

Speed is only a problem for systems with 
heavy traffic or when response timing is crit­
ical. The transfer of data on the system bus can 
sometimes consume a considerable percentage 
of the bus time, at least in short bursts. If that is 
a problem, a dedicated buff er memory can be 
used to offload the system bus. 

As an example of how such a memory is 
hooked up, consider the interface for a 68000-
based system (Fig. 4). In connecting the en­
coder-decoder to a 68440 or a 68450 DMA con­
troller, it should be borrie in mind that the 
request lines on the controller can be pro­
grammed to be level- or edge-sensitive. In this 
case, level sensitivity is selected by setting the 
appropriate internal cont rol bits. The Trans­
mitter Ready output (TXRDY) of the data link 
controller drives the request line for channel 1, 
and the Receiver Ready output (RXRDY) 
requests channel 0. The acknowledge lines on 
the DMA controller can be connected directly to 
the chip's Transmitter Write and Receiver 
Read inputs (TXWR and RXRD). 

Finishing the Frame 

On the 68440 and the 68450, the End of Frame 
pin (EOF) is identified as Done. The Done pin 
links to the encoder-decoder's EOF pin through 
an inverting bidirectional transceiver. The 
signal terminates the channel activity at the 
end of the frame. 

The PCL0 and PCL1 lines on the DMA Con-

troller, which are program!nable inputs associ­
ated with channel 0 and channel 1, are put to 
good use in this application. By setting the 
internal control bits, PCL1 will interrupt the 
processor so it will read the device's status 
register. 

Doing so is useful for a variety of network 
conditions. For instance, if 16 consecutive col­
lisions occur, network diagnostics or an alarm 
(or both) can be ordered by interrupting the 
processor. The status code that generates the 
interrupt is read by the processor from the 
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4. A fast buffer memory and OMA controller can 
relieve the system bus of the traffic and timing 
requirements demanded by Ethernet. In this case, 
the system bus is a VERSAbus or VMEbus, and the 
OMA controller is a 68440 or 68450. 
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chip's internal status registers. 
The PCL0 input can be programmed to re­

start channel 0, the reception channel. In this 
mode, sending PCL0 low will automatically re­
initialize the channel. The pin is driven by the 
data link controller's Receiver Discard (RXDC) 
line. RXDC goes high fo llowing the reception of 
a bad frame or a frame fragment. That will, in 
effect, discard the bad data and restart the 
reception channel without the need for pro­
cessor intervention in setting up the channel. 

A second home 

Ethernet networks are not the only applica­
tions where the encoder-decoder can be put to 
good use. A serial backplane that also operates 
at 10 Mbits/s-over a single twisted pair-is 
another (Fig. 5). The design is similar to, but 
simpler than, the Ethernet configuration. 

First, the backplane's signal-quality de-

TXC TXC rxt TXD TXD 

TXEN TXEN 
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Data- Encoder/ 

link decoder 
controller 

RXC 

RXD 

CSN 
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Collision 
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mands can be relaxed, since shorter distances 
are spanned. Second, the medium access unit 
can be set up locally rather than remotely. That 
eliminates three medium access unit subsys­
tems: the de-de converter used to power the 
units; the access interface unit's cable and its 
associated transformers, drivers, and re­
ceivers; and the 10-MHz oscillator and detector 
used for collision signaling on that cable. More­
over, the need for the TX carrier-sensing func­
tion in the medium access uriit for keying the 
transmitter is ')bviated. 

In a typical serial backplane, the transmitter 
is keyed (enabled) when TXEN goes high. 
Under one-shot control, it stays keyed for 400 ns 
after TXEN goes low. The 400-ns delay ensures 
keying coverage for the end-of-frame de­
limiter-200 ns of unbroken high level on the 
line right after the last bit of the frame. 

A high level on the Q output of the one-shot 
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5. In a backplane design, the medium access unit can be local, rather than remote, 
which greatly simplifies the interface. For one thing, since the signals only have to 
cover short distances, signal requirements can be eased. 
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For stepper and commercial brushless de 
motors, call Jim Chandler at Murphy, NC 
(704) 837-5115 

Let the Clifton 
team develop a 
special motor 

for you. 
We'll build better performance 

into your product. 
Clifton Precision designs and custom builds fractional horsepower motors 
-in fact, we produce the widest selection of stepper, brushless, torque, 
permanent magnet, and miniature motors in the industry. Motors that im­
prove the performance of computer peripherals, robotic systems, machine 
tools, scientific instruments, and more. 

Our motors are specially designed to meet your particular needs. We can 
provide matched motor-transducer units with feedback systems such as 
encoders, synchros, resolvers, and tachometers. And we also provide mo­
tors that are 100% tested for "Zero-Defect" and "Ship-to-Stock" programs. 

We can build special small orders for your prototypes and we offer very 
economical large production runs. 

For your next motor, give us a call. While everything we make is special 
in one way or another, at Clifton, the special is routine. 

To discuss your motor application, 
call our motor experts. We respond. 

For permanent magnet motors, torque motors, 
synchros, resolvers, and other rotating com­
ponents, call Buck Wrenn at Clifton Heights, PA 
(215) 622-1000 

rn CLIFTON PRECISION® 
Litton 
Marple at Broadway , Clifton Heights, PA 19018 

Stepper Motors 
From size 8 to 23; step angles 
including : .9°, 1.8°, 1.875°, 3.6°, 15°, 30°, 
45° and 90°. Clifton's extensive 
selection offers high torque (to 170 oz­
in) and accuracy to 3 '. Can be 
provided as matched motor-encoder 
sets. 
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Permanent Magnet Motors 
Frame sizes from %" to 4". From ce­
ramic-magnet, alnico-magnet, to rare­
earth magnet designs, Clifton PM 
motors drive equipment ranging from 
computer peripherals , machine tools 
and robotics, to high performance 
missiles. 
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Brushless DC Motors 
Available as housed units or rotor/ 
stator sets. Clifton has one of the best 
track records for providing innovative, 
reliable designs that save production 
costs , save space, and provide the 
performance that critical computer 
peripheral , military, and industrial ap­
plications demand. 

CIRCLE 98 

Electronic Design • July 26, 1984 227 



PYLON Company, Inc., Box 2510, Attleboro Falls, MA 02763 
A SUBSIDIARY OF AUGAT INC. 
Tel: (617) 699-7646 Telex: 948095 Fax Phone: (617) 699-6717 
WEST COAST FIXTURE FINISHING FACILITY: AUGAT DATATEX, INC.-PYLON 
16742 Stagg St., Van Nuys, CA 91411-(213) 786-3974 
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CY232 N ETWORK CONTROLLER 
AND PARALLEL-SERIAL I NTERFACE 

ASCII, 
Binary , and 
ASCII-hex modes 
of operation for 
maximum flexibility 
$75 ea. ($301100) 

will connect any RS232 CRT or computer 
to any 8-bit parallel TTL 1/ 0 port 

and works with one port or 
up to 255 parallel ports 

in several network 
configurations. 

Prototyping board available . 

Cybernetic Micro Systems 
P.O . Box 3000, San Gregorio, CA 94074 
(41 5) 726-3000 Telex: 171-135 attn: Cybernetic 
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DESIGN ENTRY 

Manchester encoder-decoder chip 

turns on the switchable current source. That 
sources a fixed current I0, for example 80 mA, 
into the cable. During transmission, the bal­
anced line is driven through a differential 
current-steering output stage. Two diodes are 
placed in series with the output drivers to iso­
late the line when power to the node is removed. 
The twisted pair is terminated at both ends by a 
pair of matched grounded resistors. Each re­
sistor has a value of Z0/ 2, where Z0 is the line's 
characteristic impedance, say 100 Q. Thus the 
peak transmission level at the transmitting 
node is I0Z0/ 4. In this case, the expression 
equals 2 V, that is, the peak voltage is given by 
80mA X lOOQ/ 4 = 2V. 

At the threshold 

The common-mode de offset created by a 
transmitting node is given by V cM = I0Z0/8, 
which turns out to be 1 V for Io = 80 mA and Z0 

= 100 Q. If two nodes transmit simultaneously, 
V cM would double. Thus the threshold for de­
tecting collisions should be set at 1.5 V cM, which 
in this example is 1.5 V. 

A pair of operational amplifiers at the re­
ceiver input presents a high impedance to the 
line, as well as providing a means of adj us ting 
the common-mode voltage. The pnp input tran­
sistors on those two amplifiers maintain their 
high impedance when unpowered. The third 
amplifier (with the two 68-pF capacitors) fur­
nishes feedback that is proportional to the 
time-integrated difference between the re­
ceived common-mode voltage (which comes 
from the two 75-kQ resistors) and 3.5 V. The 
result is that the RX inputs are biased at a 
common-mode voltage of 3.5 V, which is ideal 
for the encoder-decoder. 

The voltage from the integrating amplifier, 
which is given by (l+R2/R1)VcM-3.5R2/R1 
(where V cM is the common-mode voltage on the 
line) is compared with V coLL to determine if a 
collision has taken place. With V cM = 1.5 I0Z0/ 8, 
the detection threshold, V coLL = (1.5 IoZo/8) 
(1 + R2/R1)-3.5 R/ R1.D 

How useful? 
Immediate design appl icat ion 
With in the next year 
Not appl icable 
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STAK-A-KEY . .. OR TWO, THREE, 
FOUR, FIVE, SIX, TWELVE OR SIXTEEN 
FORGET ABOUT CUSTOM KEYBOARDS . .. 
CREATE YOUR OWN WITH STAK-A-KEY UNITS 

KB - DENVER'S PATENTED SNAP-DOME 
SWITCH ASSEMBLIES PROVIDE THE 
PERFECT ANSWER FOR SHORT AND 
LONG RUN PRODUCTION PLUS OEM 
PRODUCTION AND ELIMINATES CUSTOM 
TOOLING. STANDARD, PRINTED, INSERT­
ABLE AND MOLDED-IN LEGENDS ARE 
AVAILABLE. 

FROM THE ONE-KEY UNIT 
THROUGH THE SIXTEEN-KEY 
UNIT, STAK·A·KEY OFFERS 
FLEXIBILITY. 
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~ 

• SPECIALIZED LEGENDS 
• TACTILE FEEL 
• DUST AND DRIP-PROOF 
• LONG LIFE 
• LOW PROFILE 
• PRINTED CIRCUIT 

BOARD MOUNTABLE 
CALL OR WRITE: 

K~DENVER Inc. 
SQUARED COMPANY 

451 OAK ST., P.O. BOX 719 
FREDERICK, COLORADO 80530 

PHONE (303) 833-3500 
DENVER (303) 659-0814 

TWX 910-320-2820 



If you're about to buy 
an HP1630 
logic analyzer, 
read this first. 

Don't get us wrong. Hewlett-Packard's® 1630 
is a fine logic analyzer. An industry standard, in fact. 

It's just that our µ,Analyst™ 2000 system is ever so 
much better. 

Unfortunately for t he 1630, 
it comes atthe end of the age of 
stand-alone instruments. Our µAnalyst, 
on the other hand, marks the beginning 
of a new era, that of instrumentation con­
trolled by personal computer. 

The difference? 
Significant. See for 
yourself: 



For hardware 
designers: 
A decisive edge. 

The µ.Analyst Interactive Timing Analyzer 
directly targets on the problems encoun­
tered during hardware design. Included 
are features like edge-oriented data ac­
quisition, and special triggers for condi­
tions such as setup and hold violations. 

FEATURE , ... 1..!_AL S 

Channels/MHz 6/ 
Transitional timing yes 
No. trigger modes 5 

Syndasync 
acquisition 

For software 
designers: 
A clean sweep. 

HP1630 

16/100 

no 

2 

no 

The µ.Analyst Interactive State Analyzer 
gives you enough channels and trigger­
ing power to debug complex systems 
built on 16-bit processors like the MC 
68000. You even get symbolic definition 
to set trigger conditions in source code 
terminology. 

FEATURE HP1630 

No. channels 
65 

(maximum) 

No. trigger levels 5 

Usable word 5 
recognizers 

Symbolic definition no 

For hardware/soft­
ware integrators: 
An easy win. 

The state and timing sections of the 
µ.Analyst are cross-linked so each can 
arm or trigger the other. Better yet, dis­
play your state and timing data in a 
time-aligned manner to see the true rel a­
. tionship between software execution 
and hardware bus timing. 

FEATURE i-.ANALYST HP1630 

State arms/triggers yes yes 
timing 

Timing arms/triggers yes yes 
state 

Combined state/timing ye no 
display 

Time-aligned data yes no 
display 

Post-acquisition 
• processing: 

Clearly no contest. 

Since the µ.Analyst mainframe is closely 
coupled with a personal computer. you 
have almost unlimited data processing 
capability. Use the PC to write and run 
Pascal programs which post-process 
your acquired data. 

CAPABILITY - HP1630 

Disassembly of /.LP code yes 

Component verifications es no 

Custom programming no 

Performance analysis yes 
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Not to mention the 
personal computer•s 
benefits. 

Since the µ.Analyst mainframe is con­
trolled by a personal computer, like an 
IBM ®PC or COMPAQ,™you also benefit 
from the flood of engineering software 
now available for these machines. Every­
thing from critical path analysis to 
schematic layout. 

The price: 
Speaks for itself. 
PRODUCT 

HP1630G 

µ.Analy t 
2000 

1. Price quoted 5/25/84 

CONFIGURATION PRICE 

65 ch . state 
(only) OR $12 100' 

57 ch . state / ' 
8 ch . timing 

6 <:n • • 
AN 9,9 

16ch. timing 

2. Does not include personal computer 

Contact us and we'll show you 
why the µ.Analyst 2000 does more 
and costs less. 

Call toll-free 1-800-547-4445, 
ext. 310 for additional technical 
and pricing information . 

IS Call toll-free: 
1-800-54 7-444 5 
ext.310 

NORTHWEST 
INSTRUMENT 
SYSTEMS, INC. 
P.O. Box 1309 
Beaverton , OR 97075 

The µ,Analyst 2000 system is also available 
for rent or lease through Electro Rent and 
General Electric Quick-Rental Instruments. 

Hewlett-Packard is a registered trademark of 
Hewlett-Packard, Inc. 
JLAnalyst is a trademark of Northwest Instrument 
Systems, Inc. 
IBM is a registered trademark of International 
Business Machines 
COMPAQ is a trademark of COMPAQ Computer Corp 



We made our new Power Mate pin and socket 
connector system to be an alternative to the AMP 
Universal "Mate-N-Lok." * 

Our cap housing is interchangeable with 
theirs. 
Our plug housing is interchangeable. 
Our pin terminals and our socket terminals 
also are interchangeable. 

And our completely compatible 600-volt, 24-
amp rated product is available for delivery with­
out delay. 

Can you ask for anything more? You bet! In addi­
tion to UL94V-2 material, we feature a new, more 

--Call: 800· 237· BERC 
EXTENSION 207 

flexible UL94V-O flame retardant material. 
(Berg's new Olympian line of application equip­
ment can be used to apply the Power Mate at 
rates up to 10,000 terminations per hour.) 

Just as important are the safety and reliability 
built into every Berg Power Mate. There's positive 
polarization to prevent cap-to-plug mismatch 
and locking latches to assure retention. Plus fully 
shrouded contacts to eliminate shock hazards. 

Power Mate is recognized under the component 
recognition program of Underwriters Laborato­
ries Inc. File No. E66906. 



The Olympian 700 Cut/ Strip/ Apply Machine crimps 
terminals to both ends of a lead. 

The pin and socket terminals crimp to wire sizes 
24 to 14 AWG. Cap and plug housings are availa­
ble from 2 to 15 positions for panel mount or 
free-hanging applications. 

So if you need a perfect combination of deliver­
ability and compatibility with Universal "Mate-N­
Lok" ... consider the alternative: Berg Power Mate. 
Now you have a choice for a change. 

For a start, call the "Berg Connection": 
800-237-BERG. Berg Electronics, Du Pont 
Company, 30 Hunter Lane, Camp Hill, PA 17011 

*AMP and "Mate-N-Lok" are trademarks of AMP Incorporated 

An electronics company. 
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32-bit microprocessor 
reaps the benefits 

of a host of enhancements 

Improved on all fronts, a 32-bit processor performs 
four times as fast as its 16-bit kin, works with 

a larger instruction set, and handles more data types. 

There is no doubt that the day of the 
32-bit microprocessor has dawned, 
bringing with it almost undreamed of 

potential and power. One such processor is 
based on and compatible with one widely used 
family of 16-bit devices, the 68000. The latest 
addition to the group, however, runs at 16 MHz 
and aims at better than four times the per­
formance of its 8-MHz predecessors. Indeed, in 
all respects the 32-bit device is intended to 
surpass its forerunners. It handles a greater 
number of addressing modes, and is replete 
with new and more powerful instructions that 
work with more data types. 

Doug MacGregor, Dave Mothersole, 
and Debra Winpigler, Motorola Inc. 
After serving in the navy, Doug MacGregor went on to 
complete a BA in hist01-y and Asian studies and to 
take an MS in computer science at the University of 
Illinois. He has been a designer with Motorola's Mi­
croprocessor Design Group (Austin, Texas) for four 
years and wrote the microcode for both the 68010 and 
the 68020. 

Dave Mothersole has been with Motorola since 1978 
and is the project manager for the 68020 design group. 
He is a member of the IEEE and holds a BSEE and 
an MSEE from the University of Tex-
as at Austin. 

Currently a systems engineer at Mot01·ola, Debra Win­
pigler has worked for the company for three years. 
She holds a BSEE from Pennsylvania's Lafayette Col­
lege and handled the testing of the 68020 's coprocessor 
inte1face. 

Many improvements in the MC68020 are the 
result of software enhancements. For example, 
the addressing modes make the use of high­
level languages straightforward and simple. 
The expanded instruction s~t contains a num­
ber of 32-bit commands to fill in gaps in the 
68000's and the 68010's sets. In addition, several 
added instructions handle new types of data 
and supply solutions to some special-purpose 
computations. 

One major enhancement is the set of co­
processor instructions, which makes possible 
the coprocessor interface. Because the 68020 is 
a general-purpose machine, it cannot handle 
all special-purpose computations in the most 
efficient way. For that reason, the coprocessor 
interface has been added, augmenting the pro­
cessor's by allowing both special-purpose co­
processors (e.g., floating-point, FFT, and string 
devices) and user-defined coprocessors to work 
easily with it. 

Although all members of the 68000 family 
have 32-bit user registers, internal registers, 
and operands, the 68020 is the first to incorpo­
rate a full 32-bit data path, two 32-bit internal 
register paths, a 32-bit instruction unit, three 
32-bit arithmetic units, and a 32-bit instruction 
cache (Fig.1). The last is well known to users of 
mainframes as a way to increase performance 
while exacting a relatively small penalty in 
system complexity. In this case, the device's 
256-byte cache makes possible a significant in-
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crease in execution speed by reducing the num­
ber of fetches to external memory. 

Equally important, the processor maintains 
strict object-code compatibility with earlier 
family members, since source code is usually 
not available for recompilation. Compatibility 
is a critical issue to many users because of their 
large investment in software and software de­
velopment. 

Although the 68020 is perfectly user-object­
code-compatible with the 68010, there are dif­
ferences in the processor's supervisor code. By 
restricting code changes to the exception­
handling routines, it is possible to design a 
68010-based processor board, alter the ex­
ception-handling routines, and upgrade a sys­
tem originally designed for a 68010 or a 68000 in 
a very short time. Even though that approach 
does not take advantage of all of the 68020's 
powers, it does allow a system to be created 
with an existing design and turned around very 
quickly. Later, it can be fitted with the software 
necessary to take advantage of the entire spec­
trum of the 68020' s extensions. 

Following more instructions 

The improved instruction set comprises that 
of the 68010, as well as instructions that recog­
nize new data types and addressing modes. The 
68000 family works with data that consists of 
bits, bytes, words, long words, and binary­
coded decimal (BCD) operands. The updated 
data types handle variable-width bit fields, 
packed BCD, and variable-byte-length oper­
ands. 

Up until now, the 68000 family used 14 ad-

dressing modes, which included register direct, 
register indirect (with predecrement, post­
increment, displacement, and indexing), abso­
lute, immediate, program counter relative, and 
implied effective types. To those, the 68020 adds 
a host of addressing capabilities by expanding 

Tag 
cache 
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Instruction 
address 
section 
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Control 
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Operand 
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section 

Data 
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Execution unit 
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Instruction 
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32-bit 
instruction 

cache 

Data 
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1. All of the MC68020 microprocessor's internal 
hardware is capable of handling 32 bits. The CPU 
contains an execution unit, ROM control stores, de­
coder PLAs, an instruction pipeline, and a control 
section. 

Table 1. New addressing modes 
Data apace Program apace 

Mode Assembly language syntax Mode AHembly language syntax 

Direct (bd , An , Xn.sz *scl) PC Direct (bd , PC, Xn .sz *scl) 
Pre-indexed indirect ([bd , An], Xn.sz *scl , od) PC Pre-indexed indirect ([bd , PC], Xn.sz *scl, od) 
Post-indexed indirect ([bd , An , Xn .sz*scl], od) PC Post-indexed indirect ([bd , PC, Xn.sz *scl], od) 

bd = Base displacement (0, 16, 32 bits) PC = Program counter 
[ l = Memory indirection od = Outer displacement (0, 16, 32 bits) 
An = One of eight 32-bit address registers sz = Index register size (16 or 32 bits) 
Xn = Indexed register , one of 16 data and address *sci = Index register scal ing ( 1, 2, 4, or 8) 

i.e. multiplication by 1, 2, 4 or 8 
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the index-addressing modes to include memory 
indirection, a fu ll range of displacements, index 
scaling, pre-indexing, and postindexing (Table 
1). These extensions are found in both the pro­
gram and the data address spaces. Further, the 
descriptions are not complete, since any ele­
ment can be suppressed in the calculation. 

The index register itself can be either a data 
or an address type and can be set up for either a 
word or a long word. What's more, it can be 
scaled by 1, 2, 4, or 8. Memory indirection, repre­
sented by brackets, indicates that the address 
within them fetches a long word. That address 
is then used in the remainder of the effective­
address calculation. Two displacements are 
available when the mode is used, but they both 
can be suppressed if desired. When full address­
es are not needed, a briefer format can be 
substituted that allows for fast indexing, scal­
ing, and an 8- or 16-bit displacement. 

What's in a mode? 

The significance of the addressing modes lies 
in their suitability for high-level languages: 
They are able to express more naturally the 
structures associated with such languages. 
Further, they not only improve performance, 
but also make compiler-generated code much 
more efficient. 

Additionally, a complement of extensions 
brings all the advantages of 32-bit processing to 
the instruction set. For example, the multi­
plication and division commands (MULS, 
MULU, DIVS, DIVU) now operate on 32-bit 
operands. It is possible to multiply two 32-bit 
operands to yield either a 32- or a 64-bit prod­
uct. Also possible are 64-by-32-bit and 32-by-
32-bit divisions. The displacements affecting 
the Branch on Command Code (BCC) instruc­
tions and the BRA, BSR and Link commands 
have been expanded from 16 to 32 bits as well. 
That expansion permits branch and link in­
structions to be employed without concern for 
distance between the branches. What's more, 
the Move Control Register (MOVEC) instruc­
tion has been enlarged to accommodate the new 
control registers. 

All told, over 20 instructions increase the 
set's range of functions (Table 2). The copro­
cessor-related statements are important for 
special-purpose processing. Another group of 

instructions enables variable-width data fields 
to be manipulated. A bit field up to 32-bits 
long-spanning as much as 5 bytes in memory 
-can be cleared,.set, complemented, extracted, 
inserted, scanned, and tested. These instruc­
tions are particularly good for handling packed 
data in communications and graphics applica­
tions. One of their features is that they make it 
possible to specify bit fields of 1 to 32 bits in 
memory regardless of the alignment of the 
specific field. Also, if the field encompasses the 
maximum number of bytes, the processor rec­
ognizes the condition and makes the appropri­
ate adjustments. 

On the level 

Modular programming is handled by the Call 
Module (CALLM) and the Return From Module 
(RTM) instructions. These furnish a method of 
subdividing the user mode of operation into 256 
access levels and of defining a protocol so that it 
allows for transition between levels. Two varie­
ties of the instructions are used: one is for 
simple calls, which do not involve changes in 
access levels. The other is for complex module 
calls, which necessitate changes in levels. 

Using the CHK2 and CMP2 instructions, it is 
possible to test whether a register is within its 
specified boundaries. If the value is out of 

Table 2. New instructions 

Mnemonic 

BFCHG 
BFCLR 
BFEXTS 
BFEXTU 
BFFFO 
BFINS 
BFSET 
BFTST 
BKPT 
CALLM 
CAS 
CAS2 
CHK2 
CMP2 
cpBCC 
cpDBCC 

cpGEN 
cpRESTORE 
cpSAVE 
cpSETcc 

cpTRAPcc 
PACK 
RTM 
UNPK 

Function 

Bit Field Change 
Bit Field Clear 
Bit Field Signed Extract 
Bit Field Unsigned Extract 
Bit Field Find First 1 Set 
Bit Field Insert 
Bit Field Set 
Bit Field Test 
Breakpoint 
Call Module 
Compare and Swap 
Compare and Swap (2 operands) 
Check Register against Bounds 
Check Register against Bounds 
Coprocessor Branch on Coprocessor Cond ition 
Coprocessor Test Condition , Decrement, 

and Branch 
Coprocessor General Function 
Coprocessor Restore Internal State 
Coprocessor Save Internal State 
Coprocessor Set according to 

Coprocessor Condition 
Coprocessor Trap on Coprocessor Condition 
Pack BCD 
Return from Module 
Unpack BCD 

Electronic Design • July 26, 1984 237 

_I 



DESIGN ENTRY 

32-bit microprocessor 

bounds, CHK2 creates an exception condition 
and sets the necessary condition codes. The test 
is performed for either signed or unsigned 
bounds. What's more, the processor auto­
matically evaluates the relationship between 
the two bounds to determine the appropriate 
comparison. 

Other instructions have been added as well. 
Compare and Swap (CAS), for one, allows for 
locked-bus manipulation of more than one bit 
to support system queue and stack functions. 
Pack and Unpack (UNPK) translate easily 
between ASCII or EBCDIC and BCD data 
formats. Breakpoint (BKPT) gives system de­
bugging a helping hand using the breakpoint­
acknowledge mechanism. When the processor 
attempts to execute a breakpoint instruction, a 
breakpoint acknc,wledge cycle is executed. The 
proper op code is then fetched and substituted 
into the instruction pipeline in place of the 
breakpoint. 

The coprocessor interface works with both 

concurrent and noncurrent coprocessors, as 
well as with bus master and bus slave coproc­
essors. Using it, a system designer can employ 
either a VLSI coprocessor to solve some of the 
more common processing problems-floating 
point computations, for example-or a discrete 
design dedicated to an important but limited 
task. Although the interface favors the 68020 in 
terms of performance, it may be used with 
other 68000 family members, treating co­
processors as peripherals. Since an interface 
cannot possibly be defined for every con­
ceivable application, other mechanisms permit 
software emulation of undefined primitives. 
Thus if a function is not defined, it can be added 
later or be emulated by the user. 

The interface contains its own instruction 
set, which comprises 10 commands that sup­
plant the F-line exception mechanism used by 
earlier members of the family. That mech­
anism allowed the user to emulate special func­
tions by setting a trap (take another path) to a 

Prefetched Address 

A A A A A A A A A A A A A A A A A A A A A A A A 
22221 11 1 1 1 1 111 00000 0 00 0 0 
3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 

-I f- .__ ~-_-_----=-Tag=====·-~___,lndex.::::l 1 ~ 
~d selection~ 

Comparator 

V Word Word 

'---+__.. ___ Repl~~~!"ent 

To 
.__ _ _,_--f'..:>1--+ instruction 

path 
")!----Hit---...._ __ Cache 

control 

2. The processor's on-chip 256-byte cache for instruction stream accesses 
significantly reduces the number of fetches that must be made to the external 
memory. (V stands for validity bit.) 
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special emulation routine. In addition to the 
eight basic instructions, the processor can eval­
uate and handle 25 primitive types in order to 
define the activity requested by a particular 
coprocessor and to determine what is required 
to execute it. 

Passing messages 

Instructions from the 68020 are passed to a 
coprocessor for evaluation, thus freeing the 
main CPU from the task of defining a particu­
lar coprocessor instruction set. After evalu­
ating the instruction, the coprocessor deter­
mines what services-if any-are required 
from the main processor to execute the instruc­
tion. 

Service requests take the form of primitives 
sent to the main processor. These primitives are 
very powerful, which minimizes the overhead 
in both coprocessors. For example, the main 
processor can perform effective-address calcu­
lations and pass the evaluated address to the 
coprocessor, or it can fetch the variable-length 
operand. By providing this complex service, the 
68020 allows the coprocessor design to be much 
simpler. 

The processor has five types of coprocessor 
instructions: general, branch, conditional, save 
state, and restore state. The forementioned 
primitives include requests to transfer the 
main processor registers, the coprocessor reg­
isters, the top of the stack, or the instruction 
stream. They also, among other things, calcu­
late effective addresses and transfer addresses. 
Further, transfers are performed bidirection­
ally. 

Speeding information flow 

An instruction cache memory can be a frac­
tion of the size of main memory yet ensure a 
significant decrease in the average access time. 
The 68020 takes advantage of this approach, 
which has been used for many years in main­
frame computers. The chip's 256-byte instruc­
tion cache improves performance in two ways: 
First, far fewer fetches must be made to tlie 
external memory. Second, the consequent 
reduced use of the bu!:1 affords greater bus band­
width for other bus masters, such as a DMA 
controller. Only instructions are stored in the 
cache to avoid the problems associated with 

stale data and other cache-related difficulties. 
The on-chip cache links with the processor's 

data paths to allow complete overlap with data­
operand accesses (Fig. 2). Also, the cache con­
trol register permits the operating system to 
maintain and optimize the cache. 

The Enable bit of the cache control register 
contr.ols the 68020's use of the cache: when set, 
the cache is enabled; when clear, the cache is 
disabled and the processor fetches from the 
external memory. Writing a 1 to the Clear bit 
clears all valid bi ts in the cache, thus forcing the 
68020 to refill it with new data. When the 
Freeze bit is ·set, the 68020 cannot replai;e the 
data in the cache. The Clear Entry bit works in 
conjuhction with an address in the cache ad­
dress register, clearing the location in the cache 
that corresponds to the address in that register. 

The 68020 maintains the fast and easy to ·use 
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3. The microprocessor's bus interface employs dy­
namic bus sizing. Usiog this novel technique, the 
processor can size the bus port and handle data 
from 8-, 16-, and 32-bit ports. Full 32-bit capability is 
supplied on the address and data b~s interfaces. 
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nonmultiplexed asynchronous bus interface 
found on earlier members of the 68000 family. 
However, the interface sports several new fea­
tures (Fig. 3). It consists of full 32-bit non­
multiplexed address and data buses, sequence 
control lines, as well as miscellaneous lines for 
interrupt and arbitration control. Taken to­
gether, the improvements guarantee a bus cycle 
time of 180 ns at 16.67 MHz, with an address­
valid to data-valid requirement of only 115 ns. 

One of the interfaces most important addi­
tions, dynamic bus sizing, allows the 68020 to 
measure the bus port and transfer data to and 
from 8-, 16- and 32-bit ports. Here, the micro­
processor uses the data multiplexer and the 
Data Size and Acknowledge (DSACK) input to 
dynamically link to various-sized buses' on a 
cycle by cycle basis (Fig. 4). Such a scheme 
allows the software to ignore the hardware 

Increasing 
memory 

addresses 

l 

Data 
multiplexer 

Address B t o Byte 1 Byte 2 Byte 3 32-bit port 
xxxxxxxO "-'-y_e__._-'---"'-'--""'--''--' 

Address ..----r---. 
xxxxxxxO By1e 0 By1e 1 

2 Byte 2 By1e 3 16-bit port 

Address 
xxxxxxxO Byte O 

1 Byte 1 

2 Byte 2 8-bit port 

3 Byte 3 

4. Using dynamic bus sizing, the 68020 directs inter­
nally generated data to the proper locations on the 
external bus through a multiplexer that routes and 
duplicates the data. 
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configuration of a memory and of the 1/0 ports 
and instead to view the address space as a 
continuous block. In addition to dynamic sizing, 
the .device has no restrictions .on placing oper­
and bytes. That is, data operand can appear on 
odd-byte boundaries, and the processor cor­
rectly fetches and stores t~em. 

Towards higher performance 

Another way the 68020 boosts performance 
over earlier family members is through its 
higher clock frequency. Both the 68000 and 
68010 operate over the range of 8 to 12.5 MHz; 
the 68020 runs at the specified 16.67-MHz fre­
quency. In addition, future versions will likely 
operate at a frequency of 25 MHz. Although 
doubling the clock frequency improves per­
formance, the improvement is not twofold, sin­
ce other factors such as memory access time 
must be considered. 

Yet another technique for increasing system 
throughput is to increase the width of the data 
bus from 16 to 32bits.A16-bit processor gener­
ally fetches long-word operands using two 
16-bit fetches. A 32-bit processor needs only one 
32-bit fetch, thus reducing the number of bus 
cycles necessary to execute longer operations. 
Instruction accesses benefit the most from a 
wider bus, since the instruction stream is more 
sequential than in a 16-bit architecture. 

Although a microprocessor can operate at 
very high speeds internally, it frequently must 
slow down to communicate with the outside 
world. The 68020, however, minimizes the de­
lays involved in executing bus cycles. The pro­
cessor's bus cycle time requires three, rather 
than four, clock cycles, and the number of bus 
cycles executed is further reduced by the in­
struction cache. 

Staying ahead of schedule 

The instruction cache reduces execution time 
in two ways. First, and most important, in­
struction and data accesses are handled 
simultaneously-that is, data and instruction 
addresses are calculated in parallel and have 
separate paths to the address inputs. That en­
sures concurrent instruction and data accesses 
if there is a hit in the cache while a data access is 
taking place. Separate buses for instructions 
and data also permits pipelined accesses within 



"IN 2001,WE REACHED THE STARS. 
NOW,WE CAN PRACTICALLY1DUCH THEM:' 

DOUGLAS TRUMBULL 

rr he year was 1968. 

1 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 Trumbull. 

The incredible realism 
of "2001. A Space Odyssey" 
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 evd' 

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. 

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-41CX 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. 

Director. Creator of Oscar Winning Special Effects. Three-Ti.me Oscar Nominee. "The difference is aston­
ishing.Yet, all we did was 
utilize the full potential of the 
technology. It's that simple'.' 

Do you 
want to 
merely 
reach for 
the stars, 
or actual­
ly touch 
them? 

Film Making Innovator. 

PG0241 5 232G 

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. 

RJr the HP dealer nearest you, 
call (800) FVR-HPPC 
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the cache. Second, the time needed to access the 
cache is kept to two clock cycles, the same as the 
micro-instruction time. 

Because of the sequential nature of instruc­
tion access, it is possible to anticipate what the 
next access to the cache will be and to make that 
access before it is actually needed. Thus there is 
no penalty incurred if the cache access should 
miss. In fact, the instruction address is sitting 
at the pins, ready to initiate a bus cycle de­
pending on whether there is a hit or a miss in 
the cache. 

The 68020 uses a highly pipelined architec­
ture. The principal pipeline is the one for in­
structions, and there are several others used to 
control various units within the processor. The 
instruction pipeline is three words deep. The 
advantage of a deep pipeline is that it creates an 
apparent reduction in the time needed to decode 
an instruction and the time required to supply 
the necessary control for execution (Fig. 5). 

The depth of the pipeline makes it always 
possible to fetch three words in two memory 
accesses on a 32-bit bus. Two is the minimum 
number of accesses, since two words cannot be 
fetched in one cycle more than half the time. 

Assume that the instruction stream A, B, C, 
D, and Eis stored in memory in either an even-

Generate 
control 
signals 

Execute 

Decode 

Instruction A 

or odd-aligned fashion. In the even-aligned 
case, a branch permits the first two instruc­
tions (A and B) to be fetched on a single access. 
In the odd-aligned case, though, a branch per­
mits. only the first instruction (A) to be fetched 
on a single access. In either case, two accesses 
are required to fetch the first three instructions 
(A, B, C) and to fill the pipeline. 

Cooperation speeds execution 

Parallelism, or the concurrent execution of 
several tasks, is used extensively in the 68020. 
In fact, the microprocessor's execution unit is 
partitioned into an instruction-address ·section, 
an operand-address section, and a data section 
-each of which contains a 32-bit adder. The 
instruction address portion both calculates in­
struction addresses and stores pointers. The 
operand address section, as its name implies, 
calculates operands. Finally, the data section is 
the site of all data operations. 

