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rship that works.

In todays highly competitive marketplace, it takes more than
technology and tools to meet your ASIC needs. It takes a long-term partner
you can count on. One whos ready to help you turn your hot idea into
an even hotter new product.

At Fujitsu Microelectronics, we believe that the only way we can
achieve our goals is to help you achieve yours. So weve committed our
technical, financial and human resources to providing you with the ASIC
technology, tools and trust you need to meet your objectives. From design
support through volume production of your advanced VLSI ICs. The heart
of your new products.

When you shake hands with Fujitsu, you get more than just a
business deal. You get the industrys most experienced volume producer
of ASIC devices as a working partner.

We become an extension of your ASIC design team, providing
you with a nationwide network of field application and technical
resource engineers, ready to offer local technical support on both products
and tools.

You also get ASIC sales and marketing support to help you
smooth out all the administrative wrinkles.

Plus coast-to-coast technical resource centers, fully equipped
with easy-to-use design tools. And local training and twenty-four hour
design facilities, so you can work whenever inspiration strikes.

All supporting the most advanced process and manufacturing
technologies in the industry, including CMOS, ECL, BiICMOS and LSTTL.

All of which is structured for the fast design input-to-prototype
turnaround, design security and timely delivery of volume production
you need to get to market faster.

It all adds up to a partnership that works. Which, after all,
is everything an ASIC partner should be.

B ]
FUJITSU

FUJITSU MICROELECTRONICS, INC
Everything an ASIC partner should be.

3545 North First Street, San Jose, CA 95134-1804 (408 ) 922-9000
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Ziatech’s new

' Another manufacturer’s
STD Bus ZT 8809 “function-per-board”

Single Board System STD Bus card set
for OEM applications. with equivalent capability.

* PERFORMANCE (NEC V20 at 8 MHz clock speed)
* ON-BOARD MEMORY (520K)
* IBM PC HARDWARE COMPATIBILITY
* ON-BOARD I/0O (2 serial: COM1, COM2; 1 Centronics: LPT1)
* DEVELOPMENT CAPABILITY (industry acclaimed Virtual System Console)
* OPERATING SYSTEM OPTIONS (STD DOS, VRTX, Multi-DOS, and more)
* COMPACTNESS (one board implementation)
* RELIABILITY (fewer connectors, components, boards)
* VALUE (Ziatech’s single board system is $630 less
than the 5-board set pictured above*)

To learn more about how less (Ziatech’s new single board system) is more
(when compared to the 5-board set pictured above), call Ziatech at 805-541-0488.
We'll send you a detailed comparison and all the technical data you'll need.

| ZIATECH

CORPORATION

3433 Roberto Court
San Luis Obispo, California 93401 B
ITT Telex 4992316 | S B~
Fax (805) 541-5088 ‘
* Prices are according to manufacturers’ literature as of 1/88. Telephone (805) 541-0488
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WHY VTG? ASK TH
VME GONSORTIU

“For a bunch of companies
that don't always agree on
everything, we sure were
unanimous on VTC.”

The VME Consortium needed an economical, yet highly
functional VME bus interface chip, to minimize design time
... and to help raise the VME standard to higher levels.

“We looked at the leading suppliers,” said Joe Ramunni,
consortium chairman (and president of Mizar), “and VTC came
out on top. Their CMOS standard-cell ASIC approach gave us
the high drive capability we needed, optimized for bus inter-
facing. And, it proved much more cost-effective, with higher
performance, than gate array technology.”

The VME Consortium is made up of such firms as Plessey
Microsystems, Omnibyte Corporation, Mizar Inc., Ironics Inc.,
Heurikon Corporation, Matrix Corporation, and Clearpoint Inc.,
among others. What did they look for in a supplier?

“We needed a credible business partner,” said Ramunni, “‘with a
proven track record, who could provide a turnkey package . . . both
design and fab. A supplier that could produce in quantity, and provide
technical support to the market at large.

“We also needed a firm with an international marketing structure,
because we expect this chip to be the de facto standard worldwide.

““But, we needed peaple we could work with, too. VTC had the right
‘comfort factor’.”

Jack Regula, consortium technical director (and VP-R&D, Ironics)
added: ““Our requirements for high speed, high gate-count, low power
consumption, and VME bus drive capability were all met well with VTC's
1-micron CMOS standard cell library. And we were extremely impressed
with VTC's facilities, its people, and its customer list.”

In the future, the VME bus chip (VIC) will become a standard cell within
VTC’s CMOS library, to allow customers to further customize the chip.

Shouldn't you be getting to know VTC, too? You'll be in good company
when you do. Call or write us today, and we'll send you our short-form
product catalog, which describes our product offerings in linear signal
processing, high-speed CMOS logic, mass storage ICs, bipolar ASIC, and
CMOS ASIC.

VTC Incorporated, 2401 East 86th Street, Bloomington, MN 55420.
(In Minnesota, 612/851-5200.) Telex 857113.

CALL 1-800-VTC-VLSI

\\\\\\

VTC Incorporated
Performance, Pure & Simple™
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Complex waveforms
for servo drives.
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Dual tones for
telephone testing.
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Standard waves at
the push of a button.

We’ve bheen making waves for 25 years.

A quarter-century ago,
Wavetek brought you the first
waveforms produced by a solid-
state function generator. Now our
Model 75 Arbitrary Waveform/
Function Generator puts you
in control.

Model 75 lets you generate

Now it’s your tum.

By linking two or more
Model 75’s together, you can
superimpose waveforms to
introduce phase displacement
or other special effects. And at
the low price of $2295, you
might want to buy several.

For literature or to arrange

Waveforms are stored in
nonvolatile memory, with more
than 4,000 vertical points and

an amazing demonstration, call
or write Wavetek San Diego, Inc.,
P.O. Box 85265, San Diego,

CA 92138. Phone (619) 279-2200;
TWX (910) 335-2007.

waveforms without entering x/y
coordinates. Thumbtack and
rubberband modes allow easy
development and editing of any 8,000 horizontal points of
waveform. There are also nine resolution. They can be played
standard functions which you can  back at any rate, up to 500ns
use at the push of a button. per point.

WAVETEK

© Copyright 1988 Wavetek Corporation CIRCLE NO 120




Record highs and lows
for DC/DC converters.

New 100V
MOSPOWER
switching transis-
tors deliver the
highest current
rating and lowest
I'DS(on) for OQOlCI‘
power supplies.
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The Siliconix forecast for power supply design is one of record
high current ratings and switching speeds combined with record
low rps(on)-

Our new family of rugged 100V MOSPOWER devices lowers
operating temperature, shrinks package size, reduces part count
and increases system functionality. Now you can use smaller
heatsinks and eliminate external components such as snubbers
and voltage clamps. The result—a more power efficient DC/DC
converter and a more reliable, cost-effective power supply design.

These 100V MOS-
PART POWER devices are L ———
NUMBER PACKABE rpsq, Iy Iy ideally suited to 7, ;

switching transistor A\
SMM7ON10 T0-3  25mQ 70A 70A  oiicarions in DC/DC /&

SMP40N10 TO-220 40mQ 40A 40A converters for power /
\

SMP3ON10 T0-220 60mQ 30A 30A  supplies and military
products. In addition,

they are
excellent for solid state relay applications in auto-
motive products and switching transistors in
battery powered vehicles.

All of these Siliconix MOSPOWER devices
are produced in our Class I wafer fab and
they are 100% UIS (Avalanche) tested. Get SN
record breaking performance. Dial our toll- s
free hot line now! Call 1 (800) 554-5565, Ext. 941
for your free 100V MOSPOWER Design Kit. It includes
your sample and data sheets.

H Siliconix

incorporated

2201 Laurelwood Road, Santa Clara, CA 95054 © 1988 Siliconix, Inc.
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ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS

. | SPECIAL REPORT

EDN’s DSP Benchmarks 126

Finally, a comprehensive benchmark survey for DSP ICs. EDN
solicited the help of some experts in the DSP field and then analyzed
the results of 12 benchmarks on 18 general-purpose DSPs. We found
that benchmarks, when used correctly, can tell you a lot more about
an IC than just raw speed.—David Shear, Regional Editor

DESIGN FEATURES

Sliding FFT computes 161
frequency spectra in real time

Digital-signal-processing systems must often perform real-time spec-
tral analysis of a nonterminating data sequence. A simple method for
calculating frequency spectra—the sliding FFT—requires less computing

On the cover: How a DSP IC performs
tn a benchmark is only one consideration
in your selection process; other factors can  power than the conventional FFT approach.—Tom Springer, Pinson

sometimes be just as impovtant. See py Associates Inc

126. (Photo courtesy ATOT; photography
by Michel Teherevkoff)

Spice techniques facilitate 173
analysis of feedback circuits

New, casy-to-apply methods for using Spice allow you to obtain ac-
curate gain and phase information for closed-loop analog circuits that
use negative feedback. The new techniques eliminate the loading er-
rors caused by the blocking inductor and the coupling capacitor tradi-
tionally used to block and inject signals in Spice simulations.

—Steven C Hageman, Calex Manufacturing Co Inc

Logic-analyzer interface assists 187
in 68030 program debugging

Real-time program developers can use all the tools they can get.
Once you learn how to build a trace-interface circuit for a logic
analyzer, you can gain external access to the MC68030’s debugging
feature and filter out unimportant bus cycles as well.—Don Atkins,

Motorola Inc
Continued on page 7
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A field-use fiber optic
connector so tough, you could
roll a 5 ton truck over it. A Parallel
Interconnect that allows a gas-tight
interface in 60 seconds flat. A cabling
assembly enabling a single connector
to handle electronic signals, fiber
optics and power supply.

These are but a few
innovations in interconnections
from ITT Cannon. But we couldn’t
have done it without you. Because
success throughout our company
relies on a thorough knowledge
of your company’s environment.

Take strategic partner-
ing, for example. We don't create
a custom solution by shaking your
hand and jotting down a few notes.
When we design-in, we get inside
your environment.

Then there’s Cannon’s
near-zero defect rate. It got that
way, and stays that way, because we
test each product in a carefully
simulated environment.

As for delivery, we built
a dependable system by studying
the needs and scheduling realities
of our customers’ business environ-
ments worldwide.

And Cannon stays price
competitive by always asking the
question, “How will this connector
be used?” Considering the connec-
tor’sultimate environment has taught
us that keeping quality high ends
up costing our customer less.

So if you'd like a part-
ner who will take the time to learn
about your environment, take a
moment to contact I'TT Cannon
at (714) 964-7400.

Worldwide Headquarters
10550 Talbert Ave.

Fountain Valley, CA 92708
Or call (714) 964-7400

ITT cannon

We're making progress.
Not excuses.
CIRCLE NO 122
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Today’s laser diodes serve in fiber-to-
home systems, cable TV, local-aren net-
works, bar-code scanners, and optical
disks (g 57).

EDN magazine
now offers
Express Request,
a convenient way
to retrieve product
information by
phone. See the
Reader Service
Card in the front
for details on how
to use this free
Service.

Expressu | |||.
Request

TECHNOLOGY UPDATE

Laser diodes prove useful in D7
medium-haul, low-bandwidth applications

To many systems designers, laser diodes are viable optical sources
only for long-haul applications involving bandwidths close to the
gigahertz range. But they can also be effectively used in a variety of
medium-haul, low-bandwidth, cost-conscious applications.
—Tom Ormond, Senior Editor

Color-palette chips bundle extra features 67
with RAM look-up table and DACs

Enhancements to today’s color palettes can help your graphics-
display design satisfy the end user’s ever-growing appetite for higher
resolution and more colors.—Magery S Conner, Regional Editor

Industrial Electronics Product Showcase 80

This showcase doesn’t confine itself to high-level systems only. In
this roundup of industrial products, you’ll find numerous examples of
other equipment and components.—EDN Staff

PRODUCT UPDATE

DSP board and menu-driven software tools 111
IPI controller for VME systems 112
Packet communications controller IC 114
Digitizer 118

DESIGN IDEAS

Program sets up multiplexer as logic chip 195
Turbo circuit ensures glitch-free switch 197
Simple calculation finds probablities 199
One-shots tame tone decoder 200
Software timer adapts to clock speed 200

Continued on page 9

Cahners Publishing Company, A Division of Reed Publishing USA [ Specialized Business
Magazines for Building & Construction ['] Manufacturing [] Foodservice & Lodging

[] Electronics & Computers [ Interior Design [] Printing [] Publishing [ Industrial Research
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[] American Baby ['] and Modern Bride.

]
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Whether Insertion Mount or Surface
Mount, you should get what you pay for

in Electronic Contract Manufacturing!
An Open Letter from Roger R. Mayer, President of MANU-TRONICS, Inc.

Full Service Electronic Contract
Design, Manufacturing and Testing

¢ Automated Insertion Mount

* Automated Wave and Infrared Soldering
e Automated Chemical Defluxing and
Aqueous Cleaning

* Analyzation and Repair

Dear Manufacturer:

Make it yourself or buy it from a
contract manufacturer? A big risk? Yet
it's part of every make/buy decision. At
MANU-TRONICS, Inc. we’ve minimized
your risk. I'll tell you how: We put together
an unbeatable formula by combining high
standards in people selection and
training, leading edge technology,
and efficient production systems.

As specialists in PCB design and
turnkey assembly we invest in new
technologies to meet the quality requirements of your products —
at competitive prices.

We design, purchase components, manufacture, and test
to meet your exact production requirements. Yes, using either
“through hole,” or surface mount, or both, whatever you need.

Aware of the need for just in time delivery we turn our own
inventory a minimum of once a month. Your schedule is our schedule.
You can be confident of on-time delivery, just as IBM, Zenith, Argonne
National Labs, Bell and Howell, Johnson Controls and hundreds of
others have come to rely on our fast turnaround times.

When it comes to innovation our team is absolutely fearless. At
other companies there may be sacred cows, hidden agendas, people
protecting their own turf. Not here: we’ve dedicated ourselves by
investing time and money in staff development and self scrutiny —
tearing down the walls which keep people apart. No wonder when
customers visit they find our operation to be mind boggling. Our
enthusiasm is contagious.

What'’s happening at MANU-TRONICS, Inc. is more than just
exciting for us. It means quality, delivery and competitive prices for
you, and that’s the bottom line. We feel we have the drive, the vision,
the smarts and the sense of urgency to be your number one choice.

Judge for yourself. Call me now at 1-800-451-6661 outside
Wisconsin or 1-414-694-7700 within Wisconsin. We can discuss
arranging a convenient time for you to visit

and inspect the MANU-TRONICS facility.

Yours Truly, < Phone for FREE
Color Brochure
Within Wisconsin

1-414-694-7700
Roger R. Mayer Outside Wisconsin

President 1-800-451-6061

0L

T N N

MANUFACTURING

CONTRACT DESIGN * MANUFACTURING * TESTING "X o aron Mo i ki

9115 26th Avenue ¢ Kenosha, Wisconsin 53140
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You've just assembled
the“pertect” EDA system.
Now it§ boxing you in.

September 29, 1988




Mentor Graphics delivers
the only Electronic Design
Automation system that
grows in size and power
at the same time.

Engineer or referee?

The time has come. You're about to take
on a major design project, so you assemble a
little of this and a little of that to construct
the “perfect” EDA system. And quickly dis-
cover it’s too little too late.

Why? Because unless all your tools are on
speaking terms, you spend more time patch-
ing up arguments than you do designing. And
the further you expand your system, the
more boxed in you become.

Fortunately, there’s a single, simple solu-
tion. Mentor Graphics’ EDA tools.

The sum of the parts.

No other EDA vendors provide the rich
inter-tool communications paths found
within our IDEA Series™ EDA system. From

QuickSim™ logic simulation tools offer the
broadest modeling support available and allow
ASICs to be included in system-level simulations.

Board Station® promotes rapid, error-free PCB
layout by permitting any combination of
automation and interaction the professional board
designer feels is necessary for a particular design.

CIRCLE NO 136

ChipGraph™ provides an IC layout environment
rich with advanced features such as symbolic cell
representation, yet programmable to emulate your
current layout tools.

Package Station™ offers a mechanical design and
thermal analysis environment targeted directly at
the needs of electronic packaging engineers.

schematic capture to output for manufactur-
ing, your design data flows freely from one
tool to the next.

Nor do they offer the broad array of tools
you need to actually get your design out the
door. Whether you're designing ICs, ASICs,
PCBs, systems or embedded software, Mentor
Graphics’ tools cover the entire design cycle.

Nor can other vendors claim the experi-
ence we've accumulated. Currently, there are
over 12,000 Mentor Graphics workstations
producing everything from 32-bit VLSI micro-
processors to 108 MIPS parallel computers.
And our continuous dialogue with these cus-
tomers gives us invaluable feedback in
designing subsequent generations of EDA
tools.

Mentor Graphics also provides a single
source of service and support for your entire
EDA tool set. No more finger pointing. No
more delays. Our support organization takes
care of all your hardware and software
needs.

To be continued.

It’s all part of a vision unique to Mentor
Graphics, the leader in electronic design
automation. Let us show
you where this vision can
take you.

Before you open all
those strange boxes, call
us toll-free for an over-
view brochure and the
number of your nearest
sales office.

Phone 1-800-547-
7390 (in Oregon call
284-7357).

GISHIY:

Your et O exrerince.



Howthefa

Our new 75ns PAL® device is fast
enough to prove that standard logic
shouldnt set the standard anymore.

It's also fast enough
to finally let today’s new
microprocessors run at the
speeds for which they were
designed—breathtaking.
Raising your standard.

How fast would you
like your standard logic?

How about faster
than any TTL logic around?
Even FAST™ or AS? Youve
got it with the 75ns PAL
device.

And the fact that you can config-

12

{

ure it yourself means you can get exactly
what you want.

If you want to redesign some-

SSI/MSI
Combinatorial

74138

Decoder

74151

Mux
Register/Latch

74374

Octal Register

74373

Octal Latch
Counters

74161

Four bit Ctr

74269/869

Eight bit Ctr

tPD

tPD

tCO

tPD
tLEO

tS
tCO
tS
tCO

FAST

8.0

11.0

10.0

8.0.

13.0

5.5
11.0

10.0

AS

10.0

15.0

9.0

6.0
15

8.0
13.5
5.0
11.0

75ns PAL Device vs. FAST & AS
75ns PAL
Device

7.5

T

6.5

15
75

7.0
6.5
7.0
6.5

. thing, you change the
PAL device. Not the
board.

| Not only is this the
fastest way to get high
speed logic, it's also the
most practical. One 75ns
PAL device replaces

two to six standard TTL

. devices.

Which cuts down
— on board size.

And cuts down chances for a

device failure.

EDN September 29, 1988



What to give the microprocessor
that has everything.

We suggest the first PAL device
that can keep up with it.

The75ns PAL device runs at 74 Mhz.
[t can deliver the speed the new high per-
formance microprocessors need.

Processors like the 29K, the 386 and
the 68030.

This PAL device delivers 25% more
speed than any other PAL device.

We even have the fastest 22V10.

Our 15ns 22V10 runs at 50Mhz. That's
[0ns faster than anyone else on the mar-
ket. And it lets you run at twice the rate
of the new 25Mhz microprocessors.

We've been shipping 20 pin 10ns

EDN September 29, 1988

PAL devices for eighteen months. And
now you can get the new 24 pin 10ns PAL
device as well.

Theres plenty of service and sup-
port to get and keep your project moving,
And all our fast PAL devices are available
in volume when you need them. Now, for
example.

For all the facts about our fast PAL
devices, drop us a line. Or call us at
(800) 222-9323.

Because you can never be too fast.

Advanced Micro Devices ¢\

- - -
Monolithic Memories [X]
901 Thompson Place, PO. Box 3453 Sunnyvale, CA 94088.

PAL is a registered trademark of Advanced Micro Devices, Inc. FAST is a trademark of National
Semiconductor Corporation. ©1988 Advanced Micro Devices, Inc
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The highest performance
development tools.

Now you can build a high
performance development environ-
ment around the engineering work-
station you already own. And get
your embedded microprocessor
designs completed more quickly
and with less effort than ever before.

Your Sun, Apollo or DEC
workstation has the processing
power and high resolution graphics.
Applied Microsystems adds the
debuggers, utility software and
excellent emulation you need to
complete your system. Only Applied
Microsystems can make all of these
pieces work together seamlessly.

Our ES 1800 Series of emulators provide the most powerful transparent emulation system available anywhere.

in a closely coupled development
environment. What’s more, VALI-
DATE is supported by a rich library
of linkers, loaders, compilers and
assemblers.

Add the real-time, transparent
emulation capabilities of our ES

you the largest overlay memory
capability in the industry.

Make your workstation work
even harder.

Get full value from your invest-
ment in engineering workstations.

Applied Microsystems can

Operating Environment Microprocessors/ Software Utilities Emulation Link Debuggers
Host Operating System | Microcontrollers Languages Tools turn your WOYkStatiOH into the
VAX VMS Intel: C Compilers | ES 1800 VALIDATE .
MicroVAX ~ ULTRIX 8048 family, 8051 family | Pascal ~ Assemblers | (16 & 32-bit) andothersof- | eart of a high performance
Apollo UNIX* 8080, 8085, 8086/8, FORTRAN Linkers EC7000 ware products :
Sun MS-DOS 80186/188and 80286 | PL/M Locators | (8-bit for source microprocessor development
PC Motorola: Assembler microcontrollers) and symbolic :
PCXT 68HC11, 6800/2/8, Jovial EM Series and debugging en\)lronment'
PCAT 6809/9E, 68000/08/10 ADA (VERDIX) EL 800 1
PC Compatibles and 68020 (8-bit TO ﬁnd out more, write
Zilog: microprocessors) Applied Microsystems
780, Z80H, MK 3880/4 o
ansdC 20002 Corporation, P.O.Box 97002,
NSC: NSC 800 5
Hitachi: 64180 Redmond, Washington, USA

We offer debug and development tools with a difference: they are integrated solutions for virtually any

development environment.

Source or symbolic debugging for
Intel, Motorola, and Zilog. Plus
the best emulation.

The VALIDATE family of
source and symbolic debuggers and
host control software has been spe-
cifically tailored by Applied Micro-
systems to work with our emulators
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1800 Series of 16-bit and 32-bit
emulators, and you have the most
powerful emulation system any-
where. The high speed SCSI inter-
face option lets you upload and
download files more than twenty
times faster than with RS 232. Our
Advanced Event Monitor System
lets you precisely control emulation
with logical statements of system
conditions. The ES 1800 also gives

CIRCLE NO 124

98073-9702. Or call
(800) 426-3925, in Washington
call (206) 882-2000.

In Europe contact Applied Microsystems
Corporation Ltd., Chiltern Court, High Street,
Wendover, Aylesbury, Bucks, HP22 6EP, United
Kingdom. Call 4440)-296-625462.

UNIX is a registered trademark of ATE&T.  AMC-228

i

Applied
Microsystems
Corporation
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are boring,

TheyTe easy to design.Theyre ready on time.
And first-time success is virtually 100 %.

You've heard all about the excitement of
ASICs.

They improve performance, lower costs
and make many new designs possible.

But, unfortunately, youve probably also
heard about one big potential problem: while
many ASICs pass the tests specified by the
designer, they don’t always work in the real
world. And that causes excitement you can do
without.

How to get first-time success.

It starts with our Design Simulation Software.
It’s been rated the best in the industry by the
people who should know—designers who
have used it. Within three days, you can be up
to speed, working at any of the major worksta-
tions in the industry, creating and revising
your ASIC with ease.

The standard cell advantage.

You'll really appreciate the power of our
standard cells, which allow you to integrate a
whole system, including macros, memories,
logic and peripherals, onto a single chip.

We have cells with effective gate length as
small as 1.5u (.91 coming soon). And double-
level metal for higher-density chips that can
handle higher clock speeds.

You can choose from a wide range of
Supercells, including the leading-edge
RS20C51 core micro, RAMs, analog functions,
bit-slice processors, HC/HCT logic, Advanced
CMOS Logic, and high-voltage cells.

If they aren’t enough, we can even generate

Supercells to your specs.

And we're also in the forefront of silicon
compiler technology. So we can offer you the
ability to create designs that are heavily BUS-
structured, with your ROMs, RAMs, PLAs and
ALUs compiled right into the design.

We also bring you the resources of some
very powerful partners, thanks to our alternate-
source agreements with VLSI on standard
cells; WSI on macrocells and EPROMs; and a
joint-development agreement with Siemens
and Toshiba on the Advancell® library of
small-geometry cells.

Gate arrays, too.

If gate arrays are better for your design,
you'll be able to choose from our full line up
to 50,000 gates, with effective gate length as
small as 1.2 and sub 1 ns gate delays.

These gate arrays use “continuous gate”
technology for up to 75% utilization. They
are an alternate source to VLSI Technology
arrays.

We also alternate source the LSI Logic 5000
series.

And we have a unique capability in high-rel
ASICs, including SOS. Our outstanding pro-
duction facilities here in the U.S. produce
high-quality ASICs in high volume at very low
COSts.

It almost sounds exciting for something so
boring, doesn’t it?

For more information, call toll-free today
800-443-7364, ext. 25. Or contact your local
GE Solid State sales office or distributor.

In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.
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HARTING/Austria, Vienna, Tel. 0222-686818-0 - HARTING/Belgium, Relegem, Tel. 02-465.42.40 - HARTING/France, Fontenay-sous-Bois Cedex, Tel. (1) 48770626
HARTING/Great Britain, Biggin Hill, Tel. 9) 71411 - HARTING/Italy, Pioltello (Milan), Tel. 02-92100847 - HARTING/Japan, Yokohama, Tel. 045-931.5718
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A SINGLE WHITE
ELEPHANT CAN
PRODUCE
AN OPERATIONAL
DISASTER.

Elephants may not be the smartes
but hundreds or even thousands of
them can lirk up to cover immense
distances as a perfectly coordinated
entity. They can do it with an effi-
ciency that's often lacking in modern
industry. Because, in nature and in
industry, a single white elephant can
produce an operational disaster.

That's why we at HARTING produce

a complete line of connectors for
virtually all applications found in the
electronics industry. Electronic controls
and instrumentation, telecommunica-
tions, robotized production technology
and industrial automation are typical
areas involving state-of-the-art
technology where users of high-tech
electronics equipment and systems
can't afford white elephants. Especially
when it comes to connectors.

HARTING's HAN® Industrial Connectors
IDC Connectors,
D-Sub Connectors
and PCB
Connectors are all
designed and
engineered —
to cover a wide
range of high-tech applications, but
we also use the latest high-tech production
methods and equipment ourselves to produce
our connectors. After all, we
make sure that each connector that
leaves.our plant delivers on the job what it
promises on the
drawing board.

World headguarters:
HARTING ELEKTRONIK GmbH
P 0. Box 1140 - D-4992 Espelkamp
West Germany
2 (05772) 47-1 - [Tx/ 972310-11 he d

CONNECT UP WITH QUALITY -
WITH HARTING.

v HARTING/Netherlands, AM Etten-Leur, Tel. 01-608-354 00 - HARTING/Norway, Oslo, Tel. 02-64 7590 - HARTING/Sweden, Spanga,
Tel. (08) 7617980 - HARTING/Switzerland, Schwerzenbach, Tel. 01-8255151 - HARTING/USA, Chicago, Tel. (312) 519-7700
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Circle No. 128 for demonstration

How to crack

386 protected mode

Unlock selectors and descriptor tables. Break
open task state segments (TSS) and call gates.
Microtek’s In-Circuit-Emulator (MICE) cracks 80386
protected mode with real-time, non-intrusive emu-
lation to 20 MHz.

MICE unravels all the intricacies of the 80386,
so you harness its full potential. Internal registers,
including GDT and IDT base values are all directly
accessible. And MICE also provides decoded access
to all selector and descriptor bits, like privilege
level, segment type and page accessed bits.

Use MICE as a stand-alone device, or integrate it
into your development environment. MICE easily
interfaces with the IBM® PC/XT/AT, VAX® Apollo®
and Sun® computers.

And the 80386 emulation system is just one of
our many embedded software development tools.

Our Software Analysis Workstation (SAW) deliv-
ers hardware-based, real-time software analysis in a
source code environment. For source code develop-
ment, our Microtec® Research products provide you

Micro
CASEZ/

Formerly Northwest Instrument Systems, Inc.

SRR EEREE

and Pascal cross-compilers, cross-
assemblers and debuggers for many popular
Microprocessors.

And MicroCASE™ backs all of its products with
solid applications support, both at the local and
factory level.

Microtek enjoys a long track record of being first
to market with quality support for many major
microprocessors. We were the first alternative for
80386 emulation. We're first to provide non-pro-
prietary support for 80386 protected mode* And
you can count on the same support in the future.

For more information and product litera-
ture on our full line of MICE, call us at
(408) 253-5933.

Crack 80386 protected mode,
and open the door to exciting
design possibilities—with the
best 80386 emulation system now
available. From
MicroCASE.

*Without the use of a proprietary “bond-out” chip.

IBM is a registered trademark of International Business
Machines. VAX is a trademark of Digital Equipment
Corporation. Apollo is a trademark of Apollo Computer,
Inc. Sun is a trademark of Sun Micro Systems.

P.0. Box 1309 * Beaverton, OR 97075

Processors supported by Microtek: 80386, 80286, 80186, 80188, 8086, 8088, 68020, 68010, 68008, 68000, 6809, 6809E, 6502, Z80, NSC800, 8085, 8032, 8051, 8031, 8344,

8048, 8049, 8050, Z8, SUPER 8, 68HC11, 64180, 80515.
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NEWS BREAKS

EDITED BY JOANNE CLAY
TWO-BOARD SET PUTS THE IBM PC ON THE STD BUS

The XT-7 card set from Octagon Systems Corp (Westminster, CO, (303) 426-8540)
brings IBM PC compatibility to the STD Bus by means of a $795 XT-7 CPU card and
a $495 XT-7 support card. The CPU card features an NEC V20 pwP running at 7.15
MHz, two serial ports, a parallel printer port, 128k bytes of static RAM (SRAM) with
room for an additional 128k bytes, a standard PC keyboard interface, a real-time
clock, and a battery that maintains the state of the RAM and clock while the system
is turned off. The CPU card also incorporates a ROM containing a standard BIOS
(basic I/O system) and the latest version of the company’s STD Basic language, which
is specifically tailored for process-control applications. You can build a system with
just the XT-7 CPU card, or you can replicate the function of an entire IBM PC by
plugging in the support card, which adds a floppy-disk controller, an IBM CGA-
compatible (Color Graphics Adapter) video controller, 128k bytes of battery-backed
SRAM, and room for an additional 256k bytes of SRAM.—Steven H Leibson

CONTROLLER LETS YOU ZOOM INTO CAD DRAWINGS IN 2 SEC ON PS/2

Tapping the power of a T414 Transputer and custom graphics chips, the Nth
Engine/R display controller from Nth Graphics (Austin, TX, (800) 6R4-7552 or (51R)
832-1944) lets you use your PS/2 computer to perform 2-sec zooms into large CAD-size
drawings. This $4295 16-color graphics board drives one or two 1024 X 768-pixel
monitors—and the company can also reconfigure the board to work with lower-
resolution monitors. The Nth Engine/2 maintains a compressed copy of your CAD
drawing’s vector-display list in its 1M-byte, onboard display-list RAM. A pop-up
window shows you the entire drawing and highlights the area you’ve zoomed into.
You can use the Nth Engine/R under software control as a remote viewing station
for your plotter, or you can use it to preview the plotter’s output. Memory options
let you increase the display-list RAM to &M bytes on board, or to 4.5M bytes with a
daughter board.—dJ D Mosley

GRAPHICS TERMINAL OFFERS THREE DIFFERENT COAX CONNECTIONS

The Tektronix (Portland, OR, (800) 225-5434) Model 4211 Graphics Netstation
can interface to host computers via RS-232C serial ports, a TCP/IP-based Ethernet
LAN, or an IBM 3270 coax connection. Furthermore, the terminal includes a dedi-
cated graphics processor that features a redraw rate of 40,000 transformed and
clipped 2-D vectors/sec. You can specify the graphics terminal with a 15- or a 19-in.
color monitor. You can use the Graphics Netstation with more than 100,000 software
applications developed for 4111 and 4200 Series terminals. The basic configuration
of the 4211 costs $6495 and includes three RS-232C ports, a parallel port, a keyboard,
and 0.75M bytes of RAM. A 19-in. monitor costs an additional $1500. The company
plans to begin volume shipments of the product in November.—Maury Wright

SIMULATOR ADDS pP MODELS AND AUTOMATIC TIMING ANALYSIS

You can now simulate pPs with the Susie personal-computer-based simulator from
Aldec (Newbury Park, CA, (805) 499-6867). The firm offers models for pPs from
Intel, Motorola, and other companies, and it expects to support RISC processors in
the first quarter of 1989. The wP models range in cost from $1495 to $1995 per
processor family. The company has also added an automatic timing-analysis capabil-
ity to the simulator. You load a net list and test vectors, and the simulator tests
every pin on every chip for conflicts and timing violations with an accuracy spec
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of 10 psec. The newest release of the product also allows you to partition a simulated
circuit, so you can simulate only a discovered problem area. The simulator’s incre-
mental-compiler design makes partitioning possible: It lets you test a small portion
of a design, thus saving you the time required to simulate the entire design. The
new release of Susie, with timing analysis, costs $2000.—Maury Wright

VENDOR OPENS ARCHITECTURE OF MODULAR INSTRUMENTS

In the hope of making the architecture of its modular microwave instrumenta-
tion system a de facto industry standard, Hewlett-Packard (Rohnert Park, CA, (707)
794-1212) has announced that it is placing the interface and mechanical specifica-
tions of the heretofore proprietary 70000 Series in the public domain. The company
will provide design guides at cost and will not require vendors who develop modules
that work in the system to pay a license fee. In addition, HP will sell kits of me-
chanical parts to permit the construction of 70000 Series modules and will allow
the manufacturer of the custom ICs that interface the modules to the system’s MSIB
(modular-system interface bus) to sell the chips to anyone interested in buying them.

Hewlett-Packard is a founding member of the consortium that created the VXI
(VME extensions for instrumentation) Bus, another open, modular-instrumentation
standard. The company believes that despite VXI’'s wide applicability, the bus does
not lend itself to the optimal implementation of microwave instruments. The 70000
Series can work with VXI-based instrumentation. It has been on the market since
1984 and has been thoroughly debugged. Therefore, HP sees the 70000 format as
an ideal complement to the VXI bus for extending modular instrumentation to
higher frequencies.—Dan Strassberg

VIDEO LINE DRIVERS SPEC 10-BIT RESOLUTION

Meeting the standard established by the RP-125 requirement of the Society of
Motion Picture and Television Engineers (SMPTE), the VS6R20 and VS621 10-bit video
line-drivers from VTC Inc (Bloomington, MN, (612) 851-5200) eliminate the skew,
matching, and jitter problems previously inherent in similar small-scale ICs. The
output-to-output skew for these chips is typically 1 nsec. The VS620 has differential
ECL inputs; the VS621 uses single-ended TTL inputs. The chips transmit digitized
video signals among different video-system units, via 10 parallel differential ECL
signals, at a 27-MHz clock rate. Both chips sell for $26.20 (1000).—J D Mosley

DSOs OFFER 20-GHz BANDWIDTH, PERFORM DIFFERENTIAL TDR

The 11800 Series digital sampling oscilloscopes from Tektronix Inc (Beaverton,
OR, (800) 935-9433) perform differential time-domain reflectometry (TDR). For meas-
urements on balanced lines—for example, the twisted-pair cables often used for
clock distribution in high-performance computer systems—the differential tech-
nique is both faster and more accurate than the more-familiar single-ended method.
The scopes, whose pricing starts at $28,000 with a 2-channel sampling head and a
pair of passive probes, offer a 20-GHz analog bandwidth. By using sequential equiva-
lent-time sampling, they capture data at an effective 100G-sample/sec rate. They
expand to 136 channels, and you can display eight of the channels at a time.—Dan
Strassberg
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Flash A/D conversion

as easy as

TRW LSI Products makes it easy to
select the high-speed A/D converter
that best fits your needs. Our growing
family of flash converters offers
hybrid and monolithic solutions for
your 8- and 9-bit applications.

When board space is at a premium or
your design window is narrow, the 8-
bit THC1068 and 9-bit THC1069
hybrids are convenient solutions, com-
plete with precision voltage reference,
wideband analog input amplifier and a
three-state output buffer. Everything
you've always wanted in a flash, in
amazingly small 24-pin and 32-pin
packages.

You've still got maximum design flexi-
bility with TRW’s low-cost monolithic
flash converters: the industry standard
8-bit TDC1048, the new standard 9-
bit TDC1049, and the industry’s first
10-bit flash, the TDC1020. Any one
you choose makes it easy for you to
stay ahead of your competition.
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TRW makes real-time sampling as
easy as 1, 2, 3.

We've got all that you've come to
expect from TRW LSI Products includ-
ing commercial and extended temper-
ature ranges, as well as MIL-STD-883C
screening. We're making it easy for you
to use flash converters in your designs,
and our products are easy to get from
any Hall-Mark or Hamilton/Avnet
location.

Resolution Speed
TDC1048 | Monolithic 8-bits 20MSPS
THC1068 Hybrid 8-bits 25MSPS
TDC1049 | Monolithic 9-bits 30MSPS
THC1069 Hybrid 9-bits 30MSPS
TDC1020 | Monolithic | 10-bits 20MSPS

TRW LSI — bringing the worlds of data

acquisition and DSP together.

Call us and ask for our “Flash Pack,”
a complete set of data sheets on our

monolithic and hybrid A/D converters.
For immediate technical assistance or

price quote, call us at 619.457.1000.

TRW LSI Products Inc.
P.O. Box 2472, La Jolla, CA 92038
619.457.1000

In Europe, call or write:
TRW LSI Products Inc.
Munich, 089.7103.124;

Paris, 1.69.82.9241;

Guildford (U.K.), 0483.302364

In the Orient, phone:

Hong Kong, 3.880629;
Tokyo, 3.487.0386, 3.461.5311;
Taipei, 751.2062;

Seoul, 2.553.0901

©TRW Inc. 1987 — 712A02888

N Al 44

TRW LSI Products Inc.

Visit Us at ELECTRONICA ’88, Halle 25; Stand 25 C 6A
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TOKEN-BUS CONTROLLER HANDLES MAP NETWORK PROTOCOL

In conjunction with the company’s SAB82511 token-bus modem, the SAB82510
token-bus-controller IC from Siemens AG (Munich, West Germany, TLX 5210025; in
the US, Santa Clara, CA, (408) 980-4500) implements a 1M-, 5M-, or 10M-bps carrier-
band network station that conforms to the IEEE-802.4 standard. The IC is therefore
suitable for use in MAP or Proway factory-automation networks. You can use it at
a data rate of 20M bps on a fiber-optic cable. The controller implements the MAC
(media access control) functions of layer R of the OSI model. To maximize throughput,
it has an on-chip DMA controller to transfer received data, or data that is ready for
transmission, to and from shared memory in the host system. Controlled by a set
of high-level commands, the SAB82510 supports both command- and data-block
chaining. The controller also has a real-time clock function that allows you to syn-
chronize token-bus stations to real time, and a host interface that operates in the
80186 or 68000 pP bus mode (the modes are pin-selectable). The SAB8R510 is a CMOS
device packaged in a 68-pin PLCC. Sample quantities sell for $94.—Peter Harold

COMMUNICATION ICs SUIT ISDN S AND U INTERFACES

The MTCR078 and MTCR071 from Mietec (Oudenaarde, Belgium, TLX 85739) are
single-chip implementations for interfacing equipment to the ISDN’s S and U inter-
faces, respectively. The MTCR072 S-interface IC uses the AMI line code and conforms
to CCITT recommendations for the 4-wire interface between subscriber terminals
and network termination units. It provides separate receive and transmit loops
that operate at 192k bps. Housed in a 22-pin plastic package, the device is expected
to sell for around $9.50 (1000) in 1989 and drop to around $7.50 (1000) in 1990.

The MTCRO71 provides a U interface for ISDN networks that use the 4B/3T line
code. It uses adaptive filtering, implemented with DSP techniques, to provide echo
cancellation and equalization. You can use the device on a telephone line as long
as 8.2 km, and you can configure it for use at a number of different locations within
an ISDN. The price for the MTCR071 in a 28-pin plastic package will be around $185
(1000) in 1989 and will fall to less than $50 (1000) during 1990.—Peter Harold

SPARC WORKSTATION BANDWAGON GAINS NEW MEMBER

Solbourne Computer Inc (Longmont, CO, (303) 772-3400) became the latest com-
pany to join the SPARC RISC (reduced-instruction-set computer) club when it an-
nounced a licensing agreement with Sun Microsystems Inc (Mountain View, CA,
(415) 960-6543) for SPARC technology. Solbourne (formerly Solutions Are Everything
Inc) was founded by Douglas B MacGregor, a principal designer of the Motorola 68020
pP. The company plans to offer low-cost, multiprocessor workstations based on a
single-chip implementation of the SPARC pP that incorporates the CPU, a memory-
management unit, data and instruction caches, and a bus controller. The 750,000-
transistor, single-chip SPARC wPs and the workstations will be manufactured by
Matsushita Electric Industrial Co Ltd (Osaka, Japan, Phone 06 909-1121), which
owns 52% of Solbourne.—Steven H Leibson
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Intergraph makes ASIC design easy.

We provide a complete solution for ASIC
development to help you create optimized
and verified electronic circuits.

From your workstation, simply push a
button to access...

(] hierarchical schematic design

(] online electrical rules checking

(] leading ASIC model libraries

(] user-generated custom libraries

[J high-speed logic and fault simulation

Resulting verified netlists can be used with
a wide selection of physical design tools
that Intergraph offers for standard cell,
gate array, programmable gate array, and
programmable logic device designs.

The ASIC Engineer Series offers schematic
symbols, simulation models, netlisters,
back-annotation utilities, and simulation
vector conversion utilities.

Our 5-MIPS CLIPPER workstations and
servers give you the performance to produce
advanced ASIC designs with lower part cost
and greater architectural flexibility — to get
your products to market faster.

Integrating CAE solutions...

Call Intergraph...800-826-3515 or
205-772-2700. CAE really is as simple as
pushing a button.

CIRCLE NO 126

Intergraph and CLIPPER are registered trademarks of
Intergraph Corporation.




rugged plug-in

amplifiers

0.5 10 1000MHZ 1on $13%5...

Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C
temperature range, in a rugged package ...that's Mini-Circuits’ new MAN-amplifier series.
The MAN-ampilifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same

pc board area as a TO-8 and can take tougher punishment with leads that won't break
off. Models are unconditionally stable and available covering frequency ranges 0.5 to
500MHz and 0.5 to 1000MHz, and NF as low as 2.8dB.

Prices start at only $13.95, including screening, thermal shock -55°C to +100°C,
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating
voltage and current.

Internally the MAN amplifiers consist of two stages, including coupling capacitors.
A designer’s delight, with all components self-contained. Just connect to a dc
supply voltage and get up to 28dB gain with +9dBm-output.

The new MAN-amplifier series...
another Mini-Circuits’ price/performance

breakthrough.
FREQ.
RANGE GAIN MAX. NF DC PWR  PRICE
(MHz) dB OUT/PWRt dB 12V, $ ea
MODEL fLtofy min flatnesstt dBm (typ) mA (5-24)
MAN-1 0.5-500 28 10 8 45 60 13.95
MAN-2 0.5-1000 189 1.5 Fd 6.0 85 15.95
MAN-1LN ~ 0.5-500 28 10 8 28 60 156.95
OMAN-1HLN 10-500 10 08 15 37 70 15.95
t1tMidband 10f_tof,, ,+ 0.5dB t1dB Gain Compression OCase Height 0.3 In.

