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They're field programmable (even
re-programmable). And they give you
up to 1800 usable gates in an extremely
flexible architecture.

Naturally, we have all the program-
ming tools you'll need to get your PLDs
up and running in a hurry. The latest
version of our PALASM" CAD software
for your PAL designs. And XACT"
software for LCAs.

Best of all, we'll support you with
a team of FAEs that’s worked around

PAI and PAT ASM are regi 1de
Inc. Logic C ind X AC re trademarks of X111

programmable logic for years.

So call or write us for a CMOS
sample kit and data sheets. Monolithic
Memories, 2175 Mission College Blvd.,
M/S 09-14, Santa Clara, CA 95054-
1592. (800) 222-9323.

And start getting the most out of
CMOS.

Monolithic
Memories

ks and ZPA1. is a trademark of Monolithic Memories
NX, Inc. © 1987, Monolithic Memones
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There was nothing to it really.

Instead of making one CMOS PLD
(like some competitors we could name),
Monolithic Memories makes many.

So many, in fact, that our CMOS
PLDs offer you more speed, power and
architecture options than you can get
from any of our competitors.

Take our ZPAL" family, for example.

It’s a zero standby power (less than
100.A) version of our popular PAL’
C20R8 Series. And it comes in both

35ns and 45ns versions.

Or for universal applications, our
PAL C22V10 combines a wide-open
architecture with 25ns or 35ns speed.
Yet it consumes a mere 90mA.

Better yet, our new quarter-power
CMOS PAL CI6R8 Series devices con-
sume but 45mA. While their 25ns speed
approaches the best of bipolar.

And should you need gate array
density, but prefer PLLD convenience,
try our CMOS Logic Cell” Arrays (LCA).




How we
improved
CMOS
PLDs.




Dale Surface Mounted
Bomponents—for more

Pick Dale and place your surface mounted
requirements in the hands of an industry leader.
Dale's experience with surface mount technol-
ogy began in 1970, when we introduced our first
chip resistors. Today, Dale has a wide selection
of basic surface mounted components to choose
from. This choice offers you maximum flexibility
in coordinating packaging and performance
requirements.

You'll find the components at right already
in use by major companies nationwide. These
components are designed for automatic place-
ment...compatible with standard soldering
methods...and will help you shrink cost and
board space.

Dale’s unique blend of experience, selection
and excellent service provides you with what you
need to accelerate your surface mount progress.
The numbers to call are: Thick Film Resistor
Networks, Thermistors: El Paso, TX: 915-
592-3253; Thin Film Networks, Thick and
Thin Film Chips: Norfolk, NE: 402-371-0080;
Wirewound Resistors: Columbus, NE:
402-564-3131; Trimmer Potentiometers,
Oscillators: Tempe, AZ: 602-967-7874;
Inductors, Transformers: Yankton, SD:
605-665-9301.

Dale makes your basies better:
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Small outline molded dip package,
ceramic chip carrier styles and flat
pack (MIL-R-83401). All standard
schematics. R/C styles available.

Thin Film Networks
TLCC

*TOMC

Chip carrier styles and small
outline molded dip package. All
standard schematics.

Thick Film Chips
CRCW RCWP RCWPM

Commercial a?!dA MI-L;H-55342 styles.
1%, 2% & 5% tolerance. Standard
sizes available from stock.

Thin Film Chips

TNew

Commercial styles. Flow
solderable. Single element
and tapped, wire bondable.
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Transformers

Custom designs
available.

Standard, automatic or reverse
adjustment. 100 ohms to 1 Meg.

Thermistors

NTC style. 5% & 10%, Rys tolerance.

Chip Inductors
*IMC i

Molded style, 1 uH to 1000 uH.
10% & 20% tolerance.

Oscillators ;-
XOSM

Metal packages in two styles
(XOSM-43, XOSM-51*). Compatible
with most logics. 240 Hz to 60 MHz.

Wirewound Resistors
LVSR

~J &

1, 2, 8, 5 watts including low
value current sensing styles.
“S" and Gull Wing leads.

*Available soon.



Standards Update

Uncle Sam Cracks Down on Computer Interference

ast Fall's COMDEX show in Las Vegas had a

new kind of visitor. Federal marshals were
there to seize equipment the FCC had tagged as
non-compliant and to serve notice that arrests
may follow. The computers were found to be in
violation of Part 15 of the FCC rules, which bans
sales of most electronic hardware unless tested
for compliance.

The event did not surprise most computer
executives, some of whom paid their share of
more than $800,000 in fines issued by the FCC
last year. Said one disgruntled manager, “These
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The rising level of
complaints to the FCC...
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taused it to
issue more fines...

...and refer 15 cases
criminal prosecution.

guys walk around here like Matt Dillon.”

he need to comply has spawned a whole new kind of test business,
companies specially skilled in designing and testing for compliance.
One of these, the Boxborough, MA-based laboratory of Dash, Straus
& Goodhue, combines testing, design and even legal services under
one roof, permitting manufacturers to go to COMDEX with their
minds on sales, not sanctions. The company even offers a “Guaranteed

Rate/Guaranteed Date” plan under which equipment is tested,
modified for compliance, and retested per FCC standards for a fixed
price guaranteed in advance. The laboratory has been accredited by
the National Bureau of Standards for telecommunications and emis-
sions testing, and can be reached at 617-263-2662.

Canada Lays Out the Welcome Mat for Telecom Firms

T he Canadian government has swung its doors wide open for US
telecom manufacturers. The open door policy is a welcome change
for US manufacturers who have found most foreign markets closed to
their goods. Canada’s free trade telecom policy has allowed savv
manufacturers to increase their sales by up to 20%. But to sell nort
of the border, firms still need to follow a few simple steps. Most
importantly, the equipment has to be registered under Canadian
Standard CS-03, roughly equivalent to the FCC’s interconnect
regulations in Part 68. The government of Canada has already
approved a number of firms in the United States to do the required
telecom testing and submissions. One such firm, Dash, Straus &
Goodhue of Boxborough, MA (617-263-2662), has seen a sharp rise in
requests for Canadian approvals, especially among the industry’s
most successful firms. “}I)‘ﬂere seems to be a correlation between
economic success and willingness to enter foreign markets,” says firm
founder Glen Dash.

Elsewhere in the world, telecom
markets are opening. Dash,
Straus & Goodhue is currently
performing submissions for tele-
com equipment in both the United
Kingdom and Japan. New efforts
within the Common Market (EC
Directive 86/361/EEC) may make
one unified approval scheme
throughout Western Europe a
reality within two to three years.

Fed’s Own Instruments Help
Manufacturers Comply

w hat kind of tools can best convince an agency that e uipment
complies? Why, their own, of course. Now the FgC S own
designs are available through a company called Compliance De-
sign. Key to emissions compliance is the use of the Roberts
Antenna® developed for the F'CC in the 1950’s. Willmar Roberts,

its inventor, is a former Assistant Chief Engineer of the FCC
Laboratory in Laurel, MD.

The antennas are renowned for their near-lossless characteristics.
Compliance Design, the exclusive vendor of the Roberts brand, also
offers a complete laboratory assembly package. The firm will supply
antennas, masts, turntables, site design; and will even perform the
crucial “site attenuation” tests the FCC requires. The Boxborough,
MA-firm can be reached at 617-264-4668.

For telecom manufacturers, Compliance Design also supplies a
Part 68 Workstation™ containing everything that’s needed to comply
with FCC, CS-03 (Canada) and EIA standards. The Workstation
makes setting up Part 68 laboratories practical for just about
everyone.

Safety Violation Sends a CEO to Jail

o n February 13, Kenneth Oden, prosecutor for Travis County, TX,
won a landmark case that sent shivers down corporate backbones
nationwide. For the first time, company executives were sentenced to
jail terms for negligence that cost a worker his life. The case

ighlighted a nationwide trend in which prosecutors are holding
executives criminally liable for the death of a customer or employee.

For makers of EDP, medical and telecom equipment, safety on the
job generally means getting their products 8L® listed. Listing is a
recognition that the product meets UL's standards for fire, shock,
energy and mechanical hazards; listing is a legal requirement of cer-
tain municipalities. In those places, a death caused by a non-compliant
product could give rise to the same charge of gross negligence which
caused Travis County executives to be sentenced to jail.

Overseas, marks such as Canada’s CSA and West Germany’s GS
are required, and foreign courts have been even less tolerant of
corporate negligence than have our own. With the profusion of
worldwide standards, obtaining those marks has proven to be quite a
chore. Fortunately, certain key test labs have set up liaison services
which permit worldwide product approvals at one location. Dash,
Straus & Goodhue is one such lab and 1s regularly visited by agents of
UL, CSA and West German TiiV. Required marks for fourteen
countries can be initiated from DS&G’s location. Since the Travis
County case, according to execs, its business has been brisk. Dash,
Straus & Goodhue, Inc. can be reached at 617-263-2662.

@ &

Dash, Straus & Goodhue, Inc., 593 Massachusetts Avenue, Boxborough, MA 01719 617-263-2662
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dc to 3GHz

« less than 1dB insertion loss over entire passband
« greater than 40dB stopband rejection g nw way'

setting higher standards

« 5 section, 30dB per octave roll-off i - -
» VSWR less than 1.7 (typ) [ Mini-Circuits

- over 100 models, immediate delivery PO, Box 350166, Brookiyn, Now York 115950003 (718) 6344500
- meetS M | I_‘ST D_202 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156

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

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

Min. Pass Band (MHz) DC to 107/ 22 | 32 l 48 ’ 60 ‘ 98 ‘ 140 ‘ 190 ‘ 270 1 400 [ 520 l 580 j 700‘ 780' 900
Max, 20dB Stop Frequency (MHz) 19 32 47 | 70 | 90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340

Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49)

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

Pass Band (MHz start, max. | 41 90 | 133 | 185 225 | 290 395 | 500 ( 600 | 700 ( 780 ( 910 [ 1000
( ) end, min. | 200 | 400 | 600 | 800 | 1200 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200
Min. 20dB Stop Frequency (MHz) 261 55 95 | 116 150 1 190 | 290 365! 460 520 | 570 | 660 | 720

Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49)

*prefix P for pins, B for BNC, N for Type N, Sfor SMA  example: PLP-10.7
CIRCLE NO 143 €105 REV.D



tiny SPDT switch

tc t0 4.6GHz... $32%

Tough enough to pass stringent MIL-STD-202
tests, useable from dc to 6GHz operation, and smaller than
most RF switches, Mini-Circuits’ hermetically-sealed
KSW-2-46 offers a new, unexplored horizon of applications.
Unlike pin diode switches that become ineffective below
1MHz, this GaAs switch can operate down to dc with control
voltage as low as -5V, at a blinding 2ns switching speed.

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in.,

the KSW-2-46 provides 50dB isolation (considerably higher

than many larger units) and insertion loss of only 1dB. The
surface-mount unit can be soldered to pc boards using conventional
assembly techniques. The KSW-2-46, priced at only $32.95,
is yet another example of components from Mini-Circuits
with unbeatable price/performance.

Switch fast... to Mini-Circuits’ KSW-2-46

SPECIFICATIONS

FREQ. RANGE dc-46 GHz
INSERT. LOSS (db) typ max
dc-200MHz 09 16t
200-1000MHz 1.0 1.3
1-46GHz 13 1.7
ISOLATION (dB) typ min
dc-200MHz 60 50
200-1000MHz 45 40
1-46GHz 30 23
VSWR (typ) 1.3:1
SW. SPEED (nsec)
rise or fall time 2(typ)
MAX RF INPUT (dBm)
v up to 500MHz w17
finding new ways above 500MHz +27
CONTROL VOLT. -8V on, OV off

etting higher standards
= o - - OPER/STOR TEMP. £ 0
[ JIMini-Circuits P

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 C 117 REV. A
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On the cover: Dugital stovage oscilloscopes
can no longer be considered niche-market
instruments. DSOs now feature 1-GHz
bandwidths and digitizing rates to 1G
samples/sec; prices have also dropped dur-
ing the last couple of years. See py 90.
(Photo by Reg Francklyn; art divection by
John Aylor; photo courtesy Hewlett-Packar)
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The latest digital storage oscilloscopes provide measurement features
that help you work faster and more accurately.—Douy Conner,
Regional Editor

Digital signal processing enhances the usefulness of digitizing instru-
ments but allows for instrumentation-induced errors. Characterized
analysis can define these errors.—David M George, Hewlett-Packard

SLHMPLLTICS 124

You can modify a conventional op-amp test circuit to test a com-
parator, but a better solution is to build a comparator tester dedicated
to the task.—Barry Harvey, Elantec Inc

{uster test vercomes 'V:if"»!,és‘«i“f.;r gelall . 133

Complete in-circuit testing of dense pc boards may not be possible.
But you can gain some of the advantages of functional testing by
testing several ICs as a group.—Stephen Caplow, Teradyne Inc

when 145

You can use digital-signal-processing techniques to evaluate the
dynamic parameters of A/D converters.—Brendan Coleman, et al,
Analog Devices BV

165

By understanding how probes interact with high-frequency circuits,
you can improve your chances of making accurate measurements.
—Eldon Walters and Stan Kaveckis, Tektronix Inc

Design rules allow easy 181
wire wrapping of ECL prototypes

ECL’s very advantages have caused some designers to assume that
wire wrapping and ECL are incompatible—an assumption that is
definitely untrue.—Frank T Reid and Glenn Olsen, Fairchild

Semiconductor Corp
Continued on page 7
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WHEN BUYING SWITCHES
REMEMBER THREE THINGS.

C&K Components, The Primary Source Worldwide®
celebrates its 30th anniversary by expanding your
sources for switches.

For toggle, rocker, slide, DIP and thumbwheel switches,
your source is the original C&K Components, Inc.

For switchlocks, rotary and slide switches, your source
is C&K Clayton Division.

For snap-acting and metal-cased control switches,
your source is the new C&K/Unimax.

Whichever you choose, remember C&K gives you the
broadest selection of switching configurations to meet a
variety of changing needs plus quality, quantity, perform-
ance, delivery and low-cost.

Need proof? Just send us your specs and descrip-
tion of your application, we'll quickly send you a sample
switch that fits your needs. Without charge or obllgatlon
Or, call for our FREE literature.

Newton, MA 02158
Tel. (617) 964-6400

C&K Clayton Div.
Clayton, NC 27520
Tel. (919) 553-3131

€/ Unimaxt

C&K/Unimax
Wallingford, CT 06492
Tel. (203) 269-8701

g
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Linear and linear-digital semicustom
ICs can operate at VHF and UHF fie-
quencies and high voltages. Moreover,
many of the linear devices include built-
in gates that You can use to implement
dugital functions on the same chip

(w 57).

TECHNOLOGY UPDATE

Semicustom ICs’ rati and architectures 57
aid analog- and digital-circuit designers

) The continuing introduction of new linear
g and linear-digital semicustom chips is pro-
viding an expanding choice of circuits to
KEEPING AMERICA help you solve design problems.—Dave Pryce,

COMPETITIVE Associate Editor

Self-calibration and oversampling make room 75
for more digital circuitry on monolithic ADCs

Manufacturers are using self-calibration and oversampling techniques
to incorporate more digital circuitry than analog circuitry on A/D con-
verters.—Jim Wiggand, Associate Editor

PRODUCT UPDATE
68020-based CPU board 83

DESIGN IDEAS

Digital ICs form programmable divider 191
Run Z80 software on an 8085 system 193
Shadow memory offers microcode breakpoints 194
Multiplex circuit adds peripheral options 196
Software RAM refresh cuts parts count 198

Continued on page 9
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AUTOMATIC SCHEMATIC

FUTUREDESIGNER: DRAW LESS. DESIGN
MORE. Introducing FutureDesigner™ —
the only advanced design entry work-
station that lets you describe your cir-
cuit in compact, high-level terms and
create more complex designs faster.
FutureDesigner’s flexible, new tech-
nigues encourage creativity and
experimentation, helping you pro-
duce innovative products quickly and
more accurately.

MULTIPLE DESIGN ENTRY MODES FOR
SPEED AND FLEXIBILITY. Describe
your circuit with any combination of
structural and behavioral representa-
tions. Use schematics to enter the
structural portions of the design, such
as data paths in a memory array. For
portions easier to describe behaviorally,
like sequencers or decoders, simply
enter equations, truth tables or state
diagrams using on-screen input forms.

Data I/0 Corporation
FutureNet 9310 Topar
Data 1/0 Canad:
Data I/0O Europe
Data I/0 Japan
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ADVANCED DESIGN VERIFICATION
HELPS YOU GET IT RIGHT THE FIRST
TIME. For the behavioral portions of
your design, use FutureDesigner as a
“what if"” tool to try different design
approaches. Immediately verify that
your circuit works as you intended. For
the structural portions, design check
tools detect and help you correct con-
nectivity and other common design
errors. Together these features signifi-
cantly shorten the design iteration cycle.

LOGIC SYNTHESIS CONVERTS YOUR
EQUATIONS INTO SCHEMATICS. Once
you've entered equations, state dia-
grams or truth tables, FutureDesigner’s
logic synthesizer eliminates redundant
circuitry and optimizes your design for
size/speed trade-offs. FutureDesigner
is the only design entry workstation that
will then automatically produce the
correct schematics and integrate them
with the total structural design.

CIRCLE NO 138

MORE CHOICES IN TECHNOLOGIES,
VENDORS AND SYSTEMS. Future-
Designer is technology independent.
Choose the most convenient mix of
TTL, PLDs, gate arrays or other
ASICs from a wide range of semi-
conductor manufacturers. You can
easily migrate from one technology
to another without redesign.

FutureDesigner output is an
industry standard, widely accepted
by engineering service bureaus and
semiconductor vendors. You'll also
have access to both FutureNet® and
other CAD systems for simulation
and PCB layout.

Call us today and learn how a
FutureDesigner workstation gives
you the flexibility and accuracy to
design innovative products faster.

1-800-247-5700
Dept. 705

FutureNet

A Data I/0O Company
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TIRED
OF THE
SAME OLD
CHIP?

It's the same old story. Static RAM suppliers come out with new claims based on, what else, speed. But, with
everybody touting speed, they all start looking alike. Until you look at reliability.

That's where INMOS breaks the mold.

At INMOS we understand how important speed is, but we also know it won't do you any good unless it's
in a static RAM that will last. That's why INMOS has developed SRAMs that give you unmatched reliability
without compromising performance.

WEe've achieved that reliability with innovations like the use of layered aluminum and refractory metals to
reduce the effects of electromigration and eliminate stress voiding. A technology that literally keeps devices from
wearing out. It also acts as a barrier to hillocks and inhibits silicon precipitates, virtually eliminating contaminates
and interlevel shorts.

At the transistor level, we use lightly doped drains to inhibit hot electron effects, yielding transistors that will
last over a century.

And our manufacturing flow is managed by one of the most stringent Statistical Process Control systems
in the industry. So you're assured of getting products that are consistent and reliability that is second-to-none.

Our 25ns, 64K static RAMs have set the standards for both speed and reliability. And these standards will
be extended even further with our family of 256K static RAMs.

So if you're tired of the same old line about the same old stuff, call INMOS.

RELIABLE 64K CMOS SRAMs
» [NMOS

g,

INMOS, Colorado Springs, Colorado, Tel. (303) 630-4000;
Bristol, England, Tel. (0454) 616616;
Paris, France, Tel. (1) 46.87.22.01
Munich, Germany, Tel. (089) 319 10 28;
Tokyo, Japan, Tel. 03-505-2840.
inmos, C;' and IMS are trademarks of the INMOS Group of Companies
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Now you can
layout in the Sun.

wable Types Redraw

Selectable Types Setview

Elements Pan

Virame

Dataview
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Don't let reality stop you.

Grab a pad and get to
work on tomorrow.

That’s how we designed
the Am95C60 Quad Pixel
Dataflow Manager,a CMOS
graphics coprocessor that
proves “high performance
graphics” is no longer a
contradiction in terms.

With a polyline draw
speed of 110,000 vectors per
second, a BITBLT transfer of
55ns per pixel,and a polygon
fill of 20ns per pixel, QPDM
can change a screen faster
than the speed of thought.
(It can redraw a 1K X 1K
screen in 0.2 seconds.)

Besides being powerful,
this animal is highly trained.
The instruction set for full
graphics and text primitives
is already on the chip. There
arent any extra programming
hurdles to slow it down.

Full Screen Drawing Performance
(using BITBLT, Polygon Fill, Polyline)

Number of Planes

Each QPDM addresses
four planes.It’s cascadable, too.
With no degradation in
performance.And it can
deliver all the color you need.

Get ahead of the market by
designing it in now. Call us at
(800) 255-DRAW to find out
more about QPDM and
QPDM seminars. Then
discover the rush of designing
the future.

Advanced
Micro Devices ¢

901 Thompson Place, P.O. Box 3453,
Sunnyvale, CA 94088

© Advanced Micro Devices, Inc. 1987
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Imcou"!mo"s' polish versions. Our transceiver line

includes our new RS-232C modem
I"aum“ lomn which provides flexible, cost-competi-
tive solutions for hardwired data prob- T hhomasSBetts
I““Alm COST lems, using either glass or plastic fiber . fa
U terminations. The board mounted Electronics Division

Thomas & Betts has the broadest PCB Data Link series allows fast
selection of fiber optic interconnection terminations — no adhesives, polish-
components. We're converting our ing or special tools — for a high perfor-
technological expertise into Fiber mance, cost-effective system. We offer
Optic Interconnection quality- complete, in-field splice
engineered products you can y kits for high quality,
rely on for fast, easy connec- . low-loss repair splices.
tions at lower installed costs. = If you have a fiber
Our rugged metal SMA con- o optic interconnection
nector design utilizes our problem, we have
in-field cleaving tool technol- 3 a dependable, cost-
ogy to allow polish and grind- & = effective solution for
free terminations. The both in-field and in-
system includes a passive house applications.
coupler and an active coupler. ST : For design application
Our precision capillary, Pre- e e ion assistance and more
Cap™ series of connectors, provided complete information, write or call
in ST* compatible, SMA and FC Customer Service, Thomas & Betts
styles, offer high performance, low Corporation, 920 Route 202, Raritan,
cost connectors in both cleave and NJ 08869; (201) 469-4000.