Although the sections are optimized to per­
form their primary roles, when necessary each 
can function as a general-purpose computation 
unit. Further, every section is connected to its 
neighbor by a high-speed bus. For example, a 
32-by-32-bit multiplication that produces a 
64-bit product uses both the operand-address 
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5. In a three-instruction pipeline, the flow of instructions is continuous when the 
pipe is full. As the first instruction (A) is executed, the second (B) obtains its con­
trol signals, and the third (C) is decoded. 
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The evolution of an automatic test system ... 
the Bendix way. It began with the recognition 
of the need for a practical, cost-effective method for 
testing printed circuit boards, taking that task away from 
large ATE. Bendix Test Systems Division engineers went 
to work on the problem, as an in-house R&D project. 

The result was the Bendix 9070 module tester. It per­
forms the functions of GO/NOGO screening and fault 
isolation every bit as well as any large ATE ... at a frac­
tion of the cost. And, it can be made to do more, with 
the addition of available plug-in assemblies. The 9070 
was quickly recognized as the answer to a wide variety 
of commercial test requirements. 

When the Air Force established requirements for a 
guided missile test system, we knew we had the answer 
in the 9070. We adapted it to perform the required 
testing and fault isolation for the target seeker systems. 

The 9070 became the Multi-Purpose Test Set (MPTS) 
and does the job that previously had needed three 
separate test sets. 

That's the Bendix way. Evolution, as contrasted to 
reinventing the wheel. We created the 9070 as the 
solution to a specific problem and built in the capabil­
ities for solving future problems. It could be the solu­
tion to yours. Other examples of the Bendix way are 
described in our brochure 
"Automatic Test Systems the 
Bendix way." 
Please ask for your copy. 

Bendix Test Systems Division 
Attn : Marketing Department 
Teterboro, New Jersey 07608 
(201) 393-2521 

~LLIED 
CIRCLE 105 

Bendix 
Aerospace 
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and the data section to carry out that task. The 
use parallelism can also be seen in the simulta­
neous accessing of data and instructions. 

Parallelism also exists between the processor 
and the bus controller. Consider, for example, 
that an instruction has been executed and the 
results must be written to memory. Under such 
a condition, there is no reason why the pro­
cessor cannot proceed with the execution of the 
next instruction, which is exactly what hap­
pens. Thus the device's ability to perform 
simultaneous accesses of instruction and data 
is made even more significant. 

The number of instructions that can be over­
lapped depends on the length of the bus cycle 
and the demands of the overlapped instructions 
to use the bus. That capability is important in 
high-performance processors because of the 

if piececount[cla11[i]] < > O then 

Compiled 68000 code (13 bytes) 

68000 cycles 68020 cycles 
Clock Bus Clock Bus ---- ----

4 1 
8 1 

12 2 
12 3 
8 1 

12 2 
12 3 
11 2 
79 15 

2 0 move.w d1 ,d3 
4 0 lsl.w # 1,d3 
6 0 lea db_ register(db,d3.w),a2 
7 1 move.w - class(a2),d3 
4 0 lsl.w # 1,d3 
6 0 lea db_ register(db,d3.w),a2 
7 1 tst.w - piececount(a2) 
6 0 beq else 

42 2 

Compiled 68020 code (8 bytes) 

68020 cycles 
Clock Bus ----

9 1 move.w (- class,a5 ,d1 .w *2),d3 
9 1 tst .w (-piececount,a5,d3,w*2) 
6 Q beq else 

24 2 

d1 = i a2 = temporary pointer db_ register = O 
d3 = temporary a5 = base - class = $1c26 

- piececount = $1c40 

6. A high-level language statement-actually a 
doubly indexed conditional test in Pascal-shows 
how much more efficient 68020 code is than 68000 
code. The enhanced instruction set permits three 
68000 instructions to be condensed into a single 
68020 command. 
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great likelihood of their working with high­
speed data caches. With such a cache, writing 
requires longer cycles because of write-through 
problems. The longer cycles, in turn, make over­
lapping more probable; hence the value of a 
processor that handles such instructions can be 
clearly seen. 

Condensing instructions 

The number of extensions made to the 68020's 
instruction set improves the microprocessor's 
ability to work with high-level languages. The 
most significant ones concern the addressing 
modes. As noted earlier, the full index address­
ing mode make it possible to scale the indexes, 
include memory indirection, generate 16- and 
32-bit displacements, employ pre-indexing or 
postindexing with memory indirection, and 
suppress any element of the address (use the 
data register for an address). Thus the two 
weaknesses of the 68000' s addressing modes are 
rectified: the inability to scale index values dur­
ing a calculation and the lack of 16- and 32-bit 
displacements in the index addressing mode. 

The effect of the extensions can be illustrated 
by a Pascal program (Fig. 6), but the results 
would be the same for any high-level language 
that employs subscripts. Using the 68000-
compiled code, the 68020 needs just 42 clock 
cycles and 2 bus cycles to execute the program­
compared with the 68000's 79 clock cycles and 15 
bus cycles. Further, the enhanced addressing 
modes of the 68020 reduces the number of clock 
cycles to 24, since it is possible to replace three 
or more instructions with one. 

Because of the 68020's scaling adds no time to 
the calculation of effective addresses, code exe­
cutes much faster. Actually, the 68000 executes 
the aforementioned Pascal program in 9.875 µs; 
the 68020 (running 68000 code) needs 2.625 µs; 
and the 68020 (running 68020 code) takes just 
1.5 µs. Note that a 68020 executing its own code 
is almost seven times faster than a 68000 exe­
cuting 68000-compiled code. 

The other additions to the instruction set fall 
into two categories: the extension of the oper­
and and the displacement size to 32 bits and the 
addition of complex instructions. The enhanced 
operand and displacement size does not affect 
many instructions, since most already handle 
8-, 16-, and 32-bit operands. The added instruc-
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DESIGN ENTRY 

32-bit microprocessor 

tions improve performance primarily in special 
applications. Bit-field instructions, for exam­
ple, are of the greatest significance in graphics 
and communications applications, even though 
they may be widely used in other settings. 

A team player 

Although the coprocessor interface itself 
does not improve performance, it supplies the 
mechanism for adding special-purpose units to 
handle unusual problems. The 68881 floating­
point processor, for example, when combined 
with the 68020, forms a powerful team to exe­
cute floating-point programs. 

In addition, special-purpose hardware adds 
computational power to the basic processor. 
That in turn ensures faster execution of atypi­
cal but important instructions-in a general­
purpose machine those instructions tend to be 
highly algorithmic. The 68020's barrel shifter, 
for instance, can handle bit-field instructions 
and can be used with a variety of other instruc­
tions as well. Additionally, special control cir-
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LQontrol 
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7 32 
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cuitry permits two bits to be multiplied by ev­
ery microinstruction. 

The result of all these efforts is a high-speed 
processor with faster bus and a reduced number 
of bus cycles. The average number of clock cy­
cles required to execute an instruction, for in­
stance, has dropped from 13.5 to about 7, even 
though the clocks run at at least twice the 
frequency of the 68000's and the instructions 
that are carried out are much more complex. 

Building on the basics 

A 68020-based system can be designed by 
making use of the coprocessor interface (Fig. 7). 
In it, the 68020 is connected over a logical bus to 
a 68881 floating-point processor and a 68851 
paged memory management unit. These three 
chips, together with a logical cache, connect to 
main memory, I/O devices, and other system 
resources over a global bus. Other processors 
could also be linked to the global bus. 

The floating-point processor, which fur­
nishes an extensive floating-point instruction 
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7. A high-performance 68020-based system relies on the coprocessor interface. 
Here, the 68020 uses a 68881 floating-point processor and a 68581 paged memory 
management unit as coprocessors. {BARB stands for Bus Arbitration control 
signal.) 
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MORE BANG.LESS BUCK. 
Why weapons systems designers are using Rantec standard military power supplies. 

Rantec's standard military power supplies save weapons 
systems programs money. No costly non-recurring 
engineering expenses. No costly retooling. And, with 
over 600 different models to choose from, no costly 
design compromises on your part. 

Also, no costly time delays waiting for product to 
develop or for manufacture. Which is very important 
when you consider it takes from 13 to 18 months and 
between $125,000 and $300,000 to get a custom mili­
tary power supply.* -

Giving up reliability by going standard? No way. 
First of all, our quality program complies with MIL-I-

45208 and meets the intent of MIL-Q-9858. Secondly, 
all of our power supplies meet or exceed MIL-E-5400, 
MIL-E-16400, MIL-STD-704, MIL-STD-1399, MIL­
I-6181, and MIL-STD-461. 

This extensive product line includes single and 
three phase AC input power supplies and DC- DC 
converters in single and multiple output power ratings 
to lKW. 

To find out how you can save money like your con­
temporaries by using Rantec standard power supplies 
which are qualified for airborne, shipboard, ground­
fixed and ground-mobile use, contact us today. 
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QueloTM 68QQQ Assembler 
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January, 1983 
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symbol cross-reference, linker global symbol cross-reference, ob­
ject library symbol cross-reference, superb linker load map, 
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$595 
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Seattle, WA 98199 
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DESIGN ENTRY 

32-bit microprocessor 

set, fully complies with the IEEE floating-point 
standard and is accessed using the logical ad­
dress bus. Once the floating-point instruction 
and any operands are transmitted to or from it, 
it can run concurrently with both the main 
processor and any other floating-point units in 
the system. 

The memory management unit translates 
and generates memory control signals for the 
main processor and for any other bus master in 
the system. The unit translates logical ad­
dresses to physical ones and checks that access 
rights have not been violated. Also, it creates a 
demand-paged virtual memory for the CPU by 
determining if a page resides in physical 
memory and taking the appropriate action if it 
does not. The memory management unit can 
even function as a coprocessor when the de­
scriptor tables must be maintained. In that 
case, it becomes a bus master and thus is able 
to perform any activities associated with such 
maintenance. 

As a processor's clock frequency increases, 
the memory access times necessary to ensure 
access with no wait states decreases. Thus an 
external logical cache is an attractive addition 
to the system. Since the cache is logical, it can 
avoid the translation delay that would cause 
at least one wait state. Furthermore, since a 
cache is a local copy of data that is held in 
high-speed RAM, it does not have to waste time 
waiting for the global bus to be free. In fact, for 
a system with a 16-MHz clock, it is nearly im­
possible to design a main memory that can 
perform accesses without wait states. 

The set of chips-the 68020 and its associated 
support chips-form one kind of processing 
unit. Clearly, any one of the peripheral could be 
either deleted or supplemented, the size of the 
cache could be varied, and a DMA controller 
could be added to either the physical or logical 
bus (or both). Further, an instruction cache 
could be added, as well as a data cache. However 
the processing unit is configured, the global bus 
ensures access to all resources in the system.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 
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Wedesi 
with the first glance, your thrOUg 

customer begins to form an impression 
of your product. And the manual 

nour 
your 

controls you use play a major role in this important first 
impression-as well as long-run operator satisfaction. ing panel space and viewinl$. area to simplify the operator's 

That's why we take great care to build human fac- tasks and reduce the possibility of error. 
tors into the design of our manual produfts. ~y designing Even the best can get better. 
our manual controls from your customers pomt of view, we Were always working to improve our manual products 
can help make your product look better, feel better, to meet your changing needs. 
work better and, finally; sell better. . For example, based on years 

Not only do you get well designed manual of experience in building quality 
controls from IY!Iqw SWITCH, you get lots of keyboards, we were able to com-
them. Our ~ontmumg development_Progr~m. has bine quiet operation and excellent 
led to a vanety of new products to fit spec1ahzed tactile feedback in our new 
requiremen~s. A!Jd witp the broadest selection of Silent-Tactile keyboards. These 
product options_n~ !he mdustry to choose from, low profile keyboards look good 
you get the flex1b1hty and freedom to design your and feel good. They retain their 
products to meet your customer's needs. consistent positive feedback 

Newlooks for newneeds. month after month, year after 
Our Programmable Display Pushbutton year. Their silent operation 

is an excellent example of our ability to respond helps make work environments 
to emerging needs in the marketplace with new more pleasant. Because in a 
products having unique human factors features. room full of CRTs, it's what 
It is a user-friendly pushbutton that provides two- you don't hear that counts. 

way communication between the Takeyourpickfroma variety 
system and the operator. Our ofqualitycontrols. 
Programmable Display Pushbutton Constant efforts over the years have resulted in a 
offers the state-of-the-art ability broad line of human factors-designed manual products. 
to display an infinite number of Our touch panels, for example, combine high quality 
legends when programmed graphics with reliable switch operation. We take special 
through a computer. This multi- care with such details as embossing for positive finger 
function capability means that one positioning, snap discs for tactile feedback and high quality 
switch can replace dozens, reduc- color and graphics. 
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ntanual controls 
custonter's eyes. ~d~~:s~: 

The Advanced Manual Line and Miniature Manual 
Line display the same painstaking concern for detail and 
quality. They're designed to be visually 
pleasing-with clean lines, vivid colors, 
bright, even illumination, attractive shapes 
and sizes. And their appearance is 
coordinated, both within and among prod­
uct groups. So you can build harmony 
into your design. 

Having this wide selection of 
controls to choose from means you can 
specify the best combination of perform­
ance and price-always with superior 
human factors features. 

Experience you can 
count on. 
For over 40 years 

we've been building 
manual products to 

help solve all kinds of control problems. 
For years we've been conducting and 
publishing the results of original human 
factors research. No other controls man­
ufacturer does. And we work with 

Honeywell's industrial design experts to 
develop new products and materials. 

Along the way, we developed special capabilities 
in plastics, inks, illumination and switching techniques that 
we can apply to all our manual products. 

easy to use and good looking, as well as reliable. 
Human factors design ideas ­

yours for the asliing. 
We have compiled a wealth of basic human factors 

design considerations in a 36-page booklet-our Panel 
Design Guide. You'll find it an invaluable reference tool 
in planning and designing the interface between man 
and machine. Simply call or write to get your copy. 

The response and support you need. 
Whether you need a standard product or a custom 

solution, you can count on MICRO SWITCH for the help 
you need. Our experienced field and application engineers 
are ready to work with you to find the best solution for 
your project. . 

No matter where you are, MICRO SWITCH 1s ready. 
For local availability of standard products, just call on one of 
our Authorized Distributors. And there's our broad net­
work of sales and service representatives around the world. 

For the location of a sales office or authorized 
distributor near you, call 815-235-6600. Or, write MICRO 
SWITCH, Freeport, IL 61032. 

We'll help you find the manual controls and human 
factors features that work best for you and your product - no 
matter which way you look at it. 

Together, we can find the answers. 

MICRO SWITCH 
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Simulating VLSI chips is tough. 
If your designs contain microprocessors or complex 
VLSI peripheral chips, most CAE systems just can't 
handle them. But Valid does-with our revolutionary 
new Realchip TM modeling system. 

A New Concept. 

Realchip is a completely new modeling concept, 
where real chips model their own behavior when 
simulating a design. Software models just won't work 
at the complex VLSI chip level: they take too long to 
develop, simulate too slowly, and usually aren't 
accurate. 

Perfect Models of Any VLSI Chips. 

No matter what complex VLSI chips your design 
contains, Valid's Realchip Modeling System can 

handle them: for example, Motorola's 68000 
microprocessor family; Intel's 8085/617/8/9, and their 
80186/286; AMD's 2900 and 29116 bit-slice parts; Zilog's 
Z80; and National's 16032-even your own custom 
chips and gate arrays. Models are perfect, because 
real chips model themselves. And they are fast, 
because they model themselves at hardware speeds. 

Any Design. 

Valid's Realchip, teamed with the proven 
SCALDsystem CAE workstation, will handle any 
design you can throw at it-from schematic capture 
through timing verification, logic simulation, and 
net list generation-to complete design validation. 
Realchip models work with over 2, 000 TTL, ECL, 
memory, and gate array software models in the 



So tough that only Valid ~oes it. 
SCALDsystem's device libraries to handle any 
design you may have. 

For Immediate Delivery. 

You can get the Realchip Modeling System right now. 
No vague promises. No excuses. Delivery is 30 days 
ARO. SCALDsystems are also 30 days ARO. 

From the Engineers Who Invented CAE. 

It isn't surprising that Realchip comes from Valid. After 
all, our engineers invented the whole SCALD concept 
(for which Dr. Curt Widdoes and Dr. Tom Mc Williams, 
two of Valid's founders, received the 1984 IEEE 
McDowell award). Look to Valid for leading-edge CAE 
tools. We give you products; not vague promises. 

ELECTRONIC DESIGN carried the whole Realchip 
story in its March 22, 1984 issue. For a free reprint of 
that article, plus more detailed information, call us toll­
free at 800-648-1702 (415-940-4000 in California),Ext4055 
or write Valid Logic Systems, 1395 Charleston Rd., 
Mountain View, CA 94043. 
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DESIGN SOWTIONS 

Precision op-amp rectifier 
eliminates diodes 

for economy, simplicity 

Hal Wittlinger 
Section Manager 
IC Applications Engineering 
RCA Corp. 
Sol id State Division 
Route 202 
Somerville, N.J. 08876 

A
~ircuit that uses .the ground-refere.nced 
mput arid output of a 3130 operat10nal 
amplifier creates a precision rectifier 

that, unlike conventional active full-wave rec­
tifiers, does not need diodes and is therefore 
less expensive and simpler. 

The absolute-value circuit (see the figure) 
produces a positive output regardless of the 
polarity of the input signal and is useful in a 
variety of applications, from measurement to 
gain control. Also, full-wave rectification is im­
portant when the ripple component of a signal 
must be kept at the highest possible frequency 
to ease filtering requirements. 

Essentially, the circuit operates as a con­
ventional op amp for negative-going input 
signals and as a resistive attenuator for 
positive-going ones. The gain for a negative­
going signal is determined by: 

G = I Gain I = G = R2 
n eg R1 

Alternatively, when the signal goes positive, 
the attenuation supplied by the three resistors 
(Ri. R2, and Ra) is found by: 

R 
G = G pos = Ri + R: +Ra 

In both cases, the gain should be set to produce a 
symmetrical waveform for the pulsating de 
output. Further, the driving-source resistance 
must either be kept at a low value with respect 

to R1 or be factored into the resistor's value. 
On the other side of the circuit, the value of Ra 

is found with the formula: 

R _ G(R1+ R2) 
a - 1-G 

If the circuit must drive a relatively low imped­
ance, one less than 100 times Ra, that resistor 
can be considered part of the load and its value 
calculated as if it were in parallel with the load. 

For example, if the load is 51 kn with respect 
to ground, Ra must be 20 kn to develop the 
14.4-kn value shown. The foregoing assumes 
that the op amp's output resistance is negligible 
with respect to the value of Ra. 

Care should be taken to limit the input signal 
amplitude so that the voltage at pin 2 of the op 
amp does not exceed +7 V. If that is not done, 
greater voltages will be clipped during the posi­
tive input peaks, distorting the output. 

r"'-.J R, 

Sine-wave 2k 
input 

R2 

1.6k 

>=-6 --""R
3
,,,__ _ _. 0utput 

4 14.4k 

A diodeless precision rectifier acts as an attenuator 
for positive inputs and as a conventional op amp for 
negative signals. For a 1-V rms input and the re­
sistor values shown, the circuit gain is 0.8. Its fre­
quency response is - 1% at 60 kHz and - 1 dB at 
300 kHz. 
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DESIGN SOLUTIONS 

FIFO memory circuit 
stores waveform data 

for monitors and scopes 

F.J. Rogers 
Senior Electronics Engineer 
F.C. Delori 
Senior Scientist 
Eye Research Institute 
20 Staniford St. 
Boston, Mass. 02114 

W
iring a FIFO memory as a ring buffer 
supplies excellent storage for a 
continuous waveform display circuit. 

Using the buffer, any digital or analog source 
can be held and repeatedly displayed on in­
expensive monitors or standard laboratory 
oscilloscopes. Not only does the circuit free a 
microcomputer from the repetitive chore of 
servicing a display, it is flexible enough to ac­
commodate words of any length and width. 

The switch, Si, and three-state buffers IC1 

and IC2 set the input to accept either analog or 
digital data. For the former, shift-in pulses are 
routed through 81 to the start-conversion in­
put of the analog-to-digital converter IC5 • In­
formation is passed from IC5 to IC2, and shift­
in pulses are sent from the analog-to-digital 
converter to the FIFO memory using IC8, a 
one-shot. 

If the switch is set to the digital position, 
shift-in pulses are routed to an OR gate, IC9A, 
and the data is fed to the circuit by means of 
IC1. Moreover, if the analog input is not needed, 
ICi, IC2, and IC5, as well as the switch, can be 
eliminated, reducing the chip count and low­
ering the circuit's cost. 

Once the input has been selected, the FIFO is 
loaded by applying a logic high to the memory's 
Load input. Doing so clears the FIFO, stops the 
X and Z axis output circuitry, and gates buffer 
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IC3 on the buffer IC4 off. Next, N-1 shift-in 
pulses are applied synchronously with the 
data, where N is the word length of the FIFO. 
Data enters the memory through IC3 and, 
when the FIFO contains N-1 bytes of data, 
the memory's Output Ready pin drops low to 
signal that the FIFO is loaded. 

Once that is done, the Load input is brought 
low, turning IC3 off and IC4 on and enabling the 
clock gate ICioA· At this point, the source of the 
waveform can return to other tasks, since the 
circuit has stored the necessary data for 
display. 

The clock gate drives the ramp generator, 
which comprises counters ICn, IC121 IC6, and 
the FIFO, thus synchronizing the X and Y out­
puts. I ts leading and trailing edges also gener­
ate the shift-in and shift-out pulses, respec­
tively, with the help of one-shots IC8 and IC13• 

Because N - 1 bytes have been loaded, the 
FIFO's last byte space is empty and ready to 
accept data from the output of the memory. 
The display cycle itself begins with a shift-in 
pulse that causes the data to move out of the 
FIFO and into the digital-to-analog converter 
IC1. Concurrently, the same data is moved back 
into the FIFO using IC4. This process of shift­
ing in and shifting out continues until the time­
base counters reach N-1. At that point, the 
FIFO data has come full circle; that is, the first 
byte of data at the output of the FIFO is again 
first at the output. Simultaneously, the clock 
and Z drives are stopped for 1 µs to reset the 
ramp. 

The foregoing cycle is repeated over and 
over, causing the waveform to be repeatedly 
displayed on the monitor, through IC7 , inde­
pendently of the input signal source. If neces­
sary, though, that source can interrupt the 
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availability. 
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DESIGN SOLUTIONS 

circuit at any time to load new waveform data. 
The circuit ha(3 worked well in helping to 

analyze waveforms t hat have been signal­
averaged by a microcomputer. Because of the 
FIFO's 2-MHz data rate, automatic data­
pr opaga t ion ch a r acteristics, and asyn­
chronous shift-in, shift-out operation, wave-
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forms can be transformed and stored very 
quickly. The FIFO, however, must be selected 
with care, since some allow just (A -1) X N 
word lengths when stacked, where A is the 
FIFO's word length and N is the number of 
stacked FIFOs. Also, it should be remembered 
that data rates vary from part to part. 
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A ring buffer circuit, using a FIFO memory for storage, captures and repeatedly displays a waveform on an 
inexpensive monitor or oscilloscope. Either digital or analog signals are handled with just the flip of a switch. 
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• VOE, IEC, UL, CSA 
Certified 

• 100/120/220/240 VAC 
Input 

• Industry Standard 
Packages - 76 Models 

• Industry's Best 
Power/Cost Ratio 

• Available Worldwide 

DISK·DRIVE SERIES 

• 11 "Off.the-Shelf" Models 
• Powers Most Popular 

Drives 
• Worldwide AC Input 
• Powers Drives & 

Controller 
• Floppy and Rigid Disk 

Models 

SWITCHERS 

• Hi-Tech Design 
• 34 Standard Models 
• Compact/Lightweight 
• Meets FCC 20780 EMI 
• VOE, IEC, UL, CSA Safety 

Certified 
• 4KV Isolation 
• 115/230 VAC Input 

5V @ 3A 24V @ 1.2A 
12V @ 1.7A 48V @ 0.5A 
15V @ 1.5A 250V @ 0.1A 
HB Series: $32.95 

5114 " FLOPPY SERIES 
5V AND 12V 

. . . ,._ .. :.r ~~ 
~ , . ; 
. \ 

...-- "":. 
.. ~p11t•' • 

',. 

CP340-A, 1 Drive: $44.95 
CP323-A, Up to 4 Drives: $79.95 

5V TO 28V MODELS 
40W: $90.00 130W: $150.00 
BOW: $115.00 250W: $235.00 

5V @2A 
± 12V to 15V @ 0.4A 

(-5V Selectable) 
HTAA-16W-A: $54.95 

8.0" FLOPPY SERIES 
5V, -5V AND 24V 

. . .. ~ .... ... , . ; , . . 
.. "' i ~ .: . . : ' .. .. - ' . .. . · ~ 

CP205-A, 1 Drive: $75.95 
CP206-A, 2 Drives: $99.95 
CP162-A, Up to 4 Drives: $129.95 

MULTIPLE OUTPUT 
MOST POPULAR OUTPUT 
COMBINATIONS 

• Up to 5 Outputs 
• Fully Regulated 
• VOE Construction 

. "I~ In ,.,.,Supply Technology" 

@(J}fP[[)fI!l@f?-Blle u:. ,..., •RfLl!I 

FLEX-SERIES 
" STANDARD" CUSTOMS 

• Customer Defined Outputs 
• 11 Standard Case Sizes 
• 10W to 350W 
• Fast Dell very 

Power-One, Inc.• Power One Drive• Cemerlllo, CA 83010 •Phone: 805ll87·8741 • 806lt87·3891 •TWX: 810-338-1297 
Outside Callfomla Call Toll Free 800/235-5843 
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DESIGN SOLUTIONS 

PLA shoulders processor's 
checksum chores 

for faster data transl er 

Vittal Rao 
Digital Systems Section 
ISRO Satelli te Centre 
Airport Road, Vimanapura PO 
Bangalore 560 017, India 

B
ecause a software approach hampers the 
transfer of data from a microprocessor 
system to a peripheral, such as a floppy­

disk drive, the task of generating a checksum 
byte is more appropriately assigned to separate 
hardware. A single programmable logic array 
-say, a 20X8 (Fig. 1)-neatly combines the 
collection of gates, flip-flops, and other discrete 

Subroutine to initiate 
checksum byte calculation 

CHKSM: OUT [30H],A ;Reset the PLA. 
DTBLK: ;Start the data transfer instruction. 

Data bus 
(Do-Drl 

;End of the block. 
IN A, [40H] ;Get the complemented checksum 

from the PLA. 
CPL A 
OUT [20H],A ;Load the checksum byte into 

the peripheral. 
END 

Z80A-based ••••••••••••••• system 
Peripheral 
interface 
controller 

Peripheral 

2 Do 

3 D, 

4 
D2 

13 

Oo 22 

Q, 21 

0 2 20 Address 
bus 20X 8 

--5 ..... o, PLA o,.-1_9 __ 

Address 
decoder 

6 o. 
7 

Ds 

o. 18 

Os 17 

____ 8-1 De Oai-1_6 --~ 

'h 74LS123A 
monostable a 

mult ivibrator 

'--tl---w----o + Vee 
C R 

9 D, 

10 
CK 

v. 74LS08 

o, 15 

1. A programmable logic array contains all the hardware elements needed to com­
pute the checksum bytes for a data transfer. With the system processor unbur­
dened by that chore, the throughput rate improves considerably. 
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P1c0Loo1c~ .. 
{sops} No matter how you measure speed 

- picoseconds or gigabits per second- GigaBit's 
ultra-high speed gallium-arsenide FastGaas™ Series, 
including PicoLogic and NanoRam ™ families , sets 
new benchmarks. 

In its PicoLogic family, GigaBit uses CDFL* 
(Capacitor Diode PET Logic) circuits fabricated 
with GigaBit's FastFet™ process to achieve next 
generation performance. GigaBit's PicoLogic 
and NanoRam families take your products 
to market ... faster. 

How fast? With less than 50 pico­
seconds skew between its eight 
outputs, GigaBit's fanout clock 
buffer shaves precious nano-
seconds from cycle times 
speeding up your entire 
system. GigaBit's NOR 
gate, with a propa­
gation delay of only 
75 picoseconds, allows 
gating of multi GHz 
signals in instrumen­
tation and other 
applications with un­
precedented precision. 

Or, in fiber optic 
communication 
applications, GigaBit's 
3 GHz precision D 
flip flop regenerates and 
retransmits more bits per 
second; more channels of 
communications per fiber 
... so many that every 
household in Miami could 
phone every household in 
San Francisco over a single 
fiber optic cable. 

Our PicoLogic family is 
available ... now. An evaluation 
board, too. 

•Patent Pending 

{GBl}GigaBit Logic 

NAME 

Quad NOR Gate 
Fanout Buffer 
Comparator/ 

Driver 
Precision D 

Flip Flop 
2 Stage Divider 
7 Stage Counter 

PART PART 
NUMBER SPEED NAME NUMBER 

lOGOOO 75 ps Variable Modulus 
lOGOll 3 GHz Divider 10G070 

7 Stage Divider 11G566 
10G012 3GHz Diode Array 16G010 

Diode Array 16G011 
10G021 3 GHz FET Array 16G020 
10G060 3GHz Dual Gate 
10G065 3GHz FET Array 16G021 

Evaluation Board lOGEVA 

Order now ... be the first •.• 
and join the next generation. 

SPEED 

2 GHz 
4 GHz 

500 GHz 
675 GHz 
IS GHz 

15 GHz 
3 G Hz 

GigaBit Logic, 1908 Oak Terrace Lane, 
Newbury Park, CA 91320. Telephone 

(800) GAAS-ICS (422-7427). In CA, 
(805) 498-9664. Telex 194449. 

.. THE NEXT GENERATION 
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CK 
1 

2. A programming chart indicates the specific locations that must be left intact to configure the PLA with the 
appropriate logic elements for the checksum calculation. 
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The Quantitative Solution 
to Automatic Systems Test. 

Product pe rformance and pro­
fitability both increase with the 
use o f high throughput, h igh reli­
ability test instruments. And only 
the Data 6000 Universal Waveform 
Analyzer combines the speed and de­
pendability your operation requires 
with full analysis capabilities. 111e Data 
6000 digitizes, stores, displays and ana­
lyzes data in one compact, easy- to­
operate, versatile instrument. One 
that's equally at home in the R&D lab 
and on the production floor. o thing 
else even comes close to the Data 
6000 which offers you: 

Precise Waveform 
Measurement 

No matter how shon-lived or com­
plex the event, you' ll capture it wi th 
high resolution, thanks to the Data 
6000's plug-in digitizers which provide 
lOOKJ-lz, 14-bit; 36MJ-lz, 12-bit; and 
lOOMl-lz, 8-bit data acquisition capabili ­
ty. Sampling periods as fast as lOnS 
provided by the Model 620 plug-in, 
give you the accuracy and speed you 
need to acquisition even the fastest 
transient events. Intermediate Sam­
pling Rates as required in production 
test of computer disk testing, power 
supply testing, acoustic emission tests, 
and video bandwidth measurements 
are provided by the Model 630's selec­
table conversion modes. This new 
plug-in provides an unprecedented 10-
bit resolution at sampling rates to 
18MHz, and 9- or 12-bit resolution at 
the maximum 36MJ-lz 

For system test applications the 
fully programmable Data 6000 
can acquire waveforms, measure 
time domain waveforms with over 
40 pre-programmed scalar mea­
surements, compute and measure 
spectra, and transfer the resul­
tant measurements or data points 
to your computer. In the above 
figure the Data 6000 performs 
summation averaging on a noisy 
signal, convolves the result with a 
user defined filter, and displays 
the FFf of the processed wave­
form on trace four. 

6000 Series Plug-In's 

~ 1111 ,,, .... ~ 1111 1111 
~ ·1111· 
s.. 
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~ 
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1111 
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An Unbeatable Team 
That's what you get when you inter­

face the Data 6000 with your lEEE-488 
or RS-232-C compatible host computer. 
This combination offers you: 

Dynamic Control. Program all 
front panel controls remotely from the 
host computer. Send " user prompting" 
messages to the Data 6000's screen 
from the controller or program rout ine 
for test set, on-site instruction during 
the test routine. And for even greater 
control, you can also program user in­
teractive feedback during testing sim­
ply by redefining the Data 6000's soft 
keys. 

Fast Data Transfer. Here's where 
the Data 6000 goes beyond the rest. 
111e bi -directional interfaces can easily 
transfer the measured and calculated 
results of tests directly to your con­
troller. There is no need to develop a 
different software waveform analysis 
library for the controller itself. Ad­
ditionally, the Data 6000 communicates 
the measured results or data points at 
speeds of up to 9600 baud on RS-232-
C; standard transfer on IEEE-488 in 
ASCll real or scientific format5, and up 
to 400Kbytes/ sec. on !EEE-488 in bi­
na1y format with the Data 6000's High 
Speed Data Transfer option. 

Easy Interfacing. The Data 6000 
teams up with most host computers 
and controllers such as the DEC PDP-
1 l series; COMPAQ; IBM PC; HP-85, 

87, 9816, 9826, 9836, sampling rate. And that's 
only the front end of the 
Data 6000's power' 

Flexible Waveform 
Storage 

The Data 6000 
9845, 1000; Apple ll ; 
DEC PRO 350; GRJD; 
Fluke, and many of the 
most popular minis and 
micros. The result: 
automatic systems test 
that promotes your 
operation to a higher 
level of productivity 
and profitability. 

Up to 50,000 points of 
data may be stored on 
on-board storage mem­
ory, with non-volatile 
expansion available on 
accessory floppy disk 
or your mass storage me­
dia. Data acquisition 
memory captures up to 
50,000 points in a single 
acquisition (with the 610 
and 6 11 plug-ins; up to 
32,000 points for the Mod­
el 620; and up to 16,000 
points with the Model 630 
plug-in). 

~~ 

Universal Waveform Analyzer 

ANALOGIC®• 
~-~ATA PRE CISION 

Team up w ith the 
Data 6000 now. For the 
winning edge in auto­
matic systems test. For 
more information, 
call: 800-343-8150. Or 
in Massachusetts, call 
800-892-0528. 

Maintaining 
the Integrity 
of Measurement 
The Data 6000 shown at left with 
a popular minicomputer; 
the IBM PC. 

Data Precision Division of Analogic Corpora1ion, Electronics Avenue, Danvers, MA 0 1923. Telex: 6817144. 
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parts used in conventional designs. 
DMA control maximizes the t ransfer rate for 

blocks of data, but the need to generate a check­
sum byte taxes the microprocessor-in this ex­
ample, a Z80-such that control is not possible. 
Transfer must take place through the CPU, 
which calls four- or five-instruction subrou­
tines to calculate the checksum byte. Con­
sequently more than 70% of the CPU's t ransfer 
time is spent calculating the checksum. 

The checksum is a single byte, appended to 
the end of a data block, t hat includes sufficient 
information about the amount of data in the 
block for a receiving device to determine data 
integrity by. It is generated by storing the 
exclusive-OR output of the Nth and N + 1th byte 
and then exclusive-ORing that result with the 
N +2th byte. The process continues for all the 
bytes of the data in the block. Finally, the 
checksum itself is accounted for as the last byte 
of the block. 

The PLA moves the function from software 

to hardware. The fusing pattern (Fig. 2) config­
ures the exclusive-OR logic, the associated flip­
flops that serve as storage elements, as well as 
the proper feedback circuitry. A single instruc­
t ion ini tializes the PLA, and several more in­
structions read the checksum from the logic 
array via the device's OC pin (see the program 
listing). 

Winner for June 28, 1984 

Dual-mode power supply works either linearly 
or as a switcher 
Michael Ellis, 3244 Francine Drive, Decatur, 
Ga. 30033. 
Send us your Design Solutions. 
Submit a description of an important new circuit idea or 
design technique exclusively to ELECTRONIC DESIGN. You 
will receive $50 for each published idea. If your idea is 
voted best-of-issue by our board of judges, you become 
eligible for the annual award of $1000. 

Two Special Reports 
coming in the August 23 issue: 

- Memory Technology 
- Focus on PROMS 

FEA TURE DESIGN ARTICLES INCLUDE: 

- Semiconductor Memories 
- Computer Peripherals 
- Communications 

NEXT IN OUR PERSONAL COMPUTER SERIES: 

The Role of Personal Computers in 
Manufacturing 



Elitninate ATE component clutter 
with HP designed-for-systems 

power supplies. 

