


Once ogoin, Lattice leads the market with the world's fastest CMOS 22Vl 0. The 1 Ons, GAL22V108-10. 
Thanks to our PCMOS® technology, this GAL® device runs at a cool 90mA typical Ice. And irs 100% tested. When tt 
comes to high performance and high quality, no one con match the Lattice fomi~ of leading-edge, PCMOS GAL devices. 

To hove a free sample and a GAL Doto Book shipped to you, just coll 1-800-FASTGAL. /lsk for 
Deportment 304. 

[JJLattice® 
Semiconductor 
Corporation 

5555 Northeast M001e(ourt • Hil/sbolo, Oregon 91124 

Leader in E2CMOS PLDs:M 

Copyright © 1991, Lattice Semiconductor Corporation. GAL and PCMOS are registered trademarks of Lattice Semiconductor Corporation. 
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Once again, HP has its name in lights. 
Leave it to HP 
to premiere the 
very first SMT 
LED offering the ~ 
brightness, \ ~ 
clarity, and color 1' 
choices of ~ 
through-hole LEDs. 
As one of the world's most expe­
rienced LED suppliers, HP wrote 
the book on high-performance 
LEDs. Now you can see the same 
star performarice on tape, because 
our new LED is compatible with 
tape-fed automatic pick & place 

CG08l02 

equipment and SMT solder 
processes. 

Its small footprint means you can 
pack more imprints per board. 
Yet it conforms to the EIA-535 
BAAC standard specification for 
case size 3528 tantalum capacitors. 

But we haven't let the bright 
lights go to our head. Our new 
SMT LED is competitively priced 
and multi-sourced. 
A class production all the way, 
these new LEDs are designed to 
meet most quality and reliability 

CIRCLE 167 

standards, eliminating the need 
for incoming inspection. 

Once again, HP sets the stage for 
quality, reliability, and innovation. 
To get the star treatment from HP, 
call 1-800-752-0900, ext. 2367, 
and ask for our FREE red & green 
SMT LED sample kit. And see 
what the biggest name in lights 
can do for you. 

There is a better way. 

F'//09 HEWLETT 
~e.11 PACKARD 



Outside, all disc drives look t 
It's really what's inside that co 

Zooc Bit Recording. ZBR. Seagate and !he Seagate 10110 are regl\tcred trademarh of Seagate Technology. Jnc 
a.· 1990Scag:ueTedmology. Inc 



he same. 
unts. 

Apart from our nameplate, a Seagate disc 
drive looks much like any other when viewed 
from the outside. But it's the tangible and 
intangible elements we put inside that make 
a Seagate drive really shine. 

If you could see inside you'd find the best 
components available. Many of them-such 

as discs, motors, semiconductors and thin­
film heads-we design and build ourselves, 
allowing us to control their quality, cost and 
availability. Most of what we don't manufac­
ture is obtained from a select group of vendors 
who must meet our strict Supplier Certifica­
tion Program criteria. This guarantees consist­
ently high quality and continual conformance 
to our customers' requirements. 

Technology is another key Seagate ingre­
dient. As the holder of over 200 disc drive pat­
ents, we constantly develop state-of-the-art 
technologies to enhance the value of our prod­
ucts to our customers. For example, Zone Bit 
Recording™ increases the amount of informa­
tion that can be stored on a disc. But besides 
increasing the drive's capacity and throughput. 
ZBR™ technology can reduce the required 
number of heads and discs, thereby reducing 
costs, increasing performance and making 
the drive significantly more reliable. 

The third major factor that sets Seagate 
drives apart is our commitment. You see it in 
the inspired dedication of our employees: like 
our engineers, who apply the latest technol­
ogy advances to our current models. In our 
assemblers and technicians, who are commit­
ted to producing defect-free products. And in 
our sales, customer service and technical sup­
port groups, who continually go the extra mile 
to ensure complete customer satisfaction. 

But most of all, Seagate drives are built 
upon experience: the market insight and tech­

nical knowhow that can only come 
from selling more than 25 million 
drives since the industry's incep­
tion. It's the kind of experience you 

won't find at any other disc drive company. 
To be sure you're getting Seagate quality 

and technology inside where it counts, make 
sure there's a Seagate nameplate on the out­
side. For more information, contact Seagate 
at 800-468-DISC, or 408-438-6550. 

cS55' Seagate 
The first name in disc drives 
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ONE MILLION TRANSISTORS ANO 
We're talking better than the best ECL 

performance at a fraction of the power. And 
for high frequency designs, Vitesse GaAs 
chips are lower power than BiCMOS. 

Our prices won't guzzle your budget 
either- our GaAs chips can give you better 

0 50

Fr•~:ncv
1

(:Hz)
200 250 performance for your dollar than Bi CMOS. 



THE BLINDING SPEED OF GaAs. 
For more information on our ASIC and 

standard products with integration levels up 
to 350Kgates, call Vitesse at (805) 388-7455. 
And leave the competition in the dust. 
FX Arrays 

FX100K 
FX200K 
FX350K 

Raw Gates 

102,000 
195,000 
353,000 

Usable Gates 

Up To 70,000 
Up To 137,000 
Up To 177,000 

Availability 

Now 
Now 
Summer 1991 

VITE SSE 
The GaAs Company.'" 
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Finally, engineering software that clears the 
way to problem solving without progranuning. 

void servj . . d Cp_ 
int ei · ·~>· 

I '<cj 
{ int stat, bYfe; 

/ *serial pollj~ ~d 
h 

. & 
byte= pib __ spoll ( r 

i f ( ( byte< o ) I I ! ( b . . ~" 
printf ( 11 SRQ Prob;

8 
return; } ~ 

stat=my_read(eid, DVM_~ 
if (stat>O) { «J.""'.fi· .................. 

buffy [stat] = ' \0' ; j. . ~ 

printf ("Data from instr ~~j' <:-<"' 
else printf ( 11 I/O read error~ili~r,,·,' ~ 
return; } . <;Jo 8 _,) 
main () { tv~' 

-l.[:G 
int busid, stat, MTA, MLA; 
char command[MAXCHARS]; 

busid=open ( 11 /dev/hpib7 11
, O_RDWR); /* open raw HP-I~-;; 

MTA=hpib_bus_status(busid, CURRENT_BUS_ADDRESS) + 64; 
MLA=hpib_bus_status(busid, CURRENT_BUS_ADDRESS) + 32; 
stat = BUTTON_BIT ; 
sprintf (command, 11 KM%020 11

, stat);. / * 2 octal digits *I 

WithHPVEE, 
you simply link the icons. 
Computers are great for problem 
solving, if only programmmg 
didn't get in the way and slow 
you down. And now, it doesn't 

© 1991 llewlctt-Packard Co. TMMSO IOS/ED 

have to. Because the HP visual 
engineering environment (HP VEE) 
lets you solve problems without 
programmmg. 

With HP VEE, you explore solutions 
visually by arranging and linking 
icons on the CRT. Each icon rep­
resents and executes a specific 
function for data collection, analysis 
-from simple mathematics to 
complex algorithms-and presen­
tation. You don't have to write a 
single line of code. 

There are two HP VEE software 
packages for prototyping, experi­
mentation, and problem modeling. 
HP VEE-Engine, at $995*, is a 
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general-purpose tool for analysis 
and presentation of existing data 
HP VEE-Test includes HP VEE­
Engine and adds extensive VO 
capability, including soft panels 
and device VO objects for $5,000*. 

So, if programmmg is keeping 
you from finding solutions, call 
1-800-752-0900. Ask for Ext. 
2382, and find out how HP VEE 
clears the way. 
*U.S. list prices. 

There is a better way. 

Ff/OW HEWLETT 
~a PACKARD 

.. 
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Whatever kind of PLO you need, 
the fastest comes from AMO. 

We'd love it if all our work amounted to "zero:· As in 
zero delay And we're not far off. 

Not surprising-because AMO invented the PAL® 
device. That's why we know programmables better. 
And offer you the most choices of the best devices. 

Say you want speed. but can't sacrifice density 
Don't. Use our new MACH"' products (Macro Array 
CMOS High-density) that give you up to 3600 
gates and 15ns performance. They're two to three 
times faster than the competition and cost 40% less. 

For more speed. along with low power consump­
tion. try our new 10- and 15-nanosecond CMOS 
PLDs. Use our 16V8-10s and 20V8-10s anywhere 
you'd use a GAL® device. Or choose the ever­
popular AMO-invented 22Vl0. at 15ns. 

Faster still are our seventh generation bipolar 
PAL devices. Complete families of 16L8-5s. 20L8-5s. 
and the 22Vl0-10s. And for real speed freaks. we're 
now shipping a 4.5ns bipolar PAL device-the 
world's fastest TTL programmable logic. 

Along with all this speed. we're providing 
equally fast delivery In quantity In fact we deliver 
more programmable logic devices than all our 
competitors combined. 

For details. call AMO now at 1 ~800 ~222~9323. 
And let nothing stand between you and your need 
for speed. 

~ 
Advanced Micro Devices 

901 Thompson Place. PO. Box 34 53. Sunnyvale.CA 94088 0 1991 Advanced Micro Devices. Inc. 
MACH isa trademark and PAL isa registered trademark of Advanced Micro Devices. 

GAL is a registered trademark of Lattice Semiconductor. 
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The IBM RISC System/ 
The power you've been seeking 

It's a never-ending quest for power seekers. 
You're always looking for ways to run your favor­
ite applications faster. Well, search no more. The 
RISC System/6000 N family of POWERstations 
and POWERservers gives you power that soars 
as high as 23 MFLOPS. 

MFLOPS MIPS SPECmark™ 

POWERstation 320 8.5 29.5 24.6 

DECstation 5000-200 3.7 24.2 18.5 

When it comes to porting, your ship 
has come in. Of course, all the speed in the 
world wouldn't mean much without the applica­
tions you need. So the RISC System/6000 family 

already has more than 2,500 of the most popular 
technical and commercial applications up, run­
ning and running fast. And if you think you 
know a good thing when you see it, so do soft­
ware vendors. That's why you'll also be seeing 
more and more applications coming on board 
the RISC System/6000 platform all the time. 
And if you like to build your own solutions, 
there's a full arsenal of enablers and relational 
data bases from leading vendors, as well as 
CASE tools and a host of popular programming 
languages. 

A smorgasbord of solutions. Applications 
already announced include the IBM engineering 
design packages CADAM: CAEDS: CBDS: 

MFLOPS are the resuUs of the double-precision, all FORTRAN Unpack test 100x100 array suite. The Dhrystone Version 1.1 test results are used to compute.RISC System/6000 Integer MIPS value where 1,757 Dhrystones/second is 
1 MIPS (Vax 11/780). SPECmark is a geometric mean of ten benchmark tests. All performance data are based on published benchmari< informahon. 

!=~~~~~~:;~.~~~sa:::a~~=~~~~~=~:~~=ts~=~~~~~=~s:r:J~~~V:,~~~~~~a~~ 
Equipment Corporatoo. HAGAR THE HORRIBLE Character(s) © 1990 King Features Syndicate, lnc. © IBM Corp. 1991, all rights reserved. 



6000 famil); 
for all your applications. 

LOOKS 
RIGHT/ 

CATIA ™ and AES. Also available are a broarl Command enormous processing clout. 
spectrum of solutions from vendors like Valid The RISC System/6000 family is built to boost 
Logic, MacNeal Schwendler, Swanson Analysis, the performance of the software power seekers 
SAS Institute, SPSS, Wavefront, Alias, Polygen, use most. It's got the best floating point processor 
Cadence, Fluid Dynamics International, Western in the business for numerically intensive 
Atlas, ECL Petro and creare.X. Scientific and applications, plus a new superscalar processor 
technical applications are available in areas like and incredible 30 
physics, structural analysis, chemistry, securities graphics capabilities. 
trading, mathematics, earth resources, opera- To find out more, call 
tions research, visualization, graphics, technical your IBM marketing 
publishing and more. Theres also accounting representative or IBM 
software like FourGen and support for leading Business Partner. For 
UNIX®-based office automation packages. And literature, call 
there are key industry applications for businesses 1 800 IBM-6676,1 , 
in medical groups, retail stores, newspapers, ext. 990. · ,__..-1._ a_m_==-._-
pharmacies and many more. • [ ~ 

V h fl s l _ I , !l~!"ll llll l!"J.~-llllUlllll ror t e r ower eeKer. · - ~ · · 'l~\ 

==-==- == ® - - - --- - -- - ---- - - ------ -----·-
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New 
CY545 

Only $75 each 
~. . ($25/lOOOs) 

Accelera!e your 
Step~r Motor 

to27,000 
Steps/second! 

Travel 16 
Million Steps 

andbackf 
Is your motor earthbound by sluggish 

controllers that 
can't give you the 
performance you 

C-~-======-need? Look at 
what you get with the new CY545 
single chip stepper motor controller: 

• 40-pin, CMOS, + 5v chip 
• Speeds up to 27K Steps/sec 
• 16 Million steps per motion 
• Programmable start rate, 

accel/decel, slew rate 
• Pulse and Direction Output 
• Separate Limit Switches 
• Jog operation 
• Home seek command 
• ASCII or binary commands 
• Parallel or Serial interface 
• 8 General Purpose 1/0 lines 
• External memory control 
• LCD & LED Display interface 
• Thumbwheel Switch interface 

Break the single chip speed barrier 
and the high performance price bar­
rier. You can't afford to pass up this 
latest innovation from the company 
that, ten years ago, brought you the 
first stepper motor controller on a 
single chip! Order by ., ..• 
Fax or phone or call · '.: ~ 
today for free info. : . 

Cybernetic Micro Systems 
PO Box 3000 • San Gregorio CA 94074 
Ph: (415) 726-3000 • Fax: (415) 726-3003 
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EDITORIAL 

TECHNOLOGY-TRANSPARENT DESIGN 

I 
nrecent years, the month of June has come to represent the annual convening 
of the top computer-aided-engineering companies at the Design Automation 
Conference. This conference, with its focus on better, faster methods of 
handling complex designs, continuously grows in importance to us at E LEC­

TRONI C DESIGN because it lies at the very heart of our editorial charter. This year, 
the conference is set for the Moscone Convention Center in San Francisco fromJune 
16-20 (stop by booth 418 and say hello to ELECTRONIC DESIGN'S editors, who will 
be there in force). Our preview of this year's conference, which begins on page 4 7 of 
this issue, is once again written by CAE Editor Lisa Maliniak, who gives an incisive 
analysis of the major trends at DAC '91. It primarily covers the many new devel­
opments in techniques for easing top-down system design. 

Much of the top-down design's success, however, depends on the ease with which 
designers can convert their designs to hardware-in particular, gate arrays. Here, 
designers are clearly telling the manufacturers that they want totally open systems, 
where they need not commit to a particular device until they complete the design. 
In other words, they want "technology-transparent design" capability. Technology 
transparency is a term coined by Alberto Sangiovanni-Vincentelli, a professor in the 
EE and Computer Science departments at the University of California at Berkeley, 
to describe a designer's ability to design a system without getting locked in to a particu­
lar manufacturer's device. Designers want the easiest possible way to implement gate 
arrays without translating their files, or redesigning logic because their system timing, 
say,isincompatiblewith the hardware implementation. Basically, says Sangiovanni-Vin­
centelli, the designer should be able to go effortlessly from one design to the next. 

This viewpoint is being echoed by almost everyone in the industry. For example, 
John East, president and CEO of Actel Inc., says that it's not just a few customers 
that have expressed this conviction, but a full 100% of them. However, as a maker 
offield-programmable gate arrays, he acknowledges that companies like his must 
swallow hard to support this concept. After all, they are loosening their hold on 
customers by allowing them to change devices at any time during design or pro­
duction with ease. However, if they don't do it, their competitors will, as has been 
replayed over and overinrecent years. East cites, as an example, the early signals given 
by automobile buyers, as evidenced in the increased sales of Volkswagens, indicating 
the public's desire for affordable, gas-efficient automobiles. U.S. auto manufacturers 
ignored such early warning signals, and have been trying to catch up ever since. 

Right now, the electronics industry is also facing early warning signals from its 

Editor-in-Chief 

[B ELECTRONIC 
JUNE 13, 1991 

customers. Let's go for total customer sat­
isfaction now with totally transparent 
technology, and not wait until it's too late. 

DESIGN 



SPECIFICATI ONS 
TOSW-230 
ZFSW-2300R 

Freq. Range(M Hz) 10-3000 

Insert Loss (dB) lyp. max. 
10-lOOMHz 1.3 1.9 
1 OO- I 500MHz I.I 1.9 
1500-3000MHz 1.8 2. 7 

lsolalion(dB) lyp. min. 
10-1 OOMHz 60 40 
1 OO- I 500MHz 40 28 
1500-3000MHz 35 22 

1 dB Compression( dBm) 1yp min. 
10-IOOMHz 17 6 
1 OO- I 500MHz 27 19 
1 500-3000MHz 30 28 

VSWR(ON) typ max. 
1.3 16 

Sw1tch1ng Time (µsec) typ max. 
(from 50% TIL lo 90% RF) 20 40 

Oper Temp.(°C) -551o+IOO 

Sier. Temp.( 0 C) -55 lot100 

Price (I 0-24) $39.95 
(1-9) $8995 

TOSW-425 
ZFSW-4250R 

10-2500 

lyp. max 
13 1.7 
I.I 1.7 
1.8 2.5 

lyp. mm. 
60 40 
40 30 
35 22 

typ. min. 
17 6 
27 19 
30 28 

typ. max. 
1.3 16 

lyp max 
2.0 40 

-55 to +100 

-55 lo +I 00 

$59.95 
$109.95 

Now, high-speed, high-isolation switches with 
with built-in drivers, tough enough to pass stringent 

MIL-STD-202 tests. There's no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem ... it's 

already included in a rugged , low-cost, compact assembly. 
Available in the popular hermetically-sealed 

T0-8 package or a small EMl -shielded metal connectorized 
case, these tiny PIN -diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
2µsec switching speed. 

Despite their small size, these units offer 
isolation as high as 40dB(typ), insertion loss of on ly 1.1 dB(typ) , 

and a 1dB compression point of +27dBm over most of the 
frequency range. All models are TIL-compatible and operate from 
a de supply voltage of 4.5 to 5.5 V with 1 .8mA quiescent current. 

CIRCLE95 

Switch to Mini -Circuits for highest quality 
innovative products ... and leave the driving to us. 

finding new ways 
setting higher standards 

O Mini-Circuits 
A D1v1s1on of Sc1en t1f1c Components Corp or at1on 

PO Box 350 166. Brooklyn. New York 11235-0003 (7 18) 934-4500 
Fax (7 18) 332-4661 Domestic and International Telexes 6852844 or 620156 

WE ACCEPT AMERICAN EXPRESS 

F126 REV. A 



Whether you fax it, fire it, send it, 
measure it, wire it,compute it, 

~ 5 r--t--t--¥+-+-1--1--1 
~.r-t-t'~-1--4-+--l-I 
~ 0 

~ 2 r--t--t-.c-f--+-+.-,r 

i5 ·• r-t-+-f"'<+--1-~~ 

to 
40 

Precision 

With the AD840, AD841 and 
AD842, there's no need to 
trade speed for accuracy.All 
three settle to 0.01 % within 
100 ns (840/8421 and 110 ns 

18411 - critical in data acqui· 
sition and instrumentation 
applications - and offer low 
offset voltages and drifts, 
and fast slew rates. 

The Analog family of 

mlnput 

For op amps requiring low 
input current, the OP-42, 
OP·44, AD845 and AD843 
are all remarkably fast-slew 
rates are 58, 120, 100 and 
250 V/µs, respectively. In 
addition, they offer offset 

voltages of less than 1 mV 
and extremely low current 
noise. 

''"""' G2 , ... , 

LOG FREOUENCY 

Frequency Response 

Transimpedance Amplifiers 

The OP·160, OP-260,AD844, 
AD846, AD9617 and AD9618 
all utilize a current feedback 
architecture to achieve slew 
rates from 450 to 2000 V/µ.s 
without compromising 
stability-even in hostile 

environments. Other benefits 
include low power dissipa· 
tion and high unity-gain 

bandwidth. 

If whatever it is you're trying to do involves high-speed op amps, Analog Devices 

is the company to call. With our current products and new introductions, we have the 

broadest line of high-speed op amps available. A line that gives you the right combination 

of speed, precision, noise and price. So chances are, weve got exactly what you need for 
Authorized North American Distributors: Alliance Electronics 505-292-3360-Allied Electronics 817-595-3500 ·Anthem Electroni,cs 408-453-1200· Bell Industries 213-826-6778 



shoot it,. launch it, land it, test it, 
display it or air it, we've got it. 

• -speed op amps . 
50 m'l .:. iJi 

Fl ~ 
k1 

80 

0 ~7 

80 

90 

100 

~ 0 lit.. ,._ . 2nd 

t2J 3<d 

,..... 

1 10 100 
Frequency-MHz 

Harmonic Distortion -Buffers 

If you're looking for 
extremely low distortion 

buffers, look at the specs of 
the AD9620 and AD9630-
distortion at 20 MHz: 

- 73 dBc and - 66 dBc, 
respectively; fast setUing 

time: less than Sns to 

0.02%; and extremely low 
noise: 2.2 nV/Viii 

General Purpose 

With the right combination 
of speed, precision, power 

dissipation and high output 

drive capability, the AD827, 

AD829,AD847, AD848, 
AD849 and OP-64 are ideal 
general purpose solutions. 

And they're ideally priced 
solutions- most singles are 

under $3, and duals are 

under$5. 

~~.~=--~>k~>~:--:,=.,...,--!',M,.,..-~. 
Frequency-Hz 

lnpul Vonago & Current Noise Spectral Oenai\y 

Low Noise 

It used to be you had to choose 
between speed or low noise. 

But with the AD829, you get 
both. It features voltage noise 

of 2 nV/ViiZ and current noise 

of 1.5 pA/\/iiZ with a 50 MHz 
unity-gain bandwidth. Those 

specs, combined with the low 

price of $2.95/lOOs, make it 
ideal for both audio and video 

applications. 

whatever application you're working in. Call us at 1-800-262-5643, or write to Analog Devices, 

P.O. Box 9106, Norwood, MA 02062-9106, for a complete high-speed op 11111111111111 ANALOG 
amp selection guide and ajree copy of our SPICE model library. L.iilll DEVICES 
Analog Devices, One Technology Way, Norwood, MA 02062-9106. Distribution, offices and applications support available worldwide. 

Future Electronics (Canada) 514-694-7710 ·Hall-Mark Electronics 214-343-5000 ·Newark Electronics 708-784-5100 ·Pioneer Technologies Group 216-587-3600 

CIRCLE 80 



These VCXO's 819 used to Improve a phase distorted or 
noisy signal by replacing it with the extremely low Jitter 
of the crystal. Typical uses are in T1 (12.352 MHz), DS3 
(44.736 MHz) and SOnet. VCXO's are now available with 
ECL output. 

DIVIDER 

With MF VCXO's, since the specification is computer-tested over 
the full operating temperatures, you can be assured that the 
specified frequency- deviation is what you get for capture range. 

M2001 
M2002 
M2003 
M2004 
M2005 
M2006 
M2007 

Control Voltage Deviation 

0.3 to 10V 
0.2 to 4V 
0.3 to 10V 
0.3 to 10V 
1.0to4V 

Oto5V 
0.5 to 4.5V 

±175 ppm 
± 75 ppm 
±300 ppm 
±125 ppm 
± 75- 300 ppm 
±150 ppm 
±250 ppm 

PHASE-LOCKED _. 
LOOP-VCXO'S .. -:, 
Series M2010, M2015 

This is the complete loop, including the phase-comparator and 
the VCXO, in just one package. Add the dividers to match the 
frequencies. Oscillators from 1 O to 30MHz. 

M2010 
M2015 

Frequency Range 

±125 ppm 
±150 ppm 

M F Electron ics has 
received the coveted 

Outstanding Supplier 
Award for 1991 

from SiliconGraphics. 
CIRCLE 166 

lll=ELECTRONICS CORP. 
1 O Commerce Drive 
New Rochelle, NY 10801 
914-576-6570 Fax: 91 4-576-6204 

TECHNOLOGY BRIEFING 

EDA VENDORS VALIDATE CFI EFFORTS 

A 
few years ago, serious doubts were raised on 
whether EDA vendors would rally around in­
dustry standards. Despite that sentiment, 
the CAD Framework Initiative (CFI) has 

spent the past year working on a set of three specifica­
tions that allow EDA tools to be integrated easily and 
effectively into a CAD framework. The specifications 
will be demonstrated at CFI's 1991 integration project 
next week during the Design Automation Conference 
(DAC)in San Francisco. In addition, several vendors will 
show prototypes of their CFI-compliant products. The 
project's success lies not only in the electronic-design- LISA MALINIAK 
automation industry's ability to create framework stan- COMPUTER-AIDED ENGINEERING 

<lards, but also ifit can support them. 
CFI's theme for its 1990 integration project was "cooperation in action." It 

was a first attempt at large-scale standardization in the EDA industry, and was 
viewed as a trial implementation with lots of disposable code. This year's pro­
ject focuses on a "real standards for real producLs" theme. The 1991 project has 
frameworks and tools from multiple companies exchanging data using the new 
specifications. Andy Graham, CFI's president, explains that the undertaking 
introduces entirely new capabilities for tool abstraction, design representation, 
and intertool communications. "Broad participation in the project enabled val­
idation of many of the concepts in the specifications and accelerated the imple­
mentation of CFI specifications in commercial products." And the success of a 
standard, Graham points out, is market acceptance. 

Tools from multiple vendors often can't work together effectively in the cur­
rent, non-standardized situation. In fact, an end user typically spends more time 
making tools work together than they do with each individual tool. The three 
biggest problem areas involve access and modification of design information, 
adding tools to the design environment, and tool interaction in real time. CFI 
addresses these problems with a common data model, and tool-encapsulation 
and intertool-communication standards. 

More than 22 organizations were enlisted to modify their tools for the newly 
developed specifications. According to project coordinator Paul Painter, a re­
searcher at Microelectronics and Computer Technology's (MCC) CAD Frame­
work Laboratory, Austin, Texas, the CFI specifications allow for true "plug­
and-play" capability among the various participants. CAD vendors and users 
from North America, Europe, and Asia worked together to integrate 34 differ­
ent software products using the same set of CFI-developed interfaces. Inte­
gration labs were established at MCC in North America, CADLab in Europe, 
and at Cadence and Mentor Graphics facilities inJ apan to complete the project. 
Final integration of the tools took place over the past few weeks at MCC CAD 
Framework Laboratory. 

The 1991 integration project consists of three parts. Part one focuses on uni­
form methods for integrating tools into a framework. The second part empha­
sizes a single way ofrepresenting design data, and the third part allows tools to 
communicate with each other in an open, non-proprietary fashion. Project par­
ticipants supplied either a framework cockpit to control the tools, a design-rep­
resentation server to store design information, or an application tool that pro­
duces or consumes net-list information. 

Eight project participants will show CFI-compliant product prototypes at 
DAC. They are: Cadence Design Systems, Computervision, Mentor Graphics, 
Objectivity, Siemens Nixdorf, Sun Microsystems, Valid Logic Systems, and 
Viewlogic. Mentor's Mitch Weaver, the chairman of the Electronic Design Au­
tomation Companies (EDAC) standards committee, proclaims that "adoption 
of standards is the key enabler for growing the industry." Apparently, a good 
portion of the industry is starting to think that way. 

[[] ELECT R ON I C D ES I GN 
JU NE 13, 1991 



Looking for a function generator 
with all the bells and whistles, 
like direct digital synthesis, ' 0 I 

arbitrary waveforms, 

and modulation, 
that doesn't cost an arm and a leg? 

Take a look at the 
DS345 from SRS. 

At $1895, it's the only function generator you need. 
It's a general purpose signal generator with standard 
waveforms, frequency sweeps, and synthesized accuracy. 
It's a 40 Msample/sec arbitrary waveform generator with 
16k po i nt~ of no~-volati l e memory. It's a complex signal 
source with amplitude, frequency, and phase modulation, 
complete with synthesized modulation waveforms. It's a 
remarkably agile source capable of making phase 
continuous frequency jumps in only 25 ns. And it's all 
available at the touch of a button. 

What other generator has everything you want, and more? 
For more information about the 08345, call SRS at 
( 408) 7 44-9040. 

• 30 MHz direct digitally synthesized source 
• 1 µHz resolution 
• 12 bit arbitrary waveforms 
• Fast phase continuous frequency switching 
• Low phase noise and distortion 
• Sine, square, ramp, and triangle waveforms 
• Linear and log sweep with markers 
• Frequency, amplitude, and phase modulation 
• Arbitrary and burst modulation 
• Optional GPIB/RS232 interfaces with 

Arbitrary Waveform Composer Software 

SRS STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408)744-9040 FAX 4087449049 TLX 706891 SRS UD 
CIRCLE 152 



Over 50 off-the-shelf models ... 

Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance r~tio over a specific frequenc 
range? ... Mini-Circuits offers a solution. 

Choose impedance ratios from 1 :1 to 36:1, 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re­
quirements*). Ultra-wideband response achieves low 
droop and fast risetime for pulse applications. Ratings 
up to 1 OOOM ohms insulation resistance and up to 1 OOOV 
dielectric voltage. For wide dynamic range applications involving 
up to 1 00 mA DC primary current, use the T-H series. 
Coaxial connector models are offered with 50 and 75 ohm 
impedance; BNC standard; request other types. 
Available for immediate delivery with one-year guarantee. 

Call or write for 68-page catalog or see our catalog in 
EEM, or Microwaves Product Data Directory. 

T, TH, TI 
bent lead version 

style X 65 

case styles ·units are not OPL listed 
T, TH, case W 38, X 65 bent lead version, KK61 bent lead version 

finding new ways .. 
setting higher standards 

r::J Mini·~o~or.~OH~!~ 
PO. Box 350166, Brooklyn , New York 11 235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

TMO, case A 11, t case B 13 FT, FTB, case H 16 
NEW TC SURFACE MOUNT MODELS from 1 MHz lo 1500 MHz 

NSN GUIDE 
MCL NO. NSN 
FTBl - 1-75 5950-01 - 132-6034 
FTBl -6 5950-01 -225-6773 
Tl - 1 5950-10- 126-37 45 
Tl - IT 5950-01 - 153-0668 
T2- 1 5950-01- 106-1216 
T3- 1T 5950-01 - 153-0296 
T4 - 1 5950-01-024-7626 
T9- 1 5950- 01 - 105-61 53 
Tl 6- 1 5950-01-094-7 439 
TMOl - 1 5950-01- 176-2612 

MCLNO. 
TM02- 1 
TM02.5-6 
TM02.5-6T 
TM03- 1T 
TM04- 1 
TM0 4-2 
TM04- 6 
TM05- 1T 
TM09- 1 
TM016- 1 

NSN 
5950-01 - 183-6414 
5950-01 - 215- 4038 
5950-01 - 215- 6697 
5950-01 - 168-7512 
5950-01 -067-1012 
5950-01 -091 -3553 
5950-01 - 132- 8102 
5950-01 - 183-0779 
5950-01 - 141 - 01 74 
5950-01 - 138- 4593 



3KHz-BOOMHz from $325 
case style number 
see opposite page 

A* T 

PRl:J 8sEc 

TH 
TMO 

B* TT 

PRla EsEc 
TTMO 

c T 

PRl:J c S'EC 

TO 
TH 

TMO 

D T 

™V SEC 
TMO 

FT 

E p~:J c SEC FTB 

... 
F x T 
~ 

y 

~ z 
• 

n FREQUENCY INSERTION LOSS 
RATIO 

MODEL 
NO. 

T1 -1T 1 
T1 -6T 1 
T2-1T 2 
T2.5-6T 2.5 
T3- 1T 3 
T4- 1 4 
T4-6T 4 
T5-1T 5 
T8-1T 8 
T13- 1T 13 
T16-6T 16 
T4- 1H 4 
TM01 - 1T 1 
TM02- 1T 2 

tTM025-6T 2.5 
tTM03-1T 3 
TM04- 1 4 
TM05- 1T 5 
TM013-1T 13 

TT1 -6 1 
TT1.5-1 1.5 
TT2.5-6 2.5 
TT4-1 3 
TT4 - 1A 4 
TT25-1 25 
TTM025- 1 25 
TTM01-1 1 
TTM04- 1A 4 

T1 - 1 1 
Tl.18-3 1.18 
T1-6 1 
Tl .5- 1 1.5 
Tl .5-6 1.5 
T2.5-6 2.5 
T4-6 4 
T9-1 9 
T16- 1 16 
T36-1 36 
T0-75 1 
T1 - 1H 1 
T9-1H 9 
T16-H 16 
TM01 -02 1 
TM01 - 1 1 
TM01 .5-1 1.5 

t TM02.5-6 2.5 
t TM04 -6 4 
TM06-1 6 
TM09- 1 9 
TM016-1 16 

T2-1 2 
T3-1 3 
T4-2 4 
T8-1 8 
T14-1 14 
TM02- 1 2 
TM03- 1 3 
TM04-2 4 
TM08- 1 8 
TM014- 1 14 
FT1.22- 1 1.22 
FT1 .5- 1 1.5 

FTB- 1 1 
FTB1 -6 1 

•FTB- 1-75 1 

T-622 1 
T626 1 

• Denoles 75 ohm models 

• FOR A AND B CONFIGURATIONS 
Maximum Amplilude Unbalance 

MHz 

.05-200 

.003-300 

.07-200 

.01 - 100 

.05-250 

.2-350 

.02-250 

.3-300 

.03-140 

.3-120 

.03-75 
10-350 
05-200 
.07-200 
.01-100 
.05-250 
.2-350 
.3-300 
.3-120 

.004 -500 

.075-500 

.01-50 

.05-200 
0.1-300 

.02-30 

.02-30 

.005- 100 
0.1-300 

.15-400 
0.01 - 250 

.01 -150 

.1-300 

.02-100 

.01-100 

.02-200 

.15-200 

.3-120 

.03-20 
10-500 
8-300 
2-90 
7-85 
1-800 

.15-400 

.1-300 

.01- 100 

.02-200 

.3-200 

.15-200 

.3-120 

.050-600 

.5-800 

.2-600 

.15-250 

.2-150 

.050-600 

.5- 800 

.2-600 

.15- 250 

.2-150 

.005-100 

.1-400 

.2-500 

.01-125 

.5-500 

0.1-200 
0.01-10 

0.1 dB over 1 dB frequency range 
0.5 dB over entire frequency range 

3d8 2dB 
MHz MHz 

.05-200 .08-150 

.003-300 .01-150 

.07-200 .1- 100 

.01-100 .02-50 

.05-200 .1-200 

.2-350 .35- 300 

.02-250 .05- 150 

.3-300 .6-200 

.03-1 40 .10-90 

.3-120 .7-80 

.03-75 .06-30 
10-350 15-300 

.05-200 .08-150 

.07-200 .1-100 

.01-100 .02-50 

.05-250 .1-200 

.2-350 .35-300 

.3-300 .6-200 

.3-120 .7-80 

.004 -500 .02-200 

.075-500 .2- 100 

.01-50 .025-25 

.2-50 .2-50 
0.1-300 0.2-250 

.02-30 .05-20 

.02-30 .05-20 

.005- 100 .01-75 
0.1-300 0.2- 250 

.15-400 .35-200 
0.01 - 250 0.02-200 

.01 - 150 .02-100 

.1-300 .2- 150 

.02- 100 .05-50 

.01-100 .02-50 

.02-200 .05- 150 

.15-200 .3- 150 

.3-120 .7-80 

.03-20 .05-10 
- 10- 500 
8-300 10-200 
2-90 3-75 
7-85 10-65 
1-800 2-500 
.15-400 .35-200 
.1-300 .2-150 
.01-100 .02-50 
.02-200 .05-150 
.3-200 .5-150 
.15-200 .3-150 
.3-120 .7-80 

.050-600 .1-400 

.5-800 2-400 

.2-600 .5-500 

.15-250 .25-200 

.2-150 .5- 100 

.050-600 .1-400 

.5-800 2-400 

.2-600 .5-500 

.15-250 .25-200 

.2-150 .5- 100 

.005- 100 .01 -50 

.1-400 5-200 

.2-500 .5-300 

.01-125 .05- 50 

.5-500 5- 300 

0.1-200 0.5- 100 
0.01 - 10 0.2-5 

Maximum Phase Unbalance 
I .0° over 1 dB frequency range 
5.0° over entire frequency range 
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1dB 
MHz 

.2-80 

.02-50 

.5- 50 

.50-20 

.5-70 
2- 100 

0.1- 100 
.5- 100 
1-60 
5-20 
.1-20 
25-200 
.2-80 
.5-50 
.05- 20 
.5-70 
2- 100 
5-100 
5-20 

.1-50 
1- 50 

.05- 10 
1- 30 

0.3-180 
.1-10 
.1-10 
.05- 40 

0.3-180 

2-50 
0.03- 50 

.05- 50 

.5-80 
0.1-25 

.05-20 

.1- 100 
2-40 
5-20 
.1-5 
40-250 
25-100 
6-50 
15- 40 
-
2-50 
.5-8 
.05-20 
.1-100 
5-50 
2-40 
5-20 

.5-200 
-
2-250 
2- 100 
2- 50 
.5-200 
-
2-250 
2- 100 
2-50 
.05-25 
1- 100 

1-100 
.1-25 
10- 100 

5-80 
.04 -2 

PRICE$ 

Ot~ 
(1-) 

4.45 
6.95 
4.95 
4.95 
4.95 
3.25 
4.45 
4.95 
7.95 
4.95 
5.65 
5.95 
7.95 
8.45 
8.45 
7.95 
6.25 
8.45 
8.45 

6.95 
5.95 
6.45 
5.95 
6.95 
9.95 

11 .95 
11.45 
13.95 

3.25 
5.65 
5.65 
4.45 
5.65 
4.45 
4.45 
3.95 
4.45 
6.95 
6.95 
5.95 
6.45 
6.45 
9.45 
6.25 
8.45 
7.95 
7.95 
7.95 
7.95 
7.95 

3.95 
4.45 
3.95 
3.95 
4.95 
7.95 
8.45 
7.95 
7.95 
8.45 

35.95 
35.95 

36.95 
36.95 
36.95 

3.25 
3.95 



Take a Look at LabWindows®2.0 
LabWindows 2.0 brings a new look to 
data acquisition and instrument control. 
The new look is graphical-a graphical 
user interface for your acquisition and 
control system. 

Create a Graphical User Interface 
With LabWindows 2.0, you can easily 
create custom graphics panels to 
interface with your DOS-based system. 
Using the graphical editor and standard 
development tools , you can develop a 
system that combines data acquisition, 
data analysis, and data presentation. 

Program with C or BASIC 
When you develop a system with 
LabWindows 2.0, you have the benefit 
of using standard programming 
languages with development tools 
designed specifically for data acquisition 
and instrument control. 

Use any Acquisition Hardware 
LabWindows 2.0 has libraries of 
functions to control data acquisition 
hardware ranging from plug-in boards 
to industry-standard GPIB, VXI , and 

CIRCLE 110 

RS-232 instruments. You can develop a 
system with LabWindows to meet all of 
your measurement and control needs. 

Take a look at the new LabWindows 2.0. 
You'll like what you see. 

y.NATIONAL 
~ !!'~~: 

6504 Bridge Point Parkway 
Austin, TX 78730-5039 
(512) 794-0100 
(800) 433-3488 

See Us At TEC, Booth 507 



TECHNOLOGY NEWSLETIER 

LOW POWER CW LASER A low-power, continuous-wave semiconductor laser diode has been used to 

W 
· C L directly write circuit lines in recently completed research. The laser is part of 

RITES IRCUIT INES an additive dry-conductive-powder process for writing pc-board traces. So­
mich Technology Inc., Winnipeg, Manitoba, Canada, developed the process. The laser writes 
the circuit lines on the substrate directly from a CAD I CAM data base. A film of heat-activated 
adhesive is laid on a substrate and a layer of conductive powder is placed on the adhesive. With 
output powers as low as 55 mW, the laser defines the circuitry by activating the powder and 
adhesive. Significant advantages compared with other methods of defining circuit traces 
include the absence of artwork. In addition, 3D surfaces can have circuitry fabricated on them. 
There's a high repeatability factor as well as no resists or wet chemicals, which eliminates en­
vironmental concerns. Call (204) 694-7287 for more information. DM 

SSI GETS SIGNETICS' Through a licensing agreement, Silicon Systems Inc. (SSI), Tustin, Calif., can 
now access the proprietary QUBiC biCMOS fabrication process of Signetics 

13-GHz QUBIC PROCESS Corp., Sunnyvale, Calif., forSSI's mixed-signal I Cs. This submicron process, 
whose npn transistors provide an ft of 13 GHz, is a true modular mixed-signal process, not just 
CMOS pasted on a bipolar process or vice versa. It combines high speed and density with low 
power, useful for building next-generation disk-drive read-channel I Cs, a mainstay of SSL The 
process should be particularly useful for future generations of the company's voltage-pro­
grammable, continuous-time filters, such as the year-old 32F8011 and the just-released 
32F8020. Both are 7-pole, Bessel low-pass filters for disk-drive read channels using constant­
density recording. The former can be programmed with digital-to-analog converters for a cut­
off frequency between 5 and 12 MHz. The latter can be similarly programmed to cutoff 
anywhere between 1.5 and 8 MHz. The new process should make possible IC filters with useful 
frequencies that are at least a factor of three higher than what's achievable today. These 
filters, while now limited to disk drives, should have broad application in communication 
systems and equipment. For additional information, call 1-(800) 624-8999, ext. 151. FG 

X RAY STEPPER CRAFTS X-ray lithography, which was long awaited as the means to produce the next 
• generation of IC designs with feature sizes under 0.35 µm , has finally arrived 

FEATURES UNDER 0.35 µM in a commercially available production system. The Series 3500 stepper, from 
Hampshire Instruments Inc., Rochester, N.Y., is the first commercial appearance of a lithog­
raphy technology that may eventually meet the 0.25- and 0.15-µm design rules needed for 1-
Gbit memories. The system can be the foundation for a process line for new devices, or it can be 
mixed into existing optical-lithography lines. The mix-and-match capability stems from the 
fact that the X-ray system uses the same photoresist process as optical systems. Already on­
board with the X-ray technology is Cypress Semiconductor, San Jose, Calif., which purchased 
the $4 million system with an eye toward volume manufacturing of sub-0.3-µm devices. DM 

POWER p ACKAGES SHRINK In separate ~evelopm~nts, Sharp C?rp., Osaka, Japan, ~educed both the pow­
' er consumption and size of LCD drivers. Two new devices, the LH1511 com­
FOR LCD DRIVERS mon driver and LH1512 segment driver, can operate from supply voltages as 

low as 3 V. These drivers fill the need for lower supply voltages in battery-operated equip­
ment, such as notebook and palmtop computers. Clock frequencies for the segment drivers 
can be as high as 2.5 MHz. In addition, the drivers use an enable-chain scheme that automati­
cally propagates signals to adjacent devices, reducing the load on the display controller. 

Concurrently, Sharp developed a new technology with two key elements that combine to 
dramatically reduce the size of LCD drivers. One is an 8-mm-thick TAB package for the 
drivers that optimizes the wiring pitch of LCD panels by matching the chip's pad pitch to the 
outer-lead pitch. The other is a long, thin package profile with a width-to-length ratio of 1:10. 
The so-called bar chips feature an operating frequency of 6.5 MHz and the ability to drive a 1/ 
240 duty cycle at LCD voltages of 28 V. DM 

SGS READIES CLASS-0 1 An ultra-clean, class-0.1 (less than 3.5 particles/ m3
) fabrication facility is 

• currently being built in Crolles, France (near Grenoble), by SGS-Thomson in 
FABIN GRENOBLE a joint venture with CNET, France's telecommunications authority. Called 

"Grenoble 92," this "world-class" facility for submicron semiconductor technology will com­
bine advanced-technology research laboratories with a compatible pilot production line for 8-
in. wafers. Feature sizes will be as small as 0.3 µm. Grenoble 92 is expected to be fully 

E L E C T R 0 N I C D E S I G N6) 
JUNE 13, 1991 



Custom IC Solutions 
Need a custom IC? You'll bypass the usual red tape 

by working with an experienced custom IC partner like 
Silicon Systems. 

Our 20 years of experience developing I Cs for mass 
storage, communications and automotive applications 
means we can move quickly from your inspiration to a 

working custom prototype in no time. 
And speed your custom IC into volume production. 
In our MSICs TM (Mixed-Signal Integrated Circuits) 

world we combine high-performance analog and digital 
circuitry on a single chip and allow you to take full 
advantage of our state-of-the-art design systems. From 
there we will optimize the performance and integration 
of your design in CMOS, Bipolar or Bi CMOS 



process technologies. 
Enough said? Move to the front of the line and 

discuss your custom design requirements with a 
Silicon Systems representative. Or call us for literature 
package CUST-1. 

Circle 111 for Product Info 
Circle 112 for Career Info 

Silicon Systems, Inc., 
14351 Myford Road, Tustin, CA 92680 
Ph 1-800-624-8999, ext.151 Fax (714) 669-8814 
European Hdq. U.K. Ph (44) 79-881-2331 Fax (44) 79-881-2117 

Jiliam Jz rJkmJ® 
A TD~ Group Company 
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operational with 0.8-µm feature sizes by the end of 1992. 
The facility will be devoted to developing digital and mixed-signal CMOS, as well as comple­

mentary biCMOS, I Cs. Mixed-signal circuits will be based on SGS-Thomson's modular, com­
plementary, 1.2-µm bi CMOS process. With 0.8-µm feature sizes, npn-transistor fts are expect­
ed to be greater than 10 GHz, and pnp-transistor fts greater than 3 GHz. Digital-IC line widths 
are estimated to reach 0.35 µm, while the mixed-signal CMOS and biCMOS devices will stop at 
0.5 µm . The facility replaces air 500 times per hour. I ts temperature is held at 23°C +0.1°C, and 
humidity at 40%, +2%. Vibration is less than 3.15 µm / s from 5 to 30 Hz. Clean-room cells are 
pressurized to 50 Pascals above ambient to prevent particle entry. Pressure is maintained 
when cell doors are opened to prohibit air movement. Electromagnetic interference is kept 
below 3 milligauss so that electron-beam equipment can be used. FG 

JEDEC TASK FORCE With spiraling system speeds, semiconductor-package and connector parasi­
tics are of growing concern to designers. With that in mind, JED EC, Wash-

EYES PACKAGE STANDARDS ington, D.C., has formed a task force to identify these parasitics. It will then 
standardize terms and definitions, and test conditions, models, and procedures. The group 
comprises members of existing JEDEC committees on package standardization, memory 
standardization, ASICs, and gallium arsenide. For more information, contact Carl Cook at 
(415) 857-7470. DM 

SOFTWARE SIMPLIFIES A complete syster:i anal~sis, including fau~t isolat~on down to the component 
level, 1s now possible usmg QAPlus 4.52 diagnostic software from Dmgsoft 

SYSTEM DIAGNOSTICS Inc., Scotts Valley, Calif. The software, which simplifies system diagnostics, 
allows designers to display the options for correcting identified faults. The self-booting soft­
ware supports all DOS systems as well as Intel 8086-based OS/ 2, Unix, and Xenix systems. 
Included in the latest version of QAPlus is Intruder Alert, which detects a computer virus 
before it can spread to other systems. It also includes User Installable Diagnostics, which lets 
users run other diagnostic tests from within QAPlus, then display the results on-screen in 
dialogue boxes. In addition to CPU, advanced memory, keyboard, and video tests, the soft­
ware supplies system and hardware configuration information so that I/O devices can be add­
ed and configured without any conflict from other devices. RN 

MULTICHIP-MODULE p ACT Alt~ough multichip-module (MCM) technol?gy is mak~ng inroa~s with work-

L C 
stat10n manufacturers to combat propagation delays mherent m IC packag-

PROMISES OWER OSTS ing, the technology's cost has kept desktop-system makers at arm's length. 
To that end, nCHIP Inc., San Jose, Calif., and Sumitomo Metal Mining Electronics, Tokyo, 
Japan, are teaming up to lower the cost and improve the volume manufacturability of the core 
technologies used in MCMs. Two targeted areas in the technology agreement are the develop­
ment of low-cost, non-hermetic packages-a key in cost reduction-and refining key process­
es critical to high-volume manufacturing of substrates. With the aid of Sumitomo's expertise 
in copper electroplating, the companies will work toward a means of attaching the modules ' 
leadframes directly to their silicon substrates, which eliminates a wire-bond interconnect level 
and makes manufacturing simpler. In addition, Sumitomo, which is a leading maker of TAB 
tape, will push to develop a high-density tape that will complement nCHIP's existing capabili­
ties in wire-bonding and flip-chip assembly techniques. For more information, call Steve Ste­
phansen at (408) 945-9991. DM 

USAF CONTRACTS MCC A revolutionary change in packaging technology-replacing hermetic pack-

F M C 
ages with more cost-effective, lightweight protective coatings for multichip 

OR ODULE OATINGS modules-is the goal of a $4 million, four-year research effort. The U.S. Air 
Force's Wright Laboratory has awarded the Reliability without Hermeticity (RwoH) research 
contract to the Microelectronics and Computer Technology Corp., Austin, Texas. The joint 
industry-university-military initiative will investigate the advantages of organic (polymeric) 
and inorganic coatings, and seeks to eventually gain their acceptance in electronics for mili­
tary systems, as well as for broad commercial applications. DM 
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HP's SoftBench: A tool integration framework 
and a program construction toolset. 

HP Branch Validator: Pravides accurate branch 
information quickly and easily, reducing software 

test time whi/,e increasing confidence. 

Inter/,eaf Thchnical Publishing Software: A 
documentation software and management system 

that features integrated text and graphics. 

f-( 

Cadre Thamwork: A family of 
tools that imptement system analysis and 

software design methodologies. 

Best CA 

McCabe 'lest 1bols: An automated software 
testing and reverse engineering application. 



Verilog LOG!SCOPE: 
A utmnated testing of source 

code analysis for reverse 
engineering. 

Saber-C: A set of integrated tools for development, 
testing, maintaining and debugging C programs. 

CaseWaree AMPLIFY® CONTROL: 
A graphic development environment 

and confi,guration management system based 
upon an open architecture. 

~~,ar-- co :-: • -~-~ 
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~ 
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Sojtool Corporation CCC: 
A complete, automatedsolution 

for change control and 
configuration management. 

Frame F'rameMaker': Easy-to-use text, 
graphics, and layout tools for documentation. 

How can you make sure that your soft­
ware release dates don't slip? That 
defects are discovered sooner rather 
than later? That your team has the 
most up-to-date tools? 

Hewlett-Packard's SoftBench, 
that's how. 

SoftBench is a tool integration plat­
form, with its own toolset. It provides 
a common user interface, tool commu­
nication and distributed computing 

services. And you can integrate your 
own or third-party tools into SoftBench. 

These software suppliers and SoftBench 
are key elements of our CASEdge 
program. Tugether, we offer a broad 
selection of development tools. They 
help automate the specification, design, 
implementation, debugging and 
maintenance processes. 

This streamlines your entire CASE 
environment, while protecting your 

CIRCLE87 

Apollo DSEE: Offers unequaled software 
development support and configuration 

management for complex, team-oriented projects. 

- ~.,_, _,., 

-- ------,, 

~
-::.;:. 

I:: .. -· . ·- ... _ .. _ 
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IDE Software Through Pictures•: Integrated tools 
for improving software quality that emphasize 

systems analysis and software design. 

investment, lowering your develop­
ment costs and improving your time 
to market. 

For more information, call us at 
1-800-637-7740, Ext. 2202. We'll 
show you the best CASE scenario in 
the industry. 

F//fl9. HEWLETT 
i.!~ PACKARD 



a ... aov INPUT DC·DC'S 
MTBF'S TO 350,000 HOURS 
The PSR, PSK & SMR families offer input ranges as wide as 
8 ... 80Vdc, outputs from 5 ... 720 watts and efficiencies up to 
95%. Ideally suited for Instrumentation, Industrial Controls 
or Mobile Communication systems, where High-Rel power 
conversion is a must. 

• Outputs of 2 ... 36 Vdc, up to 25 Amps 
• -25 .. .71 °C or -40 ... 85°C ambient 
• Short/Open circuit proof 
• Shock/Vibration per MIL-STD 81 OD 
• PCB, 3U rack or chassis mount formats 
• Many options available 
•I OO's of models to choose from 

For more information contact MELCHER at 800-828-9712. 

DC·DC'S FROM 1 ••• 10 WATTS 
DISTRIBUTED POWER, 4: J INPUTS 

CIRCLE 137 

For distributed power or hand-held instrument applications, 
the ICR, IWR & IPS units offer the widest input ranges and 
fully regulated outputs in low profile, PC board-mount 
packages. These units are completely isolated and available 
with up to three outputs. 

• Input ranges of 4.5 ... 5.5, I 0 ... 33, and 18 ... 72 Vdc 
• Isolation voltages from 500 ... 8kVdc 
•Single, Dual, Triple outputs of 2 .. .48 Vdc 
• -25 ... 71 °C, -40 ... 85°C ambient 
• Industry Standard pinning 

For more information contact MELCHER at 800-828-9712. 
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50 WATT DC·DC/ AC·DC CONVERTERS 
5: J DC INPUT, UNIVERSAL AC INPUT 
The M series offers complete versatility for systems 
requiring extremely wide AC or DC inputs, high isolation, 
and rugged power conversion products. These units are 
well-suited for Airborn Instrumentation, Locomotive/Process 
Controls, and Telecom applications. 

• 8 ... 35, 14 .. .70, 28 ... 140, 44 ... 220 Vdc, 85 ... 264 Vac Inputs 
• Single, Dual, Triple outputs, 2 .. .48 Vdc 
• UUCSA/VDE, British & French Rail Board Approved 
• MIL-STD 7040 (28V, I I 5V/400Hz) 
• Isolation up to 4,000 Vrms 
• Open/Short circuit proof 

For more information contact MELCHER at 800-828-9712. 
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MELCHER. 
DEMAND THE BEST 

FOR THE MOST 
DEMANDING CONDITIONS. 

Melcher builds power supplies that withstand the 
worst electrical and environmental conditions. 
All the components you need to combat extended 
temperature ranges, shock and vibration, and any 
input voltage. For more than 18 years designers 
around the globe have been specifying Melcher's 
leading edge power conversion technology for 
locomotive, telecommunications, off-road machinery, 
process controls and medical instrumentation 
applications. A gold medal reputation that promises 
the industry's best cost/performance ratio. 
Ask for the power supply you can 'fit and forget'. 
Ask for Melcher. 

The standard of excellence. 

CIRCLE 140 
To receive additional technical literature 

or to speak to an application engineer, call 

1-800-828-9712. 

MB.CHEA, INC. 2tO 8.-.tlelcl Drive, Ashbutd Mara~ llnl 
Tel. SOl-lll-4715 Fax SOl-lll·SOl2 



TECHNOLOGY ADVANCES 

MULTIMILLION-TRANSISTOR BUDGET 
DELIVERS SUPERCOMPUTER-LIKE CHIP 

T
he latest advances in 
semiconductor pro­
cessing have "prom­

ised" to give designers 
more transistors per chip 
than they know what to do 
with. But that really hasn't 
been the case, because 
most chips are intercon­
nection-limited when they 
employ just two levels of 
metal interconnections. 
However, a combination of 
three levels of metal and a 
0.8-µm CMOS process 
gave designers at Intel 
Corp., Santa Clara, Calif., 
the flexibility and integra­
tion levels they needed to 
pack over 2.5 million tran­
sistors onto the latest high­
end member of its i860 fam­
ily, the 860XP. 

