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IBM PC Image Processing Highlights.
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—Fred Molinari, President

Why clown around in black and white
when you can do it in color...just as easily.

The DT2871 Frame Grabber.
The next logical step.

Now, moving from monochrome to color
image processing is as easy as plugging our
DT2871 (HSI) Color™ Frame Grabber into
your IBM® PC AT®-compatible computer.

The DT2871 features real-time 24-bit
color capture and display. It also performs
real-time RGB/HSI and HSI/RGB color-space

conversion for processing captured images in
either the red-green-blue or hue-saturation
intensity domain . . . intensity being the link to

monochrome processing which performs gray
scale operations.

The DT2871 connects directly to
DT-Connect™ processor boards for faster
compute-intensive color processing. And, is
supported by our Aurora™ software for
accelerated application development.

Now, color image processing can be much
less complicated and quicker to execute.
So, add a little color to your act.

Call (508) 481-3700
In Canada, call (800) 268-0427

FREE 1989 Image Processing
Handbook.

DATA TRANSLATION

World Headquarters: Data Translation Inc., 100 Locke Drive, Marlboro MA 01752-1192 USA, (508) 481-3700 Tix 951646

United Kingdom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RG11 2QJ, UK. (0734) 793838 Tix 94011914
West Germany Headquarters: Data Translation GmbH, Stuttgarter Strasse 66, 7120 Bietigheim-Bissingen, West Germany 01742-54025

International Sales Offices: Australia (2) 662-4255; Belgium (2) 466-8199; Canada (416) 625-1907; China (1) 868-721 x4017, (408) 727-8222; Denmark (2) 274511; Finland (0) 372144; France (1) 69077802; Greece (1) 951-4944, (31) 527.039 (1) 361-4300

Hong Kong (5) 448963; India (22) 23-1040; Israel (3) 5401524; Italy (2) 82470.1; Japan) (3) 502-5550, (3) 348-8301, (3) 355-1111; Korea (2) 756-9954; Netherlands (70) 99 6360; New Zealand (64) 9-545313; Norway (2) 53 12 50; Portugal (1) 545313;
Singapore (65) 7797621; South Africa (12) 8037680/93; Spain (1) 455-8112; Sweden (8) 761-7820; Switzerland (1) 723-1410; Taiwan (2) 7020405

DT-Connect, (HSI) Color and Aurora are trademarks, and Data Translation is a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders.
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If you can use these simple tools,

you can create any waveform.

The Model 75 Arbitrary
Waveform/Function
Generator lets you create
and edit waveforms which
it reproduces with digital
precision. It’s easy to do,
because you use a thumb-
tack and rubberband editing
system to stretch and shape
the waveform on the x-y
axis while you watch the
results on your oscilloscope.

No other arbitrary
generator lets you design waveforms
from the front panel this way.

You can also download and
modify computer-generated

© Copyright 1988 Wavetek Corporation
CIRCLE 34 FOR LITERATURE
CIRCLE 35 FOR DEMONSTRATION

waveforms. Or use one of the nine
built-in functions. The Model 75
memory provides a grid of 8,000
horizontal and 4,000 vertical
points for reproducing signals with
amazing purity.
You can see that Model 75 is
the wave of the future.
And at less than $3,000,
it’s affordable now!
For literature or a
hands-on demonstration
of Model 75, call
(619) 279-2200.

WAVETEK
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Look who's
talking toIBM now-
with a single chip.

THE DP8344 BCP
OPENS UP THE IBM WORLD.

Because of this one little
device, a lot of players have foun
effective new ways of getting into
the Big Blue game. Among them are
Apple, Digital Equipment Corpo-
ration, and many others emerging
as winners in IBM protocol design
and development.

The DP8344 Biphase
Communications Processor an
(BCP) is the key component in 44
Apple’s new adapter card for
the Macintosh II—a landmark
beginning in Apple’s strategy of
integration into the IBM mainframe
environment.

The BCP is also a key compo-
nent in Digital’s new 3270 Terminal
Option Card for the DECserver 550,
which gives IBM 3270 displays full-
screen VI220 access to VAX appli-
cations. Users can simply “hot-key”
from their IBM system to Digital’s
program development environment,
industry-leading ALL-IN-1, and
world-class UNIX.

Besides putting new players
in the game, the BCP gives existing
plug-compatible players —like
Memorex Telex—big competitive
advantages.

© 1989 National Semiconductor Corporation

Apple and Macintosh are registered trademarks of Apple Computer. Inc. UNIX is
a registered trademark of AT&T Bell Labs. ALL-IN-1. DEC. DECserver 550, ULTRIX,
VAX and VMS are trademarks of Digital Equipment Corp. ASA400, CICS, CMS,
IBM and TSO are registered trademarks of International Business Machines Corp
Memorex Telex is a registered trademark of Memorex Telex Corp. BCP is a registered
trademark and BCP PocketLink is a trademark of National Semiconductor Corp
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N A VERY SMALL SPACE.

An intelligent transceiver
and high-performance CPU are
integrated on the same low-power
CMOS chip. So a full system sup-
porting all three IBM protocols —
3270,3299 and 5250 —can be
implemented in an area the size of
a credit card.

Yet the DP8344 BCP’s RISC
architecture is so powerful that it’s
the only processor needed in the
new Memorex Telex 1192 Enhanced
Function Display Terminal Series.
Memorex Telex was able to cut both
power consumption and board
space —while adding a lot of new
features, like an on-screen cal-
culator and adjustable cursor-
movement rates.

CIRCLE 36

The BCP also enables Digital
to maintain both its own and IBM
sessions for four terminals with a
single chip. And Apple can imple-
ment IBM coax and twinax protocols
with the same hardware platform
and two-line interfaces.

WE'LL GIVE YOU ALL
THE SUPPORT YOU NEED.

Our system solution includes
a Multi-Protocol Adapter Demon-
stration System for 3270/3299/5250
connectivity. It supports all popu-
lar terminal-emulation and file-
transfer software.

We also offer the BCP
PocketLink, a credit-card-size ter-
minal emulator; a demonstration/
development system with monitor
debugger; and the DP8344 assem-
bler/linker/librarian system.

LETS TALK.

If you want your system to
talk to IBM, you should first talk to
National. Give us a call today at
(800) 825-5805, ext. 103.

National
Semiconductor
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But as board speeds rise, the designs become much more
complex and add new complications.
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43 SEQUENCER CLOCKS AT 125-MHZ

With novel split-plane architecture, a programmable
CMOS PLD builds the fastest state machines ever with-
out compromising flexibility.
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DSP is taking over many traditional analog areas and
opening up new doors.
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Simplify interfacing and reduce design time for 32-bit
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75 POWER B0OOSTERS TAME DEFLECTORS

Build a magnetic or electrostatic deflection amplifier
from high-voltage hybrids with 160-kHz full-power
bandwidths.

PRODUCT INNOVATIONS

99 CHANGE GATE-ARRAYS IN PLDS

Using 2-input NAND gates as basic logic elements, a
programmable chip delivers gate array flexibility with-
out masks.

103 SPEECH CHIPS YIELD QUALITY SOUND

Synthesizers span low- to high-end speech applications.

111 CACHE CONTROLLER SPEEDS ACCESSES

Adding a superset of features over the Intel 82385, this
cache control chip simplifies system design.
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A Road Map to VHF, UHF &
Microwave Component Design

Our “Atlas” is loaded with specs and engineering data describing
Microwave UHF/VHF ICs and Tuner Modules. For information concern-
ing Microwave Frequency Dividers (prescalers), PLL ICs, UHF/VHF
front end ICs for communications, Video and FM Tuners, contact: AEG
Corporation, 3140 Rte. 22, PO Box 3800, Somerville, NJ 08876-1269;
(201) 231-8493; Fax: (201) 231-8353.
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Creative Technologies
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12 Bit, 1 MHz:
16 Bit, 250 KHz:

Waveform Digitizer

Waveform Synthesizer

Up to 64 Channels per PC

Digital Storage Oscilloscope
Software included

Optional Software: On-line FFT,
Filtering, Histograms, Averag-
ing, Electronic Chart Recorder

Waveforms
¢ Simultaneous A/D and D/A
e Sample and Hold Options

Over 1600 Sold!

= For more information please contact:
L g%g'TM ;4 R.C. Electronics
S oot ([ TINM | 5386-D Hollister Avenue
» Santa Barbara, CA 93111
EIeCtronICS |nc° (805) 964-6708 FAX (805) 964-4906

For XT, AT, and 386 PC Systems
DATA ACQUISITION WAVEFORM SYNTHESIZER
¢ 1 MHz to RAM, 300 KHz to PC * 16 Bit, 250 KHz Standard Output
RAM e Interactive Waveform Design
¢ Upto 150 KHz Continuous to and Output
Hard Disk e Automated Output of up to 60
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POWERFUL up to +23dBm undistorted output
FLAT within 1dB over the entire band. 2.5KHz to 500MHz
UNCONDITIONALLY STABLE regardless of load

DAMAGE-RESISTANT built-in voltage regulator; supply
voltage 24V, 0.35A

RUGGED operates from -55to +85° C, withstands
shock and vibration, ground equipment

COMPACT only 375 by 1.8 by 26in.

finding new ways ...

plifier:

2.5KHz to 500MHz 250,

o$1gg

Packed with these super performance features, 22dB flat gain
and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally
suited for your latest broadband systems designs. And where
space is critical, its height can be cut in half, to only 0.9 in., by
removing the heat sink and attaching the unit to your chassis.
Running tests in your lab or on the production line covering all
or segments of the 2.5KHz to 500MHz range and need more
output from sweep or signal generators? It's not necessary to
purchase and connect/disconnect an assortment of amplifiers
when the ZHL-6A does it all...at an attractive price of only $199.
For a super price/performance amplifier, order a ZHL-6A,
available forimmediate delivery with a one-year guarantee.

setting higher standards

[ Mini-Circuits

A

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

Division of Comp
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BRILLIANT

Trigger on anything the 11403 can capture,
up to the instrument’s full 1 GHz bandwidth.
No external conditioning required.

Copyright © 1989 Tektronix, Inc. All rights reserved. Printed in USA.  114-004
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Create calculated waveforms—such as
energy or power—using extensive mathe-
matical manipulations. Then directly
measure peak-to-peak, max/min, timing,
and other required data.

calculate the I'ESll”s W Get instant, meaningful results
you've always wanted  iamatic measurments

to see, with the new
Tek 1GHz 11403.

For accuracy, for throughput,
for breadth of measurement
and plug-in flexibility, the new
11403 is the smartest answer
in high-performance scopes.
W Measure more signals, with
greater confidence in results.
Better than 1% vertical accuracy,
superb signal conditioning, wide
dynamic range, excellent overdrive
recovery, and up to 300 times the
offset range of the nearest competi-
tor assure you unequaled accuracy.

including gain and phase, auty cycle,
undershoot/overshoot, and skew.
Get a true picture of circuit performance
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Examine fast signals in greater timing Label waveforms with limitless versatility, Continuous statistics are automatically

detail than ever before: the 11403 can win- to identify what each signal represents. provided with each measurement, giving

dow to 10 ps/div sweep rate in the zoom Labels, plus automatic time and date design and manufacturing a clearer picture

and pan mode. stamps, are reproduced on all hard copy of actual circuit performance as adjust-
output. ments are made or as temperatures vary.

with autormatic min, max, mean and Make the measurements you need on

standard deviation statistics for any the waveforms you want— power or

measurement. energy, for example— with no outside

W Perform averaging, enveloping,  controller required to manipulate data.
and advanced mathematical trans- W Ensure the kind of throughput and
formations live, on-line, at a touch. flexibility ATE needs, with acquisition
speeds of more than 2000 waveforms
per second, on-board processing,
plus plug-in modularity that lets
you react quickly to changing needs.
All the high-performance
features you expect, along
with the sharpest color display
in scopes, makes 11403 deduc-
tions not only brilliant, but
easy to come by. To see more,
including a free video introduction,
contact your local Tek sales
engineer; or call 1-800-426-2200.

% Tektronix

COMMITTED TO EXCELLENCE
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For Siemens and
Hitachi,development
time can be a matter

of life and death.

The sooner a disease is diagnosed, the sooner
it can be treated. Today, medical diagnostics techniques
that once seemed like science fiction are pushing the
electronics industry harder and faster than ever.

So when Siemens® set out to design an image
display system for their latest medical technology and
when Hitachi® set out to design a complete medical
imaging system, they both looked to AMD. And found
a complete cure: The 20K™

The 29K has 192 registers that can hold entire
graphics transforms on chip so you get the 17 MIPS that
these performance hungry graphics systems need.

And get ready to clear your desk. All the develop-
ment tools are ready. Not just bits and pieces.

The 29K has everything: Hewlett-Packard® hard-
ware tools, software support from MetaWare™ and Green
Hills™ operating systems from Ready Systems® JMI
Software Consultants® and more. In fact, everything you
need to get started, and finished, is available from AMD
and over 40 Fusion29K™ partners.

Everything.

Find out more. Give us a call at (800) 2929AMD.

Advanced Micro Devices' 29K X

When tomorrow isnt soon enough.

Advanced Micro Devices, 901 Thompson Place, PO. Box 3453, Sunnyvale. CA 94088
29K and Fusion29K are trademarks of Advanced Micro Devices, Inc. Where indicated. product and company names are trademarks/registered trademarks of their respective holders. © 1989 Advanced Micro Devices, Inc
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What's Missing
on this LCD?

(answers below)

If you peeked at the answers, then you
know it's Motion. In the actual LCD
every one of the windows is in motion.
Think for a minute how you would
make six or seven unique motions
simultaneously with the low level
LCD controllers that you have seen.
No way! Now think what your instru-
ment or new systems could do with
dynamic text and graphics. Tests show
that programmers can achieve anima-
ted presentations in only hours using
the CY325.

The CY325 LCD
p  Windows
" Controller Chip

lets you: specify any of
250 built-in windows, or cre-
ate your own with a single

command; manage text and graphics
with automatic cursor control; wrap
or scroll text with window relative
pixel plotting and clipping; read an
A/D and write the waveform into the
window; drive up to 6 I/O pins with
logic waves, or use the ‘soft-key’ fea-
ture of the CY325 for menu manage-
ment. Only $75 each ($20/1000)

Answer:

Motion is missing in each of the win-
dows. Text actually scrolls up in the
top left window above, and . . .

Logic waves
flow right
to left.

[
Ii;

Boy and
girl wink,
smile, an
flirt.

¢*

€3
1l
L1l
| 3:

o

Counter ~, ~,
counts and N s e
sine wave
advances.

Pseudo =l =

ran;iom =] ﬁ ﬁ g :
atterns -

ghange. -! - ld| | b 11

The next move is yours . . .

Call today for information on the
CY325 LCD Windows Controller Chip
or Fax your address to (415) 726-3003.
¢ Cybernetic Micro Systems
\ TeM Box 3000 e San Gregorio, CA 94074

. (415) 726-3000 » Telex: 910-350-5842
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THE REAL WORLD

es, the real world is analog. Analog technology is alive and well, and

specialists in linear circuits will always be needed. Indeed, this need

grows critical as our industry’s cadre of experienced analog design-

ers move into management or approach retirement—and as more
graduates choose the well-ordered world of ones and zeros rather than deal
with the often arcane, intimidating complexities of analog circuitry.

However, digital technology is continuing its incursions into most sys-
tems’ processing sections, as our report on DSP explains (“DSP Uproots
Traditional Analog Jobs,” p. 49). In systems with analog inputs, there’s a lot
to be gained in precision and flexibility by converting analog signals into digi-
tal form—as soon as these signals can be safely converted—and analyzing
the signal for its information content while it’s in a digital format.

The move to digitization is all around us and it’s been growing for years.
There are digital watches, digital scales, digital telephony, digital audio—the
listis more than you can count on both hands and feet (and you can’t get more
digital than that). For instance, in the last issue of ELECTRONIC DESIGN, our
cover featured a dual 18-bit analog-to-digital converter aimed at digital-au-
dio-tape applications, as well as a host of other uses that involve signals in the
audio-frequency range. And it still hasn’t been settled whether high-defini-
tion television will evolve in the U.S. as primarily a conventional TV technolo-
gy (with significant analog content) or as an extension of computer technolo-
gy because of the functionality offered by digital circuitry.

We also are seeing more systems that combine analog and digital func-
tions. In fact, as VLSI and CAE technologies advance, the major force driv-
ing many applications is the world of mixed analog-digital ASICs and its
associated mixed-mode CAE simulators. This will be the cutting edge of
many of tomorrow’s systems; the area where the most critical design deci-
sions will have to be made. And that’s why digital technology won’t offer a
safe haven, far away from those arcane complexities of analog. There’s no

escape from the real world.

Stephen E. Scrupski
Editor-in-Chief

D ESTIGN




ST1*

filter

from
dc to 3GHz

« less than 1dB insertion loss over entire passband

« greater than 40dB stopband rejection s L

« 5 section, 30dB per octave roll-off e e

+ VSWR less than 17 (D) I Mini-Circuits
« over 100 models, immediate delivery PO. Box 350166, Brooklyn, New York 11535-0003 (718) $54.4500
p meetS MlL‘STD‘ZOZ Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156

» rugged hermetically sealed package (0.4x0.8x0.41in.)
« BNC, Type N, SMA available

LOWPASS  Model  *LP-|10.7|21.4| 30 | 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000

Min. Pass Band (MHz) DC to r1o7‘ 22 32 48 | 60 } 98 ’ 140 | 190 } 270 ’ 400 ‘ 520 ! 580 \ oo‘ 780‘ 900
Max, 20dB Stop Frequency (MHz) 70 | 90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340

Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35 95 S $34.95

HIGHPASS  Model  *¢HP-| 50| 100 | 150 | 200 | 250| 300| 400| 500| 600| 700| 800| 900 1000

Pass Band (MHz start,max. | 41| 90 | 133 | 185 | 225| 290 | 395 500 | 600 | 700 | 780 | 910 | 1000
o) ) end, min. | 200 | 400 | 600 | 800 | 1200 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200

Min. 20dB Stop Frequency (MHz) 261 551 951 116 | 1501 190 | 290 | 365! 460! 520! 570 | 6601 720

Prices (ea.): Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95

*prefix P for pins, B for BNC, N for Type N, S for SMA ( ple: PLP-10.7 C105 REV. E
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manufacturing you up—consistently exhibit Mil-

need for top per- equivalent electrical characteristics.

formance, and top And you can enhance performance even

productivity. That further with a choice of 50 ohm or

that engineering can kind of engineering 75 ohm versions.

deliver. F - care is why our ““old Our product offerings cover the

From AMP, that’s a great deal. standards”—from dual-crimp BNCson  spectrum, pushing performance on out
Our entire line delivers the advanced

design and controlled, precision

No matter what
frequencies you work,
you want everything
in your connectors




to 26 GHz. And they do
it time after time, with
unbeatable consistency.
All the while saving
you time—on the

line or in the field—with
proven crimp/seal technology.

And with AMP, you get
the broadest selection
available anywhere, in

every range. From cable

to bulkhead and panel, right

down to the board—and now
including custom and semi-custom
high-speed coax and transmission
cable assemblies. And our field and

production tooling is second to none
in dependable, repeatable terminations.

Call 1-800-522-6752 for technical
literature on AMP RF connectors, or for
the name of your local AMP Distributor.
AMP Incorporated, Harrisburg, PA
17105-3608.

ANIP Interconnecting ideas
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ALABAMA, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666, Reptron Electronics, (404) 446-1300; ARKANSAS, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Dallas, (214) 243-1600; ARIZONA, Marshall Electronics Group, (602) 496-0290,
Sterling Electronics-Phoenix, (602) 268-2121; CALIFORNIA, Sterling/image Electronics, (619) 271-6555, (714) 259-0900, (818) 407-8850, Marshall Electronics Group, (818) 407-0101, (714) 458-5395, (408) 942-4600, (916) 635-8700, (619) 578-9600, Merit Electronics, Inc., (408) 434-0800, Western Microtechnology, (619) 453-8430, (714) 837-0200
(408) 725-1660, (818) 707-0377, COLORADO, Marshall Electronics Group, (303) 451-8383, Sterling Electronics-Denver, (303) 792-3939; CONNECTICUT, Cronin Electronics, Inc., (203) 265-3134, Marshall Electronics Group, (203) 265-3822, Steriing Electronics- -Wallingford, (203) 265-9535; DELAWARE, General Components, Inc.
(609) 768-6767, Marshall Electronics Group, (301) 840-3450, Milgray/Delaware Valley, Inc., (609) 983-5010, (800) 257-7808, (800) 257-7111, Sterling Electronics-Sterling, (703) 450-2373: DISTRICT OF COLUMBIA, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling Electronics-
Sterling, (703) 450-2373; FLORIDA, Marshall Electronics Group, (813) 573-1399, (305) 977-4880, (305) 767-8585, Reptron Electronics-Tampa, (813) 855-4656, (305) 735-1112; GEORGIA, Marshall Electronics Group, (404) 923-5750, Milgray Electronics, Inc., (404) 446-9777, Reptron, (404) 446-1300; IDAHO, Marshall Electronics Group,
(801) 485-1551, Western Microtechnology, (503) 629-2082, Milgray Electronics, Inc., (801) 272-4999; ILLINOIS, Goold Electronics, (312) 860-7171, Marshall Electronics Group, (312) 490-0155, (314) 291-8554, Milgray Electronics, Inc., (913) 236-8800, (312) 350-0490; INDIANA, Goold Electronics, (312) 593-3220, Marshall Electronics
Group, (317) 297-0483, Milgray/Chicago, Inc., (312) 350-0490; IOWA, Marshall Electronics Group, (612) 558-2211, Milgray Electronics, Inc., (913) 236-8800; KANSAS, Marshall Electronics Group, (913) 492-3121, Milgray Electronics, Inc., (313) 236-8800, Sterling Electronics-Kansas, (913) 492-5406; KENTUCKY, Marshall Electronics Group,
(513) 898-4480, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006; LOUISIANA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Dallas, (214) 243-1600; MAINE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston,
(617) 938-6200, Western Microtechnology, (617) 273-2800; MARYLAND, Marshall Electronics Group, (301) 622-1118, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling Electronics-Sterling, (703) 450-2373; MASSACHUSETTS, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling
Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; MICHIGAN, Marshall Electronics Group, (313) 525-5850, Reptron Electronics, Inc., (313) 525-2700; MINNESOTA, Marshall Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000, Sterling Electronics, (612) 831-2666;
MISSISSIPPI, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666; MISSOURI, Marshall Electronics Group, (913) 492-3121, (314) 291-8554, Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics/Kansas, (913) 236-5589; NEBRASKA, Marshall Electronics Group, (913) 492-3121,




SERVICE IS OUR KEY COMPONENT

“How so?”

“You can reprogram in-circuil. It’s pin-
compatible with standard 256K EPROMs
and ROMs. And it’s affordable”

“Whew! That could save us some real dollars”
“You catch on fast”

The newest member of Toshiba’s high-speed, high-density non-volatile memory family is
nothing less than brilliant. A CMOS 256Kb Flash EEPROM that offers operating power of 30mA at
5.9MHz and standby of 100 amps.

The new Flash EEPROM electrically erases all pre-recorded information simultaneously and
instantly. (Less than one second.) It also offers 12 volt programming which is compatible with
most users’ systems.

The Flash EEPROM offers an access time of 170ns and uses 1.2 micron design rule and a
triple-layer polysilicon cell structure to shrink the chip size to that of conventional EPROMs.

Ideal for remote, down-loadable applications such as POS, printer fonts, memory cards and
telecommunications, the new Flash EEPROM can be reprogrammed in-circuit via modem. So it
can be field-updated, avoiding costly on-site updates and delays. In addition, last minute pro-
gramming simplifies manufacturing to a single configuration.

NON-VOLATILE PRODUCT OFFERING
Package
Density Organization Type Process Access Times (ns) CDIP  P-DIP  SOG S0J
256K 32x8 EPROM NMOS 150 200 X
OTP NMOS 170 200 X X
32Kx8 EPROM CMOS 70 8 120 150 200 X
OTP CMOS 100 150 200 X X
MROM CMOS 200 X X
FEEPROM CMOS 170 200 250 X X .
512K 64Kx 8 EPROM NMOS 170 200 250 X
OTP NMOS 200 250 X X
64Kx8 EPROM CMOS 150 200 X
oTP CMOS 170 200 X X
MROM CMOS 150 200 X X
1 MEG 132Kx 8 EPROM CM0S 150 200 X
oTP CMOS 200 250 X X .
MROM CMOS 120 150 200 X X .
1 MEG 64Kx 16 EPROM CMOS 8 100 150 200 X
0TP CMOS 200 250 X X =
MROM CMOS 120 150 X X .
4 MEG 512Kx 8 EPROM CMOS 150 200 X
MROM CMOS 250 X X 2
*Indicates this package is under d

It's available in a 28-pin plastic DIP and a plastic flat pack; both are pin-for-pin compatible
with standard 256Kb EPROMs, OTPs and ROMs. Which means it can be placed in existing sockets
with no design changes required. By eliminating the separate programming step, the coplanarity
of the surface-mount Flash EEPROM is preserved.

Plus Toshiba's volume production can give you the non-volatile devices you need with the
high-speed and leading-edge densities you want for your applications. For high reliability, low
cost and automatic insertion capability, select plastic package OTPs in densities to 1Mb.

Choose from a wide selection of high-speed, high-density EPROMs, including one of the fastest
1Mb’s available. EPROMs that reduce the number of wait states for accessing data on the CPU by
loading code directly without SRAMs. These EPROMs simplify operating systems and designs and
reduce the total in-circuit costs.

And in ROMs, you get up to 4Mb in CMOS todagf.

You get it all from Toshiba non-volatiles, including wide-operating voltage range of =10%
VCC and a —40°C to + 85°C temperature range which meets industrial temperature ranges.

For technical literature call 1-800-888-0848 ext. 517 today. And see what we can do for you.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics-Kansas, (313) 236-5589, NEVADA, Marshall Electronics Group, (916) 635-9700, (602) 496-0290, Sterling Electronics, (602) 268-2121, Western Microtechnology, (408) 725-1660, NEW HAMPSHIRE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group,
(617) 658-0810, Steriing Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; NEW JERSEY, General Components, Inc., (609) 768-6767, Marshall Electronics Group, (201) 882-0320, (609) 234-9100, Milgray Electronics, Inc., (516) 420-9800, (609) 383-5010, (800) 257-7808, (800) 257-7111, Sterling Electronics-
So. Plainfield, (201) 769-7000; NEW MEXICO, Marshall Electronics Group, (602) 4960290, Sterling Electronics-Albuquerque, (505) 884-1900; NEW YORK, Marshall Electronics Group, (516) 273-2424, (607) 798-1611, (716) 235-7620, Milgray Electronics, Inc., (516) 420-9800, (716) 235-0830, Rome Electronics, (315) 337-5400;
NORTH/SOUTH CAROLINA, Marshall Electronics Group, (919) 878-9882, Milgray Electronics, Inc., (404) 393-9666; NORTH/SOUTH DAKOTA, Marshall Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000, OHIO, Marshall Electronics Group, (513) 898-4480, (216) 248-1788, (614) 891-7580, Milgray/Cleveland, Inc
(216) 447-1520, (800) 321-0006, Reptron Electronics, (614) 436-6675, (216) 349-1415; OKLAHOMA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterfing Electronics-Tulsa, (318) 663-2410; OREGON, Marshall Electronics Group, (503) 644-5050, Western Microtechnology, (503) 629-2082,
PENNSYLVANIA, General Components, Inc., (609) 768-6767, Marshall Electronics Group, (609) 234-9100, (412) 963-0441, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006, Milgray/Delaware Valley, Inc., (609) 983-5010, (800) 257-7808, (800) 257-7111; RHODE ISLAND, Cronin Electronics, Inc., (617) 449-5000.
Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, (617) 338-6200, Western Microtechnology, (617) 273-2800; TENNESSEE, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 333-9666; TEXAS, Marshall Electronics Group, (214) 233-5200, (915) 593-0706, (713) 895-9200, (512) 837-1991
Milgray Electronics, Inc., (214) 248-1603, Steriing Electronics, (713) 623-6600, (512) 836-1341, (214) 243-1600; UTAH, Marshall Electronics Group, (801) 485-1551, Sterling Electronics-Denver, (303) 792-3939, Milgray Electronics, (801) 272-4999; VERMONT, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group.
(617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; VIRGINIA, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8168, (800) 638-6656, Sterling Electronics, (703) 742-8400, (804) 226-2190; WASHINGTON, Marshall Electronics Group, (206) 486-5747,
Western Microtechnology, (206) 881-6737; WISCONSIN, Goold Electronics, (312) 593-3220, Marshall Electronics Group, (414) 797-8400, Milgray/Chicago, Inc., (312) 350-0490, Marsh, (414) 475-6000, Reptron Electronics, (612) 938-0000; CANADA, Marshall Electronics Group, (416) 458-8046, ITT Multicomponents, (604) 291-8866.
(403) 451-4001, (403) 253-8575, (306) 933-2888, (204) 786-8401, (416) 736-1144, (613) 226-7406, (514) 335-7679, (506) 857-8011, (902) 465-2350, Space Electronics Sales Corp., (514) 697-8676, (416) 636-8814, (613) 596-5340, (604) 294-1166.



Reliability. . . toughest
environments. It's why the world’s
military, aviation and aerospace
contractors rely extensively on Janco
switching technology to keep their
programs flying high and trouble
free. To put all the reliability of rotary
to work for you—contact Janco
today to discuss your application and
for your free Engineering and
Selector Guide.

3111 Winona Avenue, Burbank, CA 91504.

Phone: (818) 846-1800.
CIRCLE 42

18ELECTRONIC
SEPTEMBER 28, 1989

TECHNOLOGY BRIEFING

IC PACKAGING: THE NEXT CHALLENGE

nce relegated to second- or even third-class sta-
tus, behind more glamorous aspects of elec-
tronic system design, semiconductor packag-
ing technology is finally on a par with process-
ing technology and circuitand system design. It'snowa
critical issue that should be addressed early in the de-
sign cycle. Each new generation of products is driven
by five recurring design objectives that have direct
bearing on packaging design: lower component and 7
system costs, increased performance, increased inter- /
connect density, design flexibility for custom require- - i
ments, and the use of custom multifunctional modules  MILT LEONARD, EDITOR
and single-function chips. COMMUNICATIONS AND

According to spokesmen at Texas Instruments, Dal- INDUSTRIAL
las, new-generation system designs generally require a performance in-
crease of at least two times to be competitive, which roughly translates to a
four-times improvement in circuit density. The most advanced semiconduc-
tor technologies are already producing chips with logic-gate counts that ex-
ceed 100,000, requiring 500 to 600 interconnections to a board or package. The
interconnection pitch for these leads are approaching limits. The constraints
are imposed by practical chip size, and by the state-of-the-art in steppers that
dictate the bond-pad pitch dimensions. Moreover, there still remains the chal-
lenge of board attachment.

To overcome the routing and manufacturing limitations in conventional
circuit-board technology, the industry is pursuing two alternatives. One con-
cept is to increase board-line density without significantly increasing board
cost, which may call for new materials and improved board technology.

The other option is to combine existing board technology with multichip
modules. This approach applies the fine-line techniques of conventional semi-
conductor fabrication equipment to make silicon substrates for multichip
modules. The solution not only opens the way to more complex system inte-
gration, but also extends capital resources for improved return on invest-
ment.

Mounting multichip modules on a silicon substrate also reduces cooling re-
quirements by minimizing the length of signal lines. Mosaic Systems Inc.,
Fremont, Calif., an early developer of this technology, already offers a sili-
con daughter board with a programmable interconnect for tying together eu-
tectically bonded chips. TT also demonstrated a memory module bonded to a
silicon daughter board. This technique has a density improvement of 1.28
Mbits/in.? for a conventional DIP package, to 364.0 Mbits/in.? for the new
module, which uses 1-Mbit dynamic RAM chips.

TI has extended this packaging technique to a system-level module to
reduce the number of bonding operations from 500 required for the individ-
ual chips to just45. The 45-chip module contains three TMS320C30 signal pro-
cessors, two ASICs, 32 4-Mbit static RAM chips, and eight 2-kbit EEPROMs.
The module is housed in a 308-lead quad flatpack with a standard lead form
factor. Taking this concept even further, silicon chips mounted to silicon
substrates or daughter boards could eventually lead to silicon motherboards.

The use of silicon-based substrates for system-level modules is an elegant
packaging solution for reaching the objectives of next-generation system
designs. Further development may make it possible for chips with intercon-
nects on their sides to be stacked and mounted orthogonally with respect to
the substrate. This configuration results in a 300:1 improvement in memory
density over DIP assemblies. The directions being taken by ongoing develop-
ment of 3D packaging technology suggest a possibility for the ultimate solu-
tion. Can truly 3D, monolithic circuits implemented in blocks of silicon be far
behind?

D ESTIGN




Now $18,000 will
put the best on
your bench: the

DAS 9200.

P>

The most impressive
number to come out of the
Tek DAS 9200 may be its
price: now you can leverage
the power of the DAS for
little more than the cost of
systems that aren’t

even in the same

league. Consider:

.o Lp l, “_J>n
CYalde]]
MICRO SUPPORT

Performance
analysis, dis-
assembly, signal
passing, color dis-
play, pop-up menus,
impressive new
Release 2 software —
all this and much more
can be on your bench
or in your department

90

The smoothest, most for under $18,000. ..
elegant implementa- vt\)/ltlf;tyast expandability
tion for chips uilt in.
like the 80386, CH ANNELS Stop hankering
68030 and after the DAS 9200,

68020. The ' Expand up to 540 and get your hands

Pod_AC

most sophisti- acquisition channels or, ~ on it at last. For infor-
cated trig- using other modules, mation or a demon-
gering of up to 160 channels at stration, contact your
any logic Split screen displays can show microprocessor activity 2 GHz. Apply up to 1008 Tek sales engineer, or
analyzer gme correlated with high-speed timing data (above) or stimulus channels at call 1-800-245-2036. In
z i isassembly of another microprocessor. The cursors can 50 MH Oregon. 231-1220
ever built. Ex be locked to scroll in parallel, highlighting data nearest to Z gon,
pand to monitor as many the same point in time

as six micros at once,
with clock rates to 40 MHz.

32 K

BITS OF MEMORY
DEPTH

That's minimum per channel
—which is 4 to 32 times what
competitive instruments
offer at best. And you
can keep expanding
the DAS acquisition
memory up to 128K
bits per channel
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New Precision Pulse Generator

Four Channels, 5 ps Resolution,
and GPIB Interface...Price: $3350

TIMING IS EVERYTHING

Your critical timing problems are
over. No more worries about drift,
jitter, or control. The DG535 Preci-
sion Pulse Generator has four
delay channels (two pulse out-
puts), each with a 1000 second
range and 5 ps resolution. The
four independent delays specify
two variable-width pulse outputs.
With only 50 ps jitter and accu-
racy down to 1 ppm (option O3),
the instrument can handle the
most demanding applications.
The internal trigger may be pro-
grammed from O.00!1 Hz to LOOO
MHz, or operated in single-shot or
burst modes. Output levels are
continuously adjustable or may
be set to TTL, NIM, or ECL levels.
High impedance or 50 Ohm
loads can be driven with a slew
rate of 1 V/ns. Optional rear panel

outputs generate pulses to35 volts.

EASY TO USE

The delay and output levels for
each channel may be entered
numerically or modified by cur-
sor keys on the backlit LCD dis-
play. Delays may be linked to-
gether so that as one moves, the
other follows. Up to nine instru-
ment settings may be stored in
nonvolatile RAM for later recall,
and, of course, all of the instru-
ment’s functions may be con-
trolled via the GPIB interface.

A GENERATION AHEAD

The DG535's precision, accuracy,
range, and versatility make it the
solution to all your timing needs,
at a price that will meet your
budget. Call us today for more
information.

FEATURES AND PERFORMANCE
e Four Delay Outputs

e Two Variable-Width Outputs
¢ Times from O to 1000 sec.

* 5 ps Resolution

* 50 ps rms Jitter

e 1 ppm Accuracy (Option O3)

e Internal or External
Timebase

¢ Internal, External, Single-Shot,
or Burst Mode Triggers

* Frequency Synthesized
Rate Generator

e Variable, TTL, NIM, and
ECL Outputs

e Optional + 35 Volt Outputs
e GPIB Computer Interface

FRANCE GERMANY

Optilas Spectroscopy Instruments
ce.l42 Carl Benz Strasse 11

91019 Evry Cedex D-8031 Gilching

60.7740.63, TLX 600019 O 8105/501, TLX 523862

Tokyo Instruments
Koizumi Building
6-10-13-403 Nishikasai
Edogawa-ku, Tokyo 134
O3 (686) 4711, TLX J3264636

JAPAN
Seki and Company
1-2-6, Nihonbashi Ningyocho
Chuo-ku, Tokyo 103
03 (669) 4121, TLX J24419

Lambda Photometrics
Lambda House, Batford Mill
Harpenden, Herts AL5 5BZ
05827/64334, TLX 825889

UNITED KINGDOM

Speirs Robertson
Moliver House,
Oakley Road
Bromham, Bedford
02302/3410, TLX 825633

Stanford Research Systems

1290 D Reamwood Ave, Sunnyvale, California 94089, (408) 744-9040, Telex 706891 SRS UD
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TECHNOLOGY NEWSLETTER

After joint research on tape automated bonding (TAB) by Digital Equipment
TAP E AUTOMATED BONDING Corp., Maynard, Mass., and the Microelectronics and Computer Technology

ADDS P ACKAGE P ROWESS Corporation (MCC), Austin, Texas, the technique is now being used by DEC
to link the VLSI processor chips within 224-pin multilayer ceramic packages. Developed in
concert with MCC’s Packaging/Interconnect Program, TAB helps electronic packaging keep
pace with chip integration and speed. It replaces wire bonding of chips in packages and allows
for direct connection to substrates. Furthermore, it eliminates several steps in the manufac-
turing process. The 224-pin packages are being used by DEC in its VAX 6000 Model 400
systems. DM

’ For some time, Sun Microsystems Inc., Mountain View, Calif., was relatively
SUN S SBUS, OPENS UP mum about its SparcStation SBus, despite a promise to make the bus an open
WITH SPEC S RELEASE standard so third-party developers could build add-in cards (ELECTRONIC DE-

SIGN, June 8, p. 27). Earlier this month at the Boston Buscon Exhibition, however, the company
released the full SBus specification, free of any licensing restrictions. The company also plans
to create an SBus developer’s kit that will cut the time it takes a company to develop the
posteard-sized SBus add-ins. And, in conjunction with LSI Logic Corp., Milpitas, Calif., Sun
will make available the SBus direct-memory-access controller, which can run at 100 Mbytes/s
on each of its two 32-bit channels. LSI Logic will sell the 120-lead chip (the L64853) on the open
market for $76 in quantities of 100 units. The system interface side of the chip includes a byte-
packing feature to allow the 32-bit host bus to tie into a 16-bit Ethernet controller and an 8-bit
SCSI adapter. DB

Until now, Arcnet’s developers, Datapoint Corp., Dallas, had no commercial
CHIPS ARE COMING FOR suppliers for LAN chips and boards to support Arcnetplus, a 20-Mbit/s ver-
FASTER ARCNET LAN sion of its network protocol. Now, the two companies that built the first
generation LAN chips, Standard Microsystems Corp., Hauppague, N.Y., and NCR Corp.,
Colorado Springs, Col., have joined with Datapoint to develop and sell chips, add-in cards, and
end-user systems for the 20-Mbit/s Arcnetplus. Those products will also work with the more
than two million existing nodes for the lower-speed Arcnet. NCR will employ its circuit design
tools and libraries for developing the chips, and Standard Microsystems will serve as an
alternate source for the design. Prototyping kits from Datapoint, consisting of two full-size
PC/AT Arcnetplus add-in cards with documentation, will be ready in the fourth quarter. With
the kits, developers can get started creating the software drivers needed to use the LAN, even
before the chips are available. DB

¥ A portable personal computer, the Poget PC, from Poget Computer Corp.,
P OCKET SIZED P C P ROVES Sunnyvale, Calif., squeezes 100 hours from a pair of A A-size alkaline batter-

ITSELF A POWER MISER ies (see p.27 for related stories). To achieve this, just about everything in the
computer was custom designed to cut the system’s active power consumption to just 50 mW.
System software even checks the CPU and, during inactive periods, stops the clock to the rest
of the system logic to save power—even between keystrokes. What’s more, to keep the PC’s
dimensions to 8.75 by 4.3 by 0.925 in., component count was slashed by using a pair of VLSI
custom chips to hold most of the system’s logic. Additionally, a custom-developed double
supertwist liquid-crystal display gives a high-contrast image of 80 characters by 25 lines. To
avoid all electromechanical and moving parts (except keys) and thus reduce the system’s
weight, designers substituted low-power static RAM or ROM cards for an internal floppy-disk
drive. The unit comes with 512 kbytes of low-power static RAM. A low-voltage, high-value
capacitor keeps the RAM data alive long enough to change batteries. To achicve IBM PC com-
patibility, the pocket-sized computer employs an 80C88 CPU and DOS 3.3. Communication
with the outside world goes over two serial ports, a parallel port, and an expansion slot for an
XT-compatible card, such as a disk controller. DB

Embedded, intelligent SCSI controllers impart top performance and reliabil-

INTELLIGE,NCE IMPROVES ity to the ProDrive family of 120-, 170-, and 210-Mbyte (formatted) 3.5-in. disk
DRIVES RELIABILITY drives. Custom circuits and firmware in the drives from Quantum Corp., San
Jose, Calif., exercise precise control and include a fail-safe scheme to manage defects, and

detect and correct errors. To achieve an average seek time of less than 15 ms, SCSI control

circuits produce read or write operations with zero rotational latency, command queuing, and

E & E: Y6 STUAR SOFINSTR( DESIGN‘ZI
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other SCSI-2 features. In addition, up to 64 kbytes of internal cache RAM can be added to the
drives to improve the burst data rate between the drive and the host system. Synchronous
burst transfers of up to 4 Mbytes/s are possible. To ensure reliability, each drive can report on
errors related to media, as well as to servo and motor controls. A cumulative error count for
each error type is then stored in the drive for analysis by the maker if the drive should be re-
turned. Two levels of diagnostic self-testing are also included in the drive: One tests the digital
circuitry and can be used for system power-up testing; the other is more exhaustive and
checks the servo and read/write circuits for, say, incoming inspection. DB

Scientists at IBM’s Research Div., Yorktown Heights, N.Y., believe that
OPTICAL GAAS CHIP S they have constructed the densest optoelectronic chips yet, which transmit
BREAK DENSITY BARRIERS and receive data over fiber-optic lines at 1 billion bits/s. The low-power chips
combine digital, analog, and optoelectrical functions. The chips were built from a gallium arse-
nide MESFET (metal semiconductor FET) process that is suitable for optoelectronic parts be-
cause it can put large numbers of transistors and light-emitting and detecting devices on one
substrate. One chip, a 1/4-in. detecting device, contains 8000 transistors, 50 times more than
were ever assembled on a die that size. IBM believes that this chip set will open doors to fast,
reliable, and inexpensive data-communication devices. RN

A workstation from Hewlett-Packard’s Apollo Division, Chelmsford, Mass.,
WORKSTATION CARRIES combines a 20-MHz Motorola 68030 microprocessor with proprietary ASICs
LOWEST P RICE TO DATE to deliver 4 MIPS for integers, and 0.203 MFLOPS when executing a double-
precision Linpack floating-point benchmark. With a 15-in. monochrome screen and 4 Mbytes
of memory—but no disk storage—the $3,990 Apollo Series 2500 is said to be the first worksta-
tion priced under $4,000. The unit will replace the 68020-based 1.5-MIPS Apollo Series 3000. Its
performance is better and its price lower than a similarly equipped Sun Microsystems 3/80,
which runs 3 MIPS and costs $5,995, though the Sun product has a 17-in. monochrome screen.
A number of ASICs, including one that functions as the SCSI controller, keep down the cost
and parts count, letting Apollo put all of the electronics on one motherboard. L¢

IBM Corp. plans to employ a multimicroprocessor architecture in its main-
WILL MICRO CHANNEL frame and midrange systems for the 1990s, according to an analysis done by

P OWER IBM MAINFRAMES? the International Technology Group, Los Altos, Calif., (see ELECTRONIC DE-
SIGN, May 11, p.23). The IBM architecture rests on proprietary RISC and CISC processors, as
well as versions of Intel Corp.’s 80X86 and i860 devices. In addition, an enhanced version of the
Micro Channel bus operating in a cooperative processing mode will tie the system together.
Though first implemented in the PS/2 machine, the Micro Channel architecture was designed
for use across IBM’s entire computer line. By 1996, the complete IBM product line will move
over to a common, modular microprocessor-based architecture. Consequently, mainframes,
midrange systems, and workstations will easily operate together. Part of IBM’s strategy is to
head off the threat posed to its mainframe business by microprocessor-based systems. The
analysis, “IBM Strategies for the 1990s,” covers IBM’s system architectures and product
plans, and is available for $1500. Call (415) 964-2565. LG

A pair of mixed-signal compilers in development by Silicon Compiler Systems
ANALOG COMPILERS BUILD Inc., San Jose, Calif., promise to aid designers who create analog chips, espe-

FILTER, LINEAR ICS cially ones with switched-capacitor filters (SCFs) and general-purpose linear
functions. The company claims that these tools—Explorer Autofilter and Autolinear—are the
first mixed-signal compilers to deliver optimized circuit designs down to the physical layout.
Both tools are the result of partnerships that the company formed with other organizations:
CSEM in Switzerland, the developers of the compilation program at the core of Autolinear,
and International Microelectronic Products Inc., San Jose, Calif., which worked on the auto-
matic generation of SCFs. Autolinear encapsulates the CSEM tools and places them in a
mixed-signal environment. Users can synthesize basic linear circuits and optimize them for
drive, gain, phase, noise, and so forth. Autofilter combines Autolinear with specialized algo-
rithms that custom-size the capacitors and adjust the linear circuit parameters. A slightly sim-
plified and lower-cost version of Autofilter uses a preset library of amplifiers and other ele-
ments. This saves on system resources and shortens the design time: Just 30 minutes are
needed to compile a filter after the input specification is loaded into the software. DB,RN
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Your latest brain child can’t be just another
PC or peripheral.
You've got to have the edge in performance.
But you can't let costs run wild.
You've got to get to market ASAP.
But you can't compromise quality.
At NCR, we understand your problems.
And we've got solutions: SCSI chips with
the lowest overhead in the business. The
first third generation intelligent SCSI host
adapter. A single-chip VGA that’s fully
compatible with IBM and offers greater
performance.
Single-chip CMOS solutions for interfacing
peripheral chips to NU Bus, EISA, AT and
Micro Channel.
The first 32-bit Ethernet controller.

CIRCLE 131

S3C94/95 offer separate 16-bit data path

PC systems
demand extraordmary chips.

ble to the

/

52C40/60 Memory Buffer Controllers
ual and tri-port buffer

controllers for speed matching solutions

display adapter solution. CGMA for
CGA, MDA, HCA

ASIC PC Building Blocks
Digital and analog libraries with a wide

s knowledge-based

Engineering Environment

wait states. Backward software compati

90C26

The first Ethernet twisted pair transceiver.
Plus the fastest ARCnet controller/
transceiver.

And an ASIC capability with PC building
blocks to give your design a competitive
edge.

No wonder NCR customers enjoy some of
the shortest development cycle times in
the industry. And they’ll attest to NCR’s
enviable reputation for first-pass success,
responsive support, competitive pricing
and on-time delivery.