Now you can choose from the 
widest range of ATE power supplies 
available to help get your automatic 
test systems up and running in a frac­
tion of the time required by tradi­
tional methods. The HP system power 
supply family lets you choose the 
right power supply for your application. 
Replace up to five separate instru­
ments and a web of complex intercon­
nections with a single high-performance, 
extremely easy-to-use programmable 
power supply. 

A complete family of 
solutions. 

HP designed-for-system power 
supplies let you build a system to test 
PC boards, for example, by giving 
you programmable voltage with auto-

~ij:!F• SYSTEM~ 
HP-IB: Not JUSI IEEE-488, but the 
hardware, documentation and 
~that delivers the shortest 
path to a measuremenl syslem. 

matic over-current down-programming 
to protect board traces. You can design 
an automatic incoming inspection 
system to test a wide variety of com­
ponents, while investing in only a 
single power supply. You can program 
voltage and current and read both 
back, including instrument status, 
over the HP-IB. 

Up to 1200 watts, 60 volts, 
and 120 amps. 

You have a complete choice with 
the HP family of programmable system 
power supplies. HP-IB programmable 
power supplies include the 200W, 20V, 
30A HP 6033A, the lOOOW, 20V, 
120A HP 6031A, and the lOOOW, 60V, 
SOA HP 6032A. As an added benefit, 
all these supplies are autoranging, which 

means full rated power is available 
across a wide range of voltages and 
currents. Plus, the HP 6031A and 
HP 6032A, while rated at lOOOW, 
can actually deliver up to 1200W of 
power under many load conditions. 
For those applications that don't require 
HP-IB compatibility, we offer similar 
features in the analog programmable 
HP 6011A, HP 6012B, and HP 6023A. 

Hewlett-Packard: 
A world leader in ATE 
power supplies. 

The next time you need a versatile, 
reliable power supply, think Hewlett­
Packard. For more information, call 
your local HP sales office listed in the 
telephone directory white pages. Ask for 
the electronic instruments department. 

Ff/OW HEWLETT 
~~ PACKARD 

,, .... 
CIRCLE 120 



amp or isolate? 
1tdoesbo • 

22 dB gain and 40 dB isolation, 10-2000 MHz ... only$]_ 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 signal/sweep/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 + 100°C. 
One week delivery and a one-year guarantee, of course. 

For complete specifications and performance curves refer to 
the Goldbook, EEM, EBG, or Mini-Cirwits catalog 

CIRCLE 121 
finding new ways 

setting higher standards 

r;;:IMini-Circuits 
A Div1s1on of Sc1enli f1 c Components Corporati on 

World 's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn, New York 11235 (2 12) 934-4500 

Domestic and International Telex 125450 International Telex 620156 

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 25 dBm 
(3rd order) 
VSWR, 50 OHMS 2:1 
DC POWER 
volt, current 

+ 15 V, 100 mA 

HEAT SINK Internal 
OPERATING TEMP - 55°C to + l00°C 

C98 REV. A 



up to 2 Watts linear output 
50 KHz to 4200 MHz from $199 

If your application requires up to 2 watts for intermodulation testing of components 
... broadband isolation ... flat gain over a wide bandwidth .. . or much higher 
output from your frequency synthesizer or signal/sweep generator . . . Mini-Circuits' 
power amplifiers will meet your needs, at low prices. 

These ultra-linear Class-A amplifiers are unconditionally stable and can be 
connected to any load impedance without amplifier damage or oscillation. 

For low power (50 mW), 22dB gain and 40dB isolation, consider the ZFL-2000; 
for operation up to 4200MHz with 1-watt output, specify the ZHL-42. 

So select the amplifier for your applic.ation from the chart below. We' ll ship 
in one week, with , of course, our one-year guarantee. 

Model 
No. 
ZHL-32A 
ZHL-3A 
ZHL-l A 
ZHL-2 
ZHL-2-8 
ZHL-2-12 
ZHL-1-2W 
ZHL-42 
ZHL-7-2W 
ZFL-2000 

Freq. 
MHz 

0.05-130 
0.4-150 
2-500 

10-1000 
10-1000 
10-1200 
5-500 

7004 200 
600-800 
10-2000 

50 ohm impedance, 

Gain 
Gain Flatness 
dB dB 

25 Min. :!: 1.0 Max. 
24 Min. :!: 1.0 Max. 
16 Min. :!: 1.0 Max. 
15 Min. :!: 1.0 Max. 
27 Min. :!: 1.0 Max. 
24 Min. :!: 1.0 Max. 
29 Min. :!: 1.0 Max. 
30 Min. :!: 1.0 Max. 
28 Min. :!: 1. 0 Max. 
20 Min. :!: 1.5 Max. 

input and output VSWR 2: I max. 

Max. Power 
Output ldBm 
Compression 

+29 dBm Min. 
+ 29.5 dBm Min. 

+ 28dBm Min. 
+ 29dBm Min. 
+ 29 dBm Min. 
+ 29 dBm Min. 
+ 33 dBm Min. 
+ 29dBm Min. 
+33 dBm Min. 
+ 17 dBm Min. 

Noise Intercept 
Figure Point, Typ. 

dB 3rd Order 
IO Typ. 
11 Typ. 
11 Typ. 
18 Typ. 
10 Typ. 
IO Typ. 
12 Typ. 

7.5 Typ. 
12 Typ. 
7Typ. 

+ 38dBm 
+ 38dBm 
+ 38dBm 
+ 38dBm 
+38dBm 
+ 38dBm 
+ 44dBm 
+ 38dBm 
+ 43dBm 
+ 30dBm 

DC Power 
Voltage Current 

+ 24V 0.6A 
+ 24V 0.6A 
+ 24V 0.6A 
-+ 24V 0.6A 
+ 24V 0.65A 
+ 24V 0.75A 
+ 24V 0.9A 
+ 15V 0.69A 
+ 24V 0.9A 
+ 15V O.IA 

Price 
$Ea. Qty. 
199.00 (1 -9) 
199.00 (1 -9) 
199.00 (1 -9) 
349.00 11 -9) 
474.00 11 -9) 
599.00 0 -9) 
495.00 11 -9) 
895.00 (1 -9) 
525.00 11 -9) 
179.00 (1 -9) 

l111d111g new WdY'o 

setting higher standards 

Price and specifications 
subject to change without notice 0 ~,~~l~,~i!!?eM!!! 
Refer to EEM and Gold Book for detailed specs. 

CIRCLE 122 

World's la rgest manufacturer of Double Balanced Mixers 
P.O. Box 166. Brooklyn . New York 11235 (2 12) 934·4500 

Domestic and International Telex 125460 International Telex 620156 

C70 REV B 



Production Sockets 
Circle 211 

Low Profile Sockets 
Circle 212 

Burn-in Sockets 
Circle 213 



pain-in-the-neck, right! 

Wrong! 
Sockets, used selectively, 
can eliminate 4 of your 
toughest, everyday board 
problems! 
Take a fresh look at RN precision 
screw machine sockets. You may be 
surprised to see how many ways they 
can eliminate trouble, save real money 
and make you a hero to your boss: 

1 Simplify board ''trouble-
• shooting'~ Socket your sophisti­

cated circuits so that you can remove 
and test them without desoldering. 
Excessive de-soldering heat can 
cause costly board de-lamination as 
well as circuit damage. 

2 Slash field service costs. 
• Simply unplug your circuits, test 

and replace in the field. No time­
wasting de-soldering troubles. 

3 Modify boards in the field. 
• It is as easy as unplugging a 

circuit and inserting the new or re­
programmed IC package. 

4 Have peace of mind by 
• socketing state -of-the-art 

devices that have not had MTBF 
standards established. 

When you decide to eliminate board 
problems with sockets, be sure to SP-ecify 
the best you can get ••• RN Precision 
Screw Machine Sockets 

Precision pin socket 
contacts for maximum 
reliability and high retention. 
Technology innovations from 
RN include ... 
• Lowest profile in industry­

.122" 
• High temperature: 200°C 
• Lowest insertion force­

s ounces, maximum 
• .180" solder tail length 

available 
i 

rtJll I 
'"UICllll1 I 

., .. _..., I - ""' \ 

WRITE TODAY 
tor information on the full line of RN sockets, contact: 

RN Series ICNICT 
Sockets Available with 6 to 
64 contacts, solder or 

Four-finger BeCu contact 
assures solid gaslight 
mating, even with short 
leads. 

Contact available 
in gold or tinplate. 

Closed bottom prevents 
flux and solder 
contamination. 

Brass shell available 
in gold or tinplate. 

Robinson Nugent, Inc., 800 E. Eighth St., Phone: (812) 945-0211. 
New Albany, IN 47150. Circle No. 000 

... connectwithquality ROb/nSOn 
!ff?P!7-----Nuaen~ 
800 East Eighth Street, New Albany, Indiana 47150 • Phone:(812) 945-0211 ...., 
In Europe: Rue St. Georges 6, CH 2800 Delemont, Switzerland• Phone: (066) 22 98 22 

Flat Cable Connectors 
Circle 214 

DIN Connectors 
Circ le 215 

Quick/Connect Prototype Boards 
Circle 216 



Aromat IC Relay-
the smart choice for intelligent 
control and direct connection 
to microprocessor bus lines. 

The heart of the Aromat IC Relay is the built-in integrated circuit creat­
ing a hybrid relay that combines the benefits of polarized relays and 
advanced microcircuitry 

Aromat IC Relays are the logical choice for applications where var­
ious kinds of peripheral equipment and devices are relay controlled. If 
many relays are used, these relays can be connected to bus lines 
through decoders, as shown below. 
This Relay Group boasts any or all of the following functions: 
1. Extremely low power consumption (steady state-less than 10mW). 

2. LSI compatible: negative logic operation. 
3. Signal Processing: set, reset, monostable, toggle, automatic set/ 

reset. 
4. Built-in noise and bounce cancelling circuit. 
5. Power failure countermeasure: set, reset or memory of relay opera­

tion when power returns . 
For further details contact your Aromat representative or distributor, or 
write to the nearest address. 

Conventional Relay 

• Simplification of clrcun: Number of 110 
parts Is reduced to "113 to 112" 

• Wiring Is saved. (1110 to 1115) 

• Energy Is saved. 
•Design and assembly time Is reduced. 

CIRCLE 124 

IC Relay 

Relays and Switches 
tor 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, 
Swte 210, Richardson . TX 75081 
Tel (214) 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, 

Swte 2. Garden Grove, CA 92641 
Tel (714) 895-7707 

® 



NEW PRODUCTS COMPONENTS 

Tiny photovoltaic relays 
replace reeds to switch 

low-voltage signals 

A solid-state relay provides 2500 V rms 
of galvanic isolation between input and output; 
the switch points block 300 V or pass 300 mA. 

E
lectromechanical reed 
relays have long been 
the only answer to 

switching applications that 
require hundreds of millions 
of reliable contact closures. 
However, with the arrival of 
Crydom's photovoltaic relays, 
the PVR3300 and PVR3301, a 
solid-state replacement for 
reeds is now available. 

The photovoltaic relays are 
superior to even the best reed 
devices in several ways. They 
are five times as fast, half the 
size, and require only one­
tenth the power. In large ATE 
or telephone systems, this 
significantly reduces power 
supply size and cost. 

Thermal off set is only 200 
nV (about one-fifth that of 
typical reeds), and of course, 
the relays are not affected by 
severe shock, vibration, or 
contact bounce, nor do they 
generate EMI. 

The relays switch as much 
as 300 mA at 40°C and, when 
open, the switch points block 

Frank Goodenough 

± 300 V. The PVR3300's off­
state, or leakage resistance is 
1010 n at 25° with 10 V across 
it. This figure drops to 109 n 
with 240 V applied. Similar 
resistances for the PVR3301 
are 109rl and 108 n. 

The devices turn on in 250 
µs with as little as 2 mA and 
stay on with a holding power 
of 500 mW. They turn off in 
under 50 µs. Additionally, un­
like the case with electro­
mechanical relays, poles may 

be connected in parallel to in­
crease the current rating or 
lower the on-resistance. 

In quantities of 1000, the 
unit cost of both the PVR3300 
and the PVR3301 is $12. Small 
quantities are available from 
stock. 

Crydom Division of Inter­
national Rectif ier Corp., 1521 
Grand A ve., El Segundo , 
Calif 90245; Wayne Dinun­
zio, (213) 322-4987. 

CIRCLE 31 1 
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COMPONENTS 

Wireless keyboard 
for IBM PC runs months 

on 4 AA batteries 

An rt-resistant wireless keyboard relies on 
infrared LEDs and CMOS circuitry to transmit 

digital signals to a host-powered receiver. 

0 ne of the first wireless 
keyboards for the IBM 
PC personal computer 

can operate for several 
months from the power of 
four size-AA batteries. The 
84-key KXN3-8451 from 
Cherry Electrical Products 
affords greater flexibility and 
immunity to rf interference 
than do conventional designs. 
CMOS circuitry ensures a 
small, low-cost, and light­
weight unit. 

The internal circuitry con­
verts a keystroke in to a 9-bi t 
code, which subsequently 
modulates a 40-kHz carrier 
signal. That signal drives two 
infrared LEDs operating at a 
nominal wavelength of 880 
nm. The bit duration is 440 µs, 
yielding a nominal data rate 
of 2273 bits/s at a duty cycle 
of 50%. A standard bandpass 
network is used to filter the 
signal, eliminating noise 
above and below the carrier 
frequency. 

The LEDs, in turn, send the 

Vincent Biancomano 
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digitally encoded signal to a 
companion receiver, the 
OB99-13AL. That unit, pow­
ered by the host computer, 
draws on digital and analog 
circuitry that includes an 
8048 microprocessor and 64 
or 128-Kbits of RAM to con­
vert the coded infrared signal 
into appropriate logic signals. 
Here, the duration of each bit 
is also measured to check 
transmission speed, ensuring 
it remains within the ± 15 
percent range required for 
the receiver to accurately 
track data. Once decoded, the 
receiver retransmits the con­
verted data to the host at 
15,000 bits/s. 

The receiver will issue an 
audible feedback signal to in­
dicate loss of reception. It also 
contains a de-limiting circuit 
that automatically decreases 
sensitivity when high levels 
of interference are detected. 
A switch on its underside can 
desensitize the unit (recep­
tion range under 5 ft), allow­
ing two or more receivers to 
operate in the same room 

without undue optical inter­
ference. 

The receiver plugs into the 
computer's keyboard socket 
in place of the existing key­
board. Alternatively, it is 
available as a pc board and 
can be mounted inside the 
computer's cabinet. A short 
cable connects the receiver to 
an existing communication 
port and a 5-V supply. 

The keyboard can also be 
connected directly to the re­
ceiver, thereby disabling its 
infrared mode and discon­
necting the battery source. 

The keyboard costs $190 in 
single lots, or $100 in OEM 
quantities. The price of the 
keyboard and housed-re­
ceiver combination is $290, or 
$150 in quantity. They will be 
available in September. The 
pc-board version of the re­
ceiver is scheduled for release 
at a later date. 

Cherry Electrical Products 
Corp., 3600 Sunset Ave., 
Waukegan, Ill. 60087; (312) 
662-9200. 

CIRCLE 315 
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6-slot pot core 
eases switcher design 

A
ferrite core intended 
for small, high-fre­
q uency switching 

power supplies having multi­
tapped windings solves many 
of the problems associated 
with the traditional core-and­
bobbin configuration. In par­
ticular, the six-slot construc­
tion and large bobbin of the 
CS pot core, from AIE Mag­
netics, allows the user to 
adjust the turns ratios more 
accurately than in conven­
tional two-slot designs. More­
over, it handles greater 
currents .and ensures better 
heat dissipation. 

The core is manufactured 
from a standard manganese­
zinc and ferrite material that 
works to frequencies of 100 
kHz and temperatu r es of 
125°C. It is suitable for fly­
back transformers that 
handle up to 50 W. 

The unit has a total of 10 

terminals for the input and 
the output windings. The two 
larger slots are separated 
from each other by 180° and 
contain three terminals 
apiece. The four remaining 
slots are spaced 60° from any 
other adjacent slot, and each 
holds a single terminal. 

The foregoing arrange­
ment allows for windings that 
can be as small as one-sixth of 
a turn. The core's associated 
bobbin, which is molded of a 
flame-retardant material, 
has relatively broad wire 
paths and terminals so that 
large-gauge magnetic wire 
can be used. 

Depending on the config­
uration, the CS core varies in 
price from $6 to $12 in lots of 
1000. 

AIE Magnetics, 701 Mur­
freesboro Road, Nashville, 
Tenn. 32710; (615) 244-9024. 

CIRCLE 317 

Electronic Design • July 26, 1984 273 

$27.50 

WORLD'S 
SMALLEST 

40 WATT, TRIPLE 
OUTPUT 

SWITCHING 
POWER SUPPLY 

3045SERIES 

$27.50 OEM QTY 

3" x 5" x 1.8" 

• .LOW COST: $27.50 
(OEM QTY} 

• SMALL SIZE, LIGHT 
WEIGHT 

• 75% EFFICIENCY 
• MEETS VDE, IEC, UL, 

CSA 
SAFETY STANDARDS 

For complete technical data contact 
your nearest ~ @§U\!J~L!:llb sales 
office or call our Instant Literature Line: 

6 17-828-6216 Ext 33 

~~ 
@ 
A SUBSIDIARY OF UNITRDDE CORPORATION 

152 Will Drive, P.O. Box 189, Canton, Massa<husetts 02021 
Telephone: (617) 828-6216 TWX: 710-348-0200 
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Elco sets international 
standards in high-density 
connectors. r 

Today's high-density packaging 
is creating a new international PC 
connector standard - the DIN 
41612 family - for those applica­
tions that demand high contact 
density, metal-to-metal reliability 
and low mating forces within small 
envelope dimensions. Elco is in the 
forefront of this worldwide effort 
with the industry's broadest line of 
one-, two-, three- and four-row 
standard and inverted styles, in­
cluding the unique 201-pin in 
Series 8457. These are available 
for printed circuit or rack mounting, 
with solderless VARIPIN™ press-fit, 
wire wrap or solder terminations; or 

as 1/ 0 connectors for 
wire or flat cable. 
Fully tested 
backpanels, two­
sided or multilayer, 
with VG / DIN mounted, 
are supplied to your specs. 

Elco. The first. More than a 
dozen years production experience 
enabled Elco to become the first 
U.S. manufacturer to qualify its VG / 
DIN connectors to MIL-C-55302/ 
131-134. Today we're still leading 
the way in applications like tele­
communications, mainframe, micro 
and military computers, industrial 
controls, test equipment and instru-

For literature contact Elco Corporation. 7 4 Brookhollow Drive, Santa Ana, California 92705; (714) 641 -2040. TLX: 182131 

CIRCLE 129 

mentation. When it 
comes to VG / DIN, 

come to us. Call 
your Elco distributor or 

representative. 

n_ ~[\fi Elco 
~\!/ Corporation 
A Gulf + Western manufacturing company 

Proven Printed Circuit 
Connections Worldwide 

National Sales Office: Santa Ana, CA 
(714) 641-2040 
Midwestern Regional Sales Office: Bedford, TX 
(817) 268-6880 
Eastern Regional Sales Office: Woburn, MA 
(617) 935-6810 



NEW PRODUCTS 

COMPONENTS 

Compact switchers handle 60 W 

ll 10 members of a fami­
ly, of switching power 
supplies are housed in 

packages only 3.25 by 7.0 by 
1.75 in. and still handle 60 W 
apiece. Each of the XL060 
series, from CEI Corp., fea­
tures a 5-V output, and differ­
ent versions furnish various 
combinations of one or two 
additional 5-, 12-, or 15-V out­
puts. The input voltage to all 
of the devices is 115 V ( 50 to 60 
cycles). 

All outputs rated below 1.5 
A are protected by current 
limiting. The higher current 
outputs are guarded by cur­
rent foldback circuitry. Fur­
ther, dynamic inrush protec­
tion ensures that no circuit 
powered by an XL060 supply 
can be damaged by ac input 
surges. 

Noise and ripple, under full 
load conditions, are held to a 
maximum of 25 mV. Addi-

Proximity sensor 
detects most targets 

Compared with conven­
tional proximity sensors, 

the E2K-X series of capaci­
tance-type proximity switch­
es affords longer distance 
sensing of almost all kinds of 
metallic and nonmetallic ob­
jects at fixed distances of 
0.16, 0.32, and 0.59 in. ( 4, 8, and 
15 mm, respectively), with­
out adjusting the sensitivity. 
The device is available in a 
wide range of operating 
voltages-from 90 to 250 V 
ac and from 10 to 30 V dc­
and in a choice of three cylin-

tionally, all of the XL060 
series carry an on-board EMI 
filter. Depending on the load, 
the switchers' efficiency 
ranges from 70% to 90%. Fi­
nally, a TTL-compatible 
signal warns of impending ac 
power failures. 

Prices for the supplies start 
at $59 a unit in lots of 10,000. 

CE! Corp. , PO Box 501 , 
Londonderry, N.H., 03033; 
(603) 623-8888. CIRCLE 306 

drical shapes, each threaded 
for easy installation. 

The E2K-X can directly 
switch loads up to 200 mA, 
while maintaining a low leak­
age current (less than 22 mA 
at 200 V). In addition, de units 
in the series off er a higher 
current capacity (up to 100 
mA) and have a switching 
frequency (100 Hz) that is up 
to 10 times higher than other 
capacitance-type proximity 
sensors. 

Omron Electronics Inc. , 
PO Box 4066, Schaumburg, 
Ill. 60195; (312) 843-7900. $50 
to $60; stock to 12 weeks. 

CIRCLE 408 
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$79.00 
OEM QTY 

WORLD'S SMALLEST 
100 WATT 

MULTIPLE OUTPUT 
SWITCHING POWER 

SUPPLIES 
4100/5110 

SERIES 

-----A1 
5 VDC @ 10A 

+12 VDC @ 3A (6A PK) 
- 12 VDC @ 3A 

- 5 VDC @ 1A 

• LOW COST 
• PULSE LOAD 

CAPABILITY 
• 4 OR 5 OUTPUTS 
• SMALL SIZE/ 

LIGHTWEIGHT 
• 90-130V, 180-250V 

INPUT 

For complete technical data contact 
your nearest~ @l3~~[b sales 
office or call our Instant Literature Line: 

617-828-6216 Ext 33 

~§~ 
@§~ 
A SUBSIDIARY OF UNITRODE CORPORATION 
152 Will Drive, P.O. Box 189, Canton , Massachusetts 02021 
Telephone: (617) 828-6216 TWX: 710-348-0200 
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NEW PRODUCTS 

COMPONENTS 

Surface-mounted LEDs make debut 

The first family of 
surface-mounted 
LEDs, developed by 

Siemens, comprises high­
efficiency red and yellow, as 
well as green and red-green, 
LEDs. The diodes are encased 
in a clear-plastic SOT-23 
package with dimensions of 
1.3 by 3 by 1 mm. They have a 
typical luminous intensity of 
1.8 med at 20 mA and can be 
seen within a viewing angle of 
140° (half-power points). 
With such characteristics, 
the LEDs will move quickly 
into the realm of diagnostic 
equipment, medical instru­
mentation, and telecommuni­
cations. 

The components can be 
supplied on a 8-mm-wide tape 
carrier (2000 components per 
18-cm reel) that is suitable for 
virtually any type of auto­
matic insertion equipment. 
Alternatively, they can be 
mounted with wave, dipped, 

Resistor/DIP switch 
adjusts attenuation 

Aresistor substrat e sol­
dered directly to a DIP 

switch provides 16-step at­
tenuation in three ranges: 0.1 
to 1.5 dB in 0.1-dB steps, 1.0 to 
15 dB in 1.0-dB steps, and 1.5 
to 22.5 dB in 1.5-dB steps. The 
combination resistor net­
work and DIP switch re-

or reflow soldering. 
The LDH2310 high­

efficiency red, the LDY2320 
high-efficiency yellow, and 
the LDG2330 green LED each 
sell for 60¢ in quantities ofl to 
99, 53¢ for 100 to 999 parts, 45¢ 
in lots of 1000 to 4999, and 40¢ 
for 5000 units or more. The 
LDRG2340 red-green LED 
sells for 62¢, 55¢, 47¢, and 42¢ 
in the same respective quanti­
ties. 

Siemens Corp., LitronixDi­
vision, 19000 Homestead 
Road, Cupertino, Calif. 95014; 
(408) 257-7910. CIRCLE 302 

quires no more board space 
than the DIP switch itself. In 
addition, the package saves 
assembly time since resistors 
do not have to be soldered on­
to the board. Designed for 
low-level telcommunications 
tasks, the attenuator DIP 
switches can be used in any 
application that does not ex­
ceed the 20-dB maximum 
power rating. 

Grayhilllnc., 561 Hillgrove 
Ave. , La Grange, Ill. 60525; 
(312) 354-1040. $7. 25 (100 
units);four to six weeks. 

CIRCLE 412 
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SO WATTS 

WIDE INPUT 
RANGE 

TRIPLE OUTPUT 
DC-DC 

CONVERTERS 
DC50SERIES 

• 2: 1 INPUT VOLTAGE 
RANGE 

• 80°/o EFFICIENCY 
• TRIPLE OUTPUTS 
• 2500 VDC ISOLATION 
• EXTERNAL SYNC & 

DISABLE 
• LOW COST: 

$69.00 
(OEM QTY) 

For complete technical data contact 
your nearest ~~ @§N!l[31;;]£[b, sales 
office or call our Instant Literature Line: 

617-828-6216 Ext 33 

A SUBSIDIARY OF UNITROOE CORPORATION 
152 Will Drive, PO. Box 189, Canton, Massachusetts 02021 
Telephone: (617) 828-6216 TWX: 710-348-0200 

CIRCLE 135 



low 
distortion 

mixers 
hi level ( + 17 dBm LO) 

5to 1000 MHz 
only $31 95 (5-24) 

IN STOCK .. . IMMEDIATE DELIVERY 

• micro-miniature, pc area only 
0.5 x 0.23 inches 

•RF input up to+ 14dBm 

• guaranteed 2 tone, 3rd order 
intermod 55 dB down 
at each RF tone OdBm 

• flat-pack or plug-in mounting 

•low conversion loss , 6.2dB 

• hi isolation, 40 dB 

• MIL-M-28837/1A performance* 

• one year guarantee 
·units are not OPL listed 

TFM-2H SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
LO. RF 5-1000 
IF DC-1000 
CONVERSION LOSS, dB TYP. MAX. 
One octave from band edge 6.2 7.0 
Total range 7.0 10.0 
!SOLA TION, dB TYP. MIN. 
low range LO-RF 50 45 

LO-IF 45 40 
mid range LO-RF 40 30 

LO-IF 35 25 
upper range LO-RF 30 20 

LO- IF 25 17 

SIGNAL 1 dB Compression level + 14 dBm mi n 

finding new ways ... 
setting higher standards 

r;::::IMini-Circuits 
A D1v1s1on ol Sc1ent1l1c Componen ls Corporal1on 

World 's largest manufacturer of Double Balanced Mixers 

2625 E. 14th St. B'klyn , N.Y. 11235 (212) 769-0200 
C 82-3 REV.B 
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NEW PRODUCTS 

COMPONENTS 

Cable connector shell reduces EMI 

A
shielded plastic shell 
that meets the FCC's 
Class B technical 

standard for EMI solves 
many interference problems 
associated with computer 
cable connectors. Designed to 
reduce the cost and weight of 
conventional metalic connec­
tors, the compucable shell is 
made of fire-resistant plastic, 
and is plated twice: first with 
copper for shielding, second 
with nickel for toughness. 

The computer cable enters 
the shell through a special 
grommet that, when com­
bined with Mylar seals, pro­
tects the cable entrance 
against leakage. A special 
locking feature secures the 
edges of the joined shell. The 
grommet comes in six differ­
ent sizes for different cable 
diameters. A molded log is 
provided for soldering a cable 
shield providing both a secure 

Airflow switch has 
3-s response time 

Used to protect power sup­
plies and other electronic 

equipment against loss of air­
flow, a solid-state switch 
triggers an alarm or an 
equipment-shutdown in less 
than 3 seconds when the air­
flow falls below a preset 
value. Air movements of less 
than 50 f pm can be sensed by 
the Series 70 airflow switch, 
with user-ad]ustable trip 
points available in ranges 
overlapping 50 to 1000 fpm. 

The sensing device consists 
of a thermistor whose resist-

278 Electronic Design • July 26, 1984 

ground and strain relief. 
Guaranteed not to chip or 

peel, the shell varies to fit 
standard connectors ranging 
from 5 to 50 pins and can also 
be customized for cable as­
semblies. The 25-pin shell is 
priced at $1.31 each for 1000 
units and at 90¢ apiece for 
10,000 units. 

Compucable Corp. , 1440 S. 
State College Blvd, Anaheim, 
Calif 92806; (714) 635-7330. 

CIRCLE 313 

ance changes with tempera­
ture. During normal oper­
ation, a current is applied to 
the thermistor which causes 
it to heat. As airflow drops, 
the temperature of the 
thermistor rises, bringing 
about a sharp change in resis­
tance and causing the device 
to switch. An LED indicates 
when a fault condition has oc­
curred, and the switch cir­
cuitry is virtually unaffected 
by ambient temperature or 
voltage changes. 

Qu an tem Corp. , PO Box 
7599, Trenton, N.J. 08628; 
(609) 883-9191. 

CIRCLE 409 



COMPONENTS 

IC pressure sensor 
is cost effective 

Based on an inexpensive 
. she~.r-stress transducer 

technology, the SPX50 inte­
grated circuit piezoresistive 
pressure sensor uses an ion­
implanted resistor in an inte­
grated silicon diaphragm to 
provide an electrical output 
that is proportional to ap­
plied pressure and related 
shear stress. The device is 
well suited for price-sensitive 
applications that require cir­
cuit flexibility or compatibil­
ity with microprocessors. 

The SPX50 has a pressure 
range of 0 to 7.3 psi GJ,nd a 
combined linearity and hys­
teresis of 0.1 % full scale. It is 
offered in two models: one for 
absolute measurements and 
the other for differential (or 
gauge) measurements. The 
sensor comes in a compact 
plastic package. 

Sensyn Inc., 1255 Ream­
wood Ave., Sunnyvale, Calif 
94089; (408) 744-1500. L ess 
than $5 (high-volume quanti­
ties). CIRCLE 320 

Poinlil"!Q device fits 
inside keyboard 

A pointing device that is 2 
in. square and 1/ 2 in. thick 

installs directly inside a key­
board and performs the same 
functions as a mouse. The 
Keyboard Puck pointing de­
vice has three software­
definable buttons and ad­
dresses a grid matrix of 256 by 
256 points. As an option, a full 
numeric keypad can be placed 
on the top of the puck so that 
it may be installed in the 
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same space that is usually oc­
cupied by a conventional key­
pad. The completely digital 
pointing device needs no ad­
justment or trimming, either 
in production or in the field. 
Evaluation units are avail­
able now. 

KA Design Group, 6300 
Telegraph Ave., Oakland, 
Calif 94609; (415) 654-6300. 
$20 (large quantities). 

CIRCLE 321 

Mercury switch 
is omnidirectional 

Finding application in actu­
ating equipment, the 

Model 03EA137 mercury 
switch is a miniature sensor 

that mounts on a pc board and 
makes contact whenever it is 
tilted beyond a preselected 
angle, in any direction. It can 
also be designed to maintain 
its closure, even if completely 
inverted, so that it is "off" 
only when aligned within a 
specific vertical attitude. 

The omnidirectional switch 
can be fabricated in a variety 
of dimensions and specified 
for closures at low or high tilt 
angles. A switch that makes 
contact at a 30° inclination is 
typically 0.6 in. in diameter, 
0.6 in. tall, weighs 0.5 oz, and 
carries up to 2 A. 

Kahl Scientific Instrument 
Corp., PO Box 1166, El Cajon, 
Calif. 92022; (619) 444- 2158. 

CIRCLE 322 

T he ESI Model 2400 may 
look different, but we've put 
all the features you need into 

one incredibly easy to use instru­
ment. Order now and get a com­
parator at 112 off. 

Microprocessor control gives 
the 2400 autoranging, auto L and 
C selection and prompts for more 
accurate passive component test­
ing. You get excellent coverage of 
C, R, Land D, two test frequen­
cies , series or parallel measure­
ments, and a built-in test fixture. 

tor for fast GO I NO GO sorting of 
components. Order the package 
before September 15 , 1984 and get 
the 2405 at half price-a savings 
of $450! Call today on our toll­
free number for complete details. 

Add the 2405 Limits Compara-

CIRCLE 137 

*Offer good in U. S. onl y. Expires 911 5184 

Putting Precision 
To The Test. 

1 800 547 1863 (In Oregon call 
- - - 503-641 -4141) 



Contacts tooled by Wells Electronics, Inc . for their We/con •• Burn-In sockets . 
Spring contacts , 180° sharp bend, magnified 300%. Cut away to show selective gold plating. 

PFINODAL is the name for our family of Cu-Ni-Sn 
spinodal alloys produced by a high-technology wrought 
powder metallurgy process. PFINODAL C72900 is a 
spinodal hardening alloy that meets design and perfor­
mance properties for miniaturized spring contacts in elec­
tronic applications. It is particularly well suited for closely 
spaced, high-density, high-temperature and corrosive 
environments. 

Available in mill-hardened and age-hardenable strip , it 
demonstrates these important characteristics: 
- Excellent spring properties combining high strength 

with superb formabil ity in both directions, as mea­
sured by percent elongation and bend ratios (R/t) . 

Strength vs. Ductility 
140 ~-~-~--~-~-~~-~-~ 
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Percent Elongation 

- Exceptional resistance to thermal relaxation at 
200°C, retaining 80% of initial stress after 7,000 
hours. Retains 80% at 225°C after 1,000 hours. 

Stress (Thermal) Relaxation 

go 10.000 Hour Test at 200°C 
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• - TM02 Pflnodal · 0.2% YS 96 ksi 
• - TM04 Pfinodal · 0.2% YS 125 ksi 
o - Brushform 290 0.2% YS 105 ksi 

0 

0 

All Tests Run at Initial Stress ol 80% ot 0.2% Ottsel Yield Strength. O 

- Higher usable elastic strength (proportional limit) 
for a given 0.2% yield strength. Designers benefit 
from 8% added elastic strength in addition to excel­
lent formability . 

120 

~ 100 
>= 

~ 
~ 
0 

80 

.01 % Yield Strength vs . . 2% Yield Strength 
for Pfinodal"'and BeCu Strip 

80 100 120 
0.2% Offset Yield Strength (ksi) 

- Stability during post-forming heat treatment for 
age-hardenable condition. No distortion problem. 

- Ordered, modulated atomic structure (well de­
fined sub-lattice) of spinodal alloys contributes to 
stability of electrical conductivity and thermal con­
ductivity with changes in temperature. Chemical 
(corrosion) stability reduces the need for plating on 
bare edges after stamping . 

- Properties. Chemistry (nominal) : Nickel , 15%; Tin, 
8%; Copper, 77%. Electrical conductivity: 8% IACS, 
26°C-200°C. Formability: 90° Sharp bend at 110 ksi 
0.2% YS; 180° 1t bend at 11 O ksi 0.2% YS. 

For' more information on PFINODAL C72900, write or 
call Pfizer Inc., Minerals, Pigments & Metals Division, 
P.O. Box 5848, Wallingford, CT 06492. 800-233-2266; in 
Connecticut, (203) 265-7781 . 

01 10 100 
Time (Hours) 
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MATERIALS 

Laminate resists 
high temperatures 

A t least 25 % lighter than 
~laminates made with 
glass, a modified polyimide 
Kevlar laminate is highly 
reliable in hostile thermal 
environments. Designated 
HI-7093, the laminate's 
weight and space savings 
make it suitable for airborne 
electronics, military sys­
tems, and telecommuni­
cations. It has a glass­
transition temperature of 
225°C and a coefficient of 
thermal expansion ( CTE) of 
6.0 ppm/°C in the X and Y 
directions of its plane. Due to 
matched CTEs, there is min­
imal stress in solder connec­
tions when the printed circuit 
wiring board and the leadless 
ceramic chip carrier expand 
during thermal cycling. HI-
7093 is available in 5-mil 
(0.005-in.) thicknesses, with 
standard copper foil cladding 
on both sides. A 2.5-mil-thick 
version will be available soon. 

Howe I ndustries, K eene 
Laminates Division, 13704 
Saticoy St., Van Nuys, Calif 
91402; (818) 781-4122. 