Other quality Electronics Division products include: IDC Cable and Connector Systems, DIP and
VLSI Sockets, Fiber Optic Systems, Flexible Interconnects, and Tuwo-Piece Connectors.

*A trademark of AT&T Technologies.
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You can also layout with
Apollo And on the DEC*

With complete access to
GDS II”

Introducing the EDS III"
IC Design System.

GE Calma’s new Electronic
Design System puts the auto-
mated IC design tools you
need onto the industry’s
hottest platforms.Without
sacrificing control or your
investment in GDS IL

You see,we've linked the
most popular engineering
workstations to the GDS II
library. So you can retrieve and
work on any existing design.

Or create entirely new
designs in such modern, easy-
to-use environments as Sun;

You'll cut design
time while mak-
ing the most of
your GDS II
library and its
powerful capacity for
GaAs,hybridsand

mixed analog/digital demgn o

And as upgrades for GDSII
are released, EDS III will still
be your standard platform
access.

Route any block
and cell automatically.

You can save more time
by routing standard cells and
blocks of all shapes and sizes
automatically. And you have
the same capability with
standard cell placement and
floor planning,

Apollo and MicroVAX™ But even though the system
1s automated, you're still in
Visit your GDS II charge. With control of die
library anytime. size, power and ground distri-
bution, and placement.

EDS III provides a direct And you can document
library-level your design
interface to as you go

: CAD o
any GDS I1 m along.
design on (Gos 1) W%)at’s
the network. more,you can

Just give the “OPENLIB?” customize the EDS III inter-
command and the GDS II face to fit your needs. Whether
library you want will appear you prefer the latest pull-

on your workstation. Without
going through time-consuming
STREAM"level conversions.
Then make changes using
the advanced EDS I1I features,
including an upcoming
high-level, GPL-compatible
user programming language.

© 1987 Calma Company
Sun and the Sun logo are re

sgistered tradem,
EDN October 15, 1987

. EDS 111, GDS 11, STREAM and GPL are trader
arks of Sun Microsystems, Im

arks of Calma Company. Apollo

down menus and windows in
EDS 111, the familiar GDS 11
menus or your own personal
setup.

And because EDS 111 is
open,you can take advantage
of database access routines to
integrate your own tools.

CIRCLE NO 133

registered trademark of Apollo Computer Company. DEC and MicroVAX are rademar

Now everyone
shines.

' With design tracking
' that automatically
o reflects any change
throughout the system,
EDS III keeps everyone on
your design team informed.
And you in complete
control. No matter how many
revisions are made.

For more hot news,
call our hot line.

So if you're interested in
connecting your industry
standard workstations with the
industry standard CAD sys-
tem, ask for our free brochure.
Call us at 1-800-GE-CALMA,
ext. 430.

And start getting some Sun.

*Apollo and MicroVAX platforms available

early 1988.

ks of Digital Equipment Corporation
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Hitachi’s HD64180 Breeds Powerful

New MPU Family

Thoroughbred horses are bred to be the best.
Each successive generation refines and adds to the
valuable traits of its ancestors. The same careful
evolution also characterizes the growing Hitachi
180 family of high-integration 8-bit CMOS
microprocessors. It started with the 64180 and
now spans the range of general-purpose to
application-specific.

The popular HD64180R and Z have earned
the reputation of being the most powerful 8-bit
microprocessors available. Each gives you the per-
formance of a sophisticated 16-bit design, while
maintaining 100% code compatibility with Z80
and 8080" families. Hitachi’s HD64180R/Z simplify
your high-performance designs and significantly reduce

your system costs by integrating a multitude of power-
ful functions on chip, including an MMU, a two-
channel DMAC, asynch ports, and much more.

The new 180-ZTAT™ device features even higher
levels of integration, to become a complete single-chip
microcontroller! It has the same CPU and capabil-
ities of the HD64180R/Z, but adds 16K of one-
time programmable ROM (EPROM), 512 bytes of
RAM, an analog comparator, an extra timer, and
[/O ports. The ZTAT construction gives you Zero
Turn-Around Time, so you don’t need to wait for
mask ROM devices—the very day you finish
design development, you're in production.

The 180-ZTAT also has the same software
performance that has made the HD64180R/Z
such champions. Off-the-shelf Z80 and 8080
family software runs up to 50% faster. And when
you use the enhanced instruction set and the
capability of addressing 1 Mbyte of memory, it’s
a whole new horse race!




Hitachi’s family of powerful thoroughbreds
continues to grow. Soon we'll be announcing the
180-NPU (Network Processing Unit). This device
combines a high-speed Multi-protocol Serial
Communications Interface with the powerful
64180 CPU. Next, we’'ll have the 180 Standard
Cell for incredible ASIC performance.

Complete 180-Family development support
is available on the IBM-PC, DEC VAX, and
HP64000* from Hitachi and leading third-party
vendors (such as: Hewlett-Packard, Microtec
Research, American Automation, Tektronix,
and many others).

For more information on the growing
180-Family, contact your local Hitachi Sales
Representative or Distributor Sales Office today.

Fast Action: To obtain product literature
immediately, CALL TOLL FREE, 1-800-842-9000,
Ext. 6809. Ask for literature number SB-105.

*Z80 and 8080 are registered trademarks of Zilog Inc. and Intel
Corporation, respectively; IBM-PC, DEC VAX, and HP64000 are
registered trademarks of IBM Corp., Digital Equipment Corp., and
Hewlett-Packard Corp., respectively.

Hitachi America, Ltd.

Semiconductor and IC Division

2210 O’'Toole Avenue, San Jose, CA 95131
Telephone 1-408/435-8300

@ HITACHI

We make things possible

Performance




World'’s Fastest

2-bit CMOS EDC
25nNS e’

IDT49C4608B: fastest speed,
lowest power 32-bit EDC.

Your memories are getting bigger and
with that comes higher error rates.
Use the new, faster IDT49C460B to
enhance data integrity. It corrects all
single-bit errors, detects all double and
some triple-bit errors.

Replaces 2960s. You can easily
upgrade existing 2960 systems with the
IDT49C460B because both devices use
the same Hamming code. Your design
benefits from faster speed, im-
proved power consumption and

sl H :
a 3-to-1 reduction in chip count. us‘é'.',.‘;‘
Byte writes, byte operations ‘g;;ld’s
and diagnostics are included. ED"C"

Faster than bipolar. The
IDT49C460B detects an error
in 25ns and corrects in 30ns.
Nothing is faster.

Lowest power. The only 32-bit
EDC in CMOS consumes just 95mA
commercial. Now you can get EDC
faster than the fastest bipolar but with
CMOS power.

Cascades to 64 bits. Only IDT
offers you a simple, two chip solution
for 64-bit EDC. (The TI632 cannot be
cascaded to 64-bits; while the Am2960
approach requires 14 devices.)

20

16-Bit EDC
IDT39C60A IDT39C60-1 IDT39C60
Data to error detect 20ns 25ns 32ns
Data to error correct o 73@ VAo 7\52F . 65ns
Commerciallc, ~  8mA  8mA  8mA

Speed leadership in 16-bit EDC.

We also make a family of 16-bit CMOS
EDCs. All are 2960 pin compatible with
improved output drive while consuming
only 1/4 the power.

The IDT39C60A is unquestionably
the highest performance TTL com-
patible CMOS 16-bit EDC in the
world. And more than just some

“specs on paper,” it's available
now—in volume.

The IDT39C60-1 and IDT39C60

are equal in speed to the 2960-1
and 2960.

Packages. []48-pin plastic and
ceramic DIPs. [ 52-pin PLCC/LCCs.

Also ask for our Product Selector
Guide on CEMOS™ MICROSLICE™
(bit-slice microprocessor products),
Subsystems, Memory Interface
Logic, Digital Signal Processing
Circuits (multipliers and MACs), Data
Conversion Products, E2PROMs and
one of the fastest, broadest lines of
Static RAMs in the world (including the
biggest, fastest families of FIFOs and
Dual Ports).

When cost-effective performance counts

Cascadable. Up to 64 bits. t

rated

May we be of assistance? {

Integ

N s
Contact our local representative, i

call 1-800-IDT-CMOS, or fill in the
bingo for a copy of our Data Sheet

and our Application Note explaining how
to use 16- or 32-bit EDC.

CEMOS and MICROSLICE are trademarks of
Integrated Device Technology, Inc.

1dt /DeviceTechnology

3236 Scott Blvd.

Santa Clara, CA 95054-3090
(408) 727-6116

TWX 910-338-2070
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NEWS BREAKS

EDITED BY JOAN MORROW

THREE-TERMINAL 7.5A REGULATOR FEATURES 1.5V DROPOUT

The LT1083 3-terminal, positive, adjustable regulator from Linear Technology
(Milpitas, CA, (408) 432-1900) features a guaranteed 1.5V dropout rating while carry-
ing its maximum rated current of 7.5A. The device is suitable for applications that
require high-efficiency linear regulation. In addition, the device dumps its quiescent
current into the load, further improving the circuit’s efficiency. Versions of the
regulator are available in TO-3 and TO-R47 packages. In the TO-247 package, the device
costs $7.70 (100).—Steven H Leibson

WINCHESTER-DRIVE FAMILIES OFFER ESDI AND SCSI OPTIONS

Micropolis Corp (Chatsworth, CA, (818) 709-3300) has added the half-height 1600
and the full-height 1500 families of 5%-in. Winchesters to its product line. The drives
offer storage capacities of 180M and 765M bytes, respectively. You can choose from
ESDI (Enhanced Small Device Interface) or embedded-SCSI (Small Computer System
Interface) versions for both families. The 1650/1670 (ESDI/SCSI) half-height drives
employ four platters to achieve the 180M-byte unformatted capacity. Eight platters fit
within the full-height 1500 drives. The 1600 drives cost less than $4.50/megabyte; the
1500 Winchesters cost less than $3/megabyte (500).—Maury Wright

LABWINDOWS NOW AVAILABLE FOR IBM MICROCOMPUTERS

In addition to running on the Macintosh, the LabWindows software development tool
for applications involving data acquisition, GPIB instrument control, and data analysis
now runs on IBM PC, PS/2, and compatible computers. This interactive program from
National Instruments (Austin, TX, (512) 250-9119) lets you generate sequences of C and
Basic code via pull-down menus that present an assortment of library functions and
parameters; you don’t need to know the specific details of GPIB programming or your
instruments to use this program. This $495 program can simulate the front panel of
an instrument, and it comes with routines for performing 2-dimensional data plots,
statistical analysis, complex and array math, multiple curve plots, and data-format
conversion.—dJ D Mosley

EIGHT-IN. DISK DRIVE STORES 1B BYTES OF DATA

Through the use of thin-film media and thin-film heads, Control Data Corp
(Minneapolis, MN, (612) 853-7388) has manufactured the Sabre 1230, an 8-in. disk
drive with an unformatted capacity of 1236M bytes. Featuring an average seek time of
16 msec, the Sabre 1230 provides a transfer rate of 24.19 MHz (3.02M bytes/sec). You
can select from either an SMD, SMD-E, IPI-2, or SCSI interface. The manufacturer
estimates a 30,000-hr MTBF and offers a 3-year warranty on head and disk
assemblies. Priced at $6470 (OEM qty), customer-evaluation units of the Sabre 1230
are currently available. You can expect production deliveries during the second
quarter of 1988.—dJ D Mosley

A/D-CONVERTER CARD ADDS ANALOG MEASUREMENT TO HP9000 SERIES

Infotek Systems’ (Anaheim, CA) $1900 AD300 adds 32 single-ended or 16 differential
channels of A/D conversion to the Hewlett-Packard HP90O0O Series 200 and 300
workstations. The card performs 200,000 12-bit samples/sec and contains four S/H
circuits to allow simultaneous measurements on as many as four signals. An onboard
channel sequencer stores as many as 2048 sequencing steps; each step specifies a
channel and gain. The AD300 includes level- and edge-sensitive trigger inputs and
eight digital outputs for controlling external circuitry.—Steven H Leibson
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NEWS BREAKS

VME BUS-BASED SYSTEM HOSTS UNIX SYSTEM V RELEASE 3.1

The Unicorn C multiuser/multitasking computer system runs Unix System V release
3.1. Microproject Corp (Marina del Rey, CA, (213) 306-8000) offers the VME Bus-based
system, which is powered by a 30-MHz AT&T WE 32200 pP and support chips. You can
buy system configurations that support as many as 200 users and a variety of
peripheral configurations. The Unix implementation provides hooks that allow you to
add device drivers without modifying the Unix source code. You can also specify the
system with 68000-family VME Bus boards that act as a front end for real-time control
applications. An 8-user, 88M-byte system costs $15,000.—Maury Wright

RISC-BASED UNIX SUPERMINI RUNS AT 14 VAX MIPS

Parallel instruction execution combined with 128k-byte caches for both code and
data give the 5100 from Ridge Computers (Santa Clara, CA, (408) 986-8500) its 14 VAX
MIPS rate. (Vendors are beginning to use the VAX 11/780’s 1-MIPS rate as a standard
measure.) The RISC-based computer can execute instructions in parallel by using three
processing units for integer, floating-point, and memory-reference operations. The pro-
cessing units execute instructions independently, yet share current data in general-
purpose registers. A code-resequencing compiler automatically rearrangés your code to
make the best use of the parallel-processing units. Cache coherency hardware updates
rather than flushes the cache when cache contents no longer match main memory.
Prices start at $109,000 for a system with 16M bytes of main memory and a 300M-byte
hard disk.—Doug Conner

TAPE-LENGTH INCREASE BOOSTS CARTRIDGE CAPACITY

Series IT Gold Plus XL tape cartridges can now store as much as 500M bytes in the
5Ya-in. form factor and 100M bytes in the 3%-in. form factor. The cartridges are com-
patible with industry-standard tape drives that use the QIC-24, -40, -100, -120, -150,
and -300 formats. DEI (San Diego, CA) has engineered the series of Y-in. tape car-
tridges to increase the tape area and has modified the tape coating and chemical for-
mulation to result in thinner tape. The new design allows the company to put 750 to
1000 ft of tape into a package that typically holds 600 ft. The company also packs 300
ft into the minicartridge that previously held 205 ft. The 750-ft 750XL costs $55.50,
the 1000-ft 1000XL is $59.00, and the Microtape 300XL costs $35.00.—Maury Wright

7200W MULTIPLE-OUTPUT POWER SUPPLY IS USER CONFIGURABLE

Westcor’s (Los Gatos, CA, (408) 395-7050) PowerCage card cage and PowerCard cards
allow you to configure a power supply in your factory. The PowerCage has slots for 18
PowerCards in a 19-in. rack-mount enclosure that measures 10% in. highx11%4 in.
deep. Each PowerCard supplies as much as 400W at one or two fixed voltages ranging
from 2 to 78V; if you fill all 18 slots with 400W PowerCards, you can obtain 7200W
max. You can connect in parallel as many as 18 single-output cards for high-current
requirements, or use 18 dual-output cards for a total of 36 different output voltages, or
use any combination in between. One-MHz switching converters allow the system to
achieve typical efficiencies of 80%. The PowerCage is priced from $1000; the Power-
Cards start at $400.—Doug Conner
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Faster!

CMOS at speed.

A few more fast, fast
reasons fo call for our
new databook:

1. New 64K SRAM. 25ns. Seven configura-
tions—including bit-wide, nibble-wide, byte-
wide, separate I/0, and all with low, low, power.
As low as 50 mA active at 45ns.

2. New 128K Reprogrammable PROM. 45 ns.
100 mA active, 30 mA standby.

3. New 64 x 9 and 64 x 8 FIFOs. 35 MHz.
Virtually no bubble through. Cascadeable.

4. Fastest 22V10 Reprogrammable PLD. 25ns.
55 mA. And we have the board to turn your PC
into a PLD/PROM programmer, too!
5. High speed CMOS SRAM.
6. High speed CMOS PROM.
7. High speed CMOS PLD.

ﬁ. Fabricated and assembled in our
ESC-certified U.S.A. facilities.

flow power parts, is yours for a phone call.
DATABOOK HOTLINE:

-800-423-4440 (In CA), Ask for Dept. €42
2) 2-672-2220 (In Evrope)

o,

=, o]
o
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& CYPRESS

—== & SEMICONDUCTOR

Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134.
Phone (408) 943-2666 Telex 821032 CYPRESS SNJ UD, TWX 910-997-0753
PAL is a registered trademark of Monolithic Memories, Inc.

©1987 Cypress Semiconductor

We illustrate the Lockheed SR-71 Reconnaissance aircraft, holder of the world’s air
speed record: 2,193 miles per hour. We're fond of speed records. Over 30 of our parts
have broken or still hold speed records for integrated circuits.




NEWS BREAKS: INTERNATIONAL

pP-BUS INTERFACE CONTROLLER HAS SIX OPERATING MODES

The SAB82R2R0 bus interface controller from Siemens AG (Munich, West Germany,
TLX 5210025; in the US, Santa Clara, CA, (408) 980-4500) integrates into a 68-pin
plastic leaded chip carrier several of the functions required to interface 8086/88,
80186/188, or 80286 uPs to microcomputer buses. The controller, which is expected to
sell for around DM 27 (1000), includes byte-swapping logic, parity generation/check
logic, bus-controller and bus-arbiter functions, an address decoder, and the 48-mA
and 32-mA bidirectional bus transceivers required to drive multiplexed address/
data buses.

By hardwiring mode-control inputs, you can operate the device in one of six dif-
ferent modes. These modes allow you to implement an 18-bit dual-port interface, 27- or
24-bit single-port interfaces, or 18- or 16-bit bus controllers. In addition, you can use
the device to demultiplex addresses and data onto separate buses.—Peter Harold

GATE-ASSISTED TURN-OFF THYRISTORS BOOST CONVERTER FREQUENCY

Thomson Semiconducteurs’ (Paris, France, TLX 204780) ZTO thyristors allow you to
design high-power choppers and inverters that operate at frequencies higher than 20
kHz, and let you design resonant converters that operate at 50 kHz or higher. The ZTO
(zero turn-off time) thyristor is a gate-assisted turn-off device that only requires small
commutation components and simple gate-drive circuitry. Advantages over GTO (gate
turn-off) thyristors include a maximum controllable current about 10 times greater
than that of a similar-sized GTO and no minimum on-time or off-time requirement. In
addition, because the anode current falls to zero before the anode voltage starts to
increase, turn-off switching losses are small. As a result, you can use ZTO devices at
higher frequencies than gate turn-off thyristors.

Initial offerings include 500 and 900A devices with blocking voltages as high as
1600V; they cost $200 and $300 (1000). In 1988 the company plans to add
2000A /2500V devices to the family.—Peter Harold

SEMICONDUCTOR COMPANIES WANT PRODUCTION LIMITS RAISED

Japanese semiconductor manufacturers, who have been observing a production cur-
tailment under government supervision, will ask the Ministry of International Trade
and Industry (MITI) to relax the limits for the last quarter of the year. Because of the
semiconductor industry’s recovery, the manufacturers are hoping for a 10% increase
in the 256k-bit dynamic-RAM output and a 50% increase in 1M-bit dynamic-RAM pro-
duction. The vendors would also like to see the ceilings rise on ASIC devices and
microprocessors. MITI will study the market more closely before deciding on any
action; it notes that although the market appears strong, there is a possibility that the
current demand could be based on double ordering.—Joan Morrow
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rugged plug-in

amplifiers

0.5 to 1000MHZ on $1372....

Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C
temperature range, in a rugged package...that's Mini-Circuits' new MAN-amplifier series.
The MAN-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
500MHz and 0.5 to 1000MHz, and NF as low as 2.8dB.

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

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

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

breakthrough.

FREQ.

RANGE GAIN MAX. NF DC PWR PRICE

(MHz) dB OUT/PWRt dB 12V, $ ea
MODEL ftof, min flatnesstt dBm (typ) mA (5-24)
MAN-1 0.5-500 28 1.0 8 45 60 13.95
MAN-2 0.5-1000 19 15 7 6.0 85 156.95
MAN-1LN 0.5-500 28 1.0 8 28 60 1595
ttMidband 10f_ tof,, ,+ 0.5dB t1dB Gain Compression

u/o!
Max input power (no damage) +15dBm; VSWR in/out 1.8:1 max

finding new ways ...
setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation

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

worlds tiniest hermetically-sealed mixers from $119

40KHz to 3GHz, MIL-M-28837 performance*

We know our TFM mixers are tough ... they meet stringent
MIL-M-28837 environmental requirements. But even we were
surprised when our in-house weightlifter whacked a TFM-2 several
times with a hammer ... and the unit still passed all electrical tests
(we don't recommend you do the same).

Only 0.5 by 0.21 in. in pc board area, the TFM-series is the
smallest hermetically-sealed mixer available anywhere. Although it
has exceedingly wide bandwidth, it still takes up less space than
flatpacks or TO-8 cases.

Count on tiny TEMs to take punishment...
they not only will survive, they will meet all specifications.

*Units are not QPL-listed

E-Z Mounting for circuit layouts
Use the TFM series to solve your tight
space problems. Take advantage of

the mounting versatility—plug it

upright on a PC board or mount it
sideways as a flatpack.

PLUG-IN

>

FLAT MOUNT

7

EDGE MOUNT

CIRCLE NO 129

Model Freq. (MHz) | Conv. } L-R Price Qty
LO/RF | Loss |Isolation| $
(dB), typ | (dB), typ

TFM-2 111000 | 70 | 30 | 1195 (1-49
+ TFM-2P 1-1000 7.0 30 1195 (1-49)
TFM-3 0.04-400 6.0 35 19.95 (5-49)
TEM-4 5-1250 7.5 30 21.95 (5-49)
TEM-5 5-1500 8.0 30 2395 (5-49)
eee TEM-11 1-2000 | 7.5 25 39.95 (1-24)
eee TEM-12 800-1250 | 6.0 35 39.95 (1-24)

«s TFM-15 10-3000 63 35 4995 (1-9)

»« TEM-150 102000/ 65 | 35 3995 (1-9

+ phase detection, pos. polarity
eee [F port not DC coupled
«» +10dBm LO, +5dBm RF at 1dB compression
all other models +7dBm LO, +1dBm RF at 1dB compression

finding new ways

setting h

- "‘Hi“ : . S
[ JMini-Circuits

A Division of Scientific Components Corporation
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telexes: 6852844 or 620156

C 114 REV. ORIG.




