\

SIMULATOR UNTIES NETWORK DESIGN KNOT
GAAS SYMPOSIUM EYES ADVANCES

ELECTRONIC DEsIG

A PENTON PUBLICATION U.S. $5.00 “ _ OCTOBER 12, 198!

. S

.
3




The Ultlmate

IDT’s Building Blo s for the ’90s
IDT is devoted to solving tomorrow’s pu zles today. We recognize that
our industry is changing rapidly and that future designs will require
complex integrated functions using less board space. That’s why IDT
developed the Building Blocks for the ’90s —subsystems to maximize
functionality and performance while minimizing board space.

We’ve Figured it Out
We figure that you’ll want subsystems for more than one application.
IDT currently offers subsytems for cache and shared-port memories,
writable control store, RISC CPU, and high-integration func-tions. But no
one solution will completely solve every problem, so we will help you
solve specific design dilemmas with custom subsystem designs. We can
figure prominently in your design solutions—and we have the track

recor ve it! 3
dtoproveitl b tting It All Together
IDT’s strategic mix of component products allows us to easily put all
the pieces together. We draw from our extensive line of individual
products and create custom components for our subsystems. We make
sure that what you want in a subsystem is what you get.

Solving the Puzzle
And there’s more! We do all the design, manufacture, testing, and
burn-in on our subsystems. We guarantee our subsystems —all you have
to do is plug them in. And we offer immediate availability for standard
subsystems and deliver custom solutions in as fast as 6 weeks! At IDT, we
believe in offering a total solution, not just pieces of the puzzle.
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The Total Solution
Call our Marketing Hotline at
(408) 492-8551, Dept. UBB90
today for technical information.
Or call (408) 492-8225 forx copy of
our Subsystems Short-Form Cata-
log, Custom Subsystems Informa-
tion Packet, and 1989 Data Book
Supplement with details about all
our subsystems, including RISC.

IDT, Corporate Marketing,
2975 Stender Way, Santa Clara, CA
95052-8015, FAX 408-492-8674.

When cost-effective performance counts

Jat

Integrated
Device Technology



While HP’s high-performance plastic
optocouplers may all look alike, the
similarity is only skin deep.

Because with five complete lines of
plastic devices, there’s clearly more to
our optocouplers than meets the eye.

Like a wide variety of single- and
dual-channel devices that provide you
with an equally wide range of per-
formance options.

Such as an innovative dual-channel
design that combines a photon-emit-
ting diode with a high-speed photon
detector to produce data rates up
to 40 MBd.

You also get high-output gain from
low-input current or high-speed logic
gates. Wide Vcce from 4.5 to 20 volts.
And a unique AC/DC interface.

Plus they’re compatible with TTL,
STTL, LSTTL and, in many cases,
CMOS logic families.

All of which makes HP’s optocouplers
the ideal solution for problems caused
by ground loops and induced com-
mon mode noise.

Best of all, they're from HP. So
you're assured of our commitment
to excellence in service, support
and reliability.
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Which, come to think of it, is the one
thing that makes all our optocouplers
exactly alike.

To find out more about HP’s opto-
couplers, call 1-800-752-0900, ext.
644G. And see why looks aren’t
everything.

There is a better way.

HEWLETT
PACKARD

K
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Extraor
NER demand

Your latest brain child can't be just another

53C700 Host Adapter

PC or peripheral. T'he first single chip intelligent SCSI host
adapter. Highest performance SCSI
RV, T o 1 core available. Integrated with 32-bit bus
You've got to have the edge in performance. oy et o

D) e processor.
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’ 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.

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, 86C01 Micro Channel'" Bus Interface
o ve s St 101 Single-chip solution is priced competi-

= pOﬂSlY@ uppprt, ComPCI fve prcing tively with other solutions that require

and on-time dellvery. from two to as many as seven chips.

[f youre building extraordinary PCs, or
plugging products into them, shouldn’t

you be talking to an extraordinary semi- i ]
= - 92C28 Ethernet Controller

conductor manufacturer? For data sheets First 32-bit Ethernet controller. Provides
and COI'I]pl@[C information, call [hC NCR ulmplucl\umjﬁrrl for network manage-

: ment and multiple connection environ-
Hotline: 1-800-334-5454. ;
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53C400 SCSI Host Adapter

Offers a higher level of integration and
great atility than competitive
solutions.

53C90 Advanced SCSI Controller
‘Typically completes sequences in 2% of
the ime needed by competitive chips.
53C94/95 offer separate 16-bit data path.

92C02 Twisted Pair Transceiver

First Ethernet twisted pair transceiver.
Implements current IEEE 802.3 10
BASE-T draft standard.

90C98A ARCnet Controller/Transceiver

Highest performance single-chip
ARCnet LAN controller/transceiver.
Includes buffer chaining and reduced
wait states. Backward software compati-
ble to the 90C26.

CIRCLE 92

77C20 VGA Display Controller

Fully compatible with IBM VGA control-
ler at both register and gate levels. Add
77C171 Pallette DAC for a complete VGA
display adapter solution. CGMA for
CGA, MDA, HCA.

v sTemss
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52C40/60 Memory Buffer Controllers
General purpose dual and tri-port buffer
controllers for speed matching solutions.

ASIC PC Building Blocks

Digital and analog libraries with a wide
variety of cells, including MPU cores,
8200 peripherals, D to A and A to D
converters, sound generators, counter/
umers, multipliers, floppy disk control-
ler, digital data separator, ISA Bus
interface and integrated bus drivers.
Plus KE? NCR’s knowledge-based
Engineering Environment.

©1989 NCR Corporation. KE- is a trademark of NCR Corporation
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TECHNOLOGY ANALYSIS
37 GAAS TECHNOLOGY ADVANCES

Novel device structures, as well as process and material
enhancements, spearhead improvements.

COVER FEATURE
45 U INTERFACE MELDS ANALOG AND DSP

Echo-cancelling transceiver features flexible network
interface for adjusting to ever-evolving ISDN standards.

ELECTRONIC DESIGN REPORT
51 ASICS: THE LATEST ALTERNATIVE

Companies are discovering that building ASICs is an art
that they should master.

DESIGN APPLICATIONS

65 SPEED UP SYSTEM MEMORY

DRAM performs at static RAM speeds to keep up with a
33-MHz 68030 running in burst mode.
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75 DRIVE SAR ADCs WitH Low-Z BUFFER

Closed-loop unity gain buffer combines 16-bit precision
with an output impedance that stays from below 2.5 £ to
beyond 30 MHz.

PRODUCT INNOVATIONS

93 SETTABLE FLAGS MAKE FIFQS FLEXIBLE

Sporting two programmable flags and packing up to
1024 words, a pair of FIFO memory chips make systems
more adaptable.

97 SIMULATOR EASES NETWORK DESIGN

With integrated graphics, a simulator helps designers
create communication-network models to analyze
throughput.

107 IC POWERS MOTORS AND SOLENOIDS
Without going to great expense, designers can program
circuits and currents for DMOSFETS on a three-channel
integrated circuit.




12 EDITORIAL

16 TECHNOLOGY BRIEFING
Power grid faces negative-resis-
tance load

23 TECHNOLOGY NEWSLETTER

e Photodiodes, Piezo motion cap-
tures color

e Electrostatic plotter delivers laser
quality

e Magnetic imaging shows body’s
blood flow

e Object management group gains
new members

o Silicon systems, Philips shake on
disk-drive ICs

e The first wraps are taken off IBM’s
RISC chip

e Custom Sparc CPU to cut system
cost and size

e Workstation accelerator offers
twin RISC chips

e Multichip modules really pack in
the gates

29 TECHNOLOGY ADVANCES

e Diamond-film coatings present
unique properties as insulator and
conductor

e Pure tungsten fuses shrink ECL
PLD delays by speeding signal prop-
agation

e Better output control quiets device-
generated noise in advanced CMOS
logic

e Math chip, compatible with 80387,
churns out numbers up to ten times
faster

Certificate of Merit
Winner, 1988

Jesse H. Neal Editorial
Achievement Awards

Cover illustration by Bob Moyer
Board photo courtesy of Siemens Corp.

85 IDEAS FOR DESIGN
e Single IC overcomes ambient noise

e Circuit overcomes Vyj; drop atde

e Voltage limiter is temperature
stable

89 PRODUCTS NEWSLETTER
o Cost-cutting CPUs target consum-
er goods

e Super capacitors replace batteries

e Low-cost 14-bit ADC aims at PC
1/0 boards

e 70-A MOSFETSs arrive in TO-247
package

e RenderMan eases three-dimension-
al software development

e Surface-mounted filters hold down
emissions

e Surface mounting shrinks de-to-de
converters

® Dual video amp sports 70-MHz,
3dB bandwidth

e Design kit lets you try MOSFET
drivers

e ARINC 429 TX/RCVR IC adds bus
driver

e Data logger sports microfloppy
drive

ELECTRONTIC D

NEW PRODUCTS

113 Analog

Fast monolithic 8-bit ADC encodes
100-MHz sine waves to 6.4-bit accu-
racy

119 Computer Boards

124 Computers & Peripherals
129 Instruments

139 Components

142 Communications

144 Digital ICs

149 Software

150 NEW LITERATURE
152 UPCOMING MEETINGS
162 INDEX OF ADVERTISERS

163 READER SERVICE CARD
COMING NEXT ISSUE

e Special Report: Optical disk drives

e Wafer-scale integration arrives in
disk form

e Product Report: Rf signal genera-
tors

® Building a Multibus II single-board
computer
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« Significant Size Reductions

e Longer Life

e Tighter Tolerances At Lower Cost
¢ Improved Noise Immunity

e Circuit-to-Circuit Uniformity

* Design-to-Spec or

Build-to-Print

Put GORDOS
technology to work &

for you!

» Conventional And Power

Hybrids « Fast Turnaround
* Full In-house Capabilities
¢ Automated Manufacturing
» Computerized Quality Control
¢ A Decade of Hybrid Experience

1000 North Second Street
Rogers, Arkansas 72756
PHONE: 1-800-643-3500

PHONE: 501-636-5000
FAX: 501-636-2305

GOFIRSTTO...

GORDOS

A Flint Industries Company
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REDUNDANT
DC POWER

For applications in which failures can’t be tolerated, such as communications,
security systems and process controls. Two power supplies are interconnected
to deliver the rated output without interruption even if one fails. Two sources
of input power may be used to further enhance overall reliability.

A failed power supply may be removed for repair or replacement, without
the need for tools, while the other remains in operation. Monitor circuits may
be used to control external alarms; built-in audible alarms are optional.

Acopian redundant power systems are available with output ratings from
5 to 120 volts, and are shipped in only 9 days after receiving your order.

P.O. Box 638, Easton, PA 18044

Call toll free (800) 523-9478

P.O. Box 2109, Melbourne, FL 32902
Call toll free (800) 327-6817

Acopien

6!
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Your
perceptions
of
power IGs
are about to

be shattered...
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400 Volt

The times, they are a’ changin’—Power Integrations

Simple to use, Adds more value.

Analog sensor application LED can indicate current thru load

VgalDC)

A, LOAD

More versatile.

Simple pulse width modulation

Vaa (OC)

opF
1
DRAIN
|
—
ON (Set) o————§ @ l—l_i
o ——o0 SENSE
OFF (Reset) o—( Delay )—R
COMPIN ©
Vee o
ZENER o
COMP
AT% » ° out
COM
& O
(Vss)
The PWR-DRV1 Universal Power Driver
is an easy-to-implement, cost-effective
interface between control electronics
and high voltage loads such as displays,
relays and solenoids.
m 200V, 300V, 400V versions
= 350mA
| | RDS(ON) 5Q
B Operates from rectified AC or DC power source B Variable output (operates low voltage loads from
B Controlled by analog sensors, mechanical high voltage, reduces power consumed by a load)
switches and digital logic (TTL or CMOS) B Controls an AC load from a DC power source

B On-board low voltage power for control circuitry =~ B Measures current without external voltage drops



Rock’n Roll!

Remember the first time you heard
Elvis, Dylan, the Stones or the Beatles?
You were experiencing something differ-
ent. And you knew your life would never
be the same. Well, Power Integrations is
about to do it to you again!

Not musically. But professionally. And
profoundly. With a brand new

bridges the gap between high and low voltage.

Isolated Relay/Solenoid Driver (PWR-ISO1)
that alleviates potential system failure by
isolating control logic up to 1500V.

g7 T

Dual Level Power Driver (PWR-DRV3) that
allows quick actuation and then reduced
power. Or...

<
=)
B>

CMOS Power IC technology
that’s easy to implement in
both electronic and electro-
mechanical designs.

Our new family of 200V,
300V and 400V enabling ICs
will have you “rocking around
the clock” developing new
products. And rolling over
the competition with your
new-found ability to interface directly with
solid state.

Now you can control almost anything!
From automatic pumps to the fully elec-
tronic home. Upgrade or customize your
current system. Or innovate— demonstrat-
ing your engineering genius and creativity.

The enabling functions of our ICs gen-
erate added system value far beyond the
price of the parts they replace. And they
interface with 5V logic. Easily. Reducing
the risk of product failure and enhancing
your reputation as an innovative, yet reli-
able designer.

Imagine what you can do with a...

Universal Power Driver (PWR-DRV1) that
provides all necessary interface between
electro-mechanical loads and electronic
circuits. And produces variable output.
Ora...

Dual Relay/ Solenoid Driver (PWR-DRV2)
that saves board space and prevents simul-
taneous “on” states. Or an...

o
';—IZI’“IICO
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MARKET

100v VOLTAGE 400V

High-Voltage Peripheral
POWER Drivgrs (PWR—DRV4§ l./2/3/4),
INTEGRATIONS that interconnect digital

logic to the AC line. And are
pin-compatible with 75451s
and 3611s.Or an...

8-Channel MOSFET Array
(PWR-NCH801) a single chip
that provides more power
in less space. Eight high
voltage channels controlled directly from
digital logic signals.

We’ve provided the intro with our
enabling ICs. And created the bridge
between low and high voltage. Now it’s
time to rock 'n roll!

We're Power Integrations— bringing
you the power to control. Our lines are
open and we're taking requests. So pick up
the phone and call for samples and more
information. Or lay down some hot appli-
cation licks on your PC and FAX them to
our application support team.

Phone: 1-800-552-3155
FAX: 1-800-468-0809 (Outside California)
1-415-940-1541 (In California)

BE Power

The Power to Control

411 Clyde Avenue
Mountain View, CA 94043



And the beat goes on...

Winan
Epson portable Gomputer!
Ora Gasio Digital Diary!
Ora Sony Watechman TV!

Now that you've read about the Power Driver 1. (See the previous
three pages.) How about showing what you can do with it?
Power Integrations, in cooperation with Electronic Design, is sponsoring
a Power Driver 1 Design Contest.

This is your chance to be innova-

IstPrize:  Epson Equity portable tive.We're looking for the most clever
gf;‘gg;gf;?;!‘fﬁ?ggg L application of the PWR-DRV 1

2nd Prize: A Casio 32K Digital Diary Unlversa.l Driver. " -
that stores up to 1500 names Judging. Power Integratlons will
PRI e pick the ten best PWR-DRV 1 design

e B i applications and submit them to

s ' e the editorial staff of Electronic Design

th thru utographed copies o . . . . .

10th Prizes:  Marketing High Technology, fOI' final ]udgmg.Th_e tOp five entries

An Insider’s View by Bill Davidow | will be announced in one of the March

issues of this publication.

How to enter: Just call Power Integrations at 1-800-552-3155 for an
entry form and free PWR-DRV 1 samples. Or write to us at
411 Clyde Avenue, Mountain View, CA 94043.

The Power to Control

© Copyright 1989, Power Integrations, Inc.



SELECTING A MODEM
CHIP SET IS ONLY

PART OF THE SOLUTION.

When considering a
modem design, selecting the
proper modem chip set is
only part of the solution. You
must consider the type of
telephone interface used,
what method of error control
and agency approval needed,
either domestic or inter-
national. Determining these
factors is time consuming,
costly and complex. The
solution? Cermetek!

Our family of modem
components allows the design
engineer to surround a
modem chip set, making it a
complete modem, quickly and
economically.

So when you need part of
a solution, or the whole

modem solution, Cermetek
has the expertise and the
right answers for you. Find
out how Cermetek can
enhance your existing or
future modem design. Call
Cermetek today for more
information or write us at:

Cermetek Microelectronics, Inc.
1308 Borregas Avenue
Sunnyvale, CA 94088

Tel: (408) 752-5000

Fax: (408) 752-5004

Call Toll Free: (800) 444-6271

Cermelek

microelectronics
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MODEM COMPONENTS
189X Data Module Features

X.25 LapB, MNP Class 4
and 5, error correcting and
data compression, autobaud
speed conversion, flow con-
trol, RS-232 interface, AT
compatible command format
driven—1890,1891,1892.

MNP is a registered trademark of Microcom, Inc.

18XX DAA’s Features

Telephone interface, Data Ac-
cess Arrangement (DAA)—
pre-approved domestic/ inter-
national, voice data switch,

2- to 4-wire converter, surge
protection, isolation, dialing
feature, low cost and small
size. 1810,1811,1812A,
1813, 1814, 1818, 1828.




Low Cost
8051 Tools

@
d’ICE-51 $1250
This Real-Time emulator is low cost
and smallest sized full speed 8051 in-
circuit emulator. Full access to hard-
ware I/0. Includes all debugging fea-
tures of Sim and dICE below. Fits in
shirt pocket. Cross Assembler incl.

dICE-51 $495

This reduced-speed in-circuit 8051
debugger provides full access to I/0
but will not run real-time. With the
same user interface features as
Sim8051 below, dICE-51 generates
execution profiles during reduced
speed execution. (CMOS and MIL
also available.)

Sim8051 $395

This software Simulator/debugger
allows ‘no-circuit’, debugging of 8051
code on IBM-PCs. All Cybernetics
8051 debug tools offer multi-window
source code displays, symbolic ac-
cess to data, single key commands,
breakpoints, trace, full speed and
single step execution, execution pro-
filer, and more.

Other 8051 tools include:

Cross Assembler $195
8751 Programmer $195-$345
Debugger Demo Disk $ 39

Cybernetic Micro Systems
Box 3000 e San Gregorio, CA 94074

(415) 726-3000 » Telex: 910-350-5842
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EDITORIAL

RESTORE THE IRA DEDUCTIONS

here’s a lot of talk lately about getting the federal government in-

volved in helping the U.S. electronics industry. Many industry lead-

ers have journeyed to Washington, D.C., to talk with members of the

legislative and executive branches of government, attempting to
sensitize them to our industry’s problems. They have presented cases that
highlight the benefits of Sematech and U.S. Memories, the need for a coordi-
nated HDTV effort, as well as the continuing difficulties of opening up the
Japanese market. In general, we applaud such efforts because the electron-
ics industry will play a major part in assuring our nation’s well-being in the
years leading up to the turn of the century.

However, while industry representatives are in Washington, why not put
in a good word for the people who make the industry go—the rank-and-file
engineers? They should point out the importance of restoring tax deductions
for individual retirement accounts. The time is right to do this because Con-
gress is considering changing the tax laws, and many of these changes are
aimed at helping industry compete with foreign companies.

Because of the industry’s nature, few engineers stay with a company long
enough to build up pension benefits. If a career lasts 40 years, think of the
changes that have occurred and will occur in the industry over that time span.

Rapid changes in technology create a constantly changing job picture as
some companies ride the crest of a new technology while others try to main-
tain their market lead based on older technologies. No one is safe from these
changes. Consider the engineers who accepted what they thought was solid
job assurance offered by such long-time electronics industry stalwarts as
General Electric and RCA—both companies have been in and out of the com-
puter and commercial semiconductor businesses.

The IRA deduction is a bread-and-butter issue for engineers. While we’re
asking the government to help our industry in its competitive wars, let’s also
do what is right and fair for the people bearing the brunt of the effects of

those wars—the design engineers.

Stephen E. Scrupski
Editor-in-Chief

D ESTIGN




SPECIFICATIONS

MODEL

MAR-1
MAR-2
MAR-3
MAR-4
MAR-6
MAR-7
MAR-8

NOTE: Minimum gain at highest frequency point and over full temperature range.

FREQ.
MHz

DC-1000
DC-2000
DC-2000
DC-1000
DC-2000
DC-2000
DC-1000

GAIN, dB

100 1000 2000 Min.
MHz MHz MHz (note)
185 155 — 130
13 125 11 85
13 125 105 80
82 80 — 7.0
20 16 1 9

135 125 105 85
33" 28 — 19

® 1dB Gain Compression

O +4dBm 1 to 2 GHz

designers amplifier kit, DAK-2

® MAX.
PWR.

dBm
0
+3
+80
+11
0
+3
+10

NF
dB

5.0
6.5
6.0
7.0
28
50
35

" dc to 2000 MHz
amplifier series

Unbelievable, until now...tiny monolithic wide-

PRICE $ band amplifiers for as low as 99 cents. These rugged
il 0.085 in.diam.,plastic-packaged units are 50ohm*

099 (100) input/output impedance, unconditionally stable

15738 (S? regardless of load* and easily cascadable. Models
o o in the MAR-series offer up to 33 dB gain, 0 to

129 (25) +11dBm output, noise figure as low as 2.8dB,

o gg; and up to DC-2000MHz bandwidth.

*MAR-8, Input/Output Impedance is not 50ohms, see data sheet
Stable for source/load impedance VSWR less than 3:1

Also, for your design convenience, Mini-Circuits

Size Tolerance Temperature Value

offers chip coupling capacitors at 12 cents each.t

5 Of eaCh mOdel’ tOtal 35 amp“ﬂers (Srgllsf))o 5% Char?\lggrisnc 10, 22, 47,68, 100, 220, 470, 680, 1000 pf

2200, 4700, 6800, 10,000 pf

59 95 80 x 50 10% X7R
Only b 120 x 60 10% X7R 022, .047..068, 1ut

T Minimum Order 50 per Value
D Designers kit, KCAP-1,
50 pieces of each capacitor value, only $99.95
finding new ways...
setting higher standards

[ JMini-Circuits

A Division of Scientific Components Corporation

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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ALABMIA Marshall Electronic Group, (205) 881-9235, Milgray Electronics, Inc., (404) 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, ) 4
P 8-2121, CALIFORMIA, Sterfing/image Electronics, (619) 271-6555, (714) 259-0900, (818) 407-8850, Marshall Electronics Group, (818) 407-0101, (714) 458-5395, (408) 942-4600, (916) 635-9700, (619) 578-9600, Merit Electronics, Inc., (408) 434-0800, \Mxl?m Microtechnology, (619) 453-8430, (714) 637-0200.
(818) 707 WLDMDO 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, Sterling Electronics-Wallingford, (203) 265-9535; DELAWARE, General Components, Inc.
767, Marshall Electronics Group, (301) 840-9450, Milgray/Delaware Valley, Inc., (609) 983-5010, (800) 257-7808, (800) 257-7111, Sterling Electroni terling, (703) 450-2373; DISTRICT OF COLUMBIA, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling Electronics-
rling, (703) 450-2373; FLORIDA, Marshall Electronics bmu[) (813) 573-13¢ (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 Mirotechnology, (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, |s 350-0490. IOWA Marshall Eectronics Group, (612) 559-2211, Milgray Electronics, Inc., (913) 236-8800; KANSAS, Marshall Electronics Group, (913) 492-3121, Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics-Kansas, (913) 492-5406; KENTUCKY, Marshall Electronics Group.
3) 898-4480, Milgray/Cleveland, Inc., (216) 44 VS:O ‘Boﬂ -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) 443-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-
Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; MARYLAND, Marshall Electronics Group, (301) 622-1118, MilgrayMashington, 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 M\rmlﬁ.hﬂmoav (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:
MISSISSIPPY, Marshall Electronics Group, (205) 881-3235, Milgray Electronics, Inc., (404) 393-9666, MISSOURI, Marshall Electronics Group, (913) 492-3121, (314) 291-8554, Milgray Electronics, Inc., (913) 236-8800, Sterling Electroni s. (913) 236-5589. NEBRASKA, Marshall Electronics Group, (913) 492-3121




SERVICEIS OUR KEY COMPONENT

“Id say you've been reading too many supermarket

tabloi
“Seriously! You get high speed and

quantity delivery, plus the ability
to drastically cut your qual costs!”

“OK, I'll bite. Who's got ‘em?”
“Joshiba’
“Why didn’t you just say that in the first place?”

While others continue to talk speed, Toshiba now delivers 15ns Static RAMs.

The exceptional access speed of the new 15ns 64K SRAM family is the
result of a little technological wizardry and lots of 1.0 CMOS know-how. The
bottom line is a 15ns 64K SRAM that dissipates less power and requires a
smaller-sized die than more costly BICMOS devices.

And, if you've been looking for ways to cut qualification costs on your 64K
SRAMs, look no further than Toshiba's 64K SRAM family. By using an
aluminum master slice common to all configurations within the 64K family,
the cost of qualifying individual parts is reduced by as much as 75%!

Toshiba builds a full line of SRAMs that offer high speed and fully static
operation. A line whose depth and breadth provides higher system perfor-
mance and lower system costs when designing high-speed cache memories,
high-speed main memories, high-speed buffers and writeable control stores
for minis, superminis, workstations, RISC-based systems, real-time processors,

high-speed Toshiba High-Speed SRAMs
Storage and Configuration Density Speed (ns) Availability
S 64Kx 1 64K 35 | 45 | 5 Now
hlgh ?nd 16Kx 4 64K 5 | 20 [ 25 | 35 Now
graphlcs 16Kx 4 (OE) 64K 15 | 20 | 25 | 35 Now
applications' 8Kx 8 64K 15 20 25 Now
When 8Kx 9 72K 15 | 20| 2 Now
) 64K x 4 256K 20 | 25 | 3 Early ‘89
it comes to 64K x 4 (0F) 256K 0 | 25 | 35 Early ‘89
SRAMS, 32Kx 8 256K 20 25 35 Early ‘89
. 32x 9 288K ol e Early '89
Toshiba's 16K x 12 192Kmodule | 25 | 35 Now
got all the 16Kx 16 256K module 25 35 Now

speeds, configurations and densities you need. Including 256K, coming soon.

And plenty of packaging options, too. From JEDEC standard Skinny DIPs
and SOJs to ZIP Modules.

Not to mention the kind of service and deliverability others can only
talk about.

Call today for complete data sheets and applications notes at 1-800-
888-0848 ext. 517.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Milgray Electronics, Inc., (313) 236-8800, Sterling Electronics-Kansas, (913) 236-5589; NEVADA, Marshall Electronics Group, (916) 635-9700, (602) 496-0290, Sterling Electronics, (02) 268-212, Wester Microtechnology, (408) 725-1660; NEW HAMPSHIRE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group.
(617) 658-010, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; NEW JERSEY, General Companents, Inc., (609) 768-6767, Marshal Electronics Group, (201) B82-0320, (609) 234-3100, Milgray Electronics, Inc., (516) 420-9800, (609) 983-5010, (800) 257-7808, (800) 257-7111, Sterling Electronics-
So. ik, 201) 783 T00: NEW MEXICO, Marshall Eiectronics Group, (602) 496-0290, Sterling Electronics-Albuguerque, (505) 884-1900; NEW YORK, Marshall Electronics Group, (516) 273-2424, (607) 798-1611, (716) 235-7620, Mikgray Electronics, Inc., (516) 420-9800, (716) 235-0830, Rome Electronics, (315) 337-5400,
, Marshal 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; OHI0, Marshall Electronics Group, (513) 838-4480, (216) 248-1788, (614) 891-7580, Milgray/Cleveland, Inc
(216) 447- \520 (800) 3?"0006 Reptron Electronics, (614) 436-6675, (216) 349-1415; OKLAHOMA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling 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) 448-5000
Marshall Electronics Group, (617) 658-0810, Sterfing Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; TENNESSEE, Marshall Electronics Group, (205) 881-3235, Milgray Electronics, Inc., (404) 393-9666. TEXAS, Marshall Electronics Group, (214) 233-5200, (915) 593-0706, (713) 895-9200, (512) 837-1991,
Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics, (713) 623-6600, (512) 836-1341, (214) 243-1600; UTAH, Marshall Electronics Group, (801) 485-1551, Sterfing Electronics, (801) 972-5498, Milgray Electronics, (801) 272-4999; VERMONT, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group,
(617) 658-0810, Steriing Electronics-Boston, (617) 938-5200, Western Microtechnology, (617) 273-2800; VIRGINIA, Marshall Electronics Group, (301) 8409450, MilgrayMashington, Inc., (301) 621-8164, (800) 638-6656, Stering 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 Gmup (416) 458-8046, ITT Mutticomponents, (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.



stone

CARBON COMPANY

s

MELFs —

LOW COST
SURFACE-MOUNT
THERMISTORS

with a touch
of glass

MELF NTC
thermistors are
tiny pellets of material
sealed within glass. The
hermetic seal makes these
parts extremely stable in
applications to 204°C.

These low cost thermistors are
well suited for temperature
measurement and control, par-
ticularly in appliances and
other applications requiring
automatic PC board insertion.

Send for data sheet 887

\Ke

Thermistor Division ¢ St. Marys, PA 15857
814-781-1591 » Telex 91-4517 » FAX 814-781-7648

stone

CARBON COMPANY

Keystone Thermistors are distributed by

Allied Electronics 1-800-228-6705 Newark Electronics ~ 312-638-4411
Digi-Key Corp.  1-800-344-4539  SIN-TEC Electronics 1-800-526-5960
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TECHNOLOGY BRIEFING

POWER GRID FACES NEGATIVE-o LOAD

ver the next 10 to 15 years, more than half of the

load placed on the electric power grid will be

switch-mode power supplies (SMPS). In addition

to their ubiquitous use in our industry, they will
appear in applications that range from fluorescent lights
to washing-machine motors. To the power line, switchers
look like a negative resistance. As the line voltage drops,
they draw more current from the line. “Brown-out” tech-
niques to cut the load won’t work.

Exacerbating this problem, the power factor of a typi-
cal off-line power supply (rectifiers driving a capacitor
input filter) is 0.6 to 0.7. This means that if you need 1 kW,
the line must supply up to 1.6 kW. Unlike in the past, ANALOG&POWER EDITOR
when large ac motors drew sinusoidal currents out of phase with the voltage,
the electronic load draws in-phase pulses of current during the short time
(about 1/8 of a cycle) that the rectifiers are forward-biased and charging the
filter capacitor (see ELECTRONIC DESIGN, Nov. 28, 1988, p. 135.).

In the U.S., Underwriters Laboratories allows for 12 A from a typical line
hosting a 15-A, 120-V ac circuit breaker. At a low line voltage of 90 V, the cir-
cuit will supply a resistive load with 1.08 kW of power. However, if the power
factor is 0.65, the maximum available power drops to 700 W, which is less
than what is needed by a growing number of workstations.

On one hand, look at a typical small office that has just added several
“super clone” PCs with 80386 processors, VGA graphics, 120-Mbyte hard
disks, and connected printers. Each desk will need 300 to 400 W. These can’t
all be put on the same line.

A large office building, on the other hand, may have several thousand PC
loads, plus copiers, fax machines, and even telephones. Already, line-power
considerations are affecting designers of buildings, as well as building
codes. Ata minimum, # 12 AWG wire must replace # 14. But already in these
buildings, high-current pulses have appeared in the neutral wire of the build-
ings’ three-phase systems—where no currents should appear at all—heating
the wire and creating potential danger.

The problem is becoming critical. A Power Quality Conference, which is
being held next week in Long Beach, Calif., (Oct. 16-20) aboard the Queen
Mary, will bring power-utility people together with power-supply designers
and users. Tight power-factor correction was already legislated in Europe—
and it will get tighter (IEC Standard 555.2).

Don’t despair. The problem becomes the solution: A handful of controller
ICs are arriving to build switch-mode, power-factor correcting preregula-
tors. They connect between the rectifier’s output and a final switching regu-
lator. While different in detail, each controller senses the line voltage and
forces the current to a sinusoidal shape.

The first such chip, Siemens TDA 4814, has been in volume production
since 1986. Though aimed at electronic ballasts for fluorescent lamps, it
adapts to SMPS (see ELECTRONIC DESIGN, Oct. 27, 1988, p. 115). In addition, an
IC just for SMPS is on the way. The first device aimed at supplies, the
ML4812, came from Micro Linear earlier this year. Up coming are Cherry’s
(CS3810, Silicon General’s SG3561, and Unitrode’s UC1854—each will offer
supply designers a different mix of architecture, performance, features, and
cost.

While adding to the cost of a supply, power-factor correction also elimi-
nates the need for a 115/220-V ac switch. Furthermore, the design is simpli-
fied and stress is reduced on the output SMPS parts. In addition, the preregu-
lator’s output becomes a natural source for a high-voltage distributed power
bus, where step-down de-to-de converters may be needed.

FRANK GOODENOUGH

E SIGN




Sometimes
when you
want to
impress people,
you have to drop

a few names.




In the past, you bought our passive components from
Mepco/Centralab. Our discrete semiconductors and profes-
sional components from Amperex. And our ferrite materials
from Ferroxcube.

What you received were superior components. Profes-

sional service. Prompt delivery. Competitive prices. From com-

panies whose products and relationships you value.
What you didn’t get was a single source able to fulfill
your discrete product needs. And now, you do.

Philips Components

Nowwe're Philips Components Discrete Products Division.

One company representing millions of passive compo-
nents, discrete semiconductors and component materials. A
newly consolidated sales organization providing better service
and stronger technical support. Backed by one of the largest
electronic component manufacturers in the world: Philips.

For our customers, that means quality products. Leader-
ship in surface-mount technology. All from a single vendor
dedicated to the North American marketplace. And the benefit
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ofhundreds of millions of dollars spentannually in electronic
component research. Research that keeps Philips —and you-
ahead of the competition.

The new Philips Components Discrete Products Division.
For alook atour product groups, just turn the page. Or call us
for a line card and product literature. We think you'll be quite
impressed with how much we can offer. Even if it took drop-
ping a few names.

PHILIPS

Philips Components
Discrete Products Division
2001 W Blue Heron Blvd.
PO. Box 10330

Riviera Beach, FL 33404

1ol 1-800-447-3762
407-881-3200 (locally)
Fax: 407-881-3300

PHILIPS



Philips Components Discrete Products Division

PASSIVE COMPONENTS
GROUP (Capacitors)
4501 Colorado Blvd.

Los Angeles, CA 90039

Tel: 818/240-4880

Fax: 818/500-9174

& Monolithic Ceramic Chip Capacitors

7158 Merchant Ave.
El Paso, TX 79915
Tel: 915-775-4242
Fax: 915/775-4249

8 Disc Ceramic Capacitors
B Leaded Monolithic Ceramic
Capacitors

5900 Australian Ave.

West Palm Beach, FL 33407
Tel: 407/863-2000

Fax: 407/863-1811

B Tantalum Capacitors
(SMD; Solid, Wet Slug)

6071 St. Andrews Rd.
Columbia, SC 29212
Tel: 803/772-2500
Fax: 803/772-2445

® Film Capacitors

B AC DryMetalized Film Capacitors

8 Film Trimmer Capacitors

B Tantalum Capacitors (Foil)

B ACMotor Start Capacitors

® DCAluminum Electrolytic Capacitors

PASSIVE COMPONENTS
GROUP (Resistors)
Airport Road, PO. Box 760
Mineral Wells, TX 76067

Tel: 817/325-7871

Fax: 817-326-2215

B Metal Film Resistors

B Carbon Film Resistors

B Precision MELF SMD" Resistors
B Thick Film SMD" Resistors
B High-Voltage Resistors

B Power Film Resistors

B Non-Linear Resistors

B Relative Humidity Sensors
B Standard Resistor Networks
Mepcopal Company

11468 Sorrento Valley Road
San Diego, CA 92121

Tel: 619/453-0332

Fax: 619/481-1123

® Variable Resistors/Trimming
Potentometers

® Rotary Switches

B HiRel Fuses

DISCRETE
SEMICONDUCTOR GROUP
George Washington Highway
Smithfield, Rl 02917

Tel: 401/232-0500

Fax: 401/232-1047

B Discrete Semiconductors:
Power Devices
Surface Mount Devices
Small Signal Products
Microwave Transistors
CATVand RF Power Modules
B Optoelectronics
LCD's
Infrared Detectors
Sensors

1-800-447-3762

Philips Components

Semiconductor Lasers
Optocouplers
IRandVisible LED's

MATERIALS GROUP
5083 Kings Highway
Saugerties, NY 12477

Tel: 914/246-2811

Fax: 914/246-2811 ext. 427

B Linear Ferrites
® Advanced Ceramic Technologies
8 Permanent Magnets

PROFESSIONAL
COMPONENTS GROUP
George Washington Highway
Smithfield, RI 02917

Tel: 401/232-0500

Fax: 401/232-1047

| Klystrons

m Circulators

® Rectifier Stacks

® Photomultiplier Tubes
B Geiger Mueller Tubes
B Microchannel Plates
® Electron Multipliers

B Reed Switches

B CRTs

100 Providence Pike
Slatersville, RI 02876

Tel: 401/762-3800

Fax: 401/762-3805 Ext. 324

® Solid State Image Sensors

® [ntensified CCD

B [mage Intensifiers

® Vidicon & Newvicon'Camera Tubes
® Plumbicon’Camera Tubes

® Military Camera Tubes

PHILIPS

PHILIPS



Introducing 750kHz VME
acquisition.

~Fred Molinari, President

Once again,we've left
everyone inthe dust.

Plug in one of our new DT1492 Series Each features onboard memory for DT1498, you can even collect data from up
boards, and your Sun or VMEbus computer ~ gap-free data collection at high speeds. to 4 inputs simultaneously.
can capture and output data at an astonishing  Flexible channel and gain selection, When it comes to data acquisition

750kHz. Which makes our VMEbus boards  deglitched DACs, an external trigger, pacer  speed and accuracy, we finish first. To
ideal for those really tough applications that ~ clock, and 16 digital I/O lines are standard raise your speed limits, call today.

require you to track lots of data—fast. features too.

More surprising, though, is the flexi- As you might expect, DT1492 models E%IL ((?08“) (&%)12}5%70929
bility you get with the DT1492 Series. 9 dif-  can perform A/D, D/A, and digital I/0 gy i
ferent high performance models are available. ~ functions simultaneously! With our FREE 1988/89 Data Acquisition

/M' Handbook.
Analog ’
Resolution Throughput Output Throughput Digital \ 3 1
Model Channels bits Gain kHz Chls kHz 170 Price
DT1492 16SE/8DI 12 1,2,4,8 40 2 130/DAC 16 $2525
DT1492-F 16SE 12 1,2,4,8 150 2 130/DAC 16 3075
DT1492-F 8DI 12 1,2,4,8 150 2 130/DAC 16 3075
DT1492-G 16SE 12 1,2,4,8 250 2 130/DAC 16 3515
DT1492-G 801 i2 1,248 250 2 130/DAC 16 3515
DT1492-L 4DI 12 1 750 2 130/DAC 16 4175
DT1495 16SE/8DI 12 1,10,100, 500 40/2.5 2 130/DAC 16 2525 =
DT1497 4DI 16 1 100 2 130/DAC 16 3515 1 U ,[
DT1498 4SE(SS&H) 12 1 100 2 130/DAC 16 3075 -~

leé“

DATA TRANSLATT

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

United Kingd ters: Data Ltd., The Mulberry Business Park, Wokingham, Berkshire RG11 2QJ U.K. (0734) 793838 Tix 94011914

West Germany Headquarters: Data Translation GmbH, Stuttgarter Strasse 66, 7120 Bietigheim-Bissingen, West Germany 07142-54025

International Sales Offices: Australia (2) 662-4255; Belgium (2) 466-8199; Canada (416) 625-1907; China (1) 868-721 x4017; Denmark (42) 274511; Finland (0) 372144; France (1) 69077802; Greece (1) 361-4300;
Hong Kong (5) 448963; India (22) 23-1040; Israel (52) 545685; Italy (2) 82470.1; Japan (3) 502-5550, (3) 348-8301, (3) 555-1111; Korea (2) 756-9954; Netherlands (70) 99-6360; New Zealand (64) 9-545313; Norway
(2) 5312 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) 702-0405.

Data Translation is a registered trademark of Data Translation, Inc. Al other trademarks and registered trademarks are the property of their respective holders
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Guess whos first
in CAD/CAM/CAE
and fastest growing
in workstation sales?

(uess again.

The first name you probably thought of is not the first.
Intergraph is #1 in CAD/CAM/CAE in North America. Also,
we're the world’s 4th largest and the fastest growing
workstation company.

And it should be no surprise. Intergraph offers the broadest
range of integrated solutions — more than 500 Intergraph and
third-party applications. Intergraph introduced the first
workstation based on a commercial RISC microprocessor —
CLIPPER. Today, we're the world’s largest supplier of UNIX
RISC-based workstations and servers. Over 25,000 units
shipped.

With Intergraph, you get open, industry-standard
workstations, servers, peripherals — and integrated solutions.
Plus the connectivity to tie everything together.

Intergr aph

And, at Intergraph we take service and support very
seriously. Our people are available over the long-term — where
and when you need them. We're committed to maintaining our
ranking as #1 in customer loyalty and satisfaction.

So, avoid the guessing game in choosing workstations and
applications. Call Intergraph — a Fortune 500 company — first.
In the U.S. 800-826-3515, Canada 416-625-2081, Europe
31-2503-66333, Asia 852-5-8661966. CIRCLE 108
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TECHNOLOGY NEWSLETTER

By mounting a scanning-photodiode imaging array on a piezoelectric crystal,
COLOR SCANNER BEATS Array Technologies Inc., Oakland, Calif., has developed an innovative way to

DRUM'AND'LASER WAY move that array in rapid and precise submicron increments. By microstep-
ping the array with the piezo crystal, the company was able to build a full-color image scanner,
the AS-1, that will sell for about $20,000—a fraction of the cost of professional-quality drum
and laser scanners. The precise placement of the imaging array assures exact spatial registra-
tion and, therefore, repeatable scans. Adding a special photodiode sensor alongside the photo-
diode array also gives the scanner a dynamic range of up to 12 bits per color channel. The sen-
sor is held still at a precise location and repeated microstep scans are accumulated and aver-
aged to obtain the full dynamic range. In contrast, other scanners must typically make three
passes over the source material to capture the red, green, and blue data. As a result, they intro-
duce small mechanical inaccuracies that smear the image and color data. Images up to 4096
pixels by 4096 lines can be generated under the control of a TMS34010 graphics processor from
Texas Instruments. In addition, up to three AT&T WE-32 DSP chips offer such functions as
edge enhancement and various color controls. The system was introduced last month at the
Seybold Desktop Publishing Conference in San Francisco. DB

A customized Sparce RISC processor, designed jointly by Solbourne Comput-
CUSTOM SPARC CPU TO CUT er, Longmont, Colo., and Matsushita Electric Industrial Co. Ltd., Osaka,

WORKSTATION COST, SIZE Japan, promises to yield a one-million-transistor chip that reduces worksta-
tion complexity. The 15-by-15-mm chip has 32-bit integer and 64-bit floating-point subproces-
sors, a memory-management unit, and separate instruction and data caches. Fabrication
plans call for a submicron CMOS process that would push the chip to 40 MHz and let it execute
20 to 25 MIPS and up to 20 MFLOPS. Each cache has its own translation look-aside buffer to
minimize cache access time. To operate multiple CPUs in a system, the 280-pin processor in-
cludes circuits for multiprocessor systems. In describing the chip atlast month’s Microproces-
sor Forum in San Jose, Calif., Solbourne said that it plans to put it in a family of relatively low-
cost workstations set to appear by mid 1990. Matsushita is also looking at products for the
chip, but neither company intends to sell it separately. DB

With 300-point-per-inch resolution, the CADmate wide-format electrostatic
FAST P LOTTER CUTS COST printer delivers near-laser-quality monochrome plots at a cost that competes
OF HIGH RESOLUTION with the slower pen plotters. To get the plotter’s cost under $14,000, Versa-
tee, Santa Clara, Calif., traded off the machine’s intelligence by shifting some computational
burden to the host system—a personal computer or workstation CPU. As a result, the plotter
doesn’t a have rasterizing engine. Instead, it comes with rasterizing software and a simple
high-speed parallel interface card that plugs into a desktop system, such as an 80386-based
PC. The system prints the image up to six times faster than a pen plotter, moving the paper at
0.65 in./s. That rate produces an E-size (34-by-44-in.) drawing in less than 30 seconds. The
rasterizing software accepts Hewlett-Packard GL and Autocad ADI files. DB

OB JECT M ANAGEMENT GROUP Eleven new members, including board members AT&T and Netwise, have

joined the ranks of the Object Management Group (OMG), an international
GAINS ELEVEN MEMBERS organization devoted to making different vendors’ computer systems and
software work and communicate together with increased efficiency. The newcomers, which
also include the AION Corp., Borland International, Coordination Technology, Eastman Ko-
dak, Objectivity, Ontologic, Softron, Unify Corp., and the University of California, bring the
organization’s total membership to 29. On another front, the group formed the OMG Technol-
ogy Committee, which aims to influence the future direction and standardization of core
object-oriented products and technologies. BM

A long-term agreement between Silicon Systems, Tustin, Calif., and Philips
SILICON SYSTEMS P HILIPS Components-Signetics, Sunnyvale, Calif. will culminate in technology and

SHAKE ON DISK'DRIVE ICS product exchanges centering around HS-3, which is Philips’ 8-GHz oxide-
isolated bipolar process. The process will make various products, including standard and
custom microperipheral ICs for disk drives. The two companies will offer alternate sources
for identical products. Under the agreement, Silicon Systems will transfer databases and test
data on several existing and newly defined products to Philips Components-Signetics. Philips,
in turn, will transfer the HS-3 process to Silicon Systems for its internal manufacturing. DM
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With IBM Corp., Austin, Texas, set to release its second-generation reduced-
FIR’,ST WR'APS COME OFF instruction-set computer (RISC) workstation, some details of the RISC CPU
IBM S LATEST RISC CHIP chip that drives the system were unveiled last month at the Microprocessor
Forum in San Jose, Calif. First, the chip will be created with IBM’s 1-pm CMOS process, which
the company also uses to build its 1- and 4-Mbit dynamic RAMs. IBM designers achieved con-
siderable instruction overlap for integer, branch, and floating-point operations so that the chip
has an effective efficiency of less than one cycle per instruction. In addition, the processor will
contain separate instruction and data caches, hardware features to assist database opera-
tions, and a high-speed floating-point unit. On-chip, 32-bit integer and 64-bit floating-point
units execute each of their instructions in one clock cycle. Wide internal and external buses
make it possible for one-cycle operand transfers. Also, with a 64- or 128-bit memory interface,
two or four words can be loaded in one cycle. To ensure data integrity, the processor checks
parity on external buses and internal blocks. DB

A forthcoming accelerator board for Sun workstations and other VME-based
WORKSTATION ACCELERATOR platforms is the first to combine Intel’s i860 and 1960 RISC microprocessors

OFFERS TWIN RISC CHIP S on one board. Within the board, the i860 is dedicated to integer, floating-
point, and graphics computations, while the 1960 handles the I/O and boot functions and
system diagnostics. This combination propels the workstation to near-supercomputer perfor-
mance: 40 MIPS and 80 MFLOPS. The board, from Sky Computers, Chelmsford, Mass., is
scheduled for release early next month. By merging the microprocessors with a DMA engine
and optimized C and Fortran compilers, the board will let workstations run applications, like
simulation, modeling, finite-element analysis, and fluid dynamics, that previously required a
supercomputer. RN

A multichip modular packaging scheme developed by Digital Equipment
MULTICHIP MODULES Corp.’s research center, Cupertino, Calif., holds from 100,000 to over 1 million

REALLY PACK IN THE GATES gates. The modules increase system density by almost 30-fold. In addition,
they double system-computation speed by cutting propagation delays over the packaged-chip-
on-board scheme the company uses in its VAX 8800 system. Interconnections in the modules
are formed on a 6-in.-diameter metal wafer by depositing alternating layers of a polyimide
dielectric and copper, and patterning the layers using well-established photolithography to
obtain 15-pm-wide lines. Furthermore, DEC developed a proprietary tape-automated-bonding
scheme with internal ground planes for complex ECL or CMOS ICs. With this scheme, up to
360-lead circuits can be mounted directly to the sites on the module. And each module has up to
800 I/0 lines for system interconnections. The first use of the modular packaging scheme will
be for high-power ECL circuits, which are intended to serve as the heart of a mainframe com-
puter the company plans to unveil later this year. When hosting ECL chips, each module can
handle up to 300 W in an air-cooled environment. To allow the module to dissipate that much
power, DEC developed a heatsink that looks like an inverted pin cushion with hundreds of
pins. The heatsink attaches to the bottom of the metal wafer. DB

A magnetic-resonance imaging technique developed by General Electric Co.,
MAGNETIC IMAGING SHOWS Schenectady, N.Y., gives doctors a noninvasive way to measure blood flow.

BODY’S BLOOD FLOW The technique—phase-contrast magnetic resonance (MR) angiography—
produces images of blood that delineate the veins and arteries. The faster the blood flows, the
brighter the vessels appear on the MR scanner’s display screen. At the heart of GE’s system is
a superconducting magnet that can produce a 1.5-Tesla field (30,000 times the strength of the
earth’s magnetic field) within a 1-m-wide bore. The patient is positioned within the magnet’s
bore and probed with high-frequency radio signals that excite the nuclei of hydrogen atoms,
causing them to resonate. The resonance signals are picked up by an antenna and transmitted
to a computer that reconstructs the data into a 3D image. The key to GE’s phase-contrast
angiography is a flow-encoding procedure that helps distinguish between the resonance sig-
nals given off by the moving hydrogen atoms in the bloodstream and the atoms in the body’s
stationary organs and structures. The procedure suppresses the relatively large signals emit-
ted by the motionless hydrogen atoms and highlights those from the hydrogen atoms moving
in the blood. LG
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Actual output

20 WATTS

Actually meets

MIL-STD-2000
MIL-STD-810C
MIL-S-901C
MIL-STD-461C
MIL-STD-704D
NAVMAT GUIDELINES

Mil/Pac™ high-density military power supplies.
Introducing NDI DC-to-DC converters that meet an unprec-
edented combination of military design demands. Plus
having the highest power-to-volume ratios of any full-mil
qualified products.