U/Z -
Max input power (no damage) +15dBm; VSWR in/out 1.8:1 max

finding new ways ...
setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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2 (1,000 qty)

The opportunity for automated, low-cost assembly is a key
benefit of surface-mount technology, but is often wiped out by
the high price of surface-mount components. Now, Mini-Circuits offers a new series of
mixers to meet the pricing demands of SMT ... only $2.49 in 1,000 quantity ($3.75 ea. in
quantity of 10)... at a cost even lower than most conventionally-packaged mixers.

The SCM-1 spans 1 to 500MHz with only 6.0dB conversion loss, 45dB LO-RF isolation,
and 40dB LO-IF isolation. Housed in a rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high
(maximum dimensions) plastic/ceramic package. Spacing between connections is 0.2
in. The mixer is offered with leads (SCM-IL) or without leads (SCM-INL) to meet a wide
range of pc board mounting configurations.

Each SCM-1 is built to meet severe environmental stresses including mechanical shock/
vibration as well as temperature shock. The operating and temperature storage range is
-55°C to +100°C. Each SCM-1, designed and built to meet today’s demanding reliability
requirements, carries Mini-Circuits’ exclusive 0.1% AQL guarantee of no rejects on every
order shipped (up to 1,000 pieces).

When you think SMT for low-cost production,
think of Mini-Circuits’ low-cost SCM mixers.

finding new ways
setting higher standards

[ JMini-Circuits

A Division of Scientific Components Corporation

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500

CIRCLE NO 130

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

SPECIFICATIONS SCM-1L SCM-1NL
(typical) (with leads) (no leads)

FREQ. RANGE (MHz)

LO, RF 1-500

IF DC-500
CONVERSION LOSS (dB)

Mid-Band (10-250MHz) 6.3

Total Range (1-500) f s
ISOLATION (dB) (LR) (L)

Low-Band (1-10MHz) 60 45

Mid-Band (10-250MHz) 45 40

High-Band (250-500MHz) 40 35
PRICE  $2.49(1,000 qty)

$3.75 (10-49)
Units are shipped in anti-static plastic
“tubes” or “sticks” for automatic insertion
C115REV. ORIG.



If youre testing complex boar

You're facing one of test engineering’s toughest
challenges. VLSI boards like this one. But with a
Teradyne L200 board tester on your side, complex
test problems can be conquered quickly.

The L293 VLS| Module Test System.

28

Stay in front of VLSI/VHSIC advances.

Start with the most advanced hardware for analog
and digital testing. An L200 fires functional test pat-
terns at 40 MHz rates. At up to 1152 test channels.
Top speed is 80 MHz. That’s 4 to 8 times faster than
any competitor can deliver.

And the L200 hits test signal timing precisely.
With up to 32 timing sets for drive phases and test
windows. Its 250 ps programming resolution with
zero dead time puts signal edges right where you
want them.

Divide and conquer.

VLSI/VHSIC boards demand large, complex test
programs. But the L200’s distributed computer
architecture simplifies matters.

Testing is controlled by a VAX computer. It sends
tasks to specialized processors for rapid deployment
of analog, digital, and memory tests.
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WAVEFORM AND BOARD DISPLAYS

WAVEFORM AND BOARD DISPLAYS

here's asimple plan of attack.

Programmers will appreciate clustered VAX
workstations. Graphics, like waveforms and shmoo
plots, make heavy debug and analysis light work.
Simulation and other tactics.

High-powered software tools tailor L200 test
development to modern design techniques and test
strategies.
Precisely the
caliber of
tools you
need to get
tests up and
running fast.

Take our LASAR simulator. It works closely with
the L200 for both cluster and board-level testing.
LASAR accurately predicts VLSI circuit responses
and reports test program fault coverage.

Significantly, LASAR simulates L200 charac-

Test Maximum Channel
Channels Pattern Rate Skew

576 Miz +1Uns

L200 VLS| board test systems are the performance leaders.

EDN September 29, 1988

teristics. So test programs automatically include
when to test board responses. And what response
is expected. The result is uncompromising go/no
go tests as well as precise guided probe or fault
dictionary diagnosis.

A powerful ally.

L200’s have proven themselves under fire at hun-
dreds of advanced manufacturing sites worldwide.
So if you're about to take on a new VLSI/VHSIC
project, find out how to launch a winning test strat-

egy. Call Daryl

Layzer at - »)), . VR

(617) 482-2700, ‘

Ext. 2808 with- :

out delay. We measure quality.

VAX is a trademark of Digital Equipment Corp.
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“Atlunch today, Ilearned to use
this programmable video generator.
And still had time to eat.”

While other RGB video generators
take weeks to learn, ours take minutes.
No digital training needed. No countless
key combinations to learn. No need to
use your PC unless you want to. Unlike
other generators, Leader’s have an inte-
gral programmer (LVG-1604A and
1603A) or are available with a program-
mer unit (1601A). And you can get any
of dozens of test patterns simply by
touching one clearly
marked key.

All the
functions
you need.
The LVG-1604A
lets you test even the

most advanced high-
resolution CRT’s and

Select a Leader Video Generator
with all the features you need.

wide-band video transmission systems.
Present or future.

Analog, TTL and ECL outputs. 125
MHz. 64-color capability. Storage of up
to 200 display formats. Wide range of
raster architectures, and most common
test patterns with both stock and user-
designed characters. Ability to change
format conditions. These features are
easy to learn—but hard to beat.

Now you

can cnoose.
You shouldn't pay
for more functions
thanyou need. So
callus for afree
copy of our full-line
catalog. Pick the
video generator
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that's right for you. Then, in just 30 min-
utes, we’'ll show you how to use it.

It'll be up and running before you finish
your lunch.

Call toll-free

1 800 645-5104

In NY State
516 231-6900

Leader Instruments Corporation
380 Oser Avenue, Hauppauge, New York 11788
Regional Offices:

Chicago, Dallas, Los Angeles, Boston, Atlanta
In Canada call Omnitronix Ltd. 416 828-6221

LEADER

FOR PROFESSIONALS WHO KNOW
THE DIFFERENCE
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The Bard takes a bow

Thanks very much for “Differential
equations and Shakespeare: Meld-
ing engineering studies and liberal
arts” in the Professional Issues sec-
tion of the May 26, 1988, issue of
EDN (pg 279). The availability of
a good liberal education, alongside
an effective engineering education,
is certainly the wave of the future
for those engineering students who
desire it.

As engineers, we hold consider-
able de facto power in shaping the
world through the products we de-
sign and produce. But because of
our own head-in-the-sand attitudes,
we are largely excluded from the
decision processes that affect the
society in which we live. We can
no longer afford to hold such de
facto power in technical, business,
and entrepreneurial areas, but lack
the perspective, techniques, and
humanness to wield it properly.

I am very much in favor of a bet-
ter liberal education for engineers.
But a formal, conventional liberal-
arts curriculum is not the only way
to gain such education, especially
now that we’ve left school and we
hold responsible positions. Curios-
ity and interest in the world outside
of science and engineering is the ba-
sis for a home-grown liberal educa-
tion for many of us long past our
college years.

We can read, obtain reading lists
of related books, and follow our own
“reading trails” of such books and
periodicals. We can discuss our in-
terests with friends and colleagues,
and new friendships, perhaps out-
side of science and engineering cir-
cles, can develop. Mentor relation-
ships with people knowledgeable in
fields of interest to us can arise
when we probe into certain sub-
jects. We can enroll in selected uni-
versity or industrial courses and

ed c

seminars designed to augment the
poor humanities backgrounds of sci-
entists and engineers. We can take
continuing-education courses and
community “free school” courses.
Travel for pleasure or business can
turn into an educational and per-
sonal-reflection process.

The possibilities are endless for
accomplishing a liberal education
outside the formal university struc-
ture. Such structures generally
haven’t proved suitable for the
needs and schedules of working
engineers, anyway.

The subject of broadening an en-
gineer’s horizons often brings a
negative knee-jerk reaction when
aired either in discussion or in
print. This is too bad, and it’s in-
dicative of a potentially destructive
and dangerous mentality within the
profession. Such broadening is not
for everyone, and no one is asking
that it be forced on an individual.

ngle-board microcomputer is well-
-handle even the most challenging
ol tasks. Now you can have speed

d versatility without sacrificing the func-
tionality you need for sophisticated real-time
applications. Standard equipment:

= Up to 25 MHz Motorola 68020 CPU = 4 or
16 MB of on-board DRAM with parity = Up to
2 MB of EPROM = VSB compatible high
speed memory expansion bus = 4 serial

I/O ports = Single 8-bit

Optional racy features inel
68881/68882 FPP and SCSH

HEWRIK®ON

Take Heurikon's HK68/V2E for a trial run today.
Call toll-free: 800-356-9602 (ext. 502).
Telefax: 608-251-1076

CIRCLE NO 3 3201 Latham Drive = Madison, WI 53713




ALL THE DIGITAL

FILTER DESIGN AND
ANALYSIS SOFTWARE

STATE-OFTHE-ART DESIGN AND
ANALYSIS SOFTWARE ON THE IBM PC
XT/AT & PS/2 & COMPATIBLES

DESIGN CAPABILITY:

® Lowpass, Highpass, Bandpass, Bandstop

@ Differentiator, Hilbert Transforms,
Multiband and Arbitrary Magnitude
Filters

ANALYSIS CAPABILITY:

@ Analysis of digital transfer functions
@ Transform analog transfer functions to
digital transfer functions

IIR FILTER DESIGN:

@ Bilinear Transformation
@ Impulse Invariant

Elliptic

FIR FILTER DESIGN:

@ Several window functions
@ Parks McClellan Equiripple

MENU DRIVEN SCREENS
OUTSTANDING GRAPHICS

COEFFICIENT QUANTIZATION
(8 TO 32 BITS)

COEFFICIENT SCALING FOR:

® Cascade Form I & 11
@ Parallel Form I & II

SUPPORTS MOST HARDWARE
CONFIGURATIONS

CODE GENERATION FOR
MOTOROLA DSP 56000
TI TMS320 Series

WITHOUT ALL THE
EXPENSE

from $49500

caLL ForR FREE DEMO

»

MOMENTUM
DATA SYSTEMS™

1666 NEWPORT BLVD., # 115,
COSTA MESA, CA 92627
PHONE (714) 548-3257

@ Butterworth, Bessel, Tschebyshceff I & II,
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But for those of us who are inter-
ested in both technology and the
world at large, let’s make it possible
to be involved in both, during our
degree educations and in the ca-
reers that follow.

Richard Simonelli

Ziyt Technical Services

Boulder, CO

Engineering schools can

aid in education reform

The Professional Issues pages by
Deborah Asbrand in EDN’s May
26, 1988, issue (pg 279) discuss the
very serious problem of engineers’
education in “humanistic,” “liberal-
arts,” or “nontechnical” subjects.
As an older engineer, I should like
to add some comments and sugges-
tions.

First, the problem is real. Few
of us can doubt that engineers will
be better in their jobs and better
citizens if they know how to write
effectively and speak clearly. To do
so, they require not only writing
and speaking skills, but a full meas-
ure of “cultural literacy” (Hirsch, E
D, Cultural Literacy: What Every
American Needs to Know,
Houghton Mifflin Co, 1987).

Deborah Asbrand writes that
“Technical talent is as important as
ever, but it’s no longer enough.” Of
course, it never was. Engineers
may be less accomplished than
members of some other professions,
but the level in most of today’s
American society is dismally low,
and perhaps is still declining
(Bloom, A, The Closing of the
American Mind, Simon and Schus-
ter, 1987; Ravitch, D, and C E
Finn, C E, What Do Our 17-year-
olds Know? Harper and Row,
1987).

Second, consider the solutions.
To the extent that we are talking
about a national problem, the solu-
tions are beyond the scope of engi-
neering schools. These schools can
probably contribute to, and will cer-
tainly benefit from, a general im-

provement in young people’s educa-
tion, but for now they must look
at what is specific to engineers.
This country is fortunate in that it
has a large number of schools with
widely differing approaches. Debo-
rah’s examples seem to suggest that
many of our best engineering
schools see an increase in required
nontechnical courses as the main
road to giving engineers a broader
background. In this letter I shall
suggest an entirely different ap-
proach, which I believe has some
merit. I hope a few good schools
will try it.

Despite Deborah’s remarks about
the time available for liberal-arts
studies, it should be obvious that a
school year has only a finite amount
of time. What time is used for sub-
ject A is necessarily unavailable for
subject B. This fact would not be
not changed by lengthening the
school year from eight to 10 or 11
months, useful as that might be.

What I propose is to raise entry
requirements to include a thorough
preparation in all the basic skills as
well as math and humanities. Then
engineering schools would concen-
trate on math and physics as gen-
eral background, and specific engi-
neering theory and applications
courses would be the mainstream,
with increasing specialization of-
fered for advanced-degree stu-
dents. Students with an interest in
marketing or administration should
be encouraged to supplement their
engineering degrees with MBAs,
not dilute their engineering studies.
Any humanities courses offered or
required should have direct rele-
vance to an engineering career, and
should be offered for credit only if
they form a coherent entity. At
most, 10 to 12% of graduation credit
should be allowed for these courses,
and the requirement should not ex-
ceed 5 to 6%. Philosophy with appli-
cation to science might be one such
required course. Such a course
might also benefit students who are
not in engineering.

As requirements for entry, I
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CPU Performance!

\\

Sustained 20-MIPS, 7-MFlop ° @\‘
throughput in 2 32-bit CMOS e
CPU and FPU.

Nothing else
comes close.

What happens when you blend our
ultra-fast PACE Technology™ with MIPS,
the top-performing RISC architecture? = ;

Simple—a breakthrough of major propor lons.
A 32-bit CPU/Floating point processor set that
delivers sustained throughput of 20-MIPS, and
7-MFlop single precision, LINPACK,
or 4-MFlop double precision.
(Peak throughput exceeds 25-MIPS.)

There’s more. The market-rattling performance
of the PaceMips™ R3000 and R3010 is supported
by 256K bytes each of high-speed instruction and
data cache memory. The speed, as you might
expect, is made possible by our 64K, 16K and 4K
SRAMs—the world’s fastest—in x1, x4 and x8
organizations.

If record-shattering performance interests you,
you'll call our marketing HOT LINE today at
(408) 734-9000 for more information. On pricing.
Operating systems. Compilers. Development
systems. And fast static RAMs.

The PaceMips R3000 and R3010. Ready now.
With champion performance that can make your
next system a winner, too.

PERFORVANCE

SEMICONDUCTOR CORPORATION

Performance Semiconductor Corporation
610 E. Weddell Drive, Sunnyvale, CA 94089
Telephone (408) 734-9000

PACE Technology is a trademark of Performance Semiconductor Corporation
PaceMips is a joint trademark of Performance Semiconductor Corporation and
MIPS Computer Systems, Inc
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" SwITCHMODE
POWER SUPPLIES
FROM STOCK

B 2 to 48 VDC Outputs b\

B Automatic Current @
Sharing On All Outputs

B N+1 Capabilities @

x Hot Plug-In
FauLT TOCERANT
(N+1) PUER STEMS

T -

nmn

B Expandable, 300 to 1800 Watts
B InternallsolationDiodes (Option)

Powertec

A Bonar Power Supplies Company

20550 Nordhoff Street Chatsworth, CA 91311
(818) 882-0004 = FAX (818) 998-4225
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would include basic skills such as
reading and writing at a high level
and a solid mastery of calculating
devices from the slide rule and log
tables to simple computer tasks—
maybe on personal computers run-
ning Basic. Next, students should
be required to have elementary
math at least up through trigo-
nometry, some number theory, and
some calculus.

In the humanities, the entering
student should have a thorough
knowledge and understanding of
American and world history, civics,
economics, geography, literature,
mythology, and art, and preferably
should learn to read, write and
speak at least one foreign language.
In all of these areas, accomplish-
ment in the subject—not just expo-
sure to it—should count. The engi-
neering school might offer remedial,
noncredit courses for students who
fall short in one or a few of the entry
requirements. The school might
also offer a full-year preparation
course, maybe for college credit,
but not to be counted as part of the
engineering graduation require-
ments. Entering students should
prove their knowledge by passing
a test, whether they have come di-
rectly from high school or from the
special preparation course.

I believe that a curriculum set up
along these lines could attract many
students by offering superior engi-
neering preparation without cul-
tural deprivation. I realize that few
high schools today offer preparation
at the level this program would re-
quire, but that deficiency should not
be the engineering school’s main
concern, and the demanding entry
requirements would give some high
schools the incentive to improve.
That, in itself, is highly desirable.

P S—I also have a piece of advice
for EDN and for Deborah Asbrand:
It is almost axiomatic that you
should write with a clear picture of
your audience in mind, but the style
Deborah uses is not appealing to en-
gineers, even if another audience
might enjoy it. Whatever failings

engineers as a group may have,
they can think about abstractions;
they do not need to have a subject
regurgitated by ‘“real” people—
such as Bob Wilson, Dale Ogle,
Terry McCarty, ete, even if those
people are indeed real and not com-
posites or fictions. In fact, the “hu-
man interest” style is generally an-
noying to many of us, and I only
read the piece referred to because
of my great interest in the subject.
Jorgen P Vinding

Vashon, WA

(Ed Note: The people Deborah
quoted in the article are real. EDN
does mot represent fiction as fact.
Further, the Professional Issues
section is one of the best-read sec-
tions of the magazine. The com-
ments we recewe from readers on
the Information Retrieval Service
cards are a further indication that
many of Mr Vinding’s colleagues
don’t share his opinions on human-
wnterest-style writing. As always,
we invite readers to send their com-
ments on the subject to the Signals
& Noise Editor, EDN, 275 Wash-
mgton St, Newton, MA 02158.)

YOUR TURN

EDN'’s Signals and Noise column pro-
vides a forum for readers to express their
opinions on issues raised in the
magazine’s articles or on any topic that
affects the engineering industry. Send
your letters to the Signals and Noise
Editor, 275 Washington St, Newton, MA
02158. We welcome all comments, pro
or con. All letters must be signed, but
we will withhold your name upon re-
quest. We reserve the rightto edit let-
ters for space and clarity.

EDN September 29, 1988
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Analog Design Insights from Maxim Integrated Products

Maxim’s Third Annual Analog Design Seminar

Since our last tour in 1987, Maxim has introduced over 60 new products. We invite you to find out what we've been up to in
an all new applications oriented presentation given by Maxim engineers. Our presentation includes a variety of innovative
circuit solutions and previews products soon to be announced.

Each attendee will receive: a 1988 Applications Handbook, Maxim’s new Full Line Databook, the first issue of the
Maxim Engineering Journal and free filter design software with manual (upon request).

Seminar Highlights

Microprocessor Support Circuits

® New supervisory ICs expand functionality:
Reliable power-on/low-line reset and power fail detect
Automatic battery switchover and RAM chip
enable gating
Watchdog software monitor

® New uP support ICs for battery applications —
BOpA Isupply

® | ow voltage application circuits

® New RS232 products — Single +5V supply — Already an
industry standard — Even more features have been
added

® New Opto-Isolated RS-232 transmitter/receivers solve
industrial interface problems

Power Supply Circuits
® DC-DC converter IC that works from a single cell battery
® Linear and switching regulators that run on microwatts

® Take the pain out of inductor and transformer design and
selection

® New DC-DC conversion and power supply applications

(Please see location and date schedule on back page)

Analog Filters

® New digitally programmed universal filters — Top
performance and microprocessor control of any filter
type, bandwidth to 140kHz

® New filter design software and graphics — Speed design
time for complex filters — Check response of new designs

® New 5th-order lowpass filter for instrumentation has zero
DC offset voltage

Data Acquisition Systems

® New A to D Converters:
High performance 3ps 12 bit ADC - Internal reference
Low cost resolution and speed — 12 bits in 10us
New A/Ds measure + inputs with only + supply
More converters with on-chip bandgap references

® Selecting sample-holds and op-amps for ADCs

® Simple tests for ADC noise and linearity

® Raise conversion speeds by “pipelining” low cost ADCs
® Applications for low voltage data acquisition

* Please respond in the next 10 days *
to reserve your seat and literature for this
soon to be sold-out event!

PLACE
FIRST
CLASS
POSTAGE
HERE

AKX/

Maxim Integrated Products, Inc.

120 San Gabriel Drive
Sunnyvale, CA 94086

Attention: Seminar Coordinator



Maxim’s 1988 Analog Design Seminar Schedule

Maxim's 1988 Analog Design Seminar is being held in major cities across the United States. Choose a location near you and
either mail the attached reply card to Maxim, contact us at (408) 737-7600, or make a reservation today with your Maxim
representative.

Maxim’s 1988 Analog Design Seminar Reservation

#44 AL, Huntsville Nov. 18 #16 I, Chicago Oct. 6 #33  OH, Cleveland
#48  AZ, Phoenix Nov. 30 #17 L, Chicago (Hallmark) QOct. 7 #32  OH, Columbus
#50  AZ, Tempe Dec. 1 #21 IN, Fort Wayne Oct. 14 #31  OH, Dayton

#52  AZ, Tuscon Dec. 2 #20 N, Indianapolis Oct. 13 #45  OK, Tulsa

#62  CA, Los Angeles Dec. 14 #  MA, Burlington Sept. 21 #2  OR, Portland

#11  CA, Oakland Sept. 28 #7  MA, Framingham Sept. 22 #10  Ottawa, Ontario
#63  CA, Orange County Dec. 15 #27  MD, Baltimore Oct. 26 #26  PA, Fort Washington
#1 CA, Sacramento Sept. 13 #28  MD, Calverton QOct. 27 #30  PA, Pittsburg
#57  CA, San Diego Dec. 8 #18 M, Detroit QOct. 11 #55  SC, Columbia
#60  CA, San Fernando Valley  Dec. 13 #19  MI, Grand Rapids QOct. 12 #40 TN, Knoxville
#13  CA, SanJose Sept. 29 #22  MN, Minneapolis QOct. 18 #42 TN, Nashville
#58  CA, Santa Barbara Dec.9 #9  Montreal, Quebec Sept. 26 #12  Toronto, Ontario
#54  CO, Colorado Springs Dec. 7 #35 MO, Kansas City Nov. 9 #43  TX, Austin

#53  CO, Denver Dec. 6 #34 MO, St. Louis Nov. 8 #41  TX, Dallas

#8 CT, Waterbury Sept. 23 #37  NC, Raleigh Nov. 11 #39  TX, Houston

#49  FL, Clearwater Dec. 1 #5  NH, Nashua Sept. 20 #56  UT, Salt Lake City
#46  FL, Ft. Lauderdale Nov. 29 #25  NJ, Saddlebrook Oct. 21 #4  Vancouver, B.C.
#51  FL, Ft. Walton Beach Dec. 2 #23  NJ, Westchester Oct. 19 #29 VA, Tysons Corner
#47  FL, Orlando Nov. 30 #24  NY, Long Island Oct. 20 #3 WA, Seattle

#38  GA, Atlanta Nov. 15 #61  NY, Rochester Dec. 14 #15  WI, Madison

#36  |A, Cedar Rapids Nov. 10 #59  NY, Syracuse Dec. 13 #14  WI, Milwaukee

Nov. 4
Nov. 3
Nov. 2
Nov. 18
Sept. 14
Sept. 27
Oct. 25
Nov. 1
Dec. 7
Nov. 16
Nov. 17
Sept. 28
Nov. 17

Nov. 16

Nov. 15
Dec. 8
Sept. 16
Oct. 28
Sept. 15
Oct. 5
Oct. 4

Select the seminar location nearest to you, noting the seminar number when reserving your seat:

Seminar No.: Location: Date:
Name: Job Title:

Company: Dept./Div.:

Address:

City: State: Zip Code:

Please give a telephone number where you can be contacted, so Maxim's representative can inform you of hotel and starting time (most

seminars start at 8:30 a.m.): ( ) . Refreshments will be served.

(J Sorry, | won't be able to attend. Please send me a set of the Seminar literature.
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HP humbly introduces
the highest performance
multimeter in the world.

100,000 readings per second and Cal Lab accuracy.

Lots of people claim they have the best
multimeter, but we're just going to let the
specs do the talking. You'll see we've created
a multimeter that doesn't present you with

a bunch of trade-offs—you can have speed and

accuracy.

* 100,000 readings per second at 4% digit
resolution. If you need 5% digit resolution,
you'll get it at 50,000 readings per second.

* Remarkable throughput rate — change
a function and change a range, take
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a measurement and output to the bus
200 to 300 times per second.
* (Calibration standard accuracy and
8% digits.
*  Modest price: $5,900.00%
To get complete technical specifications
before you order an HP 3458A DMM for your
system, call 1-800-752-0900, Dept. A215.

o g ' HEWLETT
o e R (”1”] PACKARD
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The OKI DSP 22-bit Floating Point
flexibility, on a single CMOS chip.

+ Expanded on-board RAM and ROM + Powerful instruction expansion
+ High-speed cycle times + Unique application ease.

OKI gives you a big lift in Digital Signal
Processing. With the fastest-growing family
of CMOS devices and high-level support
tools on the market today. Only OKI now
offers true floating point CMOS DSP
solutions, because we target our system
technologies to customer needs.

The OKI DSP chips.

Now joining our widely-applied 6992 DSP:
the new code-compatible OKI 699210,
setting new benchmarks in both price and
performance. A 1.5 micron CMOS design,
the new 810 significantly expands your DSP
capabilities—at a significantly lower cost.

We built in twice as much internal
memory: 512 X 22-bit words of data RAM;
RK X 3R-bit words of instruction ROM.
210 instructions have been expanded to
include a power-down mode, save and
recover modes, as well as the ability to
inhibit post-normalization. Plus program-
mable wait states for interfacing with slow
memory.

Both single-chip DSPs, 6992 and 210,
can be configured for floating point
format, fixed data format or logical
data format. Both offer 100ns instruction
cycle times. And any code written for the
6992 can be run on the 210.

SOFTWARE [
LIBRARY {7

The OKI DSP
support.

EMULATION EVALUATION

EMU92
EMU92L

SIMULATION

All our device-family innovations are
enhanced by OKI’'s complete family of DSP
support tools. These cover every develop-
ment and programming function involved
in any DSP design effort. Quickly, simply
and cost-effectively.

Your total development process is PC-
based, using OKI’s own DSP hardware and
software tools. Plus you can assemble in
high-level mnemonics, with our Interme-
diate Language Assembler. Makes
programiming easier since the pipeline
is invisible, while still producing very
efficient code.
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We've made debugging easier too. With
SIMO9OR/R10 software for simulation, and
the EVA92/210 board for evaluation. To
handle emulation, we can supply an ICE
for realtime development. Or use our
special PC-AT cards. The first is a digital
card for ICE-less emulation. The other
provides 12-bit ADC-DAC conversion, with
programmable sampling rates and anti-
aliasing filter.

It’s all here: high-level math processors
plus a high-level development process.
True DSP solutions, simplified by the
industry’s most committed system
technologies.

r
1 OKI DSP — Set yourself up!

Please send complete DSP
technical data package for:

[J OKI 6992 — RR-bit Floating
Point CMOS DSP.

(] OKI 699210 — RR-bit Floating
Point CMOS DSP.

[J Call me. I have immediate
requirements.

Tel:( )

oors i)

Name/Title

Company

0929EDN
Please clip coupon to business card or letterhead and return to:
DSP Customer Service, OKI Semiconductor,
650 N. Mary Avenue, Sunnyvale, CA 94086. (408) 720-1900.
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PRICED FROM $695

Design Computation’s high powered
CAE/CAD packages provide a complete
end-to-end solution for PCB design.
Capabilities include Schematic Capture
with optional menus, Netlist Generation,
Parts Placement, Rat's Nest Generation,
Design Rule Checking, Autorouting and
Art Master Generation, including Gerber
and Excellon formats. Features include
surface mount support, high resolution
video graphics and more.

High end
CAD software
without a
high end

price tag

Call today for more informa-
tion or to place your order.
Unconditional money-back
guarantee.

IDDESIGN
@ COMPUTATION

Design Computation, Inc.
Route 33 Sherman Square
Farmingdale, NJ 07727
(201) 938-6661

(201) 938-6662 FAX

510 601 8352 Telex

CIRCLE NO 4

Tight Schedule? Complex Project? Tough Problems?

Add MicroDimensions
to Your Team

CALENDAR

1988 National Communications
Forum (NCF88), Chicago, IL.
NCF88, 303 E Wacker Dr, Suite
379, Chicago, IL 60601. (312) 938-
3500. October 3 to 5.

Computer Graphics Invitational
Computer Conference (ICC), Irv-
ine, CA. Suzanne Hubner, B J
Johnson & Associates, 3151 Airway
Ave, C-2, Costa Mesa, CA 92626.
(714) 957-0171. October 4.

International Electronic Manu-
facturing Technology (IEMT)
Symposium, Lake Buena Vista,
FL. Bill Moody, 2529 Eaton Rd,
Wilmington, DE 19810. (302) 478-
4143. October 10 to 12.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Indianapolis, IN. Micro Sys-
tems Institute, 73 Institute Rd,
Garnett, KS 66032. (800) 247-5239;
in KS, (913) 898-4695. October 11
to 14.

Computer-Aided Software Engi-
neering Symposium (CASES),
Chicago, IL. Digital Consulting Inc,
6 Windsor St, Andover, MA 01810.
(508) 470-3870. October 12 to 14.

Modern Electronic Packaging
(seminar), Boston, MA. Technology

Let MicroDimensions assist you — with complete

s Seminars, Box 487, Lutherville,
hardware and software development services.

*We can help you with part of a project you prefer not to handle — or
all of the job from start to finish

»Hardware design facilities include a complete electronic design lab
including CAD design tools & PC layout

+Software development capability in a wide range of languages,
environments, including VAX/VMS, and the 68xxx family

+System integration services include system design, prototyping,
assembly and testing

*Our specialties include VME, MAP, communications, and process
control. We have extensive servo experience

*We are proud of our proven record of performance —
on schedule, within budget

*A prestigious client list including many Fortune 100 companies

For a corporate brochure contact Bruce R. Knox, President

MicroDimensions, Inc.

7345 Production Drive

Mentor (Cleveland), Ohio 44060

Phone: (216) 974-8070 » FAX: (216) 974-1648
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MD 21093. (301) 269-4102. October
12 to 14.

Worst-Case Circuit Analysis
(seminar), San Francisco, CA. De-
sign and Evaluation, 1000 White
Horse Rd, Suite 304, Voorhees, NJ
08043. (609) 770-0800. October 17
to 19.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Atlanta, GA. Micro Systems
Institute, 73 Institute Rd, Garnett,
KS 66032. (800) 247-5239; in KS,
(913) 898-4695. October 18 to 21.

Computer Graphics Invitational
Computer Conference (ICC), Dal-
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SIEMENS

Announcing a 27 Billion Dollar backer
for your Siemens ASIC team.

Siemens, a proven winner in elec-
tronics with $27 billion in sales, just
entered the U.S. ASIC market. And our
team is geared for the ASIC circuit.

With our first effort, we've combined
ECL and CML technology in one gate
array family. This means you can now
design-in the ideal combination of
super ECL speed with economical,
high-density CML performance on
one chip...everytime. You no longer
must compromise the speed you
need for the power you don't. In
addition, speed/power programming,
as well as 1/0Os designed for both ECL
10K/100K and TTL interfaces give you
the flexibility you need.

And that’s just the start. Coming
down the home stretch are more
Siemens entries...1.5/1.2 micron
CMOS standard cells and 1.2/1.0
micron CMOS sea of gates arrays.
Use our sea of gates CMOS family
for quick turn logic and memory
on one chip or design your

high - performance,

cell-based ASICs

utilizing the common

{ Siemens
I Ta3AC
Taam

Quality Assurance ||

Siemens...
your partner for the future.

ADVANCELL™ ASIC library and
guarantee yourself compatible
second sources.

The Siemens ASIC team’s responsive
service and technical innovation
provides you with the winning edge.

For more information on how to put

your design into high gear write to

Siemens Components, Inc., ASIC

Marketing, 2191 Laurelwood Road,

Santa Clara, California 95054.

Or call ASIC Marketing at

408/980-4568, and see for |
yourself how Siemens is

making the difference
on the ASIC circuit.

©1988 Siemens Components, Inc.

ADVANCELL is a trademark of Siemens AG, or
licensed from Toshiba or General Electric Co., USA

in certain countries. CG/2000-460 WLM 795
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At JAE, the
future is now!

TX7 Series

The leader in
high density connectors

As one of the top five worldwide connector
manufacturers, JAE - in cooperation with major
electronics O.E.M.s-has developed a complete
family of 2-piece PCB connectors for small
computer interface. The TX Series of low
profile, high density connectors are real estate
efficient, stackable, and available now.

JAE has been a leading manufacturer of elec-
tronic components for over 30 years and has a con-
nector for virtually every application. As electronics ‘JAE
equipment becomes smaller and lighter, JAE con-
tinues to research and develop connectors to meet P ey — — =

the changing needs of the industry. The TX Series is JAE !Iedronics, Inc.
just one example of how JAE is keeping pace with

the industry. These high density connectors meet all
EMI specifications and can be used in a wide range
of state-of-the-art electronic systems applications.

TX10 Series

Just about electronics!
1901-A E. Carnegie Avenue
Santa Ana, CA 92705
714/250-8770

Call or write today for information on the TX 800/ JAE - PART (523-7278)
Series and the complete line of JAE connectors. except CA and AK
JAE..where the future is now! FAX 714/250-8957
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Half of all EDN'’s
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CALENDAR

las, TX. Suzanne Hubner, B J
Johnson & Associates, 3151 Airway
Ave, C-2, Costa Mesa, CA 92626.
(714) 957-0171. October 20.

OEM Peripheral Invitational
Computer Conference (ICC),
Bloomington, MN. Suzanne Hub-
ner, B J Johnson & Associates, 3151
Airway Ave, C-2, Costa Mesa, CA
92626. (714) 957-0171. Octo-
ber 20.

CASE Benchmarks: A Product
Comparison Seminar, Boston,
MA. Digital Consulting Inc, 6
Windsor St, Andover, MA 01810.
(508) 470-3870. October 24 to 26.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Atlanta, GA. Micro Systems
Institute, 73 Institute Rd, Garnett,
KS 66032. (800) 247-5239; in KS,
(913) 898-4695. October 24 to 27.

OEM Peripheral Invitational
Computer Conference (ICC),
Westlake Village, CA. Suzanne
Hubner, B J Johnson & Associates,
3151 Airway Ave, C-2, Costa Mesa,
CA 92626. (714) 957-0171. Octo-
ber 25.

11th Annual Newport Conference
on Fiberoptics Markets, Newport,
RI. Kessler Marketing Intelligence,
America’s Cup Ave at 31 Bridge St,
Newport, RI 02840. (401) 849-6771.
October 25 to 26.

Unix Hands-on Workshop (short
course), Boston, MA. Integrated
Computer Systems, Box 3614, Cul-
ver City, CA 90231. (800) 421-8166;
in CA, (213) 417-8888. October 25
to 28.

ICALEO ’88 (International Con-
gress on Applications of Lasers
and Electro-Optics), Santa Clara,
CA. The Laser Applications Con-
gress, 5151 Monroe St, Suite 102W,
Toledo, OH 43623. (419) 882-8706.
October 30 to November 4.
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AMD and Siemens have signed an
agreement to work together on ISDN. They'lI
co-develop, manufacture, and offer support
for a line of components for terminals and
switching applications. All the parts are sec-
ond sourced. And that should make your life
a lot easier.

ISDN for people who aren't
professional gamblers.

One of the most important things
about any system is the right standard,
agreed?

And any company can develop a
standard.

But Siemens and AMD will meet the
IOM™2 standard. IOM=2 is Siemens’ imple-
mentation of the General Communications
44

Interface. It gives you a cost effective way of
interconnecting chips into any ISDN applica-
tion.

This interface was jointly defined and
supported by lots of system manufacturers
including companies like Alcatel, Italtel, Ples-
sey, and of course, Siemens.

And it’s a safe bet none of these com-
panies make a decision lightly.

Besides representing a widely accept-
ed standard, our devices are proven. The
majority of the ISDN designs in the field or in
progress are based on components from
either Siemens or AMD.

And this is the first complete line of
ISDN components with second sourcing So
you'll never have to worry about finding parts.



We're ready when you are.” "

Today, were offering fifteen proven
ISDN devices for terminal and switching de-
signs. With more to come soon.

And this family of devices is modular.
Future advances will fit right into your systems
without redesigns.

Reach out and touch some
development tools. =

We have a complete range of jointly
supported hardware and software develop-
ment tools, too. For example, we've got
AmLink3™ ISDN development software.
AmLink3 is a full implementation of Q931 and
X.25. And it's operating system independent.

AmLink3 has passed ATET complian-
cy testing. And we have versions to support

CIRCLE NO 95 ’ 45

LLITIK O,
Our human resources are ab
too. We have an army of experienc
Application Engineers worldwide. =
With all that Siemens and AMD have
to offer, this might be one phone meéssage
you should answer. Here’s a number where
we can be reached. 800222-9323. And if you
cant call, write. L

Advanced Micro Devices C1
901 Thompson Place, PO. Box 3453 Sunnyvale, CA 94088.

IOM is a trademark of Siemens AG. AmLink3 is a trademark of Advanced Micro Devices, In¢.
©1988 Advanced Micro Deviges, Inc. e
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CHIP TECHNOLOGY.
Toshiba quality is built right
into every disk drive
we manufacture.
All the way down
to the VLSI chips
we make ourselves
and our advanced

Surface Mount
Technology. So PERPENDICULAR

youget qualityand RECORDING.

performance that are ‘Toshiba holds key patents in the area

TEST.DATA' 8
[FITESTOATAA. 8

* consistently great. of perpendicular recording. The first
OPTICAL gg(;(li)l}llcé Ilir\l;sl\tjavrir‘zﬁntat10r1 is our 4Mb
TECHNOLOGY.  iotsmore to e
We delivered the worlds first optical drive back in 1981. come. et (e (L

Our current line includes the fastest half-high 5.25”
CD-ROM and the capacity leaders in 5.25” and 12” WORM.

» SERVO TECHNOLOGY.
The Hybrid-Servo on our MK-250
Winchester drive uses dual servo
technology to provide 380Mb on 257
fewer disks. This pioneering effort lays
a solid foundation for the gigabyte-
plus 5.25” Winchesters to come.

HYBRID SERVO (ON TRACK) | ROBOTICS
- Even the robots we use to build our drives
are built by Toshiba. It just one more way we *
make sure that, when you select Toshiba, you
get disk drives of consistent high quality. To find
out how Toshiba can give you a hand, call us at
1-800-456-DISK.

In Touch with Tomorrow

TOSHIBA AMERICA, INC. R ) /‘ i,
Disk Products Division, 9740 Irvine Blvd., Irvine, CA 92718 /‘ S A, /’//
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The Analog
Isolation Revolution
Continues...

New, | 'Patented |
M i niOtu re ‘ Check these features: | BO I'I'Iel‘
ISO Amp - high1s00vimsrated | T@CH no|ogy

isolation voltage, 100%

andles tested and guaranteed |s The Key

+ 12-bit accuracy with
Iscovrms minimum external parts
| « rugged, compact
| 12"xO3" hermetic

DIP package | The superior isolation
. | performance of the new
b mgg;?di\égo 18V amps is achieved using
[ Burr-Brown'’s revolution- :
« synchronizable to ary ceramic capacitive
eliminate "“beat barrier technology, simi- we que E
| Ournew ISO120 isolation | frequency” noise lar fo winning designs for
. amplifier gives circuit . 3800VIms modsl the popular ISO102/106 A" The -

designers more circuif | oo ioble inG series. The input and out- | g .

protection,accuracy. | oy S el e o put sectionsof sozo/iz1 | - ISOIUTIONS

and reliability thanever | DIP i are galvanically iso- dl

before possible at such atedbymatchedior | YOU Need!

low cost. lts smallpack- | - $1700in100s tungsten capacitors We offer more signal

age, high performance, | (ISO120G)* embedded inthe | and power isolation

e ceramic barrier solutions than any other

material. This company, all backed by
creates avery 30+ years of analog
rugged, com- design and manufactur-
pletely hermetic | ing experience. Ask your
isolation barrier Burr-Brown technical rep

able to withstand for details, or call
extremme mechan- | Applications Engineer-
ical,thermal,and | ing, 602/746-1111. Burr-
electrical stresses Brown Corp, P.O. Box
with no damage. 11400, Tucson, AZ 85734.

and low cost areideal
for multichannel data
acquisition and industrial
control systems and test
equipment applications.

*U.S. price only

BURR-BROWN?®
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EDITORIAL

Jesse H Neal
Editorial Achievement Awards
1987, 1981 (2), 1978 (2),

It’s time for Congressional change

Over the past few decades, Congress has become a haven for people who
advocate narrow interests rather than for statesmen who hold a broader
vision. Although the issue is easily overshadowed by the Presidential
election this year, it’s important to remember that we’ll also be electing
a new set of congressmen and congresswomen this year, along with quite
a few senators. Here are several ideas that might get Congress back on
track and make it once again responsive to the people who elect it:

1. Establish limited terms of office: 12 years for a senator and eight
years for a representative. It’s unlikely that our Founding Fathers ever
envisioned the class of “professional” politicians we have today. New peo-
ple bring with them fresh ideas, and both are in short supply today.

2. Finance congressional elections by individual contributions alone.
No more political-action committee (PAC) money could be given to candi-
dates. If you have a Social Security number, are a US citizen, and are
registered to vote, then you can contribute a maximum of $100 to candi-
dates you can vote for.

3. Limit outgoing mailing during election years. During 1986—the last
congressional-election year—Congress mailed 12,000 items for every in-
coming letter. Most representatives flood their constituents with newslet-
ters and reports during election years. Today’s PAC money and mailing
advantages almost guarantee that we’ll see a re-election rate of close to
100% in the House this year. (It was 98% in 1986.)

4. Make Congress live up to the laws and regulations it applies to others.
It’s now exempt from the Civil Rights Act and the Ethics in Government
Act, for example. So Congress can tell you that discrimination is illegal
while diseriminating against anyone it chooses to. If the citizens should
live by the law, so should their representatives.

5. Put a lid on the number of staff employees each representative and
senator has. Congress employs about 31,000 people, many of whom are
related to other officials. Most of our representatives could get by with
smaller staffs if they weren’t catering to lobbyists and special-interest
groups. Four or five staff people would do it.

6. Limit the length of any bill being considered. Some people suggest
a limit of 25 pages, which would be the length of the Constitution if it
were typed double spaced. It might be wise to limit a bill to one idea and
to disallow any riders or attachments. The recent 1000-page trade bill
was an abomination. It was too long to be read—much less understood—by
anyone, and it contained many special provisions that would benefit only
pressure groups and lobbyists.

Some of the points above may seem a bit radical, but even if you disagree
with them, they’re worth thinking about and asking your candidates about.
If you've been paying attention to Congress’s antics this year, you'll have
questions of your own, too. Go ahead and ask them. There’s no better
time to get a representative’s attention than during an election year.
You've got about four weeks left.

1977, 1976, 1975 Jon Titus
American Society of Editor
Business Press Editors Award
1988, 1983, 1981
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Signal processing, when you come right down to
it, is multlphcauon addition, subtraction and stor-
age. Doesn't sound very exciting.

But put together a set of building blocks that do
those simple operations with almost unimaginable
digital speed and precision. Then add A/D con-
verters that bring in information from the world
around you. Plus D/A converters that restore the
digitally processed signals to a form your senses
can understand.

And you've built a signal processing system that
will enable you to do things that couldn't be done
before, see things that couldn't be seen before and
understand things that could never be understood
before.

That's exciting. And we can help make it happen.

Complete systems solutions.
Our approach to signal processing is simple.
50

The Rosetta Stone, discovered in 1799,

was the key to deciphering the hiero-

glyphics that had been incom-
prehensible for centuries.