“AUTOMATIC ASIC TES

THAT’S WHAT WE
AND WE NEED IT AT EVERY ¢




PROGRAMING.
REALLY NEED.
AGE IN THE PROCESS.”

WE COULDN'T AGREE MORE.

Testing ASIC devices creates a whole new set of problems.
Developing test programs, characterizing, verifying and debugging
are, at best, unwelcome and time-consuming for ASIC designers.
ASIC vendors can test the silicon, but not the custom functionality
of the ASIC prototype. Traditional test approaches and traditional
ATE merely compound the problem.

At ASIX Systems our focus has always been exclusively on
ASICs. From the start we took an entirely different approach to
solving the unique ASIC test problems. We saw immediately that
adapting existing ATE to try to fit to needs of ASICs didn’t make
sense. Designing a totally new, focused ASIC test system did. Not
only did programs need to be automated, they needed to be devel-
oped from the design data base and menu-driven, so changes would
be simple to make. And the test system itself had to be easy to use,
designed for its particular environment, and a cost-effective
alternative to the huge, expensive, complicated ATE.

TEST SOLUTIONS FOR THE WHOLE ASIC COMMUNITY.

Our unique perspective allowed us to understand that the
ASIC world is not so much Design Engineers, Test Engineers and
Quality Engineers working independently. It's more a “community”
of specialists whose tasks are intrinsically linked. So we made
sure that we could provide another crucial element. Communica-
tion. In order to capture the vital time-to-market edge, what ASIC
end users and vendors really need is the opportunity to use the
same test programs and the same tester. That’s what gives both
environments a common frame of reference and the chance to
generate test programs automatically from the design data base.
That’s the ASIX-1 family of test systems.

ASIX-1: ASIC TEST SYSTEMS THAT MAKE SENSE.

We don't have the room here to tell you everything the ASTX-1
family has to offer. But here are a few things to think about:
automatic, menu-guided programming; data base management;
ATE architecture and flexibility at an affordable cost; 256 true
[/0 pins; “zero footprint”; fully integrated PMU; automatic
calibration; simple fixturing; no cabling; high
MTBF. That’s enough. If you're testing
ASICs you know you have to see for ~ f
yourself what the ASIX-1 can do. And
the sooner the better. ASIX Systems
Corporation - 47338 Fremont Blvd +
Fremont, CA 94538.

CALL: 1-809-FOR-ASIX

23X
-
SYSTEMS
REAL ASIC TEST SOLUTIONS.
FROM THE REAL ASIC TEST COMPANY.
CIRCLE NO 127




HOURS MINUTES

Until now, if you wanted to put 50,000
gates on one chip, you usually had to put
them in one at a time. You had to put in
three months work. And you had to put
your launch date into a holding pattern.

Not anymore.

Announcing the

that take you to

only compilers
gate arrays and cells. Fast.

Now with VLSIs new Datapath and
State Machine Compilers you can design
in high level symbols instead of gates. A
design that used to take months, can now

SECONDS

be turned around in days. Even less.

With the help of our new Datapath
Compiler you can design a 64-bit RISC
datapath on your lunch hour.

But can you use control logic? You bet
your sweet datapath you can.

Our State Machine Compiler accepts
high level expressions of logic functions
and gives you tightly packed state control
logic in a fraction of the time it would
take to design it by hand.

We did the design entry for an asynchro-
nous receiver in one hour. It would've taken

EDN October 15, 1987



ING YOUR TIME.

HOURS MINUTES SECONDS

seven days using traditional schematics. our new Datapath and State Machine
And not only do we give you high Compilers, and the VGT100 family of

integration design tools, we give gate arrays they work with, write us

you high integration devices. & =3 at 1109 McKay Drive, San Jose,
Our CMOS 1.5 micron CA 95131. Or give us a call at

VGT100 series of gate arrays INE 25 RN (300) 872-6753.

puts as many as 50,000 use- Wy, /1 Well show you a good time.

able gates on a chip. And ‘ To find out how much time you can

our 1.5 micron CMOS P save, call us for a free stopwatch.
cell-based technology T e s

palcfk %?Sﬂﬁffﬁggé > @VLSI TECHNOLOGY, INC.
information about ' See us at DAC, Booth 131.
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SIGNALS & NOISE

Don’t reprogram
space-program funds

With reference to the editorial “Nix
the Mars trip” (EDN, June 11, pg
51): I understand Jon Titus’s moti-
vations for wanting to reprogram a
hypothetical $10 billion Mars outlay
toward improving high-school sci-
ence programs. However, one must
be very careful about leading
charges to effect more prudent
spending, especially when no one
knows who is going to be in the
position to decide what “more pru-
dent” means.

If this hypothetical $10 billion
emerged and got reprogrammed as
Mr Titus suggests, I can just see the
social scientists arguing: “Why
spend this money on science labs
only . . . why are you discriminat-
ing against psychology and sociolo-
gy, or the study of pre-Columbian
termite worship ... ?” You see
where this is going. Then come the

“internationalists,” who could cer-
tainly spend $10 billion on the
world’s hungry, thirsty, homeless,
or whatever group is in vogue this
year.

What I'm trying to convey, anec-
dotically, is the idea that once a $10
billion fund starts to be repro-
grammed, for whatever reason,
there’s no telling what it will even-
tually be used for, or even if it will
be so diluted that it won’t be of help
to anyone, from planetary scientist
through the gamut of potential re-
cipients. Upgrading high-school
math and science curricula is cer-
tainly a laudable goal, and the good
fight is to press for federal help in
effecting it, not to take the money
from some other laudable goal. ‘

By the way, I disagree with Mr
Titus’s assessment of the technolo-
gy fallout of the Apollo program.
That effort was the agar in which
computer technology was nurtured

and from which it eventually flow-
ered into its own market, for every-
man.

Other than that, Mr Titus’s views
are generally insightful and useful.
Bill Kamenel
Ocean, NJ

PC-software report

shouldn’t ignore Macintosh
The focus on IBM personal comput-
ers in the Special Report entitled
“PC-based GPIB control and data-
acquisition products” (EDN, Au-
gust 6, pg 94) is inappropriately
narrow. The report mentions sever-
al products that are not yet avail-
able, while omitting available alter-
natives.

For instance, the report cites
LabWindows as a powerful new
software tool due this September
from National Instruments. Yet no

You Don’'t Need a Thousand Words
When You Have a Picture Like This!

tve image quality

demonstrated here is re-
quired by your customers . . .
and will be appreciated! They
expect THE BEST from original
equipment manufacturers.
You can provide it! While
other video monitor venders
claim, "about 100 + MHZ"
video bandwidth,* Video
Monitors, Inc. provides it!
While other vendors claim,
"“full gray-scale color capabili-
ty,” VMI delivers it!

And if your customers or
you need semi-custom or
custom designs, VMI can pro-
vide this service. These are
just a few of the reasons why
video Monitors, Inc. should be
your supplier of very high
resolution monitors.

5 North White Avenue

aire, Wisconsin 54703

334-7785

b el

Large Image Area

unretouvched photograph
*3.5 NS max. rise & fall time measured at CRT cathode.

State-of-the-Art Technology
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Sprague continues as the innovator in power interface with the broadest assortment of
i ower drivers. You can get them with high voltage (to 200 V), high
current (to 4A per output), and smart-power BIMOS. Functlons
are available from 4 to 32 sourcing outputs; many combined
with shift-registers, latches,
decoders, etc. They fit many
. A B |_4e commercial/military
appllcallons mc]udmg automouvc telcwmmummlnons prmters and other pcnpherals plus business machines.
Sprague Electric Company, Semiconductor Group, Worcester, MA. For applications assistance, call 800/247-2077 (in
Mass., 800/ 076). For Brochures WR-172, WR-189, and WR-203, write to Technical Literature Service, Sprague

Electric C& _P.O. Box 9102. Mansfield. MA 02048-9102. & SpRnGUE

THE MARK OF RELIABILITY




GAIN THE GOMPETITIVE EDGE

With Patented Keyboard Test Equipment
From HASCO TECHNOLOGY

Customer satisfaction means increased profit. Now you can guarantee that
satisfaction 100%. Eliminate human error and harsh test equipment that can
damage precision keyboards.

We offer: Test speeds up to 30 strokes per second ® Semi-automatic, to fully
conveyorized, stand-alone systems ® Internal or external control for all appli-
cations @ Tactile testing, bar code reading, and much more ® Complete record
of all test results...All at a far lower cost than you ever imagined.

Let us show you how you can gain the
competitive edge and expand your new
design and production capabilities
with 100% production test reliability.
Call Today (818) 709-6268

TECHNOLOG

9960 Canoga Ave., Chatsworth, CA e 91311

SIGNALS & NOISE

CIRCLE NO 3

mention is made of the company’s
equally powerful LabView software
for the Apple Macintosh; this soft-
ware has been available for almost a
year. And although IBM’s PS/2 ma-
chines are just coming on line, Na-
tional Instruments has supported
Apple’s 32-bit, open-architecture
Macintosh II since last fall. One can
infer the company’s commitment to
this market by noting that the com-
pany’s booth at Electro 87 show-
cased primarily Macintosh-based
GPIB and DMA controllers.
Granted, every survey must draw
the line somewhere. But a report
purporting to summarize a technol-
ogy area should draw it broadly
enough to encompass the existing
state of the art. EDN’s report fails
to do that.
Gordon H Benett
EMS Development Corp
Farmingdale, NY
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Display module
is available

The Design Idea entitled “Simple
interface drives remote LED dis-
play” (EDN, June 11, pg 210) used
the NSM4005A serial-data-input
display module from National Semi-
conductor. Our company purchased
National Semiconductor’s Optoelec-
tronics Div in December 1985. We
continue to manufacture the display
module, but now call it the
TSM4005A.

Michael Bottini

Three-Five Semiconductor Inc
Tempe, AZ

WRITE IN

Send you letters to the Signals and
Noise Editor, 275 Washington St,
Newton, MA 02158. We welcome alll
comments, pro or con. All letters
must be signed, but we will withhold
your name upon request. We re-
serve the right to edit letters for

m@e\(\xﬁ;‘:ﬁ"“’m space and clarity.
R
CIRCLE NO 4
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You told us what
you wanted 1
digitizing oscilloscopes,

took your advice...




AGAIN.

Introducing HP’s new high-perfo

You told us what would best
meet your measurement needs.

So in '84 and '85 we
brought you digitizing oscillo-
scopes with pioneering features
like full programmability, 1 GHz
repetitive bandwidth, color
displays, automatic answers,
single-shot pulse reconstruc-
tion, infinite persistence, and
instant hardcopy output.

And now, we bring you
the new HP 54111D/54112D/
54120T series.

These high-performance
digitizing oscilloscopes let you
measure what you've never
measured before, with superb
accuracy and ease of use.

You'll find innovations

HP54111D

such as'20 GHz bandwidth,
4-channel simultaneous 400
MSa/sec with 64k memory per
channel, time domain reflec-
tometry (TDR) with normali-
zation, 10 psec time interval
accuracy, and more.

HP54111D:
the hot single shot.

The HP 54111D offers
two simultaneous channels
operating at up to 1 Giga-
sample per second...allowing
you to capture high-speed
single-shot phenomena such
as high-speed pulses, plasma
discharge, high voltage arcing,
high frequency bursts, laser
pulses and high energy events.

=1 Gigasample/sec digitizing rate
[J 500 MHz repetitive bandwidth
[J 250 MHz single-shot bandwidth
[] 8k memory per channel

[J 1 mv/div sensitivity

You get the single-shot
performance of analog storage
oscilloscopes with all of the
performance advantages of
digitizing oscilloscopes.

The HP 54111D also offers
a 500 MHz bandwidth, so it will
perform admirably in a wide
variety of repetitive as well as
non-repetitive applications.

HP54112D:
64,000 bytes times 4.
The HP 54112D offers you
simultaneous 4-channel capture
at 400 Megasamples per second
with 64k of memory per chan-
nel. Just right for the long data
streams found in serial data
communication applications.

HP54112D

[] 400 Megasamples/sec digitizing rate
[J 100 MHz repetitive or single-shot
[J 4 simultaneous channels

[ 64k memory per channel




rmance digitizing oscilloscopes.

Four simultaneous chan-
nels enhance critical timing
measurements on multiple test
points...single-shot. And the
HP 54112D's four channels are
always real-time correlated for
every trigger occurrence.

In automated test, four
channels with 64k memory per
channel boost your throughput
by capturing 256k of data
simultaneously.

HP54120T': excels in

high-speed applications.

With its 20 GHz band-
width and 10 psec accuracy, the
HP 54120T lets you measure
propagation delays of ICs or
switching times of high-speed

diodes. Characterize microwave
switches. Verify signal path
impedances in computer back-
planes and test fixtures. And
more.

You get high sensitivity,
resolution, and accuracy for
repeatable time-interval and
voltage measurements, with
stability and ease-of-use com-
parable to lower-performance
oscilloscopes.

The HP 54120T offers four
channels for logic gate charac-
terization. Time and voltage
histograms to help you quantify
noise and jitter. Normalization
to correct for imperfect connec-
tors in reflection (TDR) and
transmission measurements.

HP 54120T
[J dc-20 GHz bandwidth with averaging
[J 10 psec time interval accuracy

(Jo0.25 psec time interval resolution

[J Time and voltage histograms

[] Stable TDR with normalization

J0.4% voltage accuracy
e [ 4 channels

Probing to 6 GHz. And the list
goes on.

Contact HP today!

For more information on
our new high-performance
digitizing oscilloscopes, fill out
and mail the postage-paid reply
card today. Call us direct at
1-800-752-0900. Or contact
your local HP sales office listed
in the telephone directory white
pages. Ask for the electronic
instruments department.

[/} cackaro




The specs you need, and the features you want.

In addition to their outstanding individual contributions, the new HP
54111D/54112D/54120T digitizing scopes offer you full programmability,
automatic measurements, instant hardcopy output to printers and plotters,
waveform storage, and multiple-color displays.

You also have HP's excellent reliability, documentation, and support
to make you productive with your HP instrument quickly and ensure your
satisfaction for'years to come.
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HP54111D $23,900.00*
VERTICAL
Rep. bandwidth 500 MHz e 3 EE——
S.S. bandwidth 250 MHz *%
e i T HP54120T $27850.00
Resolution 8 bit to 256 MHz, VERTICAL:
7 bit to 100 MHz, Rep. bandwidth 20 GHz
6 bit to 250 MHz S.S. bandwidth NO
Sensitivity 1 mV/div Risetime 17.5 psec
to 5 V/div Accuracy 0.4%
Coupling ac, dc; 50 Ohm & Inputs 4 chan & 1 trig
1 MOhm Resolution 12 bits
HORIZONTAL: Sensitivity 1 mV/div to 80 mV/div
Digitizing rate (max) 1 GSalsec Coupling 50 Ohm
Resolt_mon o 10 psec HORIZONTAL:
Pre-trigger viewing YES
Accuracy 10 psec
MEMQRY5 Resolution 0.25 psec
Acquisition/chan 8k ; Pre-trigger viewing NO
Waveform storage 2 pixel, Range 10 psec/div-1 s/div

Nonvolatile
instrument setups

4 rep wfm, 4 ss wfm

10

G

MEMORY:
Acquisition/chan
Waveform storage

0.5k
2 pixel (volatile),
4 rep wfm (nonvolatile)

J QURLCRS Nonvolatile
[= A %88 oQ instrument setups: 10
| % gaE ¢ i
3 : 8 c v Pulse source
) | Amplitude 0-200 mV
L- =7 Risetime 35 psec
- 1 e Flatness 1%
e T — Normalization YES
HP 5 41 1 2D $2 2 9 OO 0 0* Waveform histograms YES
y i
VERTICAL:
Rep. bandwidth 100 MHz
S.S. bandwidth 100 MHz *U.S. list price only.
Inputs 4 chan & 1 trig Varie_s accprding to options selected.
Resolution 6 bit to 100 MHz b Aepes odly.
au _ Includes both the HP 54120A and HP 54121A.
Sensitivity 5 mV/div Soacificat : i
t0 5 Vidiv pecifications subject to change without notice.
Coupling ?CM%;:I 50 Ohm & Gresron  HP1B:Not st IEEE 488, bul e
ardware, documentation an
HORIZONTAL: - STRTEME' (i 04 mesmma S,
Digitizing rate (max) 400 MSa/sec
Resolution 40 psec
Pre-trigger viewing YES
MEMORY:
Acquisition/chan 64k
Waveform storage 2 pixel,

HEWLETT
PACKARD

4 rep wfm, 4 ss wfm
Nonvolatile
instrument setups: 10

Uy

ENs5701
5954-2661



°s in seconds.

Instant answers on your IBM with the Motorola Data Disk.

Just pop it in, punch it up and youve got
your specs. It's the Motorola Data Disk, a
faster, better, more cost-effective tool for
high-speed device selection and an alter-
native to the slow drudgery of traditional
methods.

Nothing faster.

You've finished the design, know what
you need and now comes the hard part—
hours searching through data books and
selector guides for devices most likely to
work. Then more time hunting up prices.

With the new Motorola Data Disk
(TMOS™ & bipolar power version), you
can locate devices and prices in seconds.

Just slip the Disk into your IBM PC or
compatible and specify your design
parameters. A single keystroke brings you
an instantaneous readout of all Motorola
low-frequency power transistors that meet
your requirements. What's more, it sorts
the display showing the best device first,
second best next, etc.

Nothing denser.

We've stored data sheet characteristics
for every Motorola bipolar power tran-
sistor and TMOS powerFET on a single
360K IBM PC floppy—parameters repre-

IBM is a registered trademark of
International Business Machines.

EDN October 15, 1987

senting the broadest power transistor offer-

ing in the world. We'll soon be introducing
a more complete Data Disk and one final
Disk containing every device we manufac-
ture...our entire Master Selector Guide.

Nothing smarter.

The Motorola TMOS and Bipolar
Transistor Data Disk is the first intelligent
high-speed selection guide...a huge step
in user-friendly, database technology. And
you can choose from any of five languages
with smart footnotes, pop-up windows
and help screens. If you can boot your com-
puter, you can use the Motorola Data Disk

Incredibly simple. Astoundingly quick.
Refreshingly painless.

One-on-one design-in help.

1-800-521-6274

Normally priced at $2, the Disk is avail-
able free for a limited time. Call toll-free any
weekday, 8:00 a.m. to 4:30 p.m., MST, for
your copy. Or send the coupon to

Motorola Semicon-
Were

ductor Products, Inc.,
P.O. Box 20912,

Phoenix, AZ 85036. n L.lr
It'll help you to n-1n

market. Faster. m
.

@ MOTOROLA

e e e e e e e

Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive

Blakelands, Milton Keynes MK14-5BP, United Kingdom |
Please send me a FREE Motorola Data Disk, DK101/D. |
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Suppress those




nasty little surges.

With Surgector and GE-MOV
surge suppressors.

Now, whether you're
designing small consumer
products, industrial controls,
high-rel military and aerospace
systems, or anything in between,
we have a surge protection
solution for you. Because if one
of our GE-MOV varistors isn’t
exactly right for the job, then one

GE-MOV

Surgector

Leader in Varistors.

We have the broadest line of varistors in the
industry, with a range from 5V to 3500V, including
the highest-energy MOV's in the industry (up to
70,000 peak amps and 10,000 joules).

They're widely used for incoming ac line
protection in power supplies, clamping circuits
and low voltage supply protection.

What do GE-MOV Varistors do?
1400 Without GE-MOV  ynsafe

1200

L ET L ET

Peak volts
-
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L
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They’re available in a variety of packages,
including axial leaded, radial leaded, leadless
surface mount, high-energy modules and
connector-pin configurations. And they're
all available for fast delivery.

Inventor of Surgector devices.

Surgector devices respond rapidly and handle
a lot of energy. So they're ideal for protecting

of our Surgectors probably will be.

sensitive or expensive components from lightning
strikes, load changes, switching transients, commu-
tation spikes, electro-static discharge and line
Crosses.

How they work.

Surgector devices combine a zener diode and
an SCR into one reliable, cost-effective device.

Typical Surgector
voltage-current characteristics

On-state
voltage

Zener voltage

At low voltages, the Surgector is “off,”
representing high forward impedance (only 50nA
leakage current). The instant clamping voltage is
exceeded, the Surgector turns “on” and the zener
immediately starts conducting. Within nano-
seconds, the SCR turns on to handle heavy currents.
Destructive surges are shunted to ground.

Once the surge passes, the device makes a
fast transition back to the “off” state. You can
choose from two-terminal, three-terminal or
bi-directional devices.

We'll help you decide.

To determine which of these powerful
technologies is best for you, plug into our
applications hotline and let our experts help
you decide.

For more information, call toll-free 800-443-7364,
extension 21. Or contact your local GE Solid State
sales office or distributor.

In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0.

GE/RCA/Intersil Semiconductors

These three leading brands are now one leading-edge company.
Together, we have the resources —and the commitment —

to help you conquer new worlds.
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Technipower
“Mil-Qual’ Triple Output
Switching Power Supplies

Sealed or Fil~epairable

The efficiency and size of a switcher, the
output of a linear — all in a compact
package! Available in AC/DC and DC/
DC models, these “Mil-Qual” units are
designed for severe shock and harsh
environments. They feature a Mil-type
input/output connector along with spe-
cially developed EMI/RFI filter circuitry.
MTBEF is 100,000 plus hours. Efficiency
is 80%. Full power is provided at max
operating temp., to 95°C, no derating.

Choose from 20 models which meet
Mil-704, Mil-901 and other standards,
have transient protection plus power
ranges from 20 to 300W. 5 year warranty.
Send for details.

We Do The Job Right! ®

TECHNIPOWER

A Penril I company

P.O. Box 222, Commerce Park, Danbury, Conn. 06810
Phones: (203) 748-7001, In Calif. (805) 493-2244

See us at Wescon Booth #1624
CIRCLE NO 5

CONNOR-WINFIELD
OSCILLATORS:

CONNOR-WINFIELD CORPORATION
West Chicago, IL 60185 USA

Phone 1-312-231-5270

TLX 270244

Cable: CONWIN WCGO
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CIRCUIT

Performance. That’s what you expect
from a high-speed oscillator, and that’s
what you get from Connor-Winfield’s
HCMOS and ECL series.