If you're building extraordinary PCs, or
plugging products into them, shouldn'
you be talking to an extraordinary semi-
conductor manufacturer? For data sheets
and complete information, call the NCR
Hotline: 1-800-334-5454.

R
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CAE Enhances Designer’s Job Security

During good times, CAE tools allow manufacturers to get to market ahead of the
competition. Plus, a product designed with CAE tools is more reliable and better
documented than one done without it. Even in the worst times, CAE tools allow greater
productivity with fewer people. Furthermore, once a company establishes an effective
CAE staff, it is unlikely that the team will be broken up even in the worst of times.
Unquestionably, CAE expertise enhances job security. CIRCLE 104.

New Generation Simulators Pace CAE Industry Growth

Improved simulators are a major factor in the robust growth of the CAE industry. Not so
long ago, simulation meant an off-line final design check for timing violations, bus
conflicts, etc. However, it is now clear that simulating complete designs off-line is
inefficient, labor intensive and slow. Today, on-line simulators eliminate this tedious,
time-consuming process. These real time simulators are free of compilations and allow
on-the-fly design and test vector modifications. The user can now simulate and correct a
design as it evolves, cutting design time to less than 20% of what it took with the older

eneration simulators. Among the vendors that offer these real time simulators are:
P-CAD, Racal-Redac and Omation. CIRCLE 105.

Omation Adopts PC Simulation Standard

Omation Corp. (Richardson, TX) is the latest CAE vendor to adopt the Standard
Universal Simulator for Improved Engineering (*SUSIET™). Specializing in schematic
capture (Schema 1I™) and p.c. board layout software, Omation is one of the oldest
PC-based CAE vendors with over 12,000 users. With the new simulator, Omation will

rovide a total front-to-back solution and further reinforce its leading position in the
PC-based CAE marketplace. Want more information? Call Omation at (214)231-5167 or

CIRCLE 101.

Standards Will Aid CAE Growth

With P-CAD, Omation and other industry leaders supporting a logic simulation
standard, PC-based CAE tools will have an advantage over the more expensive
workstation-based simulators. What’s more, the new PC simulation standard (SUSIE) is
fast, has many IC libraries and operates in real time. SUSIE provides instantaneous
design and test vector changes, so these PC CAE vendors offer a very friendly design
environment. In contrast, workstations still require batch compilation for any design or
test vector change. CIRCLE 103. ALDEC: (805) 499-6867.

Putting CAE Tools On Every Engineering Desk

"Quality libraries and a friendly user interface are critical issues for the CAE industry,"
notes Stanley Hyduke of the ALDEC company. He adds that quality is by far the most
important issue and could hamper CAE industry growth. Hyduke points out that some
companies have cut quality corners in the heat of competition. However as the industry
matures, the most successful CAE companies have set product quality as their number
one objective. For example, ALDEC is quadrupling its QA staff. In addition, ALDEC is
establishing a new company dedicated to verifying the quality of user-supplied models.
Thus, designers from all over the world can submit models that would be resold to other
users after QA verification. All contributors of IC models would then receive royalties.

CIRCLE 102.

*SUSIE is a product of the ALDEC Co. (805)499-6867, FAX: (805) 498-7945




New environmental EMC shielding

gaskets*: low compression force, high
attenuation, and flexibility of design.

Tested to NEMA 12 standards.
UL 94 and 508 rated.
Instrument Specialties’ new
environmental EMC shielding
gasket Series offers an outstand-
ing combination of performance
and design benefits. . .tested and
rated. (Gaskets to meet NEMA 4
and other special requirements
are available upon request.)
Choose either silicone or
neoprene environmental shield
material to protect against dust,
moisture, and chemical contami-
nants. Each is in combination
with a uniquely designed
beryllium copper EMC shielding
gasket that offers attenuation
effectiveness > 120 dB at 100 MHz.

Elastomer users may have
second thoughts.

Our new gasket Series lets you
design for either compression or
wiping applications, with no
compromise of sealing or shield-
ing effectiveness. Try wiping with
an elastomer gasket!

Compression

Design for either compression or wiping action
without compromising sealing or shielding
effectiveness.

wide range of applications.

Whether wiping or compressing,
each requires minimal compres-
sion force. . . typically between 10
and 35 Ibs/linear foot. If you use
elastomers, expect forces 5 to 20
times that!

That's quite a difference. But
so are our differences in usable
deflection range: 50% for us vs.
15% for them. Makes you think,
doesn't it? And there's more.

Excellent corrosion resistance.

Our beryllium copper is highly
corrosion resistant. It's also easily
plated. So if galvanic corrosion is
a concern, we can plate to match
any host metal.

The silver in elastomers, on the
other hand, has gained a tar-
nished reputation for galvanic
corrosion, especially with
aluminum. . .and you can't plate
it away.

Fast, easy to install.

Our new environmental Series
is engineered for versatility. It
handles corners as easily as the
straightaways, without compro-
mise of shielding or sealing integ-
rity. And it's easy to install, with
either fasteners, or optional
adhesive tape.

On your next project, why not
give yourself the design latitude
you deserve? Give us a call!

CIRCLE 66

Available with either silicone or neoprene, the new environmental
Series offers outstanding sealing and shielding performance over a

Call us for full information and
service, and ask for a free copy
of our brochure and design

The World of
Beryllium Copper

Instrument Specialties Co., Inc.

Delaware Water Gap, PA 18327-0136
TEL: 717-424-8510 ® FAX: 717-424-6213

*Patent pending
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SILICON PROCESS GIVES GAAS
A RUN IN MICROWAVE SYSTEMS

n advanced silicon-
Abased process suited
for monolithic mi-
crowave ICs promises to
yield microwave circuits
that would otherwise be
built with gallium arsenide
(GaAs). The circuits in-
clude frequency dividers,
broadband amplifiers, low-
noise amplifiers, and gain
blocks that operate at fre-
quencies above 5 GHz. De-
veloped by NEC Corp., Ka-
wasaki, Japan, the DNP-
IIT process is the compa-
ny’s third generation of a
direct-nitride, passivated-
base surface structure,
which was originally un-
veiled several years ago.
With the process, npn
transistors are created
without complex self-
aligned structures. Yet
these transistors achieve
unity-gain bandwidths (f)
of 20 GHz, which is nearly
double that of commercial-
ly available silicon transis-
tors. Furthermore, small
signal insertion gain—the
squared absolute value of
the S,; parameter—is 17.1
dBata Vg of 5V and a
frequency of 2 GHz.
The wide bandwidths
translate into high operat-

ing frequencies for the cir-
cuits. For example, a sim-
ple divide-by-two prescaler
circuit built with the pro-
cess operates at 7.3 GHz.
That’s well into the fre-
quency range currently
dominated by GaAs cir-
cuits. Moreover, the circuit
draws just 16.6 mA at 5 V.
Products developed with
this process will be market-
ed in the U.S. by California
Eastern Laboratories Inc.,
Santa Clara, Calif.

To achieve high-fre-
quency performance, the
transistors have emitter
stripes that are just 0.6 um
wide. Formed with high-
resolution photolithogra-
phy, the narrow stripes
minimize transistor-base
resistance and parasitic-
base capacitance. An ion-
implanted arsenic buried
layer and a thin, low-resis-
tance epitaxial silicon layer
onthe wafer also help mini-
mize the collector resis-
tance.

In addition, because a
low-energy boron-ion im-
plant serves as the base,
the base junction depth is
only 0.2 um. At 0.1 pm,
emitters are even shal-
lower, formed by diffu-

Platinum silicide/titanium/ Polysilicon
platinum/gold Arsenic-doped resistor
Silicon nitride polysilicon
passivation /
E C
B B
= '
pip+/ \N+/ pt/ N+
0 T o
7l J
?«4 4 N J ¥ {
p-

sions from arsenic-doped
polysilicon emitter con-
tacts. The shallow junc-
tions also trim the base
transition-time delay to
about half that of conven-
tional processing.

By adding a selectively
ion-implanted collector
structure to the transis-
tors, the f; can increase by
almost 50% to 30 GHz, but
these implants complicate
the process. The struc-
tures also lower the re-
versevoltage thatthe tran-
sistors can withstand
across their collector-base
and collector-emitter re-
gions, dropping themto 7V
for BVpo and 3.3 V for

BV cgo.

Consequently, circuits
that are built with the col-
lector implants must oper-
ate with power supply volt-
ages of less than 3 V. With-
out the collector implants,
the transistors have re-
verse-voltage ratings of 17
V and 6 V, respectively.
These higher values enable
the circuits to operate from
5-V supplies. The implant-
ed structure’s lower volt-
age values stem from a
narrowing of the intrinsic
base width and a thinning
of the base-collector deple-
tion region, which are a re-
sult of the implants.

DAVE BURSKY

“PALMTOP” COMPUTER BLENDS
MICROMINIATURE TECHNOLOGY

ccasionally a prod-
Ouct design excels at
blending the best of
several advanced technolo-
gies to reach specific mar-
keting objectives. No-
where is this better demon-
strated than in the indus-
try’s first MS-DOS-
compatible  palmtop
personal computer. At just
7.8 X 4.1 X1.2in., the Port-
folio from Atari Computer,
Sunnyvale, Calif., is slight-
ly smaller thana VCR tape.
It comes with an operating
system that’s compatible
with MS-DOS version 2.11,
a spreadsheet program
that accepts Lotus 1-2-3
files, word-processing
software, a calculator, a di-
ary,and a phone directory.
Atari designers exploit-
ed several advanced hard-
ware and software tech-
niques in their quest to
build the smallest possible
battery-powered, full-fea-
tured PC—and one that
would sell for under $400.
First, the Portfolio’s two-
sided circuit board is popu-

lated with CMOS compo-
nents in surface-mounted
packages, including the In-
tel 80C88 microprocessor,
RAM, and an ASIC chip
that supplies system glue
logic.

Another space-saving
stepreplaces a floppy drive
and disks with a memory-
card drive and solid-state
memory cards. Finally, a
40-column by 8-line LCD
display helps minimize size
and power consumption.
The computer runs on
three A A alkaline batteries
or from an optional ac
adapter.

System software con-
serves power by switching
the unit into a standby
mode between keystrokes.
In this mode the display re-
mains visible for 2 to 4 min-
utes—after that it’s auto-
matically turned off. How-
ever, data is retained and a
keystroke turns the uniton
again to resume work in
progress. A built-in circuit
senses low-battery condi-
tions and alerts the user
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with a screen message be-
fore shutting the system
off. These features com-
bine for six to eight weeks
of operation under normal
battery usage.

The Portfolio has a
hinged clam-shell con-
struction with the 7.8-by-
4.1-in. keyboard on the bot-
tom half and the display on
the top half. The keyboard
is a 63-key IBM PC-soft-
ware-compatible design
with fulltraveland an audi-
ble key- click feature that
can be disabled. A special
key combination activates
a numeric keypad. For
storing data files or appli-
cation programs, the unit

TECHNOLOGY ADVANCES

comes with plastic-encased
memory cards, each about
the size of a credit card.
Memory card options are
32 kbytes, 64 kbytes, and
128 kbytes RAM; 64 kbytes
and 128 kbytes PROM; and
128 kbytes masked ROM.
RAM capacity can be
stretched with optional
memory-expander attach-

ments. For frequent file
transfers, an external
memory-card drive speeds
downloading and read-
write operations.

A 60-pin bus connector
canbeused with Atari’s op-
tional serial or parallel in-
terfaces for connecting the
Portfolio to any peripheral
thatuses the standard Cen-
tronics parallel or RS-232-
C serial interfaces. For ex-
ample, the parallel inter-
face can connect the sys-
tem to a parallel printer, or
it can be used to transfer
files between the Portfolio
and an IBM PC or compati-
ble desktop computer.

MILT LEONARD

lending a highly
B readable display and

long battery life in a
portable computer pre-
sents trade-offs and chal-
lenges that will testany en-
gineer’s skill. For engi-
neers at Apple Computer
Inc., Cupertino, Calif., the
newly released portable
Macintosh was no excep-
tion. It took an active-ma-
trix liquid-crystal display
(LCD), intelligent power
management, and custom-
designed chips to meet the
challenge.

The 13.75-1b. battery-
powered system is the first
portable computer to pack
an active-matrix LCD,
which combines a wide
viewing angle with a crisp-
ness and response time
that other portable sys-
tems lack. The mono-
chrome 640-by-400-pixel
display doesn’t have a
backlight, but in most situ-
ations it won’t need one
thanks to the active matrix
technology. Furthermore,
having a transistor drive
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MACINTOSH GOES PORTABLE,
DELIVERS DESKTOP-DISPLAY QUALITY

each pixel—the essence of
an active matrix LCD—
makes the display’s re-
sponse time short enough
to show real-time anima-
tion.

In addition, the respon-
sive display makes it possi-
ble for Apple to embed an
optical trackball mouse in
the keyboard to move the
cursor quickly. As an op-
tion, the trackball can be
set on the left- or right-
hand side of the 63-key key-
board, or it can be replaced
altogether with an 18-key
numeric keypad for seri-
ous spreadsheet users.

Beyond the display, Ap-
ple designers went with an
all-CMOS system design,
intelligent and program-
mable power manage-
ment, low-power static
RAM for main memory,
and a rugged lead-acid
main power source.
There’s also a 9-V emer-
gency back-up battery.
The net result of this strat-
egy: the machine will oper-
ate for about 10 hours (av-

C DESTIGN

erage) on the main battery
before needing a recharge.
Apple designers ap-
proached the intelligent
power management from
two directions: First, a sin-
gle-chip microcontroller
was programmed to moni-
tor all aspects of system
operation and selectively
turn off, or put into a sleep
mode, allnonactive subsec-
tions of the system. Sec-
ond, many custom chips de-
veloped by Apple include
their own power manage-
ment control circuits that
monitor signal lines. Those
internal power control cir-
cuits can trim back power
drain within the chip.
Users can also modify
the initial default power
saving features to custom-
ize the power control to the
way they use the system.
With a software utility
package, users can set var-
ious time delays that tell
the system how long to
waitbefore entering aslow
mode, which cuts the oper-
ating frequency from 16

MHz down to 1 MHz, or
turn the system off entire-
ly. Any keystroke reacti-
vates the system to full
speed.

Additional power-sav-
ing considerations went
into the main memory de-
sign. Rather than use high-
density dynamic RAMs
(DRAMs) thatrequire peri-
odic refreshing, and thus
continually draw current
tomaintain data, designers
chose 32k-by-8-bit static
RAMs (SRAMs). Because
only two SRAMs are need-
ed to form a 16-bit word,
only two of the memory
chips in the entire 1-Mbyte
bank are active atany point
in time.

The system will initially
come with 1 Mbyte of
SRAM. An optional 1-
Mbyte bank can be added.
As memory chips get dens-
er, the system can pack as
much as 9 Mbytes. Al-
though 1 Mbyte of SRAM
costs more than 1 Mbyte of
DRAM, data can be indefi-
nitely retained in the
SRAM with nearly unno-
ticeable power drain from
the main battery when the
systemisn’tin use.

As with all other new
Macintosh systems, the
portable Mac will include
one 3.5-in. floppy “‘super-
drive’”’ that reads and
writes all popular formats.
An optional 40-Mbyte hard
disk adds 21bs. to the unit’s
weight. Furthermore, all
the standard I/0 ports are
part of the base system, in-
cluding video interface,
printer, audio, Apple desk-
top bus, an external disk
drive interface, SCSI, a
power adapter jack, and an
internal slot to hold a mo-
dem (see the figure). The
built-in power adapter han-
dles line voltages from 70
to270 Vat40to 70 Hz.

DAVE BURSKY
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The new PL1000 makes perfect sense the first
time you use it. And doesn’t have fo be relearned
the second time.

You get uncompromised high performance
(up to 192 channels at 100 MHz synchro-
nous, or 96 at 200 MHz asynchronous; up
to 144 channels at 500 MHz asynchronous,

or 72 at 1 GHz) with a friendly, familiar MS-DOS :’%?% '

Windows interface.
All the heavy-duty features are here, too. A
complete line of application-specific accessories. 100 MHz

Microsoft Windows and MS-DOS are frademarks of Microsoft Corporation. AT is a frademark of IBM.
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disassembly of all
popular 8-, 16- and
32-bit microprocessors.
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An exclusive clustered channel
feature simplifies the display,
so you always know exactly
where you are on your
address bus,
at a glance.

i\\

Just point and click your
way through the first time,
and every time.

synchronous analysis. High performance
active probes —2 MOhm/5 pF. Optional
50-MHz pattern generator.

And you can choose either the PL1000
fower that connects directly fo an AT™ com-
puter, or the portable PL1000+, with an integral

AT computer.

If you want maximum power with a minimum

of aggravation, call today about the new Konfron

PL1000 and PL1000+. KONTRON
The logical analyzers. =' ELECTRONICS

KONTRON ELECTRONICS (800) 227-8834 630 Clyde Avenue, Mountain View, CA 94039-7230
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EPConnect™ Software
runs under DOS or

PLUG
80,386 SOFTWARE ENGINEERS
INTO YOUR NEXT VME PROJECT.

Windows/386 and
includes Configurator,
Bus Manager, Bus
Monitor, Bus Probe,
Auxiliary Processor
Interface, and

1/0 Drivers.

Launch your next VME project
with an Embedded PC. An EPC®
is a 386-based PC-compatible
computer with a 32-bit
VMEDbus interface and support
software. Slide it into your
VME card cage, flip on your
power supply, and it becomes
the key to the worlds most
abundant software resources
including CASE tools, multi-
tasking operating systems,
industrial control software,
data acquisition programs,
networking software,
compilers, debuggers, and
other off-the-shelf PC
programs.

Copyright ® 1989 Radix MicroSystems, Inc

All rights reservec

Accelerate your system
development. With the EPC’s
VME-specific development
tools and 1/0 drivers, you'll
speed through system
integration and have more
time to add value to your
application.

EPCs are versatile. They can
be system controllers or
slaves, human interfaces,
development systems,
co-processors, network hosts,
file servers. They support
multi-processor systems
containing EPCs and other
VME processors, including
the 68000-family.

Ask for an EPC demo.

Call Radix MicroSystems:
(800) 950-0044. You’ll see how
EPCs unleash the wealth of
PC software resources for
your VME system designs ...
in one easy move.

1. EPC is a registere

d trademark and EPConnect i

Embedded PCs for VME Systems
feature:

- Intel 386-family CPUs

« 32-bit VMEbus interface

« Up to 4MB RAM

« 1.44MB floppy disk

- 40MB SCSI hard drive

+ EPConnect™ VMEbus
interfacing and develop-
ment software

- Superior documentation
and customer service.

EPC-3 (above)

« Intel 80386SX CPU (16MHz)
- VGA graphics
« Optional expansion modules

EPC-1 (not shown)
« Intel 80386 CPU (16 or 20MHz)

MICROSYSTEMS

* EGA graphics 19545 N.W. Von Neumann Dr.
Beaverton, OR 97006 USA
(800) 950-0044
(503) 690-1229
FAX (503) 690-1228
a trademark of Radix MicroSystems, Inc. 386 is a trademark of Intel Corp
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PC-BOARD SPEEDS
SKYROCKET

BuT ASs BOARD SPEEDS RISE,
THE DESIGNS BECOME MUCH MORE
ComMPLEX AND ADD NEW COMPLICATIONS.

RICHARD NASS

ccording toa Dataquest
survey, 50% of all digi-
tal pc boards will run at
higher than 50 MHz by
1991. With this accel-
eration in speed, high-
speed board designers
will have to pay more
attention to layout and circuit prob-
lems, such as ringing, undershoot, over-
shoot, crosstalk, and multiple threshold
crossings. Better parts placement, wir-
ing layout, thermal design and circuit
design tools, as well as techniques to
handle emi/rfi and skin effect in the pc
traces, are needed to help solve these
critical high-frequency problems. Con-
sequently, trouble-shooting tools are
beginning to appear, each one basically
tackling a specific aspect of the overall
problem.

However, along with the large vari-
ety of tools comes the problem of inte-
grating them into one system. Many
large companies are developing CAE/
CAD tools in-house to solve particular
design problems, while simultaneously
keeping their technology proprietary.
Such companies also frequently look
for outside help in finding specific tools
that can’t be developed internally. In
these cases, though, the companies
must be prepared to tackle the integra-
tion process. But many large CAE/
CAD vendors are opening up their ar-
chitectures to integrate the tools of
small niche players. This is good for
both users and the small CAE/CAD
niche houses.

Few of today’s pe-board layout tools

take timing into account—many only
help analyze the board’s high-speed
performance after layout, instead of
aiding in board design during layout.
Until boards reached the 20-MHz pla-
teau, such pre-layout tools were hardly
needed: Experienced designers could
compensate for many of the speed-lay-
out problems by tweaking the circuit.
At that level, engineers might spend
only about 5% of their time ironing out
the kinks.

Butat higher speeds, the boards have
become so sensitive to timing that sim-
ple tweaking often ends up doing more
harm than good. As a result, it’s not un-
usual for today’s designers to spend

1. THE USER CAN SEE an actual

board while laying out a design.
Furthermore, the Transmission Line
Simulator follows the path taken by the
design rather than going in its own direction.

ELETCTRUONTIC DESIGN‘31
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50% to 60% of their time trouble-
shooting. Timing analysis should be
done before a layout design is com-
plete. Even if the logic correctly per-
forms each function, the delay may
be too long to meet the specified per-
formance requirements.

ESTIMATING DELAY

Some new tools help designers an-
alyze board designs by estimating
the delay and distortion characteris-
tics of high-speed signals. For in-
stance, Valid Logic’s Allegro Printed
Circuit Board Engineering System
can analyze wire delays along with
such parasitic capacitances, resis-
tances, and inductances. With this
capability, designers can then make
simultaneous analyses of reflec-
tions, crosstalk, thermal noise, and
ohmic loss.

Another problem with today’s
tools is that they try to solve prob-
lems with the tools’ own methodolo-
gy, rather than continuing on the
path that the designer took. The en-

3. THE TRANSMISSION rine

calculator evaluates the timing of a pc
board to determine whether the
undershoot or overshoot caused by a
reflection exceeds the board’s predefined
specifications.
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gineers at Daisy/Cadnetix, Boulder,
Colo., overcame this obstacle with
the Transmission Line Simulator,
which follows the designer’s ap-
proach and doesn’t re-layout the
board. Rather than provide a table of
elements, it enables users to see the
board as it will appear (Fig. 1). Daisy
agrees that there’s an integration
problem. The company is also inter-
ested in further exploring this fron-

Name of Net:
Driver Part

2. BY SEEING the board asit’s

being laid out, designers can simplify the
routing during the placement process.
With the BoardStation, users can move,
align, rotate, pivot, and swap individual
or groups of components.

tier. In addition, most of the engi-
neers close to pe-board design agree
that workstations are—and will con-
tinue to be—the place where com-
plex designs will happen.

Timing problems also encompass
parts placement. Time-critical parts
can’t be placed far apart because it
will result in long signal paths. An-
other tool, from Mentor Graphics,
Beaverton, Ore., keeps routing “in
mind” while doing the placement.
The BoardStation allows for angled
device positioning, which helps accel-
erate the placement process (Fig. 2).
With a split-screen technique, the
software makes it possible for users
to move, align, rotate, pivot, and
swap individual or groups of compo-
nents.

Engineers know that the length of
the paths is one of the critical aspects
of their boards. Those familiar with
pe boards, but not with the high-
speed aspect, tend to overcompen-
sate. For example, it’s not uncom-
mon to see a preliminary design with
stubs (length of traces that come off
the joint of a t-connection, which
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A PERSPECTIVE ON BUS INTERFACE DESIGN

| New bus interface ICs from TI can
keep your total system up to speed.

You not only increase system throughput but cut power
~ and conserve real estate at the same time.
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High-speed, low-power implementation of backplane and peripheral interfaces for most popular
‘ | standards is made possible by TI's comprehensive family of both digital and analog physical-layer

s . = , . .
 at use is a high-perfor- Superior backplane interface performance
‘ mance CPU if its processing power
can’t be delivered to the backplane To maximize system throughput, is specifically designed for bus
and outward to the peripherals? data must be able to get on and off interface applications.
Typically, some system through- the bus quickly. Therefore, the As the name implies, T1
put is lost at the local bus interface, backplane bus transceivers must be BiCMOS merges low-power
some at the backplane interface, capable of high speed and high CMOS with high-speed bipolar,
and some at the peripheral bus drive. delivering switching speeds com-
sterface, Our high-speed/low-power parable to advanced bipolar
‘ To help you minimize such losses | BiCMOS logic (SN54/74BCTXXX) | devices. You also get the 48/64-mA
i}nd mzlxxnm:e sysrcn:_t_throu;,'h‘put,f BiCMOS VERSUS ADVANCED BIPOLAR
exas Instruments offers a series o
innovative chips for (1) backplane BiCMOS SPEED ADVANTAGE BiCMOS POWER ADVANTAGE
‘ interface and (2) peripheral bus in- = W@YJ""" _— MAX":UM CURRENT {1oe)
terface, as well as (3) controllers to 200 e ¢ 240
regulate data flow. . sl
These devices support the major 2 1 5.7 240 |
industry st'(mdardls listed above so . . s T =i e O T
that you can achieve system com- ns mA
P'dtiblll[y rcgardless of the bus you The BiCMOS lead over bipolar is proven by this comparison between TI's '74BCT240 and a com-
are implementing. pinblL advanced bipolar standard device. Typical propagation delay of TI's BICMOS part is faster
(left) while power dissipation is less (right).
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TT’s MegaChip™ Technologies are the means by which we can help you and your
company get to market faster with better, more competitive products. Our
emphasis on volume manufacturing of high-density circuits is the catalyst
for ongoing advances in how we design, process, and manufacture
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RS-485 IP1

ICs. To complete the implementation, T1 offers a series of innovative standard and ASIC control
devices. Use of TI's leadership bus interface devices can help shorten system design cycles.

drive current you need, and total
system power savings can be as
high as 25% (see charts).

There are more than 60 mem-
bers in our BICMOS family, includ-
ing 8-, 9-, and 10-bit latches, buf-
fers, drivers, and transceivers. The
family is also available in military
versions.

Our family of octal ECL trans-
lators (SN10OKHT/100KTXXXX)
delivers a low-power, high-speed
translator solution with 48 mA of

drive capability on the TTL side.
Our high-speed Futurebus
transceiver family (SN55/75ALS-
05X) includes quad and octal
devices compatible with Futurebus
implementations of the IEEE 896.1
standard. With a drive capability of
100 mA, a 5-ns (typ) propagation
delay, and a supply current of
65 mA (max), our SN75ALS053
has the best speed/power ratio of
any Futurebus transceiver on the
market today. m

High-performance peripheral interfaces

Peripheral bus interface design
decisions revolve around trade-offs
between line length, data rate, and
noise immunity.

Where data rates are low and

line lengths are short, as with the
popular RS-232-C/D standard, the
major concern is power savings.
However, relatively high voltages
(30 V) prevent the use of standard

& -
CMOS devices. Your answer lies ‘
with TI’s Linear BICMOS family.

Included are low-power versions
of industry-standard quad drivers |
and receivers (SN75C188/89).
Driver/receiver combinations, rang-
ing from single to quad combina-
tions (SN75C1154), substantially
cut package count.

This BICMOS technology will
also allow us to provide charge
pump circuitry for single 5-V
operation.

Where data rates are high and
line lengths are long, as the newer
peripherals demand, noise can be-
come a major problem. It is over-
come by the use of differential
drive. Typically, the major applica-
tion requirement is higher speeds
at, ideally, lower power.

For example, disk drives using
ESDI, IPI, or SCSI interfaces will
benefit from TI's SN75ALS17X
devices conforming to RS-422-A
and/or RS-485 standards. These
chips are fabricated using our ‘
unique IMPACT™ processing that w
delivers up to 50% greater speed
compared to competing products
with as much as a 30% power
reduction.

IMPACT processing is also
behind the unmatched speed of our
SN75AS030 RS-422 dual driver/
receiver. Typical propagation delays
are only 6 ns. m

No matter which of TI’s innova-
tive devices you choose to improve
speed, cut power, and reduce real
estate at the media interface, the
complete bus interface requires
another element — controllers.
For details on how T1 is addressing
your needs in this area, turn the page.

=




A PERSPECTIVE ON BUS INTERFACE DESIGN

High-performance controllers

make system design easier.

While the majority of physical-
layer devices—those used to
implement backplane and
peripheral interfaces—transmit
data, your system design also
requires a device to regulate the
flow of that data through the bus
interface. To do the job, T offers a
series of controllers that simplify
and shorten your task while cutting
chip count and improving overall
system throughput.

Simplified NuBus design

TI has taken much of the work out
of NuBus™ design by introducing
the industry’s first standard NuBus
interface devices. They are the
SN74ACT2440 NuBus Controller
and the SN74BCT2420 NuBus
Registered Transceiver.

A typical implementation, using
two 16-bit transceivers and one 32-
bit controller (see below), replaces
as many as 45 discrete devices.
Compared to a discrete approach,
this solution uses 60% less board
space and 90% less power.

Because the necessary logic is
embedded within the controller,
design cycle time is reduced
significantly.

A low-power UART

There is now more need than ever
for low-power RS-232 interfaces.
Our TL16C450 Universal Asyn-
chronous Receiver/Transceiver
(UART), made with CMOS
process technology, is an excellent
choice for desktop applications and
is especially suited for use in lap-
top/battery-powered units.

A flexible SCSI controller

Available soon, our SCSI control-
ler (designed to conform to ANSI
X3.131-1986 specifications) will
deliver data rates of 3 Mbytes/s
(asynchronous) and 5 Mbytes/s
(synchronous).

Unique byte-stacking control
logic will allow interface to 164 24-,
and 32-bit buses. The T1 controller
will also provide powerful multi-
phase SCSI commands, including
automatic handling of save-data
pointer to minimize interrupts to
the host processor. Dual 32-byte
FIFOs will provide smooth, effi-
cient buffering between processor
and DMA ports.

Customized controllers, too
The NuBus and UART controllers

TI’'s 32-hit NuBus Interface Solution

NuBus
TRANSCEIVERS

ADO-AD 31

ADDRESS LINES 0-31

DATA LINES 0-31

CONTROL

CLOCK/CONTROL

IDENTIFICATION LINES 0-3

STATUS
NuBus
CONTROLLER

Major space savings are realized by using one TI SN74 ACT 2440 controller and two SN74BCT2420
transceivers to complete a full 32-bit NuBus master/slave interface. As many as 45 discrete logic
devices are replaced, realizing significant reductions in board space, power consumption, and design

cycle time.

are available as part of our ASIC
standard-cell library.

In addition, TI offers TGC100
Gate Arrays and TSC500 Standard
Cells as part of our ASIC family
which allows you to build the
precise chip functions you need. m

System complexity
and the future

As systems become more and more
complex, the need will emerge for
combining the functionality of con-
trollers and physical-layer devices
on a single chip. To that end, Tl is
applying its acknowledged exper-
tise in physical-layer devices to the
design and development of such
advanced control-level ICs.

System complexity also brings
with it the need for simulation
models to make design easier and
faster. As a result, we already have
simulation models available for
more than 1,300 TI devices, includ-
ing BiCMOS bus interface and
ACL logic devices.

Another issue is the increasing
difficulty and expense of testing
boards in complex systems. Conse-
quently, TI supports the JTAG/
IEEE P1149.1 standard with the
development of standard products
and ASICs having on-chip test
cells, as well as with development
support software and device models
on several leading workstations. m

Please call 1-800-232-3200,
ext. 3905, for your copy of our
Bus Interface Devices brochure.
Or write Texas Instruments
Incorporated, Dept. SSY25,
P.O. Box 809066, Dallas, Texas
75380-9066.

™ MegaChip, IMPACT, and NuBus are
trademarks of Texas Instruments Incorporated.
VAX is a trademark of Digital Equipment
Corporation.

© 1989 Tl 08-8444
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HIGH-SPEED
BOARD DESIGN

might cause reflections) of zero
length. This is great, theoretically,
but tell that to the engineer doing the
routing to implement the zero-length
stubs and watch his reaction: He
probably won’t jump for joy because
it’s nearly impossible to create a tru-
ly zero-length stub—there’s always
some reflection.

DisPosE OF CROSSTALK

The most obvious way to eliminate
crosstalk is by simply separating the
lines, by separating pe-board layers
between ground planes, or by put-
ting in an interdigitized ground wire
between the offending grounds. In
fact, it’s ironic that, in the past,
crosstalk problems were inadver-
tently avoided because designers
don’t make maximum use of space.
Inexperienced designers often add-
ed extra (and unnecessary) layers to
their boards. But this won’t work
with high-speed circuits.

Some of the new software tools,
such as the Crosstalk Tool Kit (XTK)
from Quad Design, Camarillo, Calif.,
can simulate the effects of crosstalk
in a digital system. It does this by

30, p
om 30,00 to 40.00_ increment 0.20 _ deg-C : Yes

from 0 to 124 aillivolts
Hode Temperature Text Block :

Thermal Node Arrangesent
Component Power Multiplier : 1.
Reliability Environment

PCB EDGE LEFT ToP
Conductance : .01 .01
Teaperature : 25.0 25.0

Adjacent PCB Temperature
Board to Board spacing

== Vacuum :

Gravity Direction :
Forced Air Direction :
Altitude :

Inlet Air temp :

Air Velocity :

| Pick To Complete Window.
last pick: 5.300, 3.600
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THERMAL SICNOISE

complete its analysis.

supplying a detailed account of the
physical, geometrical, and electrical
characteristics of all drivers, loads,
conductors, and dielectrics in a net-
work.

Another tool that helps designers
to judge the effects of changes in the
dielectric, line spacings and lengths,
and load conditions is the Greenfield,
from Quantic Laboratories Inc.,
Winnipeg, Canada. With Greenfield,
users can see an accurate description
of their designs by creating matrices
relating to the per-unit line length,
time delays, inductance, and capaci-
tance. This tool is also one of the few
that analyzes before prototype con-
struction. Previously, designers had
to guess at these parameters and
hope their guess was accurate when
testing the completed board.

Too MANY LAYERS

Often, a design won’t fit into the
allotted number of layers. When this
is the case, what are the choices?
With surface-mounting technology,
there are many unavailable parts;
design-rule changes for center-to-
center spacing is more expensive,

Highlight :
B N (T S ——
Net Name + &

Driver Pin : U10.15

Receiver Pin : U28.13

Noise Immunity

= Reflection

= CrossTalk

« Thermal Shift :
« Ohaic Loss

= External Noise :

4. ALLEGRO’S SIGNAL'NOISE ANALYSIS TOOL identifies distortion

errors caused by dissimilar operating temperatures. It then uses the user-defined data to
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lowers the yield, and changes the im-
pedance of the board; more layers
are also more expensive, and device
pins might not make it all the way
through the board.

There’s also radial routing, where
the traces are laid out with rounded
corners rather than sharp, 90° cor-
ners. Nevertheless, although radial
routing saves space and can offset
some of problems associated with
high speed, there’s a trade-off. Rout-
ing at different angles at different
levels makes it difficult to route the
board because lands for the device
pins may not line up on all layers.
This causes many channels to be lost.
While some users swear that using
different angles has no effect on the
board’s performance, others say
that using 90° angles adds to the re-
flection. On paper, it seems logical,
but this is something that can only be
solved by experience.

Reflections from a stub can’t be
any longer than a device’s reset time
or the reflections will be seen as false
inputs. To some components, this
won’t make any difference. But in a
device such as a counter, where a re-
flection would be seen as another
count, this is critical. By shortening
the stub lengths below a certain dis-
tance, this false triggering can be
avoided.

One way around this problem is to
route the board with adequate
lengths, then go back and shorten as
many as possible without disturbing
the board’s operation. Some tools
can accurately predict whether the
undershoot or overshoot caused by
the reflection exceeds the board’s
specifications. For example, the
Transmission Line Calculator (TLC)
from Quad Design can evaluate net-
work topologies before or after the
board is generated. If done prior to
generation, the tool makes it possi-
ble for designers to tinker with vari-
ous topologies and loading and ter-
mination strategies (Fig. 3).

Reflections can also cause the sig-
nal to take an excessively long time
to settle. This, in turn, adds to the
propagation delay and can also be
predicted by the TLC as it goes
through the board on a net-by-net ba-
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Sometimes, high-speed boards em-
ploy complementary signals, where
two signals must arrive at their des-
tination at exactly the same time and
not out of sequence. The lengths of
these differential pairs must be the
same. Again, it’s asking a lot of the
router to make the signal paths ex-
actly the same length. And this
would probably go unnoticed until
the route-analysis stage, at which
point the designer would have to go
back into the layout, analyze one of
the lengths, and adjust the other ac-
cordingly.

OUTSIDE INTERFERENCE
High-speed, sensitive signals are
affected by the environment’s ele-
ments. These signals can be isolated
from interference by being laid be-
tween planes. Alternatively, these
highly-sensitive signals can be rout-
ed with more clearance than the less
sensitive lines, so they don’t pick up

interference from parallel running
signals. Both rfiand emiare general-
ly measured after prototyping. This
is because there no available tools
can predict this interference.

Thermal considerations are preva-
lent on all pc boards, but they be-
come even more of an issue with
high-speed boards, which tend to be
multilayered and densely packed
with components. Consequently, a
quality thermal-analysis package is
essential to high-speed design. An-
other way to tackle the thermal-anal-
ysis problem is to do a flow analysis
at the same time that the placement
is done.

As the trend toward using auto-
mated tools has continued, Valid’s
Allegro has upgraded to include
thermal-analysis capabilities. The
tool applies user-specified design
rules to the board in its analysis rath-
er than following a standard path
(Fig. 4).

At very-high frequencies, skin ef-
fect in a wire can cause degradation.
This area hasn’t received much at-
tention, so designers must once
again rely on their own experiences.
As frequencies get higher, the cur-
rent that flows through the wires
tends to run nearer to the wire’s edge
and further away from the center,
making it look like a higher resis-
tance. This effect (skin effect)
causes a rise-time distortion that
must be accounted for.

A simple solution is to use a wider
or thicker wire with a larger surface
area. The trade-offs here are that
wider wire takes up more space and
nobody wants to make a board any
bigger than they have to.[]

How VALUABLE? CIRCLE
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MODERATELY 539
SLIGHTLY 540

T-Bar’s new Multipole Switch
Module! Design engineers
find it perfect for switching
applications like testing and
process control. T-Bar’'s

new Multipole Switch Module
provides a simple, low-cost
way to create a wide variety of
switch configurations. Each
compact unit has four 48-pin
DIN standard male connectors
that can be wired indepen-
dently as four 12-wire circuits,
two 24-wire circuits, or one
48-wire circuit—in a matrix,
test & monitor, or BUS config-

fit in a standard 19" rack-
mount 6U x 220MM, Euro
Cage, so you can have just the
capacity you need for virtually
any multi-circuit application.
Call (203) 926-1801 for com-
plete product specifications.

1-800-328-3279

SWITCH 1000 Circuits

uration. Up to 21 switching
modules (over 1000 circuits) |

INCORFORATED
3 g

A DATA SWITCH COMPANY

One Enterprise Drive, Shelton, CT 06484
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PRESERVATION
PLAN ON IT

Planning on restoring
a house, saving a
landmark, reviving
your neighborhood?
Gain a wealth of
experience and help
preserve our historic
and architectural
heritage. Join the
National Trust for
Historic Preservation
and support
preservation efforts in
your community.
Make preservation a
blueprint for the future.

Write:

National Trust

for Historic Preservation
Department PA

1785 Massachusetts Ave., N.W.
Washington, D.C. 20036




Our new SERIES 95
switches are com-
patible with ANVIS

A unique optics

Wl system eliminates
The glare. With voltages
o, Sy trimmed, the switch
e is easily readable

with the unaided

in direct sunlight
and dead-face

night vision goggles.

eye. It’s also readable

when not energized.

Our new QUIK-CONNECT™ module is physically
separate from the switch. It can be pre-wired without
solder and pre-checked for correct continuity. The
QUIK-CONNECT™ module can then simply be pressed
into place in the new SERIES 95 switch.

Compact and light. No other Mil-Spec switch can
match it. Options: High-Impact Shock « Dustproof/
Dripproof/Watertight/Splashproof « Split Ground
Standard Solder Terminations « EMI « Contact us today.

© 4erospace oprics INC.

3201 Sandy Lane, Fort Worth, Texas 76112
(817) 451-1141 « Telex 75-8461 « Fax (817) 654-3405
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ble for the transputer —
ow-cost path to increased
computing performance.
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Multiprocessing
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NUMBER 4 IN A SERIES

Modularity: The key
to sophisticated
embedded control
systems development.

Today’s new class of embedded control systems
transcend the simple event-control applications of the
past. Graphics displays, laser printers, adaptive robotics,
image processing, industrial control, instrumentation,
LANs and mass-storage devices require the real-time
processing and control capabilities now available through

multiprocessing technology.

Dedicated resources such as on-chip serial link and
synchronous point-to-point communications give
transputers the modularity required for efficient

multiprocessor computing.

Transputers are the simple solution to multiprocessing.

D NMmos

577

SGS-THOMSON
MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics Group.
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Next time they boast
about adding more
features to a real-time
clock. aslf to see one first.

% A

The Harris Way:
More On-Chip

Functions And
Affordable.

First. we thought about
life two centuries from
now. Then we built a clock
to last that long.

A 128-year calendar
with automatic leap year
corrections is just one im-
pressive feature of our
patented ICM7170 real-
time processor-compatble
clock. There are many
more.

Our CMOS-fabricated
clock offers more on-chip
functions than commodity-
quality clocks, mcluding a
battery backup circut,
regulated power supply
(assuring stable oscillator
frequency), on-chip power
down detector and on-chip
alarm comparator and
RAM. It generates alarm

nter-
rupts
and seven
Pl'( Dg]'ﬂn-l‘
mable peri-

Eight separate M
internal addressable | |
and programmable
counters keep tme from
hundredths of seconds to
years. The ICM7170 1s easy
to use, 100: no exotic soft-
ware is needed. Latches
prevent clock roll-over dur-
ing read cycle. And you
read it like a RAM.

The 71707s 300 ns ac-

atibility make it a
perfect peripheral for a
whole range of applica-
tions, from data logging
and portable and personal
computers to mdustrial
process control and pomt
of sale systems.

With its military
temperature raung and
883C screening, the

ICM7170 1s already per-

forming where perfor-
marnce counts most — in
demanding strategic and
tactical systems. Pack-
ages include 24-pin
plastic and ceramic
~ DIPs and 24-pin
. SOIC.
So if you're look-
ing for a high-perfor-
mance power-saving
clock for your system,
look to Harris” 7170.
Call for our bro-
chure and data sheet:
1-800-4-HARRIS,
Ext. 1998.

What your vision of the
future demands. Today.

RIS

SEMICONDUYUCTOR
RCA GE INTERSIL

w

HARRIS

1989, Harris Corporation
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WITH NOVEL SPLIT-PLANE ARCHITECTURE, A
CMOS PLD BuiLps THE FASTEST STATE MACHINES
EVER WITHOUT COMPROMISING F'LEXIBILITY.

PROGRAMMABLE SEQUENCER
HITS 125-MHZ CLOCK SPEED

DAVE BURSKY

Ithough VLSI chips cur-
rently enable systems
to operate at clock rates
well over 50 MHz, TTL-
compatible glue logic
has now become a per-
formance limiting fac-
tor. As today’s system
clock speeds hit 40 and
50 MHz, standard TTL-compatible pro-
grammable logic devices (PLDs)—now
an essential part of any system—are
hard-pressed to keep pace with VLSI
chips. They often must operate at twice
the clock frequency of the VLSI cir-
cuits. Today’s fastest bipolar or CMOS
PLDs run at peak system clock fre-
quencies of about 33 to 40 MHz; a few
low-complexity ECL and GaAs pro-
grammable parts can run even faster.
However, next-generation systems,
with their higher clock frequencies, will
demand still faster TTL-compatible pro-
grammable chips to handle the se-
quencing, control, and signal routing at
speeds of 66 MHz and higher.

To solve this speed problem without
moving to a more exotic or costly tech-
nology, such as GaAs or bipolar ECL,
engineers at Cypress Semiconductor
developed a novel split-plane architec- | clock frequencies of over 66 MHz and
ture PLD. Unlike most other program- | internal frequencies of close to 125
mable chips that have the state regis- | MHz.
ters fed by the output plane, the The higher speed made possible by
CY7C361 has its 32 state-register ma- | the 7C361 will open up such applications
crocells situated between the input log- | such as cache and I/0 subsystem con-
ic plane and the output OR plane to bal- | trol, asynchronous system control in-
ance the propagation delays (Fig. I). | cluding dataflow organizations, high-
With the split-plane structure, the 28- | speed real-time embedded control, and
pin circuit can operate with external | many other state-machine-based sub-
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systems. Furthermore, its CMOS
UV EPROM technology keeps the
power consumption to just 700 mW,
even at the 125-MHz maximum inter-
nal clock frequency.

In the traditional state machine
built with a programmable logic ar-
ray that incorporates registers on
the output lines, the values held in
the registers represent conditions or
states. Those values must be fed
back to the state machine’s input in
time to be available for the next clock
cycle. In addition, the values in the
state registers must propagate to
the output pins so that external cir-
cuits can be controlled before the
next clock cycle begins. These timing
requirements are what limit the op-
erating frequency of the typical PLD
state machine.

For the state machine to operate
properly, the clock period (tp) must

be as long as the longer of two cy-
cles: the clock-to-output delay, (toko)
or the sum of the feedback and setup
times (tep + tg). In most single-plane
programmable PLDs (PAL-type de-
vices) with registers at the outputs
of the fixed-OR array, tgko is small
but the sum of tp and tgis large. The
more flexible two-plane-program-
mable PLDs (PLA-type chips) in-
crease the length of the feedback
path and unbalance the delay fur-
ther. As a result, the maximum clock
frequency goes down and the state
machine operates slower.

By placing the registers in the mid-
dle, the CY7C361’s programmable
input logic plane (the input-condition
array) feeds the array of registers.
These registers can then feed a pro-
grammable OR plane (the output
translation array), or they can feed
back to the logic plane array inputs.

That middle location minimizes the
length of the feedback path and
moves the registers closer to the in-
puts. The net result is that the feed-
back delay time from the register
output, plus data setup time, is re-
duced relative to the clock-to-output
delay time (toko)-

Consequently, the tggo value in
the 7C361 is actually replaced by the
delay measured from a clock to a de-
skewing output buffer (t.p). But the
output signals from the output
translation array would appear con-
siderably skewed if they directly fed
an external circuit. To avoid any
skew problems, the array outputs
are captured in a de-skewing buffer
that synchronizes the output sig-
nals.

A Latch-Enable signal, generated
by the clock input and traversing an
independent path parallel to the out-
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‘ 1. ANOVEL SPLIT-PLANE ARCHITECTURE places the state-machine macrocells between the input array and the output

array. It balances the on-chip delays and makes internal operation possible at clock frequencies of 125 MHz.
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between the arrays balances the two
paths at 8 ns. The circuit can then op-
erate at 125 MHz, the reciprocal of
the time delay.

Along with the novel placement of

To condition
decode input
of state
macrocell

Input1 InputN

AR

StateN State1

2. INSTEAD OF the usual AND

logic plane, Cypress employs
configurable condition-decoding logic,
which combines AND and OR operators.

put array, has a delay equal to the
worst possible delay that can occur
in the output array. This signal latch-
es the TC361’s outputs every 8 ns or
less after the state clock, with a skew
of no more than 1 ns when two out-
puts are switched, or 3 ns total when
all outputs are switched. To obtain
maximum performance, the internal
delays must be balanced so that tp,
= top + tg and neither top nor tg be-
comes one performance-limiting fac-
tor. The placement of the registers

the state registers, the array archi-
tecture uses an unusual logic struc-
ture that employs a scheme called
condition decoding, which combines
AND and OR logic (Fig. 2). The sig-
nal doesn’t encounter the delays it
might otherwise incur if propagated
through a PAL-type array where up
to 19 product terms must be dealt
with.