We've taken our unparalleled experience in data
conversion and added to it a set of signal
processing chips that perform operations that used
to require entire circuit boards.

Here's a sample of what they can do for you:

ISP 9110 12-Bit Microprogram Sequencer: expanded
33 word stack, 50 ns minimum cycle time.

ISP 9119 FIFO RAM Controller: uses standard
RAMs to build FIFOs up to 64K deep, 15 MHz
operation.

ISP 9128 FIR Filter Controller: implements 16-bit
filters to 128 Taps, 128 Tap sampling rate of
100kHz.

ISP 9210 16x16 Multiplier Accumulator: innovative
high-speed architecture (65 ns commercial, 75 ns
military), low-power operation.

ISP 9216 16x16 Multiplier: low-power, industry-
standard compatible to AM29516 and MPY016.

ISP 9520/21 Pipeline Register: high-speed access,

EDN September 29, 1988



Our DSP building blocks, combined
with our data conversion know-how Wﬂl

help you desxgn systems that depi '
more clearly than ever before pﬁSSlv I

output selectable from any register.

With devices like these, we can give you a total
integrated signal processing solution. Plus the
added benefits of single-vendor support and pack-
age pricing.

Position yourself for the future.

Signal processing is changing every day.

That's why you need more than a signal proces-
sing supplier who has a few good parts.

You need a long-term partner who has a commit-
ment to signal processing, and the resources in
every area that signal processing calls upon.

For example, the chips of tomorrow will very
likely combine signal processing, data conversion
and high-speed logic. When you work with us,
you'll get our Intersil expertise in processing and
conversion. Plus our RCA Advanced CMOS Logic
capabilities. Plus the more than 20 years of GE

EDN September 29, 1988

experience in radar, sonar, medical imaging and
other demanding DSP applications.

If worries about complexity and cost have
deterred you from taking the exciting step into
digital signal processing, call us. Together, we'll
step into the future.

For more information, contact your local GE
Solid State sales office or distributor. Or call toll-
free, 800-443-7364, extension 30.

In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39-46-57-99; London, (276)

68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.
General Electric Company, U.S.A

GE/RCA/INTERSIL

SEMICONDUCTORS
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The best new feature
in an HP digitizing
oscilloscope is a
FREE printer!

o HP 54100A/D—Low cost 1 GHz

bandwidth

e HP 54110D — 1 GHz bandwidth
plus color

52

HP 54111D — 2 Gigasamples/
second

HP 54112D — 4 channels 64K
memory each

HP 54120T—20 GHz bandwidth
HP 54200A/D — Affordable 200
Megasamples/second

HP 54201A/D — 300 MHz
bandwidth

HP 16500A Oscilloscope —

8 channels 400 Megasamples/
second each

From now until February 28, 1989,
when you order a digitizing oscillo-
scope’, you'll get FREE hardcopy.
Because HP will give you a printer!

And not just any printer, but a high-
performing HP PaintJet® or ThinkJet®
printer that quickly and easily creates
hardcopy results of on-screen data
with just the push of a button. Say
goodbye to mounting a camera on
*Does not include the HP 54501 or HP 518X
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the scope face, developing film and
scratching measurement results into
the picture. The printer does it all,
quickly and easily reproducing the
measurements taken by the digitizing
oscilloscope. Order an HP scope with
a monochrome CRT and get a FREE
HP ThinkJet printer — a $495 value.
Order an HP scope with a color

CRT, and get a FREE HP PaintJet
printer — a $1395 value.

EDN September 29, 1988

Call HP today:
1-800-752-0900, ext. 215W.

Now is definitely the time to team up
with an HP scope. For more informa-
tion about HP's broad family of
digitizing oscilloscopes, call today.
Our FREE printer offer ends on Feb-
ruary 28, 1989. It's an offer so good,
even the phone calls are FREE!

© 1988 Hewlett-Packard Co. EI15817/EDN
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Microprocessor
Support Made Simple

N ow, ZAX simplifies
microprocessor design,
integration and testing with their
advanced line of ERX- and ICD-
series emulators. You simply tell us
the processor that drives your
design and we tailor a development
system especially for your environ-

ment, including full software support.

Our ERX-series emulators
provide over 80 debugging
commands, with 256,000 hardware
breakpoints, real-time performance
analysis, high-level language debug
and trace analysis of program
execution while you emulate in
real-time. And they interface
directly to your personal computer
(AT-class) to provide you with a
complete host development station
and emulation manager. This
consolidated approach utilizes
industry-standard equipment and
eliminates the use of a proprietary
dedicated chassis.

ZAX established the benchmark
for standaione emulation tools
when they introduced their versatile
line of ICD-series emulators.
Completely flexible, ICD-series
emulators can be interfaced to
either a simple terminal or host
computer (from pc to mainframe)
depending on your requirements.
This makes them ideal for both
in-house development and on-site
lesting.

Simplify support for your
microprocessor development
projects with the help of ZAX! Call
today to arrange a product demon-
stration or write for complete details
about our product line. Call us
TOLL FREE at 800-421-0982
(in California phone 800-233-9817)
or write to ZAX CORPORATION,
2572 White Road, Irvine, CA 92714.

In Europe, call United Kingdom:
0628 476 741, West Germany:
02162-3798-0, France: (03) 956-
8142, Italy: (02) 688-2141.
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TECHNOLOGY UPDATE

Laser diodes prove useful in
medium-haul, low-bandwidth applications

Tom Ormond, Senior Editor

To many systems designers, laser
diodes are viable optical sources
only for long-haul applications in-
volving bandwidths close to the gi-
gahertz range. Laser diodes are still
the only feasible source for such op-
tical links, but they can also be ef-
fectively used as optical sources in
a variety of medium-haul, low-
bandwidth, cost-conscious applica-
tions. These applications include
such areas as fiber-to-home sys-
tems, cable TV, local-area networks
(LANS), bar-code scanners, and op-
tical disks.

Each of these areas places differ-
ent demands on a laser. In some
cases, the operating requirements
are not demanding and almost any
laser will suffice. In others, the la-
ser must meet stringent system re-
quirements. Although some manu-
facturers have gone after all these
application areas, others have con-
centrated their product offerings on
one application.

Bringing fiber to the home

Future telecommunication sys-
tems will most likely send a variety
of information—telephone, com-
puter data, and cable television—
from a central office downstream to
the home. Because the upstream
signals (those from the home to the
central office) will carry less infor-
mation than the downstream sig-
nals, the bandwidth capacity of
short-wavelength lasers will be
more than adequate.

To break into this application
area, however, a manufacturer
must offer a laser that is both inex-
pensive ($50 max) and highly reli-
able (lifetime of millions of hours).
The laser must have a wide operat-
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Aimed at the optical disk marketplace, the blue-light laser from Matsushita lases in the
390- to 420-nm wavelength range. Compared to the 780-nm lasers currently used with optical
disks, the devices quadruple disk memory capacity.

ing range, because it will be operat-
ing in an outdoor environment, and
an output that is easily focused into
a single-mode fiber. On the other
hand, the output-power and speed
requirements will be quite lax and
well within the reach of almost any
laser.

Aimed at fiber-to-home applica-
tions, Mitsubishi’S FU-01LSD-N la-
ser meets these requirements. The
device is available in versions that
lase at 780 and 870 nm. At 25°C,
those versions have lifetimes of 14
and 20 million hours, respectively.
The lasers are housed in hermeti-
cally sealed packages that feature
connectors compatible with single-
mode fibers—the standard in long-
wavelength systems.

The modules contain an AlGaAs
laser diode and a photodiode that
serves as an optical-output monitor.
They have a low 30-mA typ thresh-
old current and an output of 2.5 mW
max from the connector port into a
10-pm core fiber. Rise and fall times
are 0.5 nsec, and the operating
range spans —20 to +50°C. The
units are designed to operate in con-

junction with the FU-03PD-N, a
short-wavelength silicon PIN pho-
todiode. Pricing is $342 (10) per pair
for the 780-nm device and $472 per
pair for the 870-nm unit.

Cable TV requires FM

Current approaches to cable TV
focus on both AM and FM. FM
makes few technical demands, and
almost any long-wavelength laser
can handle it. But TV sets don’t
work with FM signals—they accept
AM signals. To use FM approaches,
you need a converter at each TV
set to transform the FM transmis-
sions to AM signals. This solution
is thus not viable—the only option
is to work directly with AM signals.

Working with AM signals places
stringent requirements on the la-
ser, and cable-TV requirements
mandate the use of a long-wave-
length laser that has an output
power in the milliwatt range. The
LDM 1301 laser module from
Tektronix fits the bill.

Available in 14-pin DIPs, the
LDM 1301 modules contain a buried
heterostructure-type laser, a photo-
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Graphic proof
of high-tech leadership.

—_

The Casio fx-7000G $89.95. It's the
world'’s first programmable scientific
calculator with a graphic display. It can
give form to your figures, instantly draw-
ing graphs that depict your formulas
and calculations.

With a screen
measuring 16 charac-
ters by 8 lines, the
fx-7000G can display
enough information
for some of your big-
gest ideas. And you
can store graphs and

formulas, then bring R

them back for an
instant replay.
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With its 422 step memory and 193
functions—including linear regression,
standard deviation and computer
math—the fx-7000G lets you perform

computer functions, without acquiring
computer knowledge or incurring

computer costs.

For additional capa-
bilities, there's the
fx-7500G ($109.95). It
has a larger memory
capacity, with 195

functions, 4,006 mem-
ory steps, instant graph

-

enlargement or reduction

feature, plus a convenient
horizontal folding format.

IR TIIIIITIIIIFIFFIIIIIII DD DI

If you need even more power,
our fx-8000G ($119.95) techs you
even higher, with 1,446 memory
steps and 225 functions. And when
hooked up with our optional FA-80
interface, it works with most parallel
dot matrix printers or plotters in-
cluding Casio's own models

If you have any doubts as to
who's the leader in high-tech calcu-
lators, just pick up an fx-7000G,
fx-7500G or fx-8000G and draw
your own conclusions.

CASIO.

Where miracles never cease

Casio, Inc. Consumer Products Division: 570 Mt. Pleasant Avenue, Dover, NJ 07801

Casio Canada Ltd., 2100 Ellesmere Road, Suite 240, Scarborough, Ontario M1H3B7
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TECHNOLOGY UPDATE

diode to monitor back-facet emis-
sion, a thermoelectric cooler (TEC),
and a calibrated thermistor that al-
lows designers to precisely control
TEC operation. The typical lasing
wavelength is 1300 nm; the typical
threshold current measures 25 mA.
The modules feature a minimum
output power of 1 mW (2 mW max)
and an output spectral width of 3
nm typ. The operating range is —40
to +70°C.

LDM 1301 modules costs $1395
and normally come with a single-
mode fiber pigtail; connectors are
available as an option. All devices
go through a 250-hour, 70°C ambi-
ent burn-in test at a 100-mA for-
ward current level.

Costs are critical with LANs
Laser costs must go down dra-
matically to make any penetration
into LAN applications. However,
because LANs are generally used
indoors, operating temperature re-
quirements are much less demand-
ing than those for fiber-to-home ap-
plications. LANs will probably use
multimode fiber rather than single-
mode fiber, and this difference
should help lower laser costs.
BT&D’s LSC2300 laser diodes
are well suited to the LAN operat-
ing environment. Available in both

Suitable for both analog and digital applications, the LDM 1300 and 1301 laser modules

from Tektronix lase at 1300 nm. Housed in the packages are the laser diode, a thermoelectric

cooler, a monitor diode, and a thermister.

DIP and butterfly housings, the
units contain a photodiode that
monitors the laser output and a
thermistor that monitors laser tem-
perature. But, because the unit
lacks a thermoelectric cooler, over-
all power dissipation is low.

The LSC2300 lases at outputs of
1280 to 1320 nm and operates over
a —20 to +65°C range. Its costs
$390 (1000). The typical threshold
current is 20 mA, and the typical
output spectral width measures 3
nm. The output power is 200 pW
(=7 dBm), and modulation capabil-
ity ranges to 1G bps. Maximum rise

and fall times are 0.5 nsec, and the
lifetime is 455,000 hours at 25°C.
The 14-pin DIP housing incorpo-
rates a heat-sink mounting flange.

Toshiba also offers laser diodes
that are well suited for LAN appli-
cations. The TOLD 321/323 compact
modules (5.6-mm diameter base) in-
corporate a Fabry-Perot laser diode
with a photodiode that monitors la-
ser emissions. They lase at a nomi-
nal 1310-nm wavelength, feature a
single-mode fiber pigtail, and are
available in package styles that fea-
ture a flange to facilitate heat-sink
attachment.

Laser technology meets microelectronics on a chip

A monolithic optoelectronic transmitter capable of
operating at speeds exceeding 2G bps has been proc-
essed by scientists at BNR, the research and devel-
opment subsidiary of Northern Telecom. The single
microchip merges laser technology with microelec-
tronics and features two light-reflecting mirrors pro-
duced entirely by semiconductor processing.

The laser diode is the key component in the ex-
perimental transmitter. It is controlled by an array
of on-chip transistors that receive external elec-
tronic digital signals. Combining two dissimilar
physical structures—transistors and laser diodes—
on a single chip was a major challenge for the devel-
opment team and required the use of advanced fabri-
cation techniques.

The chip’s MESFETS are fabricated in GaAs. The

laser diodes, made of multiple layers of GaAs and
GaAlAs, are made using a technique known as mo-
lecular-beam epitaxy, or MBE. MBE can control
the layer growth to within 0.5 nm—comparable to
the distance between atoms in the semiconductor
material. For example, this technique allows the
building in layers of the light-emitting section of the
laser to a thickness of only 20 atoms.

Air-bridge technology, a technique adapted spe-
cifically for this chip, couples the transistors and
diodes together using special metal interconnects
that measure only 2 pm wide. The air bridges, sup-
ported above the GaAs chip by posts, minimize drag
on signal-carrying electrons and allow them to move
faster than they would through conductors deposited
directly on the chip’s surface.
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The modules’ typical threshold
current is 20 mA; the typical output
power measures 100 pW at 25°C
with a maximum temperature coef-
ficient of 0.5 nm/°C. The maximum
spectral width is 6 nm (3 nm typ),
and the rise and fall time is 1 nsec
max. The operating range spans
—10 to +65°C. In sample quanti-
ties, the TOLD 321 costs $841.

Output wavelength is key

Output wavelength, rather than
cost, is the main concern in the bar-
code-scanner industry. The indus-
try relies heavily on HeNe lasers
that generate red light. All the inks
specified for the bar-code labels are
highly sensitive to this wavelength
(approximately 670 nm). Changing
the label’s makeup would be fairly
simple, but there’s an old saying—
“If it ain’t broke, don’t fix it.” To
have any impact in bar-code-scan-
ner applications, a laser diode must
lase at the HeNe wavelength.

The output wavelength of a laser
diode is also the main concern in
optical-disk applications. Storage
capacity is a direct function of spot

Well-suited for LAN applications, the TOLD 321/323 compact modules (5.6-mm diameter
base) from Toshiba incorporate a Fabry-Perot laser diode with a photodiode that monitors
laser emissions and feature a single-mode fiber pigtail. They lase at a mominal 1310-nm
wavelength and are available in package styles that feature a flange for making heat-sink

attachment easier.

size, which, in turn, is a direct fune-
tion of the laser’s operating wave-
length. The lower the operating
wavelength, the smaller the spot
size and the larger the disk’s stor-

age capacity.

Laser diodes currently used in
optical-disk applications have out-
put wavelengths of 780 or 820 nm.
For a 780-nm wavelength, the spot

AT&T Microelectronics
555 Union Blvd
Allentown, PA 18103
(800) 372-2447

Circle No 700

BNR

35 Davis Dr

Research Triangle Park, NC 27709
(919) 991-7109

Circle No 701

BT&D Technologies
Delaware Corporate Center 11
2 Righter Parkway, Suite 200
Wilmington, DE 19803

(302) 479-0300

Circle No 702

Matsushita Electric Corp of America
1 Panasonic Way

Secaucus, NJ 07094

(201) 348-7320

FAX 201-348-7579

Circle No 703

For more information . . .

For more information on the laser diodes described in this article, contact the
following manufacturers directly, circle the appropriate numbers on the Infor-
mation Retrieval Service card, or use EDN’s Express Request service.

Mitsubishi Electronics America Inc
1050 E Arques Ave

Sunnyvale, CA 94086

(408) 730-5900

TLX 172296

Circle No 704

Tektronix Inc

Hybrid Components Operation
Beaverton, OR 97077

(503) 627-4220

Circle No 705

Toshiba America Inc
1101-A Lake Cook Rd
Deerfield, IL 60015
(312) 945-1500

FAX 312-945-1044
Circle No 1706

The DFB type lasers from Mitsubishi are
very suitable for moise-sensitive applica-
tions, including multichannel cable-TV
distribution.
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SIEMENS

Smart Users Choose the Superior Alternative
to High Priced HDSP 2000 Displays.

Siemens small alphanumeric Your choice of plastic or hermetic
displays...a brighter choice ceramic packages

Now commercial, industrial and military = Whatever your design requirements,
design engineers and buyers can there’s a Siemens small alphanumeric
select 5x7 dot matrix alphanumeric display for you:

displays with the best package options  m 15" and .20” character heights; red,
available. Siemens gives you advan- High Efficiency Red, green and yel-
tages never offered before. low. Sunlight versions available too.
Now, get the most...from CMOS m Commercial plastic package,

Say goodbye to Bipolar displays. With —~40°Cto +85°C

Siemens, you get all the benefits of m Industrial hermetic ceramic package,
CMOS technology—25 times less - 55°Clo +100°C

quiescent current, typical power sav- m Military hermetic ceramic package,

ings of 30%, and cooler operation. —55°C to + 125°C, Mil-D-87157

Finally, specify alphanumeric
displays without paying the price
Best of all, you get all these advantages
in a display that saves you money, too—
up to 50% compared to competitive
non-hermetic ceramic devices—with
improved operating temperature range.
So why consider older, higher-priced
technology? Make a visible improve-
ment in your image today. Specify
Siemens alphanumeric displays.

For more information, call

(408) 257-7910. Or write: Siemens

Components, Inc., Optoelectronics
Division, 19000 Homestead Road,
Cupertino, CA 95014

National Distributors: Hall-Mark and Marshall
Regional Distributors: Advent Electronics, Inc.,
Almo Electronics, Insight Electronics, Quality
Components, Summit, Western Microtechnology.

Siemens...
your partner for the future.

CG2000-452 WLM745 © 1088 Siemens Components, Inc.

Circle No. 74 in U.S. and Canada

Circle No. 75 in Europe



(ADVERTISEMENT)

More quality switching
components from PaB

Circuit Breakers

P&B circuit breakers provide the
quality you need at a price you can
afford. Both thermal and magnetic
types are available, and many are
UL recognized as supplementary
protectors and CSA certified as
appliance component protectors.

CIRCLE NO 83

General Purpose Relays

One of the broadest lines of
general purpose relays in the
industry is offered by P&B. Open
and enclosed styles are available
with various contact materials,
contact arrangements, termination
styles and coil voltages.

CIRCLE NO 84

Time Delay Relays

il

S0
ME:A

P&B time delay relays combine
precision, solid state timing circuits
with our proven electromechanical
relays. A wide selection of timing
functions, timing ranges, degrees
of precision and package styles
permits you to select a unit with
just the features you need.

CIRCLE NO 85
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size measures 12 cm in diameter.
Matsushita has introduced a blue-
laser module that combines an opti-
cal-waveguide-type second-har-
monic-generation (SHG) element
with a laser-diode chip. This module
has a 390- to 420-nm output wave-
length. At 420-nm wavelengths, the
optical spot size equals 6 cm—by
cutting the spot size by 50%, the
Matsushita device quadruples mem-
ory storage capacity.

The module actually uses an in-
frared-type (840-nm output) laser.
The SHG element emits light at half
the laser’s wavelength to produce
the final 420-nm module output.
Conventional bulk SHG elements
have a conversion efficiency (the ra-
tio of optical harmonic wave to fun-
damental wave) of approximately
0.01%. Matsushita’s manufacturing
process yields SHG elements with
a conversion efficiency of 1% to 2%.
Sample modules will be available
for approximately $11,000.

Another product designed for
telecommunications is the AT&T
215-Type laser module. The mod-
ules are internally cooled InGaAsP
single-mode injection lasers de-
signed for 1.3-wm wavelength appli-
cations. They offer data-rate capa-
bilities of 417M to 1700M bps with
typical launched power ranging to
4 dBm (2.5 mW).

The modules are housed in a 12-
pin, hermetic ceramic SIP equipped
with a type 5D, 8-w core single-
mode fiber pigtail that’s terminated
with an AT&T 2016A biconic con-
nector. A separate input for high-
bit-rate modulation signals is spe-
cially designed to have a nominal
250 impedance.

An integral TEC provides stable
thermal characteristics. Working in
combination with external control
circuitry, the TEC can maintain la-
ser temperature at 25°C, offsetting
case temperatures reaching as high
as 65°C or as low as —40°C. Laser
temperature is monitored internally
for feedback and control purposes.
The 215-Type lasers are designed

Designed for 1.3-pm wavelength telecom-
munications applications, the AT&T 215
Type laser modules offer data-rate capabili-
ties from 417M to 1700M bps with typical
launched power ranging to 4 dBm (2.5 mW).
They are housed in a 12-pin, hermetic ce-
ramic SIP with a separate input for high-bit-
rate modulation signals.

to be used with a heat sink attached
to the base of the module.

An internal InGaAsP PIN photo-
diode, mounted directly behind the
laser diode, functions as a power
monitor. The photodiode monitors
emissions from the rear facet of the
laser; combined with external cir-
cuitry, the diode maintains a con-
stant level of laser output power
into the fiber pigtail. All devices go
through a 100% burn-in test. Laser
prices start at $1300 (OEM qty).

Article Interest Quotient
(Circle One)
High 518 Medium 519 Low 520
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Make your move to P&B for new
general purpose ¢ i
and power PC.
board relays.

New Models Expand Offering

For applications from consumer goods

to industrial controls, P&B relays have the
features you need for general purpose and
power switching on your printed circuit board.
New series greatly expand our already broad line
of P.C. board relays. Many models are available
from stock, and they’re all built to the same exacting
standards that have made our T90 series the
industry-standard 30A, P.C. board relay.

New Miniature Relays Switch 1mA to 10A Find Out More

Our new T73 and T74 series miniature P.C. board Contact us today for free information

relays join the T70 series as inexpensive SPDT units on the complete line of P&B P.C. board

for general purpose applications. A variety of contact relays, including more new models for
materials allow units in these series of sealed relays switching 2A and less. Potter & Brumfield, A
to switch loads from 1 mA through 10A. Siemens Company, 200 S. Richland Creek

Expanded Line of 4,000V Isolation Relays Drive, Princeton, Indiana 47671-0001.

Extensions to our line of RK series relays feature Call toll-free 1-800-255-2550 for the P&B
8mm coil-to-contact spacing for 4,000V isolation. authorized distributor, sales representative
SPDT models switch loads to 20A, and DPDT or regional sales office serving your area.

models switch up to 5A. Both sealed and unsealed
types are offered.

T90 & T91 — Our 30A Workhorses

Relays in our T90/T91 series have SPDT contacts for
loads to 30A. T90 is available as a sealed or open-
style relay. T91 has quick connect terminals for load
connections and is offered with either a sealed or
unsealed enclosure. High temperature units are
available.

POtter& Brumfield A Siemens Company

CIRCLE NO 86 63
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DDEVICES

AD840 Series
ADB840 AD841 AD842 AD843 AD84
Gain Bandwidth 400MHz 40MHz 80MHz SSMHz 60 to 430MHz
| Min Stable Gain 10 Unity 2 Unity Unity
Settling Time 100ns 110ns 100ns 110ns 100ns
(10V Step) 100.01% 100.01% 100.01% 100.01% 100.05%
Slew Rate 400V/ps 300V/ps 375Vius 300V/ps 10 2,000V/ps
Quiescent
Current (max) 12mA 12mA 14mA 12mA 6.5mA
Comments HA2540 50mA min 100mAmin  FET-Input, Current Feedback,
Improved Output Output ReplacesFET-  2nV/\VHz Noise
Replacement  Current Current Input Hybrids at 1kHz

Introducing our AD840 Series with tennew op amps —

'HE REVOLUTION IN
STARTS RI

and the start of a revolution. Because now you can go to just mance leader

one vendor and get more high speed op amps with higher For example, several of the products in the AD840

precision and lower power than from anywhere else. Series offer gain-bandwidths greater than 400MHz, while
The AD840 Series, which includes high accuracy, low others offer slew rates up to 2,000V/ws. And all AD840

noise, low cost, FET-input and current-feedback amps, is products offer precision at high speeds, with unprece-

the result of a major breakthrough we've made in analog dented settling time performance as fast as 100ns to 0.01%

process technology. A breakthrough that has not only led (10V step) and offset voltage down to 75V maximum.

DD

EDN September 29, 1988



AD840 Series
ADS45 AD846 AD847 AD848 AD849
16MHz 4610 600MHz SOMHZ 175MHz 750MHz Gain Bandwidth
Unity Unity Unity 5 25 Min Stable Gain
350ns 100ns 120ns 100ns 80ns Settling Time
100.01% 100.01% 100.1% 100.1% 100.1% (10V Step)
100V/us 450V /s 300V/ps 300V/jus 300V/us Slew Rate '
|
Quiescent {
12mA 6mA 5.7mA 5.7mA 5.7mA Current (max) ; '
FET-Input,  Current Feedback,  Excellent Stable into LowNoise =~ Comments ‘\
DrivesCap 751V max Offset FlashADC  anyCap Load Pre-Amp
Loads Voltage Buffer

HIGH SPEED OP
GHT HERE.

bless power

than comparable amps, w1thout sacrlﬁcmg load drive cur-
rent. Plus all parts operate with +15Vor =+ 5V supplies.

The high performance doesn’t come at a high cost,

either. You'll find that whether you use the AD840 Series
op amps to bring a new standard of performance to your
designs, or as replacements for industry standards, they're

[competitively ed,

AMP

If you'd like more information on why the AD840
Series makes us the new revolutionary leader in high speed
op amps, call Applications Engineering at (617) 935-5565,
ext. 2628 or 2629. Or write

to Analog Devices, P.O.
Box 9106, Norwood, MA

02062-9106.

ANALOG
DEVICES

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037;
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504;
Belgium: (3) 2371672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826;
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050
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50% Faster than the Industry Standard

CMOS Flash ADCs From IDT
Exceed Bipolar Performance

The IDT75C48 and 75C58 8-bit
Flash A/D Converters, manufac-
tured using IDT’s CEMOS™ process,
are pin and function compatible
with the industry standard yet pro-
vide higher speeds, lower operat-
ing temperatures, and greater
reliability.

50% Faster. Uses Half the Power
of Bipolar. The IDT75C48 and 75C58
run at a record breaking 30 MHz.
The small signal input bandwidth
exceeds 100 MHz. And with a 50%
power savings over bipolar, your
system runs cooler and more
reliably.

Higher Reliability. The IDT75C48
and 75C58 use IDT’s on-chip Error
Detection and Correction circuitry
(patent applied for) to ensure that
your data is not corrupted. No more
missing codes over all temperature
and voltage extremes.

Full-Speed Performance. The
IDT75C48 and 75C58 signal to
noise ratio (SNR) at 30MSPS
clock rate and 10MHz analog input
frequency is greater than 40dB over
the full temperature range and
power supply extremes. That’s more
than a 12LSB accuracy improve-

66

ment over the bipolar industry
standard. By testing SNR specs
during production we can guaran-
tee the performance of the final
product. And that allows you the
additional freedom to optimize your
system by operating closer to the
spec limits.

Even Easier System
Integration with the
IDT75C58

In addition to the features
found on the IDT75C48, the
IDT75C58 offers extra en-
hancements designed to
ease system integration.

[0 Overflow indication ensures that
the input signal is within range.

[ Three-state outputs ease the use
of multiple Flash ADCs in a
system. iait

O Power-down mode for
ultra-low power
applications.

Expanded Package Options

Packages include 28-pin plastic and
hermetic DIPs, LCCs, and SOICs.
MIL-STD-883C versions are also
available.

CIRCLE NO 48

Call For More Information

If you have questions concerning
price and availability, or need tech-
nical information call our Marketing
Hotline at (408) 492-8229.

If you need literature, call (408)
492-8225 and we’ll send you
a FREE copy of the IDT
Data Book. It contains
complete information on
our other CMOS lines
including SRAMs e
FIFOs e Dual-Ports
ultra-fast RISC Proces-
sors e Bit-Slice
Microprocessors ® DSP
Building Blocks ¢ BiCMOS ECL-
Compatible RAMs e CMOS TTL
Logic ® Modules ¢ and much more.

When cost-effective performance counts

Integrated
Devicelechnology

3236 Scott Blvd.

PO. Box 58015

Santa Clara, CA 95052-8015
Tel. (408) 727-6116

FAX (408) 988-3029

dt
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Color-palette chips bundle extra features
with RAM look-up table and DACs

Margery S Conner,
Regional Editor

Today’s color palettes feature faster
D/A converters (DACs), larger
look-up tables, and a handful of spe-
cial features such as overlay regis-
ters and selectable DAC resolution.
These enhancements can help your
graphics-display design satisfy the
end user’s ever-growing appetite
for higher resolution and more
colors.

Color-palette basics

A color palette basically com-
prises a RAM look-up table and one
or three DACs (Fig 1). Although
color palettes with 4-bit DACs are
available, they have largely been
superseded by 6- and 8-bit DACs

in current designs. The palette
takes the contents of each pixel
from the frame buffer and converts
the digital representation of the
pixel’s color into an analog signal
that drives the display (Fig 2).

The maximum speed at which the
palette can take pixels from the
frame buffer and convert them to
an analog video signal is the clock
rate. You can calculate the palette
clock rate for your display by multi-
plying the total number of pixels
on the screen (the x resolution
times the y resolution) by the 60-Hz
refresh rate, and then adding about
30% for the horizontal and vertical
refresh time (Fig 3).

A pixel’s color is determined by
the bits stored at the pixel’s address
in the frame buffer. The pixel’s con-

tents don’t drive the DACs di-
rectly—they are pointers to colors
in the RAM look-up table. The
width of the look-up table in a tri-
ple-DAC palette is three times the
DAC’s resolution; the first third of
the look-up table entry controls the
red DAC, the second third controls
the blue DAC, and the third third
controls the green DAC. The num-
ber of bits in register controls the
total palette size.

For example, the IBM PS/2 VGA
uses an Inmos IMS-G171, a triple
6-bit DAC color palette, which re-
sults in an 18-bit wide look-up table,
allowing a total palette size of
262,144 colors. In its 640 x 480
mode, the VGA has 4 bits/pixel,
which limits the display to 16 colors
that can be displayed at once. In

PIXEL DATA
(FROM FRAME BUFFER)

REGISTER SELECT

OVERLAY SELECT
(OPTIONAL)

RED
RAM =
s LOOK-UP TABLE
AND A~ GREEN _
AL PIXEL-READ DAC LATCH €
MASK
REGISTER
- BLUE
OVERLAY
REGISTERS
(OPTIONAL)
A
COMPARATOR =
Y
DATA BUS IRer VREF
(TO GRAPHICS PROCESSOR)

Fig 1—A color palette basically comprises a RAM look-up table and one or three high-speed video DACs. The graphics processor reads
colors in the palette and writes new colors to it over the data bus. Palettes may also incorporate overlay registers to create overlay planes

of graphical entities such as icons and cursors.
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the VGA’s 320 x 480 mode, the color
resolution is 8 bits deep, so 256 col-
ors of the 256,000 available can be
displayed simultaneously.

Eight bits per pixel gives a mark-
edly better picture than four bits
per pixel, but your eye can still see
a difference. It’s not until you have
24 bits per pixel that you achieve
true color. However, you can cause
more than 256 colors to display on
the screen at once by changing the
colors associated with each address
in the look-up table. You can change
the colors as often as once every
scan line. This technique is called
“pseudocolor.”

Changing the look-up-table col-
ors, although it’s not complex, is a
multistep process. You must first
specify the starting pixel address
while the palette is in write mode
(RS0+RS1=WR =0). The palette
stores this address in the pixel-
address register. Then you set
RS0=1 and write the three sepa-
rate data words of the red, blue,
and green color-definition data. The
palette collects these three 6-bit
values together in the color-value
register and concatenates them into
an 18-bit word. The palette trans-
fers this value to the address speci-
fied in the pixel-address register.
After the transfer, the pixel-ad-

RED
COLOR GREEN
FRAME BUFFER PALETTE ——
BLUE
PIXEL DATA ==

Fig 2—In a simple graphics display, the bit pattern stored in a pixel address in the frame
buffer (the video portion of the graphic processor’s memory) serves as a pointer to the color
palette’s look-up table. High-speed video DACs on the palette convert the digital data to

analog signals, which drive the monitor.

dress register autoincrements,
changing consecutive pixel ad-
dresses without the graphies proc-
essor’s specifying each address.

The third option is the fastest
method of the three: You can use
the pixel mask to change selected
bits of the pixel-address value ap-
plied to the pixel-address inputs
(Py.7), thereby changing the color
of a particular pixel without chang-
ing either the frame buffer or the
look-up table. A one in a bit position
leaves the corresponding bit in the
pixel address unchanged, while a
zero sets that bit to zero.

In sum, there are three ways to

TOTAL PIXELS
(MILLION)

5
2049x 2049 4
2730x1024 3

2

1280 x 1024
1024x1024 1

640 x 200

D/A-CONVERTER
| BANDWIDTH (MHz)

e

| CcMos

e s e g
10 5 100 150 200 250 300 350

 Eear

BIPOLAR

Yv

Fig 3—Plotted above is the color-palette DAC bandwidth required for common display
resolutions. The bandwidth calculations shown assume that the refresh rate is 60 Hz and

that the horizontal and vertical retrace take 30% of each frame time.

EDN September 29, 1988

change the color of a pixel: You can
change the pixel’s value in the
frame buffer, change the contents
of the look-up table, or mask the
pixel address.

If you want your graphics-display
design to be compatible with IBM’s
relatively low-resolution (640 x 480
pixels) VGA standard, you should
be aware of the tradeoffs of using
standard and nonstandard palettes.
If you're designing a relatively
high-resolution display, say,
greater than 1k X 1k pixels, you'll
probably be most interested in a
palette with such enhancements as
extra speed and overlays.

If your graphics-display design
absolutely must be VGA compat-
ible, you can choose one of two color
palettes: the Inmos IMS-G171/176/
178 (the 171 is the color palette in
IBM’s PS/2) or the Brooktree
Bt471/478 (or the ADV471/478 from
Brooktree’s licensed alternate
source, Analog Devices.) Table 1
lists these and other color palettes.

The Inmos part has many imita-
tors, but no company is licensed to
clone it, so none of the imitations
are guaranteed to be exactly the
same as the original. National,
Triad, and VLSI Design Associates
make pin-compatible parts aimed at
the lucrative VGA-clone market.

In addition to its triple 6-bit
DACs, the IMS-G171 has a 256 X 18-
bit RAM look-up table, and it oper-
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ates at 50 MHz. Don’t slavishly
choose the 171 for your VGA-com-
patible design just because IBM se-
lected it, however. The part has a
major problem: It requires that you
access the look-up table only during
the retrace cycle—otherwise, snow
may appear on the CRT. IBM’s so-
lution to this problem was merely
to pass it on to the application pro-

grammer—IBM’s technical litera-
ture warns the programmer not to
access the look-up table at any time
other than during the retrace cycle.

In its IMS-G176, Inmos solved
the 171’s problem of restricted ac-
cess to the look-up table—the 176
has no such constraint. The com-
pany also produces the 176 in a 32-
pin PLCC, which offers a consider-

able space savings over the 171’s
28-pin DIP package.

Dean Hayes, the engineering
manager at Video-7 (Fremont, CA)
who was responsible for the design
of his company’s VGA board,
walked a fine line. On one hand,
Hayes was required to make the
board 100% hardware compatible
with IBM’s standard, a requirement

DAC

ORGANIZATION

TABLE1—6- AND 8-BIT COLOR PALETTES

SPEED
(MHz)

OVERLAY
RAM SIZE | SIZE

$29,836,$57 | THE AD471/478 IS A LI-

TRIPLE 8-BIT

SINGLE 8-BIT

35, 50, 80

15x24

256x24

44-PIN PLCC

CENSED ALTERNATE
SOURCE OF THE Bt471/478

$41, $51, $89

SINGLE 8-BIT

NATIONAL SEMI-

ASSOC INC

V3676 TRIPLE 6-BIT

* PRICES ARE IN QUANTITIES OF 100
EXCEPT WHERE MARKED OTHERWISE.

35, 50, 65

CONDUCTOR INC
DAC 0630 TRIPLE 6-BIT 30 256x18 NONE | 28-PIN DIP OR $9 (1000)
32-PIN PLCC
DAC 0631 TRIPLE 6-BIT 50 256x18 NONE | 28-PIN DIP OR $9 (1000)

32-PIN PLCC

256x18 NONE 28-PIN DIP

PRICES, LEFT TO RIGHT, CORRESPOND WITH SPEED

$10 AND UP
(1000)
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NEW SMD ARRIVALS.

4SZ-8‘IR1
SPR A‘ l l E ADDS Capacitors for high-voltage, high-temperature, and
high-frequency applications are new additions to the Sprague
line of surface-mount MONOLY THIC"™ multilayer
S l l RFACE -M()l I NT ceramic chips. Whether your surface-mount
= requirements are driven by application or cost,
MONOL S( THIC you'll find what you need at Sprague. For example, Type 11C
general-purpose ceramic chip capacitors are available in EIA
temperature characteristics COG, X7R and Z5U, with
CER AM IC C APS capacitance values from 10pF to 1.8uF and voltage ratings
® of 50, 100, and 200 VDC. Type 12C high-voltage chips are
available in characteristics COG and X7R and voltage ratings from 500 to 2500 VDC. Type 14C chips for high-temperature
applications offer characteristics X8S (—55°C to +150°C) and X9T (—55°C to +200°C). Type 15C high-frequency caps
have standard ratings from 10pF to 1S00pF, 50 to 200 VDC. EIA characteristic is COG. Type I8C low-profile chips are ideal

for IC decoupling applications. Standard tape and reel packaging are available. For more information,
write for *“Monolythic® Ceramic Capacitors” Brochure WF-100A, to Technical Literature Service,

Sprague Electric Company, P.O. Box 9102, Mansfield, MA 02048-9102. «ﬁg; spRnGUE®
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TECHNOLOGY UPDATE

that would seem to mandate the use
of the 171. On the other hand, he
didn’t want snow on the display’s
CRT. He was reluctant to select the
Brooktree Bt471/478 or the Analog
Devices ADV471/478, however, be-
cause, although they’re functionally
compatible with the Inmos parts,
the 471 and 478, with their ad-
vanced capabilities, require differ-
ent pinouts.

Hayes chose to design the board
with the 176. Because Inmos manu-
factured both the 176 and 171, he
could be sure that Video-7’s board
would be compatible with IBM’s
VGA. The Brooktree parts could of-
fer enhanced capability, but com-
patibility with IBM’s VGA was
Video-7’s primary concern. Says
Hayes: “Even if the IBM VGA had
bugs [other than the snow], I
wanted to have the exact same

The size of the parts also affected
Hayes’s decision. Both Analog De-

Vaa GND VREF

ouTt Iner

Y 4 |
CLOCK —»] VOLTAGE
REFERENCE > OPA
o o) - COMP
0-7 > 8, »{ 256x8-BIT RAM e
Go- » >
il 3 8, |swircring matRix| >115x8-BIT OVERLAY | *
Bo7 > 7= AND
1 8 | PIXEL-READ MASK || 256 <8-BIT RAM 8
So, $1 1 LATCH AR
e 4 7 RERETES Ly { T5x8BIT OVERLAY| ~ i
OLo-3 > = 8
OLo: 256x8BITRAM | 8 s e
BLANK »| 15x8-BIT OVERLAY

ADDRESS REGISTER R G
8 8

BUS CONTROL —>CRo.3

A K A

RD WR RS0 RS1 RS2

Each DAC in this color palette has its own 256 X 8-bit RAM look-up table. The palette (the
Bt473) can accommodate three 8-bit-wide pivel inputs, and it supports 24-bit true-color

graphics.

vices’” and Brooktree’s parts are
larger than the Inmos part. The
Bt471/478’s package, a 44-pin
PLCC, was a drawback on an al-
ready crowded board—it requires

The 6-bit ADV471 and the 8-bit ADV478 from Analog Devices feature internal RAM, which
permits a 256-color palette. They also have separate RAM, which allows an overlay of as
many as 15 colors.

T2

almost 1/2 in2, By contrast, the IMS-
G171/176 fits into either a 28-pin
DIP or a 32-pin PLCC; the 32-pin
package requires only about 1/4 in2.

Because it incorporates the 171,
IBM’s VGA is limited to 6 bits of
color per pixel. The Bt471/478 was
the first palette to offer software-
selectable 6- or 8-bit resolution. In-
mos picked up this feature and in-
corporated it in the IMS-G178 pal-
ette. The part, which maintains
compatibility with the 171 and 176,
will sell for about 35 to 40% more
than the IMS-G176.

If it’s vital that your design ex-
actly duplicate IBM’s standard, you
may be better off going with the
IMS-G176 or one of its clones. How-
ever, if you want to offer a board
that features VGA compatibility,
yet goes considerably beyond the
VGA in performance, you should
consider using the palettes from
Brooktree and Analog Devices. It’s
easy to forget that many end users
of graphic displays are not con-
strained to use EGA/VGA standard
parts.

The look-up table in the Bt471/
478 has separate registers for gen-
erating overlays. The Brooktree
parts have overlay-selection lines,
driven by the system processor’s
address lines, that specify whether
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YOU CAN SEE HOW
CLEAR AND BRIGHT THE PICTURE IS.

WHAT YOU CANT SEE IS
HOW FAST IT RESPONDS.

Fast response time, less than 5 ms, gives Finlux Elec-
troluminescent displays video capability. In laptop PCs,
the cursor is visible during all rapid movements or data
changes.

As for picture quality, you can see for yourself: it's
worth a thousand words. Here are just a few: Crisp.
Stable. Bright. Wide-angle viewing. Finlux EL is easy on
the eyes, even during a long workday.

The big little EL display

The display above is shown as large as life. Just 18 mm
thin and weighing less than 500 grammes, this Finlux EL
shows as muchtextasan1l” CRT: 25 lines of 80 charac-
ters, or full graphics. Finlux EL displays are available ina
range of 320x256 to 640x400 pixels.

EDN September 29, 1988

Wherever your customers need compact clarity

Finlux EL displays are easily interfaced for high-reso-
lution graphics, word processing, medical and industrial
applications. The fully solid-state flat EL panel and elec-
tronics are assembled into a sturdy, compact package
ready for mounting in even the most demanding envi-
ronments.

Lohja Finlux is the only European manufacturer of
flat panel Electroluminescent displays.

To see more, get in touch with:

—1 FINLUX

LOHJA CORPORATION In the USA:

FINLUX Display Electronics FINLUX INC.

Box 46 20395 Pacifica Drive
SF-02201 ESPOO 20, FINLAND Suite 109

Telephone (+358-0)42001
Telecopy (+358-0)422143
Telex 125023 Idis sf

Cupertino, CA 95014, USA
Telephone (408)725-1972
Telecopy (408)996-7547
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TECHNOLOGY UPDATE

the color information for a pixel will
come from the palette or the over-
lay register. (It’s these extra pins,
which address the overlay regis-
ters, that add to the pin count on
the Bt471/478 and increase the chip
size over that of the Inmos part.)

