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LET WESTCOR POWER YOUR SYSTEM

INTO THE 21ST CENTURY.

Westcor VI-100™ DC-DC converters put you ahead
in the space race by putting more power — up to
200 watts — into a remarkably compact 2.4 x 4.6 x
/47 inch 6 oz. modular package. Patented megahertz
operation, the key to attaining such stellar power
density, also reduces output noise and ripple.
Booster modules provide kilowatts of power by
simple, one wire, Gating Pin Paralleling with current
sharing.

VI-100 converters support input voltages from 10
to 425 VDC and isolated outputs from 2 to 48 VDC.
That means there’s a Westcor converter for almost
every system need in the galaxy, including military
and telecommunications applications. And Westcor

offers UL, CSA and VDE (TUV)-approved models for
distributed power or other 110/220 off-line systems.

All VI-100s are encapsulated and built to take it
— their MIL 810 and MIL217D specs illustrate it and
our minimum two-year warranty guarantees it.

Industrial and Military grade modules with 3 and
5 year warranties and special testing are also
available.

Find out more about Westcor Megahertz DC-DC
converters and how they
can power your system
designs to new dimensions.
Call us at 408-395-7050,
TWX 910-240-2108.
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If you need smooth,
fast frequency shifting,

our synthesizers can dish it out.

Today’s sophisticated radar
and communications systems
can call for 10 MHz frequency
changes at the drop of a
microsecond.

Wavetek's Model 5135A
can do it, and with practically
no close-in phase noise
or hopping spurs. As a
frequency-agile local
osclillator, it's so fast it
can make scrambled
communications almost
impossible to decode and can
greatly improve the accuracy
and dynamic range of radar.
In the lab or in the field,
it can duplicate frequency
hopping, FM or sweeping
under computer control.

Close behind is our own
Model 5130A, with switching
time of 3 to 20 microseconds.
Like the Model 5135A, it has

our patented* Direct Digital
Synthesis for phase-
continuous switching.

Both models offer a 100
KHz to 160 MHz frequency
range with .001 Hz resolution.

They also offer the element
of surprise, with prices far
below what you'd expect to
pa?/. To find out more, please
call Applications Engineering
at [619) 279-2200, Ext.
303. Or write Wavetek San
Diego, Inc., 9045 Balboa
Ave., P.O. Box 85265,

San Diego, CA 92138.
TWX 910-335-2007.

Circle 3 for Demonstration

Circle 42 for Literature

© 1986 Wavetek Corporation
*Patent No. #3,735,269
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PALE BEFORE US.

No other color graphics ter-
minal can compare to the
GR-1105. In fact, youd have to
spend an extra five or ten thou-
sand dollars to get something
even close.

The GR-1105’s screen is
brighter than anything else in
its price class. It's also sharper.
With three times the resolution
of similarly priced terminals.
And sixty times more address-
able points (32K x 32K).

Plus the GR-1105 is perfect
for people who hate to wait. It's
twice as fast as its price com-
petitors. And updates over one
and a half times more data.

So look into the GR-1105.
You'll see it's the one terminal
that makes all others look pale.

Call Martin Nel =
at08) 9439100 SIEIKO =
t()day_ insTtrumenTs IR

© 1986 Seiko Instruments US A, Inc.
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You're looking at an image on the GR-1105's 14! 1024 x 780, 60Hz non-interlaced monitor.
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DESIGN FEATURES
Special Report: Capacitors 116

Choosing capacitors often involves a tradeoff among cost, perfor-
mance, and mounting considerations. This report discusses the
parametric and physical aspects of several types of capacitors that are
suitable for soldering to pc boards, and it presents a representative
sampling of recently introduced devices.—Bill Travis, Senior Editor

Composite amplifiers yield 139
high speed and low offset

You can find an op-amp technology that excels in any one perfor-
mance area, but today’s applications often demand high performance
On the cover: You can bypass a variety of 11 several areas. You must therefore employ some ingenious circuit-
problems by populating your pe boards design techniques to circumvent the limitations.—Jim Williams,
with capacitors, but selecting the best Linear Technology Corp
capacitor type for a given application isw’t

a trivial task. See py 116. (Photo by ; .
Visual Conspiracy, couriesy AVX Carp) ~ DESIgDEL’S Guide to EDIF—Part 1 153

The existence of a standard data format would help design engineers
transfer data easily between CAE/CAD systems, or to and from a
device manufacturer. The Electronic Design Interchange Format
(EDIF) proposes to be such a standard. —Esther Marx, Hart
Switzer, and Mike Waters, Motorola Inc

ISDN terminals simplify data transmissions 167

The Integrated Services Digital Network (ISDN) digitizes voice
signals to provide a complete digital link from end user to end user.
The result is a common communication link—the telephone system—
that provides access to all forms of communication. A recently in-
troduced IC set can simplify the implementation of ISDN ter-
minals.—Tony O Toole, Advanced Micro Devices

Flexible PGA designs require few components 181

Programmable-gain amplifiers (PGAs) add great flexibility to data-
acquisition systems yet require only a few components. You can use
PGAs in your circuits to amplify low-level signals precisely, to reduce
common-mode signals, to limit signal bandwidth, and to minimize
amplifier offset eftects.—Akavia Kaniel, Intech Inc

EDN Technical-Article Database Index 193

EDN’s semiannual database index lists articles published fromh May
through October 1986 in EDN, Electronic Design, Electronics, Elec-
tronic Products, Computer Design, and Digital Design.—EDN Staff’

Continued on page 7
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The test system for people
short on time and space.

Get a head start with Fluke’s 1752A
Data Acquisition System.

You could spend a lot of time and
energy designing a system from a pile of
hardware. And then face the task of config-
uring the software to make it work. Or you

could just slide the 1752A into your system.

We've integrated the measurement and
stimulus capabilities and the computing
power, so you don’t have to waste time
putting the pieces together yourself.

What's more, we help you get your sys-

tem up and running with application

assistance, training and consulting. You
can count on Fluke's world-wide service,
too.

And if you're building a system for
resale, we can save you money and head-
aches. Competitive OEM discounts and
high-quality manufacturing help make your
business a success.

Get your test system off to a fast start
with the fully integrated 1752A Data
Acquisition System. Contact your local
Fluke Sales Engineer, or call
1-800-426-0361.

SPECIFICATIONS

MEASUREMENT AND CONTROL OPTIONS: analog input, analog
output, status 1/0, counter/totalizer, sequence-of-events

ANALOG MEASUREMENT SPEED: 1,000/s

SIGNAL CONDITIONING: dc and ac voltage, current, thermocouple,
RTD, strain

STORAGE: 400 Kbytes floppy disk, 3 Mbytes RAM, 2 Mbytes non
volatile RAM

INTERFACES: RS-232-C, RS-422, IEEE-488, parallel
TOUCH-SENSITIVE DISPLAY: 640 x 224 dots, 60 touchkeys
SOFTWARE: BASIC, FORTRAN, Flare application packages

®

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100.
EUROPEAN HEADOUARTERS Fluke (Holland) B.V., P.0. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846

© Copyright 3986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No: 48021752
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Continued from page 5 N

TECHNOLOGY UPDATE
Availability of cryptographic ICs augurs 63
the increasing use of data encryption

January 22, 1987

As the need for data encryption becomes increasingly evident
because of the increasg in traffic over satellite and microwave links,
cryptographic schemes must be commercially available and
economically feasible.—Chris Terry, Associate Editor

Specially processed operational amplifiers 75

Lo . meet rad-hard and high-temperature needs
If yow’re designing a system that will Military and aerospace applications have placed severe environmental
handle sensitive data, you might re- demands upon analog components for some time, but don’t overlook

quire a crypuographic means of protecting  the possibility of using the parts specially processed to meet those

the data against unauthorized access. T gomands for your own, more terrestrial, and in some cases even
help you implement such a scheme, you

can select one of several ICs (py 63). - subterranean, applications.—Jim Wiggand, Associate Editor
- PRODUCT UPDATE

CMOS dynamic-RAM-controller ICs 85
Self-calibrating 16-bit A/D converter 88
Handbheld calculator 92
Scanning head 94
DESIGN IDEAS

Heater controller uses inexpensive parts 241
LCD drivers minimize component space 242
Transistor array squares control current 244
Sampling phase detector simplifies a PLL 246
Programmable integrator has 6-decade range 250

Continued on page 9
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THIS COMPLEX PCB
CAN'T BE ROUTED
WITHOUT THE HELP
OF AN EXPERT

THE DIFFERENCE IS TELESIS.

Imagine facing the routing assignment at left.
Almost nine thousand connections. 1318 EICs at .38
density. And a project schedule to meet. It’s a task you
wouldn’t begin without careful planning and an expert
dedicated to the task.

That’s why we developed INSIGHT—a new,

Al router that makes every PCB designer an expert
designer. INSIGHT is based on the cumulative know-
ledge gained by routing hundreds of board designs.
All'you need to do is describe the board and the desired
design rules, and INSIGHT automatically maps out an
optimized routing strategy for that board. The result:
high completion rates and high quality layouts.

In addition to virtually assuring routing perfor-
mance, INSIGHT delivers speed. In competitive tests,
INSIGHT completed boards up to ten times faster. With
all that performance and speed, you'll consistently meet
your design schedules.

Want some expert information on
t routing? Call, toll-free, for our datasheet
on the INSIGHT router. Because in
[=m— today’s competitive design engineering
environments, only the smart survive.

Telesis

(1-800) 343-2048, In MA, (617) 256-2300

8 CIRCLE NO 125 EDN January 22, 1987
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YEARS FROM
NOW WILL
YOUR MILITARY
SUPPLIER BE
JUSTA BAD
MEMORY?

It's no secret—there’s a lot of uncertainty in the marketplace. You never know if the company you're dealing
with today will still be around to service you tomorrow. And that’s a chance you can’t take—especially in
the military market.

With INMOS, you're not taking any chances. We have a seven-year history of supporting all major
military defense programs with static and dynamic RAMs. Our tabrication facilities are fully compliant with

MIL-STD-883C; with military burn-in, performance testing and quality assurance conducted in Colorado Springs.

We have your future in mind with our new CMOS military SRAMs (with performance to 35ns over the full
military temperature range) and military low power battery backup CMOS SRAM products. We're the only
company in the world to produce 64K and 256K DRAMs with RAS access times down to 80ns, and we're going
to keep on producing and servicing innovative military products year after year.

For military products you can depend on, count on INMOS—the beginning of a very good memory.

16K SRAMs 64K CMOS SRAMs MILITARY DRAMs
Device Process|Access Times Device Access Times Device Process| RAS Access Times
IMST1400M (x1) |INMQOS |45, 55, 70ns IMS1600M (x1)* 45, 55, 70ns IMS2600M (64Kx1) |NMQOS (100, 120, 150ns
IMS1420M (x4) [NMOS |45, 55, 70ns IMS1620M (x4)* 45,55, 70ns IMS2800M (256Kx1) |ICMOS |80, 100, 120, 150ns
IMS1403M (x1)* [CMQOS |35, 45, 55ns IMS1624M (OE, x4)* |45, 55, 70ns IMS2801M (256Kx1) [CMOS |80, 100, 120, 150ns
IMS1423M (x4) |CMOS |35, 45, 55ns IMS1630M (x8)* 45, 55, 70ns
*Also available as Low Power Battery Backup CMOS SRAMs with Idr of 10pA (typical lcc at 2V at 25° centigrade) inmos, nd IMS are trademarks of the INMOS Group of Companies
HInmos
INMOS, Colorado Springs, Colorado, Tel. (303) 630-4000;
Bristol, England, Tel [04‘34)6166 6;
Paris, France, Tel. (1) 46.87.22.01;
Munich, Germany, Tel. (089) 319 10 28;
Tokyo, Japan, Tel. 03-505-2840
11
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TOSHIBA.THE POWER

REA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 244-4070; SOUTHWESTERN
REGION Toshiba America, Inc., (714) 752-0373; SOUTH ION, Toshiba Ameﬂca. Inc., 214 480-0470; EASTERN REGION, Toshiba America, Ir\cA #\%) 4Finc93-4401 MA. AOCOUNT OFF!CE. POUGH-

KEEPSIE, NEWVORK,ToshlbaAmenca. Inc 914)462 -5710; MAJOR ACCOUNT OFFICE, BOCA RATON, FLORIDA, Toshiba America, Inc. (305)394-3004 OFFICES:
(205) 830-0498; ARIZONA, Summit ARKANSAS, MIL-REP Amoclates L12 459-8602 CALIFORNIA (Northern) Elrepoo Inc. (41 5) 962-0660; CALIFORN LA.&Orange Cou%B%EIecﬁomcs ’8&!
712-0011, (714) 957-3367, (San Di oego ng Eagle Technical Sales, (619) 743-6550; COI , Straube Associates Mountain States, Inc. )426«0890 , Datcom, Inc.