With the CPU's transis­
tor count more than dou­
bling, Intel's designers 
knew exactly what to do 
with the transistors. First, 
they upped the amount of 
on-chip cache from 8 
kbytes to a total of 32 
kbytes, split evenly be­
tween independent in­
struction and data caches 
(see the figure). The tight 
packing permitted by the 
triple metal layers and the 
submicron processing en­
ables the chip to operate at 
clock frequencies of 40 to 
50 MHz. At the 50-MHz 
clock rate, the chip delivers 
a compute throughput of 
100 MFLOPS and about 50 
MIPS. Wide 64-bit buses 
give the chip a bus band­
width of 400 Mbytes /s-a 
speed approaching the I/ 
0-channel rates of most su­
percomputers. 

In addition to including 
more memory, the design­
ers enhanced the floating­
point and graphics units 
and fixed several of the 

perceived shortcomings of 
earlier i860 family mem­
bers. First, they shrunk 
the invalidated cache block 
from 8 kbytes on the origi­
nal chip to one cache line, 
reducing the replacement 
time. The chip also con­
tains a burst-transfer 

-

faster when running at the 
same clock rate as previous 
860-family members. 

The CPU also includes 
sup port form ultiprocessor 
systems-bus snooping 
hardware and cache-coher­
ency logic are built into the 
CPU. Included in the on-

FLOATING-POINT 
MULTIPLIER 

3-D GRAPHICS 

I 

4FLOATING-POINT 
- ADDER 

mode on the bus so that line chip MMU are both virtual 
fills can occur at 50 and physical tags. In the 
Mwords /s (64-bit words). previous family members, 
Additional support for misses in the translation­
page-mode dynamic RAMs lookaside buffer limited 
allows the chip to operate chip performance because 
with relatively inexpensive large data structures were 
memory. The 860XP's bet- used. To remedy the situa­
ter caching and improved tion, a 4-Mbyte page size 
bus 1/0 speed enable it to was created with just one 
execute software 30 to 40% level of translation on the 
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chip. As a result, the TLB 
can cover 64 Mbytes with 
just 256 kbytes of actual 
space. 

With the virtual tags, ex­
ternal accesses can be 
started very quickly-just 
a two-cycle penalty is im­
posed if a cache miss oc­
curs. The snooping mecha­
nism helps maintain valid 
cache data. It can invali­
date a line and write data 
back to the external memo­
ry. The logic also checks 
for virtual aliasing to a void 
unnecessary cache 
flushes, solving the con­
text-switching problem 
associated with the 860 
family. Furthermore, 
more trap information is 
kept on chip, reducing the 
amount of decoding need­
ed and improving pro­
gram throughput. 

Sustained performance 
of 100 MFLOPS is possible 
thanks to a pipelined float­
ing-point-re gi s te r ar­
rangement that uses a 
three-word-deep FIFO. 
New instructions enable 
the structure to be used 
more efficiently with a sort 
of burst load into the FIFO 
with a quad-word load com­
mand. As with previous 
family members, the new 
high-end XP is totally bina­
ry-compatible with the oth­
er CPUs. The high-perfor­
mance floating point will 
greatly improve the chip's 
overall performance in 3D 
imaging and graphics ap­
plications. Some typical 
benchmark numbers (sim­
ulated at this point) give 
the 50-MHz chip a Spec­
mark rating of 40.4. The 
floating-point Specmark 
rating is 51.1, and the dou­
ble-precision Linpack rat­
ing is 20 MFLOPS. 

To support larger 
caches, Intel developed 
three additional chips: a 
cache controller (the 



AVX would like to 
about their expanded 

d 1 
KX0- 0'1-1 

pro uct ine. --~~ 

Feedback has been 

tremendous. Since we 

added clock oscillators, 

piezo devices, resonators and 

trimmer potentiometers to an 

already extensive line of capacitors, 

AVX has people everywhere talking. Because 

the company that wrote the book on passive 

components has added another chapter. 

Through our association with Kyocera, 

AVX has firmly established itself as the undeniable 

leader in passive components. And with a network oflocal, national 

and international distributors, we give you access to any part you need. 

Anytime. Anywhere. 
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make a little noise 
Ours is an industry where thinking globally is not just the key to 

victory, but to survival. That's why we've created distribution capabilities 

that offer solutions. No matter where you are. Or what you need. Plus the 

firm commitment to world-class quality, service, technology and 

manufacturing you've always come to expect. From the 

company that always makes sound decisions. AVX. 

For more information about the 

AVX/Kyocera product line, contact 

AVX Corporation today by calling 

(803) 448-9411, or fax us at 

(803) 448-1943. Write to: 

AVX Corporation, 17th Avenue South, 

P.O. Box 867, 

Myrtle Beach, 

SC 29577. 
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/~\YfJ:< CORPORATION 
A KYOCERA GROUP COMPANY 
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82495XP), a cache RAM 
(the 82490XP), and a multi­
processing interrupt and 
concurrency controller (no 
part number assigned yet). 
Together, the three chips 
along with the 860XP form 
a multiprocessor, parallel­
processing system. The 
cache controller supports 
write-back and write­
through cache operation 
with memory sizes from 
128 to 512 kbytes. On-chip 
logic supports both bus 
snooping and the MESI 
protocol to readily handle 
multiprocessor-system de-

TECHNOLOGY ADVANCES 

signs. The memory-bus in­
terface can be 64- or 128-
bits wide, and synchronous 
or asynchronous. When 
combined with the 32-
kbyte cache RAMs , the 
cache subsystem dimin­
ishes the CPU's use of the 
main memory bus to less 
than 15%, thus allowing 
more bus time for addi­
tional CPUs or other 
hardware. 

The cache RAM is not an 
ordinary high-speed RAM: 
It is dual-ported and has an 
on-chip write-back buffer 
to minimize the bus turn-

around time when the CPU 
writes to external memory. 
To ensure data integrity, 
the RAM also includes par­
ity and a self-test mode, so 
that the chips can test 
themselves upon system 
initialization. 

Coordinating the CPUs 
and multiple caches is the 
multiprocessing interrupt 
and concurrency control­
ler. The chip actually con­
tains two main function 
blocks. One block is the 
multiprocessing interrupt 
controller. It provides a 
scalable distributed inter-

DIGITAL 1.2·µM PROCESS YIELDS CMOS OP AMP 
WITH GAIN BANDWIDTH OF 800 MHZ 

Op amps built on typi­
cal analog CMOS 

. processes with 3-µm 
and larger geometries are 
known for low bias and qui­
escent currents, not for 
speed and bandwidth. 
However, fine-line digital 
CMOS processes can now 
offer both speed and band­
width. For example, the 
cutoff frequency (fJ of an 
n-channel MOSFET fabri­
cated on a 1.2-µm digital 
process can run between 
3.5 and 4.5 GHz. As a re-

+v 

suit, some IC designers are 
now investigating the po­
tential of putting a few 
wideband analog circuits 
on a high-speed digital 
CMOS chip. F. Op't Eynde 
of Mietec Alcatel, Brus­
sels, Belgium, and W. San­
sen of the Katholieke Uni­
versity of Leuven in Bel­
gium described the results 
of just such an adventure 
in techical presentations at 
the recent Custom Inte­
grated Circuits Confer­
ence (CICC) in San Diego, 

Calif. They designed and 
built a unity-gain-stable op 
amp sporting a gain band­
width of 800 MHz. 

Many CMOS op amps 
employ what is called a 
folded-cascode architec­
ture in a fully differential 
configuration for optimum 
gain and bandwidth (see 
the figure, a). For stabil­
ity, when run at a closed­
loop gain of unity, the non­
dominant pole of this cir­
cuit (or any op amp) must 
be well beyond the de-

rupt architecture that sup­
ports up to 256 interrupt 
vectors. The other block is 
the concurrency control 
unit, which is supported by 
the PAX compilers. This 
unit provides efficient loop 
parallelism via code syn­
chronization and serializa­
tion, good for iterations 
with little or no dependen­
cies. The interrupt control­
ler creates its own local­
ized interrupt bus, which 
can be likened to a packe­
tized bus that transfers 
small packets of data. 

DAVEBURSKY 

sired bandwidth. This 
means the circuit's tran­
sistors must have cutoff 
frequencies that are sig­
nificantly higher than the 
pole's frequency . Howev­
er, in th is folded-cascode 
circuit, the relatively 
large parasitic capaci­
tance of the p-channel 
MOS transistors-M 2 , 

M'2, M3, and M'3-locates 
the pole at about 1 GHz. 

To move the pole to a 
higher frequency (by elimi­
nating p-channel MOS de­
vices from the high-fre­
quency signal path), the de­
signers bypassed the de­
vices with a capacitive 

BOO·MHz CMOS op amp 

M'2 
CBias 
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cri +V;n r:t 
Bias 

l•I -V -2.SV 

Ei) E L E C T R 0 N I C 
JUNE 13, 1991 

+~ 
C·, 

1111 

DESIGN 

-VIN 

~ c, 



~National 
~Semiconductor 

Futurebus+ 
Now you can start your design without 

waiting for the future. 
Putting the standard 

to work today. 
National has long been the 

industry leader in BTL and mixed 
analog + digital technology Now 
we've drawn on that heritage to 
make the most highly integrated 
Futurebus + I Cs available today 
We've also put together a full 
range of development tools to 
help you put that chipset to work 
And the entire package is avail­
able now. 

Making high-speed buses 
reliable and affordable. 
With our new chipset, 

Futurebus + gives you more 
bandwidth for your money, 
making it - for the first time -
fully cost-competitive with VME 
and Multibus~ In addition to an 
Arbitration Controller, our chip­
set contains four advanced BTL 
devices: two 9-bit Data Trans­
ceivers (latched and unlatched), 
a Handshake Transceiver, and an 
Arbitration Transceiver. 

Between them, they offer 
you a variety of features designed 
to break the throughput bottle­
neck in high-performance 
computer systems: 

f\ 1 uhibu~ i~ a registered trademark of Intel Coqxmuion.Ver i log is a 
regi~tered trademark of Cadence Design Systems, Inc. 
© 1991 Na1ional Semiconductor Corporation 

• Glitch filters (to eliminate wire 
OR-ing effects) 

• Filtered and non-filtered 
receiver outputs 

• Efficiently partitioned arbitra­
tion logic (the fastest available) 

• Fault-tolerant circuitry 
•Live-insertion support 

Providing a broad range 
of development tools. 
Start with our Designer's 

Handbook, with a slave-memory­
board application note, product 
data sheets, and application 
notes on BTL design technology 
Other tools include wire-wrap 

boards from Mupac and Hybricon, 
Spice models, and Verilog® 
behavioral models. 

Bringing Futurebus + 
into the present. 

Call us at 1-800-NAT-SEMI, 
Ext. 127. We'll send you a 
Designer's Handbook, and you 
can start your Futurebus + 
design today 

Because there's nothing left 
to wait for. 

~National 
~Semiconductor 

NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: I 800 628 "36-1 , ext. 127; Fax: I 800 888 5113); EUROPE: RaiffeisenstraBe JO, D-8016 Feldkirchen, Germany 
(Tel: -19 81-1 I 103 O; Fax: 49 8 1-1! 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Camon Rd.,TsimshatSui , Hong Kong (Tel: 852 '37 1600; Fax: 852 '36 9921); 

JAPAN: 4-15, Nishi-shinjuku, Shinjuku-ku,Tokyo, Japan 160 (Tel: 81 3 3299 7030; Fax: 81 3 337-1 4303 ). 



of Brooktree IC's for Image­

conscious designers. They add 

to our rapidly growing family 

of Image Technologies compo­

nents. And they underscore the 

reasons why It makes sense 

to make Brooktree your prime 

resource for graphics and lmag· 

Ing power. 

We've got IT together, looking 

at graphics and Imaging from 

a systems architecture point of 

view. That means chips that work 

together to simplify your design 

IMAGE ACQUISITION. We've got chip sets that bring image capture to 
your system with an added dimension: Image quality, made possible by 
three new 30 MSPS devices that support higher resolutions. 

The Bt252 Gray-Scale Image Digitizer, with its onboard lookup 
table, is perfect for machine vision applications. 

The Bt254 Color Image Digitizer's triple Flash A/D's digitize your 
analog RGB for low noise, high quality multimedia applications. 

And our new Bt218 30 MSPS single channel CMOS 
Flash AID provides another basic building 

block for image acquisition. 
Team any of the three with our Bt261 
30 MHz line lock controller and one of 

our true-color RAMDACs for a com­
plete image acquisition system 

on a board. 

-~ ·-

IMAGE RECEPTION. We've got chip sets to send 
and receive true-color digital video using an 8-bit 
interface. Our Bt294 CCIR 601/SMPTE RP 125 
Decoder works with our upcoming Bt297 ECL-TIL 
Translator for a complete solution to 4:2:2 digital 
component video. 
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IMAGE TRANSMISSION. We did say complete solution, didn't we? 
The Bt291 CCIR 601/SMPTE RP 125 Encoder teams with the upcoming 
Bt296 TIL-ECL Translator to provide cost effective 4:2:2 digital component 
video transmission without adjustments or support circuitry. In combination 
with the Bt294/297 reception devices, they make it easy and economical to 
add point-to-point video transmission to your multimedia system. 
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GET IT NOW. 
Get with IT with 

IMAGE PRESENTATION. When it comes to 
display technology, we're where IT's at: We 
revolutionized RAMDACs. Now we're setting 
a new performance standard for super VGA, 
high-end XGA, 8514/A, TIGA compatible and 
x. terminal applications. It's the Bt484 true­
color RAMDAC. 

Its programmable pixel depth means you can 
run at 4 bits/pixel with 8:1 multiplex, 

o~~ 
\S' 

8 bits/pixel with a 4:1 MUX, 

~ 
~· 

·16 bits/pixel at 2:1 MUX or 
even 32 bits/pixel for 24-bit 

true color and 8-bit VGA. And 

~ 
~ 

Brooktree. Make us 

its 32x32x2 three-color, user­
definable cursor is absolutely 

your source for Image c:. awesome. 

Technologies products and ;· 
information. We've assem- ; 
bled especially useful packets -
of technical information, geared i-

~ to your special interest. To get $ • \lets. 
yours, call 1-800-VIDEO IC. Or /'1 . e ~at' 
write Brooktree Corporation, 9950 1oClay• ne\\\\~ 
Barnes Canyon Rd., San Diego, CA S C 0 m r 
92121. (619) 452-7580. FAX (619) 452-7294. 
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feedforward path via Cr 
and C'r (see the figure, b). 
The signal's high-frequen­
cy components are then 
amplified by the n-channel 
MOSFETs, M4 and M'4, and 
passed to the outputs. At 
this point, they're mixed 
with the signal's low-fre­
quency components that 
are amplified by the p­
channel FETs, designated 
as M3 and M' 3. 

With a gate-to-source 
potential of 1.4 V, thefts of 
M4 and M'4 run 4.7 GHz and 
the pole moves out to 1.7 
GHz (the highest possible 
value from the fabrication 
process). Transistors M6 
and M' 6 form a common­
m ode feedback circuit, 
while M8 through M12 gen­
erate the bias voltages. 
Running at a gate-to­
source voltage of 1.1 V, the 
fts of the input FETs, M' 1 
and M1, run3.7 GHz. 

While driving 50 n in 
parallel with 5 pF, the uni­
ty-gain bandwidth of the 
op amp runs 800 MHz and 
the phase margin is 53°. 
Open-loop gain at de is 39 
dB, output swing running 
off +2.5 V is +0.8 V, and 
offset voltage is 5 m V. 

Due to the low transcon­
ductance properties of 
MOS transistors (relative 
to bipolar ones), the cur­
rent required (per transis­
tor) to get wide bandwidth 
is significantly greater. 
The amplifier's core dissi­
pates 180 mW of power, 
and the bias circuitry an­
other 80 mW of power, for 
a total current require­
mentof about50mA. 

The circuit was built on a 
single polysilicon, double­
metal, 1.2-µm CMOS pro­
cess. The feedforward ca­
pacitors are of the typical 
polysilicon-oxide-diffusion 
variety available on fast 
digital CMOS processes. 

FRANK GOODENOUGH 

TECHNOLOGY ADVANCES 

HARDWIRED FPGAS TRIM SYSTEM COSTS 
ONCE PATTERNS ARE FIRMED UP 

Line 2 Address 

Ooittusion 

~ Polysilicon 

.Contact 

~ Metal1 

~ Metal2 

~ Via 

Line 2 

D Progra~mable 
Via 

l•I 

A
lthough high-densi- It allows a five-week turn­
ty field-programma- around for mask-pro­
ble logic chips give grammed replacements to 

designers tremendous its UV EPROM-based 
flexibility, they do so at a Max-family chips. The 
price. In low-volume situa- mask-programmed chips 
tions, FPGAs can be cost- maintain pin-to-pin func­
effective versus gate ar- tional and ac timing com­
rays. However, as usage patibility to make the con­
increases, their prices version very easy. 
cease to be as competitive The difference in chip 
with smaller-area mask- area, though, between the 
programmed gate arrays. EPROM-based version and 
But converting from the simpler masked-ROM 
FPGAs to gate arrays in a version is minimal , be­
design that's been locked cause EPROM cells aren't 
can raise overhead costs that much larger than the 
and may require costly re- ROM cells. However, more 
designs. To avoid these area savings can be had by 
pains, Altera Corp. and Xi- removing the program­
linx Inc., both in San Jose, ming logic. The simplified 
Calif., created mask-pro- non-EPROM process flow 
grammed versions of their also makes manufacturing 
FPGAs that can trim com- easier, reducing chip cost. 
ponent cost without rede- The conversion also in­
sign or significant conver- eludes the ability to auto­
sion-overhead costs. matically generate test 

The Altera approach has vectors that guarantee 
been boiled down to an test-fault coverage to be 
automatic process that em- greater than 95%, without 
ploys the company's Max- significanteffortbythede­
+ Plus II logic design tools. signer. Cost reductions of 
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as much as 90% can be ob­
tained for large-volume re­
quirements over the pric­
ing of the UV EPROM­
based Max chips . A nor.1re­
c urring engineering 
charge of about $15,000, 
however, must be amor­
tized over the production 
run to come up with the ac­
tual cost. The company es­
timates that the mask-pro­
grammed approach will be 
most cost-effective when 
usage volumes of any con­
figuration hit 10,000 or 
more units. 

The area of the RAM­
based Xilinx logic-cell-ar­
ra y (LCA) FPGAs will 
shrink considerably when 
converted to mask-pro­
grammed equivalents. 
That reduction . is possible 
because ROM cells are sig­
nificantly smaller than the 
RAM-based configuration 
cells. The bit values repre­
sented by the RAM cells 
(see the figure, a) were re­
placed with mask-pro­
grammed via connections 



Smash the Cache Barrier 512 

IDT's 64K BiCEMOS'" TTL 110 Static RAMs are the 
ideal solution for high-density cache systems, and are 
the perfect match for optimizing the high-performance 
needs of RISC and CISC processors. These Sns and 
lOns SRAMs provide the highest system speed without 
sacrificing system chip count or increasing power 
consumption. 

256 

128 

Smash the barrier to efficient cache operation at the 
highest clock speeds. Call today and ask for Kit Code 
8041 for free samples of our new 16K x 4 and SK x 8 
TTL SRAMs. 

35MIPS RISC COMPONENTS AND MODULES 
RJOOOA, the most MIPS at any MHz. The R3051 integrates 

CPU, cache, and buffers on one chip. RISC 
modules, eval. boards, and 

software complement 
our family of mlps··­

based RISC 
products. Your 
RISC solution is 

a phone call away! 

HIGHEST-PERFORMANCE MEMORIES 
Fast FIFOs, dense dual-ports, 

BiCEMOS ECL, and modules for 
every system. Over 120 of the fastest FIFOs and 
multi-port memories. Sns ECL SRAMs, as well 

as standard and custom memory modules. Get 
the specs in the Specialized Memories Data Book. 
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4ns LOGIC: WORLD-CLASS SPEED 
The industry leader. FCT-AT and 
FCT-CT CEMOS families 
achieve the fastest speeds with 

40% less noise. 
Everything you need for 

high-performance 
designs can be found in 
the Logic Data Book. 

12ns 256K SRAMS 
Fastest cache solutions for 
RISC and CISC 

processors. More 
than 36 ultra-high-speed 
sub-micron SRAMs for 
33MHz processing and 
beyond. Read all about 
them in the SRAM 
Data Book. F\ 

Call today for your new IDT data books with complete technical 
specifications and application information. dt 

When cost-effective performance counts. 

(800) 345-7015 • FAX: 408-492-8454 
Integrated Device 
Technology, Inc. 



Simple, practical, 
workable fiber optics. 

Design is fun again. 

Now AMP makes it easy to 
get your fiber optic designs 
up and running. 

AMP engineering tackles 
the critical aspects of fiber 
optics at the component 
design and manufacturing 
stages. All our components-from 

board level to network level­
take the hard work and guess­
work out of working with 
fiber optics. 

Our OPTIMATE Con­
nectors and Data Links come 
down to a by-the-numbers 
data communications set. Our 

FSMA-style connector is the first of 
its type to qualify to MIL-C-83522. 

In fact, we off er the broadest line 

AMP and OPTIMATE are trademarks of AMP Incorporated. 



OPT/MATE Data Links offer logic 
level compatibility, carrier sense, data 
quieting. In 850 and 1300 nanometer 
multimode, from 25 Mb/s to 220 Mb/s. 

of fiber-optic connectors, cable, 
and components available anywhere. 
And because we're a connector 
company, we back that line up. 

We're the only fiber optics 
supplier, for example, to provide 
you with dedicated field support. 
We play an active role in standards­
setting groups like ANSI, IEEE, and 

IEC, so we take compatibility and 
growth into consideration from the 
beginning. And we have the only 
commercial labs approved by DESC 
and IEC for qualification testing. 

Whatever your interest in fiber 
technology, we have the expertise 

and the commitment to help. In fact, 
we might even put a little fun back 
into the job. 

For more information on 
AMP OPTIMATE products, call 
1-800-522-6752. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

Interconnecting ideas 
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between the first and sec­
ond levels of metal inter­
connections (see the fig­
ure, b). The presence or ab­
sence of a connection de­
fines the circuit. 

In the LCA, a typical con­
figuration cell employs a 5-
transistor RAM cell plus a 
pass gate for every pro­
grammable interconnec­
tion point-14,000 to 64,000 
such points exist on each 
LCAchip. 

By hardwiring the con­
nection, every element as­
sociated with the configu­
ration cell can be eliminat­
ed from the chip, bringing 
the cell's area down to only 
a fraction of the RAM­
based cell's size. 

As a result, chip area will 
come down dramatically, 
more chips can be fabricat­
ed on one wafer, and yield 
margins should increase. 
All of those factors should 
go a long way towards low­
ering the chip cost. The 
masking process is also 
simpler than that for gate 
arrays, the latter requiring 
2 to 5 custom mask levels. 
In contrast, the simplified 
configuration cell that re­
sults from the HardWire 
inter-metal via creation 
lets chips be configured 
with just a single mask lay­
er for customization. 

One issue that might be 
raised with the ROM-based 
chips is their ability to di­
rectly drop into sockets 
employing the RAM-based 
versions. This is more criti­
cal for Xilinx than for Al­
tera because the LCAs of­
ten load their configura­
tion pattern from an exter­
nal memory. That means 
the ROM-based LCA may 
have to emulate the load­
ing procedure even though 
the configuration bits are 
being ignored. 

Special circuitry was in­
cluded on the HardWire 

TECHNOLOGY ADVANCES 

chips to make the memory 
control and programming 
pins react as if the chip 
were a RAM-based array, 
even in cases when multi­
ple LCAs are daisy-chained 
together. 

Testability was also giv­
en special attention by Xi­
linx designers, who includ­
ed boundary-scan test ca­
pability into their chip and 
created automatic test­
generation software that 

can create design-specific 
vectors and achieve 100% 
fault coverage. 

Ac performance is test­
ed under two independent 
methods. In the first, an 
embedded inverter chain is 
tested under worst-case 
conditions during final 
test. The test chain uses 
one inverter from each of 
the LCA's configurable 
logic blocks, giving a sam­
ple speed from each cell of 

the chip. 
The second ac test meth­

od uses the scan-path reg­
isters that were also used 
for functional testing. The 
registers are loaded and 
driven at high frequency. 
If any part of these devices 
is slower than what's 
called for in the specifica­
tions, the part will break 
the chain and cause a func­
tional failure. 

DAVEBURSKY 

AUTOMATIC ON-LINE INSPECTION AND 
REPAIR BOOSTS LCD PRODUCTION YIELD 

P
ocket TVs, high-defi- isn't viable because the dis­
nition TVs, personal play is visual to the user 
laptop computers, and no pixels can be dupli­

and workstations all bene- cated. 
fit from the high informa- The new technique is an 
tion content of active-ma- extension of inspection 
trix, liquid-crystal display methods that use light to 
(AMLCD) screens. measure high-frequency 
AMLCDs are brighter, electrical phenomena. Ap­
have more contrast, and plying a patented 2D elec­
possess quicker response tro-optic modulator to the 
times than older direct- LCD panel produces sur­
multiplexed, simple-ma- face potentials that can be 
trix LCDs. However, the measured with a spatial 
same complexity that pro- resolution of about 30 µm 
vi des these advantages and a voltage resolution of 
causes high metallization under 100 m V. A noncon­
defect rates, low yield, and tact sensor scanning the 
thus high cost. These prob- active plate detects sur­
lems may now be eased by face-potential variations 
a promising in-process in- representing point and line 
spection and repair tech- defects. 
nique developed by Photon This data is entered into 
Dynamics Inc. , San Jose, a defect file in a computer 
Calif. that creates a map show-

An AMLCD panel con- ing the location and type of 
sis ts of a thin-film-transis- defects. Based on the fail­
tor (TFT) array fabricated ure signature for AMLCD 
on a large glass substrate processes, the technique 
called the "active plate." can also identify defect 
The number of TFTs used type, such as short-to-gate, 
can exceed 1 million, and short-to-data, and opens. 
the process area can be as An automatic display-re­
large as 350 cm2. This is a pair operation uses this in­
formidable yield challenge formation to convert defec­
even to makers of VLSI tive or marginally bad dis­
and ULSI semiconductors. plays into functional units. 
Building redundant tran- Automatic repair is 
sistor rows or columns based on a computer with 
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image-processing capabili­
ty and equipped with a reci­
pe for laser-cutting and de­
position operations for ev­
ery type of defect. The re­
pair-operation sequence 
for each defect is pro­
grammed into the repair 
system based on fabrica­
tion process, topology, and 
yield-loss data. Although 
laser-cutting operations 
are relatively straightfor­
ward, conventional deposi­
tion techniques are ruled 
out for automatic repair. 
This is because of the high 
system complexity coupled 
with low writing speed 
(about 1to5 µm/s) and the 
need for an operator. 

The Photon Dynamics 
approach first uses a laser 
to open contact holes in 
passivation or other lay­
ers. A conductive film, 
which dries up in a few sec­
onds , is then deposited 
automatically onto specific 
areas on the display. Next, 
another laser with a 3- to 
10-µm spot diameter 
writes the metal line with a 
speed of about 300 µmis . 
Such a speed is two orders­
of-magnitude faster than a 
conventional photolytic 
process. 

MILT LEONARD 



To put VGA graphics on your mother­
board, you need a cost-efficient, highly 
integrated, powerful solution that uses 
minimal board space. You need the new 
CL-GD5320 Enhanced VGA-Compatible 
Graphics Chip from Cirrus Logic. 

Use it to incorporate full 16-bit or 8-bit 
VGA into low-cost personal computers. 
You only need two industry standard 
256K x 4 DRAMs and as few as five other 
ICs. Whatever memory speed you select -
80ns, 1 OOns, or 120ns -you'll get a 
complete VGA display system with greater 
performance than systems using a more 
expensive solution with 64K x 4 DRAMs. 

You don't sacrifice features. You get 
16-bit and 8-bit support for the VGA 
graphics standard, and full, register-level 
backwards compatibility. For maximum 
performance, it has an 8/16-bit CPU inter­
face, independent video and DRAM clocks, 

c 0 s 

internal FIFOs, 
and page mode 
DRAM access. 
And it will 
interface to 
both analog 
(PS/2 and multi-
sync) and TTL monitors. 

You can also pick a ready-to-use solution 
that's right for you. Anything from a chip 
with full BIOS, drivers, utilities, user's manual, 
and documentation - to a complete manu­
facturing kit including everything you need 
to quickly move into high-volume production. 

Make your PC more competitive and 
save time, space, and money. Call Cirrus 
Logic today. 

,----------------, 
1 Get on board. Call today for more information 1 

I on our motherboard VGA solutions. I 
1 Call 1-800-952-6300. Ask for dept. LM32. .J L_ _____________ _ 

CIRRUS LOGIC 
N G T H E G A P 

This full 16-bit 

CL-GD5320 lets you 

implement 16-bit or 

8-bit VGA capabilities 

on your motherboard 

with as few as 5 

other chips and two 

256K x 4 DRAMs. 

Get a complete 

solution that saves 

time, space, power, 

and expense. You still 

get all the speed, 

features and flexibility 

you're looking for. 

© 1990 Cirrus Logic. Inc .. 3100 West Warren Avenue, Fremont. CA 945381415) 623-8300; Japan: 462-76-0601; Singapore: 65-3532122; Taiwan: 2-718-4533/4534; West Germany: 81-52-2030/6203 
Cirrus Logic. and the Cirrus Logic logo are trademarks of Cirrus Logic. Inc. All other trademarks are registered to their respective companies. 



7:05 am: Breakfast 
Suddenly, between bites, 

the answer to that new system 
design jumps right into your 

brain. But how to make it work 
in silicon? Use an Actel field 
programmable gate array! 

e 

8:50 am: Design 
You warm up the design 

program on your 386 and put 
in the final touches.Then a quick 
rule check and 25 MHz system 

simulation with the Action 
Logic System software. 

Actel Field Programmable 
Gate Array Systems. 

They're a feast for your 
imagination. 

ll:OOam:Place & Route 
You watch the system place 

and route all 1700 gates (out 
of 2000 available) in under 40 
minutes. 100% automatically! 

A final timing check.Then think 
of something to do until lunch. 

12:00 pm : Lunch 
Remember lunch? Normal 

people actually stop working 
and have a nice meal- right in 

the middle of the day! With 
Actel's logic solution, this 
could become a habit. 

your own ASICs. Right at your desk. 
On a 386 PC or workstation. With 
familiar design tools like Viewlogic~ 
OrCAD~ and Mentor:" 

And do it in hours instead of 
weeks. Even between meals. 

How? With features like 
85% gate utilization. Guaranteed. Plus 

100% automatic 

Actel's ACT™ 1 arrays bring 
you a completely new approach to 
logic integration. Not just another 
brand of EPLD, PAL® or LCA ™ 
chips. But true, high density, 
desktop configurable, channeled Actel FPGA 

Product Family 1010A 1020A placement and 
routing. Guar­
anteed. So you 
finish fast, and 
never get stuck 
doing the most 

gate arrays. 
They're the core of the 

Action Logic System, Actel's 
comprehensive design and 
production solution for creating 

Equivalent Gate Array 
Gates PLD/LCA 

User 1/0 

System Clock (MHz) 
Availability 
Technology (micron) 
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2000 

6000 
57 69 

20-40 20-40 

NOW NOW 
1.2 
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1:1Spm:Program 1:2Spm:Test 4:00pm:Production 6:00 pm: Dinner 
You load the Activator™ 

programming module with a 
2000-gate ACT 1020 chip and 

hit " configure'. ' Take a very 
quick coffee break while your 

design becomes a reality. 

You do a complete, 
real-time performance check, 
with built-in test circuits that 

provide 100% observability of 
all on-chip functions. Without 
generating any test vectors. 

Your pride and joy is 
designed, created, tested, and 
off to the boys in Production. 

And you 're fin ished way ahead 
of schedule! Better think of 

something to do until 5:00. 

Remember dinner? Normal 
people actually go home and 

eat with their families. On your 
way, start thinking about how 
Actel 's logic solution can help 
you be brilliant tomorrow. 

tedious part of the job by hand. 
Design verification is quick 

and easy with our Actionprobe™ 
diagnostic tools, for 100% observa­
bility of internal logic signals. 
Guaranteed. So you don't have to give 
up testability for convenience. 

In fact, the only thing you'll 
give up is the NRE you pay with full 
masked arrays. You can get started 
with an entry level Action Logic 
System for under $5000. Guaranteed. 

And Actel FPGAs are even 
883 mil-spec compliant. 

You can be brilliant right now 

with 1200- and 2000-gate devices, 
and a whole new family of 8000-, 
4000- and 2500-gate parts are on the 
way. Call 1-800-227-1817, ext 60 
today for a free demo disk and full 
details about the Action Logic System. 

It could make your whole day. 

Risk-Free Logic Integration 
You loved ACT 1. Now catch ACT 2. 
Phone 1-800-227-1817, ext 62 to reserve a place at the 
Actel FPGA Technology Seminar coming soon to your area. 
~:~~~t!:1a':':d!~a"rit~!~ t!it'~:,;,!:ti·;:.Alro~~ ~~~c;!~r~!.'!!:~~~~n~C:~~to;~~ .. 
marks or registered trodemork1 of their respemve holdel'I. 



OrCAD has introduced the greatest product 
upgrade in its history. Memory limits, design 
restrictions, even boundaries between products 
are all disappearing. 

For years, OrCAD' s competitors have been play­
ing a game of catch-up. With the introduction of 
Release IV, the race is over. No one will match 
our price/performance ratio on these features: 

• Schematic Parts Library has been increased to 
over 20,000 unique library parts 

• Digital Simulation process has been speeded 
up by an order of magnitude 

• Printed Circuit Board Layout package offers 
autoplacement and autorouting at no extra 
charge 

• Expanded memory capabilities 

Best of all, OrCAD introduces ESP 

ESP is a graphical environment designed specifi­
cally for the electronic designer. Software tools 
appropriate for different stages in the design 
process are now linked together to form a seam­
less flow of information. This easy-to-use frame­
work relieves the designer of time consuming 
tasks and the inconvenience of moving from one 
tool set to another. You can now spend more 
time productively designing. 

For more information ... 

You need to know more about Release IV and all 
of the benefits OrCAD has to offer. Call the tele­
phone number below and we'll send you a free 
demonstration disk. 

OrCAD"IR 
More designs from more designers 

For more information, call (503) 690-9881 

or write to OrCAD Sales Department, 3175 N.W. Aloclek Drive, Hillsboro, Oregon, 97124 
CIRCLE97 



TECHNOLOGY ANALYSIS 

DESIGN AUTOMATION TAKES 
OVER MORE TASKS EARLY ON 

TOP-DOWN DESIGN, LOGIC SYNTHESIS, 
VHDL, AND CONCURRENT ENGINEERING 

ARE AMONG THE HOT SPOTS AT DAC. 

omp]exity and time­
to-mar ket pres­
sures have and con­
tinue to reshape the 
art of designing 
leading-edge sys­

LISA MALINIAK 

tems. Engineers can no longer craft 
chip and boards by hand, but in­
stead must rely more and more on 
EDA tools to handle complex engi­
neering tasks early on and through­
out the design cycle. On top of that, 
they need design environments that 
allow them to work together concur­
rently. In light of these changes, it's 
no surprise that top-down design and 
concurrent-engineering technology 
will take center stage at this year's 
Design Automation Conference 
(DAC). 

Since 1963, DAC has served as a 
showcase fo r the latest in design­
automation technologies (see "DAG 
adjusts its focus," p. 48). This year, 

I 
FRAMEWORKS CAN HELP MANAGE both tools and data. Computervision's 
Design Desk Framework is an open environment that provides intertool communications 
and file management. Users can integrate Computervision applications, third-party tools, 
and their own internally developed software. 

products and technologies being field-programmable gate-array 
demonstrated at the show highlight (FPGA) tools that were developed to 
the trend of des ign automation ab- keep up with the boom in program­
sorbing more tasks early in the de- mable-logic use. 
sign cycle. Exhibitors and technical With top-down design, engineers 
sessions emphasize the latest in top- start work at a high level of abstrac­
down design, VHDL, logic synthe- tion so that they can explore trade­
sis, and concurrent engineering, as offs early in the design cycle and 
thes e technologies mature and fine-tune a system before even one 
spread from arly adopters to more gate has been drawn. They can't ac­
main tream users. In addition, many complish this, however, without the 
companies will show their newest proper EDA tools . Two DAC techni-

E LE CTR ON IC DESIG 
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cal papers describe tools that auto­
mate processes needed early in the 
design cycle-partitioning and reli­
ability analysis. Although reliability 
analysis has traditionally been left 
for measurement and re-designs at 
the end of a project, it's fast becom­
ing the designer's concern. This is 
because design cycles shortened by 
time-to-market pressures won't ac­
commodate that methodology. The 
Leading-Edge Design Systems ses­
N m 



sion on Wednesday morning contains 
a paper from Carnegie Mellon Uni­
versity, Pittsburgh, Pa., discussing a 
tool that supports reliability ana­
lyses and studies design trade-offs 
during conceptual development. 

The tool is called Sidecar. It's a 
Unix program that runs interactive­
ly or as a slave to a general-purpose 
schematic-capture tool. Users are 
free to design with top-down or bot­
tom-up techniques. Sidecar calcu­
lates the basic reliability metrics: 
hazard rate, reliability, mission time, 
and mean 'time to failure. The tool 
also has tables for purchase cost, 
board area, and power dissipation. In 
addition, designers use a C-like pro­
gramming language to create new 
routines or to use with existing li­
brary routines. 

Some of today's popular reliability 
tools are simply databases of device­
reliability information. They system­
atically analyze design components 
and suggest alternate devices with 
higher reliability but equivalent 
form, fit, and function. One problem 
with this approach is that cost isn't 
considered. In addition, these types 
of tools must be connected to a syn­
thesis engine, which prohibits rapid 
exploration of design changes be­
cause a change's effect must be re­
flected throughout an entire system. 

Instead of resynthesizing the de­
sign, Sidecar gives its information to 
the designer through exploration 
routines. The exploration-of-parts 
routine is similar to the database-

A different focus and a conve­
nient location should make this 
year's Design Automation Con­
ference (DAC) a big hit with de­
signers. DAC, which will take 
place at San Francisco's Moscone 
Center June 17-21, has tradition­
ally been for CAD developers. 
This year, however, new industry­
oriented programs are designed 
for managers and users of design­
automation tools. In addition, us­
ers and managers can attend 
DAC exhibits for free on the first 
day of the show. 

DAC PREVIEW 

DRAWING TIMING 
DIAGRAMS IS 
MADE EASIER 

Drawing and analyzing tim­
ing diagrams for a design 
can be a tedious and time­

cons um ing task. Chronology 
Corp.'s TimingDesigner automated 
the process, relieving engineers 
from hours of work. Now the 
newest version of TimingDesigner 
makes the job even easier. Timing­
Designer Version 1.2, with over 20 
new features, simplifies modeling 
synchronous designs and develop­
ing and using timing libraries. The 
tool can automatically detect and an­
alyze reconvergent fan-out situa­
tions. In those situations, timing 
paths are derived from the same sig­
nal. Reconvergent fan-out can fool 
an engineer into thinking a design 
won't work when, in fact, it will. 
Two other new features, SmartSnap 
and SmartGrid, align signal edges 
and grid lines to one or more clock 
signals. Added support for the de­
velopment and use of timing librar­
ies include the ability to update a dia­
gram's existing timing variables 
from a library and update a library's 
variables from a timing diagram. 
TimingDiagram Version 1.2 runs on 
PCs. It will ship next month for 
$1495. 

Chronology Corp., 2849 152nd 
Ave. N.E., Redmond, WA 98052-
5516; (206) 869-4227. 1111;@11@1 
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DAG ADJUSTS ITS FOCUS 

A newly formed DAC Industri­
al Program Committee (IPC) ac­
tually instituted the changes. 
However, Electronic Design 
Automation Companies (EDAC) 
was instrumental to the changes 
in DAC's focus. In fact, IPC is 
made up of members from both 
EDAC and the DAC Executive 
Committee. 

Two industry-oriented panels 
will confer on Tuesday, June 18. 
One, "Global strategies for elec­
tronic design", will be chaired by 
Harvey Jones, president of Syn-
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type tools. However, it also lists the 
changes and gives the cost trade­
offs of each. In addition, designers 
can make changes to arbitrary levels 
of the hierarchy with Sidecar. Anoth­
er routine explores the effects of 
temperature reductions and helps a 
designer select devices where active 
cooling methods can be beneficial. A 
third routine explores each design 
part's marginal effect on reliability. 
Finally, after the designer has used 
these three algorithms to identify 
possible part changes, temperature 
reductions, and locations for redun­
dancy, a fourth routine shows the 
best possible combination of tech­
niques for reliability and purchase 
cost for each change. 

Partitioning impacts system-de­
sign complexity, timing, and reliabil­
ity. Wednesday afternoon's Partition 
and Placement technical session cov­
ers new techniques and ideas for 
multiple-way partitioning, use of a 
linear or a quadratic wire-length 
metric, and a new algorithm to find 
an optimal solution for macrocell 
placements. 

A paper from the University of 
Calif., La Jolla, titled "A general­
purpose, multiple-way partitioning 
algorithm," describes an algorithm 
that solves multiple-way network­
partitioning problems, which is the 
basis for all layout programs. Parti­
tioning divides the system to the 
board level, the board to the chip lev­
el, and the chip to the macrocell level. 
Traditional two-way partitioning has 

opsys Inc., Mountain View, Calif. 
It will include representatives 
from semiconductor, systems, 
and CAE companies worldwide to 
explore their respective interde­
pendencies. Industry analyst 
Andy Rappaport will chair the 
other panel, "Implementing the 
vision: Electronic design in the 
1990s." This panel, which is tai­
lored to project and group manag­
ers, investigates what technolo­
gies and industry strategies are 
needed to make integrated CAD 
systems a reality . 

G N 



It's the fastest 
electrostatic plotter 

ever built. 

Buckle your seat belt and return your 
tray-table to the full upright position. 
Because with CalComp's new 68000 
Series, 400 dpi color electrostatic plotter, 
you're going to fly: 

Humming under the slick new skins 
is the latest high performance, RISC­
based CPU-processing data faster than 
ever before. 

Plotting speed is awesome too-a 
head-spinning 2.0 ips. 

And with its standard 4: 1 mux, con­
current overlap loading-for simultane­
ous plotting and data processing-and 
auto take-up reel, the 68000 can speed 
along virtually non-stop, completely 
unattended. 

Of course, you can run in cut-sheet 
mode, too. 

Plot quality is extraordinary: You get 
the sharpest lines and most vibrant 
colors because the system automatically 
optimizes plotting speed to plot density, 
and because CalComp's EnviroClean TM 

Tuner System's Auto Replenisher continu­
ously monitors and maintains consistent 
color density of the toner. 

Even with all the high performance 
features, the 68000 Series is easy to run 
and maintain. You command all its fea­
tures from a simple, four-button control 
panel. And you have front access to toner 
and media. 

Reliability is excellent. And CalComp 

supports you with a 1-year on-site war­
ranty and a full line of supplies. 

A quick call is all it takes to find out 
more about the fastest electrostatic 
plotter: call 800-932-1212. In Canada, 
call 416-635-9010. 

We're expecting to hear from you. 

~drawon 
your irnaginatiorf 

-jCa/Comp 
A Lockheed Company 

CalComp, P.O. Box 3250, Anaheim, Ca 92803. 1991 CalComp. EnviroClean and We draw on you r imagination are trademarks of CalComp. 
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u Into The Fastest Lane. 
Bi CMOS technology shifts our speedy, power­
ful SRAMs into high gear. Whdd have thought you 
could speed past your competitors' designs at 10-12ns 
access times? Toshiba, of course. Our new, faster 

Q 

BiCMOS 

SRAM 
Q 

SRAMs are helping the latest 
generation of high performance 
applications get a quick start. 
The range of uses for these parts 
include 32-bit workstations, fast 
cache, buffer memory and tele­
communications. You can proba­
bly add a few ideas of your own. 

Toshiba's CMOS-based SRAMs 
are no slouches, either. Our new 
1Mb,15nsSRAMismorethan 

u-e at 10shiba are fond of 25 % quicker than anyone else's. It's 
establishing new speed limits. 

available in a x16 configuration to 
fit into today's wider applications. The revolutionary 
pinout has been used to reduce wire lengths and cut 
noise. And it's based on the same 0.7 micron process as 
our 4Mb DRAM, so it will be following another 
established leader on Toshiba's CMOST Expressway. 

Now, we wouldn't want you to think there are just 
a few densities and organizations to choose from. You 
can also light a fire under your design with lOns 256K 
Bi CMOS, or lOns 64K Bi CMOS organized in x4 or x8. 
You choose. And ultimately, you win. 

Of course, if your design doesn't require such 
breathtaking speed, Toshiba also offers lMb SRAMs 
at 80-lOOns, or Pseudo Static 
RAM up to 4Mb. 

When you're ready to really 
get moving on your next design, 
call Toshiba. 

For technical literature, call 1-800-321-1718. 

CM OST 
" , Th< 'OLIO SfATE -

Ibshiba CMOS keeps any project 
nmning smoothly 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

Cl 1991 Thshiba America Electronic Components. Inc. MST90·047 
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If you can see it, we can print it. 

-B 

© 1991 Seiko Instruments 

l: L 
1~ I 

I<. l> 1-
1~ 

No matter what application you1re 
using, no matter what monitor you're 
viewing it on, the CH5500 video 
color printer can produce a hard copy 
It supports over 350 video sources­
more than any other printer. 

Moreover, since the CH5500 doesn't 
use software, it captures your image 
fast-so you can get back to work. And 
it offers outstanding 300 dpi quality 
in both A and B sizes. 

To find out morel give us a call at 
1-800-873-4561, Dept. SI-H4. 

After all, we pioneered video color 
printing. And we still S I I a• 
do it best. Anybody w 
Can See that. Seiko Instruments 



ALMOST EVERYTHING ABOUT 
SUN MICROSYSTEMS' FUTURE WORKSTATIONS 

IS UNDER WRAPS 
Everything, that is, except that Sun 

is using Mentor Graphics IC design 
tools to create revolutionary chips 
with record levels of performance. 

Workstation details will have to wait 
for the product announcements, which 
won't be long since Mentor Graphics IC 
design solutions accelerate the entire IC 
design process - from concept to layout 
to verification. These solutions boost pro­
ductivity to help market leaders like Sun 
stay one step ahead of their competition. 

Mentor Graphics delivers the most 
powerful tools and the most flexible 
design environment. all created to the 

industry's most stringent software 
standards. The proof of our technology 
leadership lies in hundreds of CMOS, 
bipolar and GaAs chips and tens of 
thousands of custom and ASIC library 
cells. Created by organizations like 
Apple Computer, Motorola DSP Opera­
tions, Thomson TMS, Texas Instruments, 
and, of course. Sun. All using Mentor 
Graphics IC design tools. 

Best of all, Mentor Graphics provides 
more than just tools. Our total solution 
includes the design environment, 
customized training, hot-line support, 
IC design expertise, and consulting 

CIRCLE 151 

services to maximize your productivity. 
Our commitment to customer success is 
another reason companies like Sun 
choose us. 

To learn how Mentor Graphics can 
commit to your IC design success, 
call toll-free 1-800-547-3000, or 1-503-
685-8000. Ask for Dept. 402. Or send us 
a fax at 1-503-685-8001. 



(ACTUAL SCHEMATIC OF OUR NEW 
At 10 nanoseconds, the new 

BiCMOS 64K SRAMs from 

Samsung are the fastest made. 

So fast you might think you 

couldn't even see them. 

But see them you can. As 

one of the world's true manuf ac-

turing giants, we can assure you 

of extremely reliable, high­

quality chips-now. 

Adding to our current line of 

ultra-fast 8Kx8 and 16Kx4 

SRAMs, we'll soon introduce 

an innovative BiCMOS 256K 

family-also tremendously fast, 

and featuring address latches 

THE SAMSUNG BiCMOS SRAMs 

Part Number Org. Packagt:<1 SpedJ 

KM68B65 8Kx8 SOJ, DIP JO, l2, 15,20ns 

KM64B65,66,67" 16Kx4 SOJ, DIP 10,1 2, l5,20 ns 

for still-higher performance. 

The Samsung Bi CMOS parts 

will soon be joined by fast 

SRAMs in the 1-meg density. All 



• 

IO·NANOSECOND 64K SRAM.) 
of which will join our remarkable 

e:xuting line of SRAMs. These 

currently produced parts include 

fast SRAMs up to 256K, and 

slow SRAMs up to 1 meg. 

What all these things tell 

y ou is that, at Samsung, we' re 

continuing to build on a genuine 

commitment to the SRAM 

market. And that's extremely 

significant for your access 

to supply. 

For data sheets on the fastest 

64K BiCMOS SRAMs made, 

call 1-800-423-7364 or 408-

954-7229 today. Or write to 

SRAM Marketing, Samsung 

Semiconductor, 3725 No. First 

St., San Jose, CA 95134. 

We'll send you the red block 

diagram. 

.CJ SAMSUNG "D Semiconductor 
• /6K.r4 a~ailahk Q,2. C SamJw1g Semicon'Jurtor, Inc., 1991. 



basic limitations as object functions 
optimize on different constraints. 
This paper discusses an algorithm to 
solve multiple-way partitioning 
problems under three different ob­
ject functions: multicommodity flow 
for partitioning without a size con­
straint, a heuristic algorithm based 
on duality for partitioning with a size 
constraint, and a top-down cluster­
ing technique to handle local minima 
problems common in heuristics. 

Traditional clustering algorithms, 
such as the Kernighan-Lin-based al­
gorithms, are trapped by local mini­
ma with a large circuit. The paper ex­
plains how these difficulties can be 
overcome with top-down clustering. 
The clustering works by grouping 
highly connected subcircuits into 
clusters, and then condensing these 
clusters into single nodes prior to ex­
ecuting the K-L-based algorithms. 

Despite the existence of top-down 
design tools like system-partitioning 
software, the acceptance of top­
down design into the mainstream 
isn't happening overnight. Its accep­
tance has been hampered by three 
primary issues, according to Joe 
Prang, vice president of marketing 
at Valid Logic Systems Inc., San 
Jose, Calif. First, proprietary HDLs 
have forced designers to adopt ven­
dor-specific top-down methodolo­
gies, despite the fact that designers 
want standards that facilitate ven­
dor and technology independence. 

Second, VHDL, which is the indus­
try's only standard HDL, is difficult 
to use. Designers are having difficul­
ty switching from a hardware orien­
tation to a language-based design 
method. They're revolting against 
the idea of being like software pro­
grammers. Moreover, it's relatively 
difficult to write and debug code in 
VHDL. 

A serious investment is needed to 
learn VHDL. Prang believes that de­
signers will be more inclined to try 
VHDL if there's a gradual path to 
using the language, and if its adop­
tion is simplified with alternative en­
try methods and programming aids. 

Lastly, there's been poor integra­
tion between VHDL and gate-level 
simulation environments. This lack 
of integration has forced designers mE 
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to work in multiple environments. As 
a result of these limitations, top­
down design has been limited to lead­
ing-edge designers who can't use an­
other approach. 

Prang says that Valid Logic is 
combatting these deficiencies in top­
down design with an EDA design 
system to be shown at DAC. The 
company claims that the Top-Down 

Logic Workbench will make it easy 
for designers to embrace top-down 
methodologies. The four key compo­
nents to the system are: a front-end 
design environment; a simulation 
backplane; Logic Workbench, the 
company's digital-simulation envi­
ronment; and VHDL Simulator. 

The front end is for compound-de­
sign capture. With it, designers can 

SIMULATION TOOIS TACKLE 
TOUGH DESIGNS bility and ease-of-use to engineers. 

The Signal Integrity (SI) system 

A 
is used to evaluate signal-integrity 

n army of simulation tools issues in both design and layout. It's 
from Contee Microelectron- targeted at digital designers build­
ics combat the toughest ing pc boards, MCMs, ASICs, back­

high-speed analog and digital pc- planes, connectors, and packaging, 
board, multichip-module (MGM), and doesn't require that the user be 
and ASIC designs. These tools con- familiar with Spice. SI validates crit­
sist of the ContecSpice simulator ical timing and precise voltage-level 
and its options, a signal-integrity specifications. It also identifies such 
tool, the Infinite State Logic Simula- problems as voltage spiking, cross­
tor (ISLS), and the Mixed Signal talk, impedance mismatch, and re-
Simulator (MSS). flections. 

ContecSpice Version 1.1 is intro- ISLS is targeted at digital design-
ducing support for coupled, <lisper- ers who need to simulate large 
sive transmission lines; pole-zero blocks of a design where signal de-r11t!ll••••••••••••llll••llllllii. tails must be 

,,., .... -- ,._ .. ~ ... -- .. ....,, 

analysis; analog behavioral models 
of digital devices; a digital-parts li­
brary; and transmission-line param­
eter generation. Version 1.1, which 
is based on the Spice3cl simulator, 
uses piecewise constant polynomi­
als for resistors and capacitors, de­
lay elements, arbitrary independent 
sources, topology checks, and pa­
rameter passing. In addition, some 
of the extended features that were 
announced with the simulator last 
year will be bundled into applica­
tion-specific packages to give flexi-

considered. It 
simulates logic 
in an infinite­
state or analog 
fashion to pro­
duce detailed 
waveforms. De­
signers use a 
logic simulator 
during the de­
sign cycle, and 
ISLS during the 
test phase. 

ContecSpice 
Version 1.1 and 
its analysis op­
tions are ship­
ping now. The 

Sun and PC versions of the simula­
tor cost $5400 and $1450, respective­
ly. Options start at $5000 for Sun 
machines. SI, ISLS, and MSS run on 
Sun workstations and cost $20,000, 
$15,000, and $20,000, respectively. 
An entry-level SI system costs $3000 
for the PC and $10,000 on the Sun. 

Contee Microelectronics USA 
Inc., 2010 N. First St., Suite 530, 
San Jose, CA 95131; (408) 436-
0340. 
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hat makes good 
designers great? 
Top down design with System HIL0™4. 

It enhances design productivity through Language 
Driven Design. 

It simplifies design with Source-Level Debug and an 
X-windows graphic interface. 

Its FASTCELL ™ASIC libraries simulate submicron 
technology accurately. And up to eight times faster than 
traditional gate-level modeling while using less memory. 

It has outperformed golden simulators in accuracy in 
several benchmarks at ASIC foundries. 

It's the ideal core simulation toolkit to support a concur­
rent engineering environment, with simulation for logic 
verification, worst case timing, fault grading, and non­
intrusive ATPG. 

Find out more about how System HILO 4 can help you 
become a great designer. 

Call 1-800-4-GENRAD in the U.S., or the GenRad office nearest you in Austria, 
Canada, England, France, Germany, Italy, Japan, Singapore, Switzerland. 