Mil/Pacs come in 20W, 35W and 50W configurations,
with single (5,12, 15,24,28V) and dual (+12V; +15V) outputs.

They handle a wide 14V to 31V range of input. And

SEE US AT WESCON BOOTH #5427-29

operate at temperature extremes from —55°C to +100°C.
Mil/Pacs are designed with a field-proven topology that’s
been verified by rigorous environmental stress screening.
They’re available with MIL-STD-2000, or without. Either way,
the specs are worth reading.
Just write us at 2727 S.La Cienega BI., Los Angeles, CA
90034. Or call (213) 936-8185.

abbott

WHEN RELIABILITY IS IMPERATIVE:"
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New surface-mount 4Mb DRAMs
provide four times the density
ina IMb footprint.

Now theres an easy way to
get 4 megabits of storage in a 1 megabit
surface-mount package. And it’s avail-
able from Fujitsu Microelectronics.

Using Fujitsu’s proven high-
density, three-dimensional stacked

capacitor cell technology, our new 4Mb DRAM

boosts storage capacity to four times that of
our IMb DRAM.

And it also provides you with
very high soft-error immunity. All in an
industry-standard .300 mil wide surface-
mount package.

So you can easily upgrade your
existing IMb DRAM memory systems
without having to design specific boards or
modules for.350 mil wide surface-mount
packages.

Higher
capacity also pro-
vides you with

) higher reliability
" Because now you
need fewer devices for
the same amount of
storage. Which lowers your
cost and also reduces the risk of
potential failures.

Best of all, our new 4Mb DRAM
is from Fujitsu Microelectronics. The partner
you can count on. Now and in the future.
Providing you with the edge you need to
always stay ahead.

If youd like to know more about
our new 4Mb DRAM, call 1-800/642-7616.
And see how easily 4 megabits fit into a
1 megabit footprint.

1o,
FUJITSU

Every step of the way.™
FUJITSU MICROELECTRONICS, INC.

Integrated Circuits Division
3545 North First Street, San Jose, CA 95134-1804. 1-800/642-7616.

© 1989, Fujitsu Microelectronics, Inc.
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ILC DATA DEVICE
CORPORATION

ABOUT SYNCHRO-CONVERSION e« A/D & D/A CONVERSION e 1553 BUS DEVICES ¢ POWER & CUSTOM HYBRIDS

MEM-84002
64K x 16

BUS-61555

1553
DATA BUS

ﬁ DATA LINES

DDC is pleased to announce the
availability of a new 1 megabit,
55ns, FULL-MIL static RAM hy-
brid, the MEM-84002. Packaged in
a small 1.25”” x 1.25”” x 0.150’’ 46
pin hermetic flatpack, the MEM-
84002 features high speed and low
power dissipation of CMOS
technology.

The MEM-84002 has an access
time of 55ns, a 64K x 16 bit mem-
ory organization and a -55°C to
+125°C operating temperature
range which makes it ideal for use
with 16 or 32 bit CPU’s in a wide
range of military processor appli-
cations including RISC and CISC
designs. Faster access times are
available. Contact the factory for
details.

ILC DATA DEVICE |

CORPORATION
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ADDRESS LINES

The MEM-84002 is an excellent
choice for memory expansion
when using the BUS-61553 (AIM)
hybrid family especially when in
the BUS monitoring mode where
additional memory is required.

The MEM-84002 uses four (4)
TTL compatible 32K x 8 RAM
chips to implement its 1 mega-bit
memory. Data transfers are made
using 16 address lines; 16 data
lines; and standard read, write, and
enable lines. Using external decod-
ing, the MEM-84002 is fully ex-
pandable to any memory width or
depth.

The MEM-84002 operates from
a single 5 volt power supply. Since
low power CMOS components are
used in the hybrid, a battery back-

4P

SUB
SYSTEM

o
>

up will easily prevent data loss
under power failure conditions.
Data will be retained with battery
voltages as low as 2 volts.

With its small size, high perfor-
mance, wide operating temperature
range, and screening to MIL-
STD-883, the MEM-84002 1 mega-
bit memory hybrid is well-suited
for use in the most demanding
military applications.

Add reliable high performance
plus a new capability to your sys-
temdesigns with DDC’snew MEM-
84002. For more information, con-
tact Robert Fryer, Custom Hybrid
Applications, at (516) 563-5390. []

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716,

(516) 567-5600, TLX-310-685-2203, FAX: (516) 567-7358

WEST COAST (CA.: WOODLAND HILLS, (818) 992-1772, FAX: (818) 887-1372;

SAN JOSE, (408) 236-3260, FAX: (408) 244-9767; GARDEN GROVE, (714) 895-9777, FAX: (714) 895-4988
WASHINGTON, D.C. AREA: (703) 8937989, FAX: (703) 893-7954

NORTHERN NEW JERSEY: (201) 785-1734, FAX: (201) 785-4132

MASSACHUSETTS: (617) 341-4422 or 3128, FAX: (617) 344-1040; JAPAN: (03) 814-7688, FAX: (03) 814-7689
UNITED KINGDOM: 635-40158, TLX: 851-848826; FRANCE: (1) 4-333-5888, TLX: 842-630609

WEST GERMANY: (08191) 3105, TLX: 841-527128; SWEDEN: 8-920-635, TLX: 854-10952
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DIAMOND-FILM COATINGS INCH CLOSER T0
BECOMING A COMMERCIAL REALITY

iamond film, which
serves as an excel-
lent electrical insu-

lator and thermal conduc-
tor, shows promise as a
commercial entity. Process
developments in diamond-
film coating at the Univer-
sity of California at Los
Angeles (UCLA) pack po-
tential for both passive and
active applications in semi-
conductor devices.

Other probable applica-
tions for the film are in the
mechanical and optical are-
nas. The new process,
which is called plasma-as-
sisted physical-vapor depo-
sition (PAPVD), offers
several key advantages
when compared with the
chemical-vapor deposition
(CVD) processes now used
for diamond-film synthe-
sis.

Developed by Prof.
Rointan Bunshah, Dr.
Chandra Deshpandey, and
colleagues at UCLA’s
School of Engineering and
Applied Science, the pro-
cess evaporates graphite
by an electron beam to
form carbon vapors. These
vapors are then introduced
into a gas plasma contain-
ing hydrogen. The materi-
al to be coated is held in the
gas plasma and the result-
ing reaction deposits a dia-
mond film on the material’s
surface (see the figure).

According to Deshpan-
dey, earlier attempts with
CVD technology to devel-
op diamond-film coating
processes for microelec-
tronic applications were
stymied by inherent prob-
lems. CVD processes re-
quire a temperature be-
tween 850 and 1000°C. Such
high temperatures are in-
compatible with many

semiconductor-device pro-
cessing technologies. In
contrast, the PAPVD pro-
cess requires much lower
temperatures—less than
350°C.

In addition, researchers
using CVD have had only
limited success in scaling
their processes to coat wa-
fer-sized areas. The
PAPVD process has much
greater potential in this re-
spect, Deshpandey claims.
Finally, diamond coatings
produced with CVD pro-
cesses have highly granu-
lar, faceted surfaces that
render them unsuitable as
substrates for semicon-
ductor material. The coat-
ings produced by the
PAPVD process are of a
uniform thickness that
lends the film to microelec-
tronic applications.

Deshpandey says that
commercial applications
for passive devices can be
pursued immediately. The
high thermal conductivity
of diamond film makes it
useful as a heat sink for
high-power and GaAs-mi-
crowave devices. At pre-
sent, the UCLA research
team is working on demon-
strating the processes’

ability to coat large, wafer-
sized areas. Once that’s
done, they’ll begin efforts
to dope the diamond film
with an eye toward active-
device applications. The
process technology for
such devices would be simi-
lar to those used for to-
day’s silicon and GaAs de-
vices, but such applica-
tions may be years away,
says Deshpandey.

Other film applications
may be found in impact-
protective coatings for
hard disks. Diamond’s in-
herent hardness means
that g coating just 100 to
200 A thick could protect
magnetic media from the
hazards of high-speed, fly-
ing read-write heads.

That same hardness,
coupled with the film’s
smoothness and transpar-
ency, suggest a myriad of
optical applications. These
range from protection for
infrared and UV compo-
nents to scratch-resistant
coatings for eyeglass
lenses. Thanks to their
high band gap and high re-
sistivity, the films could
also serve as radiation-pro-
tective coatings in aero-
space and nuclear applica-
tions.

Finally, according to
Deshpandey, Japanese re-
searchers have had some
success utilizing diamond
films as coatings for high-
fidelity loudspeaker dia-
phragms. The UCLA pro-
cess, with its ability to coat
large areas, certainly suits
it for such applications.

DAVID MALINIAK
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PURE TUNGSTEN FUSES SHRINK DELAYS IN
PROGRAMMABLE ECL DEVICES

esistance is a curse
that limits speed in
any high-speed cir-

cuit, therefore affecting
overall chip performance.
Thus, when designers at
National Semiconductor
Corp., Santa Clara, Calif.,
had to create anew genera-
tion of extremely fast pro-
grammable ECL chips,
they spent much of their

time developing a low-re-
sistance lateral fuse made
of pure tungsten. With the
resulting fuse structure,
signals can propagate fast-
er than ever through the
unblown links.
Titanium-tungsten

(TiW) has been the favored
material combination for
most bipolar fuses, but its
resistance is about twice

ELECTRONTIEGC D

that of pure tungsten. Na-
tional made small, low-re-
sistance fuses by separat-
ing the TiW barrier metal
film from the tungsten
fuse material. In that way,
the thickness and size of
both the barrier material
and the fuse can be sepa-
rately optimized. In addi-
tion, an isotropic plasma
etching can be used on the

O(I]‘:TOSBE}{ 129198§| 29




TECHNOLOGY ADVANCES

(1200 A) Titanium-tungsten
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tungsten to form very
small and precisely-shaped
fuses.

The basic fuse structure
starts with a thin film of
pure tungsten (about 300
A) that sits on top of the
field oxide (see the figure).
The tungsten is then pat-
terned into the fuse links.
Next, the link regions are
covered with an oxide layer
formed by chemical vapor
deposition. Then, a thicker

(1200 A) TiW barrier film
that’s self-aligned to the
first layer is deposited. Af-
terwards, a standard alu-
minum interconnection
layer is deposited on top of
the barrier film.

The TiW barrier film pre-
vents any aluminum spikes
from punching through
the thin tungsten layer and
pushing their way through
the field oxide to cause a

shorttotheactiveregion of

the wafer. Finally, win-
dows (openings) are etched
in the combined Al-TiW
layer above each link re-
gion and the wafer’s sur-
face is covered with a di-
electriclayer.

With dry etching and
high-resolution, direct-
step-on-wafer lithogra-
phy, National Semiconduc-
tor could work with very
tight design rules, keeping
the IC chip area small.
Moreover, fine design
rules minimize the perfor-
mance loss that parasitic
elements cause. As a re-
sult, forthcoming pro-
grammable ECL circuits
will have about half the
propagation delays of pre-
vious ECL PLDs. The first
commercial use of the
tungsten fuse will be in a
family of ECL PLDs with
2-ns propagation delays
that National plans to re-
lease later this year.

DAVE BURSKY

OUTPUT CONTROL QUIETS NOISE

USUALLY FOUND IN ADVANCED CMOS LoGIC

ecause of its high
speed and rail-to-rail

voltage swings, ad-
vanced CMOS logic gener-
ates lots of noise. Types of
device-generated noise in-
clude dynamic-threshold
shifting, which can cause
false triggering; under-
shoot, which can induce
ringing and random fail-
ures; and ground bounce,
which can also produce
false triggering.
Innovative design tech-
niques used by National
Semiconductor, Portland,
Maine, control a device’s
output to cut device-gener-
ated noise. These tech-
niques include a split
ground bus and leadframe,
graduated output n-chan-
nel turn-on, and an output-

TR ONTIC
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undershoot correction cir-
cuit (see the figure). Na-
tional is putting these im-
provements in its new
family of low-noise FACT
(Fairchild Advanced
CMOS Technology) logic
parts, called the FACT Qui-

The split ground bus and
leadframe address dynam-
ic-threshold shift. Thresh-
old shift is caused by the
ground noise resulting
from outputs switching si-
multaneously. Because
separate input and output

namic-threshold shift, the
FACT QS parts have two
ground buses—one for the
input transistors and one
for the rest of the internal
gates, including output
transistors. To further iso-
late output noise from the
inputs, National Semicon-
ductor designed a split
leadframe for the ground
pin.

Ground bounce is the
voltage induced on the de-
vice ground by a current
being quickly discharged
into the output n-channel
transistor. It occurs only
during the transition of the
active outputs of the de-
vice. Subsequently,
ground bounce only poses
problems for asynchro-
nous lines.

The graduated-output,
n-channel turn-on circuit
virtually  eliminates
ground bounce, which is a
function of the output
waveshape. In the past,
ground bounce was only
slightly reduced by de-
creasing package and chip
inductance. By rounding
the high-to-low edge on the
transition point, the gradu-
ated turn-on (GTO) circuit
more effectively reduces
ground bounce.

In the GTO circuitry,
soft turn-on transistors
change state atarelatively
slow rate, thereby round-

et Series (QS) family. ground buses eliminate dy- | ingthe edges of the output-
Undershoot correction (USC) Ve _ Softtum-on for at
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INSIST ON SOLID Gas.

All this flap about newer, faster, more efficient

technologies doesn't hide the fact that few of
them ever get off the ground.

One newer, faster, more efficient ASIC
technology that has taken off is TriQuint
GaAs—the world’s most solid and
substantial GaAs ASIC offering, from
the first and most experienced
GaAs ASIC vendor. Thats why
we're a preferred supplier for
many of the world’s most
respected telecommunications,
instrumentation and computer
companies.

Count on TriQuint to tell you if and

DIGITAL/LINEAR PRODUCT DIVISION

TriQuint @

SEMICONDUCTOR

MICROWAVE PRODUCT DIVISION
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how GaAs makes sense for your system.
We give you the facts on performance.
Yield. Delivery. Reliability. We offer LSI-
level macros for efficient design. ..
flexible packaging...the option to

mix analog cells with digital designs.
We can show you credentials that
stretch through hundreds of jobs.

Call TriQuint at

1-800-344-7641. In Oregon,

644-3535. We'll show you a

list of major customers and

major applications that

prove our promises don’t vanish

into thin air.

MLC PRODUCT DIVISION




voltage waveform. And be-
cause ground bounce is
more substantial on the
high-to-low transition, the
low-to-high transition re-
mains unchanged. The
graduated turn-on tech-
nique cuts ground bounce
toabout1V from2to3Vin
aconventional part, .
Undershoot corrector
(USC) circuitry eliminates
output undershoot on the
switching and quiescent
outputs. Undershoot is a
product of the change in
current as a function of

TECHNOLOGY ADVANCES

time (di/dt). As output
edge rates speed up and
voltage swings increase,
undershoot increases. Un-
dershoot also increases
with the number of outputs
being switched at once.
The undershoot correc-
tion circuit is a two-stage
design. The first stage
senses a high-to-low edge.
At a predetermined point
on that edge, the under-
shoot corrector turns on,
controlling the turn-on of
the transistor thatsupplies
current to the output. In

the first stage of the cir-
cuit, a resistor-capacitor
(RC) timer controls the du-
ration and the decay of the
correction.

The second stage of the
design backs up the first
stage. If the RC timer
should time out before un-
dershoot is fully resolved,
a differential amplifier
senses that the output volt-
age is still below a refer-
ence ground. Consequent-
ly,itassumes control of the
corrector currentsource.

LISA GUNN

forthcoming math
Achip that’s totally

software- and pin-
compatible with Intel’s
80387 numeric coprocessor
can deliver more accurate
results five to ten times
faster the Intel chip. Es-
sentially, it can do simple
floating-point additions as
fast as Intel’s 80386 can do
integer addition. Further-
more, the CMOS chip takes
only one-twentieth the
power during standby (just
35 mW) and about one-
third the 80387 coproces-
sor’s power when active
(only 200 mW).

To achieve all this, Cyrix
Corp., a startup firm in
Richardson, Texas, came
up with new algorithms for
division, square root, and
transcendental functions
that cut the required com-
putation time and silicon
area. With a 1-um process,
the chip can operate at sys-
tem clock rates of 20, 25,
and 33 MHz.

Like Intel’s 80387 math
chip, the Cyrix CX-83D87
FasMath IC follows the
IEEE-754-1985 floating-
point standard with the 80-
bit extended precision op-

32[0ctoniniz o ® * N " C

tion. Italso does eight tran-
scendental function evalu-
ation commands: F2XM1,
which evaluates 2%-1;
FCOS, which finds cos(x);
FSIN, which finds the
sin(x); FSINCOS, which
evaluates sin(x) and cos(x)
and returns both values;
FPTAN, which gives tan
(x); FPATAN, for arc-
tan(x); and FYL2X and
FYL2XP1, which evaluate
y X logy(x) and y X logy(x +
1). To help the math chip
calculate transcendental
functions, it stores such
preprogrammed constants
as pi, log,(e), and log,(10).
Functionally, the chip is
divided into three main re-
gions. The first is the inter-
face unit, which manages
the interface to the host
processor. The second re-
gion is the execution unit,
which performs all of the
floating-point primitive op-
erations including oper-
and-type conversions, nor-
malizations, additions,
multiplications, divisions,
and result rounding. The
third region, the control
unit, supervises the execu-
tion of primitives and se-
quences of primitives

D ESTIGN

MATH CHIP, COMPATIBLE WITH 80387, CHURNS
OUT NUMBERS UP T0 TEN TIMES FASTER

needed to do complex oper-
ations.

It also manages traffic
to and from the interface
unit. Moreover, the chip
has a hardware array mul-
tiplier, an independent
mantissa arithmetic unit,
and logic for fast division
and square-root functions.

Just as the 80387, the
Cyrix chip has an eight-
register data stack, a con-
trol register, and a status
register. The chip, howev-
er, extends beyond the
80387 math coprocessor by
adding a data-register tag
word, which improves con-
text switching and stack
performance by tracking
empty and non-empty sta-
tus for each of the eight
dataregisters.

To accelerate the divi-
sion, Cyrix developed a ra-
dix-128,000 division algo-
rithm that minimizes chip
area by permitting an un-
usual 19-by-69-bit multipli-
er structure to be used for
all computations. The mul-
tiplier executes exact A -
(B X C) functions in one cy-
cle and supports either ap-
proximate or exact compu-
tation methods.

In the division scheme,
thereciprocal of the divisor
is used to estimate 17-bit
quotient digits and an ex-
act remainder of the quo-
tient digitis calculated dur-
ing each iteration. Conse-
quently, precise 80-bit divi-
sion is done in just four
iterations. That iteration
sequencealsoled tothe use
of polynomial evaluation
methods to perform the
computations for the tran-
scendental functions.

Intel’s chip computes
with a Cordic method,
which requires three to
four times as many calcula-
tions as the Cyrix ap-
proach. Cyrix chose
Horner’s rule, which first
makes it possible for the
polynomial expression to
be rewritten so that it can
be evaluated with iterative
calculations. Then the com-
pany applies a mini-max er-
ror minimization to achieve
arelative error of less than
2765, As a result of the new
algorithm, the new chip
can perform the calcula-
tions in one-fifth to one-
tenth the number of clock
cycles required by the
80387.

In addition to the 80387
standard coprocessor in-
terface, the 68-pin chip can
also function in a memory-
mapped mode to deliver
twice the throughput of
the Weitek Corp., Sunny-
vale, Calif., floating-point
accelerator.

With the memory-
mapped mode, the chip can
also work with other micro-
processors. Moreover,
with the broad range of ap-
plication routines written
for the Intel math copro-
cessor, it should be rela-
tively easy to splice the
routines needed to control
the FasMath chip into an
application program.

DAVE BURSKY




Experience makes the difference

Raytheon’s experience gives you the winning ECL combination

Raytheon’s ECL array family
performs at a fraction of the power
of competing ECL technologies.
Proven ECL logic arrays are denser
than 1.5 micron CMOS arrays.

(] Here now: ECL arrays with a
proven track record. Raytheon’s
extensive experience in design,
prototype and production devices
gives you the highest level of
confidence.

(] Highest density: CGA 70E18:
12,800 equivalent gates
CGA 40E12: 7,752 equivalent gates

CGA 1ME12: 4,584 equivalent
gates and 1280 bits of RAM.

(] Performance: Superior speed/
power performance—<0.1 pJ; 300
ps delay; 300 uW power dissipation
(typical gate).

[] Ease of design: Raytheon’s
contiguous row array topology
provides a superior design approach
when compared to fixed position
cell-based technologies. This
topology offers greater flexibility
and ease in macrocell design,
placement and routing.

(] Interface capability: I/Os
compatible with ECL (10 KH or
100K), TTL, CMOS, ETL (mixed
ECL and TTL), and ETC (mixed
ECL, TTL and CMOS).

The extensive experience and
support provided by Raytheon
mean easy, error-free, and cost-
effective ECL design for you.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
(415) 966-7611

Raytheon
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Where quality starts with fundamentals.
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YOU ALREADY HAVE
32 GOOD REASONS TO 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



rugged plug-in

mplifiers

0.5 to 1000MHZ 1on $13%3....

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-amplit.er 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 ail 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 DCPWR PRICE
(MHz) dB OUT/PWRt dB 12V, $ ea
MODEL  f_ tofy, min flatnesstt dBm (typ) mA (10-24)
MAN-1 05-500 28 10 8 45 60 13.95
MAN-2 0.5-1000 19 15 7 6.0 85 1595
MAN-1LN  05-500 28 10 8 28 60 15.95
OMAN-THLN  10-500 10 08 15 37 70 1595
*MAN-1AD 5500 16 05 6 72 85 2495
ttMidband 10f_to fu/z,iO,SdB tldB 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

[JMini-Circuits

A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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TECHNOLOGY ANALYSIS

(AAS TECHNOLOGY ADVANCES

ON MULTIPLE FRONTS

NOVEL DEVICE STRUCTURES AND PROCESS

AND MATERIAL

ENHANCEMENTS

SPEARHEAD IMPROVEMENTS.

MiLT LEONARD

hanks to improved mate-
rials, fabrication tech-
niques, and yield, galli-
um-arsenide (GaAs) tech-
nology is gaining in-
creased prominence in
high-end commercial, in-
dustrial, and military ap-
plications. This trend will be evident in
the conference papers presented at this
year’s IEEE Gallium Arsenide IC Sym-
posium, held at the Sheraton Harbor Is-
land Hotel in San Diego, Oct. 22-25.
Many papers will describe new GaAs
chips on the verge of entering the com-
munications, military, computer, and
industrial marketplaces. Presentations
on the new device structures and pro-
cess technologies that will spawn next-
generation market entries should be
particularly interesting.

Many GaAs vendors are working to
improve GaAs FET manufacturability
and performance. To increase the yield
of enhancement- and depletion-mode
logic circuits of up to 5000 gates, ITT
Gallium Arsenide Technology Center,
Roanoke, Va., will propose a buried-lay-
er, multifunction self-aligned gate pro-
cess. The process uses a titanium-tung-
sten-nitride self-aligned 0.7-um gate
and requires only nine masking layers
to make FETSs, Schottky diodes, and ion-
implanted and thin-film resistors. The
paper will detail the fabrication pro-
cess, test circuits, and parametric mea-
surement results.

One obstacle to making high-speed,
short-channel GaAs memory devices
has been the difficulty of creating a
self-aligned MESFET with an ion-im-
planted, shallow, low-resistance n-type
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1.MESFET SIDE-GATING in NEC's proposed design is suppressed by adding a control

gate between adjacent MESFETSs and above an ion-implanted p* isolation layer. The n-type layer
has a negative bias to prevent expansion of the surface depletion region.
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GALLIUM ARSENIDE

channel to suppress the short-chan-
nel effect. A paper by Hitachi Ltd.,
Tokyo, will describe a selective-
growth process that creates a low-
resistance n™ layer that suppresses
the short-channel effect in a MES-
FET with a 0.5-um gate. The compa-
ny will demonstrate the application
of the process to a 4-kbit static RAM
with a 0.8-ns access time.

Another problem with GaAs MES-
FETs has been gate-leakage current
(side-gating) during low-tempera-
ture operation. NEC Corp., Kawasa-
ki, Japan, will describe a novel MES-
FET structure that suppresses this
side-gating. The improved design po-
sitions a control gate on the thin sili-
con dioxide between two MESFETs
(Fig. 1). This gate is biased at the
minimum negative potential of the
circuit to suppress surface leakage
current between the source and
drain of adjacent transistors. A p*
region located beneath the gate is
surrounded by an n-type layer to
suppress the bulk side-gate current.
The presentation includes character-
istic curves for the MESFET, static
RAM waveforms, and the propaga-
tion delay of a 49-stage, DCFL (di-
rect-coupled FET logic) ring oscilla-
tor built with the process.

Though individual GaAs devices
may be faster and operate over a
wider temperature range than sili-
con equivalents, most new silicon
technologies integrate several de-
vice types for improved overall per-
formance. For GaAs technology to
compete effectively, it must have a
similar integration capability. Re-
searchers at Texas Instru-

use of P-JFETs as active loads for
high gain and low-voltage operation.

Some researchers are tweaking
the AlGaAs/GaAs HBT process to
create an alternative to silicon bipo-
lar or GaAs FET technologies for ap-
plication in high-speed digital com-
munications and instrumentation.
This is the case at the Toshiba R&D
Center, Kawasaki, Japan. The com-
pany will report on multiplexer and
demultiplexer chips that use this pro-
cess to reach operating speeds that
exceed 15 Gbits/s—the highest yet
reported for multiplexor/demulti-
plexor ICs. The HBTSs are built on
molecular-beam epitaxy wafers with
self-alignment processing (Fig. 2).
Toshiba will cover process and cir-
cuit details, and project how the tech-
nology can implement future ultra-
high-speed systems.

A number of conference papers
will report on GaAs technology de-
velopments for application in com-
munications equipment. Regarding
microwave and millimeter wave 1Cs
(MMICs), a paper by Motorola, Tem-
pe, Ariz., will detail the design philos-
ophy, testing, and temperature re-
sponse for a low-current, enhance-
ment-mode MMIC amplifier intend-
ed for portable communication
applications. Raytheon’s Electro-
magnetic Systems Div., Goleta,
Calif., will report on a novel MMIC-
switch isolation technique that gives
a 40-dB isolation over a 2- to 19-GHz
frequency band. In addition, Plessey
Three Five Group Ltd. and Plessey
Research Caswell, Northants, UK,
will disclose a novel approach to re-

ducing the area consumed by spiral
inductors on GaAs MMICs. Plessey
will demonstrate the process that
overlays one spiral on top of another,
separated by a dielectric layer and
joined in the center by a via hole. The
resultis inductance values as high as
20 nH but occupying an area of un-
der 0.1 mm?.

Other MMIC-related papers re-
port on more esoteric aspects of the
technology. For example, research-
ers at IBM’s Systems Integration
Div., Oswego, N.Y., are delving into
the causes of rf gain changes in
GaAs MESFETs that result from the
presence of hydrogen gas. The IBM
paper will explain the chemical ac-
tion that leads to lower device trans-
conductance and lower rf gain.

The promise of low-cost sub-
strates and multiple circuit func-
tions through integrating GaAs and
silicon devices on the same chip has
been blocked by major obstacles:
very large dislocation densities, high
unintentional doping concentration,
and wafer bowing due to expansion
coefficient mismatch. Hughes Air-
craft Co., Torrance, Calif., will dis-
cuss their solutions to these prob-
lems. The company has built X-band
power FETs by direct implantation
into MBE-grown GaAs, using low-
temperature buffer layers. A paper
will detail the process and present
test-measurement results for dc and
rf characteristics.

Three companies will report on de-
velopments for lightwave communi-
cation systems: NEC will describe ul-
tra-high-speed laser driver ICs that
use 0.35-um gate, doped

ments, Dallas, developed a
process that integrates
gallium-arsenide/alumi-
num-gallium-arsenide he-
terojunction bipolar tran-
sistors (HBTs) with p-
channel JFETs. TI will dis-

Emitter

Base

P+

norp

cuss how this integration
makes possible circuits
with the current-driving

.
n

capability of bipolar de-
vices and the high inputim-

Si-sub.

Collector

channel hetero-MISFETs.
These devices have operat-
ed at 10-Gbits/s with rise
and fall times of 10 ps. For
use in the Synchronous
Optical Network (SONET)
STS-192 system, Toshiba
researchers developed 2-
bit multiplexer and demul-
tiplexer chips that operate
at 12-Gbits/s data rate. To-
shiba will discuss the chip

pedance of FETs. The com-
pany will cover how the
complementary nature of
the devices allows for the

38|Gctoninizon® © N 1 C

2.EXPERIMENTAL MULTIPLEXER and
demultiplexer chips from Toshiba are made with AlGaAs/GaAs
HBTs. The HBTs have a graded-bandgap base and p-type collector
structures to reduce the base and collector transit times.

D ESTIGN

architecture’s process
technology and perfor-
mance parameters. Final-
ly, a paper from AT&T Bell




NEW MAP SERIES

SWITCHING POR SUPPLIES

Automatic Selecting AC Input: S ® 5 V' Universal Mounting System

= UL Recognized, CSA Certified
Rugged Wrap-Around Chassis

) . alit High Power Density, Up to
Thermal Shutdown with Warning - ﬂ 1 5 i {11 2.2 Watts/Cubic Inch

Platinum Barrier Schottky Rectifiers N 1 v'! , ¥ Outstanding Application Flexibility
Universal Terminal Block Connectors s 100% Test, Inspection & Burn-In
Include Both Locking Wafer Style VoS ‘

Connectors & 6-32 Wire Clamps ’ s > 2 Power-Fail Warning Signal
75% Typical Efficiency a (i St PRRcy” ‘ MOSFET Switching Technology

3750 VRMS Isolation Plus VDE
_ Safety Spacings

SO ADVANCED

THEY COULD ONLY
COME FROM POWER-ONE!

You only have to check its features to know why the new MAP Series stands
alone among standard switching power supplies. Never before has a combination
of advanced circuitry, components and customer-requested features been so
perfectly blended into a single power supply line. Realistically, there’s not a com-
petitive switcher line manufactured anywhere in the world today that seriously
challenges the MAP Series. . .either in quality and features, or in dollar value.

MODEL POWER OUTPUT 1 OUTPUT 2 OUTPUT3 | OUTPUT4 “Innovators in Power Supply Technology”
MAP55.4000 |55W/B5WPK | 5V@6A |12V @B3AMAPK | -12V@ 1A | -5V @ 1A 1171111 71] &
MAP55-4001 5V@6A [12V@ 1A -12V@1A | 24V@1.5A oY g N =
MAP55-4002 5V@6A  |12V@3AMAPK | 12V@1A | -12V@ 1A N GVeA

MAPB0.4001 | | BV @ 1aA |1v@ A | Z1V@iA | 2evi@2a 0.C. POWEr SUPPLIES

MAP80-4002 5V @ 14A |12V @ 4A/7TAPK 12V@1A | -12V@ 1A POWER-ONE, INC.

MAP130-4000 |130W/165WPK| 5V @20A |12V@5A/8APK | -12V@ 1A -5V@1A 740 Calle Plano - Camarillo, CA 93010-8583
MAP130-4001 5V@20A (12V@ 1A -12V@ 1A 24V @ 3.5A Phone: (805) 987-8741 - (805) 987-3891
MAP130-4002 5V @ 20A |12V @ 5A/8A PK 12V@1A | -12V@ 1A TWX: 910-336-1297 - FAX: (805) 388-0476
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GALLIUM ARSENIDE

Laboratories, Murray Hill, N.J., will
detail the company’s GaAs-on-indi-
um-phosphide MESFET structures
and GaAs/AlGaAs devices on Sisub-
strates for use in military and
lightwave communication systems.

Though intrinsically more resis-
tant to some forms of radiation than
silicon, GaAs is still vulnerable to
single-event upset (SEU). Soft-error
rates for GaAs FET static RAMs are
about 10™® to 10° errors/bit-day,
compared with the 1071 errors/bit-
day for CMOS/SOS static RAMs.
With high device yields allowing for
designs with higher device counts
per memory cell, it becomes possible
to include active circuit-hardening in
the memory chip. North Carolina
State Univ., Raleigh, N.C., under the
DNA/DARPA SEU Radiation Ef-
fects Program, will examine the ef-
fectiveness of this approach. The
university will present experimental
results and as well as data that
shows that GaAs FET static RAMs
designed with SEU-hardening as a
priority can be used in high-perfor-
mance space microelectronics.

Until now, little investigation has
been reported on regarding alpha
particle immunity for GaAs static
RAMs. But Mitsubishi Electric
Corp., Hyogo, Japan, will disclose a
16-kbit GaAs static RAM with im-
proved immunity from alpha-parti-
cleinduced soft errors. It will discuss
the fabrication process, perfor-
mance, and the novel circuit de-
signed used for the 7-ns, 2.1-W chip.

TRW Inc., Redondo Beach, Calif.,
has conducted radiation hardness
testing for GaAs/AlGaAs HBT tech-
nology. It will detail the device struc-
ture, test conditions and instrumen-
tation, and test results for neutron,
total ionizing radiation dose, and
dose rate environments. TRW will
conclude that the promising test re-
sults make this technology a candi-
date in the front-end analog, digital,
and data-conversion systems in se-
vere radiation environments.[]

POWERTEC

The Power in Power Supplies

20550 Nordhoff Street Chatsworth, CA 91311
(818) 882-0004 * FAX (818) 998-4225
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SLIGHTLY 564

p
youf HNE@E

POWER
kSpeciaIists)

(" AC LINE FILTERS )

EMISSION LEVELS
FCCA&B
VDEA &B

*POWER ENTRY MODULES
*THREE-PHASE. ... s casssusssnisin -

*MEDICAL/PATIENT CARE............ 3-20 Amp
*SINGLE-PHASE, HIGH CURRENT. . 15-45 Amp

*CUSTOM DESIGN................. 3-100 Amp

\_

( SWITCHING )
POWER SUPPLIES

LOW COST
SMALL SIZE

UNIVERSAL INPUT I‘ SWITCHABLE INPUT

95-260 Volt
UV330 Series/30W

115-220 Volt
MF330 Series/30W
UV340 Series/40W MF339 Series/40W
UV365 Series/65W BM Series/150,220W

UV385 Series/BSW || TABLETOP 30W,40W
k *CUSTOM DESIGN i

DCIDC B
CONVERTERS

LOW COST
CUSTOM DESIGN

*200Z Series

-DISPLAY APPLICATIONS
*949Z,950Z Series

-TELECOMMUNICATIONS
*TDA,TDB Series

-LOCAL NETWORK )

TRI-MAG, Inc)
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®
8210 W. DOE AVE. [T TELEX NUMBER:4994462
VISALIA, CA 93291  CABLE ADDRESS: TRIMAG'
\ (209) 651-2222 FAX 209-651-0188 )
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your checklist.

Now you can turn a complex checklist into a
simple one. Introducing Vivisun Series 2000, the
programmable display pushbutton system that
interfaces the pilot with the host computer. The user
friendly LED dot-matrix displays can display any
graphics or alpha-numerics and are available in
green, red or amber. They can efficiently guide the
pilot through any complex sequence, such as a
checklist, with no errors and no wasted time.

They also simplify pilot training as well as control

panel design. Four Vivisun Series 2000 switches can
replace 50 or more dedicated switches and the
wiring that goes with them. In short, Vivisun Series
2000 gives you more control over everything
including your costs.

Contact us today.

AEROSPACE OPTICS INC.

3201 Sandy Lane, Fort Worth, Texas 76112
(817) 451-1141 - Telex 75-8401 * Fax (817) 654-3405

SERIES
Va V 4

"™

Programmable display switches. Making the complex simple.
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10w available for the transputer —

the low-nsk low-cost path to increased

computing performance.

Multiprocessing
Simple.

Return the coupon to SGS-THOMSON
Microelectronics, 1000 East Bell Road,
Phoenix, Arizona 85022, or circle the bingo

number. For faster servioe call 602/867-6259.

ED 10/12/89
NS l
imple.

[7[ mwmﬁwxaw&mommummm ‘andeOSuemglstemd trademarks of INMOS Limited. © 1989 all rights reserved SGS-THOMSON Microelectronics.




NUMBER 5 IN A SERIES

Third-party software
developers jump
on multiprocessing

bandwagon.

More and more manufacturers view the transputer as the
straightforward solution to expandable high-performance
parallel computer engines. As evidenced by the growing
library of third-party software for the transputer,

programmers CONncur.

In fact, the wide range of hardware and software
development tools now available for the transputer is
working to accelerate its popularity. These tools include
compilers, software simulators and debuggers based on a
modular prototyping system of mothercards and transputer
modules. Compilers include C, Fortran, Pascal, Ada* and
the occam™ programming language for parallel processing.

Manufacturers designing transputer-based systems
also have access to local technical field support,
software training courses and comprehensive software

support service.

@ nmos ST

SGS-THOMSON
MICROELECTRONICS

INMOS is a member of the SGS-THOMSON Microelectronics Group.
*Ada is a trademark of the U.S. Government
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Time interval measurement.

e

le-shot resolution
vency response

Statistics, analysis, and graphics

Finally, high resolution time
interval measurement at an
affordable price. The SR620
Universal Time Interval
Counter offers 4 ps single-shot
LSD on time intervals, and 11
digits of frequency resolution
in one second. With powerful
arming, gating, and triggering
modes, the SR620 can mea-
sure time interval, frequency,
period, pulse width, and phase,
as well as rise and fall times.

The SR620 has built-in sta-
tistical functions, including
mean, min, max, standard
deviation, and Allan variance

for up to 1 million samples.
Results may be displayed on
the front panel, and graphed in
histogram or strip chart form
on an X-Y oscilloscope. Hard-
copy is directly available on a

plotter, printer, or chart
recorder.
With both RS-232 and GPIB

interfaces standard, the SR620
is alsoideal for ATE applications.

Whatever your time or fre-
quency measurement needs
may be, the SR620 is the
answer. For more information,
call us at (408) 744-9040.

SRS/ STANFORD RESEARCH SYSTEMS

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

e SRETR

The SR620 provides graphic display of
histograms and strip charts on any X-Y
oscilloscope. With Autoscale and
Zoom, graphics can be easily scaled.
Attach a dot matrix printer or an
HP-GL plotter and obtain hardcopy of

any graph.

SR620 $3850

Single-shot resolution 4 ps
Time interval jitter 20 ps rms
Maximum time interval 1000 s
Maximum frequency 1.3 GHz
Frequency resolution 10° Hz
Phase resolution 0001°
Statistics Mean, Min, Max,
Std. Deyv, and Allan Var.

Sample size 1 to 106
Analyzer Display on X-Y scope
Graphics Histogram and
Strip Chart

Hardcopy Printer/Plotter
Interfaces GPIB and RS-232

Oven Timebase (5x10%/day) $950
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COVER FEATURE

ECHO-CANCELLING TRANSCEIVER F'EATURES
FLEXIBLE NETWORK INTERFACE FFOR ADJUSTING
To EvoLVING ISDN STANDARDS.

U-INTERFACE TRANSCEIVER
INTEGRATES ANALOG AND DS

MiLT LEONARD

o satisfy cost and space
constraints of designers
of Integrated Services
Digital Network (ISDN)
systems, semiconductor
manufacturers have been
busy cramming more
functions onto one chip
over the last few years.
Nowhere has this been more noticeable
than with the ISDN U-interface chip,
which because of its analog functions
and digital complexity has resisted inte-
gration onto one chip. After introduc-
ing multifunctional, single-chip trans-
ceivers that integrate communications
controllers with various ISDN S-and T-
interface circuits four years ago, Sie-
mens Integrated Circuit Div. has now
succeeded with the industry’s first all-
CMOS, single-chip U-interface trans-
ceiver. The PEB2091 includes full-du-
plex transmission and digital adaptive
echo-cancellation circuitry.

Aimed at implementing the U-inter-
face function in ISDN terminals, pri-
vate automatic branch exchanges, and
central-office exchanges, the 2091’s ar-
chitecture stems from a two-chip set de-
signed for the German post office, ac-
cording to the Deutsche Bundespost’s
FTZ Guideline ITR220 specification. To
expedite market entry in Europe,
where most of the world’s ISDN instal-
lations are, Siemens separated the orig-
inal product’s digital and analog func-
tions into two chips.

For the U.S. version, the 2091, Sie-
mens applied experience gained from
developing the European chip set to in-
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tegrate both analog and digital func-
tions on an 8 X 8mm die using a 2-pm
CMOS, double-metal, double-polysili-
con process. Containing 70,000 transis-
tors, the 5-V chip dissipates just 300
mW of power in the active mode and 30
mW in the standby mode. By compari-
son, multiple-chip solutions require
more board space and dissipate over 1
W of power. Where the European ver-
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COVER: ISDN U-INTERFACE

TRANSGEIVER
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sion uses 4B3T (4-bit three- ternary)
block encoding to reduce the fre-
quency and signal attenuation on
European transmission lines, the
2091 uses 2-bit 1-quaternary (2B1Q)
for more effective noise suppression
on U.S. transmission lines (see
“Combating transmission line im-
pedance,” p. 47). This technique re-
sults in a transmission range of up to

18,000 ft. according to the ANSI
604.2 specification, at an 80-kbaud
(160-kbits/s) data rate.

The PEB2091 has three main funec-
tion blocks: a digital system-inter-
face unit, a digital receiver, and an
analog line-interface unit (Fig. 1).
The system interface unit (SIU) per-
forms activation and deactivation
procedures per ANSI standards. In
addition, the SIU im-

125,18 plements all defined

Framing L | U-interface mainte-
clock | I nance functions. Data
b is transferred through

ek “‘l” o o ”ﬂl frame conversion,

speed adaption, and
descrambling funec-

Dataout | omcHo ot cue| onacne[cus[ cue[ewr| ot | tions. The scrambler
and descrambler cir-
cuits are also part of

Datain | toMcho et che | cha [cna[cus[ cu[onr | cio | the chip’s digital sig-

nal-processing engine

Bt [ B | Mot [0 [on] MR/ |

that performs the
functions of adaptive

equalization and echo

and handshaking bits (MR/MX).
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2. COMMUNICATION WITH EXTERNAL

devices through the IOM-2 interface is over eight channels,
multiplexed within the 125-us superframe (shown here for
an 8-kHz clock). Each channel has subchannels for voice
and data (B1 and B2), signaling and packet-switched data
(D), bits for control operations (C/I), a monitor (MON)
channel for transferring maintenance data and messages,

cancellation.
Adaptive equaliza-
tion deals with the
problem of unknown
transmission-line
characteristics, which
can be the source of
transmission errors

D ESTIGN

circuit consisting of a transformer and a resistor network. For interconnecting different function modules in a network terminal, the [OM-2
interface consists of four physical connections: two lines for data and one line each for frame and data clocks.

I 1. FOUR-TO TWO-WIRE CONVERSION for connecting the PEB2091 to the transmission line requires a user-supplied hybrid

and noisy transmission. During the
power-up routine, a training se-
quence calculates transmission-line
impedance characteristics. The chip
then uses the results to calculate the
line’s inverse transfer characteris-
ties. The DSP engine applies this cal-
culation to the incoming signal to re-
store the original pulse shapes, for
more readily discernible pulse ampli-
tudes and logic levels.

The SIU communicates with other
network elements through the IOM-
2 (ISDN-oriented modular) inter-
face, an architecture jointly devel-
oped by four of Europe’s largest sup-
pliers of telecommunications equip-
ment (France’s CIE Alcatel, Italy’s
Italtel, Plessey of the United King-
dom, and Siemens of W. Germany).
Also gaining acceptance in the U.S.,
the IOM-2 interface uses a four-wire
bus to communicate with other
ISDN chips without the use of glue
logic. One wire carries an 8-kHz
framing clock signal; a second wire
carries the programmable data
clock, which can range from 512 to
4096 kHz. The remaining two wires
transmit data, one wire being used
for each direction between the sub-
scriber and network.

A 4096-kHz data clock corre-
sponds to a 2048-kbit/s transmission
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and inductance in copper

telephone lines combine

to form a low-pass filter
that distorts the shape of trans-
mitted pulses. If the transmitted
signal is a stream of ones and ze-
ros, each high-level signal will in-
ject energy into the energy-stor-
ing elements of the line imped-
ance, and each low-level signal
will discharge the line. If the num-
ber of ones and zeros is the same,
the net energy in the line is zero.
But in the more likely scenario,
where they're not, the line will
store energy during these unbal-
anced periods. The resultant de
offsets are superimposed on the
transmitted signal, making it dif-

COMBATTING TRANSMISSION-LINE IMPEDANGCE
esistance, capacitance,

techniques in use, block codes
have the highest performance in
noise-free transmission and
range, though they’re difficult
and expensive to put in silicon.
Siemens selected the quaterna-
ry block code for the PEB2091 be-
cause its performance best
matches the transmission charac-
teristics of U.S. telephone lines.
To keep the line balanced, this
technique encodes two bits as a
quaternary symbol (+2.5, +0.83, -
0.83, or 2.5 V) (see the figure).
Because each quaternary symbol
represents two bits, a further ben-
efit is twice the data rate for a giv-
en frequency. This increases the
range, because line attenuation of
the transmitted signal is propor-

ficult to decode and degrading | tional to frequency.

overall system perfor-

mance. First Second Quaternary Amplitude
As a result, trans- bit bit symbol (volts)

mission codes were de- 1 0 +3 +25

veloped that use multi- 1 1 +1 +0.83

. 0 1 1 -0.83

ple signal levels—pos- 0 0 L o

itive highs, zero, and

negative lows. The s B Example:

highs and lows are al- 2 11 10000111

ternated to represent :,

the same logic level, -1 o

resulting in a balanced % o0

signal. Of the coding

rate and eight multiplexed IOM
channels per 125-us frame. Conse-
quently, up to eight transceivers can
be connected to one IOM interface
(Fig. 2).

For the ISDN 2B+D 144-kbit/s ba-
sic access data rate, each multi-
plexed frame contains two circuit-
switched 64-kbit/s channels for
transmitting voice, data, text, and
images (B1 and B2); a monitor (MON)
channel that transfers maintenance
messages and data; a message-ori-
ented 16-kbit/s D channel for signal-
ing, packet, and telemetry informa-
tion; four command and indication
(C/1) bits for controlling chip activa-
tion and deactivation; and monitor
handshake (MR,MX) bits for data-
flow control in the monitor channel.

The IOM-2 interface provides the

platform for a flexible and powerful
bus structure. For example, portions
of a system design can be modified
with minimal software changes, as
U-interface standards change for
coding, data transport, and other
functions. The embedded control
function in the IOM-2 bus makes pos-
sible back-to-back connection of the
transceivers to create repeaters,
which are needed to boost signal
strength in lines exceeding about
18,000 ft long. Typically, designers
prefer to power repeaters from the
line, not from separate power sup-
plies.

Implementing a repeater with low-
power back-to-back transceivers re-
duces cost and power-supply re-
quirements. As another example, an
S-interface transceiver can be ex-

ELECTRUONTIC

tended to implement the U interface
by using products with the IOM ar-
chitecture.

Principal DSP functions are per-
formed by the receiver (REC), which
has a multiprocessor architecture,
with the various DSP algorithms
separated into data-path modules
with bus connection and global con-
trol. The REC performs echo cancel-
lation, pre- and post-equalization,
phase adaption, and frame detection.
Unwanted echoes on a transmission
line result from signal reflections to
impedance mismatches at line
splices, taps, and imperfectly de-
signed line interfaces.

A 36-Tar FIR FiLTER

For echo cancellation, the REC
uses 36-tap, 20-bit adaptive finite im-
pulse-response filters to remove line
echos and crosstalk from the re-
ceived signal. An automatic-gain-
control function contributes to opti-
mizing the receiver’s dynamic range.

The line interface unit (LIU) con-
tains a crystal oscillator and all of the
analog functions, including an ana-
log-to-digital converter in the receive
path, a pulse-shaping digital-to-ana-
log converter, and a line driver in the
transmit path. The LIU also includes
an analog test loop, a ranging func-
tion, and a signal-level detector.

The LIU connects to the telephone
transmission line through a user-
supplied hybrid circuit that consists
of a transformer and a resistor net-
work. The transformer interfaces
the four-wire signal from the 2091 to
the two-wire telephone transmission
line of the network. It also attenu-
ates some noise. Signals from the
telephone transmission line pass
through the hybrid circuit to a wake-
up circuit, which initiates power-up
procedures, and to the a-d converter.
The a-d converter is a second-order
sigma-delta modulator with a 15.36-
MHz clock, for a clock-frequency/
base-bandwidth ratio of 192:1.

Maximum pk-pk input-signal volt-
ageis 4V, which conforms to present
ASCII specifications for signal volt-
ages on telephone transmission
lines. For short transmission lines,
automatic ranging attenuates the in-
put signal by about 6 dB.
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Internally tying the a-d converter
to the transmitter’s output through
software control activates an analog
testloop, which can be used to isolate
problem areas on the telephone
transmission line. Input-signal
damping increases to about 12 dB
when the range and loop functions
operate concurrently.

Converting TTL pulse trains from
network devices into quaternary

PRICE AND AVAILABILITY
Slated for sampling in November,
the PEB2091 will be available in
volume in the second quarter of
1990 for about $60 each. Depend-
ing upon configuration, the ISDN
PC development system goes for
$3000 to $5000.

Siemens Components, 2191
Laurelwood Rd., Santa Clara,
CA95051; (408) 980-4535.

CIRCLE 513

code symbols with four different
pulse amplitudes is the job of the d-a
converter, which uses a differential
switched-capacitor technique. The d-
a converter’s staircase-like output
signal drives the output buffer’s line
drivers that are operating in a bridge
configuration with a gain of 2. This
signal is fed to the 2091’s output
through a switched-capacitor, low-
pass filter and a first-order, resis-
tance-capacitance filter with a nomi-
nal corner frequency of 1 MHz.