CIRCLE 323 

Silver epoxy has 
0.1-mQ-cm resistivity 

Designed for microe lec­
tro n ic applications, a 

single-component conductive 
silver epoxy forms a thermal­
ly stable bond that has an 
electrical resistivity of 0.0001 
to 0.0005 n -cm. The low­
viscosity epoxy paste, desig­
nated Prima-Solder EH 8310, 
cures in 15 minutes at 150°C 
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or in 5 minutes at 165°C. The 
cured adhesive withstands 
wave soldering and thermal­
compression bonding pro­
cesses from 300° to 400°C. 
Engineered for chip and sub­
strate bonding, the silver ep­
oxy provides a strength of 
over 1600 psi at 25 °C and over 
600 psi at 150°C. 

AI Technology Inc., PO Box 
3081, Princeton, NJ. 08540; 
(609) 799-5550. CIRCLE 324 

Adhesive/ sealants 
provide EMI shielding 

M arpoxy 95-4 and 95-7 are 
two copper-based con­

ductive epoxy adhesive/ 
sealants developed for EMI 
shielding and similar func-

tions. The products are based 
on a patented process, which 
produces a tightly packed 
copper-flake structure em­
bedded in a resin matrix . 
Each material is tested ac­
cording to MIL-STD-461B 
over the kHz-to-GHz fre­
quency range. Typical atten­
uation values range from 
greater than 60 to well over 75 
dB. The filled epoxies are 
two-part thixotropic pastes 
that cure at room tempera­
ture. Marpoxy 95-4 is suitable 
for continuous use to 125°C 
a nd intermittent use to 
150°C. 

K ey Polymer Corp., J a­
cob's Way, Lawrence Indus­
trial Park, Lawrence, Mass. 
01842; (617) 683-9411. 

CIRCLE 325 

L
ow ohm resolution makes 
the 1700 series of digital 
ohmmeters exceptional 

instruments for precision measure­
ment of resistors , fuses, thennis­
tors, PC board stripes and 
resistance of wire, connectors and 
transformer windings . 

up to 20 Mn, low test current, 
limits comparator, all with a 
basic accuracy of 0.02%. 

Call us toll-free at 800 547-1863. 
Get the full story on the versatile 
system that measures JO microhms 
and so much more. 

Putting Precision 
To The Test. 

The versatile 1700 system con­
sists of a 4Y2 digit AID converter 
and your choice of plug-in mea­
surement sections . Choose the 
features you need-ESl's exclu­
sive Switched DC or continuous 
DC mode, speed to 13 per second, 
resolution to 0.1 µ!1 , ranges 

CIRCLE 139 

Electro Scientific Industries 

1 800 547 1863 (In Oregon call 
- - - 503-641-4141) 
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COMPUTER BOARDS 

Multibus backplane 
keeps a watchful eye 

on system status 

Using red and green LEDs, a Multibus backplane 
furnishes a visual display of system conditions. 

It also responds to queries from the main program. 

A
Multibus backplane 
keeps tabs on a sys­
tem's status in two 

ways. It supplies a visual 
readout, using red and green 
LEDs, and allows any equip­
ment on the bus to interro­
gate it under program control. 
The Sentinel, from Pacific 
Microcomputers, checks on 
voltage, temperature, and bus 
status. 

Ray Weiss 
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The backplane's LEDs 
show pending bus interrupts 
(O through 7), eight major bus 
control strobes, and two byte 
values- the bus master ID 
and a special programmable 
byte. 

The light-emitting diodes 
monitor five on-board voltage 
lines. An out of specification 
voltage ( ± 10%) will turn on a 
red LED rather than a green 
one. Further, the board's LED 
section can be detached and 

linked by cable from a remote 
location. 

Using designated I/O ad­
dresses, any bus master can 
read or write to the back­
plane, treating it as it would 
any I/ O device. 

For greater reliability and 
noise immunity, all bus signal 
lines have controlled imped­
ances and ground traces be­
tween signals. To minimize 
ground currents and spurious 
noises, one of the board's four 
layers functions as a ground 
plane. 

The board works with Mul­
tibus Pl and P2 connectors. 
On-board power is furnished 
by a 60 A screw-on power ter­
minal connector, and there 
are on-board power connec­
tions that accommodate var­
ious peripherals. 

A single board costs $1200; 
in quantities of 100 or more, 
that price drops to $960. The 
Sentinel will be available at 
the end of this month. 

Pacific Microcomputers 
Inc., 160 Chesterfield Drive, 
Cardiff, Calif 92138; (619) 
436-8649. CIRCLE 304 



YES Gain system reliability and improved 
performance using Mini-Circuits' low-cost, 

? 
• 

DC to 1500 MHz attenuators. Minimize interaction between 
subsystems (for example, mixer and amplifier) and eliminate 
spurious signals and oscillation by proper input/output matching. 
And only $1. 95 (AT-Series, 1000 qty.) 

Choose from over a dozen models ( 1 to 40 dB) in the compact 
AT-Series (0.8 X 0.21 X 0.2 in.) or tiny MAT-Series (0.5 X 0.21 X 0.25 in.) 
housed in a rugged, hermetically-sealed metal case meeting MIL-STD-202. 
VSWR is less than 1.2: 1 (typ. ), frequency response is flat ± 0.3 dB (typ. ), 
and nominal attenuation is within ± 0.3 dB (typ.). Exceptional 
repeatability is achieved by laser trimming internal resistors. 

AT MAT Attenuation 
Series Series (dB) 
AT-1 MAT-1 1 
AT-3 MAT-3 3 
AT-6 MAT-6 6 

MAT-9 9 
AT-10 MAT-10 10 

MAT-12 12 
MAT-15 15 

AT-20 MAT-20 20 
AT-30 MAT-30 30 
AT-40* MAT-40* 40 

AT Series $3. 95 (10-49) 
MAT Series $4.95 (10-49) 

Frequency Range DC-1500 MHz 
power (max.) MAT = 0.5W, AT = lW 

*Frequency Range DC-500 MHz 

DESIGNERS KIT AVAILABLE: 
KAT-1 ... 4 of each AT (3,6,10,20 dB), 

only $39.95 
KMAT-1 ... 2 of each MAT (3,6,9,10,12,15,20 dB), 

only.$39.95 

finding new ways . 
setting higher standards 

No waiting, immediate delivery. One-year guarantee. 
Call or write for 64-page catalog or see our catalog in 
the Gold Book, EBG, EEM or Microwave Directory. 

t;;;IMini-Circuits 
A Division of Scien tific Components Corporat1on 

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 

CIRCLE 140 
CS! REV ORIG. 



NEW PRODUCTS 

COMPUTER BOARDS 

2-board set displays 256 colors fast 

The GXB-lOOOA display 
processor is a two­
board set that lets users 

display up to 256 colors at 

high speeds. 
The Multibus-compatible 

boards from Matrox consist 
of the VGM-lOOOA, an 8088-

CIRCLE 141 

based virtual graphics ma­
chine, and the RMB-1000, a 
512-kbyte image frame buf­
fer. 

The graphics card uses 
pipelined processors to draw 
low-resolution figures at 1.25 
million pixels/s and high­
resolution graphics at 300,000 
pixels/ s. Large areas can be 
filled in with a single color at 
a rate of 1 million pixels in 
just 16.6 µs. 

The board has a 4096-color 
look-up table, expandable to 
16 million colors. Any bit 
plane can be used for overlay 
functions. 

Data from RAM is cap­
tured by a display list proces­
sor, also an 8088, then passed 
to a pixel processor before be­
ing handled by the 8088 CPU. 
An interpreter in firmware 
recognizes 256 high-level 
graphics control commands. 

The RMB-1000 can store a 
full1024-by-1024-by-4-bitim­
age but can be programmed 
for other configurations. 

Up to four memory cards 
can be tied to a single proces­
sor card to provide resolution 
for up to 1600 by 1200 pixels 
and up to 16 bit planes/pixel. 

A single memory card can 
refresh a 1024-by-768-pixel 
image at 30 Hz, or a 640-by-
480-pixel display at 60 Hz. 

A single display processor 
set lists for $4800. Production 
quantities will be available 
next month. 

Matrox Electronic Systems 
Ltd., 5800 Andover Ave., Ville 
Mont-Royal, QuebecB4T 1H4, 
Canada; (514) 735-1182. 

CIRCLE 307 
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OEM Decision Makers 

"Only the Invitational Computer 
Conferences bring the latest 
OEM computer and peripheral 
products to your front door 
You11 fmd 
us there!" 
A nd you'll find other top 
I\. OEM manufacturers, 
such as IBM, Control Data, 
DEC, Fujitsu, NEC and 
Seagate, to name a few. 

In their 14th year, the 
"OEM Only" Invitational 
Computer Conferences bring 
you, the volume buying deci­
sion makers, together with 
the key suppliers of com­
puter and peripheral prod­
ucts . The recs, a series of 
ten, one-day regional shows 
are convenient to where you 
live and work. The social 
business setting makes it 
easy for you to meet paten-

tial suppliers one-on-one, 
and attend high tech semi­
nars of your choice. As an 
invited guest, there is no 
cost to you. 

Hear what the OEM manu­
facturers have to say, learn 
more about their products, 
and remember, you may 
attend "by invitation only." 

1984/85 U.S. ICC Locations 

Sept. 6, '84 
Sept. 25, '84 
Oct. 10, '84 
Oct. 23, '84 
Jan. 8, '85 
Jan. 29, '85 
Jan. 31, '85 
Feb. 26, '85 
Mar. 19, '85 
Apr. 2, '85 

Newton/Boston, MA 
Southfield/Detroit, MI 
Cherry Hill, NJ 
Englewood/Denver, CO 
Irvine, CA 
Houston, TX 
Dallas, TX 
Ft. Lauderdale, FL 
Palo Alto, CA 
Nashua, NH/No. MA 

Call your local OEM supplier far 
your invitation or Jill out the cou­
pon and mail to: 
B. J Johnson & Associates, Inc. 
3151 Airwqy Ave., #C-2 ~ 
Costa Mesa, CA 92626 
Phone: (714) 957-0171 'Y 
Telex: 188747 TAB !R!N ~ - .. ~ 

Yes! I need an invitation to your "OEM Only" ICC. The nearest ICC to me is: __________ _ 

I buy in volume: 

O Computers 
O Disk/Tape Drives 
D Controllers I Interfaces 
O Terminals I Graphic Displays 
D Software 
O Printers 
O Memory Boards 
O Modems / Multiplexers 
O Power Supplies 

Name 

Title 

Company/Division 

Address 

City State Zip 

Mail To: B.J. Johnson & Associates, Inc., 3151 A irway Avenue, #C-2, Costa Mesa, CA 92626 
Phone: (7 14) 957-0171 Telex: 188747 TAB IRIN 
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COMPUTER BOARDS 

Controller combines 
hard disk, floppy tape 

Offeri ng a fu ll implemen­
tation of the Small Com­

puter System Interface 
(SCSI), the SI500 controls up 
to two 51/4 -in. Winchester 
disk drives and two floppy­
disk drives, in addition to one 
floppy-tape drive. The new 
Tandon floppy-tape drive, 
which uses a 1/2-in. tape in a 
single-reel cartridge, pro­
vides the mass storage capa­
bilities of tape at a lower cost 
than current streaming 
drives. The SI500 controller 
transfers data at rates up to 
1.25 Mbytes / s. Up to 256 
kbytes of optional cache 
memory may be added to the 
board, giving it a 30% to 40 % 
increase in performance. 

Sysgen Inc. , 47853 Warm 
Springs Blvd., Fremont, Cal­
if 94539; (415) 490-6770. $400 
(OEM quantities). 

CIRCLE 326 

Board gives IBM PC 
SCSI-based storage 

The IBOl host adapter 
board brings the versatil­

ity of SCSI-based 51/ 4-in. 
Winchester disk and 1/4-in. 
cartridge tape storage to 
users of the IBM PC. Oc­
cupying one slot in the com­
puter, the IBOl contains an 
on-board protocol controller, 
which implements the SCSI 
protocol and frees the pro­
cessor from implementation 
over head. Since the protocol 
does not distinguish between 
mass storage devices, a varie­
ty of SCSI-based disk or tape 
drives can be attached to the 
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IBM PC without having to 
modify the operating system 
software. With the IBOl, 
hard-disk memory can be 
expanded to 1 G byte or more 
in a single system. A single 
host adapter can handle up to 
seven SCSI-compatible disk 
controllers, each of which can 
control up to two Winchester 
disk drives. The IBM host 
adapter is available with or 
without an Emulex-sup­
ported PROM, software 
driver, and disk utilities. 

EmulexCorp., 3545 Harbor 
Blvd., PO Box 6725, Costa Me­
s a, Calif 92626; (800) 854-7112 
or (714) 662-5600. $345 and 
$395 (depending on options); 
30days. 

CIRCLE 327 

Alphanumeric controller 
supports tour displays 

A n alphanumeric disp lay 
K controller supports four 
independent color or mono­
chrome displays, each having 
a programmable resolution 
of up to 24 lines consisting of 
80 characters per line. The 
Multibus-compatible board, 
designated the MSBC-QV3, 
generates RS-330 video 
signals capable of driving 
most standard RGB mon­
itors. The character gener­
ator contains a set of 128 
ASCII characters, while on­
board memory stores 7 bits of 
attribute code per character. 
Video attributes include fore­
ground and background color 
selection, underline, and 
blink. Each character can be 
assigned one of 127 available 
foreground/ background col­
or combinations, selected 

from a pallette of 256. The 
MSBC-QV3 accepts DTMF 
signals from four separate 
keyboards and converts the 
data into 4-bit binary code to 
be read by the system pro­
cessor. 

M atrox Electronic Systems 
Ltd., 5800 Andover Ave., 
Montreal, Que. H4T 1H4, 
Canada; (514) 735-1182. 
$1620; stock. CIRCLE 328 

Counter module has 
eight 5-MHz channels 

Fully compatible with the 
VMEbus, an intelligent 

counter module features 
eight independent counting 
channels, with counting rates 
up to 5 MHz. The XVME-230 
board also boasts six firm­
ware-cont ro 11 ed counting 
functions: period measure­
ment, frequency measure­
ment, position measurement, 
event counting, duty-cycle 
control, and stepping motor 
control. 

Its standard 1/0 architec­
ture provides standard logical 
interfacing for module identi­
fication, module addressing, 
diagnostics, and module 
status and control. In addi­
tion, the XVME-230 enhances 
system performance by off­
loading the host processor of 
many time-consuming func­
tions. Typical applications in­
clude mechanical control, 
flow measurement, cycle 
counting, closed-loop control, 
interval measurement, and 
frequency generation. 

Xycom Inc., 750 N. Maple 
Road, Saline, Mich. 48176; 
(313) 429-4971. $1900. 

CIRCLE 329 
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IBM PC board mixes text, graphics 

n intelligent graphics 
subsystem card and its 
proprietary software 

produces documents with 
both text and graphics on ei­
ther an IBM personal comput­
er (fitted with a hard-disk 
drive) or an IBM PC XT. In 
addition, the Graphcard 100, 
developed by Concept Tech­
nologies, also serves as a mul­
tipurpose virtual graphics 
controller interface for both 
of the machines. 

The card carries an 80186 
16-bit microprocessor and 
two custom gate arrays. To­
gether, they supply the cir­
cuitry needed to emulate and 

SCHOTTKY 
WIRE 
PANELS 

•Four-Layer Multilayer 
Construction 

• 60% Higher Current Capacity 

replace the computers' mono­
chrome and color graphics 
display adapters. Also on the 
board are 32 kbytes of dual­
port memory, 8 kbytes of sys­
tem ROM, 128 kbytes of sys­
tem memory, and 64 kbytes of 
display memory. 

The 80186 controls all of the 
action on the board, including 
graphics calculations. The 
twin gate arrays are respon­
sible for the emulation and 
display functions. 

The board can handle a dis­
play of 720 by 352 pixels and 
furnishes both serial and par­
allel printer ports, as well as 
an input port for a mouse. 

• 30% Higher Compohent Density­
Up to 480, 16 Pin Dips (£> (!) • 

<!) G)v7(!)© G 

Two levels of intensity' are 
possible with a 50-Hz nonin­
terlaced display that is 25 
rows by 80 columns. 

A single Graphcard 100 
costs $1250. When packaged 
with a mouse, disk-based soft­
ware, and instruction manu­
al, the board is sold under the 
name of Concept 100 and costs 
$2195. The second board in­
corporates Graphic Software 
Systems' implementation of 
the proposed ANSI virtual de­
vice interface (VDI). 

Concept Technologies Inc. , 
PO Box 5277, PorUand, Ore. 
97208; (503) 684-3314. 

CIRCLE 303 

• Ten Times Greater Distributed Capacitance •• <.ii -0. 
Between VCC Layer and Ground Layer • i©©u©0@ vZ @>O (.!)@ _ ©0 \,! 

• High Shielding-Minimum Ringing and Crosstalk @n~© v .!. '!'>~ c. ~l! 

These patent pending, high speed, high The 0.1" pitch between ~· .:.®~G®I~ v:.. includes other panels, panel racks, cable 
current panels are a true state-of-the- components increases • Gl v;;:©@ (, assemblies, connectors and sockets. 
art advance in wire wrap system pack- packaging density, shortens © • Send this coupon today for further 
aging. On all four layers, copper foil signal lines and reduces the need to information and our comprehensive 
lattice network interconnect through the backplane, free literature kit. 
surrounds thereby minimizing crosstalk, ringing r-- - - - - - - - -
every pin, and propagation delays. 
resulting in The four-layer construction has a com- I Name _______ _ 
a 60 percent ponent side VCC layer plus a second VCC I 

, db 1 1 Title decrease in GND layer sandw1che etween two c ose y I -----------
resistance as VCC spaced ground layers. Available in five I 
compared with con- GND sizes, Schottky panels are part of the total I Company ___ Tel. 
ventional three-layer panels. Mupac IC packaging family which also Address _________ _ 

Mupac Corporation 
10 Mupac Drive, Brockton, MA 02401 
(617) 588-6110 TWX (710) 345-8458 

mu PRC® 1
1 

City __ State_ Zip_ 

My interest is: 0 Immediate 0 6-9 Months 
IC PACKAGING SYSTEMS I 0 Long Range 0 Reference Only 
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COMPUTER BOARDS 

Data acquisition board serves IBM PC 

A
plug-in 12-bit data ac­
quisition board is now 
available for users of 

the IBM PC and compatible 

systems. The Dash-16 from 
MetraByte resides directly on 
the PC's system bus and per­
forms up to 40,000 analog-to-

Choose from our stand Alone, Intelligent, RS-232 units. 
COMPATIBLE WITH ANY COMPUTER OR TERMINAL. 

GANGPRC>-8 .......... $995.00 
High throughput. Gang 8 EPROMS with the 
fast Algorithm. Optional 512K butter. 
Programs ALL 24 pin & 28 pin EPROMS. 
other units to gang 24 EPROMS. 

PROMPR0-8 .......... $689.00 
Powerful commands, easy communi­
cations. 128/256K butter. Alpha Display, 
Simulation and Keypad option. Programs 
ALL EPROMS & MPU's. 

PROMPR0-7 .......... $489.00 
32K RAM butter, ideal for programming 
8748. 8749. other Intel MPU's and 16K·l28K 
EPROMS. 

BIPOLAR 8r PAL Programmers ... Call! 

UV ERASERS 
ECONOMY MODEL QUV-T8/l .. .. $49.95 

Erases over 15 EPROMS, Plastic case. 

INDUSTRIAL QUV-T8/2N ......... $68.95 
Metal case. UV indicator, tray, erases over 15 
EPROMS in 15 minutes. 

INDUSTRIALQUV-T8/2T . .... . ... $97.50 
With 60 minute timer and satety switch. 

INDUSTRIAL QUV-T8/Z .. ..... .. . $124.95 
Fast Eraser. 15 EPROMS in 7 minutes. 30 EPROMS 
in 15 minutes. 

PRODUCTION UNIT . . . .. . . . . .. . . $149.95 
Model, ULTRA-lJJ"E" . Erases 50 EPROMS in 
15minutes. 

TOU.FREE 1-800-EEl-PROM 
(331-7766) -FLORIDA (305) 974-0967 

AVAILABLE SOITWARE DRIVERS 
l. IBM PC 2. APPLE II 3. Intel-MOS 4. CPM 
5. TEXTRONIX8002 6. COMMODORE64 7. TRS-80 COLOR 8 FLEX 

LOCICAL DEVICES, INC. 
DEPT 6. 1321-E N.W. 65th PLACE -IT. LAUDERDALE, FL 33309 

DISTRIBUTORS INQUIRY WELCOME 

CIRCLE 144 

digital conversions per sec­
ond. All the utility software 
needed for the board's func­
tions is provided on a floppy 
disk. 

The analog input consists 
of 16 single-ended or 8 differ­
ential channels, all switch­
selectable. Analog signals 
pass through an instrumen­
tation amplifier with 0.01 % 
linearity. Gains of 1, 10, 100, 
or 1000 are selected with an 
on-board DIP switch. 

Converted data may be 
transferred to the PC via pro­
gram or interrupt. When 
meeting the fully rated speed 
of 40,000 samples, however, 
converted data is transferred 
viaDMA. 

The Dash-16 includes two 
12-bit multiplying d-a con­
verters that can be used with 
either a fixed or a variable ac 
reference. The device also 
contains a three-channel 16-
bi t programmable interval 
timer with a 1-µs time base. 

The board attaches to the 
back of the computer using a 
standard 37-pin D connector. 
The single-piece price, includ­
ing software, is $895. 

MetraByte Corp., 254 Tosca 
Drive, Stoughton, Mass. 
02072; (617) 344-1990. 

CIRCLE 309 
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PACKAGING & PRODUCTION 

Robot eliminates 
hand-soldering 

Eliminating time-consum­
ing hand-soldering of dis­

crete points, the ECS 201 
robotic soldering system al­
lows special components to be 
added to the top or bottom of 
a board after wave soldering 
has been completed. Solder­
ing is performed by a robotic 
end effector that randomly 
solders a broad variety of 
component junctions, stand­
off pins, and compound leads 
-without the need for a pre­
scribed pattern or order of 
soldering. 

Solder is fed automatically 
to the soldering head from a 
reel, with feed duration and 
iron temperature controlled 
by the robot. The robot moves 
the solder head from point to 
point at a rate of up to 55 
in.ls. An average point can be 
soldered in 1 to 3 seconds. The 
precision of the ECS 201 al­
lows a repeatability to within 
±0.001 in. 

Chad Industries, 1060-K N. 
Batavia St. , Orange, Calif 
92667; (714) 997-4350. From 
$40,000 to $50,000. CIRCLE 330 

Robot-based work cell 
inserts pcb components 

The FlexCell assembl y 
workstation, a turnkey pc 

board component-insertion 
work cell, incorporates 
several intelligent ' subsys­
tems that are directed by a 
single computer/ controller. 
Fixtured to a rigid super­
structure, intelligent feeding 
systems present work to an 
assembly robot on demand. 
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The MiniSembler 2000 four­
axis robot performs insertion 
functions, maintaining accu­
racy and repeatability to 
within ± 0.001 in. throughout 
its entire 22-by-14-by-5- in. 
work envelope. The robot's 
multiposition gripper device 
holds multiple end effectors 
for inserting different classes 
of components. 

The FlexCell workstation 
interfaces with most CAD 
and host-computer data bases 
to handle functions that are 
otherwise performed by the 
computer/ controller if a com­
puter system is not already in 
place. 

Control A utom ation Inc., 
Princeton-Windsor Industri­
al Park , PO Bo x 23 04 , 
Princeton, N.J. 08540; (609) 
799-7743. CIRCLE 331 

Electronic scales weigh 
600 g to 600 kg 

For weighing anything 
from fine powders to 

heavy castings, the KS series 
of industrial scales senses 
capacities ranging from 600 g 
to 600 kg. An LCD display in­
dicates standard weight con­
versions in grams, ounces, 
troy ounces, kilograms, 
pounds, and pennyweight 
(for the small-capacity 
scales). Uniform accuracy 
throughout the capacity 
range is maintained with an 
automatic variable resolu­
tion feature, which increases 

resolution a s weight de­
creases. Counting and sam­
pling resolution ranges from 
one part in 150,000 to one part 
in 300,000. For weighing 
unstable loads (e.g., a live ani­
mal ) or for use in unstable 
environments (e.g., a rocking 
boat), the scales use a digital 
mass transducer to measure 
mass against an internal 
reference weight. 

K-Tron Arizona Inc., 7955 
E. Redfield Road, Scottsdale, 
Ariz. 85260; (602) 991-0990. 
From $1195 to $3100. 

CIRCLE 332 

Fuse-receptacle combo 
meets VOE specs 

AVDE-approved module, 
consisting of a European­

type power receptacle com­
bined with a fuse and an 
input-voltage selection card, 
brings host equipment closer 
to VDE approval and permits 
compatibility with most line 
voltages throughout the 
world. Installed as an inte­
gral part on electronic equip­
ment, Elim-A-Shock II 
automatically ensures the 
manufacturer of VDE ap­
proval for the power recepta­
cle and the fuse. The module 
incorporates an anti-shock 
safety feature that prohibits 
access to the fuse or other live 
parts while energized. Up to 
four different input voltages 
may be selected by means of a 
small pc card, which inserts 
into the module in different 
positions. 

Hopkins Engineering Co., 
12900 Foothill Blvd. , San 
Fernando, Calif 91342; (818) 
361-8691. CIRCLE 333 



How would you 
like to create the 
next generation 
in circuit design 
technology? 

We'll make it easy 
All you have to do is come 

up with that new, beyond-the-state­
of-the-art idea. The one destined 
to push back the horizons in elec­
tronic circuit design technology. 

Then send your schematic 
or circuit net list-along with an 
unwired panel-to dataCon. In as 
little as a week we'll send you back a 
fully machine-wired, 100% inspected and tested, 
completely documented circuit board for your new 

design. So you can debug that 
hot new idea, validate it, and 
document it-before commit­
ting to expensive pc artwork. 

Sound absurd? 
Noway! 

dataCons Board 1 
Service takes you from circuit 

design to hardware faster," more accurately, 
and for less money than the way you're 
probably doing it now. 

pc-design system you specify. Result? Your 
net list can be read in immediately. And the pc­
design process can be underway while you debug 
your wire wrapped prototype. 

Its fast. Its easy. It saves you money. And its 
100% accurate. 

Find out how dataCons exclusive Board 1 
Service and net listing can bring a whole new gener­
ation of accuracy and efficiency to your circuit design 
efforts. Call the largest independent wiring service 
in the world. dataCon. Theres an office near you. 

Yes, dataCon ... can. 

a on Even if your final circuit design 
will be produced as a multilayer printed 
circuit board. Eastern Diuision-60 Blanchard Rd ., Burlington, MA 01803/(617) 273-5800 Telex: 951651 

As part of our Board 1 Service, 
dataCon can provide a machine-readable 
circuit net list formatted for the CAD 

Western Diuision-201 50 Sunburst St. , Chatsworth, CA 91311 /(818) 700-0600 Telex: 9104942197 
Mid-Atlantic Diuision-89 Carlough Rd., Bohemia, NY 11716/(516) 589-1100 Telex: 5102220161 
Mid-Western Diuision-502 Morse Ave., Schaumburg, IL 60193/(312) 529-7690 Telex: 722474 
European Diu1sion-ln der Klinge 5 D-7100 Heilbronn, W Germany (07131) 217 12 Telex: 841 728144 

1-800-521-8008-0utside Massachusetts 
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THE CHALLENGE: 
Develop a yoke that will produce 
a 1.3 million pixel display 
on a 20-inch CRT screen. 

Intergraph design engineers knew 
a 1 .3 million pixel display for their 
new CAD workstation would be 
a challenge to develop. It would 
require a deflection yoke 
with a very wide 
deflection angle 
and very tight 
geometry That by 
increasing 
resolution, they 
could reduce 
operator strain. 

So they turned to 
Discom. Taking 
advantage of 
Discom's thirteen-plus 
years of developing 
components that have continually 
raised the state-of-the-art in display 
technology, Intergraph engineers 
were able to realize their objectives . 

Using 
Discom's 
patented non-

uniform conductor 
distribution process, Discom 

engineers developed 
a yoke with a 1 J 4 ° 
deflection angle 
and less than I % 
geometry tolerance. 

And I 000 line 
resolution. Then 
Discom's full-capability 

prototype lab built 
prototypes for testing 

and evaluation . 

And, when they were ready 
for production, Intergraph again 

turned to Discom. They knew 
Discom's precision stator 
construction would assure that 
design tolerances would be 

maintained throughout production. 

In large-screen graphics, as well as 
avionics and VDT's, Discom is 
helping the world's largest 
electronics manufacturers meet 
their design challenges. And often 
saving them time and money in 
the process. Circle the number 
below on the reader response card, 
or call (6 I 7) 692-6000 and 
challenge Discom. 

- • -~~i 
Display Components, Incorporated 
334 Littleton Road 
Westford MA 01886 

. . . challenging the limits of technology. 
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NEW PRODUCTS 

PACKAGING & PRODUCTION 

RS-232-C breakout box 
has expansion port 

tool. The shared-port feature 
of the Serial Support unit al­
lows two peripheral devices 
to share a single output port. 
A passive signal splitter 
eliminates the need to manu­
ally switch from one periph-

An RS-232-C breakout box 
~serves as a cable inter­
face and a port expansion de­
vice, as well as a diagnostic 

More to choose from. 
So far, we've created 25 types of 

off-the-shelf silicone rubber swit­
dtes. That means we more than 
likely have a standard key pad for 
your design. There's no custom tool­
ing or minimum produaion quanti­
ty, so you save money, too. 

Shin-Etsu developed these rubber 
switches over ten years ago to 
reduce costs and inaease the relia-

bility of switch assemblies. Later we 
created a line of standard key pads 
that fit many design configurations. 

By creating more new products to 
choose from we make your job 
easier. For a complete catalog of 
off-the-shelf switches call ( 408) 
947-0311. Or write SP America, 
Suite 128, 1754 Technology Drive, 
San Jose, California 95110. 

CIRCLE 149 

eral to another. For cable in­
terfacing, Serial Support 
adapts output lines to any 
configuration through its 
Versa-Matrix shunt system 
of incoming and outgoing 
lines. Common jumper con­
figurations are displayed on 
the front panel. The device 
also displays the status of es­
sential lines on the serial 
port, using tristate displays 
for RS-232-C signal voltage­
level validation. 

Optronics Technology, 2990 
Atlantic Ave., Penfield, N. Y. 
14526; (716) 377-0369. $133; 
stock. CIRCLE 334 

Q-bus card cage 
holds 16 LSl-11 cards 

Compatible with the Q­
bus, two card cages make 

suitable foundations for 
building LSI-11 computer 
systems. The 8LCC model 
holds up to 16 dual-width 
(8-by-5-in.) or 8 quad-width 
(8-by-10-in.) LSI-11 cards. 
The smaller 8LCC/2 holds up 
to eight dual-width LSI-11 
cards. The 8LCC is also a good 
choice for expanding an ex­
isting system, since the ex­
pansion connectors on the 
backplane do not require the 
use of a slot in the cage to 
connect to the first system 
cage. Both units offer tapered 
entry connectors with gold­
plated bifurcated contacts 
and thin, color-coded card 
guides for easy card align­
ment during insertion. 

Andromedia Systems Inc., 
9000EtonAve., Canoga Park, 
Calif 91304; (213) 709-7600. 
$350 (8LCC), $225 (8LCC/2); 
stock. CIRCLE 335 
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Fujitsu modems have lots of 
ways to fit into your plans. 

At Fujitsu, we offer a d iverse line of OEM high­
speed stand-alone modems and boards to bring out the 
best in your product designs. Now you can take advantage 
of the industry's most technologically advanced features. 
Like operating speeds up to 14,400 bits per second. Like 
powerful automatic equalizers that minimize the effects of 
line interference. And versatility that makes our modems 
compatible with any type of equipment. 

As one of the world's largest data communications 
suppliers, we know that our growth depends upon how 

well our products help your company grow. That's why we 
continue to develop OEM products on the cutting edge 
of technology. And every product we make is backed by 
the Fujitsu name - recognized worldwide as a leader in 
data communications products. 

For more information, contact us today. We'll be 
delighted to show you how our products fit into your plans. 

Fujitsu America, Inc. • Daca Communications Division • 1945 Gallows Road, 
Vienna, Virginia 22180 • (703) 356-5758 

FUJITSU -
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COMPUTER SYSTEMS 

8-bit micros link 
up to· 4080 users 

The Omni line of 8-bit 
multi-user microcomput­

ers serves as an efficient, 
low-cost alternative to a lo­
cal area network. Multiple 
Z80A and -B processors are 
networked within each Omni 
computer, running under the 
CP/M-compatible TurboDOS 
multi-user operating system. 
Direct memory transfers 
and the use of four DMA 
channels speed overall pro­
cessing. Each user accesses 
his own dedicated Z80 pro­
cessor board, containing 128 
kbytes of RAM, two serial 
ports, and two parallel ports. 
Omni models include the 
Series 1000, 2000, 3000, and 
4000, which support up to 5, 
10, 16, and 32 users, respec­
tively. The Series 5000, like 
the 4000, also supports up to 
32 users but can be linked 
with other Series 5000s. By 
linking 128 fully configured 
units, 4080 users can be sup­
ported. 

Digital Computer Corp., 
7 430 Trade St., San Diego, 
Calif 92121; (619) 566-8500. 
$3995 to $15,490 (minimally 
configured Series 1000 and 
5000, respectively). CIRCLE 336 

Workstation speeds 
VLSI chip design 

Integrated-circuit designers 
can address the complete 

design cycle of custom VLSI 
chips-from logic design to 
mask-set definition, includ­
ing full simulation and test 
development-with the 
Chipmaster worksta tion. 
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NEW PRODUCTS 

The system includes a 32-bit 
data base, a high-perfor­
mance mask editor, and a 
hardware-assisted graphics 
accelerator. Operating at 80 
million pixels/s, the graphics 
accelerator provides immedi­
ate interaction so the user 
spends less time waiting for 
the display-a performance 
increase of two- to ten-fold 
over conventional CAD sys­
tems. Chipmaster's inte­
grated software is completely 
compatible with existing 
CAD systems that read and 
write the industry-standard 
GDS II stream format, from 
which the final design is fab­
ricated. 

Daisy Systems Corp., 139 
Kifer Court, Sunnyvale, 
Calif 94086; (408) 773-9111. 
$120,000. CIRCLE 337 

Computer runs two 
operating systems 

Comprised of six models, 
ranging in performance 

from the supermini Model 
810 to the high-end Model 990 
which is 60 times more 
powerful, the Cyber 180 
family employs a unique 
multistate architecture. This 
architecture lets the com­
puter simultaneously run 
two operating systems in the 
same memory and central 
processing unit. The Network 
Operating System (NOS) and 
NOS/ VE (virtual environ­
ment) provide the tools for 
handling 6- to 8-bit and 60-to 
64-bit word conversions. 

The Cyber 180 line offers 
easy portability from other 
systems, and all application 
and system software within 

the line is portable without 
change. The Unix System 
V(VX/ VE), available as a 
subsystem under NOS/ VE, 
allows application programs 
running under Unix to be 
ported to the Cyber 180 
systems. 

Control Data Corp., Com­
puter Systems, PO Box 0, 
Minneapolis , Minn. 55440; 
(612) 853-2622. From$250,000 
to $6 million. CIRCLE 338 

Q-bus microcomputer 
is super compact 

A Q-bus-compatible micro­
M computer system, the 
SMS 1000 Model 40 runs all 
system and application soft­
ware designed for the LSI-
11/23 or -11/ 73 CPU without 
modification. The founda­
tion module, which does not 
require a backplane slot, in­
tegrates the mass-storage 
device controller, two serial 
ports, all backplane circuit­
ry, and the support monitor 
subsystem on a single board. 
Housed in a 51/1-in. rack­
mount or floor-mount en­
closure, the Model 40 sup­
ports real-time and time­
sharing operating systems, 
including RT-11, RSX-llM­
Plus, RSTS/E, Unix, and TSX 
Plus. It is available with 
either the LSI-11 / 23 or 
-11/ 73 CPU, up to 2.5 Mbytes 
of main memory, and a 
variety of Winchester / 
floppy-disk drive combina­
tions. 

Scientific Micro Systems 
Inc., 777 E. Middlefield Road, 
Mountain View, Calif 94043; 
(415) 964-5700. From $5800; 
eight weeks. CIRCLE 339 
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MULTIWIRE® 
DESIGN CENTERS 

Working with a sophisticated 
CAD system, your Multiwire 
Design Center can shorten your 
design cycle by weeks, saving 
you thousands of dollars. 