The architecture is the first silicon
implementation of a programmable
Petri net. The Petrinet is an analysis
tool typically used to evaluate con-
current state machines. And by im-
plementing it in programmable log-
ic, building concurrent state ma-
chines can be simplified.

In the chip, if states are represent-
ed as S0, S1,...SN, and inputs as a, b,
¢, ... z, then the decoder indicates a
general form of logic:

(SO +S1+S3+...SN) e (ashece...z),
including cases in which any states
or inputs are replaced by their nega-

Mutpleer (>
Array
input
D Q D Q

L—olnpul

configuration

R A A R

I Clock I
Data — Control

input Reset

3 WITH INPUT macrocells,

designers can trade off metastable
immunity at the expense of lower
throughput by putting either 0, 1, or 2
registers into the input data path. The
double-register option is targeted for
applications that need synchronization.

tions. For example, the criterion for
entering the state SJ from state SO or
S1 might be programmed as (SO +
S1)e(aeb), while the ecriterion for
leaving state SJ might be (a + b +
c)eSJ.

Additional streamlining of the log-
ic array was achieved by limiting the
register feedback network. Not all
of the registers feed back to every
input of the condition-decoding ar-
ray. Some of the registers supply

Output from | c
previous
Local Local 0
Tokit:n :tarry reset reset Clock o 1| Multiplexer
. | l l R GND ’jD_‘ b9 To prugrammable‘
Condition decode i Condition code input Tok A OR array
Macrocell [ from programmable |
State input AND array 2
R

Tokencarry  Local Global  Clock Global reset —_D‘ §

Output from . reset reset Output from To programmable e s
previous (a) previous AND array o following
macrocell macrocell (b) macrocell

ll |c To programmable ll To programmable
Multol OR array v : OR array
GlNT1 ultiplexer "FD__ D GND -7 ultiplexer Mulipleer _<
R
E g  Clock e Global reset e = i o
Condition code input -y iplexer select Local reset
Mulilexer | Multiplexer |1 c\p from programmable -
select T AND array Clock Lo s casaail S
T bl
Condition code input ! To following 0 programmabie e
from programmable  To programmable macrocell AND array ofo Wl::ﬂ
AND array AND array (© (d)  macroce

based on a condition decode (b), and the hold-until-terminate option captures a token and maintains it until a particular condition is decoded

l 4. STATE-MACHINE REGISTERS can be conf igured into three types to ease system design (a). The start option creates a token

(c). Lastly, the toggle option is used to implement counters (d).
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feedback to all input pins, but token when it's triggered.
others }fleecllbacl; tq onlyEfour OR term No;matl The next fev;l cellsd ‘1En the
or eight local pins. Even (a) outpu group are configured to rep-
though this sacrifices some e e —— —— —— | resent hold-until-terminate
back appvoach keeps the ar. (IS w0 holds the oken
ray size small, and conse- OR term sl (stores a 1) until its input con-
quently the delays are short. ) ditions are met and then it re-
1 Mli)r;fovslr, witg an or;—chip Ingut lceases the totl;en (iisetstt?( 0).
clock doubler and signal-con- onsequently, e token
ditioning circuit, thegPLD can coj 101 2 Mealy propagates from the first to
operate internally at 125 o __—_DJ 00 output thelastcell,resuitingin%pag-
MHz, even though the extey- -_— tern sequence of 0001, 0010,
nal system clock frequency is ! 4 D- 01 0100, 1000. Alternately, the
62.5 MHz. That same circuit Invert cells can be configured for
also prevents asymmetric Input ‘]D_ 10 toggle operation to imple-
clock waveforms from caus- e ment simple counter chains.
ing internal timing problems. () i Function When enabled by the condi-
The circuit will “square-up”

input clock signals that have
uneven duty cycles.

The array also has 8 to 12
registered macrocell inputs.
Each input macrocell is metastable
hardened to minimize state-machine
failures caused by metastable phe-
nomena. With all inputs switching at
the maximum frequency, one meta-
stable event that can violate the set-
up-time window of the second input
register could occur once every 10
years. As a result, the probability of
failure for a configured state ma-
chine is low because there are more
registers in the chip, and in turn
more decision time is allowed. Each
input macrocell actually has two flip-
flops and can be configured to have
0, 1, or 2 registers in the input data
path (Fig. 3). When no register is
used, the largest requirement is for

PRICE AND AVAILABILITY
The CY7C361 programmable
state machine comes in a 28-lead,
windowed ceramic DIP or in a 28-
contact leadless, windowed, ce-
ramic chip carrier. In quantities of
100, the 125-MHz version sells for
$40; a slightly slower 100-MHz
version goes for $34. Samples will
be ready in the mid-fourth quarter
and volume production is slated
for 1990.

Cypress Semiconductor
Corp., 3901 N. First St., San Jose,
CA 95134; Al Graf, (408) 943-2600.
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5. PROGRAMMABLE OUTPUT CELLS make
it possible for users to have output only, bidirectional, or
Mealy-type combinatorial outputs from the chip.

the input’s setup-time; one register
cuts the time in half. The double reg-
ister configuration is used for asyn-
chronous input signals.

A shift-register interconnection
scheme with token-passing logic sim-
plifies state-register macrocell us-
age and makes it possible for infor-
mation to be directly exchanged
from register to register. Thanks to
this more flexible approach, multiple
concurrent states can be represent-
ed. Each macrocell contains a single-
bit register that can store a 1-bit to-
ken. Three different operations—
start, hold-until-terminate, and tog-
gle—can be represented by config-
uring the macrocell (Fig. 4).

The states inside the 7C361 can be
illustrated with a simple state ma-
chine consisting of, for instance,
four macrocells. Eight of these sim-
ple four-cell state machines can func-
tion concurrently inside the chip and
any of the machine’s outputs can be
input to the others as required.
There isn’t a limitation, however,
that requires the state machines to
be implemented in groups of four. Ei-
ther larger or smaller sets of cells
can be linked together to form state
machines of any required width.

In the operation of the 4-bit state
machine, the first macrocell is pro-
grammed to represent the Start op-
eration—a function that initiates a

G N

tion-decoding logic, the cell
toggles between its 1 and 0
states at the chip’s clock fre-
quency (it alternately stores
and releases the token).

Although states of individual cells
are simple because they represent
the presence or absence of a 1-bit to-
ken, the input conditions can span a
wide range because they're deter-
mined by the condition-decoder ar-
ray programming. The outputs of se-
lected sets of cells can also be ORed
through the output array.

In addition to the flexible state
registers in the middle of the array,
the output lines give designers many
options. Twelve lines are dedicated
outputs, four are bidirectional, and
four others offer Mealy-type combi-
natorial capability (Fig. 5). A chip’s
normal output signal is the Boolean
sum of a macrocell output subset.
That subset is programmed into the
output array, with all aspects deter-
mined by system designers. The sim-
ple output configuration simply
buffers the array’s OR term and con-
nects the line to a package pin. Simi-
larly, the bidirectional buffer em-
ploys two OR terms from the array:
one is the logic output and the other
controls whether the pin serves as an
input or output (much like an output-
enable function).(J

How VALUABLE? CIRCLE
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ATE&T DSPs, packed with
powerful telecom capabilities,
give you the design flexibility you
need to turn product

dreams into market realities.

Whatever your application—PBX,
modem, central office equipment—we
can help you make it work. With the
fastest fixed point chip on the market—
our 25ns DSP16A. With the multi-
functional architecture of our floating
point DSP32/32C. And with application
notes to help complete your solution.

Our DSPs let you implement up to
32 Dual Tone Multi-Frequency receivers
(DTMFs) on a single chip. Build in echo
cancellation for superior long-distance
transmission. Or implement a full
duplex CCITT-standard ADPCM trans-
coder, to double the data on a T1 line.
Plus, AT&T DSPs permit a glue-free
interface with all AT&T codecs.

Design time? Our application notes
will get you by every snag. We offer
simulators,
assemblers, and ’Ih
linkers for our e
full DSP line. A
C-compiler for Comp Onents
our floating
point devices.
An application
library with math, FFT and filter func-
tions. And Hewlett Packard is developing
an emulator for our DSP32C.

You'll also have the full support of
AT&T's Field Application Engineers,
Technical Support Group, and AT&T
Bell Laboratories’ DSP designers.

For more on the DSPs designed for
design-in success, just call AT&T
Microelectronics at 1800 372-2447.

of success.
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into 50Q. our SPICE models;
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Contact your
sales rep or call
1-000-548-6132 for
immediate assistance.
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DESIGN NEWS

Analog Design Insights from Maxim Integrated Products

August '89

Opto-Isolated RS-232 Transceivers Improve
Quality of Data Transmission

Isolated RS-232 data lines can pre-
vent damage and possible injury that
might occur when a data line makes
accidental contact with a power line.
Isolating the lines also reduces noise
and improves data transmission, by in-
terrupting potential ground loops.

Three new Maxim products offer
this protection: the MAX250, 251, and
252 combine data-line isolation with a
dual RS-232 transceiver. These devices
add to the MAX230-240 series of RS-
232 transceivers, boosting the number
of devices in that family to 22 (see
chart). The new transceivers, in which
the isolation barrier is included
(MAX252, Figure 1) or assembled exter-
nally by the customer (MAX250 and
MAX251, Figure 2), allow designers to
incorporate in their systems the evolv-
ing applications for RS-232 lines.

RS-232 lines can connect two
pieces of equipment that are side by
side, in different rooms, or in different
buildings. The ground potential in
separate buildings can differ by many

volts — and in some cases, connecting
these "grounds" with an RS-232 cable
can cause a spark at the connector
housing. The spark itself may be of no
consequence, but it may indicate that
the cable, when connected, will con-
duct fluctuating levels of noise current.

Consider, for example, a manufac-
turing operation in which the RS-232
lines between a data logger and host
computer pass near a large motor. At
startup, the motor can induce a
momentary 50V difference between
ground potentials at the data logger and
computer-and if the grounds are not
isolated, data may be lost during the
surge interval. In addition, isolation
blocks the voltage spikes that might
otherwise damage the computer.

Apart from isolation, the new trans-
ceivers have much in common with
other products in the MAX230-240 ser-
ies. These devices meet a variety of
system requirements by offering many
combinations of features. For a specific
application, some subset of the family
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usually provides the exact number of
receivers and transmitters required.
Most of the products operate on a sin-
gle +5V supply, others accommodate a
higher supply voltage. Until recently,
the features that further differentiated
this family were low-power shutdown,
3-state inputs, and the provision of in-
ternal charge-pump capacitors. Now,
designers have the additional option of
optically isolated RS-232 data lines.

Breaking the Isolation Barrier

Small size, reasonable cost, and
fast response have mandated the use
of opto-isolation (rather than magnetic
isolation) in data channels. However, a
transformer is necessary for transmitt-
ing power across the barrier, to the IC
on the cable side. Accordingly, the
MAX252 contains two ICs (the MAX250
and MAX251), four opto-couplers, a




e

small toroid transformer, two diodes, and
four capacitors, all in a low-cost, 40-pin
plastic DIP. This transceiver offers trans-
mission rates as high as 9.6 kbaud.

One can envision the MAX252's iso-
lation barrier as a line running lengthwise
along the middle of the DIP. Pins on one
side give access to the nonisolated or
"logic" side of the barrier, and pins on the
other side of the DIP give access to the
barrier's isolated or "cable" side. To guar-
antee the barrier’s integrity, Maxim has
applied to the Underwriters Laboratories
for a product listing that should become
effective in the fourth quarter of 1989.
The UL listing will reflect the high-voltage
testing of all parts.

The present design’'s 500 VAC rat-
ing, for instance, requires that each part
withstand 600 VAC for two seconds. (The
test involves shorting together the pins
on each side and applying voltage be-
tween the shorted groups: either 500
VAC for one minute, or 600 VAC for two
seconds.) Later versions of the MAX252
will carry a rating of 1kV or higher. The
potential applications for this device in-
clude any RS-232 link of 9.6 kbaud or
less. Industrial systems such as the ele-
vator, for example, are notable for elec-
trical surges.

90-kbaud Data Rates

An engineer can optimize the
transceiver's transmission speed by
selecting the barrier’s isolation compo-

nents, which set the baud-rate limit. The
plastic-encapsulated MAX252 doesn't
allow that choice, but its two internal ICs
are available as the MAX250 and
MAX251, separately packaged in 14-pin
DIPs. If an application requires higher
isolation voltage or a transmission rate
higher than 9.6 kbaud, one should con-
sider building an isolated-data trans-
ceiver based on the MAX250 and
MAX251. The external isolation barrier
will require four opto-couplers and a
small transformer.

A barrier based on model 4N26
opto-couplers (available from Motorola,
TRW, and others) can achieve double the
MAX252’s baud rate, i.e. 19.6 kbaud. Or,
the transceiver's two ICs can support
rates as high as 90-kbaud when com-
bined with model 6N136 opto-couplers
(available from HP, TRW, and Quality
Technologies). Although 20-kbaud is the
maximum practical transmission rate
specified for RS-232 lines, low line ca-
pacitance enables higher rates in some
systems. For these, the MAX250/251
can provide isolated data transmission.

In selecting a transformer, the
MAX250/251 data sheet offers some
guidance in specifying the electrical
characteristics and choosing a vendor.
The data sheet also shows a

recommended topology (not the actual
pc traces) for layout of the transceiver on
a single- or double-sided pc board.

No. of No. of Receivers RS-232
Part Ext. Shut- Price

RS-232 RS-232 Output Driver Pins
Number Drivers Receivers Caps. down 3-State 3-State (100up)
MAX230 8 0 4 Y - - 20 $4.00
MAX231" 2 2 2 < . ‘ 14 2.40
MAX232 2 2 4 - - - 16 3.60
MAX232A 2 2 4 - - - 16 3.60
MAX233 2 2 0 - - - 20 4.45
MAX234 4 0 4 - - - 16 3.60
MAX235 i o 0 ¥ Y - 24 9.00
MAX236 4 3 4 Y Y - 24 4.40
MAX237 5 3 4 - - - 24 4.40
MAX238 4 4 4 - - - 24 4.40
MAX239" 3 5 2 £ Y E 24 4.00
MAX240 5 S 4 L ¥ - 44 6.00
MAX241 4 5 4 Y ¥ - - 6.05
MAX242* 2 2 4 Y Y Y 18 3.75
MAX243* 2 2 4 - - - 16 3.60
MAX244* 8 10 4 - - - 44 9.00
MAX245* 8 10 0 Y Y Y 40 15.00
MAX246* 8 10 0 i Y X 40 15.00
MAX247* 8 9 0 Y Y Y 40 15.00
MAX248* 8 8 4 - N - 44 - 9.00
MAX249* 6 10 4 - Y - 44 9.00
MAX250 2 2 - X Y X 14 4.00
MAX251 2 2 - Y X ¥ 14 4.00
MAX252 g 2 0 b X ¥ 40 25.00
MAX1080* 2 2 4 X - Y 18 3:b
T45V and +12V powered. All others are powered by +5V only.
* Scheduled to be introduced Fall 1989

A complete transceiver, like the self-
contained MAX252, provides two RS-
232 inputs and two RS-232 outputs.
These serial ports conform to all
requirements of the EIA RS-232D
specification and to the CCITT
recommendation V.28. Both transceivers
have a low-power shutdown mode, in
which the power consumption drops to 5
microwatts and the transmitter outputs
go to the high-impedance state. Both
transceivers derive their £10V supply
voltages from an externally applied +5V
on the barrier's "logic" side. Using a
patented charge-pump converter tech-
nique, the transceivers convert +5V to
+10V, and then convert +10V to -10V.

* FREE *x

+5V RS-232
Driver/Receiver
Data Booklet

Comprehensive descriptions
and applications information on
Maxim’'s RS-232 products.

(CIRCLE 11)

For FREE SAMPLES or applications
assistance, call (408) 737-7600 or write
Maxim Integrated Products, 120 San
Gabriel Dr., Sunnyvale, CA 94086.

© 1989 Maxim Integrated Products, Inc .



DIGITAL-SIGNAL PROCESSING
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DSP UPROOTS
TRADITIONAL
ANALOG JOBS

rocessing digital signals is
faster, easier, and more pre-
cise than processing analog
signals. Consequently, a pro-
liferation of digital-signal
processing (DSP) chips are in-
vading the turf originally
ruled by analog-signal pro-
cessors. And this invasion is
resulting in completely new applica-
tions.

Many designers know little about
the relatively new practice of DSP.
The truth is that any DSP task can be
handled by an ordinary microproces-
sor. What sets a digital-signal pro-
cessor apart is its ability to handle
those tasks extremely quickly (see
“What makes a digital-signal pro-
cessor?,” p. 50).

There are basically two types of
DSP chips available: building-block

ELECTRON

Lisa GUNN

DSP Is
TAKING OVER
MANY ANALOG
AREAS AND
OPENING UP
NEW DOORS.

or function-specific parts; and gener-
al-purpose or single-chip processors.
Many single-chip devices tailored to
a specific application are also coming
on the scene. In addition, within each
type there are floating-point and
fixed-point parts, and devices of
many different bit sizes.

The main difference between the
two types of DSP chips is that single-
chip devices implement a DSP algo-
rithm in software and the building-
block chips implement the algorithm
in hardware. The building-block ap-
proach is used at the higher end of
the price and performance spectrum;
and the general-purpose devices are
at the lower end.

There are several styles of solu-
tions to serve DSP applications. For
the high-end of the performance
spectrum, designers pick a collection
of fairly special-purpose building
blocks and build a solution that
solves that one problem well. The
hardware design ends up looking
like the flow chart that it imple-
ments. For the lower end, designers
would use one of the general-pur-
pose, single-chip DSPs.

The performance boundary be-
tween the building-block and single-
chip solutions is sometimes hard to
determine. According to Joel De-
drick, director of product marketing
for Logic Devices Inc., a good rule of
thumb is if the sample rates are
above 1 MHz, a single-chip DSP de-
vice won’t work.

When looking at DSP perfor-
mance, a good quantity to consider is
the millions-of-operations-per-sec-
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ond rate. The MOPS rate is the prod-
uct of the sample rate and the num-
ber of operations needed per sample.
Single-chip devices can do up to
about 10 MOPS—a building-block
approach is usually needed above
that.

Real-time video is an example of
an application on the performance-
dividing line’s upper side. Consider-
ing the number of scan lines multi-
plied by the number of pixels per line
multiplied by a scan rate of 1/30th or
1/60th of a second, pixel rates could
go as high as tens of MHz. This is
beyond the capabilities of single-chip
devices.

G ‘her high-end applications can be

ny microprocessor can

handle a DSP algorithm

given enough time. But

DSP applications are
generally real-time in nature, and
they require more performance
than a microprocessor can give.
Consequently, digital-signal pro-
cessors were developed to offer
the required high-speed number
crunching.

What exactly is a digital-signal
processor, and how does it differ
from a microprocessor? Accord-
ing to Henry Davis, director of
DSP products, and Bob Fine, ap-
plications manager at Analog De-
vices Ine., there are five funda-
mental digital-signal-processing
application requirements.

A digital-signal processor is dis-
tinguished from other types of mi-
croprocessors by how well it per-
forms each of these five require-
ments: The first requirement is
fast and flexible arithmetic. Sin-
gle-cycle multiplication, multipli-
cation with accumulation, shift-
ing, and standard arithmetic and
logic operations are a must. In ad-
dition, the chip’s arithmetic units
must handle any computation se-
quence. In this way, the DSP algo-
rithm can be executed without be-
ing reformulated.

A second requirement is ex-
tended dynamic range on the mul-

found in the military. Dedrick gives
an example of an attack aircraft in
which the weapons officer musthave
an infrared view of the ground. As
the plane is tumbling and diving, the
view must stay stable. This is done
with an infrared sensor mounted on
a gimbal that makes the view of the
ground stay stable. DSP chips han-
dle the various real-time, image-
transformation processing that
makes the perspective right. Other
military applications for the high end
include radar and sonar that monitor
numerous channels.

Dr. John Eldon, applications and
product-definition manager for
TRW LSI Products Inc., says that

WHAT MAKES A DIGITAL-SIGNAL PROCESSOR?

tiply-with-accumulation opera-
tion. DSP algorithms generally
have lots of extended sums-of-
products operations. The extend-
ed dynamic range protects
against overflow and loss of data
or range.

In extended sum-of-products
calculations, two operands are al-
ways needed to feed the calcula-
tion. Consequently, single-cycle
fetch of two operands, from either
on or off the chip, is the third re-
quirement. A digital-signal pro-
cessor must sustain two-operand
data throughput.

Many DSP algorithms, includ-
ing filters, use circular buffers.
The fourth requirement, then, is
on- and off-chip hardware circular
buffering. Hardware that han-
dles address-pointer wrap-around
reduces overhead and simplifies
algorithm implementation.

The last requirement is zero-
overhead looping and branching.
DSP algorithms are repetitive in
nature and can easily be ex-
pressed in loops. Program se-
quencing that supports looped
code with zero overhead simpli-
fies programming and delivers
top performance. Furthermore,
overhead penalties for conditional
program overflow are unaccept-
able in real-time oriented DSP al-
gorithms.
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systems built with building-block, or
algorithm-specific parts, don’t re-
quire as much software as do those
built with a general-purpose DSP
chip. For instance, DSP chips in the
Texas Instruments TMS320 family
need lots of programming to per-
form a fast Fourier transform. The
building-block parts from TRW do
the same thing at three to four times
the speed, with almost no program-
ming. The trade-off is that the TRW
parts offer only specific functions.
Three main applications for TRW
parts are video, imaging, and mili-
tary.

Signal Processing Technologies
Inc. (SPT) manufactures a DSP chip-
set specifically designed for per-
forming fast Fourier transforms.
Tom Kopet, manager of systems ar-
chitecture, and Phillip Roberts, se-
nior systems engineer, believe that
the SPT set doesn’t compete with the
general-purpose digital-signal pro-
cessors, which are aimed at a broad
base of lower-cost and higher vol-
ume applications. The SPT parts are
made for high-performance applica-
tions that specifically require fast
Fourier transforms. SPT went after
the fast Fourier transform because
it’'sanalgorithm with a wide range of
applications. The chip set is meant
for use in military, high-speed image
processing, and filtering in the fre-
quency domain.

There are many building-block
DSP devices available that cater to
one specific application area. Inmos
Corp. manufactures chips specifical-
ly for radar, machine vision, and im-
age compression (Fig. 1). Andrew
Rabagliati, U.S. central applications
manager, states that Inmos’ image-
compression chip is only good for a
system that works with and stores
images.

Building-block chips come in both
fixed-point and floating-point ver-
sions. Some functions, such as the
fast Fourier transform, are too com-
plex to build in floating point. De-
signers obtain a floating-point, fast-
Fourier-transform function by build-
ing it from floating-point multipliers
and adders.

Floating-point math works well in
the single-chip devices, where every-
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thing is implemented in software, be-
cause there’s no worry of the dynam-
ic range running out. Software de-
velopment is much easier for float-
ing-point chips because designers
can just concern themselves with the
algorithm and not the nature of the
data.

On the other hand, floating-point
is generally more complex and slow-
er, which is something designers
must consider when performance is
crucial. In building-block systems,
floating-point capability can be add-
ed just to certain portions of the de-
sign with a barrel shifter. That im-
plementation isn’t even conventional
floating point—just an intelligent
scaling.

United Technologies Microelec-
tronics Center Inc. (UTMC) makes
an extremely fast, IEEE floating-
point DSP chip that’s designed as a
system building block. Tim Horn-
back, applications engineer for
UTMC’s military standard products,
says that the chip’s main use will be
in military applications. Its principal
function in these applications will be
radar, which requires very fast Fou-
rier transform operation.

According to Hornback, the
UTMC chip was built for floating-
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1. A MOVING-PICTURE COMPRESSION SYSTEM needs the discrete-

cosine transform and inverse discrete-cosine transform operations to perform image
compression and decompression, respectively. Inmos Corp.’s IMS A121 chip is optimized for
that function. The dashed-line boxes indicate the functions performed by the chip.

point math because of the wide dy-
namic range floating-point math of-
fers. Larger fast Fourier transforms
and filters are performed with float-
ing-point math.“For 1-kpoint or
smaller fast Fourier transforms,
fixed-point math is okay,” says
Hornback. “For 1-kpoint or larger,
designers need IEEE 32-bit floating
point math.”

What types of applications are the
single-chip DSP devices used in? “In
theory, the concept of DSP should

pervade all applications,” says Gene
Frantz, DSP applications manager
at Texas Instruments. “The ap-
proach to any particular application
is to process the signal in either the
analog domain or digital domain.”

APPLICATIONS, A PPLICATIONS

DSP is becoming a cost-effective
solution to more proven applications
as the price of the single-chip devices
goes down. At the other end of the
spectrum, higher-priced, fast float-
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encrypted and transmitted over the standard switched network. The vocoder converts the voice signal from the telephone handset into digital

l 2. IN THIS SECURE TELEPHONY SYSTEM, speech signals are digitized and compressed to a low-bit rate before being

form, and its DSP chip reduces the 64-kbit/s data rate into a 2.4-kbit/s data rate.
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ing-point devices open up new
ground because they can handle
tasks that couldn’t previously be
managed by other signal-processing
types. The high performance of
floating-point, single-chip devices
has revitalized many areas, such as
workstations, imaging, high-speed
control, and telecommunications.

A good example of an application
benefiting from fast floating-point
math is vocoding (F%ig. 2). Telephones
run on either a 4-kHz analog signal
or a 64-kbits/s pulse-code-modulated
(PCM) signal. Parts of the telephone
network are beginning to go to a 32-
kbits/s PCM signal, and even to a 16-
kbit/s PCM signal. If the system
goes below 16 kbits/s—9.6 kbits/s
and 4.8 kbits/s are areas of interest
now—it needs higher-performance
processing, which is found with a 32-
bit floating-point device.

Application areas for lower-cost
general-purpose chips include mo-

dems, and motor and servo control.
Any 2400-baud modem, for instance,
is built with a first-generation DSP
chip. The electronics industry was
limited in the past because of the
high cost of DSP, but inexpensive de-
vices are bringing DSP to main-
stream applications. The ability of
DSP chips to do such operations as
multiplication explicitly, without a
look-up table, gives designers more
accuracy. For a hard-disk drive,
more accuracy translates into higher
memory densities and faster speed.
Fujitsu Microelectronics Inc.’s
strategy, according to Paul
McGuire, DSP product marketing
manager, and Bobby Saffari, DSP
applications engineer, is to develop
core digital-signal processors with a
bevy of peripheral functions to give
designers maximum flexibility. The
new generation of processors is be-
coming highly integrated, and it’s at-

tacking areas typically covered by

standard microprocessors and mi-
crocontrollers.

When DSP was first developed, it
was designed purely as a number
cruncher and composed of building-
block parts in a bit-slice architecture.
But as LSI and VLSI technology im-
proved, everything was integrated
onto one chip. Today, DSP chips have
more integration and are more tai-
lored to the applications.

“There are both general-purpose
and application-specific devices,”
says McGuire. “General-purpose
chips will survive many designers.
But for certain designers, the gener-
al-purpose part falls short in some
aspect of performance. They require
a custom part.” These applications
vary from cost-sensitive applications
that don’t need some of the more
powerful digital-signal processor
features to the applications that
need to increase some performance
feature of the chip.

Application-specific varieties of
the single-chip digital-signal proces-

Data bus R i = R S :
sors are already appearing. Manu-
gy | {_ _____ =) facturers attempt as much on-board
) e functionality as possible in the hope
DSP microcantroller | : of creating a single-chip DSP solfil-
‘ I tion. Texas Instruments took the ap-
. Read write Head plication-specific approach. Its
Tt 2 circuit M. 320C17 is a DSP microcontroller de-
r:\;_‘:‘. signed for telecommunications—the
l : / chip easily interfaces to a micropro-
| Dedicated cessor and a codec. Microchip Tech-
Serial } timing platier nology Inc. manufactures a DSP-
” port 1 Decoder | based microcontroller for embedded
rr?:r'::!-s Capture I applications that require increased
troms hest Servaihasd arithmetic capabilities (Fig.3).
Decoder | Reduced cost can really boost DSP
— | infiltration into applications accord-
|44 m (/spinme ing to Tony Agnello, president of Ar-
] U motor iel Corp. Ariel manufactures boards
m: gfémr\:j based on the AT&T, Motorola, and TI
modulator Nt Bier DSP chips. Many of the boards go
into portable computers for portable
signal processing. In one application,
D-a converter Driver

for example, the Ariel board was put
in a portable PC and taken to a
bridge, where it was connected to
transducers. Engineers could then

Data bus

monitor the response of bridge and
analyze the spectrum for structural
defects—testing is a big area for
DSP boards. In another example, a
potato-chip manufacturer tests its
product for freshness by crunching

3. REAL-TIME AND CLOSED'LOOP CONTROL are performed by one
chip—Microchip Technology’s DSC320C14 DSP microcontroller. This hard-disk-drive control
system also uses the DSP microcontroller for digital compensators, digital filters, and other
number-crunching algorithms. The DSP chip improves accuracy, resulting in higher
densities and faster access time.
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“Vroom!”

Turbocharge your memory for zero
wait state design with Signetics
fast 75ns PAL"-type devices.

Vroom! Now you can
get the zero wait state
performance that will

allow memory to keep
pace with the new
ultra-fast micropro-
cessors. And you iy
won't have to pay
top price for your

memory to do it!

28IT
Hi

Fast RAM
Micro

7.5ns PAL-type device improves system
performance.

Vroom! Boost system speed, lower memory cost.
Signetics offers the fastest (7.5ns) PAL-type devices
for high-speed decoding. Now you can design with

slower, less expensive, more available memory
devices and still enhance system speed. And all
Signetics PLDs are easily supported by ABEL,
CUPL or our powerful AMAZE design software.

7.5ns 20-pin 7.5ns 24-pin
PLUS16L87 PLUSI6R6-7 | PLUS20L8-7  PLUS20R6-7
PLUS16R4-7 PLUSI6R8-7 | PLUS20R4-7  PLUS20R8-7

Vroom! We've got the guts! That's right,

we have those essential PLDs you need to improve total
system performance. Programmable Macro Logic, Logic
Arrays, Logic Sequencers and our PAL-type products that
cut system cost while boosting system speed.

Turbocharge your memory now! Call Signetics at (800)
227-1817, ext. 985C, for a free High-Speed Decoder Hand-
book. For surface mount and military product availability,
contact your local Signetics sales office.

PAL is a trademark of AMD/MMI. ©1988 NAPC

Signetics
Philips Components
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chips and then analyzing its noise
spectrum.

“DSP is useful in any real-time
type application,” says Garth Hill-
man, Motorola’s strategic DSP appli-
cations manager. Hillman notes that
DSP first found applications in the
communications and telecommuni-
cations areas before spreading to
communications-based systems,
such as modems, audio, video, and
image processing.

The newest application areas are
on motherboards of workstations
and PCs for signal processing of
sound and audio, voice communica-
tions, and graphics. DSP chips can
also work in conventional and fax
modems. Currently, all computer
manufacturers are searching for
ways to incorporate DSP chips into
their computers. '

FIXED Vs. FLOATING

Both fixed-point and floating-
point math are available on single-
chip digital-signal processors. Both
types go into many of the same appli-
cations, with the fixed-point chips
serving one area and the floating-
point chips another.

In general, given the same speed
performance, a fixed-point device
will always be less expensive. De-
signers begin to make the decision
point from a trade-off of accuracy

5% S P

applications. This digital-stereo 10-band graphic equalizer uses the DSP chip to perform the
infinite-impulse response algorithm needed for a bandpass filter.

l 4. MOTOROLA’S 24-BIT DSP CHIP is finding its way into many audio

versus cost. “This trade-off is also a
matter of religion,” says Frantz of
Texas Instruments. “There are fa-
natics who will only use floating
point because they say fixed point
will give a wrong answer. Converse-
ly, there are those who say the only
people who use floating point are
lazy people who don’t know how to
scale and do a good design.”

All of TT’s fixed-point devices are
16 bits and the floating-point chips
are 32 bits, so designers are actually
making two trade-offs when going
from one to the other: accuracy and
dynamic range. Floating point has a
much higher dynamic range.

Fixed-point chips are less expen-
sive and consume less power, conse-
quently they’re often used for con-
sumer applications. Jim Flynn, tech-
nical product support engineer for
AT&T Microelectronics, says that
digital cellular radio is a very hot
area for fixed-point devices and it’s
quickly catching on in Europe. The
U.S., however, still uses analog cellu-
lar radio.

Some argue that floating-point
chips are slower than their fixed-
point counterparts. In general, go-
ing from a 16-bit to a 32-bit chip slows
down performance because there’s a
bigger data word, and it takes longer
to multiply. Either performance or
cost will have to be given up for float-

D ESIGN

ing point.

Floating-point chips are larger and
more expensive. Garth Hillman of
Motorola Inc. explains that “floating
point will take a while to catch on be-
cause the chips are so large. They
need to get shrunk by better process-
es that will bring them down into the
submicron level.”

Steve Paavola, director of product
management for Cky Computers
Inc., notes that “fixed-point chips
have an advantage in price; floating-
point chips have the advantage of not
worrying about scaling. With fixed
point, designers implement the sig-
nal-processing algorithms and if
they're not careful, they can end up
losing bits of precision in places
where it’s unaffordable.” With float-
ing-point chips, there’s no need to
worry about losing bits and there
isn’t so much money spent on soft-
ware development. The down side is
that floating-point chips are more ex-
pensive. They also require more ex-
pensive memories because they’re
twice as wide. Low-volume applica-
tions use floating point because com-
panies can’t spend lots of money on
software development.

MATRIX MATH

Many application involving matrix
arithmetic need the dynamic range
of floating-point chips, says Dr. El-
don of TRW. Many of the linear alge-
bra functions that are performed on
a matrix depend on the chip being
able to determine if a number is ex-
actly zero or just near zero. Floating
point has a large dymamic range and
can represent small numbers very
accurately. With fixed point, as soon
as a variable becomes lower than
one, the number looks like zero. Ac-
curacy is lost as the number gets
smaller, and the entire matrix algo-
rithm is thrown off. Many DSP appli-
cations rely on matrix operations.

One application that benefits from
floating-point math is speech recog-
nition. It needs the extra floating-
point accuracy to distinguish among
human voices. Human voices are a
tough signal to analyze, especially
when dialects and other variables
are taken into account. The applica-
tion also needs the sophisticated al-




“Static can kill our circuitry.
And the front panel LEDS
Can provide the path.

| Now what?!"

It was a problem grounded in the laws of
electrical energy. And it could have caused real
havoc. But the customer took the smart step
of calling Dialight.

As the leader with over half a century
of experience in every type of indicator light, for
Dialight solving problems is standard
operating procedure. Applying our engineering

expertise in optoelectronics and utilizing state-of-

the-art CAD equipment, our model shop

quickly developed and prototyped a housing and
grounding plate for the LEDs. Upon customer
approval, our 100% internal tool fabrication and
molding facilities provided quick turn-around

on production quantities.

All indications are Dialight.

Saving costs while solving problems is
something we've long done with our panel mount
and circuit board LEDs. Over the years
customers have asked us to pair, gang, piggyback,
right angle mount, recess, bicolor, tricolor, slant,
standoff, snap-mount, bin, do whatever you can
imagine to them and we haven't been stumped yet!

So, when an indication design issue has
you ground to a halt, remember that no one has
more solutions than Dialight.

A Cambridge Electronic Industries Co.
1913 Atlantic Avenue, Manasquan, NJ 08736 201-223-9400
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SOME MANUFACTURERS OF DSP PRODUCTS

Analog Devices Inc. Fujitsu
Norwood, Mass. Microelectronics Inc.
(617) 329-4700 San Jose, Calif.
Product: DSP chips (408) 922-9000
CIRCLE 451 Product: DSP chips
CIRCLE 457
Ariel Corp.
Highland Park, N.J. Inmos Corp.
(201) 249-2900 Colorado Springs, Colo.
Product: DSP boards and (719) 630-4000
development systems Product: DSP chips
CIRCLE 452 CIRCLE 458
AT&T Microelectronics Logic Devices Inc.
Berkeley Heights, N.J. Sunnyvale, Calif.
(201) 771-2000 (408) 720-8630
Product: DSP chips Product: DSP chips
CIRCLE 453 CIRCLE 459
Burr-Brown Corp. Microchip Technology Inc.
Tucson, Ariz. Chandler, Ariz.
(602) 746-1111 (602) 345-3400
Product: DSP boards and Product: DSP chips
development systems CIRCLE 460
CIRCLE 454
Motorola Inc.
Comdisco Systems Inc. Austin, Tex.
Foster City, Calif. (512) 891-2000
(415) 574-5800 Product: DSP chips
Product: DSP development  CIRCLE 461
systems
CIRCLE 455 NEC Electronic Inc.
Mountain View, Calif.
Eighteen Eight (415) 960-6000
Laboratories Product: DSP chips
San Diego, Calif. CIRCLE 462
(619) 224-2158
Product: DSP boards Oki Semiconductor Inc.
CIRCLE 456 Sunnyvale, Calif.
(408) 720-1900
Product: DSP chips
CIRCLE 463
Consider this a guide rather than a definitive list.

Signal Processing Technologies Inc.
Colorado Springs, Colo.

(719) 527-9600

Product: DSP chips

CIRCLE 464

Sky Computers Inc.
Chelmsford, Mass.
(508) 250-1920
Product: DSP boards
CIRCLE 465

Spectrum Signal Processing Inc.

Burnaby, B.C.

(800) 663-8986

Product: DSP boards and
development systems

CIRCLE 466

Texas Instruments Inc.
Houston, Tex.

(713) 274-2000

Product: DSP chips
CIRCLE 467

TRW LSI Products Inc.
La Jolla, Calif.

(619) 457-1000
Product: DSP chips
CIRCLE 468

United Technologies
Microelectronics Center Inc.

Colorado Springs, Colo.

(719) 594-8000

Product: DSP chips

CIRCLE 469

Zoran Corp.
Santa Clara, Calif.
(408) 720-0444
Product: DSP chips
CIRCLE 470

gorithms and processing power that
come with floating point.

Single-chip DSP devices have a
broad range of data-word lengths: 8-,
16-, and 24-bit chips are available, as
well as 32-bit floating-point chips.
Where is the line drawn concerning
word length and applications? Many
times, application areas vary in com-
plexity. Consequently, devices rang-
ing from 8 to 32 bits may be used.

Motorola manufactures a 24-bit
chip that has 144 dB of dynamic
range, and according to the compa-
ny, that’s enough for just about any
natural phenomenon on earth (Fig.
4). Any application requiring more
dynamic range (which would require
floating point) usually deals with
synthetic objects. Graphics, image
processing, and simulations are all
computer generated, rather than
sampled from nature.

Though digital-signal processing
is fairly new, it holds much promise
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for the future. Gene Frantz states
that “there’s lots of opportunity in
DSP. Many areas are still un-
touched. As performance goes up
and cost comes down, creative engi-
neers will have more and more op-
portunities to apply this science to
their problems to make a break-
through.”

The future for DSP will include a
push for higher speed. Future speed
increases will come from many
sources, such as better architec-
tures, customization, and better pro-
cess technologies.

Higher integration of future DSP
chips will bring many peripherals on
board. DSP chips will become more
tailored toward certain applications,
resulting in single-chip solutions
with better performance. Increased
integration will bring more inter-
faces on the chip, making it easier to
design into systems.

The higher integration makes the

D ESTIGN

digital-signal processor more and
more like microprocessors. The de-
vices have assemblers, linkers, simu-
lators, and high-level languages. The
two market areas will overlap in the
future.

Steve Paavola of Sky Computers
remarks that the functionality of 32-
bit floating-point DSP chips and the
new RISC chips is coming closer to-
gether. For a given performance, the
DSP chips are still somewhat less ex-
pensive than the RISC chips. But the
difference is decreasing, especially
when all of the memory and peri-
pherals needed by the DSP chips is
factored in. DSP chips are already
taking on more CPU functionality.
They were always very RISC-like be-
cause of their speed and limited in-
struction sets, and manufacturers
have been enhancing the instruction
set to make it more complete.

In the future, the development
tools will be just as important as the
devices themselves. Designers could
generate gate-level designs from al-
gorithms. Future devices will begin
to have multiprocessing—multiple
multipliers-accumulators on one de-
vice. In addition, as VLSI technology
improves, devices will have designat-
ed areas that will implement specific
algorithms in hardware.

Future DSP devices will feature
multiprocessing, with several math
units working in parallel. Signal pro-
cessors are really pushing memory
technology to its limits right now,
and one way to increase speed with-
out pushing memory technology
would be multiple processing. Pro-
cess technology will fuel these
changes.

Change may come in the form of a
smaller data word. For instance, the
drive for HDTYV is going to create a
demand for higher-performance
DSP devices. Yet the higher perfor-
mance will come with an 8-bit word
and not a 32-bit word, because HDTV
will need only 8 bits to operate.

HDTYV will be a large application
for DSP devices. The video for
HDTV will be done with function-
specific, video-digital-signal proces-
sors and not general-purpose chips.
HDTV has very specific tasks that
aren’t programmable and don’t need
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S/H Amplifiers

-20

- 40

- 60

-80

-100

-120 |

High Speed and
Precision in
Industry Standard
Hybrid Pinouts

For Applications Assistance: Richard Lentini
Analogic Corporation, 360 Audubon Road,
Wakefield, MA 01880 (508) 977-3000 x2170
Telex: 466069, Fax: (617) 245-1274
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Analogic, the world resource for precision signal
technology, brings you the quietest, fastest precision
sample-and-hold amplifiers available. With noise levels
as low as 20 4V rms, Analogic’s new family of S/H
amplifiers surpasses all others for high speed, high
resolution signal processing applications.

Just look at these features. For high performance, the
AH20016 offers 500 ns acquisition time, low aperture jitter
of 10 ps rms, and =+ 0.0015% linearity. The SHA2200 is
ideal for use with fast, high resolution A/D converters,
digitizing signals up to 2 MHz with a low noise of only
30 uV rms. Low cost applications are easily supported by
the SHA2410 with excellent linearity of +0.0015%, ac-
quisition time of only 2.5 us and the lowest noise —

20 1V rms. We offer standard pinouts to ease system in-
tegration, off-the-shelf delivery, and the high reliability you
only get from hybrids!

The speed and accuracy of Analogic’s S/H amplifiers
will meet the most demanding OEM applications—wide-
band data acquisition systems, professional audio encoding,
digital telecommunications, automatic test equipment, in-
dustrial process control, or nuclear research.

And we put our promises in writing. Every Analogic
S/H amplifier is tested on proprietary automatic test
systems. The test data shipped with each product guaran-
tees that it meets or exceeds the published specifications.
Surprised? Anything less is just a lot of noise.

ANALOGIC =

The World Resource
for Precision Signal Technology
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DSP Development Tools and
Standalone Systems from Ariel

For the IBM PC:

DSP-16 + A complete TMS32020 or TMS320C25
Development System on a single board, with 16-bit 2
channel data acquisition of up to 50 kHz per channel
& big buffer. The best DSP board starts at $2495.
DSP-C25 * The lowest cost full speed TMS320C25
based card available. Just $595 with parallel and
serial I/0. 14 bit analog I/0 is just $95!

PC-56 * A new, low-cost DSP card based on
Motorola's fast DSP56001. Full speed 24 bit DSP for
$595! Parallel and serial I/O standard, 14 bit analog
1/0 for $95!

BUG-56 - Fast, efficient symbolic debugger for the
PC-56. Macros, windows, the works. Also
available: Assembler/Simulator, C Compiler and
TMS320 Code Converter.

SDI « A complete, 2 track 16 bit digital audio recorder
with advanced editing capabilities. Real-time 50 kHz
stereo I/0 using any PC.

SYSid « Comprehensive acoustic test instrument.
Developed by Bell Labs for quick and accurate
measurements.

PC-FFT - Fast FFT's on a single card.

ASM-320 « The fastest TMS320 Assembler.
PDS-320 « Deluxe TMS320 Program Development.
FFT-320+ 256 and 1024 point TMS320 FFT Sub-
routines. Real-time demo program too.

FIDAS - Digital FIR and IIR Filter Design with real-
time implementation on the DSP-16.

For Hewlett-Packard Series 300:

FFT-523 « Fast FFT's on a single card.

DSP-300 A 2nd generation DSP56001-based
coprocessor card. Applications include FFT's of up to
16K points, user-defined windows, PSD, etc.

For Motorola’s DSP56000ADS:

ADC56000 - 16 bit, 2 channel analog I/0. Sample up
to 125 kHz.

For You:

Ariel Corporation is dedicated to providing you with
the best values in high performance DSP products.
Our products are designed, built and maintained in
the U.S. The best support in the industry is always at
hand. Ariel's products are sold directly throughout
North America, and are available worldwide, through
our international dealer network.

Ariel Corporation

433 River Road

Highland Park, NJ 08904
Telephone: 201-249-2900
Fax: 201-249-2123

Telex: 4997279 ARrIEL
DSP BBS: 201-249-2124

~ Ariel_

ELECTURUONTIC
SEPTEMBER 28, 1989

58

ELECTRONIC DESIGN REPORT

DIGITAL-SIGNAL PROCESSING

to be programmable. But the sound
will be done with single-chip devices.

Though the inclusion of analog cir-
cuitry on the DSP chip will create ca-
pabilities, it will also bring problems.
One problem is the device’s limited
functionality once the analog circuit-
ry is on the chip. Each application has
its own analog requirements. For in-
stance, the television market needs
8-bit analog-to-digital conversion
with 20-MHz sample rates. Telecom-
munications may need 8 bits and an
8-kHz sample rate. Audio requires a
48-kHz sample rate and 16 bits.
Which should designers put on the
processor? Once the d-a and a-d con-
verters are on the chip, the applica-
tion is specified. Current DSP chips
are used across a broad range of ap-
plications by offering different ana-
log parts.

ANALOG INTEGRATION

Another problem is the integra-
tion of the two circuit types on the
same chip. The analog-conversion
area gives off a lot of noise, which is
extremely harmful to digital circuit
performance—especially in the more
accurate devices. Incompatibilities
in process technologies will also
arise. An analog process in the wafer
fabrication is slightly different than
the digital process.

In the 1990s, digital-signal proces-
sors will be widely offered as a core
technology. Customers will build
their own DSP chips based on a com-
mon core and standard and custom
peripheral chips. The peripherals of-
fered will be similar to those offered
on microcontrollers, only more so-
phisticated. The signal processor has
a real-time nature, so it needs higher
throughput than a microcontroller.

The biggest difference in DSP and
microcontroller peripherals is in the
a-d converters. When microcon-
trollers have on-chip converters,
they’re generally 6 or 8 bits and they
lack sophistication. DSP chips are
more demanding: An audio signal
processor, for example, samples at
up to 50 kHz with 15 or 16 bits of ac-
curacy. The converters are a chal-
lenge, but they will evolve.

Concerning applications, Brian
Barrera, western region field appli-
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cations engineer for Comdisco Sys-
tems Inc., says DSP will take over
many traditional analog areas. This
is because digital-signal processing
is much more stable than analog-sig-
nal processing. With DSP, designers
don’t have to play around trimming
capacitors to adjust the perfor-
mance. It's much easier to design
something that’s going to work the
first time without having to tweak it.