Overlays allow the system soft-
ware to control the system graphics
elements independently from the
application-software graphics. Sys-
tem software displays basic, rela-
tively unchanging graphic elements
such as cursors, screen frames, and
system messages; application soft-
ware manipulates a variety of
changing graphical information.

By overlaying one or more sepa-
rate graphics planes that display
system information, you can avoid
the time-consuming job of modify-
ing the image in the frame buffer.
In addition, you won’t need to
worry about collisions between the
system cursor and the application
image.

Another key feature of the Bt471/
478 is that the DAC can derive its
reference point from either voltage
or current. A voltage-set reference
requires fewer parts and is more
stable than a current-set reference.
The IMS-G171, -176, and -178 are
current-set only.

To design displays with resolu-
tions greater than that of the VGA,
you’ll need to use a palette with a
clock speed well in excess of 100
MHz. The Bt459 has a maximum
speed of 135 MHz, which puts it
near the top of the speed range for
triple DAC palettes.

Testability is a key consideration
for any design, but testing color pal-
ettes can be doubly painful because
of their combination of digital and
analog circuitry. Brooktree eases
this test chore for designers who
use the 459 by including two types
of on-chip diagnostics. The chip can
perform the diagnostics on itself as
well as help isolate problems in the
surrounding board circuitry.

The part helps diagnose digital
problems by running a checksum on
a frame of data. (A frame of data

74

258x186 2568%24
fAry key /Ctrl-Break to stop/Esc to DOS

This photo shows the difference between 6-bit and 8-bit RAMDAC resolution. A RAMDAC
with 6-bit resolution over 25% of the brightness range (from 1/4 to 1/2 bright) produced the
left side of the photo. On the right is the smooth shading produced by an 8-bit RAMDAC

over the same range. (Photo courtesy Brooktree Corp)

is the contents of the pixels that
are displayed between vertical
blanking signals.) The chip catches
every fourth or fifth pixel (depend-
ing on the setting of the input multi-
plexer) just prior to the DAC, calcu-
lates the checksum, and makes the

results available at the system-
processor data port. By varying the
bit pattern in the frame buffer, you
can isolate bad memory chips. And
because the checksum is calculated
while the system is running at its
operating speed, it catches prob-

Advanced Micro Devices Inc
901 Thompson P1

Sunnyvale, CA 94088

(408) 732-2400

Circle No 708

Analog Devices

One Technology Way
Norwood, MA 02062
(617) 329-4700

TWX 710-394-6577
Circle No 709

Brooktree Corp

9950 Barnes Canyon Rd
San Diego, CA 92121
(619) 452-7580

FAX 619-452-1249
Circle No 710

Fujitsu Microelectronics Inc
3545 North First St, Bldg 1
San Jose, CA 95134

(408) 922-9380

FAX 408-432-9044

Circle No 711

GE/Intersil

2450 Walsh Ave

Santa Clara, CA 95051
(408) 996-5059

Circle No 712

For more information . . .

For more information on the color palettes deseribed in this article, contact
the following manufacturers directly, circle the appropriate numbers on the
Information Retrieval Service card, or use EDN’s Express Request service.

Honeywell Inc

Signal Processing Technologies
1150 E Cheyenne Mountain Blvd
Colorado Springs, CO 80906
(303) 577-1000

FAX 303-577-3716

Circle No 713

Inmos Corp

Box 16000

Colorado Springs, CO 80935
(303) 630-4000

TWX 910-920-4904

Circle No 714

National Semiconductor Corp
2900 Semiconductor Dr

Santa Clara, CA 95052

(408) 721-7000

TWX 910-339-9240

Circle No 715

Triad Semiconductors Inc
5575 Tech Center Dr

Suite 120

Colorado Springs, CO 80919
(719) 528-8574

FAX 719-528-8875

Circle No 716

VLSI Design Associates
910 Campisi Way
Campbell, CA 95008
(408) 371-7400

Circle No 717
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MICRO POWER SYSTEMS

CONVERT WITHOUT

MSING A CODE

\ x /-ith Micro Power Systems’
MP574A monolithic A/D
converter, you get full use of 12-bits—
for all grades—for highly accurate
conversions. It stands on its own as a

full A to D functional block or it may
be interfaced with a microprocessor.

Our MP574A converter has 25us
guaranteed conversion time for faster
throughput. It also has the linear
performance
and low power
consumption
of Bi-CMOS
technology. No
special selection
is needed for
*12V to =15
VDC supply

Differential Non-Linearity is less than operation‘ Con-
t N .
0.5 LSB over an analog input range of venient, off-

0 to 10V, assuring no missing codes. .
the-shelf avail -

ability is also a plus. And Micro Power
provides added values like application
assistance and free, on-site, technical
seminars.

Additional features include:
Digital I/O Interfaces are True

TTL—Improves noise immunity
10V, 5MA Reference Output—

Easier to use as a system reference

200 ns Bus Access Time — Works
with faster microprocessors

.....

i

;I n‘I 12] 13
Voo e

Onchip Clock, Reference —Requires
no external components for most
applications
3-State Qutput Buffer — For direct
interface with 8- or 16-bit micro-
processor bus

Don’t miss out on full 12-bit
performance. For A/D converters
with the best cost performance, call
Micro Power Systems’ Hotline,
(408) 562-3615; 3151 Jay St.,
Santa Clara, CA 95054.
And ask about our
technical seminars.

M

MICRO POWER SYSTEMS
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Quality
you can »

Functional...

. Reliable...Economical. Just
_a few qualities that make
STIMPSON Eyelets the leading

choice when securing your
fastening needs.

At STIMPSON, we realize that each
eyeleting application presents its own
problems and requirements. That's why
we maintain the largest stock in the
world, producing over 3,000 different
sizes and styles, each furnished in a
variety of metals, finishes and colors.

You can also rely on our Assembly
Service Experts to recommend the right
combination of eyelets and machinery to
meet your design specifications.

Send for your free copy of STIMPSON’S
latest Eyelet Catalog, which |Ilustrates
over 2,300 standard and -
specnalty eyelets and our
full line of precision-built
automatic eyeleting
machines.

@Stimﬁsonﬁ

900 SYLVAN AVE. BAYPORT, NY 11705-1097
(516) 472-2000
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UPDATE

lems that may only be apparent at
that speed.

So that you can check the analog
portion of the device and its sur-
rounding circuitry, the part has on-
chip comparators that allow you to
compare the output of a DAC with
either of the other two DACs or
with the DAC reference voltage.
By comparing the DAC outputs,
the chip checks for gross functional-
ity and makes sure that signals are
propagating through the chip.

By comparing full-scale DAC out-
puts to the DAC reference voltage,
you can tell if the monitor is prop-
erly connected to the system. Ana-
log graphics systems are termi-
nated with two 75 resistors in par-
allel—one at the output of the DAC
and one at the monitor’s input. If
the monitor is not connected, the
voltage is twice as high at the DAC
as it would be if the monitor were
correctly terminated. Note that
80% of the problems in graphics sys-
tems are related to the monitor—
either the monitor is bad, or, what’s
even more likely, a cable or a plug
is defective. You can use this same
method for checking the monitor by
manually comparing the DAC out-
put to the reference voltage.

For displays that require faster
palette clock rates than the 459 pro-
vides, you'll need to switch to a sin-
gle-DAC palette, such as the
HDAM 51200 from Honeywell,
which has a top speed of 165 MHz,
or the Brooktree Bt492, which has
a maximum speed of 360 MHz. If
your display must run faster than
360 MHz, you won’t be able to use
a color palette at all; instead, you'll
need to build your video-interface
portion from discrete components.
Discrete video DACs fabricated in
bipolar technology can reach speeds
in excess of 360 MHz.

Article Interest Quotient
(Circle One)
High 503 Medium 504 Low 505
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We're eliminating
the competition
with something

everyone else seems
to have forgotten
you need...



...the maximum performz

Plessey - Unsurpassed
Process Technology

As system design becomes more and
more challenging, and product life
cycles become increasingly shorter,
design flexibility and getting it right the
first time have become critical factors
in gaining and maintaining that max-
imum performance edge you've been
looking for.

Plessey’s investment in advanced
process technology is unequaled in the
industry. Successive reductions in
feature size and continued improve-
ment in process techniques are at the
heart of leading-edge Plessey products.

PLESSEY and the Plessey symbol are trademarks of the Plessey Com-
pany, PLC.
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Plessey - The Ultimate in
ASIC Technology

Our broad range of ASIC products
has grown to the point where we are
now able to meet all the needs of ASIC
users. We offer a full ASIC product
range with a variety of options for
digital, analog and mixed analog/digital
applications, in gate arrays, standard
cells, and full-custom. Advanced, state-
of-the-art processes in fine geometry,
high-density CMOS, bipolar and ECL
technologies give you the highest levels
of performance and system integration
available today.

Plessey - Unparalleled
CAD Support

The Plessey Design System (PDS) is a
comprehensive suite of software em-

bracing the design, simulation and im-
plementation of gate arrays, standard

cell and compiled ASICs in CMOS and

bipolar technologies.

Customers who want to use their
own CAD workstations or simulators
are accommodated by flexible design in-
terfaces at various stages into PDS.

Plessey - Standard Products
And Discrete Components

Plessey’s standard product family of-
fers the highest performance product
range available in the world today.
Capabilities range from CMOS DSP
devices operating in excess of 20MHz to
the world’s most advanced 1.3GHz
monolithic log amplifier.

High performance solutions are also
offered in radio communications, digital
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1ce that gives you the edge.

frequency synthesis, data conversion,
telecommunications, data communica-
tions and consumer products.

Complementing the standard IC
family, Plessey manufactures a com-
plete line of discrete components in-
cluding FETS, transistors and diodes
available in SOT-23 and T0-92
packages.

Plessey - Over Two Decades
Of Quality Commitment

For more than 20 years, Plessey
Semiconductors has been commited to
supplying the latest technology, highest
quality, and highest performance
semiconductor products in the in-
dustry. With our unique combination
of CAD support, major advances in pro-
cess technology, and the most advanc-
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BIPOLAR
DESCRIPTION Ft EMITTER

WIDTH
400MHz 14um
High voltage 400MHz 20um
High speed linear 4.5GHz 4um
High speed digital 6GHz 3um
Ultra-high speed 14GHz 0.6um

Industry standard

fCLOCK ~ MINIMUM  VSUPPLY

FEATURE
KC Industry standard CMOS 20MHz 4um 3-10v
JG Double SiGate NMOS 10MHz 6um 9-18V
VB High speed CMOS 40MHz 2um 3-5V
VJ Very fast CMOS 50MHz 1.5um 3-5v
VQ Uitra fast CMOS 75MHz 1.2um 3-5V
MH/MA SiGate CMOS 30MHz 4um 3-15V

~ BIPOLAR (CDI)

EMITTER
WIDTH/ GRID  MAX. MAX. MIN.
FEATURE SIZE PITCH SPEED POWER POWER

ORIGINAL CDI Sum
CDI FAB | 3.75um 11.5um 10ns  2.4pJ  1.5pJ
CDI FAB lla 2.5um 8um 4ns 1.2pJ 0.8pJ

Geometry change (utilizing multi-level differential logic-DML)’
CDI FAB b 2.5um 8um  800ps  0.8p) 0.54pJ

PROCESS FAMILY

PROCESS

CDI FAB IV 1.2um 4.5im 200ps  0.2pJ  0.14pJ

\ CDI FAB Il 1.5um 6um  400ps  0.4pJ 0.27pJ

For further information you can write
to us at one of the following addresses:

ed research facility in the world,
Plessey Semiconductors is, today, a
totally commited leader in the industry.
Plessey Semiconductors
1500 Green Hills Road
Scotts Valley, CA 95066
U.S.A.

To learn more
on how Plessey can
help you achieve
the maximum per-
formance that
gives you the
edge, send for
our new comp-
rehensive, full
color, 72-page
short form
brochure,

* @& PLESSEY
or call Plessey
Semiconductors today. /’ W
i

In North America call 1-800-441-5665. @6
Outside North America call 44-793-726666.
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Plessey Semiconductors Ltd.
Cheney Manor, Swindon
Wiltshire SN2 2QW

United Kingdom

Flissey HIIIMMWMH




e e

R RRRRRRRRRRRRRERRRREERRRRREwwwww /77777

R e TR o

Industrial Electronics Product Showcase

PC-based test systems
and equl ment dominate
Industrial applications

The industrial personal computer is becoming an impor-
tant tool in factory automation, but several factors
have slowed the PC’s penetration into the manufactur;-
ing environment. Although the PC has gained ground
in specific applications, many of its industrial imple-
mentations are too proprietary for general use. Some
implementations don’t have enough power at an afford-
able price, and others are unnecessarily intimidating
to the average factory worker. However, suppliers of
PC-based test equipment and automated systems are
taking steps to remedy these shortcomings by creating
graphics-based software and programming methods
that ease the worker’s task.

For example, Automatix Inc offers its AI-90 system
for use in a variety of factory applications. Based on
an industrial version of the Apple Macintosh II com-
puter, the AI-90 combines significant processing power
with the recognized ease of the Macintosh II desktop
interface. Instead of learning a complex set of program-
ming commands, the operator has only to point to on-
screen icons via a mouse, trackball, or touch-screen
interface. Such capabilities greatly minimize training
time and expense by providing a user-friendly interface

80

that is easy to learn. Moreover, the AI-90 is versatile.
You can use it as a cell controller, as an intelligent
shop-floor terminal, as a test-stand controller, or as a
general-purpose PC suitable for an industrial environ-
ment.

Apart from the control field, CADKey Inc and
Browne & Sharpe Manufacturing Co have combined
their respective strengths in CAD software and coordi-
nate measuring equipment to provide a PC-based sys-
tem that generates an accurate blueprint of an object—
without the original specifications on hand. The CADD-
Inspector not only provides this reverse-engineering
function, but it’s also usable in the normal inspection
process to compare a manufactured part with its CAD-
compatible design.

And, this showcase doesn’t confine itself to high-level
systems only. In this roundup of industrial products,
you’ll find numerous examples of other equipment and
components. Included are such products as transduc-
ers, switches, oscilloscopes, printers, semiconductor
modules, power supplies, data recorders, and video
monitors, to name just a few. You may very well find
just what you’ve been looking for.
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The Application Servers

Build your application with Mizar’s new generation
of 32-bit microcomputers.

New standards of VME performance.

Mizar presents a new line of micro-
processors for VME-based applications.
With powerful Motorola 68020 and
68030 CPUs at up to 30 MHz, and the
latest in memory interface and surface
mount technology, Mizar provides the
performance and functionality your
application demands.

Platforms for every application.

Mizar designed its new processors
with the application developer in
mind. Mizar’s single-height processors
are not only excellent computing
engines, but through Mizar's MXbus™
become uniquely configurable to meet
specific 1/0, memory and processing
needs. MZ 8100 Series single-height
processors can be transformed into
double-height solutions with complete
single-board functionality and perfor-
mance. Similarly, the MZ 7100 Series
of double-height processors provide
all you expect from a single board
computer, and can be tailored with
easy-to-use plug-in modules. With
either solution, you can start develop-
ment today.

Superior memory handling.

Mizar's engineers have reduced criti-
cal wait-states to zero at 16.7, 20 and
25 MHz in many cases. To enhance
multiprocessor system performance,
Mizar's new on-card memory arbitra-
tion logic frees the CPU during time-
consuming memory operations across
the VMEbus, allowing concurrent local
processing. And for more demanding
applications, Mizar's 68030 based

MZ 7130 even includes cache options.

Your application demands the latest in
32-bit VME technology. Call Mizar.

1-800-635-0200

Ask for extension 140




Industrial Product Showcase

H-bridge power module features

current sensing and package isolation

Fabricated in the company’s TMOS
technology, the MPM3002 is an H-
bridge power module with current-
sensing capability. The module fea-
tures a space-saving isolated pack-
age that eliminates the need for iso-
lating hardware and reduces assem-
bly costs. Designed for applications
in servo motor drives, stepper-
motor controls, and switching
power supplies, the MPM3002 is
rated at 100V, 8A. It has a power
rating of 62.5W at a case tempera-
ture of 25°C, and an isolation volt-
age rating of 2000V rms.

The H-bridge consists of p-chan-
nel power MOSFETSs in the upper
legs of the bridge. It simplifies the

Motorola’s ICePAK™

drive circuit and n-channel
SenseFETs in the lower legs of the
bridge, allowing cycle-by-cycle cur-
rent sensing that is essentially
lossless. The n-channel and p-chan-
nel pairs of the MPM3002 are die-
bonded to separate copper lead

frames. An insulating material iso-
lates the lead frames from the alu-
minum case.

Additional electrical characteris-
tics include a drain-to-source on-
resistance of 0.15() max at 4A, an
input capacitance of 900 pF max,
and p-channel rise and fall times of
130 and 60 nsec, respectively. The
MPM3002 costs $9.57 (100). Sample
quantities are available from stock;
production quantities have 6-week
lead times.

Motorola Inc, Technical Infor-
mation Center, Box 52073, Phoe-
nix, AZ 85072. Phone (602) 244-
4911.

Circle No 663

Industrial line-scan camera
features video dataratesto 10 MHz

Designed to operate in harsh indus-
trial environments while delivering
laboratory precision, the LC1901
line-scan camera is housed in a
lightweight, but rugged, aluminum
enclosure. The camera’s internal
construction utilizes shock-absorb-
ing interconnection materials and
features hybrid circuits that are
laminated onto aluminum mounting
plates for efficient heat transfer.
The camera can withstand shocks
of 100g peak and random vibration
in excess of 20g rms.

The LC1901 senses light input
from a scene and converts it into
an analog video signal, the ampli-
tude of which is a linear function
of the scene’s incident illumination.
An electronic shutter and an-
tiblooming structures within the
sensor ensure performance over a

EDN September 29, 1988

wide range of lighting conditions.
The camera is available with 256,
512, 1024, or 2048 photo-element ar-
rays to satisfy the most stringent
spatial resolution and speed re-
quirements.

Three externally generated, dif-
ferential-input signals control the
camera operation. The frequency of
the master clock determines the

video data rate; the period of the
line-transfer input defines the line-
scan rate; and the line-reset signal,
in conjunction with the line-transfer
input, controls the integration pe-
riod. This arrangement allows video
data rates as high as 10 MHz, line
rates exceeding 35,000 scans per
second, and provides electronic ex-
posure control.

Additional specifications for the
LC1901 include a 2000:1 dynamic
range, a video level of 1.1V into a
100 line, and a 48-dB signal-to-
noise ratio. The camera operates
from supplies of 12V at 295 mA,
—12V at 70 mA, and 5V at 350 mA.
The LC1901 costs $1385.

EG&G Reticon, 345 Potrero
Ave, Sunnyvale, CA 94086. Phone
(408) 738-4266.

Circle No 661
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Automated production tester
characterizes optical fiber and cable

Designed for the high-volume pro-
duction environment, the Model
2210 automated optical-fiber analy-
sis system provides manufacturers
of optical fiber and cable with a
high-speed, high-repeatability sys-
tem for characterizing both multi-
mode and single-mode fibers.

The 2210 performs multimode
spectral attenuation measurements
from 800 to 1600 nm with an auto-
mated serpentine mandrel in accor-
dance with CCITT- and EIA-rec-
ommended methods. An optical far-
field scanner helps you make nu-
merical aperture measurements and
determine the appropriate mandrel
setting.

The tester measures three single-
mode optical-fiber characteristics

that manufacturers monitor in sta-
tistical quality assurance programs:
spectral attenuation, cutoff wave-
length, and mode-field diameter
(performed with an optional vari-
able aperture unit). The 2210 incor-
porates a fiber preparation system
that reduces cleaving and alignment
time per fiber to less than 30 sec,
and complete measurement time to
less than 2 minutes.

The 2210 system is PC/XT com-
patible and is equipped for data
communications via an RS-232C or
an optional IEEE-488 interface.
The test data is logged on MS-DOS
floppy disks for later off-line data-
base evaluation. The system can
also communicate with mainframes
or other PCs via either RS-232C or
IEEE-488 interfaces. A complete
Model 2210 system costs $65,000.
The price of the optional variable
aperture unit is $15,800 and the far-
field scanner sells for $17,000. De-
livery, six weeks ARO.

Photon Kinetics Inc, 9350 SW
Gemini Dr, Beaverton, OR 97005.
Phone (503) 644-1960. TLX
4992356.
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Recorder features 30 channels
for long-term data acquisition

Designed for long-term data acqui-
sition and recording lasting weeks
or months, the PM-8238 multipoint
data recorder can record as many
as 30 simultaneous inputs in 3 sec.
The instrument displays the data
from each of the individually pro-
grammable channels in either
graphic or tabular numeric form.

The recorder’s full-scale resolu-
tion of 1000 dots provides a pV
measuring resolution over the full
10-in. plotting width, allowing pre-
cision measurement of all values. A
zero-suppression feature, together
with selectable chart-transport
speeds, ensures proper scaling of in-
put values and optimum use of the
recording area.

The programmable input chan-
nels let the operator choose any de-
sired combination of 2-, 3- and 4-
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wire measurements of millivolts,
volts, or temperature. The operator
can choose range, span, and lineari-
zation settings to match the inputs
from thermocouples or other
transducers. Once entered, configu-
ration, scaling, and chart speeds are
stored in interchangeable, plug-in
memory modules for quick recall.
The PM-8238 uses function keys
(with LED indicators) and a nu-

meric panel to select functions and
preset values. Interactive program-
ming simplifies the operation, and
error signals provide operator guid-
ance. You can also enter parame-
ters remotely through a personal
computer via RS-232C or IEEE-
488 interfaces.

The instrument uses a low-main-
tenance thermal printing system
that lets you avoid the use of ink
reservoirs, ribbons, or pens. A spe-
cial industrial version of the re-
corder, the KS-8238, features a full-
sized front door to protect the in-
strument in harsh environments.
The PM-8238 costs $5500, and the
KS-8238 sells for $5950.

John Fluke Mfg Co Inc, Box
C9090, Everett, WA 98206. Phone
(800) 443-5853. TWX 910-445-2943.
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SOLDERLESS COMPLIANT PINS

100% connection refiability
even in your toughest
multilayer designs.

EDN September 29, 1988

CIRCLE NO 55

TRIFLEX™ solderless compliant pin connectors are your best solution for
difficult press-fit assembly problems associated with high density backplane
designs.

TRIFLEX's unique, dual compliancy design combines the compliant action of a
split post with the torsional effect of a radial tri-beam, giving you the most con-
sistent insertion forces throughout the entire range of hole sizes.

Unlike standard compliant designs, TRIFLEX stores elastic energy longer for
continuous high pressure between the compliant section and the hole wall.
You're assured of reliable performance—in any operating environment.

Plus, we've made significant investments in statistical process controls (SPC)
for our manufacturing operations to insure product e

quality before it leaves the manufacturing cycle. -

Our “JUST IN TIME” and “SHIP TO STOCK”

programs save you the expense of additional in-

spections and the need for larger inventories.

So for fast, trouble-free assembly, low installation
costs and complete connection reliability, ask for
TRIFLEX solderless card edge, DIN and
D-subminiature connectors from HOLMBERG
ELECTRONICS.

Send for our TRIFLEX product bro-
chure which includes a listing of
sales offices. A TRIFLEX users
handbook is also available.

I)F@)HOLMBERG
b

| 7 im ELECTRONICS

Inman, SC 29349 USA - (803) 472-4141
FAX: 803-472-3985 (Customer Service)
FAX: 803-472-8568 (Marketing/Engineering)
©1988 Holmberg Electronics Corporation
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Thermal printer mechanisms
feature high speed and high resolution

The FTP-421MCLO001 and FTP-
441MCLO001 are 40- and 80-column
thermal printer mechanisms, re-
spectively. Both offer print speeds
of 250 dot-lines/in. at a resolution
of 160 dots/in. for both graphics and
character generation. These print-
ers quickly generate the complex
data associated with such applica-
tions as medical readouts, scientific
analysis and measurement, and
data communications.

The FTP-421 and FTP-441
achieve their high-speed operation
by means of integrated driver cir-
cuits in the thermal printhead. In
addition to the high printing speed,

both mechanisms feature front and
rear paper-loading capabilities for
printing on different types of me-
dia. Rear paper insertion minimizes
bending of the media and accommo-
dates thick paper, or labels, for bar-
coding or coupon-generating appli-
cations. This dual-purpose insertion
feature also facilitates mounting of

the printer mechanism in different
devices. Depending on the applica-
tion, the mechanism can eject paper
from either the top or the back of
the mechanism.

A step motor friction-feeds paper
across the platen for contact with
the thermal printhead. A minimum
of moving parts ensures a printer
service life of 30 million pulses. The
FTP-421 costs $198, and the FTP-
441 sells for $258.

Fujitsu Components Inc, 3320
Scott Blvd, Santa Clara, CA
95054. Phone (408) 562-1000. TWX
910-338-0190.

Circle No 667

Cell-controller hardware platform
is built for the factory floor

The Sy/Gate MiniCell controller is
a compact hardware platform de-
signed for industrial applications.
Measuring 14 xX6.25%x6.5 in. and
weighing 12.5 lbs, the controller
takes up one-fifth the space and
weighs one-quarter of comparable
products, according to the manufac-
turer.

The controller boots up on the
MS-DOS operating system, but
runs above the DOS system on its
own multitasking operating system.
This arrangement lets the user se-
lect from the many software pack-
ages that run on the MS-DOS sys-
tem, yet has the advantage of a pro-
prietary operating system designed
specifically for the plant floor.

The Sy/Gate unit has an Intel
8088 processor at each of its four
serial ports and features 1.5M bytes
of RAM, compared to the 640k
bytes inherent in MS-DOS. The
MiniCell controller communicates
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with the Sy/Gate MicroCell control-
ler, with ASCII-based devices, and
with a variety of programmable
controllers, including Allen-Bra-
dley, GE, Gould, Reliance, Struth-
ers-Dunn, and Westinghouse. Un-
like similar products, the MiniCell
controller operates without a fan at
ambient temperatures from 0 to

60°C. A double-digit display pre-
sents fault indications, thus allow-
ing you use the controller without
a monitor.

IBM PC/AT-compatible cards
plug into the hardware platform.
The memory allocation is 1M byte
of RAM for application programs
and 512k bytes of battery-backed
RAM disk for executuve programs,
such as DOS batch files. Programs
are stored and retrieved using the
512k-byte RAM disk or, optionally,
31/2-in. floppy-disk drives or a 20M-
byte hard-disk drive.

Including hardware and soft-
ware, the Sy/Gate MiniCell control-
ler costs $14,995. The company of-
fers a 2-day training seminar and a
4-day application workshop.

Square D, Automation Products
Div, 4041 N Richards St, Milwau-
kee, WI 53212. Phone (414) 332-
2000.
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SEMI-CUSTOM SMART 100V

bl — YR Y RY G-
.| :

The MPD8020 uses Mixed CMOS/DMOS/Bipolar Technology to provide
the user true monolithic smart power management.

Only 45 days after you give us the layout of
your breadboard, built from our Kits #1 and #2,
we'll give you perfectly tailored smart 100V ICs.
What's more, you'll get them for a fraction of the
cost of custom circuits.

Design Power ICs Faster.

Micrel's new MPD8020 CMOS/DMOS Semi-
custom High Voltage Array combines CMOS analog
circuits, TTL/CMOS compatible high speed CMOS
logic, and high voltage DMOS power drive circuits
on one monolithic IC.

A Great Library of Parts on Every Array.

16 fully floating 100V, 200 mA N-channel DMOS
FETs. « 3 op amp/comparator/Schmitt trigger pro-
grammable macro cells and numerous array op
amps. * 1 unity gain analog output buffer. « 1 band-
gap reference. * 1 overtemperature sensor. * 16 high
voltage CMOS level shifters « 200 CMOS gates in an
uncommitted array. « 12 TTL/CMOS I/O buffers. « 16
medium current sink pre-drivers. « 4 internal high
and low voltage power supplies. * Zeners, resistors,
capacitors and more.

Two Development Kits.

For breadboarding your semi-custom
MPD8020, Micrel offers two development kits to
demonstrate the operation of key SSI and MSI cir-
cuits. Each is housed in a 40 pin DIP Kit #1 ($20)
provides 11 commonly used analog circuits. Kit #2
($15) carries 8 digital circuits to check speed and
digital timing characteristics.

After the customer has used the development
kits to determine the interconnect pattern, Micrel
turns each IC into a proprietary smart 100V ASIC for
about one-sixth the cost of a custom IC. As your
needs grow, we can quickly turn your semi-custom
chip into a full custom chip for even greater savings.
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1C’s INA5 DAYS.

The MPD8020 can be packaged in a 44 PIN
JEDEC PLCC with an integral heat sink, 16 to 48 PIN
DIPs, or single in-line power package. Packaged
units available to MIL STD 883C. Dice are also
available for hybrid manufacturers.

A single +5 Volt to +15 Volt supply powers the
logic and analog circuitry. High voltage portions
operate at +20 to +100 volts. The chip can also
derive the +15 volt supply from a 24V, 48V, or 100V
high voltage supply. An internal voltage pump can
be used to drive the high side gates of the power
N-channel DMOS FETs at 15 volts above the +100
volt supply for rail-to-rail high voltage switching.
Wide Range of Applications.

Use the MPD8020 in switching regulators,
motor control, relay and solenoid drivers, smart
switch with bus decode, smart lamp drivers, auto-
motive switching, printer solenoid drivers, and high
voltage display drivers.

Build Safety and Reliability Into Your Product.

You specify which safety features you want
built-in such as overtemperature, overcurrent,
short circuit, and overvoltage protection. The cir-
cuit can then take immediate action whenever any
of these faults are detected and send a status signal
back on your microprocessor data base. You can
design safety in at the outset.

For more information, fill out the coupon
below or contact Marvin Vander Kooi, Micrel, Inc.,
1235 Midas Way, Sunnyvale, CA 94086.

Phone (408) 245-2500. FAX (408) 245-4175.

NICREL

THE INTELLIGENT POWER COMPANY

e e N 0s20EDN

SEND THE DETAILS ON INTELLIGENT POWER.

NAME TITLE
COMPANY PHONE
ADDRESS

APPLICATION

ESTIMATED YEARLY VOLUME.

MICREL, INC., 1235 MIDAS WAY, SUNNYVALE, CA 94086
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Handheld oscilloscopes feature
digital storage and 5-MHz bandwidth

Weighing less than 7 lbs with carry-
ing case, batteries, and accessories,
the T200 and T201 oscilloscopes
utilize flat-panel LCD technology
and digital capabilities to achieve
their 10 X 4.5 X 2-in. size.

The 2-channel scopes offer a dual
timebase, a 5-MHz bandwidth for
repetitive signals, a 2-MHz band-
width for single-shot signals, and a
20M sample/sec sampling rate with
50-nsec resolution. Users may
choose from two different inter-
faces. The T202 offers a standard
scope interface with its front-panel
controls divided into traditional
functional sections. For users who
prefer left-to-right logical manipula-
tions, the T201 offers a calculator-

like interface.

Other features include the ability
to preset time and trigger functions
via simple programming sequences,
a nonvolatile memory that can store
nine front-panel settings or nine
separate waveforms for later recall,
and signal-processing capability for
differential and ratio measure-
ments.

The T201 and T202 cost $1995
each and include a battery pack,
two probes, a carrying case, a man-
ual, and an audio cassette training
kit.

Tektronix, Portable Test Instru-
ments Div, Box 1700, Beaverton,
OR 97077. Phone (800) 426-2200.

Circle No 670

Industrial computer system

provides graphics-based interface

Based on the Macintosh II com-
puter, the AI-90 system combines
processing power with an easy-to-
use graphics interface. Instead of
learning complex programming
commands, the factory worker has
the choice of using an icon-based
mouse-driven, trackball, or touch-
screen interface.This type of in-
terface minimizes the time and ex-
pense of training, and simplifies
day-to-day operation.

You can use the AI-90 system for
a variety of factory applications: as
a cell controller; as an intelligent
shop-floor terminal; as a test-stand
controller; as an industrial PC; as
a data analyzer; and as a lab instru-
ment controller. The AI-90 runs all
Macintosh II software and has op-
tional support for MS-DOS and
Unix programs. In addition, the
system supports a variety of stan-
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dard application programs including
statistical process control (SPC),
motion control, and artificial intelli-
gence languages.

The computer features a 68020
32-bit wP operating at 16 MHz and

a 68881 math coprocessor. The sys-
tem, which provides 1M byte of
RAM as standard memory, is on-
board expandable to 8M bytes. Ad-
ditional memory expansion via the
NuBus slots provides a maximum
2G bytes of address space. An op-
tional 68851 memory management
unit is available.

Standard peripherals include a
31/2-in., 800k-byte floppy-disk
drive, a color monitor with a 16-
million color palette or a mono-
chrome monitor with 256 gray
shades, having a resolution of
640 x 480 pixels. The basic AI-90
measures 21X 17.5x8.5 in. and
weighs 45 lbs without options.
$8500.

Automatix Inc, 1000 Tech Park
Dr, Billerica, MA 01821. Phone
(508) 667-7900. TLX 951518.
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the beat goes on.... » P
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... WITH SENSYM AT THE HEART.

Pressure Sensors Solid-State Accelerometers Sensor Handbook

Sensym offers the industry’s Sensym offers the latest in F R E E
broadest line of solid state pressure micromachined semiconductor
sensors. For example, the new SCX accelerometers. They re available in

The new 1988 handbook features over
200 pages of the latest product and

series pressure sensors offer: ranges from 2 g's to 200g's. application information on:
* Guaranteed precision over And, for only $57 each in single S_qlid State Accelerometers
temperature: 1% max! piece quantities. % Silicon Pressure Sensors
§ : Visit us at the Sensors Expo Media Isolated Transducers
* Calibrated zero: 300 uV max! Booth #814 p [ Ultra Low Pressure Series
00

® 26 models. From 0-1psi up to (10" H,O Full Scale)

0-100psi SE'-- S [# Sensor Modules
e $15 each in 100 piece quantities n m Call us today for your free copy.

1255 Reamwood Avenue ¢ Sunnyvale, CA94089 e Tel.: |408| 744-1500
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Innovative design provides 3 kW

of powerina5 X 8 X 15-in. package

By using a combination of hybrid
and monolithic ICs, low-loss mini-
ature capacitors, and 100-kHz
power MOSFETSs, the 9R-Series
switching power supplies deliver 3
kW of power in a 5 X 8 x 15-in. pack-
age. According to the manufac-
turer, the 9R SuperSwitcher is the
industry’s first 3-kW supply with a
5x8x X-in. frame—the previous
industry standard being 1.5 kW in
a 5 X8 11-in.-frame size.

The 9R5-600-381 model provides
a5V, 600A de output at 50°C. Other
models in the series provide outputs
of 2, 12, 15, 24, 36, and 48V. The
ac input is 165 to 265V (220V typ);
either 36A max single-phase, or
21A max 3-phase at 47 to 63 Hz.
The series can also function as a

de/de converter with a 200 to 375V
dc input at 19A max. The input
power to the supply is via 8-32
screw terminals.

Standard features include an ac-
tive soft-start, an N+1 current-
sharing capability, remote sensing,
automatic thermal shutdown, and a
ball-bearing dc fan. I/0 capabilities
include high or low logic inhibit, in-

put power fail, output good, remote
adjust, current share, and margin
low/high. The supplies meet UL,
CSA, IEC, and VDE specifications;
approvals are pending.

The 9R-Series current-mode sup-
plies use four time-staggered power
inverters that reduce ripple cur-
rent, minimizing the stress on input
and output capacitors. The four
separate inverters also enhance
overall reliability—if one inverter
should fail, the remaining inverters
will provide about 80% of the maxi-
mum output current. The 9R5-600-
381 supply costs $1890 (under 25).

Powertec, 20550 Nordhoff St,
Chatsworth, CA. Phone (818) 882-
0004. TLX 277483.

Circle No 668

Test system handles circuit boards
containing mixed analog /digital functions

The Model 8000 combinational
board test system features several
capabilities not available in other
systems, according to the manufac-
turer. The 8000’s open architecture
reduces overall testing costs by al-
lowing users to design and place
their own hot-bed test circuitry di-
rectly onto 8000 system boards and
control it from the board test pro-
gram—in synchronization with ana-
log or digital test subsystems.

The system contains 2048
nonmultiplexed test points that pro-
vide the full range of in-circuit and
functional testing. A custom driver/
receiver interface provides the
shortest possible distance from the
board under test to the test-head
electronics, resulting in fast, clean
signals. The 8000’s integral fixture
ground plane provides controlled
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path impedance, and its unipolar
fixture design eliminates the capaci-
tance changes caused by wire move-
ments that are inherent in hinged-
fixture designs.

For digital tests, the 8000 offers
a programmable slew rate from 50
to 300V/psec, useful in testing
CMOS, AS, TTL, ECL and Fast
devices. An integrated 32-channel
logic analyzer captures the actual
digital responses, either during test
verification or production test.

Also, an integrated graphics wave-
form editor reduces the time re-
quired to create and debug digital
test programs.

The 8000’s modular analog sys-
tem is fully synchronized to the
digital subsystem for mixed signal
testing. The system achieves maxi-
mum test coverage and flexibility
by providing simultaneous analog/
digital stimulus and measurement,
6-wire in-circuit measurement,
100V stimulus, and a programmable
short-circuit threshold.

The 8000 ranges in price from
$275,000 to $550,000, depending on
node count and options.

Zehntel Inc, 2625 Shadelands
Dr, Walnut Creek, CA 94598.
Phone (415) 932-6900. TWX 910-
385-6300.
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Some of the most sensi-
tive components in satel-
lites and telescopes are

shippedandstoredin | Before they travel at 17500 MPH,

reusable containers we » « o
Custom-design. So before 'hey 'mvel in Hﬂrdlgg (On'l'ﬂlnerso
they travel the vacuum of . '

space, they travel the earth
in Hardigg.

Proven protection.
Protecting these com-

ponents in an extremely
dry environment, that
could also withstand shock
up to 30g’s, were two of
the stringent requirements
Hardigg containers met
and exceeded. And just
one of many problems
we've solved for customers | pu
over the last 20 years.
All Hardigg containers
are custom-engineered
inside and out. Tomeet | by atop-flight staff of shock- So before you send your
all critical specs including | mitigation and environ- next product on a jour-
humidity and temperature | mental engineering ney—across the

extremes. Every container | specialists. With ’ country or around
one-piece rotationally state-of-the-art the world—call the
molded for superior equipment and container company
strength and wear. Just | facilities that allow thatsa
like the one we designed | usto controlevery = proven
specifically for a delicate | aspect of the manufac- B traveler,
diagnostic component turing process—from e Hardigg.
to a CAT Scan system. mold makir}g to tooling, /i" HARDIGG
Proven metal working to plastic [T NG TIRIES, ING:
per'ormun‘e‘ fabrlcatlon' [ﬁooftg(l)\zl(azirolgtreet

Nearly 200 off-the-shelf T
sizes are easily customized Facsimile (413) 6654801
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Digital storage scope makes
low-frequency measurements to 20 MHz

Targeted for transducer measure-
ments and other low-frequency ap-
plications, the DS0-1602 digital-
storage oscilloscope combines a 20-
MHz real-time bandwidth with a
sampling rate of 20M samples/sec
in single-channel mode. With 10k
words of 8-bit acquisition memory
available on each channel, the 1602
has both a large memory capacity
and a 0.01% resolution.

The oscilloscope features both
pre- and post-trigger viewing, a
trigger window, and high-fre-
quency trigger rejection. A trigger-
count function lets the scope count
as many as 16,383 events before
triggering to extract the pulse of
interest from a long burst. You can

use the pre-and post-triggering ca-
pability to acquire all the data oc-
curring before an event, or to show
data that occurs as long as 1000 sec
after the event. A wide range of
timebase speeds enables the cap-
ture of events from 50-nsec to 2000-
sec duration.

The scope incorporates automatic
cursor-based measurement facili-
ties, with on-screen alpha numerics

providing a direct readout of the
measured values. The addition of a
waveform-processor ‘keypad trans-
forms the scope into an analysis tool
that can measure rms voltage, rise
and fall times, pulse width, fre-
quency, p-p voltage, and the area
under the trace.

The 1602 is fully programmable
and features IEEE-488 and dual
RS-232C interfaces. The 1602 meas-
ures 17x14.5%6 in. and weighs 18
Ibs. The price of the 1602 is $3990.
Delivery, 60 days ARO.

Gould Inc, Test and Measure-
ment Group, 3631 Perkins Ave,
Cleveland, OH 44114. Phone (800)
538-9320.
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19-in. color monitors
target CAD/CAM apphcatlons

Designed to reproduce the large im-
ages required by CAD/CAM and
other business graphics applica-
tions, the ECM 1910, 1911, and
1912 are 19-in. color monitors with
variable scan capabilities. The se-
ries also provides options of either
short- or long-persistence phos-
phors, and of clear or tinted glass.

The ECM 1910 monitor has a
short-persistence phosphor with a
tinted antiglare CRT that provides
a bright, high-contrast display for
use in high ambient-light condi-
tions. The ECM 1911 also has a
high-contrast display, but is flicker-
free due to its long-persistence
phosphor. The ECM 1912 has a
clear CRT with a long-persistence
phosphor for use in bright environ-
ments.

All of the monitors feature auto-
matic adjustment for horizontal and
vertical frequency. The horizontal
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adjustment lets the monitor inter-
face to a PC using a variety of add-
on color cards and software. The
monitor automatically adjusts to
any color card with a horizontal fre-
quency between 15 and 34 kHz.
Color cards in this frequency range
include the IBM CGA, EGA, VGA,
and PGA. The vertical frequency
automatically adjusts between 50
and 85 Hz, a feature that automati-
cally centers the screen’s display

when the user switches to a differ-
ent color card.

The ECM monitors have a resolu-
tion of 1024 X800 (interlaced) and
1024 X 512 (noninterlaced). A 1900
series monitor becomes a stand-
alone CAD/CAM system when con-
nected to a PC running popular
software packages such as
AutoCAD and VersaCAD. The
RGB monitor accepts both RGB/
RS-170 and IBM TTLI inputs via
connectors on the rear panel; it ac-
cepts switch-selectable TTL/analog
inputs via a 9-pin DIN connector.
The ECM 1901 retails for $2795; the
ECM 1911 and 1912 both sell for
$2895.

Electrohome Ltd, 809 Welling-
ton St N, Kitchener, Ontario, Can-
ada N2G 4J6. Phone (519) 744-
7111.
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In a Navy test, a Tomahawk cruise
missile exploded into a concrete building.
When the dust settled, little remained but
gravel and fragments of casing.

And the Abbott model C28D0.8 you
see here.

Its aluminum baseplate and an adjust—
ment cap were ripped off in the blast.

But reconnected on a workbench, the

CIRCLE NO 114

unit still provided a steady .8 amp of
DC current — just as it was designed to.

Abbott Transistor Laboratories, Inc.
2721 South La Cienega Blvd,,
Los Angeles, CA 90034. (213) 936-8185

When reliability is imperative®

abbott

MILITARY POWER SUPPLIES
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High-performance drafting plotters
feature axial pen speeds to 32 ips

The DMP-60 series single-pen plot-
ters offer adjustable media-size ca-
pabilities and handle a variety of
English and metric media formats.
The plotters also accept numerous
add-on performance options such as
a multipen accessory, an optical
scanner, and an expanded buffer
board.

The DMP-61 has an axial pen
speed to 32 ips and an axial accel-
eration as high as 4g. It can produce
drawings on 16 media sizes from
8.5x11 in. (A size) to 24 x36 in.
(D size). The large-format DMP-62
handles 23 media sizes from 8.5 x 11
in. to 36 X 48 in. (E size). The DMP-
62 has an axial pen speed of 24 ips
and an axial acceleration to 2g.