We offer a variety of design 
services, depending upon your 
needs. Your boards are designed 
from as little input as a logic 
diagram or net list, along with 
board geometry and special 
parameters. 

Multiwire designs and fab­
ricates finished boards to meet 
both your routine and accel­
erated delivery requirements. 
In fact, you can receive a 
finished board from schematic 
in as little as four to six weeks, 

CIRCLE 181 

PROVIDE 
SCHEMATIC 
REDUCTION. 
I MU.;;;------, 
110 Andrews Rd., Hicksville, NY 11801 I 
I 0 Please send me your 8-page sales brochure. , 

D Please have a salesman call. 

I Name I 
I Title I 
I Company I 

Address 

I City/State/Zip I 
I Telephone En I L..------.;;..m 

! MULllWIRE® 
TTDIVISION 

KOLLMORGEN CORPORATION 

including design time. 
And when you ne 

changes, they will be siJn 
and fast. That's becaus&: 
wire boards only use 
to distribute the power 
ground potentials. So a lo 
change is simply keyed in 
computer, creating new t1 
for wiring and drilling, and 
circuitry is rerouted for yollf 
next board. 

When it comes to movin 
project from paper to protot 
to production, nobody does • 
faster or more economically t 
Multiwire. To learn more, ret~ 
the coupon, or circle the reader 
service number. 

MULTIWIREINEW YORK-31 Sea Cliff Ave., Glen Cove, NY 11542 (516) 448-1428; MULTIWI REINEW ENGLAND-41 Simon St .• Nashua, NH 03060 (603)889·0083 
MULTIWIRE/WEST 3901 East La Palma Ave., Anaheim, California 92807 (714) 632-7770; MULTIWIREIADVANCED MANUFACTUR ING GROUP IO Andrews Rd. , Hicksville, NY 11801 (516)938-2089 

Multiwire is a U.S. registe red trademark of the Kollmorgen Corporation. 



The one oomber to call 
for Winchester and 
diskette drive repair. 

O\SK OR\VE REPA\RS 

800-922-0891 
'00 HEPA Environment 

• East Coast C\ass lirained 1echnicians 
· ed factory . · • b.penenc , . \ Price Competitive 

• Prompt-Profess1ona-

TRW is the disk drive repair serv· 
ice you can count on! Now you 
can trust your critical repair require­
ments to the one company with a 
successful nationwide reputation in 
electronics maintenance and repair: 
TRW Customer Service Division. 

We provide Prompt, Professional 
and Price Competitive Repair Serv· 
ices to meet your Winchester and 
diskette drive repair needs. Our 
new Electronics Industry Services 
capabilities include state-of-the-art 
Centralized Repair Centers, com· 
plete with an east coast Class 
100 HEPA environment and a 
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a service history that is truly 
unsurpassed! 

Our repair centers are staffed 
with teams of factory-trained 
technicians. These experts have 
been trained by the same people 
who built your disk drives and 
have an established reputation for 
meeting and exceeding exacting 
OEM material and calibration spec­
ifications. This training and experi· 
ence provides you with a full "No 
Questions" 90 Day Warranty on 
our repairs. 

For professional, fast disk drive 
repairs call TRW. The source for 
disk drive repair. 800-922·0897. 

CIRCLE 182 

--~··· ,,,ww 
E\ectronics . 
\ndustrv Sennces 

TRW Customer 
Service Division 
15 Law Drive 
Fairfield, NJ 07006 

··~·· 
Nationwide 
Service From 
A Company 
Called TRW 

© TRW Inc. 1984 
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We've got your num 
And your patterns and characters, too. They are 
available on a wide variety of Hitachi liquid crystal 
display modules, from small single-line numeric units 
to one of the largest ( 128 x 480) dot-matrix graphic 

computers, facsimile machines, medical/ scientific 
equipment. .. the possibilities are virtually unlimited 
when you choose Hitachi. 

displays on the market today. 

Thin, Clear & High-Performance 
Hitachi engineers know your needs, so they've 
developed these modules to be ultra slim. They've 
used twist-nematic type liquid crystals to improve 
brightness and background contrast. And they've 
used their advanced manufacturing skills to ensure 
sturdiness, reliability and long service life. 

Designed for Immediate Application 
Each module either comes with an external controller 
or has its controller built-in. That means you can 
apply Hitachi LCDs immediately in calculators, digital 
clocks/watches, computer peripherals, office-type 

•Graphic Displays 

Type Display Capacity 
No. (dotxdot) 

H2525 20 x 239 

LM021 24x479 

LM200 64x240 

LM213B 64 x 256 

LM211 64x480 

LM212 48x640 

LM215 128 x 480 

External Dimensions 
WxHxT (mm) 

220 x 53 x 15 max. 

290x 60 x 13 max . 

180 x 75xl5 max. 

184 x 75 x 12 max. 

270x 82 x 13 max . 

270x 63 x 14 max. 

270x I !Ox 15 max. 

telephones, portable electronic typewriters, COmpaCt Note: Character displays also available in I-line, 2-line and 4-line series. 

~HITACHI 
For more information: 

Controller 

External 
CBI020R 

(HD61830) 

Built-in 

External 
CBI026R 

(HD61830) 

External 
CBJ030R 

(HD61830) 

Hitachi America , Ltd . Chicago Office 500 Park Boulevard, Suite 805, Itasca, Ill. 60143 Tel: 1312) 773-0700 Telex: TWX910 651 3105 (HITACHI ITAS) 
San Jose Office 1800 Bering Drive, San Jose, Calif . 95112 Tel: 1408) 292-6404 Telex : WU171581, TWX910 338 2103 !HITACHI SNJ) 
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COMPUTER SYSTEMS 

Graphics workstation 
has 32-bit virtual µP 

The PowerStation 5000, 
based on the Unix oper­

ating system, contains a 
32-bit virtual application 
processor and a graphics 
processor for CAD/CAE ap­
plications. Each workstation 
can communicate with a 
PowerNode in the network 
or, when opera ting as a 
stand-alone, handle complex 
drafting applications, three­
di mens ion al mec h anical 
design, and numerical con­
trol. The graphics subsys­
tem, which includes a 19-in. 
color monitor, a keyboard, 
and a mouse, is capable of 
displaying both color and 
monochrome video. In addi-

THE WESTON 
FORMULA 

NEW PRODUCTS 

tion to the graphics subsys­
tem, the PS5000 is config­
ured with 2 Mbytes of main 
memory, 32 kbytes of cache 
memory, a cartridge tape, 
and an 80-Mbyte disk. 

Gould I nc., Computer 
Systems Division, 6901 W. 
Sunrise Blvd., PO Box 9148, 
Ft. Lauderdale, Fla. 33310; 
(305) 587-2900. $99,000. 

CIRCLE 340 

Microcomputer utilizes 
J11-based LSl-11/73 

The first member of the 
8600 series of computer 

systems based on the LSI-
11/73 processor, the Model 
8650 is compatible with cur­
rentLSl-11 andPDP-11 oper-

ating systems and applica­
tion software with little or no 
modification. The incorpo­
ration of the KDJll-AA mi­
croprocessor speeds pro­
cessing time by as much as 
five-fold over LSI-11/23 pro­
cessors, while remaining in 
the same price range. More­
over, it approximates the per­
formance of the PDP-11/44. 
The Q-bus-based 8650 fea­
tures a 41.6-Mbyte fixed/ 
removable hard-disk drive, 
256 kbytes of RAM (expand­
able to 4 Mbytes), and six 
serial RS-232-C ports. 

Plessey Peripheral Sys­
tems Inc., Computer Systems 
Divisi on, 17 466 Daimler 
Ave. , PO Box 19616, Irvine, 
Calif 92714; (714) 540-9945. 

CIRCLE 341 

Moving? 

502 

x2 

Since the budget 
formula calls for a 
quality 114" square 
trimmer at a great 
price, the Weston 860 
1s the variable you're 
looking for. That's 
because this tiny giant 
now costs only $1 .45 
when purchased In 
quantities of 5,000. 
And specs? The 860 
checks in with 16 turns 
of adjustability, a 
standard resistance 
range of 10 ohms to 1 
megohm, a 0.5 watt 
power rating at 85°C 
and a 150°C maximum 
operating temperature. 
Furthermore, the 860 
needs only half the 
board space 
conventional 3/a" 
square trimmers use. 

1. For FASTEST service you must attach 
old mailing label in space below. 

~ actual size 

So don't compromise 
board far budget -
with the Weston 860 
you 've got the formula 
for the best of both. I 

Westo n Controls 
Archbald , Pennsylvania 18403 
Te l. (717) 876-1500 
Telex . 83-1873 
TWX 510-656-2902 

CIRCLE 184 

3:: '-

1~ ~.E.2 ~ 
(Q<l)Ql-

~~tll'Q; 
11:1Q>C:Q) Q) 0... 
~3::~..>c ~ ] Q..<o (,) !!! 

CJ') U.J 

~ CJ') _J 

Q) ~ 

~ )( 

._ 
i== -0 

-0 >-.8 ~ ~ c"' CJ') ·;:::: :c Ill ~ 
o.- Q) C/) 

.s,i.E c: 

.Cl"' ·c;; 
~~ :::J 
~i; .c 
"'-o 3: o"' c-o U.J 

.~ ~ z ._ 
]i ~ :::J 

0 > "'"' >. Cl) -c z (/) 

E U.J 
<( U.J 

·.:: 0... ~ 
0... ::!! ::!! Cl > 
c-..i 

<( 0 Cl t:: 
z c..:> <( c..:> 

3. Mail to: 
Electronic Design 

P. 0. Box 1418 
Riverton, N.J. 08077 USA 



CIRCLE 185 



Does your backplane 
vendor test the board? 

Or your patience? 

SAE's complete test 
capabilities help give 
us total backplane 
packaging control. 

It's impossible to get an untested 
backplane from SAE. We test the bare 
board, the backplane assembly less 
wire-wrap, and the backplane assembly 
with wire-wrap. We always perform a 
dynamic test to check the board, the 
connectors, the press-fit joints, and all 
contact-to-contact relationsh ips. 
Geared for the Largest Jobs 

Our test consoles handle up to 16,000 
points and virtually any interface require­
ments. We also maintain a test library to 
speed testing on large production runs. 

Advanced Diagnostics 
SAE testers program from known good 

boards, self check all system cables for 
opens and shorts, give the action location 
of faults, indicate individual test points, 
and produce printouts of backplane 
cross-reference points. Certification 
documents are available for every test. 
Rely on one source for every 
backplane system need. 

SAE performs every backplane manu­
facturing step in house. Besides 100% 
testing, we offer: PC board and metal 
backplane construction • logic panel 
manufacturing • wire-wrapping • card 
file construction • backplane-chassis 
marriage • plastics molding • contact 
plating and stamping. In short, everything 
you need to maintain total control over 
system quality and reliability. 

Please call or write to receive our 
free brochure and qualify for our cata­
log: Backplane Interconnect Systems 
Design Guide. 

We're in total control. 

Stanford Applied Engineering 
Engineered Products Group 
3520 De La Cruz Boulevard 
Santa Clara, California 95050-1997 
(408) 988-0700 

We meet MIL-C-28754 and C-28859 specifications and NAFl/NAC standards. We also build in accordance to MIL-C-21097 and MIL-C-55302. 
Quality control standards in all our facilities meet MIL-1-45208 requirements. 
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SOFTWARE 

Idris operating system 
runs on IBM PC 

Designed to coexist with 
PC-DOS or MS-DOS, a 

version of the Idris operating 
system brings Unix look­
alike capabilities to the IBM 
PC. Idris is substantially 
smaller than Unix and works 
in as little as 128 kbytes of 
main memory. The latest ver­
sion, called Co-Idris, gives 
IBM PC users concurrent 
access to both Idris-based 
programs and PC-DOS- or 
MS-DOS-based application 
programs. In addition, given 
one or more asynchronous 
communications adapters, 
Co-Idris will support multi­
ple users and/or networking 
with other systems. The oper­
ating system provides all the 
software necessary to con­
struct C, Pascal, or assembly 
programs for operation 
under Co-Idris, DOS, or 
CP/M-86. 

Whitesmiths Ltd., 97 Low­
ell Road, Concord, Mass. 
01742; (617) 369-8499. $695. 

CIRCLE 342 

CAD program produces 
symbolic drawings 

Claimed to speed the cre­
ation of schematic draw­

ings, the MG I/Schematic 
Drafter program is designed 
for producing nondimension­
al symbolic drawings such as 
circuit diagrams, digital logic 
diagrams, electrical sche­
matics, ladder diagrams, pc 
board layouts, and even 
project schedules. Letter­
designated symbols are en­
tered from the computer key-

NEW PRODUCTS 

board using a template guide 
and placed into the squares of 
a grid on the display screen. 
Most of the standard MGI/ 
Template series contain 35 to 
40 individual symbols, but 
the system can handle 52 
symbols or more if required. 
Individual symbols may be 
rotated or mirrored to 
change the symbol's orien­
tation within a cell on the 
computer screen. The pro­
gram also allows panning 
across a drawing and has the 
ability to zoom in and out for 
different views. 

Microcomputer Graphics 
Inc., 13468 Washington Blvd., 
Marina del Rey, Calif 90292; 
(213) 822-5258. $3900. 
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Software tool programs 
HP test instruments 

Designed to simplify the 
development of software 

for Hewlett-Packard test 
instruments, Unitest can re­
duce the time necessary to de­
velop and debug a measure­
ment-intensive program by 
up to 75%. The program, 
which works with HP Series 
200 computers, eliminates 
the need to understand the 
HP Basic protocol and syntax 
that is required in program­
ming the HP-IE-based in­
struments. 

Unitest is composed of a 
main program, the Unitest . 
Executive, and individual 
packages for specific instru­
ments. The executive organ­
izes control-program writing 
into five menu-driven steps, 
which define the config­
uration, develop the control 

program, build the data files, 
define the instrument setups, 
and prepare the run. The Uni­
test Executive is priced at 
$3000, with prices for the 
instrument-specific software 
packages ranging from $750 
to $1000 each. 

Production Automation, 
3160 De la Cruz Blvd., Santa 
Clara, Calif 95050; (408) 
980-9880. 
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Software performs 
equation solving 

Varicalc, a versatile pro­
gram for the Apple II 

series of microcomputers, in­
teractively solves scientific, 
engineering, and business 
equations. Varicalc simu­
lates complex physical, 
chemical, or mathematical 
processes, as well as accepts 
real-time inputs. Variables 
may be changed interactively 
by the use of "variators" -
which can be two game pad­
dles or a joystick, the left or 
right arrow keys, or an auto­
mated loop variator with 
selectable range and step 
size. The program solves any 
one of 19 variables on the 
right or left side of a formula 
without rearranging the for­
mula. Up to 255 equations 
may be stored on disk for 
quick recall. IMI's Adalab 
data-acquisition card allows 
real-time analog voltage in­
put and output for Varicalc 
equations and simulations. 

Interactive Microware, 
Inc., PO Box 139, State Col­
lege, Pa. 16804; (814) 238-
8294. $100. 

CIRCLE 345 
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NEW PRODUCTS 

DIGITAL ICs 

64-kbit EEPROM offers 
choice of write times, 

number of storage cycles 

A byte of data can be written in 10 ns in the block 
mode and a 16-byte page in the same 1 O ns 

in the page mode. Even faster speeds are possible. 

The 52864 family of 
64-kbit EEPROMs lets 
users select both the 

write times and the number of 
read and write cycles. The 5-V 
EEPROMs, from NCR, use 
nitrox storage cells, which 
allows marty parameters 
that are fixed with other 
EEPROM technologies to be 
set and altered. The family 
comprises three members­
the HR, a military part that 
will be the first produced, as 
well as industrial and com­
mercial versions. 

The devices are not self­
timed . Thus data can be 
written in less than the 10 ms 
typically needed for that task. 
Information can be written in 
as little as 2 ins; however it 
will not remain in memory as 
long as that written at the 
standard speed. Refreshing it 
later will ensure that it is re­
tained over the full term. 

Another way in which writ­
ing speed can be slashed is to 
use the block mode. That en-

Terry Costlow 

ables a 16-byte page to be 
written in 10 ms; in contrast 
10 ms is needed to write a sin­
gle byte in the word mode. 

The chip is set up using 
control lines which permits 
users to eliminate support 
hardware by programming 
functions into the EEPROM 
itself when board space is 
limited. The read, write, 
erase, and load routines can 
be mapped in the device, each 

H 

CNTL 1 CNTL2 

Erase-write 
log le 

a; Ql 

"O E:v 0 

~ Memory o-g 
"O array ':'u 
:l .c Q) 

0 (Bk X 8 bits) "'" a: :r 

The 52864, a group of 64-kbit 
EEPROMs allows the user to 
eliminate support hardware by 
using the control lines to map 
read, write, erase, and load rou­
tines into the device itself. 

taking up 8 kbits of memory. 
The chip's write and erase 

lifetime typically extends to 
10,000 cycles, and data is re­
tained for an average of 10 
years. However, it is possible 
to change the number of cy­
cles if needed. For example, 
the cycles can be increased to 
100,000, but storage time 
drops to a year. 

The commercial version 
can be accessed in 300 ns; the 
industrial and military ver­
sions, in 450 ns. All of the 
devices draw only 60 mA, and 
they can be had in 28-pin DIPs 
or 32-contact leadless chip 
carriers. 

The HR will be available in 
production quantities in the 
winter. The DIP lists for $294 
in lots of 100; the chip carrier 
costs $324 in the same quanti­
ties. The price is not yet set for 
the other devices, which will 
be sampled late in the year. 

NCR Corp., Microelec­
tronics Division, 8181 Byers 
Road, Miamisburg, Ohio 
45342; (513) 866-7471 or (800) 
543-5618. CIRCLE 314 
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NEW PRODUCTS 

DIGITAL ICs 

8-bit multiplying DAC sports output op amp 
A n 8-bit CMOS multiplying 

M digital-to-analog con­
verter that delivers an output 
of 10 V, incorporates an out-

put op amp, and needs no sec­
ond power supply. 

Analog Devices' AD7224 
operates from a single supply 

WEDELMR 
IN 5 TO 7 DAYS! 

Shown above are some OFTI all-metal (not 
plastic) SMA FO Connectors.* Because our 
only business is FO connectors, we can 
ship up to 100 of them in 5-7 days ARO, and 
larger quantities within 15. And nobody 
beats our prices. When you contact OFTI, 
you've made a dependable connection! 

OFT! PC R- 001 Receptacle OFT! 2205 Low-Loss Splice 
(Includes Polymer align- Bushing (Includes two 
ment sleeve.) lock washers and two 

retaining nuts.) 

OFTI 4205 Medium-Loss 
Splice Bushing (Includes 
two lock washers and 
two retaining nuts.) 

OFTI P C R-002 Receptacle 
(Includes Polymer align­
ment sleeve, lock washer 
and retaining nut.) 

NOBODY MAKES A BETTER 
FIBER OPTIC CONNECTOR 

•Amphenol•' 905or 906 lntermaleable. 
Amphenol is a Trademark of Allied Corporation 

CIRCLE 189 

THE TERMINATOR 
Save valuable time with 
OFTl's FO communica­
tion cable terminating 
kit - contains everything 
to help you make the best 
FO termination! 

MS-KFO KIT 
A COMPLETE KIT FOR 
FIBER STRIPPING 
Includes 15 stripping 
blade diameters from 
. 008" to. 044" and 18 tube 
guide diameters from 
.0135" to .093". 

PRE-MEASURED 
EPOXIES FOR FIBER 
OPTIC APPLICATIONS 
OFT! 4-gram packs con­
tain the following epox­
ies: #3014G, #3024G, 
#302-34G, #3204G, 
#353ND4G, #3774G. 

Optical Fiber Technologies, Inc. 
P.O . Box 148, Nutting Lake. MA 01865 
14 Fortune Drive. Billerica, MA 01821 

Tel: C617l 663-6629 
Telex ·948 ·288 

THE FO 
CONNECTOR 
SPECIALISTS 

of + 15 V with a reference of 
+10 V or -5 V and +11.4 to 
+ 16.5 V (V DD) with a refer­
ence of -4 to +2 V. 

The chip's static or de accu­
racy is specified as "total 
unadjusted error" (TUE), a 
relatively new term that is 
measured in least significant 
bits and covers full-scale er­
ror, relative accuracy, and 
offset error. With the single 
supply, the 7224 has a total 
unadjusted error of less than 
2 LSBs; with split supplies, 
the total unadjusted error 
ranges from under 1 LSB for 
the L, C, and U versions to 
under 2 LSBs, for the K, B, 
and T versions. 

Moreover, those specifica­
tions, as well as monotonicity, 
are guaranteed over the three 
separate temperature ranges 
(see the table). 

The chip's maximum set­
tling time for a positive full­
scale change, which can be 10 
V into a 2000-Q load, is 5 µs 
with both single and split sup­
plies. A similar negative 
swing settles in 7 µs with split 
supplies, 20 µs with one supply. 

With its two sets of input 
registers, the converter easily 
interfaces with most micro­
processors. Its logic speed is 
compatible with that of the 
8088, 6502, Z80, and 68008. 
Housed in a 20-pin DIP, the 
converter's versions operate 
in commercial, industrial, or 
military temperature ranges. 

Analog Devices Inc., Semi­
conductor Division, 804 Wil­
burn St., Wilmington, Mass. 
01887; Gerry Whitmore, (617) 
935-5565. CIRCLE 301 
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NEW PRODUCTS 

COMPUTER PERIPHERALS 

Disk controller chip holds data buffers 

H itachi's HD63463 
single-chip hard-disk 
controller con ta ins a 

pair of 256-byte data buffers 
that can be accessed separate­
ly or simultaneously by the 
host processor and the disk 
driver, an arrangement that 
completely decouples data 
transfers. The CMOS chip can 
be programmed for formats 
of up to 1024 cylinders per 
drive and for sectors ranging 
in length from 256 bytes to 4 
kbytes. 

A built-in set of 21 high­
level commands bestows 
enough intelligence on the 

16k EEPROM accesses 
in less than 200 ns 

Compatible with fast mi­
croprocessor applica­

tions, the NMC9817 16k 
EEPROM performs a read 
operation in less than 200 ns. 
The fast read time results 
from a built-in two-line 
control architecture that 
eliminates bus contention in 
systems environments. On­
board address and data latch­
es free the microprocessor 
during erase / write cycles. 
When using an automatic 
erase-before-write proce­
dure, combined with a chip­
erase mode, users can save up 
to 503 of the time required 
for the erase/ write cycle. The 
EEPROM's fast operation is 
exemplified by its 5-ms write 
cycle and 10-ms erase/ write 
cycle. 

The 28-pin ceramic DIP 
interfaces directly with stan-

chip to minimize the usual 
amount of host control soft­
ware. The disk con troll er cir­
cuit can work with both the 
Seagate and the SMD stan­
dard, as well as with MFM 
and NRZ encoding. 

On-chip circuitry includes a 
programmable generator and 
checker of 16-bit cyclic redun­
dancy code, plus a 32-bit ECC 
(error correction code) circuit 
that catches and corrects 
burst errors that can be as 
large as 11 bits. 

The HD63463 controller is 
optimized for applications us­
ing the 68000 microprocessor 

dard microprocessors, with­
out external support compo­
nents. Since the NMC9817 is 
self-timing, the processor is 
free to perform other tasks 
during a programming cycle 
until the memory signals it is 
ready. This signal can also be 
used to interrupt the pro­
cessor when the device goes 
from busy to ready. 

National Semiconductor 
Corp. , 2900 Semiconductor 
Drive, Santa Clara, Calif 
95051; (40 8) 721-5000. $30 
(1000 units); stock. CIRCLE 410 

Peripheral driver is 
fault-protected 

The latest addition to the 
DS3658 quad driver fami­

ly, the DS3668 has a current­
sensing ability that permits 
individual outputs to be shut­
down when a short-circuit 
con di ti on is detected. Unlike 

and the 68450 DMA control­
ler. Versions of the chip oper­
ate at a 4, 6, or 8 MHz clock 
frequency from a 5-V supply. 
A 48-pin DIP affords the ne­
cessary lines for the 16-bit 
bus interface. The chip does, 
however, work in a control 
mode that allows it to tie into 
an 8-bit processor bus. 

Samples of the HD63463 
will be released in the fall at a 
price of $75 in 100-unit quan­
tities. 

Hitachi America Ltd. , 1800 
Bering Drive, San Jose, Calif 
95112; Tony Moroyan, (408) 
292-6404. CIRCLE 301 

thermal shutdown, which 
shuts down all the outputs at 
once and totally disables the 
device, the use of current­
sensing circuits on each out­
put shuts down the affected 
output only and leaves the 
remaining three channels 
opera ti on al. In addition, 
should an input line be bro­
ken or go open, the peripheral 
driver will go into a high­
impedance state and prevent 
any invalid signals from ap­
pearing at the outputs. 

The quad driver is capable 
of sinking 600 mA at each 
output (2.4 A per package) 
and providing an output 
breakdown voltage of 70 V. It 
is well suited for driving 
relays, solenoids, and disk­
drive stepping motors. 

National Semiconductor 
Corp., 2900 Semiconductor 
Drive, Santa Clara, Calif 
95051; (408) 721-5000. $5.40 
(100 units). CIRCLE 411 
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NEW PRODUCTS 

INSTRUMENTS 

Sensitive switch matrix handles 48 pins 

S
witching low-level 
signals between 48 pins 
of a device under test, 

the HP 4085M matrix also 
permits currents as low as 1 
pA and voltages of just 1 m V 
to be measured. The system 
developed by Hewlett­
Packard consists of a switch- . 
ing matrix controller and a 
mechanical switching matrix 
of dry-contact relays. 

The matrix has eight input 
ports, any of which can be 
connected to any of the 48 
output lines, under program 
control. 

The software for the 
switching matrix includes 
high-level commands for port 
assignments and for diag­
nostics. Interconne ction 
status can be viewed on the 

CRT screen of a computer, 
such as the HP 9000 model 
2168, serving as a system con­
troller. To tie into the con­
troller, the switching matrix 
uses an IEEE-488 interface 
and a Basic language oper­
a ting system. 

Guaranteed signal fre­
quencies range from de to 1 
MHz, but the matrix works at 
frequencies of up to 5 MHz. 
Signal swings can span ± 100 

V, with a maximum current of 
100 mA. Both maximums can­
not occur simultaneously, 
however-the power per I/O 
E_.,e is limited to 2 W. 

Three test fixture adapters 
are included with the HP 
4085-the HP 16078A for use 
with the HP 4145A semicon­
ductor parameter analyzer, 
the HP 16066A to handle 
packaged devices or circuits, 
and the HP 16075A relay test 
adapter for diagnostics. 

The switching matrix and 
controller pair cost $34,109, 
with delivery in about eight 
weeks. 

Hewlett-Packard Co., In­
quiries Manager, 1820 Em­
barcadero Road, Palo Alto, 
Calif 94303; call local HP 
sales office. CIRCLE 310 

Fixture set tests SMD-fitted boards 

A
fixture system allows 
test nodes to be ac­
cessed on double-sided 

printed circuit boards. The 
Micro-Mate system from 
GenRad probes devices with 
40-, 50-, and 100-mil center­
line spacing, such as the 
surface-mounted devices that 
are becoming increasingly 
popular. 

The fixture is designed for 
simple and heavy-duty use in 
a production environment. 
A circuit board is pulled into 
the fixtures base with a pneu­
matic cylinder. 

The testing system consists 
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of a universal base unit, board 
carriers (one for each pc 
board family), and a pair of 
probe plates drilled and wired 

for each variety of board 
under test. Any combination 
of boards measuring up to 9 
by 12 in. can be accommo­
can be accommodated. 

Both probe plates can be 
accessed for debugging by 
means of hinged probe plate 
covers. 

The prices are $28,000 for 
the base unit, $400 for each 
board carrier, and an average 
price of $5000 for each set of 
fully wired probe plates, 
based on 500 nodes. 

GenRad Inc., 300 Baker 
Ave., Concord, Mass. 01742; 
(617) 269-4400. CIRCLE 319 



You don't need a computer 
to talk to another computer. 

DISPLAY (VP3012D). High 
performance, 12" diagonal, 
non-glare, green phosphor 
screen. 

RESIDENT MENUS. User-friendly 
terminal set-up and 
phone di rectory maintenance. 

DIRECT CONNECT MODEM. 
Bui lt-in, 300 baud, 

AUTO DIAL. Tone or pulse dialing 

VIDEO OUTPUT. Selectable 80 
or 40 characters x 24 lines 

TV OUTPUT. Displays 
40 characters x 24 li nes 
on Ch. 3/ Ch. 4 of standard TV set . 

MEMORY BACKUP. Mi nimum 
48-hour storage of di rectory, log­
on and other parameters without 
plug-in power. No batteries 

/ required . 

of up to 26 stored phone~~u~m~b~er~s·~~~~~~~~~~~I~~~~ voice or data base calls. 

AUTO-LOG-ON. Enters information 

./FUNCTION KEYS. User 
./ programmable or 

downloadable 
automatical ly after auto dialing. ....... ....... = from host computer. 

The new RCA APT (All Purpose Terminal) 
expands your data communications capabilities 

for a lot less money. 
For business, professional and personal data 

communications, you 'll find more user-friendly fea­
tures and greater communications capabilities in 
the RCA APT than in other terminals selling for up 
to three times the price. 

The new APT terminals are ideally suited to 
multi -data base time sharing and dedicated, direct 
computer-connected applications. They feature 
menu-controlled operation and a programmable 
"personality" to match specific communications 
requirements for your data bases. 

A single keypress can dial a stored number, 
send the log-on sequence on the host computer, 
and return terminal control to the user. Password 
protection prevents unauthorized access to desig­
nated numbers. APT can also be used as an auto­
dialer for voice communications. 

OTHER FEATURES 
RS232C port for direct computer connedions at data rates 
to 9600 baud, or for connecting high speed modems and 
other accessories. Parallel printer port for hard copy. 
Numeric keypad, can dial phone numbers not in terminal 
directory. Built-in speaker with adjustable volume control for 
audio monitoring of phone line. Smooth scroll display. Auto­
matic screen blanking to reduce possibility of burn. Brief­
case size: 17" x 7" x 2". Weight: under 4 lbs. 

Quite simply, matching features with price, 
there is no other professional quality terminal avail­
able today that can do as much at such low cost. 

APT terminals list for $498, in your choice of full 
stroke or membrane keyboard versions. Either style 
is also available with a display monitor for $697 list. 
The data display monitor alone, VP3012D, $199 list. 

For more information-or to order- call 800-
722-0094. In Penna., call 717-295-6922. Or write for 
fully descriptive brochure to RCA Data Communica­
tions Products, New Holland Avenue, Lancaster, PA 
17604. OEM and dealer pricing available. The new 
RCA APT. Expansive. Not expensive. 

keyboard version 
designed for travel 

and host ile 
environments. 

ncn 
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NEW PRODUCTS 

INSTRUMENTS 

System enhancement tests video chips 

The VG600 video gener­
ator , designed for 
LTX's CX80 and TS88 

master test stations, tests and 

characterizes video processor 
chips. Within its 16 kbytes of 
line (or event) memory, the 
generator box stores the pat-

For Quality 3V2 or 4V2 Digit Hand-Held DMMS 

ask for 

3% Digit 470rM 
.15% Basic DC Accuracy 
s139 

FULL FUNCTION DMMS WITH THESE MOST WANTED FEATURES . .. 

.,, Full Measurement Capability 

.,, 6 kV Transient Protection 

.,, Double Fusing System 

.,, Audible Continuity Indication 

.,, Diode Test Function 

.,, User Engineered Range/Function 
Selector Knobs 

.,, Large, Easy-to-Read LCD Display 

.,, High Impact ABS Case 

.,, 2-Way Ti lt Stand 

.,, Extended Battery Life 

.,, UL Recognized Test Leads 

.,, Full Line of Optional Accessories 

.,, Full Simpson Warranty 

AT LEADING ELECTRICAL/ELECTRONICS DISTRIBUTORS 

SIMPSON ELECTRIC COMPANY 
A Katy Industries, Inc . Subsidiary 

853 Dundee Avenue , Elgin , Illinois 60120-3090 
(312) 697-2260 • Telex 72-2416 
Cable SI MELCO 

CIRCLE 190 

terns necessary to test chips 
according to NTSC, PAL, 
SECAM, and other broadcast 
standards. Alternatively, two 
test heads can test two chips, 
each using 8 kbytes. Control 
matters are handled in an­
other 16 kbytes of memory. 

Memory looping takes full 
advantage of the repetitious 
nature of video test patterns. 
Since relatively few values 
must be changed for each new 
video line, test patterns can 
be generated substantially 
faster. 

The variable line length of 
the VG600 makes it possible 
to place line boundaries any­
where within the pattern, 
enabling users to simulate 
line jitter. Through global 
line substitution, users can 
change all occurrences of a 
line-for example, changing 
all chroma bursts to no bursts 
for testing a color-kill func­
tion. Another substitution 
lets the user replace one set of 
lines with another. 

The VG600 can collect 
about 256 samples of data per 
pass of the test pattern, there­
by thoroughly testing any 
video processor chip, even in a 
high-volume production en­
vironment where time is at a 
premmm . 

The VG600 fits into the 
CX80 consumer extension for 
LTX's Model 77 integrated 
test system. The VG600 gen­
erator will be available next 
month at a price of $45,000. 

LTX Corp. , LTX Park at 
University A ve., Westw ood, 
Mass. (617) 329-7550. 

CIRCLE 316 
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NEW PRODUCTS 

ANALOG 

Op amp increases gain, 
reduces offset voltage 

and lowers noise 

Op amp achieves usable open-loop gain 
of 8 million and holds down errors 

due to noise, offset, and drift. 

S
ignals that have been 
too small to reach us­
ing conventional op 

amps can now be put to use by 
means of an operational am­
plifier with an open-loop-gain 
of 8 million. With that gain, 
engineers can now use the full 
sensitivity of instrument sen­
sors such as temperature and 
pressure gauges. 

To match its high gain, the 
op amp achieves an important 
low noise level of 4.0 n VI y'Hz 
at a 10-Hz frequency. The low 
offset voltage of 30 µV max­
imum makes for easy connec­
tion to transducers and sen­
sors, and the low offset drift 
of 0.3 µ V / °C serves the part 
well when used in harsh envi­
ronments. 

The op amp is stable for 
closed-loop gains above 50. Its 
typical output, 10 mA, nicely 
fills the drive requirements of 
most LEDs. Load impedances 
down to 50 Q can be driven by 
the output stage when its 
power pins are set to ± 5 V; 

Curtis Panasuk 

with a separate set of power 
supply pins, output current 
can reach ± 60 mA. A mini­
mum slew-rate of 2.5 VI µs al­
lows levels to change quickly. 

The part may be operated 
from a single supply such as 
15 or 28 V. Additional op amp 
specifications include an in­
put bias current of ± 1 nA and 
a common-mode r ejection 
ratio of 126 dB. 

The part comes in a plastic 

or ceramic dual inline pack­
age and is available off the 
shelf in MIL-STD-833 as well 
as industrial grade specifica­
tions. Prices range from $2.95 
for the least expensive indus­
trial grade to $9.38 for the 883 
military version with burn­
m. 

Precision Monolithics Inc., 
1500 Space Park Drive, Santa 
Clara, Calif 95050; ( 408) 
727-9222. CIRCLE 308 
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NEW PRODUCTS 

ANALOG 

CMOS flash converter 
digitizes 8 bits in 200 ns 

Carry 

Output 
buffers 

20 21 22 23 
Bs 61 Ba OFW 

The MP7683 8-bit flash converter converts in two steps. The 3 MSBs 
are digitized first using 8 comparators, the 5 LSBs next using 32 
comparators. That technique affords conversion time of 200 ns. 

A
CMOS analog-to-digi­
tal flash converter 
from Micro Power can 

execute an 8-bit conversion in 
200 ns while consuming just 
150 mW. The MP7683 has an 
Overflow bit (OFW) that lets 
two devices be cascaded for 
9-bit resolution; operating in 
parallel, the two chips can 
digitize data at 10 MHz. 

The8-bitconverterisa two­
step flash converter, with the 
first step converting the 3 
MSBs using 8 autobalanced 
comparators and the second 
step operating on the 5 LSBs 
using 32 autobalanced com­
parators (see the figure). A 
6-bit version, the MP7682's 
has a 100-ns conversion time 

Curtis Panasuk 

312 Electronic Design •July 26, 1984 

which is attributed to its 
single-step architecture, us­
ing 64 autobalanced com­
parators. 

Both chips need supply 
voltages ranging from 3 to 8 
V. The 5-V supply affords TTL 
compatibility. 