COLUMBIA, ArboTek(301)825—077 FLORIDA, SalesEngmeenng pts, (305) 834-7656, (305) 426-4601, (813) 963-1042; GEORGIA, MomgomergMarken s‘gu7-6124 IDAHO, Componensw (509 255-6224
ILLINOIS, Carlson Electronic Sales, (312) 956-8240, R.E.P.S., (215) 529-5711; IN IANA, Leslie M. DeVoe Company (317) 842-3245; IOWA, C.H. Horn, (319) 393-8: D.LE. Electronics, (316) 744-1229; KY, Lesl|
M.DeVoe Company (317)842-3245; LOUISIANA, MIL-REP Associates, (713) 444-2557; MAINE, Datcom, Inc., (617)891-4600; MARYLAND, ArboTek, (301]825-0775 MASSACHUSETTS, Datcom, inc. ,(617)891-4600; HICHDGAN

12 EDN January 22, 1987




We are the leader in IMb DRAMs. In 256K static RAMs,
CMOS EPROMs and 1Mb ROMs. Yet, people still think of us only
as the world leader in CMOS and NMOS static RAMs.

We are the world leader in CMOS TOSHIBA MEMORY PRODUCT SUMMARY
and NMOS Statlc RAMS, ln 16K, 64K PART NO. ORG. PROCESS SAMPLES PROD. SPEED SORTS AVAILABLE (ns) B;’Crll(g'(\‘;:l
and 256K byte Wlde memory prOd- 1[")NIYNIN4?(§1'\¥’C‘ T NMOS __ YES __ YES 150 200 Bl

TMM41256P 256KX1 NMOS YES YES 120 150 P/T
ucts. We make the fastest 2K x 8 at ~ [mwusm o —wios —ves—ves 01w 2
35ns and alsoa 4K x 4 static RAM at  [mmemiimn on: v mw i i
35 ns. We pioneered the 8K x 8 CMOS ol e i 1 xx 1 = L
static RAM and are now offering a e 2
64K x 1 (55 ns) and 32K x 8 CMOS THMBOIGAY B0 \MoSVESYes a1 1T
static RAM. T R i | S— " —

But we make more than static TGP g6 NMOS VS YRS Jm0 o0 10—

TMM2063P 8KX8 NMO:§ YES YES 100 120 1230 P

RAMs. As you can see from the TC0iAP MK CMOS VES  VES 20w b
. TC5514AP 1KX4 CMOS YES YES 200 300 P

chart, we have a complete line of = o
DRAMs, CMOS, and NMOS ROMs, e e Lo m
EPROMs, and one time program- Tcisoonr s —CoS s sa% ol 12 =
mables. And they are all in volume [t Ge = = 7
production today. m!%.%,'?“” XioNMOSVVes ves  m & s D
ope . . Mo oy we w w5 4 s b
Tradl'lon 0' belng flrS' TC5561P __ 64KX1 *CMOS _ YES _ YES 70 P

. ’ o TC5562P 64KX1 *CMOS YES YES 45 55 P

We Were alSO the flrst tO lntrO' 'Il::fgl\l}lgm;g 8KX8 NMOS Yl?S YES 1'{)0 ?00 250 D
duce the 1 Mb DRAM and we're NOW [ s swos —ves—vis 10 om0 b
the market leader. We were one of ThMors e AMOS Ve VES ol o000 ;

. . TMM27128AD 16KX8 NMOS YES YES 150 200 D
the first suppliers of the 256K CMOS s o0 we w1 :
static RAM. We were a leader with TMETSAD BiOB NMOS VES VES T m0 D

TMM27512D _ 64KX8  NMOS YES YES 200 250 D
the 256K ROM and within a year of ONE TIME PROGRANABLES -
introduction, we shipped more than e —r —n—2 b
all other supp_llers combined. And s o e v ZS‘L = =
we are matching that withour 1Mb M85 S cuos s s w0 -
CMOS mask ROM. TR . — o

TC53512P 64KX8 CMOS YES 2Q'86 200 P28

S0 you can sec that we have the  pomspme oo rm s =
capability to supply the memory i . imn, mhorme sene e s

products you want—when you want - yogyiga, THE POWER IN MEMORIES.

them.
That’s memory power; that’s
Toshiba.

TOSHIBA AMERICA, INC.

Aotion Sales, (313) 349-3940; MINNESOTA,
lest, (206) 885-5880; NEVADA, Elrepco,

Tech (201)947—0151 PI -tronics, s315)455—7346 NORTHCAROLINNSOUTHCAHOLI

Steffen & iates, (216) mmé4

& Associates, (412) 276-7366;

Associates Mountain States, Inc.,

885-5880, (509) 255-6224; Wi N CarlsonElectronlcs (414) 476- 2790

Componems lest, (206) 885-5880; ONTAHO Electro Source Inc., (416) 675-4490, (613)

EDN January 22, 1987

Electric Component Sales, (612) 933-2594; MISSISSIPP1,

, Inc., (415) 962—0660 NEW ENGLAND, Dmcom Inc., (617) 891-4600; NEVI

Marketmg Inc,, 919 467-6319;

9)m2m3 (513)293—3145 OKLMOIIA.MIL REP Associates, (214] 644-6731 Co%m
615 984-7080;

~4600 Vi INIA.ArboTek, 301)
Sales (612)
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Markenng,h\c 205) 830-0496; MISSOURY, D.L E. Electronics, (316) 744-129!0"1’”“,
Nomsmaum NEW MEXICO, Summit Sales, (602) 998-4850; NEW YORK, Nexus
AKOTA/SOUTH DAKOTA, Electric Sa.les mz)mm OHIO,
503) 684-1671; PENNSYLVANIA, Nexus Tech 5)295-6549, Steffen
MIL-RE! Assocaales.(512)459-m,m3)444-255 2“,} -6731 UTAH, Straube

775, WEST VIRGINIA, Steffen & Associates, (419) 884-2313; WASHI We&, 206)

2504; WYOMING, Straube Associates Mountain States, Inc., (303) 426-0890; CANADA, B! COLUMBIA,

©1986 Toshiba America, Inc. 13
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t]ymg to make them work together,
and still not have a system that was
truly integrated. That’s why Applied
Microsystems has developed the
CIDS method.

e CIDS stands for Customer Inte-
e Srated Development Systems and
ept is simple. You choose
hardware and software tools.
ied Microsystems makes sure
work together seamlessly.

n overview of Customer Inte-
Development Systems.

Nhether you're workmgon
it, 16-bit or even a 32 l%
, we let you tailor the emu-
ebug tools you need.
from symbolicand
] debuggers to assem-
-compilers and utilities.
gives you some idea of
r and convenience of the
S method, but it can only hint
control and visibility you

date™ links emulation with

“The differéhce b

parent emulation possible using
logical or physical addresses.

tweaks and a few more weeks.
HOSTS ) TARGETS LANGUAGES TOOLS
2 ms%s
VAX VMS..oooo. 8048 family  C Assemblers
MlcmVAX ULTRIX 8080, 8085,  pascal Linkers
UNIX-oriented ~ UNIX Solsongs  FORTRAN  Locaters
workstations XENIX and 80286 PL/M Compilers
* Apollo MS-DOS Assembler Symbolic
+ Sun 68HCII, debuggers
*IEMAT Sl Source-level
MS-DOS 223?)635/ 10 debuggers
workstations g
-PC and 68020 Emulators
% -PCXT 780, MK3880/4
- PCAT and Z8001/2/3
NSC-800
A stand-alone or host-control system of fully integrated debug tools
built on high performance emulation.
only speaks assembler, your tools Call toll-free and ask for
are worthless. Or if your functlon the proof.
is in assembler and Discover why the CIDS method
your debugger only is the fastest, easiest way to start
speaks C, it the and finish a design project. For
same dead end. technical and application details
The power of the | call 1-800-426-3925. In Wash-
Validate environ- ington state call (206) 882-2000.
ment is that it works Or write Applied Mlcrosystems
equally in high level languages and Corporation, PO. Box 97002,
inassembler. You dont sacrificeany  Redmond, WA98073-9702
power or comfort. In Europe: Applied Mmmsystems Brooke House, -
Market Square, Ayllesbury. Buckinghamshire, HP20 1SN,
R ea]- time em ulation for the England. Tel: 44 (0296) 34822.
68020 and 80286. |
Applied Microsystems lets you Im m
emulate high performance targets :
at top speed. Up to 16.6 MHz for Apphed
the 68020. And 12.5 MHz for our I
new 80286 with full function Mlcrosys.tems
implementation. Free access to the COrpOra’[Ion
virtual protect mode makes trans-
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101 ways
to hit amoving

target.

Replacement JAN
PAL Family Generic Part Number Std MIL Drawing Specification Part#
Small 20 PAL10H8MJ883B 8103501RA M38510/50301 gn;((é
: : PAL10HS8ML883B 81035012C M38510/50301B2
Combinatorial PAL10H8MF883B 8103501SC -
PAL12H6MJ883B 8103502RA M38510/50302BRXA
PAL12H6ML883B 81035022C M38510/50302B2XC
PAL12H6MF883B 8103502SC =
PAL14H4MJ883B 8103503RA M38510/50303BRX
PAL14H4ML883B 81035032C M38510/50303B2X
PAL14H4MF883B 8103503SC -
PAL16H2MJ883B 8103504RA M38510/50304BRX
PAL16H2ML883B 81035042C M38510/50304B2X
PAL16H2MF883B 8103504SC =
PAL16C1MJ883B 8103505RA M38510/50305BRX
PAL16C1ML883B 81035052C M38510/50305B2X
PAL16C1MF883B 8103505SC =
PAL10L8MJB83B 8103506RA M38510/50306BRX
PAL10L8ML883B 81035062C M38510/50306B2X
PAL10L8MF883B 8103506SC =
PAL12L6MJ883B 8103507RA M38510/50307BRX
PAL12L6ML883B 81035072C M38510/50307B2X
PAL12L6MF883B 8103507SC =
PAL14L4MJ883B 8103508RA M38510/50308BRX
PAL14L4ML883B 81035082C M38510/50308B2X
PAL14L4MF883B 8103508SC =
PAL16L2MJ883B 8103509RA M38510/50309BRX
PAL16L2ML883B 81035092C M38510/50309B2X
PAL16L2MF883B 8103509SC -
Medium 20A PAL16L8AMJSS3B 8103607RA M38510/50401BRX
PAL16LS8AML883B 81036072C M38510/50401B2X
PAL16L8AMWSS83B 8103607SA =
PAL16R8AMJS83B 8103608RA M38510/50402BRX
PAL16RSAMLS83B 81036082C M38510/50402B2X
PAL16RSAMWS83B 8103608SA =
PAL16R6AMJS83B 8103609RA M38510/50403BRX
PAL16R6AMLE83B 81036092C M38510/50403B2X
PAL16R6AMWS83B 8103609SA k!
PAL16R4AMJB83B 8103610RA M38510/50404BRX
PAL16R4AMLS83B 81036102C M38510/50404B2X
PAL16R4AMWSS3B 8103610SA &
Medium 20A-2 PAL16L8A-2MJ883B 8103611RA M38510/50407BRX
1> Power PAL16L8A-2ML883B 81036112C M38510/50407B2X
PAL16L8A-2MW883B 8103611SA <
PAL16R8A-2MJ883B 8103612RA M38510/50408BRX
PAL16R8A-2ML883B 81036122C M38510/50408B2X
PAL16R8A-2MW883B 8103612SA i
PAL16R6A-2MJ883B 8103613RA M38510/50409BRX
PAL16R6A-2ML883B 81036132C M38510/50409B2X
PAL16R6A-2MW883B 8103613SA —~
PAL16R4A-2MJ883B 8103614RA M38510/50410BRX
PAL16R4A-2ML883B 81036142C M38510/50410B2X
PAL16R4A-2MW883B 8103614SA =

Military Package Designators:
R =20 lead % x 1}4 dual-in-line

S =20 lead % x "2 Flatpack

2 =20 Terminal .350 x .350 Leadless Chip Carrier

16

K = 24 |lead % x s Flatpack

L =24 |lead % x 1% Dual-in-Line

MMI Package Designators:

3 = 28 Terminal .450 x .450 Leadless Chip Carrier

CIRCLE NO 146

J = Ceramic DIP W = Cerpak

F = Bottom Brazed Flatpack
L = Leadless Chip Carrier

JS = 24 pin Cerdip
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Now that the DOD is rethinking the order
of its mil spec standards, which one should you

shoot for?

Well, when it comes to military PAL*

devices, you can’t miss. Simply set your sights
on Monolithic Memories.
You see, we have more PAL devices qualified

or leaves them right where they are, you'll be
right on target.

For a copy of our new Military Products
Short Form Catalog, call your local Monolithic
Memories representative or qualified military
distributor.

Monolithic Memories, Military Products

to the highest military standards, JAN38510 and Division, 2175 Mission College Blvd., Santa

the Standard Military Drawing Program, than

anybody else. (See list below.)
Even our newest PAL devices, from high-
speed ECL to low-power CMOS, are already

Clara, CA 95054. (800) 222-9323.