Each model features a mechanical
resolution of 0.0005 in. and a same-
pen repeatability of +0.002 in.
Both plotters provide onboard
68000 pP-based intelligence that
features capabilities such as multi-
ple fonts, filled fonts, closed-area fill
with 15 fill patterns, 10 character

sets, and a curve-generating algo-
rithm that ensures high line quality
and smooth curves. The plotters
can draw on paper, vellum, and
polyester film using fiber-tip pens,
disposable technical pens, refillable
liquid-ink pens, and roller-ball pens.

The DMP-61 costs $4695, and the
price of the DMP-62 is $6495. The
MP-60 multipen changer costs $750,
and a 1M-byte buffer-board option
sells for $995.

Houston Instrument, 8500
Cameron Rd, Austin, TX 78753.
Phone (800) 444-3425; in TX, (512)
835-0900.
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PC-based measurement system
generates reverse-engineered blueprints

The CADDInspector solves the
problem of obtaining an accurate
blueprint of an object when you
don’t have the original design, using
a process called reverse engineer-
ing. The CADDInspector also lets
you compare a manufactured part
with its CAD-compatible design,
following the normal inspection
process.

The CADDInspector is the inte-
gral link between CADDKey-3, a
leading 3-D PC-CADD software
package and MicroVal, a highly suc-
cessful coordinate measuring ma-
chine (CMM). The CADDInspector
allows direct digitization of both 2-
D and 3-D points, lines, ares, cir-
cles, and splines. When digitizing
2-D entities, the user can also set
the depth of the digitized entity.

The CADDInspector also per-
forms probe-offset calculations,
which allows true part-geometry
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creation. For simplicity, 2-D ge-
ometry goes on level 2 and is as-
signed the color red; 3-D geometry
goes on level 3 and is assigned the
color olive-green; and offset geome-
try (corrected for probe offsets)
goes on level 1 and is assigned the
color green. The CADDInspector
program is written largely in
CADL (CADKey advanced design
language) and macros, allowing for
rapid customization.

Key specifications of the CADD-
Inspector are a linear accuracy of
0.006 mm, repeatability of 0.004
mm, and resolution of 0.002 mm.
The measuring ranges are X, 356
mm; Y, 406 mm; and Z, 305 mm.
The work capacity is X, 457 mm;
Y, 610 mm; and Z, 381 mm. The
price for a CADDInspector work-
station, including CADKey-3,
CADDInspector, and MicroVal
CMY, is $19,245.

CADKey Inc, 27 Hartford Tpk,
Vernon, CT 06066. Phone (203)
647-0220. TWX 510-600-7223.
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Browne & Sharpe Manufactur-
ing Co, Precision Park, North
Kingstown, RI 02852. Phone (800)
551-6245; in MA, (800) 262-5226.
TLX 6814067.
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SIEMENS

—— Qverdemperature Protection
——QOverload Protection
——Open Load Protection

—— Under Voltage Protection
t— Short Circuit Protection
L—0Ongoing Status Feedback

The discreet alternative
to discrete protection.

Introducing Siemens BTS 412A...the world’s first fully-protected Smart SIPMOS® device.

Now you can be indiscrete with your system protection For more information, call 1-800-FET-APPS (in California
designs. Because instead of assembling a network call 1-800-422-FETS). Or contact your nearest

of bulky discrete devices, you can plug-in a single Siemens distributor or local sales office.

integrated solution! It's a revolution in protection... Siemens National Distributors: Hall-Mark and Marshall

: Siemens Regional Distributors: Advent Electronics, Inc,,
called the Siemens BTS 412A. Almo Electronics, Insight Electronics, Quality Components, Summit and

: Western Microtechnology.
This fully protected, power MOSFET Smart SIPMOS Siemens Regional Sales Offices:
device eliminates the problems of multi-chip solutions. Eastern Region Central Region Western Region
It’s big on reliability. Small on space. And quick to alert Lbjgt'?etfgé “61;\31 F;?szeggg S(L)O C;;in%fgscg =
you of potential problems, thanks to its integrated il gk Sl

\ y i rinceton, NJ Columbus, OH Cupertino, CA

status feedback intelligence. Best of all, it gives you (609)987-0083  (614) 433-7500  (408) 725-3586
the comprehensive protection that once required an Norcross, GA Dallas, TX AL
army of discrete devices. Now that'’s discreet protection! (404) 449-3981  (214) 620-2294 ~A

Siemens...

Siemens BTS 412A. It's the world’s first intelligent,
fully-protected Smart SIPMOS device...and it's ygggmggggsnri?r the future.

available now. SIPMOS is a registered trademark of Siemens AG CGI2000441A WLM 772

CIRCLE NO 116
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Vision
Design
Problems?

e Works in the lab but not in the factory?

* Requires high speed data acquisition
e Too expensive? Slow delivery?

e Lack of electro-optical precision?

e Technical support not available?
e Unreliable/costly downtime?

e Specular reflections cause blooming?

JNEGzG RETICON

WHERE VISION AND TECHNOLOGY MEET
345 Potrero Avenue  Sunnyvale, California 94086-4197

96 CIRCLE NO 64

EG&G RETICON
Cameras have
Solutions!

e Withstand shock to 300G, random vibration
to 30G.

e Data rates to 20 MHz.
» Start at $850— off-the-shelf delivery.

* Precision optical/mechanical registration
and electronic stability.

» Technical sales force and factory support.
* Reliability by design—backed by warranty.

* Blooming suppression.

&’i; =g

Western Region 408 245-2060

So. California 714 583-2250
Central Region 312 640-7785
Eastern Region 617 745-7400
Japan 0423 33-8111
England 0734 788666

West Germany 089 92692-666
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SNAP-ACTION SWITCH

The DN Terminator snap-action
switch offers potential savings as
high as $0.50/switch in installed
cost. Its external design permits
three methods of installation: tradi-
tional screw mount, horizontal
snap-in mount, and vertical snap-in
mount. The switch also features a
plug-in connection that mates with
standard 0.025-in. square pin con-
nectors on 0.1-in. centers.

The precision switch has the
same internal design as the com-
pany’s D4 Series: a long-life stain-
less-steel spring mechanism, arc-
resistant internal barriers, and a
flame-retardent UL-94V0 case and
cover. Currently available in an
spst normally open version, the
switch has electrical ratings of 0.1A
at 125V ac with gold crosspoint con-
tacts, and 3A at 125V ac with silver
contacts. At its rated load, the
switch has a life cycle of 1 million
operations with gold contacts and
500,000 operations with silver con-
tacts. The switch meets UL and
CSA standards. $0.95 (OEM qty).

Cherry Electrical Products,
3600 Sunset Ave, Waukegan, IL
60087. Phone (312) 360-3500.

Circle No 610

HALL-EFFECT SENSORS

The UGN-5275, UGN-5276, and
UGN-5277 are latching Hall-effect
sensor/driver ICs for electronic
commutation of brushless dc mo-
tors. The devices sense the alter-
nating polarity magnetic-flux levels
generated by rotating multipole
ring magnets in brushless de¢ mo-
tors. They can also drive inductive
loads such as relays and solenoids.
Packaged in a low-profile SIP with
dimensions of 0.2x0.13x0.06 in.,

EDN September 29, 1988

the ICs can sink as much as 300
mA from complementary, open-
collector outputs.

Included in the monolithic chip
are a Hall-effect sensor, a voltage
regulator, a closed-loop op amp, a
Schmitt trigger, a driver stage, and
a complementary power-output
stage. The voltage regulator allows
operation from supply voltages of
4.5 to 14V. The dual outputs switch
from complementary on/off to com-
plementary off/on in accordance
with the polarity of the sensed mag-
netic field. The three devices vary
only in their switching points. The
UGN-5275 switches at or below
250G (gauss), the UGN-5276
switches at 350G, and the UGN-
5277 switches at 150G. The devices
are specified for operation over the
—20 to +85°C temperature range.
UGN-5275, $0.87; UGN-5276,
$0.82; UGN-5277, $1.42 (1000).

Sprague Electric Co, Semicon-
ductor Group, 70 Pembroke Rd,
Concord, NH 03301. Phone (603)
224-1961.

Circle No 611

TRANSDUCERS

Designed for measuring hostile me-
dia in harsh environments, the
ST2000 Series transducers are
housed in a stainless-steel case. The
series includes four models that
measure pressure from 0 to 15 psig

through 0 to 300 psig. Each model
features a temperature-compen-
sated 2-wire output from 4 to 20
mA. Accuracy is within =0.5% and
all ST2000 Series devices have in-
ternal voltage regulation that per-
mits operation over a dc supply-
voltage range of 12 to 40V.

The series uses a combination
diaphragm/oil-fill isolation tech-
nique that minimizes the amount of
oil for optimal performance over the
specified temperature range of —40
to +125°C. Other specifications in-
clude a zero-pressure offset of 4 mA
(=100 pA), a full-scale span of 16
mA (+200 pA), a full-scale output
of 20 mA typ, and nonlinearity and
hysteresis of +0.5% of full scale.
$95 (under 25).

SenSym, 1255 Reamwood Ave,
Sunnyvale, CA 94089. Phone (408)
744-1500. TLX 176376.

Circle No 612

MOTOR SPEED CONTROL

Containing nearly all the compo-
nents needed for a complete de mo-
tor control system, the EISCT72/92
Series power modules can handle
motors with ratings from 0.125 to
5 hp. The output current ratings of
the modules range from 25 to 50A
avg at a 180° conduction angle. The
maximum single-cycle surge-cur-
rent ratings are 300 to 1000A.
Each module, which contains
about 300 equivalent discrete de-
vices, needs only an external poten-
tiometer, an on/off switch, and fuses
to provide a complete speed control
system for de motors. The EISC
modules incorporate a full-wave dc
power source for the motor’s field,
and have a full-wave de, SCR-
controllable power source for the
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motor’s armature. Four trimming
potentiometers in the module per-
mit adjustments for IR compensa-
tion, current limit, minimum speed,
and maximum speed. A red LED
indicates when power is available
at the module’s firing circuit. $150
to $250, depending on the module.

Gentron Corp, 6667 N Sidney
Place, Milwaukee, WI 53209.
Phone (414) 351-1660. TLX 26881.

Circle No 613

CONTROLLER

The Model 8098 is an 8-bit external-
bus version of the company’s 16-bit
8096 for real-time 8-bit control ap-
plications. On-chip features include
a 10-bit A/D converter, a PWM out-
put with a S/H circuit, 32 I/0 lines,
a 16-bit CPU, a 16 x 16 multiply
unit, a 32/16 divide unit, 8k bytes
of program memory, and 232 bytes
of general-purpose registers. The
multiply and divide functions have
speeds of 6.25 psec.

Additional features of the 8098 in-
clude a 16-bit watchdog timer, four
16-bit software timers, and two 16-
bit counter/timers. Having the
same 16-bit CPU and onboard pe-
ripherals as its 8096 counterpart,
the 8098 provides a low-cost alter-
native for achieving 16-bit perform-
ance in existing real-time event and
motor-control systems, according to
the company. $4.75 (large orders).

Intel Corp, Literature Dept W-
407, 3065 Bowers Ave, Santa
Clara, CA 95051. Phone (800) 548-
4725.

Circle No 614

MASS FLOW METER

Designed for fast-response gas flow
measurements, the 1100 MFM
(mass flow meter) features a mi-
cromachined silicon flow-rate sen-
sor. The sensor responds to flow-
rate changes as low as 0.02 stan-
dard cm3/minute of nitrogen in
<500 psec.

Sensor output data is fed to the
MFM’s pP-controlled signal-proc-
essing electronics, which produces
a linear 0 to 5V dc output signal in
<5 msec. According to the com-
pany, both the long- and short-term
stability of the 1100 MFM exceed
the characteristics of all conven-
tional mass flow meters by several
orders of magnitude. Its repeatabil-
ity is *0.2%, and accuracy is
+1.0% of full scale.

The sensor is passivated with
silcon oxynitride, making it imper-
vious to chemical attack. The gas
flow chamber and all external seals
are made of 316L stainless steel,
which eliminates interactions be-
tween the MFM and the measured
gas. Other features of the 1100 in-
clude an auto-zero function, an RS-
232C interface, selectable alarms,
EMI/RFI shielding, and onboard
diagnostics. $1100. Delivery, stock
to 60 days.

Innovus, 1756 Junction Ave,
San Jose, CA 95112. Phone (408)
436-7790. FAX 408-436-8185.

Circle No 615

M 10/16.SFL

FUSE BLOCKS

Additions to the company’s line of
DIN rail-mounted fuse terminal
blocks include the 10A and 16A
Models. Type M-10/16.SF is a UL-
recognized 600V unit that holds
standard 0.25 % 1.25-in. fuses rated
from 0.25 to 16A. When ordered
with an optional neon or LED
blown-fuse indicator, the designa-
tion is M-10/16.SFL. Type T-7/1, a
1-point terminal block, is rated at
0.18 to 10A and features an auxil-
iary contact. Type T-7/8 contains
eight fuses and eight separate auxil-
iary circuits; you can use it for fus-
ing 8-point programmable logic-
controller I/0 units.

The M-10/16.SF(L) is rated for 18
to 8 AWG wire size and needs only
16-mm spacing on the DIN rail. The
T-7/1 and T7/8 require 13- and 89-
mm spacing, respectively. M-10/
16SF, $8.30; M-10/16SFL, $8.50; T-
7/1, $14.25; T-7/8, $98.50.

Entrelec, 2 Ram Ridge Rd,
Spring Valley, NY 10977. Phone
(800) 431-2308. TLX 996619.

Circle No 616

THICKNESS TESTER

Combining beta-backscatter and
magnetic-induction principles in a
single unit, the Beta-Min 1800 is a
computerized plating/coating thick-
ness measurement system. The
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tester measures the thickness of
nickel (even through final layers of
gold and rhodium), tin-lead, gold,
and copper.

The Beta-Min 1800 provides a
precise evaluation of all critical
coatings, including nickel-plated
tabs, and ensures correct plating
thicknesses during the manufacture
and inspection of pc boards. The
wP-based device features a 24-
character alphanumeric display.
Thickness results are displayed in
microinches, mils, micrometers,
percent composition, or counts per
minute. The unit simultaneously ac-
cepts two beta probes and a nickel
probe, with software-controlled
probe selection.

Other features include nonvola-
tile memory, 20 data-retention loca-
tions, plating-bath density correc-
tion, base-material correction, an
RS-232C port, and a parallel-
printer interface. The unit weighs
12 Ibs and measures 15x6x 13 in.
The power input is 156W at 115/
230V, 60 Hz. $5000.

CMI International, 2301 Arthur
Ave, Elk Grove Village, IL 60007.
Phone (312) 439-4404. TLX 282052.

Circle No 617

12V SEALED BATTERY

The PS-1242 rechargeable 12V
sealed lead-acid battery has a ca-
pacity of 4 ampere-hours. The
3.54 X 2,75 % 4.01-in. unit packs 1.23
watt-hours of energy/in3. The bat-
tery is designed for such applica-
tions as portable power, security
equipment, emergency lighting,
and electronic memory protection.

EDN September 29, 1988

The maintenance-free battery is us-
able in any position and suitable for
both standby and deep-cycle appli-
cations. The PS-1242 can deliver
40A of high-rate discharge current.
The battery weighs 3.74 lbs, has a
life expectancy of more than 5
years, and can be recharged 200 to
500 times, depending on the aver-
age depth of discharge. $16 (500).
PowerSonic Corp, Box 5242,

1BM PC-AT

o

C‘utref/
nI/ \ Djgital / ﬂ

Cameras

/4‘* 130m Proaduction Line —— —»/

Factory Floor Control Problem
Solved by CONTEC

A leading tire manufacturer tracked yield problems to their
tread extrusion process. Tread quality is a function of both
density and width, which are controlled by conveyer speed.
Engineering installed CONTEC’s Parallel Input/Output Low
Voltage Digital Control Boards in an IBM PC-AT. The PI-32Ls
collected data from weight sensors and digital cameras along
the materials path in real-time, while the PO-32Ls transmitted
control instructions to the conveyor drive system and PLC.

Result: Quality and yield
increased by more than 12%.
CONTEC has a complete line
of digital, analog, communi-
cations, motion control and
memory products. Together
they can solve virtually any

data acquisition, communi-

cations and control problem.
All come with an exclusive

3- ty and toll-f
tibnice] supportHeTi et CONTEC

MICROELECTRONICS U.S.A. INC.
Call for a FREE data catalog.

Call Toll-Free 1-800-888-8884

CONTEC Factory Automation Solutions: the PI-32 Series

CIRCLE NO 11
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— EVERYTHING YOU'VE
! ALWAYS WANTED . ..
e ALWAYS NEEDED . ..
IN READY-FOR-FIXTURING

BURN-IN
. [ OVENs

New Blue M Burn-In Ovens have been designed to pro-
vide all the features needed for safe, reliable, cost-
efficient operation — with performance and styling to
meet the most demanding system requirements.

[]
¥ -

EXCLUSIVE PRO-TRONIX
DIGITAL SETPOINT SCR

CONTROL
* SEPARATE SOLID-STATE )

OVERTEMPERATURE Offering a temperature range from 15°C. above am-

PROTECTION bient to +300°C. (+572°F.), they come in popular

sizes from 9.0 to 32.0 cu. ft. They dissipate 5000 watts
at +125°C. with a temperature gradient across the
test space of 6°C. or less.

AUTOMATIC DAMPER
MODULATOR — energy
savings up to 25%

AIRFLOW, HEATING
ELEMENT, AND DEFEAT
TYPE DOOR SWITCHES

For all the burn-in chamber your process requires —
with no extra-cost add-ons needed — come to: Blue M,
A Unit of General Signal, Blue Island, Illinois 60406.
Telephone: (312) 385-9000.

‘B4 BLUE M

A UNIT OF GENERAL SIGNAL
CIRCLE NO 8

Toroidal
Transformer —

Spang Supplies Solutions ... Fast!

At Spang, we're more than just a winding
house, and our extensive experience proves
it. Our engineers will detail the best overall
design to meet your exact requirements.

So if you need to resolve a toroidal trans-
former problem fast, call the experts at Spang
Power Control. Or, write for our free toroidal
transformer brochure.

Y] Power Control

™

Custom Engineered Toroidal Transformers
Sandy Lake,PA16145 « (412)376-7515 « FAX : (412) 376-2249

CIRCLE NO 9
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Redwood City, CA 94063. Phone
(415) 364-5001. TLX 348400.
Circle No 619

IMAGING MODULE

Based on the company’s solid-state
image sensor (SSIS), the 56470 Se-
ries modular subassembly requires
only a chassis and lens to form a
complete black-and-white video
camera for use in machine vision
and surveillance. The module con-
sists of the SSIS and all necessary
drive, video-processing, and power-
supply circuits. Two basic versions
are available: a 525-line version that
meets EIA standards, and a 625-
line version that meets CCIR stan-
dards. Each' version is available in
three different sensor-quality
grades.

The SSIS used in the module has
an image area of 6x4.5 mm and
works at ambient light levels as low
as 0.5 lux. The unit has a bandwidth
of 5.8 MHz and an S/N ratio of 46
dB. An integral master clock de-
rives the field-, frame- and line-
synchronization pulses, or you can
synchronize the unit with an exter-
nal reference from a computer or
another camera. The composite-
video output signal is 1V p-p. An
iris-control output is available to
drive lenses with an automatice iris.
The unit’s C-mount mechanical in-
terface accepts standard 0.5-in. (or
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larger) lenses. DM 600 to DM 1300,
depending on quantity, grade, and
importing country.

Philips International BV, Box
218, 5600 MD, Eindhoven, The
Netherlands. Phone +31 40
724173.

Circle No 618

LIMIT CONTROLLER
The Model 2040 limit controller pro-
vides a limit shut-off control for
temperature-sensitive equipment
or process control systems. For

overtemperature shut-down and
other applications requiring limit
control action, the unit can act inde-
pendently of any other controls.
The controller’s input works over
a current range of 4 to 20 mA and
handles a variety of thermocouples
including J, K, R, S, T, E, B, and
Platinum RTD types. The output
of the 2040 controls a 5A, 240V ac
noninductive Limit relay that has
both NC (normally closed) and NO
(normally open) contacts.

A bright-blue, high-visibility vac-
uum-fluorescent display prompts
the user with fixed sequences of dis-
plays to ensure the controller’s cali-
bration and operation. An inde-
pendent analog-backup circuit
monitors the measurement and pro-
vides redundancy to trip the Limit
relay should the temperature ex-
ceed the primary setpoint. Other
features include a self-diagnostics
capability, a digital watchdog, and
keypad security. Standard unit,

$225; FM-approved unit, $235.
LFE Corp, Instruments Div, 55
Green St, Clinton, MA 01510.
Phone (508) 835-1074. TWX 710-
347-1734.
Circle No 620

CALIBRATOR

The Model 620A resistance calibra-
tor features eight cardinal resis-
tance points and is IEEE-488 pro-
grammable. Without the need to
switch leads, the 620A simplifies re-
sistance measurements in labora-
tory, engineering, and production-

ELECTRIFYING SOLUTIONS!

130 to 4000 Watts - SELV Magnetics -

2 to 48 Volts -

Made in USA - Rugged Packaging -

Fully Regulated - Up to 400 Amps

Thermal Protection - Short Circuit Proof - 50 Degree C Power Rating - 3750 VRMS 1/0 Isolation - Optimum Price/Performance

SWITCHING
POWER INC
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3601 VETERANS HIGHWAY
RONKONKOMA, NEW YORK 11779
TEL.516/981—-7231

TWX 510220 1528

CIRCLE NO 102

worldwide
for proven
relability!

Callor write for onr free Catalog -
730 to 4000 wat?s.
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INTROL

CROSS
DEVELOPMENT
SYSTEMS

« INTROL-C Cross-Compilers

* INTROL-Modula-2 Cross-Compilers

* INTROL-Macro Cross-Assemblers
Provide cost and time efficiency in
development and debugging of em-
bedded microprocessor systems

All compiler systems include:
Compiler « Cross-assembler « Support
utilities « Runtime library, including
multi-tasking executive e Linker « One
year maintenance « User's manual, efc.

TARGETS SUPPORTED:

6301/03 « 6801/03 » 6804 « 6805 * 6809
« 68HC11 « 68000/08/10/12 « 32000/
32/81/82 « 68020/030/881/851

AVAILABLE FOR FOLLOWING HOSTS:
VAX & MicroVAX; Apollo; SUN; Hewlett-
Packard; Gould PowerNode; Macintosh;
IBM-PC, XT, AT and compatibles

INTROL CROSS-DEVELOPMENT SYSTEMS
are proven, accepted, and will save
you time, money, effort with your devel-
opment. All INTROL products are
backed by full technical support. CALL

or WRITE for facts NOW: n
- ——

647 W. Virginia St., Milwaukee, W1 53204

414/276-2937  FAX: 414/276-7026
Quality Software Since 1979

CIRCLE NO 10
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line applications. Designed for use
with both smart and dumb DVMs
and DMMs, the calibrator provides
resistance values of 1, 10, 100, 1k,
10k, 100k, 1M, and 10 MQ. The
worst-case accuracy is 0.002 to
0.0125%, depending on the resis-
tance value. The 620A accommo-
dates 2- or 4-wire connections and
has a parallel computer interface.
$1530.

Electronic Development Corp,
11 Hamlin St, Boston, MA 02127.
Phone (617) 268-9696. TLX 951596.

Circle No 621

MICROCONTROLLER

The RTX-2000 10-MIPS, high-per-
formance 16-bit microcontroller has
on-chip timers, an interrupt control-
ler, and a multiplier. The chip fea-
tures an ASIC Bus, which provides
off-chip architecture extension, us-
ing hardware acceleration logic and
application-specific I/0 devices. Us-
ing a stack-oriented, multiple-bus
architecture, the RTX-2000 lets you
implement such real-time applica-
tions as DSP, image processing, ro-
botics, graphics, and simulation.
The RTX-2000 provides direct
execution of Forth, eliminating the
need for assembly-language pro-
gramming. Other features include
a single-cycle 16-bit multiply unit,
a single-cycle subroutine call/return
unit, 3-cycle interrupt latency, and
two on-chip 256-word stacks. The
controller also has 1M byte of ad-
dress space, and word/byte memory
access. Fabricated in low-power
CMOS, the RTX-2000 runs at 5 mA/
MHz typ. In an 84-pin PGA pack-
age, $190 (1000); evaluation board,

$1500.

Harris Corp, Semiconductor
Sector, Box 883, Melbourne, FL
32901. Phone (305) 724-7800.

Circle No 622

MOTION CONTROL ICs

Intended for use with a variety of
dc and brushless-de servo motors,
the LM628 motion-controller IC
uses incremental shaft-encoder
feedback to control the position, ve-
locity, and acceleration and decel-
eration rates of servo mechanisms.
The IC takes pulses from an incre-
mental encoder and commands from
an 8-bit parallel bus connected to a
host wP. Based on the commands
and programmable filter parame-
ters, the LM628 writes to a DAC
to control the power to a motor.

The LM628’s output port can
drive either an 8- or a 12-bit DAC.
A second device, the LM629, out-
puts a PWM pulse stream that can
drive an H-switch for de motors or
a commutator like the LM621 to
control a brushless dec motor. The
LM628 and LM629 differ only in the
way they interface to the system’s
power stage. Other features include
32-bit internal computation abili-
ties, a 750-kHz encoder capture
rate, a sampling frequency of 3 kHz,
and a clock frequency of 6 MHz.
Both devices come in 28-pin DIPs
and cost $30 (100).

National Semiconductor, Box
58090, Santa Clara, CA 95052.
Phone (408) 721-4494. TLX 346353.

Circle No 626
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It taR®S more thamna ————————non__
microprocessor to improve
product performance.

That'’s where Signetics
comes 1n.

Your dependable, worldwide
supplier of quality ICs.

Processed with leading-edge
technology and supported
with customer-oriented
service.

Everything essential to the
total performance of your
design.




Ultra-fast microprocessors get most of the
glory for improving total system performance.

But what good is a high-speed MPU if the
other 95% of your system can't keep up with
it? And what about designs that don't
require a microprocessor?

At Signetics, we haven't developed propri-
etary MPUs. Instead we've concentrate
on the other 95% of your system.
it “the guts”

e make it easy for you to get
them. From one vendor. In less
time. With less paperwork. For
# asneheny less cost. Over 28,000 different
Sedfor M types of devices in a variety
ot “ffci‘-mns,ff‘fo‘:‘ «tist of packages, including military
gon's ‘k\(:“:‘:\k \\:\j‘\ and SMD. From the standard
st-SerYe  are VAR PROMs and EPROM§ needed
of the i ogie:  to program your design to
i

ik O otratiot | Hed : ;
ety S et proprietary bus arbiters that
L puts 878
s Gront able BN P make your system meta-
I e s bUS B e is v stable-immune. And for
e ate A TNEN 2o used your application specific
a. 7O TG gt projects we've got PALs"
4. T a
epend ‘_,”p,oy 7 plus the PLDs and PML that
40 address an we mvented.

We offer over 300 linear ICs, includ-

ing new Fiber Distributed Data
Interfaces (FDDISs) that reduce your
networking costs. And more high speed
CMOS microcontroller derivatives than
you'll find anywhere else—including OTP
EPROM versions and SMD packaging.

We cover all your technology essentials.
One look at our Technology Roadmap
(below right) tells you where we are,
and where we're going.

But that’s not all.

of ICs to the military, we
the industry quali
statistically ingi
zero defe

u benefit from our worldwide resources.
From Philips’ global R&D facilities to
Signetics' new 1 micron CMOS Class 1
wafer fab.

We've got the guts. We're not just talking
product. We mean people too! Individuals
who rise to any challenge, and are fanatical
about customer service and support.

For example, our Electronic Data Interchange
(EDI), gets our people closer to yours and
shortens the time we need to respond to your
requests. And our Just In Time (JIT) pro-
gram enables our people to deliver product
exactly when your people need it. This
keeps your production on schedule and
reduces your inventory cost.

There you have it. Products. Technologies.
Services. The essentials you need to im-
prove the total performance of your system.

We're Signetics. We've got the guts! Make

us prove it. Call (800) 2271817, ext. 982 and
ask for our new capabilities brochure.
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performance.

S

e essentials
- improve total design

The guts, without which

there 1s no glory.
For you—or us.
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VCH 9,
other miniature
lamp suppliers 0.

Ina Ina
fewhours  few weeks

Application and specHications tevelopment assistance

It's this simple: If your company produces world-
class products, you should have world-class
components. Can your present miniature lamp
supplier provide all you get with VCH? Check
the score. It’s just no contest.

INTERNATIONAL

CHICAGO MINIATURE BRAND
Buffalo Grove, IL « 312-459-3400

We’re out to he the heacon of miniature lamps.

1968 VCH Intarrational

CIRCLE NO 56



The VME Volksclosure.

110

$995. Ready to Run.

Finally. The economies of mass production catch up You do get a choice between two multiple-output power
with VME and Multibus Il enclosures. supplies: 190 Watts with 19A at + 5V or 270 Watts with

Introducing tiie Volksclosure, Electronic Solutions' 30A at +5V. You can also choose a J2 backplane for VME
economy model enclosure with turbo performance. All extended addressing or iLBX Il for a Multibus Il system.
you do is add cards and peripherals for a complete, Most important, while the Volksclosure costs less, you

attractive desktop computer.
With the Volksclosure (also known
as our Model One) everything comes

don't get less. It fully reflects Electronic
Solutions’commitment to quality and

performance. Forexample, _< vE

standard: six VME or Multibus Il slots, it meets UL and CSA
space for three half-height 5'4" disk safety standards and
drives, and a high-performance FCC Class A EMI/RFI

six-layer backplane all in a highly
tooled enclosure with our handsome
front panel that hides those ugly
connectors and cables.

We’ll FAX you the facts
Want the latest data in a hurry? Nothing is faster

r.]% than Electronic Solutions' new “FAX me FACTS Elettrunlt

program. If you have a FAX machine, just call our SEB

800" number, give us your FAX number and ZERO
type of FAX machine, and the information you 0 u Ions

need from us. We'll FAX it to you immediately. UNIT OF ZERO CORPORATION

specstothe letter. 7
The New Volksclosure. How

to get alot more mileage from your

packaging budget. Call right now

for complete details.

mﬁ@m
ETEWCE DELIVER

6790 Flanders Drive, San Diego, CA 92121 - (619) 452-9333 Telex |I(TWX): 910-335-1169
Call Toll Free: (800)854-7086 In Calif: (800)772-7086
CIRCLE NO 57 EDN September 29, 1988



PRODUCT UPDATE

DSP board and menu-driven software tools
perform signal analysis on a Macintosh 11

The MacDSP add-in card and soft-
ware tools for the Macintosh II pro-
vide users with an interactive
menu-driven signal-analysis sys-
tem. You can specify the DSP card
in 8M-, 12.5M-, or 25M- flops speed
grades. When used with a data-
acquisition daughter card, the DSP
board can acquire data at a 125-KHz
rate, process the data, and display
the data in real time.

The MacDSP employs the AT&T
DSP32 floating-point digital-signal
processor. The processor can per-
form multiply-accumulate opera-
tions in a single instruction cycle,
thereby offering far superior com-
putational power than the Macin-
tosh 68020 native wP. You can em-
ploy the card in computationally-
intensive applications, such as sig-
nal processing, image processing,
and graphics.

Equally important, the DSP
board comes with a menu-driven
application-layer software package.
You control the software via the
Macintosh mouse and standard
icon-based user interfaces. DSP
chips are readily available, but you
must develop code for a specific ap-
plication to take full advantage of
the chips’ speed. However, the
MacDSP software does include a
complete application package for
signal analysis.

For example, the software can
perform modulation; FFTs; spectral
averaging; Hilbert transforms;
Hamming, Blackman and Kaiser
windows; and Butterworth,
Chebyshev, FIR and elliptic IIR fil-
ters. Furthermore, all of the signal-
processing functions are performed
and can be displayed in real time.
The DSP board makes the real-time

EDN September 29, 1988

The signal-analysis software and DSP board included in the MacDSP package converts a
Macintosh II into a real-time interactive DSP workstation.

video-display rates possible by act-
ing as a rasterizing coprocessor to
the Macintosh CPU. You can dis-
play data in a variety of formats,
such as magnitude, phase, color
spectogram, and waterfall; and you
can manipulate the screen image
with functions such as log scaling,
zoom, and maximum amplitude
hold.

You can apply the signal-process-
ing functions to incoming data from
the data-acquisition daughter card,
to data stored in main memory
(800k samples/sec max), and to data
stored on disk (70k samples/sec
max). Using the mouse and pull-
down menus, you can configure ana-
log/digital inputs/outputs and con-
trol parameters such as sample rate
and buffer size. Frequently-used
setups can be saved as documents.

The software package supports
multiple windows, therefore, you
can simultaneously display and
compare the results of different
DSP operations. And, you can
change the type of function being
applied to data on the fly. You can
also modify parameters such as cut-
off frequency on the fly.

Finally, you can easily develop

other applications for the board.
The onboard firmware allows access
to all processor registers from high-
level Macintosh driver functions.
You can also call a library of DSP
functions from a high-level lan-
guage. The company plans to add
functions for filter design, linear
predictive coding, and adaptive
equalization. You can also develop
custom code for the board with
AT&T’s (Allentown, PA) DSP32 C
compiler.

The 8M- and 12M-flops versions
of the board are available now and
cost $2249 and $2745, respectively.
The price includes the DSP board
with 64k bytes of memory and the
menu-driven software. The 25M-
flops board should be available by
the end of the year for $3241. In
addition, the 125-KHz, 16-bit A/D
and D/A card costs $486.

—Maury Wright

Spectral Innovations Inc, 292
Gibraltar Dr, Suite A-4, Sunny-
vale, CA 94089. Phone (408) 734-
131}.

Circle No 721
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PRODUCT UPDATE

IPI controller for VME systems
provides 36 M-byte /sec data transfer

If your VME design calls for faster
data I/0 from Intelligent Peripheral
Interface (IPI) disk drives, the V/
IPI 4260 Cougar lets you meet the
ANSI performance specs for IPI
Level 2 (IPI-2). The Cougar has a
bus-packet interface that is capable
of transferring data in excess of
36M bytes/sec—that’s 90% of the
theoretical maximum rate defined
by the ANSI spec. One board can
control as many as eight drives with
1:1 interleaving. The IPI disk
drives currently provide transfer
rates reaching 3M bytes/sec, and
the next generation of IPI-2 drives
are expected to offer transfer rates
as high as 6M bytes/sec.

Based on a 16-MHz 68020, the
$4995 Cougar comes with a 256k-

byte data buffer that you can ex-
pand to 512k bytes. Using internal
logical decoupling, the board segre-
gates the processor/memory data
path from its IPI-to-VME Bus data
path. The board’s internal bus path
is 32 bits wide for 8-, 16-, or 32-bit
addressing and transfers.

A data-streaming IPI mode
speeds data transfers, and an inter-
locked IPI mode simplifies com-
mands and responses. Firmware
minimizes the board’s use of VME
Bus bandwidth. The board also ac-
commodates VME Bus Sequential
Mode transfers, and hardware
switches let you select from four
bus priority levels.

A proprietary software interface
creates individual work queues for

each of the IPI devices controlled
by this board. Even drives with dif-
ferent data rates can co-exist under
the Cougar’s control. This capabil-
ity reduces host-system overhead
and boosts operating efficiency.

A Unix-optimized caching algo-
rithm provides zero-latency reads
and writes. You can use software-
programmable interrupt levels,
vectoring, address modifiers, and
DMA burst rates to boost your sys-
tem’s performance. Error-correc-
tion code and error-recovery tools
ensure data integrity and seamless
recovery from IPI device faults.

—J D Mosley

Interphase Corp, 2925 Merrell
Rd, Dallas, TX 75229. Phone (214)
350-9000. Circle No 722

68020
16 MHz

TO IPI DEVICES

IPI
TRANSCEIVERS

—

| 1

EC

IPI CONTROL

| |

—
7

FIFO BUFFER

w

64k-BYTE EPROM

BUS

TRANSCEIVERS LOCAL DATA BUS

128k-BYTE RAM

DMA CONTROL

DYNAMIC RAM
64k x 32-BITS
2 BUS-PACKET SLAVE MODE
s&#g m\%ﬁ:ts FIFO BUFFER BUS
(256 x 32-BITS) TRANSCEIVERS

VME BUS

Controlling as many as eight IPI-2 disk drives at data rates reaching 10M bytes/sec, the V/IPI 4260 Cougar from Interphase Corp also
sports intelligent features such as error correction and programmable address modifiers.
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Zilog’s NMOS SCC i the clearly established industry
standard. Now our CMOS SCC, the Z85C30, brings you
all the low power, low temperature, high reliability
advantages of CMOS technology—and more. Off the
shelf. It’s the new design and upgrade opportunity
you've been waiting for.

Impressive performance.

Along with the tremendous performance benefits
of having an SCC in CMOS, you'll get greatly increased
speeds. Maximum data rates of 2.5 Mb/sec, for example.
And the on-board 10x19-bit status FIFO and 14-bit byte
counter ensure high-speed SDLC transfer. Plus the CMOS
SCC’s enhanced DMA support cuts your CPU overhead
considerably, so you don’t have to babysit the device.

Easy to design in. Pin compatible upgrade.

Zilog’s CMOS SCC easily interfaces to multiplexed
or non-multiplexed microprocessors. The Z85C30 is
function compatible—software compatible and pin
compatible—with the industry standard NMOS SCC.

So all you have to do is plug it in.

Quality and reliability you can count on.

Using Zilog's advanced 2 micron CMOS manufac-
turing process, we're currently achieving better than
100 PPM on the Z85C30. With over 4000v ESD protec-
tion, the device has a very high immunity to EM1 and
static-induced stress. And the CMOS SCC is available in
MIL Standard 883C for even more reliability assurance.

We wrote the book on SCCs.

Zilog's NMOS SCC is widely used by the industry’s
top names in system manufacturing. Our original SCC
literature is the book that much of rest of the industry
has used as a source. We offer a full complement of sup-
port materials including application notes and a list of

detailed answers to the most commonly asked questions.

We've got lots more to tell you about the CMOS
SCC. Not to mention some other very exciting Zilog
SCCs, including the soon-to-be-released SMART SCC and
INTEGRATED SCC. All off the shelf and backed by Zilog's
proven quality and reliability. Enough said. Contact
your local sales office or your authorized distributor
today. Zilog, Inc., 210 Hacienda Ave., Campbell, CA
95008, (408) 370-8000.

Right product. Right price. Right away. Zilog

ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222,
MN (612) 831-7611, NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200,
W. GERMANY Munich (49) (89) 67-2045, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. R.0.C.: Taiwan (886) (2) 731-2420, US. AND
CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Hall-Mark Elec., JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech., CANADA Future Elec., SEMAD.
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The creator’s setting the new standard. Again.
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PRODUCT UPDATE

Packet communications controller IC
includes USART and memory controller

Combining a data-link controller
(DLC), a universal synchronous/
asynchronous receiver/transmitter
(USART), and a dual-port memory
controller (DPMC) in a single IC,
the Am79C401 Integrated Data
Protocol Controller (IDPC) pro-
vides a platform for intelligent
ISDN, X.25, SNA, and LAN com-
munication processing. You can use
the IDPC in any network that oper-
ates at speeds below 2.048 MHz and
uses a packet protocol other than
Bisyne.

The IDPC reduces the host
CPU’s overhead by providing bit-
oriented communication processing
for multiple protocols, direct regis-
ter addressing, and a serial inter-
face that accommodates as many as
31 8-bit channels. The chip operates
with zero wait-states when used
with a 12.5-MHz 80188 pP. A
power-down mode reduces the
chip’s idle power consumption but
maintains program data.

The DLC provides the IC’s
packet network interface, and the

USART gives the chip its terminal
interface capability. The DPMC lets
you build an inexpensive shared
memory interface to your host sys-
tem. Designed in conjunction with
AT&T, the IDPC suits such appli-
cations as terminal-to-mainframe
communications, instrumentation
and industrial control networks,
point-of-sale terminal networks,
and ISDN terminal adapters.

The chip supports HDLC, SDLC,
LAPB, LAPD, and DMI communi-
cation protocols at a maximum data
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6 — DLCINT
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8
. TE ADDR 32-BYTE
e > RECEIVEFIFO [1| RECEIVER
RD > wpi Su — < SBIN
e CTRL SERIALBUS [
e = ® poBdle -+ TRANSMITTER PORT I/F -« SCLK
CLK —>| CLK 1 TRANSMIT FIFO P
DACK —> < SFS/XMITCLK
. [ CONTROL/STATUS REGISTERS | » SBOUT
PD >
RESET > DATA LINK CONTROLLER (DLC)
» USARTINT
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> TRANSMIT FIFO H TRANSMITTER ]_ - RxD
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| CONTROL/STATUS REGISTERS | > ETS
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Suitable for use in ISDN, SNA, X.25, and local-area networks, the Am79C401 Integrated Data Protocol Controller (IDPC) includes a
data link controller, a dual-port memory controller, a wP interface, and a universal synchronous/asynchronous receiver/transmitter.
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Now a network analyzer
and a spectrum analyzer

1n one box. From HP

The HP 4195A Network/Spectrum
Analyzer. It's the one tool you've been wait-
ing for to make development and production
testing of your analog devices easier, more
flexible—and at half the price of equivalent
dedicated analyzer solutions and less than
other combination units.

For the first time, you have a combi-
nation analyzer with a balanced set
of specifications for both vector network
and spectrum analysis functions. And,
if that weren't enough, you can use it for
Impedance analysis, t00.

The 10Hz to 500MHz range of the
HP 4195A make it ideal for audio, base-
band, HE VHE and IF applications. A
unique feature is four-channel spectrum

EDN September 29, 1988

measurement capability that accommo-
dates four independent inputs. The unit
features an internal flexible disk drive, color
CRT, User Math, User Defined Functions,
User Programs for customization—and it's
softkey menu driven, making it extremely
friendly. As usual, HP delivers value.

Call 1-800-752-0900, Ext. B215.

Ask for your free data sheet on the HP
4195A Network/Spectrum Analyzer. Find
out how we got network and spectrum
analysis tools with balanced performance

into one box for half the price. (ﬁ HEWLETT
© 1988 Hewlett-Packard Co. EI15804/EDN ﬁ pAC KA n D
CIRCLE NO 59 115



EDN
INFO GARDS

The Fastest, Most Cost-Effective
Way to Generate Sales Leads!

| WANT TO SEE
THEF

STEP NOLOGY

RUSH ME YOUR FULL

6 PAGE BROCHURE. OLoR
Name

Title

Company

Address

Citv Qo

Today's best sourcebook on
optoelectronic components is yours...

RED:

Send me the new T‘nermalloy

EAT SINK CATALOG

With EDN Info Cards, you can turn a small investment into high-quality
salesleads.

Issued six times per year in loose-deck packs, EDN Info Cards are delivered
to EDN magazine’s U.S. circulation of 121,500 specifiers and buyers. Which
means they deliver results! In fact, the average card in a deck pulls literally
hundreds of prospects.

You'll enjoy this steady, dependable source of qualified leads for less than
1%2¢ per name. And because all inquiries come directly back to you, the
faster you respond, the faster you get results.

Used as an adjunct to an advertising/promotion campaign or all by them-
selves, EDN Info Cards will generate the qualified leads you need to sell
your products.

For further information, contact Lauren Fox, EDN Info Cards Manager,

at (203) 328-2580.

*Numbers represent actual responses.
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transfer rate of 2.048M bps. Certain
HDLC Layer-2 functions are sup-
ported in the chip’s hardware to re-
duce software requirements: short-
and long-packet checking; received-
packet length counting; Flag and
Abort or Flag and Mark Idle gen-
eration and checking; bit-residue
handling; and zero-bit inserting and
deleting. A 32-byte receive FIFO
buffer and a 16-byte transmit FIFO
buffer have programmable thresh-
olds and DMA handshake capabil-
ity. The size of these buffers im-
proves throughput and reduces
real-time constraints on software.