HicH-RESOLUTION WORD
A digital filter circuit converts the

output signal to a standard digital
word with a resolution and linearity
of 65 dB. This is equivalent to about
11 bits. All clocks in the analog por-
tion of the PEB2091chip are derived
locally from the 15.36-MHz master
clock.

Product development support for
the 2091 is supplied by the Siemens

ISDN PC development system,
which makes it possible for hard-
ware designers to simulate place-
ment of a voice or data call through
an AT&T #5 ESS (electronic switch-
ing system) central-office exchange.
Among the applications that can be
simulated are voice and data termi-
nals, line cards, and primary-rate
cards configured with various ISDN
line interfaces.

The support system consists of a
coprocessing board, a family of plug-
in modules that make possible differ-
ent equipment configurations, and
AT&T-compatible call-control soft-
ware. Other software packages are
available from Siemens for system
integration and testing functions.[]

How VALUABLE? CIRCLE
HIGHLY 556
MODERATELY 557
SLIGHTLY 558

The First Name
In Prototyping

From the first brilliant awaken-
ing of ideas to final design and
pre-production.

Vectorbord® Solutions
of Choice.

Punchboards, Circbords®
Plugbords™ multilayer discrete
wire PC boards, active bus inter-
face boards, card cages, system
subrack assemblies, back-
planes, and extenders for
most buses.

Ask for Vectorbord® at elec-
tronic distributors nationwide. Or
call or write for a free catalog.
12460 Gladstone Ave., Sylmar,
CA 91392-9208. Inside CA (800)
426-4652 Outside CA (800)
423-5659.

48|5ctioninizion "t © N " C

VECTOR _
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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:
& & i &am
2&~DIT
== —_ <

MICRO SUPPORT

The smoothest, most
elegant implementa-
Y tion for chips
like the 80386,
68030 and
68020. The
most sophisti-
cated trig-
gering of
any logic
analyzer
ever built. Ex-
pand to monitor as many
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.

’hest on

$1
put the
your hench: the

Split screen displays can show microprocessor activity
time correlated with high-speed timing data (above) or
disassembly of another microprocessor. The cursors can
be locked to scroll in parallel, highlighting data nearest to
the same point in time

CHANNELS

Expand up to 540

acquisition channels or,

using other modules,
up to 160 channels at

2 GHz. Apply up to 1008

stimulus channels at
50 MHz.

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
for under $18,000. .
with vast expandability
built in.

Stop hankering
after the DAS 9200,
and get your hands
on it at last. For infor-
mation or a demon-
stration, contact your
Tek sales engineer, or
call 1-800-245-2036. In
Oregon, 231-1220.

Copyright © 1989 Tektronix. Inc. All right
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— 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.

FETTRY TRRY ETY CETRRCRTYS TERE TREY FETEY EEEE

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

(Clean Power.

Conventional power supplies
exhibit poor power factor (07)
with a 700W limit to the amount
of power that can be delivered
from a conventional 15A AC line.
With the new MLA812 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 ML4812 also helps reduce

R

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.

POWER FACTOR
CONTROLLER

pwm | [T
|

= | CON-
VERTER|

ML4812

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.

N —

#. Micro Linear

CIRCLE 88

SINE WAVE
MULTIPLIER

UNDER-VOLTAGE
LOCKOUT

&» OVER-VOLTAGE
SHUT-DOWN

MLASI12 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




ELECTRONIC DESIGN REPORT

DESIGNING ASICs

ASICS:
THE LATEST
ALTERNATIVE

ow that application-specific

ICs (ASICs) have proven their

mettle, designers are discov-

ering that the important deci-

sion isn’t so much whether or

not to go the ASIC route, but

rather which ASIC technolo-

gy to choose. Seven specific

cases illustrate how design-

ers have followed different ASIC

paths. In each case, various difficul-

ties were encountered, including tim-

ing problems, tool inefficiencies, and
placement-and-routing obstacles.

For instance, Motorola’s ALPC 1,

a high-density CMOS array used in

laser-printer controller-board appli-

cations, was made with a triple-layer

metal CMOS process. The chip, a

ELECTHRUONTIC

RICHARD NASS

COMPANIES ARE
DISCOVERING
THAT BUILDING
ASICSIS AN
ARTTHAT THEY
SHOULD MASTER.

16,000-gate 1-um channelless array,
replaces an array made with a 2-um
technology. The chip was routed on
all three layers to increase the use of
its channelless sea-of-gates architec-
ture from about 40 to 80%.

As part of a controller board, the
ALPC 1 chip links the laser printer’s
microprocessor with its dynamic
RAM. Working with Personal Com-
puter Products Inc., San Diego, Mo-
torola attempted to lower the cost
and improve the speed of the printer
(from 6 to 15 pages/min). Engineers
from both companies mulled over the
specifications that would have to be
met to make such a device workable
based on the laser printer’s system
requirements.

The chip, which was actually de-
signed by two Motorola engineers in
Chandler, Ariz., was to be used in a
second-generation laser printer with
expanded capabilities. But the micro-
processor, a 68000, and the print en-
gine weren’t changed. The goal was
to make it possible for the 68000 to
emulate a 68020 without actually
changing processors. The new inter-
face also allowed for an easy up-
grade to a 68020.

A raster-operations section was
added to the chip. This section imple-
ments in hardware some of the more
complex algorithms that the micro-
processor must go through to send
the data from the engine’s memory
to the page. Here, performance im-
provements were obtained without
switching to a more exotic, high-per-
formance microprocessor.

Because of the high density of the
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array family, more logic can be
squeezed onto the chip and routine
software algorithms can be run in
hardware. The ASIC also eases the
microprocessor’s workload by off-
loading some of the instructions to
be executed. Some hooks and han-
dles were also added to support other
types of print engines.

While designing the ALPC 1, Mo-
torola made certain that the chip re-
mained standardized so the parts
could be used later in similar de-
signs. The ALPC 1 was created on a
Mentor Graphics system. Then Mo-
torola used its own Open Architec-
ture CAD System for test-vector and
timing verification.

The chip consists of seven func-
tional blocks: an MPU interface, a

MPU INTERFACE

CUSTOMER DEFINED

52/5ctonen iz * O N " C

dynamic RAM controller-interface, a
print-engine controller, a serial com-
munications interface, a 16-bit timer,
raster operations, and a clock gener-
ator (Fig. 1). Of the seven blocks, the
raster-operations segment, which
creates a bit-mapped picture for the
print engine, stands out.

The raster-operations section
must know when the printed data
has reached the end of a horizontal
line. Then it must alert the processor
when this condition arises. But be-
cause of the system’s configuration,
this section must transfer the rectan-
gular information one horizontal line
atatime. And, depending on how the
data is aligned and what type of
shifting is being done to the data,
two source fetches might be re-

RASTER OPERATIONS

LASER CONTROL

1. THE ALPC 1 is made up of seven functional blocks. In addition to those shown,
there’s a clock generator, a timer, and a serial-communications interface.

D E S I

G N

quired before sending the print en-
gine to the next line. This “invisible”
procedure constitutes one of the
largest design obstacles to over-
come. It required a lot of sketching,
rough drafting, and trial runs on pa-
per to determine the correct algo-
rithm. This created considerable con-
cern because this first-generation
chip had no previous design to copy.

Motorola’s engineers typically be-
gin a design by thumbing through
the company’s library of compo-
nents, which contains all of the flip-
flops, gates, multiplexers, adders,
and so forth. Once the function and
logical implementation of the chip is
defined, the schematics are entered
and connected via a workstation. The
next step is to generate a net list and
simulate the circuit. Stimulus pat-
terns show what each particular
block will see. The patterns are cre-
ated by generating several simula-
tion subroutines that mimic the pro-
cessor interface to the ASIC chip.

Each block would then pass
through that interface. The net list
can also be converted to an EDIF net
list (Motorola’s standard internal net
list). Decal, a delay-calculation tool,
takes each node in the circuit and cal-
culates the delay associated with
each. The delays are based on the ac-
tual topology or fanout of each cir-
cuit component.

Once these delays are known, they
can be inserted back into the Mentor
database for the simulator. With De-
cal, users can also specify the tem-
perature and voltage range that the
chip is expected to endure. Conse-
quently, environmental parameters
can be taken into consideration be-
fore the delays are calculated.

The last step is to verify the simu-
lation using the Verilog simulator on
a VAX computer. This final check
makes a complete simulation and
compares the results against those
obtained in the run using Mentor’s
QuickSim.

CoNTROLLING DMA

A chip designed by NCR’s PC Divi-
sionin Columbia, S.C., was to be used
as part of a 68030-based file-proces-
sor system in future systems—but it
works just as well with present sys-
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tems. The chip’s function is to in-
crease disk-access performance in a
system. David Simpson, the chip’s
designer, says that if this chip, which
is roughly 430 mils on a side, were
built instead as a pe board, it would
have taken up about three times the
size of the 11-by-14-1/2-in. board that
the ASIC chip was placed on with
other circuitry.

The chip is essentially a DMA con-
troller that interfaces to SCSIbus
and Multibus controllers. The advan-
tage over previous designs is that it
can execute some of the operations
that were previously done by the mi-
croprocessor. And it adds more
smarts to the interface between the
DMA controller and the bus. The pro-
cessor simply has to send the data
for a transfer and the interface will
carry it out.

The NCR chip actually has two dif-
ferent channels or interfaces. The
advantage here is that one chip can
do the work of two, thus saving
board space while reducing cost at
the same time. It can perform a disk
access to or from a local-area net-
work or it can go out onto a system
bus to obtain data.

NCR'’s chip was designed in a Men-
tor Graphics environment. Mentor’s
schematic editor is the starting
point. Then the designer used NCR’s
net list to extract information from
the schematic and prepare it for sim-
ulation.

The next step was to run the de-
sign with functional-level verifica-
tion. Here, he creates a set of models
that utilize unit delay to verify that
all functions are operating the way
they’re intended.

This particular design was one of
the few that worked on the first try
without any tweaking. The total de-
sign encompassed 15,000 equivalent
gates. The chip was designed with a
1.5-um technology. It contained
eight dual-port compiled RAMs to-
taling 2 kbits of memory. The ran-
dom logic includes a custom FIFO
buffer. The chip’s two different
channels can interface to separate
SCSI buses. Because of this technol-
ogy, it can grab data at 5 Mbytes/s;
with a Multibus, it can run at 20
Mbytes/s.

. 2. THIS ADDRESS GENERATOR was implemented with 1. 5-p,m technology. It

contains about 140,000 transistors in an area of about 215,000 mils>.

After modifying cell width and
depth, a verification check can be
run. At the same time, the identical
tool was run at NCR’s plant in Fort
Collins, Colo., to generate a physical
layout and automatically place and
route the design. The post-layout re-
sistance and capacitance values
were then sent back to South Caroli-
na so the original designer could in-
put them into his workstation.
Masks were then run with the actual
values.

The size and complexity of the
FIFO circuit became a major con-
cern. The paths were so long that
they weren’t running their full route
in the allotted cycle time. The way
around this was to run many layout
iterations on the computer, and
handpick the one that looked closest
to what was expected. Then the
places where the worst delay oc-
curred were highlighted. Hand re-
routes were done wherever possible.
Otherwise high-drive buffers were
installed in the line to discharge the
capacitors that were impeding the
speed.

Another problem was that the cus-

ELETCTHZRONTIC

tomer changed chip specifications in
the middle of the design process. In
this particular design, some features
were added including the ability to
access other types of memories. In
the final version, it was found that
the data could be sent directly from
the SCSI bus to the FIFO. As a re-
sult, this method was implemented.

AN NMOS UPGRADE

Greg Rocco, from MIT Lincoln
Laboratory, Lexington, Mass., was
instrumental in the design of an
ASIC to be used in a signal processor
for a moving-target-detection radar
system. This chip, an address gener-
ator, was implemented with a 1.5-um
technology. Because of its double-
metal CMOS process, the chip holds
about 140,000 transistors, of which
approximately 110,000 are used for
static RAM. Other areas of the chip
requiring large amounts of real es-
tate included the shift registers and
some general- and special-purpose
registers. The final die size was 453
by 475 mils (Flig. 2).

As documented in The Lincoln
Laboratory Journal, Vol. 2, No. 1,
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the engineers at Lincoln Labs decid-
ed that the original chip being em-
ployed, an NMOS product, needed to
be upgraded. The best way to do this
upgrade was to go toa CMOS design.
In addition to bringing the speed to
new heights, the new design would
cut the power consumption. In addi-
tion, the NMOS version was running
at a speed near its top value, thus
causing it to operate at a very high
temperature.

Early prototypes of the CMOS ver-
sion ran comfortably at the maxi-
mum speed of the board that they
were placed on. This 10-MIPS speed
is two to three times faster than the
NMOS chip’s speed.

The Mentor Graphics schematic
editor was used again, in addition to
QuickSim for simulation. Seattle Sili-
con’s Chip Grafter and ICX (IC Ex-
pert) were also employed. Originally,
the chip was designed on a Sun work-
station, but to utilize the Mentor
Graphics’ tools, it had to be ported to
an Apollo system. Consequently,
some problems were masked in the
exchange. For example, there was
an interface problem that just didn’t
show up in the new design, and it’s
difficult to correct a problem that
can’t be seen.

Previous attempts at full-custom
design weren’t up to snuff because
of a gap in the tools. The biggest
flaw, as was the case in the NMOS
version, was that the whole system
couldn’t be simulated at one time. In
addition, test vectors weren’t taken
into account. Now, on top of submit-
ting the design description for proto-

type, the test vectors are also includ-
ed.

Some other problems came up
along the way. For one, all the cells
didn’t fit onto the chip. Because the
chip had to sit on an existing board,
the size specifications were prede-
termined, so the components had to
be rearranged. Upon doing this, the
engineers learned that the database
couldn’t just move things around and
recompile the data.

The easiest way to ensure that the
chip would fit was to lay out the chip
by hand. Rocco estimates that this
added about a week to the design
time, but the extra time was worth it.
Now, there was no question that the
design was the correct size. An ad-
vantage of working with Seattle Sili-
con was that anytime a problem
came up in the physical layout, it was
Seattle Silicon’s responsibility to get
the chip working.

Another problem was that the
tools being used had never been
pushed to their limit with such a
large design. It also took about six
days for the computer to run the re-
quired set of simulations—and most
of that time the computer ran unat-
tended.

The Mentor system helps users
minimize the number of primitives.
In a detailed simulation, a 16-bit latch
would encompass about 200 primi-
tives. But the tool contains an n-wide
primitive that can be used as a latch.
Now, by making the latch n-wide, the
number of primitives was cut down
from approximately 200 to 1. As a re-
sult, the number of primitives that

X QX
Y Note:
DX M M=F if E-=0
DY M=G if E=1 EC
CLK K !
RSTDIR Blk: BB L_
ENCLK _|EC Sbus<8>
QXDC [F] A:10R0 8 QX
whEn c B:DATALBY
XHHIH C:Sa
EDEQX D:Sbus<1>
E:S1
CBAG oh
2t A ENC [EC :5-SHFTEN
LXH|H RD:
. CLK|K:CUR
B QX |X:Sbus<8> K
y:
F = ~CxQX+CxD
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4. WITH A BLOW-UP MODEL of a particular portion of the circuit, designers

can hand-route the signals that weren’t routed properly the first time.
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the system had to handle was re-
duced from about 80,000 to 8000. This
meant that a prepare-for-simulation
cycle could be done in two hours rath-
er than twelve, or three iterations a
day instead of one.

ONE REPLACES MANY

Engineers at International Micro-
electronic Products (IMP), San Jose,
Calif., developed an analog front-end
for a 9600-baud modem that works
with a Texas Instruments’
TMS32025 digital-signal-processing
chip. The chip was intended to re-
place a large discrete design that em-
ployed a 14-bit a-d converter. By plac-
ing an analog echo canceler directly
on the chip, a 10-bit a-d converter
could be substituted, making for a
much more practical design. In other
words, the entire analog front-end
circuitry was being replaced by one
ASIC.

The solution here started with a 9-
bit d-a converter for the transmit
channel and a 10-bit a-d converter for
the receive channel. The required an-
alog processing for the transmit
channel was a sample-and-hold oper-
ation coming out of the d-a chip. This
went through a continuous-time low-
pass filter with a (sin X)/X correction
factor, a 24-dB (1-dB/step) attenua-
tor, and a buffer coming from the
transmit signal.

The receive channel consists of an
input amplifier coupled to a Tth-or-
der Laguerre filter. This filter is
used for echo canceling as it mixes
the input signal with the echo-cancel-
ing signal to negate the unit’s own
transmit signal. The combination
was first connected to a 48-dB auto-
matic-gain-control amplifier, then to
switchable low- and high-pass fil-
ters. The output of the two filters
was coupled back to the 10-bit a-d
converter (Fig. 3).

The original plan was to maintain a
6-Vpk-pk level. A filter designed
with a technique that employs tran-
sistors as resistors was needed with
a total harmonic distortion of 0.01%.
But the best that could be achieved
by the engineer was somewhere in
the 5 to 10% range. The only way to
get the total harmonic distortion
down to an acceptable level was to
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attenuate the input signal. But be-
cause this would throw the signal-to-
noise ratio out of whack, an alternate
technique had to be pioneered to gen-
erate a filter.

By adding a silicon-chromium
stage to the existing double-poly,
double-metal 3-um CMOS process, a
stable resistance was achieved. Now
a method had to be developed to tune
the RC products correctly.

Because of the computing power
of the DSP chip being employed else-
where in the circuit, a software rou-
tine was written so that every time
the DSP chip was powered up, it
would send a known-frequency sig-
nal through and measure the signal
coming out of the two capacitors in
the Laguerre filter. Now, by some
simple arithmetic, the center fre-
quency could be calculated. Then, if
the RC product could be digitally
tuned, an accuracy within at least 2%
could be attained.

The first approach to tune the RC
product was to place the resistors
into a T network and use transistors
to switch sections of the circuit in
and out of the network. This was pos-
sible, but the signal across the
switches caused harmonic distortion
in the filter, raising the total harmon-
ic distortion above the original 0.01%
goal.

The next attempt was to tune the
capacitors. To do this, all of the fil-

ters had to be redesigned so that
they would all have the same capaci-
tance value. Then, the resistor val-
ues were varied to get the right RC
product. This technique was success-
ful in lowering the total harmonic
distortion.

The chip, which is housed in a 40-
pin plastic DIP, measures 85,000
mils®. It was designed with a Viewlo-
gic schematic-capture package, Me-
tasoft’s HSpice simulation tools, and
a mixed digital-analog simulator
called ANDI from Silvar Lisko, all
running on either IBM PC/AT or
Sun-3 systems.

Low-VoLuME CHIP

A programmable gate array from
Xilinx was to be used in a Memorex/
Telex IBM-compatible 3270 video
terminal. It was needed to upgrade
an existing 6845 video-controller
chip. The reason for the redesign
was to add some new features to the
terminal—features that make the
terminal more user-friendly and give
users more capabilities.

The reason a programmable gate
array was chosen was because of the
quick turn-around time that Xilinx
could provide and also the low cost
that resulted from not having any
nonrecurring-engineering charges.
Furthermore, because only 1200
parts were needed, this type of part
could be produced in a low volume.

COP800 (8-bit
microcontroller core)

The design began
using a schematic-
capture program
from Data I/0’s Fu-

Automatic gain control
and miscellaneous
analog functions

= ROM tureNet Div.,and a li-

—>{  Adconverter 4kb brary of components
(12 bts) (4 kbytes) : s

S supplied by Xilinx.

RAM This process took

LD controller (64 bytes) one engineer about

“|  (36seqments) four weeks time. The

EEPROM FutureNet program

~ (256 bts) then converted the

)+ 1/0 ports net list to an EDIF

<2 l—— | format. Then the

Keyboard
interface

new net list was load-
ed into a Xilinx auto-
matic  place-and-
route tool on an
80386-based PC. This
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upgraded: The 4-bit microcontroller became an 8-bit part while
the analog-to-digital converter gained 3 bits.

I 5. ALL OF THE BLOCKS of the ASIC chip have been

routing, which typi-
cally takes about 45
mins., was left to run

DESTIGN

on its own for an entire evening. The
following morning, the optimum
route was hand chosen from all the
possibilities the computer spit out
(each of the possibilities includes a
listing of the number of signals that
did and didn’t route properly).

Xilinx’s editor gives the designer a
blow-up model of his chip (Fig. 4).
With this tool, the designer can go in
and locate each signal that didn’t
route properly and hand route it.
This could be a very time-consuming
affair if there are many signals to be
routed, as was the case with this de-
sign. But any other changes or ad-
justments that had to be made were
easily done in minutes using the PC-
based editor.

When the design was complete,
there was still ample space left on
the chip. Consequently, several fea-
tures that weren’t promised in the
original proposal were added—had it
not been a gate array, this wouldn’t
have even been attempted. The final
3000-equivalent-gate version turned
out to be an 84-pin PLCC, containing
100 logic cells, with each cell adding
some combinatorial logic and two
flip-flops.

When placed on the board after
construction, it was determined that
some of the chips being shipped
weren’t running at the prescribed 50
MHz. To compensate, the engineer
went back into the editor and rerout-
ed some of the signals that turned
out to be critical paths.

HiGH-PoWERED COMPUTING

Evans & Sutherland needed a six-
chip chipset to handle most of the
processing in their ES-1 supercom-
puter. The design team first had to
decide on the architecture of the six
chips and which chip would handle
each part of the processing. Then
they had to deal with another stum-
bling block: Because all of the parts
were going into the same system,
they all had to be completed at the
same time.

The team decided on a cycle time
(the slowest specification) for the
computer at the onset and stuck to
that specification throughout the de-
sign. To achieve this, they had to re-
compile and layout the design more
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than 100 times.

The instruction buffer (IB), one of
the six chips constructed with a
CMOS technology, is measured at
525 mils on a side. It has 340 pins and
contains approximately 100,000
gates. Its function is to fetch the in-
structions to be executed and sched-
ule them for the processor. It’s the
only “intelligent” chip among the
S1X.

The final product, which was done
with 1-um technology, was designed
in a Silicon Compiler Systems (SCS)
environment. One tool that was used
throughout the entire process is
SCS’s Genesil, which can do the lay-
out, floor planning, timing, and simu-
lation.

This particular design was so com-
plex that about half the time was
spent on simulation. The process
went as follows: First, some prelimi-
nary design was done according to
the specifications. Then, the floor-
planning was done. Finally, the tim-
ing was considered. These three
steps became a loop that continued
until completion. After the third
step, the engineer went back to the
beginning, did some adjusting, and
continued. After each step, Genesil
compiled and back-annotated the
data to give the designer a complete
timing report showing the critical
paths, the exact speed of the chip,
and the delays.

After the initial specifications
were instituted, the design team
went to work. But it didn’t take them
long to realize that their initial calcu-
lations were too aggressive as far as
what could fit on one chip. As a re-
sult, after the first two months, the
architecture was altered to make the
existing components fit into a small-
er area.

The design team considered them-
selves lucky having only lost two
months. Time was saved by the Gen-
esil tool, which has the ability the
compile blocks of information very
quickly and let the user know how
much silicon is being absorbed by
each block.

But the major stumbling block
came when the team tried to switch
from 2- to 1.25-pm technology. This
was attempted for the obvious rea-
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sons of higher speed and smaller
chip size. After spending the time to
go to the smaller size, the designers
were informed that the 1.25-um tech-
nology was unavailable from the
foundry they had anticipated work-
ing with. So it was back to the draw-
ing board.

At this point, Evans & Sutherland
decided to go with Hewlett-Pack-
ard’s 1-um technology, so more alter-
ations were needed. “If we had done
a hand layout, we couldn’t have done
that,” notes Ed Paluch, design man-
ager for Evans & Sutherland. “Be-
cause we were using Genesil, we
switched from one foundry to anoth-
er with a completely different set of
design rules in a different process in
a matter of weeks.” Upon comple-
tion, the design team felt that they
were successful in achieving their
goal of making the chip “as dense as
possible.”

From EicHt To ONE

A chip designed by the engineers
at MIT Development Corp. (MDC),
Norwalk, Conn., in conjunction with
Sierra Semiconductor, San Jose,
Calif., was to be used in a medical in-
strument that measures blood-sugar
levels. The tool was made up of a cir-
cuit board containing eight ICs. The
goal in this venture was to shrink all
eight chips down to just one.

To achieve this, the designers took
advantage of Sierra’s triple technol-
ogy, combining analog, digital, and
EE (electrically-erasable) circuitry
on the same chip. Also, a 4-bit micro-
controller was replaced by an 8-bit
part and a 9-bit a-d converter was up-
graded to one with 12 bits. Other
components of the chip included a
256-bit EEPROM, a keyboard inter-
face, a4-kbyte ROM, a 64-byte RAM,
and a 36-segment temperature-com-
pensated LCD driver (Fig. 5).

Both teams agreed that using 2-
pm double-metal CMOS technology
was the way to go. First, the engi-
neers mapped out the circuitry in the
original equipment onto functions in
Sierra’s cell library. Extra care was
taken to determine whether these
“standard cells” actually fit the mold
of Sierra’s standard cells—those
that didn’t, specifically the analog

I G N

parts, had to be modified. For the
most part, Sierra’s engineers took
care of those modifications.

The new microcontroller’s physi-
cal size became a problem. The engi-
neers were resigned to putting the
entire system on one chip, so they
had to tackle this problem.

Sierra supplied MDC with a list of
standard-cell equivalent functions
and a packaged version of the micro-
controller so that MDC could bread-
board their own version of the chip.
They also supplied a personality
board used for emulating the periph-
eral devices. With this model, MDC’s
software engineers could write and
test their code.

It was later discovered that the
tool that creates the ROM contained
abug, so on the first pass of the chip,
a useless ROM was inadvertently in-
serted. At that point, the engineers
asked themselves whether there
were any other cells in the chip func-
tioning incorrectly. But because of
the chip’s design, it could be run in a
ROMIess mode to test the remainder
of the hardware.

Later in the design, the engineers
found that one of the cells—a 16-bit
timer used by the microprocessor—
had a slight voltage-sensitivity prob-
lem (it would lock up at levels over 5
V). By beefing up the drivers, this
problem was avoided.

Sierra used their MIXsim mixed-
mode simulator to perform system-
level simulations. This simulator
uses analog behavioral models to de-
scribe a function in terms of what it
does. This is based on the relation-
ship between the signals and their
histories.

After both parties were content
with the simulation, the routing was
done. The microcontroller took up
about 30% of the allotted space. All
other components were fit in around
that part. After routing, the chip was
resimulated and the results were com-
pared to those taken before the layout.
The results proved favorable.[]
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Time To Market

Time to market...the span between inspiration and product introduction.
You want the shortest path to a successful product launch — but all too often the
system power supply becomes a stumbling block . . . development delays,
safety agency approvals, EMI/RFI testing, size problems, cooling issues, cost
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your ‘‘custom’ power system holds up.
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dented flexibility along with instant availability .. .in a fraction of the space re-
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power from 50 to 600 Watts; one to three outputs; output voltages from 2 to 95
Volts...we combine our high power-density converters with modular package
and front-end assemblies to configure a FlatPAC specific to your needs. You
benefit from the proven field performance and inherently high reliability of our
component-level power converters, without sacrificing features: UL/CSA/TUV
recognition, 110/220 VAC input, surge limiting, Class A EMI/RFI, OVP, over-
current protection, all outputs totally isolated and trimmable, sequenced AC
and DC status signals...and more.

Vicor believes that power should be the least of your problems. Let us show you
how FlatPAC can help you win the race to market.
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And where you’d nor-
mally solder wire by wire
for direct-to-the-board con-
nection, now you can
mass terminate. Our
special one-piece header
takes full advantage of

machinery and lets you
plug from 2 to 15 wires
directly into the board
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The Unforgettable Maglatch TO-5

 Non-destructive memory

* Low power consumption

« Inherently bi-stable pulse operation

* CMOS compatible Centigrid" version

The Maglatch TO-5. It’s a
legend in its own time. The little
magnetic latching relay that just
won't forget. It can’t. Because
once you set it with a brief pulse
of coil voltage, it simply stays in
that state until reset. Even if the
system loses power.

In applications where power
drain is critical, the Maglatch
TO-5 is unbeatable. Since no
holding power is needed, it uses
less energy than any other type of
relay on the market.

The Maglatch’s inherently
low intercontact capacitance gives
it high isolation and low insertion
loss up through UHE, making it
ideal for RF switching applications.
And its tiny footprint makes it
ideal for high density printed
circuit boards.

The Maglatch TO-5 comes in
commercial/industrial versions as
well as military versions qualified
to “L7 “M” and “P” levels of
MIL-R-39016. And now it comes

in a CMOS compatible version as
well. This version can be driven
directly with CMOS level signals,
with no outside amplification.
That cuts down on the number of
components and connections, for
even greater system reliability.
The Maglatch TO-S. It’s the
world’s smallest relay with inde-
structible memory. Call or write
today for complete information.
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Innovations In Switching Technology
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DESIGN APPLICATIONS

SPEED SYSTEM MEMORY
BY INTERLEAVING
DRAM ACCESSES

DRAM PERFORMS
ATSRAM SPEEDS
To KEEp Ur WITH
A 33-MHz 68030
RUNNING IN
BURST MODE.

atching today’s microprocessors with a suitable memory sys-

tem becomes a difficult and critical task because of the pro-

cessors’ speed. Static RAMs (SRAMs) offer the speed that’s
required to match the processor, but designers have to deal with cost and size
problems. Most designers prefer dynamic RAMs (DRAMs) because they cost
less and give higher bit density. However, DRAM can’t always support a pro-
cessor’s fast performance, such as in a MC68030 microprocessor running at 33
MHz on burst mode. Consequently, some designers use a cache system, in
which a small part of the memory is static and the rest is dynamic RAM, but this,
too, adds complexity and cost to the system.

Using a column-address strobe interleaving technique with a fast-page
DRAM can support a 33-MHz microprocessor in burst mode with no wait states.
A system can use a 33-MHz Motorola 68030 microprocessor and 80-ns fast-page
DRAM without the performance degradation that comes from slow memory
(Fig. 1). This design makes it possible to get data from the system memory ev-
ery 30 ns, and omits the need for expensive fast static RAM or complex cache-
memory technology.

The trick behind speeding DRAM accesses is to use column-address strobe
interleaving while the accesses are in page mode. The DRAM is divided into two
equal blocks, one for even addresses and one for odd. The CASE signal chooses
column addresses for the even block and CASO chooses for the odd block. One
group of column addresses strobe is active in order to access an address, while
the other group of column addresses strobe goes to precharge to prepare for the
next access. This technique eliminates the wait for CAS to precharge, thus
satisfying the 68030’s data-access time.

A processor in burst mode accesses data from sequential locations. Conse-
quently, the next-to-be accessed address can be loaded early enough to satisfy

NAGI MEKHIEL
Definicon Systems Inc., 1100 Business Center Cr., Newbury Park, CA 91320;
(805) 499-0652.
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DESIGN APPLICATIONS

FAST DRAM
MEMORY SYSTEM

the column-address access time for
DRAM. On a burst, the processor at-
tempts to burst four long words, re-
gardless of the starting location. In
this example, CBACK (the burst ac-
knowledge signal to the processor)
ends the burst access at the end of
the cache line, eliminating any un-
necessary wraparound accesses.

The DRAM’s fast-page mode can
access data from the same page as
fast as an SRAM can. This system
uses 8 MBytes of 80-ns, fast-page dy-
namic RAM that’s classified as 256k-
by-4 bits.

A multiplexed address arrange-
ment conserves RAM-package
space. To access data, the DRAM re-
quires 18 addresses (256 kbits). The
memory system has nine multi-
plexed addresses and two strobe
lines. A row and column of the memo-
ry array is accessed by internally
latching a row address with RAS and
a column address with CAS.

VALID MODES

This memory system supports
both interleaving and page-mode ac-
cesses. The burst runs in the fast-
page mode. The system checks for a
valid-page mode by examining a row-
address comparator output. The
comparator correlates the current

row address to the last latched row
address, and asserts the HSA signal
if the two addresses match. If the ad-
dresses don’t match, a new row ad-
dress must be latched into the dy-
namic RAM.

A memory-system counter causes
the processor to wait until the row
address is strobed. The Idle signal is
asserted from the memory counter
to indicate that the system has fin-
ished updating the new row address
tothe DRAM.

A valid-page mode occurs when
the Idle signal is asserted and the
current RAS is kept latched active.
The burst PAL device indicates a val-
id page if the following logic equa-
tion is true:

Valid page mode =
HSA*DRAM*Idle

The even and odd memory blocks
each contain 4 Mbytes of DRAM.
The processor accesses 32 bits of
data from either the even or the odd
block. CASO and CASE each use
four CAS signals to access the 4-byte
word in either the odd or even block,
respectively.

During a burst, the processor
transfers 32 bits of data. All four col-
umn address strobes are active. A,
and A, select the byte to be accessed,

and A, selects CASE or CASO on
nonburst data transfer. If A, =0, the
even CAS (CASE) is active and the
evenblock of memory gives the data.

Each memory block is organized in
four banks that are decoded around
A,y Ay is for RAS interleaving. The
address multiplexer and address
PAL units drive the DRAM row and
column addresses. When the MUX
signal is low, the address multiplex-
er outputs rows A,; 5, and the ad-
dress PAL outputs A,,. If the MUX
signal is high, the address multiplex-
er outputs columns A, ;; and the ad-
dress PAL outputs As.

INTERLEAVING

The J-K flip-flop toggles CASE
and CASO for CAS interleaving dur-
ing a burst. The address PAL device
generates SD and CD from A, and
A,.The SD and CD signals determine
group of column address strobes
that should be active on the first
burst access.

The burst PAL device generates
the STERM and CBACK signals for
the processor when it’s in the burst
mode. STERM is a 68030 input that’s
a synchronous bus-termination sig-
nal for 32-bit port size.

The design is better understood if
the various signals are distin-
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1. TWO BLOCKS OF DRAM support fast memory accesses for a 68030-based system running in the burst mode. Accesses are
interleaved between the odd- and even-address blocks.
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guished. AS, a 68030 output signal,
indicates that the processor has a
valid address. CBREQ is also a 63030
output signal, which alerts a burst
request to fill the caches.

In the DRAM controller, the
DRAM signal is a DRAM space de-
code, or a decoded valid CPU address
to select the DRAM. The HSA signal
is a high-speed access from the row-
address comparator to detect a miss.
The MUX signal is the row and col-
umn addresses multiplexing signal
to output DRAM addresses. The Idle
signal indicates that the accessed
bank has satisfied RAS precharge on
a miss. Finally, CN, are state ma-
chine signals that generate the

|

( Start memory access )

Do normal access

IsCBREQ = 0?
Wait for burst request

Wait for fast page mode

Is HSA, DRAM
MUX, Idle = Active ?

L Wait one cycle

1

CNT,_;and Idle, states on burst. Make STERM = 0
Generate STERM
SYNCHRONOUS TIMING
The 68030 supports synchronous Noburst Find AR 2
bus cycles terminated with a syn- [WHREETAN Wi >
chronous termination signal lAcknuwledgebursi
iSez‘ile). ’%‘hese cycles and the pro ote COATH = 0
. perform a minimum access Generate CGATR
time transfer in two clock periods
only for 32-bit ports. Wait cycles can
be inserted by delaying the assertion ﬁaAz ps Ahp =01 Ak, =00 lr
of STERM. 00, = 1CAS0 = 0 QE, = 1CASE = 0 00,=0CASO=0 | [OE,=0 CASE=0
The microprocessor requires that Get D, from odd block | | GetD, fromevenblock | | GetD, from odd block | |get D, fromeven block
the first cycle of any burst transfer L
be a synchronous cycle. This cycle’s CNT = cNT1l
exact timing is controlled by assert- 00, =0 CASO=0
ing STERM. The system asserts CASE = 1
STERM after the memory is in a val- Get D, from odd block
id fast-page mode. The system’s first |
access on burst uses the synchro- CNT = CNT, ¥
nous access with one wait state and 0, =1 CASE=0
has an access time of three clock pe- G%Q%O fTu:n m—
riods. ONT = ONT, ——————
The STERM must be stable for the 1
appropriate setup and hold times rel- Make CBACK = 1
ative to every rising edge of 00, = 1CASO =0
MC68030 clock during which AS is Get D, from odd block
asserted. STERM is sampled at the T
rising edge of S2. If one wait state l ONT = Idie
(SW) is added, S2 will occur at 60 ns !
from the start of access (SO rising | Make STERM = 1 J
edge). By the falling edge of this |
clock that occurs at 75 ns, the data -~
must be ready and it should satisfy
the setup and the hold time.
A synchronous access basically
has two functions: getting the ( Return )

DRAM address and generating the
column address strobes. To get the

2. THIS FLOW CHART ILLUSTRATES how the DRAM memory system first

selects between a burst or non-hurst access, and then how it actually carries out the access.
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address, the MUX signal is generat-
ed from the 68030 address with a 10-
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ns PAL delay, which is valid by 15 +
10 = 25 ns (the 68030 address valid
time + PAL time delay). The DRAM
column address is valid at 25 + 10 =
35 ns from the start of the access
(MUX asserted + address multiplex-
er time delay).

The address buffers will output
eight column addresses when MUX
is asserted. The eight address lines,
A, ;;, will be valid in 35 ns. The least
significant column address line
comes from the address PAL with a
10-ns PAL delay, becoming valid in
35ns. The logic equation for the least
significant column address line is:

QO0, = A;*"MUX*Idle + A,,"MUX
QE, = A,"MUX*Idle + A,,*MUX

On fast-page mode, MUX and Idle
are true. Therefore, the above equa-
tions give QE, = Q0, = A,.

The access time for an 80-ns
DRAM column address is 40 ns (t4 ).
The data will be valid on the 68030
data bus in 35 + 40 = 75 ns (DRAM

address valid + t, ). The setup time
for data to the falling edge is 0 ns,
which guarantees valid data in 75 ns.

In generating column address
strobes on a synchronous access, the
flip-flop being set or reset depends
on the first access address. The SD
and CD (set and reset) signals for the
flip-flop are generated from the 10-
ns address PAL device.

SD or CD becomes active at 10 +
15 = 25 ns from the start of access
(PAL delay + the address valid
time). The logic equations for SD and
CD are:

SD =A,*Idle
CD = A,*Idle

If A, =0, SD is active and the flip-
flop is set. This makes CASE active
and in turn the first access comes
from the even block. If A, =1, CD is
active, CASO is asserted, and the ac-
cess comes from the odd block.

The column addresses are assert-
ed from the buffer and come at 25 +

Pk S g W ro B g S e T Byl [
Address 9500
AS
CBRED el
DRAM BRR

MUX
HSA TREIRRR R
RAS, |
Burst B |
STERM By
Count Idle [ CNT, [ CNT, ] CNT, [] Idle, ] Idle
CBACK 0

D B %]

) o
Clock —1__ U1 1 L 0 ey 1 [ s o e L i
CASE m| 1%
0F, TR I RRRRRRRRRR
CASO By
00, TR | REEEEIRRRRR
Data 0, D, Dy D, R

system is bursting A;A, = 00.
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3. THESE SIGNAL WAVEFORMS show how memory accesses occur when the
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14 = 39 ns (time of CD or SD to be
acive + the delay of the buffer and
the flip-flop). The access time starts
when CAS goes active for the DRAM
(tcac = 20 ns). The data will be valid
in 75 ns because 59 ns (tc + column
address strobe asserted = 59 ns) is
smaller than 75 ns (t,, + DRAM ad-
dress valid = 75 ns).

BURST OPERATION

The 68030 supports burst filling of
its on-board instruction and data
caches. In most applications, the on-
board data and instruction caches
are organized with a line size of four
long words. Each of the four data en-
tries on that line have the same tag
address.

Most code has a large degree of lo-
cality, which makes filling the cache
useful when one entry misses. To op-
timize cache filling, the system
doesn’t allow wraparound, and
caches that are located before the
miss don’t get filled. The processor
supplies a group of handshake con-
trol signals to support the filling of
the cache lines.

When a miss occurs in one of the
caches, the 68030 initiates an exter-
nal bus cycle to fetch the required
data. The processor requests a cache
burst-fill by asserting the CBREQ
signal to show that the 68030 wants
to fill other entries in the same cache
line with successive accesses.

With the 68030, a burst can fill up
to four long words. The successive
data’s address rolls over in address
bits A; and A,. The CBREQ signal
may be asserted during a later bus
cycle of the misaligned access’ oper-
and fetch when the remaining oper-
and portion falls within one cache
line.

The 68030 won’t assert the
CBREQ output during a portion of a
misaligned access if the remainder
of the access doesn’t fall in the same
cache line. This warrants the use of
the fast-page mode for bursting to
check for a valid page at the start of
the access. The burst accesses occur
in the same page because the ad-
dresses are the same except for
AsA,, which aren’t row addresses.

When the CBACK signal is assert-
ed at the end of cycle terminated
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with STERM, the 68030 holds the
original AS, DS, R/W, address, func-
tion codes, and size asserted. The
processor continues to accept data
on every clock where STERM is as-
serted until the burst is completed or
terminated.

The burst system doesn’t need to
latch the burst’s starting address be-
cause the address exists during the
burst operation. Only the address
buffers need to output the starting
addresses by asserting the MUX sig-
nal. The address multiplexer outputs
QE, ¢ or Q0,4 from A, ;, which is
both fixed and valid on the entire
burst operation.

The least significant column ad-
dress bit, QE, or QO,, is generated
from the burst and address PAL de-
vices. The value of QE, or QO, on a
burst operation is taken from a
counter that follows the same value
of A,.

The following example shows how
A, and A, change on burst mode. If
the initial data address is xxxx00xx
when the CBREQ signal is asserted,
the next address expected is
xxxx01xx, then xxxx10xx, and final-
ly xxxx11xx. The first access, which
is from the even block, has A, =0, A,
= 0, and QE; = 0. The next access,
which is from the odd block has A, =
1, A; =0, and QO, = 0. The third ac-
cess is from the even block and QE,
= 1, and the last access is from the
odd block and QO, = 1.

The value of the least significant
column address bit is obtained from
the address PAL device as:

Q0,= QO *CNT,

QO is an output from the state
counter of the burst PAL chip. The
value of QO depends on AjA, of the
first access.

The value of QE, in burst is always
equal to one. The first access, which
must have QE, = 0, is done as a syn-
chronous access from the address
PAL device. The next access is from
the odd block—QE, is unaffected by
it. At the third access, QE, needs to
be equal to one. The design is simpli-
fied by establishing QE, = 1 in all
burst accesses.

The value of QO, needs to be zero
on the second access at CNT, if the

R ONIGC
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starting burst address A;A, = 00. If
the burst starts from an address
larger than 00, the state counter
starts from CNT, or CNT; and the
value of QO, is one on all burst ac-
cesses.

The first access of the burst is a
synchronous access and the asser-
tion of SD or CD determine which
CAS is asserted first. After the first
access, the flip-flop enters the toggle
mode for burst accesses.

CRITICAL TIMING
The flip-flop uses the clock sig-

nal’s falling edge to toggle. The
clock signal leads the CPU clock (the
main processor clock) by a fast gate

SYNCHRONOUS

ACCESS HAS
TWO FUNCTIONS:
GETTING THE DRAM
ADDRESS AND
GENERATING THE CAS.

delay (3-6 ns). The flip-flop’s outputs
(Q and Q), which are CASO and
CASE, come after a delay of 3-6 ns
from the falling edge of clock.

The buffer will add a delay (which
equals 3-7 ns) to the CASE and CASO

ignals. The maximum time that the

CAS takes from the falling edge of
clock can be calculated by adding 6 +
6 + 7 =19 ns (fast gate delay + flip-
flop output delay + buffer delay).
This maximum time from the CPU
clock falling edge is 13-3 =10 ns.

The dynamic RAM access time is
tcac = 20 ns maximum. The data is
guaranteed to be valid at 10 + 20 =
30 ns (PAL delay + tgyc) from the
falling edge of the CPU clock. This
will be enough for a zero-ns setup
time that’s needed for the next CPU
clock falling edge.

The column address strobes will

D ESIGN

be down for one clock cycle (which
equals 30 ns), thus satisfying the
CAS pulse width (tg,g) of 20 ns. The
CAS will be high for one clock period
of 30 ns, which will satisfy the CAS
precharge time tp of 10 ns.

The 68030 supports bursts only
from 32-bit ports that terminate bus
cycles with the STERM signal. When
the 68030 asserts the burst request
CBREQ output, it samples the cache
burst acknowledge synchronous in-
put CBACK at the end of the burst
cycle to see if the port supports burst
mode operation.

STERM is generated from the
Burst signal, which is generated
from CBREQ and latched valid dur-
ing the whole burst operation. The
equation is:

Burst = CBREQ*(Valid fast page) +
Burst*AS

STERM = Burst

The STERM signal is sampled at
every rising edge of the CPU clock.
The setup and hold time for STERM
can be calculated from the assertion
time of CBREQ by adding two PAL
delays of 20 ns.

CBREQ comes from the falling
CPU clock at 15-30 ns, then the
STERM asserts at (15-30) + 20 = 35-
50 ns (CBREQ asserted + 2 PAL de-
lays). The next rising of the CPU
clock edge is at 60 ns, which gives 10-
25 ns of setup time and also guaran-
tees to miss the rising edge of the
CPU clock at 30 ns.

The end of STERM comes from
two PAL delays after AS goes false.
The time will be from a rising edge of
the CPU clock (15-30) + 20 = 35-50 ns
(AS deasserted + two PAL delays).
This end of STERM comes at 60 ns
and it also misses the rising edge of
the CPU clock at 30 ns.

CBACK is used in the system to
terminate the burst operation at the
end of the cache line at A A, = 11.
The processor accepts data from the
accesses of cycles in which CBACK
is false when STERM is asserted.

The CBACK signal must be negat-
ed one cycle before the processor is
needed in order to abort burst.
CBACK is negated one cycle before
the end of the burst on CNT;:
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CBACK =
Burst*(Idle + CNT, + CNT))

The assertion of CBACK consists
of two PAL delays from CBREQ,
and it satisfies the setup and hold
times. It's calculated similarly to
STERM, which supplies the identical
values.

The output enable signals to the
DRAM are generated from the R/W,
AS, and address decoding. All of
them are valid and stable on the
whole burst operation:

OEn=R/W*AS*
(decode of valid bank)

The decode of the bank is generated
from A, and A5

Decode valid bank, =A ,*A

The OEn is valid one PAL delay
from AS, which oceurs at (15-30) + 10
= 2540 ns (AS asserted + PAL de-
lay). The first access is from syn-
chronous mode and the data samples
at 75 ns, satisfying the OE 80-ns
DRAM access time tog, of 20 ns. On
burst mode, the OEn always stay ac-
tive and the OE signal satisfies the
toga time for every burst access.

For burst-mode operation, the sys-
tem tests CBREQ in the start of
memory access to select between
burst or non-burst access (Fig. 2).
When CBREQ arrives, the system
waits for a valid fast-page mode in
the DRAM. Signals HSA, DRAM,
MUX, and Idle must be active for a
valid fast-page mode.

Burst is generated when the
CBREQ and the fast-page mode are
active. The system waits one cycle
and generates STERM to get the
data by synchronous access, which
takes three cycles.

If A; and A, are both high when
examined, it signifies the last word
in the cache line and the system
doesn’t support the burst mode. The
CBACK signal is generated to ac-
knowledge the burst mode if AjA,
isn’tequal to 11.

The first access before burst (syn-
chronous) takes three cycles. On the
following accesses, the processor
starts the burst and gets data during
every cycle. The system handles this
as follows:

72|OC'I‘OBER121989R BH1L

e For A;A, = 00, set QE, = 0 and
CASE = 0 to get D, from location 00.
Then, on CNT = CNT;, set QO, =0,
CASO = 0, and CASE =1 to get D,
from location 01.

e For A A, = 01, set QO, = 0 and
CASO =0 to get D, from location 01.
Then, on CNT = CNT,, set QE, =1,
CASE = 0, and CASO =1 to get D3
from location 10.

e For A A, = 10, set QE, = 1 and
CASE =0to get D3 from location 10.

Then, on CNT = CNT; make
CBACK =1 to end the burst mode at
the end of the cache line. Set QO =1,

HE FIRST ACCESS
BEFORE BURST
TAKES THREE CYCLES.
AFTER THAT, DATA
IS ACCESSED
EVERY CYCLE.

CASO =0, and CASE =1 to get D,
from location 11.

e For AjA, = 11, set QO, = 1 and
CASO =0 to get D, from location 11.
Then, make STERM = 1 to finish the
synchronous or burst access. At the
end of AS, finish the access.

WAVEFORMS, TIMING

The Burst signal goes active when
CBREQ, HSA, MUX, AS and Idle are
active (Flig. 3). The STERM signal is
generated from Burst. The proces-
sor samples STERM at the rising
edge of the CPU clock of S2. The first
access is synchronous with one wait
state (SW1, SW2).

The burst-state counter starts
from the rising edge of the CPU
clock when STERM is active. When
MUX is high, the address PAL chip
makes QE, and QO, equal to A, and

D ESTIGN

then loads the first address to the
DRAM. QE,and QO,stay equal to Aq
until the burst counter goes to CNT,.

SD goes active if A, = 0, which

then activates CASE (its flrs_tﬁccess
will be from the even block). CD goes
active if A, = 1, activating CASO (its
first access will be from the odd
block).
__Data D, is valid for tg,c after the
CAS goes active. The valid data is
sampled by the falling edge of S2’s
CPU clock.

The CBACK is generated from
Burst if AyAg isn’t equal to 11. The
system doesn’t support a burst if the
cache misses at the end of the cache
line. The rising edge of the CPU
clock samples and requests that the
processor continue bursting.

The next few cycles are the burst
mode, and the processor accepts data
at a rate of one word per cycle. The
next least significant address is load-
ed from address PAL through QE, or
QO,tothe DRAM.

The following CAS becomes active
from the flip-flop at the falling edge
of the clock. The flip-flop gets in a
toggle mode, and the CAS that was
active will go high to precharge.

At the rising edge of the CPU
clock (S4), the processor samples
both the STERM and CBACK sig-
nals. On the falling edge of S4, the
processor obtains the data, which
creates another burst cycle.