Monolithic

-
slated for Standard Military Drawing release. Memories
So whether the DOD moves its standards
Replacement JAN
PAL Family Generic Part Number StdMIL Drawing Specification Part#
Medium 24A PAL20L8AMJS883B 8412901LA M38510/50501BJX
PAL20LSAML883B 84129013C M38510/50501B3X
PAL20LS8AMWS83B 8412901KA -
PAL20R8AMJS883B 8412902LA M38510/50502BJX
PAL20RSAML883B 84129023C M38510/50502B3X
PAL20RSAMWS83B 8412902KA -
PAL20R6AMJS883B 8412903LA M38510/50503BJX
PAL20R6AML883B 84129033C M38510/50503B3X
PAL20R6AMWS83B 8412903KA =
PAL20R4AMJS883B 8412904LA M38510/50504BJX
PAL20R4AML883B 84129043C M38510/50504B3X
PAL20R4AMWS83B 8412904KA =
Medium 24XA PAL20L10AMJS883B 8412905LA B
: PAL20L10AML883B 84129053C -
Exclusive OR PAL20X8AMJS883B 8412906LA -
PAL20XSAML883B 84129063C =
PAL20X10AMJS883B 8412907LA =
PAL20X10AML883B 84129073C -
PAL20X4AMJ883B 8412908LA -
PAL20X4AML883B 84129083C =
Medium 20A-4 PAL16L8A-4MJ883B 8506501RA =
s Power PAL16L8A-4ML883B 85065012C -
PAL16R8A-4MJ883B 8506502RA =
PAL16R8A-4ML883B 85065022C =
PAL16R6A-4MJ883B 8506503RA =
PAL16R6A-4ML883B 85065032C =
PAL16R4A-4MJ883B 8506504RA -
PAL16R4A-4ML883B 85065042C 3
Medium 20B PAL16L8BMJ883B 8515501RA -
PAL16L8BML883B 85155012C =
PAL16R8BMJ883B 8515502RA =
PAL16R8BML883B 85155022C =
PAL16R6BMJ883B 8515503RA =
PAL16R6BML883B 85155032C =
PAL16R4BMJSS3B 8515504RA -
PAL16R4BML883B 85155042C =
Medium 20B-2 PAL16L8B-2MJ883B 8515505RA =
1 PAL16L8B-2ML883B 85155052C -
/2 Power PAL16R8B-2MJ883B 8515506RA =
PAL16R8B-2ML883B 85155062C -
PAL16R6B-2MJ883B 8515507RA -
PAL16R6B-2ML883B 85155072C =
PAL16R4B-2MJ883B 8515508RA =
PAL16R4B-2ML883B 8515508SA =
PAL is a registered trademark of Monolithic Memories.
©1987, Monolithic Memories.
EDN January 22, 1987 CIRCLE NO 146
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Your move.

If you've ever felt cornered by
the lack of choice in gang or set
programming, Stag has the
answer.

The PP40, PP41 and PP42 are
stand-alone, low-cost, high speed
programmers with fast
programming algorithms that can
meet virtually any requirement.

PP40 [deal for the production
environment —robust and simple to
use. Capable of programming a
gang of eight devices, it'll solve all
your copying problems in one
single-key operation —and at a price
you'll appreciate.

PP41 All of the PP40’s
advantages, but useable too for

Plug-in modules will handle leadless deuvices.

24 & 28-pin Eproms and EEproms can be development purposes thanks to its built-in RAM,
programmed, with extensive self-test and fault- a powerful editor and dual RS232C [/O ports.
finder software built-in. PP42 The top of the range. This includes the

Parameter storage is non-volatile and there are important feature of Set Programming, for design
bi-coloured ‘Socket Status’ LEDs and a large development. The ‘Interlace’ concept enables fast
16-character alphanumeric display. Together, these handling of 8, 16 and 32-bit data, with a 2 mega-
enable extensive error reporting. bit RAM as standard.

Plug-in modules for future hardware expansion The Stag PP40 SCO
will handle new package styles —including Series. With our choice,
leadless devices. you need look no further.

Sophisticated systems for the discerning engineer.
For more information call:

1-800-227-8836-Stag Western region
1-800-222-STAG-Stag Eastern region

Stag Microsystems Inc, 528-5 Weddell Drive, Sunnyvale, CA 94089. Tel:408-745-1991. Telex: 910339 9607.
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NEWS BREAKS

EDITED BY JOAN MORROW

COMPLIANT PINS ELIMINATE SOLDER IN PC-BOARD ASSEMBLY

If you want to avoid soldering to attach edge connectors to multilayer pc boards,
consider a compliant-pin edge connector from Viking Connectors Co (Chatsworth, CA,
(818) 342-4330). Because the connection is mechanical rather than soldered, you
eliminate solder touch-up from the assembly process. In addition, heat associated with
solder is not concentrated in a small board area. The compliant section of the pin,
which resembles the eye of a needle, provides a gas-tight joint without causing damage
to the plated-through hole; individual pins can be removed and replaced several times.
The technology is approved for military applications (MIL-STD-2166). Price is $0.03 per
contact (10,000).—Margery S Conner

2-CHIP MODEM OPERATES TO 2400 BPS

The 89024 integrated chip set from Intel (Santa Clara, CA) consists of the 89026 pro-
cessor and the 89027 analog front end. The chip set supports full-duplex operation for
data speeds of O to 2400 bps and conforms to Bell 103 and 212A and CCITT V.21, V.22 A
& B, and V.2R bis. The 89024 also includes the complete Hayes command set and can
be used as a stand-alone modem without an external microcontroller. Samples are
available now; production shipments are scheduled for the second quarter. The chip
set costs $35 (25,000).—David Shear

SERVO CHIP SET INCLUDES ANALOG AND DIGITAL CIRCUITS

By using Silicon Systems’ (Tustin, CA, (714) 731-7110) 3-chip set, which includes the
SSI 567 servo demodulator, SSI 568 servo controller, and SSI 569 servo motor driver,
you need only add a P and passive components for a complete disk-drive servo-control
system. Servo systems such as those used to control disk-drive head movement have
typically required a pc board full of discrete components. The demodulator IC
specifically targets dibit quadrature Winchester-disk servo applications, but the con-
troller and motor driver chips will fit general-purpose servo systems for applications
such as robotics. In Winchester-disk applications, the chip set targets designs that
pack 1500 tpi max and operate at less than 20 msec average seek time. The company
plans to ship samples of the chip set in the first quarter and production quantities in
the second quarter. The 3-chip set will cost less than $35 (10,000).—Maury Wright

DESIGNER’S KIT EASES BUILDING-BLOCK DSP EVALUATION

Logic Devices Inc’s (Sunnyvale, CA, (408) 720-8630) Designer Chips tool kit includes
an application note and 11 high-performance devices and sockets that allow the
engineer experimenting in digital-signal processing to create a high-performance FFT
subsystem. You can then design a complete system that should sample at 2 MHz and
perform a 1024-point complex FFT in 0.5 msec. The kit costs $264, which is 40% less
than the cost of the individual components.—David Shear

BOARD SIMPLIFIES IEEE-488 INSTRUMENT-CONTROL PROGRAMMING

Operating as an intelligent IEEE multicontroller, the 500-IEEE from Keithley In-
struments Inc (Cleveland, OH, (216) 248-0400) is an instrument-control card that lets
you simplify the programming needed to control as many as 14 IEEE-488 in-
struments. Sporting its own uP, the $650 board integrates high-level IEEE control into
single-line commands, resulting in programs that are easy to read and write. The
500-IEEE plugs into a Keithley Series 500 scientific workstation or a Keithley System
570 data-acquisition workstation, instead of monopolizing a slot in your personal com-

EDN January 22, 1987 19




NEWS BREAKS

puter. You can use the board to implement serial and parallel polling, provide low-level
bus control, and handle the input and output of strings, numeric data, and arrays.
SoftWware-programmable terminators guarantee compatibility with all IEEE in-
struments.—J D Mosley

SOHWARE OPTIONS SOLVE 16-BIT-xP TRIGGER PROBLEMS

Two software options for the Echo development system from Arium Corp (Anaheim,
CA, (714) 978-9531), Firmbreak and Stacktop, solve triggering problems for 16-bit
microprocessor-based designs. With the Firmbreak software addition to the Echo uP
development system, you can insert a firmware-based trap point to debug software for
16-bit uP-based designs. Unlike hardware-based traps, which can be confused by a
word that’s prefetched but not executed, Firmbreak can recognize an instruction’s ex-
ecution; it then overlays the instruction with a software interrupt that vectors the pro-
gram to debug code.

Because a 16-bit microprocessor doesn’t determine a stack-relative variable’s address
until execution time, you can have trouble triggering on the variable or its value.
(These variables make up 30 to 40% of program variables in C language.) Stacktop
determines the dynamically allocated address, allowing you to trigger on the variable
as it executes. Echo systems sold until March 15 will include the options in the price
of $12,980; after that date, the options alone will cost $895. —Margery S Conner

PERIPHERAL-CONTROLLER CHIP TARGETS EMBEDDED APPLICATIONS

Adaptec (Milpitas, CA, (408) 432-8600) now offers a peripheral-controller IC that in-
cludes a programmable storage controller, a dual-port buffer controller, and buffer ad-
dressing logic. The IC, Model AIC-610, targets manufacturers embedding a system-bus
(IBM PC, VME Bus, etec) or SCSI-bus interface on a controller board. Designs that use
the controller IC will support a 15-MHz data-transfer rate at the device and 1.5M-
byte/sec bus transfers. You can program the chip to work with disk and tape encoding
schemes such as 2,7 RLL; 1,7 RLL; and MFM. The IC performs 48-bit ECC and will cor-
rect errors 19 bits long. A 10-MHz version costs $23 (1000). Expect shipment of the
$34.50 (1000) 15-MHz part in the second quarter.—Maury Wright

SECOND-SOURCE AGREEMENT COVERS CUSTOM GaAs

Ford Microelectronics Inc (Colorado Springs, CO) and Vitesse Electronics Corp
(Camarillo, CA) have announced an agreement to provide alternate sourcing for foun-
dry production of custom LSI gallium arsenide ICs. This agreement begins at the
design-rule level of the enhancement/depletion self-aligned gate process, allowing
customers to have their circuits produced by either of the two suppliers.—David Shear
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There's more here
than meets the eye.

There’s more here than just specs. TRW
LSI, the leader in high-performance
A/D converters, gives you leading-edge
technology, performance, reliability,
value and field support.

Whether your needs are for medical,
seismic, radar, image processing, or
general data conversion applications,
TRW LSI’s leading-edge technology
provides A/D converters for your spe-
cific digital signal processing function,
word size and speed requirements.
Resolutions from 4 to 9 bits provide flexi-
bility for any of your data conversion
needs. Our A/D converters will accu-
rately sample and convert high-frequency
input signals without sample-and-hold
circuitry. And most of our converters are
available with evaluation boards which
allow for quick and convenient operation
of the device.

EDN January 22, 1987

Available in a variety of packages,

our A/D converters provide significant
cost advantages in their function and
performance. And you’re always sup-
ported by our extensive network of in-
house and field application engineers,
application notes and data sheets. We give
you more than just a full line of products.
TRW LSI gives you the most advanced
and best supported A/D converters on
the market today.

Remember, you always get
FULL SPEC PERFORMANCE
fromTRW LSI.

Our A/D converters are available off the
shelf from Arrow Electronics, Hall-Mark
and Hamilton/Avnet.

For your free copy of our VLSI DATA
BOOK or for data sheets on any of our
A/D converters, call or write our Litera-
ture Service Department:

LSI Products Division,

TRW Electronic Components Group,
P.O. Box 2472, La Jolla, CA 92038,
619.457.1000

In Europe, call or write:

TRW LSI Products,
Konrad-Celtis-Strasse 81,

8000 Muenchen 70, W. Germany,
089.7103.115

In the Orient, phone:

Hong Kong, 3.856199;

Tokyo, 03.461.5121; Taipei, 751.2062
TRW Inc. 1985 — TRS-5100

Y ¥ ¥/
N A\ 44
LSI Products Division

TRW Electronic Components Group
21



NEWS BREAKS: INTERNATIONAL

TWO COMPANIES TO INTRODUCE 1M-BIT EPROMs, DEVELOP 4M-BIT DEVICES

Thomson Semiconducteurs (Paris, France, TLX 204780) and SGS-Microelettronica
SpA (Agrate Brianza, Italy, TLX 330131) both plan to introduce 1M-bit CMOS EPROMSs
this year. Thomson Semiconducteurs will present its 64k x16-bit 40-pin 27C1024 and
the 128k x8-bit 32-pin 27C1001. Both devices, which are expected to sell at around $25
(1000), will feature a 150-nsec access time and an operating current of approximately
50 mA. You can expect to see SGS-Microelettronica’s 1M-bit EPROM offerings during
the second or third quarter of 1987.