In the future, the integrated ser-
vices digital network (ISDN) will de-
vour the chips. ISDN is a standard
for acommon telephone digital inter-
face to computers and peripherals.
Voice mail is already an extensive ap-
plication for DSP—it’s currently be-
ing done, but it’s not part of the com-
puter yet. With ISDN, the computer
will have a telephone line going into
the back of it to receive or send faxes
and voice mail. It will also contain a
speaker and a microphone. Comput-
ers of the 1990s will have a computer-
voice interface—users will speak to
the computer, which will recognize
voices and commands. In addition,
phone-answering machines will scan
messages for designated words.

Software will be more important
in the future. Joel Dedrick of Logic
Devices says that DSP is the last
area that’s mostly software-indepen-
dent. “Theidea 10 years ago was that
DSP was a data-independent opera-
tion,” he says. “Data was just fil-
tered and that was it. Now, that’s
changing.” He explains that systems
need to find out if there’s any useful
information in that data, and then
must do something that depends on
that information.

For example, in the military, radar
once had a blip on the screen to indi-
cate the presence of an object. Now,
radar must decide what the blip is
and what it’s doing. These decisions
are implemented in software. The
challenge for future DSP designers
is to combine lots of software with
these systems and not degrade per-
formance.(]
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SMC introduces the most tightly integrated
LAN system solution ever. Plus, you can
change its stripes.

Check out SMC’s new COM90C65. Clearly, it’s a
LAN controller. But there’s also transceiver functions.
And even support logic. So, when you step back and
realize how it all comes together, you'll know we’ve
got a whole new, remarkable type of animal here.

It’s a single chip that takes SMC’s industry
standard ARCNET® technology to the next
generation, combining LAN controller, transceiver,
even PC bus interface all in one. Plus, it pulls “glue
chip” functions such as the crystal oscillator and
reset circuit on-board. Considering ARCNET’s highly
reliable token passing protocol, the COM90C65
is surely the most complete, tightly integrated LAN
system solution ever on this earth.

But the COM90C65 doesn’t stop there. As
tightly integrated as it is, there’s still room for SMC
to add-on proprietary functions to your specifications,
if desired. Change its stripes, so to speak. We call it
our SuperCell™ adaptability capability; using all of
SMC’s considerable expertise to make the COM90C65
perfect for you. You'll call it incredible because it’ll
be done within budget and on time.

This approach can be applied to virtually all of
our vast library of Standard ASICs; which is why we
call them adaptable. And it means that our unique
products can make your product unique. Without all
that costly, from-scratch designing,endless engineering,
complex manufacturing and acres of real estate.

SMC® is a registered trademark and SuperCell™ is a trademark of Standard
Microsystems Corporation
ARCNET® is a registered trademark of the Datapoint Corporation

|-_ Y cCeci iR EB-Q/ze
Yes! I'd like to know more.

| [[] Please send me your Data Sheet on the COM90C65.
[[] Please send me your most recent Short Form Product Catalog.
[J My need is immediate. Please have a salesperson call.

NAME

TITLE

ADDRESS

CITY STATE ZIP

TELEPHONE

STANDARD MICROSYSTEMS

35 Marcus Boulevard, Hauppauge, NY 11788 516-273-3100

SMC—The Better Breed Of ASICs.
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Any way you look at it, we
have the tools to give you a
broad range of digital signal
processing solutions.

DSP Code
Generation,
The Easiest Way

Our DSPlay XL™ software
package revolutionizes
code generation for DSP
applications. You don't
need the extensive
knowledge you once did for
DSP algorithm development.
Now you can quickly create
highly efficient code for
AT&T's DSP32 processor
through the creation of a
simple block diagram. Then,
with a simple keystroke, you
can download the code to
our ZPB32 Floating Point
Processor board for
execution.

st

I
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Floating Point
DSP Power
for the VMEbus

Now you can have
floating point DSP
power for the
VMEbus. Our new
ZPB3200 series
boards offer 32-bit
processing using
the AT&T DSP32
(160ns) processor. The
ZPB3201 features a single
DSP32 processor, while the
ZPB3202 has two. Buffered
serial I/O ports facilitate
connection with our growing
line of high-performance
ADC and DAC products, or
interconnection between
VME DSP processor boards.
Each processor comes
complete with 64K Bytes of
zero-wait state SRAM, and
parallel interface to the
VMEbus.

| Experiments,” presents easy

—————

DSP32C 50MHz
Floating Point Speed
Now on the PC

At the heart of the latest
addition to our DSP
processor board family, the
ZPB34, is the AT&T DSP32C
50MHz CMOS floating point
processor. This PCbus board
product is available with
four memory options of high
speed SRAM, ranging from
64K Bytes to 576K Bytes.
Buffered serial /O ports
make it possible for the
ZPB34 to be connected to
the real world through our
growing line of ADC and
DAC products. The ZPB34 is
fully supported by our
DSPlay XL DSP development
environment.

Primer on Digital
Signal Processing

Prentice-Hall’'s new book,
“Digital Signal Processing

to lean DSP fundamentals
Its 100+ pages contain a
concise overview of DSP

functions and Algorithms,
12 exercises, and a special
educational version of our
popular DSPlay™ software.

ﬂﬂﬂﬂﬂﬂﬂﬂ

Part Numbers:
DSPlay XL: #ZPM32
VME Boards: #ZPB3201
#7PB3202
PC Boards: #ZPB32 (250ns DSP32 64K
SRAM)
#ZPB32-HS (160ns DSP32K
SRAM)
#7PB34-001 (DSP32C 64K SRAM)
002 (DSP32C 192K SRAM)
003 (DSP32C 320K SRAM)
004 (DSP32C 576K SRAM)
DSP Book: #Book-05
Look to Burr-Brown for a full
line of DSP solutions. You'll
find they'll give you the
shortest route from
development to integration.
For complete details, write
Burr-Brown Corporation,
P.O. Box 11400,
Tucson, Arizona 85734.
Or, call 1-800-548-6132
toll free.

DSPlay XL™, DSPlay™,
Bumr-Brown Corporation

BURR-BROWN®
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DESIGN APPLICATIONS

BO0OST 68020
SYSTEMS
WITH DRAM
CONTROLLER

SIMPLIFY INTERFACING
AND REDUCE DESIGN
TIME FOR 32-BIT
MICROPROCESSORS.

0TTO SPONRING
Samsung Semiconductor Inc., 3725 N. First St.,
San Jose, CA 95134; (800) 669-5400 or (408) 434-5400.

he high computational power and speed of
today’s 32-bit microprocessors, such as the
68020, create interfacing complexities. Ac-
cordingly, most of their applications re-
quire heavy external support circuitry and
very careful analysis of the signal timing,
particularly of the interface between the
microprocessor and its main dynamic RAM
(DRAM) storage array. The burden of sup-
port-circuitry consisting of conventional MSI/LSI logic
would tie up a large amount of board space. Moreover,
poor interface timing can drastically reduce the micro-
processor’s performance.

The programmable features and flexible configura-
tion modes of a special single-chip VLSI high-perfor-
mance DRAM controller (DRC), however, can simplify
interfacing, reduce design time, and offer proper timing
and control. An example of this approach is a 68020-based
application (Fig. 1).

In this application, the DRC provides a general-pur-
pose 20-MHz CPU board which is capable of real-time
I/0 control and able to display status on an on-board
liquid-crystal display (LCD). In addition to the DRC and
the 68020, the design includes Samsung’s CMOS PLDs
(CPL), AHCT logic devices, EEPROMs, static RAMs
(SRAMs), DRAMs, and linear ICs. Instructions reside in
32 kbytes of EEPROM and data occupies 32 kbytes of
SRAM plus an 8-Mbyte DRAM array. The CPL devices
supply address decoding, LCD control signals, and gen-
eralinterfacing functions. The DRC used in this design is
the KS84C21. Since the application is straight forward,
only the basic feature set is used in a noninterleaved
memory-access mode.

VERSATILE INTERFACING

The KS84C21 offers single-chip DRAM interfacing be-
tween virtually any microprocessor or system bus and
256-kbyte and 1-Mbyte DRAMs. The companion
KS84C22 can support 256-kbyte, 1-Mbyte, and 4-Mbyte
DRAMs. Both DACs have a 380-pF drive capability,
which is sufficient to drive memory arrays of up to 70
DRAMs.

Major features that suit these DRCs for systems em-
ploying the 68020 include: a choice of interleaved or non-
interleaved and burst or nonburst memory accessing,
synchronous or asynchronous operation, error scrub-
bing during refresh for systems with error correction
and detection, and support for all of the advanced ad-
dressing modes—page, nibble, and static column.

The devices are available as user- and mask-program-
mable types. The user-programmable version is useful
for prototyping and low-to-medium volume applications,
but it may require some external logic for programming,
depending on the design. Consequently, designers must
make some provision to control the programming pins
during initialization. For instance, designs that incorpo-
rate the user-programmable version require reprogram-
ming after power-on reset. For this purpose, the DRC
receives programming inputs on the R 4, C, 4, By and B,
inputs. The programming bits are loaded into the Mode

B LR NGO R 0N YIRG DESIGN|61
SEPTEMBER 28, 1989




DESIGN APPLICATIONS

68020 DRAM
INTERFACING

Register when Mode Load (ML) goes
low or as the result of a “dummy”
access (Fig. 2).

However, although external de-
code logic in the circuit of this 68020
application generates the ML input,
the KS84C21 actually used in the ap-
plication is mask-programmed, so
neither the B, nor ECAS, input pins
need provisions for programming.
The mask-programmed version is
for finalized designs with medium-
to-large production needs. Before
production of the mask-programmed
parts begins, the customer receives
10 laser-programmed parts to verify
in-circuit performance. Of course,
the mask-programmed version of-
fers superior reliability and a lower
system parts count.

The 68020 supplies several control
signals and interfaces to the display
system through separate 32-bit ad-
dress and data buses. Four
AHCT245 transceivers buffer the
data bus, four AHCT244s buffer the
address bus, and one AHCT244 buff-
ers the control signals. Two 25-ns
CPL16L8 CMOS PLDs generate Ad-
dress-Decoding and Chip-Select sig-
nals from the 68020’s control signals.

Timing considerations dictate that
the KS84C21 DRC utilize a 20-MHz
clock signal (CLK), which is inverted
from that going to the 68020. This
achieves an effective half-cycle de-
lay from the 68020’s internal timing.
The KS84C21’'s RFCLK input also
comes from the CLK signal, though
it could use any clock signal avail-

able to the system that’s a multiple
of 2 MHz.

The system’s memory array con-
sists of two banks of 1-Mbyte words
with a provision for byte accesses
through the DRC’s CAS, 5 outputs—
ECAS input pins (not used in this ap-
plication) could supply burst-access
control, delivering the necessary
CAS timing. To minimize delays and
improve timing, the address inputs
from the 68020 to the KS84(C21 have
no buffers. Address pins A2 through
A21 are connected to the DRC’s row
and column address input pins (C,_g
and R ¢), while address line A,, sup-
plies the B, bank-select signal for
two 32-bit, 4-Mbyte DRAM banks.
Because the system uses just two
banks, Bank-Select signal B, is con-

| 80-MHz XTL f-» mer | o "
109
CLK ‘ ;
] crL Chip and byte selects
AHCT 20R8
F—
06
I "
DSACK, E K RFCLK
DSACK, ML  DTACK
am | DRAWCS WIN- WE 1
L : :%0 —]_, Bank 0 Es
812, [2=l ] i i 32-hit port 0E
siz > hz. KM2864
N me Az'ﬁT =| 1018 EOAS, , 0= KMM4810000 8K X 8 1%';%
RIW ] > (@) DRAM 1M X 6-DRAM EEPROM 2
Microprocessor controller modules @)
MC68020-20 A K?g;%? (4) Data
AS o AREQ
A24—25 B
1
A22 Bank 1 WE
S = B 32-bit port &
-bit address o
Address - Ros s KMMAE1000 I;k s)t(us8
AR 1M X 8DRAM b )
AHCT RIW Modules ) display
244 AHCTO4 ) Data
(4)
BA2
32-bit data AHCT 245
()

capable of real-time I/0 control and able to display status on an on-board liquid-crystal display. In addition to the DRAM controller and the

‘ I 1. IN THIS APPLICATION the KS84C21 DRAM controller provide a general purpose, 20 MHz 68020 based, CPU board which is

68020, the desngn includes CMOS PLDs (CPL), AHCT logic devices, EEPROMs, SRAMs, DRAMs, and linear ICs.
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nected to ground.

Bit B,, controls the on-chip address
latches. Because the 68020 holds the
addresses stable for the entire ac-
cess, either mode—Ilatched or trans-
parent—can be used. In this applica-
tion, addresses latch on the falling
edge of ADS.

Bit B, controls the choice of either
the synchronous or asynchronous
access mode. The choice is system
dependent and is based on timing
considerations: In the synchronous
mode, the access begins on the rising
edge of the first clock after ALE
goes high. In asynchronous mode,
access begins at the falling edge of
ADS. The mode is usually chosen so
the access can start as early as possi-
ble in the CPU’s access cycle to mini-
mize the number of wait states. In
this case, asynchronous access gives
the best timing.

Address bits Ay and A, remain
available for future memory expan-
sion: Ay;asa Bank-Selectand Ayasa
Chip-Select signal.

The Chip-Select (CS) pin of the
DRC connects to the decoded
DRAMCS line, which is derived from
address pins A, 55, and the 68020’s
Address Strobe (AS). The CS input
must be low for an access to occur,
and it must meet a setup time, either
to; or t;y, and a hold time ty, for prop-
er operation. The AS signalmeets all
of these requirements (Fig. 3).

The 68020’s AS also supplies the
proper timing for the asynchronous
ADS input with a buffered
DRAMCS signal. This buffering is
necessary to meet the t, require-
ment for the CS to ADS setup time.
The falling edge of ADS latches the
row, column, and bank addresses,
and starts the access. While ADS is
high, the on-chip latches are trans-
parent.

The DRC input signal AREQ also
uses the AS strobe for its timing. The
ADS signal initiates an access;
AREQ sustains and ends the access.
Because AS signals the end of an ac-
cess in 268020, it’s anideal source for
the AREQ input. The end of an ac-
cess brings RAS and CAS high in the
interleave mode. In the noninter-
leave mode, the end of an access
brings only RAS high. If it’s pro-

Mode "% ews ‘—» Mode effective
s Mg ST e
CS Hﬂi‘_ —
AREQEs—e- oo o e Sl | L
B, B, R.Cog [ [ S—"T— —{ M1 mo|«—
ECAS, DCXXX
Load mode registers by false access Load mode registers by asserting ML input
No. Parameter Min. | Max. No. Parameter Min. | Max.
M1 | Mode address set-up time 5 M4 | CS asserted to AREQ asserted 5
M2 | Mode address hold time 5 M5 | Mode address hold time from 30
3 g, AREQ low
M3 | MLasserted to AREQ asserted | 10
M6 | Mode address setup time to 0
AREQ Low

2. DESIGNS THAT INCORPORATE THE USER'programmable version of

the DRAM controller require reprogramming after power-on reset. For this purpose, the
DRC receives programming inputs on the Ry.g, Cy-g, By, B;and ECAS jinputs. The
programming bits load into the Mode Register when the ML signal goes low or as

the result of a “dummy’’ access.

grammed, AREQ can also bring CAS
high.

The main objective for a write is to
ensure that the 680202’s data is avail-
able to the DRAM at the proper time.
For the write access in the figure, the
delay caused by the RAS precharge
time ensures that the data will be val-
id for the DRAM well before it’s
needed. Because all of the writes are
early writes, the data must be valid
on the falling edge of CAS.

REFRESH CYCLE

In the refresh cycle, the only im-
portant parameter is the number of
clock cycles programmed for RAS
low during refresh. But in the
KS84C21, that’s tied to the pro-
grammed RAS precharge time. Pick-
ing the proper RAS precharge time
will virtually ensure the proper RAS
low during the refresh period. The
only choice for RAS low is between
2T and 3T for RAS low if the RAS
precharge time chosen is 2T.

The 68020’s R/W signal supplies
the DRC’s Write-Enable (WIN) in-
put, which controls the DRC’s Write-
Enable (WE) output. WIN also en-
ables a delayed CAS feature in sup-
port of an “‘early write” function.

The DRC’s four ECAS inputs en-
able the four output CAS output sig-
nals, which primarily control byte ac-

cess. They also control the access
during burst-mode operation. Fur-
thermore, the ECAS signals in spe-
cial situations can delay CAS from
going low as long as needed. The
only inputs to the 68020 from the
KS84C21 are data-transfer and size-
acknowledge pins DSACK, ;. These
inputs signal the size of the DRC’s
data port and are also the means for
inserting wait states into the 68020’s
access-cycle timing.

If the KS84C21's input to the
DSACK pins was the only such input
in the system, and if the DRC used a
32-bit port, the hookup would be sim-
ply to run the DRC’s DTACK output
to both DSACK inputs. For an 8-bit
port, DTACK would connect only to
DSACK,; for a 16-bit port, DSACK,
would be the lone connection. How-
ever, this never occurs in a practical
system. The DTACK signal must
logically combine with the signals
from the rest of the system. In this
application, CPL device, simply
AND signals from the EEPROM,
SRAM, and LCD display with
DTACK, create the final DSACK
signals.

For read and write accesses, the
major timing consideration is how
long DTACK must be delayed from
going low (asserted). For the read,
input data is latched in the 68020’s

ELECTZRONTIC D
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DESIGN APPLICATIONS
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S4-S5 falling edge of CLK, so that
edge must be delayed with wait
states. Or if necessary, until the data
is available at the 68020 and has met

the data setup time. There’s also a
maximum constraint that must be
met on the DSACK asserted to data-
in valid time. These constraints can
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falling edge of the ADS signal latches the row, column, and bank addresses, and starts the

‘ l 3. FOR AN ACCESS TO OCCUR, the Chip-Select (CS) pin input must be low. The

access.
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be met by proper adjustment of
DTACK assertion with wait states.
In this case, delaying assertion for
an interval of 2T is sufficient.

The DRC-to-RAM array interface
is simple and straightforward. The
multiplexed address outputs Qg
connect to two banks of four 1M-x -8
bit DRAM modules—each through
internal series resistors that control
ground bounce and over- and under-
shoot problems. Because the system
contains just two of these memory
banks, RAS, and RAS, are the only
RAS lines used—one for each bank.
Each CAS output controls one byte
in each bank, and the WE signal con-
nects to all DRAMs.

The refresh-in-progress output
(RFIP) goes low one clock period be-
fore RAS goes low; it goes high with
the rising edge of the CLK that ends
the refresh operation. In this sys-
tem, RFIP and input pins RFSH,
DISRFSH, and COLINC/EXTDRF
(which tied to V) are unused. RFSH
and DISRFSH serve external re-
fresh requests, and COLINC/
EXTDRF increments the latched col-
umn address during such page oper-
ations as writing a frame buffer, or
extending the refresh period for a
read-modify-write cycle during error
serubbing.

Because this application is nonin-
terleaved, the system uses the multi-
plexed WE of the DRC instead of its
RFRQ output. The maximum load-
ing on the WE output is 500 pF, suffi-
cient to drive 2 banks of memory. An
application with more than two or
four banks of memory would need
RFRQ.

In the noninterleaved mode, the
ECAS bit sets the way the circuit ne-
gates CAS outputs. With a zero load-
edinto the mode register, CAS can be
negated in the same manner as the
interleave mode—with the rising
edge of AREQ. A one input, though,
delays CAS negation until the first
rising edge of CLK after RAS is ne-
gated. The ECAS, bit also makes it
possible to select the RFRQ outputin
the noninterleaved mode.

__With the noninterleaved mode,
RAS can also start the precharging
time early without adding wait
states while still maintaining proper
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and see why now is the time to
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CAS hold time. This ability is often
very helpful in systems where con-
secutive accesses to the same bank
occur frequently. It also makes sure
that the DRAM output drivers
(which CAS controls) aren’t disabled
before the CPU has time to latch the
incoming data.

In the interleave mode, however,
designers automatically select
RFRQ. For instance, it could serve to
disable address pipelining before a
refresh cycle. But for this example,

delaying the trailing edge of CAS is
unnecessary because the circuit uses
the WE output.

Pin R puts the DRC in a noninter-
leaved or interleaved access mode.
In the noninterleaved mode, the col-
umn addresses are held on the Qg
outputs until RAS goes high. For in-
terleaving, the column address is
held a minimum of 35 ns, then the
next row address is multiplexed to
the Q,_ outputs. ALE/ADS can

start another access while AREQ is

still low. As with noninterleaved ac-
cess, AREQ going high ends the cur-
rent access.

Though the application example
supports burst accessing, which is
useful in some situations, hooking
the KS84C21 up for burst-accessing
eliminates any memory interleav-
ing—a method that offers a substan-
tial decrease in memory-access cycle
time. Four KS84C21 RAS/CAS con-
figuration modes sustain interleav-
ing and support various memory lay-
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60820 sianal Read non-interleave Write non-interleave (delayed access) Refresh
SOMAS 50 §1 52 SW SW SW SW S3 S4 S5 (S0 S1 52 SW SW SW SW SW SW SW SW §3 $4 §5
CLK (R R g P B o SR
Gk §5 80 S1 S2 SW SW SW SW SW SW SW SW 3 84| 85
1T P R Bt ¢ 1T 21 3
A
Si;‘:‘ X\ Vaid address Y\ Validaddress
TS ke
s T LT T 0
R/W
o A / r\l |
DSACK, 7 s 7
A, / 77 g Y
Dpsr )— 77 —( Y~ / Datavalid //
s Z
DRAM controller
signals
- /
DRANCS —\ \m I
AREQ (AS) — 1\ L [
c::: (addresses) Y/ lT g Address
e \I<—30 F / )\ e -
t
A \ 25|
O X Row X Column Y \$w Y Column) % Row counter X
RASy 1 IR tans PO L \c7 tas [ b bz taas \
b ——{ % |-—1oo—-|xt % 90— —] 3 |-— B ]
CAS, DR ‘ \ leas ]
r ] . _.| 35 i‘_
DRAM signals foa H
30Max.| V—— \
Data/0 {_Validdata )}——— )
WN __[ ] BB i
R | L \ if

‘ 4. DESIGNERS MUST PAY SPECIAL ATTENTION to the fact that the CLK signal times the 68020, while the CLK signal

times the KS84C21.
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DESIGN APPLICATIONS

68020 DRAM
INTERFACING

outs and RAS/CAS mixtures. In the
design example, interleaving would
occur by: exchanging address pins
A2 and A22, selecting the interleav-
ing mode w1th bit Rg, choosing an
RAS/CAS configuration that sup-
ports interleaving, and changing the
RAS lines to conform to that config-
uration. In addition, the RAS pre-
charge timing would have to be rean-
alyzed.

OVERLAYING ACCES CYCLES

The interleaving mode speeds
memory-access time because the
DRC can overlap access cycles and
begin a second access to the next
bank during the precharging time of
the first access. Because the pre-
charging time constitutes nearly
half of an access cycle, interleaving
can effectively cut access cycle time
by almost 50%. Moreover, because

about 85% of memory accesses are
sequential, this savings occurs 85%
of the time.

Although interleaving significant-
ly improves system performance
whenthe DRAMs match the speed of
the CPU, interleaving is particularly
advantageous with slower, less-ex-
pensive DRAMs used with high-
speed CPUs. Nevertheless, the
DRAMs for the 68020, which don’t
have pipelined address signals,
should have a tg,q time equal to the
bus cycle of the 68020 for the most
efficient interleaving.

In the interleaved mode, the row
addresses are multiplexed to the out-
puts immediately following the col-
umn-address holding time tgy, so
that the next access can begin. This
replaces holding the column address-
es on the Q 4 outputs until CAS goes
high.

The refresh-arbitration logic in-
serts a refresh cycle between two in-
terleaved accesses where needed. If
an access is in progress, the logic
holds the refresh until the access cy-
cleis over. If consecutive accesses to
the same bank occur, the KS84C21
inserts wait states to ensure that the
DRAM precharges for a pro-
grammed number of clock cycles.

Inputs R, and R, control the RAS
low time, and the circuit guarantees
RAS precharge time by inserting
wait states. But the low time is only
guaranteed during refresh. During
an access, the rising edge of AREQ
controls RAS and the input clock’s
rising edge counts the occurrence of
both times.

In this application, the chosen time
of 3T meets the DRAM’s required 90-
ns precharge time. The timing re-
quirement of the t,, interval for rec-

Support of memory interleav-
ing or error correction (with
scrubbing during
refresh) requires a RAS-CAS
pair per DRAM bank.

DRAM controller

- 32 hits Bank 0 (32 bits)
RASD RAS0
Kseac21/22 | (B | byt | ye2 | By KSB4C21/22
DRAM controller 1 T DRAM controller | RAS1
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from  BE2 freres J T t from § BEZ,| erre P 1
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Each configuration groups the outputs so that each RAS and CAS will drive one-fourth of the memory, regardless of whether

‘ l 5. COMBINED WITH BANK INPUTS By and B,, pins C,-C4 select the number of RAS and CAS outputs during an access.

the array is arranged as 1 bank (a), 2 banks (b), or 4 banks (c).
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ognition is 1T of the RAS precharge
time. The AREQ high level to the
CLK’s rising edge can be as little as
15 ns, which is a good deal less than
one clock cycle. This fact must be
considered when choosing the num-
ber of clock cycles for RAS precharg-
ing. Because each bank has its own
precharge counter, the circuit will
meet required precharge times (even
during interleaving).

COMPLEX A PPLICATIONS

Once familiarized with the fea-
tures and programming of the
KS84C21 in a simple application (and
by extension the KS84(22), extrapo-
lation into more complex applica-
tions is straightforward. Designers
must realize that the CLK signal
times the 68020, while the CLK sig-
nal times the KS84C21 (Fig. 4). For
the read and write accesses, the ma-
jor timing consideration is how long
to delay DTACK from asserting (go-
ing low). For the read access, the con-
sideration is that input data latches
at the 68020’s CLK S4-S5 falling
edge; thus, wait states must delay
that edge, if necessary. That delay
must last until the data from the
DRAM becomes available at the
68020 and meets the needed data set-
up time. Also, the timing must meet
the constraint on the DSACK’s al-
lowed maximum asserted-to-data-
valid time. Proper adjustment of the
DTACK’s assertion by means of
wait states can meet both of these
constraints.

Bit R; selects either a wait or an
acknowledge output to send to the
68020. When the WAIT signal goes
low, it causes the processor to insert
wait states until it goes high. The
DTACK acknowledge works the op-
posite way: As long as DTACK stays
high, the CPU inserts wait states.
When DTACK drops low, that
serves as an acknowledgement of
data transfer and the CPU can finish
its access. In general, either signal
can be used with any processor by
adding external logic. In practice, ei-
ther signal usually matches the
CPU’s desired input, and that one is
chosen. For the 68020, the DTACK
signal connected directly to the
DSACK inputs, so that was the out-

T01Sertenrnos o © " 1 °

put chosen.

System designers use bits R, and
R, to ensure that RASy is low for a
time that’s sufficient enough to meet
the DRAM specifications. For non-
burst-mode accesses, they select
when WAIT goes high (deasserted)
or when DTACK goes low (asserted)
in relation to when RAS is asserted.
For the 68020, the 33 clock cycle can’t
begin until DTACK goes low. The re-
quired delay time can be calculated
based on the access time of the
DRAMs. The system delays the data
incurs on its way to or from the CPU.
The application example uses a wait
of 2T. All of the logic in the KS84C21

FTER MASTER-

ING THE
KS84C21’S BASIC FEA-
TURES, DESIGNERS CAN
TACKLE MORE COM-
PLEX APPLICATIONS.

uses the input clock’s rising edge as a
reference, therefore a programmed
wait of 1/2T DTACK goes low on the
first falling clock edge after RAS
goes low.

During burst-mode accesses, con-
trol moves from ALE/ADS and
AREQ to the ECAS inputs. The first
access, which must be nonburst,
would normally be terminated by
AREQ. Instead, it's terminated by
the rising edge of ECASy. ECAS’s
rising edge also takes WAIT low or
DTACK high to begin the wait-state
period, if any wait state is pro-
grammed. S

The amount of CASy precharge re-
quired time determines the time
ECASy remains high. The next ac-
cess—the first burst access—begins
on the falling edge of ECASy. The
mode bits R, and R; set the amount
of time the wait state period contin-

D ESTIGN

ues beyond the fall of ECASy.

For example, if R, and R; are pro-
grammed to ones (the 0T state) he
WAIT(DTACK) output follows the
up and down movement of ECASy.
The output adds no wait states of its
own and makes it possible for the
ECASy edges to completely define
the wait state period. If R,and R; are
set to zero, as in the example applica-
tion, WAIT(DTACK) remains deas-
serted from the previous access and
doesn’t assert on the rising edge of
ECASy. Though ECASy controls the
accesses in burst mode, AREQ ter-
minates the burst access mode by
bringing RAS high. e
__For this system, the DRC’s WAI
TIN pin goes to ground and mode bit
R, set to zero, adds one wait state to
every access. With the WAITIN in-
put to the DRC, the number of pro-
grammed wait states for any access
that requires more time than a typi-
cal access. If WAITIN meets its set-
up time before assertion, the number
of wait states (one or two) pro-
grammed by R; add to the upcoming
access.

On the DRAM side, for either a
read or write, the system must meet
the row-address hold, column-ad-
dress setup, and the RAS and CAS
precharge times. Proper selection of
the DRC’s programming bits elimi-
nates the first three time require-
ments. The ECAS inputs, however,
control the CAS precharge time dur-
ing burst access. Therefore, those in-
puts need external manipulation to
meet that precharge time. Because
this application doesn’t support
burst accesses, that control is unnec-
essary.

In the refresh cycle, the only im-
portant parameter is the number of
clock cycles programmed for RAS
low during refresh. But in the
KS84C21, that parameter depends
on the programmed RAS precharge
time. Therefore, picking the proper
RAS precharge time virtually guar-
antees the proper RAS low during a
refresh period.

Mode bit Ry determines whether
the refresh operation is staggered or
standard. For standard refresh, all
RAS outputs are asserted at the
same time. The outputs stay low for
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the time programmed in bits R, and
R,, and then deassert at the same
time. In staggered refresh, the RAS
outputs go low in sequence. Each
falling RAS edge is separated from
the previous one by one clock period.

Staggered refresh is used if peak
switching current must be kept low.
However, it does extend the refresh
time. The DRC will use whatever re-
fresh option is selected by R9 for
both internal and external refreshes.
With automatic internal refresh, a
refresh is performed once during
each refresh clock period. Because
peak switching currents weren’t a
problem with this design, standard
refresh was chosen.

THE CLOCK DIVIDER

The mode bits C,, C,, and C, select
the divider used on the RFCLK input
signal to generate the internal re-
fresh clock of approximately 2 MHz.
The RFCLK input should be from 6
to 20 MHz and preferably a multiple
of 2. Because the RFCLK input is 20
MHz; C,, C,, and C, are set to zero to
select a divide by 10.

With the refresh clock at approxi-
mately 2 MHz, bit C, sets the divisor
for the refresh cycle time—approxi-
mately every 15 or 13 us. This appli-
cation uses a standard 15-us refresh
period.

The mode bits C,, C;, Cy, combined
with the bank inputs B,and B,, select
the number of RAS and CAS outputs
during an access. Each configura-
tion groups the outputs so that each
RAS and CAS will drive one-fourth
of the memory, regardless of wheth-
er the array is arranged as 1, 2, or 4
banks (Fig. 5). These bits also deter-
mine the support of error scrubbing,
interleaving, or byte writing with a
particular configuration. As an ex-
ample, mode 0 brings all four RAS
outputs low during an access, and
enables error scrubbing. The mode
also selects all four CAS outputs. In-
dividual ECAS inputs enable the cor-
responding CAS outputs.

In systems that employ error cor-
recting, transparent error scrubbing
is one method of increasing data in-
tegrity without significant perfor-
mance penalty. Scrubbing removes
soft errors that accumulate between

(P AT A

a double-bit error oceurs, that would
require halting the system. With
scrubbing, the refresh cycle be-
comes a full access during which
data and ECC bits are continuously
checked and updated. The 12-bit in-
ternal-scrubbing counter supplies
the column-address bits; the 10-bit
refresh-counter supplies the row-ad-
dress bits. Upon detecting an error,
the error-correction circuitry writes
the proper data back to the DRAM
through the use of a read-modify-
write operation.

To enable this type of cycle, the
system must assert EXTDRF while
RAS is low. RAS and CAS then re-

RANSPARENT

ERROR SCRUB-
BING INCREASES DATA
INTEGRITY WITHOUT
CAUSING A SIGNIFI-
CANT PERFORMANCE
PENALITY.

main low until the rising edge of the
next CLK, once EXTDRF goes low
again. Error scrubbing must operate
on whole words—not bytes—be-
cause ECC circuitry always reads or
writes whole words. Though the
KS84C21 controls the error-scrub-
bing operation, it doesn’t supply the
error-detection-and-correction cir-
cuitry.

Modes 2, 4, 5, and 7 support inter-
leaving; modes 0, 2, and 4 maintain
error scrubbing; and modes 0, 1, 3,
and 6 support byte-writing and burst
access. The configuration in the ap-
plication example is mode 3, but with
B1 tied to ground so that only two
banks are used. Mode 1 can also be
used, but mode 3 better demon-
strates the drive capability of the
KS84C21’s address and RAS out-
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puts.

Mode bit C; selects a minimum
guaranteed setup time (t,gc) Column
Address of either 0 or 10 ns. The
KMM581000-12 DRAMs in this appli-
cation don’t require any column-ad-
dress setup time. But designers
should consider the effects of other
delays, including wiring delays,
when choosing a zero setup time.
Similarly, mode bit Cy selects a mini-
mum guaranteed Row Address hold
time (tgag) of either 15 or 25 ns. Of
course, the mode is set to deliver the
KMM581000-12’s specification for
the row-address hold time of 15 ns.
Once again, designers must consider
other delays inherent in the design
when choosing this value.

Ideally, the earlier DRAM access-
es begin, the higher the system per-
formance will be. In an “early
write,” WE goes low early in the ac-
cess before CAS goes low. This is the
situation if the KS84C21’s WIN in-
put is tied to the 68020’s R/W signal.
CAS can then latch the data into the
DRAM earlier than if WE followed
CAS to do the same. But there can be
a problem if CAS goes active before
the input data is valid at the DRAM.
This is due to delays in the transceiv-
ers and wiring.

That can be avoided by gating the
68020’s Data Strobe (DS) with the
ECAS inputs to hold CAS at least 10
ns after the data is valid at the 68020.
If bit Cy on the KS84C21’s mode reg-
ister is set, CAS is delayed tq,, be-
yond the first rising edge of CLK af-
ter CAS would normally go low. If
this still isn’t enough time, any CAS
output can be further delayed from
going low by holding the appropriate
ECAS input high. The “no delay” op-
tion was programmed for this de-
sign.[]

Otto Sponring, senior system ap-
plications engineer at Samsung,
holds an engineering degree (equiv-
alent of a BSEE) from FH Munich,
West Germany.
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Now a cheap off-the-shelf
SSR that puts you in control. It lets
you control the cost
and the system’s function in
military applications.

Here’s what you get.

* Short Circuit Protection

« Status Indication

* Current Overload Protection

* Optical Isolation

* TTL & CMOS Compatible Control

* Built to meet the requirements
of MIL-R-28750.

 Cost Effective ACTUAL SIZE PART # CD2ICDW
CERAMIC PACKAGE

Review the electrical characteristics and call us for immediate application assistance *

. . All power FET relays may drive
o = SR loads connected to either
i Min Max Units positive or negative referenced

Bias Voltage (Vgas) 3.8 6.0 Voe See Note 1 power supply lines (source or

Bias Current (Igjas) 15.0 mA Vgias = 5Vpe sink modes).

Control Voltage (V,y) 0 18.0 Vie

Control Current (i) 250 LA Vi = 5Voc VsTaTUS RsTATUS

Turn-Off Voltage Viy (orr) 3.2 Voc STATUS OUTPUT

Turn-OnVoltage V y on) 0.3 Vpe el +V

Continuous Load Current 1.2 A —55°Cto +25°C 3.8-6 VDC o LOADﬂl-—O

| 0oap @60VDC 0.7 A +85°C VB|AS 1 ST

Output Trip Current (lrp;p) 2.4(Typ.) A +25°C, 100ms =

On-Resistance (Roy) 0.65 Ohms

Turn-OnTime (Ton) 1.5 ms RELAY CASE —

Turn-Off Time (Toge) 0.25 ms

Status Voltage (Vsratus) 1 18 Voe .

Status Current (lsatus) 2 mA V%AT SNO‘BVZDC = 1 LOAD:D—O
o CONTROL i ~ 777 RETURN

Notes: 1. Series resistor is required for bias voltages above 6Vpc. RS = (Vgjas—6 Vpc)/15 mA
2. A pull up resistor is required for the status output. Rstarus = (Vstatus — 0.3)/lstatus
3. Output will drive loads connected to either terminal (sink or source). ﬁrTELEDYNE SOLlD STATE
4. Status circuit is a built-in test feature checking the input circuitry of the relay. Status output is low (on) oy
when the input is on. A Division of Teledyne Relays

*For immediate application assistance call 1-800-284-7007.

Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250.
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NOTES FOR POWER SUPPLY DESIGNERS

— Now power factor correction—

1S possible with just one chip.
New IC Produces 099 Power factor

Introducing the new Micro
Linear ML4812 Power Factor
Correction System, the first
control IC dedicated to Power
Factor Correction for Switch
Mode Power Supplies.

P

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

W AC Line Voltage
B Line Current With Power
B Uncorrected Line Current

(Clean Power.

Conventional power supplies
exhibit poor power factor (0.7)
with a 700W limit to the amount
of power that can be delivered
from a conventional 15A AC line.
With the new ML4812 Power Factor
Correction system, the supply
can achieve a power factor rating
of 099 and deliver more than
1000W from the same 15A line.

Since the system works from
90V AC to 265V AC, supplies using
the ML4812 can be designed for
Worldwide use without using
jumpers or switches.

The MLA4812 also helps reduce

in Offline Power Supplies.

the “pollution” created by the
undesired harmonics generated
by short pulses of line current
into the storage capacitor. That
ability is especially beneficial
now that regulations are pending
in Europe to limit the harmonics
that can be put on the line.

Easy to Use.

The new ML4812 is the core
of a unique current-mode boost
regulator with a controller that
forces current in the regulator to
be sinusoidal. With the ML4812,
you can achieve a power factor of
099 and a load regulation of 1%
from no-load to full-load.

To facilitate the wide-duty cycle
range necessary to cause sinusoidal
current, the ML4812 has internal
programmable ramp compensation.
An Over-Voltage Monitor Circuit
protects downstream circuitry by
shutting down the outputs when
the load is suddenly interrupted.

BRIDGE
iy 380VOC

CON-
VERTER

pwm | [T 7]
'LOAII l
Bt

o
The ML4812 is the Core of a Power
Factor Correction System
A low-quiescent current start-up
mode is controlled by the Under-

Voltage Lockout Circuit with 7V
hysteresis.

5V
M REFERENCE

SINE WAVE
b MULTIPLIER

UNDER-VOLTAGE
LOCKOUT

OVER-VOLTAGE
SHUT-DOWN

MLA48I12 Includes All Control Functions
For Power Factor Correction.

Better Noise Immunity.

At the heart of the ML4812 is
a current input multiplier which
dramatically reduces the IC’s
susceptibility to switching-induced
ground noise. To further enhance
noise rejection, the control circuit
has a 5V dynamic range, while
most conventional current-mode
PWM ICs only have a 1V range.

Easily Customized.

The new Micro Linear ML4812
is implemented on the FB3490
analog array, and can be easily
modified for power supplies with
special needs.

For More Information.

To learn more about the first
integrated IC control for Power
Factor Correction in SMPS, call
(408) 433-5200, extension 900.

Or write:
Micro Linear, Dept. FPC,
2092 Concourse Drive,
San Jose, CA 95131

©1989 Micro Linear

L. Micro Linear
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DESIGN APPLICATIONS

TAME
DEFLECTION
CIRCUITS
WITH POWER
BOOSTERS

BuiLD A MAGNETIC OR
ELECTROSTATIC
DEFLECTION AMPLIFIER
FroOM HIGH-VOLTAGE
HYBRIDS WITH 160-KH?Z
FULL-POWER
BANDWIDTHS.

JERRY STEELE AND MICHAEL ANNETT
Apex Microtechnology Corp., 5980 North Shannon Rd.,
Tucson, AZ 85741; (800) 421-1865.

ven if you build magnetic deflection ampli-
fiers everyday, they aren’t the easiest cir-
cuits to design. Moreover, if you're a nov-
ice, they can represent a horrendous task.
Not only must they accurately reproduce
fast, complex waveforms, but they must
handle high voltages and currents reliably
and without excess dissipation. And they
must drive inductive loads within a feed-
back loop, which can be tricky. Here’s a way to simplify
your job with a family of power op amps.

The term, “deflection amplifier,” generally describes
circuits used to deflect an electron or ion beam either
directly (electrostatic) or via an inductor (magnetic).
While most commonly associated with CRTSs, deflection
amplifiers are used in various applications, including
scanning electron microscopes, small cyclotrons, and
beam-deposition systems.

The two methods used for deflection—magnetic and
electrostatic—require completely different amplifier de-
signs. In general, magnetic deflection requires high pow-
er (current) atrelatively low voltages, while electrostatic
deflection requires high voltages but negligible current.
Moreover, you can optimize the quality of the deflection,
especially its linearity, by choosing the proper amplifier
configuration. In particular, magnetic-deflection ampli-
fier design requires careful consideration of power dissi-
pation, bandwidth, and dynamic stability (they must not
ring or oscillate). These requirements are typically in
conflict with each other.

A circuit component recently introduced by Apex, the
PB50 power booster-with-gain amplifier, is well suited
for use in magnetic-deflection amplifiers (see “A look
inside the PB50”). This hybrid’s output voltage swings
up to 90 V and +2 A, while slewing at 50 V/us. The
booster is designed to be driven by a small-signal op amp
with a feedback loop closed around both devices. This
configuration is called a composite amplifier. Designers
may shy away from such a combination because of con-
cerns over stabilizing the composite amplifier—particu-
larly when the power booster has gain, as with the PB50.
Furthermore, the typically employed, current feedback
magnetic deflection circuit is inherently unstable.

Using the PB50 booster in a magnetic-deflection am-
plifier application shows you how to solve these stability
problems and illustrates the ease with which the booster
can be designed into even difficult applications. A circuit
for a companion part to the PB50, the PB58, operates

v Deflection
oke
o hote = Vo (1 + Re/R)
_ Feedback ® Current Rs
Ri2Gain  (optional) Rs sense

+ = resistor

a function of V;, and the current through the op amp. Thus, the
deflection yoke's current is a function of V..

ELECTRONTIC DESIGN'75
SEPTEMBER 28, 1989

l 1. THE VOLTAGE ACROSS the current-sense resistor is
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DEFLECTION AMPS

MAGNETIC AND ELECTROSTATIC

120
Ao, Open loop response of
AD711
100 — with PB50 booster
80—
=
- 60 — 40dB
= rate of closure
o
i 3 Response of yoke
and current sense
0} (Shel) resistor
0 | | | | | | |
1 10 100 1k 10k 100k M 10M
Frequency (Hz)

from =150 V.

Beam position in magnetic deflec-
tion applications is a function of de-
flection yoke current. Consequently,
among modern op-amp topologies,
the basic current-control configura-
tion, in its simplest noninverting
form, becomes the circuit of choice
(Fig. 1). A voltage V;, applied to the
noninverting (+) input forces the
amplifier output to reach the value
necessary to make the voltage on the
inverting input equal to V;,. The out-
put voltage feedback Vg (in this cir-
cuit) is developed across a low-value
resistor Rg in series with the deflec-
tion yoke. Because Vgis a function of
the yoke current, the circuit supplies
a yoke current directly proportional
to the input voltage.

In addition, this current feedback
linearizes the input voltage-to-out-
put current relationship. For exam-
ple, in sawtooth-scan applications,
the circuit can be driven from an easi-
ly obtained sawtooth input voltage.
Yet under dynamic conditions, the
amplifier insures that the current in
the yoke conforms to the sawtooth
input while developing exponential
voltage waveforms at its output (the
amplifier’s output). In fact, such cur-
rent feedback circuits eliminate the
need for a vertical-linearity control
in TV and other CRT applications.
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2. AN INDUCTANCE within the closed feedback loop of an op amp produces an
inherently unstable, 40 dB/decade rate-of-closure.

While the basic circuit and concept
are really quite simple, there’s prob-
lems in real-world applications. An
analysis of the feedback loop fre-
quency response, plotted against the
amplifier open-loop gain, reveals in-
herent instability because of a 40
dB/decade rate-of-closure of the re-
sponse. Your job is to come up with a
stable design—without limiting the
circuit’s speed.

First, you must choose the right
amplifier to supply the high level of
performance required for deflection
amplifiers—especially at the high
sweep rates required for horizontal
deflection in the latest raster-scan
graphics systems. A typical applica-
tion might need an amplifier with the
following specifications:

Output voltage swing: 30 V

Current: T2 A

Slew rate: 50 V/us

Gain-bandwidth: 10 MHz

The op amp parameters associated
with de accuracy—such as offset,
offset drift, and bias current—are of
less importance (in these applica-
tions) and values offered by general
purpose devices are usually ade-
quate for any op-amp based ap-
proach. However, the high output
voltage and current requirements
may steer you toward a power op-
amp solution, which is often used for
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magnetic deflection applications.
Such power op amps as the Apex
PA09 and PA19 work well for mag-
netic deflection because they put out
up to4 A at up to 3 MHz.

However, the cost requirements
of a system often preclude the use of
the power op amp. And the need to
“flex”’ the power supply rails to mini-
mize power dissipation (that is, to dy-
namically change the supply volt-
ages in sync with the drive signal)
could complicate the use of a power
op amp. Previously, the only alterna-
tive was a discrete design made with
discrete power transistors.

At first glance a discrete design
may look good—not simple, but pos-
sible. It consists of a small signal op
amp, such as an ADT711, driving a
power output stage. The driver op
amp can operate with constant sup-
ply rails, allowing it to maintain full
control of the output, while the sup-
ply rails of the output stage are
“flexed”” to minimize dissipation.

- At a minimum, the approach re-
quires a lengthy design effort to ad-
dress all the reliability and perfor-
mance requirements. For example,
Class A/B biasing is required be-
cause low crossover distortion is crit-
ical. If the amplifier is needed to op-
erate over a wide ambient tempera-
ture range, then just optimizing the
output-stage biasing circuitry is
complex. In addition, the amplifier’s
internal stability must be ad-
dressed—along with the added sta-
bility of the yoke-filled feedback net-
work. A tough egg to crack. More-
over, what has become a high-compo-
nent-count circuit results in
tradeoffs of reliability and economy.

The typical discrete approach
might consist of cascaded, comple-
mentary, common-emitter stages
taking the output from the second
set of collectors. It provides both
high efficiency and bandwidth. But
stabilization of the common-emitter
output stage, with local gain con-
nected in a feedback loop around an
op amp, can be difficult. The PB50
booster essentially packs all the cir-
cuitry of such a discrete amplifier
into an 8-pin TO-3. Moreover, it cuts
valuable board area and also simpli-
fies the job of stabilizing the com-
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plete composite amplifier loop—
yoke and all.