~GenRad 
A New Way of Thinking 
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mix text and graphics. As a result, 
they can define blocks at a structural 
or behavioral level at the outset of 
their design. Designs can be de­
scribed with schematics, languages, 
truth tables, and state machines. The 
simulation backplane enables behav­
ioral and structural simulators to op­
erate transparently to users by 
means of automatic partitioning and 
synchronization of simulation en­
gines. "Today, most designers face 
two alternatives: full VHDL in a non­
integrated environment, or subsets 
of VHDL in an integrated environ­
ment," observes Sanjiv Kaul, senior 
product marketing manager for Val­
id. "Valid's simulation backplane 
automatically partitions and syn­
chronizes simulation engines. This 
gives users the flexibility to combine 
full VHDL behavioral simulation 
and accurate gate-level simulation 
within a single environment." 

VHDL, which is very flexible, is in­
strumental to top-down design be­
cause it gives engineers a way to de­
scribe designs at various levels of ab­
straction. Its flexibility and ability to 
describe designs independent of im­
plementation, however, are the very 
things that slow its progress. This is 
because it's difficult for vendors to 
develop simulation and synthesis 
tools that exploit all of VHDL. 

Today, a large percentage of pur­
chased VHDL licenses are in evalua­
tion groups. VHDL is mainly being 
used by those designers who are 
"tire kicking," or trying to learn the 
language and its benefits. However, 
as VHDL moves into more real pro­
jects, engineers will find that the 
lengthy simulation times involved 
can cause difficulties. A VHDL sim­
ulation accelerator being shown by 
Ikos Systems Inc., Sunnyvale, Calif., 
should minimize the problem. 

The VHDL accelerator combines 
the features and flexibility of a soft­
ware simulator with higher speed 
and capacity. It accepts VHDL 
source code as input, and supports 
about 90% of the language's con­
structs. Bill Fazakerly, president of 
Ikos, claims that the product acceler­
ates simulation speed by 100 to more 
than 1000 times, depending on the de­
sign's size. Incremental compilation mE 
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PCB ROUTER CATERS TO 
HIGH-SPEED CIRCUITS 

S 
noise. For very fast dual-polarity 

pecctra SP50 is a pc-board au- circuits, SP50 automatically routes 
torouter designed to handle both nets with their associated 
the special layout require- clearances at the same time. 

ments of high-speed circuits. Fea- Specctra SP50 runs on IBM, HP, 
tures that help reduce design times and Sun workstations. It will ship in 
for advanced boards include table- August. Pricing for the autorouter 
driven crosstalk controls, automatic starts at $44,900, and is based on the 
balanced - pair -----~=~:-::::::":':'!"'~~~~~~----.. 
routing, and 
length - con­
trolled routing. 

As circuit 
speeds increase, 
digital engi­
neers face the 
problem of cou­
pled noise from 
crosstalk. One 
common solu­
tion is to dedi­
cate different 
layer pairs to 
separate ECL 
and TTL net 
classes. SP50 
employs a new 
approach that lets users construct a 
table of parallel rules that emulates 
a curve of gap versus parallel length 
allowed between two segments. The 
flexibility of SP50 crosstalk controls 
enables Specctra to prevent coupled 

platform that's used. 
Cooper and Chyan Technology 
Inc., 1601 Saratoga-Sunnyvale 
Rd., Suite 255, Cupertino, CA 
95014; (408) 366-6966. tali&llt.tl 
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COMPANY ACQUISITION YIELDS 
COMPLETE EDA PRODUCT LINE 

Since its acquisition of Calay 
Systems last August, Sie­
mens Nixdorf has developed 

a complete line of EDA tools to be 
demonstrated at DAC in the Calay 
booth. The tools include schematic 
capture, logic synthesis, analog and 
digital simulation, hardware model­
ing, wire-delay calculation, ASIC de­
sign, pc-board layout, thermal anal­
ysis, computer-aided manufactur­
ing, electromagnetic compatibility, 
and test engineering. All of the 
products run under the Siframe 
framework that was designed with­
in the European JESSI project. 

SILOG/ic is a tool for designing 
PLDs and ASICs. It spans schemat­
ic entry through verification and 

testing to layout and preparation 
for manufacture. The tool uses dif­
ferent variants, depending on the 
type of component. For instance, SI­
LOG/ic's optimizers employ Fact, 
Bruno, and Expresso algorithms. 

For those hard-to-test ASICs, the 
Cerberus rule checker determines 
when design-for-testability (DFT) 
rules have been violated. Cerberus 
can be used during or after design. 
The company claims that it's the 
first DFT system that works hierar­
chically. Because it works hierarchi­
cally, there's no need to flatten net 
lists with lengthy programs. 

Calay Systems Inc., 16842 Von 
Karman Ave., Suite 100, Irvine, 
CA 92714; (714) 863-1700. 

IHij@ll/,fl 
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ATMEL GATE ARRAYS 
OPEN TO THE PUBLIC 
Atmel engineers have been successfully making gate arrays for some of the world's 
biggest computer makers for more than a decade. That's some 650 different personalizations. 
Now we are offering our latest generation to the public. 

Here are seven reasons why you should ..) pick Atmel for your next gate array. 

2. PERFORMANCE: 
We use a 0.8 
micron process 
so our gates run 
fast (260 picose· 
cond inverter 
delays), can burn 
less fuel (3.3 
Volts) and can 
meet MIL·STO· 
883C. 

3. TRANSLATION 
EASE: Transfer 
existing designs 
into our arrays for 
alternate sourc· 
ing. Atmel guar· 
antees to meet or 
beat the original. 
Or, you can proto· 

1. FULL FAMILY: 
Currently, we 
offer eight devices 
from 4K to 160K 
gates and up 
to360 
pins. 

type your 
design with 
our programma· 
ble logic devices. 

7. MEMORY: 
Because we're a 
memory leader, 
we can put SRAM 

orEPROM 

6. TEST PROOF: 
JTAG eases in· 
house system 
test, and cuts test 
development time. 

5. OPEN DESIGN 
SYSTEM: We make 
circuits, not design 
systems. Use your 
favorite hardware 

and software. 

4. PACKAGES: 
We're a leader 

in tape automated 
bonding (TAB) 
and other low· 
profile, high-pin­
count packages, 
so our arrays use 
less board room. 

So, if you're looking for an old hand at gate 
v 

arrays, look to Atmel; we've been making 
around. Call, write or FAX us to get our great arrays for almost as long as they've been 

latest gate array literature. 

ATMEL CORPORATION 
2125 O' Nel Drive 
San Jo e , CA95131 

Ai•IL 
® 

The people who make the difference. 
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Tel. 1-800-292-8635 
Tel. (408)441-0311 

FAX (408) 436-4200 
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Design Applications 

• ECAD 
• MCAD 
• A/E/Construction 
•CASE 
•CAP 
• Multimedia 
•Imaging 

Object Design, Inc. 

One New England Executive Park 

Burlington, MA 01803 

TEL 617-270-9797 

FAX 617-270-3509 

ObiectStore ODBMS 
The Only Choice For Design Applications • 

The 1980s brought a new class of powerful, design-oriented applications 
based on single-user workstations . The challenge for the '90s will be to 

enable developers and knowledge workers to share these applications 
in workgroups. Collaboration among multiple users and the sharing of 
objects-not files-will provide the next major gain in productivity. 

ObjectStore is an object-oriented database management system for 

applications written in C++ . ObjectStore provides complete DBMS 
functionality for highly interactive, design-intensive applications. 

ObjectStore offers: 
• easy migration of existing C applications 
• interactive performance comparable to single-user file-based applications 
• complete distributed DBMS functionality 
• version and configuration management 
• concurrency control for collaborative work 

• choice of C++ library interface or full object query language 

ObjectStore is available now for the Sun-based LAN configurations. To 
attend a training course or ObjectStore Seminar near you, please call 
617-270-9797, ext. 132. 

ObjectStore, Object Design, and leadership by Design are reg istered trademorks of Object Design, Inc. 
© 1991. All rightsreserved. 
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speeds simulation time even further. 
In addition, the accelerator can go to 
50,000or100,000 lines of code with no 
problem. 

There aren't any trade-offs in com­
pile time from software simulators. 
The hardware simulator compiles 
just as fast, if not faster, than soft­
ware VHDL simulators. No trade­
offs are made in the user interface 
either. And there's complete source­
level debug capability. Users can set 
breakpoints on statements or can 
breakpoint on variable values. They 
can also trace variables and signals, 
display traces, single-step, and do all 
of the things expected from the 
source-level debug capabilities, user 
interface, and simulation control of a 
software simulator. 

Ikos will show the VHDL product 
at DAC, and will deliver it by the end 
of the year. Fazakerly emphasizes 
that there's definitely a need for 
VHDL acceleration because in the 
future, almost everyone will use it 
for top-down design. "There's no 
question about it, VHDL is the de­
sign language of the future." VHDL 
makes it possible for designers to 
play with architectures and algo­
rithms without worrying about im­
plementation details. And that, says 
Fazakerly "is really the promise of 
top-down design." 

VHDL, or any HDL, is useless 
without synthesis tools. Logic syn­
thesis is hardly an unknown technol­
ogy to any engineer-over 25% of 
the technical and panel sessions at 
the show feature synthesis. As it ma­
tures and moves into the main­
stream, synthesis must become flex­
ible enough to handle the wide range 
of applications it's being used for. 

Illustrating that flexibility is a dig­
ital-signal-processing synthesis en­
vironment jointly developed by Com­
disco Systems Inc., Foster City, 
Calif., and Synopsys Inc., Mountain 
View, Calif. The toolset, which will 
be demonstrated at DAC, combines 
Comdisco's workstation-based Sig­
nal Processing WorkSystem (SPW) 
and Synopsys' VHDL synthesis soft­
ware. Users design DSP algorithms 
and optimized architectures with the 
SPW's hierarchical signal-flow-dia­
gram approach. When the architec-

E L 
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tural-level design is complete, SPW 
automatically creates a VHDL speci­
fication that's read by Synopsys' 
VHDL synthesis tool to invoke the 
gate-level implementation. 

Paul Titchener, vice president of 
technology for Comdisco, asserts 
that the "top-down approach to DSP 
design is important because it allows 
system- and architectural-level alter­
natives to be quickly investigated 
without having to perform time-con­
suming low-level implementations." 
He also points out that because the 
investigation of a chip-level imple­
mentation can begin while the archi­
tectural-level design is still being re­
fined, concurrent-engineering con­
cepts can easily be applied. 

Also addressing the flexibility of 
logic synthesis is a technical paper 
titled "Control optimization based on 
resynchronization of operations,'' 
from Stanford University, Calif. 
Synthesis can be tuned to optimize 
control circuits, which determine 

when and in what order events will 
occur in synchronous digital sys­
tems. Generally, control circuitry is 
defined as a finite state machine. De­
signing and optimizing these circuits 
is becoming increasingly difficult 
due to increased complexity and con­
currency. 

Previous control-optimization ap­
proaches used microcode compac­
tion or state-assignment techniques, 
which turned out to be restrictive. 
The Stanford University paper out­
lines a new method based on re­
synchronization of operations, re­
sulting in lower cost and more effi­
cient circuits. The basic premise is 
synchronization redundancy. If a 
control system is defined as a se­
quence of states with certain states 
prioritized, it might be possible to de­
lay execution of certain redundant 
states and then resynchronize them. 
The resynchronization algorithm 
categorizes the states and their in­
terdependencies, and then optimally 

AUTOMATIC, GRIDLESS ROUTER 
HANDLES DIFFICULT BOARDS 

Freestyle, an automatic, grid­
less router from Scientific 
Calculations, is meant for 

use with the company's Scicards pc­
board and hybrid layout system. 
The router employs a clearance­
driven, shape-based architecture 
that recognizes interconnections as 
shapes rather than point intervals 
on a grid. It then combines a rip-up­
and-retry algorithm with push-and­
shove capabili­
ties to move 
aside existing 
etching during 
the iterative 
routing process 
and achieve 
100% completion 
rates. Because 
it's unrestricted 
by a grid, Free­
style routes at 
minimum clear­
ance for maxi­
mum use of 
space. The tool 
facilitates hy­
brid design with 

such features as management of 
stacked, staggered, and spiral vias; 
coincident via rules; and via tap-in 
under surface-mounted pads. The 
Freestyle router runs on DEC and 
Sun workstations. It's available now 
for $29,950. 

Scientific Calculations Inc., 7796 
Victor-Mendon Rd., P. 0. Box H, 
Fishers, NY 14453; (716) 924-
9303. lilf;@lf f,jl 
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structures the state machine. 
Another paper on logic synthesis 

zeros in on a growing problem in tim­
ing synthesis-timing faults in­
duced by variables in the manufac­
turing process. The paper was jointly 
authored by researchers from IBM 
Corp., Boulder, Colo.; University of 
Texas, Austin; and Microelectronics 
and Computer Technology Corp., 
Austin, Texas. 

The authors assert that as circuit 
delays approach worst case, a timing 
margin must be inserted to avoid 
timing faults resulting from manu­
facturing-process variables. In the 
best case, products can simply be 
speed-selected in the manufacturing 
process. But in the worst case, de­
sign changes might be needed if the 
process variable is overly large. Log­
ic synthesis optimizes timing with 
circuit compaction, so there's a high 
likelihood of process variations caus­
ing a timing fault. 

The paper contains an extensive 
mathematical proof, which illus­
trates that the probability of a path 
delay in a manufactured circuit ex­
ceeding the clock interval increases 
monotonically as the variation in 
path delays decreases. To reduce the 
circuit's sensitivity to manufactur­
ing-process variations, there must 
be a reasonable timing margin be­
tween the worst-case delay and the 
system-clock interval. Synthesis and 
test teams will need to employ some 
concurrent engineering to jointly de­
fine reasonable timing margin. 

Concurrent engineering has prom­
ised a lot: All kinds of engineers 
working together on a project up 
front to create a correct-by-design 
product. Teamwork and cooperation 
are the first ingredients in the recipe 
for success. Yet, with increasing 
automation sneaking into the design 
cycle, tools and their interaction play 
a significant role in concurrent engi­
neering. For example, without the 
proper framework, engineers using 
different design tools can't interact 
and share data. 

Framework marketing has been 
overblown over the past several 
years; the promise didn't live up to 
expectations. Although vendors will 
continue to emphasize frameworks 

Ei[J E 

and their integration strategies at 
DAC, it probably won't be their pri­
mary focus. Gradually, frameworks 
will cease to be marketed as the 
monolithic solution to the integra­
tion problem. Instead, framework 
parts will be referred to as tools. For 
example, a few months ago, Valid 
Logic introduced the Design Manag­
er portion of its framework as a tool 
for design management and track­
ing. 

One of the newest entries into the 
framework market will be demon­
strated at DAC by Computervision, 
Bedford, Mass. The company claims 
its Design Desk Framework is an 
open system that integrates Compu­
tervision's Theda EDA applications, 
third-party applications, and user-

MODULAR 
EMULATION GOES 
FROM 10,000 TO 
1 MILLION GATES 

The modularRPM (mRPM) 
product lets several Quick­
turn RPM emulation sys­

tems be connected and operate as 
one large emulalor that can handle 
designs of up to 1 million gates. Indi­
vidual RPM systems come in lOk­
and 50k-gate versions. mRPM in­
cludes One View software and 
MRPM Interconnect Module 
(mRPM IM) hardware that inte­
grates up to 20 emulators. The soft­
ware's user interface can determine 
the connections needed between 
several RPMs, configure and load 
several RPMs, and configure and 
load mRPM Interconnect Modules. 
The One View software costs 
$49,000 for each user license, and 
can be used with up to 20 RPMs ap­
plied to one emulation. mRPM IM is 
priced at $30,000 for 1080 switched 
signals. It can be expanded incre­
mentally at $25,000 for each addi­
tional 1080 signals, up to a total of 
4320 signals. All mRPM tools will 
begin shipping in the third quarter. 

Quick turn Systems Inc., 325 E. 
Middlefield Rd., Moutain View, 
CA 9404J; (415) 967-3300. 
•@&ll/,$1 
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Siemens Semiconductors: 
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SIEMENS 

Communications Genius 
With the development of the new 
Enhanced Serial Communication 
Control ler (ESCC2), Siemens has 
demonstrated a new genius in high­
speed multi-protocolling. 
The ESCC2 (SAB82532) offers an 
extraordinary range of protocol options 
at a high-speed transfer rate of up to 
10 Mbit/sec in synchronous mode. Sup­
porting X.25 LAPB, ISDN, LAPD, HDLC, 
SDLC, and both ASYNC and BISYNC, 
the ESCC2 offers outstanding capabili­
ties for a wide variety of applications. 
And it is as adaptable as it is powerful. 
The ESCC2's flexible 8/16-bit bus 
interface allows it to easily adapt to 
either Intel or Motorola microprocessors. 
Plus, it provides direct 8/16-bit accessi-

bility to all registers, as well as OMA 
and both vectoring and non-vectoring 
interrupt modes. This ensures efficient 
data transfer to and from host system 
memory, for fast, accurate and reliable 
multi-protocolling. 
For superior performance and flexibility, 
the ESCC2 features clock recovery up 
to 4 Mbit/sec, storage capability of 
64 bytes in each of its four on-chip FIFOs 
and four encoding schemes: NAZ, 
NAZI, FMx and Manchester. In addition, 
it offers user-programmable features 
such as 16/32-bit CRC, time slot 
assignment, and an 8-bit parallel port. 
The result is an excellent CMOS device 
with only 40 mW power consumption 
for all kinds of multi-protocol applications. 

CIRCLE 122 

For more information on the ESCC2, 
or to find out how you can receive your 
inexpensive PC-based evaluation kit 
(EASY532), call 800-456-9229, 
or write: 
Siemens Components, Inc. 
2191 Laurelwood Road 
Santa Clara, CA 95054-1514 
And put the communications genius of 
Siemens to work for you. 

• 
Siemens 
World Wise 
Market Smart 
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EE DESIGNER 111/E. 
TOTAL INTEGRATION. 

NO LIMITATION. 

Schematic Capture Analog Simulation 

Thermal Analysis 

Autorouting 

TE AM 

~JISIONICS 
2953 Bunker Hill Lane 

Santa Clara 
California 95054 USA 
TEL: (1) 408 562 0123 
FAX: (1) 408 492 1380 

PCB Layout 

Fabrication Drawings 

The Serious PC-Based CADSystem 
for Serious Design Professionals 

1-800-553 -1177 

CIRCLE 148 

Logic Simulation 

Analog Design 

Interfaces 

Maxroute''" 
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developed programs. A graphical in­
terface provides consistent method­
ology for accessing and using frame­
work-integrated software (see the 
figure) . In addition, the Design Desk 
Toolkit is a set of utilities that lets 
users customize the framework. 

POPULAR PCB TOOLS MIGRATE 
TO UNIX WORKSTATIONS 

Emphasis on integration and 
framework standards will continue 
to increase. Over the past year, Elec­
tronic Design Automation Compa­
nies (EDAC) has researched the stan­
dards issue, and will present the find­
ings of its study at DAC. It will also 
propose which "next steps" are 
needed to enable the EDA industry 
to adopt standards. Andy Graham, 
president of the CAD Framework 
Initiative (CFI), states that "users 
are saying loud and clear that they 
don't want a framework unless it ad­
heres to standards and they can get 
multiple vendors' tools in and out of 
it." Users want frameworks that 
help them integrate tools today. 

CFI is working to solve the inte­
gration problem, and will demon-

The Pads-2000 pc-board de­
sign system will soon run on 
Unix workstations . Previ­

ously, Pads-2000 tools were avail­
able only on personal computers. 
The tools will first run on the Sun 
Sparcstation under Open Look X­
Windows. With the workstation­
based Pads there are no design-size 
limits. In addition, there's a 1-µm da-

strate the most recent fruits of its la­
bor at DAC. One of CFI's latest ef­
forts is the formation of a users' 
group, which will have its first meet­
ing on the last day of the show. The 
users' group is meant as a new type 
of forum for the end user and the 
systems integrator to help define the 
requirements for solving the inte­
gration problem. Inputs from the 
group meetings will give CFI clearer 

SCHEMATIC CAPTURE RUNS IN 
INTEGRATED ENVIRONMENT 

Schematics is a new schematic­
capture program from Micro­
Sim that provides an integrat­

ed environment for graphical defini­
tion, simulation, and analysis of cir­
cuits. The program achieves the 
integration by linking directly to the 
PSpice simulator and Probe wave­
form analyzer. New symbols and 
parts attributes 
are defined with 

sis Windows 3.0 package, which 
costs $1250 through September. Af­
ter that, it will cost $1750. The Sun 
version of Genesis costs $4150 
through September, and $5950 after 
that. 

MicroSim Corp., 20 Fairbanks, 
Irvine, CA 92718; (800) 245-
3022. ffl&/11,Y 
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the symbol edi- t-=f11
-'-
0 

....:1':.:::d i.:....• -"'Sl'"'-m=b•::....1 _,,;:::"'-'=>=--==-
tor. Schematics 
runs on PCs as a 
Windows 3.0 ap­
plication. It also 
runs on Sun 
workstations. 
Schematics 
drawings and 
symbol libraries 
are interchange­
able between 
the PC and Sun 
version. Sche­
matics can be 
purchased as 
part of a Gene- •• ....,._ _ _ ...................................................................... .....1.-... 
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tabase and automatic copper fi ll. An 
interactive push-and-shove router 
handles curved traces. The Unix­
based Pads-2000 software, which 
will be available in late summer 
through various licensing arrange­
ments, will cost less than $15,000. 

CA D Software Inc., 119 Russell 
St., Suite 6, Littleton MA 01460; 
(508) 486-9523. li{li&ll/.$1 

• Booth439 

guidance on how to expand its focus 
beyond EDA. For instance, CFI 
would like to spread its activities into 
the CASE and mechanical CAD ar­
eas. Concurrent engineering will re­
quire that all of those areas ex­
change data. 

At last year's DAC, CFI demon­
strated the results of its integration 
project. Tools from various vendors 
exchanged data through a CFI-de­
veloped procedural interface (PI). 
This year's DAC attendees can see 
CFI's integration project taken one 
step further because it will involve 
the work of two other CFI technical 
subcommittees. The improved ver­
sion of the design-representation PI 
will show intertool-communications 
and tool-encapsulation capabilities. 
Tool encapsulation brings tools into 
the desktop of a framework with 
tool-abstraction specifications. 

The DAC demonstration will illus­
trate the interplay of a framework's 
major parts: the design representa­
tion, tool communication, and the 
desktop. In addition, vendors will not 
only show that they implemented the 
drafted specification, but that they 
did so with the intention of bringing 
the implementation to the market as 
a product. There are 31 participants 
in the projects, and a fair portion of 
those will announce plans to bring a 
compliant product to market. 

Among other things, CFI's proce­
dural interface was improved over 
the past year by adding the ability to 
represent data hierarchically. The 
original PI used a scalar, flat data 
representation. The improved inter­
face can also handle buses and bun­
N ID 



k-your-socks­
PLD software 

on a shoestring budget. 
Who says you can't afford the 

world's best PLD development tools? 
Data l/O®'s industry-standard design 
software and programming solutions 
are more powerful-and more 
affordable-than ever before. So now 
the best tools on the market are also 
the best value. 

NEW ABEV"-4 marks a major 
milestone in PLD software. The 
leader in device support, ABEL-4 
automatically identifies which PLDs 
match your design needs with 
new SmartPart ™ intelligent device 
selection. New optional device fitters 
automatically assign pins and 

configure macrocells for complex 
device architectures. And an all-new 
user interface speeds the entire PLD 
design process. 

A major new version of the leading 
schematic capture software, NEW 
FutureNet®-5, redefines "ease-of-use" 
with pop-up menus, extensive dialog 
boxes and a fast symbol browsing 
feature. 

To make designing for testability 
practical, choose NEW PLDgrade:™ 
This inexpensive fault grading 
software helps you optimize your 
design for testability before 
production. 

Deto l/D CorporotM>n 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-644411 -800-247-5700 
Dtrt• 110 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 
D•ta 110 Europe VVorld Trade Center, Strawinsky1aan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866 
Data 110 lnatrum.'t;ic Electronic Systems Vertrieba GmbH Lochhamer Schlag SA, 8032 Graefelfing, W. Germany, + 49 (0)89-858580 

Data 110 Japan gf,~e~~:3~~~l~e~~~~:;:S~ ~~A~6·J-1 -7 , Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 

© 1991 Data 1/ 0 Corporation 

And the affordable NIW 2900 
Programming System brings the cost 
of high-performance programming 
down to earth. Its innovative 
technology makes programming any 
PLD-even surface-mount devices­
fast and easy. 

CALL TODAY for your 
FREE tutorial on 
designing with PLDs­
a $12.95 value. 

1-800-247-5700 

The Personal Silicon Experts 

Corporation 
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VERIFICATION 
SOFTWARE 
FLAUNTS FULL 
DISTRIBUTED 
PROCESSING 

place. 
The quest to bring products to 

market faster has created a boom in 
the use of programmable logic. In 
the past, if a design had more than a 
few hundred gates it had to go into 
an ASIC. Today, however, FPGAs 
are taking their place between lower­
density programmable-logic devices 
(PLDs) and gate arrays. 

EXCESS 
INVENTORY 

EDUCATES KIDS 

Let EAL turn your 
obsolete inventory 

into scholarships for 
needy kids. 

Call Peter Roskam 
Executive Director 
at (708) 690-0010 

for more information Release 8.0 of the SL-Verify 
suite of design-verification 
software features full dis­

tributed processing, 1ayout-versus-
1ayout capability, and a direct Dra­
cula-rule-set translator. The suite 
consists of a design-rule checker, an 
electrical verification tool, a mask­
data preparation tool, and software 
that analyzes and predicts manufac­
turing yield. Distributed processing 
can occur in all phases of design ver­
ification: design-rule checking, elec­
trical verification, and mask-data 
preparation . A Dracula-rule-set 
translator is a free option to existing 
Dracula customers so that compa­
nies can migrate to SL-Verify with­
out losing the time they invested in 
their existing rule sets. Also includ­
ed in Release 8.0 are layout-versus­
layout and schematic-versus-sche­
matic comparisons. The job-prepa­
ration preprocessor allows for vari­
ables to specify rules, so engineers 
can update design rules quickly 
when changes occur. 

Gate-array vendors have always 
attended DAC because ASIC tools 
are relatively complex and usually 
integrate into CAE environments. 
Programmable-logic vendors, how­
ever, have not attended DAC. Their 
tools were generally standalone 
types that weren't very complex. 

Educational Assistance Ltd. 

Silvar-Lisco, 703 E. Evelyn Ave., 
Sunn yvale, CA 94086; (408) 991-
6()()(). fiiMilf it:f 
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dles, which are a minimum require­
ment for commercial adoption. CFI 
added some robustness to handle er­
ror conditions because with the origi­
nal PI, t here wasn't a graceful way 
to recover from an error. Finally, the 
PI is being grouped so that it's used 
more efficiently. With the original in­
terface, a large number of calls were 
needed to t ransfer data because the 
granularity was high. In the im­
proved interface, there are help 
functions tha t are macro versions of 
some of the PI calls. The macros 
make transfers more efficient. Ac­
cording to president Andy Graham, 
the new procedural interface is a sol­
id commercial specification that can 
be adopted and go to the market-

E L E 

This year, Xilinx, a San Jose, 
Calif.-based FPGA vendor will be at 
DAC. Lee Farrell, vice president of 
marketing at the company, says 
FPGAs are breaking down tradition­
al programmable-logic density and 
capability barriers. For instance, one 
of Xilinx' latest devices has 20k 
gates, including on-chip memory and 
JTAG logic. Farrell points out that 
"the more complex the device, the 
more the device must take a back 
seat to the design software. FPGA 
vendors have to start showing their 
capabilities at places like DAC." 

Many vendor-independent pro­
grammable-logic tools will also be on 
display at the show. For instance, 
Exemplar Logic Inc., Berkeley, 
Calif., will showcase its latest FPGA 
toolset. Exemplar Release 1.0 is a 
suite of tools aimed at designers mi­
grating a TTL design to an FPGA, or 
those compressing PAL designs into 
anFPGA. 

The software package includes 
tools for compilation, synthesis, ar­
chitectural analysis, library genera­
tion, and schematic generation. Re­
lease 1.0 combines synthesis, speed­
area optimization, and mapping into 
one package.Users enter designs us­
ing standard PLD or ASIC methods, 
and receive optimized vendor-specif­
ic FPGA or EDIF net-list outputs.D 

How v ALU ABLE? CIRCLE 
HIGHLY 530 
MODERATELY 531 
SLIGHTLY 532 
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P.O. Box 3021 , Glen Ellyn , IL 60138 

NEW! 

~~ 
The only 

(Standard Universal Simulator 
for Improved Enginaering) 

Real-time fully automated design verifier for: 

a Multiple XILINXlll, ACTEL 1'11, AL TERAlll ... 
a Any logic design; memories, PLDs, etc. 
a Works directly with your present tools 
a Breadboards your design in seconds 
a Automatically reports design errors 

Call for a free S~ Working Model 
(805) 499-6867 FAX (805) 498-7945 

Order Desk 1-800-48-SUSIE 

s~ works like a real hardware: 

you can toggle swfohes, move jumpers replace 
HEX and JEDEC, change IC timing parameters 
add new test vectors, etc., all without software 

compilations. 

~EC. 
Automated Logic Design Company, Inc. 

3525 Oki Conejo Rd. #111 , Newb<Jry Parle, CA 91320 

ACTEL, Al TERA, XILINX art lradtmfts of lhtir rnptdive holders. 
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COMING ATTRACTIONS: 
Design For Testability: 
In the June 27 Electronic Design, you'll learn how 
to automatically generate test vectors with an 
ATPG tool from a behavioral description written in 
HDL. By taking advantage of an ATPG tool, you 
won't pay a price in chip area or performance. 

CAE -- Advanced Tools: 
An important element of top-down design, logic 
synthesis allows designers to describe systems at 
a high level and let the software create the 
circuitry. Read about it in the August 22 
Electronic Design. 

Electronic Design: 
The leader in Design Automation Coverage 

MORE IN THE SERIES OF DESIG.N ADVANTAGES 

THE SHORTEST CONNECTION BETWEEN IDEA AND SILICON! 

' 

Design Advantage #4 

PGASUPPORT 
From simple or complex PAL's, 
PGA's, or full Gate Arrays, 
LOG/iC supports them all-and 
from the same design file . Talk 
about design freedom! 

Design Advantage # 11 

FLOW CHART ENTRY 
At last! A screen input method for 
state machines that's just the way 
you think ... with flow charts! 
STATE/view@ makes FSM designs 
easier, faster, and fun! 

Contact ISDATA 1-800-m-1202 for complete details on 
these and other design advantages of LOG/iC. 

Design fools tho! take your functional des- .... ~ ---™ 800 AIRPORT RD. 
. . I . I. I . . --~ ...... MONTEREYCA cnpt1ons 1or optima imp ementat1on into •.._.,.-------===-- 93940 ' 

semicusfomASICsfromPLDstoGateArrays. 1 N c o R P o R AT E 0 408373-7359 
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Put 
Our 
List 
On 

Your 
List 

Our list can help you do the 
other things you have on your 
list. Such as buy a car .. . 
estimate social security .. . 
start the diet. .. check out 
investments . .. 

Our list is the Consumer Infor­
mation Catalog. It's free and lists 
more than 200 free and low-cost 
government booklets on employ­
ment, health, safety, nutrition, 
housing, Federal benefits, and 
lots of ways you can save money. 

So to shorten your list, send 
for the free Consumer 
Information Catalog. It's the thing 
to do. 

Just send us your name and 
address. Write: 

Consumer 
Information Center 

Department LL 
Pueblo, Colorado 81009 

A public service 
of this publication 
and the Consumer 
Information Center 
of the U.S. General 
Services Administration 
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Qualidyne delivers feature-rich supplies to the 
most rigid specs. Margining, inhibit, input power 
fail signal, and an integral ball-bearing fan are 
standard features. Options include power factor 
correction, DC input, and automatic current sharing 
with an isolated power supply fail signal -- ideal for 
redundant power (N + 1) applications. 

User Configurable 

Low Profile 

Size 
(HxWxL) 

5x6.5x10' 
5x5x11.5' 
5x8x11 ' 
5x8x11.5' 
5x8x13.75" 

Total 
Watts Output 1 

750W 5V/100A 
1000W 5V/120A 
1000W 5V/150A 
1500W 5V/200A 
2500W 5V/400A 

Output Voltage Range/Max. Amps 
Output 2 Output3 Output4 Outputs 

5-15V/20A 5-15V/20A 5-24V/5A 5-24V/5A 
5-15V/20A 5-15V/20A 5-24V/5A 5-24V/5A 
5-15V/20A 5-15V/20A 5-24V/10A 5-24V/1 0A 
5-15V/20A 5-15V/20A 5-24V/10A 5-24V/10A 
5-15V/20A 5-15V/20A 5-24V/10A 5-24V/10A 

Size Total Output Voltage Range/Max. Amps (select one) 

• User-Adjustable 
Wide Range Outputs 

• 400 to 1000 Watts 
• AC or DC Inputs 
• 1 to 9 Floating Outputs 

(HxWxL) 

5x6.5x10" 
5x5x11 .5" 
5x8x11 .5" 
5x8x11 .5" 
5x8x15.5" 

• Compact: 2" to 3" High 
• 250 to 1000 Watts 
• Single & Mu/ti-Outputs 
• 2V to 56V Outputs 
• Auto AC Line Selection 

Watts 2-4VDC 4-6VDC 7-12VDC 

750W 2-4V/187A 4-6V/150A 7-12V/63A 
1000W 2-4V/250A 4-6V/200A 7-12V/84A 
1500W 2-4V/375A 4-6V/300A 7-12V/125A 
2000W 2-4V/400A 4-6V/400A 7-12V/167A 
3000W 2V/700A 5V/600A 12V/250A 

Complete line of quality power 
supplies from 100 to 3000 Watts. 

QualidJJne 
Lambda Group of Unitech pie 

3055 Del Sol Blvd., San Diego, CA 92154 
(619J 575·1100 fax: (619J 429-1011 

CIRCLE 127 

12-28VDC 28-56VDC 

12-28V/27A 28-56V/14A 
12-28V/36A 28-56V/18A 
12-28V/54A 28-56V/27A 
12-28Vf72A 28-56V/36A 
24V/125A 48V/65A 

' I 





Our list of OTP microcontrollers goes on and on. 
But our special off er on all 

OTP Development Tools ends July 31st! 

One-Time Programmable (OTP) Microcontrollers 

Production-Ready, 
Production-Priced. 

It takes awhile to call the roll 
of Motorola's 68HC05 and 
68HC11 One-Time 
Programmable (OTP) 
microcontrollers. Packed with 
more on-chip functions and 
package options than ever 

arr 
Part Number 

68HC705B5 

68HC705C8 

68HC705J2 

6811C705P9 

6811C71 IE9 

68HC711D3 

- lllCU 
limulalieG 

6K EPROM, 176 RAM, SCI, AID, 68HC05B4 
Pulse Width Modulation 68HC05B6 

8K EPROM, 304 RAM, SPI , SCI 68HC05C8 
68HC05C4 

2K EPROM, 64 RAM, Re-.J.l.'fime Interrupt 68HC05JI 

2K EPROM, 128 RAM, ND, Low-Cost 68HC05PI 
68HC05P9 
68HC051'7 
68HC05P4 

12K EPROM, 512 EEPROM, 512 RAM, 68HCI IA8 
SP! , SCI, AID, Real-Time Interrupt 6811CI IE9 

4K EPROM, 192 RAM, SPI , SCI, 6811CI ID3 
Real-Time Interrupt, Event Counter 

before, our OTP line-up is the Soon To Be Released 

most impressive in the industry. 
And it's growing daily. 

These industry-leading OTPs are 
supported by Motorola's unparal­
leled manufacturing muscle. And 
they' re aggressively priced to give 
your products a critical cost 
advantage in the marketplace. 

Motorola's OTPs are ideal for 
prototyping or for production when 
different codes for model variations 
are required. And they allow you to 
sidestep mask charges, minimum 

arr 
PartNumber 

68HC705C5 

f----
68HC705C9 

68HC705D9 

68HC705E I 

6811C705F6 

68HC7051.5 

6811C705T7 

6811C705T IO 

68HC71 IK4 

6811C711)6 

6811C711L6 

-
5K EPROM, 128 EEPROM, 176 RAM, 
LED Driver, SIOP, IOmA Si nk Port, 
Low Voltage Option 

16K EPROM, 352 RAM, SPI , SCI, 
Expanded Pon 

16K EPROM, 352 RAM, SCI, Pulse Width 
Modulalion, 24mA Sink Port 

4K EPROM, 368 RAM, Phase-Locked Loop, 
Real-Time Interrupt, Real -Time Clock 

4K EPROM, 320 RAM, DTMF, 
Tone Generator, LED Driver, SP! 

8K EPROM, 256 RM1, 39x4 Segmem 
LCD Dri\'er, E\rnl Counter, SP! 

SK EPROM, 320 RAM, On-Screen Display, 
Pulse Width Modulation, 12c, AID 

12K EPROM, 320 RM1, On-Screen Display, 
Pulse Width Modulation, 12c, A/ll 

24K EPROM, 640 EEPROM, 768 RM1, 
4 Milz Non-Mux Bus, Real · Time Interrupt, 
SPI, SCI, AID, DIA 

16K EPROM, 512 RAM, SPI , SCI, 
Rc-.U -Timc Interrupt 

16K EPROM, 512 EEPROM, 512 RM1, 
SPI , SCI, Real-Time Interrupt 

quantity requirements, and the delays typically associated 
with custom parts. 

............. 
NOW 

NOW 

NOW 

NOW 

NOW 

NOW 

MCU 
llmDlallea 

68HC05C5 

68HC05C9 

68HC05D9 

68HC05E I 

68HC05F6 

6811C05L5 

6811C05T7 

6811C05T7 
(>8HC05TIO 

68HCllK4 

6811CI 1)6 

6811CI IL6 

_....,._. 
Took 

M68HC705B5PGMR 

Get on board with 25% 
savings on all OTP 

Development Tools. 

M68HC05h>'M 
M68CDS8HC05 

M6811C05PGMR 
M68HC05EVM 
M68CDS811C05 

M68HC705J2P9PGMR 
M68HC05EVM 
M68HC05P8EVS 
M68CDS8HC05 

Call your 
M68HC705J2P9PGMR distributor today! 
M68HC05P9EVS 
M68CDS811C05 

M68HC71 IE9PGMR To get you up and running in 
no time, Motorola offers a 
versatile portfolio of econom­
ical OTP Development Tools. 

M68HCI IEVB 
M6811CI IEVBU 
M6811CI I EVM 

M6811C7 II D3PGMR 
M68HCI ID3EVB 
M6811C 11 D3EVS 

Sempla 
AYllllalolc 

10/ 119 1 

71119 1 

71119 1 

6/1191 

71119 1 

7/1/9 1 

9111') 1 

9/ 1/9 1 

6/1/9 1 

91 1191 

7/119 1 

From simple programmer boards 
for downloading code to full­
feature, compact development 
systems for non-invasive, real­
time, in-circuit emulation. 

And now you can save 25% off the 
OTP Development Tools of your 
choice by taking advantage of our 
special limited-time offer. To order, 
or to obtain pricing information, 
simply contact your participating 
Motorola distributor. 

Hurry, this special Development 
Tool offer expires July 31, 1991. 

But with Motorola OTP microcontrollers, there's 
no end to what you can do. 

®MOTOROLA 
© 1991 Motorola, Inc. 

Offer valid only .in North America. 



A POWERFUL PERFORMANCE 
THE TEK·AT2 386SX 
PACKS THE HOUSE 

The TEK-AT2 386SX belts out an extremely This harm on iously integrated 7" x 4.7" 
powerful performance with a 386SX chip ruggedized PC, with on board hard disk 

set running at 16 or 20 Mhz. When you interface, floppy disk controller, two seria l 
need it, the all CMOS TEK-AT2 ports and para ll el port , gives you the power 

supports up to 16 Mbytes of SINGLE BOARD you always needed. in the size you always wanted. 
total on board memory And Mixed DRAM And when you bring on our piggyback 

mode allows up to I Mbyte of Flash COMPUTER TEK-PG VGA contro ller, you have a 
EPROM and up to I Mbyte of battery- complete industria l computer in 

backed SRAM disk space. the palm of your hand. 

AUDITION THE EXTREME PERFORMER TODAY. CALL TEKNOR MICROSYSTEMS 
AT 1(514) 437-5682 OR FAX US AT 1(514) 437-8053 

WE 1RE IN TUNE WITH YOUR SINGLE BOARD COMPUTER NEEDS. 

1 1 ~ IllmQi. 
P.O. BOX 455, SAINTE THERESE (QUEBEC) CANADA J7E 4J8 

CIRCLE 169 
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DESIGN-DATA· 
MANAGEMENT 
FRAMEWORKS 
HELP SOLVE 
COMPLEX PRODUCT 
DESIGN· TEAM 
PROBLEMS 
THE RIGHT FRAMEWORK SERVES AS A 

SOFTWARE INFRASTRUCTURE FOR 

IMPLEMENTING MULTIDISCIPLINE, 

CONCURRENT DESIGN PROCESSES. 

ver the last decade, narrowing market 
windows and global competition have 
forced engineering organizations to 
rush increasingly complex designs into 
production as quickly as possible. Al­
though the advent in the 1980s of com­
puter-based design tools eased the 
crunch somewhat, the ensuing prolifer-

ation of ever more sophisticated and specialized 
tools has clouded the picture. 

Computer-based design sped up and automated 
almost every aspect of the design process from con­
cept to simulation, from verification and test to lay­
out, and from detailed design to documentation. 
The accuracy and quality of the designer's work 
benefited greatly. But if four or so tools were 
enough to design an integrated circuit 10 years 
ago, today's designs may require 20 tools or more. 

Some of the productivity gains promised by de­
E L E C T R 0 N I C 
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sign automation never materialized. That's be­
cause data produced by one design tool couldn't 
easily be passed to the next. The tools couldn't man­
age and provide access to the hundreds of data files 
that were created during a design project. For a 
team of designers working together but using sev­
eral tools, finding the right data, learning how to 
access the various tools, moving data from one tool 
to the next, or ascertaining the status of the project 
as a whole became nearly impossible. 

To make matters worse, the design environment 
is typically a pot-luck assortment of hardware and 
software. The hardware might include departmen­
tal systems, workstations, and dedicated turnkey 
CAD systems. Operating systems run the gamut 
of proprietary systems, such as VMS, and cross­
platform systems, such as UNIX. Even an all­
UNIX environment will involve different UNIX im­
plementations used by the various platform ven­
dors, most of which aren't fully compatible. 

The design tools themselves represent an even 
wider variety. Some are commercial and some are 
produced in-house. Not only that, the mix of tools 
rarely stays the same for long. When new systems 
aren't simply replacing the old ones, then they're 
just added to the soup. It's no surprise when the 
new tools don't communicate well with the old. 

Then there's the pool of design data, which, dur­
ing the course of a design, is continually growing. 
Swelling libraries of active and inactive designs 
must be managed effectively and reliably. Design­
ers must be able to track the evolution of product 
data toward a finished design. The data should be 
accessible to all team members and to management 
as well as to related functions outside the team, all 
on-line. The precision needed to accomplish this 
data management, however, is often lacking. 

All these factors add up to errors. According to 
recent studies, design errors account for an aver­
age of 20% of design costs and contribute 37% of 
product-development time. Any technology that 
significantly reduces errors is extremely valuable. 
One answer to this problem is frameworks, which 
integrate tools and data through a single user in­
terface. In addition to a common interface, these 
software-support tools, which are built on the ven­
dor's base CAD applications, offer a shared data­
base used by all tools and a high degree of interacti­
vity between tools. 

TWO TYPES OF FRAMEWORKS 
There are two implementations of framework 

technology available today: EDA frameworks and 
design-data-management frameworks. In general, 
EDA frameworks are specialized and support 
closely related tasks within a highly integrated 
EDA environment. EDA frameworks are meant to 
move design data between applications. Because 
these frameworks handle product-specific data, 
such as pins, gates, and geometric shapes, their 
tool sets tend to be tightly integrated by means of 
modification of their source code. While EDA 
frameworks ease data translation and remove 
D E S I G N6) 
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some of the burden of relearning different syn­
taxes, they generally aren't optimized to acquire 
and use management data to control the work pro­
cess effectively. This is where design-data-man­
agement frameworks excel. They supply manage-
ment with data to support high-level functions such 
as design-version control. They also help with man­
agement of configurations, tools and tool runs, and 
the overall design process. Companies need a com­
bination of EDA frameworks and design-data­
management frameworks to address design-man-
agement problems throughout the entire span of 
product development. 

For designers, a successful framework has to 
support integrated access to the best tools avail­
able, offer an uncomplicated interface to all tools, 
and clearly represent design data and work-in-pro-
gress for multiple tools. It must automatically feed 
a tool the right input file, but it should also offer the 
flexibility to jump back a few revision levels. The 
Institute for Defense Analysis estimates that such 
a framework can reduce product-development time 
by 40 to 60%. The Technology Research Group esti­
mates that frameworks can increase productivity 
by as much as 30%. 

For engineering management, however, the 
right framework can mean more than that. Man­
agement has to solve the total product-design prob­
lem, not just the relatively narrow concerns of indi­
vidual designers. In most cases, product design is 
an interdisciplinary effort. Each discipline-me­
chanical, electronic, and software-has its own set 
of tools and design-process problems. The frame­
work can help ECAD, MCAD, and CASE to work 
together efficiently. The framework must manage 
design data generated by various tools on various 
platforms in a variety of geographies. It must also 
manage that data for revision control, configura­
tion control, and design traceability. Moreover, it 
must enforce a design methodology within this 
same heterogeneous environment. 

Another benefit that project and engineering 
managers can derive from a framework is the abili­
ty to employ concurrent engineering techniques to 
improve team and organizational productivity. A 
variety of functional groups must be able to partici­
pate in design from the conception stage. That's 
possible with a multidiscipline design environment 
under automated control. 

The design industry first introduced computer 
assistance to the design process in the form of 
frameworks optimized for a specific set of tools. In 
general, this is a specialized framework that sup­
ports a few closely-related tasks, which they serve 
very well with a highly integrated environment. 
However, because it's optimized for tight integra­
tion rather than flexibility, this approach has limi­
tations: 
• It constrains access to new tools and tool technol­
ogies 
• It can't be easily extended to accommodate multi­
discipline design activity 
• It can only be used on the platforms that support 

PowerFrame User Interface 

Tool User Interface 

Design Design 
Tool Tool Tool Tool Tool Tool 

Tool Framework 

PowerFrame Design Management Framework 

Operating System 

1. Design-data-management frameworks like Powerframe complement what EDA 
frameworks can do. Powerframe brings together applications, design-data manage­
ment, and design-process management under a consistent graphical user interface 
across disciplines such as ECAD, MCAD, embedded CASE, and documentation. 

the base applications 
Still, if very tight integration is important, and if 

the tools represented by the base applications are 
acceptable, then an EDA framework is an excellent 
solution for a particular design domain. But ad­
dressing the entire span of product development 
calls for a mix of these EDA frameworks from a va­
riety of sources. The result would be pockets of 
automation in a basically manual design process. 

It's clear that a higher order of framework is 
needed, above and beyond EDA frameworks, to of­
fer coherency and stability for the design environ­
ment as a whole as well as the process it supports. 
It needs to balance the designer's need for flexibili­
ty with management's need for control. In addition, 
the framework must support an open, multivendor 
solution. 

The flexibility provided by an open framework is 
not so much to enable users to change tools and 
methodologies in the middle of the design process. 
It's so you can shape the framework to the environ­
ment, rather than the other way around. In an open 
framework, designers can have the tools and tech­
niques they're comfortable with, regardless of 
their discipline. The framework's backplane-like 
openness also lets management adapt the frame­
work to new projects, just as you would upgrade a 
computer by plugging in new boards. A superior 
design-management framework should also pre­
serve the CAD manager's investment in worksta­
tions and other computing platforms. 

To date, the most promising effort to address 
this open-framework issue is the work of the CAD 
Framework Initiative (CFI), a consortium of ven­
dors, computer makers, and end users. The group's 
expressed goal is to define the standards for proce­
dural interfaces between framework components. 
The idea behind CFI is that if a given framework 
complies with it's standards, then any tool vendor, 
computer builder, or in-house tool developer that 

lllil E L E C T R 0 N I C 
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respects those standards can play a part in its evo- ; 
lution. Participants can create a customized envi- ; 
ronment into which new tools and processes can be : 
integrated with a minimum of effort. · 

industry-standard windowing. 
On top of that, the PowerFrame framework im­

plements concurrent engineering: it supplies the 
automated mechanisms to coordinate and drive 
work-in-progress across multiple engineering dis­
ciplines. Concurrent engineering requires a highly 
interactive framework that will track and enforce 
design methodologies and data for many tasks be­
ing performed in parallel. PowerFrame melds all 
the tools, data, and engineering disciplines into one 
common environment to drive the design process 
according to users' methodologies. 

IP Tl TIE STANIAID 
There's no such thing as a fully standards-com- : 

pliant framework yet, but the Power Frame frame- : 
work from Digital Equipment Corp., Maynard, 
Mass., has a good deal of the CFl-specified struc- ; 
ture in place. It can provide needed stability to a ; 
heterogeneous design environment now. 

The PowerFrame software establishes a com- ; 
patible framework for using applications from di- : 
verse design-tool vendors. It offers the freedom : 
and advantages of selecting from the best current : 
application base while integrating those applica- : 
tions into an homogeneous environment based on : 

A Power Frame framework supports a heteroge­
neous network of CAD workstation users. It runs 
under the ULTRIX operating system on Digital's 
RISC and VAX systems, the VMS operating sys­
tem on VAX systems, and the UNIX operating sys­
tem on Sun-4, Sun-3, SparcStation, SparcServer, 

W
hen NEC Electronics 
Inc., Mountain View, 
Calif., set out to offer 
its high-end ASIC 

customers a suite of advanced de­
sign-automation tools, the compa­
ny was keenly aware of the need 
for a fully integrated design envi­
ronment. "The complexity of 
ASIC designs is moving well be­
yond 100,000 gates," said Hiro 
Hashimoto, associate vice presi­
dent and general manager of 
NEC's ASIC business unit. "Pro­
viding front-to-back support for 
advanced-AS! C-design method­
ologies within a unified environ­
ment is the only way to meet our 
customers' design cycle and per­
formance requirements." With 
that goal in mind, NEC turned to 
DEC's PowerFrame design-man­
agement framework as the um­
brella under which a diverse set of 
tools from several vendors would 
coalesce into a streamlined design 
process. 

The objective of the project was 
to implement a PowerFrame envi­
ronment for use in their "Open­
CAD for Cell-based Design" pro­
gram. The project was accom­
plished jointly between NEC and 
Digital, with the assistance of sev­
eral tool vendors: Cadence Design 
Systems Inc., Synopsys Inc., and 
View logic Systems Inc. 

NEC had a number of defined 
requirements for its Power Frame 
implementation, which included, 
among others, check-point and 

POWERFRAME SUCCEEDS AT NEC . 

version management of all design 
files, maintenance of a top-down 
methodology, sequential process 
control, and operation within a 
distributed-computing environ­
ment with many different CPUs, 
tools, and machines. The integra­
tion process was iterative, with 
many refinements that led to a 
satisfactory result. 

First, to begin its CAD-system 
analysis, NEC produced a data­
flow diagram that included all the 
tools and files in the process. For 
design entry, Viewlogic's Work­
view /Viewdraw tools were cho­
sen for encapsulation within the 
Power Frame environment. 

On an alternate design path, 
but also for design entry, was the 
UNIX vi editor. Edifneto and Ver­
ilnet, Viewlogic's translator tools, 
were also included. Other tools in­
cluded the Synopsys Design Com­
piler, used for logic synthesis, the 
Verilog and Veritime simulation 
tools, the Edif-flatten and E2V 
translator tools, and the Cell3 En­
semble tool for triple-layer-metal 
cell-based layout. 

Continuing with the CAD-sys­
tem analysis, a use model was cre­
ated to determine the user envi­
ronment. It was determined at 
this stage that a top-down meth­
odology would be used. A set of 
policies was implemented to as­
sure that designers would have 
access to the latest version of re­
leased data. Then, a data model 
was developed to present data in a 

task-oriented fashion. The data­
sets were defined according to 
separate views: schematic entry, 
logic synthesis, and simulation. 

Over eight possible Power­
Frame processes were identified. 
This was done by grouping tools 
together within automation 
boundaries to identify tools that 
would be used together in a series. 
After analyzing each tool's inputs 
and outputs, options, and data re­
lationships, it was determined 
that eight separate tool agents 
were required. Similarities of 
function, design methodology, 
and input and output allowed one 
tool agent to encompass more 
than one tool in some cases. 

Finally, NEC arrived at a sim­
plified, yet enhanced ASIC design 
process in which the burdens of 
version management and check­
poin ting, and checkout and 
change control were lifted from 
the designer and managed by 
PowerFrame. The PowerFrame 
software served as a single, com­
mon, easy-to-use interface for all 
the tools in its environment with­
out limiting their functionality. 

Digital, in conjunction with 
NEC, transformed a CAD process 
that included many tools from 
multiple vendors running on dif­
ferent CPUs into a streamlined 
design process under Power­
Frame. NEC's ASIC design envi­
ronment layered under Digital's 
Power Frame software is in use at 
NEC today. 

E L E c T R 0 N I c D E s I G N ID 
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If we told you we're ship­
ping a framework that lets 

you control the workflow, 

design data, design changes, 

process management, and 

everything else you have 

to contend with to meet 

your schedule, you'd prob­

ably be impressed. 

If we told you we've 

implemented customized 

solutions of this framework 

for dozens of leading elec­

tronic manufacturers, and it 

lets their designers work 

with the design tools they 

now use on the systems they 

now have in place, and lets 

them add any tools they want 

in the future, you'd probably 

want to hear more. 

If 22 of the leading 

design tool vendors told you 

they've embraced this frame-

POWER FRAME 
AND NAS BEGIN 

NEW ERA OF 
COLLABORATION. 

work, you'd probably want 

to know its name. 

It's called PowerFrame. 

An embodiment of Digital's 

Network Application Sup­

port (NAS), it's one more 

example of our ability to 

deliver a truly open comput­

ing environment . An envi-

I 
ronment based not just on 

international standards, but 

on the philosophy of letting 

different applications on dif­

ferent computing systems 

from different companies all 

work together. 