Take a look at these specs:

Model: HCI5R5

Fixed Frequencies Available: IKHz to
S50MHz

Supply Current: 25mA Max.

Model: ECLA, B

Fixed Frequencies Available: 8MHz to
200 MHz

Output: Squarewave |0K ECL or 100K
ECL Compatible

Supply Voltage: -5.2 Vdc or -4.5 Vdc

Fire one up today. We have plenty of
models available for a test drive.

CIRCLE NO 6

CALENDAR

CASExpo (National Computer-
Aided Software Engineering Con-
ference and Expo), Washington,
DC. Hank Bowman, Coordinator,
3825-1 S George Mason Dr, Falls
Church, VA 22041. (703) 845-1657.
October 19 to 22.

6th Annual Pacific Northwest
Computer Graphics Conference,
Eugene, OR. University of Oregon
Continuation Center, 1553 Moss St,
Eugene, OR 97403. (503) 686-3537.
October 25 to 27.

Expo SMT, Las Vegas, NV. Expo
SMT, Box 1869, Los Gatos, CA
95031. (408) 354-0700. October 26
to 29.

International Fiber Optic Com-
munications and Local Area Net-
works Exposition, Anaheim, CA.
Information Gatekeepers, 214 Har-
vard Ave, Boston, MA 02134. (617)
232-3111. October 26 to 30.

Government Microcircuits Appli-
cations Conference (GOMAC ’87),
Orlando, FL. Palisades Institute for
Research Services, 201 Varick St,
New York, NY 10014. (212) 620-
3371. October 27 to 29.

Unix Expo, New York, NY. Nation-
al Expositions Co, 49 W 38th St,
New York, NY 10018. (212) 391-
9111. October 27 to 29.

Hands-On Expert Systems Design
and Development (short course),
Anaheim, CA. Integrated Comput-
er Systems, Box 3614, Culver City,
CA 90231. (800) 421-8166; in CA,
(213) 417-8888. October 27 to 30.

Hands-On Graphics Programming
Using GKS/VDI Tools (short
course), Boston, MA. Integrated
Computer Systems, Box 3614, Cul-
ver City, CA 90231. (800) 421-8166;
in CA, (213) 417-8888. October 27
to 30.

Troubleshooting Microprocessor-
Based Equipment and Digital De-

EDN October 15, 1987



MICRO-CAPII.
The CAE tool with fully interactive
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analog simulation for your PC.

Spectrum Software’s MICRO-CAP 11® is
fast, powerful, and feature rich. This fully
interactive, advanced electronic circuit
analysis program helps engineers speed
through analog problems right at their
own PCs.

MICRO-CAP 11, which is based on our origi-
nal MICRO-CAP software, is a field-proven,
second-generation program. But it’s dra-
matically improved.

Schematic Editor

MICRO-CAP II has faster analysis routines.
Better resolution and color. Larger librar-
ies. All add up to a powerful, cost-effective
CAE tool for your PC.

The program has a sophisticated inte-
grated schematic editor with a pan capa-
bility. Just sketch and analyze. You can step

EDN October 15, 1987
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Transient Analysis

component values, and run worst-case
scenarios—all interactively. And a 500-type*
library of standard parts is at your finger-
tips for added flexiblity.

MICRO-CAP 11 is available for IBM® PCs
and Macintosh.™ The IBM version is CGA,
EGA, and Hercules® compatible and costs
only $895 complete. An evaluation version
is available for $100. Call or write today for
our free brochure and demo disk. We'd like
to tell you more about analog solutions in
the fast lane.

B Integrated schematic editor
B Fast analysis routines
B High-resolution graphic output
W Standard parts library of 500* types
*IBM versions only.
CIRCLE NO 64

B Transient, AC, DC, and FFT routines

B Op-amp and switch models
B Spec-sheet-to model converter®
W Printer and plotter* hard copy

1021 S. Wolfe Road, Dept. E
Sunnyvale, CA 94087

(408) 738-4387

MICRO-CAP Il is a registered trademark

of Spectrum Software

Macintosh is a trademark of Mclntosh Laboratory, Inc
and is being used with express permission of its owner.
Hercules is a registered trademark

of Hercules Computer Technology

IBM is a registered trademark

of International Business Machines, Inc
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Need <Ins speed?

Get 1t with our
new silicon-gate
DMOS FETs and
Analog Switches.
Greater accuracy.
Lower capacitance.
Higher gan.

And less distortion.
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Sometimes you can’t get the switching speed your designs need
from CMOS, JFET or bipolar technologies. And it’s not often
you require the expensive performance of gallium arsenide.

Get the accuracy you require with fast switching, low capaci-
tance Siliconix SD210/2N7104 FETs and SD5000/2N7116 analog
switches. They're available now! Fabricated in silicon-gate
DMOS — the most stable technology for analog switches, multi-
plexers, A/D and D/A converters, choppers and sample-and-hold
circuits that operate into the 750 MHz range.

Siliconix SD210 FET and SD5000 analog switch families fea-
ture < 1 ns switching speeds, capacitance under 3 pF and gain
up to 10,000 umhos at 10 mA. And they come in a variety of
package and screening types including surface mount, military
and JEDEC.

Circuit accuracy is a
function of charge injec-
tion. The DMOS process
significantly outperforms
CMOS, JFET and
bipolar in this critical
parameter.

INJECTED CHARGE VS. ANALOG VOLTAGE RANGE

o JFET
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Get a clear signal! Call 1 (800) 554-5565, Ext. 924 /||
for complete information on Siliconix fast, accurate
DMOS FETs and analog switches. And don’t forget

to ask for your free DMOS Design and Sample Kit!

!

®
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¥ Siliconix
incorporated

2201 Laurelwood Road, Santa Clara, CA 95054 © 1987 Siliconix
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CALENDAR

vices, Cincinnati, OH. Micro Sys-
tems Institute, 73 Institute Rd,
Garnett, KS 66032. (800) 247-5239;
in KS, (913) 898-4695. October 27
to 30.

Designing Signal Processors with
DSP and Bit-Slice Chips (short
course), Washington, DC. Inte-
grated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888. No-
vember 3 to 6.

Hands-On Microprocessor Soft-
ware, Hardware, and Interfacing
(short course), Los Angeles, CA.
Integrated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888. No-
vember 3 to 6.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Atlanta, GA. Micro Systems
Institute, 73 Institute Rd, Garnett,
KS 66032. (800) 247-5239; in KS,
(913) 898-4695. November 10 to 13.

Advanced SMT Design Techniques
(short course), San Jose, CA. Sur-
face Mount Technology Plus, 1786
Technology Dr, San Jose, CA 95110.
(408) 943-0196. November 16 to 17.

Designing Signal Processors with
DSP and Bit-Slice Chips (short
course), Anaheim, CA. Integrated
Computer Systems, Box 3614, Cul-
ver City, CA 90231. (800) 421-8166;
in CA, (213) 417-8888. November 17
to 20.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Norfolk, VA. Micro Systems
Institute, 73 Institute Rd, Garnett,
KS 66032. (800) 247-5239; in KS,
(913) 898-4695. November 17 to 20.

9th Interservice/Industry Training
Systems Conference, Washington,
DC. Ralph Nelson, ADPA, Rosslyn
Center, Suite 900, 1700 N Moore St,
Arlington, VA 22209. (703) 522-1820.
November 30 to December 2.
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TOTO SETS
SUB-MICRON
STANDARDS.

Now submicron accuracy is a reality in air-slide, structural, and XY

components. TOTO precision ceramics put you much closer to zero
than steel or granite, and demonstrate a range of superior character-
istics — hardness, rigidity, lightness, and an uncanny immunity to

friction and environment. Specify
TOTO for those applications
that require extreme accuracy
and durability.

TOTO

PRECISION CERAMICS

/. 1987 National Machine Systems, Inc.

i ; : 583425
s 4 registered trademark of TOTO Lid. T ma sz

CIRCLENO 7

SWITCHING SYSTEMS

for
AUTOMATIC TEST, INSTRUMENTATION,
COMMUNICATIONS AND CONTROLS

o B

CLX/16x16
SWITCH MATRIX
WITH
MANUAL CONTROL

Assemble test systems from your choice of instruments and

interconnect them to units under test with a switching ma-
trix from CYTEC, the switching specialists offering 25 years
of switching experience and an extensive range of switching
products to optimize your total system.

SIGNAL SWITCHING INTEGRITY from DC to 100MHz, Picoamps to
Amps and Microvolts to 1000 volts. 8 CONTROLLED from IEEE 488 BUS,
Serial RS232 or 16 Bit Parallel and with Optional Front Panel Manual Controls.
B EXPANDABLE from one Control Mainframe to any size Matrix by adding
Expansion Chassis and Switch Modules.

SPECIAL CYTEC FEATURES

LED Display and Status feedback of selected switches to aid in System Pro-
gramming and Operation. M Field proven reliability and 3 year Warranty.

FOR TECHNICAL ASSISTANCE CALL 1-800-727-3333 (PAUSE) 8000110

2555 Baird Road, Penfield, NY 14526

YTEC CORP 716-381-4740

CIRCLE NO 8




FFT-TESTED
12-16 BIT

SAMPLING

A/D’

MIL-STD-1772 CERTIFIED
MNG6000 Series

Single Package Sampling A/D's
User Transparent T/H Amplifiers
Frequency Domain (FFT) Testing
High Sampling Rates/Resolution:
MNG6230/6291: 20kHz 16 Bits
MNG6231/6232: 50kHz 12 Bits
MNG6227/6228: 33kHz 12 Bits
MIL-STD-883 Screening

For you, we've expanded our line of FFT-
tested, high-speed, sampling A/D converters
with two new 16-bit models: MN6290 and
MNG6291. Like our entire MN600O Series, these
new devices mate a track-and-hold amplifier
(T/H) with a high-speed, high-resolution,

A/D converter in a single DIP package. The
T/H is completely transparent, eliminating
the hassle of evaluating T/H specs that are
difficult to understand and often don't relate.

46

All MN6000 devices accurately sample and
digitize dynamic input signals with frequency
components up to the Nyquist frequency
(one-half the sampling rate). They are ideal
for radar, sonar, spectrum and vibration
analysis, voice and signature recognition,
and other contemporary DSP applications.
All come with full frequency-domain perfor-
mance specifications, which are critical to
designing for these applications.

EDN October 15, 1987



Micro Networks was the first to apply FFT
testing to A/D converters. We recognized
that this would be the key to specifying

A/D’s for emerging DSP applications. In our
frequency-domain testing, sampling A/D's
operate in a manner that simulates a digital
spectrum analyzer with a known low-
distortion input signal. The output spectra
yield precise, practical measurements of
signal level, noise level, signal-to-noise ratio,
harmonic distortion, and input bandwidth,
giving you the performance specifications
you need to design to your application. Our
testing clearly demonstrates the ability of
our MN6000 Series devices to maintain near-
ideal signal-to-noise ratios independent of
increasing analog input frequencies.

Ultra Low Sampling ___f\ Fast N Mini

Distortion AID Buffer

Computer
Oscillator Converter /| Memory V

MN6290/6291
0dB T eonnst e i e R I Y R S
|
fon e Input Frequency: 10kHz
DB e Sampling Rate: 20.5kHz
RMS Signal: —0.28dB
"""" $ RMS Noise: —85.71dB
10?5 e S/N: 85.43dB
.. 2ndHarmonic: —93.68dB
Signal 3rd Harmonic: —94.89dB
Amplitude  —60dB 4.~
Relative to
Full Scale
S SRR
—100dB 4
~120dB
140dB
0Hz 10.25kHz
Input Frequency
MN6231/6232
wivereireionn. Input Frequency: 28.7kHz
—20dB | Sampling Rate: 58.8kHz
RMS Signal: —0.34dB
""" i RMS Noise: —72.89dB
R S/N: 72.54dB
S N s
Amplitude B
Relative to Ihe o
Full Scale S0aBill i
—100dB
- 120dB
- 140dB
0Hz 29.41kHz
Input Frequency

717

Regional Sales Offices: Worcester, MA (617) 852-5400; Dallas, TX (214) 231-1340; Santa Ana, CA (71
CIRCLE NO 57
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Crystal

Clock Printer

Frequency-Domain Testing
of A/D Converters

All MN6000 Series devices are packaged

in standard ceramic DIP’s and are available
fully specified for — 55°C to + 125°C with
MIL-STD-883 screening. 12-bit models contain
full 8 or 16-bit wP interfaces. Select the device
that best meets your design requirements.

Minimum Minimum
Part Input Sampling Input Bandwidth SNR
Number Range Rate (Note 1) (Note 2) Harmonics
12-Bit Resolution
MN6227 10V 33kHz 16.5kHz 70dB 80dB
MN6228 20V 33kHz 16.5kHz 70dB 80dB
MN6231 10V 50kHz 25kHz 70dB 80dB
MN6232 20V 50kHz -25kHz 70dB 80dB
16-Bit Resolution
MN6290 10V 20kHz 10kHz 84dB 88dB
MN6291 20V 20kHz 10kHz 84dB 88dB

1. Input bandwidth for which SNR and harmonic specs are guaranteed when sampling at the
minimum guaranteed rate

2. Signal-to-noise ratio (r.m.s. to r.m.s.) with full-scale (0dB) input.

For detailed information on MN6290/6291

or other high-speed sampling A/D's in our
expanding line, send for our comprehensive
data sheets. For rapid response, call Russ

Mullet at Ext. 208.

Micro Networks

324 Clark Street

Worcester, Massachusetts 01606
(617) 852-5400

Micro Networks
Advancing Data Conversion
Technology

/7.7.7/ Micro Networks

A DIVISION OF UNITRODE CORPORATION
4) 261-5044.
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PPERS GET A
PORTUNITY.

Like a beach in summer, Valid is drawing crowds of loyal
Sun followers. And for good reason.

Valid is now the only electronic design automation vendor to
offer systems designers the full spectrum of CAE, IC CAD, and PCB
CAD tools on Sun workstations.

What's more, our CAE/CAD solutions work on everything
under the Sun, from their low-cost Sun-3/50 to the
3 powerful, high-speed Sun-3/260. There are even

% brighter days ahead, because Valid will support
- future Sun products.

Now Sun users can automate the entire
- engineering design process, from custom ICs and
| ASICs, to multi-layer PC boards, all from a
| single source. Valid's broad range of integrated
. applications tools allow you to expand your
capabilities as the design tasks dictate.

Valid on Sun. What could be more

natural? After all, Sun is selling more UNIX

workstations than any other vendor.
* Their NFS software allows any UNIX
% i : workstatnon onto the network transparently.
— -0 ] And no other EDA vendor offers better CAE,
' IC CAD and PCB CAD tools on UNIX than Valid.

Together, we give Sun worshippers

a golden opportunity for electronic design auto-

- The same opportunity Digital users enjoy. B
Our free brochure will give you the complete story for Val id ,
on Sun Microsystems. Call 1-800-821-9441. In California, call | 4
408-432-9400, Ext. 23l1.

_\Aup

the Sun loge

of AT&T Bell Labora

§ un Wor
©1987 Valid Logic S

EDN October 15, 1987 CIRCLE NO 56 49



MAKE THE RIGHT CONNECTIONS.

If you're already using the industry’s highest throughput linear tester, the
LTX Hi.T, or the most advanced digital tester, the LTX Trillium, or the industry-
standard mixed-signal tester, the LTX Ninety (or all three for that matter),
there’s only one thing left to do: Successfully connect test floor engineering and
manufacturing information to company decision makers. Build a better

network, and the industry will beat a path to your door.
For the test floor interconnection of LTX equipment as well
as other hardware to the entire factory, the answer is EZ-NET": a

50 EDN October 15, 1987
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GAMES MAGAZINE Copyright © 1986

single source solution to a multi-source problem. EZ-NET is a compatible group
of networking information products, designed to create an information and
control solution custom-made for you. So the right people have the right infor-
mation at their fingertips, to help turn raw data into money-making decisions.
If you'd like to develop an integrated tester environment that truly maxi-
mizes the strengths of your people and equipment, LTX can put
it all together. We can also put together the mousetrap brain I E a(
tester above. Just call your nearest LTX sales office.

TEST YOUR LIMITS
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You do.

We do.

On one hand, there’s your
drive to find new applications
and new markets. On the other,
there’s our drive to meet your
needs.

And as partners, we both end
up in the lead.

You give us the impetus to
stay a generation or more ahead
of the competition. And we give
you the products to do the same.

Like our high-performance,
high-capacity Winchester drive
families, from 85MB to 760MB.
And our first high-capacity opti-
cal product, a 5%4-inch, 800MB
WORM drive.

So keep pushing us.

Because the further you drive
Maxtor, the further we’ll drive
you.

Maxtor Corporation, 211
River Oaks Parkway, San Jose,
CA 95134, (408) 432-1700,
TELEX 171074.

Sales offices: Austin (512)
345-2742, Boston (617) 872-8556,
Orange County (714) 472-2344,
New Jersey (201) 747-7337,

San Jose (408)435-7884, Woking,
England (44)/4862-29814.

Magor

Distributed by: Anthem Electronics, Inc., Lionex Corporation, Pioneer-Standard Electronics, Inc., Quality Components, Inc., Storex Corporation.

© 1987, Maxtor Corporation.
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EDITORIAL

The details m

ake a difference

Recently a friend of mine remarked that life would be great if it
weren't for all the details. Another friend replied that life is 90 %
details, so we're stuck with them. Both friends knew what they
were talking about. The small details can easily consume most of our
time. Frequently, though, the details fall through the cracks and
receive scant attention—until something goes wrong.

Recall, for instance, the Delta Airlines’ flight that ran into
difficulty in June. Reacting to an engine-sensor light, the flight’s
captain inadvertently shut off both of his 767’s engines, sending the
plane into a downward glide that stopped just 500 ft short of the
ground, at which point the crew was able to restart the engines.
Apparently, because the plane’s left- and right-engine fuel switches
are close to each other, it’s possible to inadvertently actuate both,
cutting off fuel to both engines simultaneously. Since the incident,
the FAA has called for the installation of a plastic guard between
the switches. Such a guard may have been considered during the
plane’s design and deemed unnecessary—or perhaps it was one of
those details that fell through the cracks.

Forgotten details abound. A few months ago, the engine light on
my car’s dashboard went on. It took me some time to notice it,
though, because, like the battery light, it’s behind the steering
wheel, hidden from view. The index in the owner’s manual referred
me to page 10; page 10, unfortunately, contained no reference to the
engine light. However, the manual did mention oil and coolant-
temperature lights, neither of which are illustrated in its pages or
present in my car. So, as I sat in the breakdown lane along the
Massachusetts Turnpike, miles from anywhere, the meaning of the
glowing engine light was vague at best: either the catastrophe of an

oil-pressure failure or the inconvenience of an overheated engine.

Luckily, it turned out to be the latter.

Appliances provide the aspiring designer with a treasure trove of
forgotten or ignored details. For example, power cords. It’s amazing
how many appliance designers forget to add a few plastic clips to
their product so that wires can be stored neatly behind, under-
neath, or inside an appliance. I guess they figure you’ll wrap the
wire around the appliance, but that leaves it looking like a hostage
trussed up with its own cord. Even worse are devices designed with
removable cords or plug-in power modules, which are easily lost or
misplaced. I have a box full of such cords and modules in my
workshop, though I doubt that I can find it. My workshop is a mess
and I should clean it up—but that’s just a little detail.

Jon Titus
Editor

EDN October 15, 1987
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es1gnmg complex state machines and high performance
controllers can really drive you crazy.

PLDs can give you a fast, single-chip solution
with multiway branching. That's OK for simple control
logic. But if your problem’s complex, you're stuck with a micro-
coded bit-slice approach. So you get to deal with dozens of
power-hungry parts, acres of board space and complex, expensive
development tools.

If this sounds painfully familiar, we'd like you to meet SAM,
the Stand-Alone Microsequencer. An extraordinary new architec-
ture that's going to change the way you design control logic forever.

SAM's user-configurable, CMOS approach combines the
best of two worlds: an EPLD branch-control-logic front end with
a high performance, EPROM-based microsequencer.

The first member of the SAM family, the EPS-448, gives
you 448 words of microprogram control, plus a 15 level stack and
an 8 bit counter. You also get 768 product terms to handle multiway
branching in one, 30 MHz clock cycle. All in a slim 300 mil,

28 pin DIP

With SAM you'll eliminate bulky 2910s, expensive high
speed PROMs or EPROMs and lots of TTL. You'll also cut power
consumption by an order of magnitude.

But that's only the beginning, You'll find that SAM is also
asnap to implement. That's because it's supported by PLDS-SAM;"
the most powerful state machine development system available.

Justsit down at your PC and enter your design in high level
state machine or microcode format. Altera’s SAM design processor
and software-driven programmer will transform your idea into
working silicon in minutes. It just doesn't get any easier than that.

So put an end to your frustration. Improve your designs
while you save time, board space and money. Call or write for your
PLDS-SAM development system today. Or sign up for our free
seminar. And find out how easy it is to improve your state of mind.

Call (408) 984-2800

éAS nre = %Aé

3525 Monroe Street
Santa Clara, CA 95051

GPAPHICB MAM‘!GR BoARD
( mo?m pevio)

© Copyright 1987 ALTERA CORPORATION.
SAM and PLDS-SAM are trademarks of Altera Corporation.
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The perfect
low-cost
answer to
off-line
switching

y 0\ HEXFETSs

In the past, designing power FET switching
for 117V line operation meant paying for
more power handling capability than you

really needed. But not any more.

Our 250V HEXFET power MOSFETSs offer a
new family of optimized devices tailor-made to
operate off-line — and all at prices of up

to 50% less than conventional power FETSs.

These cost-effective HEXFETs also guarantee
you an extremely rugged device that handles
full rated current/voltage without second
breakdown, fast switching, and reliability
second to none.

Five HEXFET 250V Series combine a wide
variety of die sizes and package styles for
off-line applications like battery chargers,
hand drills, lighting ballasts, washing ma-

chines, dryers, and many others.

Rds (on) ranges as low as 0.13 Ohms, with
current ratings as high as 28 amps depend-
ing on die size. For complete technical
data, call (213) 607-8842. Today.