In addition, the two companies have entered into an agreement, as part of the Euro-
pean BEureka project, to jointly develop 4M-bit CMOS EPROMSs using 0.8-um design
rules. They will also study the feasibility of 16M-bit devices using design rules below
0.5 um. The development project, which is expected to run for five years, will cost each
company around $200 million.—Peter Harold

JAPANESE GOVERNMENT TO ESTABLISH SOFTWARE REGISTRY

In an effort to stem piracy and protect the rights of software developers, the
Ministry of International Trade and Industry and the Education Ministry will set up
an organization for registering computer software. Scheduled to begin operation in
April, the Software Information Center has approximately 60 companies and
computer-related organizations as sponsors. The center will register and store applica-
tions programs and operating systems on microfiche for 50 years, a duration
stipulated by a recent copyright law. The center will also study and collect data on how
other countries handle software-piracy disputes.—Joan Morrow

VME BUS CPU CARD FEATURES 80386 P

Based around a 16-MHz 80386 uP, the CPU-386 VME Bus CPU board from Force Com-
puters GmbH (Ottobrunn, West Germany, TLX 524190) allows you to implement
8086-family operating systems in a VME Bus hardware environment. The processor
has zero-wait-state access to M bytes of onboard RAM and zero-wait-state access to
additional off-board RAM via a local memory-expansion bus. The board also includes
sockets for as much as 512k bytes of EPROM and an 80387 math coprocessor. Its VME
Bus interface is VME Bus Rev.Cl compatible and provides slot-1 functions, which in-
clude SYSCLK generation, a 4-level bus arbiter, and bus time-outs. It supports 8-, 16-,
24-, and 32-bit VME Bus transfers including unaligned transfers and dynamic bus siz-
ing. The CPU-386 costs DM 14,950.—Peter Harold

16-BIT HOME COMPUTER USES THE MC68000 »P

The X68000 home computer from Sharp Corp is based on Motorola’s 68000 and
features 1M byte of memory (12M bytes max). The ¥369,000 ($2237) system uses a
proprietary operating system and comes with a standard 512 x512-dot display. The
computer uses the virtual-screen method to allow expanding images to four times
their normal size. It can also accommodate video digitizers and three-dimensional im-
age adapters.—Joan Morrow

64k-BIT CMOS STATIC RAM HAS 25-nSEC MAX ACCESS TIME

The M5M5187AP Series 64k-bit CMOS static RAM features a 25-nsec max access time
and is organized as 64k wordsx1l bit. The device, which is housed in a 300-mil, 22-pin
standard package, provides separate pins for input and output. The 3.69x6.35-mm
chip samples for approximately ¥4800 ($29).—Joan Morrow
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THE ‘EELRS T S Bl e S iled T A L .5 C O PES

The Acquisition.
With sweep speeds from days to nanoseconds and

resolution up to 15 bits, the 4094 digital "scope can capture
viewable trigger set-up and independent pre- or post-trigger
delay on each channel. Signal averaging is standard and our
latest 10 MHz/12-bit plug-in even
the incoming signals. With two
plug-ins the 4094 can record four
channels simultaneously. Or even
e Expand and examine any waveform feature in detail. Use
7 the dual cursors and numerics to measure the time or voltage
of any point. Compare live or stored waveforms with each
manually or automatically. Use pushbutton programs to
manipulate the data or send it to your computer via GPIB
or RS232 interface. Complete your report with a hardcopy

the most elusive signals. Every plug-in has 16K of memory,
offers real time manipulation of

monitor two slow signals and capture high speed glitches

at the same time. All under computer control or via manual

operation: whatever your application demands.

W e Analysis.
other or with pre-recorded references. Store signals on disk
plot using the XY/YT recorder or digital plotter outputs.

First Time, Everytime.

Don’t miss important data because of set-up errors. From
the World’s first in 1973 to the latest models, Nicolet "scopes
are easy to use. Find out how they can be the quickest
solution to your signal problems. For more information call
608/273-5008, or write Nicolet Test Instruments Division,
P.O. Box 4288, 5225 Verona Road, Madison, WI 53711-0288.

Nucolet 4881

= Nicolet
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more
tough mixers

Today, ten years after its
introduction, the SBL-1 has

earned its reputation as tough.. . . the _ -
world’s most widely accepted mixer for rugged®
industrial and military applications, judged on the basis
of high quality, consistent performance in the field,
and lowest in cost.

And the winning formula is not a secret.

Using the latest automated production and test equipment ~
available, Mini-Circuits stress tests each individual compo- SBL SPECIFICATIONS (typ.)

nent before assembly and then subjects each assembled Isolation.dB  Price
SBL-1 to 17 grueling tests before acceptance, date coding Model  Freq.(MHz) Conv.Loss L-R L-  (10-49)
and close checking for unit-to-unit repeatability. SBL-1 1-500 55 45 40 $4.50
The SBL-1 does have one drawback however. It only covers ggtg : 8:: 888 g‘g gg gg ::'gg
1 to 500 MHz. That’s why we've expanded the product fam- SBL11  0.1-400 55 35 40 $6.50
ily with additional models to cover 25 KHz to 1000 MHz. The SBL-3 0.25-200 5.5 45 40 $7.50

new units are assembled with the same production and test
expertise as the SBL-1; that’s why we can offer 0.1% AQL
on all SBL models . . . no rejects, not a single one, on every

* If not DC coupled.

order shipped. So don’t compromise your design or settle finding new ways ..
for a poor imitation. Specify Mini-Circuits SBL Mixers. setting higher standards
- = - -
For full specifications call or write for latest RF/IF M I n I c I rc u Its
Signal Processing Handbook or refer to EEM, Gold -
Book, or Microwaves Directory. A Division of Scientific Components Corporation

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

C104 REV. ORIG.
CIRCLE NO 144
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filters

dc to 3GHz

« less than 1dB insertion loss over entire passband

« greater than 40dB stopband rejection

« 5 section, 30dB per octave roll-off

 VSWR less than 1.7 (typ)

« over 100 models, immediate delivery

« meets MIL-STD-202

« rugged hermetically sealed package (0.4x0.8x0.4in.)
« BNC, Type N, SMA available

finding new ways

S

from

setting higher standards

[JAMini-Circuits

Q95

A Division of Scientific Components Corporation

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

CIRCLE NO 155

LOWPASS  Model 3*LP-[10.7| 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000
Min. Pass Band (MHz) DC to \107 48 | 60 ’ ’ 140 ‘ 190 270 ‘ 400 ' 520 ‘ 580 | 700 | 780 | 900
90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340

Max. 20dB Stop Frequency (MHz)
Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49)

150 | 200 | 300| 400| 500| 600| 700| 800| 9001000

HIGH PASS Model *HP-| 50| 100
PR ) (AR start,max.| 41| 90 | 133 | 185 | 290 | 395| 500 | 600 | 700| 780 | 910 | 1000
REs A (Vi) end, min. [ 200 | 400 | 600 | 800 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200
Min. 20dB Stop Frequency (MHz) 261 55 95 | 116 1901 2901 3651 4601 5201 5701 6601 720
Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49)

C105REV.B

example: PLP-10.7

*prefix P for pins, B for BNC, N for Type N, S for SMA
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easons to choose

Micro-Rel for full
custom hi-rel ICs



80386 or 68020
on VMEDbus.
We give you

the choice.

You make the

best decision.

:::::

VMEDbus has always provided performance, reliability and quality. Now add flexi-
bility from Force.

Upgrade the performance of your software

Bring 32 bit 80386 power to your existing software. Or upgrade your 68000
designs to 25 MHz speeds. Both with no-wait-states. You now have the choice
between the two most powerful 32 bit micros on the industry leading VMEbus.

Check the best product for your application.

Force 32 bit CPU Availability

CPU-20 CPU-21 CPU-24 CPU-25 CPU-386A | CPU-386B
Processor 68020* 68020* 68020* 68020* 80386* 80386*
Available 12.5/16.7/ | 12.5/16.7/ | 12.5/16.7/ | 12.5/16.7/ | 12/16/20 12/16/20
frequencies 20/25 20/25 20 20
Denol 0 0 1 1 0(1 at 20 MHz)
wait states
FPU no yes no yes no yes
MMU no no yes yes yes yes
Memory 0.5to 0.5t0 2to
capacity 4MB SRAM 4 MB SRAM 8 MB DRAM
ok i 512KB | 512KB 64KB 64KB 256KB | 256KB
capacity
Serial /O 3 3 3 3 3 3
channels
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Choices, Tools and Support

Force as the largest independent VMEbus supplier in the world gives you choices
and tools including development systems, comprehensive design literature,
50 hardware products, 20 software products, in-plant seminars and prompt
support. Industry leading quality levels are assured through functional and in-
circuit testing and a 48 hour operating bumn-in on all products.

Flexibility, Performance, Quality and Support from Force. Today with 1300 cus-
tomers in 30 countries, Force is your best choice in VME.

W7 m Free! Call 1-800-BEST VME

; (or 1-800 237-8862 in California) for our
new 380 page VME data book and for rapid
applications support.

*68020 is a trademark of MOTOROLA, Inc
80386 is a trademark of Intel Corp.
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Processor Boards

Controller Boards

' Memory Boards

I\ EEE the intelligent choice

FORCE COMPUTERS, INC, Los Gatos, CA 95030, Phone (408) 354-3410
Midwest: Ann Arbor, MI 48108, Phone (313) 769-0840
Southeast: Roswell, GA 30076, Phone (404) 642-9647

FORCE COMPUTERS GMBH, 8012 Ottobrunn, Phone (089) 600910
FORCE COMPUTERS FRANCE, 92100 Boulogne, Phone (1) 46203737
FORCE COMPUTERS (UK) LTD, Wendover, Phone (0296) 625456




( AMERICA'S BEST
PROGRAMMERS

Z-1000B UNIVERSAL
PROGRAMMER

® QOver 600 PLDs, EPROMs, EEPROMS,
Bipolar PROMs and INTEL MCUs.

Separate D/A channels for each pin.
Upgradeable PROM based software.
Stand alone or PC/XT/AT operation.
Two independent RS-232 ports.

64K or 256K bytes of DATA RAM.
EXATRON handler interface is standard.

Z-3000 HIGH VOLUME
GANG/SET PROGRAMMER

14,000 27256s programmed per day.

32 EPROMSs simultaneously with 1 to 8
DATA BLOCKS.

16 Intel or Motorola MCUs at a time.
64K to 256K bytes of DATA RAM.

Z-1200B TWELVE SOCKET
GANG/SET PROGRAMMER
® 2716 -27512,1 to 4 DATA BLOCKS.
® 64K to 256K bytes of DATA RAM.
® Software personality. No plug-ins.

Z-2500B IN-CIRCUIT
MEMORY CARD PROGRAMMER

® Programs up to 32 memory cards with
EPROMSs or microcomputers at a time.

® Two 1.2 Mbyte DSDD floppy disk drives.
Optional 20 Mbyte hard disk.

® Turnkey systems include programmer,
terminal, custom interface hardware and
software.

® Simple menu driven operation.

ZAP SERIES engineering and field service
programmers for EPROMSs to 27C1024, Intel
and Motorola microcomputers.

Z-400 economical bipolar PROM and EPROM

programmer.

SUNRISE ELECTRONICS, INC.

Glendora, California 91740

524 South Vermont Avenue
818) 914-1926
3 i 1)
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OEMs can’t design

with vaporware

Dear Editor:

Please accept my compliments on
your editorial in the May 1, 1986,
issue of EDN (pg 49). I copied and
circulated it throughout our compa-
ny and received nothing but positive
feedback on it.

Because we use a tremendous
number of electronic components
but do not manufacture any, we
must rely entirely on component
manufacturers for these parts. We
put a lot of R&D into a product or
product improvement, and to be
competitive, we must get the prod-
uct to the marketplace in a timely
manner. We cannot incorporate “to-
be-introduced” components in a de-
sign.

Your survey results accurately
represent our interest curve. Qur
specifying curve amounts to this: If
a component manufacturer doesn’t
have a part in hand, we don’t want
it. As for long-term planning, the
situation is as you stated—it’s feasi-
ble to look at new ideas as long as
you'’re in the formative stages.

A situation similar to the one you
describe occurs when a company
promotes a nonexistent product to
suppress competition, yet never de-
livers that product. We have been
faced with that problem many
times. Again, many thanks for an
excellent article.

Sincerely yours,
Craig Nelson
Applications Engineer
Multi-Amp Corp
Dallas, TX

Tips on designing

with the 8035 nC

Dear Editor:

I read the article “Use CMOS DACs
to generate sine waves” (EDN, Au-
gust 21, pg 167) with great interest,
but the article seems to be incom-
plete. I would like to offer some tips
or comments that might help some-
one who decides to build the 8035

microcontroller circuit described in
the article.

First, from the article one would
assume that the actual software
generation necessary to facilitate
constant look-up is an exercise left
to the reader. It would have been
more prudent to include a flow-
chart, at worst, or a simple ma-
chine-language program in binary
or mnemonic form, at best.

Because the 8035 uses quasi-bidi-
rectional port structure, bank
switching, and other unusual fea-
tures, a good book for the would-be
8035 programmer is Intel’'s MCS-48
Family of Single Chip Microcom-
puters User’s Manual, which helps
you understand the processor.

Because the 2732 is easier to ob-
tain, it should be used in lieu of the
2716. The 8035 can address 2k bytes
of memory directly or 4k bytes by
using memory-bank switching in-
structions (select memory bank 0
or 1).

The 8212 latch constitutes overkill
for a simple system; the 74L.S373
octal latch is a cost-effective and
functional alternative.