If you agree your design 

department could benefit from 

this kind of openness, then call 

1-800-332-4636, Ext. 220 for 

more complete information on 

PowerFrame. Or visit Booth 

1418 or one of the many other 

booths that will be demonstrat­

ing PowerFrame at the Design 

Automation Conference in San 

Francisco, ,.,D'!'Dn'!ID™ 
June 17-21. ~ ~ u~ 

THE OPEN ADVANTAGE. 
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and HP I Apollo platforms. On UNIX platforms, all 
PowerFrame systems communicate using the 
TCP /IP network protocol. . 

l:Q bringing together applications, design-data : 
management, and design-process management, 
the Power Frame software offers (Fig. 1): 
• The ability to customize and expand the design 
environment with the tools of your choice 
• Automatic creation and maintenance of design 
and library data for encapsulated applications 
(This can complement the EDA frameworks be­
coming available by providing access to multidisci­
pline tools from vendors and access to product- : 
data-management systems.) . 
• Data tracking and configuration control with the : 
ability to link to corporate product-data-manage- : 
ment systems 
• The ability to construct a hierarchy of design : 
components and libraries to represent the appro- : 
priate methodology for a particular project · 

Tool 
DablUu 

Software Tool === 
~D ~ 
~og g 

! 
Executive __ / 

Design Manager 

2. Powerframe is made up of a set of functional components. The Design Manager 
Server maintains an active meta database, called a workspace, that tracks design, Ii· 
brary, and tool data. The Powerf rame Executive, which is the graphical interface to 
the system, provides a straightforward method for invoking tools and displaying de­
sign, library, and tool data. 

• A consistent graphical user interface to all of the 
resources of the design network, including tool in- : 
vocation and product-design-data management : 
PowerFrame can complement the EDA frame- : 
works becoming available by providing access to 
multidiscipline tools from vendors and access to 
product-data-management systems. 

windowing systems of the platforms supported by 
Power Frame. It provides a straightforward meth­
od for invoking tools and displaying design, li­
brary, and tool data. 

The Frame Administrator Utility configures 
workspaces according to customized definition 
fi les. In them, the various tools, data, and libraries 
that the design team needs are defined. 

Each tool that's integrated into the Power Frame 
framework is associated with an Encapsulation. 
Each Encapsulation includes a tool agent-the pro­
gram that integrates the application with the 
framework-and the definition files that support 
the tool agent. No source-code changes must be 
made within the application to encapsulate it in the 
PowerFrame framework. Digital and several tool 
vendors provide encapsulation for a number of de­
sign tools. For those who want to write their own 
tool-agent programs for integrating unique appli­
cations into the framework, Digital provides an op­
tional Integration Toolkit. 

Because the tools themselves require no alter­
ation to be encapsulated within the framework, 
new tools can be added at any time without having 
to start from scratch. In addition, Digital can con­
tinually improve PowerFrame without causing 
CAD managers to constantly update their tools. 

In operation, the framework provides a graphi­
cal, universal front end to a group of "integrated 
tools,'' making all of the tools seem to be facets of a 
single system-the PowerFrame system. The 
framework manages input and output data, the 
files and file versions the tools generate, and user 
interactions. 

The multiwindow environment that Power­
Frame displays at the engineer's workstation is 
called a workframe. A workframe operates on a 
workspace, the permanent database used by the 
framework to manage and store design data. Users 
can log onto any workspace on the network to 
which they have access privileges. 

The Power Frame software greatly simplifies de­
sign tasks. Its user-friendly graphics interface is 
consistent no matter what tools are used. The win­
dow-based interface is intuitive and largely self­
documenting. Menus, icons, and dialog boxes are 
used to invoke tools and to browse information 
about tools and data (Fig. 3). 

By automating design-data management, the 
framework does the job of keeping track of the lo­
cation and organization of files used by the tools. 
Also, configuration control tracks the versions of 

PIWEIFUME •PllEITS data and the relationships between versions 
The PowerFrame software is made up of a set of : through the design steps. 

functional components (Fig. 2). The Design Manag- : Another key to the Power Frame software is its 
er Server maintains an active meta database, called · ability to manage the design process. The frame-
a workspace, that tracks design, library, and tool work can automatically invoke tools in a predefined 
data. It can include a release tool that enables users sequence using the appropriate data for each tool 
to establish a formal beta or stable version of the . run. This feature ensures that the designer is al-
design, which can then be made available to other : ways working with the right tool on the right data 
team members or released to production. . at the right time. 

The Power Frame Executive, which is the graphi- : Implementing the Power Frame framework isn't 
cal interface to the system, is based on the native : achieved overnight. But an open framework like 

II!) E L E C T R 0 N I C D E S I G N 
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Power Frame lets you shape it to your design needs 
and to the environment of your choice, not the other 
way around. You won't be designing by the frame­
work's rules in a restricted environment. But shap­
ing the Power Frame software to your needs takes 
planning (see PowerFrame Succeeds At NEC, p. 
67). 

The more carefully thought out and planned an 
implementation is, the better the framework will 
serve your team. To gain the greatest advantage in 
any implementation of Power Frame, it's helpful to 
follow some guidelines for planning. 

An analysis of the user environment is a good 
place to start. The number of users, users per work 
group, the distribution of tasks within them, and 
their physical location are all factors. Other factors 
include the tools to be encapsulated and the com­
puting environment. Also, a detailed data-flow dia­
gram of the CAD process should be created. 

The next step is to design a data model, which de­
termines how data is to be organized and presented 
to users within Power Frame. Much of this informa­
tion will translate directly into the setup of the defi­
nition files for tool encapsulations. 

One of the most important steps in effectively 
using a framework is to structure the design data 
to reflect the design environment. Power Frame of­
fers predefined, yet flexible data constructs that 
enable data to be organized and browsed in a num­
ber of ways. With the design process and its sup­
porting data organized logically from the start, en­
gineers won't need to be concerned with files and 
directories. Instead, they can operate on groups of 
data organized by the task and tool in use. 

Mapping the CAD process into Power Frame pro­
cesses is another crucial planning guideline. A 
PowerFrame process is a grouping of tools which 
can be run sequentially with a single invocation. 
The initial step in mapping the process is to identify 
the tools and translators that are involved in each 
phase of the overall process. The goal is to deter­
mine which tools may be placed into one Power­
Frame process to simplify their use. 

After the data model and design processes have 
been defined, the focus shifts to tool encapsulation. 
Doing so entails writing a tool-agent program and 
a set of definition files for each tool. Within those 
files is information on all of your design tools, what 
files those tools use and create, which systems the 
tools and their data reside on, how tools and data 
objects relate to each other, and the order in which 
tools should be executed. The tool-agent program 
invokes the tool and identifies its inputs and out­
puts. The definition files work together to organize 
and maintain technology libraries, tools, and de­
sign data. Once those files are established, a tool is 
part of the Power Frame environment. 

LINKS TO PRODUCT·DATA·MANAGEMENT SYSTEMS 
PowerFrame manages design data as it relates 

to the active design process, yet that data has an 
impact on other activities in the corporation, from 
marketing to manufacturing. Design teams need a 

E L E C T R 0 

way to distribute that product information effec­
tively and securely where it's needed. Product­
data-management systems (PDMS) provide the 
means to manage product data across an enter­
prise. Although PowerFrame isn't designed for 
that purpose, it can ensure that the right data 
reaches the PDMS. 

It's difficult to keep a PDMS up to date because 
it's a burden on engineers to fill out complicated 
forms every time they make changes. Consequent­
ly, the engineers tend to not fill out the forms, or 
defer their changes and batch many together, 
which means that at any given time the PDMS may 
not accurately reflect the current state of the de-
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3. By exploiting the windowing power of modern workstations, PowerFrame displays 
the design environment and the work in progress. Tools are selected and run simply 
by pointing al their icon. 
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sign. This is even a bigger problem when tracking 
dependencies and versions. 

PowerFrame's tool-encapsulation approach al­
lows this data to be tracked automatically, without 
bothering the engineers. Each time a tool session is 
finished, the agent can record all of this informa­
tion. When the design is released to the PDMS sys­
tem, the release process can use the information in 
Power Frame and convey it to the PD MS-without 
any additional effort by the engineer. 

One of the best features of Power Frame is that it 
gives its implementers the freedom to choose the 
tools they need and fashion the methodology that 
will make their design process successful. That's in 
the best interest of both the engineering firm that 
uses the framework and its tool vendors. The CAD 
Framework Initiative shows the vendors' recogni­
tion of the value of open frameworks . Although 
CFI is far from completing its efforts, Digital's 
PowerFrame is a heterogeneous design-manage­
ment framework that meets several of the CFI ob­
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SPECIAL 

SYNERGY PROGRAM 

A
lliances of vendors and 
users have proved in the 
past to be a powerful 
force in shaping the 

EDA industry. In that vein, the 
Power Frame Synergy program is 
a cooperative effort that brings 
together design-framework us­
ers, tool developers, and other or­
ganizations seeking to influence 
the continued development and 
enhancement of the PowerFrame 
environment. 

The initial participants include 
resellers, joint developers of fu­
ture enhancements, and applica­
tion suppliers. In addition to those 
groups, participation in the pro­
gram is open to users and stan­
dards consultants. One reseller, 
Harris Corp.'s Scientific Calcula­
tions Division, is committed to 
PowerFrame as an exceptionally 
strong, comprehensive integra­
tion system that responds to the 
need for increased design-team 
efficiency and design quality. 

According to David J. Marini, 
Harris/Scientific Calculations' 
Vice President and General Man­
ager, "Users want to choose the 
tools, platforms, and process 
models that meet their specific 
needs, regardless of vendor, and 
to manage them efficiently." 
Each participant in the Power­
Frame Synergy program shares a 
common interest: to promote a de­
sign-management framework 
with a stable architecture and in­
terface standards. 

ADVERTISING SE C TION 

Those attributes, Marini feels, 
will enable users to reap the bene­
fits of efficient design manage­
ment while protecting both cur­
rent investments and future op­
tions. "We believe the Power­
Frame environment represents at : 
once the most proven and most : 
promising basis for this effort," · 
Marini said. 

PowerFrame Synergy 
Program Members 

ADRA Systems Inc. 

Applied Information 
Systems Inc. 

Cadence Design Systems Inc. 

Data 1/0 Corp. 

Digital Equipment Corp. 

GenRad Fareham Ltd. 

Harris Corp./ Scientific 
Calculations Div. 

Logical Devices Inc. 

Maira Datavision 

MCC/ CAD Framework 
Laboratory 

McDonnell Douglas Systems 
Integration Co. 

Meta-Software Inc. 

Parametric Technology Corp. 

PDA Engineering 

Racal-Redac Inc. 

Schlumberger Technologies 
CAD/CAM Div. 

Sherpa Corp. 

Silvar-Lisco 

Swanson Analysis Systems Inc. 

Teradyne Inc. 

Valid Logic Systems Inc. 

Viewlogic Systems Inc. 

Dirk Wauters, Director of Mar­
keting for Integration Products 
at Valid Logic Systems Inc., as­
serts that "our support of Power­
Frame through the PowerFrame 
Synergy Program gives custom­
ers the opportunity to create a 
standard inter-departmental 
working environment that incor­
porates different processes, such 
as electrical and mechanical engi­
neering. The loose coupling of 
PowerFrame complements the 
tight integration of tools provided 
by Valid's Design Process Frame­
work, making it easier for cus­
tomers to both develop their own 
integrated software environment 
and manage their unique design 
processes." 

"PowerFrame will do for de­
sign management what Unix did 
for operating systems," states 
Tony Zingale of Cadence Design 
Systems. He continues that "us­
ers now have a true open environ­
ment that supports the entire 
product-development process." 

Program participants ex­
change information through 
meetings and technical forums, 
and have an opportunity to influ­
ence enhancements to the frame­
work through direct contact with 
developers. The program also 
supports standards by continuing 
to build established standards 
into the PowerFrame system, as 
well as working in reverse to en­
sure that key features of Power­
Frame are incorporated into fu­
ture framework standards. In ad­
dition, the program provides the 
foundation and support neces­
sary to quickly integrate a broad 
range of tools and services under 
the Power Frame umbrella. 

jectives today. By exploiting the key existing stan­
dards, Power Frame provides many of the open fea­
tures that CFI is striving for. 

ing behind PowerFrame, Digital itself stands 
ready to support the framework's users. A safety 
net of service and support specialists can fill any 
gaps in in-house resources to help ensure that the 
transition to concurrent, PowerFrame-based engi­
neering is smooth and effective. Networking ex­
perts can help link all brands of workstations and 
mainframes into a seamless system. Software spe­
cialists can bridge any application rifts. And 
PowerFrame experts can encapsulate tools and 
help set up the system to fulfill design objectives. 
The overall result is a security blanket of assis­
tance that makes the transition trouble-free.D 

While the CFI effort to devise standards contin­
ues, another cooperative effort, one that focuses 
on Power Frame, has sprung up to cement support 
for the framework and the promise it holds for a 
truly unified design environment (see Power­
Frame Synergy Program, this page). The Power­
Frame Synergy Program reflects the rapid accep­
tance that Power Frame has garnered from the en­
gineering community. 

In addition to the industry players that are rally­
m E L E C T R ONIC DESIGN 
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INTERNATIONAL ELECTRONICS CORPORATION 

PCP EMSIM, EMSCAN and CBDS are 
trademarks of Northern Telecom Limited. 

For complete 
technical details, 
call or fax us today. 

20 William Street 
Wellesley, MA 02181 
Tel. (617) 237-2115 
Fax (617) 237-1046 

CIRCLE90 

Get your product to market fast and save time and 
money in the process! Now you can optimize your 
circuit boards early in the design cycle before hard­
ware prototyping with a simulation tool developed 
by Bell-Northern Research for Northern Telecom. 
As a complement to the circuit board design system 
CBDS, PCP EMSIM allows designers to select, 
position and route components for minimum EMI 
emissions, decreasing the risk of failing government 
regulations, such as FCC, CISPR and VCCI. 

Hot traces (shown in red) identified early at the 
layout stage with PCP EMSIM indicate that this 
board design will likely fail EMI radiated emission 
tests. As shown here, subsequent board testing 
on the EMSCAN hardware scanner and open 
field tests confirm the PCP EMSIM results. 

Optimizing component selection , placement, and 
routing using PCP EMSIM enables you to reduce 
EMI before costly hardware prototyping. Scanning 
the revised prototype board on EMSCAN confirms 
the reduction in EMI , which is again verified by 
open field tests. 

Come and see 
PCP EMSIM & 
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100kHz DATA ACQUISITION 
PRICED FOR THE OEM 

"Our DT2812 data acquisition board 
for the PC is the most cost effective 
board of its kind on the market. " 

- Fred Molinari, President 

Complete feature set 
• 12-bit AID, D/A 
• 16 single ended or 8 differential analog inputs 
•Two analog outputs 
• 16 digital 1/0 lines 
•Counter/Timers 

High performance 
• D MA data transfer to 1 OOkHz 
•Interrupt driven acquisition frees PC bus 
•User selectable gain 
•Analog input range up to ±10V 
•Pacer clock automates multiple AID 
and D/A conversions 

High reliability 
•Shielded interconnect 
•Excellent DC stability 
•>70dB common mode rejection 

FREE software 
• Device driver and subroutine library 

Discounted OEM pricing available 
•Call today to become qualified 

Fast 5 day delivery 

Call for FREE Catalog 

(508) 481-3700 
In Canada, call (800) 268-0427 
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DT2812 Output Voltage Distribution 

Results derived by GLOBAL LAB'" Data Acquisition 

DA1l1 TRANSLATION" 
World Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752-1192 USA, (508) 481-3700, Fax (508) 481-8620. Tix 951646 
United Kingdom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RGll 2QJ, U.K., (734) 793838, Fax (734) 776670, Tix 940ll914 
Germany Headquarters: Data Translation GmbH, Im Weileren 10, 7120 Bietigheim·Bissingen, Germany 7142·54025, Fax 7142-64042 
International Sales Offices: Australia (2) 699·8300; Belgium (2) 466-8199; Brazil ll 240-0598; Canada (416) 625·1907; China (1) 513-7766 xl222; Denmark 2 2745ll; Finland (0) 35ll800; France (1) 69077802; 
Greece (1) 361-4300; Hong Kong (5) 448963; India (22) 23-1040; Israel 52-545685; Italy (2) 82470.1; Japan (3) 502·5550, (3) 5379-1971; Korea (2) 718-9521; Netherlands (70) 399-6360; New Zealand (9) 415-8362; 
Norway (2) 5312 50; Poland (22) 580701; Portugal 1·7934834; Singapore 338·1300; South Africa (12) 803-7680; Spain(!) 555·8ll2; Sweden (8) 7617820; Switzerland (1) 723·1410; Taiwan (2) 3039836 

GLOBAL LAB is a trademark and Data Translation rs a registered trademark of Data Translation, Inc. All other trademarks and reg1Stered trademarks are the property of their respective holders. 
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DESIGN APPLICATIONS 

BRIDGE THE 
GAP BETWEEN 

SIMULATION 
AND 

HARDWARE 
PROTOTYPING 

THE INTEGRATION OF 
ADSPDESIGN 

ENVIRONMENT AND A 
WAVEFORM 

GENERATOR LINKS 
DSP SIMULATION AND 

TEST. 

ALKOVALICK 
Hewlett-Packard Co., Stanford Park Division, 1501 Page 
Mill Rd., Palo Alto, CA 94304; (415) 857-2985. 

PAUL TITCHENER 
Comdisco Systems Inc., 919 E. Hillsdale Blvd., Suite #300, 
Foster City, CA 94404; (415) 574-5800. 

igital designers can cross the simulation 
and hardware-prototype phase of a design 
with relative ease. Within the hardware­
prototyping environment, designers can 
use ASICs, custom chips, or assemblies 
with the same digital test patterns that 
were used during the simulation phase. 
Communication-systems designers, par­
ticularly those employing digital-signal 

processing (DSP), haven't been so fortunate. This is due 
to the gap between the system simulation environment 
and the actual hardware under test. 

In the last two years, DSP design tools have surfaced 
that let designers define a communications system at a 
high level of abstraction and perform what-if analysis on 
algorithms under consideration. To supply a simulation 
with signals that the system might actually encounter, 
designers can construct the test signal using a signal­
display editor, compose a signal algorithmically, or cap­
ture a real-world signal using digitizing instrumenta­
tion. By using these test signals and making algorithmic 
trade-offs, substituting fixed-precision functional 
blocks, selecting coefficients, and so forth , the system is 
completely verified-and it all takes place within the 
DSP design workstation environment. 

Designers then proceed with system-level simulation 
using the same set of test vectors that were used in the 
DSP subsystem design environment. Because most DSP 
systems are built subsystem by subsystem, designers 
would really prefer to substitute a hardware subsystem 
in place of the software simulation subsystem, exercise 
that hardware with actual signals, and return the hard­
ware's output back into the software simulation. As the 
design progresses, more of the hardware subsystems re­
place software blocks until finally, the entire system re­
s.ides in hardware. 

This design strategy provides verification and the op­
portunity to optimize throughout the design cycle. Im­
plementing such a strategy requires the ability to con­
vert node signals in a communications-design block-dia-
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A non-symmetrical complex spectrum is typical when 
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11. THE MODULATION SPECTRAwithinagiven 
passband can be represented by l(t) + j X Q(t). The Mag [l(f)] and 
Mag [Q(f)] plots added together create the Mag [C(f)l. 
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Comd isco SPW 

Signa l Display Editor 
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Block Diagram Editor Signal Output 
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Upconverters 

prototype. 
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Functions 
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!Expandable) 

modeling communi­
cations systems 
must allow an inter­
face between the 
software simula­
tion and the hard­
ware that gener­
ates real-world sig­
nals. In SPW, mod­
eling communi­
cations systems 
involves operating 
on sampled wave-S1mulat1on Program Builder 

Instrument 
Interface Library 

HP 11755A 
Rf Simulator 

WorkSystem driver 
software 

HP 8770A 

HP·IB 

forms. 

12. THE RF SIMULATOR worksystem consists of the Comdisco Signal Processing WorkSystem ti~htly 
integrated with two HP 8770A Arbitrary Waveform Synthesizers, each with a 5l>-MHz baseband bandwidth. The 
synthesizers drive the I and Q modulation inputs of an HP 8780A Vector Signal Generator. 

Sampling theory 
contends that sig­
nals must be sam­
pled at or above 

gram environment into actual elec­
trical signals. Comdisco Systems' 
Signal Processing WorkSystem 
(SPW), working with Hewlett-Pack­
ard's Vector Arbitrary Waveform 
Synthesizer, bridges that gap wilh a 
methodology that's generally appli­
cable to the integration of DSP de­
sign environments and arbitrary 
waveform generators (see "Using 
the Signal Processing WorkSys­
tem, "p. 80). 

Simulation facilitates design opti­
mization because designers can 
readily evaluate many different cir­
cuit configurations. System perfor­
mance can be evaluated four ways: 
analytical techniques, hardware pro­
totyping, software simulation proto­
typing, and hardware-software pro­
totyping. Analytical techniques, 
which are formula-based, are the tra­
ditional methods used by engineers 
for analyzing designs. They're fine 
for simple circuits, but are complete­
ly inadequate to evaluate large sys­
tems performance. 

Another method, hardware proto­
typing, has the distinct advantage of 
almost perfectly modeling the ulti­
mate hardware implementation. 
However, it limits designers from 
experimenting with such things as 
alternative algorithms, approxima­
Lion methods, and rounding-trunca­
tion schemes. In addition, hardware 
prototyping is often too expensive 
and takes too much time. 

The third method, software-simu­
lation prototyping, uses predefined 
blocks that are interconnected on a 
workstation screen. This method 
gives users an interactive interface 
to optimize algorithms, bus widths, 
and coefficients. Using global pa­
rameter setting, users can write sim­
ulation macros that allow them to 
automatically launch multiple simu­
lations of various scenarios. 

Finally, the fourth method, hard­
ware-software prototyping, goes an 
important step beyond software­
only prototyping. It enables the out­
put node or any intermediate node to 
be probed, thereby generating the 
actual electrical signal that's defined 
mathematically at the probed node in 
the simulation. These electrical sig­
nals can be measured by convention­
al test equipment or can be used to 
drive subsystems in the hardware 

Time !seconds) 

twice the frequen­
cy of the signal's maximum frequen­
cy content. However, in a bandlimit­
ed situation, frequencies below the 
bandpass don't convey any useful in­
formation (these components are 
zero). A more efficient signal-model­
ing approach is to sample the modu­
lated waveforms am(T) and phase(t), 
in effect reducing the required sam­
ple rate from twice the highest sig­
nal component to twice the passband 
bandwidth. The real signal (polar 
form) can be expressed as: 

Real Signal: S(t) = am(t) X 
sin (We X t X phase(t)) 

Any real signal can be expressed 
as a function of its amplitude-modu­
lation (AM) and phase-modulation 
(PM) components. Equivalently, the 
complex signal C(t), with a magni­
tude = am(t) and phase = phase(t), 
can be expressed in rectangular co-

10 
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I 3. PLOTTING THE SIGN AL STRENGTH versus time shows the typical 
received signal variations at 836 MHz measured at a mobile speed of 15 miles/ hr. 
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~--- Raised Cosine 
Filter 

Rayleigh 
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~---1 Ra ised Cosine 
Filter 

lit) 

HPVAWS 

Interface 
a =0.35 

8--1 

ator. The HP 8780A 
generator (an I/Q 
modulator) covers 
the frequency 
range of 10 to 3000 
MHz. One HP 
8770A supplies the 
In-phase input and 
another provides 

14. THE SIX MAIN PARTS of a single-ray model in a cellular faded channel simulation are (from left 
to right): a digital source of data, a modulator, the required I and Q Nyquist filtering, a source of Rayleigh 
distributed signals satisfying the model, mixers to combine the effects of fading on the modulated signal, and 
the HP VAWS interface block. 

the Quadrature in­
put. The system is 
controlled from the 
SPW software 
through an IEEE-
488 HPIB bus. 
Each Arbitrary 
Waveform Synthe­
sizer contains a 
512k-sample-point 
memory. The I and 

ordinates as: 

C(t) = I(t) + j x Q(t) 
where 
I(t) = am(t) X cos (phase(t)) and 

Q(t) = am(t) x sin (phase(t)) 

Also, S(t) =Real [C(t) X eixwc xt] 
= l(t) X cos(Wc X t)-Q(t) 
X sin(Wc X t) 

This second form of S(t) expresses 
the modulated signal in terms of sig­
nal components in phase with the 
carrier, We, and in quadrature with 
the carrier (I and Q components). The 
signal's modulation is contained in 
the complex time C(t). This term con­
tains no function of W c (Fig. 1). Note 
that the spectrum of C(t) isn't sym-
metrical around zero frequency, a 
typical occurrence when S(t) has 
both AM and PM components. SPW 
uses the C(t) phasor representations 
to perform such signal-processing 
operations as filtering and adding 
noise. 

SPW and the HP Vector Signal 
Generator can be integrated into the 
RF Simulator WorkSystem because 

ware. An instrument-driver block 
can be pointed to any node in the sim­
ulation system, and the signals 
downloaded to a hardware signal­
generation system, such as VAWS. 
The signal-generation system will 
generate real signals to test hard­
ware prototypes. 

VAWS consists of two HP 8770A 
Arbitrary Waveform Synthesizers 
(AWS), each with a 50-MHz base­
band bandwidth. The synthesizers 
drive the I and Q modulation inputs 
of an HP 8780A Vector Signal Gener-

Q values of a simulation result are 
downloaded to these memories, 
which then pass through a 12-bit dig­
ital-to-analog converter (DAC) and 
amplifier. The output is a real-life 
test signal. With 512k 12-bit words 
(an AWS typically clocked at 125 
MHz), up to 4 ms of a 100-MHz band­
width signal can be simulated. In ad­
dition, a divided AWS clock makes it 
possible to generate an 11-second 
scenario with 30 kHz of bandwidth at 
any desired carrier frequency. 

The AWS is like a home CD player, 

MKR L:>-319 Hz 
Ip REF,-_5_.9,-d_B_m-,_A_T_T0E_N_20-,d_B_-.--.----,------,~2~7~.~4~0,.,...---d_B--, 

11:x1 Htr 
10 dB / 

VID 0 BJ'. 
3 ~z 

CENTER 1.000 000 00 GHz 
RES . SW 10 Hz 

SPAN 1. 00 kHz 
VBW 3 Hz SWP 100 sec 

SPW generates values of I and Q at 
every node, as represented by C(t), 
and the HP Vector Signal Generator 
has I and Q inputs. The C(t) value 
only contains passband information, 
not where the passband is located. 
S(t) is the output of the HP Vector 
Arbitrary Waveform Synthesizer 15. THIS PLOT SHOWS the signature spectrum of the channel simulator with a 100-
(VAWS). Hz Fdoppler. The modulator was disabled for this signal. As expected, the power spectral 

The SPW can be linked to hard- density has the "smile" shape. 
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but with a much larger output band­
width (50 MHz). As in a CD player, 
AWS has a memory to store sampled 
data waveforms, a method to se­
quence through these waveforms, a 
DAC to convert the sampled digital 
data to an analog waveform, and a 
low-pass filter to eliminate the sam­
pling energy. In the YAWS environ­
ment, the AWSs store l(nT) and 
Q(nT) sampled data, respectively. 
The AWSs are loaded with sampled 
data points from the SPW environ­
ment over the HP-IB (Fig. 2). 

The analog outputs of the two HP 
8770A's are fed to the I and Q inputs 

DESIGN APPLICATIONS 
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of the HP 8780A Vector Signal Gen­
erator, and are then upconverted to 
the desired RF output. The 10-MHz 
to 3000-MHz band can be further up­
converted with an external micro­
wave local oscillator. The YAWS out­
put is produced by processing its I/ Q 
input (data from a selected simula­
tion node). In addition, the SPW pro­
cesses the signals in a similar way, so 
there's excellent compatibility be­
tween software and hardware. The 
YAWS system can generate virtual­
ly any modulated waveform, provid­
ing the waveform is within its memo­
ry capability of 512k words and 100-

MHz bandwidth. These include AM, 
simple pulse, 16QAM, phase-coded 
pulse, and chirp modulation. 

Important communications appli­
cations for this technique include: 
• Cellular-radio-environment simu­
lation with multipath, Rayleigh fad­
ing with delay spread, and bit-error­
rate testing. 
•Adaptive-equalizer testing with 
evaluations of the performance of 
training patterns and testing worst­
case signals and adaption time. 
• Transmitter simulation for QPSK, 
16QAM, 64QAM, and 256QAM sig­
nals; 7T/4 DQPSK, MSK, and GMSK 

USING THE SIGNAL PROCESSING WORKSYSTEM 

C
omdisco Systems' Signal 
Processing WorkSystem 
(SPW) is the software­
simulation environment 

used in the hardware-software 
simulation approach. It's the 
front-end to Hewlett-Packard's 
RF Simulation WorkSystem. 
SPW is a graphical, interactive 
simulation tool for the design, 
analysis, and testing of communi­
cations systems. It operates on 
HP I Apollo and Sun workstations. 

SPW consists of two environ­
ments: the Block Diagram Editor 
(BDE) and the Signal Display Edi­
tor (SD E). EDE provides access to 
a library of over 300 communica­
tions blocks that can be assem­
bled into almost any system con­
figuration. If the required block 
isn't in the library, it can be readi­
ly built by the designer. 

Once the designer is satisfied 
with the configuration of the mod­
el, he exits EDE and enters the 
SDE environment. In one mode of 
SDE, waveforms are built to sim­
ulate the system. These wave­
forms may be generated algorith­
mically or graphically, or by using 
an instrumentation interface, 
they may be derived from real­
world signals. In the other mode, 
the designer uses SDE to analyze 
how the system responds to the 
simulation stimulus. 

For example, the designer can 
"build" a satellite communica-

tions system in the EDE and then 
generate a data stream in the 
waveform builder of the SDE. 
Once accomplished, he can ana­
lyze the output waveform to de­
termine the bit-error-rate of the 
output data stream. 

One key feature of SPW is that 
the blocks are hierarchical. At the 
beginning of the design cycle, the 
designer can optimize algorithms 
without worrying about the de­
tailed structure. This frees him to 
focus in on the creative thought 
process. When the parameters 
are set for a high-level block, all of 
the parameters are correctly set 
at each level of hierarchy. As the 
designer moves toward the actual 
implementation in hardware, the 
blocks become more detailed. 
Thus, the parameters accessible 
at lower hierarchical levels can be 
easily fine tuned. 

The library consists of over 300 
predefined blocks, including mod­
ulators/ demodulators, equaliz­
ers, filters, logical expressions, 
transforms (such as FFTs), chan­
nel impairments (such as fading 
and additive white noise), and non­
linear processes (such as clip­
ping). If the algorithms are tar­
geted for execution in a DSP chip, 
like those available from Texas 
Instruments (TMS320C30), Mo­
torola (96000), and AT&T (32C), a 
Code Generation System (CGS) is 
used. CGS outputs code designed 

to exploit the assembly-language 
routines that are provided for 
each processor. 

On SDE's analysis portion, re­
sults can be displayed in such 
forms as time plots, frequency 
plots, eye diagrams, or constella­
tion diagrams. The user can easily 
analyze the effects of filtering, 
see the impact of adding (or modi­
fying) channel impairments, or 
test the limits of the design. 

At the beginning of the design 
process, where algorithmic verifi­
cation is the key concern, the de­
signer typically uses floating­
point arithmetic throughout. 
However, in the real world, where 
hardware minimization must be 
traded for system performance, 
the designer is often constrained 
by considerations like fixed multi­
plier/ accumulator widths, bus 
widths, and coefficient rounding/ 
truncation. 

Consequently, fixed precision 
arithmetic will likely be used. 
Comdisco's Hardware Design 
System (RDS) addresses this 
need by allowing the designer to 
substitute fixed-precision blocks 
for floating-point blocks on a one­
for-one basis. Each of the fixed­
precision blocks has a parameter 
entry port that's used to set the 
fixed-precision parameter attri­
butes, like bus width, and the 
method for handling coefficient 
rounding I truncation. 
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Over 2500 Standard Models 
Add Up to Your 
Power System Solution 
Over 2500 standard models add up to a lot of flexibility. 
Whatever your requirements .. .input voltage, output voltages, 
power levels or temperature ... odds are that Vicor has your 
solution. 

Our component-level power solutions feature high efficiency 
and low-noise FM control, in small standard packages, 
at prices that won't break your budget. Give us a call... 
let us show you how quickly and easily power components 
add up to your total power system solution. 

VICOR Component Solutions For Your Power System 
- 23 FRONTAGE ROAD, ANDOVER, MA 01810 TEL: (508) 470-2900 •FAX: (508) 475-6715 
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• Audio Transformers ranging in size 
from 14'' x 14'' to %" x 1:ils". 20 Hz 
to 250 KHz. Up to 3 watts. 

• Pulse Transformers .05µSEC to 
100µSEC miniaturized construction. 

• Ultra-miniature DC-DC Converter 
Transformers. 40 watts. 

• Miniaturized Switchmode Inverter 
Transformers. 60 watts . 

• 400 Hz Power Transformers. 
Primary voltages of 115V or 26V. 
Plug-in construction. Ultra-miniature 

• Microphone/Transducer Audio Input. 
• MIL-STD-1553 Interface Multiplex 

Data BUS Pulse Transformers. 

• Inductance values to 20mH with DC 
currents to 23 amp_.s_'l'r"j:"t:'lrn 

PICO 
Electronics, Inc. 

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431·1064 
IN NEW YORK CALL 914°699°551 4 

FAX 914·699·5565 
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LINKING DSP 
SIMULATION AND TEST 

fp REF~_0_.0--,-d_B_m~_A_T_T~E_N_10---.-d_B_---,----,,--------,----,,~..--.-"""'"--, 
IEXT RfOF 

5 dB / 

DL 
- 11 . 0 

dBm 

CENTER 1 . 000 000 000 GHz 
RES BW 300 Hz VBW 1 kHz 

SPAN 0 Hz 
SWP 200 msec 

4- 196FEET----------... -

16. THE VA ws CHANNEL SIMULATOR OUTPUT is the signal envelope 
power over time. Fades and peaks occur with reference to the average power. Fdoppler = 
100 Hz (67 m.p.h.), and the signal power is measured over a distance of 19.6 ft. 

modulation formats; TDMA signals 
and signal-plus-noise generation. 

One area of intense R&D and mar­
keting interest is cellular communi­
cations. For instance, any metropoli­
tan area is full of vehicles with cellu­
lar phones. During peak hours, cus­
tomers often find it difficult to get 
channel access due to the demand for 
service. So, it's not surprising that 
service providers are anxious to in­
crease the number of available chan­
nels. One solution to the overcrowd­
ing problem is to introduce a new 
system with more capacity. In the 
U.S., this new system is called North 
American Digital Cellular (N ADC). 
Upon introduction, it will increase 
channel capacity by a factor of three 
by clever use of voice compression 
and a new modulation technique. The 
N ADC method will be included in a 
new hybrid system that will be back­
wards compatible to the existing 
AMPS cellular system (Analog FM) 
by virtue of radios with receivers / 
transmitters for both standards. The 
hybrid system will allow each meth­
od to coexist. Eventually, though, 
the AMPS system will be phased out. 

In Europe, the emerging standard 
for cellular communications is called 

LECTRONIC DESI 
JUNE 13, 1991 

GSM (Groupe Speciale Mobile). It 
also uses digital methods to com­
press voice and achieve excellent 
channel capacity beyond the older 
analog methods. Japan is forging 
ahead toward introducing a digital 
cellular system. Moreover, several 
large companies are investigating 
PCN (Personal Communication Net­
work) to provide cellular service for 
the person on the street. Here, users 
will carry a small radio and be con­
nected to the network through an ar­
rangement of "microcells." These 
nascent technologies will become 
commonplace in a few years. 

The surge in new techniques and 
systems to satisfy the public's appe­
tite for cellular services has pro­
duced a corresponding need in labo­
ratories around the world to simu­
late these systems. Using the SPW 
environment and accepted channel 
models, users can simulate a realistic 
channel environment with multipath 
fading. By including HP's VAWS 
hardware, the same users will have 
available an RF output that corre­
sponds to the simulated channel with 
fading. Also, users can modify the 
channel characteristics and trans­
mitter parameters to test the limits 
G N 



li triE MATHWORKS IN li R0D~CES 

SIMULAB™ 
Block Diagram Software 
for Nonlinear Simulation 

of Dynamic Systems 

I 
ntroducing SIMULAB, the next genera­
tion software for modelling, analyzing, 
and simulating nonlinear systems. SIMU­

LAB delivers a combination of flexibility, 
ease of use, and speed in a single package. 

• A complete set of tools for constructing 
and analyzing models of dynamic systems, 
including linear, nonlinear, discrete, contin­
uous, and hybrid systems. 

• The ability to describe models either in 
Block Diagram fonn or as sets of differen­
tial equations. 

• A design, analysis, and simulation environ­
ment that is seamlessly integrated with 
MATLAB"' and the MATLAB Toolboxes. 

• An intuitive graphical user interface based 
on the industry-standard X Window/Motif 
and Macintosh windowing systems. 

SIMULAB provides you with the tools for 
constructing and analyzing block diagram 
models interactively using a mouse and pull­
down menus. You can explore the behavior 
of systems during a simulation and interac­
tively see how the model's behavior changes 
as you change its parameters. 

SIMULAB includes a comprehensive set 
of built-in blocks for creating models. In ad­
dition, SIMULAB lets you extend its func­
tionality by creating your own tools. Cus­
tomize built-in SIMULAB blocks or create 
your own as C, Fortran, or MATLAB code. 
SIMULAB delivers the flexibility to meet 
your needs. 

SIMULAB is available for a wide range of 
computers, including UNIX workstations and 
the Apple Macintosh. For more information 
on how SIMULAB can address your applica­
tions, contact The Math Works today for a 
free information packet. 
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• File Edit 0 lions St le Windows 

(Top) Use the Scope block to see the "real-time" 
response of this F-14 model during the simula­
tion; (Center) Specify simulation parameters via 
dialog boxes or the MATLAB command line; 
(Bottom) SIMULAB takes full advantage of the 
X!Motif and Macintosh windowing systems. 

The 
MATH 
WOR~ 
~ 

Cochituate Place 
24 Prime Park Way, Natick, MA 01760 

Tel: (508) 653-1415 
Fax: (508) 653-2997 
Telex: 910-240-5521 

Email: info@mathworks.com 
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17. AN SDE PLOT OF CHANNEL SIMULATORoutputshows powerover a 
period of time. The plot of the power normalized envelope of S(t) in Fig. 6 should be identical 
to this output-power plot. 

of the receiver under test. Especially 
important parameters are modula­
tion type, Doppler shift, Nyquist fi l­
tering bandwidth, fade rate, number 
of delayed paths, and delay spread 
between various received paths. 

How can cellular-receiver design­
ers, for instance, use this new tech­
nology? An example will illustrate. 
With the advent of digital-modula­
tion schemes for cellular radio, each 

receiver will have an adaptive filter. 
The fi lter adapts to the changing 
channel and attempts to restore nor­
malcy to it. Designing such a filter is 
difficult. Users can design and simu­
late the target filter with the SPW. 
An SPW channel and transmitter 
model generates signals to test it as 
well. Once users are satisfied with 
the simulation, actual hardware is 
built. Next, this hardware may be 

MKR 999.976 6 MHz 
hp REF~--2_111_. ~lll_d_B_m~~AT_T~E_N~1_111~d_B~~~~~~~~~--B~B~9~111~dB_m~ 

TEX1 "RV 
1111 dB / 

SAMPLE 

VID AV G 
5111 

CENTER 1 . 111111111 111111111 GHz 
RES BW 3111111 Hz VBW 1 kHz 

SPAN 2111111 kHz 
SWP 6 . 111111 sec 

1
8. THE SPECTRUM FOR THE CELLULAR channel signal has a 7T/4 
differential QPSK modulated, Nyquist-filtered, random data signal. The two spurious signals 
(-77 dBm) around the main Jobe result from power-supply leakage. They're not an artifact of 
the signal. Also, the effects of fading can't be seen by observing this spectrum. 
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tested using the VAWS output with 
exactly the same signals that were 
used during the simulation phase of 
the design. Thus, the loop between 
design and bench test can be closed. 

As an example of closing loop be­
tween design and bench test, consid­
er a simulation in SPW of a multipath 
faded channel and transmitter. To 
get a feel for the model require­
ments, imagine the signal received 
from a moving vehicle antenna. As 
the vehicle navigates through its en­
virons, the received signal will 
show a wide range of dips and 
peaks in received power(Fig. 3). It's 
unavoidable that these dips or 
fades occur. They are a result of re­
ceiving, while moving, the trans­
mitted signal after it's scattered 
off stationary objects . 

It's necessary to simulate and gen­
erate this signal. Traditionally, it's 
generated by playing back the same 
signal that was recorded while driv­
ing around city streets. With SPW, 
an equivalent signal will be simulat­
ed, using the Rayleigh-faded model 
for channel simulation. This model 
produces an equivalent received sig­
nal, S(t), with the received envelope 
power following Rayleigh statistics. 
A signal with a Rayleigh distributed 
envelope may be described as: 

S(t) = I(t) x cos (W x t)- Q(t) x 
sin (W X t) 

where l(t) and Q(t) are signals that 
include the effects of fading and 
modulation and Wis the carrier radi­
al frequency. 
The received envelope of S(t) is R(t) 
and may be described by: 

R(t) = (l(t)2 + Q(t)2)0.5 

This is the amplitude, in volts, of the 
AM part of the signal. It's this com­
ponent that's Rayleigh distributed. 

Using SPW to simulate the single­
ray channel model is straightfor­
ward. Here, the modulator uses the 
7T 14 Differential QPSK method, a 
method used by North American 
Digital Cellular. The six main parts 
to the model are (from left to right) a 
digital source of data, a modulator, 
the required I and Q Nyquist filter­
ing, a source of Rayleigh distributed 
signals satisfying the model, mixers 
G N 



Harris puts all the most popular 
modulation techniques into one DSP chip. 

The new Harris HSP45116 NCOM 
(Numerically Controlled Oscillator­
Modulator) puts all the most 
popular digital modulation 
techniques on a single DSP chip. 
Including QAM, FM, AM, FSK, PSK, 
and complex down-conversion. 

Sample rate: Up to 33 MHz 
Frequency control: 32 bits 
Phase control: 16 bits 
Data input: 16-bit complex 

So if you're still doing modula­
tion the old analog way, it's time to 
change. Because with the NCOM in 
your design, there's no analog drift, 
just pure digital accuracy. 

Plus, with the NCOM's 
microprocessor compatible interface, 
and its complex MAC, digital 
modulation is as easy as designing 
with one chip. 

Want to know more? That's 
easy, too. Just call 1-800-4-HARRIS, 
Ext. 1213. Today. 

Spurious freq. components: <-90 dB 
Tuning resolution: 0.008 Hz 

And find out more about our 
complete line of industry-leading ICs 
for digital signal processing 
applications. 

HARRIS 
SEMICO N DUCTOR 
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I 9. AD DING MORE RAYS to the single-ray model causes the received signal to contain delayed and faded versions of the transmitted 
signal. These added rays are needed to model a received signal in a typical environment with several far and near reflectors. 

to combine the effects of fading on 
the modulated signal, and the HP 
VAWS interface block (Fig. 4). 

The digital data may be any pat­
tern specified by the user. In this 
simulation example, it's random 1,0 
data. The choice of modulator de­
pends on the transmission scheme. 
The Nyquist filters must limit the 
transmitted spectrum width. For the 
N ADC receive or transmit channel, 
the occupied bandwidth is limited to 
30 kHz. For the existing non-digital 
U.S. system, two 30-kHz channels 
(one transmit, one receive) are re­
quired to carry on a single conversa­
tion. For the proposed N ADC sys­
tem, three conversations will be 
time-division multiplexed in the 
same bandwidth. For the simulation 
example, the sample clock is 72 kHz, 
the bit rate is 48 kbits/ s, and the sym­
bol rate is 24 ksymbols/s. The Ny­
quist filter is a 65-tap raised cosine 
filter with an excess bandwidth pa­
rameter (alpha) that equals 0.35. 

The block labeled "Rayleigh-faded 
source" is of particular interest. This 
block supplies two statistically inde-

EillE 

pendent Gaussian-distributed sig­
nals, both with a special amplitude 
weighting. This block is responsible 
for the required dipping of the signal 
in the power plot. Because RFS_ I(t) 
and RFS_ Q(t) are Gaussian, the 
output envelope signal, R(t), will be 
Rayleigh. If the rectangular compo­
nents of a signal (I and Q) are Gauss­
ian, then the polar amplitude compo­
nent (envelope) distribution of the 
same signal is Rayleigh.1 

The method behind the Rayleigh­
faded source is based on the works of 
W.C. Jakes.2 In his work, Jakes pre­
sents a method to generate the re­
quired RFS_ I and RFS_ Q with rel­
ative ease. For the Rayleigh-faded 
model, the required spectral density 
of the Gaussian signals must follow 
the function: 

A(F) = (1- ((F - Fcarrier) + 
Fdoppler)2)--0.5 

for F within Fcarrier + Fdoppler. 
Otherwise, A(F) = 0. Fis frequency, 
Fdoppler is the maximum Doppler 
shift expected due to the moving ve­
hicle, and Fcarrier is the carrier of 
LECTRONIC DES 
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the transmitted signal. 
The Rayleigh-faded block was pro­

totyped in the SPW's Block Diagram 
Editor (BDE), then custom coded in 
C to increase simulation efficiency. 
The spectrum of RFS_ I(t) and 
RFS_ Q(t) was translated to 1 GHz 
by the VAWS system (Fig. 5). Modu­
lation was disabled for this plot. 
Therefore, Fcarrier = 1 GHz and 
Fdoppler = 100 Hz (67-m.p.h. vehicle 
speed maximum). The power-spec­
tral density of the plot approximates 
A(F) as required. It has a character­
istic "smile" shape. This is an impor­
tant signature of any method that 
purports to model a Rayleigh-faded 
environment. The Jakes method 
uses the sum of nine oscillators with 
nonlinear frequency spacing from 0 
to Fdoppler, random phase, and uni­
ty amplitude to approximate the re­
quired Gaussian noise with A(F) 
shaping. These signals are available 
as RFS_Q(t) and RFS_I(t). The ap­
proximation is better than 0.01%. 

Another signature of the channel 
simulator is its output power versus 
time (Fig. 6). A plot of the signal en-

1 G N 



WORLD 

... Of 
Electronic 
Design 
You asked for an inte­
grated set of CAE/ 
CAD design tools which 
could deliver every as­
pect of your engineering 
design needs-at an afford­
able price. CAD Software of­
fers the highest performing de­
sign system for your PC. Schematic 
capture, logic simulation, printed circuit 
board design, auto-routing, thermal analysis, 
and computer aided manufacturing are all with­
in the PADS Design system. 

Your design begins with PADS-Logic, the only 
PC-based schematic capture system which has a 
true multi-sheet database for quick and accurate design 
capture and data transfer to your PCB design. PADS­
Logic has a large circuit capacity of over 1,000 equiva-
lent IC's per design, a Hierarchical design ability 
with an unlimited number of levels, superb ana­
log design capability, forward and backward 
annotation, a Part Editor and Graphical Library 
browsing. 

PADS-PCB sets the standard for affordable high per­
formance PCB design. A one mil database, 30 layers. 
automatic design rules checking, SMD ability, excel­
lent interactive routing, and a set of ECO routines 
which ensure fast accurate changes, are just some of 
the features which have made PADS-PCB the #1 selling 
PC based PCB design system. 
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PADS-2000, the 
star that outshines 
any other PC­
Based PCB design 

system, can handle 
even the most com­
plex designs, includ­
ing double sided 

SMD's, mixed tech­
nology boards, high 

speed designs, and lay­
outs exceeding 2000 IC's. 

System features include a 1 
micron database, design capa­

city of over 11,000 parts/32,000 con­
nections, intelligent T-Routing , 0.12 

parts/pads rotation, curved trace routing, 
intelligent copper pour, on-line and batch design 

rules checking, digital , analog and high speed/critical 
circuit auto-routers are included in PADS-2000. 

Our extensive line of auto-routers work around the 
clock so you don't have to. The PADS-SuperRouter 
rips-up and reroutes the connections to 100% com­
pletion. PADS-Push n' Shove interactive auto-router 
is superb for analog and critical circuitry. 

Call CAD Software today for your local Authorized 
Reseller, or for a no-cost Evaluation Package, and 

experience the world of electronic engineering 
design: 

GI' Software, Inc . 

(800) 255-7814, Inside MA, (508) 486-8929 
119 Russell Street. Littleton. MA 01460 



PENTON CONTINUES 
COMMITMENT TO 
RECYCLING 
Penton Publishing's Camera 
Department started recycling 
chemicals from film wastewater 25 
years ago .. .long before the eco­
logically-smart idea was widely 
recognized. 

For almost as many years, the 
Penton Press Division has been 
recycling scrap paper, obsolete 
inventory, and printing press 
waste materials. In 1991, Penton 
Press will recycle some 5500 tons 
of paper, 9 tons of aluminum 
plates, and 3 tons of scrap film 
negatives. Furthermore, the Press 
Division has invested $500,000 in 
air pollution control equipment. 

Company-wide, the recycling 
spirit has spread from Cleveland 
headquarters to offices through­
out the country. Penton employ­
ees are enthusiastic participants 
in expanding programs to re-use 
paper, aluminum cans, and other 
waste materials. 

Penton Publishing believes 
these practices make a signifi­
cant quality-of-life difference for 
people today ... and will help cre­
ate a safer, healthier environ­
ment for generations to come. 

~nton Rtblishing 

i 1!fi@l.WM!i!1nt 
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velope power versus time is obtained 
from the VAWS system's output 
measured on a spectrum analyzer in 
zero span mode. The effects of the 
modulation have been averaged out. 

In general, the modulation has lit­
tle effect on the received envelope 
power. Comparing this to the re­
ceived-power plot reveals the simi­
larity of the signals, which is the de­
sired result (Fig. 3, again). The out­
put-power signal has a peak power 
level of 8.6 dB above the average 
power. Also, a fade to -40 dB below 
the average power will occur less 
than 0.01% of the observed signal 
time. These power points are exactly 
what the ideal Rayleigh-faded chan­
nel would exhibit. The rate of fading 
is another key element for designers: 
A signal that fades very slowly is 
easier to work with than one that 
fades quickly. 

Level-crossing rate (LCR) is a use­
ful parameter for a real channel. The 
LCR is the number of times per sec­
ond that the received signal power 
crosses its average value in the posi­
tive direction (coming out of a fade). 
According to theoretical figures, for 
a Fdoppler (maximum) of 100 Hz, the 
LCR should be 91 crosses/ s. Looking 
at the signal, the LCR is seen to be 18 
crosses in 0.2 seconds. This corre­
sponds to 90 crosses/s. Considering 
the granularity of this simple mea­
surement, the agreement is excel­
lent. Therefore, the simulation and 
VAWS hardware generated the de­
sired signal. 

SPW's Signal Display Editor 
(SDE) is an environment that manip­
ulates and analyzes signals. Ideally, 
the plot of the power normalized en­
velope of S(t) should be identical to 
output-power plot (Fig. 7). In other 
words, the signal measured on a 
hardware spectrum analyzer should 
be identical to the simulated signal 
analyzed in SDE. After all, the objec­
tive of the VAWS system is to play 
back a block-diagram node signal 
with excellent fidelity. In this exam­
ple, the two signals are almost identi­
cal within measurement accuracy. 

Consider the spectrum of the en­
tire modulated signal (Fig. 8). This is 
a typical spectrum with a 1T I 4 differ­
ential QPSK modulated, Nyquist-fil-

tered, random data signal. The Ny­
quist filters have bandwidths of 
about 16 kHz each. The two spurious 
signals (-77 dBm) around the main 
lobe are due to power supply leak­
age, they're not an artifact of the sig­
nal. Moreover, the fading effects 
aren't noticeable by observing this 
spectrum. Fading is most easily seen 
in a power-versus-time plot. 

A more realistic channel simula­
tion may be obtained by modifying 
the basic single-ray model (Fig. 4, 
again). By adding more rays to the 
model, the received signal contains 
delayed and faded versions of the 
transmitted signal. These added 
rays are needed to model a received 
signal in a typical environment with 
several far and near reflectors (Fig. 
9). With each ray of a 2-ray model be­
ing independently Rayleigh-faded, 
the second ray becomes distin­
guished by its "delay spread." The 
delay spread is the differential delay 
between the main undelayed ray and 
the other ray. More rays are easily 
added to the channel. The only limit 
to the number of rays is the dynamic 
range of the composite signal. A 12-
ray, Rayleigh-faded signal is practi­
cal using this method.D 
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DESIGN APPLICATIONS 

EXPLOIT DIGITAL ADVANTAGES 
IN AN SSB RECEIVER 

IMPROVEMENTS 
IN DIGITAL 
CONVERSION 
TECHNOLOGY 
HELP RADIO 
DESIGNERS 
TAKE 
ADVANTAGE 
OF DIGITAL 
ARCHITECTURES. 

RICHARD GROSHONG 
Collins Defense Comunications, 
Rockwell International Corp., 350 
Collins Rd. N .E. , Cedar Rapids, IA 
52498; (319) 395-1000. 
STEPHEN RUSCAK 
Analog Devices Semiconductor, Ana­
log Devices Inc., 181 Ballardvale St. , 
Wilmington, MA 01887; (617) 935-5565. 

This article is the second of a two­
part series on the design of digital 
radio receivers. The first part 
(ELECTRONIC DESIGN, May 23, p. 67) 
covered the fundamentals of digi­
tal radio and undersampling tech­
niques, as well as selection criteria 
for the analog-to-digital converter. 
Part 2 covers the receiver design in 
greater detail. 

he first step in digital­
receiver design is to de­
te rm in e the radio's 
front-end specifica­
tions . The process is 
somewhat similar to 
that in a conventional 
analog design , but it 
must account for the 

characteristics of the digital IF pro­
cessor used by the radio. After the 
front-end is completed, the designer 
can proceed to the IF processor, tak­
ing advantage of highly integrated 
devices to simplify the design. 

The design example in this article 
is a 2-to-30-MHz SSB receiver em­
ploying undersampling techniques. 
A 16-kHz front-end bandwidth was 
chosen to accommodate up to four 3-
kHz independent-sideband channels. 

This bandwidth also allows the digi­
tal-signal processor to perform fine 
tuning over at least a 1-kHz range, 
simplifying the variable-injection 
synthesizer (Fig. 1). 

The first IF is 100 MHz, which is 
high enough to ensure that the 
broadband input fi lter suppresses 
the IF and image response by 80 dB, 
but low enough to allow a low-cost 
crystal filter to be used as the first­
IF narrowband filter . Because the 
DSP performs the fine tuning in 1-
Hz steps, the variable injection syn­
thesizer can tune from 102 to 130 
MHz in 1-kHz steps. This "high-side" 
first-IF mixer injection causes a 
passband reversal or "flip" in the 
mixer, which will be corrected by the 
sampling process. 