Most HEXFET tock Number 1 in Intematl?nal
s now in stoc
for immediate delivery! power MOSFETs Ig?R Rectlfler

WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245. U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB. ENGLAND TELEPHONE (088 33) 3215/4231. TELEX 95219

Power MOSFETs - CMOS Power ICs + Commercial/Custom Power Packages * Schottkys
Rectifiers + Thyristors (SCRs) * Diode Bridges * Molded Circuits - Assemblies
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TECHNOLOGY UPDATE

Semicustom ICs’ ratings and architectures
aid analog- and digital-circuit designers

Dave Pryce, Associate Editor

The continuing introduction of new
linear and linear-digital semicustom
chips is providing an expanding
choice of circuits to help you solve
design problems. The trend to cell-
type architectures is making it easi-
er to design with linear semicustom
circuits. Moreover, the availability
of chips that can operate at VHF
and UHF frequencies and at high
voltages has extended the use of
semicustom circuits to applications
that semicustom technology hereto-
fore couldn’t serve. In addition,
many of the new linear chips include
built-in gates that you can use to
implement digital functions on the
same chip.

Breaking the gigahertz barrier

Typical of the UHF chips that
follow the trend to cell-type layout
are the ALA200 from AT&T, the
QC-4 from Tektronix, and the
VJ960 from VTC Inc. Each of these
chips features npn transistors with
gain-bandwidth products in the gi-
gahertz range. The ALA200 and the
VJ960 offer gigahertz-rated pnp
transistors as well.

Fabricated in what AT&T calls a
complementary bipolar integrated-
circuit (CBIC) process, the ALA200
offers the advantages of similar npn
and pnp transistor characteristics.
The typical f, is 4 GHz for the npn
transistors and 2.5 GHz for the pnp
transistors, thereby providing true
complementary performance at
VHF/UHF frequencies. In addition
to the 133 npn and 85 pnp transis-
tors, the array includes 984 ion-
implanted resistors, whose resis-
tance totals 1980 k{); 20 1- to 5-pF
programmable capacitors; and two
fixed 150-pF capacitors. The array

EDN October 15, 1987

Standing above all others in the high-voltage hierarchy, the ALA500 from AT&T has a
rating of 250V. Fabricated in a BCDMOS technology with dielectric isolation, the chip
includes 120 CMOS gates, 16 DMOS transistors, eight bipolar transistors, and 32 NMOS/

PMOS transistors.

is divided into 12 modules, consist-
ing of eight standard, two power,
one input, and one trim module.

Tektronix is also addressing the
demand for high-speed semicustom
chips with its QC-4 Quickchip.
Using the same process originally
developed for the manufacturer’s
1-GHz oscilloscope, the QC-4 chip
combines digital and analog func-
tions. The chip’s ECL gate array
has 300 equivalent gates with pro-
pogation delays under 400 psec. You
can use these gates to implement
multiplexers, decoders, latches, in-
verters, and TTL interfaces, for ex-
ample.
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rad-hard gate array with
only one set of standards. Military.

Our UTB-R radiation-hardened gate
array family is born to the highest
military standards. It is functional

1o a total dose of 10° rads (Si) and
operales to dala sheet specifications
al 2 x 107 (Si) rads.

Producing gate arrays for military and
aerospace customers is nothing new o
UTMC. For years we've been providing
high-reliability 1Cs for divisions of
United Technologies Corporation.

Screened (o selecled tests in
MIL-STD-833C, the UTB-R family's
patented continuous-columnarchitecture

increases density without sacrificing
routability. It uses transistors fo isolate
signals and allows you to get up to 95%
gale ulilization.

We combine high speed with
low-power consumption of CMOS
double-level-metal technology. And,
our VAX®-based HIGHLAND™ Design

- System, which supports [ront-end
~ design on major workstations, enables

maximum design flexibility.
Fquivalent 2-input NAND gales range
from 1000 to 7,600, and package options

include DIPs, L(Cs, PGAs, and Cerquads.

CIRCLE NO 60

Don’t eompromise your standards.
(hoose the rad-hard gale array born
to the military—the UTB-R Series.

United Technologies
Microelectronies Center

1575 (Garden of the Gods Road
Colorado Springs, GO 80907

1-800-MIL-UTMC

T UNITED

2 TECHNOLOGIES
MICROELECTRONICS
CENTER



TECHNOLOGY UPDATE

Divided into tiles (or cells), the
chip’s analog portion includes 294
npn transistors with a typical f, of
6.5 GHz. The chip’s 174 pnp transis-
tors are lateral and substrate types
(see box, “A review of pnp and I’L
basies”) with a much lower cutoff
frequency of 20 MHz. In addition to
the gates and transistors, the large
(196 x196-mil) QC-4 chip contains
1290 resistors and 32 capacitors.

Tektronix has targeted the QC-4
for what it calls mixed-mode circuits
that require a wide analog band-
width along with fast, ECL-compat-
ible outputs for digital control or
data handling. Typical applications
include interfaces to fiber-optic ca-
bles, high-speed modems, digital
RF front ends, and test and mea-
surement equipment.

The VJ960 from VTC is another
cell-type linear chip that incorpo-
rates transistors with gigahertz cut-
off frequencies. The f, is 6 GHz for
the npn transistors and 1 GHz for
the true vertical (as opposed to sub-
strate-type) pnp transistors. VTC
refers to the cell-type structure as a
block architecture. Whether one
calls them cells, tiles, or blocks,
their purpose is the same—the easy
replication on the semicustom chip
of library macrocell circuits such as
op amps, comparators, references,
S/H cireuits, or logic elements. This

i

RLA160 macrocell array. Among its other components are 15 user-configurable gain cells
(each containing 10 transistors) and four large (200-mA) npn transistors. The thin-film
resistors used in this array exhibit better tolerance and temperature-drift characteristics than
do the diffused resistors used in most semicustom chips.

approach eliminates the need for
system designers to deal with the
more complicated component-level
design and layout of a semicustom
chip. With a cell-type architecture,
you need only concern yourself with
standard (and familiar) IC funec-
tions.

The VJ960 is a relatively small
chip designed primarily for high-
frequency and -performance linear
functions. It’s divided into 12
blocks, each containing four vertical

pnp transistors, six medium-size
npn transistors, two low-noise npn
transistors, two small Schottky di-
odes, and 10 resistors. Located
around the periphery of the blocks
are additional resistors and 26 ca-
pacitors.

Extending the voltage range

Although only a few manufactur-
ers now offer semicustom chips ca-
pable of operating in the VHF/UHF
range, the trend to higher frequen-

A review of pnp and I’L basics

For the edification of those designers unfamiliar
with the characteristics of lateral and substrate

to the substrate (ground), you can only use it as an
emitter follower; second, it draws substrate cur-

pnp transistors and I°L gates, some explanation is
worthwhile. The performance of the lateral pnp
device is not nearly as good as that of the (vertical)
npn transistor, particularly in terms of frequency
response, gain, and maximum current. Current
gain (beta) of a lateral pnp transistor generally
falls off rapidly above 50 pA, and the gain-band-
width product is typically in the 3- to 6-MHz
range.

Although the substrate pnp transistor is a verti-
cal device whose performance is somewhat superior
to that of the lateral pnp device, it has two basic
limitations: First, because its collector is connected

rent, generally requiring the use of an adjacent
substrate contact to ground.

I*LL (integrated injection logic) gates differ from
most logic gates in that they are configured in a
wired-AND technology having one input and nu-
merous outputs instead of numerous inputs and one
output. Design manuals from Motorola, Cherry,
and Exar explain the construction and operation of
I?L gates in detail. The main advantages of I°L
gates are their low current consumption and the
ease of incorporating them with linear bipolar ele-
ments on the same chip.

EDN October 15, 1987
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TECHNOLOGY UPDATE

cies is evident. So is the trend to-
ward higher voltages. Most semi-
custom chips operate at supply
voltages in the 10 to 30V range, but
several recently introduced types
can operate at 50V and higher. Most
notable are the Genesis 8000 (50V)
from Cherry Semiconductor, the
QC-3 (65V) from Tektronix, the
MPD-8020 (100V) from Micrel, and
the astonishing ALA-500 (250V)
from AT&T.

Designed primarily for automo-
tive and industrial-control applica-
tions, the CS-8000 from Cherry
Semiconductor partitions 50V and
20V devices on the same chip. The
50V section contains a bandgap ref-
erence and 24 uncommitted transis-
tors (six pnp, 16 low-power npn, and
two high-power npn). The bandgap
reference, which you can configure
as a regulator, is capable of han-
dling as much as 20 mA of current
and is programmable from 1.25 to
20V. The two high-power npn tran-
sistors can drive 100-mA inductive
loads. On-chip zener diodes provide
protection.

The 20V section, which occupies
about 60% of the total chip area,
contains the remaining 70 transis-
tors and most of the 427 resistors.
In a typical application, you would
operate the low-voltage transistors
from the internal regulator and use
the 50V transistors to provide the
interface to the power source and to
the output loads.

Partitioning the chip into two sec-
tions makes good sense: The divi-
sion allows most of the circuitry to

Designed primarily for automotive and industrial-control applications, the Genesis 8000
chip from Cherry Semiconductor serves as a backdrop in this whimsical portrayal of its

intended applications.

operate at low voltage and low cur-
rent, thus permitting a significant
reduction in total power consump-
tion. Also, the more densely packed
20V components contribute to the
effective utilization of the available
chip area.

The QC-3 Quickchip from Tek-
tronix combines a 65V process with
high-frequency capability in a parti-
tioned cell-type architecture. The
QC-3 has 198 npn transistors and 48
pnp transistors organized into six
low-voltage (15V) cells and three
high-voltage (65V) cells. The chip
also includes 920 resistors and 28
programmable capacitors.

Both the high- and low-voltage
npn transistors have a typical f, of
2.5 GHz. The f, of the pnp transis-
tors is only 50 MHz, but that’s a
respectable rating considering that
they are lateral- and substrate-type

devices. Most lateral types, for ex-
ample, are typically in the 3- to
5-MHz range. Resistors on the QC-3
are formed by implantation or thin-
film nichrome deposition. The ni-
chrome resistors have inherently
tight tolerances and are laser trim-
mable. Typical applications for the
QC-3 include high-output pulse gen-
erators, high-frequency analog mul-
tipliers, wideband amplifiers, and
interface circuits.

Next up the ladder in the high-
voltage hierarchy is the 100V MPD-
8020 from Micrel. Fabricated in
CMOS/DMOS, the MPD-8020 semi-
custom IC combines high-power ca-
pability and intelligence in a unique
architecture. Micrel feels that it
may well satisfy the frustrations of
many design engineers who have
heard of the promise and wonders of
intelligent power but could not get

CELL

TWINSTOR \ TWINSTOR ' TWINSTOR

One of the most versatile linear arrays is the Flexar Series from Exar. Shown here is a single cell containing three Twinstors and two resistor
arrays. You can use the Twinstor as a pnp or npn transistor or as a resistor.
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There Will Still Be a Few Uses
for Conventional ECL. ASICs.

Cold facts: now the highest-density ECL logic array runs at a
cool 1/10 the gate power of competing devices.

Raytheon’s ASIC design expertise
and proprietary technology make
conventional ECL arrays too hot to
handle. The superior performance of
the new CGA70E18 and CGA40E12:
the ECL logic array family with the
highest density and the lowest power
requirement now available.

[J Superior performance: 300 pS

delay and 300 uW (typical gate) power

dissipation deliver the industry’s low-
est speed-power product: <0.1 pJ.
Toggle frequency 1.2 GHz (typical).

EDN October 15, 1987

[J Highest density:
CGAT70EI8 — 12540 equivalent gates
CGA40EI12 — 8001 equivalent gates

[J Lowest power: Industry’s smallest
bipolar transistors result in power dis-
sipation that is a fraction of conven-
tional ECL at comparable propagation
delays. Typical chip power dissipation
of 3W to 5W.

[ Et cetera: Interface TTL, ECL
(10K, 10KH, 100K), ETL. Customer
access to proven, fully integrated
CAD system. Commercial and mili-
tary operating ranges.

CIRCLE NO 65

Call Raytheon for access to the right
ECL technology. We’re not blowing
any smoke, and neither should your
system’s performance.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
(415) 966-7716

Access to the right technology

Raytheon
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their hands on any circuits suitable
for their own applications.

Although not strictly speaking a
cell-type array, the MPD-8020 is
modular in construction. It contains
several basic sections, including 16
fully floating 100V/200-mA vertical
DMOS transistors, 16 115V/20-mA
level-shifters, 200 CMOS gates, 12
TTL/CMOS I/0 buffers, three con-
figurable op-amp/comparator/
Schmitt-trigger cells, and a band-
gap reference.

A single 5 to 15V supply powers
the logic and analog circuitry while
the high-voltage sections operate at
voltages to 100V. The chip can also
derive the 15V analog/digital supply
from one 24, 48, or 100V supply.
With the help of two external capac-
itors, an optional internal voltage
pump can generate an extra voltage
so that the high-side gates of the
power n-channel DMOS FETs can
be driven about 15V above the 100V
supply. This feature provides rail-
to-rail high-voltage switching for
push-pull and H-bridge applica-
tions.

To assist the designer, Micrel can
supply a number of kit parts con-
taining discrete devices or the more
popular analog and digital SSI and
MSI circuits. The potential applica-
tions for this chip are numerous:
They include switching-power-sup-
ply regulation; motor control; auto-
motive switching; and relay, sole-
noid, lamp, and high-voltage-
display driving.

Challenging Micrel for intelligent
power semicustom-IC honors is the
ALA-500 from AT&T. Although it
differs considerably from the Micrel
device in layout and component
count, what really sets it apart is its
250V rating. The ALA-500 is fabri-
cated in AT&T’s high-voltage
BCDMOS (Bipolar, CMOS, DMOS)
technology with dielectric isolation.
Implementation of the user’s circuit
is with single-level metal. The die-
lectric isolation eliminates parasitic
effects caused by device interaction,
making the chip essentially latch-up
proof—an important requirement
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Employing a modular construction, the MPD-8020 from Micrel includes 16 fully floating
100V/200-mA vertical DMOS transistors, 16 115V/20-mA level shifters, 200 CMOS gates, 12
TTLICMOS 1/0 buffers, three op-amplcomparator cells, and a bandgap reference.

for high-voltage applications.

The breakdown voltage of the 24
high-voltage DMOS and PMOS tran-
sistors is 250V; that of the eight

e — I EE
o1}

Composed of matrix celle and peripheral cells, the ULA-6P from Ferranti Interdesign
78 gates, 281 npn transistors, and 300 resistors with a combined value of more than

includes 5

bipolar transistors is 150V. The
other 24 NMOS and PMOS transis-
tors and the 120 CMOS gates are
rated at 20V. The chip’s 44 polysili-

37 MQ. Unlike Ferranti’s G Series, the P Series emphasizes applications requiring more

digital functions.
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IMAGING OR DATA
MODEM SOLUTIONS
AVAILABLE THROUGH
ALL 57 HAMILTON/AVNET
LOCATIONS

Rockwell’s R144HD, a V.33 half-duplex
nodem for the public telephone nei-
vork, offers 14.4 Kbps operation in fac-
imile and other imaging equipment,
ind also communicates at 12000, 9600,
200, 4800, 2400 and 300 bps. It can
ransmit a page in less than 10 seconds,
ignificantly lowering transmission costs.

It's optimized for use in Group 3 facsim-
e machines and is compatible with
sroup 2. It's small (13" square), low
owered (2.5 W typical), and has a seri-
I/ parallel host interfface and standard
onnector for a simple design in small
paces. It also has Automatic Adaptive
qualization algorithms, permitting vir-
Jally error-free transmission over poor
hone lines.

Rockwell’s R144DP, is a V.33 and
.29 compatible modem that permits
igh-speed transmission over all types of
slephone lines by modems, multiplex-
rsand network confrol equipment. Produc-
ion quantities will be available
y October.

It's VLSI-based design permits all nec-
ssary circuitry to be contained in less
wan 19 square inches, with automatic
peed recognition and Automatic Adap-
ve Equalization.

And both, like all Rockwell standard
nodems, feature a five-year warranty
nsuring reliability.

CIRCLE NO 59

D IS et T

ROCKWELL from
HAMII.TONAVNET:

§
CLIMBTO THETOP
OF YOUR MARKET
WITH ROCKWELL'S
STATE-OF-THE-ART
MODEMS FROM

HAMILTO

B

[/AVNET

SMALL SIZE AND
SWITCHABILITY, PLUS
HAMILTON/AVNET'S

QUICK DELIVERY

The R96MD is a 9600 bps half-duplex
modem in only five square inches. It
operates at 9600, 7200, 4800, 2400 and
300 bps over public switched felephone
linesand has Automatic Adaptive Equal-
ization algorithms to ensure virtually error-
free fransmission even under extremely
poor conditions.

It features VLS| design for high reliabil-
ity and low power consumption, and has
a built-in DTMF generator which further
reduces external hardware requirements.

The R208/201 is two modems in one.
During the synchronizing sequence, it
automatically senses the mode of the
other modem and switches to either Bell
208A/B or Bell 201C. This avoids costly
upgrades and is ideally suited for ex-
panding networks which use both types.

It also features simplified design-in,
small size, low power consumption and
serial/parallel host interface.

Something else all these modems have
in common: Hamilton/Avnet's quick de-
livery and knowledgeable service staff,
which can deliver samples or produc-
fion quantities right now, or just in time.

To order, contact your service repre-
sentative at the Hamilton/Avnet loca-
tion nearest you. To find the nearest
location, just call our toll-free number.
1-800-826-0500.

HamiltonkQvnet
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REPRESENTATIVE LINEAR SEMICUSTOM CIRCUITS
Voo TRANSISTORS RESISTORS
TYPE |MAX |BOND NPN | PNP TOTAL
VENDOR NUMBER | (V) | PADS | GATES | DIODES | (NMOS) | (PMOS) [DMOS | QTY | VALUE (k) | NOTES
AT&T ALA200 | 12 | a4 : | 0 85 984 1980 | UHF ARRAY
ALAS00 | 250 | 24 | 120 36 4 4 16 44 15,100 | HIGH-VOLTAGE,
(12) | (o0 DIGITAL-LINEAR
CHERRY 1500 12 | 30 98 126 72 464 814 | DIGITAL-LINEAR
8000 50 23 2 62 32 427 508 HAS 1.25 TO 20V
BANDGAP REFERENCE
EXAR BETAI00 | 26 | 30 129* 594 1780 | "FLEXAR” ARRAY
BETA240 | 26 | 48 290* 1440 4280 | “FLEXAR” ARRAY
FERRANTI MV-G | 40 | 28 140°* 800 2839 |12 CELLS
ULA-6P 1h 42 578 281 300 37,527 DIGITAL LINEAR,
36 LINEAR CELLS
HOLT HI5100 | 18 | 52 73 24 (88) 119 | SEE DATA | DIGITAL-LINEAR
(87) , SHEET -
LINEAR LA252 20 32 6 116 34 SEE DATA 1790 “MODULA” ARRAY
TECHNOLOGY INC SHEET
MCE A40AS | 40 | 16 60 28 157 357 | IMPROVED A40A
MICREL MPD8020 | 100 | 78 | 200 SEE DATA SHEET 16 SEE DATA SHEET | HIGH-VOLTAGE
INTELLIGENT
MODULAR ARRAY
MICRO LINEAR FB324 | 12 | 28 50 330 82 1068 3605 | 24TILE ARRAY
MOTOROLA MLA300 20 38 64 168 52 742 2678 MILL SCREENING
AVAILABLE
RAYTHEON RLA120 | 32 | 24 43 16 196 965 |12 GAIN CELLS
TEKTRONIX acs | es!| 28 198 48 920 1027 | HIGH-VOLTAGE ARRAY,
NINE CELLS
QC-4 10 66 300 294 174 1290 1383 UHF CELL TYPE,
LINEAR-DIGITAL
VTC VJ960 | 12 | 28 74 108 56 120 468 | UHF BLOCKTYPE
ARCHITECTURE
*SELECTABLE, NPN OR PNP.
**INCLUDES 80 NPN, 4 PNP, AND 56 SELECTABLE TRANSISTORS.

con resistors provide a total resist-
ance of more than 15 MQ.

Although the availability of high-
frequency and high-voltage semi-
custom circuits opens up many new
application possibilities, the majori-
ty of circuit designs are satisfied
with chips having considerably
lower frequency and voltage rat-
ings. Among the most versatile are
the Flexar arrays (flexible linear
array), which Exar introduced
about 18 months ago.

The present Flexar line includes
three types: the 100, 180, and 240—
each varying in size and total num-
ber of components. All are cell-type
arrays, but that’s where any simi-
larity to other semicustom chips
ends. The key elements to the ver-
satility of the Flexar arrays is what
Exar calls Twinstors, Padstors, and
Twinboosters. Each of these unique
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elements has a multiple personality.

The Twinstor—a programmable
dual transistor whose polarity is set
at the metallization step—is the
work horse of the arrays. It can act
as a dual npn device with a common
collector, as a lateral dual-collector
pnp device, or as a single or
matched resistance element.

The Padstor can function as a
standard bonding pad, a single or
multi-emitter npn transistor, a pnp
transistor, a clamp diode, a capaci-
tor, or two resistors.

The Twinbooster is available only
on the 240 chip, which includes two
of them. The Twinbooster can func-
tion as a 500-mA npn transistor or
as a 50-mA pnp transistor.

The architecture of the Flexar
array is built around a flexible cell
that needs only a single metal mask.
The cell is replicated throughout the

series to enable the duplication of a
circuit layout anywhere within an
array or on a different array. This
replication shortens design, layout,
and digitizing time. If you use the
available soft-cell library, you can
reduce the layout phase to a matter
of hours or days instead of the
weeks usually required.

Interdesign originated semi-
custom circuits some 15 years ago.
Now doing business as Ferranti
Interdesign, it has several series of
semicustom chips in bipolar and
MOS technology. Two of its newest
series of semicustom chips are the
ULA-P Series, a digital-linear com-
bination that operates at 15V, and
the MV Series, a linear series capa-
ble of operating at 40V. Both series
employ a cell-type architecture.

An example of the trend to pro-
viding digital and analog functions

EDN October 15, 1987
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HOW TO INTEGRATE UP TO

SIX 32-BIT .Ps AT ONCE.