The IDPC includes multiple ad-
dress recognition in the form of four
programmable 8- or 16-bit ad-
dresses, a hard-wired broadcast ad-
dress, and first- or second- byte ad-
dress selection. You can access an
optional command/response bit de-
tection feature, as well as local- and
remote-loopback diagnostic modes.
The chip’s serial interface lets it op-
erate either in a non-multiplexed or
a 31-time-slot multiplexed mode. A
status-stacking mechanism im-
proves interrupt latency and lets
the chip receive as many as four
sequential packets.

Software for the Am79C401 in-
cludes the $18 (100) Am79LLD401
Low-Level Driver, which provides
a common interface to higher layers
of software. You can buy the IDPC
as a 68-pin PLCC or LCC device
for $20.52 (100). The ITC Board, a
plug-in PC-compatible evaluation
board, sells for $1750.—J D Mosley

Advanced Micro Devices, Box
3453, Sunnyvale, CA 94088. Phone
(800) 538-8450. TLX 346306. TWX
910-339-9280.

Circle No 723
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Introducing OmniLab 9240.
Totally Integrated Scope-Analyzer-Stimulus.

®  Combine a 100 MHz digital oscilloscope
with a time-aligned, 200 MS/s 48-channel
logic analyzer. Next add synchronized analog
and digital stimulus generators. Then a
remarkable new triggering system. What you
have is the 9240 — a whole new class of
instrumentation. Expressly designed to speed
challenging analog and digital analysis. And
get you from concept to product faster.

B The 9240 is based on an innovative
new instrument architecture that merges
high-speed universal hardware and seamlessly-
integrated software to create high-perfor-
mance capabilities not available in separate
instruments. Analog and digital traces are
always time-correlated in a unique, single
screen display. SELECT™ triggering bridges
scope and analyzer techniques. And OmniLab's
stimulus generators can playback captured
or edited signals.

B At the heart of the 9240 is SELECT
triggering, the most straightforward and
complete solution ever to triggering dilemmas.
It's one system, operating with synchronized
analog and digital views of your data. By
combining conventional oscilloscope and
analyzer triggering with powerful RAM truth
tables — plus min/max time qualification as
needed — SELECT triggering helps you analyze
hardware, debug software, and integrate
systems more easily.

B OmniLab™ is a generation ahead of con-
ventional digital scopes that often hide rarely
occurring faults because they only show you
a few cycles out of millions. With its con-
tinuous monitoring, you can use SELECT
triggering to quickly catch every occurrence

Omnilab display demonstrates capture of an

imbedded analog glitch (in top trace) with time-aligned

presentation of the waveform's digitized bit values
(center) and numeric states.

of rare events like metastable states, bus
contentions, missing pulses, and buried noise
glitches.

B The 9240 is like having a complete
benchtop of instruments integrated with your
PC/AT or compatible. Which you can easily
customize for digital development, analog
development, or a combination of both.

NO-COMPROMISE 9240 SPECIFICATIONS

EDN September 29, 1988

CIRCLE NO 60
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®  With OmniLab, your productivity will
soar. Because you achieve results with fewer
instruments. And in fewer steps than ever
before. By no means least, the 9240 delivers
the best price/performance you'll find any-
where, costing just $8900 fully outfitted.

And most importantly, without compromising
asingle high-performance spec. Not a one.

®  For more information, call toll free

800/245-8500. In CA: 415/361-8883.

Or write for complete literature.
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702 Marshall Street, Redwood City, CA 94063
TELEX: 530942 FAX:415/361-8970

Computer Integrated Instrumentation

*OmniLab, and SELECT are trademarks of Orion
Instruments, Inc.
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DIGITAL SIGNAL PROCESSING

* SM5828
< Video Shift Registor >
8-bit word, 1 to 128 variable stages
fclk = 20 MHz
24PIN DIP

* SM5831F
< Digital Video Filter >
4 to 8-tap variable FIR S
fclk = 15 MHz
64PIN FPP

= SM5808
< 8 x 8-bit Multiplier >
tmac=45nS
48PIN DIP

= SM5810
< 16 x 16-bit Multiplier >
tmac = 65 nS
64PIN DIP/68PIN PGA

* SM5804
< Audio Digital Filter >
Parallel In/Out, 2 Channels, 60PIN

* SM5805
< Audio Digital Filter >~
121st order filter, 2 channels
28PIN DIP

* SM5814
< Audio Digital Filter >
Serial In/Out, 2 Channels, 24PIN

SPECIAL FUNCTION

SM6100
< 8-bit A/D Converter >
2.1 ps Conversion time
No S/H required
wP-bus compatible
20PIN DIP

* PLL2001
< PLL Frequency Synthesizer >
fin = 2 ranges, 20 MHz & 200 MHz
16PIN DIP

* SM6433
< BWTV Camera Sync. Generator >
NTSC or CCIR format selectable
22PIN DIP

* SM8530B
< Standard Bus Interface Decoder >
Meets IEEE-488, HP-IB & GPIB
40PIN DIP

* SM5130
< PLLIC for Cordless Telephone >
Fmax = 60MHz
16/18PIN DIP

NIPPON PRECISION CIRCUITS LTD.
USA, Canada, Australia & Asia Operations
c/o Seponix Corporation

2151 O'Toole Ave., Suite L

San Jose, CA 95131 USA.

TEL: (408) 922-0133

FAX: (408) 922-0137

TOLL FREE: 1-800-237-4590
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PRODUCT UPDATE

Digitizer resolves 500-MHz,
single-shot transients to 11 bits

Digitizers that can sample a wave-
form 1.35 billion times/sec in real
time are rare, yet you need them
to capture single-shot transients
whose duration is only a few nsec;
equivalent-time sampling doesn’t
work if a signal doesn’t repeat. The
6880B/6010 captures these fleeting
signals with a 500-MHz typ analog
bandwidth; it can resolve amplitude
variations to 11 bits—approxi-
mately one part in 2000—and can
provide 9.6 bits of “effective accu-
racy” in a “sine-fit” test. This test
produces a figure of merit that ac-
counts for differential nonlinearity,
noise, aperture uncertainty, and
harmonic' distortion.

Using a charge-coupled-device
(CCD) buffer, the 6880B/6010 cap-
tures “snapshots” of the input sig-
nal’s amplitude every 750 psec and
applies them at a slightly lower rate
to a flash A/D converter. The unit
can store 10,000 digitized samples
in its waveform memory. According
to the vendor, the entire digitizing
process appears to occur in real
time.

When you capture repetitive
waveforms with the 6880B/6010,
you get a bonus: Through signal av-
eraging performed by a 68020 pP
combined with a 68881 arithmetic
coprocessor, the resolution im-
proves to 14 bits—but the unit can
average a maximum of only 330
waveforms/sec. Besides averaging
waveforms, the unit’s processors
correct for all CCD-induced errors
and systematic “noise”; they also
control autocalibration to maintain
the digitizer’s accuracy. You don’t
have to have a computer to operate
the digitizer; you can control opera-
tion manually from the front panel.

Coupled to a personal computer, this wave-
form digitizer becomes a digital oscilloscope
with a 500-MHz bandwidth for single-shot
transients and 14-bit resolution for repetitive
waveforms.

To facilitate computer control, how-
ever, the unit includes IEEE-488
and RS-232C interfaces.

To form single- or multichannel
digitizing systems, as many as six
6880B waveform digitizers team
with a 6010 controller and fit in an
8013 benchtop instrument chassis,
or in a 1434A or an 8025 rack-mount
“mainframe.” The vendor also pro-
vides prepackaged configurations
that include one or two digitizers,
a controller, a benchtop chassis, an
IEEE-488 cable, and PC-based os-
cilloscope software. A single-chan-
nel benchtop system of this type
costs $20,450; a 2-channel version
sells for $33,350. The price of the
6880B alone is $14,500.

—Dan Strassberg

LeCroy Corp, 700 Chestnut Ridge
Rd, Chestnut Ridge, NY 10977.
Phone (914) 425-2000. TWX 710-
577-2832.
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Announcing another &
and another &
and another £
and another &
and another &
and another B2l
and another &=
and another B

and another ]

and another
and another £
and another B
and another.

AMD is introducing 17 low power Call us at (800) 222-9323. Ask
CMOS FIFOs. for the Specialty Memory Data Book

They come in a broad range of ~ and find out about your favorite FIFO
speeds and densities. Even architec-  And another and another and another.

tures for specialized applications. Advanced Micro Devices ol
And they’re all available now 901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088.
© 1988 Advanced Micro Devices, Inc
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Simplify your life
with single source supply.

THE MOST POWERFUL16-BIT
SINGLE-CHIP MICROCOMPUTER.

ffering higher integration, higher speed
and enhanced functionality, the V25
meets more of your design needs. Which

is why so many innovative designers are choos-
ing the V25 for their 16-bit micro-based systems.

O High integration: programmable interrupt con-
troller; 2-channel serial 1/0 port; three 16-bit
timers; time-base counter and more.

O High speed: 16/32-bit temporary register/shift-
er; 16-bit loop counter and prefetch pointer.

O Enhanced interrupt handling: 8 programmable
priority levels, hardware context switching for
8 register banks; 8-channel macro service
controller.

O Two stand-by modes: halt and stop.

m Computers and Communications
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THE FIRST 2M-BIT CMOS EPROM.

EC has just launched UV EPROMs into the
N 2M-bit era. The new uPD27C2001D gives

you 2M-bit capacity in a 256K x 8 organi-
zation. High integration is complemented by high
speed. With access times as fastas 150ns, our
2M-bit devices eliminate wait states for your CPU.
Programming is also fast at 100us per byte.
The 4-byte page write mode multiplies program-
ming speed.

0O Organization: 256K x 8.

0O Access time: 150/170/200ns.

0O Power consumption: 30mA max/
6.7MHz operation; 100uA max/
standby.

O Programming: 100us/byte with
0.1ms pulse at 12.5V; 4-byte/page
write mode.

0O Package: 32-pin 600 mil CerDIP
with JEDEC standard pinout.

For fast answers, call us at:

USA Tel:1-800-632-3531. TWX:910-379-6985.
W. Germany Tel:0211-650302. Telex:8589960.
The Netherlands Tel:040-445-845. Telex:51923.

Sweden Tel:08-753-6020. Telex:13839.
France Tel:1-3946-9617. Telex:699499.
Italy Tel:02-6709108. Telex:315355.
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hen you're buying semiconductors, multiple vendors can cause
major mixups. To simplify everything, build a committed single-source

relationship with one supplier: NEC.

We're the world’s largest semiconductor manufacturer. We offer the in-
dustry’s broadest lineup. The technology and quality of our components
have made us an international leader in computers, communications and

home electronics.

How do you get volume, variety, on-time delivery and applications
support across the full spectrum of your semiconductor needs? It's simple.

Build a single source relationship with NEC. @

‘é
Al

=

THE FASTEST4K-BIT ECL RAM.

ead and write speeds are the critical param-
R eters for ECL RAM performance. NEC has

cut access time to 5ns and write cycle time
to 7ns with our new ultra-fast 4K-bit ECL RAMs.
How did we boost performance that high?
By using super-shallow
junction transistors,
trench isolation tech-
nology and Schottky
diode clamp-type mem-
ory cells. Both ECL 10K
(uPB10474A) and 100K
(uPB100474A) interface
devices are available.

0O Organization: 1K X 4.
O Access time: 5/7ns.

0O Power consumption: 1.2W.

O Package: 10K — 24-pin ceramic DIP; 100K —
24-pin ceramic DIP/QFP.

O Broad line of other ECL RAMs available: from
1K to 16K-bits; supplied in a diversity of organi-
zations and speeds.

UK Tel:0908-691133. Telex:826791. Singapore Tel:4819881. Telex:39726.
Hong Kong Tel:3-755-9008. Telex:54561. Australia Tel:03-267-6355. Telex:38343.
Taiwan Tel:02-522-4192. Telex:22372. ’

EDN September 29, 1988

FASTAS A FLASH: TM-BIT
DUAL-PORT GRAPHICS BUFFER.

N EC’'s new megabit dual-port buffer chip is

designed for super fast graphics processing.

A unique “Flash Write” function clears the

* screen in a flash. The 256K x 4 RAM port allows

bit write and fast page mode for high-speed bit
operations. The 512 x 4 serial port operates at
clock speeds up to 33MHz to handle high
resolution graphics. To add value to your image
processing system, design-in our uPD42274.

0O Speed: RAS access — 100/120ns; CAS access —
25/30ns; serial read cycle — 30/40ns.

O Power consumption: stand-by—3mA; random
read/write (serial port active) —100/90mA.

O Package: 28-pin 400 mil ZIP and SOJ.

*Under development.
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Making this socket for automatic placement
stumped the competition.

This socket had been made by a major RN
competitor. New, more stringent customer
specs needed for automatic placement of the
socket on PC boards, stumped this supplier as
well as many others. The RN “P/Q TEAM”,
working with customer engineers, responded
quickly with modifications of a standard socket
that included more precise dimensions and

consistent quality in higher production quantities.

RN is now delivering precision, high reliability
sockets to this major OEM for high speed, auto-
matic assembly.

Thisisthe RN “Partners in Quality Team”
in action. It brings all of our engineering, pro-
duction and quality control resources together
with customer experts to solve socket and
connector problems with speed and efficiency.
Callonthe RN “P/Q TEAM” for fast, certain
solutions to your interconnect problems.

Thisis the socket that competitors could
not make precisely enough to be assembled
automatically. Itis a modestly priced ICO series
DIP socket. RN modified it to rigid customer
specs and now produces it in large quantities
of unvarying quality that meetthe precise require-
ments of high speed assembly. Just one more
example of the RN “Partners in Quality Team”
solving difficult customer problems.

RoDINsSonn

Nu ae” t 800 East Eighth Street, New Albany, Indiana 47150 e Phone: (812) 945-0211 FAX: (812) 945-0804

In Europe: Rue St. Georges 6, CH 2800 Delemont, Switzerland ® Phone: (066) 22 9822 FAX: 011-41-622-9813
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The RN “Partners
in Quality Team"”
delivered precision

 RAL SRS I S o BN ISR YR (N

sockets that made
automatic assembly
possible!

“The RN ‘P/Q TEAM' con-
ceptbringsall of our design,
engineering and produc-
tion skills to bear on your
unique socket/connector
problems. We work closely
with your people to create
solutions that are delivered
on-time and defect-free.
You have my personal
guarantee on it.”

O, Woidbaw

R. A. Lindenmuth
President/CEO

Application Specific PGA Sockets
Robinson Nugent offers a wide variety of Pin Grid Array Some Companies Prefer Write or call today for the com-
Sockets for your ASIC's. They feature: High temp bodies for et o prehensive new brochure: “The RN
wave soldering ® Disposable pin carriers for zero profile P/Q Team in Action” You'll learn
contacts e Sizes, 8x8 up to 21x21 with unlimited configurations how smart companies are putting
e Extraction tools available ® Molded standoffs for socket the brains, resources and experi-
body. Write today for complete new PGA catalog. ence of RN engineers to work to
solve tough interconnection prob-
lems with speed and efficiency.

The RN “P/Q TEAM”...your Partners in Quality
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Amoco’s three Three new, green-light microlasers
are being introduced by Amoco
new microlasers ¥ 7. rc 134" dameterby 4

are making the long laser heads produce green

competitlon lightin the 1 m\W/ to 15 m\W/ range.
ree Major applications for these
seeg i lasers include reprographics,
color separation, and g

spectroscopic ~ ‘

instrumen-

tation. : ”’j«‘;%j’
The ‘ -

standard M

Yo

green <« gy ﬁ, 4 Write us. We have
microlasers, - [7  prepared material,
the ALC 532 Series, are © including a video tape,

designed for use in applications
such as pointing and display
where excellent beam quality is
essential, but low noise and high
stability are not required. The
B==  ALC 532HSSeries, with 1%
RMS noise and +/-5%
long-term stability, is

< 1988 Amoco Laser Company

designed for use in film scanning,
color separation, and laser-based
instrumentation for spectroscopic
and scientific applications.
Andthe ALC 532SF Series, with
single-frequency output, a fraction
of a percent RMS noise, and
exceptional long-term stability,
will find use in interferometry,
holography, and a variety of
specialized research and
development applications.
For more information,

that more thoroughly examines
the technology and uses of
Amoco’s entire family of microlaser
products. Just write Amoco Laser
Company, 1251 Frontenac Road,
Naperville, IL 60540. Or

phone our marketing group at
(312) 961-8400.

s

Amoco Laser Company
CIRCLE NO 63



NEW! KEPCO
100 WATT
BENCH TYPE
LINEAR POWER
SUPPLIES

WITH UNIQUE
“PREVIEW”
FEATURE

SERIES MSK

VOLTAGE

146-1629

@ «epco

— THE POWER SUPPLIER ™

Model MSK 10-10M

CURRENT

KEPCO, INC. - 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA - (718) 461-7000 - TWX #710-582-2631 « FAX: (718) 767-1102




MSK STATIC SPECIFICATIONS

INFLUENCE QUANTITY VOLTAGE MODE * CURRENT MODE *
Source: 105-125/210-250V a-c 0.01% 0.01%
Load: No load — full load 0.01% 0.05%
Time: 8-hour drift 0.01% 0.02%
Temperature: Per °C 0.01% 0.02%
Ripple and noise rms 0.5mV 0.02%
p-p 3.0mV 0.1%

SPECIFICATION

MSK GENERAL SPECIFICATIONS

RATING/DESCRIPTION

CONDITION

INPUT

Voltage 105-125/210-250V a-c User selectable (rear switch)
Current 2.8A rms max Maximum load, 115V a-c
Frequency range 47-63 Hz

OUTPUT

d-c output Transistor Series pass

Type of stabilizer Automatic crossover Voltage/current

Voltage adjustment | 0-100% of rating Oto +45°C

range

Current adjustment | 0-100% of rating Oto +45°C

range

Error sense

0.5V per load wire

Voltage allowance!"”

Voltage recovery

50 psec typ, 100 psec
max

Step load change between
10% and 100% lp max

Isolation voltage

500V d-c or peak

Output to ground

Leakage current

<5 microamperes

rms at 115V a-c

Output to ground | <50 microamperes p-p at 115V a-c
OvP Crowbar SCR Transient 10msec
or more
CONTROL
Voltage 10-turn precision rheostat
Current 10-turn precision rheostat
MECHANICAL

Input connections

|IEC detachable line cord

Output connections

Front panel binding posts

Output, sense & ground®

Meters

Two 3'2 LCD digital
displays

Accuracy - least
significant bit

Cooling 1800 rpm low noise

blower
Dimensions 5%® x 8% X 13%: inches
(Hx W x D) 146 x 206 x 334 mm
Finish: Fed Std 595 | Light gray, color 26440 Front panel, 2 tone
Weight (packed for | 19 Lb. (8.6 Kg) MSK 10-10M, 20-5M,
shipment) 40-2.5M

22 Lb. (10 Kg) MSK 125-1M

This KEPCO
product
is backed by a

* Note: Percentage values are referenced to
the maximum rated voltage or current of
the unit.

(1) An additional volt is provided in the
output beyond the rating for this purpose.

(2) Ground terminal permits grounding of
either plus or minus output terminal.

(3) Including feet.

KEPCO, INC. + 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA « (718) 461-7000 « TWX #710-582-2631 « FAX: (718) 767-1102
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TEAR ON DOTTED LINE TO REMOVE AND SAVE.

NEW! KEPCO 100 WATT BENCH TYPE LINEAR POWER SUPPLIES
WITH UNIQUE “PREVIEW ” FEATURE * SERIES MSK

These new Kepco power
supplies give you a selection MSK MODEL TABLE

of four models, offering 100

d-c QUTPUT RANGE POWER

watts of stable benchtop MODEL

- . Volts Amps Watts
power. They use a fully dissi-
(series pass) stabilizer cir- MSK 20-5M 0-20 0-5 0-100
cuit, for I(_)yv noise output, MSK 40-2.5M 0-40 0-25 0-100
good stability, and accurate ; 3 ¥ g
resettability. MSK 125-1M 0-125 0-1 0-125

® Compact desk-top package.

® Competitively priced.

® 5-year warranty. ® Built-in quiet, low-speed fan
ensures good cooling in the
crowded environment of your
laboratory. Fan is rated for 10
year life.

e Convenient handle

o LED mode indicators (green
for voltage mode, amber for
current).

e Two 32 digit
LCD numeric
displays.

CURRENT

VOLTAGE ® Front panel 10-turn

precision controls
for voltage and
current, with
automatic crossover
between modes.

® Preview Switch (d-c on-off)

d-c off selection allows you to
pre-set voltage and current with
the digital meters displaying the
set values. No voltage is applied
to the output terminals and no
load current needs to be drawn
to set the current control.

d-c on selection applies the set
voltage to the output terminals.
The appropriate mode indicator
illuminates and the meters indi-
cate actual voltage and current.

e Convenient __—
tilting bail.

e Convenient heavy duty front
panel binding posts that
accept wires or mating
“banana” plugs, allow easy con-
nection to your breadboards
and prototypes.

Data subject to change without notice.
© 1988 KEPCO, INC. Litho in U.S.A.
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If Your GTR
Modules Dont Have

ThisName
Buying loo

Toshiba giant transistor modules are
made with an exclusive automated wire
bonding process. This gives them superior
thermal cycling capability and also assures
uniform, consistent quality — lot to lot
and piece to piece.

Which means that they are not as
prone to failure as the hand-soldered
kind. And that means you won’t be re-
placing them as often. So you buy fewer
of the Toshiba GTRs. And save a lot of
money. Not to mention the savings from
reduced down time.

Talk to Toshiba for design-in assist-
ance for heavy duty applications such as
robotics, numerical control machines,

Youre
Many

)

uninterruptible power supplies, welding
machines and induction heating devices.
In addition to greater reliability,
TToshiba also offers the most complete line
in the industry. Available in both the
Toshiba original package or the wide
TO-240 package within a broad range

of ratings:

TRANSISTORS VOLTAGE CURRENT
CONFIGURATION PER CIRCUIT RATINGS RATINGS
BIPOLAR 1,2,40r6 | 450101400V | 10t0400A
Darlington
MOSFET 1, 2,406 15010450V | 8t050A
MOS Gate
o ks 2 450V 50 to 100A
Insulated Gate
Boaias (GBT) 1,2,0r6 500101000V | 150 400A

TOSHIBA AMERICA, INC.

TOSHIBA AMERICA, INC., Semiconductor Products Division Headquarters, 9775 Toledo Way, Irvine, CA 92718 (714) 455-2000. Regional Sales Offices: Western Region, (714) 455-2000;
Central Region, (312) 945-1500; Northeastern Region, (617) 272-4352; Southeastern Region, (404) 368-0203. Distributed by: Marshall Industries, Cronin Electronics, General Components, Inc.,
Goold Electronics, ITT/Multicomponents, RAE Electronics (Canada only), Image Electronics, Ital Electronics, JACO Electronics, Reptron Electronics, Sterling Electronics and Western Microtechnology
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EDN’s DSP
Benchmark_g__

SPECIAL REPORT

David Shear, Regional Editor

til now, DSP users have had to muddle

through the selection process to find the right

DSP chips for their designs, primarily be-
cause no comprehensive benchmark study has existed
to guide them. To fill this need, EDN canvassed manu-
facturers and users, and then standardized some com-
mon benchmarks, and compiled and analyzed the re-
sulting data on 18 general-purpose DSP ICs and 12
benchmarks. But in order to use these benchmarks,
you’ve got to understand the overall evaluation proc-
ess. And understanding that process is a bit like fath-
oming a Chinese puzzle. Neither one is an easy task.

Solving the evaluation puzzle takes time

Benchmarks are often misused and abused. They're
cited out of context. Or they're considered in isolation
from other design requirements. How a DSP performs
in a benchmark, however, is just one piece in the evalu-
ation puzzle. Other considerations are sometimes even
more important. You need to figure out how speed
relates to the other pieces of the puzzle, that is, how
other design requirements, like cost, development
tools, application aid, and ease of programming, inter-
relate (see box, “Evaluating DSPs: A worksheet”).
What’s more, you need to sort out just how the bench-
mark code affects the results. All in all, you’ll probably
find the evaluation puzzle is a fairly intricate problem,
which you must view thoroughly and carefully from
many different angles to resolve it intelligently.

EDN has done benchmarks before. Our 1981 bench-
mark survey caused something of a stir. Reader re-

126

sponse was heavy and positive. In response to some
manufacturers’ criticisms, we published a follow-up ar-
ticle that re-presented the results and proposed the
“Three Not-so-golden Rules of Benchmarking”:
® Rule 1—All’s fair in love, war, and benchmarks.
® Rule 2—Good code is the fastest possible code.
® Rule 3—Conditions, cautions, relevant discus-
sion, and even actual code never make it to the
bottom line when results are summarized.
And these rules still ring true today.
The third rule is especially important. We uncovered
a tremendous amount of information during the process
of gathering these benchmarks. Such a wealth of infor-
mation makes contriving the conclusion you want mere
child’s play. But you can’t reduce a benchmark to just
one number. (Remember this third rule if you come
across any condensed interpretations of our work.)

Why look at benchmarks at all?

When you're trying to decide which DSP to use in
your design, raw speed is nevertheless a good place
to start, and benchmarks are an excellent index to
that speed. However it’s also important to know the
conditions under which the benchmark was run. Thus
for each benchmark, you must be familiar with the
exact specifications and the code in order to understand
what the bottom line really means.

Starting last January, we asked DSP users about
the types of applications they were designing. We also
invited the major manufacturers of DSPs to submit
their own descriptions of benchmarks sets. Initially,

EDN September 29, 1988



Finally, a comprehensive benchmark survey for DSP
ICs. EDN solicited the help of some experts in the
DSP field and then analyzed the results of 12
benchmarks on 18 general-purpose DSPs. We found
that benchmarks, when used correctly, can tell you
a lot more about an IC than just raw speed.

Although EDN’s benchmarks often place some DSP chips above others in levels of performance, you need to know how the results were
reached and what the benchmarks mean in the context of other design requirements, when you're piecing together the evaluation puzzle.
(Photo courtesy Texas Instruments)
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You can learn a lot from the process
of evaluating a DSP’s speed. But it

is also important to know the condi-
tions of the measurement.

A worksheet below can help you
evaluate the various aspects of a
DSP you should consider when

trying to decide which one to use

in your design. To use this form,
first determine the relative im-

portance of each DSP characteris-

DSP

CHARACTERISTIC
SPEED
PRECISION

SYSTEM COST

POWER
CONSUMPT |ON

PACKAGE SIZE

EASE OF
pROGRAMM\NG

DEVELOPMENT
TOOLS

cOST OF DEVELOP-
MENT TOOLS

STABILITY OF
PRODUCT LINE

APPLICATION HELP
PORTABILITY
OTHER

OTHER

128

RELATIVE
70 OVERALL DESIGN

S

R e

el bolee

Evaluating DSPs: A worksheet

tic based on your application
(number 1 to 10, where 10 is the
best). Then evaluate the capabil-
ity of each DSP to perform that
task in rough comparison with
other DSPs on the same rating
scale of 1 to 10. Multiply these

ET
DSP EVALUAT\ON WORKSHE

|MPORTANCE

COMPARATIVE
CAPABILITY

A L

L e

two numbers together for each
characterisite and then add the
last column to find the merit rat-
ing for that DSP. Use this final

figure as a basis for comparing
the DSPs.

MERIT
_  RATING

|
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we selected 15 benchmarks for their resemblance to
various typical applications. We then distributed the
final specifications to all of our DSP manufacturers,
and we asked them to respond within two months.

The final set of benchmarks include six filters: 20,
64-, and 67-tap FIR filters, along with three different
8-pole IIR filters. All of the filters programs acquire
data from an analog-to-digital converter and send the
results to a digital-to-analog converter. The IIR filters
are based on two separate difference equations. The
canonic type of IIR filter (also known as Direct Form
IT) is based on the standard difference equation. This
type of filter normally requires five multiplications.
It’s possible, though, to divide all of the coefficients
in each section by the coefficient b;y of that section.
This operation eliminates one of the multiplications—
because it isn’t necessary to multiply by 1— thus mak-
ing the 4-multiplication canonic IIR filter possible. The
transpose type of IIR filter (also called Direct Form
I) is a variation on the standard difference equation.

Not all of the filter benchmarks apply to every DSP
chip. The 4-multiplication canonic IIR filter, for exam-
ple, reduces the number of multiplications the DSP
must perform but it creates more complex scaling prob-
lems. It’s extremely difficult to use this algorithm on
a 16-bit fixed-point machine, because you run out of
resolution. Higher fixed-point resolution, such as the
24-bit Motorola DSP56000/1, can more easily exploit
this algorithm. And floating-point DSPs have plenty
of resolution, so the 4-multiplication canonic IIR filter
is the algorithm of choice for those machines.

The three math benchmarks include a simple dot
product and two matrix multiplications: a 2 X2 times
a 2x2, which results in a 2x2, and a 3xX3 times a
3 x 1, which results in a 3 x 1.

The FFT: Useful but abused

The FFT is possibly the second most abused bench-
mark (the lowly MIP has the dubious distinction of first
place). Over the years, marketers have corrupted the
meaning of “the FFT” by arbitrarily touting FFT
benchmark results for the DSP-of-the-month without
specifying which FFT, or exactly what code, they are
talking about. There are as many different FFTs as
there are engineers using them, and every application
has its optimized FFT version. Indeed, some experts
spend considerable time shaving just one more instrue-
tion off an FF'T.

At any rate, no set of DSP benchmarks is complete
without at least one FFT. Originally, we specified six
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The most common architecture for DSPs, the Harvard architecture,
has separate program and data memory and buses. The ADSP-
2100A from Analog Devices brings these memories off of the chip
and keeps them separate. Many other DSPs have separate memories
on the chip but have to use a common memory when using external
memory.

of those algorithms. Later, we deleted three of them
(64-, 256-, and 1024-point real-input complex FFTs)
from this survey because of wide variations in the algo-
rithms used and because of differing interpretations
of the specification. Motorola and T1, for example, both
used an optimized FFT that accepts real input and
provides complex data (Ref 3). Other companies used
a straight complex FFT (they inserted a 0 for the
imaginary data as the real data was acquired). This
discrepancy made a true comparison impossible. The
code and results for these three benchmarks are, how-
ever, available on disk along with all of the other bench-
marks and the results (see box, “To order you own
DSP disks . . . 7).

We intentionally made the FF'T specifications vague
because excessively restrictive ones might favor one
DSP over some others. Certain architectures are, after
all, better suited to optimize certain algorithms. But
even this strategy didn’t please everybody. TI’s appli-
cation experts thought the specifications were too
vague; they prefer distributing complete Fortran pro-
grams, on which programmers would then base their
DSP code. In contrast, the application experts at Mo-
torola thought the specifications were too restrictive.
They recommend that future benchmark specifications
should just define the type of input and the type of
output desired (in this case, a 16-bit ADC and complex
data, respectively).

The benchmarks in this survey aren’t intended to
test the limits of the DSPs’ capabilities but to reflect
typical application needs. TI thought that the final
specifications for the benchmarks were too simple.
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We selected 15 benchmarks for
their resemblance to typical
applications.

==

They submitted a 256-tap filter and a 15X 15 matrix
multiplication. But applications for these kinds of algo-
rithms are rare. Furthermore, it’s hard to interpret
the results of a very complex benchmark for different
applications. For those who may have a use for such
complex applications, however, the code for these pro-
grams is in the disk set.

Most of the EDN benchmarks fit within the internal
memory of the DSPs. Depending on the processor ar-
chitecture, using external memory can slow speed. For
the most part, DSPs get their high speed by using
parallel data paths. If you use external memory but
the parallel data paths remain on chip, the processor
must wait for the completion of the serial access, much
the same way a standard pP uses sequential memory
accesses. Development tools often use external mem-
ory to operate. If this is the case, you may not be able
to run the DSP at full speed during the development
stage.

We decided to present the comparative-benchmark
results in bar charts (they start on pg 136). Bar charts
allow for easy and broad comparison: Differences of 5
to 10% aren’t very obvious, but small differences are
really not important. On the other hand, differences
of 50 to 100%, which do matter, are readily apparent.

To ordei' your own DSP disks . . .

For those who want to thoroughly understand the
results of this study and for those who would like
to review the optimized code used, you can order
a copy of the DSP disk set by making out a $45
check or money order payable to “EDN DSP Disk
Set”(CA residents add 6% sales tax for a total of
$47.70). Send your check or money order to

EDN DSP Disk Set
Box 41412
San Jose, CA 95160.

The set consists of 9 IBM PC double-sided double-
density 51/4-in. disks (360k bytes). Please be sure

to include your return address. Allow six to eight
weeks for delivery. This offer expires April 1, 1989.
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Any given length of execution time requires some
memory, so we put both values in the result charts for
easy comparison.

EDN specifically defined the execution time and
memory for the participating manufacturers as follows:
“The execution time is the time it takes to execute the
given benchmark. This does not include the time it
takes to initialize the system or create lookup tables.
It does include the time to initialize those items (regis-
ters, pointers, etc) that are required each time the
routine is run.

“The total memory required is the total number of
words that the program requires. This includes execut-
able code, initialization code, filter coefficients, delay
data, twiddle factors, but-reversal look-up tables, and
any other item that consumes some of the available
memory resources of the DSP.”

Hints from the experts can help

We've included the verbatim benchmark outline just
below each of the 12 bar charts that compare the 18
products. The actual code that the companies used to
determine the results is available on disk (see box,
“To order your own DSP disks . . . ”). This set of nine
disks contains more than 2M bytes of optimized DSP
code for filters, matrix math, and FFTs. Having avail-
able the programming techniques that the optimization
experts use can be helpful during the development of
programs for your specific applications. Some of the
DSP manufacturers have also made the code that they
submitted for this survey available on their bulletin
boards. Complete and exact results, some with six dig-
its of significance, are available on the disk set.

We divided the DSPs into three groups: fixed-point,
floating-point, and future devices. The last group in-
cludes any DSPs not yet committed to silicon on July
1, 1988 (the deadline for the submission of the results).
Consequently, some of these so-called future DSPs are
now available. For instance, a few weeks after our
deadline, SGS-Thomson started offering working sili-
con for the ST18930/31 and ST18940/41, which are in
our group of future devices. So refer to the date of
working silicon in the DSP profiles that begin on pg
142, and contact the manufacturers for availability up-
dates.

The DSP profiles provide some background on the
18 devices covered in this survey. For more detailed
information, see EDN’s DSP Chip Directory (Ref 4)
or contact the manufacturer directly. The prices pro-
vided in the profile are for low quantities (singles and
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There is more to the evaluation of a DSP than performance. The
availability of software and hardware tools, like these from Mo-
torola, are also very important. Make sure you consider all the
pertinent design requirements when selecting your next DSP.

100s). Larger-quantity prices can differ substantially:
For example, the TMS320C30 costs $1300 in single
quantities. By 1990, this part will cost $100 in quanti-
ties of 10,000.

A bar chart of relative speed accompanies each DSP
IC profile. For each benchmark, we determined the
slowest execution time, and then we compared each
of the other DSPs with this slowest rate on a percent-
age basis. Therefore, the slowest execution time for
any of the benchmarks represents 100%, and all other
DSPs have lower numbers, reflecting their faster
rates. For the most part, the DSPs with the slowest
execution times are first-generation devices. These
speed profiles thus offer some historical perspective
and show how much newer devices have improved upon
the older ones. Not all DSPs have results for each
benchmark. Some manufacturers chose not to submit
all benchmarks; others we had to disallow.

Each profile also contains the word size, format, and
accumulator size for the DSP. The word size ranges
from 16 to 32 bits; the format is fixed or floating point;
and the accumulator size ranges from 22 to 96 bits.

The multiply-accumulate (MAC) time of a DSP as
presented in the profiles is the time it takes the DSP
to perform a MAC when the pipeline is full, not the
MAC time from beginning to end. Most algorithms are
developed to take advantage of pipelined MACs.

The results of the benchmarks don’t reflect the preci-
sion of any of the DSPs. A fast 16-bit fixed-point device
doesn’t have the precision of a 24-bit fixed-point device.
A 16-bit fixed-point number has a dynamic range of
EDN September 29, 1988

96 dB while the 24-bit fixed-point number has a 144-dB
dynamic range. The 32-bit floating-point devices have
the highest precision with more than 1500 dB of dy-
namic range.

The size of the accumulator can also influence preci-
sion. Many algorithms use a multiply/accumulate se-
ries, where the results of the multiplications are added
to what is already in the accumulator. The larger the
accumulator is, the more times you can add results
without encountering scaling problems. For example,
the ADSP-2100A from Analog Devices is a 16-bit de-
vice with a 40-bit accumulator. This architecture allows
two hundred fifty-five 32-bit results from the multiplier
to be added to the accumulator without the possibility
of an overflow.

Tests bypass ease-of-programming issue

Like precision, ease of programming is an issue these
benchmarks don’t address directly. The DSPs’ highly
parallel architectures and the complex addressing
modes make high-speed operations possible, but they
also make programming more difficult. When many
memories are operating in parallel, it’s impossible to
include all the addresses in a single-word instruction.
Consequently, you must use address registers to point
to the desired memory locations.

A quick look at the code for three of the DSPs reveals
a complex and foreign syntax for those of us familiar
only with programming pPs (Listing 1). The complex-
ity of the code stems partly from the parallelism of the
devices, partly from capability of the DSPs to
postmodify (that is, to modify the address registers
after the execution of the instruction). By postmodify-
ing, the processors point to the appropriate memory
locations for the next instructions.

Filters are MAC-intensive

Filters rely 'on MAC operations heavily, so the
benchmark results of the filters mirror the MAC times
(Fig 1). DSPs are optimized for filtering algorithms.
For each tap of an FIR filter, the processor must fetch
an instruction, fetch the appropriate delay data, fetch
the appropriate coefficient data, multiply the data, add
the result to the accumulator, and shift the data in the
delay data line—all in a single cycle. This sequence of
operations in a single cycle is possible only when the
pipeline is full.

The results in the comparative benchmark charts
specify not the sample rate but the sample period (that
is, the execution time of the filter program). To deter-
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EDN’s benchmarks don’t address
either precision or ease of program-

ming directly.

a—DSP16

loop: *r0=pdx0

LISTING 1—THREE DSP CODE SEGMENTS

/* Input data into RAM loc "ibuf." */

/* Perform convolution */

/* 3 stage DAU pipeline is executed as follows: */

/* y and x fetch | %/
/* multiply */
/* accumulate */
/* Multiply and/or accumulate statements are */
/* permitted in an instruction with x,y fetches, */
/* but multiply and/or accumulation operations */
/* will be performed on data loaded in the */
/* previous instruction (user-visible pipeline).*/
a0=p y=*ril++ x=*pt++ /* Fetch x(63) & h(63)*/
do 62 {
al0=al0-p p=x*y y=*ril++ xX=*pt++
)
a0=al0-p p=x*y y=*r0 x=*pt++i /* Re-init coef ptr */
a0=a0-p p=x*y *rl++=y
a0=a0-p
pdx1=a0
endl: goto loop
b—DSP56001
movep Vianput;x:(xr0) ;input sample in memory
clr a ¥X:(x0)+t, %0 y:(r4)+,yo0
rep #n-1
mac x0,y0,a x:(r0)+,x0 y:(r4)+,y0
macr xX0,v0,a (r0)=
movep a,y:output ;output filtered sample
c—TMS320C30
FIR LDF @PORT_ 1IN,R2 ; input new data
; ; initialize RO:
MPYF3  *ARO++(1),*AR1++(1)%,R0 ; h(N-1) * x(n-(N-1)) -> RO
STF R2,*-AR1(2)%
LDF 0.0,R2 ; initialize R2.
= Filvey (1 <=1 < N)
RPTS RC ; setup the repeat single.
MPYF3  *ARO++(1),*AR1++(1)%,R0 ; h(N-1-i) * x(n-(N-1-i)) -> RO
b ADDF3 RO,R2;R2 ; multiply and add operation
ADDF RO,R2,RO ; add last product
STE RO, @PORT_OUT ; output result
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mine the maximum sample rate that each device can
achieve, take the inverse of the execution time. Some
manufacturers used in-line code (instead of looping) for
those devices that do not have low overhead looping.
The memory these filters consume is relatively small,
so the sacrifice in longer program size for in-line code
is not really significant.

Programmers tried to reduce memory use

The programmers used various methods to minimize
the memory required while using in-line code to keep
the speed high. The code for the DSP320C10 from
Microchip Technology uses an immediate-multiply in-
struction. This instruction limits one of the operands
to 13 bits. Those coefficients that need the full 16-bit
word are loaded into RAM during initialization. Those
that only need the lower 13 bits of the 16-bit word use
the immediate-multiply instruction and do not consume
available RAM. In fact, they don’t take any extra mem-
ory at all, because these coefficients are embedded in
the multiply instruction. The only difference in this
approach from other filter implementations is the
amount of memory consumed. On the 64-tap FIR filter,
the DSP320C10 uses only eight 16-bit coefficients out
of the required total of 64. If all 64 coefficients required
16-bits, the total memory needed would jump from 178
to 234 words.

Some DSP chips needed help

Not all of the DSP chips were capable of performing
all of the benchmarks without the assistance of some
external logic (in addition to external memory, ad-
dresses, decoders, and buffers). The TMS320C10 and
the DSP320C10 both require external address counters
to accomplish the larger FFTs; they both set those
address counters via I/0. Then, each time external
memory is used, the counter automatically increments
its address to prepare for the next operation. This is
a valid approach since these devices have limited inter-
nal data memory and can’t access any external data
memory directly. The cost of a couple of address count-
ers is minimal, but don’t forget their presence when
considering these devices for use in calculating large
FFTs. For all of the FFTs, the pPD77C25 needs the
help of an external DMA controller to move data into
and out of the DSP.

Three processors performed significantly better on
the FFTs then they did on the other benchmarks, and
these three also have faster relative speeds for the
FFTs. Both SGS-Thomson and Motorola admitted that
they have tuned their architectures to perform FFTs
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Fig 1—The multiply-accumulate (MAC) times for the DSPs match
the execution times for the filters. Filters, after all, are largely a
series of MACs.

quickly. SGS-Thomson’s ST18940/41 has a complex
MAC instruction that executes in two cycles. It also
has on-chip bit-reversal and three on-chip data memo-
ries. The Motorola DSP56000/1 and DSP96001/2 also
have three separate memories and hardware bit-
reversal. They also have special instructions (ADDR,
ADDL, SUBR, and SUBL) written specifically for
FFTs.

Software can improve the results

The programmers who wrote the code for these
benchmark tests naturally tried to shrink execution
time whenever possible, particularly in the FFT appli-
cations. Some used straight-line code. The
TMS320C2X, for example, uses 23,636 words of mem-
ory for the 1024-point FFT benchmark. Although this
memory size is somewhat impractical, straight-line
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The benchmarks are not intended
to overtax the capabilities of the
DSPs. Rather, they are designed to
reflect your everyday needs.

code often results in the fastest code possible.

Often, one loop contains all of the passes for an FFT,
and the code treats all the passes alike. Some of the
programmers split up the passes of the FF'T, shorten-
ing the execution time of the first two and the last two
passes. This short cut is possible because some of the
coefficients are known to be 0 or 1. You can remove
such trivial MACs because you know what the result
of multiplying anything by 1 or 0 is before you do it.
In the case of the DSP96002, the programmers short-
ened the execution time of the 1024-point FFT from
2.31 to 1.55 msec—a 33% improvement.

We didn’t consider such coding short cuts illegal.
But remember that not all DSPs can take advantage
of all of the programming techniques that exist to speed
up an algorithm. So you can’t assume that all DSPs
can achieve similar speed increases.