The converters operate 
over the industrial tempera­
ture range (-25° to +85°C). 
In quantities of 100, the 
MP7683 sells for $90 apiece in 
a 24-pin ceramic DIP, the 
MP7682 for $48.50 api_ece in an 
18-pin ceramic DIP. Both 
parts are available screened 
to MIL-STD-833. Delivery is 
from stock. 

Micro Power Systems Inc., 
3100 Alfred St., Santa Clara, 
Calif. 95050; (408) 727-5350. 

CIRCLE 312 



ANALOG 

Family of 8-bit ADCs 
digitizes in 73 µs 

Five 8-bit successive-ap­
proximation a-d convert­

ers, the ADC0801-1 series, of­
f er conversion times of 73 µs 
and have TTL- and MOS­
compatible inputs and out­
puts. The devices, which 
operate at a 1-MHz clock fre­
quency, are available with 
total error specifications 
ranging from ± 1/4 to ± 1 LSB. 
The CMOS converters con­
tain an on-chip clock gener­
ator and feature differential 
inputs for good common­
niode signal rejection. The 
ADC0801-1 series may be 
operated in a ratiometric 
mode, where power supply 
variations equally affect 
both ADC inputs and out­
puts. The converters come in 
20-pin plastic or ceramic 
DIPs and require a single 
+5-V supply. A power con­
sumption of only 15 mW 
makes them suitable for 
portable applications. 

Signetics Corp., Linear LSI 
Division, 811 E. ArquesAve., 
PO Box 409, Sunnyvale, Calif 
94086; (408) 739-7700. From 
$5 to $50 (100 units). 

CIRCLE 346 

V-f converter has 
0.005% nonlinearity 

Designed for ~nalytic~l .in­
strumentat10n reqmrmg 

analog-to-digital con­
versions of 20 to 24 bits, the 
Model 8120 voltage-to­
frequency converter has a 
maximum nonlinearity of 
0.005% over the entire dc-to-
100-kHz output range. The 

NEW PRODUCTS 

gain temperature coefficient 
of the device is typically 5 
ppm/°C, with a typical offset 
temperature coefficient of 4 
µV!°C. A maximum input 
offset voltage of 7 m V corre­
sponds with the 8120's signal 
rangeof-10 µ V to -lOV. The 
2-by-2-by-0.5-in. module is 
specified for operation over 
the tern per a tu re range of 0 ° 
to +70°C. 

Dynamic Measurements 
Corp., 8 Lowell Ave., Win­
chester, Mass. 01890; (800) 
225-1151 or (617) 729-7870. 
$143 (100 units); two weeks. 

CIRCLE 347 

12-bit DAC requires 
no laser trimming 

The PM-562isa12-bit mul­
tiplying d-a converter 

that fits directly into the 
industry-standard AD562 
socket and requires no laser 
trimming. Other advantages 
over existing designs include 
lower power dissipation, 
higher voltage compliance, 
greater output impedance, 
lower zero-scale error, and 
lower gain drift. 

At 130 mW of dissipation, 
the PM-562 consumes 65% 
less power than the AD562. 
The converter also offers a 
high output resistance of 2 
MQ. Zener-zap trimming of 
the most significant bit 
achieves reliable 13-bit accu­
racy, as well as long-term 

stability. Full-scale settling 
to within ± 1/2 LSB takes 1.5 
µs. Suitable for military ap­
plications where the gain 
temperature coefficient is 
critical, the PM-562 has a 
typical gain drift of 1 LSB 
over the full operating tem­
perature range. 

Precision Monolithic Inc. , 
1500 Space Park Drive, Santa 
Clara, Calif 95050; ( 408) 
727-9222. From $12 (commer­
cial grade) to $95 (military 
grade) (100 units); 6 to 12 
weeks. CIRCLE 348 

Instrument amp sports 
four op amps 

The INA258/MIL series of 
military-grade mono­

lithic instrumentation am­
plifiers uses a basic three­
amplifier design and includes 
an independent fourth op 
amp on the chip. Specified 
separately, the fourth op amp 
can be used for additional 
functions, including single­
capacitor active low-pass fil­
tering, output level shifting, 
or to achieve higher gains­
as much as 10,000 V /V. The 
fourth amplifier in the 
INA258 package is also help­
ful when board space is lim­
ited. Offset voltage is ± 50 
µ V, with a linearity error of 
less than 0.002% for all of the 
grades in the family. The 
series is offered in either an 
18-pin ceramic side-brazed 
DIP or in a 20-terminal lead­
less chip carrier. 

Burr-Brown Corp., Inter­
national Airport Industrial 
Park, PO Box 11400, Tucson, 
Ariz. 85734; (602) 746-1111. 

CIRCLE 349 
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NEW PRODUCTS 

COMMUNICATIONS 

Triple-port modem saves phone lines 

One modem permits 
three devices to trans­
mit data simulta­

neously, saving not only addi-

tional modems, but the cost of 
possible long-distance lines. 
The TriMux.212 from Com­
plexx Systems Inc. combines 

Now Sullins provides the widest 
variety of catalog-listed edgecard 

connectors and unsurpassed delivery. 
Sullins offers the widest variety of edge­
card connectors available. Our connector 
capabilities include: 

• 33 contact configurations and terminal 
types 

• 9 contact platings ( including selective 
plating ) 

• 9 mounting styles 
• 4 contact centers 
• 6-70 contact positions 

It's because of Sullins' variety in edgecard 
connectors, commitment to high quality 
and excellent delivery that we are "The 
Source" for your edgecard connector 
requirements. 

And ask us about our "Guaranteed Deliv­
ery" ( 1-9 day turnaround ) for those times 
when connectors are needed faster than 
2 to4 weeks. 

Contact Sullins today for all your edgecard 
c onnector needs, (619) 744-0125. 

JL Jullin~0~~~~:::::~~ £'!:ration 
San Marcos, California 92069 

(619) 744-01 25 • TWX 910-322-1472 
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a statistical multiplexer with 
an automatic dialing and an­
swering Bell 212A modem. In 
a menu-driven operation, a 
user can automatically dial 
one of four stored numbers 
with a one-digit cue and ac­
cess the desired device at a 
remote site. 

Speeds of 50 to 9600 bps are 
supported. An additional RS-
232-C output accommodates 
external synchronous mo­
dems at up to 9600 bps, and 
differing data rates can be 
converted between two de­
vices. 

For reliability, the Tri­
Mux.212 automatically re­
transmits in case of line 
errors. Password security en­
sures against unauthorized 
use. Further, a back panel 
switch will completely disable 
the command mode. 

The TriMux.212 costs $1495 
in single-unit quantities and 
is available now. 

Com plexx Systems Inc., 
4930 Research Drive, Hunts­
ville, Ala. 35805; Rick Ger­
man, (205) 830-4310. 

CIRCLE 305 
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Two-line telephone 
has integral modem 

Compatible with all RS-
232-C terminals and 

computers, the Tel-A-Modem 
is an intelligent modem de­
vice integrated into a two­
line desk-type telephone . 
Modem coupling on either 
line is accomplished by press­
ing a button on the tele­
phone's keypad, which leaves 
the telephone handset free 
for voice communication on 
the remaining line . The 
modem is capable of full­
duplex transmissions at 300 
and 1200 baud. Five LEDs on 
the unit's faceplate indicate 
modem status. Special fea­
tures include the option of 
selecting tone or pulse dial­
ing functions-particularly 
useful in accessing long­
distance call systems in areas 
where touch-tone dialing is 
unavailable. The power sup­
ply outlet of th e Tel-A­
Modem plugs directly into a 
wall outlet without the need 
for a special adapter. 

Code-A-Phone Corp. , PO 
Box 5656, Por tlan d, Ore. 
97228; (503) 655-8940. $695.95. 

CIRCLE 350 

Signal indicator 
monitors Ethernet LAN 

Small enough to fit in a 
pocket, an Ethernet 

transceiver/ MAU (medium 
access unit) signal indicator 
aids in troubleshooting 
Ethernet and IEEE 802.3 
local area networks . The 
Model A0007-ETSI has four 
LEDs-one each for power, 
transmission, collision, and 

, 
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receiving signals-that con­
tinuously indicate the status 
of the network. The indicator 
has a 15-pin female subminia­
ture D connector with a slide 
lock on one end and a male 
subminiature D with locking 
posts on the other, which al­
low the 4-by-1.5-by-0.9-in. de­
vice to be inserted in series 
with the transceiver/ MAU 
cable. 

TCL Inc., 41829 Albrae St. , 
Fremont, Calif 94538; (415) 
657-3800. $149.95 (OEM dis­
counts available). CIRCLE 351 

Two-chip set reduces 
FM receiver costs 

Two chip sets offer de­
signers a choice of com­

ponents for implementing 
data or voice and data FM 
receiver designs. Configured 
as sets, rather than as single 
chips, they cost-effectively 
optimize performance and 
flexibility. 

The 8404/ 406 chip set 
forms the basis for low­
power, high-sensitivity voice 
and data FM radio receivers. 
Designed for use in double­
conversion superheterodyne 
receivers, the 8404 mixer con­
verts a 21.4-MHz first i-f to a 
455-kHz second i-f. An auxil­
iary rf amplifier stage on the 
8404 allows it to operate as 
the front end of a single­
con version, high-frequency 
receiver operating at up to 
50MHz. 

The 8408/ 410 chip set uti l­
izes a direct conversion ap­
proach for FM data receivers. 
Input to the system is FSK 
modulated FM up to 200 MHz, 
with a sensitivity of 0.5 µV . 

The modulated rf is directed 
into two channels where it is 
mixed in quadrature with the 
carrier frequency generated 
by a local oscillator. The out­
put data stream is in NRZ 
format. 

Siltronics Ltd., 436 Hazel­
dean Road, Kanata, Ont. , 
Canada K2L 1T9; (613) 836-
5003. CIRCLE 352 

T1 multiplexer enhances 
network control 

The Model 6240, a high­
speed time-division mul­

tiplexer, optimizes the inte­
gration of voice, data, and 
digital-image transmissions 
over a single link. Unlike 
most Tl multiplexers, which 
offer little or no flexibility 
for reconfiguration of the 
voice/ data traffic from the 
central site, the 6240 enables 
the operator to define net­
work parameters (such as 
digitization rates) and re­
allocate aggregate bandwidth 
to priority applications' traf­
fic requirements-all from 
the central site. 

The multiplexer is avail­
able in 16-, 32-, 48-, and 64-
channel versions and will ac­
commodate any mix of voice 
and data. Transmission rates 
are from 56 kbits/ s to 2.048 
Mbits/ s. System configura­
tion is stored in local and 
remote multiplexer memory 
and is protected by battery­
backup in the event of an ex­
ternal power failure . 

Cod ex Co r p., 20 Cabot 
Bl v d. , Man sfi e ld , Mass. 
02048; (617) 364-2000. From 
$14,000; fourth quarter. 

CIRCLE 353 
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Unit offers IBM PC 
fixed/removable storage 

The VRC 81 PC disk sub­
system offers the IBM PC 

(with PC-DOS 2.0 or higher) 
a fixed/ removable 8-in. disk 
drive with a total formatted 
data capacity of 21.4 Mbytes 
-10.7 Mbytes on the fixed 
disk and 10.7 Mbytes on a 
removable cartridge. A sin­
gle data cartridge for the 
VRC 81 PC holds the equiv­
alent of 60 floppy disks and 
eliminates the inconvenience 
of swapping disks for com­
plex tasks. Further, all 10.7 
Mbytes can be backed up in 
about one minute, an oper­
ation that would take approx­
imately 60 minutes using 
floppy disks. The subsystem, 
which is suitable for stand­
alone or rack-mounted use, 
includes a power supply, all 
necessary drive electronics, 
an SCSI controller, an inter­
connecting cable, and a host 
adapter for the IBM PC. 

Vermont Research Corp., 
P recisi on Pa r k , No r th 
Springfield, Vt. 05150; (802) 
886-2256. CIRCLE 354 

Streamer handles 
multiple formats 

Available in both vertical­
moun ted and horizontal 

drawer-mounted configura­
tions, a nine-track streaming 
tape drive handles a variety of 
formats, including 800 char/ 
in. NRZI, IBM, and ANSI; 
1600 char/ in. PE, IBM, and 
ANSI; and dual-density 3200/ 
1600 char / in. for inter ­
change-compatibility be­
tween computers of any man-
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ufacture. Designated the 
PCT-1000, it provides 138 
Mbytes of backup for Win­
chester disks drives and read/ 
write access to archival data 
banks, as well as data inter­
change between computers. 
To cut costs and increase 
reliability, the PCT-1000 in­
corporates two micropro­
cessors and a real-time oper­
ating system to control tape 
motion, eliminating the use of 
swing arms and capstan 
motors. The streamer is com­
patible with the standard 
Cipher/ Pertee interface. 

Ibex Com puter Corp. , 20741 
Marilla St., Chatsworth, Calif 
91311; (818) 709-8100. Approx­
imately $2256 (100 units) , de­
pending on the number of 
formats specified. CIRCLE 355 

Hard-disk system 
sells for $895 

The low cost of the Mega­
flight 100 hard-disk sys­

tem is aimed at making hard­
disk storage a viable option 
forabroaderrangeofperson­
al computer users. Priced at 
$895, the storage system is 
fully compatible with IBM 
PC and PC XT, Compaq, 
Leading Edge, Corona PC 
and Corona Portable, Eagle 
PC and Eagle Spirit, and 
other IBM-compatible com­
puters. The Megaflight 100 
system includes a hard-disk 
drive unit with a storage 
capacity of 12.76 Mbytes un­
formatted and 10 Mbytes 

formatted, plus a disk-con­
troller card with plugs and 
cables. It uses DOS 2.0 or 2.1 
software drivers and typical­
ly requires no external power 
supply. 

Kamerman Labs, 7787 SW 
Cirru s Drive, B eaverton, 
Ore. 97005; (800) 522-2237 or 
(503) 626-6877. 

CIRCLE 356 

Dot-matrix printers are 
IBM PC-compatible 

Comprised of two models, 
a series of single and 

multicolor dot-matrix print­
ers is compatible with the 
IBM PC. At the low end is the 
7500E, an 80-column printer 
with a throughput rate of 105 
char/ s and 45 lines/ min. At 
the high end, the 8510SCE/ 
1550SCE is an IBM PC-com­
patible version of the two­
speed, seven-color 8510SC/ 
1550SC printer. The SCE 
model offers 120-char/ s 
printing of multicolor graph­
ics and 180-char I s printing of 
rough drafts and lists. At 120 
char/ s,thethroughputspeed 
is 70 lines/ min. The basic dif­
f ere nee between the 8510 and 
the 1550 is the carriage 
width. The latter's 136-
char/ line format accepts 
forms 4.5 to 15.5 in . wide, 
while the former 's 80-char/ 
line format accepts forms 
that are 4.5 to 10 in. wide. 
Both parallel and RS-232-C 
interfaces are available. 

C. Itoh Electronics Inc., 
5301 Beethoven St., Los An­
geles, Cal if. 90066; (2 13) 
306-6700. $450 (7500E) , $940 
(85 10SC E ), a n d $ 1270 
(1550SCE). CIRCLE 357 
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Dot-matrix printer 
produces seven colors 

As many as seven colors 
may be produced with the 

JX-80 dot-matrix printer, at 
speeds up to 160 char/s. The 
printer uses a four-color rib­
bon, which prints in black, 
yellow, magenta, and cyan by 
shifting to the appropriate 
track. Three additional col­
ors- violet, orange, and 
green-are produced by hav­
ing the printer make a second 
passoveroneofthefourba~c 
colors. The J X-80's dot­
addressable graphics capa­
bility, which has the same 
scale vertically as horizontal­
ly (a 1:1 ratio), enables it to 
produce accurate graphics, 
including true circles. It has a 
Centronics-type parallel in­
terface, with RS-232-C and 
IEEE-488 interfaces avail­
able as options. 

Epson America Inc., 23530 
Hawthorne Blvd., Torrance, 
Calif 90505; (213) 373-9511. 
$800. CIRCLE 358 

Smart interface boards 
revitalize printers 

Intelligent interface boards, 
which install in the printer 

and not in the computer, 
bring the capabilities of the 
latest daisy-wheel printers to 
Diablo Hytype I and Hytype 
II, DEC LQP-01, and Xerox 
printers . The Printerface 
Models DT150 and DT151A 
snap into place without any 
modifications to the printer 
and offer all the standard in­
terface configurations-in­
cluding RS-232-C, Centronics 
parallel, IEEE-488, and cur-
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rent loop. Once installed, 
the Printerface enables the 
printer to perform automatic 
bidirectional printing, mi­
crospacing, proportional 
spacing, bold facing, auto­
matic centering, and variable 

• 
GA 

TA CAN 
HOG 

PERF IAS 
TURB SYNC 

NAVARM ALT 

pitch. Furthermore, the 
boards have self-testing and 
debugging capabilities. 

Ku z ara Int ernational, 
7770 Vickers St., Suite 105, 
San Diego, Calif 92111; (619) 
569-9107. CIRCLE 359 
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Reads easy ... 
day or night 

SUNLIGHT READABLE ... Lighted legend is easy to read , even in 
direct sunlight at 40,000 feet altitude. There 's no loss of legibility due to 
reflected bright ambien t light. Stacoswitch 's lighted display provides 
the proper contrast ratio between lighted and unlighted legend areas 
necessary for sunlight readability. Unique design produces maximum 
readability with a minimum of heat build-up. Pushbutton remains coo l 
to the touch. Unlighted display has dead front panel with the legend 
indiscernible. 
NIGHT VISION GOGGLES ... Legend display lighting is uniform with 
no hot spots, even when dimmed for night viewing. Excellent low level 
lighting characteristics, combined with exacting color specifications, 
make the legend displays fully compatible with night vision goggles. 

MANY OPTIONS ... Choice of circuitry, switch action , terminations, 
lamp ground, mounting method, and much more. Display panels 

. provide for one to four message areas. All units meet or exceed the 
rigid requirements of M22885. 

Call or write today design assistance and/or detailed catalog 
information. 

n~!?.!~~~ 
® (714) 549-3041 • TWX: 910/595-1507 
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Smart input device 
works with IBM PC 

Designed for use with IBM 
PC and PC-compatible 

computers, the Penpad 320 
combines the capabilities of a 

NEW PRODUCTS 

keyboard, a mouse, a touch 
screen or pad, and a graphics 
tablet into one easy-to-use in­
put tool. The intelligent pe­
r ipheral consists of an add-in 
pc board, which occupies a 
single slot in the computer, 

SECONDS 
That's all you need to read th is. From the 

most respec ted sw itching power su pp ly 
manufac turer in Taiwan . 

co mes th e new ly deve lo ped PSA-523 BU se ries, 
compat ible wi th the Wi nc hes ter />=-
hard disk. 

Our PSA-523 BU se ri es w ith ON /OFF sw itc h 
and AC receptac le (inpu t vo ltage se lectable 

PCB by jumper) is des igned accordi ng to UL, CSA 
s tandards an d is c urrentl y at UL & CSA fo r approva l. With 
numero us di sk d rive compan ies a lread y using thi s model, 

w hy no t jo in th e l is t of sa t is fi ed cus tomers? Th ro ughout th e 
wo rld we're becomin g k nown for our high quality produc ts. Our s tric t qualit y 
con tro l, re l iabilit y, and modest pri ces a ll work to your advantage. 
Was 30 seco nds e nough? 
Please contac t us at o ne o f th e addresses below and let us know. 

FEATURES 
· High efficiency 
· Meet UL, CSA, FCC class B design 
· 100% burn in for 24 hrs 
· Dual input vol tage 115/230 VAC 
· Over voltage protection 
· Short circuit protection 
• L bracket & boxed construction 

I .+ 

. I 

F
4 U4~M0UNTING SCR£W1

7 
• 

~" SK2 : ~~ 

" - ,.f"-- 1p• 

i SK3i~ '~~ 
_J ·.Pl 

4 u 40.MOUNTING SCREW• 
250.6351 

APPLICATIONS 
· Winchester hard disk 
• Terminals 
· Disk drive systems 
· Peripheral equipment 
· Tes ting Equipment 
· Microprocessor based systems 
· Other mixed logic app li ca tions 

OUTPUT CHARACTERISTIC S 
OUTPUT ~HARACT~RISTICS 

Model Output Load Tolerance Ou1put 

, Voltage t- mm t ma• ~ surge ! Ripple 

P~A .11:~V~~1 ~ ~: 20,~ 6 SA 
')l lBU 12VDC n Q')A 0 "A <1A 

I . • 
PSA • 5VDC .-_ OA 'A b SA 
"> •1:"VOC 03A <;A <IA 

PIN ASSIGNMENT 
SK1 RECEPTACLE 

SK3 P1 + 5 
P2 +12 
P3 

·5 
•5 

·2 
·5 

SK2 P1 + 5 
P2 +12 
P3 - 12 
P4 GND P4 GN D 

PHIHONG U.S.A. INC. 

:io mvo-o 
12{J mVo-o 

120 mvoo 

so rnVo-o 
120mV~n 

TAIWAN PLANT 27-12 TA.Y U ST SAN CHUNG CITY 
TAIPEI TAIWAN 241 ROC g PHIHONG ENTERPRISE CO., LTD. 

18037 E BAILS PLACE AURORA 
COLORADO 80017 

TELEX: 31182 PHIHONG TEL. 1303)337 -0220 
CABLE "PHIHONG"" TAIPEI TLX · 296 472 SK YS UR 
PHONE 102)988·2126 980-5255 

CIRCLE 200 

and a graphics tablet and pen 
that is attached via cable. In 
the keyboard mode, Penpad 
identifies handprinted char­
acters and transmits them to 
the computer. Corrections 
are made by simply printing 
over the desired character. 
Cursor control codes are 
transmitted based on pen 
motion. The digitizer mode 
offers a resolution of 200 
points/ in. In addition, Pen­
pad can replace function keys 
or special -purpose keys 
through the use of macro­
sequences defined to the host 
software. 

Pencept Inc., 39 Green St., 
Waltham, Mass. 02154; (617) 
893-6390. $995. CIRCLE 360 

Digitizer produces 
1000 lines/in. 

0 per a ted with either a pen 
stylus or a multibutton 

cursor, the 9100 series di­
gitizer produces a resolution 
of 1000 lines/ in. and is accu­
rate to within ± 0.005 in. The 
basic system includes a tablet 
(with all the processing elec­
tronics and supporting firm­
ware), an interface card, a 
transducer, and a power 
supply. The standard opaque 
tablet surface comes in three 
sizes, with active digitizing 
areas of 24 by 36 in ., 36 by 48 
in., and 44 by 60 in. The di­
gitizer provides temporary 
storage of up to 1000 coordi­
nate pairs in ASCII format 
and permits user-definition 
of output formats . 

Calcomp, 2411 W La Pal­
ma A ve., Anaheim , Calif 
92801; (714) 821-2142. 

CIRCLE 361 
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Motion controller is 
application-matched 

The MPC/Control, a mi­
croprocessor-based mo­

tion controller, is manufac­
tured from an inventory of 
hardware and software 
building blocks, which are 
combined to match the re­
quirements of the machine or 
process being automated. It 
is useful for applications 
requiring precise control of 
velocity, point-to-point posi­
tioning with linear interpola­
tion, or electronic synchroni­
zation and gearing. 

Each unit can be configured 
to control up to four axes, or 
expanded to up to 16 axes, and 
contains a de servo drive for 
each axis. The controller is 
programmable via the front 
panel by using the supplied 
MCL programming language. 
Customized programming for 
specific applications is also 
available. The MPC/Control 
comes in a standard 19-in. 
rack mount or in a variety of 
NEMA-type enclosures. 

Creonics Inc., 85 Mechanic 
St., L ebanon, N.H. 03766; 
(603) 448-6300. 
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8-channel unit converts 
analog to RS-232-C 

A n eight-channel indus­
K trial scanner, Octapak 
connects to a host comput­
er's RS-232-C port to act as a 
scanning digital voltmeter 
for local or remote process 
applications. All eight ana­
log channels are config­
urable for standard de volt­
age or current inputs, as well 

, 
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as for any combination of 
RTD, thermocouple, ac, fre­
quency, or potentiometric 
sensor inputs . Up to 16 
scanners may be linked to­
gether to provide a max­
im um of 128 monitored 
points. 

For data-logging and 
chart-recording functions, 
the Octapak is available with 
Octasoft, a menu-driven soft­
ware program that is com­
patible with Apple II and IBM 
personal computers, as well 
as the A-Pac industrial mi­
crocomputer. Octasoft en­
ables real-time bar graphs to 
be displayed on a CRT and 
chart recording on a printer 
from any selected channel. 

Action ' Instruments Inc. , 
8601 Aero Drive, San Diego, 
Calif 92123; (619) 279-5726. 
$495 (standard de inputs). 
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Robotic turret head has 
multiple end effectors 

Designed for installation 
on precision assembly 

robots, FlexiGrip is a single­
axis, multiposition turret 
head with dedicated positions 
for multiple end effectors. 
Attached to the MiniSembler 
2000 four-a xis assembly 
robot, it allows the robot to 
pick up, position, and place 
standard and special com­
ponents in one cycle-with out 
disruptive tool changing. 
Grippers mounted to the tur­
ret head are rotationally ex­
changed in seconds, while 
maintaining accuracy and 
repeatability to within 
±0.001 in. 

The FlexiGrip unit is elec-

trically con trolled by self­
contained motor drives; the 
gripper and vacuum-type 
end effectors are controlled 
pneumatically. When at­
tached to a robot arm, Flexi­
Grip can be rotated ± 360° 
about the arm's zero axis. 
The head's force-sense feed­
back is used to program 
stress levels for each of the 
four end-effector positions. 

Control A utomation Inc. , 
P rince to n - W in dso r I n ­
dustrial Park, PO Box 2304, 
Princeton, N.J. 08540; (609) 
799-7743. 

CIRCLE 364 

Gas flow controller 
needs no calibration 

The MFC 280 mass-flow 
controller accommodates 

gases used in the processing 
of silicon wafers, without the 
need for time-consuming 
physical recalibration as 
gases are changed. The con­
troller is internally pro­
grammed to handle gases 
with known conversion fac­
tors between 0.50 and 1.45. It 
may also be specified to ac­
commodate gases with con­
version factors of less than 
0.50. A bypass design permits 
consistent output of gas flow, 
ranging from 0 cm3/ min to 30 
litres/ min. The MFC 280 has 
a first-order response time of 
500 ms and follows command 
rates, including step func­
tions , without overshoot­
ing-regardless of gas prop­
erties or pressures. 

Tylan Corp. , 23301 S. Wil­
mington Ave., Carson, Calif 
90745; (213) 518-3610. 

CIRCLE 365 

Electronic Design • July 26, 1984 319 



FACTORY AUTOMATION 

Liquid-level sensor 
sends ultrasonic signal 

Used for the continuous 
measurement of liquid 

levels, the Sensall Model 840 
transmits an ultrasonic 
beam from the bottom of a 
liquid to the surface and 
reads the reflection from the 
liquid-air interface to com­
pute the level. An ultrasonic 
sensor, which is mounted at 
the bottom of a sight glass, 
tube, or vessel, measures the 
liquid above it over a range of 
2 to 50 in. It operates in 
temperatures ranging from 
-40° to +300°F a nd in 
pressures from 850 psig to 
complete vacuum. The sensor 
is connecteq to a remote elec­
tronic transmitter mounted 
in a NEMA 4 enclosure. The 
transmitter, which propuces 
and processes the pulsed ul­
trasonic signal, uses a digital 
pisplay to indicate the liquid 
level. An isolated 4-to-20-mA 
output signal and two relay 
set-points are used for con­
trolling the process liquid. 

X ertec Corp., National 
Sonics Division, 250 Marcus 
Blvd., Hauppaug e, N. Y. 
11787; (516) 273-6600. 

CIRCLE 366 

On-board Basic 
suits process control 

Eliminating the need for 
most assembly language 

. programming, a multi­
function STD bus card comes 
with an on-board version of 
Basic that is optimized for 
process control and robotics 
applications. The Omnicard 
is both a development system 
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and a complete control sys­
tem. It is programmable in 
CAMBasic and, since assem­
bly programming is not re­
quired, reduces software de­
velopment costs by factors of 
JO to 20. Program develop­
ment requires a CRT ter­
minal or a personal computer 
and a 5-V power supply. Its 43 
I/O lines include eight analog 
input, one analog output, 24 
TTL 1/0, eight high-current 
drivers, one interrupt input, 
and one reset input. 

Octagon Systems Corp., 
6901 W. 91st Ave., W est ­
minster, Colo. 80030; (303) 
426-8540. From $575; stock to 
two weeks. CIRCLE 367 

Valve-control module 
replaces relays 

Replacing combinations of 
electromechanical re­

lays, contactors, and / or 
solid-state devices, a single 
CMOS valve control module 
(VCM) plugs into a 12-pin 
socket for reliable valve auto­
mation in industrial environ­
ments. The type 222 (de out­
put) and 223 (ac output) 
VCMs contain all the neces­
sary control logic to open/ 
close a valve or to operate/ 
reverse other controlled de­
vices in response to input 
signals. An electronic inter­
lock feature is available that 
ensures valve actuation in 

only one direction. The valve 
control modules accept in­
puts from electromechanical 
relays or optoisolated SSRs 
from any number of remote­
sensing devices, and they can 
power either electromech­
anical or solid-state load­
handli:qg devices. 

Struthers-Dunn Inc., 
Lambs Roa(i,, Pitman, N.J. 
08071; (609) 589-7500. 
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Vision sensors give 
industrial robots sight 

Designed for a variety of 
industrial applications, a 

range of compact vision sen­
sors give industrial robots 
the ability to "see" with vary­
ing degrees of perception. 
The HDS-2 is a two-zone 
sensing device that has a 
10-ms response time in a 
50-to-500-mm range. Suit­
able for accurate gripper 
positioning, the HDS-3 is a 
three-zone system with all 
the features of the HDS-2, 
plus an independently ad­
justable middle zone. 

At the heart of the HDS-23 
optoelectronic vision system 
is the sensor head assem­
bly. The 7.43-by-2.45-by-2.45-
in. assembly, which weighs 
only 1.5 lb, accommodates a 
25-, 50-, or 75-mm imaging 
lens. The fourth product in 
the family, the HVR-128, is a 
solid-state vision system 
offering width, length, and 
depth perception capability. 

Hon eywell Visitronic 
Operations, PO Box 5227, 
Denver, Colo. 80217; (303) 
850-5050. 
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Regulator adjusts 
voltage or current 

Aconstant ac voltage or 
current regulator adjusts 

the incoming line voltage 
from zero to 117%, or the in­
coming current from 0 to 540 
A, while holding either con­
stant at the selected setting. 
The Model FRC-10 combines 
a regulator controller with a 
motorized autotransformer 
to obtain total control of ac 
lines with 1/4% regulation. 

Versions of the FRC-10 
are available for single- and 
three-phase operation from 
600 VA to 300 kVA at 50, 60, 
or 400 Hz. A digital readout 
and front-panel control are 
available for direct reading 
and adjustment of the se­
lected voltage or current. 

Staco Energy Products 
Co., 301 Gaddis Blvd., Day­
ton, Ohio 45403; (513) 253-
1191. From $850; stock. 

CIRCLE 370 

Adjustable regulators 
deliver 1.5 A 

High-voltage adjustable 
regulators deliver up to 

1.5 A and feature on-chip 
power- and thermal-limiting 
circuitry. The positive 
LTll 7 AHV provides outputs 
ranging from + 1.2 to + 57 V, 
while the negative LT137-
AHV covers the -1.2- to 
-47-V range. Wafer-level 
trimming enables precision 
adjustment of the reference 
voltage to within 1 % at 25°C. 
Over the full operating tem­
perature range, the reference 
is guaranteed to be accurate 
within 2%. The devices, 

NEW PRODUCTS 

which are available in T0-3 
steel or T0-39 metal cans, 
may be specified over the full 
military or commerical tem­
perature ranges. 

Linear Technology Corp., 
1630 McCarthy Blvd., Mil­
pitas, Calif. 9503 5; ( 408) 
942-0810. From$4.25; stock. 

CIRCLE 371 

Stepper controller 
has RS-232-C link 

Communicating over an 
RS-232-C link, a micro­

processor-based stepping­
motor controller combines 
high-level control and a 3-A 
motor driver in a compact, 
fan-cooled enclosure. The 
Neat-301 can be programmed 
by any CRT terminal, key­
board, or computer that has a 
standard serial port. Over 30 
ASCII commands allow the 
user to assign such parame­
ters as moving distance, ini­
tial velocity, ramp slope and 
length, time-out pauses, 
enable/ disable motor cur­
rent, half- or full-stepping 
operation, and search for 
home. Elaborate motion se-

quences can be stored in the 
controller's 200-byte nonvola­
tile RAM. 

The Neat-301 interfaces di­
rectly with limit and home 
switches, and it has three in­
put lines and two output lines 
to control external devices. It 
may also be operated as a 
slave processor, with up to 40 
units daisy-chained off of a 
single serial port. 

New England Affiliated 
Technologies Inc., 620 Essex 
St., Lawrence, Mass. 01841; 
(800) 227-1066 or (617) 
685-4900. $1795. 

CIRCLE 372 

40-A bridge rectifier 
has integral heat sink 

Aline of silicon bridge rec­
tifiers rated at 40 A f ea­

tures wire leads for printed 
circuit board mounting and a 
heat-sink design that pro­
vides a low thermal resist­
ance. The heat sink is molded 
as an integral part of the rec­
tifier's epoxy case. Junction­
to-case thermal resistance is 
l.2°C/W-lower than any of 
EDI's metal-cased devices. 
The maximum peak surge 
current (8.3 ms) is 300 A for 
the Series FPI-W and 400 A 
for the Series MPI-W. The 
case size of either series is l1/4 
by 11/4 in.and 0.4 in. high, with 
0.8-in. leads. The storage 
temperature for the rec­
tifiers is specified from 
-55° to +175°C. 

Electronic Devices Inc., 21 
Gray Oaks Ave., Yonkers, 
N. Y. 10710; (914) 965-4400. 
$2. 75 (1000 units, FPI-W); 
stock. 

CIRCLE 373 
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POWER 

Stepping-motor driver 
achieves 10,000 steps/s 

Pushing stepping motors 
into application areas 

traditionally reserved for 
servo motors, the MD15 
polar-independent driver 
reaches speeds up to 10,000 
steps/s for full-, half-, or 
micro-stepping operations. 
The TTL-compatible unit ac­
cepts a maximum input of 45 
V, generates its own 5-V sup­
ply, and has a user-program­
mable output current from 1 
to 5 A per phase. The MD15's 
Auto-Park feature reduces 
the motor's "at rest" power 
consumption by 70%, with no 
additional control lines. 
Total system power require­
ments are furt her dimin­
ished by 75% through the use 
of switch-mode technology. 
The stepping-motor driver is 
41/4 by 3a/4 in., with a height of 
21/4 in. 

Electronic Products, PO 
Box891,Mountain View , Cal­
if 94042; (415) 969-5829. $137 
(100 units). CIRCLE 374 

Tiny de-de converter 
delivers 1.5 A peak 

Packaged in an 8-pin ce­
ramic or plastic DIP, a 

de-de converter sports a 
1.5-A, 40-V output switch 
transistor that provides 
enough drive to perform a 
number of switching regula­
tor functions without the 
need for external power tran­
sistors and other drive cir­
cuitry. Intended for step-up 
or step-down conversion, the 
MC34063 series operates over 
a range of 2.5 to 40 V and 
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requires onl y 2.4 mA of 
quiescent current. The mono­
lithic device contains all 
functional circuitry, includ­
ing a temperature-compen­
sated reference oscillator, 
cycle-by-cycle current lim­
iting, and feedback sensing 
for voltage regulation. The 
series is specified over the 
commercial, automotive, and 
military temperature ranges. 

Motorola Semiconductor 
Products Inc., PO Box 20912, 
Phoenix, Ariz. 85036; (602) 
897-3840. From $1.85 to $6.45 
(100 units); stock to 12 w eeks. 

CIRCLE 375 

De-de converters 
are ultra-reliable 

Housed in 24-pin DIPs, a 
family of de-de con­

verters has an MTBF in ex­
cess of 250,000 hours. The 
units are designed to operate 
from a moderately regulated 
de input and to utilize that 
regulation to furnish well­
controlled single or dual out­
puts. Each of the six models 
in the DFU series combines 
one of three short-circuit­
protected output ratings 
with one of two de input 
ratings: a fixed output of 5 V 
de at 220 mA, ±12 V de at 
± 50 mA, or ± 15 V de at ± 45 
mA, with an input rating of 
either 4.5 to 5.5 V de or 10.8 to 
13.2 V de. The de-de con-

verters have a load regu­
lation of 1 % / %VIN and a 
temperature coefficient of 
0.03% /° C, with no derating 
over the temperature range 
of -25° to +71 °C. 