Port pins 27 to 32 use 50 kQ of
internal pullups, making any exter-
nal resistors unnecessary.

The instruction cycle is the useful
clock sequence for this system and is

the external crystal frequency di-
Text continued on pg 34

“BUT BOB, THIS IS 1987..YOU DON'T
JUST BLURT OUT, ‘THE LINES BROKE
DOWN!. YOU'VE GOT TO USE THE CON-
TEMPORARY, ‘THE INTEGRITY OF THE
SYSTEM WAS VIOLATED!”

EDN January 22, 1987
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JA A JU L, . . A i OOLY case aluminum electrolytic capacitors are
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1 \ @ 4L J | {L b , ‘ w - (/‘__1,1—- \ ', power supply input and

output filter applications.
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’%‘ l l f‘ N//[ l N [ ! [\/’l : [ \ [ ]( S Feature high package density, low ESR
a8 W WEL 1 VU1 v B BN_/h_Je and low inductance. Polarity-keyed

four-terminal packages ideal for PC board mounting. Internal bus bar design withstands high ripple current. Single-section

capacitors in two case sizes: 1.625" x 1.625" x 0.690" or 1.181". Ratings from 47,000 uF, 3 WVDC to 56 uF, 450 WVDC.

Dual-section capacitors in case size 1.625" x 1.625" x 1.576". Capacitance values from 330 uF to 680 uF; voltage ratings

200 WVDC and 250 WVDC. Operating temperature range: —40°C to +85°C. Sprague Electric Company, a Penn Central

unit. For applications assistance call your local Sprague sales office or representative. For

Data Sheet 3161, write to Technical Literature Service, Sprague Electric Co., P.O. Box 9102, be SpRnGUE

Mansfield, MA 02048-9102 ! - THE MARK OF RELIABILITY
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TEK’S NEW 2430.
THE REVOLUTIONARY DIGITAL SCOPE
YOU ALREADY KNOW HOW TO USE.

We've eupamed the best features
of our familiar, industry-standard
2400 Series in a new portable
scope that sets some standards of
its own. Start with a 150 MHz band-
“width and a 100 MS/sec digitizing
rate plus dual channel simultaneous
acquisition. It's a powerful combina-
tion that enables you to digitize, view
and store fast and complex signals.

Add 8-bit vertical resolution, 1K
record length per channel and a
0.01% crystal-controlled timebase for
making accurate measurements with
ease.

The result: an advanced measure-
ment package with many sophisti-
cated capabilities built in especially
for solving tough product design
problems.

All-purpose high Ferlormanoe at
its affordable best! The 2430 not

only handily meets your general
purpose measurement needs, it
gives you a lot more. With dlgstal

DAC glitches won't escape you with the
2430's enhanced ENVELOPE function.
The peak-detecting ENVELOPE mode
enables you to catch events as narrow as
2 ns, even with a single acquisition, at any
sweep speed.

capabilities come powerful waveform
manipulation functions ranging

from waveform multiplication to high-
resolution averaging.

It is also fully programmable
via the GPIB. Complete talk/listen
capabilities extend the scope’s
power and make it a valuable sys-
tems component for making auto-
matic measurements. You can
develop test procedures that can be
used later on the manufacturing floor.
Plus, the time-consuming task of
waveform characterization, analysis
and logging is simplified.

In addition, the 2430 can store
waveforms and front panel setups in
nonvolatile memory.

The 2430 exhibits unusual power
as a troubleshooting tool. The
patented peak detection circuit lets
you capture glitches as narrow as
2 ns at any sweep speed with
confidence—a level of performance
available until now in only the most
expensive instruments.

The 2430's envelope mode, which
automatically captures and updates
signal minimums and maximums,
allows you to conveniently study sig-
nal variations such as jitter, drift and
stability. It also monitors signal excur-
sions outside user-defined limits.

Plus, a broad range of pretrigger
selections available in all modes
makes it possible to examine condi-
tions leading up to an event. The
crystal-controlled timebase allows
you to delay by time and/or events
for precise timing measurements
in complex triggering modes. You
can even trigger on digital words.

Best of all, we’ve kept the 2430
easy to use. From the simple, one-
level menus for standard functions
to the comfortable grouping of the
front panel controls, the 2430 was
designed to drive like the scopes
you already use.

With full programmability you can improve
repeatability and throughput—and reduce
operator interface requirements.

The enhanced capabilities of the
2430's time and voltage cursors are
another convenience, enabling you
to make accurate measurements of
all essential parameters.

The reliability of the 2430 is
underwritten with a 3-year warranty.
A variety of low-cost service plans
can extend this coverage even
further.

Now! See the features you've
been looking for in a priced-right,
digital scope. Call your Tek sales
engineer for a demo. For literature,
or to find our sales office nearest
you, call the Tek National Marketing
Center toll-free, 1-800-426-2200.

In Oregon call collect,
(503) 627-9000.

Copyright ©1985, Tektronix, Inc. All rights reserved. PMA-567-A
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vided by 3, then divided again by 5.
This instruction cycle is used in soft-
ware-generated nested loops for
time delays, etc.

I hope these tips will help in the
design of a practical circuit.
Sincerely yours,

Joseph G Bogar
Teledyne Microelectronics
Los Angeles, CA

MIL-STD-883

S/R converters

Dear Editor:

The last sentence of the Technology
Update article entitled “Synchro/re-
solver converters bring low cost and
small size to motion-control sys-
tems” (EDN, October 30, pg 61)
implies that Analog Devices and
Natel Engineering are eligible to

- guarantee the ultimate control of all

ﬁcmm

The widest range of manual and
programmable AC Power Sources
in the world.

Uninterruptible Power Systems
New and revolutionary UPS concepts

puwerﬁne problems.

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

- BE HL M A N gﬁm“éﬁ?f‘é?m 93013
AFiskarsCompany (305 684-831
CIRCLE NO 6

supply hybrid synchro converters
screened per MIL-STD-883.

In fact, Analog Devices’ synchro/
resolver converters are manufac-
tured by its Memory Devices Div in
the UK, but only the company’s
Wilmington, MA, and Greens-
borough, NC, facilities have been
certified and scheduled for qualifica-
tion. Natel Engineering is not certi-
fied or qualified, and as of October
2, 1986, the company has not even
been scheduled for the initial audit.

According to the Defense Elec-
tronics Supply Center (DESC) list
of companies involved in the MIL-
STD-1772 program, ILC Data De-
vice Corp is the only synchro/resolv-
er-converter manufacturer that is
permitted to supply MIL-STD-883
hybrids.

Sincerely yours,

Steve Muth, VP

ILC Data Device Corp
Bohemia, NY

Oops

Readers of EDN’s standard-cell di-
rectory (October 2, 1986, pg 63) who
thought that SLOA and SLOB were
rather uncomplimentary names for
standard-cell products (see pg 78)
weren’t alone. In fact, the product
lines, from Siemens AG, are called
SCOA and SCOB.

Also, Table 1 in EDN’s recent
Technology Update on high-density
EPROMs (October 2, pg 91) should
have had the following head: “Rep-
resentative 5V high-density UV-
EPROMs.” Whatever “p-EPROMs”
may be, EDN will be there to give
you pertinent design information
when they finally appear.

WRITE IN

Send your letters to the Signals and
Noise Editor, 275 Washington St, New-
ton, MA 02158. We welcome all com-
ments, pro or con. All letters must be
signed, but we will withhold your name
upon request. We reserve the right to
edit letters for space and clarity.

EDN January 22, 1987



nows,

onek

The world
y
iIs analog

as eéver




course,

Unless

£
Im
1+




Anything’s possible with Great Engineering.

A complete product famil
that’s easy to get along with.

As we said, we're going to meet all the
designer’s needs. Obviously, that means
we’ll need new DSP products.

So we'll be introducing a family of ten
new DSP parts in the months ahead. And
we'll be bumping up the speed and
resolution of our data converters, too.

Thanks to a $40 million GE invest-
ment in our fabs, these will be the most
complex ICs in our history.

Using our new 1.3-micron AVLSI capability,
we’'ll integrate over 100,000 transistors. And meet
the toughest military standards with four DESC-
certified fab lines.

One of our first new DSP parts is a
CMOS FIR Filter, the IM29C128. And we're
pretty proud of it.

It delivers ten times the performance of alter-
native products, and consumes less power.

Most remarkable, however, is how easy it is
to work with.

Because along with the chip, we're releasing a
new FIR Filter Development System. Withit, and
your IBM®-compatible PC, you can designa
digital filter in a matter of hours.

Even if you have absolutely no digital
experience.

This should give you an idea of the DSP

excitement that you can expect from Intersil.

To learn more call

1-800-443-7364, ext. 777.
(In NY State, 1-800-243-7364, ext. 777.)

And be sure to ask about what else we've got
coming. You'll find it’s quite a bit of everything,
from A to DSP.

For free on-line information dial
1-800-345-7335 (203-852-9201 in Connecticut)
and follow the On-Line Instructions printed on
the back.

INMERS L




Seeing it both ways
is the beauty of

Intersil DSP.

Should they happen upon a perfect rose,
most people will wisely stop, sample its beauty,
and move on.

But there’s a certain breed of engineer who
won't let it go at that. They’ll find themselves
overwhelmed by the desire to “process” the
experience.

In aninstant, they’ll have labeled the rich
color and velvet texture as “analog signals.”

From there, it's just a matter of time before
they’ve transformed the rose into a repeatable,
verifiable stream of digital bits.

They can then commit this information to the
perfect memory of a digital computer. From which
it can be recalled, and its image replicated, on a
high resolution color monitor.

The engineer can now enhance the flower’s
image. Perhaps try a different color. Or add a few
petals. He might even use his new database to
create a species of his own. All these fantastic
calculations and transformations are one

example of the imaginative world of digital
processing, or DSP.

In the last few years DSP has blossomed into
one of the most exciting system design tools.

By moving from analog to digital processing of
analog signals, engineers can overcome the drifts
that plague analog circuitry. They can manipulate
empirical data and explore engineering tradeoffs.
And they can erect elaborate models using com-
puter simulation.

But to do any of this effectively, the designer
needs a DSP supplier who is comfortable in both
the analog and digital worlds.

With over 17 years of analog leadership, and
20 years of corporate experience in DSP to draw
upon, Intersil is uniquely qualified to work with
the DSP engineer.

On the pages that follow, you'll see that
Intersil, by taking an integrated approach to the
DSP marketplace, has created your best, single
source of complete DSP system solutions.




Intersil.
Everything from

Every signal processing system has three
elements: analog to digital conversion, digital
processing and digital to analog conversion.

Knowing this, Intersil has taken the only
logical approach to DSP: a complete, integrated
system from a single supplier.

We intend to become the signal processing
engineer’s one-stop shop.

You might have expected this solution from
Intersil. We've always chosen the systems
approach to problems. Consider our work in
instrumentation.

Working with instrument engineers, we've
developed 17 families of “instruments on a chip.”
They perform all the functions for an instrument in
a single CMOS part.

Ato DSP.

Given our history, you might
also have expected that the DSP
marketplace is very important to us.

After all, we've always worked
in analog signal conditioning, data
acquisition and data conversion. And
we've integrated analog and digital
functions on the same chip. A case
in point is our monolithic 40-uSEC
14-bit ICL7115 A/D Converter.

So today, when our traditional
analog customers are moving into
DSP, it just makes sense for us to
help them bridge the gap.

A new DSP company with
20 years of DSP experience.

Going into DSP,
we had a lot more than
our own experience
to draw on. Our parent
company, General
Electric, is a world
leader in DSP research
and development.

The GE Aerospace
Group has spent tens of millions of dollars
perfecting very high speed, very fine line geometry,
digital ICs. And for 20 years,GE divisions
have been working in all the classic
DSP disciplines. Including radar,
sonar and medical imaging.

So when we went into
DSP, we didn't go it alone.
We were in good company.




ICL7115 14-Bit High Speed
CMOS Microprocessor-
Compatible A/D
Converter

The ICL7115 is the first
monolithic 14-bit resolution,
fast successive approxima-
tion A/D converter. It uses
thin film resistors and
CMOS circuitry combined
with an on-chip EPROM
calibration table to achieve
13-bit linearity without laser
trimming. Special design
techniques used in the DAC
and comparator result in high
speed operation, while the
fully static silicon-gate
CMOS circuitry keeps the
power dissipation very low.

ICL7151 10-Bit A/D
Converter with Track
and Hold

The ICL7151 is a 10-bit A/D
converter that achieves
throughput rates of 60kHz
with Two-Step Flash
algorithm. A pipelined
operation has been achieved
with a switched capacitor
technique that allows the
device to sample new input
voltages while a conversion
is taking place. The ICL7151
requires a single reference
input of +2.5V, whichis
internally inverted to -2.5V,
thereby allowing an input
range of -2.5V to +2.5V. The
reference input to the device
is internally buffered by a
high speed CMOS amplifier,
which greatly simplifies the
external analog drive
requirements for the device.
A track and hold amplifier
has been fully integrated on
the front end of the A/D con-
verter. The timing signals for
the track and hold amplifier
are generated internally, and
are also provided externally
for synchronization pur-
poses. The ICL71521s a
faster version of the ICL7151;
it has a throughput rate of
200kHz.