Until now, debugging
tightly linked multiple
micro systems was slow,
tedious, hit-and-miss
work. Now it’s a simple,
exact science, using the
tools of Tek’s DAS9200
Digital Analysis System:

m Parallel, independent
modules let you simul-
taneously acquire 32768 bus
transactions from as many as
six 8-, 16- or 32-bit micro-
Processors—
including the
new, high-
end 32-bit
pPs. No other
system even
begins to
handle more
than two at a

-

i R e I 1 R N
time. )" '*, ..... g R R

= Time-correlated, split-
screen display lets you

scroll through disassembly of
time-stamped data acquired
from any two microprocessors.
You can easily follow what
each micro is doing at the
same point in time.

® Real-time event hand-
shaking lets one acquisition
module arm another—even if
running at different speeds.

Or you can link trigger mech-
anisms on different modules
for interactive count and time
measurements.

Whatever the combination
of hardware and software
design segments you
need to monitor or
integrate, nothing
compares with the
DAS9200 for pulling them
together. For more examples
of how the
DAS9200 can
tackle even the
toughest jobs of
- evstern ar alysis,
al

AOregon,
231-1220.

Copyright ©1987, Tektronix, Inc. All rights reserved. LAA-435

Circle 105 for Literature

Tektronix

COMMITTED TO EXCELLENCE

Circle 144 for Sales Contact
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on the same chip is the ULA-6P.
Contrary to Ferranti’s G Series, the
P Series emphasizes applications re-
quiring more digital than analog
functions. The ULA-6P has 578
gates in 289 matrix cells that take
up about 57% of the total chip area.
Each matrix cell contains compo-
nents that, when connected in the
simplest form, provide 2-input NOR
gates. There are two speed-power
options for each array in the series.
Clock rates can vary from 400 kHz
to 4.8 MHz, depending on the option
chosen and the amount of gate cur-
rent provided.

Component cells specifically de-
signed for analog functions occupy
the peripheral area of the chip,
whose 32 standard peripheral cells
contain a range of transistors and
resistors for the implementation of a
variety of linear functions and I/0
interfaces. Special peripheral cells
are located at each corner of the chip
and include functions such as high-
current drive transistors, low-offset
transistors, a bandgap reference,
and shaping capacitors.

The MV-G 40V chip is a linear-
only array comprising 12 cells. Each
cell contains 16 npn transistors, four
pnp transistors, 36 diffused resis-
tors with a total value of 44 k), and
12 10-kQ) implanted resistors. Addi-
tional peripheral devices include
5-mA, 10-mA, and 50-mA npn tran-
sistors, substrate-type pnp transis-
tors, and 5-pF capacitors. The mix
of components and the cell-type
structure provide high device utili-
zation and ease of layout.

The MV family of devices is the
product of a joint development be-
tween Ferranti Interdesign and
Custom Arrays Corp. Each compa-
ny has independent marketing and
manufacturing rights and can act as
a mask-transferable alternate
source—a service that is not possi-
ble with most semicustom chips.

Reinforcing the trend to combina-
tion analog-digital chips are devices
from Cherry, Holt, Micro Linear,
and Motorola—a newcomer to the
semicustom field.

66

To meet the demand for high- speed semicustom chips, Tektronix introduced the QC-4. It
contains 300 ECL gates with propogation delays of less than 400 nsec; its analog portion
contains npn transistors that have a typical gain-bandwidth product of 6.5 GHz.

The Genesis 1500 from Cherry
Semiconductor is intended for sin-
gle-chip integration of complete sys-
tems, and its fairly large size of
approximately 17,000 mils® will ac-
commodate moderately complex de-
signs. Within the limitations of its
12V rating (a consequence of its 98
I’L gates), it’s a versatile device. A
characteristic of I°LL gates is their
good speed-power product, and at
reasonable toggle rates they require
little current. It’s possible to oper-
ate the Genesis 1500 at currents as
low as 0.1 pA per gate.

Apart from the gates, the chip is
arranged in a quasi-tile layout that
includes 122 small npn transistors,
four large npn transistors, 72 pnp
transistors, and 462 base resistors.
The large npn transistors can han-
dle currents as high as 150 mA.

The HI-5100 from Holt Inte-
grated Circuits is a CMOS analog-
digital array fabricated in 4-pm sili-
con-gate technology. Gate oxide
between the chip’s polysilicon layer
and an implanted p-diffusion forms

the chip’s capacitors. The selection
and location of the digital and analog
components are suited for imple-
menting switched-capacitor-filter
circuits, among others.

The digital section contains stand-
ard gate-array elements such as
TTL- and CMOS-compatible input/
output cells, three 2-transistor ar-
rays, and 14 dedicated set/reset D
flip-flops. The analog section in-
cludes transistors, resistors, and ca-
pacitors. Although intended pri-
marily to simulate analog or
analog-digital circuits for use in cus-
tom circuits, the HI-5100 is useful in
some applications as a stand-alone
semicustom product.

The FB324 from Micro Linear
combines a matrix of six general-
purpose tiles and 16 high-perfor-
mance tiles with a reference tile and
a special-function tile. Each gener-
al-purpose tile can contain one or
two op amps or comparators, or any
of the other predefined macrocells
from the FB300 family. The high-
performance tiles support new,

EDN October 15, 1987



0.7p CMOS 64K SRAMS

address access time, is twice as fast
as any non-Performance 64K. It joins
our family of 64K architectures—all
with 6 transistor storage cells to
optimize for performance, margins,
temperature range, and supply
tolerances.

This blazing 64K SRAM, with 12ns ' Z

Com’l Mil
P4C187 64K x1 12ns 15ns

P4C188 16Kx4* 17ns  25ns PERFORMANCE SEMICONDUCTOR

P4C164 8Kx8 20ns 25ns

*Also available: Common I/0O with output enable SHATTERS THE SPEEB BARHIER
with a new CMOS 64K x 1 SRAM

and separate 1/0.

For optimal packing density, our
standard 64K SRAMs are delivered
in the popular 0.3” package widths,
in either hermetic or plastic.

But that’s not all. While others are
still trying to catch up to the pace set
by our 0.8 micron channel lengths
and 2.75 micron metal pitch, we have
pushed the frontiers of technology
out even further. Now Performance’s
PACE Technology™ features 0.7 mi-
cron effective channel lengths, and
2.25 micron metal pitch. (As we’ve
said before, metal pitch is the design
rule that separates the men from the
boys in VLSI technology.)

All of our chips are made here in
our Sunnyvale facility for six-inch
wafers, which has now attained

Class 1 status. edic
P
Memory technology with the high- d every MO o futur
est speed and greatest density gives tablis P] into TomLongo
you faster systems at a lower cost. tticstay there.” president

So don’t be left behind. Call the
company that is ready to deliver the

performance your system needs. PERFORVMANCE
z#.cfﬂ/cozvoucrop CORPORATION

Performance Semiconductor
610 E. Weddell Drive
Sunnyvale, CA 94089

| want a faster system! Please send me detailed information on your SRAMs.

Telephone: 408-734-9000 NAME

Telex: 6502715784 TITLE
FAX: 408-734-0258 COMPANY
CIRCLE NO 170 ADDRESS

CITY/ST/ZIP
© 1987 Performance Semiconductor Corporation. PACE Technology
is a trademark of Performance Semiconductor Corporation. PHONE

EDN101587
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higher-speed macrocells such as a
100-MHz cascode amplifier, an
ECL-type D flip-flop, a high-speed
comparator, or a 60-MHz wideband
video amplifier. A total of 1643 com-
ponents is available for analog de-
sign. It’s possible to implement a
total of 50 ECL gates by using 192
npn transistors from the high-per-
formance tiles.

Motorola, a long-time supplier of
custom circuits, has only recently
entered the semicustom field with a
series of three general purpose
types: the MLLA-150, -300, and -600.
Basically similar to some of the first-
and second-generation circuits still
available from Interdesign, Exar,
Cherry and others, the Motorola
parts offer no startling high-fre-
quency or high-voltage perfor-
mance, but they do provide a good
selection of components. As an
added advantage, they include some
high-value ion-implanted resistors.

The MLA-300, for example, con-
tains 990 total components, includ-
ing 168 npn transistors and 52 pnp
transistors. The total diffusion
resistance is 578 k(). The ion-im-

planted resistance is normally 2.10
MQ and optionally 5.15 MQ. The
164 small npn transistors have f,
specs in the 350- to 400-MHz range.
The chip’s four power npn transis-
tors can handle up to 100 mA. The
remaining active devices include 52
lateral- and substrate-type pnp
transistors and 64 I°L gates.
Linear Technology Inc of Burling-
ton, Ontario, has a new series of
semicustom linear arrays that are
layed out in modular (tile, cell) form.
Each of the three LA250 Series
arrays has a highly regular core
section surrounded by a variety of
specialized peripheral components.
The core is built of two types of
building blocks, each having a dif-
ferent component mix. These basic
modules are repeated across the
core in a regular, symmetrical ar-
rangement—much like other cell or
tile arrays—resulting in a variety of
larger modules. A library of subcir-
cuits supports the modular struc-
ture, and subcircuit connections are
defined by a single metal mask.
MCE Semiconductor has im-
proved its 40 and 20V linear arrays

(an S suffix denotes the improved
versions) by adding a deep n+
“sinker” diffusion through the
epilayer to the buried layer. The
lowered collector-emitter resistance
reduces the saturation voltage of
the transistors and provides an in-
crease in the maximum current ca-
pability—typically two times that
obtainable without the extra diffu-
sion. (Cherry Semiconductor offers
a similar option on most of its 20V
linear arrays.) Later this year,
MCE expects to announce the avail-
ability of a new line of macrocell
linear arrays ranging in size from 2
mm square to 15 mm square, with
the largest array containing about
1600 components.

Raytheon, another relative new-
comer to the linear semicustom
field, offers the RLA80, RLA120,
and RLA160 macrocell arrays. All
can operate from 2 to 32V (+1 to
+16V). The newest chip, the
RLA160, has 15 user-configurable
gain cells, each containing 10 tran-
sistors. Other components include
43 small npn transistors, four large
(200 mA) npn transistors, 10 small

Cherry Semiconductor Corp

525 Del Ray Ave

Box 489, Station A

For more information . . .

For more information on the semicustom ICs discussed in this article, contact the following manufacturers directly or
circle the appropriate numbers on the Information Retrieval Service card.

AT&T Technologies Ferranti Interdesign Inc Micrel Inc Tektronix Inc

Dept 50AL.203140 1500 Green Hills Rd 1235 Midas Way Box 500, MS 59-420
555 Union Blvd Scotts Valley, CA 95066 Sunnyvale, CA 94086 Beaverton, OR 97077
Allentown, PA 18103 (408) 438-2900 (408) 245-2500 (503) 627-7111

(800) 372-2447 Circle No 705 TWX 910-379-0007 TWX 910-467-8708
Circle No 701 Circle No 709 TLX 151754

Holt Integrated Circuits Inc
9351 Jeronimo Rd

Micro Linear

2000 S County Trail Irvine, CA 92718 2092 Concourse Dr VTC Inc
East Greenwich, RI 02818 (714) 859-8800 San Jose, CA 95131 2401 E 86th St
(401) 885-3600 TLX 753307 (408) 262-5200 Bloomington, MN 55420
Circle No 702 Circle No 706 TLX 275906 (612) 851-5000
Circle No 710 TLX 857113
Custom Arrays Corp Linear Technology Inc Circle No 714

Motorola Inc

Sunnyvale, CA 94086 Burlington, Ontario, Canada L7R-3Y3 1300 N Alma School Rd
(408) 749-1166 (416) 632-2996 Chandler, AZ 85224
TWX 510-600-5119 TLX 061-8525 (602) 821-4426

Circle No 703 Circle No 707 Circle No 711

Circle No 713

Exar Corp MCE Semiconductor Inc Raytheon Co
750 Palomar Ave 1111 Fairfield Dr Semiconductor Div
Sunnyvale, CA 94086 West Palm Beach, FL 33407 Box 7016
(408) 732-7970 (305) 845-2837 Mountain View, CA 94039
TWX 910-339-9233 TLX 441405 (415) 968-9211
Circle No 704 Circle No 708 TWX 910-379-6484
Circle No 712
68 EDN October 15, 1987
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pnp transistors, and 240 resistors.

The RLA chips are primarily
composed of op-amp/comparator
cells and thin-film resistors. Unlike
diffused resistors, the thin-film va-
riety exhibits tolerance, tempera-
ture-drift, and matching character-
istics comparable to those of many
types of discrete film resistors. You
can connect the cells and the chips’
other components to form current
sources, detector/amplifier circuits,
voltage references, active filters,
voltage-to-current converters, tim-
ers, data-conversion circuits, and
many other types of analog funec-
tions.

A review of these new linear and
digital-linear semicustom chips
makes it clear that their manufac-
turers are extending the perfor-
mance and application boundaries.
High-frequency chips are penetrat-
ing the VHF/UHF range, and high-
voltage chips are opening up appli-
cations that previously could be
implemented only with standard
ICs, hybrids, or discrete devices.
Designers can now use cell-type ar-.
rays to implement system-level de-
signs that include low-level analog
and digital functions as well as high-
power circuitry.

In addition to wider application
possibilities, higher performance,
and easier design, semicustom cir-
cuits continue to offer their tradi-
tional advantages. They offer lower
NRE costs and faster turnaround
than full-custom implementations
would, yet they permit the realiza-
tion of a proprietary circuit dedi-
cated to a specific application. All of
these advantages are combining to
enhance the competitiveness of
OEM purchasers of semicustom
chips. EDN

Article Interest Quotient
(Circle One)
High 515 Medium 516 Low 517
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No other AC Power Source
givesyou 150% of rated
power — continuously.

Behiman does, all day long. Our STD and KB Series AC Power Sources
are designed to deliver up to 150% of rated power. This means you never
have to derate a Behlman, or worry about power factors or overloads. And with
50% more power being available to the load, these models are more cost
effective, versatile and reliable.

Our sources are smaller and lighter too. They're perfect for ATE applica-
tions. And Behiman'’s ClIL and IEEE-488 option packages make the KB Series
a good choice for complex systems integration.

The KB Series delivers truly independent, simultaneous output measure-
ments while your tests are in progress. With this, and self diagnostics, you
perform tests faster and eliminate expensive external measurement equipment.
It's all in one intelligent package.

Whether you want manual or computer
controlled AC power, Behiman enhances
your testing capabilities and effectiveness
— with power to spare.

We deliver solutions to AC power
problems. Call or write today for
more information.

(805)684-8311
CALLCOLLECT

BEHLMAN

A Fiskars Company

1142 Mark Avenue + Carpinteria, CA 93013
FAX (805) 684-8128

CIRCLE NO 9

DID YOU KNOW?

Half of all EDN’s

articles are staff-written.

[EDN
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INTRODUCING
THE WORLD'S
SIXTH
2400 BPS
MODEM.




No question
about it; after the
Sierra 1200 bps
modem set the stan-
dard for what a
modem should be,
the whole world has
been trying to top it.

And the way
people have been
introducing 2400
bps modems lately
they must think
doubling the baud
rate is all it takes.

But at Sierra,
we think anything
worth doing is worth
doing right. So we
took the extra time
to give this modem
the same kind of
features that made
our 1200 bps modem
the world’s best. And
now that it’s good
and ready, justlook at
the difference:

Instead of
taking three or more
ICs to do the job,
we've done it with
only two: Our

SC11006 modem,
and one of two con-
trollers. Our SC11009
for parallel bus
applications, like the
IBM PC, XT, and AT
computers or com-
patibles. Or our
SC11010, for direct
RS-232 serial inter-
face applications.
We also give
you our exclusive
Triple Technology”
which provides maxi-
mum integration
through optimum
partitioning of
analog and digital
functions on the
same chip. In the
modem, you'll find
integrated features
like DTMF and guard
tone generators, a
call progress monitor,
hybrid analog, digi-
tal, and remote
loopback diagnostics,
and a programmable
audio output port.
And in both con-
trollers, you get the

full industry stan-
dard AT command
set, imbedded in
ROM. With the
ability to address
off-chip memory
to accommodate
special features.

To give you an
idea of how much
further weve gone,
this two-chip set has
been designed and
fine-tuned to deliver
superior perfor-
mance, as specified
by the European
PTTs. As a result, it
offers the best
service on the
widest variety of
telephone channels
in the world.

If you'd like to
know more, just call
or write. We'll send
you full information
about the world’s
sixth 2400 bps
modem. And show
you how we started
out sixth and
wound up in first.

2™, Sierra Semiconductor
YW Triple Technology: In CMOS.

2075 North Capitol Avenue, San Jose, California 95132. Telephone (408) 263-9300
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If your ASIC vendor has you trained to
expect missed deadlines, overshot budgets,
or anything less than what you need, what
you need is a new vendor.

With a full range of gate arrays and
standard cells, manufactured using double
level metal and down to 1.2 micron processes
for high-performance ASIC systems, Thomson-
Mostek is giving the industry just what it
needs — breakthrough technology in record-
breaking time.

At Thomson-Mostek, on-site mask
generation takes just 2 days. ASIC fabrication,

just 9 work days for gate arrays, 18 for standard

cells. In fact, total turnaround time from final
design review for gate array prototype devices

can be as short as 18 days, and standard cells

only 15 days more with the production ramp
beginning 4 weeks later.

STANDARD CELL PRODUCTS

Of course, delivery speed isn't the only
important thing. Thomson-Mostek also has
the experience and technology to offer com-
plete, all-on-one-site manufacturing of some
of the most innovative, high density, high-
performance products in the industry. Our
gate arrays consistently achieve a 97% rout-
ability level—the highest in the industry. We
offer a broad ASIC product line of 3-, 2- and
1.2-micron CMOS gate arrays and standard
cells, as well as CMOS mask programmable
filter and bipolar linear transistor arrays. And
all of our semicustom devices are charac-
terized and specified over the full commercial,
industrial and military temperature ranges.

So, if your business depends on turn-
around and technology, come to the ASIC
vendor that's trained to give you both.

We're Thomson-Mostek. And we're just
what you need.

TSSA SERIES
* 3 process

« large multipower macro set features programmable

generated RAM, ROM and PLA arrays configured
to your needs

« large 1/O family available in both pad limited and
core limited layouts for smallest die

« performance from 1.5ns typical

GATE ARRAY PRODUCTS

TSSB SERIES / TSSC SERIES
*2n and 1.2 processes

« RAM, ROM, PLA, arithmetic and
microprocessor core functions

« packages customer-specified from 20-pin
PDIPs to 208-pin CPGA, PLCC and PPGA

« commercial, industrial and military temperature

ranges
« performance from 0.9ns

TSGB SERIES (21) TSGC SERIES (1.2*/2p) with 1K-10K densities

TSGB/GC No. No. Gates No. /O

PWR DIP Package

Pin Grid Arrays Chip Carriers

01000 1120 56 12 28,40, 48 (C/P) 68 (C/P) 44,52, 68 (C/P)
02000 2128 76 12 28, 40, 48 (C/P) 68, 84 (C/P) 44,51, 68 (C/P) 84 (C)
03000 3264 96 12 68, 84, 100 (C/P) 68, 84 (C/P) 100 (C)
04000 4256 108 12 68, 84, 100, 120 (C/P) 68, 84 (C/P) 100, 124 (C)
06000 5880 132 12 68, 84, 100, 120 (C/P) 68, 84 (C/P)
144 (C) 100, 124 (C)
08000 7872 168 16 84, 100, 120 (C/P) 84 (C/P)
144,180 (C) 100, 124 (C)
10000 9776 192 16 84, 100, 120 (C/P) 84 (C/P)
144,180, 208 (C) 100, 124 (C)
C =ceramic, P = plastic
—
PO )
Ly 2 days adays
e 20
szs“ "z:
e e M 5days L
{ As.gd*l
a— e U (g oays -
. GO
T
Produd™®

In addition to ASIC, Thomson-Mostek manufactures a broad selection of MOS and bipolar devices for both commercial and military applications: microcomponents.
memories. telecom/datacom and linear circuits as well as Discrete. RF and microwave transistors and passive components
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U.S. and Canadian
Sales Offices

Western Area:

Santa Clara, CA
408/970-8585

Irvine, CA
714/250-0455

Woodland Hills, CA
818/887-1010

Seattle, WA
206/632-0245

Longmont, CO
303/449-9000

Scottsdale, AZ
602/998-1580

Tigard, OR
503/620-5517

Eastern Area:

Burlington, MA
617/273-3310

Mariton, NJ
609/596-9200

Huntsville, AL
205/830-9036

Poughkeepsie, NY
914/454-8813

Dublin, OH
614/761-0676

Norcross, GA
404/447-8386

Central Area:

Carroliton, TX
214/466-8844

Bloomington, MN
612/831-2322

Schaumburg, IL
312/397-6550

Austin, TX
512/451-4061

Canada:

Montreal, Quebec
514/288-4148

Brampton, Ontario
416/454-5252

Semiconductor

Distributors

Add Electronics

Advent Electronics

All American
Semiconductor

Almac Electronics Corp.

Almo Electronics, Inc.

Future Electronics

Greene-Shaw

Hammond Electronics

Integrated Electronics
Corp.

ITAL Sales

Kierulff Electronics

Lionex Corp.

Marshall Industries

Nu-Horizons Electronics

Pioneer Technologies
Group

Pioneer-Standard

Quality Components
(Q.C-sw)

Quality Components
(Q.C-SE)

ITT Microcomponents

Schweber Electronics

Solid State, Inc.

Zentronics

Zeus Components, Inc

THOMSON

COMPONENTS
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The Ultimate Design
for Total Reliability.