The goal of this magnetic deflec-
tion amplifier design, including its
compensation, is to obtain the fast-
est response possible while remain-
ing free of excessive ringing or over-
shoot. As noted, the current feed-
back deflection circuit is inherently
unstable (Fig. 2). The open loop re-
sponse Ay, is the response of the
composite amplifier—the ADT11
driver plus the PB58 booster with its
22-pF compensation capacitor be-
tween pins 1 and 8 (Fig. Sa).

Superimposed on the amplifier re-
sponse is the response of the yoke
and sense-resistor feedback net-
work. The network has a pole occur-
ring at the frequency set by the 200-
pH yoke inductance and the 0.5-Q
sense resistor. The horizontal sec-
tion of the curve, or shelf, at frequen-
cies below 1 kHz represents the ef-
fect of the closed loop gain-setting
feedback and input resistors, Ry and
R;. The effect, if any, of yoke dc re-
sistance will appear in this region,
too. The intersection of the feedback-
loop response and the open-loop re-
sponse exhibits a 40 dB/decade rate
of closure. However, optimum stabil-
ity demands a rate-of-closure less
than 20 dB/decade.

Note also that at 100 kHz, the am-
plifier response curve encounters
another pole that increases the am-
plifier slope to greater than 20 dB/
decade, though it doesn’t reach 40
dB/decade until about 1 MHz. The
region above 100 kHz and at closed

loop gains below 55 dB will be mar-
ginal for stability, while the region
above 1 MHz is definitely unstable
for gains less than 30 dB. It will be
necessary to overcome the effects of
the rate of closure caused by yoke
feedback, without causing the ampli-
fier to operate in any unstable areas.

You could simply connect a damp-
ing resistor in parallel with the yoke,
which would provide stability, but
your intent is to create an amplifier
that’s a true current source. By defi-
nition, the true current source can’t
have pure resistance in parallel with
its load, unless that resistance is an
intended part of the load. This paral-
lel resistor technique offers less
than optimum performance for the
magnetic deflection amplifier—es-
pecially for rapid transitions.

To supply maximum stability and
speed, select a circuit that combines
a dominant high-frequency feedback
path with ideal phase and gain rela-
tionships (Fig. 3b). The circuit illus-
trates the use of the auxiliary feed-
back components Ry, Cy, and Ry, and
gain setting resistor R;. Here, R; was
selected to supply an overall gain of
five to enhance stability.

The easiest way to select compo-
nent values for the auxiliary stabiliz-
ing feedback is by plotting gain and
feedback relationships graphically
(Fig. 4). This method takes advan-
tage of information on any amplifier
data sheet. You can then see the am-
plifier response, superimposed on
booster response, plus yoke-resistor

feedback response.

To arrive at values for the stabiliz-
ing feedback, select a ratio for R,/
(Rp in parallel with R;) greater than
the open-loop gain at the point where
the composite amplifier response be-
gins to exceed 20 dB/decade. This
gain level insures that the feedback
isn’t excessive when the phase re-
sponse from the amplifiers them-
selves has gone past the point that’s
acceptable for stability. At the same
time, the ratio must be at least 20 dB
lower in amplitude response than the
yoke feedback at the intersection of
yoke feedback and A, so that the
auxiliary feedback dominates at this
critical point.

In the amplifier used here another
approach was chosen to best realize
high-speed performance. R}, was se-
lected for a high-frequency shelf
above the point where the amplifier
A, response reaches 40 dB/decade
at 1 MHz. Typically, this might seem
potentially unstable because the
high-frequency closed-loop gain in-
tersects the A, curve where A is
still decreasing at something over 20
dB/decade. But proper capacitor se-
lection overcomes the phase shifts
present at this point.

The capacitor would usually be se-
lected to supply an upward break in
the auxiliary feedback response at a
frequency an order of magnitude
less than the intersection of the yoke
response and Ay, curve. To increase
response speed, the capacitor can be
decreased with the limit occurring
where the upward break intersects
the A, curve. In this example,
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3. THE PB50 BOOSTER amplifier driven by an op amp (the AD711) forms a high-speed current source for driving a CRT magnetic-
deflection yoke (a). The circuit is stabilized by the RC network across the yoke. Stability analysis is easier with the simplified circuit (b).
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he DMOSFET output de-
vices are the key in the ar-
chitecture of the PB50
and 58, which gives the
performance needed of these de-
flection-amplifier applications.
These power transistors make
possible the full-power bandwidth
of the PB series over 160 kHz. The
architecture resembles an op amp
with a single-ended input stage. A
bipolar transistor is used on the

input because FETSs offer no real
benefit as the device will be driven
by an op amp. This transistor
drives a MOSFET, which supplies
the gain and high-voltage for the
output stage.

The output stage consists of a
V,multiplier and complementary
pair of MOSFET followers with
bipolar transistor between each
gate and source implementing the
hybrid’s current-limit function. A

A LOOK INSIDE THE PB50

few other bipolar transistors
serve as the current sources dedi-
cated to biasing the amplifier.

The PB series has a built-in
overall feedback loop when pin 7
is connected to the output. While
this loop sets a gain of three, it can
be raised with an external resistor
in series with the loop. The PB se-
ries is compensated with capaci-
tor C¢ in parallel with the feed-
back resistance.

though, the capacitor was selected to
supply an upward break in response
that nearly intersects the A curve.
This causes a phase lead to occur in
the feedback loop, which moderates
the effect of the greater than 20 dB/
decade amplifier roll-off experienced
at this point. The actual circuit
proved to be unconditionally stable
and free from ringing.

Power dissipation in deflection
amplifiers can be directly affected
by the amplifier’s speed require-
ments. The drive voltage required at
the yoke is a function of how rapidly
current must be changed in the yoke.
Higher voltages mean higher
speeds. But most deflection circuits
are required to operate over a range

of speeds. Vector scan systems may
operate at any rate and sawtooth
raster scan systems, by their very
nature, operate with at least two
speeds: one for scan, one for retrace.

Oneapproach you can takeis to set
power-supply voltages high enough
to accommodate the highest speed
required. However, this is inefficient
and can produce unnecessary ampli-
fier heating as a result of internal
power dissipation.

In a sawtooth raster scan applica-
tion, designed to operate at a set
sweep speed and amplitude, it’s pos-
sible just to use nonsymmetrical sup-
ply voltages to solve the efficiency
problem. In vector scan systems, or
systems where widely varying
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across the yoke) response dominates the circuit, at the point where the composite amplifier
response begins to exceed 20 dB/decade, creates a stable design for driving deflection yokes.
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I 4. INSURING THAT THE AUXILIARY FEEDBACK (the RC network

speeds are required, the power-sup-
ply voltages can be varied to suit the
immediate requirements.

Generally, two discrete sets of
power-supply voltages are used for
the power amplifier, and its supply
pins are switched between them in
synch with the drive signal (Flig. 5).
The lower voltages are obtained via
the diodes (‘“‘ultra-fast” recovery de-
vices rated for atleast 1 A and 200 V)
between the driver’s =15 V supply,
which can power the other analog
circuits, and the booster’s supply
pins. Switching on Q, turns on the
pnp Darlington and applies a positive
high voltage to the PB50 booster (a
maximum of 100 V), and its output
can swing positive. Similarly, turn-
ing on Q, applies a negative high
voltage to the booster (via the npn
Darlington) making it possible for its
output to swing negative. In either
case, the diodes disconnect the low-
voltage supplies from the booster
(the Darlingtons should be rated at a
minimum of 5 A and 200 V).

In the discrete approach (de-
scribed earlier), the driving op amp
and all but the output power transis-
tors can be supplied from constant
low-voltage power supplies. Only the
output-stage supply rails need be
switched. Because the driver op amp
isn’t disturbed by supply voltage
fluctuations, it maintains accurate
control of overall amplifier behavior,
greatly simplifying the complica-
tions that might arise from flexing.

By comparison, a single-power op
amp has an input and power output
stage with their supply lines tied to-
gether internally. Because they
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aren’t designed for the massive
changes in supply voltage brought
about by flexing, severe problems
may arise from lack of sufficient
power-supply rejection. The transi-
tion times of the square wave switch-
ing the amplifier’s power pins con-
tain considerable high-frequency en-
ergy, and the power-supply rejection
of any op amp degrades with fre-
quency. With the single power op
amp approach, switching spikes are
likely at the output when the device’s
supply rail is flexed.

By using an op amp and a separate
booster, you get the best of all
worlds. The driver op amp is supplied
from constant rails while the lines to
the booster amplifier are flexed (Fig.
5, again). Supplying power-supply
transition times during flexing,
which are compatible with the deflec-
tion amplifier’s slew rate, ensures
the best results.

With power dissipation and stabil-
ity considerations addressed, the fi-
nal deflection amplifier may still ex-
hibit performance deficiencies.
Ringing and overshoots, after rapid
transitions such as retrace, are the
most common nagging problems
that remain after arriving at a suit-
able deflection-amplifier design.

Choosing the proper stabilizing
feedback is certainly the most impor-
tant item in controlling settling be-
havior. But the effect of “slew-rate

overload” is an area commonly over-
looked. This occurs when the input
signal to an amplifier is changing at
a rate greater than the amplifier’s
slew rate. The output can’t keep up
with the input. Consequently, nei-
ther can the feedback. The amplifier
is out of control—it’s skidding. Dur-
ing this interval, the op amp’s input
is subjected to an inordinately large
differential signal, which overloads
or saturates the stage. A lengthy
and unstable recovery results caus-
ing much of the ringing in deflection-
amplifier applications.

The solution may be obvious: Con-
trol the drive signal’s slew rate, sim-
ply making sure that it doesn’t ex-
ceed the amplifier’s slew rate. Will
this slow the circuit down? No, just
the opposite. In fact, settling charac-
teristics will improve. And if such
problems occurred, consider that the
amplifier was actually overdriven to
begin with.

Input slew-rate control can take
many forms. For instance, if the
drive comes from a digital-to-analog
converter, perhaps reprogramming
the d-a converter’s drive will imple-
ment such control. Or slow down the
retrace time of the oscillator gener-
ating the sawtooth drive.

A simple, universal method, con-
sists of just a one-pole low-pass R-C
filter at the amplifier input. Initially,
this might seem undesirable because
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of effects on frequency response.
But the response of a network ade-
quate to control slew overload won’t
usually impact the amplifier’s usable
bandwidth.

While some manufactures offer
information on slew-rate limiting,
it’s not commonly available on ampli-
fier data sheets. The equation given
here simply limits the maximum pos-
sible rate-of-change of a step-func-
tion input signal to less than the slew
rate on the data sheet.

Selection of component values for
the input low-pass filter is based on
the equivalent closed loop gain of the
circuit at its highest frequencies; the
gain of the high frequency “shelf” of
the overall feedback response. The
RC product of the resistor and capac-
itor are determined from the follow-
ing equation:

RC o (Vpk-pk in X Av)/SR, Where SR iS
the output slew rate of the amplifier
in Volts/s and Ay is the closed loop
gain of the composite amplifier.

(Note: This equation is generic. It
can be used to prevent slew-rate lim-
iting for any amplifier.)

In the amplifier shown (peak yoke
current =1 A, openloop gain = 5), in-
put voltage will swing 0.2 Vpk-pk.
The shelf’s effective gain is about 35
dB. Slew rate of the PB50 booster is
50 V/us, resulting in an RC product
thatlets a 1000-0 resistor and 120-pF
capacitor supply slew-rate control.
The pole frequency of such a filter is
1.3 MHz, showing that this filter will
have no detrimental effect on ampli-
fier bandwidth. The final magnetic-
deflection amplifier design offers a
full-scale transition time, from -1 A
to +1 A (and vice versa) of under 5
ps, corresponding to a 200-kHz
sweep frequency for a CRT.

In contrast to the magnetic-deflec-
tion amplifier's need for high cur-
rents, electrostatic-deflection ampli-
fiers require the use of high voltages
and low currents. With its 1150-V
swing capability, or up to 300 V rail-
to-rail, a PB58 power op amp is the
preferred choice for electrostatic de-
flection. The PB58 is the most eco-
nomical wideband solution available
at up to 300 V. With its current capa-
bility of 1.5 A, the PB58 s also useful
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in magnetic deflection amplifiers.

Electrostatic deflection CRTs sup-
ply the sharpest displays when driv-
en by a balanced (differential or
push-pull) output-deflection amplifi-
er. The balanced drive results in a
constant average voltage between
the deflection plates, for minimal de-
focusing and trace distortion.

A pair of PB58 boosters, along
with two driver amplifiers (each half
of an AD712) build just such a circuit
with only a few added parts (Fig. 6).
The circuit is conventional in all re-
spects except care is taken to ensure
high frequency performance. With
2.8-Vinput, it supplies output swings
of up to 288 Vpk. Power bandwidth is
160 kHz and slew rate 200 V/us.

The input amplifier, A,, operates
at a gain of 100, while its companion
on the other side of the bridge, A,, is
a unity gain inverter. The RC net-
work across the inputs of A, repre-
sents a technique often referred to
as “noise gain compensation.” With
the added compensation—the combi-
nation of A,’s feedback resistor and
the network resistor and capacitor—
the unity gain inverter is supplied
with a ‘“noise” gain of 100 justat high
frequencies by reducing the nega-
tive feedback.

In this example, the noise-gain
compensation ups the stability of the
driver amplifier-PB58 combo (be-
cause the high-frequency negative
feedback is reduced). It also reduces
required phase compensation. Iden-
tical phase compensation can now be
used for the high-gain input amplifi-
er and the unity-gain inverter, lead-
ing to the frequency response match
between both circuits needed for op-

with composite amplifiers.

6. TO MINIMIZE DEFOCUSING and trace distortion, electrostatic deflection

amplifiers for CRTs should have balanced (push-pull) outputs, like the circuit shown, built

timum high-speed performance.

In themselves, the CRT’s deflec-
tion plates represent an easily driven
load for any high-voltage op-amp cir-
cuit. Complications arise when the
plates are located some distance
from the amplifier so they must be
driven via coaxial cables. At the use-
ful frequencies of the amplifier
(shown), the cable’s capacitance will
be more relevant than any transmis-
sion line effects and can be treated as
a purely capacitive load. Problems
can be minimized by using the lowest
capacitance cable possible.

Capacitive loading will have two
detrimental effects: Negative ef-
fects on bandwidth and potential sta-
bility problems. Compensating for
capacitive-load-related stability
problems also complicates the band-
width problems because it requires
either a resistor or inductor in series
with the amplifier output to isolate
the capacitive loading. To eliminate
these problems, the amplifier should
be physically positioned close to the
CRT whenever possible.[]

Jerry Steele, a senior applications
engineer with Apex Microtechno-
logy, has 15 years experience in
electronic engineering, applica-
tion engineering, and seminar pre-
sentations.

Michael Annett, a design engi-
neer with Apex, specializes in lin-

ear power hybrids.
How VALUABLE? CIRCLE
HIGHLY 541
MODERATELY 542
SLIGHTLY 543
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KEPCO, INC. announces a new class of Programmable

Power Supplies th :
entirely by Digital Signals.

DIGITAL POWER SUPPLIE

at communicate and are controlled
_Series TMA/MAT

S TO THE MATE PROTOCOL

The Controller
Kepco Model TMA 488-27

EPCO CONTROLLER

3 @

- 92~

Kepco’s fifth generation power control e Each module includes an auto-tracking
system, TMA/MAT meets MATE over-voltage sensor with crowbar,

O,
requirements for modular test equipment Eo +10%. _ .
integration. e Each module includes an auto-tracking

over-current sensor, lo + 10%.

e Power loss protection, flag-signal to IEEE
488 bus from each module.

¢ Selectable 115V a-c and 230V a-c input
mains.

e Modularity lets systems designers choose
just the outputs needed. Modules for

e Built-in isolation relays switching power
and sense lines. Relays are switched with
proper sequencing.

* Voltage polarity reversal relay.

e Linear design for fast response, full 12 bit
resolution and low noise.

e Each output is fully isolated from the 360W, 720W and 1080W. TMA controller
others and from ground. can address up to 27 modules.

e Modules may be programmed as either e Each /s, 23 module installs and is removed
voltage or current sources through their from the front without disassembly.
entire range. No derating, no foldback lim-

e Front panel LEDs: voltage and current

iting. mode, output enabled, polarity.

e LCD metering of voltage and current. Val-
ues read back to the IEEE 488 bus.

* Individual on/off circuit breakers. Modules ‘
may be removed without shutting down KEPCO.

system. = THE POWER SUPPLIER"

KEPCO, INC. - 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA « (718) 461-7000 « FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631




Digital Power Supplies to the MATE Protocol..Kepco Series MAT

720 WATT MODULES - 2/3 RACK
Single output. Nominally 720 Watts. Mount in RA 51
Model Volts Amps Power
MAT 6-64 0-6 0-64 384
MAT 15-40 0-15 0-40 600
MAT 25-28 0-25 0-28 700
MAT 36-20 0-36 0-20 720
MAT 55-14 0-55 0-14 770
MAT 75-10 0-75 0-10 750
MAT 100-7.2 0-100 0-7.2 720
MAT 150-4.8 0-150 0-48 720
360 WATT MODULES - 1/3 RACK
Single output. Nominally 360 Watts. \
Mount in RA 50 and RA 51. 1080 WATT MODULES —
Model Volts Amps Power F U L L R AC K
MAT 6-32 0-6 0-32 192 Single output. Nominally 1080 Watts.
MAT 15-20 0-15 0-20 300 Mount directly into 19" rack. Panel: 5 1/4” Depth: 25"
MAT 25-14 0-25 0-14 350 Model Volts Amps  Power
MAT 36-10 0-36 0-10 360 MAT 6-100 0-6 0-100 600
MAT 55-7 0-55 0-7 385 MAT 15-60 0-15 0-60 900
MAT 75-5 0-75 0-5 375 MAT 25-42 0-25 0-42 1050
MAT 100-3.6 0-100 0-3.6 360 MAT 36-30 0-36  0-30 1080
MAT 150-2.4 0-150 0-2.4 360 MAT 55-20 0-55 0-20 1100
MAT 75-15 0-75 0-15 1125
MAT 100-10 0-100 0-10 1000
MAT 150-7 0-150 0-7 1050

KEPCO, INC. - 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA « (718) 461-7000 « FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631




The Controller: Kepco Model TMA 488-27

& Vobel aus 27
SER MO
BT

IEEE STD 488 PORY

Rear view shows discrete fault line, GPIB and RS232 inputs and the 2-wire control bus output

DESCRIPTION & SPECIFICATIONS

The Kepco model TMA 488-27 is a power supply con-
troller to program, control and monitor the output of up
to 27 Kepco power modules in the “MAT" series at
distances up to 1000 feet.

The controller receives commands and transmits data
to a host computer over the bi-directional digital control
bus IEEE-488 (also known as GPIB) or over a serial
communications link using RS232.

The IEEE-488 interface functions implemented by this
controller are:
SH1, AH1, T6, L4, SR1, RL2, PPO, DC1, DTO, CO.

The programming language used by the Kepco Model
TMA 488-27 is CIIL (Control Interface Intermediate Lan-
guage) now the test instrumentation module program-
ming language standard for all new U.S. Air Force
“MATE" test equipment programs.

ClIL is a compiled form of Atlas. It provides a uniform
programming format for all basic test instrumentation.
The CIIL, also known as U.S. Air Force 2806763 Rev.
C standard, facilitates systems integration, upgrades
and modifications, needed to keep systems up with the
latest technology.

The following ClIL commands are accepted and inter-
preted by the Kepco TMA 488-27 controller:

A) OP CODES
FNC - FUNCTION OPN - OPEN
SET - SET OUTPUT RST - RESET
SRX - SET MAXIMUM  IST - INTERNAL SELF TEST
SRM - SET MINIMUM CNF - CONFIDENCE TEST

INX - INITIALIZE STA - STATUS
FTH - FETCH GAL - GOALTERNATE
CLS - CLOSE LANGUAGE

B) NOUNS

DCS - DIRECT CURRENT SOURCE

C) NOUN MODIFIERS

VOLT - VOLTAGE CURR -CURRENT

VLTL - VOLTAGE LIMIT CURL -CURRENT LIMIT
The following functions of any one of the 27 (twenty
seven) type MAT power modules can be programmed
from the TMA 488-27 controller over a fast digital com-
munication 2 wire control bus:

- Output voltage with current limit
- Output current with voltage limit

- Output enable/disable via open/close command to
power relays built into each MAT power module

- Output polarity reversal with power relays built into
each MAT power module

Overvoltage and overcurrent protection tracks the pro-
grammed voltage and current. The following data is read
back from each power module and transmitted over the
IEEE-488:

- Actual measured output voltage

- Actual measured output current

- Present status

- Error messages

The controller continuously monitors the status of each
power module for the correctness of the programmed
voltage or current, overvoltage, overcurrent, crowbar,
overtemperature, power loss, output enable and polarity
reversal status and other fault conditions. Any changes

from normal set conditions will generate error flags
reported over the communications bus.

For catastrophic failures, a separate 2 wire status mon-
itor line (also known as discrete fault indicator) is acti-
vated for fast direct communication with the host com-
puter.

An internal switching power supply featuring wide range
a-c input powers the TMA 488-27.

TMA 488-27
™ I

RA 50
360W 360W 360W

375KHz

RA 51 BLis

360W 720W

1080W

TOTAL 27 modules (max)

KEPCO, INC. - 131-38 SANFORD AVENUE  FLUSHING, NY 11352 USA - (718) 461-7000 « FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631




Series MAT Specifications

PARAMETER CONDITION MAT POWER MODULE
Description 360W 720W 1080W
Input Voltage User 105-125V a-c
Range Selectable 210-230V a-c
Input Current 115V a-c 7.0A 14.0A 21.0A
max
230V a-c 3.5A 7.0A 10.5A
Input Frequency Range 47-63 Hz
Source Effect Voltage 0.001% E o
Current 0.005% |, max
Load Effect Voltage 0.002% E g
Current 3mA
Time Voltage 0.01% E ax
8 Hour Drift
Current 0.02% lgmax
Temperature Voltage 0.01% E ;ax
Coefficient/°C
Current 0.02% |l ymax
Ripple & Noise Voltage 0.3mV/3mV
Ry Current 0.03%/0.3% |,
Transient Recovery Voltage 100 psec.
Programming Voltage 0.024% E,,, (12 Bits)
Resolution i
Current 0.024% | ey (12 Bits)
Data Read-Back Voltage O: 1% E
Accuracy
Current 0% s
Operating Temperature Range 0°to 50°C
Remote Sensing Range 0.5V per lead
DC Output Isolation Voltage 500V d-c
Output Display 32 Digit LCD Switch Selectable Voltage/Current
Indicators 4LED Voltage Mode, Current Mode, Output enabled,
Polarity reversed
Output Enable/Disable Built-in power & sense relays
Polarity Reversal Built-in polarity reversal power & sense relays
Protection Overvoltage Tracks program voltage, crowbars output & turns-off input
Overcurrent Tracks program current, crowbars output & turns-off input
Overtemperature Monitors heatsink temperature, crowbars output &
turns-off input
Polarity Reversal Builtin diode protects unipolar supply output
Power Loss Detects loss of a-c input power, disables output
1/3 rack modules plug into RA 50
Mounting Front
1/3 plus 2/3 rack modules plug into RA 51
Full rack mounts directly in 15" rack
: For either :
Filler Panels RA 50 or RA 51 RFP 50-1 1/3 panel; RFP 50-2 2/3 panel

KEPCO, INC. - 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA « (718) 461-7000 « FAX: (718) 767-1102 » Easylink (TWX): 710-582-2631




TEAR ON DOTTED LINE TO REMOVE AND SAVE.

BACKGROUND

In 1965 Kepco introduced digitally-pro-
grammable power supplies controlled by
precision ladder networks of wire-wound re-
sistors with reed relays. Though slow, the
resolution was phenomenal, even by
today’s standards. a 5-digit controller was
top-of-the-line. (1 part in 100,000!)

In 1968 came Kepco’s 2nd generation pro-
gram-by-voltage instruments. They used
the newly popular digital to analog convert-
ers.

The third generation arrived with the IEEE-
488 bus in 1975. Kepco made (and still
makes) a great variety of programmers that
support the bus. Stand alone one and two-
channel instruments and multiple model
programmers. They address 4 or 8 sepa-
rate power supplies, including conventional
and high-speed varieties. Many models
(Series BOP) feature an optional built-in
IEEE card.

In 1984 Kepco announced support for the
MATE program. We launched the TLD se-
ries that addressed up to 16 independent
power supplies. Passing the various ap-
proval stages at MATE Headquarters:
Submitted... Candidate... Verified... and In-
ventory, Kepco was officially awarded veri-
fied status on Oct 1 1987.

These CIIL language programmers mate
with Kepco’s ATE series and BOP series
general-purpose power supplies. Although
fully compatible with the TLD, these power
supplies retain analog-control capabilities
and bench-top instrument characteristics.

These new models, called MAT depart from
our general purpose power supply format -
with separate programmer - to integrate the
digital controller within each module. A sep-
arate, low profile, interface decodes CIIL in-
struction received over the |IEEE-488 bus
and distributes them over a single 2-wire
twisted pair to as many as 27 power mod-
ules ranging up to 1080 Watts.

This KEPCO
product

Data subject to change without notice.
© 1989 KEPCO, INC. Lithoin U.S.A.

DIGITAL
POWER SUPPLIES
TO THE MATE

PROTOCOL...
Series TMA/MAT

FEATURES

Simpler control processes lessen com-
plexity and cost by eliminating features
mainly used in lab or analog applica-
tions.

Digital decoder with microprocessor is
built into each power module. Permits
control from a central processor over a
two-wire communications bus.

The /3 and 23 rack power module’s me-
chanical structure allows installation and
replacement from the front for easy
maintenance.

Increased power density without resort
to switching techniques.

Incorporates power isolation relays per
the MATE protocol plus relays for volt-
age polarity reversal.

Simplified interconnect cabling, no more
than a twisted pair.

Reduced size and cost.

Fully supports the Control Intermediate
Interface Language (ClIL) and the MATE
Test Module Adapter (TMA) requirements.

KEPCO.

—— THE POWER SUPPLIER™
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Digital Power Supplies to the MATE Protocol. ..

A-C INPUT CONNECTOR

MODEL

CHASSIS MOUNT

MATING PLUG

All Models

MS3102A16-10P

MS3108A16-10S

D-C OUTPUT CONNECTORS

MAT 6-32 MS3102A20-15S MS3106A20-15P
1/3 Rack

All other models MS3102A20-16S MS3106A20-16P

MAT 6-64, MAT 15-40 MS3102A24-12S MS3106A24-12P
2/3 Rack

All other models MS3102A24-20S MS3106A24-20P
Full rack | All models MS3102A28-20S MS3106A28-20P

DIGITAL BUS CONNECTOR

MIL STD connectors, MS type.. Amphenol or equivalent.

All models

DIN 41524 (socket)

DIN 41524 (plug)
Kepco P/N 142-0308

Use shielded twisted pair cable to interconnect the TMA 488-27 to MAT power modules. Use Belden type 9841 or equivalent.
One 2-meter long cable with two mating connectors is supplied with each rack adapter (or full rack MAT) for field assembly.

To accommodate the 1/3 and 2/3
rack size MAT modules, Kepco
offers two new housings called RA
50 and RA51. RA50is 5 1/4" x 19"
x 25" and accepts up to three 1/3
rack power modules. RA 51 is like
sized, but configured for one 1/3
rack module and one 2/3 rack
module.
Filler Panels: RFP 50-1 (' slot filler)
RFP 50-2 (% slot filler)
The full rack (1080W) MAT power
supplies mount directly into a
standard 19" rack.

KEPCO, INC. - 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA « (718) 461-7000 «

Features: RA 50 and RA 51

® FEach power module installs from
the front and has a latching
means.

A MiL-type connector supplies
a-c power to the modules.

® Two DIN-type connectors link
to the communications bus
(arrangement permits daisy
chaining).

® An internal bus supports up to
three plugged-in modules.

Rear view of RA 50 Housing with three 360W MAT modules. The d-c output connectors are on the rear of each module.
The connector in the lower corner is the a-c main input and the two digital bus connectors are visible

FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631




Husband. Grandfather.

Great American Investor.

When Bob Lawrence began his career on the railroad nearly ~ changed. “My wife and [ aren't worried about ourselves any-
30 years ago, he began something else, too. Investing in U.S. more. Now we're thinking of our grandkids. We give them Bonds
Savings Bonds—the Great American Investment. “It U S SAVlNGS BONDS as gifts.” Savings Bonds come in a variety of denom-
was my wife that got me started. She wanted us to put [gz® = inations, are free from state and local income tax,
something away for our retirement,” he says. Today, and you can buy them at work or where you bank.
Bob is ready to retire with quite a nest egg. And For more information, call us, or write U.S. Savings
while he still buys Savings Bonds, his reasons have Bonds, Dept. 892-M, Washington, D.C. 20226.

THE GREAT AMERICAN INVESTMENT

1-800-US-BONDS

A public service of this publication




rugged plug-in

amplifiers

0.5 1-0 1000MHZ from $13205foz4qw>

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-amplirer series.
The MAN-amplifier'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
1000MHz, NF as low as 2.8dB, and power output as high as +15dBm.

Prices start at only $13.95, including screening, thermal shock -55°C to +100C,

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, ircluding coupling capacitors.
A designer’s delight, with aill components self-contained. Just connect to a dc
supply voltage and you are ready to go.

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

breakthrough.
FREQ.
RANGE GAIN MAX. NF DC PWR PRICE
(MHz) dB OUT/PWRt dB 12V, $ ea
MODEL  f_ tof, min flatnesstt dBm (typ) mA (10-24)
MAN-1 0.5-500 28 10 8 45 60 13.95
MAN-2 0.5-1000 19 15 7 6.0 85 1595
MAN-1LN 0.5-500 28 10 8 28 60 15.95
OMAN-1HLN  10-500 10 08 15 37 70 15.95
*MAN-1AD 5500 16 05 6 7.2 85 2495
ttMidband 10f_to fu/z,iO,SdB t1dB Gain Compression ~ {Case Height 0.3 In.

Max input power (no damage)+15dBm; VSWR in/out 1.8:1 max.
*Active Directivity (difference between reverse and forward gain) 30 dB typ

finding new ways ...
setting higher standards

[ Mini-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

CIRCLE 123
C118 REV.E



IDEAS FOR DESIGN

ﬁz SWITCH DEBOUNCER
ADDS AUTO-REPEAT

RALPH URSOLEO
Inovec Inc., 115 Wallis St., Eugene, OR 97402; (503) 485-7127.

D1
NS4 Re

1/6
U1A
1 [NJ4HCT14

SW1 2

]
1000 pF

Typical LED bargraph circuit -}
|
co]-2 |
(] |
| 9 ] |
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THE CIRCUIT COMBINES a bar graph and an auto-repeat function. When the

switch is open, the voltage in C1 is discharged back into the circuit.

switch debouncer combined

with an auto-repeat func-

tion, which is used to ad-

vance bargraph-type dis-
plays, generates one output pulse
for each momentary switch closure.
But if the switch is closed for longer
than the delay-before-repeat time
(DBRT), the circuit generates a con-
tinuous stream of pulses.

With the switch open, the gate in-
put is pulled high. This forces the
output low and discharges C1
through the feedback network (see
the figure). When the switch is
closed, the circuit immediately gen-
erates an output pulse and becomes
the classic hysteresis-gate oscillator.
Italso creates a nonsymmetrical out-
put due to R2 and D1.

The DBRT is due to the start-up
time of the oscillator. The start-up
time is greater than one period of the
oscillator’s output. For the first cy-
cle, C1 has to charge from zero to the

upper gate switching threshold,
rather than from the lower threshold
as for subsequent cycles. The auto-
repeat period (T) is approximately:

T = (R1+R2) X (C1+C2) X (gate hys-
teresis/supply voltage) =0.15s

525

o you have to measure

events such as flame-igni-

tion, duration, and extin-

guishing times? For an ac-

curacy to a tenth of a second, this

photocell-event timer can do the job
(see the figure).

In the circuit, transformer T1 cou-

ples the circuit to the power mains,

and the 60-Hz line frequency sup-

E DB 8 B O NL-C- B

IFD WINNERS

June 8, 1989
Gary Rauh, Seeq Technology Inc.,
1849 Fortune Dr., San Jose, CA
95131. His idea: “Control the Vpp
to Flash EEPROMs.”

June 22, 1989
Bill Macbride, Glenmore Instru-
ment Co., 12 Little Conestoga Rd.,
Glenmore, PA 19343. His idea:
“Divide/Multiply with Only
One Trim.”

June EDI, 1989

Michael A. Wyatt, Space and Stra-
tegic Avionics Div., Honeywell
Inc., 13350 U.S. Hwy. 19 South,
Clearwater, FL 34624-7290. His
idea: “Phase Meter Uses Just Two
Chips.”

(typical hysteresis for the HCT14
gateis 1.0 V).

The typical DBRT is:

DBRT = 0.7T X (upper gate thresh-
old/hysteresis) =0.23 s

(typical upper gate threshold for
the HCT14is 2.3 V).

The R3C2 time constant, along
with gate hysteresis, prevents the
output from chattering when the
switch contacts bounce. R2 and D1
(where R2 < < R1) cause C1 to dis-
charge quickly when the switch is re-
leased. This makes it possible for
multiple switch closures in quick suc-
cession (faster than the auto-repeat
rate) without altering the DBRT. The
only restriction is that R1 < < R3 to
insure oscillation.[J

PHOTO-EVENT TIMER
MEASUREST0 0.1 S

DENNIS EICHENBERG
6294 Mariana Dr., Parma Heights, OH 44130; (216) 888-0058.

plies the clocking signal. Resistor R,
and diode D3 clamp the clocking sig-
nal from T1 to 12 Vdc. The 4093
Schmitt trigger IC2 conditions the
clocking signal, and voltage regula-
tor IC1 delivers 12 Vdec.

Photocell PC1 controls the time
gating through op amp IC5, which
operates as a comparator, and whose
threshold level can be adjusted with

SEP’I‘%MSBE}{ 28?19813' 93




IDEAS FOR DESIGN

81 T 12024V Ic1 7812
FU1 1A 0ff D1 D2 v
Power 500 mA |moo4 IN4004 t
f W, —o/;‘; h+l | In Out GND v
120V “ 410 mF
60 Hz
) 50V -
Clocking signal ' <
v+ v+ V+ v+
R
100K 3 03 174162 1/41C2
1 16) I3 16 14
4017 w017 }"—
1
R, s[15] 13 |1i 4 15 [13 4
100k Latch = TI;“& base =
sec.
,__Direct noninverted 1M0sec.q "o
Direct inverted
v+ 174106 4001 VAKS v+
8 12[: 11
c [
PC1 o— Stop inverted 10000F T 4 8
Clarey Stop noninverted ; Rs ¢ 1“&3» 3
CLSMS5L o D4 4 10k T | 6 Counter
IN914 2| 167 12Vde $
555
7 5 +
4R730 no%3 FT i Lo 7 cy
A 4
ol T R

R,. The quad NOR gate 1C6, config-
ured as a latch, initiates timing when
switch S2 is pressed. A signal from
the photocell stops the timing, which
can be with either a dark-to-light or

526

simple circuit consisting of

only a reference diode and a

matched pnp transistor pair

(the MAT-03) can be used to
monitor low-voltage power rails,
such as a +5-V logie supply. This is
beneficial for microprocessor-based
systems that use either battery-
backed-up CMOS or EEPROM mem-
ory. The monitor prevents inadver-
tent writing to the memory as the
rest of the digital circuitry turns off
when a +5-V supply falls.

94 E L E TR O N1
%FP’I‘EMBER 28,1989

light-to-dark transition depending
upon the setting of S5. S3 offers ac-
cess to a direct operating mode rath-
er than through the latch.

Dividers IC3 and IC4 supply 0.1- or

MONITOR SUPPLIES
DOWNT00.6 V

MIKE JACHOWSKI
Precision Monolithics Inec., 1500 Space Park Dr., P.O. Box 58020,
Santa Clara, CA 95052; (408) 727-9222.

The problem with conventional
comparators is that there’s no guar-
antee what the device’s output state
will be once the +5-V supply falls be-
low the comparator’s own power re-
quirements. Micropower op amps
are occasionally used as compara-
tors in these applications, but their
response times usually aren’t quick
enough to protect the memory.

A circuit can be designed to supply
a 700-ns response time and maintain
an accurate output with a supply

D ESTIGN

Il THIS PHOTO-EVENT TIMER measures time with an accuracy of 0.1 switch, a minimal amount of circuitry.

1-s timing pulses that can be selected
by S4. Timer ICT7 signal conditions
the pulses for a time-display counter.
The counter should be a 12-Vde unit
drawing less than 200 mA. [J

voltage down to 0.6 V (see the fig-
ure). The circuit also enables the
added flexibility to adjust the moni-
tor trip point down to 1.25 V.

When V. falls between 0.6 V and
Viip QU's base-emitter junction be-
comes forward-biased so the collec-
tor can conduct current into R2, pull-
ing the output high. As V. rises
above 1.23 V, the reference diode
(D1) stabilizes the voltage on the
base of Q1, which sets the trip-point
of the differential-pair comparator.
The trip-point is reached when (V.
X R4)/(R4+R5) = 1.23 V. At this
point, Q2 will turn on and Q1 will turn
off. The output voltage then goes
low, pulled down by R2. Resistor R6
supplies about 60 mV of hysteresis to
guarantee clean transitions.

The comparator’s output goes
high as the power supply voltage
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falls below the threshold voltage,
which is arbitrarily set at 4.5. This
forces the CMOS logic gate output
high, disabling any write commands
sent to memory while the voltage
supply is low.

In this example, the comparator
and logic gate were powered by the
monitored +5-V supply, which
shows that CS (Chip Select) remains
disabled when supply voltages go as
low as 0.6 V. In an application where
memory has an independent battery
back-up, however, both the logic
gate and the comparator should be
supplied by the memory’s back-up
voltage with only R4 connected to
the supply rail. In this case, it may be
preferable to lower the comparator’s
power consumption by increasing
R1, R2, and R3 proportionally. Multi-
plying each of the three resistors by
10 will drop the supply current below
80 nA.

The tradeoff for lowering the sup-

ply current is an increase in the com-
parator’s response time. With the
chosen circuit values, the compara-
tor has a total CS-Disable response
time of 700 ns for a step-supply volt-
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accurately detect a low supply voltage
and disable inadvertent write operations
to memory.

age change from 5 V to 3 V. About
600 of the 700 ns is due to RC time
constants. Therefore, by multiplying
the resistors by 10, the response time
will slow to about 6 us.

Although this circuit supplies a
high output when the trip point is
reached, it’s also possible to invert
the circuit to deliver a low output
upon crossing the threshold. Its op-
eration is identical to the previous
one, except that a matched npn tran-
sistor pair (the MAT-01) must now be
used as the comparator. R1, R2, and
R5 would then be connected to the
+5-V monitored supply, while R3,
R4, and D1 would be connected to
ground. This produces an output
which is low when V. falls between
0.6 Vand V,,;,, and an active high out-
put when V. is greater than V..
This circuit creates a Reset signal for
microprocessor systems if a power
fault takes the +5-V supply below its

specifications.[]
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Optimized embedded
controller solutions
The R3000 is the ideal 32-bit

microprocessor controller because it

satisfies both the performance and
cost objectives of your embedded
control designs. Using IDT's R3000
RISC family, you can meet exact
system performance requirements
by varying the component speeds
and memory configuration —and
minimize overall system cost.

Satisfy your system needs

Real-time systems demand high
computational bandwidth and fast
context switching, both prominent
features of the R3000. And con-
troller designs using the R3000 can
be implemented either with no
cache memory or with hierarchical
memory.

Additional functions are available
if needed, such as the optional
Floating Point Accelerator, R3010.
And the highly integrated R3000
uses fewer components than
comparable systems.

Performance upgrades
When you design with the R3000,
you're not locked into a single
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performance level. R3000 designs
can be upgraded for products
needing higher levels of perfor-
mance, or can be reconfigured for
lower cost/lower performance
models in the same product line.

Complete design support
We offer powerful RISC
development tools such as IDT's
new RISC add-in card for the
Macintosh™ II. CPU and cache
modules are available to get your
prototype working quickly. And IDT
supports the R3000 with logic,
peripherals, and memory, like the
new 71586 4K X 16 RAM with
address latches on-chip for lower
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courses and application support,
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(408) 492-8379.
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PRODUCTS NEWSLETTER

ISDN CONTROLLER The first commercially available VLSI component that’s certified by North-

ern Telecom to support the T-Link rate-adaption protocol is the 89151 ISDN

SUPPORTS T‘LIN K P ROTOCOL communication controller from Intel, Folsom, Calif. The device adapts non-
ISDN applications—such as synchronous intelligent terminals as well as asynchronous ma-

chines like PCs and modems—to the ISDN. It eliminates the need for costly rate-adaption

design schemes, which require numerous components. The controller also links with a wide

variety of microprocessors for flexibility in selecting system architectures. In quantities of

500, the 89151 controller costs $24. Call Kristen Bailey, (916) 351-2747. bM CIRCLE 301

ENH ANCED Z80 CPU By adding 2 kbytes of static RAM, a clock generator, and a timing controller

to its Z80 CPU, Zilog Inc., Campbell, Calif., came up with a new chip: the
P ACKS 2'KBYTE RAM 784C50. With the on-chip static RAM, commonly used instructions and data

can be held in the memory and executed quickly with no lost time for off-chip memory access-
es. The CMOS chip executes the Z80 instruction set and can operate at clock frequencies of up
to 10 MHz. In addition, the on-chip oscillator makes it possible for new power-down modes to
lower power consumption to just a few milliwatts during standby. It also reduces the board
space required by the processor. The chip comes in a 40-pin DIP, a 44-lead PL.CC, and a 44-lead
plastic quad-sided flat package. In quantities of 100, the 84C50 sells for $6 to $7. Delivery is
from stock. Contact Jim Magill, (408) 370-8000. DB CIRCLE 302

ENERGY‘R ATED MOSFETS A trio of power MOSFETSs from Motorola, Phoenix, brings avalanche energy

and 40-V gate ratings to Motorola’s high-voltage, high-current devices.
REACH 1000 V AND 10 A These ratings allow for designs that are inherently more reliable because av-

alanche energy is specified, while the 40-V gate rating offers an extra margin of safety
against high-voltage transients in the gate circuit. The first in the new line of energy rated
FETs (E-FETs), the MTM10N100E, 24N50E, and 26N40E, are rated respectively at 1000, 500,
and 400 V, with continuous currents of 10, 24, and 26 A. Their respective on-resistances are 1.2,
0.25, and 0.18 Q. In addition, the speed of the FETS’ internal body-drain diode approaches that
of discrete, fast-recovery devices. All three are in TO-3 metal cans. In quantities of 100, the
10N100E goes for $27.90 each; the 24N50E and 26N40E are $25.38 each. Delivery is from stock.
Call Jack Takesuye, (602) 244-4911. FG CIRCLE 303

i g From Maxim Integrated Products, Sunnyvale, Calif., you can now get a 12-
12 BIT CMOS M DAC bit monotonic—and accurate—MDAC (multiplying d-a converter) with cur-

COMES IN 8'PIN DIP rent output in a tiny 8-pin plastic miniDIP or a 16-pin, wide-SOIC. Moreover,
the MAX543 IC meets monotonicity and accuracy specifications over all temperature ranges.
It’s updated over a three-wire serial interface (one wire each for data, clock, and load) by a host
processor. The interface has several advantages over the typical parallel approach: Fewer in-
terface lines keeps bus noise out of the d-a converter’s output and the serial bus can be inactive
when it’s not updating the converter. Furthermore, the serial interface simplifies applications
in need of voltage isolation through opto isolators. The converter comes in two performance
grades as well as commercial, industrial (extended), and military temperature ranges. In
quantities of 100, prices start at $8.50 each. Call Roy Selinger, (408) 737-7600. FG ~ CIRCLE 304

2 Major support of the CCITT V.42 point-to-point error-control standard has
MODEM IC SET SUPPORTS arrived in the form of the first complete V.42 IC set for 2400-bps modems. The

V.42 ERROR CONTROL three-chip set from Silicon Systems, Tustin, Calif., is the first offspring of the
technology partnership between Silicon Systems and Hayes Microcomputer Products, Atlan-
ta. The set is also the first from any manufacturer to incorporate CCITT V.42 and Hayes’
standard AT command set, in addition to Hayes’ AutoSync, adaptive data compression, and
automatic feature negotiation. The V.42 standard offers backward compatibility with the
installed base of Microcom Network Protocol (MNP) modems through the alternate protocol.
Samples of the set will be available by November, with full production scheduled by 1990. In
quantities of 100, the set will cost $52. Call Fred Kamp at Silicon Systems, (714) 731-7110, ext.
3202; or Jane Dryden at Hayes Microcomputer Products, (404) 449-8791. bm CIRCLE 305
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PRODUCT INNOVATION

GET GATE-ARRAY PLIABILITY
WITH RECONFIGURABLE IC

USING 2-INPUT
NAND GATES
As Basic LogIc
ELEMENTS, A
PROGRAMMABLE
CHIP DELIVERS
GATE ARRAY
FLEXIBILITY
WITHOUT
MASKS.

DAVE BURSKY

ince its introduction
three years ago, RAM-
based programmable
logic has given designers
the ability to reconfigure
the logic in their system
at any point during the
system’s operation. And,
with the release of the
Plessey ERA60K family of electri-
cally reconfigurable arrays, the Xi-
linx Inc. LCA family will face its first
major challenge from another family
of RAM-based programmable logic
chips. Such circuits are the only in-
system reconfigurable alternative to
mask-programmed gate arrays, or
EPROM or fuse-based logic chips.
The first member of Plessey’s
CMOS array family, the ERA60100,

features densities of about 10,000
equivalent gates. Future family
members will extend the gate count
in both directions, from a low of 2000
to a high of 40,000 equivalent gates.

The ERA chips will use simple
two-input NAND gates as the basic
logic element, unlike the Xilinx
chips, which are based on an array of
complex macrocells called configur-
able logic blocks. The small size of
the logic element in the ERA chip
makes it possible for available logic
to be used more efficiently, accord-
ing to Ian Phillips, engineering man-
ager at the company’s Roborough,
UK facility. He explains that in most
programmable logic chips, many
gates go unused when only part of
the macrocell is configured. The re-
maining gates can’t usually be reas-
signed to another logic function.

But in the ERA, each gate can be
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1. WITH 2-INPUT NAND GATES as the basic logic element, Plessey’s electrically reconfigurable array family gives designers gate-
array flexibility with the alterability of static-cRAM control cells.

EL E CTR O NTWC "D

SEPTEMBEI{ 28(;'1981:)I ‘ 99



PROGRAMMABLE
GATE ARRAY

independently interconnected by
storing values in the RAM cells,
which switch the gate’s input con-
nections to a series of predefined in-
terconnection paths. Moreover, be-
cause each gate is independent of the
next, recursive (multilevel) logic can
easily be configured. These gates
are flexible and they can implement
high-performance circuits—the ba-
sic gates have typical loaded delays
of 2.5 ns, and a D-type flip-flop can
typically operate at 200 MHz.

To facilitate circuit design, two
cell libraries—one containing basic
building blocks, and the other with
higher-complexity macrocells—sup-
ply familiar TTL and CMOS circuit
equivalents. All of the library’s cells
are defined through the physical lay-
out level, and, consequently, they of-
fer consistent performance from one
design to the next. Designers can
also create their own hard macro-
cells and add them to the library. The
cells in the ERA library are actually
a subset of the cells in the Plessey
CLA60K family of 1.4-um sea-of-
gates arrays. Consequently, once a
design is locked in, the circuit can
easily migrate to a mask-pro-
grammed gate array if volume man-
ufacturing is needed.