Intersil.The DSPhouse
built on asolid, analog foundation.

IM29C128 Finite
Impulse Response
Filter Controller

The 16-bit FIR Filter Con-
troller (FFC) provides all the
data history, storage and
programmable filter cycle
control logic required to
implement FIR filters of up
to 128 filter points. When
used in conjunction with an
external filter coefficient
memory, of up to 128 words
by 16 bits, and an industry
standard 16-bit Multiplier-
Accumulator (MAC), the
FFC provides the system
designer with the ability to
implement a powerful FIR
filter with only three ICs.
The FFC provides all the
control signals required to
operate the MAC and the
coefficient memory as tri-
stateable devices, allowing
multiplexed usage of these
resources.

IM29C510 CMOS 16 x
16-Bit Multiplier-
Accumulator

The IM29C510 is a high
speed 16 x 16-Bit Parallel
Multiplier-Accumulator that
operates at a 65ns clock rate
(more than 15 MHz Multiply-
Accumulate rate). The two
input registers accept an x
operand and a y operand and
yield a full precision product.
Built with Intersil’s AVLSI
1.3-micron CMOS process,
the IM29C510 16 x 16-Bit
Multiplier-Accumulator is pin
and function compatible with
the same speed, at one-sixth
or less power dissipation, as
bipolar versions.

ICL7134 14-Bit
Multiplying
Microprocessor-
Compatible D/A
Converter

The ICL7134 combines a
four-quadrant multiplying
DAC using thin film resistor
and CMOS circuitry with an
on-chip EPROM-controlled
correction circuit to achieve
true 14-bit linearity without
laser trimming.
Microprocessor bus inter-
facing is eased by standard
memory WRite cycle timing
and control signal use. Two
input buffer registers are
separately loaded with the

8 least significant bits (LS
register) and the 6 most
significant bits (MS register).
Their contents are then
transferred to the 14-bit DAC
register, which controls the
output switches. The DAC
register can also be loaded
directly from the data inputs,
in which case the registers
are transparent. The ICL7134
is supplied in two versions.
The ICL7134U is programmed
for unipolar operation while the
ICL7134B is programmed for
bipolar applications.

ICL7121 16-Bit
Multiplying
Microprocessor-
Compatible D/A Converter
The ICL7121 achieves 0.0003%
linearity without laser
trimming by combining a four-
quadrant multiplying DAC using
thin film resistors with an
on-chip EPROM-controlled
correction circuit. Silicon-gate
CMOS circuitry keeps the
power dissipation very low.
Microprocessor bus inter-
facing is eased by standard
memory WRite cycle timing

INTERS L

Intersil, Inc., A Division of GE/RCA Solid State
10600 Ridgeview Court, Cupertino, CA 95014

and control signal use. The
input buffer register is loaded
with the 16-bit input and directly
controls the output switches.
The register is transparent if
WR and CS are held low.

EVK-128 Data Conversion
and FIR Filtering System
The Intersil EVK-128 pro-
vides a moderate speed data
acquisition, conversion and
high speed digital filtering
system for the IBM PC and
most compatibles. Con-
sisting of a board that
occupies a single slot in the
PC, the card digitally filters
data with a filter length of 0
(unfiltered) to 128 taps,
utilizing the Intersil
IM29C128 Finite Impulse
Response Filter Controller
(FFC) and 29C510 16-bit
multiplier-accumulator
(MAC). Throughputisa
function of required filter
length, with an 80ns per tap
processing rate. Included is a
floppy disk with an easy-to-
use menu-driven FIR filter
design program for the PC,
including coefficient calcula-
tions, time and frequency
calculations and plotting
capabilities and prompts for
controlling the different
modes of operation of the
board. The package contains
complete documentation,
including detailed
schematics, printed circuit
layout, parts list, timing
diagrams and applications
literature. The user may
copy any of this for his own
system design, if desired.

On-Line Instructions

Dial 1-800-345-7335 (in CT
203-852-9201). On any ASCII
terminal or PC with a 300 or
1200-baud modem (EVEN or
IGNORE parity, 7 data bits, 1
stop bit). At “Enter Response
Code;’ type GEIATDSP.

GEI-10£



MILPOWER SOURCE

YOUR STANDARD AND CUSTOM DESIGN
HOUSE FOR MILITARY AND AVIONIC
POWER SUPPLIES

MINIATURE,
VERY HIGH DENSITY i
] S

CONVERTER L

FEATURES
o MINIATURE SIZE e INPUT/OUTPUT ISOLATION
e HIGH EFFICIENCY e ENVIRONMENT PER MIL-STD-810C
e VERY HIGH POWER DENSITY e EMI/RFI PER MIL-STD-461A/462
e MILTYPE COMPONENTS e TEMPERATURE: —55° TO +90°C OPERATING
e REPAIRABLE/NOT ENCAPSULATED (BASEPLATE)
e OUTPUT CONNECTOR e CONVERSION FREQUENCY: 500 KHZ 2

¢ 28 VDC INPUT PER MIL-STD-704A/D, ¢ LOGIC INHIBIT

& MIL-STD-1275A(AT)M) * 5YEAR WARRANTY
¢ 155 VDC, 270 VDC, 115 VAC INPUTS

PER MIL-STD-704A/D

(1) OPTIONAL: FROM 6 TO 100 VDC INPUT.
(2) OPTIONAL: EXTERNAL FREQUENCY SYNCHRONIZATION

OUTPUT OUTPUT

INPEE. | et SIZE INPUT ke SIZE
SINGLE, (100 W) SINGLE (100 W
5V,12V.15V,24V,28V $hraanig ot svanaay | 65%2.5x0.8
SINGLE (150 W) it —
S| : 270 VDC

28 VDC | 5VI12V/15V,24V,28V el AL e 6.5%2.5x0.8

5V,12v,15v.24v,28y | ©-2%2:9%0.
DUAL (50 W+50 W)
V +12V,+15V,+24V, V

(ingéE*ib $24V228V 1 59508%0.8 115 VAC SINGLE (500 W) i fakad

m ML POUER
STURLE nc.

PO. BOX 657 BELMONT, NH 03220 ® 603/267-8865 ® FAX: 603/267-7258
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Now there’s a sure way to see if your SCSI controllers
and peripherals meet the full SCSI spec.

Presenting the SCSI Development System. It’s from
Adaptec, the creators of SCSI. And it can help you debug, test
and verify your new SCSI designs, faster and easier.

Or, if you're looking for the best SCSI devices to buy,
the SCSI Development System is perfect for qualifying SCSI
controllers. Either way, you can get to market with a higher-
quality product that much quicker. Just as we've done time
after time at Adaptec.

You see, we use the SCSI Development System our-
selves to design the highest-quality, highest-performance
SCSI controllers around.

And now scores of our cus-
tomers are using it, too. Including
a rather influential group you may
have heard of. The National Bureau =—
of Standards. Which makes the SCSI Development System
the standard by which all others will be judged.

For a free brochure on the system, call Adaptec at
408-432-8600, ext.400. Or write our Marketing Dept.(TH) at
580 Cottonwood Drive, Milpitas, CA 95035.

Because, after all, deciding on your next SCSI design
shouldn't be a toss up.

adaptec

CIRCLE NO 103
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POWER SUPPLI ESA GOOD make our technology superior and our power su’pplies
1D THAT WORKS K reliab\llsé specialize in wide-input AC/DC and

ialize i -inpu
WITHOUT MODIFICATION DC/DC, high efficiency switching power supplies for
worldwide OEM use. That means your product can

operate anywhere in the world without modification.
Think about that for a moment.

Too good to believe? Well, believe it. Because
only Converter Concepts’ power supplies operate on any

EDN January 22, 1987
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| IDEAS
¥ THAT POWER
TECHNOLOGY

------

voltage in the world WITHOUT SWITCHES, JUMPERS, Find out what we can do for you. Contact the
TAPS OR OTHER MODIFICATIONS. This exciting tech-  Converter Concepts’ representative nearest you or call us
nology is made possible due to the work and dedication  directly. You’ll discover that at Converter Concepts, the

of our people. difference is people with ideas.
Our people are thinkers as well as doers— (‘
pushing ordinary flyback technology beyond previous / ’ CONVERTER
limitations. That’s why we’re an industry leader. W\ CONCEPTS L
Since 1976, Converter Concepts has designed, Industrial Parkway « Pardeeville, Wl 53954
manufactured and marketed power supplies which are (608) 429-2144 « TWX: 910-280-2630
revered for their quality and reliability. Toll-Free 800/253-5227
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Making truly reliable
ceramic capacitors can be
difficult. For Corning, it’s a piece
of cake.

Here’s why. Most MLC capacitors
are made by co-firing the ceramic
dielectric and the metal electrode
in a single operation. That's like
baking a cake with frosting
already on it. It can create some
real problems.

ACE process improves
reliability

In Corning’s famous ACE pro-
cess, the electrode is injected after
the dielectric is fired. The result
is a dramatic reduction in inter-
nal stress, and that means virtu-
ally no delaminations.

The icing on our cake is a
special lead alloy electrode that
eliminates silver migration, a

leading cause of low
voltage failure. It also gives
you exceptionally low ESL and
ESR for optimum decoupling.

Axials, radials, and chips

Corning MLC axials, radials, and
chips all offer the reliability of
ACE technology. And they are
specially packaged for use in auto-
matic insertion and placement
equipment.

The newest member of the ACE
family is the .33uF axial, which
is insertable on the same .3-inch
center as DIPs, providing greater
space efficiency and superior
decoupling.

Ending capacitor problems is a
piece of cake. Circle the reader
service number for our new ACE
family brochure. Or call (919)
878-6234.

CORNING O
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Modern Electronic Packaging, Or-
lando, FL. Technology Seminars,
Box 487, Lutherville, MD 21093.
(301) 269-4102. February 9 to 11.

Invitational Computer Confer-
ence/Computer Graphics Series,
San Jose, CA. B J Johnson & Asso-
ciates, 3151 Airway Ave, #C-2,
Costa Mesa, CA 92626. (714) 957-
0171. February 10.

Principles of Pulse Doppler
Radar: High, Medium, and Low
PRF (short course), Atlanta, GA.
Georgia Institute of Technology,
Department of Continuing Educa-
tion, Atlanta, GA 30332. (404) 894-
2547. February 10 to 12.

Invitational Computer Confer-
ence, Raleigh, NC. B J Johnson &
Associates, 3151 Airway Ave, #C-2,
Costa Mesa, CA 92626. (714) 957-
0171. February 19.

Third Annual Symposium on Reli-
ability, Santa Clara, CA. Steve
Cox, Reliability Ine, 710 Lakeway
Dr, Suite 165, Sunnyvale, CA 94086.
(408) 732-2394. February 19.

Invitational Computer Confer-
ence/Computer Graphics Series,
Dallas, TX. B J Johnson & Associ-
ates, 3151 Airway Ave, #C-2, Costa
Mesa, CA 92626. (714) 957-0171.
February 24.

Nepcon West, Anaheim, CA. CEG,
Box 5060, Des Plaines, IL 60017.
(312) 299-9311. February 24 to 26.

ISSCC (International Solid-State
Circuits Conference), New York,
NY. Lewis Winner, 301 Almeria
Ave, Coral Gables, FL 33134. (305)
446-8193. February 25 to 27.

West Lightwave Expo, San Jose,
CA. Lightwave, 235 Bear Hill Rd,
Waltham, MA 02154. (617) 890-2700.
February 25 to 27.

Spring National Design Engineer-
ing Show and Conference, Chica-
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FASTEST REAL-TIME CMOS PROLCESSOR

Tom Longo, President: “This chip will be the fastest,
smallest, single-chip implementation of the 17750A
instruction set—with the lowest power dissipation.”
Anditis.

© 1986 Performance Semiconductor Corporation. PACE Technology is a trademark of Performance Semiconductor Corporation

NAME
TITLE
COMPANY
ADDRESS
CITY/ST/ZIP
PHONE

EDN12287

1) il L 72

Using 0.8 PACE Technology,™
Performance Semiconductor has
done what no others could do:
produced a single-chip, CMOS im-
plementation of the 17750A military
standard—with almost 200,000
transistors in a chip less than 4"
square. This real-time, 40 MHz chip
performs integer processing at
5 MIPS and features:

O 32-bit and 48-bit floating point

0 2.6 MIPS at 40 MHz for DAIS
floating point instruction mix;
1.6 million Whetstones/sec.

0 20 Mbytes/sec. I/0 bandwidth

O Industry’s lowest power dissipa-
tion: less than 1 watt at 40 MHz

0 Memory Management Unit (MMU)
that provides a protected memory
expansion to 2 MBytes at 40 MHz
with no wait states

0 Supported by ultra-fast 64K CMOS
Static RAMs:

Comm tas Mil ths

P4C188 16Kx4 20ns 25ns
P4C187 64K x 1 15ns 20ns
P4C164 8Kx8 20ns 25ns

Put real-time performance to work
for you. Call or send the coupon to:

PERFORMANCE

SEMICONDUCTOR CORPORATION

610 E. Weddell Drive, Sunnyvale, CA 94089
Telephone: 408-734-9000 Telex: 6502715784

Send me information on:

___ PACE 1750A and Component Support
— PACE Bus Interface Octals

___ PACE CMOS Static RAMs

My need is:
— Immediate @__ 6Months _ Longer



CALENDAR

go, IL. CEG, 999 Summer St, Stam-
ford, CT 06905. (203) 964-0000.
March 2 to 5.