Semiconductor Circui ts 
Inc. , 49 Range Road, Wind­
ham, N.H. 03087; (603) 893-
2330. $26.50 (single output), 
$28 (dual output) (100 units); 
stock to 14 weeks. 

CIRCLE 376 

Regulated UPS delivers 
100 to 2000 VA 

The Memorygard II series 
of uninterruptible power 

supplies delivers 100 to 2000 
VA to computer-based sys­
tems or other power-sensi­
ti ve equipment. It operates 
from a standard 120/230-V 
ac, 60/50-Hz power line, with 
backup provided by sealed, 
maintenance-free batteries. 
In the event that a line dis­
turbance or power failure is 
encountered, the unit con­
tinues to supply regulated 
power to the load. Depending 
on the model, the batteries 
provide anywhere from 9 to 
15 minutes of backup power. 
Status lights indicate when 
ac line power has been lost 
and when approximately two 
minutes of backup power re­
main. The Memorygard II 
series utilizes pulse-width 
modulation, which allows the 
output voltage to be regu­
lated within ± 5%, and it fea­
tures a 2-ms transfer time. 

General Power Systems, 
1400 N. Baxter St., Anaheim, 
Calif 92806; (800) 854-3469 or 
(714) 956-9321. From $495. 

CIRCLE 3n 
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PRODUCT NEWS 

Plotter includes GKS device driver 

In a move aimed to bring sophisticated graphics capabil­
ities to the microcomputer market, Nicolet's Computer 
Graphics Division (Martinez, Calif.) is offering a 

Graphics Kernel System (GKS) device driver with their in­
telligent Zeta pen plotters. GKS has been proposed as the 
international standard for graphics and is rapidly becoming 
the de facto standard used by graphics designers. With the 
GKS device driver, the microcomputer user can create soft­
ware capable of driving the eight-pen desktop plotter. The 
device driver is compatible with Unix and MS-DOS oper-
ating systems, including IBM PC-DOS. CIRCLE 378 

4k PROMs feature on-chip diagnostics 

Monolithic Memories Inc. (Santa Clara, Calif.) has 
added two 4k diagnostic registered PROMs to its 
family of diagnostic PROMs. Designated the 

63DA441 and the 63DA442, the devices feature on-chip 
shadow registers that negate the need for embedded 
diagnostic codes and eliminate intermediate illegal states, 
which can result from alternative diagnostic methods. The 
4k PROMs feature an output of 24 mA, a maximum setup 
speed of 40 ns, and a clock-to-output time of 20 ns. Housed 
in 24-pin SkinnyDIPs, the parts are available off-the-shelf 
at $16.65 in quantities of 100. CIRCLE 379 

Portable Professional gets hard-disk option 

A
lO-Mbyte Winchester disk option is being offered by 
Texas Instruments Inc. (Dallas, Texas) for its 
Portable Professional Computer. The drive is designed 

to provide users with the higher-capacity hard-disk storage 
that is required for large data-base and storage-intensive 
applications. To meet the requirements of operating a 
Winchester disk in a portable environment, the drive has been 
shock-mounted inside the computer and a software-controlled 
"landing zone" has been added. The landing zone adds an 
additional level of data integrity by ensuring that the 
read/ write heads are positioned over a non data portion of the 
disk when the power is turned off. The average access time of 
the disk drive is 85 ms, and it is compatible with MS-DOS 1.25 
and 2.11. Available as either a field-installable kit or as a 
factory-installed option, the 10-Mbyte disk drive and controller 
card cost $2295. CIRCLE 380 
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Secrets of Better BASIC 

Ernest E. Mau 
Revea ls the soph ist icated programm ing 
techniques used bv professiona l software 
authors lo write more effecti ve program~ . 
Also discloses professional secrets for 
~ • testi ng & debugging 

~·~ ·y~ programs 
:i.~( c-,~1 '~• using memorv efficientlv 
~~ • execut111g loops & 

~~ subrouti nes 
• creati ng disk fil es 

Helps you overcome the limitations of BASIC 
programming, imp rove program execution 
time, handle fil es more easily, and fo rmal 
your programs fo r easy reference. 

#6254, $14.95 

Order By Phone• 1-800-631-0856 
operator FE63 • 111 ,Yf 201-368-2202, e.rt. 19 

Dept. FE63 • Hayden Book Company, Inc. 
10 Mulholland Dr. , Hasbrouck Hts., N.J. 07604 

Please send me Secrets of Better BASIC. If I am 
not completely satisfied, I may return the book 
undamaged within 10 days for a complete refund. 
Please add $2 .00 to cover shipping and han­
dling. 
D Enclosed is my check or money order. 
Please bill my D Visa D MasterCard 
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Address 

Citv 
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Visa/MasterCard # Exp . 

Signature 8228 
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L _______ Pri c:ubje~~a~_J 



------------------------------------i..-----------------~---~~~~~~~~~~~~~~~~~~~~-------

Electron1cDes1gn 
ELECTRONIC DESIGN's function is: 
• To aid progress in the electronics industry by 
promoting good design. 
• To give the electronic design engineer con­
cepts and ideas that make his job easier and 
more productive. 
• To provide a central source of timely electron­
ics information. 
• To promote communication among members 
of the electronics communi ty. 
Want a subscription? ELECTRONIC DESIGN is 
circu lated free of charge to t hose individuals in 
the United States and Western Europe who 
functi on in design and development engineering 
in companies that incorporate electron ics in 
t heir end product and govern ment or military 
agencies involved in electronics activities. For a 
free subscription, use the appli cation form 
bound in the back of the magazine or write for 
an appli cation form. 
If you do not qua lify, paid rates for a one year 
subscription (26 issues) are as fo llows: $45. U.S., 
$60. Canada, Mexico and Ce ntra l Ame r ica. 
International annual subscription rates listed 
below include air delivery: $95. Europe; $145. Ja­
pan, North Africa & Mid East; $170. Australia; 
$185. South America; $210. Central/South Afri­
ca & Other Asia; $245. New Zealand/ ~ew Cal­
edonia. Single copies (when available) may be 
purchased for $5. U.S., Canada, Mexico & Cen­
tral America; $7. Europe; $8. Japan , North Afri­
ca, Mid East, South America; $10. Central/ 
South Africa, Other Asia, Australia, New 
Zealand/New Caledonia. The GOLD BOOK 
(27th issue) may be purchased for $50. U.S., 
Canada, Mexico, Central America and $65. all 
other countries, via surface mail. 
If you change your address, send us an old 
mailing label and your new address; there is a 
coupon in the Products section of the magaz ine 
for this purpose. Please allow 6 to 8 weeks for 
address change to become effective. You must 
r equa lify in order to continue receiving 
ELECTRONIC DESIGN free of charge. 
ELECTRON IC DESIGN's accuracy policy: 
• To make diligent efforts to ensure the accu­
racy of editorial matter. 
• To publish prompt corrections whenever in­
accuracies are brought to our attention. Cor­
rections appear in "Letters." 
• To encourage our readers as responsible 
members of our business community to report 
to us misleading or fraudulent advertising. 
• To refuse any advertisement deemed to be 
mi sleading or fraudulent. 
Individual article reprints and microfilm copies 
of complete annual volumes are ava ilable. Re­
prints cost $6.00 each, prepaid ($.50 fo r each ad­
ditional copy of the same article), no matter 
how long the article. Microfi lmed volu mes cost 
$66.80 for 1982 (Vol. 30); $75.70 for 1974-1981 
(Vols. 22-29): $50.20 for 1973 (Vol. 21); varied 
prices for 1952-1972 (Vols. 1-20). Prices are sub­
ject to change. For furt her details and to place 
orders, contact Customer Services Dept. Uni­
versity Microfilms, 300 N. Zeeb Rd., Ann Arbor, 
MI 48106. (313) 761-4700. 
Where necessary, permission is granted by the 
copyright owner for l ibraries and others 
registered with the Copyright Clearance Center 
(CCCI to photocopy any article herein for the 
base fee of $1.00 per copy of the article plus 50~ 
per page per copy. Payments accompanied by 
the identifying serial fee code below shou ld be 
sent directly to the CCC, 21 Congress St., Salem, 
MA 01970. Copying done for other than personal 
or internal reference use without the express 
permission of Hayden Publishing Co./ELEC­
TRONIC DESIGN is prohibited. Requests for 
special permission or bulk orders should be ad­
dressed to the editor. Serial fee Code: 0013-
4872/1984 $1.00 + .50. 
Want to contact us? Address your correspon­
dence to: 

~=di tor 
ELECTRONIC DESIGN 
10 Mulholland Dr. 
Hasbrouck Heights, NJ 07604 

PRODUCT NEWS 

Laser head improves accuracy, costs less 

H
ewlett-Packard Co. (Palo Alto, Calif.) has introduced 
the HP 5517A laser head-a high-stability laser source 
for the HP 5501A laser-transducer system-which 

provides higher-performance laser interferometry 
measurement at a lower price. The head has a higher specified 
stability than its predecessor and is more reliable due to design 
improvements. The HP 5517 A is accurate to within 0.1 ppm, or 
0.1 µm/ m, and remains calibrated indefinitely. Measurement 
resolution for the transducer system ranges from 0.16 to 0.005 
µm (6.2 to 0.2 µin.). The laser head costs $6200, while 
approximate prices for complete laser-transducer systems 
range from $15,000 (one axis) to $45,000 (four axes). CIRCLE 381 

ECL devices boast power/speed ratio 

T
hree ECLlOKH high-speed emitter-coupled-logic devices 
from Monolithic Memories Inc. (Santa Clara, 
Calif.)-a licensed alternate source for Motorola's 

MECLlOKH family-off er twice the speed at the same power 
dissipation as the older MECLlOK series. The devices, 
designated the MClOHlOl, -210, and-211, feature a 
propagation delay of just 1 ns. Power dissipation is typically 
160 mW for the 210 and 211 devices and 130 mW for the 101 
device. The parts are both functional- and pin-duplicates of the 
MECLlOK family, allowing users to increase the speed in 
critical timing areas of existing systems without creating new 
designs. In quantities of 100, the 101 costs $3.34 and the 210 and 
211, $3.37. Production quantities will be available in 
November. CIRCLE 382 

Push-button units have twist/pull release 
Hen-Bradley Co.'s Industrial Control Division 

(Milwaukee, Wis.) has added the Twist-or-Pull Release 
mechanism to its Bulletin SOOT (30.5 mm) NEMA Type 

13 oiltight push-button line. The patented operator mechanism 
for two-position push-pull units may be twisted or pulled to 
obtain the "out," or "released," position. The design enables 
these devices to meet both domestic (pull release) and 
international (twist release) operating practices. As an 
additional safety feature, the mechanical detent action of the 
operator is designed to occur before the electrical contacts 
change state when the button is pushed from the "out" to the 
"in" position. The units are available in a variety of contact 
configurations and as illuminated or nonilluminated 
versions. The illuminated version is offered in transformer, 
full voltage, neon, or dual-input types. CIRCLE 383 
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300-A module extends Schottky diode line 

E
xtending Siemens Components Inc.'s (Broomfield, 
Colo.) 50-V Schottky module line is the 300-A FST300, 
which is available with blocking and voltage ratings 

of 35, 40, 45, and 50 V. The device is composed of four dice 
(two matched dice in parallel per leg) encapsulated in a T0-
244 package. The FST300 features a maximum average cur­
rent of 150 A per leg and a 300-A peak current. It also has a 
maximum instantaneous forward-voltage drop per leg of 0.78 
V. The low-profile T0-244 package replaces four 75-A D0-5 
packaged devices. CIRCLE 384 

Interface links Dash-1, IBM design system 

FutureNet Corp. (Canoga Park, Calif.) has developed an 
interface that allows schematic diagrams created on the 
company's Dash-1 workstation to be transferred to the 

IBM Circuit Board Design System (CBDS). The interface 
translator, which sells for $800, simplifies the job of entering 
and checking schematics developed on the IBM PC- or 
XT-based Dash-1, and it enables the designer to move quickly 
onto the circuit board design functions of the CBDS. 

CIRCLE 385 

CompuPro 10 option lowers networking costs 

A
network option for the CompuPro 10, a multi-user 
microcomputer from CompuPro (Hayward, Calif.), 
allows up to 16 users on four nodes to be networked 

together for less than $100 per user. The Net 10 option uses 
Datapoint's Arcnet protocol and requires only a passive 
hub and RG62 coaxial cable to network four CompuPro 10 
four-user systems (or nodes). Using the Arcnet protocol 
and DRNET software eliminates the need for a dedicated 
file server, which helps to achieve the low cost per user. 

CIRCLE 386 

7-bit flash a-d converters cost 38°/o less 

A38% price reduction comes from Motorola 
Semiconductor Products Inc. (Phoenix, Ariz.) for 
two of its 7-bit flash a-d converters. The MC10315L 

and the MC10317L, which previously sold for $79 in 
100-unit quantities, now sell for $49 in like quantities. The 
converters perform identically in all aspects except when 
driven into overrange: all data bits remain high on the 
315L, whereas the data bits go low on the 317L. CIRCLE 387 
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NEW PRODUCTS 

APPLICATION NOTES 

Gas distribution 
in microelectronics 

A four-page technical note 
H discusses the design and 
construction of high-purity 
dist ribution systems for gas­
es used in microelectronic 
processing. Reco mmenda­
tions are made regarding the 
use of welding, soldering, 
and brazing for various ap­
plications. 

Systonics Inc., PO Box 121, 
Wincheste1', Mass. 01890. 

CIRCLE 388 

Using a two-channel 
spectrum analyzer 

Aseries of five notes de­
scribes practical mea­

surement methods using the 
SD375 dual-channel FFT 
spectrum analyzer. DSP-104 
is an 18-page primer which 
provides guidance in both 
real -time frequency and 
time-domain measurements. 
Illustrated throughout with 
graphic plots, the primer de­
scribes the measurement of 
structural and electrical 
model tr an sf er funct ions . 
DSP-105 contains examples 
of using equalized ratio (the 
ratio of two transfer func­
tions) to solve common 
problems and how to per­
form an equalized ratio 
measurement with t h e 
SD375. DSP-111, The How 
and Why of Zoom, provides 
simple instructions for 
achieving the measurement 
precision required to deter­
mine the damped ratio of 
high-Q structural reson­
ances. The DSP-051 note de­
scribes the application of the 
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SD375's internal signa l 
source, which is synchronous 
with the FFT sample rate. 
Finally, DSP-050 offers a 
discussion of cross-property 
measurements. 

Sc ientific -Atlanta Inc. , 
Spectral Dynamics Division, 
1 Technology Park, PO Box 
105600, Atlanta, Ga. 30348. 

CIRCLE 389 

Building an a-d 
conversion system 

A12-page publication, en­
titled Building a Better 

AI D Solution, offers a start­
ing point to determine per­
formance capabilities of 
combined amplifier/multi ­
plexer I analog-to-digital 
converter systems to achieve 
the required channel config­
uration, speed, and accuracy. 
Descriptions of each analog 
and digital building block are 
provided, including analog­
in put channel ampl ifiers, 
filters, and multip lexers, 
as well as many dig i tal 
I/O interfaces . The paper 
also presents a variety of 
standardized custom data­
conversion systems. 

Preston Scientific, 805 E. 
Cerritos Ave. , Anaheim , 
Calif 92805. CIRCLE 390 
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NEW LITERATURE 

Industrial-type 
super glues 

The Pacer Tech line of cy­
anoacrylate adhesives for 

industrial applications is 
described in a product infor­
mation kit. The literature 
covers 36 grades of super 
glues, including extended­
range, extended-perform­
ance, high-impact/high-in­
tegrity, high-clarity (optical), 
extended-tern perature, mois­
tu re-resistant, ultra-slow­
setting, and temporary-bond­
ing types. Special products 
such as accelerators, auto­
matic dispensing equipment, 
tapered microtips, and the 
patented "breakaway" pack­
aging are also covered. 

Pacer Technology & Re­
sources Inc. , 1600 Dell Ave., 
Campbell, Calif 95008. 

CIRCLE 391 

More IEEE 
computer publications 

T he 1984 Publications Cat­
alog Update of the Com­

puter Society of the IEEE 
features over 80 titles on a 
wide variety of subjects and 
applications in computer sci­
ence and engineering. The 
16-page document includes 32 
new books published since 
last fall, including Software 
Design Techniques, Comput­
er N etworks, Robotics, and 
Computer Graphics. 

IEEE Computer Society 
Press, 1109 Spring St., Suite 
300PR, Silver Spring, Md. 
20910. CIRCLE 392 

Tape systems 
and controllers 

ll brochure serves as a 
K guide to a line of mag­
netic tape systems and con­
trollers that are compatible 
with HPIB and GPIB (IEEE-
488) computer systems. It in­
cludes the performance 
range and applications of 
each de vice, as well as a 
chart that references prod­
ucts that interface with 
specific computer brands on 
a model-by-model basis. 

Dylan Data Corp., 9561 
Ridgehaven Court, San Di­
ego, Calif 92123. CIRCLE 393 

In-circuit testing 
theory and operation 

The Introduction to In­
Circuit Testing provides 

the necessary background in­
formation to understand the 
purpose, theory, and oper­
ation of in-circuit testing and 
testers, including the 2272, 
2275, and 2276 test systems. 
The 125-page illustrated 
primer discusses the various 
techniques for in-circuit test­
ing and describes the compo­
nents of a test system. It cov­
ers how the tester fits into the 
manufacturing process and 
what types of faults it can de­
tect. Also outlined is the step­
by-step process used by the 
programmer to develop a test 
program and by the operator 
to test boards. 

GenRad Inc. , 170 Tracer 
Lane, Waltham, Mass. 02254. 

CIRCLE 394 

Rf and microwave 
components, systems 

Acatalog contains 352 
pages of photos, specifi­

cations, features, outline 
drawings, and prices for a 
complete line of rf and micro­
wave components and test 
and measurement systems. 
The products cover the fre­
quency range of de to 40 GHz 
and have power handling ca­
pabilities up to 500 W. Nearly 
a third of the catalog is de­
voted to technical informa­
tion, such as definitions, 
terms, explanations of vari­
ous design considerations, 
and methods of obtaining mi­
crowave measurements. A 
condensed rf and microwave 
glossary is also included. 

Weinschel Engineering, 1 
Weinsche l Lan e, Gaith­
ersburg, Md. 20877. CIRCLE 395 

Probing products for 
semiconductor testing 

F ea tu ring a new line of Kel­
vin probes and specialty 

card layouts, a catalog details 
probing materials, instru­
m en ta ti on, and related 
equipment for semiconduc­
tor testing. Sections include 
probe tips, ca r ds, instru­
ments, and accessories, as 
well as probing services for 
firms desiring complete 
probe - card assemblies, 
probe-card design, repairs, 
and refabrication. 

Accuprobe Inc. , 1 Harrison 
Ave., PO Box 1044, Salem, 
Mass. 01970. CIRCLE 396 
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NEW LITERATURE 

IR photodetectors 
and phototransistors 

A60-page technical hand­
book details a range of op­

toelectronic products. The 
BPW 41D infrared photode­
tector is featured, along with 
an extensive application note 
on its use in infrared remote 
control and data transmis­
sion. The ZNPlOO series of 
programmable light-activ­
ated photoswitches is also 
highlighted, as well as stan­
dard hermetic and plastic 
phototransistors and the MS 
series of photocells. A cross­
reference list shows the near­
est Ferranti equivalent to a 
variety of other manufac­
turers' devices. 

Ferranti Electronics Ltd. , 
Fields New Road, Chadder­
ton, Oldham, Lanes. OL9 BNP, 
England. 

CIRCLE 397 

Vacuum and gas 
capacitors 

V acuum and gas-filled ca­
pacitors are the subject of 

a 56-page brochure (No. 
103C), which presents device 
characteristics covers 186 
models. Two hundred charts 
and graphs are used to 
present individual working 
voltages and peak test volt­
ages, as well as current­
carrying capabilities over 
various frequency ranges. 
Also included is a nomograph 
for calculating maximum 
current vs capacitance, fre­
quency, and working voltage. 
Laughlin Ave., San Jose, Calif 
95122. 

CIRCLE 398 
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NEW PRODUCTS 

Fiber-optic components 
and accessories 

Abuying guide and refer­
ence source for fiber­

optic components is divided 
into seven sections, including 
optical fibers and cables, con­
nectors and accessories, opto­
electronics and lasers, trans­
mitters and receivers, data 
communications, test and 
measurement, and terminat­
ing kits and service aids. The 
catalog also includes a glos­
sary of fiber-optic terminol­
ogy. 

Optronics Ltd. , Cambridge 
Science Park, Miltron Road, 
Cambr i dg e CB4 4BH , 
England. CIRCLE 399 

Analog, digital, 
and custom ICs 

A70-page short-form data 
book describes analog, 

digital, and custom integrat­
ed circuits with individual 
product descriptions, specifi­
cations, and pinouts. Stan­
dard products include bipolar 
digital logic (PRO Ms and pro­
grammable logic), CMOS dig­
ital products (RAMs, commu­
nication ICs, bus drivers, and 
µPs), and analog products (op 
amps, voltage references, 
comparators, analog-to-digi­
tal and digital-to-analog con­
verters, and multiplexers). 
Full custom, standard cell, 
and gate array capabilities 
are discussed, along with 
radiation hardness require­
ments. 

Har1'is Corp., Semiconduc­
tor Sector, PO Box 883, Mel­
boitrne, Fla. 32902. 

CIRCLE 400 

Motion control for 
industrial automation 

The us~s of programmable 
motion controllers 

(PMCs) for industrial auto­
mation are explored in a 
28-page bulletin, which 
presents the Model 320 PMC. 
It begins with an introduction 
to what a PMC is and presents 
considerations for a total sys­
tem solution, including the 
selection of drives and actu­
ators. It also discusses feed­
back devices, the program­
ming process, the types of 
functions generated, point­
to-point positioning, open­
and closed-loop systems, I/O 
terminal devices, and oper­
ator interface devices. 

Kiowa Corp. , 1365 Park 
Road, PO Box 293, Chan­
hassen, Minn. 55317. 

CIRCLE 401 

CMOS 8-, 12-, and 
16-bit multipliers 

Twelve pages of data sheets 
describe a family of multi­

p lier products, including 8-
by-8-bi t parallel and un­
signed parallel multipliers, 
12-by-12-bit parallel and 
microprogrammable parallel 
multipliers, and 16-by-16-bit 
parallel and microprogram­
mable parallel devices. Func­
tional and timing diagrams, 
pinout configuration tables, 
electrical performance, 
switching characteristics, ab­
solute maximum ratings, and 
recommended operating con­
ditions are given for each. 

Logic Devices Inc., 628 E. 
Evelyn Ave., Sunnyvale, Cal­
if 94086. CIRCLE 402 



NEW PRODUCTS 

NEW LITERATURE 

Quick-reference 
resistor list 

" handy reference guide 
/-\ lists over 150 standard 
resistors in wirewound, 
metal film, carbon film, and 
metal oxide styles. Specifica­
tion columns include power, 
type, temperature coeffi­
cient, element, value range, 
standard and available toler­
ances, maximum working 
voltage, package size, and 
reference pricing. 

Dale Electronics Inc. , 2064 
12th Ave., PO Box 609, Co­
lumbus, Neb. 68601. 

CIRCLE 403 

Rotary and linear 
positioning devices 

" posi tioning-eq uipmen t 
/-\catalog presents a line of 
motor-driven rotary and 
X-Y tables, programmable 
stepping-motor controllers, 
linear translation stages, op­
tical mounts, adjustment 
drives, beam directors, and 
platforms and stands. Speci­
fications, photographs, and 
line drawings are provided 
for each of the over 400 
items. 

Daedal Inc., PO Box G, 
Sandy Hill Road, Harrison 
City, Pa. 15636. CIRCLE 404 

Fire protection for 
electronic equipment 

The advantages of a totally 
integrated Halon fire­

suppression system are 
outlined in an eight-page 
brochure. The publication 
explains why and where such 

systems are needed and how 
they operate. It points out 
the special problems of pro­
tecting sensitive electronic 
equipment, which are not 
solved with traditional fire 
protection systems. 

Ansul Fire Protection, 1 
Stanton St., Marinette, Wis. 
54143. CIRCLE 405 

Motor, speed, 
and process controls 

Numerous control devices 
are featured in a 48-page 

brochure, which contains de­
tailed engineering informa­
tion on de motor controls with 
matched de motors; adjust­
able frequency drives; veloc­
ity servo controls; process 
control modules; sequential 
programmable controls; and 
related control accessories. 

Minarik Electric Co., PO 
Box 54210, Los Angeles, Calif 
90054. CIRCLE 406 

The IBM PC as a 
'personal instrument' 

How to transform an IBM 
PC into a personal instru­

ment using the MICRO­
BASYS microprocessor­
based data acquisition system 
is the topic of discussion in a 
four-page brochure. The liter­
ature covers hardware and 
software, gives an overview of 
the real-time l/OBasic lan­
guage, and provides a sum­
mary of the various plug-in 
boards available for stand­
alone system control. 

ADAC Corp., 70 Tower Of 
fice Park, Woburn, Mass. 
01801. CIRCLE 407 
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tough flat pack 

P.Ower 
splitters 

lOto 500 MHz 
only Sl59S c5-24) 

IN STOCK .. . IMMEDIATE DELIVERY 

• rugged construction 
larger diam. leads, 25 mils. 
stronger glass seals, extra fill , 
hermetic to MIL-Standard 202 

• MIL-P-23971 performance* 

• low insertion loss 0.6 dB 

• hi isolation , 25 dB 

• one-year guarantee 
·units are not OPL listed 

LPS-109 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 10-500 

INSERTION LOSS. dB 
(above 3dB) 

10·250MHz 0.6 
250-500 MHz 0.8 

!SOLA TION, dB 25 dB 

AMPLITUDE UNBAL. 0.3 dB 

PHASE UNBAL. 2° 
IMPEDANCE 50 ohms 

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

finding new ways 
setting higher standards 

t;;J Mini-Circuits 
A D1v1s1on of Sc1ent1f1c Components Corporation 

World's largest manufa cturer o f Double Balanced Mixers 

PO. Box 166, B'klyn , NY 11235 (212) 934-4500 
C96·3 REV ORIG 

CIRCLE 206 





Recruitment Advertising 
Electron1cDes1gn 

YOU CAN REACH ENGINEERS WITH TITLES LIKE THESE 

• Test Engineer • Systems Engineer • Digital Engineer • Quality 
Assurance Engineer • Software Engineer • Analog Engineer • Director of 
Engineering • Data Communications Engineer • Hardware Engineer 
• Project Engineer· • Software Development Engineer • Microwave Engineer 
• Reliability Engineer • R & D Engineer • Operations Manager 

Circulation 111,580 
Total Readership 350,000 

RECRUITMENT CLOSING DATES 

Electronic Design is mailed every two weeks . Because of its timeli­
ness , personnel recruitment advertising c loses only two weeks be­
fore each issue's mailing date. 

Issue Date Closing Date Mailing Date 

Aug . 9 July 20 Aug . 3 
Aug . 23 Aug . 3 Aug . 17 
Sept. 6 Aug . 17 Aug . 31 
Sept . 20 Aug . 31 Sept. 14 
Oct . 4 Sept. 14 Sept. 28 
Oct . 18 Sept . 28 Oct . 12 
Career Extra 
AUGUST July 30 Aug . 9 

COMMUNICATIONS 
LOCAL AREA NETWORKS 

DATA HIGHWAY 
Our clients have immediate nationwide positions. Let us be 
your connection to fulfill your career goals. Below is a brief 
listing of current opportunities. 

PROJECT MANAGER 
Local Area Networks $45-55,000 

PROJECT LEADER 
Data Highway $38-45,000 

PROJECT MANAGER 
Local Area Network $45-55,000 

PROJECT LEADER 
Data Highway $40-45,000 

SENIOR SOFTWARE ENGINEERS 
Data Highway Ethernet $35-42,000 

SENIOR HARDWARE ENGINEERS 
Area Controller $30-40,000 

HARDWARE - SOFTWARE 
Interprocessor Communication $30-40,000 

SYSTEMS ENGINEERS 
Local Area Dig ital Communication $35-42,000 

MARKETING PRODUCT MANAGER 
Data Highway $31 -45,000 

R.J. EVANS & ASSOCIATES, INC. 
ELECTRONICS SPECIALISTS 

26949 Chagrin Blvd ., #'300 
Beachwood, OH 44122, (216) 464-5100 

A PROFESSIONAL RECRUITING FIRM 
LET US WORK FOR YOU!!! 

BectroncDeslgn RECRUITMENT ADVERTISING RATES 

1 5% commission to recognized agencies supplying offset film nega ­
tives . Net 30 days Four column makeup 

DIMENSIONS 
SPACE Wide Deep COST 

One column inch 1-3 /4" x 1" $91 
1 /8 page 1-3/4" x 5" $451 
1 /4 page 1-3 /4" x 1 O" Vert. $901 

3-1 /2" x 5 " Hor. 
1 / 2 page 3- 1 /2" x 1 O" Vert. $1,802 

7" x 5 " Hor . 
314 page 5-'/. " x 10 " $2,703 
1 page 7" x 10" $3,604 

Rates 1X 4X 7X 13X 19X 26X 39X 52X 

Per Column Inch $91 $89 $83 $77 $74 $71 $70 $68 

COLOR RATES 
Second color, per page or fraction $430 Matched color , per page or fraction $735 
Additional insertions , same form 31 O Additiona l insertions , same form 430 

3 & 4 color , per page or fraction 780 Sheen inks, per page or fract ion 835 
Additional insertions, same form 460 Add itional insertions , same form 430 

Camera-ready film (right reading negatives, emulsion side down) or camera­
ready mechanicals must be received by deadline. Or. if you w ish us to set your 
ad (typesetting is free) simply pick up the phone and ca ll our RECRUITMENT HOT 
LINE - 1201) 393-6000/6076 . Ask for : 

Roberta Renard 
RECRUITMENT ADVERTISING MANAGER 

ELECTRONIC DESIGN 
10 Mulholland Drive, Hasbrouck Heights, New Jersey 07604 

ENGINEERING 
OPPORTUNITIES 
at the Naval 
Weapons 
Center 

The Naval Weapons Center is the Navy's principal Research. 
Development. Test and Evaluation Facility for Air Weapons systems 
and missile systems. The Center is located in California at the 
foot of the Sierra Nevada. 
The Center presently has positions available for candidates with 
BS or advanced degrees in electronics. aeronautical or 
mechanica l engineering or physics. 
Only those with experience in the following speciality areas 
should apply: • Airborne Mic rowave Antennas 
Design and Development •Signal Processing Circuits 
of Airborne Systems • Analog and Digital Circuits 
• Radar • Microprocessor Based 
• Laser Software and Hardware 
• IR (Active and Passive) • Explosive Components 
• Proximity Fuzes and Detonation Interface 
• Elec tro-Mechanical Fuzes Aircraft and Missile Survivability 
Design of Engineering (Military aircraft 
• Microwave Subsystems maintenance and / or 
and Components flight experience desirable) 

• RF Subsystems • Analysis 
• IR Detector Subsystems • Technology Development 
and Assemblies •Test and Evaluation 

Fuze Production Monitoring 

SALARY TO $45,000 

For more information call collect (619) 939-3590 
(8-ll am and 1-4 pm PDST) 

Naval Weapons Center• ANN-092-33-4J• China Lake. CA 93555 
An Equal Opportunity Employer• U.S. Citizenship Required 
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We're looking for a 
few brilliant EE's to build 

a whole new business. 
Quick. 

TI is selecting a major team to launch a new era 
in semiconductors: the TI 32000 microprocessor family. 

Texas Instruments will develop and 
produce an advanced famil y of 32-bit 
microprocessors, the Tl 32000 seri es. 
Included are hardware and software 
support activities. 

The commitment has been made. 
And the timetable is now. That 's why 
we're selecting a major project team 
immediately. 

But . first . we need a few brilliant . 
and very experienced. EE 's to help put 
it together . To form the elite nucleus. 

If you 're se lected. it means you'll 
get to hand pick other key members 
of the team. And literally build a 
whole new semiconductor business 
from the ground up: The Micro­
processor Division of Texas 
Instruments. 

We estimate that. by the late 
l 980's. the world microprocessor 
market will quadruple in sales from 
last year 's level. That means about $8 
billion. Moreover . the 32-bit 
microprocessor is one of the fastest 
growing segments in that market. So 
you can see why we're anxious to get 
started. And why you'll have the full 
backing of Tl's top management. In 
fact, it's one of our highest priority 
programs ever. 

If you think this is the opportunit y 
of the decade for you. chances are 
you're right. You'll be calling most of 
your own shots. And you'll have the 
authori ty to make critical final deci­
sions. Of course. you also stand to 
gain recognition for your efforts. 

lt 's a fringe benefit we can almost 
guarantee. 

If you think you're qualified to 
make a li ttle history wi th T l , make 
sure you contact us immediately. 

Senior Design Engineer 
Will design and develop state-o f-the­
art high-end 32-bit microprocessors 
and peripherals. Will work with the 
most advanced CAD tools. computers 
and testers. 

Microprocessor leadership. You will 
supervise a team of engineers and 
technicians, develop specifications and 
schedules to obtain advanced micro­
processor leadership . 
Positions available in : 
• CPU Design 
• Peripheral Design 

Requires: 5 + years· microprocessor 

.. . UNIX is a trademark of AT&T Bell Laboratories· 
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or peripheral design experience in 
either CMOS or NMOS. Should be 
proficient in both electrical design 
and functional simulation. 

• Microprocessor System Architecture 
Requires: 5 + years' experience in 
microprocessor system definiti on. 
Must be knowledgeable in the latest 
advances in microprocess and 
peripheral architecture. 

Software Design Engineer 
Immediate challenging positions 
available for persons with experience 
in the followin g areas: 
• Design. development and architec­

tura l specification of UNIX •. LA 
communication, graphics and 
database management. 

• Pascal compiler and application soft­
ware development in Pascal. 

• C compiler and application software 
development in C. 

• FORTRA compi ler and application 
soft ware development in FORTRAN. 

• Assembler and application software 
development in assembly language. 

• ADA compiler and application so ft ­
ware development in ADA. 

• Realtime operating system develop­
ment. 

• Development systems and in-circuit 
emulation hardware and software 
development. 

Al l the above positions require 4-8 
years' experience and proven track 
record of success. Managerial 
capabiliti es and ability to direct soft ­
ware acti vity whould be a plus. 

Product Engineer 
You wi ll be the central focus to 
develop advanced microprocessor cir­
cuits from design to full production 
status. You will diagnose system. so ft ­
ware and device problems; implement 
design improvements; and develop 
fabrication process changes. Requires 
knowledge of high-level languages 
and 3-5 years' experience wi th 
microprocessors or VLSI in test , 
design or applications. NMOS or 
CMOS manufacturing or processing 
experience a real plus. 

Test Engineer 
You will use advanced test equipment 
for circuit characteri zation debug and 
production test. You will define and 

implement improved methods and 
strategies and develop sophisticated 
models for test generation and 
grading. Requires experience with 
high level programming languages 
and 3-5 years ' experience with digital 
test equipment. Knowledge of LSI or 
board test equipment and experience 
in digital circuit design a real plus. 

Product Marketing Engineer 
You will be the interface between the 
factory and the field sales force for 
Seri es 32000 microprocessor products 
representing an unprecedented level 
of customer support. Account penetra­
tion tacti cs, technical presentations, 
customer interface, fi eld sales support , 
and account management wi ll be 
among your responsibilities. Requires 
a MSEE, BSEE, MSCS, BSCS or 
equivalent with 3-5 years' 
microprocessor experience and good 
communication skills. 

Applications Engineer 
In this challenging position, you will 
make detailed architectural and per­
formance comparisons between the 
Series 32000 and the competition. You 
will also develop, build and document 
high-end applications to provide appli ­
cations notes. Your customer design-in 
support and system requirements 
feedback wi ll be your important 
elements of the product's success. 
Requires a MSEE. BSEE or equivalent 
with 3-5 years' microprocessor based 
circuit board design and soft ware pro­
gramming experience. 

Forward your resume, in confidence, 
or call : Merv Galloway/ Staffing 
Manager / Department JR/ P.O. Box 
1443/M.S. 6943/ Houston. Texas 
77001 / (7 13) 490-233 L 

An Equal Opportunity 
Employer M/ F 

TEXAS 
INSTRUMENlS 

Creating usefu l products 
and services for you. 