To achieve a high degree of inter-
connectivity, the arrays will use
three levels of metal wiring to supply
an abundant number of interconnec-
tion paths. Even so, array utilization
of the ERA is expected to be in the
30% to 50% range with the first de-
sign software release, which is part
of the chip support. As a result, al-
though the ERA60100 has an equiva-
lent gate count of 10,000, its usable
gate count might actually reach
about 5000.

Reprogramming the ERA config-
uration is somewhat similar to repro-
gramming the Xilinx array—the con-
figuration file can be loaded via a se-
rial or parallel data path. Further-
more, the ERA can be partially
reprogrammed while the rest of the
circuit functions continue to perform
in the system. This makes it possible
for non-stop systems to be imple-
mented.

In contrast, when reprogramming
the Xilinx arrays, all configuration

100/ Sertosisrnos o © ™ ' C

bits must be loaded into the chip,
which in turn forces the subsystem
where the chip resides to momentari-
ly stop. The dynamic reconfigurabi-
lity aspect of the ERA is initially set
up by the automatic router, which
comes with design toolkit. During
the circuit design, portions of the ar-
ray can be set aside for logic that will
be occasionally altered.

One futuristic application might
have the ERA chip reconfigure itself
under intelligent control. The recon-

Place and routeall [
suh-circuits .

Heéimulalmﬁ of
complete circuit

Prépareﬁ |
configuration file

Load application con-
figuration file to ERA

2. THE TYPICAL DESIGN fiow
for a circuit starts by partitioning the
circuit into sub-blocks that are captured,
simulated, and laid out. The blocks are
then interconnected, loading factors are
extracted for back-annotation, and the
entire circuit simulated. Then the
configuration file is extracted from the
final net list.

D ESTIGN

figuration could bypass flaws de-
tected in either the ERA or in a sec-
tion of the subsystem. Some type of
system self-test program would ini-
tially be run to determine if a prob-
lem existed and in turn would send
any such data to the intelligent con-
troller. The controller would then de-
termine the new pattern that must
be loaded into the ERA. Additional
applications span fields from simple
glue-logic replacement to more com-
plex needs, such as digital signal pro-
cessing, neural networks, secure
logic, and system simulation.

The ERA60100 consists of a cen-
tral logic core containing about
10,000 gates that are set up as an ar-
ray of 2500 cells, and a periphery of
841/0 cells, each of which can be pro-
grammed into several configura-
tions (Fig. 1). Each logic cell is con-
figured with 10 bits of RAM and each
170 cell requires 4 bits to set its con-
figuration. The circuit, operating
from a 5-V supply, will come in a 120-
lead, pin-grid-array package to ac-
commodate the I/0 lines, the dedi-
cated control pins, and the multiple
power supply and ground lines. Indi-
vidual gates draw about 10 nA in the
standby state and about 10 pA/MHz
when active. Output buffers can
handle loads of up to 12 mA and have
typical delays of either 2.5 ns for the
full-speed version or 5 ns for the
slew-rate-limited version. The slew-
rate-limited buffer also reduces the
power supply peak current by a fac-
tor of four over the full-speed buffer.

Loading the approximate 25 kbits
of configuration data (with every cell
programmed) into the chip requires
about 0.5 ms in the parallel-load
mode and about 4 ms in the serial-
load mode. Four load-mode varia-
tions (controlled by two pins) give
systems designers lots of flexibility.
The modes range in complexity from
requiring one external memory chip
to a multichip intelligent approach
with an external host processor.
With the latter approach, multiple
patterns can be loaded from either
nonvolatile storage, such as a disk
drive, or from the host system’s
RAM. And to ensure the integrity of
the RAM configuration bits, the
ERA packs cyclic redundancy-check-




PROGRAMMABLE
GATE ARRAY

PRICE AND AVAILABILITY
The ERA60100 will come in a 120-
lead pin-grid array package and
will sell for $225 in quantities of
100. Samples will be available
next January. Versions will be
available with commercial, indus-
trial, and military-operating tem-
perature ranges. A lower-cost
version with fewer 1/0 lines but
the same number of gates will be
available in an 84-lead plastic lead-
ed chip carrier later in the first
quarter of 1990.

Plessey Semiconductors, Se-
quotia Research Park, 1500
Green Hills Rd., Scotts Valley,
CA 95066, Steve Brightfield,
(408) 438-2900. CIRCLE 511

ing circuitry, which tests the bits as
part of a diagnostic self-test mode in-
voked by users.

Like the Xilinx arrays, the ERA
uses a simple serial-data load mode
to minimize pin usage, and a parallel
data-load capability. The ERA can
also be partially configured upon
startup to implement an RS-232-com-
patible serial port. It then could load
the remaining portion of the chip pat-
tern through the serial port.

On-chip circuits enable the config-
uration data to be loaded automati-
cally from an external ROM, EE-
PROM, or EPROM, or from a system
disk under the control of a host pro-
cessor. In either case, eight of the I/
O pins (DX,_;) are used during con-
figuration to load the pattern into
the chip. And, when a non-volatile
memory is used to hold the data, an-
other 16 lines (AX, ;) supply the ad-
dresses to read the data from exter-
nal memory. After chip configura-
tion, pins DX, ; and AX, ,; can be
used as inputs or outputs as defined
by the configuration pattern. Simi-
larly, the pins used to form the sim-
ple serial data port can be put into
service as user I/0 lines after the
configuration file is loaded.

The chip’s logic cells contain some
local interconnection capability to
simplify routing, and many larger
functions can thus be assembled
without any routing overhead.
Those larger functions, however,

will have to be connected to other
blocks that may be located at a dis-
tance. Consequently, some logic
cells will be lost during the longer
routes. An important feature was
added to counter that problem—a re-
configurable 10-line data bus that
surrounds the core cell array just in-
side the I/0 pad ring. With the bus,
long-distance connections can skirt
around the cells rather than use
them. An equally attractive use for
the bus would make it possible for
users to route external signals to
fixed I/0 pad locations—this would
make the signal readily available to
any portion of the array core.

Developing circuits with ERA
chips is similar to the process that de-
velops a circuit for a gate array. The
tools available for engineers to start
a design include the ViewLogic sche-
matic-capture and simulation soft-
ware combined with a library of ba-
sic cells and macrocells, which are
supplied by Plessey. Added to that
combination is an autorouter that in-
terconnects the cells, and a back-end
simulator that verifies the entire cir-
cuit. The tools are available for ei-
ther 80386-based IBM PCs or com-
patibles, with versions for the DEC
Vax family and Sun-compatible com-
puters coming soon.

In a typical development cycle, de-
signers would first set up a hierar-
chy and then partition the design into
a number of subcircuits that can be
captured, simulated, laid out, and
routed (Fig. 2). When all the modules
are completed and interconnected,
the circuit “track loads’ are extract-
ed and the final circuit simulation is
performed. After final simulation,
the net list is extracted and a config-
uration file is created. This file can be
stored on disk or in a nonvolatile
memory, or it can be loaded directly
into the ERA chip. Designers can
even download a configuration file
for a block into the ERA chip, and
then use the chip to emulate itself
during development.[]
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PRODUCT INNOVATION

DAVE BURSKY

peech synthesis chips have been around
for over a decade, yet most of these chips

are developed for toys, games, and low-
end commercial applications where low
cost is the overriding concern. A market is

emerging, however, for high-quality
speech synthesis. On the consumer side,

this new market runs the gamut from digi-
tal message storage for phone answering
machines to talking greeting cards. On the industrial

side, applications cover the spectrum from telecommuni-

cations to banking systems.
To meet the expected market, Oki Semiconductor de-
veloped its MSM637X family of high-quality speech syn-

thesis and voice recording/playback circuits. The chips

deliver the most natural-sounding speech. Their features
give system designers more options than ever.
- To produce the natural-sounding speech, the Oki syn-

thesizers employ higher-precision (12-bit) digital-to-ana-
log converters, higher than any of the other company’s

chips. Most other chips only use 8-bit d-a converters. The
higher-precision d-a converters, coupled with 4-bit
straight adaptive-differential pulse-code modulation

(ADPCM) makes it difficult to distinguish between a live

voice and the synthesized outputs of the Oki chips.
There are actually several circuit subfamilies within
the overall family. In one group there are four chips—the

MSM6373, 6374, 6375, and 6376—which are ROM-based

SYNTHESIZERS SPAN synthesizers that respectively store 256 kbits, 512 kbits,

1 Mbit, and no on-chip memory because the circuit ad-

LOW-END TO dresses off-chip storage.

Another family that initially had just one member—

HIGH-END SPEECH the MSM6378RS—will have on-chip, one-time program-

mable storage based on UV EPROM technology. It will
A_PPLI C ATIONS offer a different set of features than the previous quar-
tet. The 6378 packs 256 kbits of one-time programmable
EPROM (the one-time limit comes from the low-cost plas-
tic windowless package that houses the chip). Larger
EPROMs will be incorporated on the chip for future fam-
ily members. Offering the dual capability of capturing
live speech and then playing it back, a voice-recorder chip
(the MSM6388) will also be added to the family.

The large on-chip ROMs for the first three members of
the first family make possible playback times of 10, 20,
and 40 seconds for the 6373, 74, and 75, respectively
(when the speech is sampled at 6.4 kHz); the fourth chip
has an unlimited playback range because it can pull what
it needs from an up-to-2-Mbyte external memory. Be-
cause no address lines are needed for the ROM versions,
the chips can be housed in low-cost, 18-lead plastic DIPs.
The chips consume little current—typically about 4 mA
when operating and approximately 1 wA in standby.

To some extent, each of the playback times categorize
the application classes each chip might handle best. For
instance, the shortest time (smallest ROM) suits alarm
systems, arcade games, toys, cars, vending machines,
and other short-duration needs. The mid-size ROM ver-
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HIGH-QUALITY SPEECH
SYNTHESIZERS

sion could find homes in talking
clocks, time stamps for answering
machines, appliance-programming
confirmation, and so forth. The larg-
est-ROM version might serve the
high-end of the previous cases or go
into annunciators in elevators or ap-
pliance instruction presentations.

The MSM6373 through 6376 can
address up to 110 phrases and can
run at sampling frequencies from 4
to 32 kHz, depending on the desired
speech quality. A separate 4096-bit
address ROM, included on all the
chips, holds the address-mapping se-
quence in which the 110 phrases (or
sounds) are reproduced (see the fig-
ure). Two playback channels make it
possible for two phrases to be played
simultaneously (such as speech and
background music). In addition, by
using the on-chip four-step delay set-
ting, an echo or reverberation effect
can be set up. Each channel’s volume
can be set at one of three levels,
starting with the normal volume and
then incrementally decreasing from
that point.

Moreover, the synthesizers have
two “beep” tones—1 kHz and 2
kHz—built in so that if time or end-
of-message markers are needed, the
available ROM space won't have to
be used. Several variations of the
beep tones will generate a sum total

PRICE AND AVAILABILITY
Prices for the ROM-based
MSM6373, 6374, and 6375 speech-
synthesis chips are $5.23, $7.93,
and $11.16, respectively, in 10,000-
unit quantities. The ROM-less
MSM6376 comes in a 64-lead,
quad-sided flat package and sells
for $18 in single-unit quantities.
In 1000-unit lots, the one-time pro-
grammable MSM6378 sells for
$10.52. The MSM6388 recorder
chip and the MSM6322 pitch-con-
trol circuit sell for $7.62 and $6.59,
respectively, in similar quantities.
Prices for the serial storage regis-
ters aren’t set.

Oki Semiconductor, 785 N.
Mary Ave., Sumnnyvale, CA
94086-2909; Charu Mungale,
408) 720-1900. CIRCLE 513

of eight options.

Not only do the chips deliver high-
er quality speech, but they also sim-
plify system design by incorporating
the output low-pass filter to smooth
the signal from the d-a converter.
The filter has an attenuation of 24
dB/octave. It tracks the signal in
conjunction with the chip’s clock fre-
quency to ensure audio quality if the
clock should drift or be intentionally
changed. With a mask option, the

low-pass filter can also be bypassed
if an external filter is used.

Offering a different type of flexi-
bility and filed programmability, the
6378 has the same basic synthesizer,
d-a converter, and low-pass filter.
But it’s designed to play one phrase,
either in a one-shot or endless-loop
playback mode. The 256 kbits of one-
time-programmable memory on the
chip make it possible for a maximum
playback time of 15.6 seconds when
the sampling frequency is 4 kHz (8
seconds at 8 kHz). Housed in a low-
cost, 16-lead plastic DIP, the circuit
has some interesting potential appli-
cations, such as in-store customized
greeting cards, talking sales tags,
and so forth.

The most complex chip in the syn-
thesizer family is the MSM6388GS-
V1K ADPCM voice processor, which
comes in a 44-lead, quad-sided flat
package. This chip contains an input
a-d converter with 12-bit resolution,
an output 12-bit d-a converter, the
ADPCM analysis and synthesis cir-
cuits, a microphone preamplifier,
and a fourth-order, low-pass filter
for both input and output lines.

Intended to operate either in stan-
dalone or CPU-hosted modes, the
chip can capture up to eight channels
of audio data and can store the digi-
tized sound in special off-chip dy-

' 7 17 m Yoo
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08C1——— I—————l Timing controller 12-bit DAC
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Ao filter
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thanks to a 12-bit d-a converter and a built-in, low-pass filter on the output. Up to 110 phrases can be sequenced by an on-chip, 4096-bit address

I THE LATEST ROM-BASED speech-synthesis chips from Oki Semiconductor offer the most realistic-sounding audio reproduction,
ROM that supplements the audio data ROM.




PHILIPS

Application-Specific
Hybrid Packaging
Solutions.

Our engineering staff can convert your circuit schematics or ex-
isting printed circuit boards into a thin film, thick film or PCB-
based hybrid circuit...which, when vertically integrated, in-
creases your system functionality and reliability.

Our flexible, alternative hybrid packaging solutions can save you
the hassle of ordering, testing, stocking and assembling com-
ponents. You gain in overall system reliability, through fewer
discrete components and fewer connections.

Philips Circuit Assemblies’ hybrid circuits arrive 100% func-
tionally tested and ready to integrate into your board-level
product.

No capital investment.

When Philips Circuit Assemblies handles your total hybrid pro-
duction, you get today’s technology today...without long-term
capital investments in process development and equipment.

To meet your system size and cost reduction goals with higher
circuit reliability and fewer hassles, turn to America’s largest
supplier of custom thin and thick film hybrids — Philips Circuit
Assemblies.

To get started, just call 1-800-522-7752 (in Wisconsin, dial
414/785-6359).

For our capabilities catalog, write to: Philips Circuit Assemblies,
A Division of North American Philips Corporation, Corporate
Advertising, 2001 W. Blue Heron Blvd., PO. Box 10330, Riviera
Beach, FL 33404.

Philips Circuit Assemblies
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HIGH-QUALITY SPEECH
SYNTHESIZERS

namic serial registers. The serial
storage is partitioned into as many
as eight blocks, depending on the
state of the chip’s two Register Se-
lect lines and the number of 1-Mbit
serial registers connected to the chip
(up to four registers per bank). Au-
dio sampling can be done at any fre-
quency from 3.5 to 9.1 kHz. With 4
Mbits of off-chip memory, up to 262
seconds of speech can be stored at 4
kHz. When used in its CPU mode, the
6388 can serve as a development tool
for the other speech-synthesis cir-
cuits offered by Oki (except for the
new ROM-based 6373 series, which
uses packetized PCM).

The MSM514201JS, a dedicated 1-
Mbit serial register, supplies the off-
chip storage. It has a serial access
time of 3 us and a serial read-write
access time of 4 ps. It also includes
internal self-refresh circuitry to en-
sure data integrity. Organized as 1-
Mword-by-1-bit, the chip can access

all of its locations easily because one
line enables the chip to either incre-
ment or decrement the address
counter. A low-power memory, the
chip has a 4-V data-retention mode
that drops supply current to 0.1 mA
when in standby; when it’s active,
current increases to about 5 mA.
One last chip that’s part of the
family, but not a speech synthesis
circuit, is the MSM6322GS-K voice-
pitch controller. This chip performs
real-time voice-pitch alteration, with
an upper and lower octave span of
eight steps each. On-chip are an 8-bit
a-d converter, a 9-bit d-a converter,
the microphone preamplifier, and
the output low-pass filters needed to
handle the signal manipulation. This
circuit can be used with the voice-
synthesizer chips or in other applica-
tions, such as high-speed audio-tape
sound adjustment, toys, and games.
To ease the development of digi-
tized speech to be stored in various

ROM or EPROM regions, Oki creat-
ed several tools. One is a small desk-
top speech programmer called the
Anawriter 6378 Mark II. The system
comes with a microphone, a second
input for prerecorded material, a
bargraph light-emitting diode dis-
play to monitor the input signal, a
multifunction display for various op-
erator feedback messages, and an
EPROM programmer. Evaluation
and demonstration boards are also
available for the 6373 series, as well
as for the 6388. The ROM-less 6376
can be used in an evaluation system
for ROM-based chips to facilitate
code-tuning by either Oki or the user
with an analysis package that was
developed by Oki.(J
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The hardest part about having a disability is being constantly reminded
that you have one. Sometimes that happens when people stare at you.
Or point at you. Or don't even think of including you in every day activities.
Maybe it's time to start treating people with disabilities like people.

=




LAMBDA'’'S NEW LMS SERIES
Programmable DC PowerSuppIies o
For Industrial Test Systems Up To 100A.

50% Smaller...25% Lower Cost.
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And Current S
Programming. :
IEEE-488 .
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NEW

LMS SERIES:

The new LMS Series of remotely pro-
grammable power supplies provide
modular solutions for wide range volt-
age applications from 0-120VDC.
Equipment for test applications require
wide range outputs to increase ver-
satility and allow for changing test
requirements. Deliverable test equip-
ment, designed for use with a specific
system can now have increased flex-
ibility to reduce the cost of subsequent
systems. In-house test equipment using
the LMS Series can now be designed for
a wide range of applications, to allow
versatility and increased utilization of
capital equipment expenditures.

The Lambda LMS Series is ideal for all
types of test equipment. With 25 wide
range output models to choose from,
output voltages up to 120VDC, up to
800W, can be selected. As most of these
units are half the size of industry equiv-
alents, the test rack can be significantly

PROGRAMMABLE WIDE RANGE ZERO-UP
POWER FOR CONSTANT VOLTAGE AND
CONSTANT CURRENT TEST APPLICATIONS

reduced while maintaining and increas-
ing operational features within the sys-
tem. Built-in user adjustable overvoltage
protection, constant voltage/constant
current operation, and a universally
accepted user selectable 110/220 input
make these units ideal for test applica-
tions worldwide. Standard output con-
trol mechanisms can be achieved by:
manual control via multiturn poten-
tiometer; remotely programmed by an
analog signal in either the voltage or
current mode; or, for more sophisti-
cated ATE applications, IEEE-488
control.

The LMS Series is compatible with
Lambda'’s IEEE-488 ATE Series Power Sys-
tems. To reduce cost, these modular
power supplies exclude output metering.
If voltage and current meters are
required, Lambda’s new LLS Series will
meet the exact need.

FEATURES:

« Power density of 2W/in3 for zero-up
wide range models.

« Efficiencies to 77.5%.

« Constant voltage/constant current
operation.

« Overvoltage/overtemperature
indicators.

» Compatible with Lambda’s ATE Series
Programmable Power Systems.

« Universal operation at 110/220 VAC.

» Worldwide safety agency approvals.

» 3750VAC input to output isolation.

« Remote on/off (TTL), remote sense
and remote program capabilities
(current and voltage).

* Input surge protection per IEEE-587
for branch circuits and outlets (Class C).

« Standardly operates in parallel and
series with like units.

MAX CURRENT AT PRICE
OPERATING TEMPERATURE OF DIMENSIONS QTY. QTY. Qry.
40°C 50°C 60°C 71°C (inches) 10 25 MODEL

o 350 2.90 1.75 - 4% x 36 x 8 $ 263 $ 250 $ 245 LMs-3008
k 5.00 430 320 = 49052 X 3136 % 9 390 370 360 LMS-4008
g 10.00 7.90 6.30 — 4%/32 X 33/ x 10 462 440 425 LMS-5008
2 20.00 20.00 16.50 135 4952 X 313h6 X 11 620 590 570 LMS-6008
100.00 90.00 78.00 57.0 2952 x 8 x 117 1176 1120 1080 LMS-9008

- 1.60 130 0.80 = 4352 X 3'%6 X 8 263 250 245 LMs-3018
g 2.40 2.10 1.50 = 4952 X 3136 X 9 390 370 360 LMs-4018
= 450 3.50 2.80 e 4352 % 3136 x 10 462 440 425 LMS-5018
2 9.00 9.00 8.20 66 4952 % 3136 x 11 620 590 570 LMs-6018
e 45.00 40.00 33.00 250 49052 x 8 x 117/s 1176 1120 1080 LMS-9018
‘n 0.70 0.60 035 — 495 x 3136 x 8 263 250 245 LMs-3040
g 1.00 1.00 0.85 — 4952 X 3136 X 9 390 370 360 LMS-4040
> 2.00 1.60 130 - 4952 X 3136 x 10 462 440 425 LMS-5040
Z 4.00 4.00 3.80 31 4% x 3136 x 11 620 590 570 LMS-6040
< 20.00 18.00 15.00 1.0 495 % 8 x 117/ 1176 1120 1080 LMS-9040
- 0.50 0.42 0.25 — 4% X 31316 X 8 263 250 245 LMS-3060
= 0.70 0.70 0.60 - 895 x 3135 X 9 390 370 360 LMS-4060
g 1.40 1.10 0.90 — 495 X 3% x 10 462 440 425 LMS-5060
8 2.80 2.80 2.60 2.1 8952 x 336 x 11 620 590 570 LMS-6060
= 14.00 12.00 10.00 8.0 49052 % 8 x 117/ 1176 1120 1080 LMS-9060
» 0.25 021 0.13 = 4952 x 3136 X 8 263 250 245 LMS-3120
3 036 036 030 = 4952 X 3% X 9 390 370 360 LMS-4120
= 0.70 0.55 045 = 4952 x 336 x 10 462 440 425 LMS-5120
o 1.40 1.40 130 1.0 4% x 3% x 11 620 590 570 LMS-6120
S 7.00 6.00 5.00 40 4905 % 8 x 1174 1176 1120 1080 LMS-9120




LMS SERIES

Specifications

DC OUTPUT
Voltage range shown in table.

REGULATED VOLTAGE

CONSTANT

regulation, line . ... .. 0.05% for line variations from 85 to
132VAC or 170 to 265VAC. 0.01% + TmV
for LMS-3000.

regulation, load . . ... 0.05% for load variations from 0 to full
load. 0.01% + 1mV on LMS-3000 Series.

remote programming

resistance ........ customer adjustable from 200Q/V to

1000€/V. (200Q/V on LMS-3008 through
LMS-3060. 400Q/V on LMS-3120.)

remote programming

voltage .......... volt per volt or 0-5 volt signal for zero to full
voltage out, customer selectable.
ripple and noise . . . .. 1mV RMS, 5mV pk-pk on all LMS-3000
models.
5mV RMS, 35mV pk-pk on 8V and 18V
models.
10mV RMS, 75mV pk-pk on 40V and 60V
models.
20mV RMS, 150mV pk-pk on 120V models.
temperature
coefficient ....... 0.03%/°C. (0.01%/°C on LMS-3000 Series.)
CONSTANT CURRENT
(Current regulated line and load) Automatic Crossover.
current range .. ... .. 5% to full load current. (1% for LMS-3000)
regulation, line .. .. .. 0.3% of lo (max) for line variations from 85

to 132VAC or 170 to 265VAC. 2.5mA or
0.1% (whichever is greater) on LMS-3000
models. 2.5mA or 0.3% (whichever is
greater) on LMS-4000 models.

regulation, load . . ... 0.3% of lo (max) for load variations from
short circuit to rated DC voltage. 2.5mA or
0.1% (whichever is greater) on LMS-3000
models. 2.5mA or 0.3% (whichever is
greater) on LMS-4000 models.

current ripple ........ 1% lo(max) RMS.
remote programming
current .......... 0-5 Volt signal for zero to lo (max).
AC INPUT
he i sssvszasiyrnss 85 to 132VAC or 170 to 265VAC, user
selectable.
POWEL s:ivsssvsinns LMS-3000 Series: 62 watts max.

LMS-4000 Series: 79 watts max.
LMS-5000 Series: 135 watts max.
LMS-6000 Series: 245 watts max.
LMS-9000 Series: 1100 watts max.
RMS current ........ LMS-3000 Series: 1.2A RMS max.
LMS-4000 Series: 1.35A RMS max.
LMS-5000 Series: 2.7A RMS max.
LMS-6000 Series: 4.2A RMS max.
LMS-9000 Series: 17.5A RMS max.

EFFICIENCY
Model Minimum Efficiency at Max P,

LMS-3000 45%
LMS-4008, 4018 55%
LMS-4040, 4060, 4120, 5008, 5018 60%
LMS-5040, 5060, 5120, 6008, 6018 65%
LMS-6040, 6060, 6120 70%
LMS-9008 72.5%
LMS-9018, 9040 75%
LMS-9060, 9120 77.5%

OPERATING TEMPERATURE RANGE ) i
Continuous duty from 0°C to + 71°C with appropriate deratings
from 40°C to 71°C (0°C to 0 +60°C for LMS-3000, 4000 and
5000).

STORAGE TEMPERATURE RANGE
—55%C to +85°C.

OVERLOAD PROTECTION

THERMAL

Internal temperature sensing circuit protects unit from excessive
ambient temperature on the LMS-3000, 4000 and 5000 Series.
The LMS-6000 and LMS-9000 Series are protected from
inadequate air velocity by an internal airflow sensing circuit. When
shutdown occurs, a rear panel LED indicator will turn on. AC
power must be momentarily removed from the unit after thermal
shutdown in order to restore operation.

ELECTRICAL

External overload protection — adjustable, automatic electronic
current-limiting circuit limits output current to preset value.
Current-limiting setability to 100% of rated current via front panel
adjust. In addition an internal peak inverter current limit circuit
protects the power supply during load transients.

OVERVOLTAGE PROTECTION

Built-in, adjustable overvoltage protection is standard on all sets.
When pre-set voltage is exceeded, the overvoltage protector
removes the inverter drive. AC power must be momentarily
removed from unit after overvoltage shutdown in order to restore
operation. Trip point is set by screwdriver adjust.

Overvoltage Protection Adjustable Ranges

Model g Vov(Min) Vov(Max)
LMS-3008, 4008, 5008, 6008, 9008 4V 11V
LMS-3018, 4018, 5018, 6018, 9018 4V 24V
LMS-3040, 4040, 5040, 6040, 9040 8V 50V
LMS-3060, 4060, 5060, 6060, 9060 8V 70V
LMS-3120, 4120, 5120, 6120, 9120 20V 130V

IN-RUSH CURRENT LIMITING

Limits in-rush current at turn-on to 20A on LMS-6000 and
LMS-9000 Series, 90A on LMS-3000 Series, 20A on LMS-4000 and
5000 when connected for 110VAC input and 40A when con-
nected for 220VAC input.

COOLING

The LMS-3000, 4000 and 5000 are convection cooled. The
LMS-6000 and LMS-9000 are fan cooled. Leave adequate clear-
ance for air intakes and exhausts.

CONTROLS

DC OUTPUT CONTROLS

Simple screwdriver adjustment over the entire voltage range.

EMI

All units will meet FCC 20780 Class A and VDE 0871 Class A.
INPUT AND OUTPUT CONNECTIONS

Input connections via an IEC power line connector. DC output con-
nectors via heavy duty, PC board mounted barrier strips (threaded
bus bars on LMS-9008 and LMS-9018 units). (AC mating connec-
tor available, consult factory.)

LED STATUS INDICATOR

Overvoltage or overtemperature indicator on rear panel.

REMOTE SENSING

Provision is made for remote sensing to eliminate effect of power
output lead resistance on DC regulation.

REMOTE ON/OFF

A TTL low or short enables the unit. A TTL high or open circuit
turns the unit off.

PHYSICAL DATA

Weight

Package Lbs. Lbs. Size
Model Net Ship Inches
LMS-3000 6 7 4°/32 x 3'3/16 X 8
LMS-4000 4.5 55 4% X 336 x 9
LMS-5000 7 8 4% x 33he x 10
LMS-6000 7.25 8 4%/3 X 33N x 11
LMS-9000 14.5 19 452 x 8 X 117/

ACCESSORIES

MATE, Functional Talk-Listen and GPIB compatible. Line cords
available.

GUARANTEED FOR 3 YEARS

3 year guarantee includes labor as well as parts. Guarantee applies
to operation at full published specifications at end of 3 years.

R /csATuv
Under evaluation for safety agency approvals.



TO ORDER CALL YOUR LOCAL LAMBDA SALES ENGINEER.
Open 8:00 AM to 7:30 PM (East Coast Time).
To contact the direct-factory Lambda Sales Engineer responsible for your account and located in your area, or to contact
Customer Service for price, delivery or placing purchase orders, call as follows:

Canada England,
IN f'll'.\Esl.)rESI'T'lI:TES Lambda Electronics High Wycombe, Bucl
UN 4125 Cousens St., Lambda Electronics
(Shaded area) St. Laurent Tel: 36386/7/8
1-800-LAMBDA-4 QuebecH4S 1V6 Germany, Achern
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FAX: 514-337-1235 Tel: 07841/5031

In Metropolitan Montreal Israel, Tel Aviv

514-337-0311 ISLAMBDA ELECTRONICS, |
IN WESTERN {:ra,ggeélo,tsay ;e.l: (03) 493941-2
UNITED STATES e ingapore

Tel: 6012-1487 NEMIC-Lambda(S) PTE LTD.
1-800'LAMBDA-5 Japan, Tokyo Tel: 251-7211
(or call 516-694-4200) ADDRESS ALL CUSTOMER NEMIC-Lambda K K. Korea, Seoul

Tel: 03-447-4411 Veeco-Korea K.K.
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LAMBDA ELECTRONICS

515 BROAD HOLLOW ROAD
MELVILLE, NY 11747 l AMB”
TWX: 510-224-6484 :
S50, 985 FAX: 516-293-0519 Electronics

Lambda Group of Unitech plc



PRODUCT INNOVATION

CACHE CONTROL CHIP SIMPLIFIES SYSTEM DESIGN.

CACHE CONTROLLER SPEEDS
A CCESSES, ENHANCES SYSTEMS

he old adage

“there’s more than

one way to skin a

cat” seems to apply

to cache subsystem

design: The num-
ber of options to improve
system performance and
capabilities are endless.
Although Intel Corp. tried
to standardize the cache-
control aspects of 80386
systems by developing the
82385, other companies
have found ways to im-
prove functionality and
system performance. The
A38202 cache-controller
chip and its companion
A38204 burst-mode dy-

DAVE BURSKY

namic memory controller,
both developed by Austek,
are the latest and most fea-
ture-laden, cache-support
chips to date.

The chips add many fea-
tures and capabilities to
the cache subsystem. Pre-
viously, to embed as many
features, designers had to
add a number of high-
speed programmable logic
chips, or the features just
couldn’t be implemented
efficiently. The controller
chip boosts the amount of
addressable cache to 128
kbytes—four times that of
Intel Corp.’s controller,
and it can be programmed

to turn up to three sections
of the address space into
noncacheable regions
(Fig. 1). Moreover, the cir-
cuit has control lines that
burst data into the cache
under the direction of the
companion A38204.
Applying the burst
mode reduces the time pen-
alty associated with a
cache miss by shortening
the time required to refill a
line in the cache. For exam-
ple, with one-wait-state
memory and 16-byte sub-
blocks, a cache miss adds
an 11 wait-state penalty to
the memory access with-
out the burst mode be-

Invalidate strobe l

Invalidation address
(“snoop bus”)

Microprocessor Processor
control interface and
M snoop invalidation
control unit

Tag RAM

F

1

Tag RAM

Microprocessor
address l

Pipeline
register

Internal control bus I

!

Internal address bus

Static
RAM
control

Pipeline
register

Static RAM
address and
enable signals

comparators

Noncached

System interface
and write buffer control

Latch and transceiver
control signals

ISystem bus control

1. THE A38202 CACHE CONTROLLER can set aside up to three regions of memory as
noncacheable and can perform asynchronous bus snooping. The controller can also address up to 128
kbytes of fast static RAM—four times the range of the original Intel control chip.

EEL ECT R O N I
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ADVANGED
CACHE CONTROLLER

Dynamic RAM Dynamic RAM
Processor control signals address signals
control -
Bas Processor Dynamic Address
interface and RAM translator and
control unit control unit multiplexer unit
Internal control bus Row
Processor - address|
address
bus Pipeline Write buffer Processor DMA
register registers multiplexer
Address Page register
decoder control
_—
Memory
cycle Dynamic RAM configuration
indicator information DMA address

2. SUPPORT FOR THE A38202 cache controller’s memory-burst mode makes it

possible for the A38204 memory controller to reduce the penalty for refilling the cache line
after a cache miss occurs. The A38204 also supports various interleaving options,
programmable wait states, address remapping, and other features.

tween main memory and the cache to
load in a new line. With the burst
mode, the penalty drops to just five
wait states.

The burst-mode interface on the
cache-control chip ties directly into
the companion A38204 burst-mode
dynamic memory control chip. Both
chips are implemented in CMOS and
won't increase a system’s power
budget by much: They consume be-
tween 500 and 700 mW each. Sys-
tems that operate with 25- or 33-MHz

PRICE AND AVAILABILITY
The A38202 cache controller and
the A38204 burst-memory con-
troller both come in 160-lead, plas-
tic quad-sided flat packages. In
10,000-unit quantities, the 25- and
33-MHz versions of the A38202
sell for $84 and $98, respectively.
Prices of the A38204 will be set in
the mid-fourth quarter. Cache
controller samples are available
immediately; production is slated
for mid-fourth quarter. Samples
of the burst-memory control chip
are expected in November.

Austek Microsystems Inc.,
2903 Bunker Hill Ln., Suite 201,
Santa Clara, CA 9505} Lisa
Quinones, (408) 988-8556.

CIRCLE 512
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clock rates can currently be built
with the controllers; versions that
will build 42-MHz systems are
planned for next year.

The A38204 delivers zero-wait-
state buffered writes and burst-
mode transfers from the relatively
slow dynamic memory to the high-
speed cache (Fig. 2). The chip, which
controls from 1 to 64 Mbytes of sys-
tem memory, supports both fast and
slow page-mode dynamic RAMs.

Additional memory-control-chip
features include support for nonin-
terleaved, two-way address inter-
leaved, two-way paged/two-way ad-
dress interleaved, and four-way
paged interleaved memory organiza-
tions. The A38204 can also use all
available dynamic RAM by perform-
ing address remapping. Moreover,
shadow-RAM can be supported.
With shadow-RAM, routines stored
in slow nonvolatile memories can be
transferred during system startup
into RAM. They can then be execut-
ed from RAM for faster operation.

To ensure that main memory and
cache data are always valid, the
A38202 employs asynchronous bus
snooping. With this capability, the
chip can monitor a system bus that
runs at a different (often slower)
speed than the processor. This is a

desirable feature in 25-MHz sys-
D ESTIGN

tems, according to Nick Foskett, se-
nior architect at Austek. Additional-
ly, at 33 MHz snooping becomes es-
sential, because it’s impractical to
use system buses that run at proces-
sor speeds. The controller also incor-
porates a diagnostic mode and a
fault-reporting scheme, which help
ease system troubleshooting.

With the A38202 controller, pro-
grammers can set up three memory
regions as noncacheable areas. Two
of the noncacheable regions can be
assigned on 64-kbyte boundaries.
The third noncacheable region can
be assigned on a 4-kbyte boundary.
Each region is assigned anywhere in
the 80386’s 4-Gbyte address space.
The noncacheable regions can range
in size from 64 kbytes to the full 4
Gbytes for the first two, and from 4
kbytes to 4 Gbytes for the third re-
gion. Noncacheable regions can ei-
ther be separate, contiguous, or
overlapping.

By having noncacheable memory
regions, designers can accelerate
some operations that otherwise
couldn’t be cached due to potential
changes to the information during a
cache-write operation. Even more
noncacheable regions can be creat-
ed, but additional off-chip logic
would be required.

Furthermore, because the A38202
has separate Read and Write nonca-
cheable Enable lines, ROM can be
cached so that applications writing
to ROM locations would cause the
Noncache line to be asserted, invali-
dating the cache entry. Other cache
controllers don’t have separate
Read/Write Enable lines, and must
treat ROM as noncacheable.

Like the Intel chip, the controller
can decode memory accesses for the
80387 math coprocessor. But the
A38202 goes one level better by also
decoding the signals for the Weitek
Corp. floating-point accelerators.
Implementing this capability with
Intel’s cache controller requires a
high-speed PLD.[J
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Simplicity.. Versatility

Lambda’s LSH and LAS Series are
now available with extended
input voltage ranges in plastic
and metal packages.

SH DC-to-DC &mtchmg Regulators
mple—LSH Series. Lambda’s LSH family of
_complete switching regulators makes DC-to-DC
converter design simple, compact and reliable.
With input values up to 40 Volts max and output
current from 2 to 8 Amps, this microconverteris
still the simplest switching regulator to design. Just
add 3 external components and your design is
complete. You've minimized assembly, trouble-
shooting, and design time.

The LSH Series—the smallest regulator
on the market today—now comes in your
choice of TO-220 style packages or the
soon-to-be-available hermetically sealed
TO-3 metal packages.

Versatile—LAS Series. The versatile
LAS family of switching regulators now be.
features extended input voltage
capabilities up to 40 VDC. These flexi-
ble regulators are easily adaptable
to step-up, step-down, flyback,
forward, Cuk, and voltage
inverting designs. And they're
available in your choice of either
TO-3 metal or SIP plastic
packages.The complete LAS
family offers solutions that
maximize on-card regulator
design with high efficiency.

Both the LSH and LAS
Series are available with
extended input voltages of up to 40V,
in your choice of plastic or metal packages, with 2, 3, 5, or
8 Amp output currents. To order call toll free: 1-800-255-9606.
InTexas, or for application assistance call 512-289-0403.

LAMBDI,

Semiconductors/

Lambda Group of Unitech plc 3
121 International Boulevard, Corpus Chrlstl Texas 78406, FAX: (512) 289-0472
CIRCLE 97

F
ND AN capac\\ms n @







YOU ALREADY HAVE
32 GOOD REASONS T0 ADVERTISE
IN PENTON PUBLICATIONS.

NOW YOU HAVE 6 MORE.

These electronics magazines are now
Penton Publications. We give them strength,
stability, and quality. They give you a
great way to reach your customers.

Penton Publications

1100 Superior Avenue, Cleveland, OH 44114



When you work at the VRN R 4 Part # Speed* ~ Packages :.*’l
leading edge of technology, VAL

goi s Gonnpocnis thit are \{3Y MT5C2561 25KX1 | 25ns | PDIE CDIB SOJ, LCC
production proven — not still VAN MT5C2564 64K X 4 25ns PDIP, CDIP, SOJ, LCC
in development. \! —

At Micron Technology, we've applied MT5C2565 64K X4OE | 25ns | PDIP CDIE SOJ, LCC
the same state-of-the-art design and process MT5C2568 3K X 8 25ns PDIE CDIE SOJ, LCC
technology used for our high quality DRAMs in
development of our Fast Static RAMs. The result — MT5C6401 64K X 1 15ns PDID, CDIB, SOJ
an incredible 25ns 256K and 15ns 64K and 1{6K, plus MT5C6404 16K X 4 15ns PDIP. CDIE, SOJ
a full line of other super fast parts. And we’re not —
just sampling product, we've been shipping MT5C6405 16K X 4 OE 15ns PDIP, CDIFE, SOJ
production volumes for overd yeat MT5C6406/7 | 16KX4SI/O | 15ns | PDIE CDIE SOJ

A wide variety of packages, densities and
organizations are offered to meet all your application MT5C6408 8K X 8 15ns PDIF, CDIP, SOJ, LCC
needs. And like all Micron memory products, our
Fast SRAMS are backed by thet ypz ¥ MT5C1601 16K X 1 15ns | PDIB CDIE SOJ
of strong sales, customer service MT5C1604 4K X 4 15ns PDIF, CDIP, SOJ

: K ' =i
;23 éf?ﬁcﬁgi?ﬁgég?t P £ MT5C1605 4KX40E | 15ns | PDIE CDIE SOJ

So get the Super Fast MT5C1606/7 4K X 4s1/0 15ns PDIP, CDIE, SOJ
SRAMs you need now by calling
us at 1-208-386-3900. MT5C1608 2K X 8 15ns PDIF, CDIP, SOJ

Micron. Working to improve your memory: SoinpenbpeRds lio vl iatie:

SUPER FAST
SRAMS,

~ PRODUCTION

PROVEN.

Available Now! 256K 25ns
64K 15ns/16K 15ns

MICRON

TECHNOLOGY, INC.
2805 E. Columbia Road, Boise, Idaho 83706 208-386-3900
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DIGITAL ICs

68000-CoDE COMPATIBILITY SMOOTHS
USE OF 16-B1T MICROCONTROLLERS Lis Gusy

ith its wide variety of on-

chip peripherals and

68000-code compatibil-

ity, a family of 16-bit mi-
crocontrollers from Philips Compo-
nents-Signetics Co. combines flexi-
bility with industry-standard soft-
ware. The 90C100 family of CMOS
controllers consumes less than 0.5
W, making it suitable for battery-
powered applications. In addition,
the chips are expected to cost less
than $8 apiece. Applications include
screen displays, communications,
automotive, and industrial systems.

The first three family members to
reach the market will be the 90C100,
93C100, and 93C110 models. All are
built around the CPU of the 16/32-bit
SCC68070 device. In addition, each
has two serial-communication con-
trollers, three timer circuits, a seven-
level interrupt controller, and vari-
ous system-control circuits.

Memory for the 93C100 and
93C110 microcontrollers includes 512
bytes of RAM and 34 kbytes of ROM.
The 90C100 version omits the ROM.
A 256-byte EEPROM comes with the
93C110 controller.

Compatibility with industry-stan-
dard code is an important consider-
ation for microcontroller-based sys-
tems, because fast software develop-
ment means a shorter time to mar-
ket. The 90C100 family extends the
application spectrum of the 68000 in-
struction set to lower-end, mass-
market applications. Development
tools for the high-end 68030 and
68040 processors work equally well
for the low-cost controllers.

The 90C100 family instruction set
supports high-level languages such
as C, and works with multitasking
kernels like PSOS and VRTX. The
controllers run under the GEMDOS,
08-9, and Unix operating systems,
and can address programs of up to 4
Gbytes.

Although the devices usually run
on a 15-MHz clock, the maximum
crystal-oscillator is 30 MHz. When
switched to a low-power standby

mode, the chip is clocked by a second-
ary, low-frequency oscillator that
slashes power consumption from 400
mW to just 50 mW. During standby,
the low-frequency oscillator still lets
the CPU detect such external events
as I2C-bus or timer signals.

All family members have 40 bidir-
ectional I/0 ports, as well as 68000,
80C51, and I?C-bus interfaces. The
ports can be controlled independent-
ly as inputs or outputs, and can gen-
erate interrupts to the CPU.

Memory extension is easy thanks
to the 68000 interface. Because it has
two chip-select lines and automatic
data-acknowledge generation, no ex-
ternal logic is needed for up to 2
Mbytes of off-chip memory. The IC-
bus port supports 100-kbits/s mas-
ter-slave interfacing with any of the
IC-compatible modular ICs. Off-
chip peripherals are added through
the 80C51 interface using an 8-bit,
address-data multiplexed bus.

The 34-kbytes of factory-mask-
able ROM thatis on board the 93C100
and 93C110 is organized into 16-bit

VR B e
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words in order to connect to the 16-
bitinternal bus. Also organized in 16-
bit words is the 512 bytes of on-chip
RAM, which can contain instruec-
tions, data, and stack.

The 90C100 family of microcon-
trollers is manufactured in a 1.5-um
CMOS technology, and will also be
produced in 1.2- and 1.0-um technolo-
gies. All three chips are available in
both plastic-leaded chip carriers and
quad flat packs, and in the standard-
temperature (0-70°C) and extended-
temperature (-40-85°C) ranges.

Samples of the 90C100, 93C100,
and 93C110 are available now. Full
production of the 90C100 and 93C100
versions is expected by year’s end,
with full production of the 93C110 by
the second quarter of 1990. Initial
samples of the 90C100 go for $35
apiece, with prices expected to even-
tually fall to $8 apiece. Actual pricing
depends on order quantity.

Philips Components-Signetics
Co., 811 E. Arques Ave., Sunnyvale,
CA 94088-3409; (408) 991-2000.

CIRCLE 306
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NEW PRODUCTS

DIGITAL ICs

SPEEDY BICMOS STATIC
RAMS DROP ACCESS TIMES
T0 AS BRIEF AS 10 N§

family of ECL-compatible biC-
MOS static RAMs from Na-
tional Semiconductor offers

the industry’s shortest access times
for 64- and 256-kbit memories. The
64-kbit RAMs—the NM10494 and
100494—are organized as 16k-by-4
devices and have access times of 10,
12, or 15 ns. The NM10494 has an
ECL 10K-compatible interface and

PORTABLE DATA:
NoO MATTER WHAT THE FORM.

For your next portable data appli-
cation, choose the firm that has the
most experience and technical exper-
tise: Datakey, Inc.

Over the past decade, we've de-
signed and built more types of rugged,
portable, easy-to-use data carriers
than any other firm ... keys, tags,
plug-type devices, memory cards,
and other “smart” tokens.

Since pioneering the key-shaped data carrier
in 1981, our specialized expertise in packaging
E?PROM and microprocessors has led to many
advances in transportable data. Today, our stan-
dard products include several devices with
nonvolatile, read/write memory to meet your
application needs:

-
5
e
Ay
Wt

§ Serial Memory Keys: Serial 1/O
devices with 1-kbit, 2-kbit, or 4-kbit
storage capacity.
? Parallel Memory Keys: For applica-
tions requiring high speed or direct
" microprocessor interface, with either
. 16-kbit or 64-kbit capacity.

We've also designed and built cus-
tom portable data carriers, for a whole
range of applications. . .. including

the access device for the US. governments
secure phone system . . . the largest single com-
munications-security application to date.

Call us toll-free today to discuss your require-

ment, whether it involves a single custom pro-
totype or thousands of units from our full line of
standard products.

1-800-328-8828

(Ext. 217 for Standard Products,
Ext. 229 for Custom Applications)

Datakey, Inc. « 407 West Travelers Trail Burnsville, MN 55337 U.S.A. « Phone (612) 890-6850 « Fax (612) 890-2726
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the 100494 packs ECL 100K-compati-
ble signal lines. Offering four times
the storage capacity at nearly the
same speeds, the NM100504 and
NM5104 are organized as 64k-by-4
arrays.

However, unlike the 64-kbit duo,
which come in 10K and 100K ver-
sions, the two 256-kbit memories
both have 100K-ECL-interface lev-
els. The 100504 operates with a —4.2-
to—4.8-V power supply and accesses
in 15 or 18 ns, while the 5104 uses an
ECL 10K power-supply level of -5.2 V
but offers temperature-compensat-
ed ECL-100K input- and output-volt-
age levels and access-time options of
12 or 15 ns. All four chips should find
a wide array of applications waiting
for them—systems ranging in com-
plexity from superminicomputers
and minisupercomputers down to
the caches on high-end workstations
are hungry for fast memories. In-
struments such as logic analyzers
and in-circuit emulators also require
these fast memories to run at top
speed.