The above task continues until the
burst ends. At this point, CBACK is
negated at count CNT; one cycle be-
fore the burst finishes. Then CD is
asserted at count CNT; to reset the
flip-flop and get the last access. That
access always comes from location
11 at the end of the cache line.
STERM is negated when the burst
mode finishes.[]

Nagi Mekhiel, a senior hardware
engineer at Definicon Systems
Inc., has a BSEE from the Universi-
ty of Assuit, Egypt, and an MSEE
Jrom the University of Toronto.
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DESIGN APPLICATIONS

BELOW 2.5-0 To BEYOND 30 MHZ.

DRIVESAR ADCS
WITH LOW-Z BUFFER

fyouuse successive approximation (SAR) analog-
to-digital converters, you know that each time a
bit-weight comparison is made, the machine’s d-a
converter pumps a pulse of current back into the
signal source, and usually into the reference, too.
If the signal source is a high impedance (more
than an ohm or so), the current pulse can develop enough voltage across it to
cause an error in the conversion. Your solution has been to use feedback to re-
duce output impedance. However, with the rise in converter speed and resolu-
tion, off-the-shelf op amps no longer have the gain-bandwidth to do the job.

In the early 8-bit, 100-us days, the ubiquitous 741 did a fine job. But as resolu-
tion and accuracy increased to 10- and 12-bits, and conversion times dropped to
35 or so us, you soon found you had to move to faster, more accurate op amps,
such as the OP-07 and OP-27 (which are now standards). Analog Devices in
particular pointed out—on every ADC data sheet—the need to use fast op amps
to drive SAR converters.

Now, at the end of the decade, IC converters have reached true 16-bit accura-
cy and resolution while converting in under 20 ps. Sampling pulses last under a
microsecond and contain significant energy above 2 MHz. In addition, the grow-
ing array of switched capacitor (charge-redistribution) converters demand a
pulse of current from the signal source when they trim their sample. The now
ubiquitous OP-O7 and even the OP-27 just can not cut it anymore. At 10 MHz,
the output impedance of both is near 60 Q (Fig. 1).

The following design procedure shows you how to create simple buffers that
can supply fast-settling current pulses with little error. They have the input
characteristics of precision op amps but hold their output impedance below 2.3
Q from de to beyond 30 MHz. In contrast, even the best wideband precision op
amps show much higher output impedances above 1 MHz. Other applications
for these low-output impedance buffers include flash converters, multiplexing
circuits, and precision line drivers.

As an example, Crystal Semiconductor’s CS-5016 16-bit switched capacitor
a-d converter draws up to 10 pApk-pk at 4 MHz from both reference and signal
inputs. When operating with a 4.096-V reference, the least significant bit (LSB)

JAMES A. KUZDRALL
Intrel Service Co., P.O. Box 1247, Nashua, NH 03061; (603) 883-4815.

E L B & T R 0 N'IC D

E S

I

G N

OCTOBER 12, 1989

CLOSED-L.ooP UNITY GAIN BUFFER COMBINES 16-BIT
PRECISION WITH AN OUTPUT IMPEDANCE THAT STAYS

75




DESIGN APPLICATIONS

FAST, LOW-QUTPUT
IMPEDANCE BUFFER

is just 62.5 uV. To suppress input
fluctuation below 0.25 LSB (15 nV),
the source impedance at4 MHz must
be less than 1.5 Q).

For fixed references, you just
strap a capacitor across the buffer’s
output. But for changing signals,
like the a-d converter’s input, that
may not be practical. Available cur-
rent or power may limit the ability to
charge the capacitor fast. If so, it be-
comes impossible to sample new sig-
nals—accurately—at the a-d con-
verter’s maximum conversion rate.

The following procedure leads di-
rectly from your system

day. With real transistors, however,
parasitic resistances make it diffi-
cult to achieve output resistances be-
low 2 Q without feedback. The de-
sign procedure identifies these resis-
tance limits and shows how to work
around them.

FIXED VOLTAGE BUFFER

To start, consider the fixed volt-
age buffer required between the ref-
erence and the a-d converter: Its cir-
cuit equations can later be general-
ized to accommodate changing volt-

ages over a range of values. In this

mA of load current to as much as 600
Q) with zero load current, depending
on the production tolerance of the
output stage’s idle current. R, en-
sures that all production units exhib-
it a uniform, low, open-loop output
resistance in your buffer.

The buffer’s output stage uses a
bipolar transistor, Q,. This is driven
by an intermediate stage, Q;, which
saves power in most applications. In
particular, designs requiring R, re-
ductions by a factor of 10 or more
benefit from Q;. R, and Ry set the
emitter currents of their respective

specifications to compo-
nent values for a produc-
tion-worthy buffer. No
cut-and-try iterations are
needed. The output imped-
ance of this buffer is sig-
nificantly lower than that
of the OP-07 and OP-27.
The op amp’s trouble-
some output resistance
comes from the current-
limit sensing resistors in
series with its output.
They usually range be-
tween 6 and 60 Q. An op
amp with an open-loop dc
gain of 120 dB (when oper-

Output impedance
Iy (0)

transistors. The unity-

100 |-
0 -

gain, low phase-shift, com-
mon-coHector stages don’t

5 |-
IS
2

1

N W orTN o

[ ]

Buffer
] lm

affect the op amp’s loop
stability. The added stages
may oscillate by them-
selves, however, without
low-impedance collector
bypassing that is effective
up to the transistor’s uni-
ty-gain frequency, fr (C,
and Cy).

Begin the design with a
circuit model which in-
cludes the output stage’s

{1
01 0203 0507 1 2Eemn s 0
Frequency (MHz)

20 30 dominant parasitic resis-
tances. Then incorporate

these parasitics in design

ating at unity gain) cuts
the 60-Q output resistance
to 60 nQ at low frequency.
However, above the op
amp’s unity gain frequen-
cy, usually about 1 MHz—
where loop gain is gone—output re-
sistance rises to 60 Q.

The approach taken in the buffer
design sacrifices current limit pro-
tection for an output circuit with in-
herently low resistance. Enclosing
this circuit in a precision op amp’s
feedback loop supplies the needed de
performance. The combination has
the new circuit’s low output resis-
tance above the op amp’s unity gain
frequency—and an even lower resis-
tance below. The basic circuit is a
simple cascaded, common-collector
(emitter-follower) transistor stage
(Fig. 2).

The circuit looks simple. Indeed, if
components behaved like their ideal-
ized symbols, circuit-design engi-
neers could go home at noon every
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1. THE OUTPUT IMPEDANCE of the standard

precision op amps, the OP-07 and -27, while less than 1 () at dc,
climbs rapidly reaching the neighborhood of 60 () above 1 MHz for
the OP-07; above 10 MHz for the -27. A simple, discrete transistor
buffer keeps output impedance below 3 () to 30 MHz.

basic circuit, the input comes from
Vrer- Rrir is the effective series re-
sistance of the source and its resis-
tive dividers or trim circuits.

The op amp supplies the circuit’s
precision performance. Ry, the feed-
back resistor, must match the source
resistance, Rypp, to approximately
cancel input (bias) current errors.
The op amp’s open-loop output resis-
tance is shown as R,.

R, draws about 1 mA from the op
amp to ensure that the op amp’s out-
put transistors are conducting mod-
erately. With no current drawn, the
output transistors idle at a low emit-
ter current, reducing standby power.
The small-signal output resistance
of low-power op amps, such as the

D E S

OP-07, can increase from 60 € at 1
I G N

equations that relate per-
formance requirements di-
rectly to component val-
ues. The output resistance,
Rq, of a common-collector
stage is:

ROQ = (REE + RE) —+ (RBB a8 RB)/beta
(Eq.1)

In the equation, Ry is the total ex-
ternal resistance in series with the
transistor’s base—usually the out-
put resistance of the preceding tran-
sistor or op-amp stage. The transis-
tor’s current gain (beta) suppresses
the effect of base resistance on the
output resistance.

Rgg and Ryp are connection resis-
tances inside the transistor package
and on the die. Ry is another internal
resistance—the incremental diffu-
sion resistance. It is an inherent
property of semiconductor junctions
and depends on both the absolute
junction temperature and the emit-
ter current:
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RE = 86.25 X 10_6 X T/IE

Referencing Ry to a 300K junction
temperature:

Ry = 86.25 X 10-6 X 300/
(Eq.2)

Of the five terms that describe
Ryq, three depend on the choice of
transistor: Rgg, Rgg, and beta. The
transistor choice will prove critical to
the success of this circuit. For now,
assume that transistors can be found
with Rpp and Rgp low enough to con-
tribute less than 10% to Rgq. These
terms can be ignored for now and
brought back as a first-order correc-
tion later.

of Igy/Ig;, n, which attains the goal
with a minimum total circuit current.
The most power-efficient buffer re-
sults when the second-stage emitter
current is set higher than that of the
first stage by the square root of the
second stage’s current gain. Implicit
in this ratio are the assumptions that
the transistor’s Rgp, Rgp contribute
no more than 10% to the output resis-
tance and beta; is about equal to
beta,. Before the ratio can be used,
however, at least one of the two cur-
rents must be determined.

EMITTER CURRENT EQUATIONS

Simple algebra relates the resis-
tances specified by the application,

R and Ry, to the maximum allowa-

The above equations form a conve-
nient design sequence. The dc speci-
fications dictate an op amp choice.
The output resistance of the op amp
narrows the transistor choice to
those with high enough gain and low
enough parasitic resistance. The
transistor choice supplies parame-
ters needed to calculate Iel and Ie2.
These values, in turn, set the resistor
values. There’s a direct path be-
tween specifications and component
values.

The reference buffer uses resis-
tors to set the emitter currents of its
two transistors (Fig. 2, again).
These currents, in turn, set the out-
put resistance. If the buffer’s input
signal varies widely, as the input to

most a-d converters will,

ROQ = RE + RB/beta
(Eq.3)

VWA~

Re Feedback

the resistor’s values must
0 be set low to assure

For betas greater than 1,
the contribution of Ry can
be made arbitrarily small
by cascading common-col-
lector stages. Rg can be
made arbitrarily small by
increasing the emitter cur-
rent. Assuming that suit-
able transistors can be
found, designers can con-
trol the buffer’s output re-

o e L

o SR g
}? Roa ,__lﬁ

enough emitter current
flows at the lowest output
voltage. At the highest
output voltage, the cur-
rent is greater than neces-
sary—perhaps several

AN

——O
' —p
0

_I IEL |EA

'R3

times greater—depending

Yo on the available supply
voltage.

o-V ‘Replaci'ng the resistors

with simple current

sistance without feedback.

For cascaded common-
collector stages, the out-
put resistance of the first
stage becomes the input
resistance for the second.
The first stage emitter resistance,
Rpy,, is suppressed by Q,’s beta. The
op amp’s output resistance, Rg,, is
suppressed by the product of the
transistors’ betas:

ROQ2 = RE‘Z + RB.Z/betaz

= RE2 S (REI + RBl/betal)/
betay

= REZ + REl/betaz + ROA/
(beta, X beta,)
(Eq.4)

The resistors R, and Rg control the
emitter currents and thereby Rg,;
and Rg,. Designers must decide on
the best current level for each.

Though many current combina-
tions can produce the target output
resistance, there’s an optimum ratio

fixed voltages, such as a precision reference, seems simple. But the
transistors and the op amp have some parasitic impedances that
make the job tricky. For instance, R, draws current from the op
amp to lower its zero-signal, no-load output resistance.

|._
|
I
|
L
|2. DESIGNING A LOW-OUTPUT impedance buffer for

ble emitter resistances. Emitter cur-
rents replace emitter resistances
and the optimum ratio eliminates one
emitter current:

I, =Ige/n=(Vge/Rg) X (1 +n/
betay)/n
= (Vgo/Rp) X (1 + (betay)/2)/
beta,
(Eq. 5)
The output resistance of the first
stage can be calculated from I;:
ROQI = VRI/IEI &3 ROA/betal
(Eq. 6)
I, comes from the required output
resistance, Ry, and Roq;:

RO = REZ + ROQl/betaz
Igs = Vro/(Ro - Roqi/betay)  (Eq.7)

ELESCITRONIC, D

sources eliminates this in-
efficiency (Fig. 3). In the
circuit, transistors Q; and
Q, form cascaded common-
collector stages as in the
fixed reference design.

As in the first circuit, the op amp
supplies the precision dc perfor-
mance. Vg represents the signal
source with its source resistance Rg.
R;is set equal to Rg to approximately
balance bias current errors. R, bias-
es the op amp’s output stages at a
modest current to assure a low open-
loop output resistance.

The new circuit includes a noise fil-
ter, C4and R, It cuts high-frequency
noise from the op amp’s input with-
out seriously affecting slew rate. R
becomes Q,’s source resistance at
high frequencies where the op amp’s
output resistance is unpredictable.
C; and C; filter supply noise at fre-
quencies too high for the op amp to
reject.

Ry, Qs and Z, form a current
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TABLE 1: SIGNAL BUFFER SPECIFICATIONS

Environment: Min. Nom. Max. Units
Ambient temperature (at circuit card) 15" 35° 45° C
Positive supply 147 15.0 153 v
Negative supply -147 -15.0 -15.3 v
Supply noise (dc to 10 kHz) 90 pVrms
Load current fluctuation 1 10 Apk-pk
Load current frequency 4 MHz
Signal-voltage range -4.1 +4.1 v
Signal source resistance 200 Q
Performance:

OQutput-voltage range -4.1 +4.1 v
Output noise, 99.5% (1 Hz to 1 MHz) 64 1Vpk-pk
Load current fluctuation error 20 uVpk-pk
Output resistance (or impedance) dc to 4 MHz 2.0 Q
Slew and settle time (to 0.0007%, 8 V step 12 us

source for Q;’s emitter. These parts
replace Ry, of the fixed reference de-
sign. Similarly, R, Q4 and Z; form a
current source for Q,, substituting
for the original Rs. Z; and Z, serve
double duty by also reducing the
voltage applied to Q; and Q,. This re-
duces the transistors’ junction tem-
peratures and consequently their
emitter diffusion resistance, Rg. C,
and C, bypass the collector supplies
to prevent oscillation.

DESIGN EXAMPLE

This example demonstrates the
. design procedure by creating a sig-
nal buffer for the Crystal Semicon-
ductor CS-5016 16-bit a-d converter.
The buffer handles voltages from —
4.096 to +4.096 V for the a-d convert-
er’s bipolar input range, (+4.096V
reference). Assume that the buffer’s
input comes from a multiplexer syn-
chronized to the a-d converter’s max-
imum conversion rate.

The a-d converter draws up to 10
pApk-pk at 4 MHz from its signal in-
putasittrims up the charge levels on
its internal capacitors. For the bipo-
lar range, an LSB equals 128 uV. As-
sume the error budget leaves 20
wVpk-pk for current-induced fluctu-
ations after reference drift, offset
drift, noise, and a-d converter errors
are taken out: The buffer’s output
resistance must be 2 Q or less.

The CS5016 completes a conver-
sion cycle inabout 20 us at full speed.
The input signal must be steady for 4
us while the signal is sampled, leav-
ing 16 us for multiplexer switching,
slewing, and settling. Arbitrarily al-
lot a budget of 4 us for the multiplex-

T88ctoniniz o © ¥ 1 C

er to switch and 12 us for the buffer
to slew and settle (Table 1).

Choosing a suitable transistor for
Q. is key to this circuit’s success.
Many types that meet the current
and frequency requirements prove
unsuitable or inefficient because of
the internal resistances Ry and Ryp.
Before preceding with the design,
suitable transistors must be found.

The preceding circuit analysis put
two requirements on the transistors
used in the output stages. First, the
contributions of Rgp and Rgg must
be less than 10% of the output resis-
tance. In this example, the maximum
contribution would be 0.2 Q. Second-
ly, the output resistance contributed
by the op amp’s Ry, must be less
than 10%. If the betas of both stages
are about equal, the minimum cur-
rent gain must be:

beta >= (Rga/(10% X R())V/2
>=(55/(0.1 X 2))1/2
>=17

But the current gain is a function
of frequency. The minimum gain
(beta) must be met at the highest
load-current frequency (4 MHz in
this example). The current gain’s
magnitude at any frequency, f, can
be approximated from f; and the dc
current gain, beta:

beta (f) = beta X f1/(fy + beta X f)
(Eq.8)

The minimum f; which assures beta
(f) is:

fr = beta (f) X beta X f/(beta-
beta (f))

For a dc beta on the order of 100:

D ESTIGN

fr >=17 X100 X 4 MHz/(100-17)
>=82MHz

Only transistors with f1’s greater
than 80 MHz need to be considered
for this application. This eliminates
most power transistors.

From the transistors that meet the
frequency criteria, designers must
pick ones that also meet the Ry and
Rgg requirements. These resis-
tances are rarely found on specifica-
tion sheets. Moreover, there doesn’t
seem to be a reliable way to estimate
them from published saturation volt-
ages. However, an h-parameter jig
that can measure h;p over a range of
emitter currents will give the an-
swer. Increase the emitter current
until the input resistance (1/h;g) in-
creases by 10% over that measured
at2mA.

Of 20 or so transistors tested,
those designed for high-voltage (80-
V), high-current (1-A) switches or
amplifiers best met these criteria.
The best found are the 2N3725 NPN
and 2N4033 PNP transistors (Table
2).These transistors deviate 10%
from the ideal when the emitter cur-
rent reaches about 27 mA. By com-
parison, the 2N2222A/2N2907A
types operate to 12 mA, and the
2N2369A operates to 7 mA before
Rgp and Rgg contribute 10% error.
Neither current rating nor satura-
tion voltage proved to be a reliable
guide in this choice. For example, the
2N3020 rated for 1-A collector cur-
rent, and a 0.2-V saturation at 150
mA proved worse than the 2N2369A
rated at 200-mA collector current
and 0.5-V saturation at 100 mA.

DESIGN PROCEDURE

Before selecting components and
values, it’s necessary to estimate the
current required in the output tran-
sistor, Q,. This must be based on
specifications alone because no parts
have been chosen yet. To begin, the
emitter current must reduce Ry, to
Ry, 2 Q in this example. To be consis-
tent with earlier assumptions, up to
20% more current may be needed for
the effects of the op amp’s output re-
sistance and Q,’s Rpp/Rgp resis-
tances. Finally, the transistor junc-
tion won’t be at 300 K. As a first ap-
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proximation, assume Q,’s power dis-
sipation is negligible.

IEZ =12X VR/RO X TA (max)/TREF
=1.2 X 0.026/2 X (273+45)/300
=1TmA

Part selection begins with the op
amp because its dc and noise perfor-
mance are the most stringent re-
quirements of the design. Assume
that a PMI OP-27A is a suitable
choice: This op amp has a nominal 55-
Q open-loop output resistance (Rg,)
at 1 mA of output current.

A 200-Q 5% carbon film resistor
serves at Rj, matching the input sig-
nal’s specified resistance. A 15-k()
5% carbon film resistor at R, main-
tains a minimum output current of
about 1 mA.

The 2N3725 serves for Q,. Its low
Rgp and Rgg contribution leads to
less emitter current and higher pow-
er efficiency. The choice being made,
three key factors can be computed:
the high frequency beta of Q,, beta,;
the minimum high frequency beta
required for Q,; and the emitter cur-
rent of Q;:

beta, > = beta X fr / (f; + beta X f)
> =45 X 280 X 105/ (280 x 106
+ 45 X 4 X 10)
>=27
beta, >= (10 X Rgs/Rg)/beta,
>=(10 X 55/2)/27

=(0.026/2) X (1+ (27)V/2)/27
=3mA
Z, reduces voltage on Q; to mini-

mize junction heating. A rule-of-
thumb advises a minimum of 2 V
from collector to emitter (V¢p) to
maintain most of a transistor’s gain-
bandwidth product. Z,’s voltage
should be as high as possible without
depriving Q, of its minimum voltage.
Q4 has the same V¢ as Q;. The worst
case occurs at the lowest output volt-
age,—4.1 V. Designating the negative
supply as Vgy:

VZ <= VSN i VO (mln) + VBE2 =
Vg2 (min)
<=-15-(-4.1) +0.62-(-2)
=-828 - 82V

P71 =V X1g
= 8.2V X 0.003
=25mW
A 1N959B, 500-mW, 5% zener di-
ode serves for Z;. Though the zener
is tested at 15 mA, the dynamic im-
pedance remains low over a wide cur-
rent range. In this case, the maxi-
mum dynamic resistance is 6.5 ) at
15 mA. The voltage change from the
test point, 15 mA, to the operating
point of this example, 3 mA, is on the
order of 78 mV. Assume the nominal
zener voltage is 8.1 Vat3 mA.
The low emitter current of Q; ex-
pands the number of transistors
with negligible Rz and Rgg contri-

=10 butions. Though the 2N4033 could
From Eq. 5: serve, lower cost and a smaller case
I = (Vro/Ro) X (1+(betay)/2)/ give the popular 2N2907A the nod.
beta, When operated at3mA and 2V, Vg,
~R3200 Feedback
o
+15V

N
22nF
Rs
27

I g ¢
T

4.7nF T
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minimum internal base and emitter resistances and maximum bandwidth—at minimum
emitter current. Data sheets give little help in this selection.

I 3. BUFFER OUTPUT TRANSISTOR Q, is selected for a combination of

D ESTIGN

the 2N2907A’s minimum dec beta is
about 100, and its minimum fy is
about 130 MHz. The current gain at 4
MHz is:

beta, (f) = beta X fy/(fy + beta X f)
=100 X 133 X 106/(133 X 106
+100 X 4 X 106)
=25

The power dissipation at maxi-
mum output voltage:

Pg= (V? (max) + Vgga = (Ven—V71))
X 1g
=(4.1+0.62-(-15+8.1)) X 0.003
=35mW

The maximum junction tempera-
ture, for a 440° C/W TO-18 case:

TJ €= TA (max) == RJA X PQ]
<= (273 + 45) + 440 X 0.035
<=333K

The first stage output resistance,
Roqi, at 4 MHz (Eq. 6):

Roq1 = (Vr1/Ig1) X (T;/Trgr) + Roa/
beta,
=(0.026/0.003) X (333/300) +
55/25
=120

Z, minimizes Q,’s junction temper-
ature by reducing its collector volt-
age. Again, a minimum collector
voltage of 2 V preserves most of the
transistor’s gain-bandwidth prod-
uct. Q3 has the same minimum V¢ as
Q.. The worst case occurs at the
highest output voltage, +4.1 V. Des-
ignating the positive supply as Vgp:

VZZ <= VSP_VO (max)—VCEz (min)
<=15-4.1-2
<=89V 582V

Pz = V73 X g
=8.2x0.017
=140 mW

A 1N959B 500 mW 5% zener diode
serves for Z,.

The required output stage bias
current can now be calculated more
precisely in preparation for selecting
its current source components. First,
estimate Q,’s maximum junction
temperature using the estimate for
I, 1T mA:

P =Igy X (Vgp— V75— Vo (min))
=0.017 X (15-8.2-(-4.1))
=185 mW
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The circuit’s symmetry makes the
maximum power dissipation of the
current source transistor equal that
of the device it’s providing current
for. That is, Pysmax) = Pgzmay- The
moderate power level of Q, suggests
a TO-5 or TO-39 case will keep the
transistor’s surface temperature
low. The 2N3725 turns out to be a
good choice because it already ap-
pears in the circuit and happens to
have excellent power transfer for its
size. Power isn’t a problem for Qs,
and the choice of a 2N2907A mini-
mizes the diversity of parts.

The voltage across R, determines
the current in Q4 and Q. The rela-
tively large value of V; dwarfs the
drifts of Q4. base-emitter voltage.
Likewise, the zener voltage change
isn’t significant with the tolerances
implicit in the Iy, calculation. Check
these errors more closely for zener
voltages of 5.6 V or less. A simple
calculation including only the resis-
tor and zener tolerance (tol) suffices:

Ry <= (1-Ryg) X (1-Zpg) X V1 -
Vigy)/Ig2
<=(1-0.05) X ((1-0.05) x 8.1 -
0.62)/0.019

826ctonir iz © N T C

2N3725 2N4033

Parameter: Min. Typ. Max. Min. Typ. Max.

Unity gain frequency (fr) (1) 280 380 130 170 MHz

Current gain (beta) (1) 45 90 100 250

Current for 10% error in R¢ (2) 25 28 3 23 26 28 mA

Vi at300K and Iz 2 mA 26 26 mv

Thermal resistance, junction-to-ambient 120 185 120 185C/W

Case type T0-39 TO-39

Polarity npn pnp

Notes: (1) Extimated for Ic = 20 mAand Vo = 5V.

(2) 10 transistors tested
Tjo <=Tys + Rypo X Pge <=2353 - 3300
<=(273 +45)+ 120 X 0.185
<=340K Pro=1Igy X Ipz X Ry
=10.019 x 0.019 X 330
From Eq. T: =119 mW
Igo = Vgo X (T9/Trer) /(Ro—=Roo1/

’ bethalz) B S R, <= (Vl_RT)O/])IX ((1-Zg) X V-
=0.0: 340/300)/(2-12/27 BE3)” “E1
e <= (1:0.05) X (1-0.05) X 8.2

0.61)/0.003
Recalculating the last three re- <=22718 - 22k N
sults with 19 mA yields: In both cases, 5% 0.25-W carbon
film resistors are suitable.
o =207 .
gQ_f: 343 Ir(n o The bypass capacitors are most ef-
IP]; =Gk fectiveif they reach series resonance

just below the transistor’s typical fr,
400 MHz for the 2N3725 and 200
MHz for the 2N2907A. Using the
rule of thumb that short-lead 0.1 uF
ceramic capacitors resonate at 10
MHz, the proper capacitance is 4.7
nF for 200 MHz and 2.7 nF for 400
MHz resonance. The circuit layout
must keep the lead inductance be-
tween the bypass point and the
ground bus or ground plane on the
order of 2.5 nH to 5nH for the capaci-
tors to work properly. Use ceramic
capacitors intended for high-fre-
quency bypass service.

C4 forms a lag network (pole) with
the op amp’s output resistance and a
lead network (zero) with R;. The ze-
ro’s frequency, 1/(2 X m X R X Cy),
must be at least one decade below
the normal unity gain frequency,
Fyg, to prevent gain peaking. R;
mustbe at least 22 Q2 to prevent oscil-
lations in Q; and Q,. For a margin,
use a 27 Q, 5% carbon film resistor
for R;.

C4 >:1/(2X7T><R5XFU(;)
>=1/(2X38.14 X 27 X 5 X 106)
>=1.2nF

Though a large C4 best suits the
stability and noise goals, it must

D ESIGN

charge fast enough at the op amp’s
short circuit current to meet the slew
rate target. Allot half of the speci-
fied 12 us for slewing. Assume that
the OP-27 can source and sink 30 mA
minimum over the operation condi-
tions.

C4 <5 Isc/(dV/dt)
<=0.030/(8/6 x 10-)
<=23X107 > 22nF

The design focused on output re-
sistance for clarity, but the output
impedance will show measurable re-
actance above 2 MHz. A 20-mm long
piece of bare wire measures 0.5-Q in-
ductive reactance at 4 MHz.

At 4 MHz, the hand-wired test cir-
cuit measures 1.4-() resistance in se-
ries with 1.25-Q) inductive reactance,
for a total impedance of 1.9 Qs. The
reactance comes from layout, by-
pass effectiveness, and semiconduc-
tor effects. The impedance rises
slowly to 2.3 Q at 30 MHz (Fig. I,
again.).

The output noise measures 8.7
pVrms or 52 pVpk-pk in a 1-MHz
bandwidth (taking peak-to-peak
noise as 6 times the rms calibrated
average). Supply and thermal noise
are minor contributors. The circuit
draws about 31 mA from the 15-V
supplies (930 mW). The slew and set-
tle times are well within the 12-us
limit.

The buffer virtually eliminates
load-current-induced errors for the
(CS-5016 16-bit a-d converter while re-
taining optimum offset drifts, noise
levels, and slew rates. It achieves
low output impedance through
straightforward bias currents rath-
er than finessed feedback. The pen-
alty is higher power consumption;
the benefit is constant, low-imped-
ance levels into the VHF region.[]

James A. Kuzdrall designs instru-
mentation and automated process
controls at Intrel Service Co. He
graduated from MIT and North-
eastern University.
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THAT'S WHY WE CAN OFFER
A GREAT RATE ON A CADILLAC.

When we, the employee-owners
of Avis, Inc., say, “We’re trying
harder than ever,” we have to prove
it. Over and over. Because we know
that our success depends on your
satisfaction.

, That means giving you the com-
petitive rates and well-maintained
GM cars that make you come to
Avis in the first place. Plus all
those important services that

keep you coming back. Like Avis

Express® for fast check-outs. And
Roving Rapid Return™ for even
O I e faster check-ins.
For more proof, call
' ®® .1-800-3311212 or
call your travel consultant about

our special Cadillac rate. Talk
to an owner and discover how
( Own we make Avis work for you.
P ‘ @
e lace We're trying harder
® than ever.

#v 25 Avisfeatures GM cars. Cadillac Sedan de Ville. © 1989 Wizard Co., Inc.
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dc to 3GHz

ST1%°

from

« less than 1dB insertion loss over entire passband

« greater than 40dB stopband rejection
« 5 section, 30dB per octave roll-off

« VSWR less than 1.7 (typ)

« over 100 models, immediate delivery
« meets MIL-STD-202

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

» rugged hermetically sealed package (0.4x0.8x0.4in.)

« BNC, Type N, SMA available

50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000

LOWPASS  Model  *LP-[10.7|21.4| 30

Min. Pass Band (MHz) DC to ’ 07‘ 22 [ 32 | 48 | 60 ‘ 98 ‘ 140 ’ 190 ‘ 270 ‘ 400 ‘ 520 ‘ 580 ‘ oo‘ 730} 900
Max, 20dB Stop Frequency (MHz) 19 47 1 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  *kHP- | 50| 100 | 150

200 | 250| 300| 400| 500| 600| 700| 800 | 9001000

s B start,max | 41| 90 | 133 | 185 | 225| 290 | 395| 500 | 600 | 700 | 780 | 910 | 1000

end, min. | 200 | 400 | 600 | 800 | 1200 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200
Min. 20dB Stop Frequency (MHz) 26 55 95 116 150 190 290 365 460 520 570 660 720
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

PLP-10.7 C105 REV. E
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IDEAS FOR DESIGN

SINGLE IC OVERCOMES
AMBIENT NOISE

KERRY LACANETTE
National Semiconductor Corp., 2900 Semiconductor Dr., P.O. Box 58090, Santa
Clara, CA 95052; (408) 721-5000.

any electronic instru-

ments and computer ter-

minals use audible sig-

nals to supply informa-
tion to users. The audio cue might ac-
company an error message or a
request for data, or it may occur with
each keystroke.

Some instruments are intended
for a wide range of environments
and will encounter many different
ambient sound levels. Ideally, an au-
dio signal produced by the instru-
ment should be loud enough to be
heard in the presence of ambient
noise, but not so loud as to be annoy-
ing in a quiet room. Two common ap-
proaches deal with a range of ambi-
ent noise levels: Include an external
loudness control on the instrument,
which has the disadvantage of re-
quiring user adjustment, or fix the
amplitude of the audio cue to a level
high enough to overcome any antici-
pated ambient sound-pressure level.

A third approach is to make the
volume adjustment automatically.

Ambient noise is picked up by a mi-
crophone whose output is amplified,
rectified, and filtered to produce a
control voltage for an amplifier
(VCA). The input to VCA is the audio
signal, and VCA causes the audio
output to be proportional to the am-
bient noise. In environments with
lots of ambient noise, the sound from
the instrument will be loud; in quiet-
er settings, the output will be quiet.
The entire circuit may be built with
one IC, the LM1894, which is intend-
ed to implement a single-ended audio
noise-reduction system. It contains a
gain stage, a half-wave active rectifi-
er, and two voltage-controlled trans-
conductance amplifiers (one per ste-
reo channel) (see the figure). When
the LM1894 is used as a noise-reduc-
tion circuit, these transconductance
amplifiers are configured as low-
pass filters with variable corner fre-
quencies. In the auto-gain circuit,
only one of the amplifiers is used,
and it serves as a voltage-controller
with a unity maximum gain and a

Ry

L4 Audiooutput
24k 1oF o 011
.F ower amplifier

11

+5to +15V

to audio

Audio , 13!

input 01 F!

Viol
converter

noise picked up by the microphone. When operating in a quiet environment, the audio

I THIS SINGLE-CHIP CIRCUIT adjusts its audio gain according to the ambient

output is quiet, while a noisy environment results in a louder audio output.

ELECTRONTIC

Read all the Ideas for Design in
this issue, select your favorite,
and circle the appropriate number
on the Reader Service Card. The
winner receives a $150 Best-of-Is-
sue award and becomes eligible
for a $1,500 Idea-of-the-Year
award.

minimum determined by Ry.

The microphone is connected to
the input of amplifier, A, whose gain
is internally fixed at 26. Its output
goes to the active rectifier, which in
combination with capacitor C, forms
a slow peak detector. The coupling
capacitor between the microphone
amplifier and the peak detector re-
sults in a low-frequency roll-off in
the detector path around 100 Hz. It
may be advantageous in some sys-
tems to make this capacitor smaller
so that low frequency signals are at-
tenuated even more, because the ear
is less sensitive to noise below 300 Hz
than it is to noise in the 1- to 6-kHz
range. If the microphone being used
is too sensitive, the circuit will oper-
ate near its maximum gain even in
quiet environments. But a resistive
divider can attenuate the micro-
phone’s output.

What happens if the microphone
picks up the acoustic output from the
loudspeaker? If microphone-loud-
speaker coupling is sufficient, the
gain-control loop becomes a positive
feedback system, and the gain will
rise to its maximum value. In prac-
tice, the amount of acoustic coupling
depends on the loudness of the audio
signal, the locations of the micro-
phone and loudspeaker, and on the
degree of isolation from vibrations
transmitted through the chassis. For
example, when the microphone and
loudspeaker are located on opposite
sides of a computer terminal, and the
microphone mounting adds vibration
isolation, there shouldn’t be any gain
change for typical audio levels.

Alternately, if the loudspeaker
and microphone are located next to
each other on an instrument panel,
the odds are good that there will be
excessive coupling between them.[

g OCETOBEI% 1261981;| 85
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1. IN THIS IMPRACTICAL
circuit, the base-emitter voltage Vy adds
directly to the input voltage V.

hen used at de, a differ-
ential amplifier can add
a voltage to overcome a
transistor’s base-emit-
ter voltage drop in a transistor curve
tracer design. The usual solution for
a circuit to overcome this drop (0.6 V
for a silicon transistor) is to add a de
bias to the signal. The signal,
though, couples to the circuit
through a capacitor. Accordingly,
this approach becomes impractical

TL431 precision zener-
shunt regulator can be used
as a voltage limiter for posi-
tive analog signals. The lim-
iting level that is set by resistors R,

IDEAS FOR DESIGN

[ _CIRCLE " |
5 2 2 CIRCUIT OVERCOMES
V... DROP AT DC
JOSE H. RODRIGUES AND M.A.R.P. DE BARROS
Universidade Do Porto, Faculdade De Ciencias, 4000 Porto, Portugal.

for very low frequencies—and im-
possible at dc.

Consider the circuit where the
base-emitter voltage Vg is added to
a very low-frequency or dc input sig-
nal. The following relationships can
be written by simple inspection of
the circuit (Fig. 1).

Vl = V + VBE (1)

Assuming that you can neglect the
current absorbed by the feedback
path, then:

Vi =Rglg +Vgg
Equating expressions 1 and 2:
V + VBE = RBIB + VBE

gives
IB — V/RB (3)

Therefore, the determination of
I;—the problem faced in the transis-
tor curve tracer—is extremely sim-
ple, although Ry is a floating resis-
tor.

@)

= ¢y VOLTAGE LIMITER IS
5 2 3 TEMPERATURE STABLE

PAUL GALLUZZI
Dynamics Research Corp., 60 Concord St., Wilmington, MA 01887; (617) 658-6100.

and R; stays within the range of 2.5
to 13 V. And resistor R; keeps the
amount of current that enters the
limiter device (Z,) at a safe level (see
the figure).

To compensate for

[_— Unity gain adjustment the slight signal atten-
A uation caused by the
R, 5k R, BN resistance in the cir-
2 511 B >-—1 cuit, input amplifier A
E, A ag & supplies a small
£ 3 /1 Ry ¢ 1 k
10k per : & A VOLTAGE
R R & 8 ! E, limiter for positive
$14.7k 2 1%'(:: 3 analog signals takes
; 4 advantage of a TL431
= AandB:LMIBEN  2,:TLA3 recisio asner-shunt
regulator.

86 Gcroner 5 © © N T C
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2. A PRACTICAL CIRCUIT

uses a noninverting unity-gain op-amp
circuit as an adder, where the voltage V,
equals the input voltage V plus the base-
emitter voltage V.

In a practical circuit that uses a
noninverting unity-gain adder, the
voltage V, equals theinput voltage V
plus the base-emitter voltage (Fig.
2). Although the circuit has positive
feedback, it remains linear for posi-
tive values of V, because the voltage
at B is clamped to 0.6 V, for instance,
by the transistor’s forward-biased
emitter diode. For negative values of
V, this limitation doesn’t exist, so the
op amp goes into saturation. Finally,
to avoid the flow of the current into
the signal source, the circuit uses a
large resistance (about 0.5 MQ).(J

amount of positive gain. Voltage fol-
lower B delivers a buffer output
stage so that the overall gain re-
mains close to unity. For use in a sys-
tem, voltage follower B may be de-
signed with more inverting or nonin-
verting gain.

The two amplifiers are biased with
+15 and -15 V. The TL431 regulator
device has an average temperature
coefficient of 50 ppm/°C, which prop-
erly maintains a stable voltage-limit
level. It also provides a very sharp
turn-on characteristic.

The circuit, which utilizes just two
miniature DIP ICs, comes in handy
as a precise and stable limiter for uni-
polar signals. It can be used as a uni-
ty-gain system block. In this case,
gain can be added as needed. And
keep in mind that the equation for
the input amplifier gain is 1 + (R,/
R,) and the equation for the device
voltage (Z,)is (1 + (R,/R;)) X 2.495V
(typical).(]
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“I NEED A DIE VENDOR THAT
| CAN COUNT ON TO SUPPORT MY
PRODUCTION WHEN I NEED HIM.”

Lambda Semiconductors

§%~«%ﬁ\.@mm T

&

glass-passivated for

selection of quality Power

more moisture protec-

Semiconductor Die is

tion and better high

backed by multi-level
Lambda support.

temperature operation.
This assures you of the

Now, hybrid circuit
designers can get more
specific solutions in power

highest product integrity.
Lambda tests 100%
too. All die are 100%

IC's and power transistor

probed to appropriate

applications.
Lambda Die offer

DC limits. Lambda also
performs 100% visual

you a selection that
doesn't stop and doesn’t compromise:
Linear and Switching Voltage Regulators,
Switching Power Supply Controllers, Motor
Controls, Overvoltage Protectors, Comple-
mentary Power Darlington Transistors,
Half and Full ‘H' Bridge Power Drivers,
Center Tap Dual Rectifiers and PWM
Switching Controllers.

If it's Linear Regulator Die you need,
Lambda designs theirs with built-in band-
gap reference, so noise is kept at an abso-
lute minimum. And all Lambda Die come
standard with a special chrome-silver
backing to maximize heat conductivity and
minimize thermal resistance. Gold, Solder
or other backing is available on request.
Every die Lambda provides is also triple

LAMBD

Semiconductors,

Lambda Group of Unitech pic

121 International Boulevard, Corpus Christi, Texas 78406, FAX: (512) 289-0472 ; \
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inspection: to industrial

standards; tol MIL-STD-750B, Method

2072; or to MIL-STD-883C, Method 2010.
And if you need, we can also easily provide
special processing and unique electrical
screening.

For shipment, all die are protected in
sealed, conductive waffle-pack containers
for ESD protection. And Lambda ships
directly from a fully stocked inventory—to
be sure you get exactly what you want, when
you want it.

That's a vendor who never falils.

To order from stock, call tollfree:
1-800-255-9606. In Texas .
and for applications /

assistance call: FrSr S
1:512-289-0403. : ‘




New VR rechargeables
improve performance
and lower your costs.

Varta's new VR rechargeables
permit improved charging rates:
both trickle and overcharge. This pro-
vides new benefits: the opportunity to
reduce costs by simplifying circuitry,
and enhanced overcharge protection.

Cost reduction of circuitry: Until now,
typical NiCd button-cell charging circuits have had
two steps...charge at 0.1 CA (14-16 hours) and trickle
charge at 0.01 CA (100 hours) while delivering a 5-to-
6 year life. The new VR's can be used in this two-step
circuitry. However, you can simplify your charging
circuitry to one step, and reduce costs accordingly, by
designing to both charge and trickle charge at .05 CA
(only 25 hours from full discharge to full charge). The
VR’s will still provide 5-to-6 year life.

VARTA Mémpse) S
2.4V 180 mAh
230W 702 BV2 +

Improved overcharge protection.
To handle user abuse or unusual con-
ditions, the new VR'’s can be charged
periodically at up to 0.2 CA (7-hour
rate), while providing a useful life of up
tosixyears. They can evenbe overcharged
at 0.2 CA (room temp.) for one whole year.
VR cells are dimensionally the same size as the

" DK cells they reolace. Initial capacities (mAh) being

phased in are 60, 100, 170 and 280 (re-
placing the 250). Available in a wide
variety of Varta battery packs and con- §
nections. For this literature on the VR
series or for information on all Varta
batteries, please call 1-800-431-2504,
Ext. 260. Or write to Varta below. st

Why dont you doubike your
overchane protection?

AdVARTA

VARTA Batteries, Inc., 300 Executive Bivd., EImsford, NY 10523
CIRCLE 55




PRODUCTS NEWSLETTER

i Based on a condensed version of the Z8 CPU core, a new family of low-cost 8-
COST CUTTING CP US bit microcontrollers—the Z86Cxx consumer control-processor series—was
TARGET CONSUMER GOODS released by Zilog. Aimed at cost-sensitive applications, such as consumer and
automotive products, the chips will sell for $1.50 to $2.50 in 10,000-unit quantities. Chip fea-

tures include operation over a wide voltage range at low current levels, on-chip analog com-

parators, power-on-reset timer, watchdog timer, micropower stop mode (5 wA), low emi, and a

choice of an R-C, ceramic, or crystal time base. The initial family has four chips: the Z86C09,

which comes in an 18-pin DIP with 2 kbytes of ROM, a 144-byte register file, and 14 I/0 lines;

the Z86C19, which contains double the ROM of the 86C09 but is otherwise the same; the 86C30,

which comes in a 30-pin DIP and packs 4 kbytes of ROM, 256 bytes of RAM, and 24 I/0 lines;

and the 86C40, which comes in a 40-pin DIP and adds eight I/0O lines and some memory control

lines to the 86C30 features. The chips operate over a 2.5- to 5.5-V power-supply range and at

clock frequencies of up to 12 MHz. Call Sam Stewart, (408) 370-8000. DB CIRCLE 301

Designed to replace pe-mounted back-up batteries for memories and micro-

SUP ER CAP ACITORS processors, super capacitors from NEC Electronics, Mountain View, Calif.,
REP LACE BATTERIES range in value from 0.047 to 1.5 F. All capacitors can supply 1 A or more, yet
they charge quickly and discharge at rates determined by the devices they power. The capaci-

tors operate from —40 to +70° C. Ideal for replacing lithium or NiCad batteries for short, heavy-
currentdrains (to 1 A), the capacitors also supply long-tern backup for low drains (say 100 nA).

The super capacitors also power relays, switches, and even motors. And unlike batteries, they

don’t need to be replaced. Prices in lots of 500 are from $2.80 each (0.047 F) to $11.77 each (1.5

F). Contact Judy Hausman, (415) 965-6121. FG CIRCLE 302

& An integrating converter from Teledyne Semiconductor, Mountain View,
LOW.COST 14 BIT ADC Calif., offers 100-wV input sensitivity and 0.005% resolution. The TSC835 chip

AIMS AT P C I/ O BOARDS can supply the basic conversion needed by analog data-acquisition boards for
virtually any type of PC. These boards often cost more than the computer itself. The chip’s low
cost also makes the converter-per-data-point system potentially affordable. While running at
5conversions/s, the integrating converter easily ties toa UART for serial data transmission in
distributed measurement applications, such as process-control systems. The chip needs just
30 mW from split 10-V rails. Packaging includes plastic and ceramic 28-pin DIPs, 44-pin
PLCCs, and 44- and 60-pin plastic flat packages. Prices are just $4.48 each in quantities of 1000.
Call Wes Freeman, (415) 968-9241. FG CIRCLE 303

70_ A MOSFETS ARRIVE For the first time you can geta 70-A, 60-V power MOSFET in a TO-247 (plastic
TO-3) package. The SMWT0NO06 from Siliconix, Santa Clara, Calif., which is

IN TO'247 PACKAGE one of six proprietary power MOSFETs, has an on-resistance of only 0.018 €.
The SMWG60N10, a second n-channel device, ups its voltage rating to 100 V, while current rat-
ing only drops to 60 A—and on-resistance rises to just 0.025 Q. If that much performance isn’t
quite needed, the 60-V, 60-A SMW60N06 or 100-V, 45-A SMW45N 10 might do the job: Their on-
resistances run 0.023 and 0.04 Q, respectively. A pair of p-channel devices fill out the entry:
The 100-V, 20-A SMW20P10 has an on-resistance of 0.2 Q; the 200-V, 12-A SMW12P20 features
an on-resistance of 0.5 . All devices are avalanche rated. In quantities of 100, prices are $7.94
to $11.44. Call (800) 554-5565, ext. 1800. FG CIRCLE 304

Creating a bridge between modeling and rendering, Developer’s RenderMan
RENDERMAN EASES 3D from Pixar, San Rafael, Calif., is a software-development tool based on the

SOFTWARE DEVELOP MENT RenderMan interface specification for 3D scene description. A model de-
scribes the shape, motion, and surface characteristics of an object to the renderer, and the ren-
derer computes the display of the object or scene, adding light sources and other effects. De-
veloper’s RenderMan accepts various geometries or models and offers a range of rendering
options, including texture mapping, anti-aliasing, motion blur, and transparency. A shading
language produces such effects as environment (rain, snow, wind) and textures without add-
ing to the database size. The Developer’s RenderMan toolkit comes in Unix and MS-DOS ver-
sions, and is available now for $4650. Contact Paul Yarmolich, (415) 258-8100. LG CIRCLE 305

The 601 series of surface-mounted R-C networks from Bourns Inc., River-
SURFACE-MOUNTED FILTERS side, Calif., helps you control electromagnetic and rf interference from com-
HOLD DOWN EMISSIONS puters and peripherals. Functioning as low-pass filters, the devices feature a

ELEG TR ONT® DESIGN‘89
OCTOBER 12, 1989




PRODUCTS NEWSLETTER

T-configuration of resistors in series and capacitors bussed to a common ground. They can
suppress high-frequency emi and rfi for up to eight separate lines. Packaging is a medium-
body, 0.295-in.-wide small-outline style, with a choice of gull-wing or J leads. The resistance
value is 50  and capacitances of 50, 100, 200, and 400 pF are available. In quantities of 100,
prices start at $0.95. Call (714) 781-5500. bM CIRCLE 306

SURF ACE MOUNTING SHRINKS Low-cost, space-saving dc-to-de converters are easier than ever to design and

build, thanks to the PWS750 component system from Burr-Brown, Tucson,

DC‘TO‘DC CONVERTERS Ariz. A basic system consists of oscillator-driver, isolation transformer, and
diode-bridge building blocks in tiny surface-mounted packages. The components can be as-

sembled into single- or multiple-channel configurations with 15-V dc outputs and 750-V rms

isolation from input to output and channel to channel. Two transformer options make opera-

tion possible from 5- or 15-V dc supplies, with output currents of 15 mA continuous and 30 mA

peak. The transformers are 100% tested at 1200 V rms. In lots of 100, the oscillator-drivers cost

$3.50, the isolation transformers go for $3.80, and the diode bridges cost $1.35. Delivery from

stock is four weeks. Call Mark Gordon, (800) 548-6132. DM CIRCLE 307

Designed for distributing broadcast and wider-bandwidth video signals or

DUAL VIDEO AMP SP ORTS for driving flash converters, each channel of a dual CMOS amplifier from
70‘MHZ, 3’DB BANDWIDTH Maxim, Sunnyvale, Calif., supplies a 3-dB bandwidth of 50 MHz minimum (70
MHz typical) for a +1-Vpk-pk waveform. This is achieved with a closed-loop unity gain into a

75-0) terminated coaxial cable. Set up for a gain of 2, to retain a signal gain of 1 while driving a

doubly terminated line, 3-dB bandwidth is a minimum of 35 MHz. Running from +5-V rails,

minimum output swing is £2.1 V driving 150 , and quiescent current is a maximum of 42 mA.