The first-IF amplifier makes up 
for losses in the first-IF mixer and 
filter, and maintains a front-end 
noise figure of 15 dB. After amplifi­
cation, the signal is mixed with a 
fixed-oscillator signal of 99.544 
MHz. The result is a second-IF of 456 
kHz, which is high enough to allow 
the second-mixer image response at 
99.088 MHz to be attenuated by 80 
dB in the first-IF filter, but low 
enough to be sampled by the analog-

r- - - - - - ----------------------T--------- --- -- - - - - - - - - I 
1 Receiver front-end 1 Digital IF processor Digital-to-analog 1 
1
1 

100-MHz 1
1 

converter and 1

1 Analog 456-kHz reconstruction 
I First-IF First-IF I Second-IF filters 
1 Broadband RF AGC First-IF narrowband Second-IF I Analog-to-digital 
I inputlilter attenuator filter amplifier I amplifier converter 
I I 

BPF BPF S/H ADC 
Digital. 
signal 

processor 

DAC LPF 

DAC LPF 

DAC LPF 

Analog 
and 

digital 
baseband 

I 
I 
I 
I Variable~njection Sample .. ----••\ outputs 

I BPF = Bandpass filter synthesizer clock 
I LPF = Low-pass fi lter LPF DAC 1 

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

1. THE CH 0 ICE 0 F 100 MHz for the first IF is high enough to ensure that the broadband input filter sufficiently suppresses the IF 
and image response but low enough to allow a low-cost crystal filter for the first-IF narrowband fil ter. 
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to-digital converter (ADC). 
If the ADC's sample-and-hold 

bandwidth is greater than 456 kHz, 
as is the case with the AD779, the re­
ceiver can undersample the second­
IF signal efficiently at a sample rate 
of 96 kHz. Because the analog-to-dig­
ital conversion is effectively the re­
sult of a convolution of the input sig­
nal and the sample-clock impulse 
spectrum, the sample clock must be 
as "clean" and jitter-free as the local 
oscillator or mixer injection signal. 
Any phase noise present on the clock 
will be impressed on the signal being 
sampled, effectively corrupting it. If 
isolation or buffering is inadequate, 
the spurious noise picked up by the 
sample clock can be disastrous. 

SPREADSHEET OUTPUT 
Receiver performance for thermal.noise.limited example 

Digital-signal-processor receiver gain distribution and noise performance 

Analog RF/IF noise figure 15dB 
ADC resolution 14 bits 
ADC full-scale level 5 V peak (23.98 dBm) 
ADC quantization level -60.31 dBm 
ADC sample frequency 96 kHz 
ADC input bandwidth (BW1) 16 kHz 
Information bandwidth (BW2) 3 kHz 
Analog AGC threshold -77 dBm 

Antenna Analog ADC Noise at Noise at Quantizing Total Output Digital Output Antenna 
signal RF/IF signal ADC input ADC input noise of noise SNR processor signal overload 
level gain level inBW1 inBW2 ADC in BW2 inBW2 in BW2 gain level level 

(dBm) (dB) (dBm) (dBm) (dBm) 

-113.00 57.00 -56.00 -59.96 -67.23 
-103.00 57.00 -46.00 -59.96 -67.23 
-93.00 57.00 -36.00 -59.96 -67.23 
-83.00 57.00 -26.00 -59.96 -67.23 
-73.00 53.00 -20.00 -63.96 -71.23 
-63.00 43.00 -20.00 -73.96 -81.23 
-53.00 33.00 -20.00 -83.96 -91.23 
-43.00 23.00 -20.00 -93.96 -101.23 
-33.00 13.00 -20.00 -103.96 -1 11 .23 
-23.00 3.00 -20.00 -113.96 -121.23 
-13.00 -7.00 -20.00 -123.96 -131 .23 
-3.00 -17.00 -20.00 -133.96 -141.23 
7.00 -27.00 -20.00 -143.96 - 151 .23 
17.00 -37.00 -20.00 -153.96 -161.23 

When the second-IF spectrum is 
convolved with the sample-clock im­
pulse spectrum, the IF signal is fre­
quency translated to a lower IF of 
one-fourth the sample frequency, or 
24 kHz (Fig. 2). The convolution also 
creates a passband reversal that 
counteracts the reversal in the first­
IF mixer. As expected, the sampled­
IF spectrum repeats at every multi­
ple of the sample frequency. 

In this example, increasing the 
second-IF bandwidth will create 
aliasing distortion or overlap in the 
sampled IF spectrum because real­
world filters can supply only finite 

stop band attenuation (Fig. 2, again). 
But aliasing can be reduced to an ac­
ceptable level. In this design, the 
passband width of 16 kHz must be 
alias-protected to 60 dB. 

(a) 

(b) 

(C) 

-480 -384 -288 -192 

This requirement, and a look at the 
IF sampling process, lead the design­
er to the bandpass specifications of 

Second·IF spectrum 

-96 96 192 
Frequency (kHz) 

288 3841,j l 
43~1480 

456 

576 

-480 -384 -288 -192 -96 0 96 192 288 384 480 576 
Frequency (kHz) 

Sampled IF spectrum 

!]J\lll\!lJ'v'tJ~J~!ll\!U\!U\<ll<ll&\ 
-480 -384 -288 -192 -96 0 96 192 288 384 480 576 

Frequency (kHz) 

12. THE SAMPLING PROCESS IS a convolution of the second·IF spectrum (a) 
with the sampler spectrum (b). The resulting spectrum shows that if the second· IF 
bandwidth is increased, aliasing distortion will occur (c). 

(dBm) (dBm) (dB) (dB) (dBm) (dBm) 

-74.11 -66.42 10.42 60.00 4.00 -33.02 
-74.11 -66.42 20.42 50.00 4.00 -33.02 
-74.11 -66.42 30.42 40.00 4.00 -33.02 
-74.11 -66.42 40.42 30.00 4.00 -33.02 
-74.11 -69.42 49.42 24.00 4.00 -29.02 
-74.11 -73.34 53.34 24.00 4.00 -19.02 
-74.11 -74.03 54.03 24.00 4.00 -9.02 
-74.11 -74.10 54.10 24.00 4.00 0.98 
-74.11 -74.11 54.11 24.00 4.00 10.98 
-74.11 -74.11 54.11 24.00 4.00 20.98 
-74.11 -74.11 54.11 24.00 4.00 30.98 
-74.1 1 -74.11 54.11 24.00 4.00 40.98 
-74.11 -74.11 54.11 24.00 4.00 50.98 
-74.11 -74.11 54.11 24.00 4.00 60.98 

the first-IF filter (Fig. 3). Because of 
the sampling frequency and second­
IF selected, the filter must have an 
80-kHz-wide stopband. Given the 16-
kHz-wide passband, the correspond­
ing shape factor is 5to1. Attenuation 
of signals 40 kHz from the passband 
center of 100 MHz must be at least 60 
dB. As noted, another 20 dB of atten­
uation is also needed at the image­
response frequency of 99.088 MHz. 
A typical passband ripple specifica­
tion might be 1dB. A4-or 5-pole crys­
tal filter might satisfy these criteria. 

THE DIGITAL STAGE 
The signal from the second-IF 

mixer must be amplified to a level 
sufficient to drive the ADC. The gain 
required depends on the ADC and 
various receiver performance trade­
offs, and must be determined based 
on a system-level analysis. For ex­
ample, the theoretical quantizing 
noise density of an ADC, N Oq> in WI 
Hz is: 

N0q = (Vpk-pk/2b)2/6f5 R 

where V pk-pk = the peak-to-peak volt­
age range of the ADC in volts, b = 
the total number of ADC bits includ­
ing sign, R = the assumed imped-
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ance in ohms, and f5 = the sampling 
frequency in hertz. 

For a 14-bit ADC with a 10-Vpk-pk 
range and a sampling frequency of 
96 kHz, N0q = 1.2935 X 10-14 W / Hz or 
-108.9 dBm/Hz, assuming 50-n im­
pedance normalization. Other noise 
includes the thermally generated re­
ceiver noise. The level of this noise is 
the front-end noise figure, 15 dBm/ 
Hz, minus the thermal noise generat­
ed in a 50-n resistor, -174 dBm/ Hz, 
or-159 dB/Hz. 

The receiver's minimum weak-sig­
nal gain must be high enough so that 
the weakest desired usable signal 
plus the receiver noise is greater 
than at least one ADC quantizing 
level. If not, the signal won't be re­
covered. The best way to ensure a 
large enough signal is to provide suf­
ficient noise at the ADC input to dith­
er across a quantizing level. To do so, 
a designer can amplify the in-band 
receiver thermal noise or add out-of­
band noise, which the digital-signal 
processor can filter out later. Al­
though it may not be the better meth­
od, this article discusses the simpler 
approach of amplifying the receiver 
thermal noise until it bridges a quan­
tizing level. 

For the AD779, one quantizing lev­
el is 610 µ Vpk-pk. The equivalent 
sine-wave amplitude is then 215.8 µ V 
rms or -60.3 dBm. Therefore, ampli­
fying the receiver noise so that its 
rms level at the ADC is also -60.3 
dBm will guarantee adequate bridg­
ing of a quantizing level. With the 
front-end noise bandwidth (BW) of 
16 kHz, the gain required to amplify 
the receiver noise to this level is: 

Gain = quantizing level - thermal 
noise density - lO!og BW 

= -60.3 dBm + 159 dBm/ Hz -
lOlog 16,000 Hz 

=56.7 dB 

A spreadsheet program can perform 
these calculations, and others, to in­
teractively examine receiver perfor­
mance for different ADCs, sample 
rates, bandwidths, and gain distribu­
tions (see the table). 
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performance is dominated by ther­
mal noise, not analog-to-digital 
quantization noise. At the sensitivity 
level, the thermal noise is 7 dB great­
er than the quantization noise when 
measured in the 3-kHz information 
bandwidth. 

The output signal-to-noise ratio 
(SNR) is better than 10 dB at an an­
tenna signal level of -113 dBm. Digi­
tal automatic gain control (AGC) 
holds the output signal level at 20 dB 
below full scale ( +4 dBm) until the 
RF AGC threshold is reached. The 
output SNR increases with the an­
tenna signal level until the level at 
the ADC reaches 44 dB below full­
scale (-20 dBm). At this point, the an­
alog AGC holds the ADC input and 
output levels constant. The output 
SNR continues to rise to 54 dB until 
the analog-to-digital quantization 
noise dominates the receiver noise. 

UNWANTED SIGNALS 
Another consideration is the an­

tenna overload level, which is the an­
tenna signal level at which an unde­
sired received signal can pass unat­
tenuated through the 16-kHz band­
width front-end to the ADC and 
saturate it. Because this undesired 
signal would be outside of the 3-kHz 
information bandwidth, it would not 
affect the normal AGC setting. 

As a result, the receiver must 
maintain some "headroom" to ac­
commodate signal-level peaks. Only 

desired in-band signals should be 
present after the final narrowband 
filtering in the digital-signal proces­
sor. Consequently, 20 dB of head­
room is sufficient at the digital-sig­
nal-processor output. At the ADC in­
put, however, large out-of-band un­
desired signals may be present. 
Consequently, at least 40 dB of head­
room is required. 

The maximum headroom is limited 
by the SNR required for both noise­
or distortion-limited cases. In the ex­
ample design, the maximum SNR for 
large desired signals, without inter­
ference, is 54 dB. If an out-of-band 
undesired signal at the ADC has a 
level of +4 dBm, or -20 dB from the 
saturation level, the converter will 
generate harmonic and intermodula­
tion distortion products that will 
alias and potentially fall inside the 
desired signal bandwidth. If these 
products are specified to be 70 dB 
down (-66 dBm) and the in-band de­
sired signal level at the ADC is -20 
dBm, the ultimate signal-to-noise­
and-distortion, S/(N+D), ratio will 
be limited to 46 dB (-20 dBm + 66 
dBm). 

The next step in the design is the 
digital IF processor architecture, 
which will depend on the desired lev­
el of functionality and the choice of 
hardware. In a typical implementa­
tion of a digital SSB processor, the 
digitized IF signal is first processed 
by the IF translator (Fig. 4). The 

Second-IF spectrum (negative frequencie~s 16-kH~ bandwidth 
only) to be ahas-protected 

I I I I I 

(a) 

-576 -552 -528 -504 -496 -480 -464 -456 -448 -432 -416 -408 -384 

(b) 

-576 

(c) 

Sampler spectrum (negative frequencies only) 

-480 Alias-protected bandwidth after frequency -384 
Alias region translation from -456 kHz to 24 kHz 

Note that in this example, the ana- 13. A DETAILED LOOK AT THE SAMPLING process helps in specifying the 
log gain is high enough to allow ther- first-IF filter. The 456-kHz second IF (a) and 96-kHz sampling frequency (b) are the 
ma! noise to bridge a q~an~izati.on determining factors. To protect the desired 16-kHz bandwidth from aliasing, the filter must 
level. As a result, the receivers noise have no more than an 80-kHz-wide stopband, or a 5-to-1 shape factor (c). 
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The DAZIX Simultaneous 
Engineering Environment (SEE) 
turns design work into teamwork. 

SEE .allows your departments to coor­
dinate efforts during every phase of the 
design process. This helps to improve 
product quality, lower production costs, 
and get products to market faster. 

SEE delivers the integration 
you asked for. Common database 
management. Common user interlace 
across applications. And a complete 

toolset, including solutions for front­
to-back electronics design, mechanical 
design, manufacturing, and document 
management. 

What's more, with SEE, your entire 
team can benefit from an open-system 
framework. A framework that integrates 
DAZIX, Intergraph, and Sun products -

as well as leading third-party 
tools - in a single environment. 

There's more you should know. 
Call us today at 800-239-4111 for a ftee 
copy of Simultaneous Engineering. 

In Europe, call 33-1-4537-7100. In 
the Asia-Pacific area, call 852-8661966. 

DAZI 
An Intergraph Company 
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translator shifts 
the SSB channel's 
center frequency to 
de, or zero frequen-
cy, and at the same 
time converts the 
"real" IF signal to a 
complex baseband IF 
signal. The result- in 

---. ...... -+! 
ing real and imagi-
nary components 
are often referred 
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DAC 

SSB 

Low· pass 
filter 

to as the inphase (I) 
and quadrature (Q) 
components , re­
spectively. This 
representation of 

I 
I 
I 
I 
I 

To 

the signal as a ro-

I 
I 
1~---~ 

I 
I 
I 

ADC overload 
detector 

Digital 
age out 

ADC 
overload 

in 

analog 
attenuator 

in 
Envelope 

DAC Low.pass 
filter 

Automatic 
gain control 

ta ting vector or 
phasor is commonly 
used in digital-sig­
nal-process ing al­
gorithms.1 

I I 
L-------------------------------~ 

A complex oscil­
lator and a multipli­

14. THE RADIO'S SSB FILTER, AGC, and demodulator are implemented by the digital-signal·processor 
chip. The system's sample rate is first reduced by a factor of 10 in the decimator to produce enough instruction 
cycles between samples to perform the required algorithms. 

cient. Therefore, the receiver deci­
mates the sample rate by a factor of 
10. The resulting 9600-Hz rate is 
enough to support the typical 3-kHz 
SSB bandwidth. It also enables 1250 
instruction cycles between the deci­
mated samples, enough to perform 
the required algorithms. 

er perform the frequency transla­
tion and complex baseband conver­
sion. Typically, the oscillator con­
sists of a phase accumulator and sine 
and cosine algorithms (Fig. 5). The 
phase accumulator is a modulo 27T 
adder that increments its output 
each sample period by adding a fixed 
constant, or phase increment, to its 
previous sample output. This pro- FILTER THE INPUT 
cess produces a continuously chang- Before the sample rate can be re­
ing output phase angle ranging from duced, the input signal must be fil-
0 to 27T radians. tered to attenuate out-of-band sig-

The algorithms then compute the nals. Otherwise, these signals can 
phase angle's cosine and sine to gen- alias back in-band, causing distor­
erate the complex oscillator's real tion. This decimation filter usually 
and imaginary outputs. Next, the consists of two identical finite-im­
real input signal is multiplied by the pulse-response (FIR) filters in the I 
oscillator's outputs to produce the I and Q paths. Computer programs for 
and Q components of the complex designing FIR filters with arbitrary 
baseband signal. frequency response are readily 

The next step is to implement the available from many commercial 
SSB filter, AGC, and demodulator in sources. The most popular filter de­
the digital-signal-processor chip. sign algorithm, used in many of 
But the system's sample rate must these programs, was distributed by 
be reduced as much as possible be- the IEEE Press in 1979.2 

fore the digital-signal processor can After decimation, the signal 
perform these computationally in- passes through a high-performance 
tensive algorithms. For example, if receiver IF filter. This SSB filter is 
the DSP's instruction rate is 12 MHz an FIR or infinite-impulse-response 
and the sample rate remains at 96 device. If necessary, the SSB filter's 
kHz, only 125 instruction cycles will output level is adjusted by the digital 
be available to run the algorithms on portion of the AGC algorithm. The 
each point. This figure is insuffi- AGC controls the digital gain by mul-
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tiplying the I and Q components by a 
positive scalar value, M (Fig. 4, 
again). 

The leveled I and Q outputs are 
then applied to the envelope detector 
and SSB product detector. The enve­
lope detector computes the magni­
tude of the phasor represented by 
the I and Q components. The output 
envelope is simply the square root of 
the sum of the squared I and Q val­
ues. The AGC algorithm uses the en­
velope to adjust the receiver output 
level by a combination of analog (or 
RF) and digital gain control. To pre­
vent saturation by strong out-of­
band signals, the algorithm also 
senses any ADC overload and ad­
justs the RF and digital gain distri­
butions accordingly. 

The SSB product detector is a 
"half-complex" frequency transla­
tor that shifts the SSB carrier to its 
proper frequency. Just as in the IF 
translator, the circuit uses a complex 
oscillator, commonly called a beat­
frequency oscillator. First, the I and 
Q signal values are multiplied by the 
cosine and sine outputs of the oscilla­
tor. Then the products are added to 
produce the receiver's audio output. 

The hardware needed to imple­
ment the digital IF processor de­
pends on several factors, but nearly 
NEIJ 



Silicon Valley Personal Computer Design Conference 
The Conference on New Architectures and Technology 

for the Design of Personal Computers 

SVPC'91 is the only technical conference dedicated to the design of hardware and software for personal 
computers systems, providing design engineers with SOLUTIONS to many difficult system design and 
integration problems. Over 100 technical presentations and 10 Morials will be delivered by well-known 
professionals amassed from all levels of the personal computer industry, worldwide. SVPC'91 will bring 
together hundreds of designers and strategic planners to advance the state-Of-the-art in desk top 
computer systems design. 

July 8-10, 1991 

• Red Lion Hotel 

The conference is structured such that the first day, July 8th, will provide 10 four-hour tutorials - 5 in the 
morning and 5 in the afternoon. The remaining 2 days will present, in 3 parallel technical session 
tracks, over 100 speakers describing innovative design approaches to implementing high performance 
desktop and portable systems. 

San Jose, California 
Coffee break refreshments as well as lunches are included in the conference registration. Vendor exhibits 
showing the latest components for system designers will be open for 2 hours starting at noon on 
Tuesday & Wednesday. A reception in the exhibits area will be held Tuesday evening. 

Monday, July 8th -TUTORIALS- (1 through 5; 8:00 AM - 12:00 PM) (6 through 10; 1 :00 PM - 5:00 PM) 

TUTORIAL 1 TUTORIAL 2 TUTORIAL 3 TUTORIAL 4 TUTORIAL 5 
Basic Approaches to PC Caches Portable System Design Issues Multifunction Peripherals Basics of SCSl-1 & SCSl-2 

NCR Corp. 
Designing with High Speed PLO 
Intel Corp. Intel Corp. Intel Corp. National Semiconductor 

TUTORIAL 7 TUTORIAL 9 TUTORIAL 10 TUTORIAL 6 
BIOS Design 
Award Software 

Portable Power Technology 
Gates Energy Products 

TUTORIAL 8 
Data/Image compression 
Oak Technologies & Adv. 
Hardware Architectures 

Integrating SCSI with CAM 
Ballard Synergy 

Bringing Technology to Market 
Regis McKenna, Inc. 

Tuesday, July 9th, 8:00 AM -OPENING KEYNOTE and TECHNICAL SESSIONS­
"Beyond the Single Chip PC" - Gordon Campbell, CEO, Chips & Technologies Inc. 

TRACK I 
- DISPLAY BASICS -
CRT Display Technology Directions; Advances in 
Video RAM Architectures; Advances in RAMDACs 
and Color Palettes; Where to Put Intelligence in 
Graphics. 

- HIGH PERFORMANCE DISPLAY CONTROLLERS -
Understanding VGA Benchmarl<s; Implementing 
Advanced Features in VGA Systems; VRAM-Based 
Ultra-VGA Controllers; Bringing Workstation Graphics 
to PCs; Implementing 3D Graphics on a PC Add-in 
Card. 

Above papers by: AT&T Microelectronics; Chips 
and Technologies; Information Associates; lnmos; 
NCR; Oak Technology; Tl ; Yamaha Systems 
Technology Div .. 

TRACK II 
- MOTHERBOARD DESIGN ISSUES -
PC Chip Set Market Trends: Challenges and 
Opportunities; Designing High-Integration EISA 
Motherboards; Implement Compact EISA-Based 
Systems; A CPU.Speed-Independent Micro Channel 
Motherboard. 

- BIOS AND SYSTEM PERFORMANCE ISSUES -
BIOS Architectural Support for New Chip Sets; 
Rash Memory: The Ideal BIOS Storage Device; 
Memory Subsystem Architectural Options; An 
Algorithm for Dynamic Memory Management; A 
New Enhanced-Mode DRAM for PC-based 
Workstations; Smaller, Faster, Cheaper, and Hotter: 
Thermal Problems and Cooling Solutions. 

Above papers by: Intel; NMB; Opti; Phoenix; Tl; 
Toshiba. 

TRACK Ill 
- BATTERY-POWERED SYSTEM ISSUES -
Designing Low Voltage Systems; Battery 
Technology: current Status and Projections; Clock 
Synthesis for Laptops; Battery System 
Management. 

- LAPTOP SYSTEM DESIGN APPROACHES -
ROM BIOS: The Best Place for Laptop Power 
Management; BIOS Modifications/Enhancements for 
Transparent Power Management for the i386SL; 
Power Management in Laptop Computers; Power 
Management in Portable Computers; Managing 
Power in Systems Based on the AM386DXL; 
Implementing High-Perfonmanoe Laptops. 

Above papers by: AMO; AT&T Microelectronics; 
Avasem; Benchmarq Microelectronics; Gates Energy 
Products; Intel ; Phoenix; Tl ; VLSI Technology. 

12:00 PM tlvCKCh 2:00 PM WNCH AND EXHIBnS OPEN 

- ACCELERATING GRAPHICS -
Accelerating 3D Graphics on a PC; Implement an 
Accelerated Windows Graphics Controller; Apply 
Multiple Processors to Accelerate GUls; Accelerate 
GUls With Smart Bus Control. 

· MULTIMEDIA HARDWARE APPROACHES -
Adding Video to PC Graphics; Low-Cost Approaches 
to Video Compression; Integrating DSP into PC 
Systems; Developing Application Processors for 
Multimedia; Implementing Systems with DVI 
Technology. 

Above papers by: Chips and Technologies; Intel; 
lnmos; Philips Components (Signetics); Tl ; 
Spectrum Signal Processing; Weitek. 

- ADVANCED CACHE SUBSYSTEM DESIGN -
Choosing the Right Cache Architecture for PC 
Applications; 50-MHz Cache Solutions; 
Hardware-Level Concurrency in a 386/486 
Write-Back Cache; Managing Cache Coherency; 
Multiprocessing Systems. 

- IMAGE AND VOICE 1/0 -

- PORTABLE SYSTEM DESIGN ISSUES • 
Designing a Two-Chip Notebook PC; Creating 
State-of-the-Art Notebook Computers; Building a 
Single-Board SPARC-based Laptop/ Desktop 

in Computer; Combining the EISA Bus and the 
M88000 RISC to Build Singte-BoarcJ Systems; 
Memory Management Techniques for Laptops. 

Apply Sampled-Data Storage for PC Analog 1/0; - 4:00 PM Panel Discussion -
Designing High-Speed Modems; Modular Modem 
Design - A Flexible Solution; Image Above papers by: Chips and Technologies; LSI 
Communications With PCs; Designing A Logic; Motorola; Oak Technology; VLSI Technology. 
Combination PC.Fax, Modem, and Voice-Mail Card. 

Above papers by: AT&T Microelectronics; Chips 
and Technologies; Intel; Information Storage 
Devices; Mosel; National Semiconductor; Opti; Tl; 
Yamaha Systems Technology Div. 

5:00 PM EXHIBITOR RECEPl'IOH/EXHIBITS OPEN 

Sponsored by SysTech Research in cooperation with Electronic Design 
(a Penton publication), Intel Corp., NCR Corp., NMB Technologies, 
and Yamaha Systems Technology Div. 

Technical Sessions 
continued on next page 



l Wednesday, July 10th, 8:00 AM -OPENING KEYNOTE and TECHNICAL SESSIONS- I 
•The 10 PCs You'll Never See• - Mike Aymar, VP & General Manager, Microcomputer Div., Intel Corp. 

-----------~---TRACK I 
- FLAT PANEL BASICS -
Flat Panel Design Options; Flat Panel Displays for 
Portable Systems; CGA Graphics for 
Handheld/Lowend Portables; Controlling Full-Color 
VGA Flat Panels. 

- DEALING WITH GUls · 
A High-Speed Video Digitizer for the Apple 
Macintosh; System Software Needs of the new 
Operating_ Environments: OS/ 2 and Windows; 
Designing a CAD Toolkit to Run Under Windows; 
Developirg FAX Communication Interfaces Under 
Windows; Creatirg Multifunction User Interfaces; 
Controlling Instruments Througti Windows. 

TRACK II 
- EXPANSION-BUS ISSUES -
EISA Add-On Card Design - Shaking the AT 
Mentality; System Design Issues for Intelligent 
EISA/MCA Cards; A RISC-based 1/0 Processor for 
PC Architectures; Increasing 1/0 Performance in PC 
Architectures; An Extended Local Bus Architecture 
for Better System Performance. 

- HIGH-PERFORMANCE SYSTEM ISSUES -
Clock Distribution for Higti.Performance PCs; Care 
and Breeding of High-Speed aocks; Applying 
System-Level Simulation When Designing ASIC 
Based PC Systems; Streamlinirg High-Speed 
System Design With Transmission Line Analysis ; 
Computer-Aided Prototyping For Concurrent PC 

Above papers by: Chips and Technologies; Gebala System Design. 
Systems; Information Associates; QuickLogic; Logical 
Services; National Semiconductor; Phoenix Above papers by: Bull-Micral ; Chips and 
Technologies; Stanford Resources. Technologies; EliteGroup Computer Systems; Intel; 

Quantic Laboratories; QuickTum Systems; Silicon 
Systems; Texas Instruments; VLSI Technology. 

TRACK Ill 
- NETWORKING -
Putting FOOi on a PC.AT Half-Card For Single 
Attachment Stations; Interface Ethernet to the EISA 
Bus; Customizing a LAN Controller For a Single-Chip 
Solution; Direct Bus Mastering in PCs Improves 
LAN Performance; Take Advantage of Specialty 
Memories When Building LAN Interfaces. 

- DATA COMMUNICATIONS AND MASS STORAGE -
Employ Serial Packet Controllers for Flexible 
Protocol Control; Designing Appletalk-Compatible 
Serial Interfaces; Large Capacity Back-up Systems 
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I 5. BECAUSE TYPICAL DIGITAL IF PROCESSOR architectures are highly integrated, most functions can be implemented 
in the DSP software. In this example circuit, only a few ICs are needed to perform the functions, as described in Figure 4. 

all systems will include certain com­
mon components (Fig. 6). The total 
number of I Cs can be minimal, keep­
ing overall system cost low. 

Modern communication receivers 
would typically use a high-perfor­
mance digital-signal processor, such 
as the ADSP-2101. This processor is 
well-suited to many of the operations 
of a digital receiver and can easily 
link to the 14-bit parallel output of 
the AD779. Conversion back to the 
analog domain is simplified by digi­
tal-to-analog converters (DACs), like 
the AD766. These low-cost, 16-bit, se­
rial-input DACs require no addition­
al glue logic or interface circuitry, 
have an on-board reference, and are 
completely tested and specified over 
temperature. 

Additional circuitry performs de­
coding, clock generation, and output 
filtering. The decoder handles hand­
shaking between the AD779 and the 
digital-signal processor. Depending 
on the number of peripherals con­
nected to the processor, the decoder 
may be as simple as a few logic 
gates. Clock signals are typically 
generated by a high-stability crystal 
with low phase noise. The crystal can 
serve as the processor's master clock 
and can also be divided by counters 
or other means to generate the ADC 
and DAC sampling clocks. 

l!.Itl E 

On the falling edge of the sam­
pling clock (SC), the AD779 digitizes 
the incoming IF signal (Fig. 6, 
again). Approximately 8 µs later, 
the conversion is complete and the 
AD779 asserts End of Convert 
(EOC). The falling edge of the invert­
ed EOC signal interrupts the digital­
signal processor. The control and ad­
dress lines from the processor are 
decoded to generate the Output En­
able (OE) pulse for the ADC. The 
ADC then places the digitized output 
on the data bus to be read by the pro­
cessor. 

The ADSP-2101 offers several fea­
tures tailored to communications 
systems. The ability to fetch two 
operands (typically a coefficient and 
a data point), multiply these oper­
ands, and then sum the results with 
previous products in one processor 
cycle makes FIR filter algorithms 
extremely efficient. And an internal 
40-bit accumulator enables full-pre­
cision products to be calculated with­
out round-off noise caused by trun­
cation in the filter computations. In­
terprocessor communication be­
tween multiple DSPs, which is often 
needed in SSB equipment, is easily 
implemented with one of the proces­
sor's two integrated serial ports. 

The digital IF processor's high in­
tegration level is indicative of the fu-
L EC TRON IC DES 
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ture of SSB equipment. As the per­
formance of the ADC improves, it 
will be placed closer to the receiving 
antenna in the analog front-end. The 
ultimate goal is to digitize the incom­
ing RF signal directly from the an­
tenna and implement the remaining 
digital functions in custom ASICs.D 
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cuits, (McGraw-Hill Book Co., 1987). 
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DESIGN APPLICATIONS 

WHEN DIGITAL SYSTEMS NEED VARIABLE D ELAYS, 
COMMERCIAL DEVICES, HOME-BREW CIRCUITS, OR 

SEMI CUSTOM LSI DESIGNS CAN Do THE JOB. 

A STEP-BY-STEP GUIDE TO 
PROGRAMMABLE DELAYS 

De·skew delay 

Control~ 

Data in~Dataout 

Input waveform 

Output (min. delay) 

Output (max. delay) ___ ___. 

Timing.generator delay 

Control n-----

Trigger~-_, 1----n Marker out 

Trigger 

Control Min. Max. 
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11. TW 0 COMMON uses fo r programmable delays are de­
skew and timing generation. One makes up for variation in 
other components; the other initiates events at arbitrary times. 

RICHARD FELDMAN 

s programmable time-delay elements become more com­
mon in digital systems, designers can satisfy a vast range of 
application requirements by choosing among several dis­
tinct circuit approaches. Each approach, however, comes 
with its own set of advantages and disadvantages. There's 
also another point to consider. Even though a wide variety 
of off-the-shelf components is dedicated to these functions, 
system requirements can often be met very economically 
with an application-specific design at the board or IC level. 
This article presents a brief review of the relevant issues 
and options. 

The term "programmable delay" will be used to mean a 
digital element whose output transitions follow transitions 
on a signal input, after a propagation delay that depends on 
one or more control inputs. Counter and pipeline-type cir­
cuits, which make delays in discrete multiples of a clock or 
reference period, will be skipped. 

Most applications for programmable delays may be clas­
sified in one of two groups: de-skew and timing generation 
(Fig. 1). De-skews are programmed to cancel or compensate 
for the variation of other system components. They're use­
ful in clock distribution, high-speed buses, time-domain in­
struments and test equipment, and interfaces to data trans­
mission or storage media. They generally have output 
waveforms similar to the input: both rising and falling 
edges are propagated, sometimes with independently vari­
able delay. 

Timing-generator applications use the delay to initiate 
events at arbitrary programmable times. They include sam­
pling and marker-pulse generators, test-equipment stimu­
lus and response generators, and other instruments. Often, 
only one transition polarity is significant. In such cases, the 
delay is triggered by an edge or pulse, and makes an output 
edge or fixed-width pulse after the programmed time inter-

Megatest Corp., 880 Fox Lane, San Jose, CA 95131; (408) 441-3027. 
DAVID ROSKY 
AMCC, 6195 Lusk Blvd., San Diego, CA 92121; (619) 535-6834. 
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• 
2. SEVERAL CONFIGURATIONS are possible when delay is controlled by selecting discrete signal paths. Shown are a serial delay 
arrangement with downstream selection and a parallel arrangement with upstream selection. 

val. Some timing generators need dy­
namic control, which can apply an in­
dependent delay setting to each trig­
ger event. 

Before discussing circuit imple­
mentations, let's review the specifi­
cation variables of a programmable 
delay. The primary timing parame­
ters of the signal path are its inser­
tion delay (minimum propagation 
time) and its programmable range 
and resolution. Also important are 
the minimum pulse width and repeti­
tion rate of the input signal. If the 
maximum delay exceeds the mini­
m um interval between inputs, it 
means the delay element must han­
dle two or more consecutive events 
concurrently. 

The control input may be a digital 
word or an analog level. When the 
delay mechanism is intrinsically ana­
log, its programmable level is typi­
cally generated by a digital-to-ana­
log converter (DAC), which is often 
included in the variable-delay block. 
But a direct analog interface allows 
several options, such as an economi­
cal external DAC, tracking delays 
with a common control level, many 
sample-and-holds refreshed indepen­
dently by one DAC, or delay regula­
tion by analog feedback. The latter is 
a straightforward variation of the 
traditional phase-locked loop. 

If the control input is dynamic, its 
setup and hold times with respect to 
the trigger are specified. Static con­
trols may need a designated settling 
time to reach a given delay accuracy. 
In either case, beware that many cir­
cuits have an anomalous response if 
an input arrives very close to a con­
trol transition. 

The timing-accuracy specification 
llil) E 

of a programmable-delay circuit be­
gins with a set of terms analogous to 
those of a DAC, with similar nomen­
clature. There are the tolerance and 
stability of insertion delay and full­
scale range (which may be adjust­
able in some implementations), and 
integral and differential nonlinear­
ity and monotonicity (which typically 
aren't adjustable). If the delay con­
trol interface is analog, there will be 
nonlinearity in its voltage- or cur­
rent-to-time transfer which must be 
added to that of the associated DAC. 
Finally, there's delay jitter, which 
corresponds to noise on a DAC out­
put. It's the random variation in de­
lay for different individual input 
edges, and can be specified by maxi­
mum error or by RMS value (stan­
dard deviation). 

Time-delay elements have another 
important error source with no di­
rect equivalent in the DAC world. 
This source is history effects, which 
are often referred to as "pulse mem­
ory." In this phenomenon, the delay 
of a signal edge is perturbed by the 
presence of other edges in the recent 
past. Two common examples are 
shrinkage of short pulses and inter­
symbol interference in binary-data 
streams. History effects are present 
in all digital circuits, but tend to be 
particularly significant in delay ele­
ments. In many cases, the maximum 
usable signal frequency is limited 
not by the delay's functional failure, 
but rather by accuracy degradation. 
One way to specify pulse memory is 
the worst-case delay change from a 
standard condition over a stated 
range of input timing. 

Input history is usually insignifi­
cant when edges are separated by 
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more than a few times the full-scale 
delay, but critical applications may 
need to consider effects with time 
constants in the millisecond-to-sec­
ond range. These include thermal 
and other conditions that depend on 
signal duty cycle, and dielectric ab­
sorption in timing capacitors. 

Component and system testability 
deserve particular attention when 
programmable delays are used. Ver­
ifying the control function in produc­
tion might call for special equipment 
or additional design features . Logic 
timing simulation may require that 
special models be constructed for 
programmable delays. 

Finally, the selection or design of 
delays must weigh the usual engi­
neering issues. These include reli­
ability, packaging, power and cost, 
multiple-sourced components, and 
the time, expense, and potential risk 
of design. 

CIRCUIT TRADE-OFFS 
Two distinct circuit approaches 

are typically used in programmable 
delays: selected-path and analog­
variable. Selected-path designs use 
digital gates to choose one of several 
fixed-delay paths between input and 
output (Fig. 2). Useful media for the 
signal paths include passive trans­
mission lines, digital gates, and R-C 
delays . The delay elements may be 
arranged serially or in parallel, with 
selection logic upstream or down­
stream. 

In analog delays, the physical path 
of the signal remains constant, but 
its propagation time depends on a 
variable control level. The ramp-and­
comparator approach is popular be­
cause of its fl exibility and naturally 
G N 
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linear response (Fig. 3). Here, a tran­
sition of the input signal makes a 
voltage ramp start from a stable ini­
tial level. The ramp and a control 
voltage are applied to the inputs of a 
high-speed comparator, which 
switches at a time proportional to the 
control level. 

Other methods which have been 
used for analog delays achieve con­
trol with variable charging current 
or junction capacitance, but these 
tend to have nonlinear transfer func­
tions. An interesting exception var­
ies the path delay directly in discrete 
steps by electronically connecting 
different fixed capacitors to the tim­
ing node. 

Selected-path delays are good for 
de-skews because they propagate 
both edge polarities, although typi­
cally without independent control. 
With an appropriate medium, the to­
tal delay can be substantially great­
er than the signal period. Dynamic 
control is simple, but asynchronous 
path switching can cause an input 
pulse to be lost, truncated, or repli­
cated. The number of delay choices 
per stage is usually limited to be­
tween 2 and 16, limited by selector­
logic fan-in / fan-out and physical 
packaging. In most cases, the delay 
times are fixed by design. Unless in­
dividual adjustments can be made in 
production, absolute resolution and 
accuracy are limited by the matching 
of paths in the selector logic. 

Analog-variable delays can pro­
vide single-stage resolution that's 
limited only by the associated DAC. 
Such delays remain monotonic even 
when the absolute step size is ex­
tremely small. The delay element it­
self can be very compact and effi­
cient, but the DAC's area and power 

r - --...., 
. I DAC ...... , 

Data in o- - - - -l ( t' I) 1 op 1ona ,,.,,,. L ___ ,,. 

Trigger o----i 
Ramp 

generator 
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PROGRAMMABLE 
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may be substantial. This type of cir­
cuit is common in timing-generator 
applications with only one signifi­
cant edge polarity. In dual-polarity 
(data de-skew) applications, the de­
lay variation of rising and falling 
edges tends to be opposite in sign. 
This can be used for pulse-width or 
duty-cycle control. Full-scale delay is 
easy to adjust, but is limited to some­
what less than the input period. 
That's because the circuit can handle 
only one edge at a time. 

Programmable delays can be com­
bined in various ways to extend 
range and / or resolution and solve 
other specific problems. For exam­
ple, a de-skew application may use a 
selected-path section in series with 
two analog stages. The combination 
may have a wide range with fine-res­
olution control of rising and falling 
edges. 

When timing accuracy and cost 
are important, many systems in­
clude self-calibration paths, a mea­
surement unit, and sometimes pro­
grammable trimming circuits. 
Range and offset errors can then be 
tuned out automatically or simply 
compensated for in software. For ex­
ample, non-monotonic multistage de­
lays can be linearized by exhaustive 
calibration and a software or hard­
ware lookup table. 

COMMERCIAL DELAYS 
Both types of programmable-de­

lay circuits (selected-path and ana­
log-variable) are available in pack­
ages that connect directly to stan­
dard logic families . An important ca­
veat is that control-input timing and 
pulse-memory specifications are of­
ten not stated on data sheets. Timing 
accuracy may be specified for low-

Trigger 

Out V,11 (min.) 

v.amp 

Out (min. delay) 

Out (max. delay) 

frequency periodic inputs, while at 
the specified maximum signal fre­
quency, only functional operation is 
guaranteed. When in doubt, users 
should consult the manufacturer 
and / or characterize representative 
components. 

Selected-path modules based on 
uniformly tapped delay lines with an 
input buffer, a terminator, and a 
data selector/output buffer are 
available in a variety of options from 
several manufacturers, including El­
mec Technology of America, Monte­
rey Park, Calif. , Engineered Compo­
nents Co., San Luis Obispo, Calif., 
and Rhombus Industries, Hunting­
ton Beach, Calif. Many versions can 
handle input periods thatare well un­
der half the full-scale delay. TTL and 
ECL versions are available in config­
urations ranging from 3- to 8-bit bi­
nary and 2-digit BCD, full-scale de­
lays to over 1 µs, and resolutions 
down to 50 ps. 

Gate-chain programmable delays 
are available in at least two ad­
vanced-EGL product lines . The 
SPECL family from Sony Corp. of 
America, Cypress, Calif., includes 
the CXB1139Q delay line/ duty-cycle 
controller. A chain of 2 to 40 gates 
gives 23 delay choices between 0.8 
and 4.7 ns. Timing resolution (piece­
wise-linear) is 125 ps to 190 ps. 

From Motorola, Phoenix, Ariz. , 
comes the ECLIPS Series 10E195/ 
100E195 delay. This device uses sev­
en binary-weighted stages for 2.24-
ns range with 17.5-ps resolution, and 
can propagate a 1-GHz signal. It has 
latched control inputs and a special 
cascading feature . The 10E196/ 
100E196 delay adds an analog stage 
for fine adjustment. 

Monolithic ramp-and-comparator 

I \__ 

• 
3. THE RAMP· AND-COMPARATOR METHOD gives an analog delay with a linear relationship between voltage and time. A 
transition on the trigger initiates a voltage ramp. The comparator output switches when the ramp crosses the control level. 
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delays are now available in several 
configurations. The AD9500 and 
AD9501 from Analog Devices of 
Norwood, Mass., and San Diego, 
Calif.-based Brooktree's BT604, 
BT605, and BT606 each include an 8-
bi t DAC and control data latch. 
They're triggered by a rising edge 
and drive their output high after the 
programmed interval. The devices 
can be retriggered after an automat­
ic or externally controlled reset sig-

DESIGN APPLICATIONS 

PROGRAMMABLE 
DELAYS 

nal and a finite recovery period. Full­
scale delay is set by an external resis­
tor or current source and/ or capaci­
tor to between 2.5 ns (10-ps 
resolution) and 100 µs. Options in­
clude differential ECL or TTL levels. 
One device uses the trigger signal to 
latch the control data word for dy­
namic delay control at up to 125 
MHz. 

Ramp-and-comparator delays are 
used differently in the Brooktree 

Bt622 and Bt624 chips. These are 
dual and quad channel de-skews with 
analog-voltage inputs to control 
overall delay and skew between ris­
ing and falling edges. The full-scale 
range is fixed by design, and there 
are delay options of 10 ns, 20 ns, and 
40 ns. 

DESIGNING DELAYS 
Often, an application-specific de­

sign is necessary or more appropri-

A CUSTOM-GATE-ARRAY DELAY DESIGN 

Ahigh-resolution variable­
delay function has been 
implemented as a cus­
tom macro on an AMCC 

Q1300T bipolar digital gate array. 
The circuit is triggered by falling 
edges, and generates rising edges 
at its output after a digitally con­
trolled propagation delay. Its full­
scale range is about 320 ps, equiv­
alent to the typical delay of a fast­
option gate in this process. Three­
bit control makes the timing 
resolution better than 50 ps (Fig. 
A). Trigger edges as close as 7 ns 
can have independent delay set­
tings. The design had to be com­
pact because the array is densely 

Ch. 1 = 200 mV /div 
Timebase = 200 ps/div 

populated by other circuit func­
tions. 

The chosen implementation is 
based on the analog method, us­
ing a fast digital-to-analog con­
verter (DAC), ramp generator, 
and voltage comparator. It occu­
pies four 1/0 cells and one logic 
cell. A simplified schematic dia­
gram of the circuit is shown (Fig. 
B). The delay control code is con­
verted by the DAC to one of eight 
analog levels. The converter's 
output is routed to one input of a 
fast comparator. The remaining 
comparator input is driven by the 
output of a ramp generator, 
which is activated by the trigger 

Offset= -1.3 V 
Delay= 1.3 ns 

Trigger mode: edge 
On pos. edge on Ch. 2 

Trigger levels 

(8) 

Ch. 2 = -650 mV 
Holdoff = 3 events 

I A. IN THIS DIGITAL GATE ARRAY' a custom macro uses an analog 
method to get eight time choices within the span of one logic delay. 

input. 
As the ramp generator's output 

voltage changes, the comparator 
switches state when the ramp 
voltage passes the voltage at the 
DAC's output. In this implemen­
tation, the trigger input must re­
main active until after the output 
pulse has gone high and stayed 
high for a given period of time. 
Once the trigger input returns to 
its initial state, the ramp genera­
tor is reset, and the output pulse 
returns to zero. If required, the 
vernier can be made edge-sensi­
tive by having the trigger input 
clock a flip-flop which, in turn, en­
ables the ramp generator. The 
flip-flop is then reset by the de­
layed output and can be retrig­
gered. 

Several important consider­
ations had to be made to ensure a 
successful design. The prime con­
cern was the linearity of the delay 
time with respect to the digital 
control input. The two main con­
tributors to delay nonlinearity are 
ramp nonlinearity and DAC non­
linearity. For the ramp generator, 
the output of a degenerated cur­
rent source is integrated as the 
voltage on a capacitor. This meth­
od calls for a capacitor with an ex­
tremely low voltage coefficient. 
The need for a high ramp rate (in 
the range of a volt per nanosec­
ond) made an external capacitor 
impractical. That's because the 
presence of parasitic capacitance 
would mean using an extremely 
high integration current. In addi­
tion, parasitic package inductance 
would make it hard to achieve a 
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ate than a standard component. Pro­
grammable delays aren't particular­
ly hard to design. First, the general 
design issues and pitfalls will be re­
viewed, then the special constraints 
of VLSI applications will be consid­
ered. 

In selected-path stages, the delay 
medium is used most efficiently in a 
serial configuration. A parallel con­
figuration, however, can give finer 
resolution and may have fewer er-

well-settled, linear ramp at these 
rates. As a result, it was decided 
to use an on-chip capacitor. 

Of the available techniques for 
generating an on-chip capacitor 
on the AMCC bipolar process, 
only a metal-oxide-metal configu­
ration would provide the required 
voltage linearity. Care must also 
be taken to set the DAC-output 
levels so that only the center por­
tion of the ramp is used to gener­
ate delays. This sidesteps nonlin­
earities that occur when the ramp 

F1 <>---+--1 

DESIGN APPLICATIONS 

PROGRAMMABLE 
DELAYS 

ror-contributing components in its 
long paths. Control data must be sta­
ble and valid at the selector logic 
when any signal edge arrives. There­
fore, its timing depends on the gate 
setup and hold time, the .input-signal 
pulse width, and, if selection is down­
stream, the fu ll-scale delay. The set­
up-and-hold-time performance of the 
combinatorial-logic elements are of­
ten unspecified and may need to be 
determined by simulation, experi-

initially starts up and when it 
reaches its final level. To do so, 
the converter's offset voltage and 
full-scale output range must be 
chosen appropriately. 

For external adjustment of the 
delay span, the ramp current is 
set with an external resistor in the 
emitter of the ramp-current 
source transistor. The voltage at 
the base of the current-source 
transistor is set by a bandgap ref­
erence that's designed so that the 
emitter voltage of the current 

~-+--<l Converter test output 

Ref 1,,___.., __ .___..,_ _ _... ___ ...._~ 

Ref 20--+--+---__,r-----1 

Triggero--+-~ '~- •r, 

Ref 1 <>---+---4----' 

Ref 2 <>---+---+-----1 

Ramp generator 

Delayed pulse 
output 

J R,.1 (external) 

J' 
(b) 

I B. A 3-BIT DAC sums binary·weighted current sources, and is almost as fast as 
a regular gate. An emitter-follower charges the ramp capacitor quickly, but cuts off 
early in the negative transition. 

ment, or analysis of other ac charac­
teristics. Accuracy and pulse-memo­
ry performance are typically limited 
by the delay-path medium. 

Passive delay lines are useful in 
selected-path designs at the printed­
circuit and hybrid levels. Their toler­
ance and stability are good but hard 
to adjust in production. They can pro­
vide a symmetric response to rising 
and falling edges, and a total delay 
much greater than the input inter-

source has a very low tempera­
ture coefficient with respect to 
the negative supply. In this way, 
if a resistor with a low tempera­
ture coefficient is used to set the 
current, then the overall delay 
span will display good tempera­
ture stability. 

DAC linearity is determined 
mainly by the on-chip resistor and 
V be matching. If resistor and tran­
sistor sizes are carefully chosen, 
the process itself is capable of bet­
ter than nine bits of linearity. On a 
digital gate array, however, one 
must live with the assortment of 
devices that have been pre-placed 
in the base cells. Even within 
these constraints, it's relatively 
easy to construct a 3-bit DAC with 
enough accuracy to virtually 
avoid any contribution to nonlin­
earity. 

One final consideration in­
volved testability. The timing ver­
nier generates edge delays to a 
resolution of 50 ps. Because mea­
suring timing to this resolution is 
very difficult in a production test 
environment, an indirect method 
of testing was called for. The solu­
tion was to provide a second out­
put from the DAC to a pin on the 
chip. This offers verification of 
the timing vernier's functionality 
by making only de parametric 
measurements on the converter's 
output. Because the converter's 
linearity and step size can be di­
rectly related to the timing resolu­
tion, it can provide a method for 
rejecting parts that may not meet 
specifications without testing 
them at full speed. 
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Hybrids you 
can bet 

thefannon. 

Send us your design parameters 
and in 6 weeks tops we'll get you a hybrid 

prototype up to 10 times smaller than 
conventional circuits, yet able to meet your 

biggest performance and reliability demands. 
Call 1-800-622-5574. In today 's hybrid 

field, we're the pick of the bunch! 
10575 SW Cascade Blvd. Portland, OR 97223 

(503) 684-5657 FAX (503) 620-8051 

~PACIFIC HYBRID 
\BW MI CROEL EC TR ON ICS 

We do Sl'l'lall mirac~" 
Copyright © 1990 Pacific Hybrid Microclec1ronics 
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DESIGN APPLICATIONS 

PROGRAMMABLE 
DELAYS 

val. The selector-logic family must 
drive the line impedance, and the 
loading effect of its inputs on the line 
delay must be small and predictable. 
ECL is excellent here. In fact, ECL­
system-design handbooks are a good 
place to find a practical introduction 
to transmission lines in digital sys­
tems. 

The useful resolution of selected 
passive lines is limited to about 50 ps 
by mismatches in logic delay and 
loading capacitance. At this scale, 
the load capacitance may be substan­
tially greater than the line capaci­
tance. If the series resistance of the 
line is more than a couple of ohms, it 
may cause objectionable logic-level 
shifts. The shifts can be controlled, 
however, by changing the termina­
tion voltage and adding a bias-cur­
rent source at the driver if neces­
sary. 

To propagate short and closely­
spaced input pulses with minimum 
memory, a delay line must have a 
short rise time and accurate termina­
tion. Many packaged lines use a lad­
der of inductors and capacitors (the 
more the better) to make compact, in­
expensive delays of up to many mi­
croseconds. Some types, which use a 
physically continuous L-C medium, 
tend to have better rise times. Good 
packaged delays can propagate 
edges separated by less than half the 
total delay with little interference. 
Controlled-impedance traces in a hy­
brid circuit or pc board can serve as 
cheap, high-quality distributed lines 
for short delays. A strip line layer in a 
standard G-10 laminated board can 
support over 5 ns per square inch. 
Line delays of over 20 ns are feasible 
with a well-controlled fabrication 
process and careful biasing and ter­
mination. 

Selected-path delays can use me­
dia other than transmission lines. 
For example, simple R-C stages are 
inexpensive, easier to trim than de­
lay lines, much less restricted in im­
pedance, and can be more compact 
for long delays. The main limitation 
is that pulse memory becomes se­
vere if the delay is more than a small 
fraction of the input period. This ef­
fect is reduced if long delays are 
made from several shorter ones iso-

L EC TRON IC DES 
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lated by buffer gates, but overall tol­
erance and stability are compro­
mised.Selector-logic skew still limits 
the minimum absolute timing resolu­
tion, but this can sometimes be com­
pensated for by tuning. Parallel, se­
lectable R-C delays adjusted at the 
factory have been used to make sta­
ble delay steps of 50 ps. 

Analog delay circuits are recom­
mended for applications that require 
high resolution, precise linearity, or 
a tunable range. The ramp-and-com­
parator approach will be reviewed to 
illustrate its flexibility and naturally 
linear control characteristic. 

The difficulty of design depends 
mostly on the linearity requirement. 
Almost any smooth ramp waveform 
can make a system's differential lin­
earity comparable to that of the con­
trolling DAC. Sometimes an ordi­
nary logic signal with its finite rise 
time can do the job. But when inte­
gral linearity and range stability are 
important, it's better to generate the 
ramp by charging or discharging a 
fixed capacitor with a constant-cur­
rent source. 

Absolute accuracy of better than 
12 bits can be achieved by minimizing 
or compensating for second-order ef­
fects, such as temperature coeffi­
cients and the voltage dependence of 
charging current, integration-node 
capacitance, and comparator delay. 
History effects can be minimized by 
giving the ramp-reset phase enough 
time to settle, and by choosing a tim­
ing-capacitor material with low di­
electric absorption. If the ramp isn't 
reset until long after the maximum 
delay, a voltage clamp may be includ­
ed to prevent the current source 
from saturating. Practical details 
are given in references on sample­
and-hold, dual-slope, and voltage-to­
frequency converters. 

D ELAYS WITHIN ICs 
When programmable delays must 

be included along with other system 
elements in a large-scale IC, both se­
lected-path and analog-variable 
methods can be used. Their options 
and constraints depend on the IC pro­
cess, logic type, and design level 
(full-custom, standard-cell, or mask­
or field-programmable gate array). 

I G N 



Five ways to look at 100 MHz. 
Starting at $2295 ! 

Just check the choices in our line-up of 
five 100 MHz oscilloscopes: 
• GPIB Programmability 
• Hardcopy Documentation 
• 100 MS/s Single-shot 
• Automatic Measurements 
Name your application, we'll provide 
the solution. 

Copyright © 199 1 Tektron ix. Inc. All ngh1s reserved. 808-137 

Tek gives you the perfect blend of 
modem analog real-time and digital 
technologies in 100 MHz oscilloscopes. 
Whether it's hardcopy output from a 
fully programmable real-time scope, 
automatic measurements specified to 
. 001 %, or 100 MHz, 100 MS/s single­
shot performance, no one has the 

choices Tek does. To see it all, call 
your Tek rep or 1-800-426-2200. The 
closer you look, the more you'll 
appreciate Tek. -=-' 0. 

One company measures up . 
lektronix® 
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It's time to take the brakes off your 486 machine 
and let it fly to its full potential. 

How? With a BurstRAM™ from Motorola. 
These new Fast Static devices run at cycle times 

faster than most microprocessors. Stretching the lim­
its of system performance to the peak for which 
enhanced 50 MHz processors are designed. 

The key to the BurstRAM is our burst cycle proto­
col and the timely way it transfers several consecutive 
words in quick succession. The on-chip burst counter 
and specific logic let the BurstRAM interface directly 

with the microprocessor and the cache controller 
without extra logic. 

Once again, Motorola delivers just what it takes to 
enhance system performance. Like precocious design 
solutions. Preeminent technology. Relentless product 
support. And a very broad portfolio of Fast Statics. Not 
to mention a complete line of FSRAM and DRAM 
modules. 

Want to read all about it? Send in the coupon on 
the opposite page and we'll show you just how far 
Motorola can take you. In no time at all. 