BI m
7 means custo
microcircuits.

We offer twenty years experience in
thick and thin film hybrid design and man-
ufacturing to the highest military reliability
levels. When you design in Beckman
Industrial Corp., you get the responsive-
ness and quality that's made us an impor-
tant element in a wide variety of highly
successful programs such as Standard
Missile II, Captor, Stinger, Harpoon and

For applications
assistance or our
Microelectronics
capability bro-
chure, call
(714) 447-2333.

Fax 714-447-2400

IEEE Applied Power Electronics
Conference and Expo, San Diego,
CA. Melissa Widerkehr, APEC 87,
655 15th St NW, Suite 300, Wash-
ington, DC 20005. (202) 347-5900.
March 2 to 6.

Invitational Computer Confer-
ence, Austin, TX. B J Johnson &
Associates, 3151 Airway Ave, #C-2,
Costa Mesa, CA 92626. (714) 957-
0171. March 3.

Comdex in Japan, Tokyo, Japan.
Interface Group, 300 First Ave,
Needham, MA 02194. (617) 449-
6600. March 3 to 5.

Dexpo Europe (European DEC-
Compatible Exhibition and Confer-
ence), London, UK. Expoconsul In-
ternational, 3 Independence Way,
Princeton, NJ 08540. (609) 987-
9400. March 3 to 5.

o krrnarn [rncdssest-rizal "

e G W W WSS - Gl Gl el e 5 S

4141 Palm St.. Fullerton, CA 92635
CIRCLE NO 8

Fourth Topical Meeting on Optical
Data Storage, Lake Tahoe, NV.
Optical Society of America, 1816
CDS-Series Jefferson Pl NW, Washington, DC

o ® 20036. (202) 223-0920. March 11
Miniature [
Ill s t d Northea§t Bioquineering Confer-
uminated JESREEAtR

Keyswitches 20012. (202) 785-0017. March 12
to 13.

Modern Electronic Packaging,
Torrance, CA. Technology Semi-
nars, Box 487, Lutherville, MD
21093. (301) 269-4102. March 16

u Low Profile of 580" seated height saves space behind the to 18.

panel and on the PC board 580
= Exceptionally Bright LED backlighted nomenclature is : ot < :
soadab ot all)’most f:; agle. \V/ J International Military Fiber Optic
= Long Life sealed construction eliminates dust and moisture < (> and Communications Exposntlon,
contamination, ensuring trouble-free switch operation L) ot 2 i
. : . 5 Washington, DC. Information Gate-
m Available off the shelf from Mepco/Centralab or authorized N gt 4
Distributors at competitive prices ACTUAL SIZE keepers, 214 Harvard Ave, Boston,
MA 02134. (617) 232-3111. March 16
ME’OO/CHWRAUIB to 19.
A NORTH AMERICAN PHILIPS COMPANY

Highway 20 West, PO. Box 858, Fort Dodge, IA 50501 e Telephone (515) 573-1300
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MULTIBUS™ Il is here




JEFFRMHOLOFF

President

Central Data

cIFBiD

Donald C. Peterson
Director of Marketing

Joseph E. Dean
VP Sales and Marketing

CONCURRENT TECHNOLOGIES, INC

Ciprico Inc.
25255 Cabot Road + Suite 101 + Laguna Hills, CA 92653

1602 Newton Drive, Champaign, IL 61821-1098 (217) 359 -8010 2955 Xenium Lane
Outside lllinois (800) 482-0315 TWX 910-245-0787 Plymouth, Minnesota 55441 Telophone: (714) 768-3332 « Telex: 989150
612.559.2034 Fax: (714) 951-8902

Shi 7 Vidyashanker
Director of Product Marketing

DATA TRANSLATION

Elert
@) Hiimn

UNIT OF ZERQ CORPORATION

JBAN-1ACQUES PRERRIN
DIRECTEUR COMMERCIAL
COMMERGIAL MANAGER

100 Locke Drive
Marlb MA 01752 s %
Moy S BSnEsiner
Telex 951846 1 FRate
i o gon 305561 F BSG EFISYSTEME iaoo 854-7086
LA BOISSE /01120 Fax EFISYSTEME (33) 78.85.08.40 772-7086 (In Caiif)

FRANCE - Phone (33) 78.08.21.55

Gerry Sullivan
V.P. Marketing

81, Régis, Dorval, Québec, Canada, HAP 2T4
Tél: IHHJ GBB-ZGQO Fax no,: (614) 685-2853 Télex: 05-822798

Richard W. Bobery

Prextdent

James D. Rogers
Product Manager

WUPAC WPOFAYION
Vﬂ WFAC DRIVE
BROCKTON, MA 02401 ROBERT G. VOSKIAN
(617) 588-6110 Director of Marketing

(408) 7 20-0.300
T 9I0.373- 204

84 Invarnoss Girclo East, Englowood, Colorado 8012 Phone (303) 760-7400

Sakurayama Zushi-C
TEL 0467-36-1160

RICHARD T, HUNTER
Marketing Manager

3445 Fletcher Avenue « El Monte, CA 91731.+(818) 579-2300
WX: (910) 587-3437

t DR,
cyY RIDG 9712
5465 NATLFORNIA Terer
sANXD‘EC\‘g quqooso e
TE\. )*‘53 89-,0

TOSHIBA

SIEMENS

g, el B s modEFEY CORBIN
KARL HIRSCHEL B0 i 80
aﬁﬂm%mnw Syatems r.(l m'\?n-za a0 TORIBS SANTLA: e o) DAY
e gonsotl Bl Krverv kel

6] 82108
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MULTIBUS Il is here!

P Barely two years after
A introduction of the first
MULTIBUS* Il board, this
advanced bus architecture

VENDORSt
L}

Charles M. Hebble, Jr.

Prosiert Wit ea i i < msus: 1S enjoying support unequalled
Creonics « by any multiprocessor
i s macneon + Pk b AT YR bus ever.
bt Sy Already, more than 75
73 - manufacturers—including all these—are delivering or
E !"R !VQME( ,R QHMR‘ _ o ik developing MULTIBUS I products.
ol 790 5 s Do ;h e : CPU, Memory, 1/0, Peripheral and Graphics boards.
1 Plus packaging products and software. Everything you need
Frank J. Furrer i to build advanced 16/32-bit multiprocessor systems now.
i And the list grows almost daily.
: What it means to youis MULTIBUS Il is no longer the
et |} . advanced bus of tomorrow. It’s the advanced bus of today.

For your free copy of the new MULTIBUS II Product
Directory detailing 125 products, use the reader service
el : card or send your business card to: MMG, P.O. Box 6208,
i i o Aloha, OR 97007.
v i A There’s no need to wait any longer.
‘ MULTIBUS Il is here.

Omnicomp
Graphics Corporation
MANUFACTURERS OF COMPUTER BRAPHICES SYSTEMS
1734 West Belt North * Houston, Texas 77043 + 713/464-2000

Telex: 285801 OMNICO UR
Fax: 713/827-7540

roff’

19" Symm For Electronics Packaging

JOACHIM M. WERFT
MARKETING/SALES DIRECTOR

SCHROFF INC. Te. sonTamammo

170 Commerce Drive, Warwick, R. |. 02888 :AL; 401 vu-nu : ml“ws mu I ' P

COMMITMENT « INNOVATION  QUALITY
R CIRCLE NO 141
@ VLSI TECHNOLOGY, INC.

10220 South 51st Street L SOURCE Tedmd?tﬂdmac*l buyer’s guides.

various VME direct
Phoenix, AZ 85044
602-893-VLSI/8574 'M’UL'I'IBUSlsaregstuednademarkoﬁntelCap

FAX: 602-893.0807 © Copyright 1986 Multibus Manufacturing Group. 51






From 200 to 20,000 gates.
And on to standard cells.

That’s our track record.

Not just talk. But technology that’s
been put to work. To put working parts
in your hands.

Quite simply, this means you'll be hard
pressed to surprise us. No matter how
unique your application. You'll create.
designs with confident ease. And know
package awaits your circuit.

We also hasten to add that no
entire industry has produced as many
as we have. Over 7,000 to date
starts or prototypes, mind you.
products. Shipped in production quantities.

Plus once you start with us, you can sta:
with us. Because our standard cell experien:
lets you create more complex designs. Still
knowing you'll get working products. In less
time. For less money. Without having to learn
a new vendor’s methodologies. s

So why take any unnecessary risks? Call us
today at (800) 556-1234, Ext. 82. In California,
(800) 441-2345.

We'll go to extremes to get you into
production.

_F‘UJITSU FUJITSU
MICROELECTRONICS. INC.
b d

Technology that works.

© 1985 Fujitsu Microelectronics, Inc.
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Take PLI)/PROM Design

Concepts'lo
Programmed Results

(For PC Based PLD/PROM Programmer & Software Design Tools)

[Seleot Obiect Tspe Fron Kem

i ——
YransTate To FLY
Load Fron Disk
Save On Disk

Quit
Nore ...

Vista ==

Graphic Design Software

Vista turns your PC into a
Graphic Work Station for PLD design
using your preferred choice of Gate
Level Schematic entry, State Machine
Diagrams, or Boolean Equations.

Vista reduces the likelihood of er-
rors that may occur during the design
input process. You can mix State
Machine, Gate Level Schematic, and
Boolean Equations in the same
design. Then pass this information
to the VDS Perfect compiler.

<
Cotype recal. jed

BUALLEY DATA SCIENCES PERFECT U1.81 SN:UPB61BA2/
COPYRIGHT(C) 1986 ARTHUR ARONSON, ALL RIGHTS RESERVED
DESIGN RECAL

DEVICE RECAL P16R8 =

L8512 11111111181 1111111111111 11111181 1T 1L U111 001 1 14
LA768 111111111181 1181111111 111111 1111111111111 1811191111111111111111%
18872 811111111111111111111111111111110800000000000A0ARARORAAAERNRE0RE
Ci31hn

UBEB1 CIFFFFFFTMBFFFFLLFFN.

UBBRZ CIFFFFFFPNIFFFFZZFTNe

UBEA) PRFFFFTFINBFFFFLLI TN

VB84 CHFFFFFTPMEFFFFLHFTN

USRS COFFFFFFINBFFFPHLE TN

e

COFFFFFTPMOFFFFHHFIN
VBBE7 COFFFFFFINBFFFFLLITN=
613

©
o
©.

Compiler/Minimizer/
Simulator

Perfect accepts input from text
files containing State Machine Syntax,
Truth Table, Vista Net-List, or Boolean
Equations. After compiling and mini-
mizing, it outputs JEDEC Fuse Files,
Net-Lists, and other support
documentation.

Other powerful features include:
Timing Simulation, and Back Anno-
tation - from JEDEC Fuse Files to
Boolean Equations.

Logic & Memory
Programmer

PLD and PROM Programming
from the original software controlled
PROM programmer manufacturer,
The VD$160 menu-driven pro-
gramming software presents an
easy-to-learn interface for the user.

Features include: Concurrent Op-
eration of VDS160 and PC programs,
Pop-Up Menus, Editor for Fuse/Data
Files. New Device Support is easily
accomplished via floppy diskette
updates.

u -
IBIIMEHS"E”Cﬁ 2426 Charleston Rd. Mt. View, CA 94043/ (415) 968-2900

Germany (Macrotron) 89-4208100 France (Tekelec) 1-4547535 Sweden (Aktiv) 8-7390045 Denmark (C-88) 2-244888
England (DataIranslation) 734793838 S.A. (Promilect Pty) 11-789-1400
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EDITORIAL

Cancel US-Japan Semiconductor pact

|

It’s hard to believe, but economic suicide is the official policy of the
US government and our native semiconductor industry. It’s embod-
ied in the US-Japan Semiconductor Trade Agreement. The govern-
ment, as well as US chip manufacturers, want you to pay extra for
Japanese ICs, and they want you to help Japanese semiconductor
manufacturers make a profit.

Here’s how this scheme works. Before the agreement, a Japanese
company bent on selling chips in the US could sell an IC at less than
cost. As a consequence, OEMs got bargains by paying less than the
usual price for chips. Each purchase also caused a net loss for
Japanese manufacturers. Because US chip manufacturers couldn’t
compete with the imported chips’ low prices, the Japanese domi-
nated the market even as they lost money. To protect domestic
markets from what they call unfair foreign competition, US manu-
facturers asked for protection from the cheap chips that the
Japanese were selling in the US. As a result, the US and the
Japanese governments negotiated an agreement that sets an artifi-
cially high price for such chips.