In quantities of 100, commercial-grade versions of the MAX457 in an 8-pin DIP go for $5.00
each. Call Brian Gillings, (408) 737-7600. FG CIRCLE 308

Teledyne Semiconductor, Mountain View, Calif., has a design kit for its fam-

DESIGN KIT LETS YOU ily of CMOS ICs, which are designed to drive power MOSFETs and CCDs.
TRY MOSFET DRIVERS These devices convert 5-V logic signals into 10- to 15-V, 1- to 6-A fast drive sig-
nals, which are required to turn on power FETSs or to sample CCDs. The kit includes a pe board

with sockets and connectors, a complete sampling of single and dual drivers, data sheets, ca-

pacitors for load simulation, and an instruction manual. In single units, the kit costs $39 ($65

value). Call Rich Clarke, (415) 968-9241. FG CIRCLE 309

ARINC 429 TX /RCVR IC The commercial avionics industry’s first one-chip ARINC 429 parallel-to-

serial bus interface adds transmitter drivers and thus eliminates the existing
ADDS BUS DRIVER two-chip approach. The HI-8182 chip from Holt Integrated Circuits, Irvine,
Calif., directly interfaces an aircraft’s avionics systems’ 16-bit parallel data buses to the
ARINC 429 serial bus. Receiver sampling rate is 10 times that of incoming data. The transmit-
ter contains an 8-by-31-bit FIFO buffer, which holds up to eight ARINC words loaded from the
16-bit bus. Typical output source and sink is 125 mA from 5 and -12 V rails. The chips come in
40-pin ceramic DIPs and 44-pin J-lead chip carriers. In quantities of 100, the HI-8182 goes for
$170 each. Call Bill Holt, (714) 859-8800. FG CIRCLE 310

With its built-in MS-DOS-compatible microfloppy drive, the 2286A data log-

DATA LOGGER SPORTS ger from John Fluke Mfg. Co., Everett, Wash., can collect up to 1.4 Mbytes of
MICROFLOPPY DRIVE measurement data. This data can be stored in an ASCII or .DIF file format,
so users can easily transfer the information to a PC for analysis on any of a number of

programs, including Lotus 1-2-3, Excel, and dBase IV. Programming is performed through a
front-panel keypad, and users respond to English-style prompts. The 2286A makes a wide as-

sortment of analog and digital measurements, including dec voltage and current; ac voltage;

BCD, binary, and contact closure; resistance; and frequency. Housing any of several input and

output options, an extender option can be placed near the measurement point, transmitting
measurements to the mainframe on a cable up to 1-km long. The 2286A will begin shipping in

January with a six-week delivery schedule. Its price is $7990. Call (800) 443-5853; in Europe,

contact Philips INE Export, 31-40-711-547. JN CIRCLE 311
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_ Announcing a
_ ilitary display of power
In 16.8 million brilliant colors.

And olive drah.

BROOKTREE DRAFTS THE INDUSTRY-LEADING VIDEODACS™ AND
RAMDACS™ FOR MIL-STD-883C, CLASS B DUTY. NOW HIGH RESO-
LUTION COLOR GRAPHICS ARE AT YOUR COMMAND.

Brooktree now offers high resolution graphics devices compliant to
MIL-STD-883C. So if you're eager to add color graphic displays of data
to avionics, C3, EW, radar, sonar, instrumentation or other systems,
we've got off-the-shelf solutions ready for you.

When it comes to innovative integrated circuits that bridge the
gap between a system’s microprocessor and CRT, Brooktree has set
the standard. Again and again. Our RAMDACs and VIDEODACs have
revolutionized the work-station and high-end graphics marketplace.
Now these same devices are ready for military applications, providing up
to 256 simultaneous colors from palettes up to 16.8 million colors in size.

We're introducing our first five mil-spec : .
devices simultaneously. ..

paatt
Our two monolithic +5V CMOS ‘.

8-bit VIDEODACs, MIL-SPEC DEVICES
the Bt1011883 and DEVICE SPEED DESCRIPTION

Bt102/883 X1 RUTH

way. Use the triple

PACKAGE

+Bt101SC883 | 30MHz | Triple VIDEODAC 40 pin
Sidebraze DIP
*Bt102TC883 | 50MHz | Single VIDEODAC 24 pin
Sidebraze DIP
+Bt438SC883 | 125MHz | Clock Generator 20 pin
Sidebraze DIP
+*Bt4535C883 | 40MHz Triple RAMDAC

40 pin
Sidebraze DIP

+Bt458SG883 | 110MHz | Triple RAMDAC 84 pin PGA

8-bit, 30 MHz as asingle chip answer. For higher per-
formance, use three single 8-bit, 50 MHz [TRIPTEA

Our RAMDACs have revolutionized high-end graphics systems
design. By integrating 256x24 color palettes into our triple 8-bit
monolithic +5V cmosmanu [IYE) we created an industry-
standard architecture, avail-
able today to military designers.
And ourprovides
the necessary clock gen-
erator for these high speed
RAMDACs.

NEW RECRUITS COMING
Count on Brooktree to bring wave after wave of mil compliant
devices to drive your color displays, with higher levels of integration
and higher performance. For more information on the
complete Brooktree Military 883C Program, including
complete screening and processing criteria, call
Brooktree at 1-800-VIDEO IC. Brooktree Corporation,
9950 Barnes Canyon Rd, San Diego, CA 92121 TLX 383 596

Add color graphics to your mil-spec system with Brooktree.

VIDEODAC and RAMDAC are trademarks of Brooktree Corporation. CIRCLE 58



Now benchpress

Arium introduces The Tool for your bench.
The 400 MHz logic analyzer at a price you can
handle as easily as the ML4400 handles multiple
pods simultaneously . . . starting at $5895.

Arium does it again.

We just redefined high-end logic analyzers in
terms of low-end cost. With the 8/16/32-bit
MIA400, you can combine up to four independent-
clock cards (user-selectable) to get 16 channels at
400 MHz, 64 channels at 100 MHz (synchronous),
or 160 at 50 MHz (synchronous). That means you
can now handle full-speed 68030s or 80386s, as well
as 68020s and 8086s. And, uniquely, up to four dif-
ferent microprocessors, simultaneously. That's speed
our competition can'’t catch up with. Now for ease
of use.

Easy. Redefined. What does ease of use mean
to you? If it means: Single key menu access to all

ML44CD LOGIC ANALYZER

screens. Complex triggering (Boolean, multilevel,
repeat functions) with cross-triggering between state
and timing, and between pods. Cross-time stamping.
Transitional timing. All software resident . . . Then,
you'll find them all, and more, in the M1LA4400.

Why Arium? How can Arium be the first to put
this much low-cost power on your bench? Because
we've always been first, ever since we redefined per-
formance/price logic analyzers with our MLAI00.
When will the competition catch up with the per-
formance/price of our new MLA4400? Don't hold
your breath.

For more data on the new ML4400, as well as
on our family of Arium 8/16/32-bit logic analyzers
at prices as low as $2495, contact ARIUM CORPO-
RATION, 1931 Wright Circle, Anaheim, CA 92806

6052. Telephone 714/978-9531. Amum
CORPORATION

Arium does it again!

CIRCLE 59




PRODUCT INNOVATION

SETTABLE FLAGS ADD
FLEXIBILITY T0 FIFO ICS

SPORTING T'Wo
PROGRAMMABLE
FLAGS AND
PackiNGg UprTo
1024 WORDS,

A PAIR OF
FIFO MEMORY
CHIPS MAKE
SYSTEMS MORE
FLEXIBLE.

DAVE BURSKY

dding new chip fea-
tures is always easy
when a new pinout
gives access to addi-
tional control and
signal lines. But for
chips that drop into
existing sockets, in-
novative  control
techniques must be employed for us-
ers to take advantage of new fea-
tures. This is the case with a family
of FIFO registers from Samsung,
which offer users two independently
programmable flags. The chips,
however, drop into the 28-pin sockets
established by previous 512-by-9-bit
and 1024-by-9-bit FIFO memories.

In their unconfigured state, the
KM75C101A and 75C102A CMOS
FIFO registers perform just as the
75C01A and 75C02A standard 512-
by-9 and 1024-by-9 chips with half-
full, full, and empty (HF, F, E) flags.
To access all of the superset fune-
tions, various control and signal pins
on the chip serve dual or triple func-
tions that can be invoked by applying
the signals in special sequences.

Both chips have two independent
and fully configurable flags—one to
indicate almost full (AF') and the oth-
er to indicate almost empty (AE) (see
the figure). The flags are reconfi-
gurable on-the-fly, making it possi-
ble for the system to change the flag
settings depending on the applica-
tion. With this feature, smart sys-
tems could adjust the flag trip points
to optimize data throughput.

Furthermore, by adjusting the
flag setpoints, the host system could
be warned about pending empty or
full conditions in time to invoke full
service routines. Previous FIFO
memories that only offered HF, F,

and E flags often left unused half of
the chip’s memory because the host
system would take over after the HF
flag was received. That was done to
increase the time available to slow-
responding systems, because if
those systems waited for the F or E
flags to supply their status, the hard-
ware might take too long to respond
to the data condition. However, by
configuring the AF or AE flag for
the desired level and setting the third
flag for the desired mode (E, F, HF),
the host processor would get a warn-
ing and, in turn, the final flag. That
eliminates the processor’s need to
keep track of how many words it re-
quires to complete the operation.

As with other FIFO registers, ad-
dress information doesn’t have to be
supplied to the chips—an internal
ring counter generates the required
addresses. Data movement into and
out of the chip is controlled by the
Write and Read input pins. A Re-
transmit pin causes the counter to re-
cycle through the previously read lo-
cations—handy for graphics and
data-communications subsystems
that often need refreshing or resend-
ing of data due to noise or errors. Pri-
or to operation, the chips should geta
Reset signal to clear internal regis-
ters and reset the pointers.

The 75C101A and 102A are faster
than most other FIFO memories,
sporting read-write times of just 20
ns and cycle times of 30 ns. To get
that speed, the chips consume a rea-
sonable amount of power, which is
about 700 mW in the active mode and
75 mW in standby.

Two internal 9-bit registers on the
chips hold the flag configuration
data for the AE and AF flags and for
the HF or F/E flag, which is also con-
figured on the chip. For the AE flag
register, bits 0 to 5 hold an offset val-
ue and bits 6 and 7 are reserved for

ELECT R O N I1C D E S 1
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FLEXIBLE FIFO
REGISTERS

Datainputs
Write (Dy_g)
Write control
& Flag Write
register pointer 1]
and .
control logic
. Read
: pointer
Multiplexer .
Read | Flag S12( [ [[[[ ][] hree-state
Read control logic eoe buffers
t—‘ Data outputs
Expansion 1 I Reset ~ [=— Reset
logic logie L Firstioad, o
Expansion l Retransmit, or
Input i - Direction Control
: FullorAlmost | L, EmptyorAlmost  Expansion output, or Half Full 4
Full flag Empty flag flag, or Full/ Empty flag

program the flag trip points.

future use. Bit 8 is set up as a reset-
locking control bitin the AE flag reg-
ister and as the third flag control bit
in the AF flag register.

The offset value can range from 1
to 63 words. For each offset incre-
ment, a 2-byte offset is added, yield-
ing a 126-byte total offset range. The
2-byte increment offers a more effi-
cient use of the host-system proces-
sor time than larger increment op-
tions (1/8, 1/4, and so forth). Fur-
thermore, the size of the offset sup-
plies flag output for every 126-byte
(for the 512-by-9 chip) or 254-byte (for
the 1024-by-9 chip) increment.

PRICE AND AVAILABILITY
The KM75C101A and 75C102A
FIFO registers come in either 300-
or 600-mil-wide, 28-pin DIPs or 32-
lead, plastic-leaded chip carriers.
In 1000-unit quantities, the 20-ns
T5C101A sells for $52; the larger
75C102A goes for $63. Slower
speed grades are also available.
Samples are available from stock.

Samsung Semiconductor
Corp., 3725 N. First St., San Jose,
CA 95134-1708; Mike Shamshir-
ian, (408) 954-7244. CIRCLE 511
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When bit 8 of the AE flag register
is low, external reset signals can re-
set the chip’s contents. When high,
the bit forces the chip to ignore sub-
sequent reset cycles, enabling the
flag registers to be reconfigured
without causing the entire chip to be
reset. The bit can be set low again by
writing a zero into that location and
then supplying a Reset signal, or the
power to the chip can be temporarily
removed.

The register locking capability
and the on-the-fly resetability are a
nice match in such data-communica-
tion applications as Ethernet. In a
typical communication cycle, the
first 20 bytes in an Ethernet data-
transmission packet include destina-
tion address, source address, and
data size. By reading the data-size
value, the host processor can repro-
gram the AF flag. This minimizes
the number of interrupts it receives
because the FIFO register only
needs to interrupt the processor
when the entire packet is received.

The structure of the AF register is
similar except that the eighth bit
serves as a selection indicator for ei-
ther the HF flag or the F/E flag.

D E S

When set low, bit 8 sets the chip to
I G N

WITH TWO PROGRAMMABLE FLAG REGISTERS, the Samsung FIFO memories can simplify system design so users can

supply a HF flag on pin 20; when set
high, the bit turns that pininto a F/E
flag output.

To simplify register loading over
the data path, a direction (DIR) input
pin makes it possible for the system
to send register configuration data
into the chip over either the input or
output data pins. Because the main
processor in many applications reads
the FIFO memory, therefore having
no direct connection to the FIFO reg-
ister’s input pins, the availability of
the DIR pin eliminates the need for
additional data-bus routing and ex-
ternal buffers. When in the register-
load mode, the DIR input state deter-
mines the data-loading direction. If
the DIR input state is low, configura-
tion data are loaded through the in-
put pins; if it’s high, the data comes
over the output pins. During normal
operation, the DIR pin serves as ei-
ther the First-Load control for multi-
chip arrays or as the Retransmit con-
trol line.[]
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PSpice

The Standard for
Circuit
Simulation

Available on Popular Computers, Including the New DECstation 3100

Whether your installation uses computers from
Apollo, Apple, DEC, IBM, or Sun, PSpice can help
your circuit designs. By maintaining consistent file
formats across different platforms, PSpice insures
that circuit designs, both old and new, can be
simulated on all your computers.

In addition, we customize our graphics to get the best
performance on each platform. Our drivers span the
range from direct writing into refresh memory to
higher level interfaces such as X-Windows. Since we
use consistent file formats, that means that, for instance,
a simulation done on a VAX 8800 can have its results
viewed graphically on a Macintosh. Or, if you prefer,
you can simulate on the Mac and do the viewing on
the 8800.

Since its introduction over five years ago, MicroSim’s
PSpice has more copies sold than all other commer-
cial SPICE programs combined. Here are some of the
features which have made PSpice so popular:

« Standard parts libraries of over 2200 analog models:
diodes, bipolar transistors, small-signal JFET’s,
power MOSFET’s, opamps, voltage comparators,
transformer cores, and opto-couplers.

» GaAs MESFET devices, BSIM MOS model.

« Non-linear transformers modeling saturation,
hysteresis, and eddy current losses.

« Ideal switches for use with, for example, power
supply and switched capacitor circuit designs.
These PSpice options are also available:

« Digital Simulation, which allows you to simulate
mixed analog/digital circuits with feedback be-
tween the analog and digital sections. A library of
690 TTL devices is included.

W

* Analog Behavioral Modeling, which allows you
to specify arbitrary transfer functions for devices,
either by formula or look-up table. This can be
done in both the time and frequency domains. In
time domain the devices may be non-linear as well
as linear.

» Monte Carlo analysis to calculate the effect of
parameter tolerances on circuit performance. This
includes statistical, sensitivity, and worst case
analyses.

* The Probe “software oscilloscope” provides an
interactive viewing environment for simulation
results (see photo above).

* The Parts parameter extraction program, allow-

ing you to extract a device’s model parameters
from data sheet information.

PSpice is available on these computers:

* The PC family (including the PS/2) running DOS,
DOS with extended memory, or OS/2.

* The Macintosh II and SE30.
* The Sun 3, Sun 4, and SPARCstation families.
» The Apollo DN3000 and DN4000 workstations.
» The VAX/VMS family, including the MicroVAX.
» The DECstation family, running Ultrix.

Each copy of PSpice comes with our extensive product
support. Our technical staff has over 100 years of
experience in CAD/CAE and our software is sup-
ported by the engineers who wrote it. With PSpice,
expert assistance is only a phone call away.

For our free information packet, including a PSpice
demo diskette, call us toll free at (800) 826-8603 or,
in California, (714) 770-3022. Find out for yourself
why PSpice is the standard for circuit simulation.

PSpice is a registered trademark of MicroSim Corporation. All other brands and product names are trademarks or registered trademarks of their respective holders
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Slim Line 4-Slot PC-AT Bus Clmlsis

PC-AT and PC Bus
Passive Backplanes

PC-AT Bus Card Cage

20-Slot PC-AT Bus Rack Mount Chassis

AT and PC Bus 80386, 80286 and
8088 Processor Boards

T

20-Slot PC-AT Bus Tabletop Chassis

Here’s How To Build
a Better PC Bus System.

I-Bus builds PC-AT and PC
Bus hardware that’s designed
specifically for dedicated OEM
system applications.

Ours are board-level: the CPU
is on a card, just like the PC
expansion cards. The mother
board is just a backplane with the
connectors interconnected. That’s
best for serviceability and ease of
upgrading.

If you don’t need a keyboard
you don’t have to use one. Or a
display, either. Or even a disk.
You don’t even have to produce

ROMable code to run an I-Bus
processor from its ROMs. Ask us
about PROMDISK, that lets any
PC program run from ROM.

Choose from a host of
compatible components. Five CPU
cards topped by the powerful
16MHz, zero wait state H386.
Rack mount, tabletop and upright
enclosures holding up to 20 PC-AT
cards—you can put five 4-board
computer systems in a single
chassis only 7" high!

IBus

The Full Service PC Bus Company

Every enclosure comes complete
with power supply and backplane.
All you need to add are the PC
expansion cards for your
application.

Best of all, when you call I-Bus
you’ll talk to people who know the
PC systems business, ready to
answer questions and help with
your unique requirements.

Call us today TOLL FREE
(800) 382-4229. If you’re into

systems, we speak your language.

9596 Chesapeake Drive, San Diego, CA 92123 (619) 569-0646 FAX: 619-268-7863
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PRODUCT INNOVATION

SIMULATOR EASES
COMMUNICATION
NETWORK DESIGN

WITH INTEGRATED
GRAPHICS, A
SIMULATOR HELPS
DESIGNERS CREATE
NETWORK MODELS T0
ANALYZE THROUGHPUT.

DAVE BURSKY

etwork planning often means pulling out the paper and pencil to

do throughput analysis or writing custom programs to simulate

the network and its projected loading. Now both of these head-
aches can be remedied with an integrated graphical environment from Com-
disco Systems that’s optimized for the simulation and analysis of communica-
tion networks. The Block Oriented Network Simulator (Bones) makes an analy-
sis job as easy as clicking a mouse, opening a window, pulling down a menu,
selecting icons, and defining the parameters.

With the Bones software, designers can sketch a graphical definition of a net-
work topology and protocol functions on the workstation screen using blocks
from the built-in library or custom blocks that designers can define themselves.
Once a proposed network is captured, the software incrementally compiles the
system diagram into simulation code that will then be run to simulate network
performance. With the integrated display and analysis tools, designers can opti-
mize the network operation, change protocols, workloads, node types, and so
forth—all without leaving the Bones environment. With on-line help, error
checking and management of the databases that contain the simulation models
and results, the package enables engineers to concentrate on the problem at
hand, rather than on the mechanics of pulling the simulation together.

Bones will initially be available on the Sun 3 and 4 series of platforms from
Sun Microsystems Inc. To execute efficiently, a minimum of about 8 Mbytes of
system memory is needed (12 to 16 Mbytes preferred), along with about 208
Mbytes of disk space. For hard copy, a Postscript-compatible page printer can be
driven by the program. The software also works with distributed data bases and
can share models and results over a network.

Within the Bones framework, network models are structured as groups of
nodes interconnected through communication links. Each node can be com-

E: L E C:TuR 0N I C DESIGN’97
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NETWORK SIMULATOR

User interaction

Data structure
editor

Block diagram
editor

Post
processor

Simulation
manager

Data structure
database

database

Simulation
database

Consistency
checker

l

Code

generator

posed of one or more processors that
execute various aspects of the net-
work protocol that can even be por-
trayed graphically in a hierarchical
block diagram. Each block repre-
sents a protocol function that ac-
cepts, processes, and outputs data
structures (messages, packets, etc.).

Over 100 primitive building blocks
are included in the model library that
comes with Bones. Designers can
easily build and save larger blocks
that are hierarchical. The blocks are
composed of many small blocks. Cus-
tom blocks can also be created with
C-language routines and saved as
new blocks in the library.

There are four major primitive
modules supplied with Bones: arith-
metic modules, such as adders and
random number generators; timing
control modules, such as initialize,
absolute delay, and start timer; exe-
cution control modules, such as
switches and gates; and data struc-
ture access modules, such as “create
data structure” and “insert field.”

From an analysis and design view-
point, a network model consists of to-
pology, protocol functions, and data
structures. Topology specifies the lo-
cation of switches and processors,
their interconnections through the
communication links, and the capaci-

98ELECTRONICD
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1. MULTIP LE DATABASES and easy-to-use topology and data-structure editors

make the Comdisco Bones package a simple network-simulation and analysis tool that helps
designers to optimize their communication networks.

ties of the communication links.

The rules governing the flow of
data are specified in a set of proto-
cols and data structures. To mini-
mize design complexity, networks
are organized as a series of layers or
levels comparable to the ISO/0SI
reference model. Each layer is built

upon its predecessor (the hierarchy);
the protocols are specified for layer-
to-layer communication rather than
for the network as a whole (example
protocols include the IEEE 802.x and
the X.25). Data structures specify
the format of the data packets or
messages that flow over a network.
Each data structure typically has
several fields containing headers,
trailers, control, and desired data.
To measure network perfor-
mance, many factors must be evalu-
ated—throughput, connectivity, de-
lay, line utilization, buffer occupan-
cy, reliability, and so forth. To handle
all those needs, Bones is divided into
multiple databases that hold the net-
work definition, various graphical
editors that let the designer capture
and customize the network descrip-
tion, and various other blocks that
handle data consistency checks, code
generation, simulation manage-
ment, and post processing (Fig. 1).
With this environment, designers
can describe data structures, proto-
cols, layers of the ISO model, net-
work topology, and transmission ef-
fects in a hierarchical block diagram.
The block-diagram editor helps us-
ers create, edit, document, and store
the topology diagrams. With the

Real constant | | Write
generator e probe
- L Real
'r local
Gate 4 =] g
AN
[‘:“—J Fixed
absolute
K] Merge é delay
[Fom] Signal menu
Intiaize Highlight
Connect
Disconnect
Real subtracter Real multiplier Real divider | Exit this menu
& 3 . l—l Probe
Real constant I £ o
generatar[>
Real constant Real constant
generator generator >}
= =

I form the desired function.

ESIGN

2. ATYPICAL BLOCK created with the module editor has various library elements,
such as arithmetic elements, gates, time delays, and constant generators, interconnected to




WORLD’S LARGEST INVENTORY
OF STATE-OF-THE-ART
XILINX PRODUCTS

When it comes to speed, density and
rom price, Xilinx Programmable Gate Amrays

make conventional logic design seem

prehistoric by comparison.

H AM I LTON AVN ET Featuring the integration capabilities
and cost-effectiveness of ordinary gate
arrays, Xilinx Programmable Gate Arrays

are 100% pre-tested and can be pro-

grammed right at your workstation —

eliminating the development time and
risk associated with gate arrays.

And, you can count on Hamilton/Avnet

for service that wont become extinct

after the sale. With seven ASIC design

centers nationwide, Hamilton/Avnet's
ARRAYS T H AT field applications engineers and design
technicians can assist you in creating

turnkey Xilinx designs.

Make history with Hamilton/Avnet’s
broad range of Xilinx Logic Cell™ Arroys

for every application. For the Hamilton/

Avnet location nearest you, call toll free:
IGN SEEM | ‘i
For a free Xilinx Data Book, simply

complete the coupon below.
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Data Book.
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NETWORK SIMULATOR

PRICE AND AVAILABILITY
The Block-Oriented Network Sim-
ulator software sells for $20,000.

Comdisco Systems Inc., 919 E.
Hillsdale Blvd., Foster City, CA
94404, Robert Grossman, (415)
358-3626. CIRCLE 512

data-structure editor, designers can
create, edit, document, and store
data structures. The code generator
transparently converts the topology
description into C code. A data-base
manager and consistency checker or-
ganize, store, and retrieve the dia-
grams, data structures, simulation
code and results, documentation,
ete. The post processor analyzes and
displays simulation results.

After capturing the model, Bones
translatesitintoa C program and ex-
ecutes an event-driven simulation of
the model. The various tools included
in Bones enable designers to per-

form statistical analysis of the simu-
lated data, extract performance
measures, and display the results on
the screen. With the graphical edi-
tors, changes can be made to the net-
work topology or protocols quickly.
Simulations can be rerun to try out
many what-if scenarios, which
makes various tradeoffs possible to
optimize system performance.
Bones not only analyzes network
performance prior to design, butalso
serves through the life of the net-
work. Designers can analyze prob-
lems with link quality, link and node
failures, and changes in protocols
and data structures. Bones can also
simulate error-recovery procedures.
Modeling elements at their lowest
level in Bones are primitives. They
perform various simple functions
that include extracting and modify-
ing a field in a data structure. Primi-
tives are grouped and connected to

form higher-level blocks, such as

'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.

TELEFUNKEN electronic

A
g
A 4

Creative Technologies
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protocol functions (these protocol
blocks can easily represent ISO mod-
ellayers, for example). These higher-
level blocks can again be grouped
and interconnected to form proces-
sors. Another repeat of this proce-
dure groups the processor blocks
and interconnects them to simulate
networks. The number of hierarchi-
callevels s virtually unlimited, so de-
signers can organize a model for
clarity without arbitrary limits.

A typical simple block diagram
drawn on the screen might consist of
several constant generators, a gate
block, arithmetic elements, and oth-
er functions (F%g. 2). Behind each ele-
ment are additional data that define
the operation of each function.

Nodes are defined as collections of
one or more processors that are
physically co-located. A processor is
a collection of tasks that share mem-
ory. Each processor is simulated
with its own event calendar. Accord-
ing to Dr. Sam Shanmugan, senior
vice president of technology at Com-
disco Systems, the use of this ap-
proach does two things. First, it al-
lows accurate modeling of process-
ing delays and enables network engi-
neers to address such what-if
questions as “will buying a special-
purpose processor for TCP/IP im-
prove network performance?” Sec-
ond, it facilitates the use of parallel
processing or distributed processors
to accelerate the simulation.

Prior to executing the simulation,
Bones performs various error and
consistency checks. Traffic rates,
buffer sizes, transmission rates, and
other parameters can be assigned to
each node. Moreover, “probes” can
be attached to any point on the model
where designers would prefer to ob-
serve and collect data. Two libraries
are part of the basic software pack-
age—one for protocol elements and
functions, the other for data struec-
tures. Additional libraries can be cre-
ated by users from combinations of
primitives or from C-code routines.[]
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Sliced thin to fit.
Kepco’s skinny switchers.

ONE INCH,
LOW PROFILE SOLUTIONS
TO THE PROBLEM OF INADEQUATE SPACE.

International Taste: Series FAW North American Taste: Series FAK

KEPCD.

== THE POWER SUPPLIER™
146-1682



OUTPUT A-C TO D-C SWITCHING POWER SUPPLIES, SLICED 1" THIN:

NORTH AMERICAN
SERIES FAK

Input, 85-135V a-c ¢ 15, 25 and 50 Watts
UL & CSA approvals

Model
FAK 5-3K

Model FAK 5-5K
(shown with
optional enclosure)

Model FAK 5-10K
(shown with
optional enclosure)

NUE « FLUSHING, NY 11352 USA - (718) 461-7000 « FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631



FAW MODEL TABLE
OUTPUT NOISE

SPECIFICATION OUTPUT VOLTAGE OVP SETTING CURRENT | CURRENT LIMIT RIPPLE (SPIKE)
@) 4
Unit Volts Volts Amps Amps mVp-p mVp-p mVp-p
Condition Factory | Adjustmentrange | Fixed within range | 0-50°C (2) | Fixed within range | Source frequency Switching dcto
Set Nom Input 25°C frequency |50 MHz
) Reset: a< off: 60 typ max typ | max | max
sec
15 WATT Size: Open 0.98 x 3.94 x 3.94 in. Enclosed (CA 24) 1.18 x 3.94 x 3 .94 in. Net wt. 9.52 oz, 270 gm
MODELS 25 x 100 x 100 mm 30 x 100 x 100 mm
FAW 5-3K 5 45-55 6.0-69 0-30 33-55 10 30 15 30 | 120
FAW 12-1.3K 12 10.8-13.2 13.7-15.7 0-13 1.4-25 20 50 10 30 | 190
FAW 15-1K 15 135-16.5 17.0-19.0 0-1.0 1.1-20 20 50 10 30 | 220
FAW 24-0.7K 24 | 216-264 27.0-30.5 0-07 08-14 20 50 20 50 | 310
25 WATT Size: Open - 0.98 x 3.74 x 4.92 in. Enclosed (CA 25)- 1.18 x 3.74 x 4.92 in. Net wt. 10.6 oz, 300 gm.
MODELS 25 x 95 x 125 mm 30 x 95 x 125 mm
FAW 5-5K 5 45-55 6.0-69 0-50 55-75 9 18 31 62 | 120
FAW 12-2.1K 12 10.8-13.2 13.7-15.7 0-21 23-33 17 35 32 65 | 190
FAW 15-1.7K 15 13.5-16.5 17.0-19.0 0-17 19-28 17 35 42 85 | 220
FAW 24-1.1K 24 | 216-26.4 27.0-30.5 0-1.1 1.2-1.8 17 35 57 |115] 310

50 WATT Size: Open - 0.98 x 3.74 x 6.50 in. Enclosed (CA 26) - 1.22 x 3.74 x 6.50 in. Net wt. 15.9 oz, 400 gm
MODELS 25 x 95 x 165mm 31 x 95 x 165 mm

FAW 5-10K 5 45-55 6.0- 6.9 0-10.0 10.5-12.0 10 20 30 60 | 120
FAW 12-4.2K 12 10.8-13.2 13.7-15.7 0- 42 44-51 15 30 35 70 | 190

FAW15-34K | 15 | 135-165 | 170-190 | 0- 34 | 36-4.1 15 | 30 | 45 [ 90 [ 220
FAW2421K | 24 | 216-264 | 270-305 | 0- 2.1 | 22-26 50 | 50 [100] 310

N @ O

UL RECOGNIZED CSA CERTIFIED TUV APPROVED

FAK MODEL TABLE

15 WATT Size: Open - 0.78 x 2.76 x 3.74 in. Enclosed (CA 21) - 0.9 x 2.76 x 3.74 in. Net wt. 5.60 0z,160 gm
MODELS 20 x 70 x 95 mm 23 x 70 x 95 mm

FAK 5-3K 5 45-55 N/A 0-30 33-50 10 30 30 60 | 120
FAK 12-1.3K 12 108-13.2. N/A 0-13 14-23 10 30 30 70 | 190
FAK 15-1K 15 135-165 N/A 0-1.0 1.1-20 10 30 30 70 | 220
FAK 24-0.7K 24 | 216-264 N/A 0-07 08-14 10 30 30 80 | 310
25 WATT Size: Open - 0.98 x 2.76 x 4.53 in. Enclosed (CA 22) - 1.12 x 2 .76 x 4 .53 in. Net wt. 5.98 0z, 170 gm
MODELS 25 x70 x 115 mm 285 x70 x 115 mm

FAK 5-5K 5 45-55 6.0-6.9 0-50 55-75 10 30 30 70 | 120
FAK 12-2.1K 12 10.8-13.2 13.7-18.7 0-21 23-33 10 30 30 70 | 190

FAK 15-1.7K 15 13.5-16.5 17.0-19.0 0-17 19-28 10 30 30 70 | 220
FAK 24-1.1K 24 | 216-264 27.0-305 0-1.1 12-18 10 30 30 80 | 310

50 WATT Size: Open - 0.98 x 3.75 x 5.12 in. Enclosed (CA 23) - 1.12 x 3.74 x 5.12 in. - Net wt. 8.80 oz, 250 gm

MODELS 25 x 95 x 130mm 28.5 x 95 x 130 mm

FAK 5-10K 5 45-55 6.0- 6.9 0-100 | 105-120 10 30 25 50 | 120

FAK 12-4.2K 12 | 10.8-13.2 13.7-15.7 0- 42 44-51 20 40 25 50 | 190

FAK 15-3.4K 15 | 135-165 17.0-19.0 0- 34 36-4.1 20 40 25 50 | 220

FAK 24-2.1K 24 | 216-264 27.0-305 0- 2.1 22-26 30 60 25 60 | 310

(1) Nominal input, maximum load, 25°C.

(2) Power supply operates with no load, however stablization is specified 10% - 100% load. ®N s P ®
See ﬁgufﬂ 1 for rating up to71 oc' UL RECOGNIZED CSA CERTIFIED

(3) FAK 15W and 25W models: foldback, fixed. FAK 50W models: rectangular, fixed.
FAW use a Winker type overload protection which turns the power supply

on and off at a 5-10Hz rate until overload is removed.
L LD @ «epco.
— THE POWER SUPPLIER™
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INPUT CHARACTERISTICS

RATING
FAW FAK

SPECIFICATION 15w | 25w | sow | 1sw | 2sw | sow |conprmion
a-c Vo'tage nom 120/240V a-c 120V a-c S'ngle phase

range 85-264V ac 85-132Vac
d-c voltage range 105-370V d-c 110-170V d-c Polarity insensitive
Brown-out voltage min 80V a-c/97Vd-c 80V a-c/ 105V dc Ripple, stab spec

increase

a-c ty 0.3A 0.55A 1.0A 0.28A | 0.50A 0.9A
i P 120V a-c rms

max 0.4A 0.70A 1.2A 0.35A | 0.65A 1.1A

typ 0.2A 0.35A 0.5A — — — 240V, 8:C rmé

max 0.3A 0.45A 0.7A — — —
Fuse value 2.0A 2.5A 3.0A 2.0A 2.5A 3.15A | 250V type 5x20mm
Initial turn on 22A 43A 45A 22A 43A 43A 120V a-crms
L hall ciie 34A | 85A 90A s = —  |240vacrms
Fradusncy nom 50-60 Hz 50-60 Hz Sl Pt

range 47-440 Hz\" 47-440 Hz\"
EMI FCC 20780 and VDE 0871 FCC 20780 Conducted Class B
Soft-start circuit Thermistor limiter Thermistor limiter
Efficiency typ 70% | 70% | 76% | 70% | 70% | 75% |Maxload, nominal input
Leaka?e max 0.5 mA UL method 0.5 mA UL method 120V a-c, 50-60 Hz
— max 0.75 mA VDE method = 240V a-c, 50-60 Hz
Startup time max 500 msec 100 msec From turn on until d-c

output reaches nominal

Holdup time typ 20 msec 30 msec 120V a-c

min 15 msec 20 msec 100V a-c
Power OK Green LED plus logic Green LED (See figure 2)
Circuit type Flyback | Flyback | Forward | Flyback | Flyback | Forward

converter converter

Switching typ 120KHz 70KHz | 50KHz | 260KHz |Nominal load
frequency

(1) At 440Hz the leakage current exceeds the UL safety specification

OUTPUT CHARACTERISTICS

RATING

SPECIFICATION FAW FAK _ |CONDITION

Source effect typ 1.0% — FAW: 85 - 132 or 170-264Va-c
max 2.0% 20% FAK: 85 - 132V a-c

Load effect typ 1.0% 1.2% 10% to 100% load
max 2.0% 3.0%

Temperature effect typ 1.0% 0.6% Nominal input rated load,
max 2.0% 2.0%

Combined effect typ 2.0%" 1.0% Source, load and temperature
max 4.0% 3.0%

Time effect (drift) typ 0.1% 0.1% 0.5 - 8.5 hr, max load 25°C
max 0.5% 0.5%

Recovery characteristic excursion <4% <4% Step load 50-100%, rise time >50us
recovery 1ms®@ 1msec |To within 1%

(1) FAW 15W and 25W : 2.6%
(2) FAW 15W and 25W : 2ms

This KEPCO
product is backed
by a firm

@ «epco.

— 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
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TEAR ON DOTTED LINE TO REMOVE AND SAVE.

Series FAW International
Series FAK North American

FAW FAK North
International American
Safety UL 478 UL 478
Approval | CSA EB1402B CSA EB1402B
IEC 380
VDE 0806
EMI FCC 20780 FCC 20780
VDE 0871 Class B
Class B
Input 85 - 264V a-c 85-132V a-c
wide range
FAW FEATURES

® Power-OK LED: green.
® Power-OK logic: open collector.

® a-c input: 85-264V a-c;
d-c input: 105-370V d-c.

® Operating frequency: 120-130KHz.

® Soft-start circuit: limits a-c turn on
surge.

@ Adjustable voltage: internal trimmer.

® Holding time: output is sustained by
internally stored energy for 20ms typical
15ms minimum.

® Built in EMI filter: attenuates the
conducted noise below the requirements
of both FCC 20780 and VDE 0871 for
Class B computing devices. Optional
perforated metal covers attenuate
radiated noise and provide protection.

® Safety: FAW are recognized by UL,
certified by CSA and approved by TUV
Rheinland.

® Connections: input and output screw
terminal barrier strip.

® Remote error sensing: the 5S0W FAW
provides separate remote error sense
terminals: 0.25V drop/wire.

® Optional Steel Enclosures: CA 24,
CA 25, CA 26

FAK FEATURES

® Power OK LED: green

® a-c input 85-132V a-c
d-c input 110-170V d-c.

@ High frequency operation (up to 260
KHz) for high efficiency.

® Soft Start Circuit: Limits a-c turn-on
surge.

® Adjustable voltage: internal trimmer.

® Holding time: Output is sustained by
internally stored energy for 30
milliseconds typical, 20 milliseconds
minimum.

® Built-In EMI filter attenuates conducted
noise below the requirements of FCC
20780 for Class B computing devices.
Optional perforated metal covers
attenuate radiated noise and provide
protection.

® Safety: All models recognized by UL,
certified by CSA.

® Connections: Input and output screw
terminal barrier strip.

e Optional Steel Enclosures: CA 21,
CA22,CA23

KEPCO’S VERY COMPACT SINGLE

INTERNATIONAL
SERIES FAW

Wide-range input, 85-264V a-c ® 15, 25 and 50 Watts
UL/CSA/TUV approvals

Data subject to change without notice.

© 1989 KEPCO, INC. Litho in U.S.A. KEPCO, INC. - 131-38 SANFORD AVE
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Kepco’s very compact single output a-c to d-c switching power supplies

FAW/FAK GENERAL SPECIFICATIONS

SPECIFICATIONS RATING/DESCRIPTION CONDITION'
Temperature 0- 71°C (see fig. 1) Operating
-40°C to +85°C Storage
Humidity 95% RH Non condensing: operating & storage
Shock 20g, 3 axes (11 msec +/- 5 msec |Non operating, 3 shocks each axis
pulse duration)
Vibration 5 - 10Hz: 10mm amplitude 3 axes |\, operating 1 hour each axis
10 - 55Hz: 2g, 3 axes
Isolation Output to case  |500Vd-c, 100MQ 25°C, 65%RH
Enclosure Optional metal
Type of Construction PC card, L-chassis
Cooling Convection
FAW
Withstand Voltage Input to output  [3.75KV a-c for 1 minute 25°C. 65%RH
Inputto Case [2KV a-c for 1 minute
Safety UL 478 Recognized
CSA EB 1402B Certified
VDE 0808, IEC 380 Approved
FAK
Withstand Voltage Input to output |2KV a-c for 1 minute 25°C. 65%RH
Inputto Case  |2KV a-c for 1 minute
Safety uL 478 Recognized
CSA, EB 1402B Certified
OUTLINE DIMENSIONAL DRAWINGS pel T TGaiER
Dimensions in light face type are in inches,
dimensions in bold face type are in millimeters. & -
Z &0 WITH COVER
. é 70
I ENCLOSURE FIG. 1 g ¥
- c ' 47‘5‘\1 OPEN FRAME OUTPUT E § .
e Lo POWER &- ©
\ VS E %
AMBIENT 3 2
! TEMPERATURE  °[ i
0 10 20 30 40 50 60 7
AMBIENT TEMPERATURE ( C)
=l
FAW LOGIC 1
Barrier Strip POWER OK
Protrusion SIC ,V'ML
MODEL A@ B C D E()
15WATTS | 098 | 374 | 3.94 0.59 1.18 FIG. 2
L DS e 15 50 POWER OK Do L
25WATTS | 098 | 374 | 492 0.59 118 SIGNAL - o
25 95 125 15 30 RELATED . Lo
50 WATTS | 098 | 3.74 | 6.50 0.59 122 TO OUTPUT  oureyr | | L
25 | 95 | 165 15 31 (FAW models ~ youGe | _ N |
only) r
FAK (Barrier Strip does not protrude) i e =
MODEL A2 B g E(1) S L b S > TIME
15 WATTS 0.78 276 3.74 0.9
ey 14l 9 23 5V model 12V model | 15V model | 24V model
2B INATTS oés;a %6 :1553 ;;'g‘ E, (min) v 45V 9.5V 12V 19V
50 WATTS 0.98 3.74 512 112 bogipi ] 25Y 2 =Y b
25 95 130 285 (max) < OUTPUT VOLTAGE
(1) With cover (optional) (2) Open frame
Tolerances: 0.04" (1.0 mm) unless otherwise noted
Mounting: 4-40 tapped holes — (2) side: KEPCO, INC. - 131-38 SANFORD AVENUE « FLUSHING, NY 11352 USA
maximum screw penetration 0.2 (5 mm) (718) 461-7000 « FAX: (718) 767-1102 « Easylink (TWX): 710-582-2631



PRODUCT INNOVATION

POWER IC
DRIVES
MOTORS AND
SOLENOIDS

WITHOUT GOING TO
GREAT EXPENSE, YOU
CAN PROGRAM CIRCUITS
AND CURRENTS FOR
DMOSFETS ON THIS
THREE-CHANNEL IC.

FRANK GOODENOUGH

ystem designers must occasionally control
loads of more than several hundred milliam-
peres at more than 40 V. And such loads as
motors, solenoids, relays, and contactors are
often inductive. Though many power ICs
might be available to drive the loads, there
are instances where none meet your needs.
Consequently, the final design may employ
monolithic controller and driver ICs, but nu-
merous discrete transistors, diodes, and ICs will remain
on the pc board.

This predicament can be alleviated by employing the
L6820, a three-channel multipower driver system from
SGS-Thomson. Unlike most power ICs that are absolute-
ly fixed in their application (true ASICs), the L6820’s
three output circuits can be configured with software to
drive stepping motors, de motors, or solenoids.

This power IC, which has about 260 mils on each side,
mixes over 4000 small-signal transistors with 15 n-chan-
nel power MOSFETSs. It’s the most complex device of the
so-called “smart power” genre (Fig. 1). Small-signal digi-
tal circuitry includes about 1000 CMOS gates. Precision
analog circuits contain a 5-V reference for five on-chip
digital-to-analog converters. Each converter’s output be-
comes the reference for a control loop. A total of 15
DMOS power FETSs control over 15 W continuously with
peaks of 250 W. The mix of that much power handling
with that much small-signal circuitry resulted from SGS-
Thomson’s Multipower BCD fabrication process.

The L6280 offers three separate, current-controllable

1. CRAMMING 4000 SMALL-SIGNAL transistors and
15 power DMOSFETSs on a die that’s about 68,000 mils® in area, the

L.6280 from SGS-Thomson easily controls a peak power of over 250

W without a heat sink.

ELEC CTTZRONTI®E DogTo§E§129198§|107




PROGRAMMABLE “SMART”

LOAD DRIVER

power outputs: Two supplyupto1 A
of pulse-width-modulated (PWM)
drive current for a stepping or dc mo-
tor, or one or two solenoids; the third
offers 3 A of PWM current to drive a
solenoid or a unidirectional de motor
(Fig. 2). The input power rail can
range from 12t0 48 V.

In addition, an on-chip switching
regulator takes the input power rail
(Vgg)and convertsitto 1 A of regulat-
ed 5-V power (V) for the L6280’s log-
ic and external devices, such as its
host microprocessor. This is accom-
plished with the help of an external
inductor, rectifier, and filter. Be-
cause the chip’s CMOS gates (ap-
proximately 1000) require minimum
power, access is available to virtual-
ly all of the current for your host and
system. A second winding on the in-
ductor and a rectifier develop the
+12-V Vg, a bootstrap voltage that
powers the drive for the gates of the

high-side MOSFET switches in each
channel.

The complete chip is under the con-
trol and monitoring of a host micro-
processor through a standard inter-
face that consists of an 8-bit-wide
bus plus and lines. The microproces-
sor interface decodes the first four
bits (A,_s). Depending on the content
of the remaining four bits (D,_;), this
interface configures the output pow-
er-transistor circuits (channels 1 and
2), activates the PWM loops of all
three channels, and sets the desired
output current for each channel via
the five d-a converters.

Pick A Loap, ANY LoAD

Arrangement of each output cir-
cuit for channels 1 and 2 consists of
six totally isolated, vertical DMOS
transistors rated at a maximum of 60
V (Flig. 3). The two high-side switch-

es (drivers) have on resistances of

just 1 Q; the four low-side switches
have twice that. On resistance of the
single high- and low-side switches in
the 3-A channel 3is 0.5 Q. Four possi-
ble hardware configurations are
shown: four separately controlled
drives for the four coils of a unipolar
stepping motor, a full-bridge drive
for a de motor, a drive for one sole-
noid, and a dual half-bridge drive for
a dc motor (Fig. 3a).

In each circuit, a current-control-
ling PWM loop is closed around the
power FETs and the windings. With
a patented time-sharing technique,
one comparator and an off-chip cur-
rent-sensing resistor can control the
current in two separate windings of
one channel, such as two solenoids
(Fig. 3b). A 50-kHz clock sets the
PWM latch and generates two 180°
out-of-phase square waves—phases
1 and 2—which close the current loop
around the left and right pairs of

External parts for switching
regulator
Vs ::ts & T ’}"E. 3 Vg + 12V
Regulator loop presn e s
o anessnad i SR RS el % ______ T skt LGB G ¢4
35, A ] — AL
T || Temperature 1A switching regulator Channel 1 ——0/ drive 1 and 2
Resetdelay | | sense j T T PWM | Channel1 [ 1o\ Lowside
capacitor | __J outputs (O ( drive 14
_E———O-{i Reset Power Vy Dual ——O
e il . DAC —r°-‘w"'—1\
= i -
4 : L6280 1O\ Highside
o+—— L +—o)J drivet
Address As | - »| Channel 2 L +O L:v:_ﬂda:dz
AGO"__’ ROM num“h '—"—0 1 4
D,0-! : Dual ——0
Data f . » Microprocessor DAC
bits | . interface I High-side
Dyot— : drive
WR o.:__. Channel 3 —+—O
s . 1 3PWM | Channel3 —}-—o o
! T Watch outputs | | Low-side drive
oy dog Clock OAG e “’\' <
—O+—4
IR __% O T e e e _:
& Current
= Thermal and 5% i Cosc Rosc sense
electrical ground L = resistors

while externally supplying 1A at5V.
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D ESTITIGN

l 2. THE L6280 POWER IC takes in an 8-bit word from a host processor and configures its three outputs for various load types.

Channels 1 and 2 control up to 1 A each; channel 3 controls up to 3 A. The on-chip switching regulator powers chip logic and analog circuits




Why smart companies buy
PCB CAD by the numbers.

If you're a PCB design
engineer or engineering
manager who's about to

schematic, improving
speed and accuracy. Pow-
erful add-on modules like

invest in a PCB CAD sys- Digital Design Lab for
tem, it pays board level
to look at simulation,
the numbers # ' Thermal
very care- Analysis,
fully. When P-CAD is number one in Analog and
you do. you’ll customer satisfaction* Digital

find that Simulators
no one else has numbers help you perfect your
like P-CAD® board before you build it.

Customers rate
P-CAD number one for
satisfaction because they
know with P-CAD they're
never alone. Our out-
standing technical support
includes 19 training
centers, a technical sup-
port center and hot line,
user groups and a 24-hour
electronic bulletin board.
Plus personal assistance
from technical field repre-
sentatives in over 100

Our new 100% completion
Rip-N-Route™ option,
included with our Total
Route™ system, minimizes
vias and allows you to fine

With P-CAD you have it all: surface-mount technology, analog, curved
traces, trace hugging, polygon voids, trace plowing and much more.

PCB design system on any
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end PC-based PCB design
system. Starting with a
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incorporate layout infor-
mation right into the

with a single user inter-
face. A wide open
architecture lets you inte-
grate with MICRO
CADAM?® mechanical
design, and drafting sys-
tems like AutoCAD®
plus publishing software
like Ventura® and
Interleaf.”

ponents, 32,000 pins, 100
layers and a full 60" x 60"
board size. They all add
up to the highest per-
formance

1-800-523-5207
(in CA 1-800-628-8748)

for your free fact book.

mmg\% Learn the truth about

s\ PCB CAD, Free.
o )

Call toll free for your copy of Answers to
the Most Commonly Asked Questions
on PCB CAD. You'll get straight talk on
over 100 tough PCB CAD issues and see how
we can put our numbers to work for you.

p-cad

DAM COMPANY

P-CAD, 1290 Parkmoor Ave.
San Jose, CA 95126, USA
(408) 971-1300, Fax (408) 279-3752

P-CAD is a registered trademark and Rip-N-Route is a trademark of Personal CAD Systems. MICRO CADAM is a trademark of CADAM Inc. Ventura is a registered trademark of
Xerox Corporation. Interleaf is a registered trademark of Eastman Kodak Co. AutoCAD is a registered trademark of Autodesk, Inc. Copyright P-CAD 1989.
*Based on an independent CAE/CAD industry survey.
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PROGRAMMABLE “SMART”

LOAD DRIVER

winding, respectively. When phase 1
is high, phase 2is low. Also, high-side
drive transistor HSD, is on and HSD,
is off, and current in the left-hand so-
lenoid is being controlled.

Current flows through HSD,,
LSD,, LSD,, and the sense resistor
until the voltage across the sense re-
sistor reaches Vypp (wWhich is set by
the 3-bit d-a converter between 0.125
and 1 V). The comparator then fires
and resets the PWM latch, turning
off HSD,. Recirculation current
flows through LSD, and LSD,, but
not through the sense resistor,
which is now free to monitor the cur-
rent in the other solenoid. Current
control is transferred to the right-
hand solenoid by the next clock pulse
when phase 1 goes low and phase 2
goes high, turning on HSD,. The ef-
fective control frequency for each
pair of windings is 25 kHz. When

110'()(‘TOBER12 1989R R

only one load is present, as with a dec
motor, the time sharing is turned off
and the PWM frequency is dropped
to 25 kHz. The catch (free-wheeling)
diodes at either end of the coils are
external.

The on-chip switching regulator is
conventional. Its 1-A and 1-Q-on-re-
sistance FET switch is connectedina
buck topology. The drain runs to the
supply Vg; the source runs to the in-
ductor. It delivers 5 W (1 A at5V)
with 90% efficiency while switching
at 100 kHz. Its regulation loop uses a
classical PWM circuit that includes a
sawtooth generator, error amplifier,
comparator, and PWM latch.