If you like what's new, wait 'til you see what's next. 
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DESIGN APPllCATIONS 

PROGRAMMABLE 
DELAYS 

Selected-path delays are easily in­
tegrated and can use any of the to­
pologies reviewed above. Logic 
gates are an obvious and almost uni­
versally available delay medium. 
Very long chains are feasible , al­
though in de-skew applications they 
should use inverting gates to bal­
ance the propagation time of rising 
and falling edges. Delay per unit 
area can be increased if the design 
level enables construction of extra­
slow gates or delay cells. 

An important consideration, espe­
cially for long delays, is the sensitiv­
ity of gate delays to process varia­
tion, temperature, and supply volt­
age. Published specifications are 
typically very conservative. Designs 
that take such specs into account are 
generally reliable, but often require 
substantially more gates or selecta­
ble paths than designs based on nom­
inal delays. There are several ways 
to improve stability if transistor-lev­
el design is available and a substan­
tial engineering cost is acceptable. 
Demonstrated methods include on­
chip voltage and temperature regu­
lation, gate circuits optimized for de­
lay insensitivity, tuning in produc­
tion, and active delay regulation. The 
last two rely on matched-delay gates 
that depend on a common variable. A 
feedback circuit can make the delay 
of a reference chain match an exter­
nal time signal. 

The ability to handle very short or 
closely spaced pulses without inter­
action between edges depends great­
ly on the process and logic type. A 
figure of merit is the ratio between 
the propagation delay of a logic tran­
sition and the time for the circuit to 
reach equilibrium. Care should be 
taken when using circuit simulators 
to predict the magnitude of pulse 
memory. The device models associat­
ed with a digital process are often 
tuned to correlate with observed 
propagation delays, and could still 
have significant errors in predicting 
the transition " tails " that cause 
pulse memory. 

Timing resolution of less than a 
gate delay is available on the chip by 
selecting from parallel paths that 
differ only in load capacitance. The 
flexibility of this approach depends 

on the design level. Incremental 
loads can be gate inputs, various 
types of transistor junctions, or sim­
ply extra interconnect wire. The 
matching of paths in the selector log­
ic is critical, but monotonic program­
mable steps of well under 10 ps have 
been made in a bipolar Si process. 

Analog-variable programmable 
delays can also be included in large­
scale digital I Cs. They may offer im­
proved range or accuracy while us­
ing less area and power than select­
ed-path delays. Another benefit is 
ease of trimming the delay range to 
compensate for process and environ­
mental variation. The analog option 
is not restricted to full-custom cir­
cuits. Ramp generators, compara­
tors, and DACs linear to a few per­
cent can be made in metal-mask-level 
designs from the same transistor 
and resistor set as standard logic 
gates. 

For example, an integrated analog 
delay is used by Megatest Corp. in 
the timing generators of its Polaris 
VLSI tester (see "A custom-gate-ar­
ray delay design, " p. 102). A dynam­
ically controlled vernier (fine-resolu­
tion) delay function is included in an 
ECL gate array. The custom macro 
implementation of a ramp, DAC, and 
comparator stage occupies an area 
similar to that of a couple of fancy 
flip-flops. It covers a range of about 
one gate delay with 3-bit resolution. 
The gate-array approach was chosen 
for high performance, low cost 
(large systems have over a thousand 
of these delay elements), and a short 
and reliable design cycle.0 
Richard Feldman manages devel­
opment of timing and calibration 
systems at Megatest 's Logic Prod­
uct Group. He holds a BS in engi­
neering and applied science and 
an MSEE f rom the California In­
sti tute of Technology, Pasadena. 

David Rosky, principal design 
engineer at AMCC, received a 
BSEE and MSEE f rom the Univer­
sity of California at Los Angeles. 
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12SK x S MCM6226 25ns 
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521 15-V SUPPLY IS 
ISOLATED TO 2500 V 

SAMOCHI 
IXYS Corp., 2255 Zanker Rd., San Jose, CA 95131; (408) 435-1900. 

F
or appl ications that require a 
float ing 15-V power supply 
with + 2500 V of isolation, 
this circuit offers a cost-ef­

fective solution. Its parts cost under 
one dollar. Only the transformer, Tv 
sees the full ± 2500 V. This makes the 
circuit low cost because capacitors 
and resistors rated for +2500-V op­
eration can be expensive. 

The supply takes advantage of the 
fact that most analog systems don't 
require very precise power-supply 
voltages. This is unlike digital-logic 
circuits, in which + 5% to +10% pow­
er-supply regulation is mandatory 
for proper operation . Analog-system 
supplies are constrained by applica-

+sv o I o +5V 

C3 0.1 µ.F 

,,, .. ,.. ... ~ 

tion. For example, a 6-V Zener refer­
ence demands at least 7 V to main­
tain regulation. Typically, many ap­
plications requiring high currents 
only need the high currents for a 
short time. A variation of this power 
supply successfully drove high-side 
power MOS devices with +2 A of 
peak gate-drive current. 

Two of the 74HC04 inverters are 
configured as a simple two-inverter 
oscillator. The values of R1 and C1 
are chosen to set the oscillator fre­
quency to around 500 kHz. The re­
maining inverters are placed in par­
allel to differentially drive T1 
through a de blocking capacitor, C2 
(see the figure). 

T 1 is a ferrite-core toroid trans­
former whose permeability, µ 0 , 

equals 5000. The ferrite core is avail­
able from Fair-Rite, Wallkill, N.Y. 
(part # 5975000201), and costs from 
6.5 to 50 cents. The transformer is 
segment wound with 7 turns in the 
primary and 25 turns in the second­
ary. The secondary turns can be ad­
justed as necessary according to the 
required load and output voltage. 
Greater than 2500-V isolation may be 
obtained by winding, without nick­
ing, both the primary and the second­
ary with Kynar insulated # 30 wire­
wrap wire. 

A 1N914 diode bridge rectifies the 
secondary output. A 0.1-µF low 
equivalent-series resistance and in­
ductance capacitor, in parallel with 
an aluminum electrolytic capacitor, 
filters that output. The floating pow­
er supply's measured output resis­
tance is about 200 n, more than ade­
quate for most low-power analog cir­
cuits.D 

• 

I- > 2500-V galvanic isolation 

Floating +15 Vat 7 mA 

I THIS COST-EFFECTIVE CIRCUIT is a de power supply isolated to ±2500-V. Because none of the circuit's components (except for 
the transformer T1) see the full ±2500 V, expensive high·voltage parts are not needed. 

CIRCLE 

5 2 2 CIRCUIT CONVERTS 
PERIOD TO VOLTAGE 

YONGPING XIA 
West Virginia University, Dept. of Electrical and Computer Engineering, 

Morgantown, WV 26506. 

I
f the period of an input signal is 
converted to a de voltage, it can 
be measured using a multi­
meter. This circuit, built around 

one TL084 quad JFET input op amp, 
does just that (see the figure). ICA, 

R1-a, and Q1 form a current source. 
The current that charges C1 is given 
by: 
I= (V 0 X R1)/[(R1 + R2) X R3] 

= (15 x 3k)/[(3k + 12k) x 470k] 
= 6.4µA. 

ELECTRONIC DESIG 
JUNE 13, 1991 

The input signal drives IC0 . Be­
cause IC0 's positive input (V +) is 
slightly offset to +0.1 V, its steady 
state output will be around + 13 V. 
This voltage is sent to ICc through 
D2, setting ICc's output to + 13 V. 
Therefore, point D is cut off by D11 
and cl is charged by the current 
source. The very high input imped­
ance of the TL084 consumes almost 
no current, causing the voltage on C1 
to increase linearly. Assuming the 
initial voltage on C1 is zero, the maxi­
mum voltage (VCmax) is given by: 

NmJ 
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Input _J 

A 

R,, R10 B 

10k + 
470k 

R4 
15k C3 

Output R12 4.7 µF 
47k 

c 
R, 

C2 15k 

220 µF 
A 

lnputo-i -0 
R5 

47k 

(8) (b) 

I USING JUST ONE CHIP (a TL084), this circuit converts an input signal's period to a de voltage. Then the period can be measured with 
a multimeter. The circuit's measurement range is from 100 µs to 5 ms (a). The waveforms show what's happening at different points in the 
circuit (b). 

VCmax =(I X t) / C1 

=(6.4 x t)/0.0047 
= 1362t. 

If t = 1 ms, then vcmax = 1.362 v. 

When the input goes from low to 
high, a narrow positive pulse is gen­
erated at point A. This pulse becomes 

-13 Vat point B, which cuts off D2• 

Then, ICc's V + voltage becomes 
zero, so the charge on C1 will be ab­
sorbed by I Cc in a very short period. 
The time constant of C2 and R5 deter­
mines the discharge period, which is 
about 10 µs. 

ICB is a buffer whose gain is equal 

CIRCLE 

5 2 3 DIVIDE INPUT 
CLOCK FREQUENCY 

PHILLIP N. DOUGLAS 
Memorex Telex Corp., 3301 Terminal Dr., Raleigh, NC 27604; (919) 250-6718. 

T
his circuit, which consists of 
n clocked flip-flops and one 
exclusive-OR gate, divides 
an input clock frequency by 

2n -1 (Fig. I). With two flip-flops, the 
circuit divides by three (Figs. 2a and 
2b). One main design consideration is 
that the sum of the delay path from 
the nth flip-flop's clock input to its Q 
output(tpff), the dtdelay, and the de-

lliiJ E 

lay through the exclusive-OR gate 
(tpxr), is at least as long as the flip­
flop's minimum clock pulse width 
(twff): 

tpff + dt + tpxr > twff. 

The minimum values for the propa­
gation delays must be used, and in 
most cases, dt can be zero. 

The maximum circuit clock fre-
L EC TRON IC DESI 
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to (R8 + R9)/R9 = 1.545. Obviously 
ICn's average voltage will be (1362t 
X 1.545)/2 = 1052t. R10 and C3 
smooth the sawtooth waveform to a 
de output. R11 can be calibrated so 
that a 5-V de output is equal to a 5-ms 
input period. The measurement 
range is between 100 µsand 5 ms.D 

quency is the lowest frequency de­
termined by three factors . The first 
is the flip-flop's maximum specified 
clock frequency (fmax). Second is a 
frequency that has a period greater 
than the maximum propagation de­
lay plus the setup time (tsff) for the 
flip-flop: 

Tclk > tpff + tsff. 

The third factor is the frequency 
that has a pulse width (twclk) great­
er than the sum of the flip-flop's 
maximum propagation delay plus dt, 
the exclusive-OR gate's maximum 
propagation delay, and the minimum 
clock pulse width required by the 
flip-flop: 
G N 



WHO NEEDS 
TIIE SIGNAL 
PROCESSING 
WORKSYSTEM? 

Anyone involved in DSP and communications design can benefit 
from the Signal Processing WorkSystem~ Because SPW'" is the only 
complete, integrated CAE software tool for signal processing design, 
simulation, analysis and implementation. 

Satellite communications. Modems. Mobile radios. Cellular phones. 
Radar. Sonar. Speech encoding. Voice processing. Image processing. 
Digital audio. Multimedia. Automotive electronics. Robotics. Neural 
nets and pattern recognition. Data compression. HDTY. Biomedical 
instrumentation. All these and much more can be designed using 
SPW on industry-standard platforms from Sun, DEC and HP/Apollo. 

That's why over 200 of the world's leading telecommunications, 
aerospace and electronics companies around the world now use SPW 

With SPW you first create a high-level, hierarchical design using 
its extensive libraries of DSP and communications function blocks, 
as well as your own custom blocks. SPW then automatically converts 
your design into an error-free simulation program that can accept 
real-world signals and parameters for accurate design analysis. 

SPW also provides several optional paths to implementation, 
including bit-accurate fixed-point simulation, VHDL generation, logic 
synthesis and other ASIC/PCB support. A code generation system 
produces generic-C for fast prototyping on any DSP platform, links 
SPW to DSP chips from AT&T, Motorola and TI, and supports boards 
from leading vendors. 

To preview the Signal Processing WorkSystem, call ( 415) 574-5800 
for a free video demonstration tape. In fifteen minutes, you'll see 
how SPW can save hundreds of hours and thousands of dollars in 
DSP design. 

COffiDl/CO® 
SYSTEMS,INC 
919 East Hillsdale Blvd. , Foster City, CA 94404 (415) 574-5800 
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r to 3Gffz fromS114s 
lowpass, highpass, 

bandpass, narrowband IF 
• less than 1 dB insertion loss • greater than 40dB stopband rejection 
• 5-section, 30dB/ octave rolloff • VSWR less than 1.7 (typ) • meets MIL-STD-202 tests 
• rugged hermetically-sealed pin models • BNC, Type N; SMA available 
• surface-mount • over 100 off-the-shelf models • immediate delivery 

low pass de to 1200MHz 
PASSBAND, MHz fco, MHz STOP BAND, MHz VSWR 

(loss < 1dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop-
MODEL band band 

NO. Min. Nam. Max. Max. Min. typ. typ. 

PLP-10.7 DC-11 14 19 24 200 1.7 18 
PLP- 21.4 DC-22 24.5 32 41 200 1.7 18 
PLP- 30 DC-32 35 47 61 200 1.7 18 
PLP-50 DC-48 55 70 90 200 1.7 18 
PLP-70 DC-60 67 90 117 300 1.7 18 

LOW PASS PLP-100 DC-98 108 146 189 400 1.7 18 
PLP-150 DC-140 155 210 300 600 1.7 18 
PLP- 200 DC-190 210 290 390 800 1.7 18 
PLP- 250 DC-225 250 320 400 1200 1.7 18 
PLP- 300 DC-270 297 410 550 1200 1.7 18 
PLP-450 DC-400 440 580 750 1800 1.7 18 
PLP- 550 DC-520 570 750 920 2000 1.7 18 
PLP-600 DC-580 640 840 1120 2000 1.7 18 
PLP- 750 DC-700 770 1000 1300 2000 1.7 18 
PLP-800 DC-720 800 1080 1400 2000 1.7 18 
PLP-850 DC-780 850 1100 1400 2000 1.7 18 
PLP-1000 DC-900 990 1340 1750 2000 1.7 18 

frequency PLP- 1200 DC-1000 1200 1620 2100 2500 1.7 18 

high pass de to 2500MHz 
PASSBAND, MHz !co, MHz STOP BAND, MHz VSWR 

(loss < 1dB) (loss3db) (loss> 20dB) (loss>40dB) pass- stop-
MODEL band band 

NO. Min. Min. Nom. Min. Min. typ. typ. 

PHP- 50 41 200 37 26 20 1.5 17 
PHP-100 90 400 82 55 40 1.5 17 

HIGH PASS PHP- 150 133 600 120 95 70 1.8 17 IDLL ~- : 
c • 
. 2 ' 
g : 
c ' ' 
~ ' ' 
~ : : 

PHP-175 160 800 140 105 70 1.5 17 
PHP-200 185 800 164 116 90 1.6 17 
PHP-250 225 1200 205 150 100 1.3 17 
PHP-300 290 1200 245 190 145 1.7 17 
PHP-400 395 1600 360 290 210 1.7 17 
PHP- 500 500 1600 454 365 280 1.9 17 
PHP-600 600 1600 545 440 350 2.0 17 
PHP-700 700 1800 640 520 400 1.6 17 
PHP-800 780 2000 710 570 445 2.1 17 
PHP-900 910 2100 820 660 520 1.8 17 

frequency PHP- 1000 1000 2200 900 720 550 1.9 17 

bandpass 20 to 70MHz 
BANDPASS 

CENTER PASS BAND, MHz STOP BAND, MHz VSWR 
FREQ. (loss < 1dB) (loss > 10 dB) (loss > 20 dB) 1.3:1 typ. 

MODEL MHz Max. Min. Min. Max. Min. Max. total band 
NO. FO F1 F2 F3 F4 FS FS MHz 

PIF-21.4 21.4 18 25 4.9 85 1.3 150 DC-220 
PIF-30 30 25 35 7 120 1.9 210 DC-330 
PIF-40 42 35 49 10 168 2.6 300 DC-400 
PIF- 50 50 41 58 11 .5 200 3.1 350 DC-440 
PIF-60 60 50 70 14 240 3.8 400 DC-500 

treo.iency PIF- 70 70 58 82 16 280 4.4 490 DC-550 

narrowband IF 
NARROWBAND IF CENTER PASS BAND, MHz STOP BAND, MHz STOP BAND, MHz PASS-

1u · ' . 
~ it. ) 
- : : i' 'i:: 

FREQ. l.L.1.SdB max. l.L. > 20dB 1.L. > 35dB BAND 
MODEL MHz VSWR 

NO. FO F1-F2 FS FS F7 F8-F9 Max. 

PBP- 10.7 10.7 9.5-11 .5 7.5 15 0.6 50-1000 1.7 
PBP- 21 .4 21 .4 19.2-23.6 15.5 29 3.0 80- 1000 1.7 
PBP-30 30.0 27.0-33.0 22 40 3.2 99-1000 1.7 
PBP-60 60.0 55.0-67.0 44 79 4.6 190-1000 1.7 

FREQUENCY PBP- 70 70.0 63.0-77.0 51 94 6 193-1000 1.7 

t::1 Mini-Circuits 
P.O. BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS 

PRICE 
$ 

Qty. 
(1-9) 

11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

18.95 
18.95 
18.95 
18.95 
18.95 
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t profile 
Lo"" es 0 5'' ht., 

.55 watts 
LIP to 
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1 <;-'AC·DC 
,,· ;_~Power 
·§upplies 
~·,_ .. _- . 

:<-:. '-- ::;.-;. i, _; ~- ._ ... _...._. , 

• Input Voltage 90 to 130 VAC 
(47/440Hz) 

• Single, Dual, Triple Outputs 
• 1200V Rms Isolation 
• Low Isolation Capacity 

Available 
• Continuous Short Circuit 

Protection 
• High Efficiency 
• Fully Regulated Voltage 

Outputs 
• Operating Temperature 

- 2s 0 c . to + 70°C. with No 
Heat Sink or Electrical 
Derating Required 

• Expanded Operating 
Temperature Available 
( - 55°C. to + 85°C. ambient) 

• Optional Environmental 
Screening Available 

PICO manufactures complete lines of 
Transformers, Inductors, DC-DC Converters 

and AC-DC Power Supplies 

Delivery­
stock to 
one week 

453 N. MacOuesten Pkwy. Mt Vernon, N.Y. 10552 

Call Toll FreeB00-431 ·1064 
IN NEW YORK CALL 914•699•5514 

IDEAS FOR DESIGN 

o, 

di 

a. 
F;0 / (Zn -1) 

O.L-.--

•
1. THE INPUT CLOCK frequency fed into this circuit is divided by 2n - 1. The circuit 
consists of n clocked flip-flops and one exclusive-OR gate. The dt delay is zero in most cases. 

twclk > tpff + dt + tpxr + twff. 

The right side of the inequality 
should be the minimum pulse width 
(either up time or down time) of the 
input clock. 

For the divide by three circuit, use 
75F74s for the flip-flops and a 74F86 
for the exclusive-OR gate. Then, 

tpff = 3.8 ns minimum 
tpff = 9.2 ns maximum 
tw(h) = 4 ns minimum 
tw(l) = 5 ns minimum 
tsff = 3 ns minimum 
fmax = 100 MHz 
tpxr = 3 ns minimum 
tpxr = 8 ns maximum 

Because 3.8 ns + 3 ns > 4 ns, the 
pulse-width requirement is met 
when dt = 0. Next, 9.2 ns + 3 ns = 
12.2 ns or 81.97 MHz maximum for 
the second clock-frequency condi­
tion. The last condition gives 9.2 ns + 
8 ns + 5 ns = 22.2 ns X 2 (for 50% duty 
cycle) or 44.4 ns , giving a maximum 
clock frequency of 22.5 MHz. 

The circuit, when constructed with 
standard 74F-type parts, operates 
without any added delay in the exclu­
sive-OR feedback path and with an 
input frequency of up to 22.5 MHz. 
The circuit's output signal will have 
the same duty cycle as the input 
clock. D 

~-----< 01 011-------102 Dz 
y 02 f----......---- F0•1 

• 
2. THIS CIRCUIT CONFIGURATION divides the input frequency by three (a). 
The circuit's timing diagram verifies the division (b). 
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Generate precise sine es 
with just one chip. 

Now just one chip does the work of many. 
Micro Linear's ML2035 and ML2036 

are the industry's first integrated pro­
grammable sinewave generators. They're 
easily programmable from DC to 25kHz 
(ML2035) or 50kHz (ML2036). Each 
delivers better than ±.75Hz frequency 
resolution, and -45dB harmonic distortion. 

Absolute error gain over the frequency range 
is better than ±.ldB. And the frequency reference 
of the sinewave output is derived from either an 
external crystal or clock input. 

The ML2035 is housed in an 8-pin DIP while 

the full featured ML2036 is available in a 14-
pin DIP or 16-pin SOIC. 

At prices starting at $5.95; the low-cost 
ML2035 and ML2036 are the perfect single 
chip solutions to efficient, precise sinewave 
generation. 

So whether your application is in tele-
communications, modems, motor control, unin­

terruptible power supplies, or any other, call Al 
Tremain at ( 408) 433-5200. Or write to Micro 
Linear, Dept. SWG, 2092 Concourse Drive, San 
Jose, CA 95131. 

And ask for your copy of our 1991 Data Book, too. 
CIRCLE 174 

Generating Precise Phase Controlled Sinewaves 

60Hz Sinewave Output Using 
NTSC Color Burst Crystal 

Generating Fixed 50Hz and 60Hz 
Sinewaves 

D/A 

PHASE 
ACCUMULATOR, 

512POINT 
LOOK·UP TABLE 

LATI LATCH 

SID SHIFT REGISTER 

osc 

SERIALCLK 

ML2035 Block Diagram 

'-Micro Linear 'Based on lots of 100. © 1991 Micro Linear. 



"You're going to do 

what to the cellular phone 

in this commercial? Run 

over it with a golf cart? I 

sure hope you guys know 

what you're doing'.' 

That was Lee Trevino's 

reaction when he was told 

the kind of abuse that was 

in store for the Motorola 

Micro T·A·C™ Digital Personal 

Communicator during the 

shooting of his first commer­

cial for Motorola. 

Well. not only was the 

Micro T·A·C able to with­

stand the pressure of a 

heavy golf cart, but its dura­

bility thoroughly impressed 

Lee Trevino. 

"I saw the MicroT·A·C 

dropped, bumped. thrown 

and muddied," said Trevino. 

"They did just about every­

thing," he added, "but hit it 

off a tee with a three wood. 

Yet. after all that abuse. it 

periormed like a champ. It's 

obvious that the Motorola 

cellular phone is put 

together to stay together:· 

'A lot of people 

call me a dur­

able player:" 

concluded 

Trevino, "and 

if I continue 

to hold up as well 

as my Motorola 

phone, I'll 

be on the 

tour for a very 

long time'.' 

®MOTOROLA 
The way we put them together sets us apart. 

Teslimorual retlects actual events®· Motorola and M1croT·A·C D1g1tal Personal Commuruca1or are trademarks ot Motorola. Inc C> 1991 Motorola. !nc 1-800-331-6456 
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BRINGING A RELIABLE PRODUCT TO MARKET 

ON TIME-THERE'S THE RUB, 

ENGINEERS SAY 

BY SHERRIE VAN TYlE 

What's on the minds of design engi­
neers these days? A survey of 1500 
ELECTRONIC DESIGN readers shows 
that engineers are contending with 
shorter design cycles as companies Salary: $53,538 
race to ship new products out the 
door. "There is only one chance to do Age: 42.6 years 
it right," says one reader, striking a 
chord that runs through many sur- Experience: 14.8 years 
vey responses. To come up with 
quality products and still meet Sex: male 
time-to-market deadlines, engi-
neers are turning to concurrent engi- Education: BS EE/CS 
neering and computer-aided engi-
neering tools-in short, they're try-
ing to get it right the first time. 

But the t ime crunch exacts a price, 
say engineers: On the work front, 
there's less time to breadboard de­
signs. "We need to develop new 
parts faster and manufacture it fast­
er before the customer's design win­
dow closes," writes one engineer. As 
a result, some designers are "forced years old, has 14.8 years of engineer­
to cut back on some kinds of testing, ing experience, and earns $53,538 
especially stress testing." (more detailed salary information 

Fortunately , better design and will appear in the Oct. 10 issue of 
simulation tools are helping engi- ELECTRONIC DESIGN). 
neers cope with shrinking design cy- Written responses to the survey 
cl es . Still, on the personal front, engi- show that shorter time to marketand 
neers face longer workdays, unpaid a push for higher quality products 
overtime , and more stress-this are weighing heavily on readers' 
year layoffs have moved up on an en- minds this year. That's a big depar­
gineer's list of concerns. Despite ture from previous surveys in which 
these difficulties and that most engi- readers singled out salaries as their 
neers surveyed don't think their ta!- biggest career concern. 
en ts are used to full advantage, most Still, concern about shorter design 
engineers are satisfied with their cycles and quality isn't altogether 
choice of career. surprising. ELECTRONIC DESIGN 

These findings are drawn from a readers are involved with products 
survey conducted in March. The av- both as designers and managers of 
erage reader (respondent) is 42.6 projects: Of those surveyed, 12.2% 

ELECTRONIC DESIG 
J UNE 13, 1991 

manage a project team, 19.9% lead a 
project, 23.2% manage a technical de­
partment or organization, and 39.8% 
of readers belong to a project team. 

The push for quality always af­
fects their job-that's the word from 
37% of readers. "There is better 

awareness on everybody's part as 
to what must happen to bring a 
quality, reliable product to mar-

ket," says one reader. Another 
writes, "It has forced every depart­
ment to rethink methodologies." 

Next in importance is designing 
with complex components, accord­
ing to 34% of readers. "The level of 
complexity has increased," notes one 
reader, "but the length of the design 
cycle has not." About 33% of readers 
say shorter time to market makes 
their job more difficult. One reader 
says, "Less time is available to prop­
erly verify design and, therefore, 
there is more fixing after the product 
is in production." 

Separating hardware from soft­
ware debugging is another thorny 
problem for 30% of readers. And 27% 
of readers say they very often have 
to deal with design for manufactura­
bility; an equal number say their jobs 
are often affected by multidisciplin­
ary design teams. Shorter design cy­
cles, a reader notes, have "forced a 
multidisciplinary approach to design 
for a concurrent cycle." 

Compared with the foregoing is­
sues, readers are less concerned 
about dealing with fewer vendors in 
the workplace. Just 13% say it very 
often affects their job. Of negligible 
concern are military cutbacks: 44% 
NOD 



of readers say a shrinking defense 
budget never affects their job. 

Another problem for readers is de­
veloping quality products within a 
shrinking design cycle. Among read­
ers surveyed, 58% believe the prod­
uct design cycle has shrunk over the 
last two years. And 77% of those 
readers say it has affected their 
work; 64% of them say a shorter de­
sign phase has caused problems for 
them. As one reader puts it, "Shorter 
time to market products do not al­
ways result in trouble-free products. 
I've seen many redesigns. The more 
you rush, the more time you spend 
fire fighting." 

A shorter design cycle can lead to 
less time for testing. One designer 
writes, "We have less time for bread­
board or prototype evaluation of de­
signs; there's more use of CAD simu­
lation as an alternative." 

To cope with shorter time to devel­
op products, readers would like to 
see standardized interfaces, better 
design tools, and manufacturing and 
test objectives being considered up 
front. One reader comments "We 
need to do concurrent engineering; 
we should work with manufacturing 
engineers early in the design." 

Another reader proposes "more 
reliance on CAE tools and more em­
phasis on 'right the first time."' Oth­
er readers suggest weekly dead­
lines. Another notes that "complete 
and final hardware/ software specs 
are now required before any engi­
neering takes place." Says one engi­
neer, "better definition of products 
is needed up front. 'Creeping featur­
ism' needs to be controlled." 

Another approach is "more thor­
ough design reviews, including cus­
tomers in the design process more." 
One reader says he would like to see 
"better training to shorten the learn­
ing curve." 

In dealing with shrinking product­
development cycles, small compa­
nies have the advantage of less over­
head, as several readers point out. 
" In my company, the design cycle to 
production is 3 months versus 12 to 
36 in large corporations," one says. 

Notwithstanding the pressures 
they face as designers, some readers 
see an up side to shrinking design cy­

mJ E 
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cles. Shorter cycles are challenging 
engineers to work smarter. One 
writes, "We delegate more work to 
support groups-purchasing, docu­
mentation." Another says, "Better 
tools have made me more produc­
tive." Several readers observe that 
design tools are becoming more pow­
erful. 

Underscoring this, one third of 
readers believe design has become 
less by rote in the last three years; 
25% believe designing has become 
more by rote, and 43% believe design­
ing is about the same as it was three 
years ago. And 84% of readers would 
like to see designing become even 
more creative. 

Still, much engineering talent is 
was Led-or underused-readers 
say. In the survey, 72% of readers be­
lieve that their talents aren't being 

OMPLEXITY HAS 
INCREASED, BUT 

LENGTH OF THE DE· 
SIGN CYCLE HASN'T 

used to full advantage. Years of en­
gineering experience make little dif­
ference: 71% of engineers with five 
or fewer years of experience think 
talent is being wasted vs. 75% of en­
gineers with 21 or more years in the 
profession. 

That's all the more reason not to 
buy into reports of an engineering 
shortage-sparked by a recent Na­
tional Science Foundation study and 
bruited in the media. Most readers 
emphatically don't believe there's a 
shortage of engineers. A handful 
say good engineers are in short sup­
ply. Others respond that shortages 
are limited to specialties, like power­
related fields and software. 

Several readers label such reports 
company propaganda to keep the la­
bor pool filled and engineering sala­
ries low. Readers also point to at-

L EC TRON IC DES 
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tempts by universities to keep a 
steady influx of engineering stu­
dents. 

Just as contemporary issues, like 
time to market, are reshaping an en­
gineer's job, tools like computers 
have already changed the way most 
engineers work. The PC has become 
ubiquitous among engineers, the 
survey shows. Indeed, 97% of read­
ers use a personal computer in their 
job, for just about every work-relat­
ed task. Among readers with PCs, 
57% perform CAD I CAE, 48% do sim­
ulation, 90% perform word process­
ing, and 35% do other various PC­
based tasks, such as project manage­
ment, data acquisition, and automat­
ed testing. And just 10% use the PC 
to do computer-aided software engi­
neering (CASE). 

Apart from design concerns, the 
survey reveals that engineers are 
more concerned about being laid off 
this year. In a list of career concerns, 
readers rank job security second to 
salary compared with last year, 
where readers said salary was their 
biggest concern, followed by the 
need to keep up with technology. Job 
security ranked third. 

In the 1991 survey, 30% of readers 
say fair salary is their most impor­
tant concern, succeeded by job secu­
rity (28%) and the need to keep up 
with technology (24%). Readers give 
much shorter shrift to concerns 
about ethics (9%); respect for the pro­
fession (7%); portable pensions (4%); 
continuing education (3%); and age 
discrimination (2%). 

Perhaps reflecting the view that 
engineering isn't sufficiently appre­
ciated as a profession, some readers 
believe that they get more recogni­
tion from their immediate supervisor 
than from their company as a whole. 
Consequently, 81% of readers say 
their supervisor values their work 
and 19% disagree. As for the compa­
nies they work for, roughly 65% of 
readers believe their companies give 
them adequate recognition while 
about 35% disagree. 

About 83% of readers would rec­
ommend engineering as a career. 
One reader finds it, "very demand­
ing. It's sometimes hard to find a 
happy medium between my profes-
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sion and personal-family-life." 
Another writes, "I consider myself 
fortunate that my interests have led 
me into an area, firmware engineer­
ing, that is in demand, thus allowing 
me to remain in engineering and 
make a good living at it." 

Says another , "Engineering is a 
great career for people who like 
problem solving, creativity, and 
'making things work."' An engineer 
notes, "My fi rst love is electronics. 
For this reason, I feel that I would 
have been neither as successful nor 
as satisfied in any other profession." 

For these readers, engineering's 
appeal doesn't lie in salaries. Says 
one, "If accumulating cash is your 
main goal-be a lawyer, doctor, or 
business manager. [I'd recommend 
engineering] if you are inventive and 
enjoy this work 
just for the job of 
developing and in 
venting a long 
with a decent sala­
ry." 

CAREER SURVEY 

not very satisfied. Among respon­
dents with five or fewer years of ex­
perience, 14.3% were extremely sat­
isfied with their choice of career, 50% 
very satisfied, 32.1% somewhat sat­
isfied, and 3.6% not very satisfied. 

Although most engineers report 
themselves as satisfied, readers who 
are dissatisfied with their career, 
just as in last year's survey, minced 
no words in describing the draw­
backs of an engineering career. Most 
common responses were lack of re­
spect for the profession, low sala­
ries, and lack of job security. Writes 
one, "It takes a certain type of per­
son to be a good engineer. Engineers 
get very little professional respect. 

Yes 
No 

97% 
3% 

agement does not understand engi­
neering, which has lower pay than 
what a less technical liberal-arts 
manager [makes]." 

On the one hand, most readers be­
lieve that their education adequately 
prepared them for their first job. On 
the other, some readers find recent 
graduates ill-prepared to enter the 
work force. 

One-third of respondents have a 
BSEE/CS, 16.1% have an MSEE/CS 
degree, 8.4% have an MA/MS, 17.3% 
took postgraduate engineering 
courses, and 3% have a doctorate. Fe­
male respondents make up just 1% of 
the 1991 survey. 

This year's survey found 77.6% 

If yes, what tasks do you 
perform on a PC? · 

of respondents 
agreeing that 
they were pre­
pared for their 
first job while 75% 
of 1990's survey 
responded that 
they were ade­
quately prepared. 

CAD/CAE 57% 
Simulation 48% 
Word processing 90% 
CASE 10% 
Other 35% 

• Readers gave multiple answers 

On - the - job 
training is impor­
tant for engineer­
ing graduates. In 
fact, engineering 
has been de-

In terms of job 
satisfaction, over­
all, 16.1% of re­
s po n den t s de­
scribed t hem 
selves as extreme­
ly satisfied with 
engineering as a 
career, 51.7% 
were very satis ­
fied, 28.4% were 
somewhat satis ­
fied, and just 3. % 

"'"'--------------.-- scribed as a pro­

were not very satisfied. The more 
money engineers make, the more 
satisfied they are with their career They're at the mercy of accountants 
choice. Among engineers making and mismanaged as far as job securi­
$75,000 or more a year, 26.7% were ty and corporate direction are con­
extremely satisfied, 56.7% were very cerned. We are just labor pawns in 
satisfied, and 16.7% were somewhat somebody else's chess game." 
satisfied. No one in the top salary Says another, "The areas of re­
category was unsatisfied with ca- quired expertise change so rapidly 
reer choice. that it increases the stress on individ-

Years of experience, however, had uals to stay current." 
little effect on percentages of job Among readers comments, a re­
satisfaction or dissatisfaction. curring theme is management's lack 
Among engineers with 21 or more of understanding and support for 
years of experience, just slightly the rank and file engineer. One re­
more than the overall average, or spondent writes, "Very few manag-
17 .2%, were extremely satisfied, ers seem to listen to engineers. 
50.5% were very satisfied, 29% were That's a lot of frustration!" Says an­
somewhat satisfied, and 3.2% were other, "Non-technical upper man-
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fession requiring 
lifelong learning. 
Readers are thus 

concerned about the need for retrain­
ing engineers to avoid falling behind 
in technology. Writes one reader, 
"Older engineers are less likely to be 
retrained than just hiring a fresh 
grad." Another says, "Any expertise 
that an individual develops over a 6-
to 18-month period is worthless after 
3 to 5 years." According to another 
reader, "Help is needed on generic 
training courses for newer technolo­
gy-ASI Cs, analog and customer 
chips, and CAD/CAE for smaller 
companies." 

Readers want better preparation 
for engineering graduates. Says one 
reader, "Engineering schools are not 
providing the latest information to 
students and do not encourage com­
mon sense solutions. Let's encour­
age a cooperative program, especial­
ly during the summer months, to al­

N ll]J 



When Bob Lawrence joined the 
railroad nearly 30 years ago, he be­
gan buying U.S. Savings Bonds for 
his retirement. Now he buys them 
for his grandkids. "Bonds pay good 
strong rates and they're simple to 
purchase:· he says. Become the next 
Great American Investor. Call us to 
find out more. 

U.S. SAVINGS BONDS 

1-800-US-BONDS 
A public service of this publication 
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CAREER SURVEY 

low graduating engineers to have 
some industry experience." Another 
writes, "Engineers of the future will 
need a masters degree as a minimum 
to jump into the changing market 
and be able to keep pace." 

Readers report that they stay 
abreast of changing technology by 
reading trade magazines (91.6%); 
through personal investigation on 
the job, (86.7%); working with col­
leagues (67.1%); reading manufac­
turers' literature (65.9%); attending 
special courses and seminars 
(53.4%); and at-
tending tech­
nical courses 
(37.3%). 

years in the profession, fall behind 
their professional counterparts in 
law or medicine. 

To counter the plateau effect, an 
engineer usually becomes a manag­
er. But that's a problem if an engi­
neer chose the career because tech­
nology, rather than managing other 
people, was compelling. One reader 
writes, "The problem of upward mo­
bility as an engineer is still present in 
most companies. The only advance­
ment path is into management where 
the engineering skills are lost, re-

quiring a new 
set of skills that 
many engineers 
either lack or 
haven't been 
trained for. 

With shrink­
ing leisure time 
and unpaid over­
time, engineers 
may have trou­
ble fitting in 
these activities. 
Along these 

E NEED BET· 
TER DEFINI· 

TION. LET'S CONTROL 
lines, one reader CREEPING FEATURISM 
suggests, "Com-

"A poor man­
ager and a lost 
engineer are the 
result. For new 
engineers, I rec­
ommend more 
emphasis on 
learning how 

panies must pro-
vide opportunity for those who de­
sire to return to school on a full-time 
basis in exchange for a contract­
maybe after 10 years of employ­
ment!" 

This year's survey finds the paper­
work problem may be easing for 
readers. Last year, 52% of readers 
said they spent 10 or more hours a 
week on administrative and manage­
ment tasks. Among 1991's respon­
dents, 45% spend 5 to 9 hours on non­
engineering tasks, 32% spend 10 or 
more hours, and 19% spend 1 to 4 
hours on these tasks. Just as in last 
year's survey, however, readers 
write that administrative tasks, 
meetings, and clerical tasks gobble 
up valuable time. Among engineers, 
a habitual gripe is having to work un­
paid overtime: 75% of respondents 
report working unpaid overtime or 
on weekends, about the same as last 
year's survey (77%). And amount of 
overtime doesn't vary with the num­
ber of years of experience. 

As in last year's survey, some 
readers commented on a salary's pla­
teau effect-engineers start off at 
decent salaries, yet after 15 or so 
LECTRONIC DES 
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to communicate. 
Writing English and speaking skills 
are an important part of the profes­
sion. The best idea is of no value if 
you can't explain it." 

Reader membership in profession­
al associations remains largely un­
changed from a year ago. In 1991, 
about 31% of readers belong to the 
IEEE; 61 % of readers don't belong to 
any professional association. Last 
year, two of three readers did not be­
long to the IEEE. 

Writes one reader, "Engineering 
societies are instruments of corpora­
tions and universities. They have no 
concern for the welfare of engineers. 
We need societies like the AMA, 
which controls the supply of medical 
doctors, thus protecting the high in­
come of their members." 

For the survey, readers were cho­
sen at random from the magazine 's 
U.S. circulation. The first 250 ques­
tionnaires mailed were tabulated.O 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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How P-CAD made the 
oqet more productive. 

The Poqet PC" is the complete 
MS®-DOS PC that's small enough to slip 
into your pocket. Yet it is powerful 
enough to run virtually any MS-DOS 
personal productivity software. 

The Poqet PC's small but complex 
board design made choosing the right 
PCB design software a very big decision. 
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P-CAD for DOS-based PC 's 

P-CAD makes a big thing out of 
productivity, service and support. 

P-CAD gave the Poqet PCB design 
team the robust functionality and 
reliability they needed to complete their 
designs and get their product to market 

faster. And Poqet chose P-CAD for 
another very big reason - unparalleled 
customer service and support. 

You see, P-CAD backs customers 
with technical representatives in 100 
nationwide locations. Service from 19 
regional training centers. A technical 
support center and hot-line, user 
groups, and a 24-hour bulletin board. 

Minimum design time for 
maximum profitability. 

Support like this explains why 
Poqet Computer joined more than 
18,000 installations already using 
P-CAD to minimize design time and 
maximize profitability. 

Whether you 're using a UNIX® 
workstation or a 386® or 486®-based 
PC, there 's a P-CAD system designed 
for your platform. Either way, you 're 
backed by our international network 
of P-CAD value added resellers-your 
assurance of the maintenance, 
upgrades, and support you need for 
maximum design productivity. 

P-CAD for UNIX workstations 

Pocket your free P-CAD demo. 
Just send us one of the attached 

postage-free reply cards, and we 'll send 
you a P-CAD demo absolutely free. 

Better yet, call us toll-free. When it 
comes to productivity, service and 
support, P-CAD has lots of big ideas to 
share with you. 

1-800-255-5710 
World Class PCB CAD Productivity 

PROOUCTS FROM CADAM , AN IBM COMPANY 

JB)J is a registered trademark and RISC S)stem/6o0o is a trademark of International Jlusiness ~ lachines Co~1. P-CAD is a registered trademark of CAD/\J\I INC. ~ J S is a registered trademark of MicroSoft Co~1 . Sun is a registered 
trademark and SPARCstation is a trademark of Sun Micros1stems. Inc. UNIX is a registered trademark of AT&T. 386 and 486 are registered trademark.I of Intel Co~i.P-CAD/CADA.11 . I 935 N. Buena l'ista St. , Burbank. CA 9 I 504. 

. ©1991 CADA.lll ~C. 
CIRCLE98 



A cycle by cycle simulation of switch-mode power supplies is recognized as a difficult simulation task for 
SPICE-based simulators, which must cope with timings that can span 4 orders of magnitude. This problem 
invariably results in very long simulation times, but is improved considerably by MicroSim's approach of 
building the controller macromodel chips so that a significant section is simulated in the digital domain. PSpice's 
behavioral modeling and mixed analog/digital simulation capability makes this possible. 
PSpice is available on the IBM-PC (running DOS or OS/2); Macintosh II; Sun 3, Sun 4, and SPARCstation; DECstation 
2100, 3100, and 5000; and the V AXNMS families. In addition to the PWM macromodels, the PSpice library contains 
over 3,500 analog and 1,500 digital parts which can be used in a variety of applications. Our technical staff has over 150 
years of combined experience in CAD/CAE, and our software is supported by the engineers who wrote it. 

For further information about the PSpice family of products, call us at (714) 770-3022, or toll free at (800) 245-3022. 
Find out for yourself why PSpice has become the standard for circuit simulation. 

20 Fairbanks• Irvine, CA 92718 USA• FAX (714) 455-0554 
PSpice is a "'8iSllOl'ed lnldemark of tdim>S1111 QirponllOll. AB Olher hr.ands and product .....,.. ..., tndearut.s or "'lisleml lllldemarb of their n:spe<llve holders. 
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MARKET FACTS 
T 

he market for multichip modules, once predicted to be 
worth billions of dollars by 1991, has fallen short of those 
forecasts. MCMs should generate about $207 million in 
sales this year, predicts Electronic Trend Publications, a 

Saratoga, Calif., market researcher. By 1995, the world market is ex­
pected to grow 34% a year, with annual sales of roughly $666 million. 

Lower than expected growth results from several factors. For one 
thing, high circuit densities cause heat and electrical problems, which 
lead to end user difficulties and wariness about the technology. For 
another, unpackaged die are difficult to test, and ac performance 
cannot be determined until after assembly. 

Steep prices, which range from $50 to $100 per square inch, also 
dampen sales. As production ramps up, prices should shrink to about 
$20 to $30 per square inch. 

MUL TICHIP MODULES: 
POISED TO TAKE OFF 
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Source: Electronic Trend Publications, Saratoga, Calif. 

HOT PC PRODUCTS 

m ore and more, long documents and those that mix text 
and illustration are going onto CD ROM disks. Now 
IEEE standards documents are on CD ROM. As a result, 
PC users with CD ROM disks can search for key words, 

organization names, and document numbers. Once retrieved, pages 
can be viewed singly or two at once, rotated, or zoomed to read small 
print and detailed diagrams. 

Service will be updated every 60 days. Standards documents cover 
computers and electronics, instruments, communications, applications, 
and power. Included is an index to U.S., non-U. S, and international 
standards. 

For prices and other information, contact Information Handling 
Services, 15 Inverness Way E, Englewood, CO 80150; (800) 241-7827; 
(303) 790-0600, ext 59. 

TIPS ON INVESTING 

S 
ince 1980, the average cost of buying a home has risen 
almost 50%. In that same time, the cost of tuition, room, 
and board for a year of college has doubled. But median 
family income has failed to keep pace with these rising 

costs, increasing by just 6.4% through the late '80s. 
Obviously, engineers with young families have a tougher time 

reaching fundamental financial goals than their parents did. And 
older engineers may find themselves helping out their children and 
grandchildren. A recent survey of homeowners aged 55 to 64 
showed that 44% would help their adult children purchase homes, 
even though only 13% received assistance from their own parents. 

You may give each of your children or grandchildren up to 
$10,000 ($20,000 if you are giving with your spouse) without paying 
a gift tax. (A gift of any.amount is tax-free as long as it is used di­
rectly for tuition or for medical expenses.) In fact, your generosity 
may even reduce your eventual federal estate taxes by removing 
assets from your estate. However, the recipients of your gifts may 
have to pay substantial taxes on the income your gift produces. The 
"kiddie tax" law requires that investment income of more than 
$1,000 earned by children under 14 will be taxed at their parents' 
rates. Children 14 and older are taxed at their own rates, which pre­
sumably are lower than their parents'. 

Perhaps the best way to shift assets to a child under 18 is to 
establish a custodial account, which are administered on the child's 
behalf by a custodian whom you designate. Custodial accounts may 
be established under either the Uniform Gifts to Minors Act 
(UGMA) or the more recent Uniform Transfer to Minors Act 
(UTMA). Available in 23 states, UGMAs may contain cash and 
securities and automatically come under the child's control when he 
or she turns 18. UTMAs are similar, except that they may also 
contain real estate, patents, royalties, and paintings. And the child 
doesn't gain control of the account until age 21 (25 in California). 
Currently, 27 states and the District of Columbia permit UTMAs. 

To minimize taxes and maximize returns, tailor accounts to a 
child's age. Growth mutual funds are valuable long-term invest­
ments giving benefits of professional money management and di­
versification. Qualified stock, carefully selected and monitored, 
may produce the best return over the long run. 

As your children or grandchildren approach the age of being 
able to use the money, you may want to shift funds from riskier 
growth-oriented investments to more secure fixed-income securi­
ties such as certificates of deposit (CDs). Zero-coupon Treasury 
bonds, which give an assured level of income and may be timed to 
mature when the child reaches a certain age, still have market risks 
and tax consequences. Zero coupon municipal bonds provide com­
petitive yields on a tax-free basis. 

Henry Wiesel is a financial consultant with Shearson Leh­
man Brothers, (800) 631-2221. 





Perfect Torque 
Under Pressure 

The Brains and Brawn for Precision DC Motor Control 

Precise coordination of posi­
tion, acceleration and power. 
That's what it takes to torque 
a discus. Or control precision 
DC motors. Motors that must 
start instantly, run up to 100,000 
RPM and stop at exactly the right posi­
tion every time. 

For brushless or brush-type DC motor 
control, Motorola has put a new spin on 
its line of ICePAK ™ TMOS Power 
MOSFETS and Linear motor control ICs. 
Giving you more efficient techniques for 
motor control -and perfect torque under 
pressure. 

MC33035 Motor Controller 
for Maximum Performance 

For maximum performance, the 
MC33035 delivers all the active functions 
needed for open-loop three or four phase 
motor control. 
• Inputs for speed control, forward/ 

reverse, run enable, dynamic braking 
• Rotor position decoder for commuta­

tion sequencing 
• Error amplifier and PWM comparator 

for speed control 
•Temperature compensated 6.25V 

reference 
•User-selectable 60/300 or 120/240 
sensor electrical phasing 

• Available 24-pin plastic DIP, - 40 to 
+ 85°C operating range 

MC33033 Motor Controller 
for Economy of Effort 

The low-cost MC33033 motor control­
ler offers the active functions needed for 
an open-loop three phase or four phase 
motor control system, either for brush 
type or brushless motor control. 

Brush DC motors can be controlled 
using the MC33033P and the MPM3002 
H-bridge for motor drive . 
• Rotor position decoder for commuta­

tion sequencing 

• Error amplifier and 
PWM comparator for 
speed control 

• Temperature compensated 
6.25V reference 

MC33039 Closed-Loop 
Motor Speed Control Adapter 

For closed-loop speed control in DC 
brushless motor control systems, the 
MC33039 provides motor speed control 
using Hall Effect sensor signals. It elimi­
nates costly magnetic or optical tachome­
ters for closed-loop applications and 
enhances low-speed operation by detect­
ing the transitions of all rotor position 
sensors. 

CONTROL Of THREE PHASE BRUSHLESS MOTOO WITH THREE ELEMENTS 

A CONTROL CENTER 
MC33035P 

A 3 PHASE POWER OOIVER 
MPM3003 

• Can be powered from 6.25V reference 
on MC33035 or MC33033 

• Constant speed operation down to 
lOORPM 

ICePAK™ TMOS Power Modules 
To drive brushless motors in three­

phase applications, Motorola's MPM3003 
"ICePAK" power modules can handle 
high surge currents at motor start up-to 
25A. The MPM3003 is a complete three­
phase bridge with three N-channel 
MOSFETS in the lower legs and 

P-channel MOSFETS in the three 
upper legs. This power module can be 
driven from a three-phase control inte­
grated circuit like the MC33035 with 
an electronic tachometer (MC33039) to 
close the loop with minimal cost. Power 
modules for brush-type designs are 
the MPM3002 and MPM3004, featur­
ing power MOSFETS in H-bridge 
configurations. 
• Rated at 60 Volts to lOOV, 8 to 10 Amps 
• P and N channel power MOSFET 

configuration for improved drive 
• Isolated Package (2k V isolation rating) 
•High power dissipation capability 
• Mechanically rugged space saving 

package 

The Team Approach To Outstanding 
Individual Effort 

Motorola's motor control team of 
ICePAK Power Modules and Linear con­
trol ICs will help you set new marks for 
design performance. You'll get that extra 
control edge you need for a winning 
product, without going around and 
around to reduce chip count and power 
requirements. 

Ready to give us a whirl? 
For motor control details, complete 

and send the coupon, or call any week­
day, 8:00 a .m . to 4:30 p.m ., MST 
1-800-441-2447. 

® MOTOROLA 

r-----------------------------------------------, 
To: Motorola Semiconductor Products Sector, P.O. Box 20912, Phoenix, AZ 85036. 
Please send me Motorola motor control design information. 

404ED061391 

Title _________________ ____ _ 

CompanY--------------- ------

Address---------------------
City ___________ State _ _ ZIP ______ _ 

Phone(---)------------ ------



OFFERS YOU 
C A N' T R E F U S E 

D 
ime to market is a hot topic these 
days. Along these lines, Logic 
Automation is offering a free 
time-to-market kit to design engi­

neers and managers. The kit has a slide rule 
to compute revenue lost by delay in putting a 
product on the market Also included is a 
booklet, "Electronic Design and Simulation: 
Cost, Quality, and Time to Market" To re­
quest a kit, contact the company at P. 0. 310, 
Beaverton, OR 97075; (503) 690-6920; fax (503) 
690-6906. 

CIRCLE 524 

ll 
19-page guide, "How the United 
States Can Compete in the World 
Marketplace," is free from the 
IEEE' s United States Activities 

unit The guide has sections on purchasing, 
investing in manufacturing processes, over­
coming provincialism, improving work force 
education, and changing government policy. 

Also free, a 13-page report, "Electrotech­
nology in the Federal FY 1992 Research and 
Development Budget," summarizes 1992 
R&D budgets for electrical and electronics 
technology. 

Copies can be obtained through IEEE­
USA, 1828 L Street, NW, Suite 1202, Washing­
ton, DC 20036-5104; (202) 785-0017. , 

CIRCLE 525 

ll 
demo disk for Spice Optimizer is 
free from US Logic. Spice Opti­
mizer gets the same results as 
simulating backward. The indus­

try-standard Spice analog simulator goes 
from an initial condition to an end result over 
time, in the transient mode. 

Optimizer also works with the transient 
and ac modes of Spice. A user edits a few 
simple lines in the Spice netlist and starts the 
optimizer. A setup screen displays relevant 
parameters and provides for possible correc­
tions. Then the loop process is started. Contact 
the company at 1741 Katella Ave., P. 0. Box 
5922, Orange, CA 92613-5922; (714) 744-1252. 

CIRCLE 526 

F 
inding a power supply could get 
easier with an on-disk catalog 
from Computer Products. The 
PowerPath disk catalog gives de-

tails on 400 ac/dc and de/ de power convert­
ers. Contact the company at 3797 Spinnaker 
Ct, P. 0. Box 5102, Fremont, CA 94537-5102; 
(415) 657-6700; fax (415) 683-6400. 
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QUICKLOOK 
DID YOU KNOW? 

... that the U. S. robotics industry set a record for new orders and shipments last year. Ship­
ments of $485 million were 9% more than during the previous best in 1984, which was also a 
boom period for robotics. Robotic Industries Association 

... that laser disk players are catching on. About 600,000 are in U. S. households. The number 
of player manufacturers has doubled since last year, to 17. And at least 30 companies make 
com bi players-machines that play laser and compact disks. Laser Disc Association 

... Perspecaves on Time-to-Market 
BY R ON K M ETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 446-4458; fax (408) 253-6085 

S 
ynthesis of thought and motion is usually not associated 
with the act of carrying an activity to completion. The 
game of soccer illustrates the point Rules are set; the game is well-defined. Be­
fore kick-off, agame plan has been put into place. With each tick of the clock, the 

game is played out to determine the eventual winner. Each player on the field works to 
synthesize the next offensive, or defensive, play opportunity. Within the game's limits, all 
participants strive to maximize their abilities. The players' minds are working; action stops 
only when time runs out Dynamic synthesis is carried out by all persons on the field. Key 
team members and the coaching staff provide leadership. 

Like the soccer example, executing a project plan is a dynamic process that often 
requires synthesis to take place in a short time relative to other time pressures felt during 
the definition and planning phases. Definition decisions tend to have the luxury of a 
reasonably slow moving clock. There is time pressure. But it can generally be measured in 
months (sometimes years) before a definition can be properly synthesized. Upon entering 
the planning phase, the process speeds up. Cross-functional plans can be synthesized in 
three to six weeks. During the execution phase, decisions need to be synthesized in days or 
hours. Time becomes very precious. The penalties for letting it slip by are severe. The 
transition into the executive plans must be managed to ensure that the new product­
development team has an effective start 

For process participants, a new perspective on the product-development effort must de­
velop rapidly. Attention shifts from thinking, exploration, and planning to a situation where 
the team members have to actually produce the abstractions within the product's definition. 
For some new product developers, this is a difficult period. Engineers and technologists 
sometimes want to continue refining the technology to create the product; marketing 
personnel start to have second thoughts about feature sets and performance numbers; and 
manufacturing may have doubts about how certain critical processes will perform. Also 
leadership and management styles must undergo a rapid revision. 