All four chips have balanced read
and write cycles. Thanks to the
mixed bipolar-CMOS process, the
two 64-kbit static RAMs dissipate
less than 1.3 W when accessed at a
50-MHz pace; similarly, the 256-kbit
devices dissipate about 1.5 W at the
same speed. Packages for any of the
chips can be either 28-pin low-induc-
tance ceramic DIPs or 28-lead fine-
pitch (30-mil pitch) ceramic flat-
packs. The 64-kbit DIP and flatpack
use a center-pin power and ground
arrangement, while the 256-kbit
RAMs use a corner-pin power and
ground for the DIP and a center-lead
layout for the flatpack.

Prices for the 64-kbit RAMs start
at $95 for the 12-ns units and in-
crease to $115 for the 10-ns versions.
For the 256-kbit chips, prices are
$125 for the 15-ns version and $175
for 12-ns devices. All prices are for
quantities of 1000, and the chips
come in 28-pin DIPs. Samples are im-
mediately available.

National Semiconductor Corp.,
2900 Semiconductor Drive, P.O.
58090, Santa Clara, CA 95052-8090;
(408) 721-5000 CIRCLE 307
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CACHE CONTROLLER ADDS
MORE CONTROL FEATURES
AND UPS RAM HIT RATIO
P features of Intel’'s popular

82385 cache controller, the
MDS-C395e from Matra Design han-
dles cache sizes of 32, 64, 128, or 256
kbytes. As a result, it boosts the
cache-memory space by a factor of
eight compared with the Intel cache-
controller chip.

Besides that, the CMOS chip adds
four-way set associativity to the
memory-architecture options, sup-
plementing the Intel-compatible di-
rect mapping and two-way set-asso-
ciative configurations for 80386 sys-
tems.

Yet another new feature offered
by the C395e is an available copyback
mode, which frees up system-bus
bandwidth by maintaining main-
memory coherency with the cache
and minimizing major updates of
main memory. Just four octal bus-
transceiver chips are needed to tie
the 395e into a personal-computer
chip set.

The larger cache-address space
made possible by the C395e lets us-
ers implement larger caches, which
lessens the chances of a cache miss.
This, in turn, improves the hit ratio.
And, although two-way set associa-
tivity prevents cache misses and
thrashing if the program jumps be-
tween two main-memory addresses
at the same page offset, the C395e’s
four-way set associativity doubles
the number of locations that can
have the same page offset. That re-
duces cache-data replacement and
also means a 99% hit ratio when all
improvements are put to work.

A second version of the control
chip, the MDS-C395i, is a direct re-
placement for the 82385 and doesn’t
pack the superset features. Howev-
er, like the Intel chip, the 3951 han-
dles direct-mapped and two-way set-
associative cache organizations.
Both controllers come in versions
that can be used with systems that
operate at clock frequencies of 20,
25, or 33 MHz.

The MDS-C395e controller comes
in a 164-lead Jedec quad-sided flat

roviding a superset of the

package while the C395i comes in a
132-lead pin-grid-array package. In
lots of 100, the 25-MHz versions of
both chips sell for $174 and $142, re-
spectively. Both 20- and 25-MHz ver-
sions are immediately available and
33-MHz units will be ready in early

1990. A 42-MHz option will be ready
by the middle of 1990.

Matra Design Semiconductor,
2895 Northwestern Parkway, San-
ta Clara, CA 95051; Pradip Madan,
(408) 986-9000. CIRCLE 308
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mited color ran

~ lampinalmostany
 Instead of sudden death, we give you
- lamps with useful lives exc
hours in extreme environments.

We can also provide a DC-ACinverter

thatis carefully matched to your lamp,
:r;surmg optimum performance over its
ife

WE CAN GETYOU AROUND
YOUR LIGHTING PROBLEMS.

ing 10,000

that’s very cool. Instead
e, we can make a
or—even multicolor.

LOCTITE
LUMINESCENT
SYSTEMS INC.

SETTING THE STANDARD

A SUBSIDIARY OF LOCTITE CORPORATION

tel (603) 448-3444
FAX (603) 448-3452, TWX 710-366-0607
EtnaRd., Lebanon, NH 03766
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EMBEDDED MICRO CHANNEL
INTERFACE CUTS AREA FOR
DISK-DRIVE CONTROLLER

y embedding the IBM Micro
B Channel interface into its disk-

drive controller chip, Adaptec
has shrunk the board area needed to
add a disk controller to an IBM PS/2-
compatible system. The AIC-6190
handles complex I/0 routines for
communication over the Micro Chan-
nel and the control of “dumb” peri-
pherals such as disk drives, tape, or
optical-storage subsystems.

Also, the chip emulates three dis-
tinctly defined PS/2 disk-control
register sets. As a result, it can im-
plement the disk-control interface of
any PS/2 system from the Model 50
through the Model 80. The circuit
controls buffer memories of up to 64
kbytes. In addition, it generates the
CAS-before-RAS signals for the dy-
namic RAMs that have internal re-

fresh counters. This means that
buffers can be made up of low-cost
dynamic memories.

The AIC-6190 comes in a 100-lead
plastic quad-sided flat package, con-
sumes about 500 mW, and sells for
$30 in production quantities. Sam-
ples are available from stock.

Adaptec Inc., 691 S. Milpitas
Blvd., Milpitas, CA 95035, (408) 945-
8600. CIRCLE 309

DAVE BURSKY

PC CHIP SET TAKES ON THE
HIGH END WITH LOCAL BUS
ARCHITECTURE

uilt from the ground up to de-
B liver top performance from
non-cached 80386 systems, Zy-
MOS’ System 90 three-chip set puts a
novel local-bus and intelligent-copro-
cessor scheme to work. The local-bus

approach removes slow address and
data paths while maintaining full

IBM-PC/AT compatibility. In addi-
tion, the P90 peripheral coprocessor
and the P91 intelligent look-ahead
memory controller minimize memo-
ry wait states so that an 80386SX
system operates with just a 0.2-wait-
state penalty. The third chip is the
P92 bus-interface circuit.

The P90/SX, which is the first ver-
sion of the chip set, will implement
80386SX-based systems. To build a
PC, the P90/SX set is tied into the
3865X CPU, a keyboard controller, a
system BIOS ROM, and the main
memory.

In quantities of 1000, the three-
chipsetsells for $96.50. A fourth chip
that willadd DMA channels and seri-
al and parallel ports is now in devel-
opment.

ZyMOS Inc., 477 N. Mathilda
Ave., Sunnyvale, CA 94086; Lou
Williams, (408) 730-5400.

CIRCLE 310
DAVE BURSKY

Think you know
[/0 boards?

The Qua Tech
PXB-721 has all the pieces
you need. Start with the powerful
72 channel digital expansion

card and connect up to three data acquisition modules—
counter-timer, D/A converters, or A/D converters.

The single-slot, modular system keeps your flexibility
up. And it keeps your cost down because you pay for
only as much board as you need.

Want to add compatibility? The PXB-721 works with
Labtech Notebook;" and we include the Labstar™ soft-
ware driver with each expansion module.

Let us show you a few things about 1/0 “design kits.’

For order info, call: n QUA TECH

1-800-553-1170
QUA TECH, INC.

Labtech Notebook is a trademark of
Laboratories Technologies Corp. 478 E. Exchange Street
Labstar is a trademark of Qua Tech, [nc. Akron, OH 44304
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“Something’s got to go, Fenton.
You, me or this inventory— and it’s not going to be me.”

If your company has some equipment or excess
inventory it doesn’t need anymore, call EAL. We’'ll turn
your tax deductible donation into scholarships for
needy students, and supplies for worthy colleges.

Educational Assistance Ltd Phone (312) 690-0010, or write PO. Box 3021, Glen Ellyn, IL 60138.
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MULTIPLE HALL-SENSOR ICS
TALK T0 HOST VIA 2-WIRE, 2-
WAY POWER-SIGNAL BUS

Bus Pos

——

I Ip to 30 Hall-effect-sensor ICs

can be connected on a time-di-

vision multiplexed, two-wire
serial bus and all can be individually
queried at up to 10 kHz by a host mi-
Croprocessor. Sprague’s
UGGN3055U and UGS3055U Hall-
sensor ICs were designed for auto-
motive applications in which they de-
tect the presence or absence of a
small permanent magnet. But they
lend themselves to many industrial
and consumer jobs. Some of these
are liquid-level sensing, burglar-
alarm systems, major appliances,
and virtually any automated assem-
bly line or storage system.

When the sensors’ factory-pro-
grammed address appears on the
bus, the IC first transmits a diagnos-
tic signal to declare that it is working
properly. This signal is followed by
one indicating the presence or ab-
sence of the magnetic field it is moni-
toring.

Two of each chip’s three pins con-
nect to the bus, while the third is
available for an alternative applica-
tion, such as sensing an open or
closed switch in lieu of a magnetic
field. If used in this manner, the
switch is connected between pins 2
and 3. Besides handling the two-way
signals, the two-wire bus powers up
to 30 of these ICs at 2.5 mA each.

Each chip is addressed by the host
by switching the supply rail between
6and 9V to form a serial-pulse train.
When the sensor detects that it has
been addressed, it increases its qui-

escent current by 300 nA when the
rail is 9 V if it is working. Then, if
sensing a magnetic field, the current
increase is continued when the rail
fallsto6 V.

In quantities of 1000, the —20-to-
+85°C UGN3055U goes for $1.60

each, while the -40-to-+125°C
UGS3055U costs $1.79 each. Deliv-
ery is from stock.

Sprague, 363 Plantation St.,
Worcester MA 01605; Ravi Vig, (603)
224-1961. CIRCLE 311
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pes and colors.
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pecific lampsnze, geometry and

OURELLAMPS WON'TLEAVE
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LOCTITE
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SYSTEMS INC.
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1-MHZ V-F CONVERTER ICs
TAKE 12-BIT DATA ACROSS
5000-V ISOLATION BARRIERS

pair of voltage-to-frequency
converters (VFCs) from Burr-
Brown combine the functions

of a VFC, a high-voltage opto-
coupler, and a logic gate in single,
low-cost ceramic DIPs. The ISO108
and ISO109 incorporate the compa-
ny’s unique high-voltage isolation
technology, which uses 1-pF metal-
film capacitors, embedded in a her-

32 ANTI-ALIAS 130 dB/OCTAV

©)

PRECISION FILTERS, INC.

240 Cherry Street, Ithaca, New York 14850
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metic ceramic sandwich. The capaci-
tors pass pulses from a VFC across a
high-voltage barrier while providing
up to 5000 V de (3500 V rms) of true
galvanicisolation between analog in-
put and digital pulse-train output.

The IS0109, the larger of the pair,
comes in a 40-pin double-width DIP.
It's aimed at medical applications
and is rated for continuous operation
at 5000 V dc from -55° to +125°C. Its
smaller sibling comes in a 24-pin DIP
and is aimed for industrial tasks. It's
rated at 2121 V de (1500 Vrms) for
similar operating conditions.

The VFC chip on the devices’ input
side can operate at full-scale (FS) fre-
quencies as high as 3 MHz while pro-
viding a typical linearity error of
0.5% of a 10-V F'S signal. At 1-MHz
FS, linearity error is 0.025% at most
and is typicallly under 0.01%. At 10-
kHz FS, typical linearity can exceed
16 bits. Besides the VFC, the input
chip has a 5-V reference which may
be used to provide an offset for bipo-
lar input signals. Pulse-to-pulse jit-
ter is typically under 200 ppm at a
full-scale frequency of 1 MHz, and
half that at 100 kHz. Transient im-
munity without signal loss is typical-
ly better than 10,000 V/us. Isolation-
mode rejection is better than 130 dB
at 60 Hz. Barrier leakage currentis a
maximum of 0.5 pA. Moreover,
that's at 2500 and 3500 V rms for the
108 and 109, respectively.

The pulse-train output is provided
by an open-collector transistor rated
at 20 V and 10 mA. An output-enable
pin permits multiple VFC outputs to
be multiplexed on the same line.

In quantities of 100, ISO109 and
ISO108ICs cost $19.80 and $16.25, re-
spectively. Delivery is from stock.

Burr-Brown Corp., P.O. Box
11400, Tucson, AZ 85734 Barry
Ehrman, (800) 548-6132. CIRCLE 312
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3-3/4-DIGIT DATA SYSTEM ON
A CHIP GIVES VOLTS, AMPS,
OHMS, AND FREQUENCY

esigners now can get a com-
D plete measurement system on

one chip. At the heart of Tele-
dyne Semiconductor’s TSC820 lies a
3-3/4-digit (3999-count) integrating
analog-to-digital converter, a 4-MHz
frequency counter with four decades
of autoranging, a logic probe, and a
driver for liquid-crystal displays. It
also includes functions not usually
found on a converter chip, such as
decimal-point drivers, a low-battery
detector, a buzzer driver, and a peak-
read-and-hold circuit.

While aimed at portable test in-
struments, the TSC820 also gives
system designers the basis of a ver-
satile, built-in diagnostic tool for
both analog and digital circuitry. The
chip’s converter boasts ten times the
resolution of available devices with a
full-scale range of 200 to 400 mV.

b

Moreover, it provides 100 .V of reso-
lution in the 400-mV range. The con-
verter also offers a guaranteed zero
reading and a zero-intergrator cycle
to ensure fast overload recovery.
Unlike most low-cost CMOS inte-
grating a-d chips, the TSC820 IC’s
has a temperature coefficient of 35
ppm/°C.

Logic-level measurements are
easily made with the chip’s logic-
probe inputs while external level
shifters adjust for logic families.

The TSC820 comes in 40-pin DIPs,
44-pin PLCCs, and flat packages.
Pricing in quantities of 100 starts at
$6. Delivery is from stock.

Teledyne Semiconductor, 1300
Terra Bella Ave., Mountain View,
CA 94039-7267: Wes Freeman, (415)
968-9241. CIRCLE 313

FRANK GOODENOUGH

SAMPLING-AMP PAIR MIXES
TRUE 16-BIT ACCURACY WITH
SPEED AND Low CoST

tfirst glance, Analog Devices’
AAD386 and AD1154 hybrid

sampling amplifiers may look
like fraternal twins, but kissing
cousins would be a better descrip-
tion. Both provide true 16-bit accura-
cy, and they can’t be beat for price-
performance ratio. Not only that,
both provide a dielectric-absorption
spec, because their hold capacitor is
internal and their very good droop
specs (20 wV/ms) are identical. But
the amplifiers differ in dynamic
specs as well as architecture, size,
cost, and features.

A comparison of the amplifier’s
dynamic specs should be prefaced by
noting that the AD386 shows an in-
verting design with a gain of -1 and
an input impedance of 5 kQ2, while its
cohort looks like a buffer with a gain
of +1 and a multimegohm JFET in-
put impedance. The AD386, howev-
er, carries an undedicated, high-
speed op amp connected for a differ-
ential gain of 1. It can invert the sig-
nal, provide ground sensing, and
take signals from balanced lines.

The faster AD386 grabs a 20-V-
step change to 16-bit accuracy in just
4.5 us maximum. The AD1154 takes
5 us to do that job. The AD386 will
also grab a similar voltage to 14-bit
accuracy in 1.5 us. Aperture uncer-
tainty (jitter), which determines the
highest-frequency sine wave that
can be sampled, is 40 ps for the
AD386 and 150 ps for the AD1154.

If size and cost are critical, the
AD11541s the way to go. It comesina
0.3-in.-wide, 14-pin metal DIP and
starts at $42 in lots of 100. The
AD386’s metal DIPis 0.6 in. wide and
has 24 pins. It starts at $79 for simi-
lar lots. Small quantities are deliv-
ered from stock.

For the AD115}: Analog Devices
Inc., P.O. Box 9106, Norwood, MA
02062-9106; (617) 461-3552.

CIRCLE 314

For the AD386: Analog Devices
Inc., 181 Ballardvale St., Wilming-
ton, MA 01887; (508) 658-9400.

CIRCLE 329
FRANK GOODENOUGH

ELECTTRUONTIC

K|N NEW YORK cALL 914-699-5514

1 to 20 Watts

Input Voltages of 5, 12, 24,
28 and 48V DC Std.

e 129 New Wide Input Range
Units (5 to 60V DC)

Single and Dual OQutput

1 to 30 Watts Output Power
Isolation, 500V DC input/output

New High Voltage Models
100—250 Volt OQutput

e QOver 100 Models with 28
Volt Inputs and Outputs

e 180 Regulated Models

e Ultra-Miniaturized Encapsu-
lated Package (.3” height)

e Ambient Temp. Range
—25°C to +70°C with
No Heat Sink or
Electrical Derating

e QOptional Environmental
Screening per MIL-STD-883

e Expanded Operating Tempera-
ture Range Available
(—55°C to + 85°C ambient)

Delivery—
stock to
one week

PICO

Electronics, Inc.

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

Call Toll Free 800-431-1064

CIRCLE 112
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NEW PRODUCTS

[ INSTRUMENTS |

Tw0 100-MH: DSOS OFFER
CHOICE OF PERFORMANCE,
CONVENIENCE FEATURES

pair of 2-channel digital stor-
age oscilloscopes from Tek-
tronix offer 100-MHz sam-

pling rates, 4-ksample record
lengths, 10-ns glitch capture, and 8-
bit vertical accuracy. The 2232 uses
custom digital ICs to deliver a 10-
MHz single-shot bandwidth, repeti-
tive sampling, and a 100-MHz ana-
log-scope capability. The 2224 fea-

CIRCLE 113
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tures a 10-MHz digital storage band-
width and a 60-MHz analog
bandwidth.

Besides its standard triggering ca-
pabilities, including pre- and post-
trigger features, the 2232 adds trig-
ger-level readout. Users can set the
voltage level for triggering and read
it on the screen. This can save time in
single-shot capture and babysitting
applications. To ensure stable trig-
gering on noisy or complex signals,
the scope, which can store 29 wave-
forms, can reject unwanted high-
and low-frequency signals.

Extensive ease-of-use features en-
hance the 2232’s capabilities. Includ-

ed are on-screen readout of scale fac-
tors and cursor measurements of
voltage and time. A new user inter-
face employs CRT bezel buttons to
access saved waveforms and menu
selections.

The 2224 is well-suited for applica-
tions in which operators must cap-
ture lower-frequency signals and
single-shot events without the need
for repetitive sampling to make use
of the scope’s full front-end band-
width. In addition, roll and scan
modes can display slow events down
to 5 s/div. The unit’s measurement
cursors automatically calculate and
display delta time and voltage mea-
surements on the screen. Using its
simultaneous sampling feature, the
2224 can capture stimulus and re-
sponse signals at the same time.

The 2232 and 2224 cost $5495 and
$4495, respectively, and are avail-
able immediately. RS-232C and
GPIB communications options cost
$300 each.

Tektronix Inc., P.O. Box 1700,
Beaverton, OR 97075; (800) 426-
2200. CIRCLE 315

JOHN NOVELLINO




NEW PRODUCTS

INSTRUMENTS

ANALYZER HANDLES ANALOG
AND DIGITAL SIGNALS FROM
CONTROL SYSTEMS

dvanced closed-loop control
Asystems that use both analog

and digital signals are easier
to develop and test with the HP
3563A control-system analyzer. A
built-in signal generator produces
analog and digital stimulus signals
for network analysis. On the input
side, the instrument accepts analog
and digital response signals directly.

Using internal digital-signal-pro-
cessing capability, the HP 3563A
makes network, spectrum, and time
measurements on analog signals
from de to 100 kHz and on digital sig-
nals with clock rates to 256 kHz. The
analyzer also performs network-
modeling and parameter-estimation
tasks that typically require an exter-
nal computer. The unit’s measure-
ment and marker capabilities make it
easy to evaluate signal level, power-
spectral density, distortion, and
drift.

The instrument simplifies the
characterization of digital filters.
Rather than adding analog-1/0 cir-
cuitry to evaluate the filter’s re-
sponse, designers can measure mag-
nitude and phase directly by apply-
ing a digital stimulus and reading
the digital output of the filter inte-
grated circuit. The analyzer displays
the resulting frequency response di-
rectly on its screen.

A nonvolatile memory stores five
sequences of front-panel operations
for call-up with one keystroke. Oper-
ators can use this capability to con-
trol external HP-IB (GPIB) devices.
The two-channel HP 3563A itself is
fully programmable over the HP-IB
and is compatible with digital plot-
ters that work with the HP Graphics

Language.

The HP 3563A control-systems an-
alyzer costs $24,900 and has an esti-
mated delivery of 6 weeks after re-
ceipt of order. Also, Hewlett-Pack-
ard will convert HP 3562A dynamic-
signal analyzers to HP 3563A

functionality for $9900. The conver-

sion takes an estimated 4 weeks.
Hewlett-Packard Co., Lake Ste-
vens Instrument Div., 8600 Soper
Hill Rd., Everett, WA 98205-1298;
(800) 752-0990. CIRCLE 317
JOHN NOVELLINO

Everything in Small DC Motors

Canon. Your one reliable source...

| BRUSHLESS | GEARMOTORS IRON CORE

e |nner and outer

rotor types e Ratios from 5:1 to 3000:1

e Axial and radial gap e 25 to 20,000 g-cm rated torque
types e 1.310 830 rpm

® 30mm to 90mm e 61024 VDC
diameter

* 25 to 700 g-cm
starting torque

| STEPPERS il CORELESS

e 12mm to 40mm

e Low in cost, high in performance.

e Step angle 0.9, 1.8, 7.5 and
15 degrees

© 35mm to 60mm diameters

o Non grain-oriented, radial grain-
oriented, and multi-pole grain-oriented
magnets

Ask about
enhancement
options available in
0EM quantities

e Qver 100 different combinations

e Concentric or offset shaft

® 28 to 45 g-cm
starting torque

o Ball bearings
available on
some models

e Over 70 models

¢ 12mm to 52mm dia.

* 12 g-cm to 9000 g-cm starting
torque

e Integral AC tach, optical encoder

e Ball or sleeve bearings on some
models

BRUSHLESS
DC BOX FANS

e Low cost e High air flow

e Long life e Brushless

o [ ow mechanical noise

® 12 and 24V models

® 40mm to 120mm size

 Ball bearing smoothness and
3-wire systems available.

Canon

CANON U.S.A. INC. Components Division
New York Office/Headquarters: One Canon Plaza, Lake Success, NY 11042 e (516) 488-6700  FAX: (516) 354-1114
Santa Clara Office: 4000 Burton Drive, Santa Clara, CA 95054  (408) 986-8780 e FAX: (408) 986-1557
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NEW PRODUCTS

MODULE ADDS FULL SCAN DATA-ACQUISITION SYSTEM
TEST CAPABILITY T0 ASIC ACCEPTS ANALOG, DIGITAL,
TESTER-VERIFIER AND FREQUENCY INPUTS

wners of the Logic Master XL
Oseries of ASIC test and verifi-

cation systems from IMS can
take advantage of new scan testing
techniques by adding a Logic Master
XL Scan Test Module to their tes-
ters. The module offers hardware
and software support for any of the
numerous techniques available, in-
cluding the proposed IEEE P1149.1
JTAG standard, scan path, scan set,
random-access scan, and level-sensi-
tive-scan design.

Users can add up to seven modules
to any XL 60, X1, 100, or XL2 system.
Each module has four I/0 channels
with a total of 4 Mbits of memory.
The built-in scan-test software lets
operators configure the module for
four channels with 1 Mbit each, two
channels with 2 Mbits behind each
pin, or one channel with a 4-Mbit
memory. Regardless of configura-
tion, all tests can be run at up to 60
MHz.

The software creates an easy-to-
interpret display of the scan input
and output data. Designers can spec-
ify unformatted data, raw data, er-
ror-only scan frames, or user-de-
fined groups of bits. In addition, scan
data patterns from leading scan-sim-
ulation companies can easily be load-
ed in the XL system for use during
ASIC-design verification. Further-
more, the operator can move back
and forth between scan, functional,
and parametric operations in real
time.

Using the module to test a scan-
based device, designers can obtain a
large amount of data fromonly a few
dedicated 1/0 pins. The JTAG pro-
posal, for example, calls for a 4- or 5-
pin boundary scan bus.

The XL Scan Test Module, which
will be available in the fourth quar-
ter, costs $33,000. The price includes
hardware and the operational soft-
ware for scan data analysis.

Integrated Measurement Sys-
tems Inc., 9525 S.W. Gemini Dr.,
Beaverton, OR 97005; (503) 626-
7117. CIRCLE 316

JOHN NOVELLINO
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igh-speed sampling, high ac-
chracy through on-line cali-
bration, digital compensation,
and extensive data-reduction capa-
bility are all features of the System

8400 data-acquisition system from
Pressure Systems Inc. The system

serves a broad range of measure-
ment applications by accepting ana-
log, digital, and frequency inputs. It
is capable of all media pressure,
force, flow, temperature, and accel-
eration measurements.

Through the use of a dedicated mi-
croprocessor for each physical pa-
rameter to be measured, data-acqui-
sition speed is maximized and added
flexibility for system configuration
is possible. Digital compensation and
on-line calibration provide high accu-
racy and elimination of frequent,
costly lab calibration. The system in-
corporates programmable pressure
generation capable of full-scale
ranges from 1 to 500 psi. As a result,
the system lends itself to simplified,
accurate, high-speed calibration of
multiple discrete pressure transdue-
ers.

The basic system consists of a
mainframe and one input unit of four
channels. This delivers sampling ca-
pability of up to 20,000 channels/s.
Convenient, on-site expansion to up
to 64 input units provides 4096 chan-
nels for data acquisition at up to
400,000 channels/s.

System prices start at $14,700. De-
livery is in 4 months after receipt of
order.

Pressure Systems Inc., 34 Re-
search Dr., Hampton, VA 23666;
(804) 766-2644. CIRCLE 318

DAVID MALINIAK
D ESTIGN

SALE!

INTERNATIONAL
SWITCHER

MODEL CVv405B

$399.-

Qty. Discounts Available

.5: 5V@
OUTPUTS 1and 5

+0.4% total regulation

OUTPUTS 2, 3,and 4
+2.5% total regulation

DIMENSIONS

MODEL Cv405B
15.45” x 5.10" x 3.15”

DWI’M.

Call Toll Free 1-800-523-2332;
in PA 215-699-9261.
FAX: 215-699-2310 TWX: 510-661-8061
P.0. Box 1369, Wissahickon Avenue,
North Wales, PA 19454

CIRCLE 115




NEW PRODUCTS

COMPUTERS & PERIPERALS

MODULAR, HIGH-CAPACITY
STORAGE SYSTEM WORKS
WITH PCS, NETWORKS

esigned for use with standa-
D lone personal computers, mul-

tiuser systems, or local-area
networks, the StorEdge family of
data-storage subsystems from Fu-
jitsu America Inc. lets designers in-
crease storage capacity in a modular
fashion. The initial family members
will support systems running Novell
Advanced Netware 286, or MS-DOS
2.0 or higher.

The modular product can be con-
figured with any combination of up
to three Fujitsu 320-Mbyte, 5.25-in.
hard disks and/or 220-Mbyte tape
drives. In addition, up to three sub-
systems can be daisy-chained and
used on a Netware fileserver for up
to two Gbytes of on-line storage.

StorEdge also features MS-DOS
1/2-in. tape backup. The backup is
fast: in less than 15 minutes, 140
Mbytes of data can be backed and
stored on a single 1/2-in. cartridge
with a 220-Mbyte capacity.

The Novell- and DOS-compatible
versions of StorEdge are available
now, starting at $4595.

Fujitsu America Inc., Computer
Products Group, 3055 Orchard Dr.,
San Jose, CA 95134; (408) 432-
1300. CIRCLE 319

LISA GUNN

COLOR, MONOCHROME X-
STATION TERMINALS WED X-
WINDOWS WITH NETWORKING

Two X-Windows terminals from
Tektronix combine the X-Win-
dow System 11.3 with Tek’s
terminal-networking capabilities.
The color (XN11) and monochrome
(XN5) X-stations are low-cost entry
points into the X11 window system.
Both terminals are cost-effective al-
ternatives to workstations for users
who don’t need desktop-applications
processing.

The XN11 is a high-resolution dis-
play station with a standard 15-in.
display, 1024-by-768-pixel addressa-
bility, and a palette of 4096 colors.
Sixteen different colors can be dis-
played at once. A 19-in. display and
an increase to 256 displayable colors
out of a possible 16.7 million colors
are optional. The dual-processor ar-
chitecture has memory that is ex-
pandable up to 8 Mbytes.

The lower-cost XN5 is a 16-in.,
high-resolution monochrome display
that can address 1024-by-1024 pixels.
It is powered by a 12.5-MHz Motor-
ola 68000 processor and a graphics
coprocessor. The 1-Mbyte RAM is ex-
pandable to 4.5 Mbytes.

Connectivity options let the two X-
stations fit into work environments
including workstations, minicomput-
ers, mainframes, and supercom-
puters.

In its standard configuration, the
XN11 display station costs $7495,
with a special introductory price of
$6995 through November. The mono-
chrome XN5 display station costs
$2795. The XN11 will ship in Novem-
ber, and the XN5 is shipping now.

Tektronix Inc., P.O. Box 14689,
Portland, OR 97215, (800) 225-
5434, CIRCLE 320

LISA GUNN

ELECTRONTIC D

UNIQUE LCD, INFRARED
TECHNOLOGY DELIVERS
STEREO 3D-VIEWING GLASSES

chromatic  liquid-crystal
Alenses and a unique infrared

broadcasting technique lets a
pair of glasses emulate the way hu-
man eyes work, creating a vivid, ste-
reo 3D depth effect. CrystalEyes is a
field-sequential, electro-stereoscop-
ic system that produces flickerless,
3D stereo viewing by alternating left
and right views at 120 Hz.

The CrystalEyes system consists
of the eyewear and an infrared emit-
ter, which must be used with a ste-
reoscopic monitor and a 60-/120-Hz
workstation. Stereo-ready (60-/120-
MHz) workstations are manufac-
tured by Apollo, Ardent, and Silicon
Graphics, among others. A special
controller (GDC-3) is available for
workstations that run only at 60 Hz.

The battery-operated eyewear,
which weighs only 85 g, runs for 90

hours of continuous operation. The
device’s dynamic range is over 100:1,
creating a nearly ghost-free image.
In addition, a bright image results
from the lenses’ 32% transmission.

The infrared emitter sits on top of
the monitor. It broadcasts informa-
tion that switches the eyewear
lenses in precise synchronization
with the images being presented on
the monitor. Any number of users
may wear CrystalEyes to view the
display.

The CrystalEyes 3D viewing sys-
tem, which consists of the eyewear
and the infrared emitter, costs $1995.
A system with the GDC-3 worksta-
tion controller goes for $3990. All
products are available now.

StereoGraphics Corp., 2171-H
East Francisco Blvd., San Rafuel,
CA 94901; (415) 459-4500. CIRCLE 321
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EAL Wins
The Battle Over

Corporate Excess
Inventory

It's been a tough fight, but EAL has emerged as the Champlon
Disposer of corporate excess inventory.

EAL-Will take your corporate excess
inventory and use it to generate schol-
arships for needy, deserving students.

EAL-Guarantees that 90% of your
donation goes for the intended
purpose.

EAL-Donations could mean an
above cost tax deduction|IRS
Reg. 170(e) (3).

EAL-Scholarships are given in the
/ ) donating corporation’s name.

EAL-Leverages your gift to help
participating colleges.

EAL-Contributors include American
Cyanamid, Ameritech, Fannie May,
Dow, Monsanto, Oil-Dri, Quaker Oats,

W.W. Grainger—plus nearly 100 other
= corporations.

Call for more details
32-690-0010
Peter Roskam, Executive Director

NTTIIvY

o

Educational Assistance Ltd.s
PO. BOX 3021 » GLEN ELLYN, ILLINOIS 60138 * (312) 690-0010
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NEW PRODUCTS

COMPUTERS & PERIPHERALS

PC/AT-CLASS EMBEDDED
COMPUTER SUITS INDUSTRIAL-
CONTROL APPLICATIONS

he foundation fora systemora

I part of a larger system, the
VIPc embedded PC from Burr-
Brown has the features of a power-
ful PC/ AT-class machine. The indus-
trial-grade PC can be thought of as a
standard component that can take on
a wide range of applications from a
lab data-acquisition system to a fac-
tory-floor programmable controller.

The machine is an adaptable intel-
ligent instrumentation platform that
can accept up to four of the compa-
ny’s PCI-20000 data-acquisition and
control boards in its expansion slots.
An internal shielded card cage holds
up to 10 signal-conditioning and
field-wiring Euro-style termination
panels.

Operation at either 6.25 or 12.5
MHz is selectable with software for
the machine’s 80286 microprocessor.
As aresult, the PC can run any soft-
ware intended for the MS-DOS envi-
ronment. Many configurations are
possible.

The fully-loaded PCI-5001H-1 with
2 Mbytes of RAM, a 40-Mbyte hard
disk, a 1.2-Mbyte floppy drive, key-
board, 80287 math coprocessor, and
MS-DOS version 3.3 costs $7435. The
entry-level PCI5004H-1, which
comes with 512 kbytes of RAM and
omits the hard disk, math coproces-
sor, and MS-DOS, goes for $3995.
Other intermediate versions are
available. Delivery of small quanti-
ties is from stock.

Burr-Brown, 1141 W. Grant Rd.,
Tucson, AZ 85705; (602) 746-
1711 CIRCLE 322
DAVID MALINIAK




NEW PRODUCTS
[ POWER |

B0OST-TYPE SWITCHING
REGULATORS PULL 5 V FROM
A SINGLE 1-T0-1.5-V CELL

6 % +5Vo

1

3

T Low battery in
] Vrer
+ MAX644 =
' Sleep
Low
e out

switching-regulator family
Afrom Maxim squeezes out us-

able power for hand-held elec-
tronic systems from one alkaline,
nickel cadmium, or lithium battery.
The MAX644/5/6/7 regulators
serve pocket pagers, bar-code read-
ers, palm-sized instruments, and pa-
tient monitors. All four are guaran-
teed to start at voltages as low as
1.15 V, but will continue to run at
voltages as low as 1.0 V. Each fits a
slightly different application. The
MAX647 puts out 3 V and the rest
deliver 5 V.

All control functions, plus a power
FET capable of passing 40 mA, are
contained within the MAX644,
MAX645, and MAX647, while the
MAXG646 is designed to drive an ex-
ternal power MOSFET. All but 80
pA is available to the load. The
MAX644, MAX646, and MAX647 are
optimized for single 1.15-to-1.5-V-cell
operation. The MAX645 is for 3 V
from two cells or one lithium cell. Ina
typical maximum-output operation,
the chips use 40 mA from the supply
but may be put to sleep, which drops
their supply draw to 500 nA.

The chips come in plastic and ce-
ramic 14-pin DIPs and plastic SOICs.
Commercial, extended industrial,
and MIL-grade units are available.
In quantities of 10, prices range from
$3.08 to $7.70. Delivery is from stock.

Maxim Integrated Products, 120
San Gabriel Dr., Sunnyvale, CA
94086; Jim Dekis, (408) 737-7600.

CIRCLE 323
FRANK GOODENOUGH

KITS BUILD THIN, DENSE
SWITCHING REGULATORS
WITH 5-V OUTPUTS

here’s no longer any reason to
I avoid resonant-mode switch-
ing regulator techniques.
Cherry Semiconductor now offers a
simple kit that builds the CS-3805A
100-W dec-to-de resonant-mode
switching regulator. Rated at 5 V
and 20 A, the kit includes Multi-
source Technology’s proprietary
“Planer Magnetics” for major induc-
tances to keep the supply’s thickness
to just 0.625 in.

Meanwhile, Multisource offers a
kit for a 5V, 40-A current-mode
pulse-width-modulated supply that
measures an even thinner 0.5-in.
thick. Both regulators have foot-
prints that cover a 3-by-5-in. index
card. Cherry’s supply runs at 600
kHz, while Multisource’s runs at 300
kHz.

While the Cherry kit is basically
for evaluating its CS-3805A reso-
nant-mode controller I1C, Multi-
source considers its 200-W
MTC200W supply to be a viable one
for production systems. It is also
available in finished form. For pow-
er-supply designers, both kits aid in
evaluating the performance of
“Planer Magnetics.”

The Cherry supply handles an in-
put-voltage range of 36 to 60 V and
provides an output from 2 to 20 A.
For those input and output ranges,
line and load regulation are 10.1%
and +0.5%. respectively. Output
voltage ripple is typically 50 mV pk-
pk while I/0 isolation is 500 V. The
MTC200W current-mode PWM sup-
ply has similar ripple and isolation
specs.

In single quantities, Cherry’s kit
costs $149.95 plus a $2.50 shipping
charge. The Multisource kits go for
$250 each and finished units for $500
each. Both are delivered from stock.

Multisource Technology Corp.,
393 Totten Pond Rd., Waltham, MA
02154, (617) 890-1787. CIRCLE 324

Cherry Semiconductor Corp.,
2000 S. County Trail, E. Green-
wich, RI 02818; (401) 885-3600.

CIRCLE 328
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DC-DC Converter
Transformers
and Power
Inductors

These units have gull wing construc-
tion which is compatible with tube
fed automatic placement equipment
or pick and place manufacturing
techniques. Transformers can be
used for self-saturating or linear
switching applications. The Induc-
tors are ideal for noise, spike and
power filtering applications in Power
Supplies, DC-DC Converters and
Switching Regulators.

e Operation over ambient
temperature range from
—55°C to +105°C

e All units are magnetically
shielded

o All units exceed the require -
ments of MIL-T-27 (+ 130°C)

e Transformers have input
voltages of 5V, 12V, 24V and
48V. Output voltages to 300V.

e Transformers can be used for
self-saturating or linear
switching applications

e Schematics and parts list
provided with transformers

® Inductors to 20mH with DC
currents to 5.4 amps

® Inductors have split windings

Delivery—
stock to
one week &

Electronics, Inc.

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

Call Toll Free 800-431-1064

@w YORK cALL 914-699-5514 /
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NEW PRODUCTS

COMPUTER-AIDED ENGINEERING

LOW-COST SCHEMATIC-
CAPTURE PACKAGE B0OSTS
SPEED, VERSATILITY

o most designers, a schematic

I is considered the nucleus of a
design, and it’s the easiest
point at which to enter most of the
technical data. This means a quality
schematic-capture package is essen-
tial to a first-rate design. Ulticap,
from Ultimate Technology, lets de-
signers add the technical details that

will be required in the later stages of
design as well as handling standard
component entry.

Ulticap runs on IBM PC/XT, PC/
AT, PS/2, or compatible computers
and boasts such features as auto-
matic bus labeling, component and
block dragging with auto reroute,
back annotation with pin and gate
swap, and library-independent de-
sign files. An autowire capability
routes connections automatically by
snapping to the points where connec-
tions are to be made. Invisible sym-
bol boundaries guide the wire
through the schematic.

Unlimited hierarchical drawing
levels can be maintained with full
automatic back annotation through
all the levels. EDIF and Spice netlist
formats are supported. Also, design-
ers can browse through the graphic
and alphanumeric on-line libraries.
Data can be entered with a mouse.
The user interface is consistent with
Ultimate’s Ultiboard pec-board de-
sign package.

Two versions are available imme-
diately. One runs under DOS ($595)
and the other under 0S/286/386
($790).

Ultimate Technology, 5955 Jim-
my Carter Blvd., Suite 20, Nor-
cross, GA 30071; (404) 242-0125.

CIRCLE 325
RICHARD NASS
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IC SOFTWARE OFFERS
TIMING-DRIVEN LAYOUT

SC II Release 2.0, a CAE system for
the design of cell-based and struc-
tured custom ICs, integrates true
floorplanning of blocks and cells
with placement and routing that is-
timing-driven and global. Along with
soft partitioning of cells, it virtually
eliminates the need for multiple
placement and routing iterations,
significantly reduces die size, and in-
creases chip performance. Timing-
driven layout allows users to specify
maximum and minimum net thresh-
olds for all nets prior to placement
and routing. SC II's global place-
ment algorithm makes use of the
structure embedded in the design,
enabling it to reduce die sizes by up
to 15%. The hardware-independent
CAE system runs on Digital, Sun,
and Apollo platforms.
Silvar-Lisco, 1080 Marsh Rd.,
Menlo Park, CA, (415) 324-0700.
CIRCLE 331

CAE SYSTEM RUNS ON
UNIX WORKSTATIONS

A Unix-based CAE software system
provides a complete framework to in-
tegrate CAE and CAD tools from
third-party vendors and in-house
proprietary applications. Called
Workview Series II, the system runs
under Unix on powerful hardware
platforms from Sun Microsystems
and Digital Equipment Corp. It of-
fers an open architecture of stan-
dard interfaces, a data-base query
language, and a programmatic data-
base interface. The backbone of the
system is Viewsim/SD, a simulator
for system-wide development. In the
Unix environment, Workview Series
IT supports such features as multi-
tasking, networking, virtual memo-
ry, and X Windows. It also supports
EDA industry standards (EDIF and
VHDL). Pricing starts at $10,000.
Workview Series II is available im-
mediately on Sun-3, Sun-4, and
SPARCstations; delivery for DEC-
stations takes 120 days.

Viewlogic Systems Inc., 313 Bos-
ton Post Rd. W. Marlboro, MA
01752; (508) 480-0881. CIRCLE 332

D ESTITGN

SIMULATOR RUNS ON
APOLLO SERIES 10000

The Verilog-XL mixed-level logic
simulator from Gateway Design
Automation Corp. is now available
on the Apollo Series 10000 Personal
Supercomputer. It is the first logic
simulator to be released for the Se-
ries 10000 and runs 3 to 25 times fast-
er than most software simulators.
Moreover, it is the only software sim-
ulator capable of effectively compet-
ing with dedicated hardware acceler-
ators. Verilog-XL spans a wide
range of design levels — from archi-
tectural to gate and switch levels —
and allows designers to use one lan-
guage for the full range of mixed-
level design. Equipped with up to
four CPUs, the Series 10000 permits
simulation, design verification, and
routing to occur simultaneously,
dramatically improving design
throughput. Its processing power
and virtual-memory capacity are ide-
al for large, complex designs.
Apollo Computer Inc., 330 Biller-
ica Rd., Chelmsford, MA 0182}

(508) 256-6600. CIRCLE 333
SOFTWARE ROUTES
MIXED BLOCKS, CELLS

The latest version of the Compose
chip assembly environment is one of
the first IC design tools to automati-
cally handle mixed blocks and cells
without restricting the design. Ver-
sion 2.0 improves chip performance
and reduces the design cycle by auto-
matically placing and routing stan-
dard cells and custom blocks simul-
taneously. It analyzes every element
of the design to create shorter inter-
connects and denser chip layouts.
Compose 2.0 also includes new ana-
log and mixed analog-digital capabil-
ities. The software runs on Sun-3 and
Sun-4 workstations. Priced at
$50,000, the package comes with a
block placer, block router, compac-
tor, interactive editor, and footprint
generator. The standard cell placer
and global router are optionally
available for $15,000.

Valid Logic Systems, 2820 Or-
chard Pkwy., San Jose, CA 9513,
(408) 432-9400. CIRCLE 334




NEW PRODUCTS

COMPUTER BOARDS

VMEBUS FLOATING-POINT
ACCELERATORS PACK 25 T0
100 MFLOPS OF MUSCLE

such as the Sun workstation

can use the 25 to 100 MFLOPS
of floating-point power in the Racer
series of accelerator boards from
Transformation Systems Inc. The
boards are based on AT&T’s
DSP32C 32-bit DSP chip.

Single- and four-processor boards
are now offered in the series. The
VM1 single-processor model is tar-
geted at memory-intensive applica-
tions. Its peak performance of 25
MFLOPS features a three-tier mem-
ory architecture that maximizes
memory price-performance ratio.
The first tier is the DSP chip’s inter-
nal 6-kbyte static RAM. The second
is 32 kbytes of fast, dual-ported stat-
ic RAM, and the third is 1 Mbyte of
static-column dynamic RAM, which
is dual-ported between the DSP32C
and the VMEbus.

To support 1/0, the VM1 has a 16-
bit parallel port and a buffered, bidir-
ectional serial port. Both ports fea-
ture anindependent DM A capability.

With its four DSP32C processors,
the VM4 board peaks at 50 MIPS and
100 MFLOPS. By using up to 16
boards in one enclosure, system de-
signers can achieve peak perfor-
mance of 1.6 GFLOPS. Each of the
board’s four processors includes 512
32-bit words of zero-wait-state RAM.
The board also carries from 32 to 128
kbytes of single-wait-state external
static RAM for each processor. Pro-
grams executed out of the internal
RAM achieve peak performance of
100 MFLOPS, while those executed
out of external memory peak at 80
MFLOPS.

Popular VME-based platforms

With 25-MFLOPS capability, 32
kbytes of static RAM, 1 Mbyte of dy-
namic RAM, and 512 kbytes of FIFO
buffering, the VM1 board goes for
$6885. The VM4 board with 100-
MFLOPS computing power, 32
kbytes of static RAM, and 1 Kbyte of

buffering costs $8500. Delivery is in
30 days after receipt of order.
Transformation Systems Inc.,
576 Fifth Ave., Suite 1103, New
York, NY 10036; (212) 221-5000.
CIRCLE 326
DAVID MALINIAK

Increase Reliability
and Performance with
Custom Quartz
Crystals.

CIRCLE 117
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NEW PRODUCTS

SMART DATA-COMMUNICATION | IC CONNECTS TO Declj(\é%y ;ak:s ﬂ?ree tc]> four gl(:ieksb
4 echnolo ne., g. 9,
ﬂ%%qfillls)i%RP}IIlg’ll\‘{(l))(I}“()ESS TWISTED-PAIR ETHERNET Unit 60, 245 W. Rggsevelt Rd., West

acking the intelligence of a 16-
Pbit 68000 microprocessor, the

68302 integrated multiprotocol
processor handles multichannel
communication with HDLC/SDLC,
Asynch, Bisynch, DDCMP (DEC-
net), and V.110/V.120 (CCITT) proto-
cols as well as ISDN standards. Mo-
torola’s 68302 combines a 68000 CPU
core for the system interface and a
RISC-based processor to control se-
rial-data transfers. Thanks to the
fast RISC processor, any three pro-
tocols can be active simultaneous-
ly—one on each of the chip’s three
serial-communication channels.

When operating at a clock rate of
16 MHz, the 68302 transfers data at
rates of 512 kbits/s over each of the
three serial channels, with all chan-
nels operating independently. High-
er rates are possible on one channel
if one or both of the other channels
isn’t used. The RISC engine man-
ages the three general-purpose mul-
tiprotocol serial-communication
channels, and has six local DMA con-
trollers to support the data streams
going to and coming from the serial
ports. Data transfers controlled by
the DMA circuit can take place at up
to 4 Mbytes/s.

The 68302 integrates most of the
functions needed by any communica-
tion system. Its CMOS construction
holds power consumption to just 400
mW when active and 50 mW when
standing by. An 1152-byte dual-port
RAM serves as a memory-mapped
register bank through which the
68000 core communicates with the
serial channels and other on-chip
functions. Some of those functions
include a DMA controller, two timer-
counters, and a watchdog timer.

Housed in a 132-lead surface-
mountable flat package or pin-grid
array, the 68302 costs less than $55in
sample quantities (flat-pack) and is
available from stock.