Protection circuits include over-
current sensing that turns off the
power transistors when a current of
1 A is exceeded and a voltage-sens-
ing circuit that generates a power-on
Reset signal for the host. The circuit

D ESTIGN

Two 1 channel 1 channel 1 channel 1 channel
high-side r = N
drive I i
FET switohes
per channel / T
Four
low-side
drive r
FET switches { {
per channel { f f { { { {
Unipolar stepping motor driver Full-bridge dc motor driver Shssid iver Dual halt bridge dc matordrvr
= Inductive o, = n-channel DMOSFET
@ 3 | loads J switch
3. THE 4-BIT DATA WORD
v from the L6820’s host sets up the PWM
i - control and drive circuits of channels 1
and 2 for four different types of loads
High-side (a). When two different loads are
HSD, FET controlled by one channel, such as these
Prchoe two separate solenoids, a time-sharing
technique makes it possible for one PWM
B E il loop to independently control the current
A / in both circuits (b).
Solenoid
el senses both the input supply rail and
| FET switches I the output regulated voltage, and
LSD, . o ¢ LSD, sets the Reset-Out pin to its nominal
| Comparator 5-V supply voltage only when both
Current }_ + R = d voltages are correct (Fig. 2
o PWM 0 0l Sens'e Vo g g
External  resistr S latch again, upper left).
diodes  (external) Vet o l_s [ Fip-fio
(b) Lo lon B P 7o | | CHECKS AND BALANCES

When you power-up the chip, its
switching supply stays off until the
input rail Vg reaches 12 V. After the
switching supply comes on, the Re-
set-Out pin is low and remains low
until Vg reaches 4.75 V. During this
period, the logic and output devices
are disabled and signals from the
host are ignored. In addition, the pro-
cessor sees a Low on Reset-Out.

When the 5-V supply stabilizes and
after a time delay is set by the exter-
nal capacitor C;, Reset-Out goes
high and tells the host that L6280 is
ready for the host to send a
“keyword” and the initialization se-
quence. All commands received prior
to the keyword are ignored by the
L6820.

After the keyword (00111010) is re-
ceived, the L6820 activates the
“watch-dog” circuitry and begins to
control the processor’s functionali-
ty. The processor must now periodi-




"But there’'s not enough
time to order all the
Special panel indicators
we heed!

Now what?!”

Allindications are Dialight.

The customer was an electronics firm known
for his highly specialized, custom equipment.

He had the proprietary technology; his problem
was getting a wide range of custom indicators
to match. And his newest product was due

for immediate release. That's when he called
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. We provided incandescent, neon and
LED panel indicators in every shape, size and
color; each with performance properties that
highlighted his proprietary systems. We let him
limit quantity, but as always, delivered limitless
quality. And we did it at better prices than he
had been getting for his quantity orders.

dE

Offering a vast assortment of panel indicators
right off the shelf isn't all that makes Dialight
right. Over the years customers have asked us to
make them with integral resistors, light shielded,
RFI/EMI shielded, front mounted, rear mounted,
relampable, oil-tight, water-tight, MIL-spec'ed,
just about any way you can imagine and we
haven't been stumped yet!

So, the next time you have a need for
indicators, be they incandescents, neons or
LEDs, either customized or from our incredible
off-the-shelf selection, remember that no one
has more solutions than Dialight.

DIAUGHT coreoration

A Cambridge Electronic Industries Co.
1913 Atlantic Avenue, Manasquan, NJ 08736 201-223-9400
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PROGRAMMABLE “SMART”

LOAD DRIVER
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cally send the watch-dog word
(00110101), or its absence is inter-
preted as a microprocessor failure.
If the watch-dog word is absent, the
L6820 disables its power output
stages to prevent any damage to it-
self ortoits loads. Noreset signal for
the hostis generated. The chip can be
started up by repeating the start-up
sequence from power-up.

Next, the host configures chan-
nels 1 and 2 to fit their respective
loads (stepping motor, dec motor or
solenoid) through the data bus. The

PRICE AND AVAILABILITY
The L6280 comes in a 44-lead, plas-
tic-leaded chip carrier (PLCC). In-
ternally, it's mounted on a 38 + 6
copper leadframe. The chip’s com-
mon ground line is connected to
six pins. When soldered to a typi-
cal pe-board’s foil, these pins sup-
ply the only heat sinking needed
by the device. With this mounting,
it can dissipate 1.5 W at 70°C. Op-
erating temperature ranges from
0° to 150° C. In quantities of 100,
the L6280 costs $8.75 each. Deliv-
ery is from stock.

SGS-Thomson Microelectron-
ics, 1000 E. Bell Rd., Phoenix, AZ
85022-2699; Tom Hopkins, (602)
867-6100. CIRCLE 514

4. AFTER CONFIGURING CHANNELS 1 OR 2 of the L6280 for a specific

load, such as a full-bridge to drive a dc motor, a series of 4-bit data words (code) from the
host supply various control modes. Code X000 delivers a Tristate signal on left and right
sides; code X001 supplies a Chopper signal on the left side and a Brake signal on the right
side; code X011 gives a Brake signal on left and right sides; and code X101 provides a
Diagonal Chopper signal on both left and right sides.

third and fourth address bits choose
the channel, and the first three data
bits choose the configuration. The
first two address bits define an “out-
put initialization status.” An input
configuration is ignored if the first
two -bits are different from the ini-
tialization bits.

Both channels must be sequential-
ly initialized and configured. If two
initializations arrive for the same
channel, the chip disables the output
stages and Reset-Out goes low for
the time delay set by capacitor Cp),
which advises the host of the error.
To commence, the start-up proce-
dure must be repeated from the
keyword step. After initialization,
the chip begins to accept commands.
If one is sent before its channel has
been configured, the command is ig-
nored.

The commands include loading a
channel’s current level into a d-a con-
verter, incrementing or decrement-
ing a d-a converter’s output, and se-
lection of a driving strategy for a
channel (for example, half or full
step and fast or slow decay).

A channel can also be set up to
drive a de motor with a full-bridge
topology. (Fig. 4). The connection be-
tween the output of high- and low-
side drivers and the load are exter-
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nal; the remainder is internal. Send-
D ESIGN

ing the data word X000 gives you a
three-state output at port A, which is
now shorted with C, and port B,
which is now shorted with D. Exter-
nal connections made through a soft-
ware program can result in various
circuit arrangements. Because 0 V is
applied to the gates of all the chan-
nel’s FET switches, the switches are
in the off state (open) and no current
flows.

Sending the word X001 gets a
Chopper signal on the left side and a
Brake signal on the right (Fig. 4,
again). The left side of the bridge is
controlled by the PWM loop (Fig. 3b,
again), while HSD, is held off and
LSD; and LSD, are held on. During
the on time controlled by the PWM
loop, current flows through HSD,,
the motor winding, and LSD; and
LSD,. During the off time, the cur-
rent recirculates through all four of
the lower FETs. Used in the motor-
control industry, the terms “chop-
per” or “chopping” refer to control-
ling the average power to a load by
alternately switching the load’s volt-
age source off and on.

If the word X010 is sent, a Chopper
signal appears on the right sideand a
Brake signal on the left. The PWM
loop controls the right side of the
bridge and 5 V is applied to point C
(Fig. 4, again). The direction of cur-
rent flow through the coil (and thus
motor rotation) is reversed. If X011
is sent, you get a Brake signal on the
left and right sides. All the high-side
drivers are now off and all the low-
side drivers are on. The motor wind-
ing is short-circuited through the
low-side drivers and the motor’s
back EMF brakes the rotating load.

If the data word X101 is sent, a Di-
agonal Chopper signal appears on
both sides. During the on time with Q
high, the current flows through
HSD,, the motor winding, and LSD,
and LSD,. During the off time when
Q is low, the current recirculates
through LSD, and LSD,, the motor
winding, and HSD,.[]

How VALUABLE? CIRCLE
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FAST MoNoLITHIC 8-BiT ADC ENCODES 100-MHZ
SINE WAVES T0 6.4-BIT ACCURACY Fraxx Goovexoues

ot only is it the fastest

monolithic 8-bit analog-to-

digital converter around,

but at under $200 each in
hundreds, Analog Devices’ AD9028/
AD9038 flash converters are less
than one-tenth the cost of some fast-
er two-chip hybrid a-d converters.
Typically, they sample input signals
at 325 MHz. A minimum 300-MHz
rate is guaranteed and minimum and
maximum dynamic (ac) specifica-
tions are given for a 250-MHz sam-
pling rate.

These converters are aimed at two
major, but very different, applica-
tions—military radar and laboratory
instruments. The former include
EW/ECM (electronic warfare and
countermeasures, or jamming) Sys-
tems; the latter, digital oscilloscopes
and waveform and spectrum analyz-
ers. But they also find uses in spe-
cial-purpose instrumentation creat-
ed for nuclear-accelerator experi-
ments and classified nuclear re-
search.

The converters use a typical flash
architecture with 256 comparators
(the 256th provides an “overflow”
output) and a reference resistor di-
vider. The input drives all the com-
parators, while each tap on the divid-
er drives one comparator. Both the
top and bottom of the 24-to-60-Q di-
vider have source and sense pins to
ensure accuracy.

The AD9028 and AD9038 differ in
just one way. The former has eight
parallel ECL data outputs (plus the
overflow bit); the latter contains an
internal digital multiplexer and two
sets of outputs. The data words al-
ternate between the two sets of out-
puts, at half the sampling rate, and
for twice as long as on the 9028. This
eases the job of handling such high-
speed data.

Depending on the ac performance
required, the input signal can be han-
dled in any one of three modes. In
one, the analog input is driven and
the analog-return pin (the collectors
of the comparators’ input transis-

tors) is connected to ground. A sec-
ond mode drives the analog input and
connects the analog return to +1.5
V. In the third, both the analog input
and the analog return are driven
while offsetting the analog return by
+1V (see the figure).

In the first mode, the input capaci-
tance varies from about 18 pF to 15
pF as the signal goes from zero to
full scale (2 V). In the second, the in-
put capacitance remains virtually
unchanged, varying between 14 and
14.5 pF. In the third mode, input ca-
pacitance remains a constant value
of about 11 pF. The performance
gain is dramatic. Signal bandwidth
for a given accuracy (effective bits)
virtually doubles.

Several of the converters’ mini-
mum/maximum dynamic specifica-
tions are guaranteed (when sam-
pling a 2-V pk-pk sine wave at 250
MHz with the analog return at +1
V). Effective bits for 9.3-, 49-, and 92-
MHz signals are 7.2, 6.5, and 5.4 bits,
respectively. In-band harmonics at
the same frequencies are 54, 41, and
36 dBc (dB below the carrier, or be-
low full scale). Signal-to-noise (rms)

low full scaleis 45.5, 43, and 33 dB, re-
spectively, for the same frequencies.
Two-tone intermodulation distortion
rejection for 60- and 70-MHz input
signals, each 7 dB below full scale, is
42 dB. In addition, no missing codes
is guaranteed.

The chips can handle Nyquist-fre-
quency signals (1/2 the sampling
rate) even when sampling at over 300
MHz. This is because their full-pow-
er bandwidth is typically 250 MHz
and their aperture uncertainty (jit-
ter) is typically just 3 ps rms.

The chips require 550 mA from the
-5.2'V, of which 14.5 mA flows from
the analog return. The remainder
flows out of the ground pins. The
178-by-148-mil die is packaged in 68-
pin leaded and leadless ceramic chip
carriers. In quantities of 100, prices
range from $185 each for commer-
cial-temperature-range units to $500
each for military-temperature-range
units screened for MIL-STD-883.
Small quantities are available from
stock.

Analog Devices Inc., 7910 Triad
Center Dr., Greensboro, NC 27409;
David Duff; (919) 668-9511.

ratio with an analog input of 1 dB be- CIRCLE 313
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BY DRIVING THE ANALOG RETURN of Analog Devices’ AD9028/9038 with

the input signal offset by +1 V, accuracy rises for input signals above 7 MHz.
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All power supplies in our
new short form catalog are
available nationally from
these Deltron Distributors:

OPERATIONAL AMPLIFIER
PROVIDES LOW-FREQUENCY
I DISCRIMINATION

low-noise CMOS-input preci-
Asion op amp is now available

specifically for use in signal-
conditioning applications involving
low-level signals from high-imped-
ance sources. Potential uses for the
TLC2201 op amp include computer-
ized axial-tomography (CAT) scan-
ners and underwater acoustic detec-
tors, which currently use discrete
components.

The device combines the lowest-
noise JFET amplifiers with the dc
precision that had been found only in
bipolar amplifiers. According to the
company, the TLC2201 is the lowest-
noise FET op amp, either CMOS or
JFET, in its power class with 18 nV/
V'Hzat 10 Hz.

According to T, its silicon-gate ad-
vanced LinCMOS process technolo-
gy is key to the op amp’s perfor-
mance. The TLC2201 has a 100-u.V in-
put-offset voltage with a 0.5-uV/°C
stability, which is far superior to that
resulting from other metal-gate
CMOS technologies.

The device is the first low-noise
FET op amp offered in an 8-pin SO
package. It also comes in 8-lead met-
al cans as well as 8-pin plastic and
ceramic DIPs. Military-temperature
devices are also available in 20-pad
LCCCs. Characterized for operation
over military-, industrial-, and com-
mercial-temperature ranges, the am-
plifier is available now. In quantities
of 100, the TLC2201CP goes for
$3.26. Delivery is from stock.

Texas Instruments, Semicon-
ductor Group, P.O. Box 809066,
Dallas, Texas 75380-9066; (800) 232-
32200, ext. 700. CIRCLE 314
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HIGH-FREQUENCY SWITCH
OPERATES AT 100 NS

Besides a wide bandwidth of 200
MHz, a dual SPST analog switch
boasts a switching speed of 100 ns,
suitable for demanding video and im-
aging applications. The monolithic
device, designated HI-222, also fea-
tures an on-resistance of 35 Q. A di-
electric isolation process allows com-
plementary circuit design with low
parasitics, ensuring broadcast quali-
ty differential gain and phase error
performance. The latter is specified
at 0.003°, while the former is rated at
0.03%. A 30-V signal range and fast
TTL-compatible operation over a
wide range of supplies and tempera-
tures suit the HI-222 for military rf
and medical signal-processing sys-
tems. Packages include plastic and
ceramic DIPs, PLCCs, and LCCs.
Prices start at $4.67 in lots of 100.
Harris Semiconductor, P.O. Box
883, Melbourne, F'L 32901; (407) 724-
3800. CIRCLE 336

TIMING-RECOVERY IC
ENHANCES TRANSMISSION

A single-chip, crystal-based timing
recovery unit is designed for precise
digital-signal transmission. Desig-
nated the TRU-050, the device com-
bines a phase detector, op amp, and
voltage-controlled oscillator on one
chip. These functions are controlled
by the TRU-050’s quartz crystal,
which determines the rate at which
the device transmits data. With oper-
ating speeds of up to 52 MHz, the
part can be used for applications
based on the developing Sonet (Syn-
chronous Optical Networks) stan-
dards. The quartz crystal also en-
sures low jitter, and functions within
a wide range of operating tempera-
tures (from —40° to +-85°C). It is fabri-
cated in CMOS and housed in a 16-pin
ceramic DIP. Price varies with fre-
quency and temperature range. A
commercial 32.768-MHz version sells
for $125 in sample quantities and are
available now; production quantities
are scheduled for late 1989.

AT&T, 1 Oak Way, P.O. Box 610,
Berkeley Heights, NJ 07922; (800)

372-2447. CIRCLE 337
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UNITED STATES
ALABAMA

Cypress Electronics, Inc.
Huntsville, AL

(205) 533-0783

ARIZONA

Cypress Electronics, Inc.
Tempe, AZ

(602) 966-2256

CALIFORNIA

Cypress Electronics, Inc.
Santa Clara, CA

(408) 980-2500

(916) 929-5126

(800) 538-5112

Cypress Electronics, Inc.
Woodland Hills, CA
(818) 710-7780

Kea Electronics, Inc.
Hayward, CA

(415) 887-2900

(916) 448-2600

R&D Electronic Parts
Milpitas, CA
(408) 262-7144

Steven Engineering, Inc.
South San Francisco, CA
(415) 588-9200
(209) 239-3020
(800) 258-9200

Cypress Electronics, Inc.
Buena Park, CA

(714) 521-5230

(213) 744-0355

Cypress Electronics, Inc.
San Diego, CA
(619) 535-0011

COLORADO

Cypress Electronics, Inc.
Englewood, CO

(303) 792-5829

Displays Plus, Inc.
Englewood, CO
(303) 779-8053

ILLINOIS

Cypress Electronics, Inc.
Bensenville, IL

(312) 350-2005

INDIANA

Farrell Argast Electric Co.

Indianapolis, IN
(317) 546-4041

KANSAS

RSC Electronics
Wichita, KS

(316) 267-5213

MASSACHUSETTS
Mayer Electronics Co.
Billerica, MA

(617) 229-2255

(800) 444-2904

MICHIGAN

Wedemeyer Electronic Sup.
Lansing, MI

(517) 484-9047

(800) 468-3394

MINNESOTA

Cypress Electronics, Inc.
Eden Prairie, MN

(612) 934-2104

NEW MEXICO
Beta Tron
Albuquerque, NM
(505) 821-1122

NORTH CAROLINA
Lakeland Eng. Equip. Co.
Charlotte, NC

(704) 597-0044

(800) 562-4555

OHIO

All-Phase Electric Sup. Co.
Dayton, OH

(513) 228-5141

OREGON

Cypress Electronics, Inc.
Beaverton, OR

(503) 641-2233

PENNSYLVANIA

East. Scientific Mrktg., Inc.
Montgomeryville, PA

(215) 368-4570

(800) 322-3349

Peak Electronics Corp.
Wayne, PA

(215) 293-9000

(800) 345-1212

TEXAS

Cypress Electronics, Inc.
Dallas, TX

(214) 869-1435

ES| Supply
Midland, TX
(915) 694-9657

Force Electronics

Dallas, TX

(214) 247-9955
445-0445

(800) 527-5122

Force Electronics
Houston, TX
(713) 561-8644

WASHINGTON

Cypress Electronics, Inc.
Bothel, WA

(206) 483-1144

CANADA

ONTARIO

Z.E.|. Electronics, Inc.
Rexdale, ON

(416) 674-7220

QUEBEC

Z.E.\. Electronics, Inc.
Ste. Laurent, QU

(514) 342-6211

Wedemeyer Electronic Sup.

Ann Arbor, Mi
(313) 665-8611
(800) 521-2824

Several Distributor Territories Available
CATALOG MISSING?
CALL YOUR LOCAL DISTRIBUTOR
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COPROCESSOR BOARD MAKES | SUBSYSTEM MODULE PACKS DSP BOARD, DEVELOPMENT
OBJECT-ORIENTED SOFTWARE | RISC CPU, FPU, AND 64- | TOOLS SIMPLIFY REAL-TIME
AVAILABLE T0 SUN USERS KBYTE CACHE MEMORIES CONTROL SYSTEMS

access to a comprehensive ob-

ject-oriented development envi-
ronment, thanks to a coprocessor
board from Symbolics. The UX400S
board permits the company’s Genera
environment to run on most Sun-3
and Sparc-based workstations. The
board offers high-end development
capability and tight integration with
the Unix environment.

The board integrates the Genera
environment with the Unix-based
SunOS. Genera applications appear
within the host Sun window system
justas native Unix applications do. A
variety of standard network ser-
vices, such as the X Window system;
NF'S; the Network Filesystem proto-
col; and RPC, a remote procedure-
call protocol, are provided to ease
communication between the two sys-
tems. With this high integration lev-
el, developers can use the extensive
library of software applications and
fast [/0 available with Unix as well
as the powerful software-develop-
ment environment offered by Gen-
era.

Thanks to its open architecture
and highly integrated development
tools, Genera helps software design-
ers get from prototype to product
quickly and efficiently. Its develop-
ment methodology dramatically
shortens development cycles for
complex products.

In its standard configuration, the
UX400S board includes the compa-
ny’s Ivory processor board complete
with VMEbus interface, 10 or 20
Mbytes of main memory, and Genera
delivery software. The full Genera
development system and a floating-
point accelerator are optional. The
system boards conform to the 9U-by-
400-mm Eurocard form factor and
VMEDbus specs.

An entry-level UX400S system
goes for $13,900 and is available
from stock.

Symbolics Inc., 8§ New England
Executive Park, Burlington, MA
01803; (617) 221-1000. CIRCLE 315

DAVID MALINIAK

Sun workstation users now have

o take the pain out of evaluat-

I ing the R3000 RISC micropro-

cessor, Integrated Device
Technology has come up with the
TRS101, a subsystem module that in-
cludes the R3000 RISC CPU chip, the
floating-point accelerator (optional),
dual 64-kbyte caches, and other fea-
tures. Until now, designers had to
build their own evaluation boards,
hoping that they got the layout right
and didn’t compromise chip perfor-
mance.

Moreover, the 3.7-by-6.5-in. mod-
ule comes in 12-, 16-, 20-, and 25-MHz
versions and with or without the
floating-point accelerator. The first
versions of the module have sepa-
rate 64-kbyte instruction and data
caches, a four-word read buffer, and
a one-word write buffer. Future ver-
sions will offer both simpler and
more complex memory arrange-
ments. Designed to plug onto a two-
board development system, the mod-
ule can cut many weeks off the initial
evaluation phase.

The IDTTRS301 development sys-
tem has two boards that split the
module’s support functions. One,
which is called a personality card,
holds the module, the system clock,
and the bus buffers. The other card
packs 1 Mbyte of static memory (ex-
pandable to 2 Mbytes), a debug moni-
torin 32 kwords of EPROM, two seri-
al ports, three counter-timers, and
two uncommitted byte-wide ports.
To further ease system analysis, the
personality board includes multiple
connectors that tie Hewlett-Packard
logic analyzers directly to the vari-
ous signal lines.

In quantities of 100, the modules
start at $1856 for the 12-MHz card
and go to $3396 for the 25-MHz
board. The TRS301 development
board sells for $3000 in singles. Both
are available from stock.

Integrated Device Technology
Inc., 3236 Scott Blvd., P.O. Box
58015, Santa Clara, CA 95052-8015;
Nageen Sharma, (408) 727-6116.

CIRCLE 316
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he Power-14 DSP board and de-
Tvelopment software from Tek-

nic Inc. are a good solution for
engineers looking at digital-signal
processing for upgrading the perfor-
mance of control applications. DSP
devices compute control algorithms,
such as Kalman filters, much faster
than do analog controllers.

Built around Texas Instruments’
TMS320C14 16-bit DSP microcon-
troller, the Power-14 board is com-
pletely configurable, and can func-
tion as a simple emulator or as a
high-performance digital servo-con-
troller. The board contains the DSP
controller, an embedded monitor and
debugger program, breakpoint
hardware, emulation hardware, RS-
232 communication hardware, and
three channels of switching servo-
amplifiers.

The TI DSP chip delivers 10 to 20
times the speed of conventional mi-
crocontrollers. Although itis a fixed-
point processor, it can perform float-
ing-point calculations in software.

In addition to the software-debug-
ging program included with the
board, users get motion-control soft-

ware support from Teknic’s soft-
ware-development tools.

The Power-14 evaluation and pro-
totyping system and the Power-
Source software package cost $987
and $995, respectively. Both are
available now.

Teknic Inc., 214 Andrews St.,
Rochester, NY 14604, (716) 546-
3212. CIRCLE 317
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COMPUTER BOARDS

FRAME-GRABBER FAMILY
EXPANDS WITH A SOFTWARE-
COMPATIBLE PC/AT MODEL

he QuickCapture family of
frame grabbers capture, store,

and display live images from

video cameras, VCRs, and still-video
devices in real time. The newest fam-
ily member is a PC/AT-compatible
board, the DT2855, that is software
compatible with the PS/2 version in-
troduced in December, 1987. Appli-
cations developed for one board run
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It's like buying time.

Cut weeks from your complex PLD logic designs. PLDesigner design
synthesis system combines powerful design entry with automatic design
partitioning and device selection to automate time consuming design steps.

With PLDesigner, you enter and simulate the design before device imple-
mentation. PLDesigner automatically partitions the design and presents device
solutions from a 2500 device library that includes advanced architecture
devices. No more manual partitioning, data-book searches or trial-and-

error design.

Enter designs using a high-level language, waveforms, or sche-
matic entry to speed design creation. Combine several designs

into a system to reduce IC count, cost and PC-board space. s== =l

The process is executed automatically...including pin
assignments, documentation, test vectors, and programmer

setup to get the job done faster.

PLDesigner runs on the PC and is the only PLD solution to

be fully integrated into the Mentor Graphics, Cadnetix, and

Intergraph environments.

See what it’s like to buy time and get your designs to market faster. Call for

a FREE demo package.

Minc Incorporated 1575 York Road, Colorado Springs,

CO 80918 719-590-1155

©1988 Minc
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on the other without alteration. The
QuickCapture series is targeted at
scientific image processing and
desktop publishing.

The DT2855 frame-grabber board
plugs into PC/AT-compatible ma-
chines and connects to all video
equipment with RS-170, PAL, CCIR,
and NTSC video formats using a sim-
ple BNC cable connection. It cap-
tures images in real time (1/30 of a
second), and features a phase-
locked-loop circuit for jitter-free im-
age capture from VCRs. The images
are stored in a 512-kbyte on-board
memory.

Once captured, images can be dis-
played on any RS-170 RGB analog

monitor with 256 shades of gray and
640-by-480-pixel resolution. When an
output look-up table is used, output
is displayed with 256 colors. A look-
up-table processor on the board en-
hances images in real time as they
are acquired. Operations performed
by the processor include arithmetic
functions and contrast adjustment.

For users who wish to develop cus-
tom applications, the QuickCapture
developer’s kit provides pixel-ma-
nipulation capabilities as well as ac-
cess to all of the board’s features
through the software driver. The de-
veloper’s kit, which runs under PC-
DOS, has more than 50 functions
that simplify programming of the
frame grabber’s 14 control registers.

The DT2855 PC/ AT QuickCapture
frame-grabber board costs $1995.
The optional QuickCapture develop-
er’s kit is $495 for the base package.
OEM discounts are available. Both
products are shipping now with five-
day delivery.

Data Translation, 100 Locke Dr.,
Marlboro, MA 01752-1192; (508) 481-
3700. CIRCLE 318
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All DC/DC
converters are not
created equal.
And that can
cause problems for
the buyer and the
design engineer. Our
well done converters
can solve your perform-
ance/pricing/delivery

| frustrations in a hurry.

WellDone
For The Buyer

We’ll make your life
easier by getting you
the right product, at the
right price, with the right
performance, and
delivery. Time, after
time, after time. That's
well done.
® Selection — Over 500
standard models from
which to choose.
® Pricing — One of the
most competitive
pricing structures in
the industry.

4

| ® Reputation

' DC/DC
Converiers
¥ell Done

£
. 4

| ®|solation tested up to
8000Vpk.
® MTTFs up to
300+ years (per
MIL-HDBK-217
Rev E, Circuit
Stress Method).
® Synchronizable
models off the
shelf.

For technical or ordering
assistance, or a copy of
our handbook, write
Burr-Brown Corp

PO Box 11400

Tucson, AZ 85734 USA.
Or call toll free
1-800-548-6132.

‘

— A solid
33-year

reputation for
quality products.

Well Done For
The Engineer

We'll help you meet
design deadlines and

® [ow-
cost
multichanne

eliminate those solutions.
product/performance We'll also do
uncertainties. We'll meet | advanced reliability

and probably exceed
your specs, and give
you on-time delivery of
100% tested devices

screening: burn-in,
stabilization baking,
temperature cycling,
~and more. Our quality

should last for a assuri

i”é\"ﬁé‘”;
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NEW PRODUCTS

COMPUTER BOARDS

CPU BOARD FAMILY LETS
USERS OPTIMIZE SYSTEMS

A family of PC AT-format add-in
cards provides a choice of four CPU
cards, add-on option modules and
several system chassis. The slot-

CPU cards minimize the cost of mov-
ing between CPUs by not embedding
the video or hard-disk control on the
CPU card. The cost is further mini-
mized by offering common inter-
faces to off-board functions. Desired
support functions can be added via

with all popular emulators.

PDATA memory.

directly in C.

floating point.

and bit.

startup routines.

AN EFFICIENT

C-COMPILER
FOR YOUR
8051 PROJECT

* Optimizing compiler for tight, fast code.

e Configurable for all 8051 derivatives.

e For PC/XT/AT, PS/2 and compatibles.

* Produces objectfile containing full symbolic information for use

e Complies with the proposed ANSI standard.*

e Parameter passing identical to that of PL/M-51.

e SFR's and BIT's directly accessible from C.

® Variables can be placed in DATA, XDATA, IDATA, CODE and

e Interrupt routines with register bank switching can be written

e Comes complete with a macro assembler, linker, and librarian with
SMALL, COMPACT and LARGE library models, with and without

e Datatypes: (signed / unsigned) char, int, long, float (32 bit IEEE)

e Can be linked with existing PL/M-51 and ASM-51 object modules**
e Many library functions, including configurable input, output, and

e Completely integrates with our simulator/debugger and target
monitor into your development environment.

Call for more information and your FREE demo disk!

€5 FRANKLIN

SOFTWARE, INC.
888 Saratoga Ave. #2
San Jose, CA 95129
(408) 296-8051

FAX (408) 296-8061

* Except where inconsistent with maximum
8051 efficiency.
** PL/M-51 and ASM-51 are trademarks
of Intel Corp.

CIRCLE 34
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optional daughter modules. The four
CPUs start with a 12-MHz 80286-
based card that comes with 512
kbytes of RAM (expandable to 4
Mbytes), an 80287 coprocessor sock-
et, floppy disk-drive controller, and
three ports (two serial and one paral-
lel). A 16-MHz 80386SX board comes
with the same hardware, but packs 1
Mbyte of RAM (expandable to 8
Mbytes) and a socket for the 80387.
Adding a 20-MHz 80386DX, the third
board comes with 3 Mbytes of RAM,
butotherwise has the same features
as the SX board.

Sitemens Information Systems
Inc., 5500 Broken Sound Blvd.,
Boca Raton, FL 33,87; (407) 994-
8800. CIRCLE 338

MULTIPROCESSOR BOARD
EXECUTES 13 MIPS

Designed for use with PC/M’s Hy-
perFlo data-flow computing system,
a multiprocessor board provides 13
MIPS and 8 MFLOPS of general-pur-
pose computing power on a single
VMEbus card. The MPU-2 is
equipped with four 68020 micropro-
cessors, four 68882 floating-point co-
processors, and 1.5 Mbytes of memo-
ry. The board sports a three-level
multiprocessing structure with a
self-contained data-flow operating
system. The FLOS operating system
accepts general-purpose processors,
in addition to DSP and RISC devices
in the same system, so the optimum
processor type can be employed at
the various nodes in a multiproces-
sor data-flow system. A HyperFlo
system can incorporate as many as
100 processors in a single VMEbus
card cage. Price of the MPU-2 is
$6870 with delivery taking up to 30
days.

PC/M Corp., 6805 Sierra Ct.,
Dublin, CA 94568; (415) 829-
8700. CIRCLE 339




Analogic Introduces
The World’s Quietest
S/H Amplifiers

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

CIRCLE 70

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 uV 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 uV 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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NEW PRODUCTS

COMPUTERS & PERIPHERALS

MONOCHROME DISPLAY
B0ASTS 4096-BY-3300-PIXEL,
300-DPI RESOLUTION

egaScan Technology is
Mclaiming the world’s highest

resolution for a monochrome
display system with its Document
Display System. The display packs
4096 by 3300 pixels onto a 19-in.
screen. This adds up to nine times the
image density of other high-resolu-
tion monitors, and over three times
the density of any other commercial-
ly available high-end display.

The display is described by the
company as the only one to provide
300-dpi resolution, which matches
that of today’s standard laser print-
ers and scanners. Documents gener-
ated or displayed on the DDS screen
match printed hard copy dot for dot
atanexact 1:1 scale.

Included within the integrated dis-
play subsystem are a 19-in., nonin-

terlaced grayscale monitor, inter-
face, video controller with frame
buffer, windowing software, and
drivers. With 72-Hz refresh rates
and a video-data rate of 1.5 GHz, the
DDS system delivers a flicker-free
display.

The frame buffer holds 2 Mbytes
of data, which can make up large doc-
ument images up to 12 million pixels
with space left over for menus, dis-
play primitives, and data structures.
Using the latest video-RAM technol-
ogy, the frame buffer is dual ported
to provide a 1.5-Gpixel/s bandwidth.
As a result, it can refresh the image
while simultaneously allowing a fast
update rate.

The Document Display System
starts at $11,000 in OEM quantities
and is available immediately.

MegaScan Technology Inc., 42
South St., Hopkinton, MA 017}8-
2201; (508) 435-2600. CIRCLE 319

DAVID MALINIAK

IEEE-438

#a trademark of IBM

CIRCLE 35
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MULTIPROCESSOR RISC
SYSTEM EXECUTES UP T0 160
MIPS, 28 MFLOPS

y moving to Mips Computer
BSystems’ higher-performance

R3000 RISC processor, Silicon
Graphics has added two server mem-
bers to its multiprocessor Power se-
ries. The top-of-the-line system is the
4D /2808, which can deliver a maxi-
mum sustained throughput of 160
MIPS and 28 MFLOPS (double preci-
sion) when it packs eight R3000 pro-
cessors and floating-point units run-
ning at 25 MHz. The other new sys-
tem is the 4D/2108S, a single-proces-
sor system that delivers 20 MIPS and
3.3 MFLOPS.

Each processor module carries an
R3000 RISC CPU, a companion
R3010 floating-point processor, a
read-write buffer, and 384 kbytes of
cache set up in a two-level scheme.
Systems come with a minimum of 8
Mbytes of main memory and can be
expanded to 128 Mbytes in 8-Mbyte
increments.

The multiprocessor systems run
IRIX, the company’s symmetric mul-
tiprocessing implementation of
AT&T’s Unix operating system. For
communicating with mass-storage
subystems and other peripherals
and systems, the Power series com-
puters include SCSI, VME, and Eth-
ernet interfaces. Up to 4.8 Gbytes of
mass storage as well as tape backup
can be housed in the Power-series
cabinet. Up to 20.8 Gbytes of mass
storage can be attached to the sys-
tem using an optional storage-ex-
pansion chassis.

Base price for the 4D/280S with its
eight processors is $172,500, while
the single-processor 4D/210S sells
for $54,900. A graphics-card option
for the 4D/210S turns the system
into a powerful graphics worksta-
tion, the 4D/210GTX, which can dis-
play 100,000 independent polygons/
s. This is one of the highest display
speeds available to date on any sys-
tem.

Silicon Graphics Inc., 2011 N.
Shoreline Blvd., P.O. Box 7311,
Mountain View, CA 94039-7311;
(415) 960-1980. CIRCLE 320

DAVE BURSKY




NEW PRODUCTS

COMPUTERS & PERIPHERALS

MULTIPROCESSOR GRAPHICS
CONTROLLER LINKS RASTER
PRINTERS T0 HOST

ultiple processors running in
Mpara]lel form the heart of a

standalone graphics control-
ler from JRL Systems that delivers
very-high-speed imaging of graphic
element, pure raster, compressed
raster, and text data. The 340-RGP
controller connects raster printers
and plotters to a variety of host sys-
tems.

Rasterization and decompression
is offloaded from the host to the 340-
RGP controller, which directly con-
trols devices such as electrostatic
plotters and laser printers.

The 340-RGP controller analyzes
the graphic-element list, text, or
compressed raster data before pass-
ing it to a main processor. It may also

SRR

pass the data to one of its specialized
preprocessors for computationally-
intensive tasks such as CCITT
groups three or four.

Input data is processed into a pure
raster file and written to a 2- to 64-
Mbyte image buffer. The unique im-
age-memory buffering and porting
design means that the controller can
handle an infinite amount of graphic
elements on each picture.

The output module handles the
electrical interface to the specific
hardcopy devices at speeds of up to 4
Mbytes/s. The controller supports
host-output formats such as HP-GL,
HP-PCL, Versatec Data Standards
Random, CalComp 906/907, KMW-
PLT, Trace, CCITT groups three and
four, Postscript, and standard print
with high-quality character fonts.

The 340-RGP graphics controller
is available now. One unit, with no
options, costs $5950.

JRL Systems Inc., 6101 West
Courtyard Dr., Building 1, Austin,
TX 78730; (512) 345-7122. CIRCLE 321

LISA GUNN

SCSI-BUS MULTIPLEXER
ALLOWS 24 PERIPHERALS T0
SHARE THE BUS

ow, a SCSI host or initiator can
Ncontrol more than seven peri-

pherals or target devices. The
SM-14 SCSI bus multiplexer is the
first scheme in which up to 24 addi-
tional SCSI-compatible devices can
reside on the bus. The multiplexer
uses Ancot’s proprietary solid-state
switch, which handles all SCSI sig-
nals directly with no intervening
hardware to degrade signal quality.
Additionally, when the multiplexer
is used in a SCSI test subsystem, it
can decrease the per-test-slot cost,
because more units can be tested at
one time.

The multiplexer ties into a SCSI in-
itiator over a master SCSI bus, and
converts the single bus into four
branch SCSI buses. One SCSI identi-
fication number is used by the initia-

tor and one by the multiplexer’s con-
trol unit. That leaves six ID numbers
for each of the four branches. Only
one branch bus and one device may
be switched at a time. The dc imped-
ance between the master and the

on” branch bus is typically 1.8 Q (5
Q, maximum), and the capacitance
from the master to branch bus is 40
pF. Response time across the switch
is just 2 ns.

Indicators on the SM-14’s front
panel show which SCSI-bus branch is
enabled and which branch is busy. A
front-panel pushbutton manually se-
lects a branch bus.

The ac-powered unit comes in a 4-
by-10-by-12-in. enclosure, sells for
$2840, and is available within 30 days
of order.

Ancot Corp. Mid-Peninsula
Business Park, 1755 E. Bayshore
Rd., Suite 184, Redwood City, CA
94063; (415) 363-0667. CIRCLE 322

DAVE BURSKY

IEEE-488

’488 (GP-IB, HP-IB) control for your PC/IXTIAT

CIRCLE 36

ELECTRONIC
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NEW PRODUCTS

COMPUTERS & PERIPHERALS

DISK SUBSYSTEM FITS
VMEBUS BACKPLANE

A combination hard- and floppy-disk
subsystem plugs directly into stan-
dard VMEbus backplanes to provide
up to 84 Mbytes of formatted Win-
chester storage and 720 kbytes of
formatted floppy capacity. Called
the Mass Storage Module (MSM), the
unit requires only two 6U slots and is
available in two Winchester capaci-
ties (42and 84 Mbytes). The Winches-

ter has an SCSI port, while the floppy
employs an SA460 interface. Aver-
age access time of the 3-1/2-in. hard-
disk drive is 19 ms, with a transfer
rate of 2.0 Mbytes/s for asynchro-
nous operations and 4.0 Mbytes/s
for synchronous transfers. The
3-1/2-in. floppy drive transfers data
at a rate of 250 kbytes/s. The 42-
Mbyte version costs $1990 while the
84-Mbyte model sells for $2490. Both
versions of the subsystem are avail-
able immediately.

Force Computers Inc., 3165 Win-
chester Blvd., Campbell, CA 95008;
(408) 370-6300. CIRCLE 340

OPTICAL DRIVE PERMITS
MEDIA INTERCHANGE

A write-once, read-many (WORM)
optical disk drive supports the ISO
standard cartridge, media, and for-
mat to permit media interchange-
ability. The WM-D070 5-1/4-in. drive

operates in either of two modes to ac-
commodate the broadest possible
range of applications. For situations
requiring broad media interchange-
ability, the drive operates in a con-
stant-angular-velocity (CAV) mode
with ISO format. In this mode, the
drive has a 5.5-Mbit/s data transfer
rate and a standard storage capacity
of 600 Mbytes. For applications
where media interchange with non-
Toshiba drives is not required, the
WM-DO070 can operate in a modified
constant-angular-velocity (MCAV)
mode. Under MCAV, the drive holds
900 Mbytes and achieves a variable
transfer rate from 2.6 to 5.2 Mbits/s.
The WM-D070 offers a fast 90-ms av-
erage seek time and an embedded
SCSI port. It sells for $2295 in OEM
quantities.

Toshiba America Information
Systems Inc., Disk Products Divi-
ston, 9740 Irvine Blvd., Irvine, CA
92718; (714) 583-3108. CIRCLE 341

Check into Central. For
generics, specials or
custom designed
discretes. For quality
devices from low noise
Zener, Schottky, and
Germanium diodes to
small signal and silicon
power transistors. Check
into Central, for low ppm
levels on all the products
we manufacture. For JIT
delivery and special

the best kep
in discretes.

capabilities. All backed
by a willingness to work
with you, professional to
professional.

Check into Central.
Many industry leaders
have for over 10 years.

For free literature, write
or call.

central ¢ @
Semiconductor
Central: We make the difference.

145 Adams Avenue, Hauppauge, NY 11788
Phone 516-435-1110 FAX 516-435-1824

limiting & Schottky "

»* Zener Diodes—including
Stabistors & low noise

» Germanium Diodes—Gold bonded

»* Rectifiers—including Schottky

» Bridge Rectifiers

» Small Signal Transistors—General
Purpose, Dual Transistors, Quad
Transistors, Saturated Switching

» Silicon Power Transistors—
including TO-66 Case

» Darlington Transistors

» Field Effect Transistors

» Thyristors—TRIACs

» Surface Mounted Devices

126/8croesr 5,100 © ¥ 1 C
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C&c Computers and Communications

The 4-bit microcomputer ~ ~
that makes more cents for you.

Tiny Controller is a price/
performance breakthrough.

Our new 4-bit CMOS microcom- And we're making OTP ver-
puters are so inexpensive you can  sions available soon for fast,
install them where microcomputers small-lot production.

have never been used before. Why should you specify our

Put them in fans, food processors,  Tiny Controllers? Because their low

bathroom scales, etc. For a truly price will cut your manufacturing

nominal cost, you'll boost sales by  expenses and their high perform-

enhancing consumer appeal. ance will expand your market call NEC today and ask about
If you're making games or toys, opportunities. If unbeatable price/ our new 4-bit singlechip CMOS

replace your more expensive 4-bit  performance makes sense to you, microcomputers.
device with our chip and achieve

significant savings on every unit. , wPDITI03 | d7or* [ aroa [ it
NECs Tiny Controllersprovide =~ % S2<% . Ll
high speed (2usec cycle time) and R e || R j : e
ample memory (5]_2 x 16-bit ROM; Instruction cycle time * ‘2/,43 o T &
]6 X 4'b|t RAM) Wlth 11 or 16 I/O Oscillation voltage b b _2_? —6.0V e iy

ports, they permit direct LED drive. ~  standoy mode 3 STOP/HALT el

They operate on a wide range of Oscillation Ceamic |  RC Ceramic | RC
Voltages; 2.7 to 6.0V. We offer a Package 16-pin shrink DIP/16-pin SOP 22-pin shrink DIP/24-pin SOP
full set of development tools. Onetime PROM 489 | 1090 4089 | 1090
*Under development

For fast answers, call us at:

USA Tel:1-800-632-3531. TWX:910-379-6985. W. Germany Tel:0211-650302. Telex:8589960. The Netherlands Tel:040-445-845.
Telex:51923. Sweden Tel:08-753-6020. Telex:13839. France Tel:1-3946-9617. Telex:699499. Italy Tel:02-6709108. Telex:315355.
UK Tel:0908-691133. Telex:826791. Hong Kong Tel:3-755-0008. Telex:54561. Taiwan Tel:02-522-4182. Telex:22372.

Korea Tel:02-551-0450. Fax:02-551-0451. Singapore Tel:4819881. Telex:39726. Australia Tel:03-267-6355. Telex:38343.
CIRCLE 71



120dB
RANGE

FOR PRECISE EVALUATION OF
HIGH-QUALITY COMPONENTS

= . MKR(25@):180. 7HHz
mic range and resolution to match A:HAG ~17.53dB _10dB/  ~-66.00dB
Improve your dynamic rang BiPHA ~106. i1des Sode 0°00des OUTPUT: 9.00dBa

today’s high-performance filters, tuners and other com-
ponents. I e
Anritsu’s MS3606A Network Analyzer now offers you an ; : s \
amazing 120 dB dynamic range for a clear picture around | 5 S
peak and cutoff frequencies. The fully synthesized signal bt ! :
source provides 1 mHz resolution and dramatic increases ; l
in phase/delay-time measurement resolution to give you ‘

the best sensitivity and precision for advanced video and
mobile-communications components.

With the MS3606A, you can measure at a super-high
speed of just 400 us. The Personal Test Automation (PTA)
option gives you faster signal processing and ATE capa-
bility to improve productivity. You'll even have the flexibility | e —
to transplant program assets from other equipment.

Scalar analysis for complicated tests involving different
input and output frequencies is also available, along with
conventional vector analysis.

The MS3606A gives you all these features over a wide
frequency range of 10 kHz to 1 GHz, for a broad spectrum
of applications. And of course, a full selection of periph-
erals, including equipment for testing analog ICs, is also
available.

For R&D or mass production, you'll get the greatest
capabilities from Anritsu.

NETWORK ANALYZER MS3606A

-

ANRITSU CORPORATION 10-27, Minamiazabu 5-chome, Minato-ku, Tokyo 106, Japan Tel. 03-446-1111

U.S.A. ANRITSU AMERICA, INC. 15 Thornton Road, Oakland, N.J. 07436 Tel. 201-337-1111 Sales & Service 1-800-255-7234

U.K. ANRITSU EUROPE LIMITED Capability Green, Luton, Bedfordshire LU1 3LU Tel. (STD0582) 418853

F.R. Germany ANRITSU ELEKTRONIK GmbH Grafenberger Allee 54-56, 4000 Dusseldorf 1 Tel. 0211-679760

Brazil ANRITSU ELETRONICA S.A. Av. Passos, 91-Sobrelojas 203/205-Centro, 20.051-Rio de Janeiro-RJ Tel. 021-221-6086
«Argentina IOTA SA. Tel. 431-0911 Australia STANDARD TELEPHONES AND CABLES PTY LTD. Tel. 03-615-6671 sAustria WIEN SCHALL GmbH Tel. 0222-832224 *Belgium CN. ROOD SA. Tel. 02-7352135 *Bulgaria
ELSINCO GmbH Tel. 0222-871751 *Canada ATELCO INC. Tel. 416-479-8590 »Chile PARKER Y CIA. Tel. 231-9976 Colombia RADIOCOM S.A. Tel. 218-2054/218-4606 *Costa Rica ELECTRONIC ENGINEERING S.A
Tel. 250394, 258793 +Cyprus CHRIS RADIOVISION LTD. Tel. 02466121 Czechoslovakia ELSINCO GmbH Tel. 0222-871751 »Denmark INSTRUTEK A'S Tel. 05-611100 *Egypt ALKAN Tel. 3490140 <Finland INTO OY
Tel 0-755 7711 sFrance SALIES SA Tel 1-69204010 »Greece KOSTAS KARAYANNIS Tel 3230303, 3237731 *Guatemala ELECTRONICA OSRO Tel. 314966, 61552 *Hong Kong SCHMIDT & CO.. (HK) LTD. Tel. 58330222
*Hungary ELSINCO GmbH Tel 0222-871751 siceland GEORG AMUNDASON & CO. Tel. 687820, 681180 *india PHOTOPHONE LTD. Tel. 582493, 582498 *Indonesia PT. SUBUR SAKTI PUTERA Tel. 359163 sitaly
VIANELLO S.pA. Tel. 02-89200162, 02-89200170 *Korea HAN-IL COMMERCE & COMPANY Tel. 783-6391 ~5 UTO TRADING COMPANY Tel. 765-1800/1 *Malaysia RANK O'CONNOR'S (M) SDN. BHD. Tel. 7566599
*Mexico ELECTRONICA 2000, SA DE CV. Tel. 548-5049/548-0630 *Netherlands C.N. ROOD BV. Te\ U 70-996360 *New Zealand WM SCOLLAY & CO.. LTD. Tel. 04-722-961 *Norway TELHNJRJM‘ NT AS Tel. 02-901190
Pakistan ASSOCIATED E > TRADING CORP. Tel. 042-56: 5 ePapua New Guinea STANDARD TELEPHONES AND CABLES PTY. LTD. Tel. 256933 «Peru ESTEMAC PERUANA

1 »Portugal OMNITECNICA 905617 *Saudi Arabia NIC EQUIPMENT MARKETING CO. Te 50 *Singapore RANK O'CONNOR'S

)4, 4480162 *Sri Lanka INF fel. 580088, 500817 *Swe EINSTRUMENT AB Tel. 08-380370 itzerland GMP SA Tel 021-6348181 *Taiwan C
“PHIHOW ELECTRIC TRADING C D 5-3276 *Thailand P&P TE CO., LTD. Tel. 2712397, 2710057 »Turkey burc ELECTRONICS AND MACHINERY INDU
Tel v 1495788/1495789 eUruguay GTE TELECOMUNICATIONS \N( Tel 92-0301/0171
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NEW SOLUTIONS FROM MILLER-STEPHENSON

NAME
DEPT./TITLE
miller-stephenson chemical co.,inC. | cowmpany
%AQLJ;OFSZ:Q" Blvd. LI;:%TBOCI)sakton St. ggcﬁgi%gﬂngton Hwy. gﬁlNécg)rﬁngview Dr. ADDRESS

Sylmar, Cal. 91342

Morton Grove, lll. 60053 Danbury, Conn. 06810

miller-stephenson

Now by special formulation and in the interest
of abetter environment, Miller-Stephenson presents
SAFEZONE CFC-Free Solvent & Flux Remover offering a
“new solution” norinse, quick cleaning action; so expedient for field
service, so perfect for prototype and production work. For sample
fill out coupon below or call (203) 743-4447. For technical service
call 1-800-992-2424 (8-4 Eastern Time). In Canada call
1-800-323-4621 (8-4 Eastern Time).