An informal and sometimes casual control system must be replaced by a system that runs 
more by numbers and data than by intuition. Too much is happening too quickly on a concur­
rent basis to comprehend the situation without process measurement and data analysis. 
Therefore, as team members are making the transition to the production of real output, they 
also become aware of the fact that what they do will be measured on a periodic basis. In ef­
fect, the entire team moves from preparing to be in the execution phase to actually being in 
the execution phase! The reference plan becomes the competition. If the team can perform to, 
or slightly ahead of, plan, a winning situation is in progress. When progress departs from 
the plan, participants must be prepared to make adjustments to recover and retake a lead 
position with respect to the reference plan. At no time does the process come to rest until end 
objectives have been achieved. 



Dynamic memories are 
working their way into 
most systems. To find 
out just how designers 
recommend, specify, 
and authorize pur­
chases of DRAMs, Pen­
ton Publishing Co.'s re­
search department sur­
veyed 2000 readers of 
Electronic Design. Re­
sponses of those in­
volved with DRAMs 
were then tabulated 
and analyzed. Readers, 
who also were asked 
about ASICs and other 
components, were cho­
sen at random from the 
magazine's U.S. circu­
lation. 

B E S T 
SELLERS 

Which technical books are the most 
popular in Silicon Valley? 

D C Language Algonihms for Digital 
Signal Processing by Paul Embree. 
Prentice-Hall, 1990. $50. 
fl RF Circuit Design by Christopher 
Bo wick. Macmillan, 1982. $24. 95. 
D Noise Reduction Techniques in 
Electronic Systems by Henry Ott. John 
Wiley & Sons, 1988. $47.95. 
0 Circuits, Interconnections, and 
Packaging/or VLSI by H.B. Bakoglu. 
Addison-Wesley, 1988. $47. 75. 
El Principles of Electronic Packaging by 
Donald Seraphim. McGraw-Hill, 1989. 
$56.95. 
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D Object-Oriented Design with 
Applications by Grady Booch. Addison­
Wesley, 1990, $38.50. 
fl C + + Primer by Stanley Lippman. 
Addison-Wesley, 1989. $30.50. 
D C Programming Language, second 
edition, by Brian Kernighan and Dennis 
Richie. Prentice-Hall, 1989. $32. 
D PostScript Language Reference, 
second edition, Adobe Systems, Addison­
Wesley, 1991. $28.95. 
El The Power of Penpoint by Robert Carr. 
Addison-Wesley, 1991. $22. 95. 

Compiled by Stacey's Bookstore, Palo Alto, 
Calif~ (415) 326-0681. 

QUICKLOOK 
MICROPROCESSOR SURVEY 

WHAT SIZE DRAM& ARE YOU SPECIFYING? 

THE PROFESSION 

Ill 
D 

Current 
project 

Next 
project 

m orth American business is slowly coming to realize that an educated workforce is 
its key competitive edge. Nowhere is this truer than in engineering, where technol­
ogy changes ever more rapidly. Nonetheless, several recent surveys show that only 
42°/o of engineers had been involved in any formal continuing education program in 

the last 6 months. 
Continuing education is an individual's responsibility, but the cost of continuing education 

is prohibitive for many engineers. Employers must encourage, support, and reward their 
employees' efforts in keeping up to date. They also cannot expect engineers to do it entirely on 
their own time. The amount of leisure time for the average American has shrunk 37% since 1973. 
During the same period, the average work week, including commuting, has jumped from less 
than 41 hours to nearly 47 hours. Employers can offer inducements like time off and promotions, 
but some employers have to resort to education as an enticement for recruiting new engineers. 

Employers should remember that expertise attracts more expertise. IBM's Corp.'s reputa­
tion for pure research, enhanced by Nobel prize winners on its staff, helps draw top-rank 
scientists-75% of those offered jobs accepted. To increase the benefits of education for engi­
neers, information has to flow freely inside and outside of corporations. IBM, for example, 
attributes the success of its research lab in Zurich, Switzerland, to the ethnic diversity and the 
multitude of disciplines there. The researcher pool is in constant flux with visiting scientists 
and summer students. 

For its part, Hewlett-Packard promotes communication between employees and eliminates 
status distinctions that might inhibit the flow of ideas. Researchers, for example, demonstrate 
their ideas to others in "town centers" to get comments and suggestions from coworkers. Both 
IBM and H · P encourage people of all disciplines, including secretaries, to propose ideas. 

The freewheeling, Western-style brainstorming sessions do not work everywhere, though. 
In Japan, for example, sessions are more structured (the Japanese learning style is heavily 
based on rote and memory and doesn't promote creative thinking). 

Companies reap benefits from investing in training. Motorola Inc. obtained rates of return of 
up to 30 times dollars invested and now invests 2.5% of its payroll in training. The company even 
trains its suppliers because ignorance is costly. Every worker at IBM spends at least 40 hours in 
the classroom each year while the U.S. average is 4.5 hours per year; Japan's average is 200 
hours a year. For the technical workforce, an employer's competitive edge depends on what in­
formation or knowledge its staff has access to. Because of increasing family commitments, 
training needs to be provided during working hours. Engineers can then expect to have a mix 
of work, teaching, and study as part of future job descriptions. 

by Alain Beaulieu, Ottawa, Ontario, Canada. He is a project engineer for Canada's 
Department of National Defence. 
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PEASE 
PORRIDGE 

WHAT' s ALL THIS 
COTTAGE-CHEESE STUFF, 
ANYHOW? 
0 

nee upon a time (to be spe­
cific, about 1950), there 
were no nuclear-powered 
submarines. So when the 

U.S. Navy decided that they wanted to 
plan for some nuclear submarines 
(that would be able to cruise for many 
weeks without coming into port for 
fuel or food), they began to do some 
very thoughtful planning. They took 
an old conventional submarine, sealed 
it up, immersed it, and berthed it at the 
end of a dock in New London, Con­
necticut. Then they set up some pre­
tend games that a nuclear submarine 
would have to play. 

A crew of a few dozen seasoned sub-

BOB PEASE 
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mariners were 
sent down, with a 
good supply of food 
and other stan­
dard supplies. 
Then after a few 
weeks, they asked 
the sailors, "What 
food would you like 
to have?" The 
sailors sent up a 
list that included 
such things as, 
"coffee ice-cream, 
carrots, and cot­
tage cheese." 
Within a week, the 
supply crew sent 
down coffee ice­
cream and carrots. 

The next week, 
the Navy planners 

sent down a questionnaire again: What 
would you like to eat? The question­
naires were filled in: fried chicken, 
Swiss steak, and cottage cheese. 
Shortly, the Navy fulfilled the sailors' 
requests for fried chicken and Swiss 
steak-but for some odd reason the 
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porter. The fact that cottage cheese 
was one of the few foods that the Navy 
discovered you could not store in a 
freezer was not obvious to the bright 
young reporter. So the artifact of the 
"craving" was not evident to him, and 
it took a long time before the hoax of 
the "craving for cottage cheese" was 
discovered. 

A while back, my boss called a meet­
ing about our new Capital Plan. We 
should bring a list of Important New 
Equipment that we will need to fulfill 
our projects. Now, you probably sus­
pect (correctly) that I am a klutz when 
it comes to neatly documented plans 
and paperwork. 

So when my boss asked me for a list 
of equipment we ought to buy, he was 
astonished when I handed him a neatly 
typed list of equipment, part numbers, 
quantity discounts, delivery dates, 
etc. I mean, the paperwork looked al­
most neat and coordinated, and my 
boss was struck by the amazing, un­
precedented degree of precision and 
professionalism. He asked, "Bob, why 
is this list so neat?" 

I replied, "It's the same as last year's 
list. It's all the equipment that we 
needed to buy last year-the equip­
ment that got disapproved at the last 
minute ... . " He replied "Oh." 

I explained that I only needed this 
equipment last year, so me and my 
guys could do our work more effi­
ciently. If I couldn't get it last year, 
well, it would still be helpful this year, 
or next year. 

I pointed out something I had read, 
that linear circuit engineers are the 
most persistent guys in the world. If 
they can't get the fanciest new com­
puter, or the fanciest software, or a 
good modern scope or DVM, or the 
highest resolution fab equipment, 
well, they can make do with what they 
have got. It may be a little inefficient, 
but they get things done, one way or 
another. This year, though, I got my 
Capital Equipment. 

There are a lot of times people ask 
for things and they don't get them. 
What do they do next? Sometimes they 
wait and see. Sometimes they scheme 
and plot on how to get it anyhow. Other 
people holler and scream and raise a 
ruckus, because to acquiesce to a r e-
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PEASE 
PORRIDGE 

fusal might be interpreted to mean 
that you really didn't need it very much 
after all. 

One time I needed some power sup­
plies, and even though these little sup­
plies werenotacapitalitem, I could not 
get authorization to release the funds 
in this half of the fiscal year. I got in a 
demo of this power supply, and it was 
a really nice machine, well designed 
and really well built. 

Just then I got a call from the dis­
tributor. Thedistributorwasgoingout 
ofbusiness (even though the manufac­
turer was not), and I could get as many 
as I wanted of these power supplies, at 
40% off, ifl ordered right away, before 
the distributor shut down. I knew I 
could not get authorization to buy 
these for many weeks. 

What to do? Aftersomesoul-search­
ing, I gave the guy my credit-card 
number and told him to send four to my 
house. They arrived soon, and I 
brought them in to the lab, where they 
have been very popular ever since. 

Half a year later, I asked my boss to 
approve a check to pay for all of those 
nice power supplies that we had been 
using for several months, since the sec­
ond half of the fiscal year had come 
around with a little more funds than 
the first half. He listened to my whole 
story. He was delighted that we had 
gotten such a good deal on the supplies, 
but then he chewed me out severely 
because it was going to be very com­
plicated to get a check approved for 
that long tangled chain of finance. So I 
promised I would never do that again. 
And I did eventually get a check for the 
$1400 I had spent. Well, I'll never do 
that again. I may do something else, 
but I'll never do that again. 

It's the same way at my house. If 
there is something that somebody 
has requested but has not been able 
to get, well, that's "Cottage Cheese." 
At least until we find a way to get 
what we need. 

All for now. I Comments invited! I 
RAP I Robert A. Pease I Engineer 

ADDRESS: 
Mail Stop C2500A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 
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We put SoftBench on Sun. 
So you can put your CASE 
on autopilot. 
SoftBench automates all those 
tedious, repetitive tasks in the 
software development process. 
This gives your developers 
more time to think and speeds 
up the project life cycle, while 
reducing errors 
and rework. 
And now it 
runs on 

Sun SPARC stations, as well as 
HP and Apollo workstations. 
A tool integration platform, 
with its own set of tools, Soft­
Bench provides distributed 
computing services, tool com­
munication, and a common user 
interface that's easy to learn 
and use. Add Encapsulator, and 
you can integrate your favorite 
CASE tools. Now and in the 
future. Without even having to 
change source code. 

CIRCLE 88 

SoftBench will make your soft­
ware development process far 
more efficient, cost-effective 
and accurate than ever before. 
It will protect your present and 
future hardware and software 
investments, too. 
Call 1-800-637-7740, Ext. 
2196 for complete product 
information. And get the best 
CASE environment under 
the Sun. 

F'//0- HEWLETT 
~~ PACKARD 

© 1991 Hewlett-Packard Company CSSEOOI 



PRODUCT INNOVATION 

DUAL SWITCHED DEVICE HAS Two IDENTICAL 
AND INDEPENDENT INTEGRATORS. EACH OP-AMP 

INTEGRATOR CONVERTS MINUTE CURRENTS 
TOVOLTAGES0VERA WIDEDYNAMICRANGE. 

INTEGRATOR IC CONVERTS 
PICOAMPERES TO VOLTS 

FRANK GOODENOUGH 

easuring small currents accurately, at any time, is a tricky 
business. This is especially the case if it must be done on-line 
outside of a laboratory, and the currents continuously 
range from picoamperes to microamperes. The convention­
al approach is to use a transimpedance amplifier (an op amp 
connected as a current-to-voltage converter). Such a circuit 

can be noisy. Moreover, it requires a large, precision, feedback resistor on the or­
der of 109 or 1010 n, an expensive coµlponent that's not readily available. 

To remedy the situation, Burr-Brown developed the ACF2101, an IC it calls a 
switched integrator (the chip actually holds two identical integrators). It might be 
considered a form of sample-and-hold amplifier. Basically, the current source is 
connected to the summing point of a very low bias-current op amp operating as an 
integrator. The chip's 100-pF oxide capacitor integrates the input current (see the 
figure). The output voltage is a function of the current, the capacitance, and the in­
tegration time, as defined by: 

V out = _ _ l_f IIN dt 
CINT 

The IC was developed for the front ends of CAT scanners that contain 500 to 1000 
X-ray detectors. The output of each detector is a photodiode-a current source. 
The variable density of the material penetrated by the X-rays can result in currents 
representing a million-to-one dynamic range, creating a huge challenge for instru­
ments making accurate current measurements. For example, the instrument must 
resolve currents of 10 pA out of a full-scale current of 10 µA. These currents must 
be converted into voltages that are multiplexed and fed to one or more, high-speed, 
high-resolution analog-to-digital converters (ADCs). 

Most applications for switched integrators are in process control and medical 
instrumentation. In both applications, they aid in the high-speed, on-line, and accu­
rate chemical analysis of liquid and gas fluids. A leading analysis technique con­
sists of shining a beam of light through a fluid and measuring the change in light 
intensity and/or color. Photodiodes (current sources) handle the light sensing in 
these instruments and systems. Flue gas is analyzed in this manner and, of course, 
photometers and spectrophotometers are a natural for photodiode sensors. 

In most single-measurement instruments, a reference channel is also employed. 
For example, a second light beam is passed through a reference fluid . The differ­
ence between the intensity of the reference beam (as sensed by a photodiode) and 
the measurement beam represents the desired information. Thus, even in a single-
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CURRENT ·MEASURING 
DUAL SWITCHED INTEGRATOR 

To additional AFC2101s 

= 

--z-

1 = 
Photodiode sensors 

I Current 

1/2 AFC2101 

AFC2101 

• • • 

Switched integrator 

Select 

1/2 AFC21 01 

,____.... 

ADC 

• • 

Sampling cin:uil 

I EACH HALF OF THE AFC2101 dual switched integrator converts currents, from a few picoamperes to tens of microamperes, to a 
voltage. This is done by integrating the current on the chip's 100-pF oxide capacitor. Logic inputs (not shown) control the on-chip hold, reset, 
and select analog switches. 

channel instrument, both halves of grator operates in three modes: inte­
the switched-integrator IC are re- grate, hold, and reset. During the in­
quired. tegrate mode, the hold switch is 

Because both integrators are on closed, the reset switch is open, and 
the same chip, most drift due to time the circuit is integrating a positive 
and temperature will occur in both current source so that the op amp's 
and appear as common-mode sig- output goes negative. When enough 
nals. They won't be seen in the differ- time passes for the largest expected 
ence. Other applications include elec- current to create an output of -10 V 
trometers, nuclear-particle detec- full scale, the circuit is put in the hold 
tors, and analog computers. mode by opening the hold switch, 

Most sample-and-hold amplifiers and the op amp's output remains con­
operate in just the hold and sample stant. 
modes. The ACF2101 switched inte- At this time, if the ACF2101 is con-
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nected to an ADC through the "se­
lect" switch or from the direct out­
put, the ADC can be given a convert 
command (see the figure, part a). If 
multiple ACF210ls are in use, as in a 
CAT scanner, the select switch has 
been open. Then, acting as a multi­
plexer, it's closed, connecting the 
output to a common bus running to 
an ADC. Once the select switch 
closes, analog-to-digital conversion 
can start. When conversion is com­
pleted, the control circuits open the 
select switch and close the reset 
NIED 



CURRENT ·MEASURING 
DUAL SWITCHED INTEGRATOR 

switch, discharging the capacitor 
and preparing the circuit for another 
integrate cycle. To instigate integra­
tion, the hold switch is closed and the 
reset switch is opened. 

Alternatively, a sampling circuit 
using a JFET-input op amp, such as 
the OPA2107, can be connected be­
tween the switched integrator and 
an ADC (see the figure, again). 
When the sampling circuit is added, 
the op amp in the AFC2101 charges 
the 10-nF sampling capacitor 
through the select switch. After the 
select switch is opened, the OPA2107 
holds the charge on the capacitor 
during conversion. Once the hold ca­
pacitor is charged, the AFC2101 can 
immediately be reset, and another in­
tegration cycle can be carried out 
while the ADC is converting the sam­
pling circuit's output. Maximum 
throughput rate is achieved using a 
slower ADC. This technique can be 
used in single-channel applications, 
in multichannel systems with an 
ADC per channel; or with a multi­
plexer at the output of the sampling 
circuit. 

Maximum full-scale current is 100 
µA. Higher currents can also be mea­
sured by adding external capaci­
tance in parallel with the on-chip ca­
pacitor. As noted earlier, dynamic 
range with a fixed integration time is 
120 dB. Changing the integration 
times raises it to about 180 dB. Maxi­
mum op-amp bias current at 25°C is 1 
pA, but it typically runs 1/ 10 that. 
However, like all FET op amps, it 
doubles for every 10°C increase in 
temperature. Nonlinearity error 
runs a maximum of +0.01% of full 
scale. 

Between 0.1and10 Hz, total noise 
at the output, in any mode, typically 
runs 2 µ V rms. In the hold and reset 
modes, wide-band noise (between 0.1 
Hz and 250 kHz) typically runs 10 µ V 
rms. In the same band, noise during 
integration is expressed by the fol­
lowing equation: 

noise= 10(1 + CIN/C1NT) µ V rms 

where CIN is the capacitance of the 
sensor connected to the AFC2101's 
input, and CiNT is the integrating ca­
pacitor's capacitance. The ratio of 
the two capacitances represents the 
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ac noise gain of the circuit, which is 
applied to the broadband, input-volt­
age noise of the op amp. 

The ACF2101 isn't made to break 
speed records. It takes time to inte­
grate small currents. Overall, the 10-
µs reset time-the time needed to 
discharge the integrating capacitor 
to within 0.01% of full-scale range­
limits throughput rate. The switches 
typically switch in 200 ns and slew 
rate is a minimum of 1 VI µs during 
integration. 

ONE-W AY OPERATION 
To get the performance levels de­

sired, Rod Burt, the chip's designer, 
had to compromise and settle for an 
integrator with unipolar operation. 
As a result, the switched integrator 
can only handle positive currents. 
Though at first it may seem to limit 
applications, it doesn't. A photodiode 
can usually be connected in either di­
rection. And if the photoresistive 
mode is used, the photodiode can be 
biased with a voltage of the required 
polarity. 

By limiting the chip's three JFET 
switches to standing off unipolar 
(rather than bipolar} voltages, Burt 
achieved off resistances of an incred­
ible 1000GD-that's1012 n. On-resis­
tance is typically 1500 n. 

Switch performance is also a func­
tion of Burr-Brown's proprietary DI­
FET process. It's a modified stan­
dard bipolar (non-complementary) 
process using dielectrically isolated 
(DI) wafers. It features JFETs with 
very low gate leakage currents (sub­
picoamperes) and very low noise. 
The JFETs are built in the wafer's 
oxide tubs along with vertical npn 
and lateral pnp transistors. The tubs 
virtually eliminate leakage to the 
substrate. 

Passive devices from the process 
include thin-film resistors and oxide 
capacitors. Burr-Brown's designers 
took advantage of these capacitors 
because they sport the low dielectric 
absorption mandatory to store 
charge accurately. Without that 
characteristic, off-chip capacitors 
would be needed. 

Burr-Brown developed the pro­
cess for its low-noise, low-bias-cur­
rent FET op amps now used as tran-
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simpedance amplifiers in CAT-scan­
ner front ends. The op amp in the 
switched integrator is similar to 
those op amps. Special versions of 
the DIFETs are used for the switch­
es in the ACF2101. 

Rod Burt has also carefully con­
trolled charge injection, the bane of 
most sampling amplifiers, to just one 
picocoulomb (pC} through careful 
layout and circuit design. Because 
the switches contribute equal and op­
posite charge for positive and nega­
tive transitions respectively, the to­
tal error due to charge transfer is de­
termined by the switching sequence. 
For each switch, a logic transition re­
sults in a specific charge and an asso­
ciated offset voltage. An opposite­
going logic transition results in a 
charge (and offset voltage) of oppo­
site polarity. Consequently, if the 
hold switch is turned on and off dur­
ing one integration cycle, the charge 
transfer at the end of the sequence­
and the offset voltage-is essential­
ly zero. 

The AFC2101 can operate from 
± 15-V power-supply rails. However, 
because the output never has to go 
positive, it meets all of its specifica­
tions running off +5- and-15-V pow­
er supplies, dropping power dissipa­
tion in half. Cutting power dissipa­
tion lowers the die's temperature 
and thus the op amp's bias current. 
Maximum quiescent current (in ei­
ther case) is 15 mA from the plus 
power-supply rail and 4 mA from the 
minus power-supply rail. Maximum 
output current is 5 mA.D 

PRICE AND A VAILABILTY 
The AFC2101 comes in 24-pin plastic 

D!Ps and wide-body SO/Cs. Both meet 
their specifications from -40 to +8SC and 
operate to 12SC. Jn quantities of 1000, they 
run $16 each. Small quantities are avail­
able from stock. A low-cost evaluation 
board with timing and sampling-output 
circuits is available. 

Burr-Brown Corp., P.O. Box 11400, Tuc­
son, AZ 85734; John Conlon, 1-(800) 548-
6132, or day and night via an electronic 
bulletin board at (602) 741-3978 (300112001 
2400 8,N,1). CIRCLE 514 
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PRODUCT INNOVATION 

LOW-VOLTAGE, MICROPOWER 
OP AMPS COME OF AGE 

THREE OP AMPS 
RuN0FF2-To 
2.5-V RAILS­

THEIR CURRENT 
DRAINS RANGE 

FROM l.2 µA 
To 700 µA; 

SLEW RATES 
RANGEFROM3 

To500V! MS. 

FRANK GOODENOUGH 

hen most major product innovations come on the 
scene, they're almost always described as bigger, 
faster, and more powerful. How about a new direc­
tion? Here are three op amps that offer less speed, 
lower power, and the ability to operate from lower­
voltage supply rails. The CMOS MAX406 from Maxim 

Integrated Products Inc. has a maximum quiescent current of just 1.2 µA. 
Advanced Linear Devices (ALD) Inc. offers the CMOS quad ALD4706 that 
needs just 50 µA per op amp. And from Signetics Corp. comes the NE5234, a 
bipolar quad that can slew at 0.5 VI µs, while needing a huge 700 µA of 
quiescent current per op amp. All three op amps work with potentials of less 
than 2 V between their plus and minus power-supply pins, making them ideal 
for use in a variety of low-power applications. 

The demand for battery-powered electronic equipment for industrial, med­
ical, laboratory, telecommunications, and consumer applications is explod­
ing. At the same time, high-performance digital circuits are moving to the 
long-talked-about 3.3-V CMOS and 2-V ECL power-supply rails. Today, bat­
tery-powered applications are crying for micropower linear devices that 
work off power-supply rails below 3 V. High-performance mixed-signal sys­
tems will soon be looking for them too. 

Each of the three op amps is unique and fi lls its own application niche. In 
each case, its designer made trade-offs in performance to achieve the right 
operating current and voltage specifications (see the table). In addition, each 
op amp has its own unique features that can't be compared by numbers alone. 
For exampl~, the Maxim MAX406 op amp won't oscillate, regardless of load 
capacitance. The ALD4706 op amp from ALD is a standard cell in an ASIC li­
brary. And the output signal from the Signetics NE5234 op amp doesn't 
invert when the common-mode voltage (CMV) exceeds the power-supply rail. 

Besides low-voltage operation, the three op amps have three other areas of 
commonality-all particularly valuable when powered by a low voltage. 
These are an input CMV range that can include the power-supply rails (or in 
the case of the NE5234 op amp exceed it); an output-voltage swing that can 
come very close to the power-supply rails at rated output current; and opera­
tion from a single power-supply line. A look at all three op amps also illus­
trates the dependence of speed, bandwidth, and output drive on quiescent 
current. By comparing the bandwidth ratios and the quiescent-current ratios 
of any pair of the three op amps, you'll find them amazingly similar. 

To BE OR NOT To BE 
No other true op amp approaches the MAX406 op-amp's minimum quies­

cent current of a mere 1.2 µA. Many op amps have bias currents greater than 
that. And with an open-loop gain of over 100 dB, it's a true op amp. Other­
wise, it's strictly a de device. 

According to Maxim's Greg Schaffer, the I C's designer, the MAX406 op­
amp's bandwidth is only 4 kHz. If more bandwidth is required and the op amp 
can operate at a noise gain of two or greater, pulling the MAX406's band-
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width pin high disconnects the com­
pensation function, which pushes 
the device's gain-bandwidth product 
to 20 kHz. That's small signal band­
width. Full-power bandwidth, how­
ever, which is based on slew rate, cal­
culates out to about 250 Hz. 

The op amp's gain is specified with 
a 1-Mn load, but 1-Mn loads are few 
and far between (see the table, 
again). However, the op amp's out­
put is a transconductance (Gm) stage 
(patent applied for), which drives 
current into the load. Gain is thus di­
rectly proportional to the load; while 
driving 10 kn, the op amp still has 60 
dB left. Of course, if you use the 
MAX406 op amp to save battery pow­
er, a 1-V output across even a 100-kn 
load takes 10 times the op amp's cur­
rent, so power savings from the low 
quiescent current are negligible. 
Some applications have high-resis­
tance loads as the norm, such as the 
input to a CMOS ADC or a power 
MOSFET. Particularly important 
are applications that also take advan­
tage of the op amp's very low bias 
current, typically less than 100 fA, 
and its ability to drive highly capaci­
t ive loads without oscillating. 

The MAX406 op amp lends itself 
well for application in low-cost, por­
table pH meters. A pH-meter's probe 
looks like a 1012-n 1400-m V voltage 
source. The probe wants to see a 
very high resistance. In typical appli­
cations, however, it often must drive 
a 3-1/ 2-digit integrating-type ADC 
load at the end of several feet of low­
loss Teflon cable costing several dol­
lars a foot. A MAX406 op amp con­
nected as a follower circuit can be in­
serted in the probe with one 3-V lithi­
um battery used for power, and the 
Teflon cable can be replaced with 
less-expensive coaxial cable. 

The op amp can also be operated as 
a comparator circuit with its output 
normally at zero. When the output 
signal goes high, the op amp can 
source 100 µA of current to turn on a 
logic-level power FET and switch 
tens of amperes of current while run­
ning from a 5-V power-supply rail. 

At just 500 µ V, the MAX406 op 
amp also offers the lowest offset 
voltage of the three op amps at a 
temperature of 25°C and over tem-
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MICRO POWER 
OP AMP TRIO 

perature, and provides a pair of off­
set-nulling terminals as well. The 
other two op amps-the ALD4706 
and the Signetics NE5234, being 
quads in the standard pinout, will re­
quire external circuits for offset ad­
justment. The two CMOS op amps 
(not usually famous for precision un­
less chopper stabilized) come in 
ahead of the bipolar device on offset­
voltage and offset-drift specifica­
tions. 

The ALD4706 op amp represents a 
good co mpromise between band­
width (200 kHz) and quiescent cur­
rent (50 µ A per amplifier), while still 
offering the low bias current of a 
CMOS device. It too makes a good 
electrometer or transimpedance am­
plifier. In addition, unl ike the 
MAX406 op amp, it provides typical 
specifications with ± 1-V power-sup­
ply rails for open-loop gain, band­
width, and slew rate. While open­
loop gain drops in half with a 2-V sup­
ply voltage, slew rate and bandwidth 
remain unchanged. 

Because the ALD4706 op amp can 
handle 12 V between its power-sup­
ply pins (the highest of the trio), and 
the output can source 200 µA while 
swinging to within 250 m V of both 
power-supply rails, it can put +5 V 

across 25 kn. Running from a single 
12-V power-supply rail, it can put 10 
V across 50 kn. Alternatively, it can 
put +2 V across 10 kn. 

The device employs several non­
conventional architectural twists, 
each of which provides operational 
features. The input stage uses both 
p- and n-channel FETs, essentially in 
parallel. As a result, the CMV can in­
clude both power-supply rails. It 
uses a three-stage amplifier to get 
the high gain. But its internal com­
pensation circuit still provides a 
clean, single-pole roll-off with 70° of 
phase margin, and it can drive a 50-
pF load without oscillation. It should 
make a good active filter except that 
noise isn't specified. The op amp is 
also a cell in ALD's analog CMOS 
standard-cell library, which includes 
other various op amps as well as 
comparators, timers, and other cir­
cuits-any or all of which can be put 
on an ASIC. 

If cost is an issue, and/ or you truly 
need speed or bandwidth at mini­
mum power and noise, the NE5234 is 
the way to go. Not only does it have 2-
MHz small-signal bandwidth, but its 
0.5-V I µs slew rate translates into a 
full-power bandwidth of 35 kHz. A 
typical, total harmonic distortion of 

MICROPOWER OP-AMP COMPARISON TABU 
Specification MAX406A ALD4706A NE5234 

Op amps/chip 4 

Quiescent current per op amp (µA) 1.2 50 700 

Operating-voltage range (V) 2-10 2-12 2-5.5 

Open-loop gain (dB) 106 80 90 
(load) (1 M!l) (1 00 k!l) (I k!l) 

Gain-bandwith product (kHz) 
Gain = + 1 4 (compensated) 200 2000 
Gain = +2 20 (uncompensated) 

Slew rate (V/µs) 
Gain = + 1 0.003 (compensated) 0.170 0.500 
Gain = + 2 0.012 (uncompensated) na na 

Bias current (pA) 10 ( < 0.1t) 20 (0.1t) 70,000 

Offset voltage (mV) 0.5 2 4 (0.2 t) 

Offset voltage over temperature (mV) 0.95 2.8 5 

Output-voltage swing (V) ± 2.45 2.25 ± 2.25 
(load) (1000 fl) (100 fl ) (600 !l) 

Input common-mode voltage range (V) -2.5to + 1.4 -2.5 to + 2.5 -2.75to + 2.75 

Packages 8-pin DIP 14-pin DIP 14-pin DIP 
8-pin SOIC 24-pin SOIC 14-pin SOIC 

Price in 1 OOOs $4.25 $4.55 $1.45 

Process Silicon-gate CMOS Silicon-gate CMOS Oxide-isolated bipolar 

(All specifications are maximums or minimums unless noted as t for typical. Specifications are for premium-grade com­
mercial units operating at ± 2.5 V and 25'C. na = not applicable) . 
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~National 
~Semiconductor 

With our new 
FASTr and BCT logic, high speed and 

low power go hand in hand 
Get the best of both worlds. 

When specifying logic, you 're 
often faced with a high-perform­
ance compromise. On the one 
hand you want high speed, 
while on the other hand you 
want low power. In a best-case 
scenario, you 'd have both. 

Specify our new FASTr '" and 
BCT logic and that's what you 'll 
get. Without the compromise. 
Now you can realize the full 
potential of a bipolar/Bi CMOS 
combination that delivers high 
speed and low power to an 
almost endless array of bus 
interface applications. 

FASTr is the world's 
fastest ITL logic. 

If raw speed is your primary 
concern, take advantage of 
FASTr, which checks in at 3.9ns 
max. Also take advantage of its 
64mA drive and low-noise, 
bipolar circuitry 

EXTENDED AC ELECTRICAL CHARACTERISTICS 
TA, Vee = Comm 

Device Symbol c, = 50pf 

BCT balances speed 
and power. 

Combining bipolar and 
CMOS, BCT provides the ideal 
process mix that's a perfect match 
for low-power applications 
requiring high speed. Which 
means lOmA lccz and 5.Sns. 

System specs. 

1 output 8 out~uts 
c, = 250pf 

Guaranteed AC specs 
and enhanced reliability en­
able you to maximize your 
system's potential. And 
further illustrate why FASTr 
and BCT are the logic of 
choice-hands down. 

switching swltc Ing 

Min Max Min Max 

IPLH 1.0 3.9 1.0 4.8 
74FR244 

IPHL 1.0 3.9 1.0 4.8 

IPLH 0.5 5.6 3.0 7.0 
74BCT240 

IPHL 0.4 4.0 1.5 6.5 

FASTr ,,. is a trademark of National Semiconductor Corporation 
© 1991 National Sern iconcluaor Corporation 

Min Max 

2.3 7.0 

2.3 7.0 

3.0 7.7 

1.5 5.0 

GUARANTEED AC SPECS 
(TA,Vcc = Comm) 
• 250pF prop delays 
• Multiple output switching 
• Pin-to-pin delay skew 

E HANCED RELIABILilY 
• Non-destructive hot insertion 
• 4,000V ESD protection 
• Latch-up protection 
• < 1 V bounce 

Get your hands on 
some samples. 

Write or call us today 
1-800-NAT-SEMI,Ext. 129. 

And start drawing your own 
conclusions. 

~National 
~Semiconductor 

NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056-764:3 ('lei: I 800 628 7364, ext.129; Fax: I 800 888 5113); EUROPE: RaiffeisenstralSe 10, 0-8016 Feldkirchen, Germany 
(Tel : 49 814 1 103 O; Fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd. ,Tsimshatsui , Hong Kong (Tel: 852 737 1600: Fax : 852 736 9921); 

JAPAN: 4-15, Nishi-shinjuku, Shinjuku-ku ,Tokyo,Japan 160 (Tel: 81332997030; Fax: 81333"4 4303). 



ful.blowl'J allnulald 18 an 8lden8lon of 
the DEMO. You can load up to 84K of 
code and use 64K of XOATA space. You 
can program an "external environment" 
to interact with your code to simulate your 
target system. The emulator is the hard­
ware extension of the simulator! 

The 30MHz real-time emulator has been 
the industry standard for years. With its 
complex breakpoint logic and advanced 
trace, nobody can beat it for performance. 
Plug-in or RS-232 configuration . All 8051 
derivatives are supported! 

no Hau 
CORPORATION 

Call Nohau's 24-hour 
information center to 
receive info on your 
FAX 408-378-2912 

51 E. Campbell Avenue, Campbell, CA 95008 
(408) 866-1820 FAX (408) 378-7869 

Australia (02) 654 1873, Austria (0222) 38 76 38, Benelux +31 1858-16133, Canada (514) 689-5889, 
Czechoslovakia 0202-2683, Denmark (42) 65 81 11 , Finland 90-452 1255, France (01)-69 41 28 01, Germany 
08131·25083, Great Britain 0962-73 31 40, Hungary (1) 117 6576, Israel (03) 48 48 32, Italy (011) 771 00 10, 
Korea (02) 784 784 1, New Zealand (09) 392-464, Portugal 01-80 9518, Sweden, Norway 02 649050, 
Singapore (065) 284-6077, Spain (93) 217 2340, Switzerland (01) 740 41 05. Taiwan (02) 7640215. Thailand 
(02) 281-9596, Yugoslavia 061-57 19 49. 
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MICRO POWER 
OP AMP TRIO 

0.1% is specified for a 1-V pk-pk, 10-
kHz sine wave driving 10 kn. Thus, it 
handles audio signals nicely and 
could drive a small speaker. In fact, 
its output can source and sink at 
least 10 mA. All basic specifications 
hold for supply voltages from 2 to 5 
V. Typical settling time to 1% is spec­
ified as 1.4 µs. Input voltage noise at 
1 kHz typically runs 25 n V /VHZ, 
about 1/6 that of the MAX406. 

While the NE5234's bias current 
may be excessive at 70 nA and 25°C 
relative to that of FETs, at 85°C it's 
still only 100 nA. If bias-current com­
pensation circuitry is used, the in­
creased error over temperature is 
very small. At a temperature of 85°C, 
bias current for the MAX406 op amp 
increases by a factor of 64 to 640 pA. 
At a temperature of 125°C, bias cur­
rent is about 10 nA, a 1000-fold in­
crease. 

The NE5234's input circuit is simi­
lar to that of the ALD4706, except 
that pnp and npn bipolar-junction 
transistors replace the MOSFETs. 
The CMV can enclose the supply 
rails, and can also exceed both by 250 
m V. In addition, unlike the 324 and 
many other IC op amps, the polarity I 
phase of the NE5234's output does 
not reverse/invert when the CMV 
exceeds the supply rails.D 

PRICE AND A VAILABILTY 
The MAX406 comes in two performance 
grades, each available for the commercial, 
extended-industrial, and military tem­
perature ranges. The ALD4706 comes in 
three performance grades, each available 
for commercial and military-tempera­
ture ranges. The NE5234 comes in one per­
formance grade that's available for com­
mercial and extended-industrial temper­
ature ranges. All are available from stock. 
See the table for 1000-piece pricing of pre­
mium-grade, commercial-temperature­
range models in plastic DIPs. 

Maxim Integrated Products Inc., 120 
San Gabriel Dr., Sunnyvale, CA 94086; 
Steve Pratt, (408) 737-7600. CIRCLE 511 

Advanced Linear Devices Inc., 1180F 
Miraloma Way, Sunnyvale, CA 94086-
4606; Bob Chao, (408) 720-8737. CIRCLE 512 

Signetics Corp., 811 E. Arques Ave., 
Sunnyvale, CA 94088-3409; John Lavery, 
(408) 991-4566. CIRCLE 513 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
544 
545 
546 
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NEW PRODUCTS 
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MICROCONTROLLERS DELIVER HIGH-END 
FEATURES WITH 8-BIT PRICES D AVE BURSKY 

With over half-a-dozen 
models in its latest re­
lease of microcon­
trollers-the H8 /300 

family-Hitachi has unveiled pro­
cessors that can handle most real­
time control needs. The H8/300 se­
ries includes several general-pur­
pose and a few application-targeted 
controllers. For general-purpose 
needs, the H8/330 can tackle high­
end applications, while the H8/320 
series aims at slightly less-demand­
ing applications. 

Four members in the 320 series­
the 322, 323, 324, and 325-differ 
only in the amount of on-chip nonvol­
atile memory (8, 16, 24, and 32 
kbytes, respectively, of ROM or 
EPROM). For servo-control applica­
tions, the H8/350 packs resources 
for head-positioning control in disk 
drives, and other applications requir- ing the ADC, some I/O lines, and 
ing precision measurement and con- adding a second serial port and a 
trol. The H8/310, with 8 kbytes of choice of 20 interrupt sources turns 
electrically erasable memory, takes the 330 series of microcontrollers 
aim at smart-card applications. into the 320 series. The 320 series of 

All processors in the H8/300 fam- microcontrollers can find a variety of 
ily are based on an 8/16-bit core with homes in real-time control, office 
a configurable register file that can automation, and mobile-communica­
be set as 16 8-bit words. All registers tions hardware. 
can also be treated as accumulators, For servo applications, the H8/350 
making it easier for the core to exe- adds more memory, more ADCs and 
cut~ compiled C code. There are 54 DACs, and a waveform generator to 
basic instructions in the core, and control general-purpose I/O pins. As 
with a 10-MHz clock signal, the in- much as 32 kbytes of program or 
structions take either 200 or 400 ns to data can be stored in the on-chip UV 
execute. EPROM. 

The high-end 330 comes with 16 Additional resources include 512 
kbytes of one-time programmable bytes of RAM, nine timers, a timer 
EPROM, 512 bytes of RAM, 15 bytes network, a pulse-width modulated 
of dual-port RAM, an on-chip 8-chan- DAC, a two-channel serial communi­
nel ADC with a sample-and-hold am- cation interface, a 16-channel ADC, 
plifier, and a RISC-like 8-bit CPU and a large number of I/O lines (16 
core that handles 8- and 16-bit opera- output only, 16 input only, and 50 bi­
tions. The chip also has abundant I / directional lines). 
0 resources-five timers, a full-du- The timer network, when em­
plex serial interface, and nine I / O ployed with the nine timers, allows 
ports (57 I/O lines plus 9 that are in- software-programmable configura­
put only). tions, eliminating the need for exter-

A masked-ROM version of the nal hardwiring typically employed 
HD6473308CP6, the HD6433308CP6 for the timers. A masked-ROM ver­
microcontroller, is also available for sion of the H8/300 microcontroller is 
high-volume requirements. Remov- also available. 

ELECTRONIC DESIG 
JUNE 13, 1991 

With the largest 
on-chip EEPROM of 
any commercial mi­
croco n tro ller, the 
H8/310 should hold 
much interest to de­
signers working in 
security - sensitive 
applications, from 
data security to in­
ventory control and 
management. A 
Write / Erase Inhibit 
function prevents ac­
cidental EEPROM 
erasures. The pro­
cessor also includes 
10 kbytes of ROM, 
256 bytes of RAM, 
and a 1-bit I/O pad. 
The 1-bit I/ 0 line al­
lows fast data trans­

mission and can be a key element for 
contactless communications. Be­
cause the chip is aimed at smart-card 
applications, it will initially be of­
fered as a bare chip. 

Prices for the chips range from 
less than $10 each in large quantities 
for the H8/310 and less than $9 each 
for the 8-kbyte ROM-based H8/322, 
and increase to less than $15 each for 
the H8/350 and some of the larger 
ROM versions of the 320 series. One­
time programmable versions of the 
330 sell for $17.45 each in 100-unit 
lots, while the OTP version of the 
H8/350 will sell for $25 each in simi­
lar quantities. The 320-series micro­
controllers come in 64-lead plastic 
shrink DIPs and plastic quad-sided 
flat packages. The 350 comes in 80-
lead QFPs, or 84-lead PLCCs and 
LCCs. The H8/ 330 sells for $17.45 
each in 100-unit lots, and is available 
in an 80-lead QPFP, an 84-contact 
leaded chip carrier, and an 84-lead 
PLCC. Delivery of samples for most 
of the controllers is from stock. 

Hitachi America Ltd., Semicon­
ductor and IC Div., 2000 Sierra 
Point Pkwy., Brisbane, CA 94005-
1819; John Hull, (415) 589-8300 
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FLASH-MEMORY DEVICES OPERATE AT 90 NS 

0 ffering access times of 90 ns, 
the Am28F512 and Am28F256 
fl a sh-memory devices from 

Advanced Micro Devices hold 512 and 
256 kbits of data, respectively. The de-

vices' die sizes were reduced substan­
t ia lly using the company's 1.0-µm 
CMOS process. They're housed in 32-
pin D lPs and PLCCs that allow users to 
easily upgrade to higher densities. 

The chips support the de facto AMD I 

Anatom31 Of A Transit And Operating Case. 

WE'VE COME UP WITH SEVERAL 
NEW ANGLES ON SHOCK MITIGATION. 
Tbe 6067-T5 welded 
a lu m inum rack/i'ame 
p rovides rugged 
d urabilit v and 
sig n!/lca;11 weight 
reduction . 

A ll Rack-Packs are 
ultra-durable, 
extreme(y j lexible 
t:xt ra Higb Molecula r 
\Veigbt Po(i•etby lene. 
The swjf resist a 111 
sbells a re desig11ed to 
provide years qf 
solid service. 

Rack-Pack cases meet 
or exceed tbe tougbest 
Mil Specs, including: 
A TA300-CA T 1 
MIL-C-4150 
J\ l!L-T-21200 

Concertina-like ribbing 
i11 !be outer shell 

absorbs impact energy. 

/11/erlocki11g ribs aid in 
sbock protection and 

allow Rack-Packs to be 
secure(y ''ganged" into 
modular worksta /io11s. 

New Quadra-F/exrM 
elastometric sbock 

111ou111s, installed on 
an oblique in eacb 

corne1; absorb all 
uibratio11s lransmilted 

lo !be inlerior 
regardless a/ the 

direction qf impact. 

Rack-Packs are 
auailable ill standard 

79" rack widtb witb 
~ EIA- RETJ\JA bole 

pattern . Rack beigbts 
auailable range f rom 

5.37" to JG.875". 

Rack-Pack covers a re remouablejivnt and rear 
so equ ipment cm1 be p re-wired. Set-up i11 thejield 

becomes a matter q/ m i1111tes, 1101 bours. 

O ur new Q uadra-Flex™ shock mounting system is the 
absolute latest in shock mitigation technology. By taking on 
incoming impact vibrations from any and all directions, the shock 
transfered to your sensitive equipment is reduced to virtua lly nil. 

Combine th is exciting new angle with a ll of Rack-Pack's 
standard features and you have, w ithout a doubt, the world 's most 
sophisticated transit and operating case. And, as Rack-Pack 
continues to win b id after b id , the most cost effective as well. 

Give us a call today. Find o ut how our new Rack-Pack with 
Quadra-Flex shock mo unting system is cornering the market. 

-,r THERMOOYNE 
I :.na.NATIONAL Lm 

20850 S. A lameda Street, Long Beach, CA 90810 
(213) 603-1976 FAX (213) 603-1929 

CIRCLE 107 

Intel standard for 12-V flash memories. 
The 512-kbit part is organized as 64 
kbits by 8 bits, while the 256-kbit part is 
organized as 32 kbits by 8 bits. 

AMD also offers a 90-ns, 2-Mbit flash 
device with automatic program and 
erase capabilities. The Am28F020 sup­
ports the company's embedded-erase 
and -program algorithms. The auto­
matic erase function preprograms, 
erases, and verifies the device. The part 
then indicates to the system when it's 
ready for reprogramming. The auto­
matic-program function indicates to 
the system on a byte-by-byte basis 
when the device is ready for the next 
byte of data. 

The Am28F020 is backward-compati­
ble with existing manual algorithms 
for 256-kbit, 512-kbit, and 1-Mbit flash 
memories. Hence, the 2-Mbit part can 
lower the chip count in existing 12-V 
flash designs. It's organized as 256 
kbits by 8 bits. 

All three parts are available now. 
The Am28F256 starts at $8.85, the 
Am28F512 at $10 .80, and the 
Am28F020 at $44, all in lOOs. 

Advanced Micro Devices Inc., 901 
Thom pson Pl. , P. 0. Box 3453, Sun­
n yvale, CA 94088; (408) 732-
2400. l&i;@l#ull 
• RICHARD NASS 

WIDE-WORD EPROM 
TARGETS LAPTOP BIOS 
The AT32C16 512-kbit UV EPROM is 
one of the first sub-megabit EPROMs 
with a 16-bit-wide data output. By of­
fering a 150-ns device with a 32-kword­
by-16-bit configuration, Atmel is trying 
to replace the dual BIOS EPROMs typi-
cally used in most 16-bit 80286- and 
80386SX-based PCs with one chip (or 
with two chips, the multiple EPROMs 
typically used in 32-bit systems). The 
chip, running at 5 MHz, consumes 30 
mA maximum when powered by 5 V. 
On standby, it draws just 0.1 mA maxi-
mum. Programmable .at 0.1 ms / word, 
the entire chip need only sit in the pro­
grammer for less than 4 seconds to be 
completely configured. Commercial­
and industrial-temperature-range ver­
sions of the one-time programmable 
chip will be offered. Options include a 
40-lead plastic DIP or a 44-contact plas­
tic leaded chip carrier. In lots of 10,000, 
the commercial-grade PLCC version 
sells for $4 apiece. Delivery is from 
stock. 

Atmel Corp., 2125 O'Nel Dr., San Jose, 
CA 95131,· Steve Sharp, (408) 441-
0311. 111/Ml#fttl 
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NEW PRODUCTS 

FREQUENCY SYNTHESIZER 
DELIVERS 50 TO 600 MHZ 

W ith a simple 10-to-20-MHz 
input crystal, the PCK 604 
frequency synthesizer de­

livers a 50-to-600-MHz output frequen­
cy, phase locked to the input crystal. 
The chip solves tough clock-distribu­
tion issues in systems that require 
very-high-frequency timing signals. 
The on-chip phase-locked loop keeps 
noise jitter under 5% of the output fre­
quency, or 0.25 ns worst case, whichev­
er is greater. The company expects jit­
ter to be much lower and plans to tight­
en the specification in the near future. 

Two input-control signals determine 
one of four preset frequencies between 
40 and 600 MHz. Only a few external 
components are needed for operation­
a crystal, a resistor, and a capacitor. 
The first release of the PCK 604 will 
have preset frequency output values of 
50, 100, 200, and 400 MHz with a 12.5-
MHz input crystal. With an 18.75-MHz 
crys ta l, the output frequencies in­
crease to 75, 150, 300, and 600 MHz. A 
capacitor can be substituted and con­
nected across the crystal inputs. Out­
put duty cycle is 50%, +5%. Fabricated 
in gallium arsenide, the chip runs from 

VGA CONTROLLER 
SIMPLIFIES LAPTOPS 

B ycombining high integration to 
trim parts count and low-power 
CMOS to reduce standby pow­

er drain, the SPC8100 enables a com­
plete VGA display subsystem to be im­
plemented with just five components­
the controller, two 64 kword-by-16-bit 
DRAMs, and two clock oscillators. The 
special CMOS process employed by S­
MOS Systems allows four levels of 
power-down modes so that intelligent 
power-management features can be 
employed by the system. 

The lowest of the power-down modes 
trips the power to just 1% of the chip's 
active power drain-about 1 W. The 
less-frugal modes leave different por­
tions of the chip active. The system can 
thus return to the active mode faster. 
The three other modes drop the power 
to 2, 5, or 17% of the active level. All 
modes can be selected through a "hot" 
key setting or by software. 

Along with the digital logic that per-
E L E 

a 5-V TTL supply, or-5.2 V, or +2-and-
3.2-V ECL supplies. It provides ECL 
lOOK-compatible outputs. 

The synthesizer consumes 200 mW 
and is available as a 14-pin DIP, a small­
outline surface-mountable package, or 
as a bare chip. Outputs can also be 
three-stated, permitting users to stop 
the clock. In lots of 10,000, the bare chip 
sells for $16.59; the SO-package version 
costs less than $19. Bare chips are avail­
able immediately, with plastic-housed 
versions due in 6 to 8 weeks. 

OnChip Systems Inc., 1190 Cole­
man Ave., San Jose, CA 95110-1105; 
Doug Curtis, (408) 988-5400. 
liti@l#Jtfil 

• DAVEBURSKY 

forms the VGA control, the chip also 
contains the triple 6-bit digital-to-ana­
log converters to drive the video dis­
play and the 256-word-by-18-bit color 
lookup table. The chip has interface 
logic that ties the controller into flat­
panel displays with 640-by-480- or 720-
by-480-pixel resolution with up to 16 
levels of gray. It also contains PS/2 an­
alog monitors, and multifrequency an­
alog color or monochrome monitors. 
The SPC8100 provides EGA, VGA, and 
extended-resolution 800-by-600-pixel 
by 16-color display modes. 

A 16-bit bus interface ties the chip 
into the local screen memory (up to 256 
kbytes). And a selectable 8- or 16-bit in­
terface ties the chip into the host PC. A 
single 144-lead plastic quad-sided flat 
package holds the chip. In 1000-unit 
lots, the chip sells for $60 each. 

S-MOS Systems Inc., 2460 N First 
St. , San Jose, CA 95131; Robert 
Wong, (408) 922-0200. litO&l#@I 

• DAVEBURSKY 
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LOW-VOLTAGE EPROMS 
SOLVE PORTABLE NEEDS 
One of the first families of UV 
EPROMs to be characterized for 3-to-
5.5-V operation, the AT27LV256R, 
512R, and OlOR gives designers from 
256 kbits to 1 Mbit of storage with a 
read access time of 300 ns when 
powered at 3 V. The low-voltage mode 
also keeps power consumption down: 
At 3.3 MHz and 3.3 V, the chips have 
active and standby power of just 26 and 
0.33 mW, respectively. At 5.5 V, power 
consumption is llO mW for any of the 
three chips when they're accessed at 5 
MHz. Organized as 32-kwords-by-8-
bits, 64-kwords-by-8-bits, and 128-
kwords-by-8-bits, the EPROMs have 
CMOS- and TTL-compatible inputs and 
outputs and an integrated product­
identification code for use by intelli­
gent PROM programmers. Just 0.1 
ms / byte is needed for programming­
about 3.3, 6.5, or 1.3 seconds, respec­
tively, for each chip. The chips come in 
various package options-one-time­
programmable plastic DIPs, small-out­
line, or J-leaded chip carriers, repro­
grammable windowed ceramic DIPs, 
or leadless chip carriers. 

Atmel Corp., 2125 O'Nel Dr., San Jose, 
CA 95131; Steve Sharp, (408) 441-
031 I. ta/;&l#/tbi 

TV DISPLAY CONTROLLER 
HANDLES DIVERSE TASKS 
Approaching a universal solution to 
control TV and video subsystems, the 
83C053/87C054 MTV chip offers a full­
featured text display. Based on an ex­
tended 80C51 8-bit processor core, the 
MTV controller contains an on-screen 
display module, display RAM and a 
character ROM, PWM outputs (eight 6 
bit and one 14 bit), and a software-driv­
en three-channel ADC. The chip can 
produce attractive, programmable, on­
screen displays of characters and icons. 
This includes a 128-character free-for­
mat display with eight shadow modes; 
choice of character colors on a charac­
ter-by-character basis; choice of back­
ground color or video; double-height, 
double-sized, and condensed charac­
ters; and underlining. The 83C053 has 8 
kbytes of ROM; the 87C054 has 16 
kbytes of one-time programmable 
EPROM. In 10,000-unit lots, the C053 
sells for $6.25 each. The C054 goes for 
$17.00 each. Both come in 42-lead re­
duced-size plastic DIPs. 

Philips Components, Signetics Co., 811 
E. Arques Ave., P.O. Box 3409, Sunny­
vale, CA 94088-3409; Mike Thompson, 
(408J 991.5207. litO&l#!it1 
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Control any 
IEEE-488 (HP-18, GP-18) 
device with our cards, cables, / 
and software for the PC/AT/386, 
EISA, MicroChannel, and Nu8us. 

NEW PRODUCTS 
li1lil1i'Mill 

sors. The tool then produces separate C 
programs for each processor. Both 
products will ship by the end of the 
year. DSP ProCoder and MultiProx 
cost $15,000 and $10,000, respectively. 

Comdisco Systems Inc., 919 E. Hills­
dale Blvd., Fos ter City, CA 94404; 
(415)574-5800. lill;@l#{l/;1 

UPDATED DATABASE RUNS 
ON MORE COMPUTERS 
Release 1.1 of the ObjectStore object­
orien ted database-management sys­
tem (ODBMS) runs on DEC's DECsta-

VAX VMS USERS CAN 
NOW REVERSE-ENGINEER 
The reverse-engineering capabilities of 
Cadre's Teamwork/ C Rev tool now ex­
tend beyond the C-language environ­
ment. VAX VMS users working with 
Fortran, Pascal, Basic, PL/ 1, Macro, 
and Bliss can now take advantage of 
the CASE tool. Teamwork/ C Rev sim­
plifies software maintenance, im­
proves product quality, and simplifies 
the transition to the CASE tools. Using 
the tool, uses can browse through 
source code in languages supported by 
the VAX source-code analyzer (SCA) 
by selecting modules from the struc­

L----------- ------1------------ -----....; ture charts. VAX SCA is one of six tools 

SOFTWARE DISPLAYS 
CUSTOM GRAPHICS 
Unix users can develop and customize 
graphical displays without complex 
coding by employing Sammi, a graphi­
cal user environment (GUE). Sammi 
presents, organizes, manipulates, and 
interprets information interactively 
from multiple applications and data­
bases, across many hardware and soft­
ware platforms. The Sammi system 
consists of three components, a run­
time environment, a format editor, and 
an application-programming interface. 
The run-time environment, which re­
sides in the operating environment, 
handles the display, data communica­
tions, and end-user commands. Initial 
development copies, which are avail­
able now, range from $12,500 to 
$25,000, depending on configuration. 