Cop_vnght 1984. Texas Instruments Inco rporated 



Engineers 

We're proud of our rich history in spearheading the advancement of communications 
technology. As communications enters its most challenging phase. RCA's technical know­
how has been called upon in an ever-increasing demand. We have the projects and the 
momentum to build your future. If your aspirations match our technological foresight. and 
you 're experienced in any of the following disciplines. we'd like to talk with you. 

EXPERIENCED 
ENGINEERS 
Software Engineers-Senior Level 
• Mini Computer (DEC. Data General. 

Perkin-Elmer. AN /UYK20) 
• Mi cro Processor (M68000. LSI II . 8086. Z80) 
• Real-Time Communications Processing 
• Signal Processing 
• Distributed Processing 
• Data base design 
• Systems software development 

Manager Of VHF /UHF 
Equipment Design 
• Experience in design & test of VHF /UHF 

communication systems and equipment. 
Project planning and supervision of managers 
and engineers. 

Reliability And Maintainability 
Engineers 
• Systems Prediction 
• System Modeling 
• Failure Mode and Effects Analysis 
• Demonstrations 
• Failure Reporting, Analysis. Corrective Action 

Manager Of Parts And Materials 
Selection And Publications 
• Passive Parts 
• LSI and other Solid State Devices 
• Parts Application Methodology 
• Electromechanical parts 
• Military Parts Specifications 
• Failure Analysis and Data Base 

Quality Assurance Administrator 
• Implement MIL-0-9858 /MIL-1-45208 program 
• Special Vendor Evaluation 
• DOD Contract Requirements Review 
• Quality Planning 
• MRB 

Manager Of Aerospace Recording 
Projects 
• Experience in managing complex programs in 

both the engineering development and low 
quantity production Experience with NASA 
programs desired. Project planning and 
supervision of managers and engineers 
required 

Project Leaders 
• 10 years experience in high performance 

magnetic Recording Systems; supervision of 
related teams 

• Experienced in Microwave & Satellite 
Communications equipment or system design 

• Experienced in LF/HF/VHF /UHF Radio 
Equipment and Systems Design 

Electrical Engineers 
• High speed digital logic design (ECL. 

TTC & CMOS types) 
• Microprocessor utilization. interfacing & 

firmware design 
• Digital signal processing-signal analysis 

classification speech processing 
• Computer systems-systems integration. 

computer controlled equipment 
• COMSEC equipment design & development 
• EMl/Tempest analysis and design 
• ELINT Signal Processing 
• Telephone Systems Design 
• Data Communications Systems Design 
• Microwave Equipment Design & 

Development 
• Radio Equipment Design & Development­

LF /HF/VHF /UHF 
• Communication Equipment Design & 

Development 
• Communication Design & Integration 
• Inductive Component Design 
• Parts Applications and Evaluation 
• VLSI Evaluation & Test 
• Custom LSI Design 
• Interface Circuit Design 
• ATE Design 

SYSTEMS 

Mechanical Engineers 
• Electronic Packaging 
• Shock. vibration. thermal analysis 

Systems Engineers 
• Very large high speed data base management 
• Integrated communications networks 
• Distributed networks 
• High speed real time signal processing 
• Man machine interface 
• System survivability-Equipment Nuclear 

Hardening 
• Requirements analysis and Formal 

structuring of requirements 
• Military C3 networks 
• Communications and Signal Processing 

Technology Development 
• Simulation analysis of modems. filters. 

optical systems 
• Waveform and modulation design 
• Microwave propagation modeling, analysis. 

simulation 
• Communications vulnerability to counter 

measures assessment 
• Preparation of acceptance test plans. 

Running of acceptance test 
• Hardware /Software integration & test 
• Artificial Intelligence 

For your convenience. you may call or se nd 
your resume to: 

Louise C. Wardach 
RCA Government Communications Systems 
Front & Cooper Streets 
Building 2-2 E 
Camden. NJ 08102 
18001722-4688 
18001 722-4427 INJI 

We are an equal opportunity employer. 
U.S. Citizenship Required. 

RCJI 
ENGINEERING TOMORROW'S TECHNOLOGY 
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AT EMERSON 
DIVERSIFICATION 

IS THE NAME OF 
THE GAME. 

IT JUST MAY BE YOUR 
CHANCE TO MAKE 

A NAME FOR YOURSELF. 
We're t he fastest growing Company in our field , but you 
may not even know our name . We're the Government & 
Defense Group of Emerson Electric Co . ... a St. Louis -based 
highly diversified firm and we have over 40 autonomous 
divisions and 140 plants throughout the world . 

We offer a diversity of exciting projects in EW, ATE, RADAR 
and ARMAMENTS. Just to name a few , our rapid expansion 
has created new openings in the following areas: 

ATI 
• Software/ Hardware 

Design & Deve lopment 
• Systems Design 

ILICTRONICS/IW 
ltRODUCT LINIS 
• Project Engineers 
• Systems Engineers 
• Coherent / Non -Coherent 

Radar Design & 
Development 

ARMAMINT 
ltRODUCT LINI 
• Project Engineers 
• Systems Engineers 

DISIGN & 
DIYILOPMINT 
• Digital , Analog , RF 

Designers 
• Receiver / Transmitter 

Design 
• Power Supply Design 
• Control Systems Design 

ADYANCID 
INOINllRING 
• Operations Analysis 
• IRAD/ CRAD Project 

Management 
• Project / Systems 

Engineers 
(All Products Lines) 

INGINllRING SUPPORT 
• Logistics Engineers 
• ILS Managers 

We also have positions in ATE & Communications available 
at our Orlando, Florida facility. 

Call us TOLL FREE 1-800-325-0783 or send your resume to : 

Personnel Resources • Mail Sta . 4304- 167 

I~ E;
0

~~;~~· ;~;~;;;~ CO. 
- Govern ment & Defense Group 

We are an equal opportunity employer in every respect . • U.S. Ci ti zenship Required 

334 Electronic Design • July 26, 1984 

ELECTRONICS 
Mllitary/Comm11rclal 
Northeast & Nationwide 

• Radar• Integrated Ci rcuits Power 
Suppl ies • Elect . Packaging Digital 

Design • Logic Design Software 
• Image Proc essing 

All fees & expenses paid. Call or send 
resume to: 

~Ert PERSONNEL 
1492 H igh land Aven ue 
Needham . M A 02192 

(617) 449-3840 

Serving the high tech industries. 

ENGINEE~S 
Software, Hardware & QA 

~\l 

Do You Qualify? 
We have more /Obs than we can fill for graduate 
engineers with experience in the computer. 
commu.nications. aerospace and milita ry 
electronics fields. Many U.S. locations. Interview. 
relocation and agency fee paid by companies. 
Send resume & latesl salary or call for 
confidential appl1cation ... toll free. 7 days/ 
24 hours 1800) 523-2906. in PA (215) 735·4908. 

' ' A.L. K.rasnow. (USNA. M. IT) 
· Electronics Department 

Atomic Personnel. Inc 
&t.llll. Suite 0·2. 1518 Walnut 
Im\ Po1ladelph1a. PA 19102 

Nationwide professional search/recruilmg 
Serving high lechnology industries since 1958 

• Aerospace • Defense • Electronics 

• Analog / Digital Design • ATE 

• Communicauons • CAD/CAM • Robotics 
• Software/1-ardware • LSI /VLS I 

• Opucs • E / W • Image Processing 

• Microwave Systems • Sona r 
• Microprocessors! Hardw/ Sftwrl 

EXE CUTIVE SEARCH SPECIAUSTS 

P.O. Box 5325 • Baltimore, Md. 21209 • 301 /433-6610 

* South & Southwest * 
Eng ineering I Management 

send re sume or call 
Bob Hogue; Sr. Mbr. IEEE 

s,&'UJut, 7~.u~ 
P.O. Box 33070 San An ton io. Texas 78265 

15121 650-0988 * * Clients Pay All Fees * * 
Personnel Specialists for 

Electronics, Aerospace, Computers, Sys· 
terns, EDP, Avionics, Tele-Comm & High­
Tech fields. Send resume to William Bel l 

(516) 549-0425 

CAREER OPPORTU NITIES INC. 
734 Walt Whitman Rd. 

Melville, N.Y. 11747 

PUBLISHED 
EVERY 

TWO WEEKS 
Because there is an issue of 
Elec tronic Design pub lished 
every two wee ks - 26 times a 
year - your help-wanted mes­
sage gets into th e marketplace 
quick ly, yet gai ns the impact 
that onl y a technical journal 
can provide. 





PROJECT ENGINEER ~ 
Control Systems 

$35 - $40K 
You have an opportunity to join the world's leading 
designer and manu1acturer of custom converting 
machinery for the paper. film. and foil industries. 

To qualify, you will have a BS or MS in Mechanical or 
Electrical Engineering with concentration on control 
systems. In addition. your experience will be in engi­
neering digital drive systems and servos. application 
and programming of computer control systems. 
Analysis of high speed machine/ web dynamics a plus. 
you must know BASIC and FORTRAN computer 
languages. 

We offer a challenging career, excellent compensation 
and benefits. Send your resume in confidence to: GaryL. 
Packard, Paper Converting Machine Company, P.O. Box 
889, Green Bay, WI 54305. An Equal Opportunity 
Employer M/ F. 

PAPER 
CONVERTING 
MACHINE 
COMPANY 

Sunbelt Opportunities 
in Electronics 

1 ·800·428-4406 
Toll free 

VLSI CONSULTANTS 
Need a single chip LSI solution to improve 
speed, power, reliability, and reduce cost 
of your system by Custom Design , Gate 
Array, Standard Cell techniques? Integra­
tion of SSl/MSls of ECL, LSTIL, FAST, 
ALS types 

Call 408-741-5732 

ADVANCED MONOLITHIC 
SYSTEMS, INC. 

Electroni cs 

RF DESIGN 
ENGINEERS 

We are seeking high 
level individuals to 
design VHF/UHF 
broadband power 
amplifiers for military 
applications. Applicant 
should have min of 5 
yrs experience in power 
amplifier design . These 
are challenging well 
compensated positions 
with ample growth op­
p o rt unities in an 
established company. 
Send resume & salary 
history to Personnel 
Mgr. 

NU MAX 
ELECTRONICS, INC. 

135 Engineers Road 
Hauppauge, N.Y. 11788 

(516) 582-3311 
An Equal Opportunity Employer M l F 

High on the list 

POWER 
SUPPLY 

ENGINEER 
Power General. a leading 
manufacturer of switching 
power supplies and DC/ DC 
converters is seeking a Senior 
Project Engineer. 
Duties will include the design of 
medium to high power state-of­
the-art switching power supplies. 
Knowledge of latest semiconduc­
tor components and magnetics 
design is desired, as well as 
familiarity with UL, CSA and VOE 
safety standards. 
The successful candidate must 
have 3-5 years related experience 
and a minimum of a BSEE degree. 
Power General offers a full and 
comprehensive benefit package to 
it's employees which includes, 
Blue Cross Master Medical, Life 
Insurance, AD&D and Long and 
Short-term disability coverage. We 
also offer a tuition reimbursement 
program for our full-time 
employees. 
Qualified candidates may forward 
their resume and salary history in 
strictest confidence to : 

Personnel Dept. 

~~~ 
@§U\:!]§~[b 
A SUBSIDIARY OF UNITROOE CORPORATION 

152 Will Drive 
Canton, MA 02021 

An Equal Opportunity Employer M / F 

of an engineer's required reading is 
Electronic Design. It is the premier magazine of 

the electronics field because it is ... 
First in market coverage- more circulation 
in the Electronic Original Equipment Market. 

First in market penetration-more design and 
development engineers and managers than 

any other electronics magazine. 
First in readership - better read in advertiser­

initiated readership studies (172 firsts out of 202-
five out of every six conducted). 

First in advertiser acceptance- more pages of 
advertising than any other electronics publication. 
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Roberta Renard 
RECRUITMENT ADVERTISING MANAGER 

ELECTRONIC DESIGN 
10 Mulholland Drive, Hasbrouck Heights, New Jersey 07604 



Hardware and Software Engineers (PhD, MS, BS) 
for Communications Research and Development ... 

Join Racal-Milgo, where you can develop 
advanced data communicationsrc~~::J 

/ SOFTWARE/FIRMWARE 
solutions. Work in 
modems, multiplexers, 
UNIX™-based network manage-

~, ment systems, local area net-
works and intelligent -

workstations. Or advance -
the technology of digital signal 
processing (data, voice, image), real-time 

operating systems and com­
munications protocols. 

(You'll always have opportunities to challenge 
the state-of-the-art and communications 
tech no logy.) 

Our continuous growth creates opportunities 
ranging from Senior Research Fellow to entry-level 
Engineer. Racal-Milgo offers fast-paced challenges, 
sunny Florida lifestyles, and a beautiful new 
corporate headquarters. Our people and micro­
processor-based products have earned a worldwide 
reputation for excellence - we'll treat you right! 

Briefly describe a recent project: Name ______________ _ 

Engineering Employment Supervisor 

Racal-Milgo 
Dept. 12158ED 
7800 W. Oakland Park Blvd. 
Ft. Lauderdale, Florida 33321 
An EEO/Affirmative Action Employer 
UNIX is a trademark of Bell Labs. 

Address _____________ _ 

City ______________ _ 

State __________ Zip ____ _ 

Phone - day (_) ____ night(_) ___ _ 

Degree(s) _____________ _ 

from _____________ _ 

Years of experience ___________ _ 

Please enclose a resume if you have one. 



Electronic Design's 
recruitment newspaper 

is reaching 
130,000 engineers 

professionally and personally 
on the move 
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1984 Career Extra Issues 
FEBRUARY 
Closing: Feb. 16 
Mailing: Feb. 1 6 

MAY 
Closing: May 7 
Mailing: May 1 7 

AUGUST 
Closing: July 30 
Mailing: Aug . 9 

OCT./NOV. 
Closing: Oct. 22 
Mailing: Nov. 1 
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M~MUf ~CtUREftS: 
lbe £\ectton\c Ret'tesentat\'4es ~ssoc\at\on 
\s 1out resource tot a\\ the 1\gbt reasons 

• 1950 independenl sales o1gan·1zalions. emplo1ing 9000 pm\esS1onal sales 
people. selling ovet $15 billion ol elec1mn1c pmducls annua\11 

• \ndependenl \\Aanu\aclutets' Repiesenlalives in l\\e e\ec11on1cs indus\!1 
iepiesenl all pioducl aieas in 1ne ma11<el place \tom sem1conctuc1ots. 
compu\ets. ieplacemenl parts and maletials 10 elec11on1c games. nigh \ideli\'J 

componenls and pio\essional ptoducls. 
• \\Aat\<.eling seriices ate available speci\ica111 lot manu\aclutets· 

1ne LOC/\ 1 OR - a diteclol'i I isling close lo 2000 independenl m.anu\ac-
1u1ets' iep1esen1a1ive companies 1nmugnoul 1ne \J s . and in1ema1mnal 11. 
f mms deS1gned 10 guide iou 1nrnugn 1ne evalualion ol a iepiesenlalive 

coniiacl Guidelines - a nelplul "\\OW 10" sample coniiacl 10 aid in l\\e 

neQot1atinQ process. unes f\vaila\lle Bul\elin - a mon1n11mailing10 out mem\lets pmviding 
a Quiel< and e~eclive me1nod lo gel iou inlo l\\e iep ne1Wotl< and iout 
prnducl inlo 1ne mail<elplace, and liee unes f\vaila\lle 1is1ings al mosl 

rna\or trade snows. • 1ne E1eclt0nic Repiesenlalives f\ssocialion is a nol-\Ot -prnlil 1ia.oe associa-
\ion dedicaled 10 l\\e aovancemenl ol 1ne independenl eleclrnn1c manu\ac-

turers' representati'Je s~stern . 

E1.f.t1ROMIC REPRESEM1 A1NES 115soc1A1IOM 

zo East 1-1uron Street 
Chicago. \L606'' 
(3,Z) 649·'333 
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quick ad1 New and current product s for the electronic designer presented by their manufacturer s. 

POLYPROPYLENE-FILM CAPACITORS. Type 
710P White Jacket " low-loss, high -freq uency 
po lyp ro pylene-fil m capac ito rs fea ture the 
lowest d iss ipat ion factor ava il ab le in film 
capac itors wi th sim ilar temperature ra t ings 
Temperature coe ffi c ie nt 1s negat ive and 
typica lly 150ppm /° C over range from t-2 5°C 
to + 105°C. Ca paci tance va lues, 0.001 to 1.0 
µF. Voltage rat ings, 200, 400, 600, and 800 
WVD C. Wr ite for Bu ll et in 209 1. Sprague 
Electric Co. , 347 Marshall St. , North Adams, 
MA 0 1247. (41 3) 664-441 l 

CAPACI TORS 250 

CRT ANODE CONNECTORS Alden offers a 
complete line of low cost, high quality anode 
connectors . These low profile connectors 
operate to 40 KVDC and meet U.L. flame 
specs. New 6 prong contact insures a positive 
connection plus easy removal and insta llation. 
Available tor field assembly or integrally 
molded to wire tor maximum insulation . 
ALDEN PRODUCTS CO. 117 N. MAI N ST., 
BROCKTON , MA. 02403. 617-583-0160. 

CONNECTORS 253 

THE SBC90A des igned tor mul ti processor / 
slave or I 10 processor. has on ca rd Z80A 
(4 MHZ); OMA; 128K dual ported RAM . no wait 
state, byte/word access ibl e; MEMORY MAP 
RA M; EPROM sockets up to 32K; 2 RS232; 2 
pa rallel ports: 3 co unter ! timers: fl oppy di sk 
cont ro ller : ha rd di sk in terface: m ath c hip 
AM951 l: 20 -bit address: 2 1 vectored inter­
rup ts. Mu ltibus co mpat ib le INNOVATI VE 
RESEARCH IN C . 17071 Kampen Ln . Hunting­
ton Bea c h, CA 9 2647 (714) 84 2 0492 
Mu lt ibu s trademark of Intel 

INNOVATIVE RESEARCH 256 
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Now you can test or modify pluggable dual 
inline circuits without 1nak1ng t ime consumin g 
wire wrap or printed c1rcu1 t boa rd chan ges 
Our fix ture provides a means of isolat ing ea ch 
circ uit lead . Test point s are provi ded on both 
sides of th e dual in line switch. 8 PIN $22. 95. 
14 PIN $25.25. 16 PIN $26.40. 24 PIN $33 30 . 
40 PIN $47.10. Oth er sizes quoted on request 
ELECTRO MECHANI CAL DEVI CES. P 0 BOX 
2787. Redwood City. CA 94064 PH 41 5 948 
78 19. 

TEST / MOD IFI CATI ON FIXTURE 251 

CBX 232 SERIAL 1/0 iSBX "'" MODULE ll'"'11<1, •-., 
11 low pnwp r <.:,yfl('lirn111li1'-1 dl..,Vt1 c ~irrHH1 1 1'1 

RS2:l?r se riril 111 lertrl< ,, w1 t l1 -.,11ttw " " 11 ' '' 
gra1111 nrtlJIP hrt 11ri rrt (<' g1'IH' /rl (1lt fw11 llC.t-'1 
oe f111 il lJ!P 16 IJ 1t pr0f'. I Cl1111 11rll JIP I 1ll!l1 l1'/ 
t11 ners All -C MOS rles1g11 r••q111rllll! 111 il v I O• 11 A 
l!i 'iV typ illlO 'i111 A " 12V ty p $.?l!OO 
s1nglP · p 1ere p r1r· r• C"11 t rl1 · t Rill L<lllg . 
Diversified Technology. P 0 Rox /48 R11h 1« 
lil n11. MS 39 157 (f,0 1) 8''h ·11.'I f M l11 t« I 

SER IAi l lO MOIJl l lF 254 

- . 

B 

IC COUNTS DIAL PULSE AND MONITORS 
HOOK STATUS Teltone's CMOS M-959 dial 
pulse counter and hook status monitor 
requires only a 3.58 MHz crystal for operation. 
Featuring independent hook status monitoring, 
:he M-959 meets AT & T and RS-464 recom ­
mendations for Break/ Make ratios and other 
signal timings. It join s Teltone 's complete 
fami ly of telecommunications generators, 
detectors, receivers and relays. 1-800-227-
3800, ext. 1130. Teltone Corporation, PO Box 
657 , Kirkland , WA 98033. 

MONITORS 257 

LOW EMI AC DIP SOLID STATE RELAY 
1.•lt>ilyl)f'

0

C, h·l'1V lll\0 t-'h Fer .11111 VIJE c. trls 
h'dl11 1,0 c, ) 8 t11 l?V :11p11 t '1111 1 r! L lll!'.IC 
111111pc1 t1IJ1l1 ty 1111 t11 I .i111p c,w1tc l11m•. c1 t 
.1'10VRM S 11.11 h t11 lic11· k SC R 1H1tpu t . low 
lt->rlh <i ~.P rn m•11t 11 t I 111A RMS. 3750VR MS VOE 
l1°vi 1 I 11pt1Cdl 1c.olc1 t1rn1. ltlw 111sPrt 1rn1 tdr tor nt 
I '1V. lrn; li 1101"' :in1rn 11 11 ty. dll cl v1rll 1ri ll y 110 
c,,'V1tr 111111•. trrl1 1c.11°11 tc. $4 90 t'il tor '1000 pcs 
i1'lt->dy111• Slll1rl Std!<' P1,,rh11 h. 12''?'1 Dnp l111<' 
AV•' . idNt i Hll llt' C. 1 90?')0 (.'l I lJ 717 007 7 

HFI AYS 252 

10 MB 3.5" HALF-HEIGHT WINCHESTER 
DRIVE For hi gh vo lu me da ta st orage i n 
compact space. Microscience now offers the 
HH -312. The 35"' hal f-height Winchester di sk 
drive provides a full 12.76 MB of unformatted 
storage. It is ideal where space, weight , and 
power are criti ca l cons iderations. For complete 
information, pric ing, and quantity de livery , call 
o r writ e : M icroscience International 
Corporation, 575 E. Middlefield Road, Moun­
tain View, California 94043, (415) 961-2212, 
Telex 275907. 

WINCHESTER DISK DRIVE 255 

INTELLIGENT ANALOG 1/0. The RSD· 7728 is 
STD bus compatible w. 16 S.E or 8 dift. inputs 
and 8 outputs, al l with 12 bit resolution . 
Onboard microprocessor has 13 programmable 
modes, 6 tor outputs. 7 tor the inputs. Add'I 
self-test mode. Inputs have software program ­
mable gain . 1/ 0 may be either voltage or 
c urrent loop . Several jumper connected 
voltage ranges Memory or 1/ 0 mappable. 
Vectored interrupt. Dealer inquiries welcome. 
ROBOTROL CORP . 1250 Oakmead Parkway, 
Suite 2 10, Sunnyvale. CA 94086. 408-778-
0400. 
INTELLIGENT STD ANALOG 1/ 0 258 
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quick ad1 New and current products for the electronic designer presented by their manufacturers . 

THE 'QUIK' SOLUTION TO BUS BARS. QUIK / 
BUS ® conductors from Rogers take the 
waiting and the tooling cost out of bus bars . 
Easily ·assembled in the exact configuration 
you need, they come in reels of insulated 
plated conductors with multiple tabs . Featur· 
ing greater reliability than wiring harnesses, 
QUIK / BUS also offers lower installed cost plus 
easier, error-proof installation. Send for our 
free do-it-yourself brochure. Rogers Corporation, 
Bus Products Division, 5750 East Mc Kellips 
Road , Mesa AZ 85205. 602 830-3370. 

ROGERS 259 

AC POWER LINE CARRIER SYSTEM uses the 
existing AC Power wiring to transmit ON / OFF 
type controls or alarm signals. The system has 
a back-up battery for power failure annuncia­
tion , and features "SMART' transmi*1:ers that 
actually avoid interference from each other or 
from Power Line noise and transients. For 
information on our complete line of POWER 
LINE CARRIER MODULES AND SYSTEMS, or 
for a custom design, contact CEPCO, 21515 
Parthenia St. Canoga Park, CA 91304 (818) 
998-7077. 

AC POV'{ER LINE CARRIER SYSTEMS 262 

-~ \\\\\\\\ 
~ .\. ~,,. 

IS the IBM PC a DEVELOPMENT SYSTEM? 
YES!!! For only $600 you get 8088 Single 
Board Computer (SBC88) + Development 
Software + Cable (SBC88 to PC) + Documen ­
tation . Applications include: Robortic Design, 
Process Control and Automation , Education, 
Dedicated Testers, Lab Application, Prototype 
Designs, etc. Al so available : PROM PRO ­
GRAMER, PAL PROGRAMER. PC Software 
included . MERIDIAN SYSTEMS 321 Aviador 
St. , #111 , P.O. Box 3034, Camarillo, CA 93011; 
(805)-484-8696. 

SBC88 DEVELOPMENT SYSTEM 265 
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EXPERTS IN SWITCHING TRANSFORMERS & 
INDUCTORS-FAST SERVICE. HI REL/HI 
QUALITY-For Military End Products. Why 
settle for less7 MAGNETICO gives you best 
design. For expert design help and immediate 
respon se call 516/ 654-1166, or send for 
Literature. MAGNETICO, 182 Morris Avenue, 
Holtsvi lle, N .Y. 117 42. 

SWITCHING TRANSFORMERS 260 

Analog and Power Control 1/0 ..... in a Single 
Board Computer. 6801 Micro Control System 
designed for DISTRIBUTED CONTROL or 
STAND-ALONE use: 6801 or 68701 MPU with 
2K ROM or EPROM , 128 RAM, timer. Eight 12· 
bit analog inputs, 8-bit analog output, 8 AC or 
DC inputs or outputs, serial I / 0, digital I / 0, 
power supply. Wintek Corporation, 1801 South 
Street, Lafayette, IN 47904-2993. (3 17) 742-
8428. 

6801 Micro Control System 263 

HPl -6418V/25618V 64 kb/ 256 kilobyte dy ­
namic RAM module reduces required PC 
board space by 70% compared to conventional 
memory modu les. Thi s memory module offers 
lower distributed capacitance, higher speeds 
& fewer support components. The modu le 
operates at a lower temp & has higher speeds 
& reliability factor. The HPl -6418V operates on 
+5 volts & is ideal for computer / telecom­
munication applications. Units 100% tested. 
Pricing sta rts at $125.00 in 100 piece lots . Hy­
Pac Inc, 760 San Aleso, Sunnyva le, CA 94086. 
(408) 745-0950. 
DYNAMIC RAM MODULE 266 

ALL ON ONE SMALL BOARD! HARDWARE 
FEATURES• 6 MHz Z80 • ST-506 Hard Di sk & 
Floppy Disk Con trollers • 2 Serial Ports • 4 
Parallel Ports • 128K/256K RAM • Graphics/ 
Alpha Video Controller • 1/ 0 & EPROM Expan ­
sion • $495 In 1000 Quantity- SOFTWARE 
FEATURES• Ready To Boot Up • Floppy & 
Hard Di sk Drivers • Per iph eral Hardware 
Independ ent • Fully Use r Co nfi gurab le • 
Graphi cs/ Alpha Term ina l Drivers • Source 
Code Provided • CP/ M 2.2 & 3.0. Megatel 
Quark 1051 Clinton St , Buffalo, N Y 14206. 
416-745 -7214 
SMALL BOARD 261 

- ' 
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IDEAL PERIPHERAL SWITCH. Simple: To select 
peripheral , slide lever to desired position . Un­
obtrusive: 9" x 33/4 " x l '/8 ". Mount anywhere. 
Reliable: Use switch for many yrs.-may out­
last your computer. Inexpensive: 3 to 1 24-line, 
quality RS-232 periph. switch under $100. AP­
Switch 3S $97.95 + $3 shpg. (RS-232 w. 
female DB-25 connectors) AP-Switch 3P 
$117.95 + $3 shpg. (Centronics Parallel , 
Female w. Pins 1-18, 31-36 switched) 10 Day 
Money Back Guarantee- I Yr. Warranty . 
APROPOS TECHNOLOGY 1071 -A Avenida 
Acaso, Camarillo, CA 93010. 805-482-3604. 
PERIPHERAL SWITCH 264 

Clmpere, 
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ROBOTS, PRINTERS. X-Y AXIS, and a thousand 
other uses for the PPMC series STEPPER 
MOTOR CONTROLLER LSI. Interface a stepper 
motor to an 8-bit microcomputer with no extra 
hardware. Simple, comprehensive operation 
commands. 3, 4 and 5 phase motors, five limit 
switches , operating speed s t o 40K pps 
(PPMC202) Serial and parallel interface types 
available . From $33.00/ lOOpc (PPMClO 1) 
SIL-WALKER AMERICA 653 La s Casas, Pa cifi c 
Palisades. CA 90272. TEL: (213) 454-4772. 

STEPPER MOTOR CONTROLLERS 267 
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' ' quick ad1 New and current products for the electronic designer presented by their manufacturers . 

6502 64K COMPUTER-CONTROLLER. The 
model 83-230 single board computer has 55K 
of dynamic RAM, up to BK of EPROM , four 
parallel ports, 1 serial RS232 port, and four 
timers. This 4.5" x 6.5" computer uses the 44 
pin AIM bus. Th is computer was designed to 
be used as an industrial controller. A 2716 
monitor EPROM is available for $19.95. Bare 
board for $49. 95 or assembled and tested for 
$299.95. John Bell Engineering, Inc., 1014 
Center Street, San Carlos, CA. 94070. (415) 
592-8411 . 

64K COMPUTER-CONTROLLER 268 

RUNNER'S GUIDE TO BUYING DISK DRIVES. 
Sprinting all over town for the best disk drive 
prices7 You 'll be first off the blocks with a new 
price list from Drives, inc. Small OEM 's (50 to 
500 units/ year) now get brand name drives at 
costs compa rabl e to their faster -pace d 
competitors. 5 1

/. " and 8" floppies , 5 '!." 
Winchesters , bare or with case & power 
supply . All run a 48-hr. marathon before 
shipping. Drives, inc., P 0 Box 24829, Dallas, 
TX 75224. (2 14) 985-1055. 

LOW COST DISK DRIVES 271 

68008 Single Board Computer. 100 by 
160mm Eurocard . 3 RAM / EEPROM / EPROM 
sockets tor 2K-64K byte devices (2K RAM 
in c luded) 6 8 -bit Bi -Dir 1/ 0 ports with 
handshake and individuall y vectored inter­
rupts. 4 16-bit timers. Dual async serial RS232 
ports. 256b nvRAM. Diagnostics LEDs. Multi ­
tasking kernal option. $295 / unit. Quantity 
dis counts avai lable . Her ita ge Systems 
Corporation. P.O. Box 10588, Greensboro. NC 
27404. (919) 274-4818. 

32B IT SINGLE BOARD COMPUTER 274 
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FREE! 224 PAGE ELECTRONIC HARDWARE 
CATALOG . . Items shown inc lude standoffs, 
captive nuts and screws, chassis fasteners, 
handles, ferrules, spacers and washers ... all 
with dimensions and tolerances shown for 
easy selection. 24 pages highli ght new 
products including new locking fastener 
section. ACCURATE SCREW MACHINE CO ., 
INC., 19 Baltimore St., Nutley, N.J . 07110, 
(201) 661 -2 600. 

FREE CATALOG 269 
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NEW UNIVERSAL EPROM , EEPROM AND 
MICROCOMPUTER PROGRAMMER. FOR 
$2,495.00. Self-Configures upon entry of 
device number for programming any cu rrent 
EPROM , up to 256K-bits. Two configurable RS-
232 ports work with a printer and Development 
System or Terminal. An alphanumeric display 
with 32-key keyboard provides easy to use edi t 
and programmin g capabilities. Multibyte 
processors are supported . Terminal port also 
supports 20-MA mode operation. WALMOR 
DATA SYSTEMS, INC, (312) 364- 1530, Elk 
Grove Village, II . 60007. 
UNIVERSAL EPROM PROGRAMMER 272 

PLANE FACT. Nothing prevents warpage ot 
printed wiring boards during soldering more 
sim ply and ettectively than Rogers' board 
stiffeners. Contact Rogers for a free board 
stiffener sample. You 'll see how they can also 
serve as ground or voltage suppl iers of up to 
25 amps. Call today tor the full story. And get it 
straight. Rogers Corpora tion. Bus Produ cts 
Division, 5750 E. McKellips Rd. Mesa. AZ 
85205. telephone 602 830-3370. 

BOARD STIFFENERS 275 

Hl-8024 µP REAL TIME CLOCK WITH 
INDEPENDENT COUNTER/TIMER• 8-Bit Data 
Bus Oriented • Sec- Min-Hr-AM / PM -DOW ­
DOM-Mon- 128 Yrs • 21-Bit Presca ler- 15.3µs 
Max. Resolution • 16-Bit Counter/ Timer, Soft­
ware Independen t • Separate Time Base 
Inputs • Programmable Counter and Alarm 
Interrupts • On-Chip Osci llator • $7.80 ea . in 
24 Pin Plastic DIP , 1,000 Qty. HOLT 
INTEGRATED CIRCUITS INC., 8 Chrysler, 
Irvi ne, CA 92714; 714/ 859-8800. 

µP REAL TIME CLOCK 270 

Combination backplane/monitor/power har­
ness provides quality design. Grounded , 
terminated , 24-bit addressing, bussed p2. 
Un ique 4-layer backplane is integrated unit 
with 32 system-monitor LEDs, ten voltage 
monitor LEDs providing system diagnostics, 
visual warning of improper performance. 
Signals , CPU readable, display bus master, 
pending interrupts, control strobes, incorrect 
voltage / temperature, more. PAC I FI C 
MICROCOMPUTERS, INC., 160 Chesterfield 
Drive, Cardi ff, CA 92007, 619 / 436-8649. 

MB12 BACKPLANE 273 

OB68KlA'" SINGLE BOARD COMPUTER ON 
THE IEEE 796 BUS . lOMHz 68000 16/ 32 
bi t CPU ... 32K/ 128K/ 512K of zero wait state 
dual ported RAM Up to 192K Bytes of 
EPROM ... (2) RS-232C seria l ports ... (2) 16-
bit parallel ports A tr iple 16-bit timer I 
counter . (7) prioritized -vectored interrupts 

Two year limited warranty . Ca ll Sue 
Cochran at 312/ 231-6880 for more informa­
tion . OMNIBYTE CO RPORATION , 245 W. 
Roosevelt Rd ., West Chicago, IL 60185. 

SINGLE BOARD COMPUTER 276 
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The Earth from 22,300 miles in space (Photo: Courtesy of NASA) 

Clarke 's proposed 
3-satellite system. FINDING NEW WAYS ... 

In 1945, Arthur C Clarke- a British mathematic ian , wire­
less operator and creative sc ience fict ion writer found a 
better way to beam communications signals around the 
world . He theorized that an art ificial 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 rad io 
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 rea lity and gave the 
world improved commun ications capab ility. 

finding new ways .. 

Likewise, in 1969, Mini-Circu its 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
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 furthe r 
improvements in product cos t/performance , quality and 
reliability for more effective worldwide communications. 

setting higher standards 
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I
t's the new AD650 from 
Analog Devices-the first 
and only monolithic IC V/F 
converter to deliver 0.1 % max 
nonlinearity at 1 MHz full scale 

frequency. But that's just the begin­
ning. The AD650's performance 
advantage extends to lower full 
scale frequencies. too. At 10 KHz. for 
example, it provides 14-bit linearity. 
And it stays linear to 12 bits even 
when you get to 100 KHz. 

Which means that for AID 
conversion, the AD650 lets you 
optimize linearity. resolution or con­
version rate to meet your exact 
system requirements . What's more. 
the inherently monotonic transfer 
function of a V/F gives you an 
AID with no missing codes. 

And of course, a superlinear V/F 
can convert an analog signal to a 
digital pulse train for easy and accu-

rate transmission across an isolation 
barrier. The AD650 can serve as 
both a transmitter in V/F mode and 
as a direct or phase-locked loop 
type F/V-based receiver. 

The AD650's versatile architec­
ture accepts unipolar or bipolar 
input in the form of either current 
or voltage. And only the AD650 
provides separate analog and digital 
grounds so you can keep 1 MHz 
output pulses and other digital noise 
out of the analog signal path. 

Best of all. the AD650 is very 
competitively priced-it starts atjust 
S 7.15 in thousands. 

For all the facts on the V/F perfor­
mance leader.just call Applications 
Engineering at (617) 935-5565 
or write Analog Devices, Inc., 
P.O . Box 280. Norwood, MA 02062. 

.17o 
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At 1 MHz Only One \QF Converter 
Guarantees This Linearity. 
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