T T T T T T COMPLETECOUPONBELOW 5
PLEASE AEROSOL BULK
SEND FREE SAMPLE SAMPLE
MS-195C0O? MS-197
Mail to:

miller-stephenson chemical co., inc.
George Washington Highway
Danbury, Connecticut 06810 US.A.

Rexdale, Ontario MOW 5R3
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818 896-4714 312 966-2022 203 743-4447 416 675-3204
CIRCLE 39 (2 el S gt e b o WERAOUS
PACKAGE WRITES guage) versions of the Microsoft | 20-MHZ SCOPE RUNS ON
INSTRUMENT CONTROL gg;ﬁiarfgw 1::§u zSge};lg}leviiltegz(c} AC, DC, OR BATTERY
SOFTWARE FOR NEC-9800 : :

ational Instruments Corp. has
Nintroduced LabWindows 9800,
a set of instrumentation pro-
gramming tools for the NEC PC-
9800 personal computer, Japan’s
most popular DOS-based computer.
The package is aimed both at end us-
ers who develop test and measure-
ment programs for the PC-9800 and
at manufacturers making IEEE-488
instruments for sale in Japan.
LabWindows 9800 uses the Kanji
and Kana character sets and works
with the Nihongo (Japanese-lan-

tive development program and a set
of functional libraries permit IEEE-
488 (GPIB) instrument control, data
formatting, analysis, presentation,
and file operations.

A function panel serves as an intu-
itive, full-screen interface for use
with the libraries. Users enter the
functional parameters that appear
as pictorial controls on the panel.
These functions can be executed im-
mediately, and the program will
automatically generate the source
code at the same time.

The package’s instrument library
contains more than 60 instrument
drivers for controlling a wide range
of GPIB instruments.

Available immediately, LabWin-
dows 9800 costs about $1200, and the
advanced analysis library is avail-
able separately for about $1700.

National Instruments Corp.,
12109 Technology Blvd., Austin, TX
78727-6204, (522) 794-0100.

CIRCLE 323

JOHN NOVELLINO
ELECTR

Compact enough to fit inside a stan-
dard attache case, the Model 1422
dual-trace oscilloscope can be
powered from ac, an optional inter-
nal battery, or an external 10- to 16-V
de source. The miniature scope fea-
tures 20-MHz response, 10-mV/divi-
sion vertical sensitivity, and front-
panel X and Y operation. Eighteen
sweep ranges span from 1 ps/divi-
sion to 0.5 s/division in a 1-2-5 se-
quence, and are variable between
ranges. Sweep magnification can be
extended to 10 times, pushing the
maximum sweep rate to 100 ns/divi-
sion.

Unlike other portable oscillo-
scopes, the 1422’s battery pack fits
entirely within the scope without
adding to the depth and height of the
case. The instrument is priced at
$1099 and comes with two ten-to-one
probes.

B&K-Precision, Maxtec Interna-
tional Corp., 6470 W. Cortland St.,
Chicago, IL 60635, (312) 889-
9087. CIRCLE 342
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NEW PRODUCTS
staunens |

LO0GIC ANALYZERS ADD 400-

MSAMPLE/S DIGITAL-SCOPE

CAPABILITY

Although a state or timing ana-
lyzer can reveal the existence

of the typical digital-debug

problem, the source of the problem is
often related to a parametric fault
that must be found with an oscillo-
scope. For that reason, Hewlett-
Packard Co. has added dual-channel
digital-oscilloscope capabilities to its
HP 1650-series logic analyzers.

1

Matchmakers

it

A broad line of interface transformers for use
in T-1/CEPT line interfaces.

Each transformer is designed to MATCH a specific
transceiver chip. Our transformers allow your
equipment to MATCH standards such as

CCITT G.703, FCC and others. Just as important,
they MATCH what you need.

e Tested by major chip manufacturers

1500 V isolation voltage

Optimized for balance and pulse waveform
Passed surge voltage tests

Low profile encapsulated packages

Space saving dual packages include both

transmit and receive functions

Pulse’s transformers make a perfect MATCH.

For the entire list of transformers
with corresponding transceiver
chips and an application note on
how to incorporate them in your
T-1/CEPT circuit designs, please
contact:

_—
——— I u ISEW
e

Pulse Engineering, Inc.

P.O. Box 12235, San Diego, CA 92112
(619) 268-2400, FAX: 619-268-2515

CIRCLE 38
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The two new additions to the se-
ries, the HP 1652B and HP 1653B, of-
fer a 400-Msample/s digitizing oscil-
losope as well as 80 and 32 logic-anal-
ysis channels, respectively. Both an-
alyzers feature 100-MHz timing on
all channels. The HP 1652B has 35-
MHz state analysis, and the HP
1653B has a 25-MHz state speed.
Both oscilloscopes are bandlimited
to 100 MHz, one-fourth the sample
speed, to prevent aliasing.

The scopes have an advanced log-
ic-triggering set that lets users spec-
ify a wide variety of edge and pat-
tern conditions. The analyzers fea-
ture complex-state triggering that
filters out unnecessary data and lists
only desired states. Combining a log-
ic analyzer and scope in one unit al-
lows the timing analyzer, state ana-
lyzer, and oscilloscope to show simul-
taneous, time-correlated displays for
all three functions. For example, a
glitch from the timing analyzer or
address from the state analyzer can
trigger the scope.

The HP 1652B costs $11,300, and
the HP1653B goes for $7400. Deliv-
ery for both is an estimated 8 weeks
after receipt of order.

Hewlett-Packard Co., Colorado
Springs Div., P.O. Box 2197, Colo-
rado Springs, CO 80901; (800) 752-
0900. CIRCLE 324
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FREQUENCY SOURCE
CLAIMS HIGH ACCURACY

The Wavebox 100 synthesized fre-
quency source boasts 10 ppm or
0.001% accuracy and stability over
its 1-Hz to 100-kHz frequency range,
three orders of magnitude better
than most comparable signal
sources. The output frequency is di-
aled up directly on thumbwheel
switches. Resolution is 1 Hz over the
entire range. The sine-wave outputis
variable up to 20 V pk-pk with a +10-
V offset. Total harmonic and nonhar-
monic distortion is better than 40 dB.
An auxiliary TTL/CMOS level
square-wave output is also provided.
The system is priced at $325.
Teledata Systems, 68 Reservoir
Rd., New Milford, CT 06776; (203)
355-8285. CIRCLE 358




APPLICATION SPECIFIC PLASTICS FROM PHILLIPS 66

CONNECTING VALUE WITH

PERFORMANCE

Performance and value. You
can get both with Aspect™ TPPE
from Phillips 66. This engineering
thermoplastic polyester gives you:

® |mproved flow and processability
to help you mold complex,
intricate parts—easily and
precisely, at low injection
pressures.

® | ong-term thermal performance
—retaining over 50% tensile

©MEMLXXXIX Phillips 66 Company

strength after 17 weeks at
220°C.

® Excellent electrical properties—
offering high arc resistance and
low dielectric constant.

Aspect™ TPPE is ideal for
applications such as high density
interconnectors; thin, intricate and
hard-to-mold bobbins; terminal
blocks; and fuse holders.

With Application Specific
Plastics such as Aspect™ TPPE
from Phillips 66 you can take
advantage of the expertise of the
Phillips 66 Plastics Technical Center
...Its research and development
and advanced molding facilities, the
computer-aided design capabilities,
the experienced staff, and more.

Phillips 66 offers other
Application Specific Plastics for
your electrical/electronic needs:
Ryton® PPS, Ryton® S PPSS,
and Crystalor™ PMP. For
more information call toll free
1-800-53-RESIN. Or Telex #492455.

CIRCLE 73
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Introducing the &
Great Boardware 0
Protection Co."
you may already
know as the

Great Software ..o.....

° e the Peer-4000 SCSI
Protection Co.”
t didn’t take long for people to start calling us
The Great Software Protection Company. And
we don't think it will take very much time for
some more people to start calling us The Great
Boardware Protection Co.

That’s because of our new security device for
printed circuit boards—the SentinelChip." It's the
perfect finishing touch for your nothing-like-it, finally-
on-the-market PCB that stops anyone from copying
your one-of-a-kind electronic design or firmware.

The SentinelChip from Rainbow Technologies is a
custom-designed, board-mounted ASIC security
device that’s built from the heart of our proven, best-
selling, virtually unbreak-
able SentinelPro™
software protection key.

Without the ‘“correct”
dialog between your
board’s firmware and the
SentinelChip’s impen-
etrable algonthmlc code, the board won’t work and its
design can’t be cop'ed It’s that simple.

‘ y” SentinelChi from the Great

CIRCLE 40
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NEW PRODUCTS

L INSTRUMENTS |

Tw0 MODULAR DMMS BOAST
FLEXIBLE MEASUREMENT
FEATURES

ektronix has expanded its line

I of modular digital multimeters

by adding the programmable

DM 5110 and manual DM 511 instru-

ments. Built in a single-width case,

the DM 5110 lets users take advan-

tage of the five remaining slots in the

TM 5000 mainframe to create a cus-
tomized automated test system.

The DM 5110 includes an IEEE-
488 interface that makes it fully pro-
grammable over the GPIB. The man-
ually operated DM 511 offers a
choice of front or rear interface capa-
bility.

Besides a wide range of ac and dc
voltage and current measurements,
the two instruments let users make
their measurements directly in dBv
and dBm units. This feature adds
measurement flexibility and is use-
ful in certain calibration and mainte-

nance applications. In addition, both
modules feature a 4-1/2-digit autor-
anging mode as well as a 3-1/2-digit
mode that increases throughput.

To improve the normal-mode rejec-
tion ratio, users may choose either a
50- or 60-Hz mode. Front-panel oper-
ation is through 12 soft keys that se-
lect the function and range. Other
standard features include a true
RMS function, null and hold modes,
and high- and low-pass limit testing
and compare mode with beeper.

The DM 5110 costs $895, and the
DM 511 is priced at $745. Both may
be ordered immediately for delivery
in 6 weeks.

Tektronix Inc., P.O. Box 1700,
Beaverton, OR 970 75; (800) 835-
9433. CIRCLE 325
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NEW PRODUCTS

[ INSTRUMENTS

32-BIT EMULATOR HANDLES
33-MHZ CPUS Now, 60-
MHZ DEVICES LATER

he EL 3200 in-circuit emulator
I from Applied Microsystems
not only keeps up with today’s
33-MHz, 32-bit microprocessors, but
also will work with the 60-MHz de-
vices now being designed. The first
probe modules for the EL 3200 sup-
port the Motorola 68020 and 68030,
including the latter’s cache burst and
synchronous cycles.

Featuring a new modular architec-
ture, the emulator runs on IBM PCs
or Sun workstations, including Sun
systems used in standard Ethernet
networks with TCP/IP protocols.
The EL 3200 sits as a node on the net-
work trunk so no intermediary com-
puter is needed to connect the emula-
tor to the network.

The EL 3200 allows as many ac-

memory can support. The unit also
has six hardware and more than 1000
software execution breakpoints.
Since cached instructions may never
be executed, the emulator will break
when the instruction is pulled from
the cache.

Trace memory is an extra large 16
kwords deep by 139 bits wide. A dy-
namic trace feature lets the operator
view captured traces in real time
without slowing down the target
system. A 512-kbyte overlay is stan-
dard, and up to 2 Mbytes is optional.

With 512 kbytes of RAM overlay,
the 68020 version of the EL 3200
costs $22,000 and is available imme-
diately. The 68030 system, which will
be available next July 30, starts at
$26,000 with 512 kbytes of overlay.

Applied Microsystems Corp.,
5020 148th Ave. NE, Redmond, WA
98073-9702; (206) 883-3049.

CIRCLE 326
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PORTABLE DSO C0STS
LESS THAN $2500

A low-cost portable oscilloscope —
priced at just $2395 — features digi-
tal and analog capabilities, along
with a 50-MHz bandwidth and a 20-
Msample/s sampling rate per chan-
nel. The 2211 also offers 8-bit vertical
resolution and a 4k record length per
channel. It builds on the feature set
of the 2200 series scopes and adds on-
screen cursors, a CRT readout, and a
hard-copy serial interface. Enhanc-
ing accuracy and repeatability, the
on-screen cursors provide delta volt-
age, delta time, and 1/delta time.
With the unit’s pre- and post-trigger-
ing capability, users can view events
occurring before and after a trigger
event. The 2211 also has dual digitiz-
ers for simultaneous acquisition.

Tektronix Inc., P.O. Box 1700,
Beaverton, OR 97075; (800) 4}26-
2200. CIRCLE 343

Sampling A/Ds

DATELS video speed sampling A/D converters
give superior dynamic gerformance, to bring

oth harmonic distortion and
signal-to-noise ratios to new lows.
For complete information call (508) 339-3000
.| Effective Bits | THD* at :
Sampling . . Power Price
Model at Nyquist Nyquist Tedadn Package
Rate Frequency | Frequency Dissipation (1-9)
ADS-112 | IMHz 110 73dB | 13watts | 24-pin DDIP | $259
ADS-132 | 2MHz 110 73dB | 29watts | 32-pin TDIP | $346
ADS-131 | 5MHz 106 9dB | 42watts | 40-pin TDIP | $549
ADS-130 | 10MHz 106 9dB | 45watts | 40-pin TDIP | $775

*THD (Total Harmonic Distortion)

/A=
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INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION
DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000

* Model 135Hisa GANG & SET (E)EPROMProgrammer.

* Programs virtually all EPROMs & EEPROMs upto 2048K.

* Universal supportincludes Bipolar PROMs & EPROM Emulation.
* GANG Options for 40-pin MICROs & 40-pin EPROMs !!

* Stand-alone or Computer Remote Control operation.

* 12Month WARRANTY & 12Month FREE Field Device Updates.
* Supports OrCAD™'s new PLD Tools Software.

BYTEK Corporation - 508 N.W. 77th St, Boca Raton, FL 33487
FAX:(407)994-3615  Telex: 4998369 BYTEK

* DATA1/O is a registered trademark of DATA I/O Corporation.

BYTEK 135H

Universal MultiProgrammer™

DATA I/O 288" Performance
PLUS PLD Support !!

100% USA Made.

Model Shown:
135H-U

with optional
LOGICel.

1-800-523-1565

In Florida: (407) 994-3520

D ESTIGN
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Configured To Fit
Your Industrial Application.

51 smallest
single and

triple models. |

ALAM»A mcmomcs

LAMBDA GROUP OF UNITECH plc




LS

SERIES:

TEN PACKAGE SIZES OFFER COMPACT,

LOW COST SOLUTIONS

FOR ALL YOUR LOW POWER APPLICATIONS

Single Output.
MAX CURRENT AT PRICE
AMBIENT OF (A) DIMENSIONS QTY. Qry. QTY. QTY QTY Qry.
40°C 50°C 60°C (inches) 1 10 25 100 250 1000 MODEL
2.0 2.0 1.00 122 x 2.91 x 2.83 $ 49 $ 46 $ 43 $ 35 $ 26 $ 23 LSS-34-5
5 3.0 30 1.50 1.42 x 2.91 x 3.35 57 54 51 44 31 28 LSS-35-5
hs | 50 5.0 2.50 1.54 x 2.91 x 4.13 87 83 79 60 48 38 LSS-36-5
32| 100 10.0 5.00 154 x 3.74 x 4.72 117 112 106 88 64 58 LSS-37-5
@ | 200 20.0 10.00 2.17 x 3.74 x 6.30 166 158 150 135 104 95 LSS-38-5
30.0 30.0 15.00 2.56 x 3.74 x 7.09 237 226 215 165 141 129 LSS-39-5
1.7 1.7 0.85 122 x 2.91 x 2.83 49 46 43 35 26 23 LSS-34-6
- 25 25 1.25 1.42 x 2.91 x 3.35 57 54 51 44 31 28 LSS-35-6
| 42 42 2.10 1.54 x 2.91 x 4.13 87 83 79 60 48 38 LSS-36-6
22| 84 8.4 4.20 1.54 x 3.74 x 4.72 117 112 106 88 64 58 L55-37-6
= 17.0 17.0 8.50 2.17 x 3.74 x 630 166 158 150 135 104 95 LS5-38-6
25.5 255 12.50 2.56 x 3.74 x 7.09 237 226 215 165 141 129 LS5-39-6
0.9 0.9 0.45 122 x 2.91 x 2.83 49 46 43 35 26 23 LSS-34-12
- 13 1.3 0.65 1.42 x 2.91 x 3.35 57 54 51 44 31 28 LSS-35-12
| 21 2.1 1.05 1.54 x 2.91 x 4.13 87 83 79 60 48 38 LSS-36-12
L ) 4.2 2.10 1.54 x 3.74 x 4.72 17 112 106 88 64 58 LSS-37-12
o 8.5 85 425 217 X 3.74 x 630 166 158 150 135 104 95 LSS-38-12
12,5 12.5 6.25 2.56 x 3.74 x 7.09 237 226 215 165 141 129 LSS-39-12
0.7 0.7 035 1.22 x 2.91 x 2.83 49 46 43 35 26 23 LSS-34-15
s 1.0 1.0 0.50 1.42 x 2.91 x 3.35 57 54 51 44 31 28 LSS-35-15
Sa 17 1.7 0.85 1.54 x 2.91 x 4.13 87 83 79 60 48 38 LSS-36-15
=< | 34 34 1.70 1.54 x 3.74 x 4.72 17 112 106 88 64 58 LSS-37-15
B 7.0 7.0 350 2.17 x 3.74 x 6.30 166 158 150 135 104 95 LSS-38-15
| 100 10.0 5.00 2.56 x 3.74 x 7.09 237 226 215 165 141 129 LSS-39-15
0.5 05 0.25 122 x 2.91 x 2.83 49 46 43 35 26 23 LS5-34-24
» 0.7 0.7 035 142 x 2.91 x 335 57 54 51 44 31 28 LSS-35-24
B 11 1.1 0.55 1.54 x 2.91 x 4.13 87 83 79 60 48 38 LSS-36-24
== 2.1 241 1.05 1.54 x 3.74 x 4.72 117 112 106 88 64 58 LSS-37-24
= 45 45 2.25 2.17 X 3.74 x 6.30 166 158 150 135 104 95 LSS-38-24
6.5 6.5 3.25 2.56 x 3.74 x 7.09 237 226 215 165 141 129 LSS-39-24
0.4 0.4 0.20 1.22 x 2.91 x 2.83 49 46 43 35 26 23 LSS-34-28
* 0.6 0.6 0.30 1.42 x 2.91 x 3.35 57 54 51 a4 31 28 LSS-35-28
2| 09 0.9 0.45 1.54 x 2.91 x 4.13 87 83 79 60 48 38 LS5-36-28
2| 18 1.8 0.90 1.54 x 3.74 x 4.72 117 112 106 88 64 58 LSS-37-28
o 38 38 1.90 217 x 3.74 x 6.30 166 158 150 135 104 95 LSS-38-28
55 55 275 2.56 x 3.74 x 7.09 237 226 215 165 141 129 LSS-39-28
2 o2 0.2 0.10 122 x 2.91 x 2.83 49 46 43 35 26 23 LSS-34-48
#3 | 03 0.3 0.15 1.42 x 2.91 x 3.35 57 54 51 44 31 28 LSS-35-48
B o5 05 0.25 1.54 x 2.91 x 4.13 87 83 79 60 48 38 LSS-36-48
Triple Output.
MAX OUTPUT MAX OUTPUT PRICE
VOLT  CURRENT (AMPS) POWER (WATTS) DIMENSIONS QTY. QTY. QTY. QTY. QTY. QTY.
Vo  40°C  50°C 60°C 40°C  50°C  60°C (inches) 1 10 25 100 250 1000  MODEL
; 5 700 700 455 50 50 325 142 x 374 x 6.10 $130 $124 $118 $ 84 $ 71 $ 66 LST-37-133
, +12 150 150 097
. |-12 05 05 032
.| 5 800 800 520 76 76 494 161 x374x689 161 154 146 108 95 86 LST-38-133
288|+12 320 320 200
>&(-12 05 05 032
3.&| 5 1300 1300 845 101 101 656 193x374x748 186 178 169 129 117 106 LST-39-133
=% |+12 400 400 260
-12 100 100 065
+5% 2000 2000 1360 160 160 1256 193 x 3.74 x 1024 243 232 220 179 159 145 LST-40-133
+12 500 500 3.40
—12 200 200 1.40
5 700 700 455 50 50 325 142x374x610 130 124 118 84 71 66 LST-37-144
+15 120 120 078
-15 050 050 032
: 5 800 800 520 75 75 490 161 x374x68 161 154 146 108 95 86 LST-38-144
§§ +15 250 250 160
S&|-15 05 050 032
2.&| 5 1300 1300 845 103 103 670 193 x374x748 18 178 169 129 117 106 LST-39-144
é“:, +15 320 320 200
-15 100 1.00 065
+5* 2000 2000 1360 160 160 1295 1.93 x 3.74 x 1024 243 232 220 179 159 145 LST-40-144
+15 400 400 270
—15 200 200 140
5 700 700 455 50 50 325 142 x3.74x610 130 124 118 84 71 66 LST-37-131
+12 150 150 097
& 5 050 05 032
g 5 800 800 520 7250 7250 465 161 x3.74x 689 161 154 146 108 95 86 LST-38-131
SE|+12 320 320 200
2c 5 050 050 032
> 5 13.00 13.00 845 94 94 610 193x374x689 18 178 169 129 117 106 LST-39-131
$TR | +12 400 400 260
=Z%| 5 100 100 065
+5% 20,00 20.00 1360 160 160 1208 193 x 3.74 x 1024 243 232 220 179 159 145 LST-40-131
+12 500 500 3.40
-5 200 140 1.40

*Output 1 requires a minimum load of 3.0 amps.




LS SERIES

Specifications

DC OUTPUT
Voltage range shown in tables.

REGULATED VOLTAGE

regulation, line ....... 0.4% for input variations from 85 to
132VAC or 132 to 85VAC.
regulation, load ...... 0.8% for load changes from zero to full

load and from full load to zero on LSS
models. 0.8% for load changes from
.75A to full load on main output of
LST-37; from 1.5A to full load on main
output of LST-38, LST-39; from 3.0A to
full load on LST-40. 150mV max from
zero to full load and full load to zero on
auxiliary outputs of LST-37, 38, 39, 40
with main output preloaded.

ripple and noise. . ... .. 15mV RMS for all models; 120mV
pk-pk for 5V and 6V models; 150mV
pk-pk for 12V and 15V models; 200mV
pk-pk for 24V and 28V models.

temperature
coefficient ......... 0.02%/°C.
AC INPUT
[ = S Sy 85 to 132VAC, 47-440Hz.
DC INPUT

110 to 175VDC.

EFFICIENCY

72% typical for 5V LSS models. 70% typical for LST models, and
12V and 15V LSS models. 82% typical on 24V through 48V LSS
models.

OVERSHOOT
No overshoot at turn-on, turn-off or power failure.

OPERATING TEMPERATURE RANGE
0-60°C with suitable derating above 50°C. (65°C operation is
possible on LST-40. Consult factory.)

STORAGE TEMPERATURE RANGE
—30°C to +85°C.

OVERLOAD PROTECTION

External overload protection, automatic electronic current
limiting circuit, limits output current to a safe, preset value,
thereby protecting the load as well as the power supply.

OVERVOLTAGE PROTECTION

Overvoltage protection is standard on all LSS models and on
main output of LST Models. If output voltage increases above a
preset level, inverter drive is removed.

HOLD UP TIME

5V and 6V LSS models, and all LST models will remain within
regulation limits for at least 16.7 msec. after loss of AC power
when operating at full load, nominal output voltage and 100VAC
input voltage.

IN-RUSH CURRENT LIMITING

The turn-on in-rush current will not exceed 15A typical on
LSS-38, LSS-39; 20A typical on LST-40; 24A typical for LSS-34;
30A typical for LSS-35, LSS-36, LSS-37; 15A typical for LST-38,
LST-39; 35A typical on LST-37.

COOLING
Convection cooled, no fans or blowers needed.

DC OUTPUT CONTROLS
Simple screwdriver adjustment.

REMOTE SENSING

Provision is made for remote sensing to eliminate the effects of
power output lead resistance on DC regulation for LSS-38 and
LSS-39.

INPUT AND OUTPUT CONNECTIONS
All input and output connections are made via barrier strip
terminals.

OUTPUT STATUS INDICATOR
LED indicates presence of output voltage on LSS models and 5V
output of LST models.

MOUNTING

Two mounting surfaces, two mounting positions. One mounting
surface and one mounting position for LSS-39. Some derating
may be required in horizontal mounting position.

ISOLATION RATING
2000V RMS input to output.

PHYSICAL DATA

Weight
Package Lbs. Lbs. Size
Model Net Ship Inches
LSs-34 0.46 0.55 1.22 x 2.91 x 2.83
LSs-35 0.64 0.75 1.42 x 2.91 x 3.35
LSS-36 0.66 0.75 1.54 x 2.91 x 4.13
LSs-37 0.88 1.00 1.54 x 3.74 x 4.72
LST-37 0.93 1.10 1.42 x 3.74 x 6.10
LST-38 1.21 1.41 1.61 x 3.74 x 6.89
LST-39 1.54 1.79 1.93 x 3.74 x 7.48
LSS-38 1.54 1.85 2.17 % 3.74. % 6.30
LSS-39 2.31 2.50 2.56 x 3.74 x 7.09
LST-40 2.70 2.80 1.93 x 3.74 x 10.24
FINISH
Aluminum.
GUARANTEE

One year guarantee includes labor as well as parts. Guarantee
applies to operation at full published specifications at end of
one year.

R /CSA
UL Recognized. CSA under evaluation.
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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 ETAESTES§RTE S Lambda Electronics High Wycombe, Bucl
UN D 4125 Cousens St., Lambda Electronics
(Shaded area) St. Laurent Tel: 36386/7/8
1-800-LAMBDA-4 Quebec H4S 1V6 Germany, Achern
1-800-361-2578 Lambda Electronics Gmb

(or call 516-694-4200)
FAX: 514-337-1235 Tel: 07841/5031

In Metropolitan Montreal  Israel, Tel Aviv
514-337-0311 ISLAMBDA ELECTRONICS

Tel: (03) 493941-2

IN WESTERN e A
ingapore

UNITED STATES Tel: 6012-1487 NEMIC-Lambda(S) PTE L1
1-890-LAMBDA-5 Japan, Tokyo Tel: 251-7211
e ADDRESSALLCUSTOMER  {McLmbakk  Kores Seoul,

CORRESPONDENCE TO: ' Tok: 02-556.117172

LAMBDA ELECTRONICS

515 BROAD HOLLOW ROAD
MELVILLE, NY 11747

L10 10/89

TWX: 510-224-6484
FAX: 516-293-0519

Electronic

Lambda Group of Unitech plc



NEW PRODUCTS
[ COMPONENTS |

SURFACE-MOUNTED PRESSURE
SENSOR BREAKS $2 PRICE
BARRIER FOR OEMS

he first commercially available

I pressure sensor to occupy a

surface-mounted package is

the model 1431 from IC Sensors Inc.

The solid-state, piezoresistive device

is meant for high-volume production.

Its small size, light weight, low cost,

and compatibility with other surface-

mounted components make it an at-
tractive option for designers.

Thanks to the surface-mounted
packaging, the device goes for under
$2 in large quantities, which repre-
sents a significant pricing break-
through. The sensor is based on a
family of silicon chips consisting of a
chemically micromachined, mono-
lithic silicon diaphragm with a pie-
zoresistive four-arm active Wheat-
stone bridge.

The device measures just 0.3 by 0.3
in. and weighs 0.3 grams. It is avail-
able in absolute pressure ranges of
zero-to-15-psi to zero-to-300-psi. Op-
eration is from either a constant-cur-
rent or constant-voltage supply and
accuracy is better than £0.25%. Typ-
ical full-scale output span is 60 mV.
Alternate packages are available for
applications requiring gage or dif-
ferential pressure measurement or
other pressure ranges.

The model 1431 pressure sensor
starts at $16 in sample quantities and
falls to below $2 in large OEM lots.
Units are shipped in a plastic, anti-
static tube compatible with high-vol-
ume assembly equipment. Delivery
is from stock to 4 weeks after receipt
of order.

IC Sensors Inc., 1701 McCarthy
Blvd., Milpitas, CA 95035, (408) 432-
1800. CIRCLE 327

DAVID MALINIAK

INTELLIGENT MODULE
CONTROLS COMPLEX STEPPER-
MOTOR MOVEMENTS

ontrol of complex stepper-mo-
Ctor movements can now be ac-
complished through high-level
commands issued by a host comput-
er or retrieved from a built-in, non-
volatile program memory. The GS-
C200 is a 38-pin, fully encapsulated
stepper-motor controller module
from SGS-Thomson Microelectron-
ics. The module has all the necessary
interfaces to the host computer,
standard sequencers and drivers,
and auxiliary functions such as posi-
tion sensors and limit switches.
Communication with the host com-
puter is performed by means of an
RS-232 serial port. The baud rate is
programmable between 110 and 9600
bits/s. Commands received from the
host may be executed immediately or
stored in the internal program mem-
ory for subsequent interpretation
and execution. The contents of the in-
ternal RAM can be transferred to a
shadow EEPROM and recalled auto-
matically when power is applied to
the module. As a result, the GS-C200
can operate in a standalone mode.

The command interpreter permits
motion parameters such as position,
direction, speed, and acceleration
and deceleration to be directly speci-
fied.

The module measures 3.3 by 2.6 by
0.8 in. and comes in a rugged metal
package. It costs $115 in quantities
of 100. A companion sequencer-driv-
er module, the GS-D200, can be di-
rectly connected to the GS-C200 to
build a complete stepper-motor con-
troller and driver system. Small
quantities are from stock.

SGS-Thomson Microelectronics,
1000 E. Bell Rd., Phoenix, AZ 85022;
(602) 867-6100. 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

e 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

e Inductors to 20mH with DC
currents to 5.4 amps

e 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

\iNEW YORK cALL 914-699-5514 /

CIRCLE 44
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SURFACE MOUNT DEVICES

For Aerospace and Military Applications

« RECTIFIERS — Custom and QPL-JAN Products
available in Melf, Power Pack, TO-257.

« TRANSISTORS — Small Signal and FETS
offered in H-SOT, DESC JAN S Approved

Hybrids and custom packaging designs are
offered in leadless chip carrier, flat packs and
power packs.

“/* TELEDYNE CRYSTALONICS

147 Sherman Street, Cambridge, MA 02140 USA
Tel: (617) 491-1670 FAX: 617/547-6119 TWX: 710-320-1196

CIRCLE 45
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Give your cabinets a distinctive high-
tech look with our handsome

requirements.

For the high quality you need,
when you need it, you can depend on
RAF’s more than 50 years of manu-
facturing experience .
and reliable service.
Call or write today
for our fully illustrated
catalog, or additional

information on specific
products.

g 77

E!ectronic Hardwara Inc.
Road » Seymour, CT 06483

(203) ua-ma * FAX (203) 888-9860
CIRCLE 46
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HIGH-DENSITY WIRE-WRAP
ALTERNATIVE COMES T0
PC/AT, VAXBI BUSES

packaging concept from Au-
Agat called Unilayer II allevi-

ates many of the headaches of
designing and debugging circuit-
board designs. With turnaround
times as short as five days, Augat’s
Quikturn wiring service can deliver
wired, socketed, and 100% tested
boards from a customer’s netlist and
component-placement diagram. The
Unilayer II concept has now been ex-
tended to the PC/AT and VAXBI bus
standards.

The concept starts with a board
module that features a high-density,
plated-thru-hole pattern on a 0.100-
by-0.150-in. grid. Voltage and
ground planes are individually plat-
ed and etched on each side of the dou-
ble-sided board module. Etched
traces connectall I/0 configurations
to the outer edge of the standard
hole pattern.

Then, high-density wiring layers
are fabricated using a special pro-
cess that produces simulated ‘“point-
to-point” wiring configurations. This
minimizes circuit length, reduces
coupling noise, and boosts data-
transfer speeds. Each wiring layer is
constructed with insulated # 38-
gage copper wire, so that signal runs
can cross over for maximum density.
A wiring layer is bonded to each
board surface using a thermosetting
adhesive to produce the appropriate
interconnection pattern.

An automated soldering process
joins each wire connecting point to a
solder-coated area that’s electrically
common to the plated-thru hole. Typ-
ically, Unilayer II boards are as
dense as conventional multilayer
boards with six or more layers.

The unwired Unilayer IT AT board
goes for $79.50 in lots of 100. It holds
ninety four 16-pin DIP equivalents.
For complete, wired AT boards,
prices are about $5000 with five-day
turnaround.

Augat Inc., Interconnection
Products Group, 33 Perry Ave.,
P.O. Box 779, Attleboro, MA 02703;
(508) 222-2202. CIRCLE 329
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PHILIPS

Tomorrow's manufacturing
technologies today...

without the
Investment.

Philips Circuit Assemblies is your leading source for custom
printed circuit board assemblies, subassemblies and complete
box-level contract manufacturing of your electronic products.

We're specialists in PC board assembly, committed to long-term
service to customers.

We'll work with you at any stage of product development —
design the board to your specifications, adapt your existing cir-
cuitry to higher-density configurations, or reduce circuit size to
meet system packaging goals.

Fast, economical solutions.

Our high-speed, flexible placement equipment can meet your
most difficult demands — including high pin-count, fine-pitch
placement. You take advantage of state-of-the-art technologies
immediately, while reducing capital investment and limiting
on-hand inventory costs.

Philips Circuit Assemblies provides you with both high-volume
and low-volume turnkey manufacturing with total test
capabilities — including in-circuit, functional, and burn-in. In ad-
dition, custom-designed hardware and software test systems
can be developed for your specific requirements.

To learn more, write for our capabilities catalog: Philips Circuit
Assemblies, A Division of North American Philips Corporation,
Corporate Advertising, 2001 W. Blue Heron Blvd., P.O. Box
10330, Riviera Beach, FL 33404, or call 1-800-522-7752 (in
Wisconsin, dial 414/785-6359).

Philips Circuit Assemblies

CIRCLE 74
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NEW PRODUCTS

rom eight to 128 asynchronous
Fdevices can be connected to

PS/2 Micro Channel systems
using an intelligent communication
subsystem from Metacomp. The
PSconnect subsystem offers a cost-
effective means of connecting multi-
ple asynchronous devices such as
terminals, printers, and modems to
Micro Channel systems while taking
up only one slot in the host computer.

Included within the subsystem is
anintelligent host adapter that inter-
faces with the Micro Channel; one or
more eight- or 16-channel remote
asynchronous concentrators
(RACs); and a single RJ-45 twisted-
pair cable. The host adapter uses an
80C186 16-bit microprocessor run-
ning at 16 MHz. In addition, 512
kbytes of fast dynamic RAM are in-
cluded for storing data, programs,
and transferring information to the
host CPU.

The host adapter supports Unix
Line Discipline 0 character process-
ing. This reduces the CPU’s termi-
nal-I/0 overhead and conserves its
processing resources for other func-
tions. Moreover, the adapter can op-
erate as a bus master or a slave re-
source. The master mode supports
physical addressing and implements
DMA arbitration of the Micro Chan-
nel. Connections between one or
more host adapters and RACs is pro-
vided by a single twisted-pair wire
with RJ-45 connectors.

The host adapter with software
costs $1835, and the eight- and 16-
port RACs go for $625 and $787, re-
spectively. Delivery is from stock.

Metacomp Inc., 15175 Innovation
Dr., Building A, San Diego, CA
92128; (619) 673-0800. CIRCLE 330
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he industry’s first short-haul
I multiplexer to provide serial
asynchronous RS-232 or RS-
423 communications between com-
puters and remote terminal clusters
at twice the old limit of 19.2 kbits/s is
now available. Telebyte Technolo-
gy’s model 575 Super Mux sustains
the four-port, 38.4-kbit/s transmis-
sion to 1500 ft., or about six city
blocks.

By supporting four remote-termi-
nal devices through a single four-
wire composite link, the model 575
multiplexer reduces data-communi-
cation bottlenecks. It can transmit
four ports worth of data over one ex-
isting set of wires to enable three ad-
ditional terminal devices to be added
to a site that had previously support-
ed only one.

The 38.4-kbit data-transfer rate
can give remote terminals near-in-
stant access to the number-crunch-
ing capability of VAX-level host com-
puters. VAX-hosted terminals can
achieve performance that approach-
es that of a workstation. This high-
speed capability translates into cost
and performance advantages com-
pared with ordinary PCsinlocal-area
networks.

Asynchronous, full-duplex data is
transmitted over dedicated in-plant
wiring, rather than dial-up phone
lines, to remote terminal clusters. In
addition, the multiplexers can be re-
configured by jumpers to provide
four-port connectivity to 5000 ft. at
the reduced data rate of 19.2 kbits/s.

Separate Transmit and Receive
data indicators are provided for each
of the four ports, plus LED indica-
tors for Remote Test and Error. A
pair of front-panel switches controls
local-loopback and remote-test oper-
ations for 100% verification of each
multiplexer in a full-duplex link.

The model 575 multiplexer goes
for $385 in quantities up to nine. De-
livery is stock to 3 weeks.

Telebyte Technology Inc., 270 E.
Pulaski Rd., Greenlawn, NY 117}0;
(800) 835-3298. CIRCLE 331
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128-PORT SERIAL-1/0 SHORT-HAUL FOUR-PORT FAST CONTROLLER LINKS
SUBSYSTEM LINKS ASYNC MULTIPLEXER MOVES DATA VME WORKSTATIONS
DEVICES To IBM PS/2 AT 38.4 KBITS/SECOND To FDDI NETWORK

high-speed controller for a
AVMEbus-based computer sys-

tem allows up to 500 worksta-
tions to be connected to a 100-Mbit/s
Fiber Distributed Data Interface
(FDDI) local-area network. The data
path may be up to 100 km. The Inter-
phase V/FDDI 3211 Falcon is de-
signed for applications such as real-
time graphics, back-end networks,
and backbone networks.

According to the company, the
need for a second-generation net-
work such as FDDIis now emerging.
Input and output capabilities in gen-
eral, and networking in particular,
have not kept pace with increasing
computer power. Since Ethernet’s
introduction ten years ago, through-
put from one node to another has re-
mained relatively unchanged.

Designed to meet the ANSI FDDI
specifications and the U.S. Navy’s
SAFENET II specification, the 3211
Falcon is packaged on a standard
double-height, 6U VME pc board. A
custom-designed DMA-controller
chip moves data to and from a 256-
Kbyte buffer memory. Because the
Falcon can transfer data over the
VMEDbus at 100Mb/s, it does not mo-
nopolize the VMEbus. As a result,
other modules in the computer sys-
tem have adequate access to the bus.

One Falcon functions as an FDDI

single-attachment station, while two
can be configured in a system for a
dual-attachment station. Available
in the fourth quarter of 1989, the V/
FDDI 3211 Falcon Controller costs
$8000 apiece.

Interphase Corp., 13800 Senlac,
Suite 300, Dallas, Texas 75234, (214)
350-9000. CIRCLE 332
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We cannot camouflage our dedication to
your aviation and defense program require-
ments. We know that total reliability and
optimum system performance are critical to
the success of your mission. And, we
deliver what you demand.

As an experienced supplier of VLSI circuits,
UTMC delivers the most advanced military-
standard and semicustom solutions. Our
products are on duty in the toughest applica-
tions: C-17 and V-22 transports, B-1B
bombers, F-15, F-16, F-18, ATF program,
and space platforms.

Our monolithic MIL-STD-1553 products
comprise the widest selection in the
industry. For avionics, we offer the MIL-
STD-1750 RISC processor, and, for the
highest performance in military DSP, our
super-fast 75 MFLOP IQMAC™.

In the semicustom arena, UTMC was the
first to JAN qualify an entire CMOS gate
array family. All of our low-power arrays
feature a proprietary continuous-column
architecture to eliminate wasted gates. We
support your semicustom designs on our
JAN-certified HIGHLAND® Design
System and CAE tools on popular
commercial workstations.

OUR DEDIC
STANDS OUT

ATION

UTMC delivers a full spectrum of rad-hard
military-standard and semicustom products.
As the leader in supporting high-volume
tactical rad-hard requirements, we were first
to introduce tactical rad-hard at a small
price premium over standard non-hardened
parts. And we guarantee datasheet
specifications after irradiation, from tactical
kilorad to strategic megarad-plus.

Want to know more? Call or write
today for the latest edition of
UTMC'’s Product Directory.
Consider it your field hand-
book to lead you through
the jungle of high-
reliability IC decisions.

1-800-MIL-UTMC
1575 Garden of the Gods Road
Colorado Springs, CO 80907

IQMAC is a trademark and HIGHLAND is a registered trademark of
United Technologies Microelectronics Center, Inc

XU UNITED

S TECHNOLOGIES
MICROELECTRONICS
CENTER

FIRST IN HIGH-REL
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REVAMPED Z8000 CPUS
USE CMOS, AIM AT
EMBEDDED-SYSTEM TASKS

ith a family of microcon-
trollers based on CMOS ver-
sions of its 16-bit NMOS

78000 CPU, Zilog is taking aim at the
embedded-control market. In the Z16
family, the CMOS Z8000 core will be
surrounded by a superintegration
bus that accepts an expandable reg-
ister file, as well as high-speed pe-

ripheral functions. When the regis-

Introducing The $36.25*
100 MHz Pin Driver.

Pulse Instruments has just slashed Pin

Driver prices in half.* Meet the new

PT-403 low cost, low power, high

speed Tri-State Pin Driver. The PT-403

features:

100 MHz (@ 2.5 Vinto 50 Ohms,
TTL Levels

75 MHz (@ 4V into 50 Ohms,
CMOS Levels

(.3 to 8 VAdjust-
able Vo for 1 MOhm
Load

« Single Pin Tri-State
Mode for I/0
Applications

* Single 5 V Supply
Operation with 4.2 Min Output

* 50 Ohm Output Impedance

* 650 mW Dissipation with 5 V Supply

* TTL/CMOS Compatible Inputs

*1.2" X 0.55" %X 0.15", 10 Pin SIP

And PT 403 gives you the cost effective

alternative to designing Pin Drivers

in-house.

Please send me the following items:
[ PT-403 Pin Driver only $

It’s Easy To Evaluate the PT-403
Pin Driver

For a limited time you can evaluate the
PT-403 Pin Driver with two new Evaluation
Kits from Pulse— the EV-403A and
EV-403B. The EV-403A comes with one Pin
Driver and the EV-403B provides two
pin drivers.

Both Evaluation Kits handle digital sig-
nals from DC to
above 100 MHz. They
are driven by a TTL
or CMOS signal
applied to the input.

The EV-403B
Evaluation Kit splits
the input signal into a pair of nearly identi-
cal 50 Ohm outputs. The high output levels
are adjustable to greater than 4 V into 50
Ohms, or 8 Vinto 1 MOhm. Input and Out-
put are made with BNC connectors. To
evaluate the PT-403, mail the coupon
below today, or call 213 515-5330
for more information.

(*1000 quantity price.)

Name

_ Qty(@ $58.50/each
["1 EV-403A Test Kit with one

PT-403 Pin Driver $145.00
[] EV-403B Test Kit with two

PT-403 Pin Drivers 203.50

Shipping and Handling 6.00

Sales Tax (CA residents)
Total

Company

Address

City State Zip
Phone #

My purchase order #

Chargemy[]Visa  [] MasterCard
Card # Expiration Date
Qi g e

Credit card orders valid with cardholders signature

Pulse Instruments

1234 Francisco Street * Torrance, California 90502 ¢ (213) 515-5330

CIRCLE 50
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ter banks are integrated on the chip,
context switches can take place in
less than 1 ps. Such chips are
planned for release in 1990.

The processor can operate at clock
rates of 10, 12.5, and 16 MHz, and its
hardwired, rather than microcoded,
instruction set lends the processor to
tackling real-time applications.

Initially, there will be three CPU-
only members of the family: the
716C01, 16C02, and 16C03. All three
are basically the same chip, but with
different addressing ranges to suit
different applications and board-
space requirements. The 16C01 di-
rectly addresses 8 Mbytes and comes
in a 48-pin DIP, while the 16C02 ad-
dresses 64 kbytes and comes in ei-
ther a 40-pin DIP or 44-lead plastic
leaded chip carrier. The 16C03 ad-
dresses up to 2 Mbytes and comes in
a44-lead PLCC.

To reduce some of the system glue
that often surrounds the Z8000, Zilog
has also come up with the Z16C20, a
general logic-support chip housed in
an 84-lead PLCC.

Prices for the Z16C01, 02, and 03
are the same—§9.60 in quantities of
1000. The Z16C20 sells for $7.95 in
similar quantities. Samples are avail-
able from stock.

Zilog Inc., 210 Hacienda Ave.,
Campbell, CA 95008; (408) 370-
8000. CIRCLE 333

DAVE BURSKY

1K SERIAL EEPROM
OFFERS 3-V OPERATION

In addition to standard 5-V opera-
tion, the X1.93CS46 1-kbit serial EE-
PROM supports a low-power 3-V op-
erating mode. In this mode, the de-
vice consumes only 2 mA operating
with CMOS inputs and 2 pA on stand-
by. It provides 16-bit data registers,
accessible through a serial data in-
putpinandaserial data output pin. It
comes in an 8-pin plastic DIP, as well
as a small-outline configuration.
Shipped from stock, the X1.93CS46 is
priced at under $2 in lots of 1000
units.

Exel Microelectronics Inc., 2150
Commerce Dr., P.O. Box 49007, San
Jose, CA 95161, (408) 432-0500.

CIRCLE 357




THE SHAPE OF THE FUTURE

The new Nicolet 400 Series.
Complete with 64K-250K expandable
memory. Easy upgradability. Even
removable hard drive.

Facts are facts.
Only one digital oscilloscope provides
64K-256K expandability. Software that upgrades
your unit And a 44 Megabyte removable




AT&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 CCITTstandard 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 tS
C-compiler for Componen
our floating Of Success.
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 at1800 372-2447.

— ATsl
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NEW PRODUCTS
[ DIGITAL ICs |

32-BIT LAN COPROCESSORS
RELIEVE HOST CPUS OF
MEDIA-ACCESS CONTROL

family of three 32-bit local-
Aarea-network COprocessors in-

terface with Intel micropro-
cessors and perform all CSMA/CD
(carrier-sense multiple-access with
collision detection) functions. The de-
vices serve workstations, file serv-
ers, and minicomputers intercon-
nected in standard networks. Con-
nected directly to the system bus and
using the same bus-interface signals
as the host processor, each coproces-
sor off-loads medium-access-control
(MAC) functions from the host CPU
and transfers data at the full system
and network data rate. In doing so, it
uses as little as 2% of the system-bus
capacity.

Besides the IEEE 802.3 type
10Base5 (Ethernet) standard, the
82596 family supports 10Base2
(Cheapernet), 1Baseb (StarLAN),
the proposed 10Base-T and 10Base-F
LAN standards, and proprietary
CSMA/CS networks. Data rates are
as high as 20 Mbits/s for intercon-
nection applications such as network
bridges, gateways, repeaters, rout-
ers, and protocol engines. Each chip
includes burst bus-data transfer, iso-
lation of the network-interface sys-
tem by means of a 192-byte internal
FIFO, a bus master with bus throt-
tling and direct memory access, and
network and self-diagnostics.

The principal difference between
the three chips is the timing and sig-
nal formats of their 32-bit interface
circuitry. With a 105.6-Mbyte/s bus
bandwidth, the 82596CA is optimized
for use with Intel’s 25-MHz 1486 32-
bit microprocessor and 80960 embed-
ded controller. The 66-Mbyte/s
82596DX interface replicates that of
the 25- and 33-MHz i386DX 32-bit mi-
croprocessor. The 5-V, CHMOS chips
come in 132-pin plastic quad flat
packs and pin-grid arrays. The
82596CA, DX, and SX are priced at
$88, $65, and $53, respectively, in
quantities of 1000.

Intel Corp., P.O. Box 58065, 3065
Bowers Ave., Santa Clara, CA
95051; (800) 548-4725. CIRCLE 334

MILT LEONARD

RAM CONTROLLER
SUPPORTS ALL DENSITIES

A CMOS dynamic RAM controller
offers features that make it ideal for
mid- to high-end memory subsys-
tems using 16-, 20-, and 25-MHz, 16-
or 32-bit conventional microproces-
sors and RISC processors. The
Am29C668 Configurable Dynamic
Memory Controller (CDMC) sup-
ports all dynamic RAM densities cur-
rently available and allows future
growth to the 4-Mbit level. In addi-
tion, it can directly control and drive
up to 16 Mbytes of memory. The de-
vice’s programmable burst-block
mode enables the controller to sup-
ply bursts of data from memory at
over 39 MHz when the microproces-
sor indicates the starting address.
Its cache mode allows the micropro-
cessor to access a page of dynamic
RAM as if it were a cache memory
with on-chip row and bank compara-
tors. Housed in a 68-pin PLCC, the
Am29C668 costs $24.95 in lots of 100.
PGA packages are also available.
Delivery takes two weeks.
Advanced Micro Devices Inc., 901
Thompson Pl., Sunnyvale, CA
94088; (408) 732-2400. CIRCLE 344

CLOCK DRIVER SHAVES
TIMING-SIGNAL SKEW

A clock-driver IC yields an extremely
low skew among its four differen-
tial-output drivers, which are driven
from a single differential-input clock
signal. The maximum skew of the
four output clock signals is guaran-
teed to be no more than 75 ps from
each other. What’s more, the propa-
gation delay from input to output
through any of the four drivers var-
ies only 100 ps over the full operat-
ing temperature range of 0° to 85°C.
The device, designated the
100115SC, eases the task of distrib-
uting multiple timing signals in high-
performance ECL systems. It comes
in a 16-lead dual-in-line plastic SOIC
configuration. Pricing is $13.70 each
in lots of 100.