MIL-C-55302 HDO SERIES HYPER/NAFI

e 1.5 Oz. Insertion Force Per

e Q.PL.dto DOD-C-55302 ¢ Specifically Designed for

¢ 1.5 Oz. Insertion Force Per Medical and Test Equipment Contact :
Contact e Positive Locking Features * Intermountable with MIL-

e Front Release, Rear Removeable e High Cycle Life (25,000 + ) C-28754

e Immune to Shock and Vibration e Quick Connect/Disconnect * Modular Design

e Available w/ 17, 29, 41, 53, 65, * Available in 3, 4,6, 7,9 * Immune to Shock and
72. 84, 96, 120, 160 Contacts Contact Configurations Vibration
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SI-TAC CONNECTORS, IN

Building 209, 15251 Roosevelt Bivd., Clearwater, Florida 33520
Telephone (813) 536-5933 Telex 808730




TECHNOLOGY URDATE

Self-calibration and oversampling make room
for more digital circuitry on monolithic ADCs

Jim Wiegand, Associate Editor

Although proven A/D-converter de-
signs migrated from hybrid to mon-
olithic circuits in the early 1980s,
their basic configuration hasn’t real-
ly changed much since the 1960s,
when ADCs were implemented in
discrete components. Now, howev-
er, a different approach to A/D con-
version is becoming increasingly
popular. Manufacturers are using
self-calibration and oversampling
techniques to incorporate more dig-
ital circuitry than analog circuitry
on these ADCs.

The new techniques provide some
clear benefits. The self-calibration
feature allows manufacturers to
loosen the tolerances on the chips’
analog circuitry by relaxing process
sensitivities and complexities. Fur-
thermore, it aids you in producing
affordably manufacturable systems:
Self-calibration lets you manufac-
ture systems without potentiome-
ters to autozero the ADCs, thus
reducing manufacturing costs.

Also, because they can recalibrate
themselves, these ADCs can adjust
to changes over temperature and
time. And because the chips use
more digital circuitry, which takes
up less space than analog circuitry,
manufacturers are incorporating
more functions—such as pP inter-
faces—on a single chip.

Some self-calibrating ADCs also
use oversampling, a digitally inten-
sive conversion method. Because of
its complexity and its concomitant
speed penalty, oversampling is most
suitable for use in applications that
involve audio-frequency and low-
frequency signals.

In his keynote address at last
February’s International Solid-
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Fig 1—A charge-redistribution D/A converter employs an array of binary-weighted
capacitors rather than a resistor-ladder network to effect a D/IA conversion. One advantage of
the capacitor approach is that it eliminates the laser-trimming process step that the

resistor-ladder method requires.

State Circuits Conference, Robert
W Broderson, professor of electrical
engineering at the University of
California at Berkeley, noted that
oversampling might allow manufac-
turers to eliminate the need for pre-
cision analog circuitry in A/D and
D/A converters. In fact, Broderson
stated, “it is likely that soon this
approach will dominate the analog
interface in most voiceband system
applications, since the A/D conver-
sion can be accomplished in stan-
dard digital technology, without
added process steps” (Ref 1).

Self-calibrating ADC

A number of A/D converters that
employ self-calibration and
oversampling techniques are now
available. Crystal Semiconductor,
for example, offers the $59.34 (1000)
CS5016, a 16-bit self-calibrating
ADC that converts an input signal
over the =4.5V range in 16 usec.
The self-calibration technique al-
lows the 16-bit converter to provide
maximum nonlinearity of 0.0015% of
full scale.

The CS5016 consists of a D/A con-
verter (DAC), a track/hold amplifi-
er, a conversion and calibration mi-
crocontroller, a comparator (a 1-bit
ADC), pP-compatible 3-state I/0

buffers, and calibration circuitry.
The input track/hold amplifier ac-
quires the analog input signal with-
in 3.75 wsec after each conversion,
allowing throughput rates as high as
50 kHz.

The CS5016 uses a successive-ap-
proximation technique to effect the
A/D conversion. Like all successive-
approximation converters, the
CS5016 compares the analog input
to the output of a DAC, which is
controlled in accordance with the
conversion algorithm. The DAC out-
put is set to half the full-scale value
(the most significant bit is on; all
other bits are off). If the analog
input is greater than or equal to the
DAC output, then the correspond-
ing bit in the ADC’s output is set to
one, and the next DAC output is
tested against the analog input. In
this way, each bit, from the most
significant to the least significant, is
successively tested against the ana-
log input.

Unlike other successive-approxi-
mation converters, in which the in-
ternal DAC is based on a laser-
trimmed resistor-ladder network,
the CS5601 uses an array of binary-
weighted capacitors to effect a
charge-redistribution DAC (Fig 1).
This DAC has an inherent track/hold
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Who will paint
standard or modified
linear IC’s purple, form
the leads to your spec,

wish, build them
in a QPL plant to
883B, Rev. C and
Class S, package

" and PLCC packages?
Who will use hybrid tech-
nology, screen to cus-
tomer specifications, or
modify an existing design?
The General will. That’s who.
More than 10,000 customer
specific products including voltage regulators,
pulse width modulators, protection circuits,
' operational amplifiers, core memory interface
circuits, power drivers, power output stages, and
transistor arrays have been built for our customers.
We have built them to meet the most exacting
needs and criteria. We test them to military
or commercial temperature requirements.

Customer Specific Parts Are Half Our Business.
From special labeling to full custom linear,
you can depend on us to meet your exact needs.

Well work with you all the way. And we'll work
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test them any way you

them in SOIC, LCC,

Who has 10,000
icon solutions

on file?
The General.

fast. Look to us for full custom IC’s for automotive,
motor control, power supply and military appli-
cations. Look to us for integrated power, high
speed logic, and fast accurate linear circuits.
They're the heart of our custom design and fabri-
cation capabilities. Packages include DIPs to 40
pins, TO-3, 39, 66, 96, 99, 100, 101, 220, flatpack,
BLCC, LCC, and SOKE,
Ask For Our Capabilities Brochure.

Silicon General
engineers work
with you to care-

fully define a cus-
tom specification.

You can get the M
ball rolling by

writing for a copy
of Capabilities
Brochure. Please
write Silicon General, 11861 Western Awve.,

Garden Grove, CA 92641. Phone (714) 898-8121.
['WX 910-596-1804. FAX (714) 893-2570.

SILICON
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UPDATE

function, and it allows the chip to
provide high-resolution conversion.

A charge-redistribution DAC
stores, on a capacitor array, a
charge that’s proportional to the an-
alog input signal. The floating side
of each of the capacitors is con-
nected to the input of a comparator.
An on-chip controller then switches
the other side of each capacitor ei-
ther to analog ground or to a refer-
ence voltage, as the conversion algo-
rithm specifies. As more capacitors
are connected to ground, the com-
mon side of the capacitor array is
forced to a more negative voltage.

Because the charge originally
stored on the capacitors is constant,
the charge at the floating node of
the comparator remains constant.
Therefore, the controller switches
the capacitors between reference
voltage and ground until the voltage
at the floating input equals zero. At
this point, the ratio of the capaci-
tance connected to ground to the
capacitance connected to the refer-
ence voltage represents the ratio of
the input voltage to the reference
voltage.

The charge-redistribution DAC
technique lends itself to self-calibra-
tion. Because each of the binary-
weighted capacitors can actually be
a composite of several smaller capac-
itors, the capacitors in the array can
be adjusted (that is, switched in and

~out of the array as needed) to pro-
vide a ratio of capacitances that pro-
vide the proper weighting between
digital steps. During the calibration
process, an on-chip microcontroller
adjusts each of the bit capacitors: It
switches the component capacitors
of the bit capacitor into or out of the
array until the value of the bit ca-
pacitor is equal to the sum of the
capacitance of the lower-bit capaci-
tors plus one LSB.

In addition to fulfilling the re-
quirements for a highly accurate
DAC, the CS5016 has an accurate
comparator. The device uses an
autozeroing technique to null errors
introduced by the comparator. All
offsets presented to the comparator
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Fig 2—The area efficiency of a charge-redistribution DAC allows the ML2200 ADC chip to
incorporate an input multiplexer, sample/hold amplifier, and pnP interface on a single

chip.

are stored on the capacitor array
while the ADC is in the track mode.
The offset errors are then sub-
tracted from the input signal when a
conversion is initiated.

The CS5016 uses statistical noise-
reduction techniques to calibrate
the DAC to within =% LSB at the
time the device is first powered up.
You can initiate subsequent calibra-
tions to adjust for temperature drift
and aging at any time.

Oversampling ADC

Besides simplifying the calibra-
tion process, the charge-redistribu-
tion architecture is naturally suited
to the oversampling method of A/D
conversion, primarily because it has
an inherent sample/hold function.
Crystal, for example, bills its $39.38
(1000) CS5014 as an oversampling
converter as well as a self-calibrat-
ing device. This 14-bit ADC can
convert an input signal over the
+4.5V range in as little as 14.25
wsec, allowing throughput rates as
high as 56 kHz.

The basis for the oversampling
technique is the fact that, by sam-
pling a signal at a frequency much
higher than twice the Nyquist fre-
quency, one can spread the quanti-
zation noise of the ADC into a much
broader frequency spectrum than
that of the signal being converted.
This action diminishes the power

level of the quantization noise with-
in the signal’s frequency band and
moves the noise energy to a higher
frequency. After the noise energy
has shifted, you can eliminate the
noise with a digital-signal-process-
ing technique called decimation.

As with the CS5016, you can
recalibrate the CS5014 at any time
and in a variety of modes. If you
wish to calibrate the part in back-
ground mode, for instance, you can
interleave the calibration process
with the data-acquisition process.
If, on the other hand, you need to
recalibrate quickly—for example,
when your system detects an abrupt
change in its own temperature—you
can use the “burst cal” mode. This
quick recalibration overcomes the
drifts introduced by rapid tempera-
ture change.

ADCs have size advantage
Another advantage of this self-
calibrating, oversampling converter
is its size. Because it uses more
digital than analog circuitry, the
chip can include more functions than
a purely analog chip of the same size
could contain. The size advantage
that sampled-data A/D converters
give you is evident in the ML2200
Data-Acquisition Peripheral, a
13-bit, 8-channel, self-calibrating
analog-interface system from Micro-
Linear (Fig 2). The device is fabri-

i



TECHNOLOGY UPDATE

cated in 3-pum CMOS and converts
an input signal over the +2.5V
range in 25 psec.

The ML2200’s algorithmic conver-
sion process employs an on-chip 2-
amplifier loop to double the input
signal and then compare it to a
reference instead of adjusting ca-
pacitor ratios. If the doubled signal
is greater than the reference volt-
age, the reference is subtracted
from the signal. The remainder is
then doubled and circulated through
the loop for the next bit decision.

Analog simplicity

What makes the design of the
ML2200 simple is that there’s only
one requirement for achieving
+0.5-LLSB accuracy in the conver-
sion process: The manufacturer
must limit offsets within the conver-
sion loop to less than 0.5 LSB. This
requirement is the most basic limi-
tation on the converter’s accuracy,
and the manufacturer satisfies it by
using an offset-nulling, self-calibrat-
ing scheme. The offset-nulling
scheme removes the op-amp offsets
and cancels charge injection as well.
The offset error is eliminated at the
beginning of each conversion by the
autozeroing circuits contained in the
sample/hold amplifier and in the
multiplying amplifier.

The ML2200 converter’s linearity
depends upon only two parameters,
the gain and offset errors. The self-
calibration circuitry limits the gain
error by measuring the 2x gain of
the loop and then adjusting the gain
as necessary: The device measures
gain by performing an A/D conver-
sion on the internal voltage refer-
ence. In the ideal case, the result of

ERROR
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Fig 3—You can distribute the integral nonlinearity of the AD1170 A/D converter in a way
that minimizes the nonlinearity for positive voltages (a), or you can distribute the nonlineari-
ty over the entire operating range of the ADC (b).

the conversion would be all ones
(that is, a full-scale value). If the
loop gain is slightly less than 2, the
resulting LSB of the conversion will
be zero, and the on-chip controller
will adjust the loop gain upward. On
the other hand, if the result of the
conversion is all ones, the loop gain
may be too great; if so, the convert-
er reduces the loop gain until the
threshold value of the LSB is
reached. The converter adjusts the
loop gain by tuning binary-weighted
input capacitors.

You can initiate the calibration
process for the ML2200 by setting
the CAL bit in the chip’s control
register. The self-calibration pro-
cess requires 2 msec to execute; the
chip generates a “calibration-com-
plete” interrupt at the completion of
the process. This interrupt output

Analog Devices Inc
Box 9106

Norwood, MA 02062
(618) 329-4700
Circle No 717

Box 17487

(512) 445-7222
Circle No 718

For more information . . .

For more information on the monolithic A/D converters discussed in this
article, circle the appropriate numbers on the Information Retrieval Service
card or contact the following manufacturers directly.

Crystal Semiconductor

Austin, TX 78760

Micro-Linear Corp

2073 Landings Dr
Mountain View, CA 94043
(415) 966-8373

Circle No 719
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allows you to redirect the host pro-
cessor to other tasks while the self-
calibration is under way. The
ML2200 costs $60 (1000).

Adjustable calibration

Another approach to self-calibrat-
ing converters—one which doesn’t
calibrate on a bit-by-bit basis—is
represented by the AD1170 from
Analog Devices. The AD1170’s self-
calibration process favors the posi-
tive-voltage-range conversion for
applications such as temperature
measurement. For other applica-
tions, however, you can adjust the
self-calibration process to distribute
the integral nonlinearity evenly
over the positive and negative volt-
age ranges.

Specifically, the AD1170 normally
performs self-calibration internally
at 0 and 5V, not at —5 and +5V.
This calibration process results in
the error curve illustrated in Fig 3a.
As the figure shows, this technique
tends to exaggerate the relative
error at the negative end of the
scale and to reduce the error for
input voltages between 0 and 5V.
This calibration suits systems that
measure or convert positive signals,
such as those from thermocouples.
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The manufacturer claims the part
has no more than +0.001% nonline-
arity; this spec is an endpoint mea-
surement, and it excludes any gain
or offset errors. (Endpoint nonline-
arity is the typical deviation from a
straight line drawn between the
outputs of the charge-balancing con-
verter at the +5 and —5V input
extremes.)

To make the ADC’s integral non-
linearity synonymous with its rela-
tive accuracy, you must externally
calibrate the converter at its end-
points; to do so, you must intention-
ally introduce a span error during
the calibration process. This proce-
dure sacrifices positive full-scale ac-
curacy in order to reduce the nega-
tive full-scale error (Fig 3b).

The AD1170 includes internally
generated zero and full-scale sig-
nals. Its electronic-calibration func-
tion measures the ratio of these sig-
nals to externally applied reference

voltages, in order to determine the
ratio of the internal reference to the
external reference. This ratio is ap-
plied to all the subsequent math
computations in the conversion pro-
cess, effectively compensating for
errors in the device’s internal refer-
ence.

The ratio is stored in RAM in the
AD1170 until the host issues a com-
mand that stores the ratio in the
chip’s nonvolatile RAM. The
AD1170’s nonvolatile RAM is speci-
fied to operate over a minimum of
1000 write cycles, which translates
to 19 years of weekly calibration/
write cycles. Of course, you can
calibrate the device more frequent-
ly, but you must limit the number of
write cycles to 1000. You can select
the converter’s resolution to be any
number of bits from 7 to 18, and you
can choose any conversion time be-
tween 1 and 350 msec. The AD1170
costs $98 (100). EDN
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Where to find almost any
test environment on Earth.

Plus a few that arent.

Lockheed’s Environmental Test Laboratory
provides complete environmental, electromag-
netic interference/compatibility and stress
screening services on a 24-hour-per-day basis.

All at one location.

We have 26 years' experience testing all
types of equipment under carefully controlled
laboratory conditions. Whether your specifica-

< rlockheed Flectronics —

tions are military or commercial, were fully
equipped to handle your climatic/atmospheric
simulation, structural, enclosure or noise
testing, and much more.

Call Jack Glavine at (201) 757-1600

may seem.

Extension 2267 or 2227 with your equipment
test specifications. However impossible they
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THE PERFORMANCE MACHINE

ISDN TESTIN

IPT468
From US $37,400.00 down
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Order now with these features:
# Primary Rate Interface 1.544 or 2.048 Mbps  ® Automatic emulation of Q921 and Q.931

(23B+D or 30B+D) ¥ Internal B-channel emulation and monitoring
¥ Basic Rate Interface 192 kbps (2B+D) # External B-channel access (TTL)
& Monitor S/T interface & Soon to be announced:
# Simulate NT or TE # CCS No. 7 testing, ISDN certification tests
¥ Full decoding and analysis of Q921 and and conformance test suites for Telematic
Q.931 terminals including X.25, TELETEX,

FACSIMILE Gr. IV and Mixed Mode.

=
IDACOM

Los Angeles  San Jose Texas Chicago New York/INJ ~ Washington ~ Edmonton Toronto W. Germany
(714) 2617663  (408) 842-2101 (817) 267-0189  (312) 572-1160 (201) 846-8010 (301) 596-0766 (403) 450-2468  (416) 8220352  06151-314043
IDACOM Electronics Ltd. 9411 20 Avenue Edmonton AB TEN 1E5 FAX (403) 450-1020 TLX 037-3315. OVERSEAS: SIEMENS AG E680, Kommunikationsmessgeraete, Postfach 700079, Hoffmannstrasse 51 D-8000, MUENCHEN 70
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GENERAL PURPOSE = DATA ACQUISITION = RF MICROWAVE

TELECOMMUNICATIONS =

We’re Your One-Stop Shop for All Your
Digital Design Needs.

= DATA PRODUCTS

RENTAL e LEASE ¢ PURCHASE

APPLIED MICROSYSTEMS
ES-68000-BP Satellite Emulator for 68000 with board and probe.

BIOMATION (GOULD)

K-105-272 Logic Analyzer: 64 channel state,
8 channel timing, dual drives.

DATA 1/0

29B-X0600 Universal PROM Programmer.

HEWLETT PACKARD
1630D 43 Channel Logic Analyzer.

1630G 65 Channel Logic Analyer.
64100B/41 10 Card Slot Logic Development System Mainframe.

64110B/034 5 Card Slot Portable Logic
Development System Mainframe.

INTEL

IMDX-441A Series |V Development System with
enhanced performance option.

11-210 12 ICE 80286 In-Circuit Emulator.

NORTHWEST INSTRUMENTS
2400E High-Level Language Software Analyzer.

TEKTRONIX
1240 Logic Analyzer Mainframe.

1241 Color Logic Analyzer Mainframe.
8561/2/5 Multi-User Software Development Station.
DAS9129/1/2/3 High Speed Digital Analysis System.

AND DOZENS MORE!

List Price

$10,940

$17,895

$4,495

$10,800
$12,400
$16,950

$11,350
$28,900
$11,995
$9,995
$4,500

$6,000
$16,400

$10,805

Of course, all equipment includes these benefits:

90to 120 Day Warranty Local Support Nationwide

5-Day Acceptance Extended Service

Burbank; CA (818) 843-3131 Elk Grove, IL (312) 956-8380
Cedar Grove, NJ (201) 857-2280 Livonia, MI (313) 522-8555

Columbia, MD (301) 995-6707 Mountain View, CA (415) 964-5500
Dallas, TX (214) 437-3383 Norcross, GA (404) 925-9199

CIRCLE NO 49

Sale Price

$6,800

$6,000

$2,600

$7,500
$8,500
$6,000

$6,000

$6,000
$11,000

$5,997

$3,400
$5,200
$4,000

$7,500

Financing Available
Maintained Used Equipment

San Diego, CA (619) 571-7905
Wilmington, MA (617) 657-8400

Mississauga, Ontario (416) 624-6132

Electro Rent
Corporation

EDN October 15, 1987



PRODUCT UPDATE

68020-based CPU board expands VME Bus
for message-passing operations

Although the 68020-based CPU-22/
23 board for the VME Bus includes
many useful features, its outstand-
ing feature is the ability to support
message-passing operations. Mes-
sage passing lets any processor
broadcast a message to other pro-
cessors at any time. Such 8-bit mes-
sages might include information
about a processor’s status and its
interrupts. The CPU-22/23 board
includes two 8-byte, first-in/first-
out (FIFO) memories that store in-
coming and outgoing messages.

The manufacturer claims that any
32-bit VME Bus CPU board can
transmit a message to the CPU-22/
23 board. Once the CPU-22/23 board
receives a message, it initiates a
quick response that has already
been programmed. For example,
servicing the interrupt that results
from receiving a message might
cause the computer to actuate con-
trols, turn on an alarm, or perform
other real-time tasks.

The board includes a 68020 P
chip and a 68882 floating-point math
chip, both of which operate at clock
rates of either 16.7 or 20 MHz. Its
onboard memory includes either
256k bytes or 1M byte of dual-port
static RAM and as many as 4M
bytes of EPROM. The EPROM re-
quires one wait state. The dual-port
RAM allows the VME Bus and
DMA devices, as well as the CPU,
to share interleaved memory-access
operations without degrading the
pwP’s performance. The interleaved
operations require no wait states or
stop states. The presence of the
high-speed dual-port RAM lets pro-
cessors quickly exchange programs
and data in a multiprocessing sys-
tem. The manufacturer specifies
that the CPU board facilitates mul-
tiprocessing applications that fall

EDN October 15, 1987

The CPU-22/23 board facilitates message
passing on the VME Bus and provides either
256k bytes or 1M byte of dual-port RAM. You
can buy the board as well as license the
manufacturer’s technology.

within the 3- to 15-MIPS range.
Users will be able to upgrade the wP
from a 68020 to a 68030 when the
latter chip is available from Mo-
torola.

The heart of the CPU-22/23 board
is the manufacturer’s FGA-002 gate
array, which controls message-pass-
ing operations, as well as DMA
transfers and I/0O functions. The
CMOS gate-array chip also serves
as the primary interface between
the 68020 wP chip and the VME
Bus. However, the board incorpo-
rates separate bus-driver/receiver
ICs that actually connect the FGA-
002 chip to the bus signal lines. The
gate array also provides the signals
that control an onboard real-time
clock, two multiprotocol serial 1/0
ports, and five timers.

The manufacturer expects to pat-
ent its bus-management technolo-
gy, which it calls VME/Plus. Li-

censes to wuse the technology
embodied in the FGA-002 chip, how-
ever, will be available to manufac-
turers of competing VME Bus prod-
ucts. The licensing will take place
through a consortium established
by the VME Bus International
Trade Association (VITA).

As part of the CPU-22/23 board,
you also receive VMEPROM, a set
of four EPROMs that contain a mon-
itor/debugger program and a real-
time operating-system kernel. The
operating-system kernel provides a
subset of PDOS operations as well
as a PDOS file manager and BIOS
modules. The PROM-based soft-
ware also includes the manufactur-
er’s Forcebug modules.