You can program purely for speed

The TI TMS320C1X performed amazingly well in
the 64-point FFT—it performed so well, in fact, that
it provides the perfect example of the impact of coding
variations on benchmark results, especially for DSPs
running FFT programs. The Microchip Techonology
DSP320310 is basically the same as the TI device, and
it has the same cycle time; but a different programmer
at a different company programmed it. As a result,
the performances of the two chips differ quite a bit:
The TMS320C1X executes the 64-point FFT in 0.46
msec; the DSP320C10 takes 1.58 msec. Thus, the TI
program is more than three times faster than the one
from Microchip Technology. On the other hand, a quick
check of the total memory required reveals that the
TI program needs 3816 words, more than 16 times as
many as the Microchip version, which needs only 233.

TI uses all of the tricks in the book to increase the
speed of the 64-point FFT benchmark: straight-line
code, four different types of butterflies to take advan-
tage of trivial MACs, a lookup table for bit-reversal,
and more. The resultant code is very fast, but it might
not be useful in many real-world applications. This
limitation does not mean that you should dismiss the
results at first glance, but you should consider how
well the programming techniques fit your application,
and not embrace it on the basis of its speed alone.

With more than 20 general-purpose DSPs to choose
from, you have, in some ways, a more difficult task
than ever when you need to evaluate some DSPs for
a new design. In the past, word size and format af-
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fected the speed of the device and therefore limited
your choices, but the days of having to sacrifice per-
formance if you choose to use a floating-point DSP are
over. You still have to sacrifice the cost of the system
because the fast floating-point devices are still rather
expensive. Of course, the prices for all DSPs should
go down in the next few years, so price per se will
become less of an issue.

In any event, you should weigh these benchmarks
and profiles carefully, evaluating them in the light of
your needs, and comparing the DSPs to each other
on various aspects of their performances. Speed isn’t
everything. If you are predominately using the DSP
for filter applications, the speed at which a DSP can
execute an FFT is probably irrelevant. Those of you
looking for simple answers may well be disappointed.
We don’t have any, for in trying to find the optimum
DSP IC, the bottom line just doesn’t tell the whole
story. In fact, it leaves a lot of important pieces out.
In the end, there really are no winners in our DSP
survey—only, we hope, a DSP evaluation process made
more enlightened by our efforts.
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PCM78P delivers wide 90dB dynamic
range with ultra-low -88dB THD + Noise.

Our new PCM78P 16-bit A/D converter has
been specifically designed and tested to
excel in dynamic applications.

Ideal for digital audio and DSP

PCM78P provides exceptional dynamic
performance. . .4us conversion time with
-88dB THD+N for example. . .at
significantly lower prices than ever before
possible. It's an excellent choice for
applications ranging from professional
digital audio equipment, frequency
synthesizers, and digital reverbs to high
performance modems and FFT-based
spectrum analyzers.

*U.S. unit prices, in 1000s.

Key PCM78P Features
m 16-bit resolution

m 4ys conversion time
m 90dB dynamic range

m 100% tested and guaranteed
specifications

m optional demonstration board
simplifies evaluation tasks

m short cycling, dual serial readout,
external or internal clocking, other
features increase design flexibility

m 28-pin plastic DIP, 0/+70°C temp range
m $27.90

CIRCLE NO 69
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Easy to use

PCM?78P is almost a “drop-in” part; no
external trimpots or reference needed, easy
interfacing via the serial port and on-board
latch. And its fast 4us conversion time
allows oversampling, reducing the
complexity of antialiasing filters.

Your Burr-Brown sales office has complete
details, including samples and the detailed
product data sheet. Or contact
Applications Engineering, 602/746-1111 for
immediate action.

Burr-Brown Corp., P.O. Box 11400,
Tucson, AZ 85734

BURR-BROWN®




BENCHMARK 1
20-TAP FIR FILTER
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This benchmark is a Finite Impulse Response (FIR)
filter routine that takes data from an external parallel
port, filters the sample, and then sends the result
to a different external parallel port. This is a 20-tap
filter. The data will enter the DSP via an external
parallel port and leave via a different external paral-
lel port. An external parallel port is defined as a
parallel port that is not located on the DSP chip.
Assume that the external data converters are 16
bits and are able to convert faster than your DSP
can complete the filter. No polling of the ADC is
necessary; it will have the next sample when you
need it. The filter characteristics are not important.
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BENCHMARK 2
64-TAP FIR FILTER
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This benchmark is a Finite Impulse Response (FIR)
filter routine that takes data from an external parallel
port, filters the sample, and then sends the result
to a different external parallel port. This is a 64-tap
filter. The data will enter the DSP via an external
parallel port and leave via a different external paral-
lel port. An external parallel port is defined as a
parallel port that is not located on the DSP chip.
Assume that the external data converters are 16
bits and are able to convert faster than your DSP
can complete the filter. No polling of the ADC is
necessary; it will have the next sample when you
need it. The filter characteristics are not important.
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BENCHMARK 3
67-TAP FIR FILTER
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This benchmark is a Finite Impulse Response (FIR)
filter routine that takes data from an external parallel
port, filters the sample, and then sends the result
to a different external parallel port. This is a 67-tap
filter. The data will enter the DSP via an external
parallel port and leave via a different external paral-
lel port. An external parallel port is defined as a
parallel port that is not located on the DSP chip.
Assume that the external data converters are 16
bits and are able to convert faster than your DSP
can complete the filter. No polling of the ADC is
necessary; it will have the next sample when you
need it. The filter characteristics are not important.
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BENCHMARK 4
8-POLE CANONIC IIR FILTER (4X)
(DIRECT FORM II)
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This benchmark is an Infinite Impulse Response (lIR)
filter routine that takes data from an external parallel
port, filters the sample, and then sends the resuit
to a different external parallel port. This is an 8-pole
filter made by cascading 2-pole canonic biquad sec-
tions using the 4-multiply technique. The data will
enter the DSP via an external parallel port and leave
via a different external parallel port. An external par-
allel port is defined as a parallel port that is not
located on the DSP chip. Assume that the external
data converters are 16 bits and are able to convert
faster than your DSP can complete the filter. No
polling of the ADC is necessary; it will have the
next sample when you need it. The filter characteris-
tics are not important.
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BENCHMARK 5
8-POLE CANONIC IIR FILTER (5X)
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This benchmark is an Infinite Impulse Response (lIR)
filter routine that takes data from an external parallel
port, filters the sample, and then sends the result
to a different external parallel port. This is an 8-pole
filter made by cascading 2-pole canonic biquad sec-
tions using the 5-multiply technique. The data will
enter the DSP via an external parallel port and leave
via a different external parallel port. An external par-
allel port is defined as a parallel port that is not
located on the DSP chip. Assume that the external
data converters are 16 bits and are able to convert
faster than your DSP can complete the filter. No
polling of the ADC is necessary; it will have the
next sample when you need it. The filter characteris-
tics are not important.
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BENCHMARK 6
8-POLE TRANSPOSE IIR FILTER
(DIRECT FORM I)

EXECUTION TIME ( uSEC)
5 18y 7 B
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DSP320C10

DSP56001
PCB5010/11
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1INIOd a3XI4

TMS320C1X

e ———

WPD77C25 ~

100 120 140
TOTAL MEMORY REQUIRED (WORDS)

DSP32
MSM699210

TMS320C30

1INIOd ONILVOTd

WPD77230

DSP16A

ST18930/31

AINIOd a3X14

ST18940/41

DSP32C

DSP96002

1NIOd
ONILYOTS

This benchmark is an Infinite Impulse Response (lIR)
filter routine that takes data from an external parallel
port, filters the sample, and then sends the result
to a different external parallel port. This is an 8-pole
filter made by cascading 2-pole transpose biquad
sections. The data will enter the DSP via an external
parallel port and leave via a different external paral-
lel port. An external parallel port is defined as a
parallel port that is not located on the DSP chip.
Assume that the external data converters are 16-bits
and are able to convert faster than your DSP can
complete the filter. No polling of the ADC is neces-
sary; it will have the next sample when you need it.
The filter characteristics are not important.
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BENCHMARK 7
DOT PRODUCT

EXECUTION TIME ( uSEC)
0 200 400 600

—

Lo o

800 1000

ADSP-2100A

DSP16

|

DSP320C10

DSP56001
PCB5010/11

TS68930/31

1INIOd a3X14

TMS320C1X

TMS320C2X

uPD77C25

DSP32

MSM699210

TMS320C30

1INIOd ONILVYOTS

uPD77230

DSP16A

ST18930/31

AINIOd a3X14

ST18940/41

DSP32C

1INIOd
ONILVOTS

DSP96002

12 6 18 2

O 2. 4.8 '8
TOTAL MEMORY REQUIRED (WORDS)

10 14

This benchmark will perform a dot product of two
vectors and give a scaler result. Each vector will
be represented by two points in 2-D (x,y). The origi-
nal vectors will already be in memory and the result
will go to memory. The vectors can be destroyed
during the calculation.
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BENCHMARK 8
MATRIX MULTIPLY, 2X2 TIMES 2X2

EXECUTION TIME ( 1SEC)
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TOTAL MEMORY REQUIRED (WORDS)

This benchmark will multiply one matrix by another.
Assume that both matrices are already in memory
and the result will go to memory. The original matri-
ces can be destroyed during the multiplication. The
routine performs a matrix multiplication on a 2x 2
matrix multiplied by a 2 x 2 matrix.
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BENCHMARK 9
MATRIX MULTIPLY, 3X3 TIMES 3X1

EXECUTION TIME (uSEC)
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DSP32C

DSP96002

1INIOd
ONILVOTS

10 20 30 40
TOTAL MEMORY REQUIRED (WORDS)

50

This benchmark will multiply one matrix by another.
Assume that both matrices are already in memory
and the result will go to memory. The original matri-
ces can be destroyed during the multiplication. The
routine performs a matrix multiplication ona 3x3
matrix multiplied by a 3 x 1 matrix.

1. These DSPs need external address counters
in order to access the external memory required to
perform this benchmark.

2. This DSP needs an external DMA controller in
order to access the external memory required to
perform this benchmark.

3. The TMS320C15-25 was used for this bench-
mark.
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BENCHMARK 10
COMPLEX 64-POINT FFT
(RADIX-2)

EXECUTION TIME (uSEC)
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DSP32C

DSP96002

1INIOd
ONILYOTS

This benchmark will perform a complex, radix-2 FFT
with complex data that is already available in mem-
ory. The FFT’s results will be a set of complex values
with bits in normal order (include bit reversal in the
benchmark). The routine may destroy your original
data during the processing tasks. The size of this
FFT is 64-point. Precalculation of coefficients and
lookup tables are allowed but their size must be
included in the memory size. For example, if you
use a lookup-table algorithm for bit-reversal, the
number of words occupied by the lookup table must
be included in the memory size you report.
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BENCHMARK 11
COMPLEX 256-POINT FFT
(RADIX-2)
EXECUTION TIME ( uSEC)
0..5 1;0 11.5 2;0 2§ 3..0 3].5 40
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uPD77230

DSP16A

ST18930/31

INIOd a3xid

ST18940/41

DSP32C
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DSP96002

0 500 1000 1500

2000
TOTAL MEMORY REQUIRED (WORDS)

2500

This benchmark will perform a complex, radix-2 FFT
with complex data that is already available in mem-
ory. The FFT’s results will be a set of complex values
with bits in normal order (include bit reversal in the
benchmark). The routine may destroy your original
data during the processing tasks. The size of this
FFT is 256-point. Precalculation of coefficients and
lookup tables are allowed but their size must be
included in the memory size. For example, if you
use a lookup-table algorithm for bit-reversal, the
number of words occupied by the lookup table must
be included in the memory size you report.
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COMPLEX 1024-POINT FFT
(RADIX-2)

EXECUTION TIME ( uSEC)
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TOTAL MEMORY REQUIRED (WORDS)

This benchmark will perform a complex, radix-2 FFT
with complex data that is already available in mem-
ory. The FFT’s results will be a set of complex values
with bits in normal order (include bit reversal in the
benchmark). The routine may destroy your original
data during the processing tasks. The size of this
FFT is 1024 points. Precalculation of coefficients
and lookup tables are allowed but their size must
be included in the memory size. For example, if you
use a lookup-table algorithm for bit-reversal, the
number of words occupied by the lookup table must
be included in the memory size you report.
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ADSP—2100A

Cycle Time: MAC Time:
80, 100 nsec 80, 100 nsec

Analog Dewv

Format:
Fixed

Word Size: Accumulatox Size:
16 bits bits
Memory: internal/external

Data:
0/16k X 16 and
16k X 16/24 in program space

ogram:
0/16k X 24

Cost (single/100s):
$411/$164 (80 nsec)

Date of first working silicon:
Nov, 1987

Word Size: Format: Accumulator Size: Cycle Time: MAC Time:
16 bits Fixed 36 bits 55, 75 nsec 55, 75 nsec
Memory: internal/external

Prog:

ram: D
2k X 16 ROM/64k X 16

ata:
512 X 16 RAM/64k X 16

Cost (single/100s):

Date of first working silicon:
$84/$68 (55 nsec) 86

Oct, 19

ATET DSP16A—33
Word Size: Format: Accumulator Size: Cycle Time: MAC Time:

16 bits Fixed 36 bits 33, 55, 75 nsec 33, 55, 75 nsec
Memory: internal/external

Program: Data:
4k X 16 ROM/64k X 16 2k X 16 RAM/64k X 16
Date of first working silicon:

Cost (single/100s):
NA Estimated Oct, 1988

ATET DSP32—160
Word Size: Format: Accumulator Size: Cycle Time: MAC Time:

32 bits Floating 40 bits 160, 250 nsec 160, 250 nsec
Memory: internal/external

(Memory is contiguous, can be

rogram or data)
512 X

P!
32 ROM, 1k X 32 RAM/14k X 32
Cost (single/100s):

Date of first working silicon:
$190/$170 (160 nsec)

Dec, 1984

142

RELATIVE SPEED PROFILE
ADSP-2100A

100
80
65 * =
2 X B m
Y20 | 158 |
2 N/A A B B i B
1 2 § & '8 B 7 & 3 0 H A%
BENCHMARK
RELATIVE SPEED PROFILE
DSP16
100
o 80
g% 60
nE W
o -l
:S:Q 40 5
W oop | l
= il | N/A
S 2 s R E e TN Ty i
BENCHMARK
RELATIVE SPEED PROFILE
DSP16A
100
o 80
gg 40
- P ]
L~ TS
T W T T i R BT
BENCHMARK
RELATIVE SPEED PROFILE
DSP32
100
= o
W=
8277 [0
wa a0 —H B | B
o
#i 5o B0 [ | [ |
SHARRAHHH 000

1 2 3 4 858 7N IS T oL 1 [ .
BENCHMARK

EDN September 29, 1988



ATE&T DSP32C—80
Word Size: Format: Accumulator Size: Cycle Time: MAC Time:

32 bits Floating 40 bits 80, 100 nsec 80, 100 nsec
Memory: internal/external

(Memory is contiguous, can be program or data)
(512 + 512 + 512) X 32 RAM/4M X 32
or (512 + 512) X 32 RAM, 2k X 32 ROM/4M X 32
Cost (single/100s): Date of first worklnq silicon:
NA Estimated Sept, 19

Microchip Tech DSP320Cl10

Word Size: Format: Accumulator Size: Cycle Time: MAC Time:

16 bits Fixed 32 bits 122, 160, 244, 320,
200 nsec 400 nsec

Memory: xntornal/axternal

Program Data:

1.5k X 16 ROM/4k X 16 144 X 16 RAM/O

cost (single/100s Date of first working silicon:
$48.10/%41.80 (122 nsec) Sep, 19

Motorola DSP56001

Word Size: Format: Accumulator Size: Cycle Time: MAC Time:

24 bits Fixed 56 bits 74, 98 nsec 74, 98 nsec
Memory: internal/external

Program: Data:

(256 + 256) X 24 RAM,
(256 + 256) X 24 ROM/(64k + 64K) X 24

3.75k X 24 ROM/64k X 24
or 512 X 24 RAM/64k X 24

Cost (single/100s): Date of first working silicon:
$75/$75 (74 nsec) Nov, 1987

Motorola DSP96002

MAC Time:
74 nsec

Word Size: Format Accunuln:or Size:

Cycle Time:
32 bits no.nng 96 bi

74 nsec

Memory: internal/external
Program: Data:
512 X 32 RAM/4G X 32 (512 + 512) X 32 RAM,
(512 + 512) X 32 ROM/(4G + 4G) X 32

Date of first working silicon:

Cost (single/100s):
NA Estimated 1st quarter 1989

EDN September 29, 1988
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NEC Elec

Word Size: Format: Accumulator Size:
16 bits Fixed Dual 16 bits
Memory: internal/external

Progra

m:
2k X 24 ROM/O

Cost (single/100s):
$65/$57 (EPROM version)

Sep, 1987

NEC Elec

Word Size: Format: Accumulator Size:
32 bits Floating 55 bits

Memory: internal/external

Pr

ogram:
2k X 32 ROM/8k X 32

cost (single/100s):

)
$400/$350 (EPROM version) May, 198

OKI Semi

wWord Size: Format: Accumulator Size:
22 bits Floating 22 bits

Memory: internal/external

Program:

2k X 32 ROM/64k X 32

Cost (single/100s):
$150/$85

Philips

Word Size: Format: Accumulator Size:
16 bits Fixed 40 bits
Memory: internal/external

Program:
1k X 40 ROM/O
or 0/64k X 40

Cost (single/100s): Date of fi
NA 1987

144

uPD77C25

Cycle Time:
122 nsec

MAC Time:
122 nsec

Data:
1k X 16 ROM, 256 X 16 RAM/O

Date of first working silicon:

ukPD77230

Cycle Time:
150 nsec

MAC Time:
150 nsec

Data:
(512 + 512) X 32 RAM,
1k X 32 ROM/8k X 32

Date of first working silicon:
6

MSM699210

Cycle Time:
100 nsec

MAC Time:
100 nsec

Data:
512 X 22 RAM/64k X 22

Date of first working silicon:
June 1988

rcepsoi1o0 /11

Cycle Time:
122 nsec

MAC Time:
122 nsec

Data:
(128 + 128) X 16 RAM,
512 X 16 ROM/64k X 16

rst working silicon:
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Introducing the friendly
lithium battery.

Our new user replaceable lithium bat-
teries are so well-designed...so reliable,
that once you design one in, forgetting it
is about all there’s left for you to do. No
leads. No soldering.

Because now users can replace the
battery themselves...quickly and easily.
Leaving your technicians free to handle
more important jobs.

And with their long life, high energy den-
sity and wide temperature operating ranges,
our batteries will still be hard at work
long after you’'ve forgotten them. We've
already proven that with more than 10
years of reliable performance.

As for delivery, our 3 volt single cell and
volt dual cell batteries are available
ight now. In the quantities you need.

All of which helps to explain why they’re
chosen by world leading computer and
camera manufacturers.

Panasonic® replaceable lithium bat-
teries...designed to be forgotten.

For the rest of the story, contact the
Panasonic Battery Sales Division office
nearest you.

YOUR
CUSTOMER

OUR USER

REPLACEABLE
LITHIUM

BATTERIES

y OU R Headquarters:
SECAUCUS, NJ 07094 e (201) 348-5272

PRODUGT Southeast:

NORCROSS, GA 30093 e (404) 925-6768

North Central:
ARLINGTON HEIGHTS, IL 60005 e (312) 981-4820

South Central:
FT. WORTH, TX 76155 @ (817) 685-1150

West Coast:
GARDEN GROVE, CA 92645 e (714) 895-7538

Design it in.
And forget it.

Panasonic
Industrial Company

CIRCLE NO 70
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SGSsS—Thomson

Word Size:
16 bits

Format:
Fixed

Accumulator Size:
32 bits

Memory: internal/external

Program: D

3k X 32 ROM/O
or 0/64k X 32

Cost (single/100s):
5

$125/%9 July 1988

SGsS—Thomson

Word Size:

Format: Accumulator Size:
16 bits its

Fixed 32 bit

Memory: internal/external

Program: D

2k X 32 ROM/O
or 0/64k X 32

Cost (single/100s):
95

$125/ July 19

SGS—Thomson
Word Size: Format: Accumulator Size:
16 bits Flxed 32 bits

Memory: internal/external
Program:

1.2k X 32 ROM/O

or 0/64k X 32

Cost (single/100s):
95

$125/% April 1986

Texas Inst

Word Size: Format: Accumulator Size:

16 bits Flxed 32 bits

Memory: internal/external

Program: Data

or 4k X 16 ROM/O
or 0/4k X 16

1.5k X 16 ROM/4k X 16
vé

Cost (single/100s):
$50/30 (125 nsec)

146

ST18930,/31

Cycle Time:
100 nsec

MAC Time:
100 nsec

ata:
(128 + 192) X 16 RAM,
512 X 16 ROM/4k X 16

Date of first working silicon:

sT18940/41

Cycle Time:
100 nsec

MAC Time:
100 nsec

ata:
(256 + 256) X 16 RAM,
512 X 16 ROM/64k X 16

Date of first working silicon:
88

TS68930,/31

Cycle Time:
160 nsec

MAC Time:
160 nsec

Data:
(128 + 128)
512 X 16 ROM/4k X 16

X 16 RAM,

Date of first working silicon:

TMS320C1X

Cycle Time: MAC Time:
125, 160, 250, 320,
200, 280 nsec 400, 560 nsec

144 X 16 RAM/O
or 256 X 16 RAM/O

Date of first working silicon:
1982, 1984 for CMOS versions
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3085
Power
Material

Precise from the start.

Guaranteed to the
 finish.

It's true. And tried. And Pl core to do the same
available right now. e ' work or get more out

A ferrite material with tight, s of a given core size.
guaranteed specifications that N , Either way, you can
extend even to the finished e ; count on proven results
component. Pretty extraordinary, from start to finish.
but then so is our 3C85. To get your copy of our components

There's no learning curve. No trial o specifications, contact Ferroxcube at
and error. Over an arduous three year de- ' 914-246-2811. You'll find 3C85 components
velopment period, it was tested, refined and to be precisely as we have specified. Guaranteed.
retested—made ready, at last, for our spectacular

new processing kiln—a technological wonder in 7C
itself. The result is amazing batch-to-batch consistency ‘ FERROXCUBE
that traditional tunnel kilns can't hope to match. A Material Difference.

And performance |S pr0|IfIC Compared tO our own Division of Amperex Electronic Corporation
3C8, this dramatic new material delivers a 30%-plus PlNoest: Amecican Philus Corpenty

5083 Kings Highway, Saugerties, NY 12477

loss improvement. Which means you can use a smaller 914-246-2811 TWX: 510-247-5410
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Texas Inst

wWord Size: Format: Accumulator Size:
s

16 bits Fixed 32 bit:

Memory: internal/external
Program:
4k X 16 ROM/64k X 16

cost (single/100s):

$120/75 (80 nsec) 1984,

Texas Inst

Word Size: Format: Accumulator Size:
s

32 bits Floating 40 bit

Memory: internal/external

(Memory is contiguous, can be program or data)
2k X 32 R 2

AM, 4k X 32 ROM/16M X 3

Cost (single/100s):

T™S320C2X

MAC Time:
80, 100,
200 nsec

544 X 16 RAN/64k X 16

Date of first working silicon:
1986 for CMOS versions

TMS320C30

MAC Time:
60 nsec

Date of first working silicon:
$1300/$1000 June 1988

100

RELATIVE SPEED PROFILE
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Analog Devices Inc
One Technology Way
Norwood, MA 02062
(617) 329-4700
Circle No 650

AT&T Microelectronics
Department 51AL230230
555 Union Blvd
Allentown, PA 18103
(800) 372-2447

(800) 553-2448 (Canada)
Circle No 651

Microchip Technology Inc
2355 W Chandler Blvd
Chandler, AZ 85224

(602) 963-7373
910-950-1963

Circle No 652

For more information . . .

Motorola Inc

6501 William Cannon Dr West
Austin, TX 78735

(512) 440-3035

TLX 4999127

Circle No 653

NEC Electronics

475 Ellis St

Mountain View, CA 94039
(415) 960-6000

Circle No 654

OKI Semiconductor
650 North Mary Ave
Sunnyvale, CA 94086
(408) 720-1900
Circle No 655

For more information on the DSPs discussed in this article, contact the following manufacturers directly, circle the
appropriate numbers on the Information Retrieval Service card, or use EDN’s Express Request service.

Philips

Box 218

5600 Eindhoven
The Netherlands
(040) 157005
Circle No 656

SGS-Thomson
1000 East Bell Rd
Phoenix, AZ 85022
(602) 867-6259
Circle No 657

Texas Instruments
Box 1443, M/S 701
Houston, TX 77251
(713) 274-2320
Circle No 658
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Display data mhich are'externallg dxuided into data for each row (648 dots)
will be sejuentially transterred in the form of 4-bit parallel data through
shitt redisters by Clock Sidnal CP2 from the left top of the display face.

When data of one vow (648 dots) have been inputted. then la‘tched in the form

of parallel data for 648 lines of column electrodes by Latch Signal CP1.
will be transmitted to the 640 lines of column
e LCD panel by the LCD drive civrcuit.

- the corresponding drive signal
electvodes of th

At th:s time.
driver to the
are dxsplayed

the

Then

scan start up sidnal § has been transferred from the scan signal
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THE REASONS YOU SHOULD BUY

SHARP FLAT PANEL DISPLAYS

ARE ALL THERE

Sharp, the world leader in LCD and EL
displays, introduces three new easy-to-read LCDs.
With three times more contrast than conventional
Super Twist High Contrast LCDs. So they give sharp
clear pictures. Even at an angle.

All thanks to Sharp’s new Double Super
Twist technology.

These new units come in three sizes:

640 (W) x 400 (H) dots, 640 (W) x 480 (H) dots
and 720 (W) x 400 (H) dots. Each with CCFT
backlighting standard.

And, bestofall, the display is black and white,
just like a printed page. Which reduces headaches

from eye strain and fatigue.

San Francisco (408) 942-4600"
CO Denver (303) 451-8383"
CT Connecticut (203) 265-3822*
FL Ft. Lauderdale (305) 977-4880"
Orlando (407) 767-8585"

(*Authorized Locations) IL  Chicago (312) 490-0155°

AL Huntsville (205) 881-9235

AZ Phoenix (602) 496-0290"
Tucson (602) 790-5687*

CA Irvine (714) 859-5050"

Wichita (316) 264-6333"
MA Boston (508) 658-0810"

IN BLACK AND WHITE.

IN Indianapolis (317) 297-0483"
KS Kansas City (913) 492-3121"

Getting your Sharp LCDs won’t give you a
headache either, if you call Marshall Industries.
Because Marshall has a clear understanding of your
needs. Like on-time delivery, complete
inventories and production quantities.

Marshall is also the only national distributor
to carry both Sharp LCDs and Yamaha controllers.
These PC based controllers support all flat panel
LCDs and EL displays.

For the sharpest flat panel displays around,
call Marshall today.

After all, not all your decisions are going to be
this black and white.

Brownsville (512) 542-4589*
Dallas (214) 233-5200*

El Paso (915) 593-0706"
Houston (713) 895-9200"

Rochester (716) 235-7620"
OH Cleveland (216) 248-1788"

Dayton (513) 898-4480*

Westerville (614) 891-7580"

MN Minneapolis (612) 559-2211*
MO St. Louis (314) 291-4650"

NC Raleigh (919) 878-9882*

NJ N. New Jersey (201) 882-0320°

Los Angeles (818) 407-4100*
Sacramento (916) 635-9700*
San Diego (619) 578-9600"

Tampa (813) 576-1399"
GA Atlanta (404) 923-5750"

MD Maryland (301) 840-9450"
MI Michigan (313) 525-5850"

Philadelphia (609) 234-9100*
NY Binghamton (607) 798-1611*
Long Island (516) 273-2424"
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OR Portland (503) 644-5050"
PA Pittsburgh (412) 963-0441"
TX Austin (512) 837-1991*

San Antonio (512) 734-5100"

UT Salt Lake City (801) 485-1551"
WA Seattle (206) 486-5747"
WI Wisconsin (414) 797-8400"
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Save nanoseconds on logic.




And months on design.

Logic Automations model cell library now contains
all RCA Advanced CMOS Logic circuits.
Any other approach to logic design is a waste of time.

You know the advantages of CMOS, such as low
power dissipation, high noise immunity and wide
operating temperature range.

And you probably know that AC/ACT logic adds
a new dimension to CMOS: advanced speed.

But you may not know that this faster logic can
now be designed-in much faster.

System-level AC/ACT simulations.

RCA AC/ACT is the first advanced-speed CMOS
logic to have all its circuits (more than 100 and
growing rapidly) available as SmartModelsf in
Logic Automation's library.

These sophisticated behavioral-level models
don't need the computing power of a mainframe.
So you can use them on just about any popular
engineering workstation.

But what really sets SmartModels apart is their
technique of Knowledge-Based Design Verification.
Each model has been worked on by engineers and
systems designers who know the design problems
you're most likely to encounter when using parts
from the AC/ACT library.

If any of these errors does occur, it is immediate-
ly pinpointed. You get the exact time, location and
nature of the problem.

All circuits are checked for timing (including
setup, hold, frequency and pulse width), and usage
(specific checks for each device).

The result is far less prototyping. Which means
savings of months. And thousands of dollars.

A new world of design possibilities.
RCA AC/ACT gives you the speed of FAST*

EDN September 29, 1988

But power dissipation and idling power are small
fractions of FAST ICs.

So, for example, you can design a computer that
doesn't have a cooling system. Or a sealed system to
prevent dust problems. Or dramatically reduce
your system's size.

System-level simulations eliminate the need for prototypes, saving time and money.

In addition, AC/ACT gives you latch-up and ESD
protection. All this at FAST prices.

And these circuits are available in Military/Aero-
space versions for the most demanding applications.

Start saving time on both logic and design right
now, by calling toll-free 800-443-7364, ext. 29.

Or contact your local GE Solid State sales office

or distributor.
In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39-46-57-99; London, (276)

68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.
TSmartModel is a registered trademark of Logic Automation, Incorporated
“FAST is a trademark of National Semiconductor Corporation

General Electric Company, U.S.A

GE/RCA/INTERSIL

SEMICONDUCTORS
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SIEMENS

Total ISDN commitment

—innovative chips for telecom/datacom

Integrated telecom and datacom on
one system. Services like voice, data,
text and video. Digital transmission
from end to end. Network capability
worldwide with standard interfaces
and call procedures. In short ISDN.

And you can migrate to this new infor-
mation environment right now, from an
existing telephone network structure.

Siemens, through a long term techno-
logy partnership with AMD, offers an
ISDN chip set, the broadest, multiple-
sourced selection of ISDN devices
available. Like the S-bus interface cir-
cuit (SBC) and ISDN echo-cancellation
circuit (IEC) for transmitting the 2B+ D
ISDN data rate over the 4-wire

CCITT S interface or 2-wire U interface.
The ISDN burst transceiver circuit
(IBC) is a low-cost 2-wire transceiver
for PABX applications. ISAC-S is an
ISDN subscriber access controller
which, together with an ISDN terminal
adapter circuit (ITAC), forms an access
module for interfacing conventional
data-processing systems.

You can start building ISDN terminal
and switching equipment today, for the
future, with an upward-compatible path
produced by the common IOM-2*
architecture. Siemens designed the
IOM (ISDN-oriented modular) inter-

*IOM is a registered trademark
of Siemens AG

—

face for connection of different compo-
nents within the basic ISDN access, for
flexibility using different transmission
rates.

ISDN is opening up new markets and
opportunities. Secure your primary and
basic access with Siemens devices,
founded on experience and expertise,
backed up by allround service and
support.

Europe: Siemens AG,

Infoservice 12/2072, Postfach 2348,
D-8510 Frth

USA: Siemens Semiconductor Group,
2191 Laurelwood Road, Santa Clara,
CA 95054, mentioning “ISDN-Chips”.

TopTech Components
from Siemens:

the key to digital
communication systems
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We'll help yo’u
get the work out...

without the workout.

If you spend time working with IC
or Discrete semiconductors, you
should get to know our DIGESTs.
Because they can make your work
go a whole lot easier.

Quickly compare electrical
specs, packages, pinouts; find
alternate sources or replacement
information: or go directly from
generic or part numbers to
technical and manufacturer data.
All at your fingertips...your own
personal library at your desk.

Involved with MIL SPEC or
Hi-Rel components? Our Hi-Rel/
Military Digest can lighten your
load. Simplified cross-referencing
and a user-friendly format
eliminate time-wasting searches
through QPL’s, MIL-STD 1562,

DATA. BUSINESS PUBLISHING®

Selecting or Specifying ICs
or Discrete Semiconductors?

DESC drawings and manufacturer
catalogs. Searches that previously
took hours can be done in minutes.

And to keep up with the latest
technology, the DIGESTs feature
optional Updates, automatically
sent to you either quarterly or semi-
annually.

We offer the DIGESTs
separately, discount them in
quantity, and, of course, all
DIGESTSs carry our 30-day
moneyback guarantee. We also
lease our database on magnetic tape.

To find out more about how the
DIGESTSs can simplify your
workload, call our toll-free numbers.

The D.A.T.A. DIGESTs: getting
out the work doesn’t have to be a
workout anymore.

the DIGESTs"

where semiconductor selection begins

Call toll-free 1-800-854-7030, Ext. 570. In CA 1-800-421-0159, Ext. 570 e 9889 Willow Creek Road ¢ P.O. Box 26875  San Diego, CA 92126
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V.I.P." means

Very Interesting Possibilities

Maybe you’re under some very intense pressure
because you need to design a very important
product and it has to have a very impressive (front)
panel. You’ve suffered from vacillation, indecision,
and procrastination. So now it’s time to consider
V.L.p™

V.I.P. is an integrated display/keyboard system. It’s
a virtually ideal product for applications that require
a ‘‘mini-terminal’’ with an operator interface.
Because the ‘‘slide-in’’ switch legends can be easily
customized by the user to suit his or her needs,
V.I.P. provides some very interesting possibilities.

But that’s not all. Just look at the variety of
invaluable pheatures (sorry):

® Operates from a single +5VDC power supply.
e RS-232 interface

e Easily seals to the front panel of your equipment
for operation in dirty or wet environments.

e Custom artwork/legends are optional.

So if you need a versatile, intelligent product to
enhance your front panel, give us a call at IEE
where you’re always treated like a very important
person.

INDUSTRIAL ELECTRONIC ENGINEERS, INC.

Inaustrial Products Division

7740 Lemona Ave., Van Nuys, CA 97409-9234

Tel.; (818) 787-0311, Ext. 418 o Telex: 4720693 IEE IPD

——— FAX: (878) 907-9046 (G2/G3)

EDN September 29, 1988
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\What's so special about
our 8 BIT microcontrollers?
(Only our customers knowgfor sure.

(RRARRRRRRR RN RGEARN

And it's no wonder they want Do they want 4, 8 With the MHS “Quick ROM”

to keep it to themselves. or 16 Kbytes of ROM? No problem. service, they have customized samples or
Not only is MHS one of the world 32 K? We can do it. On-chip RAM: 128 or production parts sitting on their desks in just
leaders in CMOS microcontroller technology, 256 bytes? Their wish is our command. two or three weeks. ROMIess 80C31/32
with over 7 million units delivered to date. parts are there before they even know it.
We're also one of the fastest suppliers, S el e, NS So next time our customers get out
delivering both standard and customized 80cs1 4 128 2 Quick ROM 18 MHz of hand, you'll understand why.
parts to our customers” doorsteps — L 4. RN
anywhere in the world - in no time flat. 83C158 32 %6 3 Extra modes
. 80C752 4 128 2 Keyboard controller
[t would seem that they appreciate = =
it. Our customers have made us the No. 3 They can also choose from a range = -=
supplier of 80C51 microcontrollers worldwide.  of operating clock speeds from zero all the Ih%ll
In Europe, they've made us No. 1. way up to 18 MHz, or from our fuil choice
That's not all. The MHS product of packages and temperature ranges. Not to
line gives our customers unrivalled freedom mention low-voltage (down to 2.7 V1) or The best-kept secret
of choice. “Secret ROM" versions. in semiconductor technology.
CIRCLE NO 77
3
£ MATRA DESIGN SEMICONDUCTOR ~ MATRA HARRIS SEMICONDUCTEURS MHS. A subsidiary of the MATRA Group
3 2895 Northwest Parkway BP 309
5 SANTA CLARA CA 95015, USA 78054 SAINT-QUENTIN-EN-YVELINES CEDEX
$ Tel.- 408-986 9000 - Thx 299 656 FRANCE - Tel (1) 30.60.70.00 - Tix 697 317
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DESIGNING POWER SUPPLIES
FROM YOUR POINT OF VIEW
HAS GIVEN

COMPUTER PRODUCTS
ONE OF OUR OWN...




A VIEW
FROM THE TOP.

At Computer Products, we are committed to

understanding the needs of our customers. No other
power supply company is so sensitive to the issues
that are central to you. And no other power supply
company is so responsive to those issues. Computer
Products. Your partner in power.

© Computer Products Incorporated, 1988

THE GLOBAL RESOURCE YOU NEED.

Over 1900 people throughout North America,
Europe and Asia. $100 million in power supply sales.
And 187 distributor locations worldwide —the strongest
distributor network of power supply products in
the world.

It means one-stop shopping. It means reliable,
scheduled delivery anywhere, anytime. And it means
a resource you can depend on from Minneapolis
to Munich.

THE STANDARD AND CUSTOM
PRODUCTS YOU WANT.

A major benefit of Computer Products is that we
are the source for the industry’s widest selection of
power supply products.

Open frame linears, open frame switchers, encap-
sulated power modules, cased switchers, high-power
switchers, and DC/DC converters. Including a wide
selection of Mil-Spec switching power supplies and
DC/DC converters. 2400 standard models to choose
from— plus modified standard or custom versions
which are derived from our proven designs.




POWER SUPPLY TECHNOLOGY
THAT PUTS YOU AHEAD.

Computer Products concentrates on the big picture
in power supply
technology. You
benefit from
products that
are precision-
engineered
using the most
advanced and
reliable technologies
available.

From high frequency switching
and high-power densities to the
industry’s most advanced hybrid/
surface-mount technology, we are devel-
oping the advanced power supply
designs that you require for the products
of tomorrow.

QUALITY AND RELIABILITY
YOU CAN TRUST.

It's part of our total company commitment to being
4 a world class manufacturer. We believe
in never-ending improvement in the

From Statistical Process Control

quality of our products and processes.

= (SPC) through Just-In- Tme (JID productron we are. »
“improving every phase of the manufacturmg progess=r===—

Unlike many power supply companies, our offshere
manufacturing facilities are our own. Not those of
hard-to-control subcontractors. Our uniform worldwide:
quality standards can be strictly controlled fromstart———
to finish by our own program of quality at the source.

We deliver an unrivaled level of reliability in

power supply performance. Including units with

MTBF’s over 400,000 hours and conformance to

the stringent Mil-Q-9858A requirements.

COST OF OWNERSHIP
THAT IMPROVES YOUR PROFIT.

Designed-in reliability, attention to
scheduling requirements and exceptional
after-sale servicing. All natural outgrowths of
our awareness of the critical issue of cost
of ownership.

They're just some of the ways we respond
to our customers’ need to maximize the cost-
effectiveness of every purchase—and to minimize
all-in power supply costs.

Adopting our customers’ perspective has helped
give us=and you —a view from the top. Computer
Products.

Your Partner in Power ..

If reply card is missing please circle reader service number 101. Consult EEM for your local sales office or
call (305) 974-5500. Ext. 7514.
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Your Partner in Power
POWER SUPPLIES

ISOLATED AND REGULATED DC/DC CONVERTERS
POWER Mll Acqui

HIGH EFFICIENCY 100 WATT DC/DC CONVERTER

-----------------------------------1

QUICK ACTION REPLY CARD
PLEASE SEND:

1. NFS 40/50/110 Series
2. H, EA, AF Series

If reply card is missing please circle reader service number. Consult EEM for your local sales office or call (305) 974-5500. Ext. 7514:

4. Mil-Spec Catalog
5. Engineering Handbook

Power your system from any worldwide line voltage.
without changing jumper wires or switches. The NFS
Series universal input switchers provide single or multiple
outputs for 40 watt, 50 watt, or 110 watt applications. . =~
Check out the NFS40 series, which measure a mere

5" x 3" x 1.2". The NFS50-7608 directly replaces the
industry standard 6.3" x 3.9" 40 watt supply and offers a
bonus of 10 additional watts for system extras. And the
NFS110 series will deliver 110 watts from a small
7"x4.25" x 18" package. Its +12V output will deliver

up to 9A peak current to start disk drives.

The H, EA and AF Series are isolated and regulated
DC/DC converters having the same industry standard
footprint to provide flexibility for your design. Ideally .
suited for powering analog and digital circuitry such as
OP Amps, A/D and D/A converters, logic and micro-
processors. Packagedin 1.0" x 20" x 0.38" non-*
conductive cases, these 1 to 4.5 watt converters are
available for a variety of input and output voltages. All
units feature isolation of 500V, setting accuracies to
+2% max. and fully regulated output to +£1% max.

The WS Series is your logical choice when it comes to
selecting high power density DC/DC converters.
Packaﬁed in-afow profile 3.5" Wx5.5" L x091" H

case, these 100 watt units feature 18-36-and 36-72

VDC input ranges, single, dual and triple outptts, 500
VDC isolation and efficiencies up to 84%. Ideal for
telecom and computer applications, and now a new dual
+5 and +12 VDC output version with peak current
capability for power disk drives. Chassis mounting with
screw terminations or PCB mount with heat sink
versions available.

EDN

FREE, . .Send for your free copy of our Power
Supply Engineering Handbook and separate

3. WS Series 6. Have a Sales Person Call fe b WS B
decision.

Name Titl

e COMPUTER
Company Dept/MS PRODULTS
Street ——_— —
City State Zip (305) 974-5500
Telephone ( ) Your Partner in Power..



Design Feature

Sliding FFT computes
frequency spectra
in real time

Dugital-signal-processing (DSP) systems
must often pervform real-time spectral
analysis of & nonterminating data sequence.
A simple method for calculating frequency
spectra—the shiding FFT—rvequires less
computing power than the conventional
FFT approach.

Tom Springer, Pinson Associates Inc

Many digital-signal-processing applications, such as
certain types of adaptive filters, require you to perform
real-time spectral analysis of a nonterminating data
sequence (Ref 1). The usual approach to such problems
calls for computing power of a very high order, as
exemplified by the latest VLSI DSP chips, which can
calculate fast Fourier transforms (FFTs) at blinding
speed, using standard algorithms. However, for a wide
range of practical problems, a simple method for calcu-
lating frequency spectra—the sliding FF'T algorithm—
has a number of advantages over the conventional FF'T
algorithms. For instance, it can calculate spectra at a
rate more closely approaching the sampling frequency
than conventional algorithms can do.

You can best understand the computational difficul-
ties that real-time spectral analysis entails if you con-
sider the operation of a Fourier analyzer or dynamic
signal analyzer. You can use such an instrument—for

EDN September 29, 1988
< Circle No. 101

example, Hewlett-Packard’s Model 3562A Dual Chan-
nel Dynamic Signal Analyzer (Ref 2)—to view and
record signals as they appear in the complex frequency
domain. However, there is a fundamental difference,
which is not always understood, between a Fourier
analyzer and a spectrum analyzer.

The spectrum analyzer displays the output of what
is effectively a swept filter; it therefore presents an
average spectral distribution over a sampling interval.
Consequently, you can only use the spectrum analyzer
for continuous frequency measurements. The Fourier
analyzer, on the other hand, updates the spectrum at
approximately the sample rate, and therefore presents
the instantaneous spectral characteristics of the input
signal. You can therefore use it to perform transient
analysis; unlike the spectrum analyzer, it provides
phase as well as magnitude information.