National Semiconductor Corp.,
2900 Semiconductor Dr., P.O. Box
58090, Santa Clara, CA 95052; (408)
721-2862. CIRCLE 345

ELECTHZRUONTIC

SUSIE/PGA

AN INTEGRATED
TOOLKIT FOR
INSTANT DESIGN

OF
XILINX™
PARTS

PC/AT
VERSATILITY
*

WORKSTATION
POWER

[ ] COMPLEMENTS
XILINX TOOLS

[] EASY EDITING OF:
CLB, 10B, LAYOUT
EFFECTS & TEST VECTORS

[] COMPLETE LIBRARY
OF CHIP MODELS

[] REAL-TIME
OPERATION

[] INSTANT DESIGN
FIXING

¢ EASY TO LEARN

e DISPLAYS BUS
CONFLICTS

¢ SHOWS TIMING
VIOLATIONS

o CONCURRENT DESIGN
PATCHING & SIMULATION

e FULLY INTERACTIVE

CALL
(805) 499-6867
FOR FREE SAMPLE

ALDEC

3525 OLD CONEJO ROAD, # 111
NEWBURY PARK, CA 91320

XILINX, LCA and XACT are trademarks of XILINX, Inc.

CIRCLE 51
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PRESERVATION
PLAN ON IT
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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
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OOP ENVIRONMENT GETS
B00ST FROM PRESENTATION-
GRATIO

R— - e ’ e ————————
o fuel the gathering momen-
I tum of object-oriented pro-
gramming (OOP), Digitalk Inc.
has released Smalltalk/V PM, an
OOP development environment that
is fully integrated with Microsoft’s
0S/2 Presentation Manager. The
software will be useful to developers
who are prototyping applications
that depend heavily on their user in-
terface, such as data-base front ends
and CASE tools.

Because of its integration with
Presentation Manager (PM), Small-
talk/V PM offers easy and complete
access to all PM objects, including
windows, menus, dialog boxes, and
scroll bars. In addition, the software
simplifies some of PM’s more com-
plex features. For example, its dy-
namic data-exchange capabilities al-
low data to be linked to other applica-
tions with minimal programming.

The software can be ported to a
Macintosh computer and can be inte-
grated with other languages. A pow-
erful pushbutton source-level de-
bugger gives users the ability to set
breakpoints or single-step through
code to inspect and change objects.

Smalltalk/V PM requires an IBM
PC AT, PS/2, or 80286/386-compati-
ble computer and OS/2 Presentation
Manager 1.1 or later. A Look and
Feel kit is included so users can con-
nect and optimize a mouse. An exten-
sive user manual and a tutorial for
learning OOP is also included. The
software sells for $499.95 and is
available immediately.

Digitalk Inc., 9841 Airport Blvd.,
Los Angeles, CA 90045; (213) 645-
1082. CIRCLE 335
RICHARD NASS

SOFTWARE OPTIMIZES
TELECOMM TESTER

New software packages for the
MGTS SS7 communication test sys-
tem provide user options for mes-
sage administration and enhance
pre-cutover testing. The Message
Administration Procedures (MAP)
program lets users set up, modify,
save, and download SS7 messages. It
also provides a complete description
of each message type, message pa-
rameter, field name, and field val-
ues. The User-Defined Sequence
(UDS) module defines any sequence
of steps to be followed in sending, re-
ceiving, and responding to messages
by the MGTS service switching
points (SSP) ISDN-UP and SSP Tele-
phone User Part (TUP) applications.
Another module, the User Applica-
tion Interface (UAI), receives mes-
sages from an external application
and routes and transmits them to one
of 15SS7 links. Finally, the ISDN-UP
Loopback software enables a single
switch-under-test to complete inter-
office calls to itself using SS7 signal-
ing. Pricing starts at $2000. Delivery
takes 90 days.

Tekelec, 26580 W. Agoura Rd.,
Calabasas, CA 91302, (800) 835-3532
or (818) 880-7900. CIRCLE 346

SOFTWARE WORKS WITH
HP LOGIC ANALYZER

The latest module in TSSI’s Test De-
velopment Series (TDS) system ex-
pands applications for the Hewlett-
Packard 16500A logic analyzer. The
WaveGrabber module creates a bi-
directional link between the TDS
waveform data base and the 16500A.
With it, simulation data can be used
to generate programs for the analyz-
er, verify the accuracy of models, de-
bug prototypes, and assist in system
integration debugging. It can also be
used to acquire data from correctly
operating circuits to develop test
programs for ASICs, clusters, and
boards. WaveGrabber costs $29,000.
Current TDS users can upgrade to
include the WaveGrabber capability.

TSSI, 8205 S.W. Creekside PL.,
Beaverton, OR 97005; (503) 643-
9281. CIRCLE 347

ELECTTRUONTIC

o i

e [nput Voltages of 5, 12, 24,
28 and 48V DC Std.

e 129 New Wide Input Range
Units (5 to 60V DC)

Single and Dual Output

1 to 30 Watts Output Power
Isolation, 500V DC input/output

New High Voltage Models
100—-250 Volt Output

e (Over 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 (Optional 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
IN NEW YORK CALL 914-699-5514

CIRCLE 44
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NEW LITERATURE

BROCHURE DEPICTS
SOLDERLESS TERMINALS

A T2-page catalog furnishes infor-
mation on a full line of solderless ter-
minals and splices, quick discon-
nects, terminal block hardware, ca-
ble ties, and application tooling.
Technical data is provided, along
with ordering information.
Molex-ETC, 4820 Park Blvd., Pi-
nellas Park, FL 34665, (800) 237-
8905 or (813) 541-4651.  CIRCLE 348

DATA-CONVERSION AND
MIL-STD-1553 DEVICES

Used as a quick
design reference,
this condensed
catalog describes
over 100 new and
standard hybrid
and discrete data-
conversion and
mil-std-1553 prod-
ucts. It lists the specifications and
technical data for analog-to-digital
converters, digital-to-analog con-
verters, synchro-to-digital convert-
ers, digital-to-synchro converters,
and mil-std-1553 data bus devices.
The bulletin also covers sample-and-
hold and track-and-hold amplifiers,
as well as synchro and resolver in-
struments and 1553 testers. Unique
to this edition are newly expanded
sections on power and memory hy-
brids and systems.

ILC Data Device Corp., 105 Wil-
bur Pl., Bohemia, NY 11716; (516)
567-5600. CIRCLE 349

SYNCHRO-DIGITAL
CONVERTER TESTING

A four-page application note, enti-
tled Testing of S/D Converters, ex-
pands upon the testing procedures of
today’s synchro-to-digital convert-
ers. Converter testing is no longer a
straightforward procedure; the de-
vice must be tested according to the
system in which it operates. The bul-
letin goes on to outline and define
synchro-to-digital converter testing
as it pertains to digital angle trans-
fer rate, velocity rate and require-
ments, and special function and asso-

150|OCTOBER12 15')1‘8()R e

ciated timing. Diagrams are used to
illustrate circuits that allow for test-
ing of digital outputs and inputs, as
well as special functions of the con-
verter.

ILC Data Device Corp., 105 Wil-
bur Pl., Bohemia, NY 11716; (516)
567-5600. CIRCLE 350

INSTRUMENTS AID TEST
AND MEASUREMENT

This condensed
catalog of Le-
Croy’s test and
measurement
products gives an
up-to-date inven-
tory of premium
instruments that
integrate quality,
precision, innovation, and speed of
data conversion. Included in the bro-
chure are descriptions of signal
sources, digital oscilloscopes, and
high-speed waveform digitizers.
LeCroy Corp., 700 Chestnut
Ridge Rd., Chestnut Ridge, NY
10977; (914) 425-2000. CIRCLE 352

SYNCHRO CONVERTER
GIVES 0.0004° ACCURACY

A two-speed synchro(resolver)-to-
digital converter that delivers
0.0004° accuracy and 22-bit resolu-
tion is the subject of a comprehen-
sive 20-page data sheet. In addition
to the usual feature, description,
specification, and ordering informa-
tion, this publication includes a
wealth of application information, as
well as theory of operation.

Natel Engineering Co. Inc., 4550
Runway St., Simi Valley, CA 93063,
(805) 581-3950. CIRCLE 353

SELECTING THE RIGHT
FIBER-OPTIC LINK

With the help of a new selection
guide, choosing the right fiber-optic
link to solve high-voltage isolation,
ground-loop, or noise pick-up prob-
lems is as easy as five simple steps.
The brochure describes how to select
a fiber-optic link based on the most
important considerations for appli-
cations in measurement, control, and

D ESTIGN

communications. Background is pro-
vided on the advantages of a fiber-
optic solution and how fiber-optic
links are used. Tables assist the user
in selecting the appropriate model
for the intended application.

Dymec Inc., 8 Lowell Ave., Win-
chester, MA 01890; (617) 729-

7870. CIRCLE 354
NOTE COMPARES
DSP ARCHITECTURES

Considerations for Selecting a
DSP Processor, a 16-page applica-
tion note, explains five key elements
for choosing between the many high-
performance digital-signal-proces-
sor and microcontroller architec-
tures currently available. The five
parameters discussed include fast
and flexible arithmetic, extended dy-
namic range on multiply-accumu-
lates, single-cycle fetch of two oper-
ands (both on- and off-chip), hard-
ware circular buffers, and zero-over-
head looping. Based on those
elements, the note compares two
fixed-point processors: the ADSP-
2100A from Analog Devices and Tex-
as Instruments’ TMS320C25.
Analog Devices Literature Cen-
ter, 70 Shawmut Rd., Canton, MA
02021; (617) 329-4700. CIRCLE 355

GUIDE T0 DESIGNING
BANDPASS FILTERS

A simple method
of designing mul-
tiple-order all-pole
bandpass filters
by cascading sec-
ond-order sec-
tions is the topic of
discussion in ap-
plication note L= —
ANZ27A. Ttincludes a brief tutorial on
bandpass filter theory, along with
hardware implementation of de-
signs, and tables usefulin the design
of Butterworth and Chebyshev
bandpass filters. The brochure also
describes the factors involved in de-
ciding between Butterworth and
Chebyshev filter approaches.
Linear Technology Corp., 1630
McCarthy Blvd., Milpitas, CA
95035, (800) 637-5545. CIRCLE 356




Our SIP‘switches
stand outina crowd.

Unique Space Saving
Single In Line Switch

*2, 4,6, 8 or 10 position with
common bus

« Vertical or right angle
mounting options

« 2 SIP’s require less board
space than 1 DIP switch

« Compatible with pick & place

equipment
AUGAT/ALCOSWITCH offers a
full product line including... Slides Toggles, Rockers & Pushbuttons DIPs
FOr your free catalog, product samples, applications help, or a AUGAT INTERNATIONAL SALES OFFICES
quotation, call or write AUGAT/ALCOSWITCH, 1551 Osgood Street,
No. Andover, MA 01845 USA, AUGAT LIMITED - ENGLAND (011) 4490676655
AUGAT SA - FRANCE (011) 33146683090
Tel: (508) 685-4371, TLX: 275423, FAX: (508) 686-9545 AUGAT GMBH - WEST GERMANY (011) 49896129090
AUGAT AB - SWEDEN (011) 468960270
® AUGAT SRL - ITALY (011) 3939654100
nLEuE"' ' EH AUGAT ISRAEL (011) 9723492173
AUGAT ELECTRONICS INC. - CANADA (1) 4166771500
AUGAT RTY LTD. - AUSTRALIA (011) 6129050533
Quality and Innovation AUGAT KK - JAPAN (011) 810550897911

CIRCLE 77
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UPCOMING MEETINGS

CASExpo-Fall ’89, October 23-27.

San Francisco Civic Auditorium, San
Francisco, CA. CASExpo, 5203 Lees-
burg Pike, Ste. 1210, Falls Church,
VA 22041; (703) 284-7330.

International Society for Hybrid
Microelectronics (ISHM ’89), Octo-
ber 24-26. Baltimore Convention
Center, Baltimore, MD. ISHM, P.O.
Box 2698, Reston, VA 22090; (703)
471-0066 or (800) 232-4746.

Simulation Based Tools for the De-
sign and Analysis of Communica-
tion and Signal Processing Sys-
tems, October 25-27. Techmart, San-
ta Clara, CA. Anne Purvis, Comdisco
Systems Inc., 919 E. Hillsdale Blvd.,
Foster City, CA 94404; (415) 574-5800.

IEEE 32nd Videoconference:
RISC, Recent Developments in
Processor Design, October 26. 12:00
- 3:00 PM, USA Eastern Time. The
Learning Channel, 1525 Wilson
Blvd., Ste. 550, Rosslyn, VA 22209;
(703) 276-0881 or (800) 346-0032.

UNIX EXPO, November 1-3. Jacob

Javits Convention Center, New
York, NY. National Exposition Com-
pany Inc., 15 W. 39th St., New York,
NY 10018; (212) 391-9111.

International Conference on Com-
puter-Aided Design (ICCAD-89),
November 6-9. Convention Center,
Santa Clara, CA. MP Associates Inc.,
7490 Clubhouse Rd., Ste. 102, Boul-
der, CO 80301; (303) 530-4562.

DEXPO West 89, November 7-9.
Disneyland Hotel, Anaheim, CA. Ex-
poconsul International Inc., 3 Inde-
pendence Way, Prineton, NJ 08540,
(609) 987-9400.

16th Annual Computer Security
Conference, November 13-15. At-
lanta Hilton and Towers, Atlanta,
GA. Computer Security Institute,
360 Church St., Northborough, MA
01532; (508) 393-2600.

1989 International Test Confer-
ence, November 13-16. Sheraton

D ESTIGN

Washington, Washington, DC. Doris
Thomas, ITC, P.O. Box 264, Mt. Free-
dom, NJ 07970; (201) 895-5260.

Supercomputing ’89, November 13-
17.Reno/Sparks Convention Center,
Reno, NV. Beverly Clayton, Pitts-
burgh Supercomputing Center, 4400
Fifth Ave., Pittsburgh, PA 15213;
(412) 268-4960.

Wescon ’89, November 14-16. Mos-
cone Convention Center, San Fran-
cisco, CA. Alexes Razevich, IEEE,
8110 Airport Blvd., Los Angeles, CA
90045; (213) 772-2965.

Electronic Services Expo (ESE),
November 28-29. Santa Clara Con-
vention Center, Santa Clara, CA.
SHO Inc., 167 S. San Antonio Rd.,
Ste. 4, Los Altos, CA 94022; (415) 949-
2050.

Lasers in Electronics Manufactur-
ing, November 29-30. Hyatt Palo
Alto, Palo Alto, CA. Diane Korona,
Society of Manufacturing Engi-
neers, One SME Dr., P.O. Box 930,
Dearborn, MI 48121; (313) 271-1500.

DECEMBER

1989 Winter Simulation Confer-
ence (WSC ’89), December 4-6. The
Capital Hilton Hotel, Washington,
DC. Barry Nelson, Ohio State Uni-
versity, Dept. of ISYEE, 1971 Neil
Ave., Columbus, OH 43210; (614) 292-
0610.

UNICOM °’89, December 5-7. Info-
mart, Dallas, TX. Jozy Schlosser,
North American Telecommunica-
tions Association, 2000 M St., N.W.,
Washington, DC 20036; (202) 296-
9800, ext. 229.

American Society of Mechnical
Engineers’ (ASME) Winter Annual
Meeting, December 10-15. San Fran-
cisco Hilton, San Fransisco, CA. Jeff
Lenard, ASME, 345 E. 47th St., New
York, NY 10017; (212) 705-7740.

1989 AEC Expo, December 12-14.
Javits Convention Center, New
York, NY. Expoconsul International

Inc., 3 Independence Way, Princeton,
NJ 08540; (201) 987-9400.




Doing business in Singapore
takes a bit of cultivation.

at the Sheraton Towers Hotel.

Northwest notes.

We now offer convenient connec-
tions to Singapore from over 200
U.S. cities. And in addition to our
more responsive in-flight service,

Telephone: 737-6888
Although the business world of
Singapore is thriving, trying to deal ~ Everyone’s a winner.

Saving face is important. Singapo-

with its three very distinct cultures
—Chinese, Malay and Indian—takes
patience, time and understanding,

Let’s have a meal, let's
make a deal.

An essential tool of business is hos-
pitality. Visitors are treated to lavish
entertainment before and during
negotiations. Also, it's important to
know that you're required to return
the favor. An excellent choice for
dinner is the Domus restaurant

reans won't tolerate losing an argu-
ment, but they won't let you lose
face either as they're very aware of
the pride of others. A quick word of
advice: just call it a draw.

Are you single?

Don't be surprised if people ask you
very personal questions, just answer
politely but keep all of your own
inquiries as objective, considerate
and impersonal as possible.

we offer you something no other
U.S. airline can—the knowledge

and information that comes
from over 40 years of helping

people do business in Asia. For
international reservations just

call your travel agent or call
Northwest at 1-800-447-4747.

For more information on doing

business in Asia,
call ext. 72, at
1-800-553-2215.

© 1989 Northwest Airlines, Inc.

NORTHWEST AIRLINES







YOU ALREADY HAVE
32 GOOD REASONS TO 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
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The hardest part about having a disability is being constantly reminded @W
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. w
Maybe it’s time to start treating people with disabilities like people.

\Je



We promuse to
tell the truth

the whole truthand
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. BPA
We make sure you get what you pay for.




Direct Connection Ads - New and current products for the electronic designer presented by their manufacturers.

STEP MOTOR CONTROL
27K steps/sec! 16 Million steps!

New CY545. Rates up to 27K steps/sec, up to
16 million steps per single motion. Separately
programmable start rate, accel/decel rate, and
max rate. Pulse & direction output. External
jog mode and limit switch detection. Serial or
parallel interface, LED/LCD & Thumbwheel
interface lines, and more. ASCII commands.
Supports 64K external memory. CMOS 40-pin
DIP. $75 each ($25/1000). Credit Cards OK.

Cybernetic Micro Systems

Box 3000, San Gregorio CA 94074

(415)726-3000  Tlx: 910-350-5842
CYBERNETIC MICRO SYSTEM CIRCLE 251

FOR ALL YOUR PLD/PROM
DEVELOPMENT NEEDS! |

PROMBC « Engineering/Production

Programmers
x

[§C » PLD Development Software

AT |

SPRINT. PCjP;aSed, PLD[/ l_’R‘QI\'1
Development Systems

adams-macdonald

FREE CoORPORATION

DISKETTE 800 Airport Road Fax (408) 373.3622
4

EVALUATION Monterey, CA 93940 Telex 882141
800-7771202

M Tel (408) 373-3607

ADAMS-MACDONALD CIRCLE 2

E il

Quality Debugging Accessories

® Protect your ICs from damage. Insert and extract LCC,
PLCC, PGA, and PQFP packages with the right tool.

© Use receptacle boards to build test fixtures, and mount
your test equipment, in half the time.

® Get the right production sockets, burn-in sockets, test
leads, and test clips for SMT, SOIC, or PLCC circuits.

® Quick turnaround on custom engineering services, if
needed. For a free catalog, contact:

Emulation Technology, Inc.

2368-B Walsh Ave. Santa Clara, CA 95051

Phone: 408-982-0660 FAX:408-982-0664

EMULATION TECHNOLOGY
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ADVANCED ACTIVE FILTER DESIGN SOFTWARE
Version 3.1 designs Lowpass, Highpass, Bandpass, Bandstop
and Allpass filters with Butterworth, Chebyshev, elliptic and
Bessel response « Calculates values and sensitivities for MFB,
VCVS, biquad, state variable, National MF-10 and Reticon
circuits + Interactive graphics for group or phase delay, gain,
phase, impulse and step response of the complete filter or
individual section » Combine filters for system design/analysis *
Modify circuits to observe effects « For IBM PC, XT, AT, PS/2
($725), ** FREE DEMO DISK AVAILABLE * *

FILE CONVERSION FOR SPICE, TOUCHSTONE & NETOPT
AVAILABLE

RLM Research
P.0.Box 3630, Boulder, CO 80307-3630 * (303) 499-7566

SOFTWARE CIRCLE 252

available
now!

See EEM 88/89
Page D-1304
PC based emulators for the 8051 family
(B051/51FA/52/31/ 751 + CMOS + more
« PC plug in boards or RS-232 box  * Program Performance analyzer
* Pull-down menus combined with * Powerful Macros with IF-ELSE. REPEAT-
Command-Driven User Interface
Context sensitive help and
On-Screen Editing of data
* 20 MHz real time emulation
« 128K emulation memory
* 48 bit wide, 16K deep trace buffer
with loop counter
PRICES: 32K Emulator for 8031 $1790; 4K Trace $1495°
CALL OR WRITE FOR FREE DEMO DISK!
Ask about our demo VIDEO!

51 E. Campbell Avenue
Campbell, CA 95008
FAX (408) 378-7869

152/451/452,

WHILE structures
* Source Level debug for PL/M-51 and C-51
« Symbolic debugging with in-iine assembler
and disassembler
* Execution time counter
« Trace can be viewed during emulation!

*US only

noHau

CORPORATION

(408) 866-1820

CIRCLE257 || BKLINC.
DESTIGN

NOHAU CORP CIRCLE 255

EL BACKLIT PANELS.

To backlight or not to backlight? With BKL's
EL lamps, the answer is simple, inexpensive
and fast! BKL’s extremely thin (.012"" to .024")
quality lamps are made from Kard-O-Lite®,
a patented electroluminescent material that
makes them fit LCD & membrane switch
users needs. For the fastest turnaround in the
industry, at affordable costs, call Eric Light,
215-277-2910 or Fax us your specs:
215-277-2956.
BKL, Inc.

421 Feheley Drive

King of Prussia, PA 19406

CIRCLE258 | |

ANALOG CIRCUIT SIMULATION _

Volts  Aaps  —w:) 104 —a etts
2 0.0 [ T 0.001

*0.0013

o 0.0023 0.008 0.0073 0.01

Time in Seconds
ECA-2: For design engineers who hate to waste their time and money, £CA-2
Electronic Circuit Analysis is a high performance, low cost, interactive analog
circuit simulator. It reduces equipment expenses by eliminating the need for
temperature chambers, signal generators, etc. Cuts weeks out of the design
cycle time by simulating instead of prototyping. Available for a wide range
of computers and operating systems

ECA-2

Offers « Frequently updated

*AC, DC, Transient  « Built-in real time « Over 500 nodes
Fourier, Temperature  graphics * Money back

* Worst-case, Monte Multiple plots guarantee
Carlo « Interactive or batch = SPICE compatible

* Sine, Pulse, PWL * Online help models
SFFM. and Expo- * Full nonlinear 2 to 50 times faster
nential generators simulator than SPICE

£CA-2 2 40 18M PC $TT5
Tum-key Systems Available  Call for more Info and FREE DEMO disk

JINRIS

| £ >
Tatum Labs, Inc.
3917 Resaarch Park Or 8.1, Ann Arbor, MI 43108, USA
NIe6IN10 ]

TATUM LABS CIRCLE 253 |

Free MSDOS & Mac
Software Catalog for
Electronic Engineers

AC/DC Circuit Analysis @ Active and Passive
Filter Design e Screen/Printer & Pen Plotter
Graphics for Engineers @ 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

ls\’ Engineering

Professional Software

- 2023 Chicago Ave., Stuite B-13 @ Riverside, CA 92507
Tel: (714) 781-0252 @ US.A. e TELEX: 6503089864
BV ENGINEERING CIRCLE 256

IEEE 488
Solutions.

« Hardware & software interfaces for PC, AT,

modem, Ce
xtenders, expanders & buffers
rivers for DOS, UNIX®. Lotus 1-2-3,

; Symphony & Quattro
Call or send for your
FREE Technical Guide

s and application notes available

(216) 439-4091
elex 6502820864 « Fax (216) 439-4093
5971 Cannon Road
Cleveland. Ohio 44146

IOTECH . CIRCLE 259 |
To advertise call: Jeanie Griffin at (201) 393-6382



Direct Connection Ads - New and current products for the electronic designer presented by their manufacturers.
Ry~ = L T ——
320C10/15 Cfo h 805, 4 \ LOW COST
_ ) In-Circuit Emulators r ' e ‘ “ : i \ C%FSRFFI‘A(():IE:\
: Compare:

PC/XT/AT
Benchmark Results —Sample program:

'RS-485/422 Card [PCAS5]  $95/125

2 Serial Async. Ce 1t 10 4,000ft; 2 or 4 wires; NS16450 UART;
Eratosthenese sieve Program from BYTE (1/83), :gﬁ&u.’"&;ﬁ’s"ﬁ'ﬂé"ﬁfs"«':’é’a"dum- Speed version’ SOKE) - $165
. . a | dric i ices; il with most comm. sftwr.
expanded with /O and interrupt handling. © DB9 or phoncfack. Sample communication software available - $50/150

IEEE-488 Card [PCASSA] $145

Archimedes 2
+ Includes INSTALLABLE. DOS DEVICE DRIVERS and support or BASIC
ICC51 MCC51 FRANKLIN  Additional Support for ASSEMBLY, C, Pascal and FORTRAN - § 50.
o IRQ (1-6). DMA channel 1 or 2. Up 0 4 boards per computer
v2.20A vi.2 C51 v2.1  Compauible with mast [EEE-488 Software packages for [BM.PC (e ASYS-

¢ JANT.GPIB, Lotus Measure) Compatible with NT's GPIB-PCIIA. E

Compilation time| 712sec » | 18sec | 17 sec WEW_C@_[EEM*
Linkage time 29 sec 9sec | 6sec o \ ith Built-In Bus Analyzer 45
o Software Support for BASICA, QuickBASIC and GWBASIC (PC488C only)

. Emulates 320C10/15/17 up to 25 MHz.

. IBM-PC/XT/AT/386 windowing interface Execution time | 11.45sec | 9.00 sec| 088 sec¢” + Addiionalibraris for C, Pascal, FORTRAN, Assembly availble -$5 (al
with EGA 43-line, color, and mouse support Total code size | 5318 bytes | 3798 | 1726 S T 3 o Sl 1t CACHIED: Foatyres Fragram .:‘;‘;?;’,,“’ili'ri.k

. Complex Hardware real-time breakpoints Sieve module | 736 1021 | 541 B o e Comcoter | Ttk Listaaes Capabitiy Based on T TS50,
size  NEC-7210 based card (compatible with National Instruments PCII) - $445.

. Hardware Trace Buffer with filtering control
. Program performance analysis

. 8level hardware sequencer, Pass Counters
. also: 8051/52, 80515/35, Super8, 8048/49

B o TS

(213) 450-6096 telex: 362439
~ SIGNUM SYSTEMS CIRCLE 260

|A/D +D/A +DIO + Counter  $295-995

® 8/16 differentialsingle ended Input Channels; 12-14 bit Resolution; Conver-

sion Speed 25-110ks/sec; ln%\l ange +0.5V to = 10V. Puﬁelmmah]c pacer.
® D/A: 172 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

Call now for your free DEMO disk.

€9 FRANKLIN

SOFTWARE, INC.
888 Saratoga Ave. #2 * San Jose, CA 95129
(408) 296-8051  FAX (408) 296-8061

FRANKLIN SOFTWARE ) ~ CIRCLE261 & B&C MICROSYSTEMS " CIRCLE 262

[M‘%um%ky'mnthyolgg?MﬁER $345-595\

® Programs EE/EProms, Flash Eproms, ZPRams, Intel Micros, Memory Cards.
© Stand-Alone Mode for EE/EProms and Memory Card Duplication / Verify.
© All 24/28/32 pin EE/EProms to 4 MBits (upgradeable to 32 Megabits).
Micros:8741/A,-2/A.4,-8,-9,-51,-C51,-CS IFA/B,-52,-53,-55,-C521,-C541,9761
© Modular design; Accepts dedicated modules: Memory Card programming
module (Seil 4 socket Gang ing module, custom modules.
® Can be operated with any computer containing an RS-232 serial port.
al built-in Eraser/Timer module ($50). Top cover conductive foam pad.
@ User friendly Menu-Driven Interface Program for IBM-PC and Macintosh.
@ Full 1 year warranty. Customer support via voice line, fax or dedicated BBS .

87C51 PROGRAMMER $125.

L?Ir;al Sgstems brings you support for the Intel 87C51. The
UPAB7C51 progt this popular mi on general
purpose programmers that support the 2732A. With the
UPAB7C51 you can program the 8751 and 87C51 security bits
and the 87C51 encryption array. Logical Systems , helping you
get the most out of your programming equipment with our
growing line of OEM inquiries

ADAPTER PROGRAMS PRICE

END WARPAGE WITH BOARD STIFFENERS

UPAB751 C8751, 8751H, AMDB753H, 8744 $95.00 | | Rigidize boards during and after assembly = ]
t . 3 ke INTELLIGENT ROM EMULATOR $395 |
i BTGB, GrCBEA" o i W Prevent vibration and shock damage [- Emulates 2716 through 27512 EProms with a single unit, Access time 120ns.
USISTIOTY e HDSTOND______ a0 B One-step installation requires no hardware ¢ Connectsto the standard plnilnﬂ pﬂylelr%mv&_adi-;ﬁd;rd printer cz)me.'
UPA451N neti 1 ® User friendly software. Command set includes. lata), i ita),
gnotics Bapn D) — W Use as a ground, or to carry up to 64 amps Display(memory).Type(of EProm),Edit(memory) Filmemory) Calculstor,
UPAB3701X L Lmﬁ%m&ﬂx&%(})m shrink dip) 95.00 s g:sel(largc; tem), featnre), i {sa“"g)
1 © Debugging features include: Address Compare, Address Snapshot, Trigger.
-Z_Texiool ZIF socket A0 NG f [ Roger: 8oart iffener. © Fist tata loading via parallc printer post WAk bytes in less than 16 5ec).
UPAB3701Y Hitachi HDB3701Y0 (64 pin shrink dip) AQQ"Qal'Qn Bulletin. © Cascadable up to 8 units.Includes interface cable with Trigger and Reset clips.
L Low inserton orce socket S @ CMOS (stand-alone) model with rechargeable NiCad battery backup: $495
UPAB3T08V Hitachi HDB3705V0 5.00 MCIVIRASOREN Cflodyordoimhetil

Rogers Corp., 2400 S. Roosevelt St.

CALL (315) 478-0722 or FAX (315) 475-8460
Tempe, AZ 85282 602/967-0624

LOGICAL SYSTEMS CORPORATION
P.O. Box 6184, Syracuse NY 13217-6184 USA , TLX 6715617 LOGS

87C51 PROGRAMMER _ CIRCLE263_

B&C MICROSYSTEMS INC.

355 West Olive Ave, Sunnyvale, CA 94086 USA|
TEL:(408)730-5511 FAX: (408)730-5521

B&C MICROSYSTEMS » CIRCLE 265 _

& ™ Telecom Design!

HIGH-PERFORMANCE _ .5,
DTMFRECEIVERS "

BOARD STIFFENERS CIRCLE 264

Development Tools KEYTEC is the ONLY ONE
II"seu;ol:lax g:oss;simulall;rsa 35150(())% i rﬁﬁ |

PseudoSid Cross-disassemblers $100.00
PseudoPack Developer’s Package $200.00(350.00 Savings)

POWERFUL

e  PseudoCorp supports an line of p i cl P
tools. Tools that speed development of microprocessor based products.
Fast, sophisticated macro assemblers to generate your program code.
Versatile simulators that allow testing and debugging of the program even
before the hardware exists. Easy to use disassemblers to help recover lost
source programs.

AFFORDABLE

Until now, powerful tools like these have been priced from 5 to 10 times
our price. No more waiting for system time, at these prices every Engineer,
can have a personal development system on an IBM PC or compatible.

BROAD RANGE OF SUPPORT

e PscudoCorp currently has products for the following microprocessor
families (with more in development):
Intel 8048 RCA 1802,05 Intel 8051 Intel 8096
Motorola 6800  Motorola 6801 Motorola 68HC11 Motorola 6805
Hitachi 6301 Motorola 6809 MOS Tech 6502 WDC 65C02
Rockwell 65C02 Intel 8080,85 Zilog Z80
Hitachi HD64180 Motorola 68000,8 Motorola 68010

e  For more information call, write or use the reader service number below.

Designed for the most demanding on-line
applications (voice message systems, noisy
commercial environments).

B M-927 is a 40-pin DIP, needs no
external components except 3.579 MHz
crystal. 12V.

B M-937 is a PCB with speech immunity 3
times that of other DTMF receivers,
superior signal-to-noise, 45 dBm
dynamic range. Exceeds CEPT, CCITT,
and USITA CO specifications. 12V.

2. Rubber Key For more info call: [ . PA I P L)

e To place an order, call or write:

PseudoCorp Pad, 3. Membrane Switch, and 4. LCD. Custom or (In Washington State: 206-827-9626)
Professional Development Products Group standard, large or small orders are equally welcome. ®
A ncdice vty Call KEYTEC 214-424-3459 or FAX 214-530-8510 for -EE LCONE
(804) 873-1947 information. 10801-120th Avenue NE, Kirkland, WA 98033
| PSEUDOCORP. ~ CIRCLE266 | | KEYTEC  CIRCLE267 | | TELTONE CIRCLE 268

Toadvertisecall:JeanieGrifﬁnat(201)393~6382 E L E € T R G INT I G D JE.-S 16 N|159
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Direct Connection Ads - New and current products for the electronic designer presented by their manufacturers.

e 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.

UNIVERSAL LOGIC PROGRAMMER

4 Just §798.00 including LOGIC PROGRAMMER
software cable
manual and two up
dates

- Programs. reads. dupi
cates, tests and secures

THE SOLUTION?

Power up with Z-LINE TPC 115-10 MTD ™

the smallest power distribution - n
and control system available. z-L NE
POWER UP WITH — — — V4

over 700 20- and 24-pin
logic devices om 17
manufacturers includ
ing: Atera. AND, AMI
(Gould),Atmel,Cypress.
Exel, ICT. Intel. Laftice
MMI. National
Samsun SGS
Thompson. Signetics. Tl

and VLSI
< Upaatable via floppy disk
< 23 Universal pin drive

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

opment softwore

ctors and secures after programming
4 Approved by manufacturers

4 On line help function

4 Seff calibrating

- One-year warranty

upaates - Some day shipment

< Edits fuse maps

4 Toll-free technical s
- JEDEC file input and
4 Gold Textool 2IF IC st
- Engr support team f

NEW, GRIDLESS, 100% AUTOROUTING

HiWIRE-Plus® lets you quickly create and revise sche-
matics and PCBs on your IBM PC. With the new,

4 EPROM programmers ovailable also - 30-day money back guarantee c ; ! te on/off and emergency shutdown gives the
i ) ™ ridless, multilayer autorouter (AR) for HIWIRE-Plus, ol
The Engineer’s Programmer greating printedycircuit layouts is even faster. AR and pm'_cémml el you'm
CALL FOR FREE DEMO DISK HIWIRE-Plus are each $895 and come with thirty-day A L T o
800/225-2102 money-back guarantees. Credit cards are welcome. PRICpES FROM $436 TO $305 el ’
BP|_|—'_|--'1|_|—I WINTEK CORPORATION DON’T WAIT UNTIL IT HAPPENS, CALL TODAY!
MICROSYSTEMS 1801 South St, Lafayette, IN 47904 PULIZZI ENGINEERING INC.

(800) 742-6809 or (317) 742-8428 3260 S. Susan Street, Santa Ana, CA 92704-6865

(714) 540-4229 FAX (714) 641-9062

No Waiting for Zero-wait Access

10681 Haddington, Suite #190, Houston, TX 77043
713/461-9430 FAX 713/461-7413

CIRCLE 269 HIWIRE- CIRCLE 270

BP MICROSYSTEMS

GND, 5v-5Vv

= BENTTTE FREE!

120 The WACOM DMTC™ (W4006F-16/20/25) dedicated 80386
REF INPUT DRAM controller combines dynamic memory peripherals con-
Page troller circuits for multiplexer, counter, and comparator, all on
s a single chip. Supports DRAM address control and refresh
Catalog timing, too. The DMTC™ recognizes the state of the i80386
IRI000 =L via the control signal, that's why it can achieve zero wait
_ access. Of course, putting all these circuits on a single
“OPtlcs chip means high speed performance, low power consump-
tion, more compact memory boards, and lower cost, too
ROLYN opics comranes for
; - - Yl r the 16MH, Hz, and 25MH,
r . lndUStry 3&585 :Cfnmotls s?n’va‘xfmgmdnggmori

S e e s

area of 256 MB (when used with 16
Mb per bit). @Controls 256K < 1, 256K
“4 M1, IMx4, 4Mx1 4Mx4 W4006F
16M 1, or 16M x 4bit DRAM. @Auto J

matically controls CPU access and
refresh timing. using the CAS before
RAS refresh method @Ensures 2 bank
interleaved cycle timing synchronized 3
to the 80386 CPU clock, to achieve i

2ero wait access. S = ——,
[t o

IR1000 DIGITAL INFRARED SIGNAL
M Printed circuit board components

W Responds to thermal radiation

B TTL or CMOS compatible logic output
M Accurate 90-60 Db gain low noise signal conditioner
B Threshold voltage reference input

W Current drain 200 uA available, 7ma standard

B Optical components for infrared systems available
B Complete infrared systems design available
INFRARED, INC. PO Box 47, PARLIN, NJ 08859
(201) 536-4455

ROLYN OPTICS supplies all types of “Off-the-
Shelf” optical components. Lenses, prisms, mir-
rors, irises, microscope objectives & eyepieces
plus hundreds of others. All from stock. Rolyn
also supplies custom products & coatings in pro-
totype or production quantities. Write or call for
our free 120 page catalog describing products &
listing off-the-shelf prices. ROLYN OPTICS CO.,
706 Arrowgrand Circle, Covina, CA 91722,
8818) 915-5707 & (818) 915-5717. TELEX: 67-
380. FAX: (818) 915-1379.

—WACOM-Your Link to ASIC =
WACOM has the ASIC for your every application, from ?a(e arrays to full
custom chips. Let us be your link to ASIC

WACOM gt
4-29-11, |kebukuro, Toshima-ku, TOKYO, 171 Japan

NSOR CIRCLE 272 | : : - L CRGLE 2

IEEE-488

Complete Hardware and | R E L|A B | LlTY
Software Solutions 1 : : | PRED'CTION

Platforms: PC/XT/AT, PS/2, 386, RT PC,
Macintosh Plus/SE/Il, Sun, DEC, Apollo, - 3

MASSCOMP, 3B2, Q-BUS, UNIBUS, VMEbus. SO FTWARE
MULTIBUS, STD Bus, S-100, and SBX Bus ‘ 2

Operating Systems: DOS, 0S/2, XENIX, " ;
UNIX, 386/ix, AEGIS, SunOS, AlX, RT, RSX,

RSX, VMS, ULTRIX, VAXELN, PDOS, VERSA- NEW EPROM PROGRAMMER
dos, RMX-86, Z-DOS, STD-DOS At $495, Wintek's Universal EPROM Programmer is a
~ . v low-cost and versatile tool for programming most in-
Suppat £ '°d”°'sl' SHnGw CE dustry-standard EPROMs (2716-27256). Since it can
ers, Converters, Controliers, Buffer, Analyzer operate with an IBM PC, as well as stand-alone, the
Call for FREE Catalog Programmer is ideal for use with PC-based microcom-

: ter devel t software. Credit card |-
(800) IEEE-488 - (512) 794-0100 e i e s S

NATIONAL WINTEK CORPORATION
INSTRUMENTS® 1801 South St., Lafayette, IN 47904
The Software is the Instrument ™ (800) 742-6809 or (317) 742-8428

12109 Technology Blvd. Austin, Tx. 78727 “
NATIONAL INSTRUMENTS CIRCLE 275 WINTEK CIRCLE 276 | AUTOMATE MIL-HDBK-217E CIRCLE 277

160 ELEC CTURUONTIC D ESTITIGN ‘ TofafdvenisecaII:JeahieGﬁfﬁnat(2o1)393-6382
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IVERSAL PROGRAMMER

ARE YOUR PRODUCTS RELIABLE?

The RelCalc 2 Software Package predicts the reliability of your
systemusing the part stress procedure of MIL-HDBK-217E, and
runs on the IBM PC and full compatibles. Say goodbye to
tedious, time consuming, and error prone manual methods!
RelCalc 2 is very easy to use, and features menu windows,
library functions, global editing for what-if? trials, and clear
report formats. Try our Demo Package for $25 plus postage.

T-CUBED SYSTEMS, 31220 La Baya Drive # 110, Westlake
Village, CA 91362. (818) 991-0057 + FAX: (818) 991-1281
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Quartz Crystals
Oscillators
212-505-5340

« World’s Smallest

« SMT & Thru-hole

+ 10kHz-35MHz

« Ceramic & Metal Pkgs
- Free Catalog

Micro Crystal Division/SMH

OSCILLATORS CIRCLE 278

Analog Circuit Simulation
Complerely Integrated CAE from $95

- From Schematic
[ e b Entry through
R Srice
i Simulation to
% 4 aﬂf"ﬁ.ﬁ g:% Post Processing
P s ¢ | IsSpice $95, the
2 L1 “‘E complete  Srice

z program, runs on all
PC's.

lsSnestsse $386, The fastest PC based Srice program
. avwlable Has virtually no circuit size limitations.

| Soesler $295, a schematic editor for any Seice
simulator. Generates a complete Seice netlist.

InruScope $250, a graphics post processor that
performs all the functions oi a digital oscilloscope.

PreSrice $200, extensive model libraries, Monte Carlo
analysls, and parameter sweeping.

Please Write or Call
P.O. Box 6607 (213) 833-0710
ii San Pedro, CA 30 Day Money
90734-6607  Back Guarantee
INTUSOFT CIRCLE 281

ARE YOU STILL DRAWING FLOWCHARTS BY HAND?

Fl-
\- T ES
BT

"~ FLOW CHARTING II+

Flow Charting I+ will amaze you with its speed, power and

simplicity.

= UUpdate and print charts as fast as the situation changes

= See your revisions right away—no long wait for charts to
be hand drawn

= Select 26 standard shapes; 10 text fonts

= Tutorial manual makes learning easy

= Runs on IBM or compatibles

= Produces excellent organizational charts!

= Only $229!
PATTON & PATTON

Software Corporation
Excellence in charting the flow of ideas

For more information, see your local retailer or call
1-800-525-0082, ext. 43 (outside Calif.) 408-629-5376 (Calif./Int'l.)
81Great Oaks Blvd., San Jose, CA 95119

PATTON & PATTON

CIRCLE 284

|

RS-422

s RS-422/485

» Selectable Address/IRQ

* Two/Four Wire Operation

¢ One/Two/Four Port Versions
e Delivery From Stock

SEALEVEL SYSTEMS INC
PO BOX 1808
SEALEVEL ensiev. sc 2sear

(803) 855-1581

SEALEVEL SYSTEMS CIRCLE 279

DATA /0 : GREAT H/W FLEXIBLE

SAILOR : GREAT S/W FLEXIBLE
Sailor-PAL is S/W driven by PC/XT/AT/PS2 or laptops;
powerful, reliable and S/W upgradable.
Certified by IC manufacturers. Supports:
M 7ns PALs W PLSs M Test Vectors
W 12ns GALs B PEELs W 2-MEG EPROMs
W EP900 W ECLs W Bipolar PROMs

EP1800 W 8751s W New high speed

W PLAs W EEPROMs ® CMOS PROMs
Please call for a free demo disk. ADVIN SYSTEMS
INC., 1050 East Duane Ave, Sunnyvale, CA 94086.
(800) 627-2456  FAX (408) 736-2503

ADVIN SYSTEMS CIRCLE 282

Logic Synthesiz

Whether you design with gate arrays,
programmable logic or random logic, you
need BOOL™ to tackle tight designs.

B BOOL converts a behavioral description of
combinatorial logic or state machines into
boolean equations.

M Extracts the don't care set from the input
description for use in minimizing the hardware -
a feature unique to BOOL which guarantees the
most optimal implementation.

W Accepts as input: Behavioral descriptions, state
machine specifications and boolean equations.
Supports bus arithmetic, function calls, flow
control statements, indexed variables and more.

M State of the art minimization algorithms,
including absolute minimization and Espresso -
can handle complex designs with hundreds of
product terms in minutes.

B Built in simulator.

BOOL is just $390 for the IBM/PC/XT/AT/PS2.
30 day money back guarantee.

@ Cornell Design Tools,

761 Cornell Drive, Santa Clara, CA 95051
Phone: (408) 984-0777 Fax: (408) 748-1826

CORNELL DESIGN TOOLS

CIRCLE285 | )
ELECTRUONTIC

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.

ROGERS CORP. CIRCLE 280

JDR Microdevices

2233 BRANHAM LANE, SAN JOSE, CA 95124

UNIVERSAL PROGRAMMER

PART OF OUR EXPANDABLE MODULAR

SYSTEM. ALL MODULES USE THE
SAME HOST ADAPTOR CARD. s499 99
+ PROGRAMS EPROMS, EEPROMS, e
PALS, BI-POLAR PROMS, 8748
88751 SERIES DEVICES; 16V8

AND 20V8 GALS FROM LATTICE,
NS, SGS
« TESTS TTL, CMOS, DYNAMIC

& STATIC RAMS 4
- 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
MOD-MIC

MOD-MPL
MOD-MMP

HOST ADAPTOR CARD $29.95
DIGITAL IC TESTER MODULE $129.95
PAL PROGRAMMER $249.95
MICRO PROCESSOR PROGR. $179.95
MOD-MBP  BI-POLAR PROM PROGR $259.95
MOD-MEP 1-EPROM PROGRAMMER $119.95
MOD-MEP-4 4-EPROM PROGRAMMER $169.95
MOD-MEP-8 8-EPROM PROGRAMMER $259.95
MOD-MEP-16 16-EPROM PROGRAMMER $499.95

Toll Free 800-538-5000

Call for a free catalog!
JDR MICRODEVICES CIRCLE 283

FREE UV ERASER
WITH DATA 1/0’S 280
SET PROGRAMMER.

For $1595 the 280 gives you:

= 8 sockets for gang/set programmmg

= Support for EPROMs
and EEPROMs
up to 512K,

= Full after-sale
support from
Data I/0®

Order a 280 today and get a FREE

UV eraser—a $40 value. The Datarase Il

erases up to 4 EPROMSs in 3 minutes.

1-800-247-5700
Ext. 805
DATA 1/0
DATA I/Q CIRCLE 286
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£ ELECTRONIC
| ASSEMBLY
BY THE BOOK

Over 5,000
low-cost, time
saving prod
ucts that reduce | 1
rejects and ("
rework, and
make your
products look ¥
better. Complete %
specifications, :
application ideas,
and price list.
Includes newest
products. All
carried in stock for
immediate shipment.

AND THE BOOK
IS FREE.

PERMANENT & WASH-AWAY MOUNTS,
SPACERS, LED MOUNTS, CARD GUIDES,
AND CARD EJECTORS/HANDLES.

BIVAR, INC., 4 Thomas, Irvine, CA 92718
(714) 951-8808 TELEX 852348 FAX 714 951-3974

BIVAR HAS IT ALL
IN STOCK FOR YOU!
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SPECIFICATIONS

Freq. Range(MHz)

Insert. Loss (dB)

10-100MHz
100-1500MHz
1500-3000MHz

Isolation(dB)
10-100MHz
100-1500MHz
1500-3000MHz

1dB Compression(dBm)

10-100MHz
100-1500MHz
1500-3000MHz

VSWR(ON)

Switching Time (usec)
(from 50% TTL to 90% RF)
Oper. Temp.(°C)
Stor. Temp.(°C)

Price (10-24)
(1-9)

TOSW-230
ZFSW-230DR
10-3000
typ max
1:3 1.9
1.1 1.9
1.8 27
typ min
60 40
40 28
35 22
typ min
17 6
27 19
30 28
typ max
1.3 1.6
typ max
20 40
-55t0 +100
5510 +100
$39.95
$89.95

TOSW-425
ZFSW-425DR
10-2500

typ max
1.3 1.7
1.1 17
18 25
typ min
60 40
40 30
35 22
typ min
17 6
27 19
30 28
typ max
1.3 16
typ max
20 40
-55to +100
-5510 +100
$59.95
$109.95

Now, high-speed, high-isolation switches with
with built-in drivers, tough enough to pass stringent
MIL-STD-202 tests. There's no longer any need to hassle

with the complexities of designing a TTL driver interface and
then adding yet another component to your subsystem...it's
already included in a rugged, low-cost, compact assembly.
Available in the popular hermetically-sealed

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

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

Despite their small size, these units offer

isolation as high as 40dB(typ), insertion loss of only 1.1dB(typ),
and a 1dB compression point of +27dBm over most of the
frequency range. All models are TTL-compatible and operate from
a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current.
Switch to Mini-Circuits for highest quality

innovative products...and leave the driving to us.

finding new way

setting higher standards

[ Mini-Circuits

PO Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
WE ACCEPT AMERICAN EXPRESS
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If you need speed in a PROM, call us.
We have the world’s fastest CMOS
, reprogrammable PROMs, from 4K to 256K.
ddgdeiis : : Our new 20ns 16Ks, 7C291A and 7C293A,
; can improve system performance by running
high speed programs straight from PROM
without downloading to RAM. Yet using the
7C293A you can power down to 30maA.
Save board space, cost, power.

For high-speed pipelined applications, our
16K 7C245A registered PROM accesses data in
just 10ns, and requires only 15ns setup.

If you need the densest PROM, call us.
We have four 256Ks that can pack the

maximum available high speed storage into a
n one an space-saving 300 mil DIP, or PLCC that requires
, just .3 square inches, all at a record setting 35ns.
512x8. 1IKx 8. 2Kx 8.

we're the fastest. -
& We have registered versions. Registered

diagnosticversions.
EPROM pinouts.

Power switched versions.
We have the PROM you
need with the speed and features you want.

Reprogrammable PROM.

, Our CMOS floating-gate memory means you
can order windowed versions of almost every
part. You get the high speed of a PROM, with the

benefits of reprogrammability.

denses ' Cool, low power CMOS.
o So you don’t use a lot of power, even when

you need a lot of memory. Many parts power
down even further when deselected.

Call. Get your hands on our data book.

£9% DATA BOOK .

Bm Data Book
3Kx8 Hotline
Powt o 1-800-952-6300*
Askfordipf.
= P -
& CYPRESS
—= =~ SEMICONDUCTOR

*1-800-387-7599 In Canada. (32)2-672-2220 In Europe.
©1989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134
Phone: (408)943-2666, Telex 821032 CYPRESS SNJUD, TWX 910-997-0753.