Kinesix, 10333 Richmond Ave., Suite 
1100, Houston, TX 77042,· (713) 953-
8300. lilUa/#flU 

TWO SOFTWARE TOOLS 
CREATE DSP CODE 
Two new options for digital-signal-pro­
cessing (DSP) code generation have 
been added to the Comdisco Signal Pro­
cessing WorkSystem. First, the DSP 
ProCoder (DPC) option automatically 
produces production-quality code for 
fixed-point digital-signal-processing 
chips. DPC uses heuristic program­
ming-techniques to convert a signal­
flow diagram into assembly code opti­
mized for speed, memory efficiency, 
and program structure. In addition, the 
MultiProx (MPX) option uses signal­
flow block diagrams to create C pro­
grams for execution on multiple digi­
tal-signal-processing chips. With MPX, 
users can partition a block diagram into 
regions executed by separate proces-

mJ E 

You get fast hardware and 
software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 

tion, IBM's RS/ 6000, and Sun's Sun-3 
and Sparcstation computers. Object­
Store is a distributed object-oriented 
database-management system based 
on the c++ programming language. 
New features of ObjectStore Release 
1.1 include an interactive query facility 
for real-time access to information, 
faster local-mode processing, and fast­
er short transactions. There's also a 
quicker collections-class library that's 
more flexible to program. ObjectStore 
Release 1.1, which is shipping now, is 
ideally suited for application develop­
ers who need to manage complex ob­
jects among workgroup-style applica­
tions in a networked, client-server envi­
ronment. It's priced on a per-seat basis, 
ranging from $2000 to $6000. Run-time 
licensing is also available. 

Object Design Inc., One New England 
Executive Park, Burlington, MA 
OJ 803,· (617) 270-9797. lil/;@l#@I 
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in Digital's VAXset. The SCA libraries 
created include structural information 
about programs. Teamwork/ C Rev ex­
tracts this information and produces 
structure charts in Teamwork's projecL 
environment. The new tool is fu lly in­
tegrated with Cadre's entire fam ily 
of Teamwork products. Teamwork's 
open arch itecture enables users to 
work with the editor of their choice. 
Teamwork / C Rev fo r VAX VMS 
costs $7500 for the Teamwork/ C Rev 
processor and $1000 per seat for the 
browsing capabil ity. It is supported 
on VAX VMS systems running ve r­
sions 5.2 and 5.3, while its SCA inte r­
face is supported with VAX SCA ve r­
sions 3.1 and later. 

Cadre Technologies Inc., 222 Rich­
mond St., Providence, RI 02903; (401) 
351-5950. lii/;@lti[IJ 

Free: 
Informative 
catalog 800-234-4232 
Applications help (617) 273-1818 

cc~ 
Capital Equipment Corp. 
Burlington, MA. 01803 
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NEW PRODUCTS 
COMPUTER BOARDS 

68040 VME SBC BOLSTERS 
PERFORMANCE Us1NG ASICs R1cHARDNAss 

T
he successor to Motorola's 
popular MC68030 - based 
MVME147 s ingle-board 
computer (SBC) has arrived. 

The MVME167 is based on the 
newest member of the company's 
68000 family of CISC microproces­
sors, the MC68040. The new board is 
built with an architecture that's 
nearly identical to Motorola's recent­
ly announced MVME187 board. The 
MVME187 is based on the company's 
MC88100 RISC processor. Both 
boards use the same advanced, third­
generation ASIC and VLSI devices. 

These intelligent ASIC controller 
chips, used for memory, networking, 
SCSI, VME, and serial and parallel 
communications , replace discrete 
circuitry and have been optimized 
for Unix and real-time applications. 
Motorola claims that the MVME167 
offers users the fastest and most ad­
vanced SBC available for the huge 
installed base of 68000-based VME 
applications. 

The MVME167 contains the pro­
cessor, memory, and communica­
tions capabilities all on one board. 
And the board requires just one slot 
in a 6U form-factor enclosure. The 
only additional hardware that's 
needed is a power source, peripheral 
devices, and an enclosure. It's suit­
able for all types of workstations, 
multiuser systems, servers, industri­
al automation, and real-time and pro­
cess-control applications. The 
board's programmable VMEbus in­
terrupt handler further suits it for 
various real-time applications. The 
ASICs and VLSI devices are opti­
mized to offload instructions from 
the 68040 processor and reduce the 
amount of unnecessary bus traffic. 

The board achieves a performance 
level of 20 MIPS due to its 25-MHz 
68040 processor, based on Dhrystone 
1.1 measurements. With a selling 
price of $3995, the price-performance 
ratio is below $200/MIPS. Motorola 
says that the 167 board is selling for 
$1000 less than the 147 at its intro­
duction. 

The MVME167 has an optimized 
VME D64-compatible interface 
that's capable of transferring data at 
a rate of 40 Mbytes/ s. The total pow­
er consumption of the board is 15 to 
18 W under typical conditions. Mo­
torola says that this is one-third to 
one-half the power that's consumed 
by similar SBCs. The board is capa­
ble of handling from 4 to 32 Mbytes 
of four-way interleaved DRAM, 8 
kbytes of nonvolatile RAM for a 
time-of-day clock with a battery, and 
128 kbytes of static RAM. Four sock­
ets each hold 512 kbytes of ROM, 
EPROM, and EEPROM each, for a 
total of 2 Mbytes. 

Motorola claims the board is faster 
and more integrated than other 
68040-based SB Cs. Many other 68040 
boards are essentially 68030 designs 
containing a 68040 processor. There­
fore, many of the peripherals used 
for Ethernet, SCSI, etc., are second­
generation parts. Motorola designed 
the MVME167 as a 68040 from the 
ground up with all third-generation 
parts. "There's aboslutely nothing 
on the MVME167 board that was on 
the MVME147 board," says Jerry 
Gipper, product marketing manager 
for VMEbus boards at Motorola. The 
company used a 32-bit Intel Ethernet 
controller and a 32-bit NCR SCSI co­
processor. 

The board's high integration 
comes from using high-capacity 
VLSI controllers and ASICs. Its 
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VMEbus interface is a 299-pin ASIC 
comprised of 120,000 gates. This chip 
contains a DMA controller, local and 
global interrupt handlers, and tim­
ers for periodic interrupts, in addi­
tion to the VMEbus interface. There 
are a total of six ASICs on the board. 
The second ASIC is a peripheral con­
troller (glue-logic part). The other 
four chips are used for memory con­
trol. 

All SCSI peripherals, such as disk 
and tape drives, are handled through 
the on-board SCSI interface that sup­
ports direct memory access between 
the SCSI bus and the local memory. 
The SCSI device-driver firmware is 
updated through software, allowing 
the SCSI Device Library to be quick­
ly updated. This feature comes in 
handy when adding new peripherals. 
In addition, there's a direct 32-bit 
Ethernet controller that fully supc 
ports such protocols as TCP/ IP, 
NFS, and DECnet. The board comes 
with one parallel port for a printer or 
other parallel I/O operations, and 
four RS-232 serial ports. 

The MVME167 board comes with 
diagnostic software. It supports 
VMEexec real-time development 
software. Sample quantities will be 
available in July. Volume shipments 
are expected in November. 

Motorola Computer Group, 2900 
South Diablo Way, Tempe, AZ 
85282; (800) 624-8999 extension 
230. CIRCLE 311 
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PROCESSOR BOARD 
OPERATES AT 25 MFLOPS 
Designed as an upgrade to an earlier 
board, the PL2500 floating-point array 
processor runs on ISA-based comput­
ers. The new board is software-compat­
ible with the earlier PL1250 board and 
transfers data six times faster. It oper­
ates with a performance of 25 
MFLOPS, transfers data to and from 
the host computer at 3 Mbytes/s, and 
comes with a minimum of 256 kbytes of 
static RAM, upgradable to 4.25 
Mbytes. The heart of the PL2500 board 
is its 50,000 lines of code stored in ROM. 
It appears to the user as a library of 598 
callable routines. These routines can be 
accessed from C, Fortran, or Pascal 
programs running on the host PC. A 
1024-point complex fast Fourier trans­
form can be performed in 3.13 ms. A 
1,048,576-point real FFT takes 9.35 sec­
onds. The board is available from stock 
for$2495. 

Eighteen Eight Laboratories, J 247 
Tamarisk Ln., Boulder City, NV 89005; 
(800J888-JJJ9. tai;M#ltl 

AUTO CAD 

~. Electroni~0~ngineers 
AutoSchema · 

• Only $195 
• New Symbol icon browsing 
• Unlimited levels of hierarchy 
• Spice & Susie interfaces 

AutoPCB . 

• Best performance on a P.C. 
• Double sided SMT 
• Real time design rule check 
• Interactive push & shove routing 

AutoHybrid · 

• Worlds only P.C. Hybrid system 
• Automatic component synthesis 
• Custom die geometry 
• 0.5 micron resolution 

C4i>ISY5 
2099 Gateway Place , 
Suite 400, 
San Jose. CA 95110 
USA 
FAX (408) 441-8300 
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NEW PRODUCTS 
COMPUTER BOARDS 

PC/ AT IMAGE PROCESSOR 
WORKS IN REAL TIME 

C ritical image-processing opera­
tions can be carried out at blaz­
ing speeds with the DT2867 in­

tegrated image-processor board from 
Data Translation. The board combines 
a high-quality frame grabber with a 
frame processor on one IBM PC/ AT 
board. Histograms, frame averaging, 
and arithmetic and logic operations are 
carried out in real time (0.033 seconds); 
convolutions and morphology take less 
than two frame times (0.066 seconds). 
These occur more than 100 times faster 
than a 33-MHz 80386-based PC without 
the board. True frame averaging, as 
opposed to weighted averaging, in­
creases accuracy when random noise 
needs reducing. 

The board processes up to three pix­
els simultaneously through three par­
allel processing paths. Each path con­
tains its own ALU and multiplier to 
achieve an overall processing rate of75 
MHz. However, the processor board 
doesn't sacrifice accuracy for speed. 
All processing using the three ALUs is 
done with 16-bit accuracy, ensuring 
that data isn't truncated during ma the-

286·BASED CPU MODULE 
MEASURES 3.6 BY 3.8 IN. 
Based on Advanced Micro Devices' 
Am286LX CMOS microprocessor, the 
CoreModule/ 286 cpu module fits all of 
the functionality of a PC/ AT mother­
board into a module with dimensions of 
just 3.6 by 3.8 in. 

Like its predecessor, the CoreMo­
dule/XT, the 286-based version is tar­
geted at embedded and dedicated appli­
cations where small size and low power 
consumption (2.25 W typical) are re­
quired. Its modular architecture en­
ables it to serve as a component-like AT 
engine mounted oil a pc board or com­
bined with an expansion module to 
build a complete system. 

The CoreModule/XT cpu module op­
erates over a temperature range of 0 to 
70°C. It comes with AT-compatible 
DMA controllers, interrupt controllers, 
and sockets for up to 4 Mbytes of 
DRAM. 

The board costs under $200 in large 
quantities and will be available in Sep­
tember. 

Ampro Computers Inc., 990 Almanor 
Ave., Sunnyvale, CA 94086; (408) 522-
2100. IHJ;fHINtl 

matical operations. The board contains 
a 16-bit processing buffer with 1 Mbyte 
of memory to handle the processed 
data. 

The DT2867 is supported by several 
levels of software. A Windows 3.0 ap­
plication software package is available 
for powerful analysis that doesn't re­
quire any programming. For advanced 
users, two levels of development soft­
ware ship with the board. An interface 
library allows high-level control of the 
board's hardware functions, and a com­
mand builder and driver supply regis­
ter-level control. The board, shipping 
now, sells for $6995. 

Data Translation, JOO Locke Dr., 
Marlboro, MA 01 752; (508) 481-
3700. lilV@l#M 
• RICHARD NASS 

MEMORY BOARD 
CORRECTS ERRORS 

To improve the reliability of PC/ ATs 
and compatibles in standalone or net­
work applications , the Parity+ Plus 
memory boards contain built-in error­
detection and correction (EDAC). 
EDAC protects against soft-error-in­
duced system crashes on-the-fly by cor­
recting bit errors. Without the board, 
users must shut down the system and 
reboot, possibly losing valuable data. 
The boards are available now. With 2 
Mbytes of memory, the Parity+ Plus 
board costs $295. It's also available 
with 4, 8, or 16 Mbytes of memory. 

Memrel Corp., J5425 N. Greenway­
Hayden Loop, Suite A-JOO, Scottsdale, 
AZ 85260; (602) 483-J983. lifUMM1 
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NEW PRODUCTS 
COMPUTERS & PERIPHERAlS 

SPARC GRADUATES TO 
SUPERCOMPUTER LEVEL 

The Spare RISC processor is 
moving out of the workstation 
class of computers up to the su­

percomputer level in a new family of 
systems developed by FPS Computing. 
The 500 Series Spare family offers an 
Integrated Homogeneous Supercom­
puter environment that teams scalar 
64-bit, 15-ns Spare processors with vec­
tor and parallel Matrix processors. This 
pushes the systems' performance to 
13.4 GFLOPS and 533 MIPS. The super­
computers process scalar portions of 
application code using up to eight Spare 
processors running in parallel. 

The computers are the result of an 
agreement between FPS and Sun Mi­
crosystems Inc., Mountain View, Calif. 
FPS is licensing much Sun technology, 
including the Sun OS operating system, 
Spare compilers for Fortran and C, the 
Open Look graphical user interface, 
and Open Network Computing proto­
cols. FPS has merged SunOS into its 
FPX implementation of Unix. 

The systems can be linked as servers 

HIGH· END FAMILY 
GAINS TWO MEMBERS 
The AViiON RISC-based family of 
high-performance systems has two 
new members, the 7000 and the 8000. 
The 8000 is a 117-MIPS rack-mounted 
system that's configured with a 24-
Gbyte disk-array subsystem and the 
DG/UX 5.4 Unix operating system. It 
can support eight local-area networks 
and 1275 asynchronous terminals. The 
model 7000 is a deskside package that 
also operates at 117 MIPS. It comes 
with an uninterruptible power supply 
that initiates a controlled shutdown 
when extended power interruptions oc­
cur. The system comes standard with 
128 Mbytes of main memory, expand­
able to 512 Mbytes. The systems start 
at$96,000. 

Data General Corp., 4400 Computer 
Dr., Westboro, MA 01580; (508) 366-
8911. lill;@ll!lll 

TOUCHSCREEN 386-BASED 
SYSTEM ADDS EL DISPLAY 
One sturdy compact package houses an 
electroluminescent (EL) display, a 20-
MHz 80386 PC/ AT computer, and a 
touch-screen interface. The Display-

E L E 

in networks with Sun Sparcstations. In 
this configuration, the FPS machine ex­
ecutes an application's computational­
ly intensive tasks while the Sun sys­
tems do pre- and post-processing and 
display the supercomputer's output. 

Up to 1 Gbyte of main memory can be 
housed within the systems. The com­
puters are also designed with up to sev­
en VME subsystems to ease I/O bottle­
necks. Ethernet, FDDI, and UltraNet 
systems can run over the VMEbus. For 
math-intensive applications, the sys­
tems use up to 168 Intel i860 RISC pro­
cessors as math coprocessors. 

Because it's Spare-compliant, the 
family has access to over 2800 existing 
applications, and consists of five mem­
bers with different amounts of memo­
ry and varying numbers of CPUs. Low­
end systems can be upgraded by add­
ing CPUs and memory. They range 
from $450,000 to $4 million. 

FPS Computing Inc., 3601 SW Mur­
ray Blvd., Beaverton, OR 97005; 
(503J 641-3151. tal;&l#M 
• RICHARD NASS 

Pac-EL's bright amber EL display has 
a resolution of 640 by 400 pixels that 
can be read from an angle of 160 de­
grees. The computer offers the full 
complement of PC/ AT functions. It 
comes with 16 Mbytes of DRAM, 1 
Mbyte of EPROM, speaker and key­
board ports, two serial ports, a real­
time clock, and hard- and floppy-disk in­
terfaces. The board can be booted from 
its RAM-ROM disk that also stores MS­
DOS. Different expansion and configu­
ration options are available. Functions 
can be added through the PC-bus ex­
pansion slots. Prices start at $2195 in 
OEM quantities. Delivery is stock to 30 
days. 

Computer Dynamics Inc., 107 S. Main 
St., Greer, SC 29650; (803) 877-8700. 
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DIGITAL 4-MM 
TAPE DRIVE 
TRANSFERS 
DATA FASTER 

Forsaking mass-produced 4-mm 
digital audio-tape drives made 
by consumer stereo firms, R­

Byte has developed a high-reliability 
mechanism for a family of high-perfor­
mance 4-mm digital data drives. The 
RBlOO family will start with a drive 
whose sustained data-transfer rate is 

233 kbytes/s-almost 50% higher than 
that of drives using the audio-tape 
mechanism. Closed-loop servomotor 
control speeds up rewind time for a 60-
m tape to just 15 seconds-one-third 
the time of most other DAT drives. 

A typical 60-m DAT tape holds 1.34 
Gbytes, while the just-released 90-m 
tapes hold 2.01 Gbytes. The drive per­
forms search operations at 200 times 
the read/write speed. Error rates are 
less than 10-15 thanks to an embedded 
16-bit processor that continually 
checks and adjusts drive parameters to 
keep the drive running at like-new 
specifications. On-line monitors check 
for dew, mechanism jams, write-cur­
rent level, memory faults, and error­
checking and correction statistics. An 
RS-232 interface is included. 

The low power drain and the elimina­
tion of the 20 to 50 adjustments also lets 
the drive operate over a wider tempera­
ture range-5 to 60°C versus about45°C 
maximum for the audio drives. With 
the custom mechanism, the drive can 
squeeze into a true 3.5-in. disk-drive 
form factor-l.62-by-4-by-5.75-in. The 
RBlOO will be available in sample quan­
tities in July. Prices for the digital DAT 
drive start at $975 in lots of 250 or more 
(with 256 kbytes of buffer RAM). 

R-Byte Corp., 2043 Zanker Rd., San 
Jose, CA 95131; Gerald Boudreau, 
(408) 452-8860. taO@IMI 
• DAVEBURSKY 
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VHDL TOOLS RUN 
UNDER WINDOWS 3.0 
V-System/Windows is a VHDL devel­
opment system for use on PCs running 
Windows 3.0. The system includes a 
VHDL compiler, an interactive digital 
simulator, and a VHDL source-lan­
guage debugger. The tools use extend­
ed memory to handle designs of 50,000 
lines of VHDL code. Designs can be 
written at the behavioral, RTL, or 
structural level, or a mixture of all 
three. With the V-System interactive 
debugger, users can set breakpoints di­
rectly in the VHDL source code, single­
step, and perform many other debug 
functions. In addition, any design cre­
ated with V-System/Windows is writ­
ten in IEEE-standard VHDL. There­
fore, the code can be transferred to any 
IEEE-compliant workstation-based 
VHDL simulator. V-System/ Windows 
runs on 286-, 386-, and 486-based PCs. 
It's shipping now for $1495. 

Model Technology Inc., 15455 N. W. 
Greenbrier Pkwy., Suite 210, Beaver­
ton, OR 97006,· (508) 690-6838. 
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NEW PRODUCTS 
COMPUTER·AIDED ENGINEERING 

ASIC, PCB TOOLS UNITE 
WITHIN FRAMEWORK 
The first two elements of the Racal-Re­
dac Visula Expert design system, ASIC 
Expert and System Expert, are now 
shipping. The tools run under the com­
pany's Vision framework, an inter-tool 
communication and project-manage­
ment environment based on object-ori­
ented programming. The third element 
of the system, Visula CAD Expert, is 
scheduled to ship this summer. Key 
product suites within the Expert series 
include an improved Cadat-2000 simu­
lator and SilcSyn with VHDL synthe­
sis. ASIC Expert handles complex 
ASICs through a top-down methodolo­
gy. The System Expert handles pc­
board design through logic, timing, and 
fault simulation; mixed analog-digital 
simulation; hardware modeling; sche­
matic editing; and programmable-logic 
tools. The Visula Expert series runs on 
various Unix workstations. Pricing of 
the product suites start at $25,000. 

Racal-Redac, 1000 Wyckoff Ave., 
Mahwah, N.J. 07430; (201) 848-
8000. lill;&l#tll 

SCHEMA III 3.3 
schematic capture 

User Manual Included ... 
(but you probably won't need it) 

The leader in price performance and ease of use in PC 
based schematic capture software is now shipping the 
all NEW, expanded version 3.3. Over 30 new features 
have been added to an already feature rich system. 

* online help/documentation for each command. * 
quick start tutorials * full network compatibility * 
unlimited hierarchies & drawing sizes * incremental 
design compiler * more microprocessors, PLDs & 
analog parts (7,500+ total parts) * expanded editing 
commands * EZ-Parts creator * zoom plus hi/low res 
toggle* Postscript, TIFF, DXF and much more! 

No price increase! Still only$ 495 
Each license includes comprehensive documentation, 
tutorials, SCHEMA integrated system manager, 
FREE 1-800 support, problem fixes, special BBS 
access, quarterly newsletter & video training options. 

Free Demo Disk 

800-553-9119 

TOOL SUITE 
TARGETSMCM 
DESIGN 

Adesign system from Mentor 
Graphics called MCM Station 
is tailored to the creation of 

multichip modules (MCMs), electronic 
packages that combine bare multiple­
chip die on one substrate. The system is 
integrated into the company's Falcon 
Framework for concurrent design. 

MCM Station supports the entire 

I-·-··-·- .... ... ,.,_,,. 

multichip-module design process, in­
cluding rules-driven placement and 
routing, thermal and electrical analy­
sis, and manufacturing interfaces . 
Mentor's AutoTherm software is used 
for thermal analysis . It's a finite-ele­
ment-based tool for static and dynamic 
modeling of heat flow and dissipation. 
The system also incorporates the Quad 
Design Technology software to ana­
lyze high-speed signal delay, electrical 
crosstalk, and transmission-line ef­
fects. In addition, MCM Station pro­
vides full compliance with military doc­
umentation standards. 

The system accepts chip and ASIC 
designs from various sources, includ­
ing Mentor's Design Architect sche­
matic-capture software. The design 
can then be simulated and analyzed. 
After that, MCM Station can transfer a 
completed multichip-module design to 
manufacturing in common file for­
mats, such as GDSII and Gerber 
artwork outputs. It will also output de­
signs in standard drill and milling for­
mats. 

MCM Station is available now. Pric­
ing begins at $128,900 for the physical­
layout, thermal-analysis, and signal-in­
tegrity-analysis tools. 

Mentor Graphics Corp., 8005 S. W. 
Boeckman Rd., Wilsonvill e, OR 
97070; (503) 626-7000. 181;/lll#tJ:I 
• LISA MALIN/AK CIRCLE 147 
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HANDHELD METERS BOAST 
ADVANCED FEATURES 

Three new handheld multimeters 
and enhanced versions of five 
existing models make up the 70 

Series II family. Features that were 
once optional are now standard in the 
upgraded models . 

Two new units, the 79 and 29, make 
up the high end of the series (the 29 ver­
sion is designed for high-energy appli­
cations). These meters measure capaci­
tance from 10 pF to 9999 µF, eliminat­
ing the need for a dedicated capaci­
tance tester. In addition, they have a 
function called Smoothing, which dis­
plays the running average of eight 
readings so that stable readings are 
possible even with unstable signals. A 
proprietary Lo-ohms feature supplies 
0.01-fl resolution with high noise rejec­
tion to sense very small resistance 
changes. 

The 79 and 29 also display frequency 
and voltage simultaneously. Frequen­
cy, from 1 Hz to 20 kHz, is shown on the 
digital display, while ac voltage regis­
ters on a new 63-segment analog bar­
graph. The bar-graph's rapid update 
rate simulates an analog needle for 
watching trends, peaking, and nulling. 

The lowest-priced meter in the series 
is the new model 70, which measures ac 

EMULATOR COVERS COPS 
EMBEDDED CONTROLLERS 
A 10-MHz PC-based emulator supports 
every unique feature of the National 
Semiconductor COPS family of S-bit 
embedded controllers. The iceMaster­
COPS includes a state-of-the-art win­
dowed environment. Users can set up 
windows for code memory, source, 
RAM, watch, stack, system status, and 
registers . Multiple windows can be 
opened for RAM and code. Both simple 
and complex breakpoints and trace 
points can be set symbolically. Simple 
breakpoints are based on the program 
counter or its ranges. Complex break­
points can depend on op-code values or 
class, reads or writes, registers, direct 
byte or bit, immediate operands, or log­
ical AND/OR of any of these values. 
The iceMaster-COPS base units costs 
$3099 and the probe cards for the par­
ticular COPS devices start at $799. 

Metalink Corp., P.O. Box 1329, Chan­
dler, AZ 85244-1329; (602) 296-
0797. l/W&l#1# 
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and de voltage and ohms, and checks 
diodes and continuity. Although it has 
no current inputs, a 300-m V function al­
lows a variety of current, temperature, 
and high-voltage accessories to be 
used. 

All of the 70 Series II meters now in­
clude the patented Touch Hold feature, 
which captures and holds stable mea­
surements. The feature enhances con­
venience and safety by letting the me­
ters hold consecutive stable readings 
without manual resetting. Other fea­
tures include autoranging, range hold, 
and optimal manual ranging. 

The model 70 costs $69, and the mod-
els 79 and 29 are priced at $1S5. 

John Fluke Mfg. Co. P.O. Box 9090, 
Everett, WA 98206-9090; (206) 347-
6100. lil!@l#U!I 
• JOHN NOVELLINO 

MICRO WA VE COUNTERS 
ALSO MEASURE POWER 
A pair of portable frequency counters 
make simultaneous frequency and 
power measurements on microwave 
signals, eliminating the need for a sepa­
rate power meter. The Model 25B spans 
950 MHz to 20 GHz; the 2SB extends the 
upper limit to 26.5 GHz. Both units of­
fer inputs to measure IF or baseband 
frequencies to as low as 10 Hz. Resolu­
tion is 1 Hz and 0.1 dB. With the stan­
dard timebase, frequency accuracy is 
better than 1 kHz for a 10-GHz signal. 
An optional ovenized timebase im­
proves accuracy by 100 times. Power­
meas uremen t accuracy is typically 
± 0.5 dB. A 25-MHz YIG-preselector 
lets users limit measurements to a se­
lected signal or channel. The EIP 25B 
costs $4650 and the EIP 28B goes for 
$5650. Delivery is in 2 weeks. GPIB pro­
grammability is optional. 

EIP Microwave Inc, 1589 Centre Point 
Dr., Milpitas, CA 95035; (800) 232-3471 
or(408)945-1477. lil/;/Hl#Nil 
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IC TESTER AIMS AT 
TTL AND CMOS DEVICES 
In-circuit and out-of-circuit tests on 
digital !Cs can be performed by the 
Pro-Line Model PL 5010. The tester's 
device library covers more than 90% of 
existing 14- to 2S-pin !Cs, including 
over 600 commonly used TI'L and 
CMOS !Cs. The library is updated as 
new devicts become available. The mi­
croprocessor-based instrument can op­
erate alone or connect to an IBM PC 
through an enhanced RS-232 port. With 
the PC and optional software, users can 
create custom-device libraries. A loop­
test function helps the PL 5010 find in­
termittent failures by continuously 
testing a device until a failure is en­
countered. In addition, an auto-ID 
function identifies unknown devices by 
comparing their responses to those in 
the library. The PL 5010 is available im­
mediately for $4500. 

B&K-Precision, Maxtec International 
Corp., 6470 W. Cortland St., Chicago, 
IL 60635; (312) 889-1448. 11{/;@l#t/.1 

MAC II BOARDS HANDLE 
AUDIO-ANALYSIS TASKS 

, __ -· 
A series of three 4-channel analog-in­
put plug-in boards aim at specific audio­
frequency applications on Macintosh II 
computers. The NB-A2150C samples at 
rates used for general audio-range 
analysis. The B-A2150S is optimized 
for speech and voice-band measure­
ments. The NB-A2150F is ideal for ap­
plications needing standard sampling 
rates for Fourier analysis. All of the 
units have analog and real-time digital 
antialiasing filters , 93-dB signal-to­
noise ratio, and -95-dB total harmonic 
distortion. Amplitude flatness is within 
+0.015 dB from de to 20 kHz in the C 
and F models. That bandwidth is nar­
rowed to de to 4 kHz for the voice-band­
oriented S model. The 16-bit analog in­
puts feature synchronized simulta­
neous sampling. All versions are avail­
able now at a price of $1995. 

National Instruments, 6504 Bridge 
Point Pkwy., Austin, TX 78730-5039; 
(800) 433-3488 or (512) 794-0100. 
lil/;&l#td 
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EMPLOYMENT 
OPPORTUNITIES 

Quality design and advanced 
technology. Because lives 

depend on it. 
Pacesetter Systems, Inc. is a new breed, high reliability, zero 
defects company producing life-critical and life-assisting 
products. A forerunner in the bio-medical electronics indus­
try and division of multi-billion dollar Siemens Company, 
we offer a supportive, advancement-oriented environment to: 

MECHANICAL PRODUCT ENGINEER 
PATENT ENGINEER 
RELIABILITY/QUALITY ENGINEER 
SOFTWARE ENGINEER 
STERILIZATION ENGINEER 
All positions require a BS/ MS degree plus a minimum of 5 
years related experience. 

In addition to our desirable Southern California location, we 
offer competitive compensation and company-paid benefits 
including dental/ health plans, vision care, tuition reimburse­
ment, retirement and 401(k). For consideration, send a 
resume with salary history (NO PHONE CALLS, PLEASE!) 
indicating position desired to: Greer A. Brooks, Employment 
Representative, Dept. ED6/ 91, Pacesetter Systems, Inc., 12884 
Bradley Avenue, Sylmar, CA 91342. AA/ EOE 

(f1 Pacesetter· Systems, Inc. 
\JC/ A Siemens Company 

Where Reliability is a Way of Life® 

CONSULTANTS 

.$fJ PRODUCT ENGINEERING & Mfg., Inc. 
:t4 Over 25 Years Of Experience 
ll'e can aave you TIME and MONEY, YOU 

do the ELECTRONICS llDd we'll do the REST 
CONTRACT DESIGN & PROTOTYPING 
• ENCLOSUREa 
• KBCHANISMa 

MANASSAS, VA 

• INDUSTRIAL DESIGN 
• AutoCAD - AutoPCB 

703-754-1508 

BUSINESS 
SERVICES 

HARDWARE AND SOFTWARE 
DEVELOPMENT SERVICES 

· We specialize in developing microprocessor/FPGA based 
products/systems and embedded software development. 

· Custom Windows V3.0 and networking software development. 

· Can help with part of or handle the entire project. 

· Full Microprocessor Development Systems, 121CE, CAO/CAM, 
end PCB layout systom. 

· Development for LAN, Multibus, VME, PC, MCA, and STD. 

POWER SEMICONDUCTOR 
ENGINEERS 

If you have five years of experi­
ence in either Bipolar Transis­
tors , MOSFET 's, Power I. C .'s, 
Power Control I.C. 's, Rectifiers , 
and Thyristors, then our clients 
want to talk to yo u . Prefer a 
M.S. / B.S. Degree . Send your re­
sume in confidence to: 

Power Supply Recruiters 
P.O. Box 420209 

Houston, Texas 77242-0209 
Fax's: 713-977-4121 

FAX YOUR ORDER! 
To Advertise in 

Penton Classifieds, 

FAX: (216) 696·1267 

m:JE L E C T R 0 N C D E S G N 
JUNE 13, 1991 
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INDUSTRIAL TRACKBALL CONTROLS 
Complete line of precision trackballs for OEM's. 
Compact low profile designs with optional features 
to suit most requirements. 
• Low cost 
• High rel. non-contacting optical encoders 
• Desk-top and panel mount models 
• Industry standard output protocols 
• Custom features and designs available 
CH PRODUCTS 
970 Park Center Drive, Vista, Ca. 92083 
(619) 598-2518 Fax: (619) 598-2524 

CH PRODUCTS CIRCLE 277 

CUT DESIGN TIME IN HALF! 

dV/dt ® Timing Diagram Accelera tor 

POWERFUL FEATURES INCLUDE: 
• "What-if' analysis 
• Calculation of critical edge timing 
• Display and verification of IC timing requirements 
• And many more features ... all foc ONLY $695!! 

"/ ~ dVldl quite a bit. /l's a terrific product that saves ml!. 

wub of deign time!" Tony Radice, General Instrument 

CALL FOR A FREE 
EVALUATION PACKAGE 

Phone 619-457-4545 Fax 619-457-1168 

See us at DAC in booths 654, 1045 & 1750 

DR. DESIGN CIRCLE 260 

COAX{TWINAX/TRIAX INTERCONNECT 
COMPONENTS AND ACCESSORIES 

Trompeter's ~ T18 catalog! 1000+ interconnect 
components and cables. Indexes for Broadcast, Telecom 
and Military applications and a quick Reference Product 
Guide. Technical paper "Electronic Systems Wiring and 
cable". Cable Tables expanded to 800+ cables. Our 
newest products! Quality connectors, patching products, 
cables and cable assemblies. New look! Easier to use! 
Trompeter Electronics, Inc. 
31186 La Baya Drive, 
Westlake Village, CA 91362-4047 
Phone (818) 707-2020 Fax (818) 706-1040 

TROMPETER CIRCLE 268 

_CtueSHIP'" 
For Safely Shipping and Transporting your 

Circuit Components 

These double folded, crushproof, shock and vibration resistant IC 
mailers with ESD pmtectlOl'l are a low cost, time saving solution for 
transporting small quantmes of components. Complete with bonded 
anll·stabc foam rushlOl'llng and high grade conductive foam inserts, 
they are available wrth and wrt:hout EMVAFI loll llrnng. 

...,. 
"'' ~~~~ Fea!Ufes J~i 

Ch1pSnrp" ' IOO 
5112"13" • 1112" 55 '"""" 1 295 

ChipSh1p '" ISO 
26 7 5 

"'"""' $ 395 
Ch1pShip '" iOO 

6112"1•112"11112" 120 10 
........ "" ChipShtp'"ISO 

19 12 

'"'""' ''" 
iTOI P.O . Bo • 59, Newl on Highlands. MA 021 6 1 

TEL : (617) 332· 1010 

iTOI ENTERPRISES CIRCLE 254 

Free Circular Connector 
Catalog from LEMO 

LEMO's new cir­
cular connector 
catalog high­
lights expanded 
shell and insert 
designs. Insert 
configurations 
are available in 
single, multi or 
mixed designs 
including signal , coaxial, triaxial , high 
voltage, fiber optic and fluidic/ 
pneumatic. Shell styles are available in 
standard chrome plated brass, 
anodized aluminum , plastic or 
stainless steel. 

<® ~€..1/l.Rl/!ltil{Q.fi 
P.O. Box 11488, Santa Rosa, CA 95406 
Phone (800) 444-LEMO Fax (707) 578-0869 
LEMO CIRCLE 265 

~A1~oi~~Hlv 
Figaro sensors let you 

KEEP IT 
FRESH: 

A utomatic air 
deaning begins w ith 
accurate, continuous measurement of air quality. 
Figaro gos sensors ore available to meet your most 
demanding applications. 

Write or coll for further information: 

FIGARO USA, INC. 
1000 Skokie Blvd., Ste. 575, Wilmette, IL 60091 
Phone: (708 ) 256-3546 Fox: (708 ) 256-3884 

FIGARO CIRCLE 269 

ADS 

DESIGN & PROGRAM PLDs 

BYTEK PLO MUL TIPROGRAMMER® plus 
FREE PLO design Software - $2495.oo 

"" Program PLDs up to 40-pin. (44-68 pin opt.) 
"" Micro Disk Drive for easy library updates. 
"" Stand-alone with extensive editing. 
"" RS232 & Parallel ports for high speed transfer. 
"" Intelligent Synthesis & Optimization. 
"" Choice of Design Entry: High Level Equations, 

Truth Tables or State Diagrams. 
Memory Programmers from $495. 

Call now: 1-800-523-1565 

"""'Dlll'IJ C~~~~~;;~~t .. Boca Raton, FL33487 11111 m111 (407) 994-3520 FAX: (407) 994-3615 

BYTEK CIRCLE 256 

Analog Circuit Simulation 
Completely Integrated CAE from $95 

'f~E~§i~~;;;;~From Schematic E Entry through 
SPtcE 

Slmulatlon to 
Poat ProceMlng 
laSP1c1 $95, the 
complete SP1c1 
program, runa on el 

---------- PC's. 
lsSPtcE/3116 $388, The fastest PC based SPICE program 
available. Has virtually no cifQ.tlt size llmltatlona. : 

5PtcENET $295, a sehamalic editor for any SPICE 
simulator. Generates a complete SPtce nelllst. 

INTU5coPf. $250, a graphics post processor Iha! 
performs all the functions of a digital oscilloscope. 

PRESPtct: $200, extensive modal libraries. Monte Csrto 
analysis, and parameter swaaplng. 

PIM98 Wr118 or c.11 6° P.O. Box 6607 (213) 833-0710 
ln1ii'Bolt San Padro, CA 30 Day Money 

90734-6607 Back Guarantee 

INTUSOFT CIRCLE 267 

HAND HELD TERMINAL *$199. 

' M 0 

• 80 character display 
• 30 or 45 keys 
• RS 232 or RS 422 
•Low power 

• ST-32 Compatible 

• Standard or custom over1ay 
• Single 5V or 8-12V supply 
• 15 Programmable function 

• keys 
-:•-+"-a+"-1-"'-1-'-T-- • Simple menu set-up 

• 300-9600 baud 
• 7 or 8 data bits 
• Even, odd, mark, space 
• 7 1/2" x 4" x .9" 
• 8 ounces 

Internal Batteries and Built in Charger-Optional 
TWO TECHNOLOGIES, INC. 
419 Sargon Way, Horsham, PA 19044 

215-441-5305 
*SINGLE PIECE OEM OR VAR PRICE 

TWO TECHNOLOGIES CIRCLE 264 
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DesignPLDs 
with ABEL-PLD, 
now just $495 .* 

• 150 PLO architec-
tures supported 
(over 4000 devices) 

• Uses ABEL'" Hard-
ware Description 
Language (ABEL-
HOL'" ) 

Call for your • Intelligent synthesis 
FREE and optimization 

ABEL-PLO • Upgradable to full-
start-up kit! featured ABEL 

1-800-247-5700 
• u.s. list price only. DATAl/O Limited-time offer. 

Corporation 

DATA 1/0 CORP. CIRCLE 261 

Little Giant™ 
New\ Tiny Giant™ 

C Programmable Controllers 

We have miniature 
co ntrollers with 
parallel 1/0 , solen­
oid drivers , AI D 
and D/A convert ­
ers, clock, watch­
dog , LCD inter­
face, RS485 serial, 
built-in power 
supply and much more! Use them to control 
anything. Our $195 interactive Dynamic C'" devel­
opment system makes software development easy. 
These units have high performance and serious 
software support . We also have design-your-own­
board core modules as low as $59. 

Z-World Engineering 
1340 Covell Blvd ., Davis, CA 95616 USA 

(916) 753-3722 
Regular Fax : (916) 753-5141 

Automatic Fax : (916) 753-0618 
(Call from your fax , hear computer voice , use 

touchtone dial to request desired data sheets.) 

Z-WORLD ENGINEERING CIRCLE 255 

GERBER TOOLKIT $199 
0 CUT PCB Costs 0 End Re-plot Delays 
D Works with your CAD system 

Gerber Jet™ prints Gerber data fil es on HP Laser­
Jet-II compatible printers at 300 dots per inch . 
FAST! 

EZ-VIEW™ displays 8 layers in color on EGA I 
VGA screen. 

MERGE designs to cut film and board costs. 

FREE demo on BBS, download GTK.EXE 

CALL (315) 478-0722 FAX (315) 475-8460 
BBS (315) 471-3961 (2400/1200,8,N,1) 

Logical Systems Corporation 
P.O. Box 6184, Syracuse, NY 13217 USA 

LOGICAL SYSTEMS CIRCLE 251 

Program PLDs 
and memories 
with the 
low-cost 212. 
• Supports more than 

450 CMOS devices 
• Memory cards for 

easy updates 
• Extensive editing 

capabilities 
• Compatible with 

JEOEC standard 
programming files 

1-800-247-5700 

~-~,~j 
,...;:;.~ 
.,.,,.,.., Now 

supports the 
27C4001, 87C51 

and 
22CVIO! 

Call for 
your FREE 

2ll 15-day trial! 

DATAl/O 
Corporation 

DATA 1/0 CORP. CIRCLE 262 

RELIABILITY 
PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Software Package predicts the reliability of your 
system using the part stress procedure of MIL-HDBK-21 ?E, and 
runs on the IBM PC and full compatibles. Say goodbye to 
tedious, time consuming, and error prone manual methods' 
RelCalc 2 is very easy to use, and features menu windows, 
library functions, global editing for what-if? trials, and clear 
report formats. Try our Demo Package for $25. 

T·CUBED SYSTEMS, 31220 La Baya Drive# 110, Westlake 
Village, CA 91362. (818) 991 -0057 • FAX: (818) 991-1281 

T-CUBED SYSTEMS CIRCLE 270 

Free Catalog 
The World's Largest Collection of Adapters & 
Accessories for VLSI/Surface Mount Devices 
• Emulator Pods & Adapters • Debugging Accessories 
• Debug Tools • Prototyping Adapters 
• Programming Adapters • Custom Engineering 
• Socket Converters B 
Emulation Technology, Inc. ~ 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
EMULATION TECHNOLOGY CIRCLE 271 

ADS 

Interactive /Real-Time 
"" 

y 

"" -z 
""' 

p...... -----is::: /I 
r--: 

Analog Circuit Simulation 
ECA-2 Electronic Circuit Analysis offers: • AC, DC, 
Transient, Fourier, and Temperature Analysis with 
Nominal , MontcCarlo and/or Worst-Case component 
values • Intcnletivc or batch modes • Full nonlinear simula­
tion • Sine, Pulse, PWL, SFFM, and Exponential 
generaton •IBM PC /Mac• Multiple plots• On-line real 
time graphics - 2 to 50 tlma futer than SPICE • Over 
SOO nodes • Advanced component paramc~rs • Compo­
nent optimization sweeping • Full editing, built-in or ex­
~mal • New detailed 424 page manual 

Call for FREE DEMO! 

IJll 
Tatum Labs, Inc. 

3917 Rne11eh P11ll Dr. 8·1, Ann Arbor, Ml 48108 
31)-663-1810 

TATUM LABS 

Electronic Enclosures 
Catalog on Free 
PC Diskette 

CIRCLE 276 

Modular electronic enclosures can be easily specffied on 
any IBM compatible PC using a new, free program. 
Select ions include vert ical racks and slope front consoles 
for standard or EMVRFI shielded requirements. Work 
stations .:a. nd instrument cabinets are also included. 
Printout can be Faxed or mailed for quotation or order. 

Equipto Electronics Corporation, 351 Woodlawn Ave., 
Aurora, IL 60506-9988, Phone : (708)897-4691, 
Fax : (708)897·5314 

EQUIPTO ELECTRONICS CIRCLE 263 

Put a low cost CelsiClock® 
temperature monitor on any surface. 
The temperature indicating spots tum permanently black 
when the surface to which the CelsiClock® is affixed 
reaches the specific ' switch" temperature level of that 
spot. Available in multiple sequenced temperature incre­
ments from 40°C up to 260°C. Free samples on inquiry. 

CELSI®, the reliable "Temperature Watchdog" from 

@&LJ. Solder Absorbing Technology Inc., 
a Spmg Company 

144 Oakland St., Springfield, MA 01108 
(413) 788-6191 TOLL FREE (800) 628-8862 

FAX: (413) 788-0490 
SOLDER ABSORBING CIRCLE 272 
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FREE! 
120 

Page 
Catalog 

"Optics 
for 

Industry" 

ROLYN OPTICS supplies all types of "Off-the­
Shelf" optical components. Lenses, prisms, mir­
rors , irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro­
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO., 
706 Arrowgrand Circle, Covina, CA 91722, 
(818) 915-5707 & (818) 915-5717. TELEX: 67-
0380. FAX: (818) 915-1379. 

ROL YN OPTICS CIRCLE 257 

SAVE MONEY 
With Lexan® FR700 Film 

For Barrier Insulation 
• UL94 V-0 ra ted at .010" • High heat resistance of 
275°F • Exce ll e nt d ie lec t r ic strength • Easy 
fabrication-sh arp folds, intricate die-cut shapes • 
Compe titively priced • Call for free informatio n: 
(800) 451-3147 

0 
<I RtgiMCrcd Tr.Mtemark of GE. 

GENERAL ELECTRIC 

GE Plastics 
Structured Products 

CIRCLE 275 

IF YOU USE HIGH 
PERFORMANCE 

PLDs ... 

If you need trouble-free programming and functional 
testing, then the PILOT-U40 is for you. Many program­
mers just cannot handle the demands of today's high 
speed CMOS devices. We currently support 5ns bipolar 
PALs, 7ns GALs, all MACH devices , EP-1800, Xilinx, 
E/EPROMs, PROMs, micros, etc. Starting from $1.095. 
Made and supported in USA. Please call us at: 

408-243-7000 , 800-627-2456, Fax 408-736-2503 s ADVIN SYSTEMS INC. 
1050-L E. Duane Ave., Sunnyvale, CA 94086 

ADVIN CIRCLE 252 

"Tango-Schematic ••• Corvette" power 
at a Chevette'"price." 

"I've tried other popular 
schematic entry packages but I 
find that Tango-Schematic 
puts its perfomtance and 
pov.-erful features right at my 
fingertips in an easy-to-use 

interface. I always 
recommend 

\.Tango· 
Schematic." 

Tango-Schematic, feature­
tich and easy to use, is a 
truly complete program 
for schematic capture. Its 
affordable ptice includes 
great documentation and 
tech support and a money­
back guarantee. 

~O'()® 
See fo r yoursel£. call today 10 order your 
free schcma1ic en1ry evaluation package. 

800 488-o680 
619 554- 1000 • FAX: 619 554- 101 9 

ACCEL Technologies, Inc. 
6825 Flanders Drive • San Diego, CA • 92 121 • USA 
Contactusrortherepresentalivenearestyou. 

ACCEL TECHNOLOGIES CIRCLE 273 

DASP100 

100MHz 
DATA ACQUISITION & SIGNAL PROCESSING 

* 100 MILLION SAMPLES PER SECOND 
* 256k SIGNAL MEMORY (EXPAND TO 2 MB) 
* 10 MIPS DSP (320C25) 
* EXTENSIVE HARDWARE & SOFTWARE SUPPORT 
* 3 DATA ACQUISITION MODES 
* MUL Tl-CHANNEL CAPABILITY 

ALSO ASK ABOUT OUR NEW DASP25! 

SIGNATECH 

357 N. Sheridan St. #119 
CORONA, CA 91720 
(714) 734-3001 
FAX: (714) 734-4356 

CIRCLE 278 

NEW SCHEMATIC AND PCB SOFTWARE 
With support for extended and expanded memory, 
HiWIRE II can handle your most demanding schematic 
and PCB designs quickly and easily. The unique HiWIRE 
editor allows you to display and edit schematics and 
PCBs simultaneously, using the same commands for 
each. HiWIRE II is $995, and is guaranteed. 

WINTEK CORPORATION, 
1801 South Street. Lafayette, IN 4 7904 
(800) 742-6809 or (317) 448-1903 

WINTEK CIRCLE 274 

ADS 

• 
LOW COST 
INTERFACE 
CARDS FOR 

PC/XT/AT 

I RS-485/422 Card [PC485] $95/125 I 
: ~Oi~1~rn~;:~:~"~;:~0S6~~~ M!~.)f~;~r !t;!r~~; ~ii~~i~ ~~~1: 
• Dual drivtrs/rttl'in rJ;Handlts 64 dt victJ;Compatible with most comm SfW. 
• 089 or phonejack. Sa m pit programJ includl'd. Optional sourceco<le · $150 

!Dual-Port RS-485/422[PCL743] $T75] 
: ~i~~~:r~~fi~~~~~1~n~~RJ(i~({2~1).i~n°f:~~~~~~~~·1:ra~e~i~~~~ · 
!IEEE-488 Card[PC488A/C] $145/445 1 

: ~~~~~n~:m~l~,·i c: ~~;~~~ ~a~~f i°:S:':nn~~li?n j~ram in BAS IC. 
• Seltttablt IRQ (l i).°EMA channel I or 2. Up to four board! per computer. 
• Compatible with most TEEE-438 Software pack.agu for IBM-PC. 

: ~.~gtt~ ... ~~o~;;':~l~~fi~~~~~~~~~~~r ~~~d~~·:e~~~B~~~~e 
I Stepper Motor Card [PCL838] $395 I 

• Capable of independent and simultaneouJ control of up to J Jltpptr motors. 
• Progra mmabll' spttd from I to 10,<XX> pps; Steps per command I to 65535. 
• DIP swi h:: h stltttablt J/O port base address and wait state. 24 bit TTL VO port 
• Crystal based timing: All control Jignab oplo-isolatl'd. 

I 144 Bit Digital 1/0 [PCL722] $345 I 
• 144 lines (24 bits_. 6 ports) ofTfLcompatible digital 1/0. Output buffers sink 

24mA source 15mA.lnterrupt handling capability. Opto-22 module compatible. 
MCI VI SA I AMEX CalltodayfOl'datasht!t!U.1 

B&C MICROSYSTEMS CIRCLE 258 

$345/495 
• Programs E£JEProms, Flash EpromJ, ZPRams, lnl el Micros, Mt mory Cards. 
• Stand-Alone Mode for EE/EProms and Memory Card Duplication / Verify. 

• ~lc;~~~F~~.~~~~~~~S~.~11~~~1(F~~;t~~\~~l~~~~~t~~s{:9161 . 
• ~;:~;s. ~i~1~a~:ia:~r::~ ~~::1?. iSO~ cf:::~:,~::i:1~~!~s)s.e~~~s. 

S1multantously duplicates up to 5 devices in stand-alont mode (with Gang). 
• Can bt optrated with any computer containing an RS-232 stria I port. 
• Ustr rritnd ly Menu·Dri,·en ln terfact' Progr-a m fo r IBM -PC or compatible. 
• Full I yta.rwarranty. Customer support via voice line, fax or dtdicattd HRS. 

fINTELLIGENT ROM EMULATOR $395 I 
• Emulates 27 16 through 275 12 EPromswith a single unit. AccesJ limt IZOns. 
• Connects to the slanila rd par-all t l printer port v1a a standard printer cable. 
• Ustr friendly software. Command set includes: Load( data). Wrilt(data). 

Display(memory),Typt(of EProm}.Edil(memory),Fi ll(memory).Cakulator. 

• ~d~~~~;f~:r.:!~~~fi~ ':;::~~~:~f~nldr:t~~u5~~~~~~~c.o;~~~~'~:p~t~1ure}. 
• Fast da ta load ing ,·ia pa rall t l prinl t r port (64 k bytu in ltss than 10 stt). 

: ~~Q£(:i~ .. n~~a~~~e)%1~~1c~i~~sr~~~~er~~~~~~ ~ii~a~r~~~!1;~~cfu~:lt~!Js· 
MC / VISA! A.M EX Ca/luxl.ayfOl'datasheetsl 

B&C MICROSYSTEMS INC. 
750 N. Pasloria Ave., Sunnyvale, CA 94086 USA 
TE'-'(408)730-5511 FAX, (408)730-5521 

B&C MICROSYSTEMS CIRCLE 259 

~LL\fVL\-< 503-690-1100 
PLANAR CIRCLE 253 
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SPDT switch etc to 5GHz with bunt-in driver 
de- 500- 2000-

Truly incredible ... a superfast 3nsec GaAs SPOT reflective 
switch with a built-in driver for only $19.95. So why bother 
designing and building a driver interface to further complicate 

SPECIFICATIONS 
YSW-2-50DR 
ZYSW-2-50DR 500MHz 2000MHz 5000MHz 

Your subsystem and take added space when you can specify Insertion loss, typ (dB) isolation, typ(dB)* 
Mini-Circuits' YSW-2-50DR? 1dB compression typ 

Check the outstanding performance specs of the rugged (dBm@ in port) 
device, housed in a tiny plastic case, over a -55° to +s50 C RF input, max dBm (no damage) 
span. Unit-to-unit repeatability for insertion loss is 3-sigma vswR (on), typ 
guaranteed, which means less than 15 of a 10,000-unit Video breakthrough 
production run will come close to the spec limit. Available for • # Ri!~~:;;_ 11t~frn~m~~~%sec) 
immediate delivery in tape-and-reel format for automatic ,.,. ~ 

0.9 1.3 
50 40 
20 20 

22 22 

1.4 
30 

3.0 

placement equipment. .. -A:; -
New . .. ZYSW-2-50DR Connector Version ;.~ : ::. 

PRICE YSW-2-50DR $19.95 (1-9) 
ZYSW-2-50DR $59.95 (1-9) 

1.4 
28 
24 

26 

(SMA) available, $59.95 (1-9) 

finding new ways .. 
* typ 1solat1on at 5MHz is 80dB and decreases 

5dB /octave from 5-1000 MHz 
setting higher standards ,..-, M. . c· .1 CIRCLE94 ........ 1 n • • 1reu1 s WE ACCEPT AMERICAN EXPRESS 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 F141 REV.A 



PAL™ 22V10: 7.5ns. 
World's fastest programmable 22V10. 
Here is the logic for high-performance systems 
running up to 111 MHz. Set-up is just 3 ns. Fast 
logic for fast systems. You get the same high programmable, PLD. 

Broad 22V10 PLD family and more. Cypress's 
15 ns CMOS 22Vl0 consumes less power than 
any electrically erasable alternative. It's just one 
of a broad range of low-power CMOS PLDs. Also 
get 28-pin applications-tailored PLDs, and our 

speed and low noise with the 22VP10. It offers 
additional flexibility, including an 1/0 feedback path 
to accelerate state machine applications. 

BiCMOS. The first Bi CMOS 22Vl0, from the company 
that delivered the first CMOS 22Vl0. ECL core path for 

• record-setting performance. CMOS logic outside the 
speed path, for low power. The speed of smaller PLDs, 
the convenience of the popular, flexible 22Vl0 
and field programmable too. 

*I (800) 833-0306 in Canada. (32) 2-652-0270 in Europe. ©1991 Cypress 
Semiconductor, 3901 North Fi rst Street, San Jose, CA 95134. Phone: 
I- (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 
Trademarks: PAL, Advanced Micro Devices, Inc. MAX, Altera Corporation. 

high-capacity MAX™ PLDs too. 

Call Today. Order our PLO Kit 
and we'll ship it right away. Why wait? 

Hotline: 1-800-952-6300.* 
Ask for Dept. C3Q. 

• 
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