FFT computation time delays the response

Ideally, the Fourier analyzer would compute the dis-
crete Fourier transform as quickly as the signal is sam-
pled. In practice, however, the computational limita-
tions of the processor make it impossible to realize this
ideal, so real instruments specify both an input-signal
bandwidth and a real-time bandwidth. The input-signal
bandwidth is limited by the sampling rate of the instru-
ment and represents the highest frequency that the
instrument can detect without aliasing; this frequency
is called the Nyquist frequency. The real-time band-
width defines the fastest transient event that the in-
strument can record, and it’s directly related to the
length of time required to calculate the discrete
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You can derive the FFT for any segment
of a nonterminating data sequence divectly
from the FFT computed for the previous
seqgment, with fewer computations.

INPUT SEQUENCE
(IN TIME'DOMAIN)

| FOURIER TRANSFORM |

SPECTRUM OF INPUT SEQUENCE
(IN FREQUENCY DOMAIN)

TRANSFER FUNCTION
OF FILTER ——-»I MULTIPLICATION ]

(IN FREQUENCY DOMAIN)

STEADY-STATE RESPONSE
OF FILTER (IN FREQUENCY DOMAIN)

I INVERSE FOURIER TRANSFORM—I

FILTER OUTPUT
(IN TIME DOMAIN)

Fig 1—You can describe the steady-state behavior of a linear
system in the frequency domain by computing the product of the
system transfer function and the complex frequency spectrum of the
input signal.

Fourier transform. Because of this computational de-
lay, the real-time bandwidth is typically narrower than
the input-signal bandwidth by approximately an order
of magnitude.

Any system that must detect transient phenomena
in the frequency domain must meet the same perform-
ance requirements that a Fourier analyzer must meet
in order to generate quasi-instantaneous frequency
spectra. The transformation of discrete data from the
time domain to the frequency domain is almost always
accomplished by means of the FFT; thus, the ability
of a system to track dynamic changes in the spectral
content of a signal often depends primarily on the speed
with which the system can execute the FFT algorithm.

Feedback loops may not tolerate delays

This speed limitation can be an important considera-
tion in digital-filter design. You’d commonly define
such filters in terms of frequency-domain parameters
and implement them with frequency-domain tech-
niques. Filter design usually begins when you specify
a desired frequency response, so frequency-domain
methods provide a very direct approach to filter de-
sign. Furthermore, it’s very simple to describe the
steady-state behavior of a linear system in the fre-
quency domain by computing the product of the system
transfer function and the complex frequency spectrum
of its input (Fig 1). Because the FF'T efficiently carries
out the necessary time/frequency domain transforma-
tions, frequency-domain signal processing is computa-
tionally attractive for filter applications.
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You may find, however, that in some real-time appli-
cations such as control systems, using the conventional
FFT algorithm renders the filter unsuitable. The rea-
son is that an N-point FFT operates on blocks of N
points at a time; thus, it doesn’t generate spectra in-
stantaneously for each incoming sample; it generates
spectra only at regular intervals. The resulting propa-
gation delay in the computed response of the filter
might not be tolerable within a feedback loop. The
example below shows the effects of the delay for a
64-point FFT.

Consider a system at steady state that experiences
a perturbation (a spike at t=64). Fig 2a shows the
data sequence. Because the FFT is a block operation,
it must accumulate 64 new samples before it reevalu-
ates the spectrum; in other words, at t=63 it trans-
forms {x(0),...,x(63)}, at t=127 it transforms
{x(64),...,x(127)}, and so on. Fig 2b shows a 64-point
block of samples beginning at t=0 (which doesn’t in-
clude the spike), and Fig 2¢ shows the frequency spec-
trum of the block. Fig 2d shows the block of samples
beginning one sample period later at t =1 (now contain-
ing the spike), and Fig 2e shows its corresponding
spectrum. Note the spectral components that the spike
introduces—the actual spectrum of the signal has
changed at t=64, but the system can’t detect the
change until the next transform. After the spike has
occurred, the system must collect 63 more samples
before it can revise the spectrum that it calculated at
t=63. Thus, computing the FFT introduces a delay
into the system’s response.

In many applications, you can’t afford to ignore the
dynamic behavior of signals in the frequency domain;
however, the FFT updates the frequency spectrum
only at the rate f/N (where f is the sample rate). In
Fourier-analyzer terminology, the “real-time band-
width” is limited to 1/N of the “input-signal band-
width.” This situation would be improved if the system
could generate spectra at the sample rate.

Sliding FFT algorithm reduces delays

You might at first think that in order to update the
frequency spectrum on a real-time basis, the system
would have to recalculate the FFT for each new sample
of the input sequence. Intuitively, you'd conclude that
this procedure is wasteful, because only one point in
the sequence changes for each recomputation of the
FFT. Under certain conditions, however, you can ap-
ply a faster method of calculating frequency spectra
in real time.
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It turns out that you can derive an FF'T for a seg-
ment of the N-point data sequence, beginning at time
k+1, directly from the FFT computed for the prior
segment that began at time k; this procedure saves a
considerable amount of computation time. As sug-
gested by its name, the sliding FFT “slides” over the
data sequence, N points at a time (Fig 3). The impor-
tant constraints are that the input data must be pre-
sented in a nonterminating sequence, and that the in-
put-signal bandwidth must be no greater than the real-
time bandwidth.

To understand how the algorithm works, let the FFT
of the kth sampling interval be Xk, that is

FFT of {x(k),...,x(k+ N —1)} =Xk,
Then,

Xk+ 1(m)
= el(2mm)/N(XK ) + Xk + N — Xk)-

This equation states that the FFT of the k+ 1th sam-
pling interval is equal to the phase-shifted sum of the
previous FFT and the difference between the newest
sample and the oldest—that is, between the sample
entering the leading edge of the window and the sam-
ple leaving the trailing edge. For the mathematical
details of this relationship, see box, “Derivation of the
sliding FFT.”
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Fig 2—When a system in steady state experiences a perturbation (a spike at t=64) (a), the system may experience a delay before it
detects the spike. A 64-point FFT, computed for samples 0 through 63 (b), generates a spectrum containing no harmonics (c). If you
sample at t=1 through t=64 (d), the spike appears in the sample, and if you could perform instantaneous computations, you'd see that
at t=65 the spectrum looked like e. In practice, because the system requires 64 sample times to compute an FFT, the changed spectrum is

not available until (at least) t=127.
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An additional advantage of the shding
FFT is that it doesn’t vequive bit reversal,
as most FFT algorithms do.

I XKm) 2
: N-POINT FFT ':
|
Xn) ' m |
9 () 3 g
| N-POINT FFT | I|
| -
| | I
| Pl ] oyl
0 k k+1 k+N—-1 k+N

Fig 3—You can reduce the propagation delay by computing the
first spectrum with the ordinary FFT algorithm, but thereafter deriv-
ing each mew spectrum from the previous one with the aid of a
simpler algorithm. In effect, you slide the window over the data,
one point at a time.

Thus, if you know the transform of the input se-
quence at time k, you can derive the next transform
(at time k+1) without computing another FFT. You
can calculate Xk+1, from Xkg,) using N complex
multiplications and N complex additions. By contrast,
recomputing the FFT requires N/2 xloga(N) multipli-
cations and N Xlogo(N) additions. To see how much
computation time you’ll save, consider that a 1024-point
FFT requires 5120 complex multiplications and 10,240
complex additions if you use a standard “decimation-in-
time” algorithm. Computing the sliding FFT requires

only 1024 complex multiplications and 1025 complex
additions, including x4+ N)—X(). The amount of time
you save will be system dependent, and it will increase
with the size of the FFT.

An additional advantage of the sliding FFT is that
it doesn’t require bit reversal, as most FFT algorithms
do. Further, the sliding FFT doesn’t require that the
data sequence be of a particular length, as fixed-radix
FFTs do. Sliding FFTs make it easier to format the
input data, therefore.

The sliding FFT is defined recursively. That is, at
each point in time the algorithm demands that you
know the spectrum that existed at the previous point
in time. Obviously, an initial value—X9(;,—is neces-
sary to start, or “seed,” the process. You can supply
this value by computing the transform of the first N
points of the sequence with a conventional FF'T; there-
after, you can use the more-efficient sliding FFT to
generate all subsequent spectra.

Alternatively, you can arbitrarily define the input
sequence so that the first N points are zero (a condition
that’s equivalent to delaying the input by N), thus
forcing X0¢y to be all zeros. From that point on, you
can apply the sliding-FFT algorithm. After the first
N iterations, the frequency spectra produced will be

Derivation of the sliding FFT

To derive a sliding FFT, let Xk,
denote the N-point FFT over the
segment of the input sequence
{Xk)+--»X(k+ N 1)}- From the defi-
nition of the FFT you have

justed, to yield

k+1
X(m) =

p=0

The summation can be expanded,

and the index of summation ad-

N-1
S X(ptk)e ~—w

; —j 2am(N-1) j 2m
Xl(‘m) 2 Xintkie 7 + X(k+N) e - X(k)e w. i
L Expanding the exponential fac- . X(m)
and tors yields e [X(m) + X(k+N)
k+1 N- j 27rmn - ]
X(m) = 2 X(mtk+De N Xt Xk) |-
N-
Substituting p=n+1, you can e 2 X(p+k)e N
write Xk+1,,) as p=0
—j 2 j 2mm
N ey + X(k+N) N ‘e N
= > X(p+k) e N
p=1 j 2mm
— X(k)e N

Finally, noting the periodicity of
the exponential term (ei2mm=1),
and substituting Xk, for the
summation, you simplify the ex-
pression and arrive at the work-
ing form of the sliding FF'T:

—j 2mm(p-1)

164

EDN September 29, 1988



LISTING 1

SLIDING FFT ROUTINE 4-28-88
This routine compares the length of time required to compute
an N-PT. FFT using a conventional decimation-in-time algorithm vs.
the "Sliding FFT" technique discussed in the accompanying article.

Since the Sliding FFT is a recursive algorithm the Transform
resulting from the first algorithm is used as an input. In other
words, the frequency spectrum at time k is provided and the Sliding
FFT is used to calculate the spectrum at the next point in time (see

FIG. 1).

The program prints a record of the calculation time required;
this is a rough indication of the speed with which a non-terminating
data sequence could be sampled and its frequency spectrum updated.

DEFINT A-N: CLS
PRINT "Enter the exponent of 2 which determines the length of the FFT"

INPUT M

N=26M 'length of FFT=N

DIM XR(N), XI(N) 'input/output arrays (real & imag.)
DIM ER(N), EI(N) 'exponential phase shift table

FOR I=1 TO N 'create random input array
XR(I)=RND

XI(I)=RND

NEXT I

XROLD=XR(1): XIOLD=XI(1) 'save old sample

XRNEW=RND: XINEW=RND 'save new sample

————————— BEGINNIENG OF CONVENTIONAL FPFT =————=tero e e o m
TIMES$="00:00:00"
NV2=N/2
NM1=N-1
J=1
FOR I=1 TO NM1 'do bit-reversal of input data
IF I>=J THEN GOTO 520
TR=XR(J)
TI=XI(J)
XR(J)=XR(1I)
XI(J)=XI(I)
XR(I)=TR
XI(I)=TI
520 K=NV2
530 IF K>=J THEN GOTO 570
J=J-K
K=K/2
GOTO 530
570 J=J+K
NEXT I
FOR L=1 TO M 'begin decimation-in-time alg'thm
LE=2€L,
LE1=LE/2
UR=1! Listing continued on pg 166
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The sliding FFT is attractive in comparison
with conventional algorithms when you need
to update the spectrum at rates approaching
the sampling frequency.

UI=0!

WR=COS (PI/LE1)
WI=-SIN(PI/LE1l)

BOR J=1 TO LE]

FOR I=J TO N STEP LE
IP=I+LE]l
TR=XR(IP)*UR-XI(IP)*UI
TI=XR(IP)*UI+XI(IP)*UR
XR(IP)=XR(I)-TR
XI(IP)=XI(I)-TI
XR(I)=XR(I)+TR
XI(I)=XI(I)+TI

NEXT I

TR=UR*WR-UI*WI
TI=UR*WI+UI*WR

UR=TR

UI=TI

NEXT J

: in the performance comparison.
]

FOR I=1 TO N
ER(I)=COS(2*PI*(I-1)/N)
EI(I)=SIN(2*PI*(1I-1)/N)

TIME$="00:00:00"
DR=XRNEW-XROLD:
FOR I=1 TO N
TR=XR(I)+DR: TI=XI(I)+DI
XR(I)=ER(I)*TR-EI(I)*TI
XI(I)=ER(I)*TI+EI(I)*TR

DI=XINEW-XIOLD

END OF SLIDING FFT
M2$=MIDS(TIMES,4,2):
CLS:

PRINT TAB(10);M1$;" MIN.
END

LIST'NG 1 (Continued)

END OF CONVENTIONAL FFT ——
M1$=MID$ (TIMES$,4,2): S1$=MID$(TIMES,7,2)
]

. Since the exponential phase shift table is
! not re-computed each time the algorithm is

'Real part
'Imaginary

BEGINNING OF SLIDING FFT
'‘diff.

'add above term to terms in previous spectrum
'multiply previous spectrum by phase shift
'term-by-term

S2$=MID$(TIMES,7,2)

PRINT TAB(10);"TIME REQUIRED FOR ";N;"-POINT FFT":
PRINT TAB(10);"CONVENTIONAL" ;TAB(40);"SLIDING"

".518;" SEC.";TAB(40);M2S$;" MIN.

a constant factor, and
used, it is not included

of phase term
part of phase term

term = (newest term)-(oldest)

PRINT

";st;“ SEC."

valid. Remember, however, that it takes longer to cal-
culate N sliding FFTs than it does to calculate an
N-point FFT by the conventional method. You'll find
the results of a quick benchmark comparison between
the conventional-FFT and sliding-FFT algorithms in
Tables 1 and 2.

The Turbo-Basic source listing for the benchmark
program appears in Listing 1. The program measures
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performance by using Basic’'s TIME$ system call to
time random data sequences of varying length. The
program calculates the conventional FFT first and uses
the result to seed the sliding FFT, as described above.
Obviously, the execution speed of the Basic interpreter
running on an IBM PC/XT or PC/AT is far below the
speed that any practical DSP application would re-
quire; however, this crude example clearly shows the
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ket's smallest footprint.
: anks to some big ideas, bright
-~ minds, and an advanced produc-
tion technique or two, the Astec line
of DC-DC converters gives you the
high-performance you'll need to
power your best ideas.

Plus You Can Keep A
‘Low Profile.

With a total height of only 0.4
inches, Astec’s DC-DC converters
deliver an impressive 5 watts per
cubic inch. All with a 400 KHz
switching frequency. Not to men-
tion our rugged ceramic hybrid,
100% surface mount construction,
high efficiency (typically 80%), and
a MTBF of over 684,000 hours. And,
they're easy to mount and fit per-
fectly in rack systems.
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Best of all, there’s almost certain

to be an Astec DC-DC converter to
fit your exact needs. We make ver-
sions in single, dual, and triple out-
put combinations, which makes
them ideal for a wide range of
uses—especially telecommunica-
tions, industrial, and distributed
power applications.

Sometimes, Bigger Is Better.

At Astec, our manufacturing
capability can exceed 4 million
power supplies per year. That's one
reason why we've sold more power
supplies than any company any-
where (15 million at last count).
Another reason is our efficient pro-
duction that keeps costs down and
quality up.

Then there's our U.S. headquar-
ters in the heart of the Silicon Valley,
where we provide sales, engineer-

CIRCLE NO 100

ing, and service around the nation.
So all you supply is the need. And
we'll supply the power—exactly
what you want.

To find out more about The Real
Power, or to locate the distributor
nearest you, call Astec now: 800-
7AS-TEC7, ext. 11. Or write: Astec
USA, 2880 San Tomas Expressway,
Santa Clara, CA 95051; (408)
748-1200.

Because when it comes to DC-
DC converters, the biggest ideas
are now available in the smallest
packages.

ASTEC
The Real Power
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A conventional 64-point FFT won’t detect
a spike at t=1 until t =127, when the sys-
tem has collected all vemaining data points
and computed the new spectrum.

advantage of the sliding FFT. Also note that, as ex-
pected, the margin of improvement is greater for
longer data sequences.

Although you can use the sliding FFT to enhance
real-time spectral analysis, you must observe its inher-
ent constraints. First, the input data must be part of
some nonterminating sequence. The benefit of the slid-
ing FFT algorithm is that performing recursive calcula-
tion of the spectra of an unending sequence is inher-
ently more efficient than applying the general methods
for calculating the discrete Fourier transform to each
N-point window as though it were unrelated to the
previous one. However, if Xk+1,, and Xk, actually
are unrelated, the algorithm is of no use.

Second, if the system must sample the data at a
faster rate than the rate at which it can compute the
sliding FFT (input-signal bandwidth exceeds real-time
bandwidth), you can’t use the algorithm. The reason
is that the recursive calculation of the transform pre-
sumes that the samples are consecutive, so the time
required for calculation effectively limits the sampling
rate. If the input sequence contains frequency compo-
nents that are higher than the sampling rate, aliasing
will occur in the resultant spectra.

Don’t assume that the sliding FFT’s computational
efficiency applies to all circumstances. In fact, only
when you need to compute spectra at a rate that’s close
to the sampling frequency does the sliding FFT become
attractive in comparison with the ordinary FFT. The
system must repeat the calculations in the sliding algo-
rithm for each sample; after N samples, you have N2
multiplications. With a conventional FFT, the same

TABLE 1—BENCHMARK RESULTS FOR
AN IBM PC/XT

FFT LENGTH (POINTS) CONVENTIONAL SLIDING
128 9 SEC 1 SEC
256 21 SEC 3 SEC
512 46 SEC 6 SEC
1024 1 MINUTE, 40 SEC 12 SEC
2048 3 MINUTES, 38 SEC 24 SEC
4096 7 MINUTES, 50 SEC 49 SEC
8192 16 MINUTES, 50 SEC | 1 MINUTE, 37 SEC

TABLE 2—BENCHMARK RESULTS FOR
AN 8-MHz IBM PC/AT

FFT LENGTH (POINTS) CONVENTIONAL SLIDING
128 <1 SEC <1 SEC
256 <1 SEC <1 SEC
512 1 SEC <1 SEC
1024 3 SEC <1 SEC
2048 6 SEC <1 SEC
4096 14 SEC 1 SEC
8192 31 SEC 3 SEC

N samples could be transformed at a cost of only N/
2(loga(N)) multiplications. The big difference is that
you have to wait until the entire block of N samples
has been acquired before the ordinary FFT can yield
the spectrum.

If that much delay would reduce the system’s tran-

Update rate governs sliding FFT’s efficiency

To find out whether the sliding
FFT is computationally efficient
for your application, you have to
find the sampling rate at which
the sliding FFT requires fewer
complex multiplications than the
conventional FFT does. In the
conventional algorithm, each
computation of an N-point fre-
quency spectrum requires N/
2(loga(N)) multiplications,
whereas the sliding FFT requires

only N2 multiplications.

The computational require-
ments of the conventional FFT
will equal those of the sliding
FFT when the spectrum-update
rate—f, (number of updates per
sampling period)—is such that

f, - log, ) = N,

where 0<f,=N. Then, for

foae e ol B
" loga(N)  log, (VN)

the sliding FFT will require
fewer complex multiplications.
Relative to the sample rate
f;=N, the sliding FFT is compu-
tationally more efficient when:

£t
£~ log (VN)
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PMI’s OP-44 also guarantees a
15 MHz GBW and full power BW
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on accuracy. . .
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Provided that you observe a few simple con-
straants, you can use the shiding FFT to
enhance real-time spectval analysis.

it
v | :I b |
E_l ] ElentS |
+ A A + Y
i
Xk) XK(m) “——I ej2n/N
N-POINT FIFO N-POINT FIFO
higisial i N-POINT ROM
\ A
X(k+N) XK+ (m)
\
INPUT DATA AT SPECTRAL COMPONENTS
SAMPLE RATE AT N x SAMPLE RATE

Fig 4—You can implement the sliding FFT algorithm in hardware with the aid of two FIFO registers and a ROM that holds the system

transfer function.

sient performance to an unacceptable level, you can
choose either to compute the FFT more often or to
use the sliding FFT. The latter becomes a bargain
whenever the rate at which spectra must be recom-
puted exceeds fy/loga X V'N (see box, “Update rate gov-
erns sliding FFT’s efficiency”). For example, the slid-
ing FFT would be preferable in a system that had to
update a 256-point spectrum at any frequency greater
than 1/4 the sampling rate.

Finally, consider the fact that the sliding FFT is
eminently suitable for hardware implementation. The
block diagram (Fig 4) depicts a basic design for an
N-point sliding FFT unit. One of the two FIFO regis-
ters represents the window that slides over the input
data, and the other represents the recursively-updated
frequency spectrum. The ROM contains the exponen-
tial phase-shift terms.

The system clocks the input data sequence (at the
sample rate fg) into the FIFO register at the left. The
oldest sample (xi) is subtracted from the newest sam-
ple (xx+N)- The previous spectral data is clocked
through the second FIFO register at a much higher
rate (N xfg). As the mth point, Xk, emerges from
the FIFO register’s output, it is summed with
Xk + N — Xk and multiplied by the mth entry in the phase-
shift ROM, ei(2mm)/N, resulting in the mth point in
the updated spectrum, Xk+1qy,.

170

From the block diagram in Fig 4, you can see that
the inherent simplicity of the sliding-FFT algorithm
lends the algorithm to a very straightforward hard-
ware realization. Further, you can easily include paral-
lel paths for arithmetic operations. Well-designed par-
allel computation paths will give you very high data
rates.
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The meeting that should never have happened.

When a disk drive crashes, you're in trouble. To an irate
customer, it doesn’t matter that you purchased the drive from
someone else. Your logo is on the system.

This means you need a disk drive supplier who is also a
partner...a company who understands what it’s like to com-
pete in today’s tough computer systems marketplaces. That
company is Hitachi.

An intimate knowledge of the disk drive business.

When you decide to do business with Hitachi, you get
more than just a high quality, incredibly reliable disk drive.
You also get the support, resources, and expertise of a $40
billion dollar company who's one of
the largest OEM computer systems
manufacturers in the world. We use
disk drives in our own systems, and §
risk losing customers if drives fail.
Just like you.

This means we know what it takes
to make the best. We design and build
our own motors, heads, microproces-
sors, and custom LSIs to our own strin-
gent specs—all checked by the most stringent
Quality Assurance program in the industry.

We have over 1,500 engineers who work on nothing but
disk drives. They're supported by nearly two decades of

experience manufacturing disk drives, and over 16,000
employees in R&D throughout the company.

A serious commitment to the disk drive business.

Hitachi continues to advance storage technology, through
the ongoing development and manufacturing of new 5.25,' 8;'
and 8.8" Winchesters, magnetic tape subsystems and ultra-
high density optical disk subsystems. We plan on being in this
business for a long time. . . making sure your customers call
with orders, not complaints. Next time, specify Hitachi.

Fast Action: To get information or product literature imme-
diately, CALL TOLL FREE 1-800-538-8157, Ext. 877. In
California, 1-800-672-3470, Ext. 877. Ask
for literature number APB-002.

Regional Sales Offices: Waltham, MA
617/890-0804, Dallas, TX 214/991-7983,
Brea, CA 714/993-1610, San Bruno, CA
415/872-1902.

Hitachi offers a complete line of Winchester,
i nd optical storage products
acities and interfaces for
virtually any application.

Hitachi America, Ltd.
Computer Division

950 Elm Avenue, Suite 100
San Bruno, CA 94066
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Miniature Deep Drawn With the achifzvement of a better than 40 - 1 L/‘D
Parts Exceed a a0 - 1 ratio, Utitec brings you another breakthrough in

mass-produced, deep drawn miniature tubular parts.
Length-to-Diameter Ratio This is one example of the strides being made in
materials, production equipment and process tech-
nology to bring industry the highest quality, pre-

cision miniature parts at cost effective prices.
Parts are made to exacting specifications up to
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Design Feature

Spice techniques
facilitate analysis
of feedback circuits

New, easy-to-apply methods for using Spice
allow you to obtain accurate gain and phase
information for closed-loop analoyg civcuits
that use negative feedback. The new tech-
niques eliminate the loading errors caused
by the blocking inductor and the coupling
capacitor traditionally used to block and in-
Ject signals in Spice simulations.

Steven C Hageman, Calex Manufacturing Co Inc

Spice, the venerable analog circuit simulator devised
by the University of California Berkeley (Ref 1), is
useful for the analysis and measurement of the feed-
back properties of analog circuits. Traditional Spice-
based methods use large-value inductors and capacitors
to open the feedback circuit for ac analysis while still
allowing Spice to find the proper de operating point.
In simple or close-to-ideal circuits, these methods work
fine, but in the analysis of less-than-ideal circuits, er-
rors arise because of improper loading caused by the
loop-injection capacitors and inductors. Although com-
plex methods are available to handle these problems
(Ref 2), the methods presented here do not disturb
the loop impedances at all, and thus eliminate the need
for “circuit mirroring” or, alternatively, the acceptance
of errors that accrue from improper loading.

EDN September 29, 1988

These methods also allow Spice to find the dc operat-
ing point. The techniques are especially useful with
the latest PC-based Spice implementations that have
graphical postprocessing that performs waveform
mathematics (vector addition, subtraction, multiplica-
tion, and division). These methods will work with any
Spice implementation that provides “hand analysis” of
output files; the techniques are applicable to non-Spice
simulators as well. The examples that follow use Micro-
Sim’s PSpice syntax (Ref 3).

Transfer-function analysis

Fig 1 gives the simplest example of waveform mathe-
matics applied to feedback-loop circuits. This configura-
tion is a common test circuit for determining the trans-
fer function of an operational-amplifier inverter circuit.
You can, of course, extend this analysis concept to any
circuit configuration that has input-output nodes and
a summing point at virtual ground. You run the analy-
sis by setting Vin to an ac magnitude of 1V. Frequency
is the variable, and the desired output is node 3. In
PSpice, the graphical-output command (see box,
“PSpice’s Probe postprocessor syntax”) for the results
at node 3 would be

Transfer Funection
Transfer-Function Phase.

DB(VM(@3))
VP@3)

This command syntax produces a display of the transfer
function and phase response of the circuit (at node 3)
as a function of frequency.

All driving-voltage and -current sources use a unity
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In the analysis of nomideal circuits, loop-
injection capacitors and inductors introduce
ervors. New simulation methods do not dis-
turb loop impedances in any way.

input value (that is, 1V ac or 1A ac) to make the outputs
scale conveniently. Because Spice linearizes the circuit
around the dc operating point for the ac analysis,
the ac value has no effect on the resulting analysis
accuracy.

The node 3 result does not mark the end of the
usefulness of the analysis run because PSpice will save
the results of every node during the analysis (you can
also instruct other Spice versions to save other nodes).
You can use this saved information to simultaneously
determine both the op amp’s open-loop gain and the
loop gain (see box, “Understanding loop-gain nomen-
clature”) by looking at nodes 2 and 3. The open-loop
gain is the logo ratio of the voltages at node 3 and
node 2, and the loop gain is the logarithm of the voltage
at node 2. In PSpice, the commands are

DB(VM(3)/VM(2))
VP@3)-VP(2)

Open-Loop Gain
Open-Loop Phase

—DB(VM(2))
VP(2)

Loop Gain
Loop Phase.

Because these additional analyses are dependent on

TRANSFER FUNCTION = dB(VM(3))
3 PHASE=VP(3)

Fig 1—A common test circuit to determine an amplifier’s transfer
function, this configuration uses an ideal operational amplifier in
the inverting mode. Spice determines both gain and phase vs fre-
quency.

the feedback network, they are really only approxima-
tions that hold true when f<<f, (the 0-dB frequency
of the open-loop gain) and when the open-loop
gain>>the loop gain. Therefore, use them with cau-
tion.

Even this simple example shows the wealth of feed-
back-loop performance data available when you apply
waveform mathematics to Spice.

The classical Spice-based method of determining the

PSpice’s Probe postprocessor syntax

(none) Magnitude

M Magnitude

DB Magnitude in decibels
p Phase

G Group Delay

R Real Part

I Imaginary Part.

Some usage examples are:

the basic quantities, Probe allows
full waveform mathematies, in-
cluding +, —, /, and * of quanti-
ties. Hence the command VM(1)/
VM(2) would display the ratio of
the voltage magnitudes at nodes
1 and 2, and VP(1)-VP(2) would
display the phase difference be-
tween nodes 1 and 2.

PSpice also allows the direct
measurement of current through

the following devices:

PSpice has a rich set of commands = VM(2) = Magnitude of voltage

for its Probe graphics postproces- at node 2

sor. For ac analysis, the output VDB(1) dB magnitude of volt- R Resistor

variables allowed are V for node age at node 1 C Capacitor

voltage and I for current either VP(@3) Phase of voltage at I Independent Current
into a device terminal or through node 3 Source

an independent voltage source IR(VIN) Real part of current L Inductor

(usually zero valued, to act as an through Vin. i Transmission Line
ammeter). You can augment v Independent Voltage
these variables by using suffixes: In addition to displaying just Source.

Usage examples are

VDB(R1) dB magnitude of volt-
age across R,

IM(C10) Magnitude of current
through Cyg

IP(L2) Phase of current
through L2

IR(VIN) Real part of current
through Vin.
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loop gain of a feedback circuit is shown in Fig 2a. The
large inductor and capacitor allow Spice to find the de
operating point for the analysis at the same time as
they open the feedback loop for the ac analysis. Viy
is injected directly into the feedback path. The loop
gain, determined from the analysis of node 2, is accu-

rate only if the impedance looking into node 2 is much
lower than the impedance looking into node 3
(Zo<<Zs).

The drawback to this classical method is that the
inductor-capacitor combination disturbs the impedance
balance in the loop. If the loop gain is in any way

Understanding loop-gain nomenclature

All feedback circuits have several
common performance parameters
that completely describe the op-
eration of the feedback loop. The
most common of these parame-
ters are the open-loop gain, noise
gain, loop gain, and transfer
function.

Loop-gain and phase informa-
tion are used in the determination
of gain- and phase-margin infor-
mation. These parameters give
indications of the circuit’s closed-
loop stability. What is less under-
stood is the relationship that loop
gain has with noise gain and
open-loop gain.

The open-loop gain is the gain
the system would have if no feed-
back were applied. Manufactur-
ers of op amps display it in the
form of open-loop-gain curves.
The noise gain is the gain the
feedback system would exhibit in
response to a corrupting noise
source. For the inverter in Fig
A, the noise gain is 1+ Ry/Rj (or
20.8 dB). Another, and some-
times easier, way to analyze the
noise gain is to insert the noise
source into the positive input of
the op amp, and then determine
the Vout/VNoisg transfer
function.

The loop gain is the difference
between the open-loop gain and
the noise gain, hence it is the
noise gain—and not the transfer-
function gain—that determines

Re 100k

ViN

Ry 10k

DOMINANT POLE OF OP-AMP OPEN-LOOP GAIN

100

79.2

LOOP GAIN

GAIN (dB)

OP-AMP OPEN-LOOP GAIN FROM DATA SHEET

LOOP GAIN =0OPEN-LOOP GAIN — NOISE GAIN

TRANSFER FUNCTION =R¢/R
NOISE GAIN=1+Rg/R
CLOSED-LOOP BANDWIDTH AT LOOP GAIN=0 dB

VWA

2 -
3

OPEN-LOOP GAIN 0-dB FREQUENCY

20

FREQUENCY

Fig A—In analyzing the performance of an inverting amplifier (a), the important
parameters are its open-loop gain (without feedback), its closed-loop gain (with feed-
back), and its noise gain. The graph (b) shows the parameters’ interrelationship.

the system bandwidth. The op-
amp circuit of Fig A is an example
of a 1-pole, inverting gain-of-10
amplifier. The accompanying
graph shows the relationship of
the various gains to each other.
The transfer function relates to
the amplification of the amplifier
vs frequency, but it is not the sole
determining factor in the overall
bandwidth of the circuit. The
noise gain determines the band-
width, as can be shown by placing
a 1000 resistor from node 1 to
ground. The transfer-function

gain remains at 10 (20 dB), but
the bandwidth is now about a dec-
ade lower because the noise gain
is now 40.9 dB (noise

gain=1+ Rp/(R1 || 1000).

Any amplifier voltage noise is
multiplied by the noise gain, and
the input offset voltage is multi-
plied by the dc value of the noise
gain. Therefore, if the op amp in
question has a 1-mV offset volt-
age (referred to input), the offset
seen at the output will be 11 mV
(dc noise gain=1+Ryp/Ry=11).
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Spice’s waveform-mathematics capabilities
make it possible to determine the gain and

phase of any civcuit with input-output nodes

and a summing junction.

LOOP GAIN =dB(VM(2))
PHASE = VP(2)

(a)

Z

LOOP GAIN = dB(VM(2)/VM(3))
PHASE = VP(2) - VP(3)

(b)

Fig 2—A new Spice method contrasts sharply with the old technique. The circuit in a uses extremely high-value reactive components to
provide ac blocking and coupling. The circuit in b introduces no extraneous components to the model and does not disturb circuit impedances

n any way.

dependent on the op amp’s output impedance or the
feedback network’s impedance, the analysis will be er-
roneous. Jaycox (Ref 2) has shown an elegant way to
lessen the impedance imbalance by “circuit mirroring,”
but this method increases the circuit size by 100% for
each mirror. The method thus results in increased run
times, and it vastly increases the circuit net list that
must be derived.

The new method shown in Fig 2b uses the waveform-
mathematics capability of PSpice along with a stan-
dard, Spice-independent voltage source. The independ-
ent voltage source is an ideal entity in Spice; it exhibits
zero series impedance and infinite parallel impedance.
It is truly unrealizable in actual circuit design, but you
can put it to good use with Spice simulations. In Fig
2b, the voltage source itself breaks the feedback loop
and does not change the impedance levels of the circuit
at all. This scheme preserves the integrity of the feed-
back loop while allowing a simple loop-gain analysis.
The loop gain in Fig 2b is determined by

DB(VM(2)/VM(3))
VP(2)-VP(3)

Loop Gain
Loop Phase.

Using the transfer-function analysis described ear-
lier, you can also find the open-loop gain (with the
same restrictions).

Fig 3 illustrates a method called “big-gun analysis.”
This technique allows you to determine almost all loop
parameters from a single run. The ideal Spice voltage
source, inserted in the loop between nodes 1 and 2,
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allows you to determine the following loop parameters:

DB(VM(3)/VM(2)) Open-Loop Gain

VP@3)-VP(2) Open-Loop Phase

DB(VM(1)/VM(2)) Loop Gain

VP(1)-VP(2) Loop Phase

DB(VM(3)) Noise Gain

VP@3) Noise Phase.

o

Vin

OPEN-LOOP GAIN = DB(VM(3)/VM(2))
PHASE = VP(3)— VP(2)

LOOP GAIN = DB(VM(1)/VM(2))
PHASE = VP(1)- VP(2)

NOISE GAIN =DB(VM(3))
PHASE = VP(3)

Fig 3—*“Big-gun analysis” determines almost all loop parameters
from a single Spice simulation run. These parameters include open-
loop gain, loop gain, noise gain, and phase. The secret to the method
1s the insertion of an ideal voltage source between nodes 1 and 2.
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(a) REAL INPUT IMPEDANCE = VM(1)

Z -

lout

e

(b) REAL OUTPUT IMPEDANCE = VM(2)

Fig 4—An ideal current source aids in determining input and output impedances. The 1A ac source allows Spice to read the input
impedance (a) by simply reading the voltage at node 1; when applied to the amplifier’'s output (b), the source produces a voltage reading

that equals the output impedance of the circuit.

ZsouRrce = 1/IM(Vs)
Z10AD = 1/IM(Vy)

Fig 5—You can measure source and load impedances simultane-
ously. Vg and Vj, are zero-valued voltage sources. The reciprocal
of the measured current in these sources is the real part of the
impedance in ohms when Viny=1V ac. The large blocking capacitor,
Cc, provides near-ideal coupling to the source Vy.

You can determine all of these important loop pa-
rameters in a single PSpice run without incurring any
penalty on run time, thanks to the fact that PSpice
stores the results of each node in the analysis. Using
a circuit setup like the one in Fig 3, you can determine
important loop parameters like gain and phase mar-
gins, as well as information on how the circuit will
respond to amplifier noise.

Zin and Zgyt analyses

Other useful information about generalized feedback
circuits includes input- and output-impedance values.
You can determine these parameters by using a Spice-
model independent 1A current source connected to the
input or output nodes of the feedback circuit, as shown
in Fig 4.
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PHOTODIODE
MODEL

OPEN-LOOP GAIN=DB(VM(8)/ VM(2))
PHASE = VP(6)-VP(2)

NOISE GAIN =DB(VM(6))
PHASE = VP(6)

Fig 6—This low-noise photodiode amplifier circuit uses a com-
pound-amplifier block that limits the noise gain of the circuit but
does not reduce the I/V bandwidth. Viy is the independent ac source
used for the Spice feedback analysis. The accompanying Spice run
of Listing 1 uses the “big-gun” analysis technique.

You determine the input impedance by placing a
1A independent ac current source on the input to the
feedback circuit. The impedance is
VM) Real Part of Input Impedance ({2).

In similar fashion, you can determine the output
impedance of a feedback circuit by placing a 1A inde-
pendent ac current source on the output of the circuit.
The impedance is

VM(@3) Real Part of Output Impedance (€2).
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Fig 7—Spice-derived open-loop gain, noise gain, and phase characteristics of Fig 6’s circuit are visible in these plots. The various poles
and zeros of the open-loop gain and the noise gain are evident from the breakpoints in a. The plot in b gives the phase response of the amplifier.

Of course, you can derive the loop gain and the open-
loop gain of the feedback circuit from these runs as
well (again with accuracy restrictions).

Epler (Ref 4) has shown a way to extend the output-
impedance measurement to allow the simultaneous
measurement of both the source and load impedance.
Fig 5 shows the circuit needed to perform this analysis.
Spice only allows the measurement of current, in volt-
age sources (although PSpice has extensions to this
capability), hence the two zero-value independent volt-
age sources, Vg and Vi,. The reciprocal of the current
in these sources is the real part of the impedance in
ohms when Viy has a value of 1V ac. Cg is a de-
blocking capacitor that has a value of 1 GF. Some
circuit-analysis programs (for example, some Spice ver-
sions) can have problems with such a large-value ca-
pacitor during matrix inversion. If such problems oc-
cur, use a smaller value for C¢.

Putting it all together

You can use each of the described methods sepa-
rately, or you can write any and all source combinations
into a Spice net list at the same time. Simply set the
desired source on with an “ac 1” statement or off with
an “ac 0” statement for the particular analysis you
wish to run. For example, you can use the big-gun
analysis with the transfer-function analysis. By setting
the desired sources either on or off, you can obtain the
proper Spice run. This flexibility exists because an
independent source in Spice, when turned off, displays
ideal passive characteristics and will not disturb the
circuit’s impedance levels.

Some practical examples are useful to illustrate the
workings of these Spice methods. For instance, you
can design a low-noise photodiode amplifier (Ref 5)
by using a compound-amplifier block that will limit the
noise gain of the resulting circuit but that won’t reduce
the I/V bandwidth. As shown in Fig 6, this circuit
consists of a model of an HP5082-4204 photodiode at
the input of a 2-op-amp amplifier, in which Vy serves
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SWITCH
4o
12V DC
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LC OUTPUT FILTER
YY)

L
il

ERROR
AMP

<

5V DC

o

(a)

lout

LOOP GAIN =DB(VM(30)/VM(50))
PHASE = VP(30) - VP(50)

MODULATOR GAIN = DB(VM(30)/VM(90))
PHASE = VP(30) - VP(90)

ERROR-AMP GAIN = DB(VM(90)/VM(50))
(b) PHASE = VP(90) — VP(50)

Fig 8—Spice finds application in power-supply designs, too. The
simulation of this buck-type regulator (a) provides gain and phase
for the loop, the modulator, and the error amplifier, as well as the
regulator’s output impedance. The equivalent circuit (b) correctly
models all small-signal loop dynamics of the regulator.
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Because Spice linearizes a circuit avound
the chosen dc operating point, this quiescent
point has no effect on the ac analysis.

LISTING 1—PHOTODIODE AMPLIFIER

ANALYSIS DIRECTIVES

AC DEC 10 0.1 10E6 ; AC ANALYSIS 0.1Hz TO 10MHz

PROBE ;, FOR PSPICE'S GRAPHICS POST PROCESSOR
" INPUT DRIVING SOURCES

VIN' .2 1 AG1 : INPUT DRIVING SOURCE

* CIRCUIT DESCRIPTION

R1 1 6 100MEG

CS 1 B 2P

R3 3 4 IR

R4 S B

C1 4 5 0047V

* PHOTODIODE MODEL
BB 1. @ aENn . HP 5082-4204 PHOTODIODE MODEL

ch 1 0 65P

* OPAMPS
XOPt 0 2 3 OPAN
XOP2 0 4 6 OPA404

* SMALL SIGNAL OPA111 MACROMODEL SUBCIRCUIT
SUBCKT OPA111 123

+- OUTPUT
+-- INVERTING INPUT
R NON INVERTING INPUT

RIN 1 2 1G . INPUT IMPEDANCE

* GAIN STAGE AND 1ST POLE
GMO. 10 & 201 ; GAIN = 100K. POLE AT 15Hz

RG 10 0 100000
CP1 10 O 106N

* OUTPUT BUFFER AND STATIC ZOUT

EOUT 20, 0 10. 0 1 ; OUTPUT IMPEDANCE = 100 OHMS
ROUT20 3 100
ENDS

* SMALL SIGNAL OPA404 MACROMODEL SUBCIRCUIT
SUBCKT OPA404 12 3

+- OUTPUT
+--- INVERTING INPUT
e NON INVERTING INPUT

RIN 1 2 1G ; INPUT IMPEDANCE

* GAIN STAGE AND 1ST POLE
GMO0 10 1,2 1 . GAIN = 100K, POLE AT 70Hz

RG 10 0 100000
CP1 10 0 22N

* OUTPUT BUFFER AND STATIC ZOUT

EOUT 20, 0 10, 0 1 ; OUTPUT IMPEDANCE = 100 OHMS
ROUT20 3 100
ENDS

* END OF EXAMPLE 1 NETLIST
END
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Methods to lessen the impedance imbalance
introduced by adding large capacitors and
inductors to a circust model result in larger
civcuits and longer run times.

as the independent ac source used for the feedback
analysis.

The simulation goal is to analyze the open-loop gain
for the compound amplifier and determine the noise
gain of the circuit. The resulting PSpice input net list
is shown in Listing 1. The big-gun method was the
technique of choice for the analysis run because the
noise gain and open-loop gain can be found with the

same nodal data. The Spice net list is also shown in
Listing 1.

Figs 7a and 7b show the output of the analysis run.
As predicted (Ref 5), the noise gain shows a zero at
1/2wR;1Cp) or 245 Hz, a pole at 1/(2wR{Cg) or 795
Hz, and a midband gain of 1+ Cp/Cg or 12.5 dB. You
can clearly see the zero in the open-loop gain plot at
1/(2wR4Cy) or 3.4 kHz.

20
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Fig 9—Spice-generated modulator gain and phase plots for Fig
8’8 circuit clearly show the resonant frequency of the modulator’s
LC filter, as well as the zero caused by the capacitor’s effective series
resistance.

Fig 10—Spice provides gain and phase information for the error
amplifier in Fig 8’s circuit. Clearly visible in these plots is the zero
produced by the error amplifier. The error-amplifier gain is simply
the log ratio of the gains at nodes 90 and 50.
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