Motorola Inc., Microprocessor
Products Group, 6501 William
Cannon Dr. W., Austin, TX 78735-
8598; (512) 891-2140. CIRCLE 327

DAVE BURSKY

136 Sertenteeros s © ' C

Used to connect Ethernet LAN con-
trollers directly to twisted-pair wire
connectors, the 82521TA serial “su-
percomponent” (SSC) combines cus-
tom magnetics and discrete devices
in a single dual-in-line package. The
part contains the serial interface-
transceiver, Manchester decoder,
line drivers and receivers, analog fil-
ters, protection circuitry, isolation
transformers, and other analog cir-
cuitry. By using industry-standard
Ethernet controller and twisted-pair
Ethernet (TPE) signals, Intel has the
option to modify the SSC to conform
to IEEE 10Base-T TPE standards
once they are adopted by the IEEE
committee. Thus, board vendors are
assured of an upgradable, plug-in re-
placement that conforms to the
10Base-T standard. The price of the
82521TA SCC in 1000-unit quantities
is $66.

Intel Corp., Literature Dept. Y-
P07, P.O. Box 58065, 3065 Bowers
Ave., Santa Clara, CA 95051; (800)
S48-4725. CIRCLE 335

BOARD LINKS STEBUS
WITH ARCNET LAN

An interface board provides STEbus
system integrators with a communi-
cation structure for linking their sys-
tems with any of the more than 1.5
million installed Arcnet nodes. Des-
ignated the S-ARC-01, the board acts
like an intelligent slave in the sys-
tem. The base address can be select-
ed to any 4-kbyte boundary within
the short I/0 base. Firmware pro-
vides sophisticated token-passing
media-access control, as well as data
link functions. These include CRC-16
check summing, buffer-free inquiry,
and hardware acknowledge func-
tions. Use of its 2.5-Mbit/s band-
width approaches 98% under heavy
data traffic conditions. The S-ARC-
01 will also support future networks
using the recently announced 20-
Mbit/s Arcnet standard. Network
drivers running under MS-DOS are
included with the board. An optional
NetBIOS implementation is also
available. Single-unit pricing is $858.
D ESTITIGN

Chicago, IL 60185, (312) 231-
0015. CIRCLE 336

LAN IC DRIVES
TWISTED-PAIR CABLE

An Arcnet LAN driver permits net-
working across standard twisted-
pair cable at a fraction of the cost of
Ethernet devices. Designated the
HYC9088, the device can drive up to
400 ft of standard twisted-pair tele-
phone cable. It attaches to the cable
without disturbing its characteristic
impedance, a fact that enables it to
drive twisted-pair or coaxial cable in
either star or bus configurations.
The driver IC also includes an ad-
vanced filter circuit that reduces
electromagnetic interference. In
quantities of 5000, the HYC9088
costs $14.50.

Standard Microsystems Corp.,
35 Marcus Blvd., Haouppauge, NY
11788; (516) 273-3100. CIRCLE 337

TRANSCEIVERS MEET
MIL-STD-1553

Available in eight standard versions,
a family of monolithic single- and
dual-channel transceivers conforms
to MIL-STD-1553A and 1553B re-
quirements. The UT63M100 series is
a fit- and function-compatible mono-
lithic second source for the industry-
standard 63100-series transceivers.
Separate transmit and receive inhib-
it inputs allow independent control
of each function. Receiver sections
are compatible with MIL-STD-1553
levels from 0.86 to 14.0 V, and the
power-supply voltage can range
from 5 to 12 V or 5 to 15 V. Single-
channel transceivers in 24-pin ceram-
ic DIPs are priced at $236 in lots of
100 units. In like quantities, the dual-
channel versions cost $367 in ceramic
DIPs, $378 in flat packs, and $388 in
small-outline configurations.

United Technologies Microelec-
tronics Center Inc., Military-Stan-
dard Products Dept., 1575 Garden
of the Gods Rd., Colorado Springs,
CO 80907; (800) MIL-UTMC or (719)
594-8259. CIRCLE 338




NEW LITERATURE

SWITCHES, SENSORS,
AND ENCODERS

Presenting information on more
than 35,000 items, this 200-page cata-
log covers six major product lines in-
cluding inductive proximity switch-
es, photoelectric sensors, ultrasonic
sensors, encoders, capacitive sen-
sors, and the patented My-Com me-
chanical switch. Technical specifica-
tions are given for each device, along
with engineering diagrams, photo-
graphs, and part numbers.

Bawumer Electric Ltd., 122 Spring
St., Southington, CT 06489; (800)
937-9336 or (203) 621-2121.

CIRCLE 339

DATA BASE PERMITS
COMPONENT SELECTION

An information system that can be
interfaced with electrical CAE,
CAD, CAM, and CAT systems pro-
vides a centralized bank of electronic
component data. It consists of three
products: DataMaster, Component
Manager, and ViewMaster. Data-
Master is a comprehensive data base
of electronic components and attri-
butes. Component Manager is a pre-
ferred component management sys-
tem that restricts engineers to se-
lecting only those components ap-
proved for their projects.
ViewMaster enables component se-
lection and retrieval from a listing of
millions of components in just sec-
onds. The system can be installed on
most Unix, VMS, and DOS-based
hardware platforms. It carries a
base price of $75,000, plus data sub-
scription fees of $50,000 per year per
server.

Expert Views Inc., 175 Cabot St.,

Lowell, MA 0185}; (508) 970-
0880. CIRCLE 34¢
ASICS PERMIT
SURFACE-MOUNTING

To better illustrate its products, Mo-
torola’s MOS Digital-Analog Divi-
sion is offering an informative cata-
log (BR503/D) featuring the compa-
ny’s extensive line of high-perfor-
mance ICs in PLCC and SO
packages. Listings cover surface-

mounted packages for both applica-
tion-specific and telecommunication
devices. These include analog-to-dig-
ital and digital-to-analog converters,
decoders, display drivers, op amps,
comparators, remote control func-
tions, real-time clocks, and various
telecommunication devices.
Motorola Inc., MOS Digital-Ana-
log Integrated Circuits Division,
P.O. Box 6000, Austin, TX 78762,
(512) 928-6880 or call local sales offi-
ce. CIRCLE 341

INSTRUMENTATION
DESIGN GUIDE

Complete with
single-piece pric-
ing and ordering
information, an §
84-page design
guide and catalog =
presents informa- =
tion on 54 differ- =
ent instrumenta- = Fmues
tion products. Devices covered in-
clude instrumentation amplifiers,
operational amplifiers, an ac line
voltage monitor, a constant-current
module, and strain-gauge bridge sig-
nal-conditioning modules. The book-
let also contains information on 97
different ac-de modular encapsulat-
ed power supplies and de-de convert-
ers for use in instrumentation sys-
tems. Complete detailed specifica-
tions, circuit descriptions, a selection
guide, 56 outline drawings, 82 block
diagrams, and 22 performance
curves are provided.

Calex Manufacturing Co. Inc.,
3355 Vincent Rd., Pleasant Hill, CA
94523; (415) 932-3911. CIRCLE 342

TEXT ADDRESSES
NETWORK THEOREMS

A comprehensive textbook on net-
work theorems is one of the first of
its kind, discussing 45 theorems in its
160 pages. The presentation is divid-
ed equally between the periodic
steady state and transients. Many of
the problems are applied in the cisoi-
dal state, with complex frequency
aiding a quick solution. For fast ref-
erence, each problem solution is in-
dexed with the list number of each

theorem used. The appendix centers
on a number of useful techniques, in-
cluding topics on matrices, two
ports, initial conditions, and simular
tabulations. Useful Network Theo-
rems With Applications costs $9.75,
plus $1.50 for shipping.

Sercolab USA, Box 767, E. Den-
nis, MA 02641; CIRCLE 343

ICS PERFORM DSP,
DATA CONVERSION

A 12-page short-form catalog pro-
vides a comprehensive overview of
all of TRW LSI’s monolithic and hy-
brid integrated circuits for video
data conversion and digital signal
processing. Separate sections within
the publication detail the specifica-
tions for analog-to-digital convert-
ers, digital-to-analog converters, lin-
ear products, advanced arithmetic
devices, imaging devices, correla-
tors, transform products, and memo-
ry and storage components. Product
listings specify key performance pa-
rameters, as well as operating tem-
perature range, packaging, and
screening options.

TRW LSI Products Inc., P.O. Box
2472, La Jolla, CA 92038, (619) 457-
1000. CIRCLE 344

DC POWER SUPPLIES
AND ELECTRONIC LOADS

To help designers choose the right
product for a given system or labora-
tory application, Hewlett-Packard’s
144-page catalog provides full de-
scriptions of the company’s manual
and computer-controlled dc power
supplies and electronic loads. Sup-
plies are grouped into three types:
system, laboratory and industrial,
and special-purpose. The section on
system power supplies covers single-
and multiple-output models capable
of delivering up to 200 V, or up to 120
A and 1000 W, over the HP-IB inter-
face. Electronic loads, used for pow-
er-supply, battery, and power-com-
ponent testing, offer ratings from
300 to 1600 W.

Hewlett-Packard Co., Inquiries,
19310 Pruneridge Ave., Cupertino,
CA 95014; call local sales office.

CIRCLE 345
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Direct Connection Ads - New and current products for the electronic designer presented by their manufacturers.

ELECTRONIC DESIGN'S DIRECT CONNECTION ADS

Can Be Colorful

Now, your ads in this section can be in eye-catching color*.
In Two Colors

In FuIl olor

RS-42/485 DUALCHANNEL
INTERFACE FOR PC/XT/AT
NOW $175. :

The best
price/performance
you can get!

Two independent RS-422/485 channels
Communicate up to 5000 feet at 56000 baud rate
Switch selectable I/0 address

Support TX, RX, RTS and CTS signals

Complete RS-485 driver enable options
Always-on, RTS-Enabled or Control-Bit-Enabled
Switch selectable wait states (0/2/4/6) for high
speed PC's

® Aggressive discount available for OEM & Dealers

CALL FOR FREE
PC-LabCard CATALOG
(408) 293-6786

American Advantech Corporation
1460 Tully Rd., Ste 602, San Jose CA 95122
TEL: 408-293-6786 FAX: 408-293-4697

| AMERICAN ADVANTECH CORP _ ~— CIRCLE 252

Advantech
At

STOP NOISE IN PGA, LCC PACKAGES

MICRO/Q 3000 capacitors decouple
low-inductance, high-frequency noise for

PGA, LCC packages on complex board layouts.
They fit under PGA or LCC sockets, take no
extra board space. Choose from many pinout
configurations.

Rogers Corp. 2400 South Roosevelt St.,
Temple, AZ 85282. 602/967-0624.

YELLOW
BLUE

GREEN

* Color Premiums: Full Color, $250; Two Color, $150
To get your ad in full color, just supply a color print, slide, or transparency and
your copy. Or highlight your ad with one of the four colors above.

To place your order:
Call Jeanie Griffin at (201) 393-6382.

available

5 ft cable

See EEM 88/89
Page D-1304

PC based emulators for the 8051 family
( 51 + CMOS + more
* PC plug in boards or RS-232 box * Program Performance analyzer
* Pull-down menus combined with * Powertul Macros with IF-ELSE, REPEAT
Command-Driven User Interface
Context sensitive help and
On-Screen Editing of data
* 20 MHz real ime emulation
128K emulation memory * Execution time counter
* 48 bit wide, 16K deep lrace buffer « Trace can be viewed durning emulation’
with loop counter
PRICES: 32K Emulator for 8031 $1790; 4K Trace $1495°
CALL OR WRITE FOR FREE DEMO DISK!
‘US only Ask about our demo VIDEO!

nDHaU 51 E. Campbell Avenue

WHILE structures
« Source Level debug for PLM-51 and C-51
+ Symbolic debugging with in-ine assembler
and disassembler

FAX (408) 378-7869

Campbell, CA 95008
CORPORATION (408) 866-1820

NOHAU CORP. CIRCLE 253

FROM CONCEPT TO DEPLOYMENT .

The
Computer-Nded
Engineering TOOL-KIT

A Single Source for all the CAE Tools

 Electronic Mail ® Computer-Aided Design

* Reliability ® Maintainability ® Project Records
e Safety/Risk Assessment e Testability

e Logistics ¢ Availability ® Configuration
Management e Failure Mode and Effects
Analysis ® Report Generation

Management
Sciences,

Inc.

6022 Constitution Ave. N.E
Albuquerque, N.M. 87110 USA
Phone (505) 255-8611
Telex 9109975519 MSI
FAX: (505) 268-6696

SYNTAX

PROTOTYPING PCB
B Multi Bus.PC Bus.PS Bus.S100.STD.VME.
W UNI Board.Trans Board.Extender Card.
M High quality 1/16" FR-4 epoxy glass
B For soldering & wire wrapping
M Variety of solder pad patterns
M Best price

Call Today For Catalog!

Enaic Aucts, Ine

5155 Paim Ave CA 91808
e (B18) 570.0068 & Fan. (818) 576.8708

MING ENGINEERING & PRODUCTS

CIRCLE 251

68HC In

PC-based emulator for 68HC11

- S

* PC plug-in or RS-232 box  * 48 bit wide 16K deep

trace. All functions usable

without disturbing emu-
combined with command-  lation. Time stamping
driven User Interface Two level trigger

* Up to 33mHz real ime ¢ Symbolic and C Source
emulation Level Debugging, includ-

* No intrusions to the ing in-line assembler
68HC11's resources and disassembler

PRICES: 64K Emulator and pod $2590;
4K Trace $1995"

CALL OR WRITE FOR FREE DEMO DISK!
51 E. Campbell Avenue
NOHAU o oo
CORPORATION (408)( 866-1820

*US only

¢ Pull-docwn menus with
full window support

CIRCLE 254

NOHAU CORP.

SC/FOX™
High Performance
Embedded System Controllers

SC/FOX SBC (Single Board Computer): 18 MIPS. 60 MIPS
burst, uses 16-bit RTX 2000, for stand-alone orembedded operation,
Eurocard size, 1 serial. | printer port, 64K-512K bytes memory.
From $1495, software included.

SC/FOX PCS (Parallel Coprocessor System): 15 MIPS, 50
MIPS burst, uses 16-bit RTX 2000, general purpose PC/XT/AT/
386 plug-in board, 64K -1 M byte memory. multiple board operation.
From $2295. development software included.

SC/FOX PCS32 (Parallel Coprocessor System 32): 15 MIPS to
70 MIPS, uses 32-bit SC32 Stack-Chip microprocessor, general
purpose PC/XT/AT/386 plug-in board, 64K-1M byte memory.
From $2295. development software included.

SC/FOX SCSI 1/O Board: High speed SCSI and floppy disk
controllers, serial port, and bi-directional 16-bit parallel port.
Plugs-on to either SBC or PCS. Priced at $995. software utilities
included.

SILICON COMPOSERS, INC. (4/5) 322-8763
208 California Avenue, Palo Alto, CA 94306

ROGERS CORP.

138 EEPI'JI‘EI\!“[:BE(IJ{nggﬁ) el

CIRCLE 255 MANAGEMENT SCIENCES, INC.
D ESTIGN

CIRCLE 256 SC/FOX'™ CIRCLE 257

To advertise call: Jeanie Griffin at (201) 393-6382
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JDR Miicrodevices

2233 BRANHAM LANE, SAN JOSE, CA 95124

UNIVERSAL PROGRAMMER

PART OF OUR EXPANDABLE MODULAR
SYSTEM. ALL MODULES USE THE & 4 99 99
-
o

SAME HOST ADAPTOR CARD.

+ PROGRAMS EPROMS, EEPROMS,
PALS, BI-POLAR PROMS, 8748
&8751 SERIES DEVICES; 16V8
AND 20V8 GALS FROM LATTICE,

INTEGRATION

Obtain complete
cradle-to-grave
performance from

your personal computer
CAD system when perform-
ing electronic packaging
deslgn From schematic capture

NS, SGS
+ TESTS TTL, CMOS, DYNAMIC
& STATIC RAMS
« LOAD DISK, SAVE DISK,EDIT, BLANK CHECK, PRO
GRAM, AUTO, READ MASTER, VERIFY AND COMPARE
« TEXTOOL SOCKET FOR .3" TO .6"W. IC'S ( 8-40 PINS)
MOD-MUP

MOD-MAC  HOST ADAPTOR CARD $29.95
MOD-MIC DIGITAL IC TESTER MODULE $129.95 to printed circuit design, to IO.O,V
MOD-MPL  PAL PROGRAMMER $249.95 ompletion autorouting capabilities, it's
MOD-MMP  MICRO PROCESSOR PROGR. $179.95 : there. Now you have one more reason you
MOD-MBP  BI-POLAR PROM PROGR $259.95 d'be using PADS: Total Integration. Call our
MOD-MEP 1-EPROM PROGRAMMER $119.95

* Sales Hotline today to receive a free Integrated
aluation Package for the PADS-SUPERSTATION.

Call Your Local Authorized Dealer

In MA: (508) 486-8929
Outside MA: (800) 2557814

MOD-MEP-4 4-EPROM PROGRAMMER
MOD-MEP-8 8-EPROM PROGRAMMER
MOD-MEP-16 16-EPROM PROGRAMMER

$169.95
$259.95
$499.95

Toll Free 800-538-5000

319 Russell St
Littleton. MA 01460

Call for a free catalog!

CIRCLE 258

30 day money-back guarantee MasterCard. Visa. American Express accepted

CAD SOFTWARE CIRCLE 259

SAVE SPACE WITH MIN/BUS® BARS
W Improve power distribution

B Reduce required board layers

M Eliminate up to half the decoupling capacitors
B Fit between or beneath IC's

B Also available in surface mount

$1595.% + POD PRICE

48 Chnnls @25MHz x 4K word deep/12 Chnnis @100MHz

16 Trigger words/16 Level Trigger Sequence
Storage and recall of traces/setups to disk

Disassemblers available for: 68000, 8088, 8086, 80286, ini
6801, 6811, Z80, 8085, 6502, 6809, 6303, 8031 il . 'Or R I M.InI/B B I
Application Bulletin.

NCI [ 6438 UNIVERSITY DRIVE,
HUNTSVILLE, AL 35806

(205) 837-6667

ROGERS CORP., 2400 S. Roosevelt St.
Tempe, AZ 85282 602/967-0624

CIRCLE 261

ROGERS CORP

CIRCLE 262

NEW TOOLS FOR
SIMULATION
PRODUCTIVITY
ENHANCEMENT

As seen in July 13
Electronic Design (pg. 101)

Sim-P/L - a Pascal-like behavioral language for gener-
ating stimulus files for simulators from Mentor Graph-
ics, DASIX, Valid, OrCAD and others with extensions
for test vector generation; and

SimComp - a program for complete functional and
timimg comparison of two simulation runs for best/
worst-case and/or pre/post-simulation analyses.

For more information on these software tools contact:
SimPro Division of DEI (303) 440-7997

Don’t Get Zapped!

High inrush current can destroy your sensitive VAX
CPUs and peripherals in less time than it takes to
flip a switch.

THE SOLUTION?

Power up with Z-LINE TPC 115-10 MTD ™

Z/-}. NE’

the smallest power distribution
and control system available.
POWER UP WITH — — —

Our proprietary Multiple Time Delay ™ circuitry
sequences your power-up to protect your systems
from the spikes and surges, EMI & RFI, that destroy
your hardware and erase your data. And our
remote on/off and emergency shutdown gives the
power control back to you.

All Pulizzi Engineering MTD™ controllers are
compatible with DEC and UPS systems.
PRICES FROM $436 TO $305

DON’T WAIT UNTIL IT HAPPENS, CALL TODAY!
PULIZZI ENGINEERING INC.

3260 S. Susan Street, Santa Ana, CA 92704-6865
(714) 540-4229 FAX (714) 641-9062

SIMPRO DIVISION OF DEI CIRCLE 265

PULIZZI ENGINEERING B CIRCLE 264
To advertise call: Jeanie Griffin at (201) 393-6382

Free MSDOS & Mac
Software Catalog for
Electronic Engineers

AC/DC Circuit Analysis e Active and Passive
Filter Design e Screen/Printer & Pen Plotter
Graphics for Engineers e LaPlace Transfer
Function/FFT Analysis e Logic Simulation e
Root Locus Analysis @ CAD/CAE e Digital
and Analog Signal Processing e Curve
Fitting e Statistics @ Thermal Analysis e
Math e Microstrip Design and Analysis e
Data Acquisition e VISA & M/C Accepted

RV Engineering |

Professional Software

2023 Chicago Ave., Stuite B-13 @ Riverside, CA 92507
Tel: (714) 781-0252 @ US.A. e TELEX: 6503089864
BV ENGINEERING CIRCLE 260

Easy Emulator Pods & Adapters

® Plug your PLCC and LCC packages into your PC board in
minutes, with these easy-to-use adapters.

e Emulator/logic analyzer users: Adapt-a-Pod™ converts
one package type to another (LCC, PLCC, PGA, and DIPs).

® Emulator pods and adapters are available in all standard
pin counts, with ribbon or ribbon cable headers.

® Custom engineering services and do-it-yourself emulator
pod converters. Free catalog.

Emulation Technology, Inc.
2368-B Walsh Ave. Santa Clara, CA 95051
Phone: 408-982-0660 FAX:408-982-0664

EMULATION TECHNOLOGY _ CIRCLE 263

RF + MICROWAVE
LINE CARD!!!!
250,000 PARTS IN STOCK/

OVER $3,000,000 IN INVENTORY/
ACTIVE + PASSIVE/DC-50 GHZ

(408) 730-0300(CA)

(800) 255-6788
520 MERCURY DRIVE, SUNNYVALE
CALIFORNIA 94086-4018

PENSTOCK

PENSTOCK CIRCLE 266
SEPTEMBE!% 28(;1981; I 1 39
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EPROM PROGRAMMER | |Still Blasting

v Programs 2764 T “1 ROMS .
IA?AtBsseecc i ! Develop and test
ROM code in minutes

v Reads, copies
and orograms without leaving your keyboard —

over 475 3.
E/EPROMS with the GEI ROMemulator.
from 35 mfg's Works with ee——
including 2716 Works with an most PCe, Unix
27513, 27001 rbm’cw (8. 16. 3. Kufgemulablor yatems
| £B164, 58755 "\, e nea and Macs
% host PC
v Automatically N Daisy-chain up
‘ uses the fastest recommended algorithm as I \. \:\ o :Soflf%rfnane
specified on the manfacturer’'s data sheets to ensure - 2 > -~ senal port
i reliable data storage | \ '/
v Connects to RS$-232 on any computer. PC.XT, AT.PS/2.Mac. etc £ Turget can be % :\,L,
VERY Low PHOF'LE REGULATED v Supports XMODEM/XMODEM CRC protocols & ASCII file xfers 280, 80286, S, ™ \
) v Optional microcontrolier heads support 874x and 87C5! series 68020, etc. W
25-30W DC/DC CONVERTERS, 3000LP SERIES v Supports Intel, Motorola. straght hex. hex-space & binary files | e N
v Engr support team for fast updates v Checksurms supported 2 et |
v One-year warranty (parts & labor) v Gold Textool socket loads ove I
®input Pi Filter @ Thermal Protection v Toll-free technical support v Collates l6- & 32-bit o Sotrwcedi o dezfz 7,‘:;: i I ml"""ﬂ
®Wide Input Voltage Ranges ~ @Remote ON/OFF Control v 30-day money b%claguovumee v Same day smp;ravgn; host software Lt st
v 8 baud rates to 384 v UV erasers from E luded lar h
@ Soft Start ®Single. Dual & Triple Qutput Models v Thousanas of safisified customers attest to the EP4 sgeo‘1 vale : st Gala Tormats
®Over 500VDC I/ Isolation @®0ver 350.000 Hours MTBF v Low price. $349.includes|BM compatible communications | Ask us about faster (than 150ns)

" u " program, user's manual and two free update coupons
@ Qutput OV Protection ©3'x2.56"x.375" Package Size The Engineer’s Programmer - ROMemulators and custom cables for
@Over/Under Voltage Shutdown @ Two Industry Standard Pin-Outs . most non-27xxx ROM sizes.

CALL TODAY 800/225'2 ] 02 7 115.2K BAUD RATE UPGRADE NOW AVAILABLE

@ Short Circuit Protection ®From $135/ea. (1-9), Del. 3 Wks ARO

BP g Grammar Grammar Engine, Inc
CONVERSION DEVICES MICROSYSTEMS ‘ Engine E Columbis, Ohe 42231

15 Jonathan Dr., Brockton, MA. 02401 10681 Haddington, Suite 190, Houston, TX 77043 ] e 614/471-1113
Tel: 508-559-0880  Fax: 508-559-9288 713/461-9430 FAX 713/461-7413 YA s Mt ecees I Paciic and Mountain timezores

CONVERSION DEVICES CIRCLE 267 BP MICROSYSTEMS CIRCLE 268

GRAMMAR ENGINE CIRCLE 269
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Today's Standard
in Multi-Platform
Schematic Design
and Interface Tools

CapFast!"
Bsuy

Exceptional performance.
Unparalleled versatility.
No nonsense prices.
Quality and service you

Optimize Filter Response
to Fit Your Design Target
with COMTRAN - PC

Designs filters with custom-shaped responses
Magnitude, Phase, Zin, Zout, or combinations
Fits any precision response using available

capacitor values (by recalculating resistors)

Derives equivalent circuit from measured data
Cuts opamp count in half (4 poles per opamp)
e FAST— Less than 1 second per point typical

Requires AT compatible w/HP 823008 BASIC Language
Processor card w/1 MB RAM, & HP 9122 floppy drive.
This card adds HP Rocky Mountain BASIC, w/ HP-IB
interface, to your PC. Lets your PC run HP 200/300 BASIC

PCB ARTWORK SOFTWARE
smARTWORK® PCB Software. In a fraction of the
time hand taping requires, you can create double-sided
printed circuit boards with smARTWORK and your IBM

PC. The program's features include continual design- Soflwan. CORIHANpravoUSl cmany N 1 contputers can depend on.

rule checking, automatic pad shaving, a silkscreen, and v
text for all three layers. smARTWORK with autorouting (0(0)74):7:W\'ld Integrated Software } ﬁ Ph Three Logic
is $895 (without, $ 495) and comes with a 30-day X Diesion o densery TrvERonors i ase g
money-back guarantee. Credit cards accepted. Write 10735 BURBANK BOULEVARD, N. HOLLYWOOD. CA 91601 (503)-645-0313

or call:
WINTEK CORPORATION, 1801 South Street, 1600 N.W. 167th Place
Lafayette, IN 47904. (800) 742-6809 or (317) 742-8428 Beaverton, Oregon 97006

SOFTWARE CIRCLE 270 COMTRAN®INTEGRATED SOFTWARE CIRCLE 271 PHASE THREE LOGIC ) CIRCLE 272

EEE-488

Complete Hardware and
Software Solutions
Platforms: PC/XT/AT, PS/2, 386, RT PC,

FAX (818) 763-4574 » PHONE (213) 876-0059

WE START WHERE ALL OTHERS STopg ety oy Macintosh Plus/SE/II, Sun, DEC, Apollo,
L " . MASSCOMP, 3B2, Q-BUS, UNIBUS, VMEbus,
781 kHz TO 100 MHz B MULTIBUS, STD Bus, S-100, and SBX Bus

Single Board @l Operating Systems: DOS, 0S/2, XENIX,

UNIX, 386/ix, AEGIS, SunOS, AIX, RT, RSX,
DATA ACQUISITION & SIGNAL PROCESSING 6800 FAMILY DEV. SOFTWARE RSX. VMS, ULTRIX. VAXELN. PDOS, VE RSA-

: ;ggr;g:&'ﬁ:gf%:f &iﬁ:ﬁg?’;"me) Combine our software and your editor for a power- dos, RMX-86, Z-DOS, STD-DOS
% 10 Mps 068 c o8 ful development system. Our C-Compilers feature a Support Products: Exienders, Expand-
% EXTENSIVE HARDWARE & SOFTWARE SUPPO complete |mplemen}at|on (excluding bit fields) of the ers, Converters, Controllers, Buffer, Analyzer
RT language as described by Kernigan & Ritchie and ' '
% 3 DATA ACQUISITION MODES yields 30-70% shorter code than other compilers. Our Call for FREE Catalog
% MULTI-CHANNEL CAPABILITY Motorola-compatible Assemblers feature macros and (800) IEEE-488 - (512) 794-0100
conditional assembly. Linker and Terminal Emulator
are included. 7 NATIONAL .
, WINTEK CORPORATION, 1801 South St., Lafayette, INSTRUMENTS
3 iy 0 (800) 742-6809 or (317) 742-8428. 12109 Technology Blvd. Austin, Tx. 78727
SIGNATEC CIRCLE 273 SOFTWARE CIRCLE 274 NATIONAL INSTRUMENTS CIRCLE 275 |

1 40 E fl’rmfsﬁ% Zglggg ONIC DEGSTIGN To advertise call: Jeanie Griffin at (201) 393-6382



Direct Connection Ads - New and current products for the electronic designer presented by their manufacturers.

FREE uv ERASER
WITH DATA 1/0’S 201
EPROM PROGRAMMER.

For $995 the 201 gives you:
= Support for EPROMs
and EEPROMs
up to 512K,
= Full after-sale
support from
Data I/0O®
Order a 201 today and
get a FREE UV eraser—a $40 value. The
Datarase |l erases up to 4 EPROMs in
3 minutes.

1-800-247-5700

UNIVERSAL RS-232
PROGRAMMER $345-595

New, higher energy-density
lithium batteries

These new Varta lithium manganese-dioxide batteries
are built with the rarely used “bobbin” construction.
It provides up to 25% more energy-density than
conventionally built LIMnO¢s. With self-discharge of
less than 1% per year, they provide improved back-
up for many low-drain applications, including memory
and realtime support, as well as having a much
longer life—10 years —in standby or storage. Broad
operating temperature range! Ask about our new

. dedicated BBS or fax. Full I year warranty

NTELLIGENT PC
OM EMULATOR

e

$39S

Reset Output, Address Compare. Addres: 5 Saap-
buffer rdmn( capability S

E t 89 I CR lithium batteries in 1/4AA, 1/2AA, 2/3AA and
XT. AA sizes. Varta Batteries, Inc., 300 Executive Bivd., d: Binary. Intel Hex, Motorola s,
Eimsford. NY 10523, (914) 592-2500, Ext. 260. MC/ VISA/ AMEX Call today for datasheets!

Corporation

\d VARTA

VARTA BATTERIES CIRCLE 277

B&C MICROSYSTEMS INC.
. 35§ WEST OLIVE AVE. SUNNYVALE, CA 94086

TEL: (408) 730-5811  FAX: (408) 730-5521

DATA IO CIRCLE 276

B&C MICROSYSTEMS CIRCLE 278

A Multitalented Genius for Graphic Display LOW COST
INTERFACE
CARDS FOR
Meet the WACOM LCDP™ (W7001F) liquid tal graphic
d|§S|ay gontroller Multiwindowing, screlgﬁl syﬁ%i.sans cnarl- PC/XT/AT

acter display by specifying character codes: it's ready to
demonstrate its versatile graphic abilities all at one go
The ideal display device controller for personal computers,
portable terminals, and other vectors of the information

|RS-485/422 Card [PC485]  $95/125
® Serial Async. Communication up to 4,000ft; 2 or 4 wires; NS16450 UART;
® COM1-4; Max. Baud Rate S6KB. High speed version (256KB) $165.

INTERFACE

revolution, the WACOM LCDP™ is ready for your applications. o Dt driverairsctwrsd 5 e et “:,'l:h::““;;;;,';.,‘"“
m Dual-Redundant IEEE-488 Card [PCAS8A] $145

m Commercial & Militarized Versions

m [BM PC/XT/AT/386 Half Card

m Powerful Software With
Interactive Command Processor

g
Poa-Sg

7965 Dunbrook Road, Suite G

¢ Includes INSTALLABLE DOS DEVICE DRIVERS and support for BASIC
 Additional Support for ASSEMBLY, C, Pascal and FORTRAN - § 50.

o IRQ (1-6). DMA channel 1or 2. Up to 4 boards per computer

. (umg.ﬂlhlcwm most IEEE-488 Software packages for IBM-PC (e.g. ASYS-

GPIB, Lotus Measure (\m[lﬁmhle with NI's GPIB-PCHA.
Wlth Bullt Iu Bus Anal er 45

® Software Support for BASICA, QuickBASIC and GWBASIC (PC488C only)
® Additional libraries for C, Pascal, FORTRAN, Assembly available - $45 (all)
® Powerful menu-driven BUS ANALYZER runs in the background while 488
programs or commands are executed; Features Program Stepping, Break
points, real time bus data capture (4K buffer), instant screen toggling.
plete Controller / Talker / Listener capability. Based on TI's TMS- So1a.
°-7210 based card | with National PCII) - $445.

A/D +D/A+DIO + Counter  $295-995

© 8/16 differential/single ended Input Channels; 12-14 bit Resolution; Conver-

sion Speed 25-110ks/sec; Input Range 0.5V to = 10V. Programmable pacer.
® D/A: 1/2 channels, 12-14 bit Resolution; DIO: 160ut/161n, compatible.
® Programmatle Interval Counter/Timer; Uses Intel 8253/8254

MC/VISA/ AMEX Call today for datasheets!

B&C MICROSYSTEMS INC.
355 West Olive Ave, Sunnyvale, CA 94086

TEL: (408)730-5511  FAX: (408)730-5521

PRORr it kit
1

@Controls a maximum 720 x 512 dot (1/256 duty ratio) liquid crystal dis-
play. @Controls a 1 megabyte frame buffer memory (for 32 640 x 400
dot LCD screen). @Carries out copying, straight line drawing, filling, and
other functions by command input. @Efficiently controls LCDs from most
manufacturers

———— WACOM-Your Link to ASIC —
WACOM has the ASIC for your every application, from gate arrays to full
IC

custom chips. Let us be your link to ASI
San Diego, California 92126
(619) 2716309 » Fax (619) 2716341 NZXSTOXLY Rt e Tounima-sa. T0KYO, 17 dapan

PONSOR ENTERPRISES CIRCLE 279 WACOM CIRCLE 280 B&C MICROSYSTEMS ) ~ CIRCLE 281

IEEE 48 8 & " Telecom Des|gnl

Solutlon

S ——

& 2

HARDWARE DEBUGGER

The BusBoy51 Is a new in-circult debugging tool for 8051 M-991 generates preC|se dial tone, busy
based boards. Useful In both prototype and production s s 5422, tone, reorder tone, ringing, and other call
testing, It will help Isolate wiring errors and component modem, Centronics, digital 1/C alog L routmg tones for use in telephone systems

failures. Thtt;hausBoy‘51 Is' merl‘lu tlirll\:en wI:: a serial : \Ln;x:‘r;r:;(p;:nil::& hult{;:\ W test equipment, callback security and other
Interface to the operators terminal. It provides pre- rive S, UNIXe, L 2-3, : telecommunications systems.

programmed tests for 8051 memory and /O, detecting Symphony & Quattro. :
e Call or send for your | W14pinCMOSDIP
BusBoy 51 to verify prototypes, test failed boards to FREE Technical Guide ; M Single 5V power supply
isolate the memory or buffer chip responsible, final check Demo disks and application notes available B 3.58 MHz time base

tion. 3 B
production boards for proper memory and I/O operation B Combinations of all standard

BusBoy C51 $ 389.00 51H $ 349.00 ~ k | frequencies
CALL (315) 478-0722 [QT@ Cl ¢ Formore info call: 00-426-3926

FAX (315) 475-8460 (In Washington State: 206-827-9626)

Logical Systems Corporation Telex (216):% 3,9 093 i t“E L't D N E®

10tech. Inc. » 25971 C
P.O. Box 6184, Syracuse NY 13217-6184 USA Cleveland. Ohio 44146 10801-120th Avenue NE. Kirkiand, WA 98033
IOTECH CIRCLE 283 TELTONE CIRCLE 284

TLX 6715617 LOGS
To advertise call: Jeanie Griffin at (201) 393-6382 ELECTTZRONIC D E S |141

LOGICAL SYSTEMS CIRCLE 282
bFPTLMBER 28, 1989



Direct Connection Ads - New and current products for the electronic designer presented by their manufacturers.

SPICE UP
YOUR PC

SPICE UP YOUR PC with Z/SPICE

The useful, professional & affordable circuit simulator
for your PC. Ask for our free brochure « Time domain
analysis * Frequency domain analysis * Sensitivity
analysis * Diode, BJT, FET, MOS-FET devices * Graph-
ics display * Full reference & tutorial manuals « Device
library available.

Z/SPICE professional vers ......... ISIR— $300
Z/SPICE student vers ..................

ZTEC, 6745 Lindley Ave., Reseda, CA 91335 (818)
609-8948

ZTEC CIRCLE 285

Cforthe 8051
Comipare:

Benchmark Results —Sample program:
Eratosthenese sieve Program from BYTE (1/83),
expanded with I/O and interrupt handling.

Archimedes

ICC51 MCC51 FRANKLIN

v2.20A vi.2 C51v2.1
Compilation time| 12 sec 18 sec 17 sec
Linkage time 29 sec 9sec | 6sec ¢
Execution time | 77.45 sec 900 sec| 088 sec?”
Total code size | 5318 bytes | 3798 1726 ¢
Sieve module 736 1021 541 v

size

Call now for your free DEMO disk.

» FRANKLIN

SOFTWARE, INC
888 Saratoga Ave. #2 ¢ San Jose, CA 95129

(408) 296-8051 » FAX (408) 296-8061

FRANKLIN SOFTWARE CIRCLE 288
: E

Best Value” in PCB Design

™

Tango ™ sets the pace in PC-based circuit board design
with an easy-to-use. pop-up menu interface and
powerful features including 1 mil resolution,
full SMT support, DRC, Gerber and
PostScript™ output, fast high-
completion autorouter, and pho-
toplot previewing. Configure

vour personal PCB design station
from our selection of entry-level
and expert tools, starting at

just $595

See for vourself why engineers rated
Tango the “Best Value™ in PCB design at CAD
Showdown '89. Rich functionality, one vear’s
updates, free tech support and BBS, plus our 30-day
guarantee. Call today

FREE EVALUATION PACKAGE
800 433-7801 619 554-1000 619 554-1019 Fax

142 gEP’[f‘ENl;:BE(f:(ZFIIS)g) k-

EZ-WRITER

(E)EPROM Multiprogrammer™
DATA 1/0 212* Performance

For Only

$995.

100% USA
Made

DC Model
Available

Supports

(E)EPROMs

up to 40-pins

® Stand-alone orRemote

® 40-pin Micros Opt

® SET/GANG 4 (E)EPROMs Opt

® Parallelport for Fast Up/Down Load

@ 256Kbytes, expandable to 16 megabits
1-800-523-1565

IIII In Florida (407) 994-3520

Fax: (407) 994-3615

* DATA 10 1s a registered trademark of DATA 10 Corporation

CIRCLE 286

MULTIBUS™ AT-COMPATIBLE SBC

Muttibus | is now IBM PC/AT™ compatible with MAT286™, our newest
single board solution. MAT286 includes all of the functions of a 10 MHz AT
motherboard, plus 2 serial ports, a parallel port, two SBX expansion-
module interfaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M of
parity-checked, dual-ported DRAM. A pi Eggy -back card, MATxSYSIO™,
adds EGA, floppy, and SCSl interfaces. Embed all the guts of an AT, two
SBX modules, and more, into Multibus slots!

Phone (408) 253-0250 or write for more information.

Single Board Solutions, Inc.
20045 Stevens Creek Bivd, Cupertino, CA 95014
Multibus is a registered trademark of Intel Corp.
MAT286 and MATxSYSIO are trademarksof Single Board Solutions, Inc
IBM and PC/AT are trademarks of International Business Machines Corp.

SINGLE BOARD SOLUTIONS CIRCLE 289

8051 Emulator - $1250
d%ICE is a low cost, Full Speed, real time 8051

L Ll ; s G~ @ Box 3000 e San Gregorio, CA 94074

echnologies ® 6825 Flanders Drive ® San Diego. CA 92121 USA .

Imvrn.ll|n||.||"|:r|<v\l may vary “:::[‘.“" nxrhlu the Llll\lxlrllhulnr|w.lrv~[ \ou [415) 726-3000 ¢ Telex: 910-350-5842

ACCEL TECHNOLOGIES CIRCLE 291 CYBERNETIC MICROSYSTEMS CIRCLE 292
D ESI1@6N

You've Seen Your Computer Run,
Now Watch It Fly!

IBM-PC, XT, AT,’386 Blue Flame II
SemiDisk Solid State Disk Emulator

Featuring:
s PC-DOS, MSDOS, and Concurrent DOS Compatible

8 Very Fast Access: 6 4 Mbits sec

= High Capacity: Up to 8 MB Per Board

= Expandable to 32 MB

= Battery Backup Option

= Hardware Parity Checking

® No Mechanical Wear Semn DISK Sy\[(‘”]%, INc
= No Special Interfacing 11080 SW Allen #400
® Prices Start Under $600

S—— Beaverton. OR 97005
Vish @ (503) 626-3104 FAX 503-643-0625

Emulator.. Powerful user interface for Hi-level
multi-window source code debugging. Uses
IBM-PC COM1/2. No Slots! Portable, fits in
shirt pocket. Assembler and test bed included.

@ Cybernetic Micro Systems

CIRCLE 287

COLOR GRAPHIC TERMINAL CARD
16 Colors

640 X 200 or 640 X 240 Resolution
Compatible with CGA Monitors

PC Keyboard and 2 Serial Ports

5V only

$295 quantity one

Monochrome version available
HERITAGE SYSTEMS CORPORATION
P.0.Box 10588, Greensboro, NC 27404
(919) 547-0777 » Telex via WUI 6503057397

HSC-9360 COLOR GRAPHIC TERMINAL CIRCLE 290

electable Address/IRQ
* Two/Four Wire Operation
¢ One/Two/Four Port Versions
 Delivery From Stock

SEALEVEL SYSTEMS INC
PO BOX 1808
anEVEL EAS?E? ;(C 29641

(803) 855-1581

SEALEVEL SYSTEMS CIRCLE 293
To advertise call: Jeanie Griffin at (201) 393-6382



PRESERVATION
PLAN ON IT

il
........

1 LT | R

LYNDHURST, TARRYTOWN, NY. A NATIONAL TRUST PROPERTY.

[
T

Planning on restoring a house, saving a landmark,
reviving your neighborhood?

No matter what your plans, gain a wealth of
experience and help preserve our historic and
architectural heritage. Join the National Trust for
Historic Preservation and support preservation
efforts in your community.

Make preservation a blueprint for the future.

Write:

National Trust for Historic Preservation
Department PA

1785 Massachusetts Ave., N.W.
Washington, D.C. 20036




The hardest part about having a disability is being constantly reminded
that you have one. Sometimes that happens when people stare at you.
Or point at you. Or don't even think of including you n every day activities
Maybe it’s time to start treating people with disabilities like people.

g

e



We promuse to
tell the truth
thewhole truth and

nothing but the truth.
So help us BPA.

As a member of BPA (Business Publications Audit of
Circulation, Inc.) this magazine subscribes to the principle
that it takes more than good faith to earn the business of
advertisers. It takes good figures.

BPA, an independent, not-for-profit organization,
audits our circulation data to make sure that advertisers
get exactly what they pay for: you.

Once a year, BPA auditors examine our circulation list
to make sure it's correct and up to date.

The audit makes sure you are who we say you are.

It verifies your name, your company, your industry and
your job title. This information enables our advertisers to
determine if they're saying the right thing to the right
people in the right place.

It also gives us a precise picture of who you are and,
therefore, a good idea of what you want as a reader.

BPA. For readers it stands for meaningful information.
For advertisers it stands for meaningful readers. Business
Publications Audit of Circulation, Inc.

360 Park Ave. So., New York, NY 10010. U BPA
We make sure you get what you pay for.
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Call Linear Technology
800-637-5545

Rugged. Low Power. RS232 Space Saver.

Power Drivers
Supply Fault Tolerant Charge Pump

PartType Drivers Receivers Required Shutdown to =25V Cap Size Req’d.
LT1030 4 0 *=12v YES* YES N/A
LT1032 4 0 *12V YES* YES N/A
LT1039 3 3 +5V, =12V YES* YES N/A
LT1039-16 3 3 +5V, £12V NO YES N/A
LT1080 2 2 +5V YES* YES 1uF
LT1081 2 2 +5V NO YES 1uF
LT1130 5 5 +5V NO YES 1uF
LT1131 5 4 +5V YES* YES 1uF
LT1132 5 3 +5V NO YES 1uF
LT1133 3 5 +5V NO YES 1uF
LT1134 4 4 +5V NO YES 1uF
LT1135 5 3 +5V, £12V NO YES N/A
LT1136 4 5 +5V YES* YES 1uF
LT1137 3 5 +5V YES* YES 1uF
LT1138 5 3 +5V YES* YES 1uF
LT1139 4 4 +5V, +12V YES* YES 1uF
LT1140 5 3 +5V, £12V YES* YES N/A
LT1141 3 5 +5V, =12V YES* YES N/A
LT1180 2 2 +5V YES* YES 0.1uF
LT1181 2 2 +5V NO YES 0.1uF

*RS232 3 state outputs.

N4

LINTAR

TECHNOLOGY

TOUGH PRODUCTS

FOR TOUGH APPLICATIONS.

CIRCLE 122

4 3n5V3ITI00 V OL QYYD SIHL IAID ISVI1d M

Linear’s 1180/81 product using
0.1uF Caps and RS232 family:

* Save board space

* Save Cap costs

* Guarantee no latchup

* Sustain =25V faults without
disrupting supplies

* Consume power comparable to
CMOS

* 1pA supply current in shutdown

* Up to 100k baud

* Start at $2.95 in 100 piece
quantities
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For a copy of our RS232 hand-
book, contact Linear Technology,
1630 McCarthy Blvd., Milpitas,
CA 95035. Or Call 800-637-5545.
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ABSORPTIVE... REFLECTIVE

dC tO 46GHZ from$32%§z4)

Tough enough to pass stringent MIL-STD-8883 tests, useable
from dc to 6GHz and smaller than most RF switches, Mini-Circuits’
hermetically-sealed (reflective) KSW-2-46 and (absorptive)
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike
pin diode switches that become ineffective below 1MHz, these GaAs
switches can operate down to dc with control voltage as low as -5V,
at a blinding 2ns switching speed.

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these
switches provide 50dB isolation (considerably higher than many larger
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire frequency
range. These surface-mount units can be soldered to pc boards using
conventional assembly techniques. The KSW-2-46, priced at only $32.95,
and the KSWA-2-46, at $48.95, are the latest examples of components
from Mini-Circuits with unbeatable price/performance.

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case,
contain five SMA connectors, including one at each control port to
maintain 3ns switching speed.

Switch fast...to Mini-Circuits’ GaAs switches.

SPECIFICATIONS

Pin Model KSW-2-46 KSWA-2-46
Connector Version ZFSW-2-46 ZFSWA-2-46
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz

INSERT. LOSS (db) typ  max typ  max
dc-200MHz 09 11 og 14
200-1000MHz 1.0 1:3 09 1.3
1-46GHz 1.3 Lt 1:5 26
ISOLATION (dB) typ  min typ  min
dc-200MHz 60 50 60 50
200-1000MHz 45 40 50 40
1-46GHz 30 23 30 25
VSWR (typ) ON 1.31 1.3
OFF — 1.4
SW. SPEED (nsec)
rise or fall time 2(typ) 3(typ)
MAX RF INPUT
(bBm)
up to 500MHz #17 +17
finding new ways above 500MHz +27 +27
setting higher standards CONTROLVOLT. -8V on OVoff -8V on, OV off
Mlnl cer“lts OPER/STORTEMP.  -55° 10 +125°C -55° to +125°C
PRICE (10-24) $32.95 $48.95
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