Although the CPU board pro-
vides a message-passing capability
and many other onboard features, it
still conforms to the IEEE-1014
VME Bus standard and its sub
buses. For example, the CPU-22
board supports the VME memory-
extension bus (VMX), and the
CPU-23 supports the VME subsys-
tem bus (VSB). The base price for
either board, with a 68020 wP that
runs at 16.7 MHz, is $6475. Each
board also includes 256k bytes of
dual-port RAM.—Jon Titus

Force Computers Inc, 727 Univer-
sity Ave, Los Gatos, CA 95030.
Phone (408) 354-3410.

Circle No 715

Force Computers GmbH,
Daimlerstrasse 9, D-8012 Otto-
brunn, West Germany. Phone
(089) 600-910.

Circle No 716



WHEN YOU HAVE THE FACTS —
YOU'LL KNOW THERE IS NO COMPETITION

Introducing the Venable 350—A New Generation Design Tool For Frequency Response
Analysis, Synthesis, Modeling and Testing of Power Supply and Servo Control Loops.

The Venable 350. It's a highly flexible, computer-
based 0.0001 Hz to 1.0 MHz frequency response
analyzer. It allows you to quickly and precisely
measure and document the frequency charac-
teristics of any component or system. Competitively
priced with other uncompromising analyzers, it fruly
offers a quantum leap forward in performance and
design capability.

The Venable 350 is a new generation tool
that—for the first time—fully integrates analysis,
synthesis, modeling, and fest functions. This means
that you can now easily and quickly synthesize a
circuit, plot the analysis results, specify design
changes, test the frequency response of actual
hardware, and then overlay the model with just a

few key strokes on the same instrument.

Armed with a 350, an engineer can arrive
at an optimized error amplifier or compensator
design and documentation in minutes—rather than
having to seftle for just an “acceptable” version
after days or even weeks.

The 350 maximizes your engineering
creativity. And it's a real workhorse in a fest
environment. But there’s so much to the Venable
350 it can’'t be covered in one page. Why not
contact Venable Industries today. After all, if you
don't—how do you know your competition won't?
Venable Industries, 3555 Lomita Blvd., Torrance,
CA 90505. Outside CA (800) 262-2522. Inside
CA (213) 539-2522. Fax: (213) 539-4139.

\ -4 vENABLE
: _J INDUSTRIES,INC.

¥  E W oRB s
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READERS’ CHOICE

Of all the new products covered in EDN’s August 6, 1987, issue, the ones reprinted here generated the most
reader requests for additional information. If you missed them the first time, find out what makes them special:
Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in

our August 6, 1987, issue.

A MOTOR CONTROLLER

The Model 4327 motor controller is STD Bus compati-
ble. It intelligently controls two de brush-type servo
motors and offers four modes of position and velocity

control (pg 250).
Technology 80 Inc.
Circle No 605

512
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A ADD-IN BOARD

The T4 Transputer-based add-in board supports pro-
gramming in C and allows you to develop parallel-
processing applications on an IBM PC or compatible

computer (pg 73).

Micropar Inc.
Circle No 601

<4 DATA-ACQUISITION
CHIP

The LTC1090 data-acquisition sys-

tem contains a 10-bit A/D convert-

er, an S/H circuit with a 1-psec

acquisition time, and an analog

input multiplexer, all on a single

piece of silicon packaged in a

20-pin DIP (pg 82).

Linear Technology Corp.

Circle No 603

4 DIGITIZING
OSCILLOSCOPES

The HP5185T, HP54112D, and

HP54120T cater to almost all your

high-bandwidth and deep-capture

measurement needs (pg 77).

Hewlett-Packard Co.

Circle No 602

A FORMAT CONVERTER
The R900 Universal File Transfer
software runs on IBM PCs,
PC/XTs, PC/ATs, and compatible
computers equipped with the ven-
dor’s data-acquisition or digital-os-
cilloscope interface boards

(pg 254).

Rapid Systems Inc.

Circle No 604
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LEADTIME INDEX

Percentage of respondents

% %
3 . 2
2 01_ %’ % 2 9(9 %’3
% 20 % 2 % U i A € X @ ¢
% A ) & 3 ° V4 2% 3 A A WA
. o, -
LR T TR Y LERYRY %
ITEM %, g 5 ©e Th ITEM ) % % % Be %H
TRANSFORMERS RELAYS
Toroidal 0 25 FSOR 25 0 0 §EE 59 Dry reed 0 50 BE 33 BEE 0 80 79
Pot-Core (B 15 8 23 B 0 BRE 77 Mercury 8 " 33 33 T 0 FESE 76
Laminate (power) B 40 TN 27 DEEE 0 BEE 6.7 Solid state B 50 B 17 BBE 0 [ EBE 60
CONNECTORS DISCRETE SEMICONDUCTORS
Military panel 0 0 BFSN 25 0 0 B88s 53 Diode 39 29 7 $ 4 | 888 80
Flat/Cable ~IE KB EB KB Zener 7 21 B o 8t 74
Multi-pin circular SN 20 FEE 0 S 0 BEEN 79 Thyristor 8 42 0 0 80 66
PC 00 44 156 0 B0l 0 BSEN 56 Small signal transistor 9 a0 0 | 55
RF/Coaxial KEl EEA KB I MOSFET 15 B o PO 6.2
Socket 3 26 (828 S5 B0 0 NS 5.2 Power, bipolar 20 0 0 844 54
ol L . R =E : ‘g, 21~ INTEGRATED CIRCUITS, DIGITAL
e o 10 B 10 B g S Advanced CMOS "R EXN KX [
D-Subminiature ;20 20 47 13 0 0 64 63 CMOS 26 2 32 21 0 0 64 89
Rack & panel 7 8 'e8 8 B & 0 88 77 = 27 27 26 20 0 0 60 65
Power 9 46 36 9 0 0 §87 69 s 44 6 25 o5 0 0 61 66
PRINTED CIRCUIT BOARDS INTEGRATED CIRCUITS, LINEAR
Single-sided 8 54 36 5 0 0 B88 49 "
; : Communication/Circuit 1 1 s 22 W 0 B8 63
Double-sided 8 35 48 14 P 0 (Wl 5.2 = -

- OP amplifier i 21 e 29 0 E /@ 79
Dl Mty o N =R R Voltage regulator 2 2 Azl 1 for o IS8 es
Prototype B 70 (8 0 BN 0 F& N 38 s :

M R
RESISTORS : s R»&AMf;( Gbiesda 20 20 8899 30 0 0 B 79
Carbon film o8 31 | 28 3 0 0 §@¥ 3.1 o 23 39 - > 7 8.3
Carbon composition SEE 33 e 0 EEE 0 33 3.2 5 o 64kk i 4 S 28 i '8
Metal fim 9 > & s T o B o AT f_,’;:, g Z 2 19 - 4:); ;'8
Metal oxide B > BN > BN o B o5 _"AM MOt i3 ;7 o 0 ‘
Wirewound 1 22 (a8 o LM o0 B0 65 ROM/PROM e 0 : 0 S 0 ;f, 90
Potentiometers 21 27 1488 o 0N 0 BEN 69 EEHROM Gk '21‘ L B 20 BN 0 EEEN 94
Networks KN EKEE EE E ST P i 4,? 33 SN 0 “ a5
EPROM 1M-bit 13 12 80 25 0 0 83 139
FUSES : EEPROM 16k B BB DB
BN o5 BRGNS 0 BN 0 B 26 EEPROM 64k i so 0 0 B0F o (BN a0
SWITCHES
Pushbutton e 21 e 21 P 0N 0 BES 56 DISPLAYS o
= Panel meters i 29 0| 36 | ¥ 0 F88 66
Rotary 5 35 THeE 15 D 0 e 6.7 :
— e e Fluorescent 0 0O B8 60 O 0 (128N 101
Rocker 18 29 {35 18 0 0 B84 50 = e
Incandescent 14 20 B8 43 0 0 (84BN 76
Thumbwheel 0 25 4B 33 0 0 93 6.4 LED 30 S 0 175 60
Snap action 5 31 [ o3 PG o B 55 T e 0  3 B I 9] 9’9
Momentary B s [ o3 BOY o B ss i -
Dual in-line 90 20 200 0 T @ o BEY 59 MICROPROCESSOR ICs
8-bit 14 33 BE 20 0 0 68 89
WIRE AND CABLE ; 16-bit 13 13 | 27 0 0 FESE 81
Coaxial 33 20 47 0 0 0 B8NS 28 - - = -
Flat ribbon A EE IO DD N O BN 46 B O RN 65
Multiconductor 8 23 (88 s T 0 e 38 FUNCTION PACKAGES
Hookup B 28 28 0 FO 0 BEEE 16 Amplifier 0 22 @484 33 SO 0 S 75
Wire wrap 50 33 0 9 o 23 50 Converter, analog to digital 0 20 80 30 § 0 93 83
Power cords 36 18 B 14 5 0 60 44 Converter, digital to analog 0 25 B8 25 0 EEEa 83
POWER SUPPLIES LINE FILTERS
Switcher 20 33 S8R 20 0 0 EEE 74 20 0 BB 20 0 0 E¥SN 79
Linear i 40 §808 20 BN o JEd 82 CAPACITORS
CIRCUIT BREAKERS Ceramic monolithic B9 4 32 Ba8 8 0N 0 48N 59
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Kyocera high speed
clock oscillators
have shattered the
CMOS time barrier.




CRYSTAL CLOCK OSCILLATORS

FEATURES

SPECIFICATIONS: KHO-HC/ KXO-HC

Condensed into a half-inch size clock
oscillator are the popular features and
functions of the KXO-HC High Speed
C-MOS clock oscillators. The output level
is C-MOS compatible with its large noise
margin and can also drive 10TTL (IOL=16
maA). So, it has drive capability of almost all
devices such as TTL, LS-TTL, S-TTL,
C-MOS, HC-MOS, N-MOS, etc. with a
frequency range from 500 KHz to 50 MHz.
The “E” (Enable) function is derived from
a Tri-State output buffer controlled by logic
levels on pin 1 (control). Output can be
changed from normal oscillation to a high
impedance state by the control pin,
effectively de-coupling it from the
oscillator bus. This function can provide a
change of system timing as well as wired
“OR” and easy system logic check by an
alternate test oscillator.

~ FREQUENCY RANGE 0.5MHz to 50MHz

OPERATING TEMPERATURE RANGE | 0 to 70C
STORAGE TEMPERATURE RANGE | —55 to 125C 14
INPUT VOLTAGE { 5V +10%
INPUT CURRENT | 50mA MAX.
FREQUENCY STABILITY \'
Vec=4.5 to 5.5V *100ppm

Topr=0 to ZOE

AGING +5 ppm/ YEAR e
| OUTPUT LEVEL  TTL LEVEL Fanout10
| DUTY RATIO ‘ 40 to 60%
g t DUTY RATIO (S) | 45 to 55%
ek 5nS max.
lih 104 A max
INPUT T —1504: Amax. g
(TRISTATE)|  Vih 2.2Vmin
Vil 0.8Vmax.

TRISTATE FUNCTION CHART

21 PIN
H OR OPEN
5

=8 PIN
OSCILLATION
HIGH IMPEDANCE

DIMENSIONS OUTPUT WAVEFORM (TTL LOAD)
KYOCERA LOGO =t i =1 7
PART NUMBER  —» o] aliE |5 io';’
OUTPUT s - A & s - i fed |
FREQUENCY = 2| 2 1*1 — 4
#1 PIN LOCATION —» #e ﬁ' —':Tfr— —'}T r_
MANUFACTURING | 5 | |
DATE CODE | 10 | #1045 B e o et e 2.4V
12.6 / \ |
2.6 % 4 ; : 1.4V
| I\ /!
PINNCC):ONN. by &1 4 e R -
; GND gy - : A : B : A
Sy e e =
5 | OUTPUT \ﬁbj i ; | DUTY RATIO D
8 vdd
8 5
7.62
TEST CIRCUIT (TTL LOAD)
a)
A
+ N l = TP SR RL=4009
8 5 D D : Switching Diode
Vv L Trr = 4nSec
- ol G CL=15pF max.
5.0V O1uF CL ¢ D Including Test Fixture and
T T Probe Capacitance




KYOGERA
DATA
GLOGKS

A BROAD LINE OF GLOCKS FROM TTL TO HCMOS

Kyocera manufactures a complete line of clock
oscillators to accommodate all your timing
applications. No matter if the application
requires driving high speed CMOS logic or fit-
ting the low power needs of battery-operated
equipment, Kyocera has the clock oscillator you
need. Kyocera builds its high quality clock
oscillators from the substrate up. They feature
an all-metal welded package that has been
hermetically sealed to protect them from
humidity. And the number 7 pin is grounded to
the case to help minimize RF radiation and
meet FCC EMI specifications. These and other
features combined with Kyocera’s 25 years
experience of manufacturing electronic
ceramics, give you a quality clock oscillator

you can rely on.

OSCILLATOR PRODUCTS

KXO SERIES, BASIC DATA

KXO-01 TTL COMPATIBLE CLOCK

KXO-CL CMOS COMPATIBLE CLOCK

KXO-CS 1-TTL OR CMOS, HCMOS COMPATIBLE CLOCK
KXO-HC 10-TTL OR CMOS, HCMOS COMPATIBLE CLOCK
LQV MULTI-OUTPUT CMOS COMPATIBLE CLOCK

KTXO, KTVXO TEMP. COMPENSATED AND VCO
QUARTZ, TUNING FORK LOW FREQUENCY

KYOCERA DATA CLOCK OSCILLATOR SELECTION CHART

FREQUENCY DRIVE DUTY
MODEL RANGE (MHz) FAN OUT LEVEL RATIO FEATURES
10TTL TTL - TTL COMPATIBLE
KXO0-01 4.0-50.0 IOH 0.4mA VOH 2.4V 40/60 + TRANSISTOR CIRCUIT
IOL 16mA VOL 0.4V - EXCELLENT COST/PERFORMANCE
40/60 - CMOS COMPATIBLE
1LSTTL cMos
50 Hz-4.0 MHz - LOW POWER CONSUMPTION
DG S0kZ 8. OMHz ey s 45/55 « EXTREMELY LOW FREQUENCY OUTPUT
(AVAILABLE) AVAILABLE
T A 40/60 + HCMOS COMPATIBLE
KXO-CS 0.25-24.0 IOH 0.1mA VOH 0.9 Vdd A R ot o ToR FLON
10L.1.6mA VOL 0.1 Vdd
(AVAILABLE) - CMOS, TTL COMPATIBLE
=8 il
10T MOS 05295.0M R SPEeD i DRIVE CAPABILITY
0.5-25.0 MHz . |
KXO-HC 05-50.0 L VO Vac0.2) 44/55 - TRI-STATE ENABLE/DISABLE FUNCTION
(AVAILABLE) - CMOS, TTL COMPATIBLE
o - MULTI-OUTPUT, BINARY RELATED
Lav 12.0 Hz-8.0 MHz 1-CMOS s FREQUENCIES
- 4OUTPUTS MAX. (3 WITH INHIBIT)
ab SINE OR -TCX0
KTXO 40-500 e SQUARE - 1PPM AGING
WAVE - LOW POWER
15VPP - VOLTAGE TRIMMABLE TCXO
K0 106-200 LOAD 1K - 10PPM/VOLT SENSITIVITY




500 KHZ-50.0 MHZ/10 TTL, GMOS, HCMOS, NMOS; TRI-STATE

ENABLE OPTION

Kyocera announces a revolutionary break-
through in clock oscillators for CMOS-
based computers, peripherals and tele-
communications applications. Now our
clock oscillator family offers the dual
advantages of the highest CMOS clock
speeds and driving capability on the
market and low power consumption as
well.

World’s fastest clocks
for CMOS and TTL logic.

To meet the needs of today’s and tomor-
row’s high speed gate arrays, Kyocera's
KXO0-HC clock oscillator spans a frequency
range of 500 kHz to 50 MHz and can drive
up to 100 pF loads, up to 10 TTL gates. Yet
it consumes only 16mA at 24 MHz. This
low power reduces heat in the circuit,
which increases reliability. And, reduces
power supply costs in the process.

Tri-state for easy
circuit testing.

In addition, our KXO-HC model offers
our tri-state capability which allows it
to disable during testing and decou-

ple from the oscillator bus when a control
signal is applied. This lets circuit designers
test the entire circuit board with an exter-
nal synchronizing signal. Plus, it allows the
circuit to be tested utilizing less expen-
sive, lower power test equipment.

Pin 7 case ground for
improved shielding.

The Kyocera KXO family of clock oscilla-
tors are hermetically sealed to protect
them from humidity. And, are designed
with the number 7 pin grounded to the
case and an all-metal package which helps
minimize RF radiation and meets FCC EMI
specifications. If you need high speed,
high driving capability with low power
consumption, design Kyocera’s advanced
clock oscillators into your circuit design.

E: KYOCERA

Quality across the board.

DIMENSIONS HOW TO ORDER
0815
(20.7 MAX.) KHO-HC
B .000
, kowe | | [ | | e
: __ 0217
| (65 MAX)
018 =— S
o | @1‘ T =t
(0.45 08
> 5 R KYOCERA FPEOUENCY STABILITY MEASURING METHOD® SYMMETRY ENABLE/DISABLE QUTPUT FREQUENCY
_M- KXO HC S +25P C: C-MOS LEVEL S: 55/45 FUNCTION NOTE: FREQUENCIES
% i CK o: PPM T TTLLEVEL NIL: 60740 E: WITH FUNCTION SHALL BE
@ AREA OF PINS ARE SOLDER-DIPPED OSCILLATOR 1 +100PPM NIL: #1PIN OPEN DESCRIBED
SERIES 2: +500PPM ITHA
8 14 3: +0.1% MINIMUM
4 110% OF THREE
‘ Q} $_@ “NOTE: EITHER C-MOS OR TTL SHALL BE SELECTED BASED ON SPECIFICATIONS BECIMAL PLAGES
e — OF SYMMETRY Al Rl & FALL TIME
0508 MAX $ i 0.18 03
(12.9 MAX.) (458)| (762)
€af} A PIN CONNECTION
T #1 | N/C OR CONTROL
7 0.48 1 #7 | GND
1
Unit inch ( 2;0\ > #8 | OUTPUT
mm (TSW #14 | +5Vcc




TEAR ON DOTTED LINE TO REMOVE AND SAVE

D T

{E.' KYOCERG

SPECIFICATIONS

386 MARKING

FREQUENCY RANGE

05MHz to 40MHz

OPERATING TEMPERATURE RANGE | 0 to 70°C  38BHCICS
STORAGE TEMPERATURE RANGE -55to 125°C
— 40000 MHz
INPUT VOLTAGE 8V + 5%
INPUT CURRENT 65MA max ) i i
FREQUENCY STABILITY AR
Vec = 475t0 525V +100ppm DATE CODE
Topr = 0 to 70°C OUTPUT FREQUENCY
AGING +5ppm/YEAR PART NUMBER
s SQUARED
LOAD C-MOS (150PF LOAD) C8RNEER’O
J 5 0/ DOT DENOTE
DUTY RATIO (S) 45 to 55% (Vcc/2) ol S
OUTPUT Tr, Tf SEE CLOCK TIME
VoH Vee - 0.4V min.
Vol 0.4V max. TRISTATE FUNCTION CHART (OPTION)
It 10uA max #1 PIN #8 PIN
gl W (A80pd mabe. H or OPEN OSCILLATION
GRS Vir 2.2V min L HIGH IMPEDANCE
Vil 0.8V max
CLOCK TIME OUTPUT WAVEFORM
FREQUENCY 32MHz 40 MHz t2a
CLOCK TIME Min. Max. Min. Max t2b S
(nS)
CLKHIGHTIME t2a| 9 = 8 ~ Vee-08Y /
CLK HIGH TIME t2b B — 5 - 2.0V
CLK LOW TIME t3a 9 — 8 — 0.8V
CLK LOW TIME t3b i — 6 —-
CLKFALLTIME t4 | — 75 - 8 e ) DAL
CLK RISE TIME 15 — 75 - 8 13a
TEST CIRCUIT (CMOS LOAD) DIMENSIONS
PIN CONNECTION
- #1 | NIC OR CONTROL
0O 0815 #7 | GND
) 3 8 (20.7 MAX.) #8 | OUTPUT 8 . 14
386-HC1 8 #14] +5Vec $- Fas
cs cL] 3 ( ! j 0217 0508 MAX. ¢' 4 018 [ 03
() oo 1R0ER S (55 MAX) (129 MAX.) & & & (458)] (762)
018" ITT T 7 031 ra T
045 |l @ 025 N “hg
——tpl (6.35) 7 0.48 1
(12.20)
@ AREA OF PINS ARE SOLDER-DIPPED 06 Unit: \nch
(15.24) FHCA
HOW TO ORDER
32.000 KYOCERA CORPORATION KYOCERA NORTHWEST
40.000 )
BGHCLCS I J MHz MHz INTERNATIONAL SALES DIVISION 23181 Verdugo Drive
5-22 Kitainove-Cho Suite 103-B
Higashino Laguna Hills, California 92653

ENABLE/DISABLE
FUNCTION

E: WITH FUNCTION
NIL: #1 PIN OPEN

Yamashina-Ku
Kyoto 607, Japan

Phone: (075) 594-2211/501-3851
FAX: (075) 581-2332/501-6570

KYOCERA NORTHWEST

ELECTRONIC COMPONENTS SALES

PO. Box 85542

San Diego, California 92138-5542
8611 Balboa Avenue

San Diego, California 92123
Phone: (619) 576-2600

Telex: ITT 4723060 KYDSDGO

Phone: (714) 472-9477
Telex: ITT 4722120
FAX: (714) 859-3927

8465 Keystone Crossing
Suite 129

Indianapolis, Indiana 46240
Phone: (317) 257-3420
Telex: ITT 4336020

FAX: (317) 257-9760



KHOCERQ CRYSTAL GLOCK OSCILLATORS

386-HG1-GS SERIES

PERFECT TIMING

Kyocera in cooperation with
INTEL brings you the perfect
clock for the perfect CPU.

Features
« World’s only clock oscillator specifically o 45/55 symmetry for all standard frequen-
designed by the engineering teams of cies even at very heavy loads
Kyocera and Intel to meet the rigorous (150pf. max.).
timing demands of the powerful 80386. « Typical rise/fa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>