In effect, the trade agreement sets up a semiconductor cartel; no
manufacturer charges less than a minimum price for certain chips.
OEMs who were happily paying $0.75 for a chip must now pay a
minimum price of, say, $2.75. Instead of protecting the US semicon-
ductor industry, the agreement angers OEMs and their customers,
and it hoists the US semiconductor industry with its own petard.
Because the agreement sets high prices for chips—beyond what the
market would pay—Japanese suppliers go from losing money to
reaping windfall profits from US buyers. Some of those profits fund
research into new Japanese semiconductors for sale in the US.

The agreement doesn’t address the glut of Japanese chips, nor
does it cover sales outside Japan and the US. So, in that part of the
rest of world where free market conditions exist, you can still buy
cheap chips. It won’t be long before US manufacturers shift
production offshore to avoid the fixed high prices of imported
Japanese chips.

It may be necessary to protect an industry for a short time, but
such protection shouldn’t fatten foreign competitors, and it
shouldn’t spur a drive to manufacture products outside the US. It'’s
time to dump the US-Japan Semiconductor Trade Agreement and
get back to head-to-head competition in the semiconductor indus-
try. Some businesses will fail while others merge or take on foreign
partners. Such is life in the competitive free market.

e

Jon Titus
Editor

EDN January 22, 1987
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The right vendor can put
ASIC in a whole new light.

Only the right Application Specific
IC (ASIC) will make your project
shine. Getting it takes the right
vendor.

What makes a vendor stand out?
The right vendor offers total ASIC
capability: to handle every need
from programmable logic to gate
arrays, standard cells to custom
design. Experience: to solve any
design or manufacturing problem.
And design and manufacturing
resources: sufficient to keep you
ahead of the competition.

A vendor is a long-term partner.
Gould AMI's ASIC capability was
built over 20 years, not overnight.
That's why you'll find the whole
range of ASIC approaches. E2
programmable logic devices using
PEEL" technology. Both 2u and
3u HCMOS gate array and stan-
dard cell families. And cell-based
custom ICs with analog as well as
digital capability.

A full range of design support gives
you total control. Extensive cell
libraries for workstations and PC-

based design systems. Gould's own
low-cost Sceptre |l design software
for your PC. And cell compilers to

provide a virtually unlimited library.

And at Gould AMI, implementation
of Statistical Process Control
(SPC) throughout the company
builds quality in, at every stage.

If that's your idea of the right ASIC
vendor, too, let’s talk.

We'd like to share more ideas.
For details and our informative

High Performance Solutions in Factory Automation, Computers, Instrumentation, Defense and Semiconductors.




new booklet,"How to Choose An
ASIC Solution” simply call (408)
554-2311. Or write: Gould Inc.,
Semiconductor Division, manu-
facturer of Gould AMI semiconduc-
tors, 3800 Homestead Road, Santa
Clara, CA95051.

We'll shed new light on ASICs.

PEEL™ is a trademark of International CMOS Technology, Inc

Gould AMI ASIC:
Depend oniit.
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At last, the ordinary
microprocessor

can take its rightful
place in history.

/
A“*"

INMOS, Transputer, lg@ and IMS are trademarks of the INMOS Group of Companies




It had to happen—the conventional microprocessor
has had its day. Relegated to the ranks of yesterday’s
devices by the new transputer family from INMOS. It's
history in the making.

The IMS T414 transputer is a fast, easy-to-use VLSI
component, integrating a 32-bit processor, four inter-
transputer communication links, 2K bytes Static RAM,
32-bit memory interface and DRAM controller. All on a
single CMOS chip—offering execution rates up to
10 MIPs.

While transputers excel in single-processor
systems, their real power can be unleashed by
connecting any number of transputers together via
the high-speed serial links. Multi-transputer systems
can deliver the performance you need today, and can
be easily expanded in the future as your processing
requirements increase.

And there’s more. Programming multiprocessor
systems has never been easier. The Transputer
Development System (TDS) supports C, Fortran, Pascal
and OCCAM, providing a complete software
development environment, and is available for a
number of popular hosts. Software developed on the
TDS can be executed on one or more transputers,
enabling cost-performance tradeoffs to be made.

INMOS transputers are available now and have
already found their way into companies who are
evaluating, prototyping and manutacturing transputer-
based systems. Applications include supercomputers,
DSP, graphics, robotics, Al, distributed control systems,
PC’s, engineering workstations and many others.

Write or phone for more information on the
transputer family and start making history yourself.

TRANSPUTER PRODUCTS
IMS T414 32 bit Transputer—2Kbyte —4 links
IMS T212 16 bit Transputer—2Kbyte  —4 links
IMS M212 16 bit DiscProcessor—1Kbyte—2 links
DEVELOPMENT TOOLS
IMSD701-2 IBM PC—Transputer Development System.
IMS D600 VAX/VMS—Transputer Development System.
EVALUATION BOARDS
IMS B002-2 Double Eurocard + IMS T414 + 2Mbyte DRAM + 2 x RS232.
IMS BOO3-1 Double Eurocard + 4 x IMS T414 + 4 x 256Kbyte DRAM.
IMS B004-2 IBM PC Format + IMS T414 + 2Mbyte DRAM.
IMS B006-2 Double Eurocard + 9 x IMS T212 + 128Kbyte SRAM.
IMS B0OO7-1 Double Eurocard + IMS T414 + 0.5Mbyte DRAM + 0.5Mbyte VideoRAM|
HIGH PERFORMANCE VLS| MEMORIES
16K CMOS SRAM, 25-45ns, 64K CMOS SRAM, 35-70ns
256K CMOS DRAM, 60-100ns

THE TRANSPUTER

PARALLEL PROCESSING. UNPARALLELED POTENTIAL.

NMOS

INMOS, P.O. Box 16000, Colorado Springs, CO 80935, Tel. (303) 630-4000;
Bristol, England, Tel. 454-616616; Paris, France, Tel. (14) 687-2201;
Munich, Germany, Tel. (089) 319-1028; Tokyo, Japan, Tel. 03-505-2840.
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Emulate in real time.
Debug in record time.

Supercharge your system design with industry’s most
powerful development system.

If you've just designed-in the industry-
leading MC68000/010/020 family of 16/
32-bit processors, we can help you slash
development time and get your product
to market in record time.

The new Motorola HDS-300™ Hard-
ware/Software Development Station can
give you this important edge. It simpli-
fies and speeds up debugging and testing
of your MPU hardware and software.
When used with an appropriate host, the
HDS-300 station can also provide the
new source-level debug to reduce develop-
ment time still further.

8-, 16- and 32-bit
emulation & analysis

The HDS-300 development station
is your ultimate emulation and analysis
tool for system designs based upon
Motorola’s 8-, 16- and 32-bit families.
It supports development of systems
based on the MC68020, MC68010,
MC68000, and MC68008 as well
as the MC6801/03, MC6809,
MC68HC05C4/C8 and MC68HC11
MiCroprocessors.

Cost efficiency is achieved with a mod-
ular approach which permits you to utilize
the basic HDS-300 station with any in
a series of available emulator modules.

An array of labor-saving features in-
cludes real-time emulation to 25 MHz,
coprocessor support, system perfor-
mance analysis, and the unique ability
to perform “C” language source-level
debugging.

Powerful analysis/debugging capabil-
ities, precise duplication of the application
system configuration, and accurate, real-
time, zero wait-state emulation generate
great system-development versatility.

Source-level approach enables
high-level language debug.
HDS-300 source-level debug capa-
bility allows debugging of user code at
the “C” statement level rather than the
machine or assembly language level.
And, debugging is enhanced with break-

HDS-300, PC/68000 and SYSTEM V/68 are trademarks of
Motorola, Inc.

UNIX is a registered trademark of AT&T.

EDN January 22, 1987

points and other references made using
labels, variable names, or statement num-
bers of the source code. Debugging is
faster, since the familiar name of the
variable can be used and the value of the
variable is presented in the same type as
the variable is declared. The emulator in
mixed mode can also break “C” state-
ments down to assembly language for
even closer code inspection and debug.

Host options are available.

The complete HDS-300 system
includes a host, system hardware-
development station and an emulator
for the specific M68000 family proces-
sor in your target system. Available
options include:

* PC/68000™ Coprocessor

A coprocessor board with UNIX®

SYSTEM V/68™ system software

which plugs directly into an IBM-PC

(or true hardware equivalent).

* VMEsystem 1131™DVLP

A 32-bit microcomputer and software

package based on VMEDbus architecture

and UNIX SYSTEM V/68, suitable

for up to 8 users.

Host-independent
instrumentation.

The HDS-300 station looks like a
simple asynchronous ASCII terminal to
the host computer when in stand-alone
operation, so the connection is common
and convenient for most host systems.
The HDS-300 control station provides a
host-independent vehicle to support the

Name

emulator and provide a common user
debug interface. This same friendly
interface is provided across the complete
family of emulators. The time you save
here, alone, can substantially reduce
time-to-market for your new design.

UNIX SYSTEM V-
hosted support.

Motorola provides a variety of cross-
support software operating under the
SYSTEM V/68 operating system. The
supported hosts currently include the
IBM-PC using our PC/68000 coproces-
sor module and the new SYS1131DVLP
VME-based system.

One-on-one design-in help.
Get an engineer-to-engineer update

on the HDS-300 Hardware/Software
Development Station. Call toll-free,

1-800-521-6274

any weekday, from 8:00 a.m. to 4:30
p.m. MST from anywhere in the U.S. or
Canada.

Or, for additional information, fill out

the coupon and \y/\fé > ii‘

send it to Motorola
Semiconductor 5 o L
Products, Inc., 31‘1 \’v(\ﬁ”
P.O.Box20912, (1€SION-1N
Phoenix, Arizona B ‘::

85036. ream.

@ MOTOROLA

To: Motorola Semiconductor Products, Inc., P. O. Box 20912, Phoenix, AZ 85036 |

Please send me technical information on Motorola’s HDS-300 Development
Station and real-time emulator modules.

313EDN012287

Title

Company

Address

City

State Zip

s R i |

Call me ( )

e i R o < e S A M e . Sl i s, 4 s i
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Availability of cryptographic ICs augurs
the increasing use of data encryption

Chris Terry, Associate Editor

As the need for data encryption
becomes increasingly evident be-
cause of the increase in traffic over
satellite and microwave links, cryp-
tographic schemes must be commer-
cially available and economically
feasible. Perhaps surprisingly, the
government may provide the impe-
tus for the increase in the use of
cryptographic protection.

If you’re designing a computer or
telecommunications system that
will handle sensitive data, your cus-
tomer may require that you incorpo-
rate a cryptographic means of
protecting the data against
unauthorized access. Although you
may be accustomed to thinking of
cryptography as only necessary for
government agencies with very
large computer systems, crypto-
graphic schemes for workstations
and microcomputers are necessary,
too.

Consider, for example, how com-
monplace distributed processing has
become in the banking industry (es-
pecially where automatic tellers are
in use). Also, the number of LANSs
is increasing. A growing number of
local-area networks in small and me-
dium-sized businesses handle data
that certainly needs to be kept pri-
vate; for instance, payroll documen-
tation, personnel records, and new
product designs require safeguards
(not to mention the financial trans-
actions that could give a clue to a
company’s stability or future plans).

Such data is, to some extent, pro-
tected against unauthorized access
by the multilevel security precau-
tions built into most large operating
systems. These precautions are not
always adequate, though. As long
as the data stays within the system,
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This data-encryption processor, the AMD 9578/Z8068, is a variation of the 9568 chip and is
designed for interfacing to AMD’s 2900 bit-slice CPUs and to Zilog’s Z80000 wPs.

and as long as the passwords that
allow the reading, creation, and
modification of files are frequently
changed and are properly managed,
the data is safe against casual
snoopers.

However, these same passwords
must reside somewhere in the sys-
tem, and a technically sophisticated
snooper may be able to find and use
them to read sensitive files that are
stored in standard formats or to
modify or erase these files. Thus,
for complete security, the files
themselves need to be stored in a
form that is unreadable to a snoop-
er, even if he has the passwords that
allow access.

Finally, telephone lines constitute
the medium for transferring data

from one node of a network to an-
other or from one site to another—
no matter what type of data it hap-
pens to be. Because phone lines are
vulnerable to wiretapping and other
interception techniques, sensitive
data passing over them should first
be scrambled in such a way that
only the intended recipient can un-
scramble it.

The process of turning clear
(plain-language) text into cipher
(scrambled) text is called encrypt-
ion; decryption is the opposite pro-
cess of unscrambling cipher text
into clear text. Cryptology is the
general term that embraces both
cryptography (the designing of en-
cryption/decryption schemes) and
cryptanalysis (the process of break-
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8 CDEFGH
Bk

YZABC FGlLH

CLEAR TEXT: MEET ME AT MIDNIGHT
CIPHER TEXT: JBBO JB XQ JFAKEDEQ

Fig 1—The Caesar cipher is a single-alphabet substitution method. The cipher alphabet is
displaced from the clear alphabet and wraps around to the beginning, as shown here.

ing a cryptographic scheme so that
you can recover messages not in-
tended for your eyes).

Encryption (and by inference, de-
cryption) uses either or both of two
basic methods: substitution, in
which each character of the clear
text is represented by a different
character or symbol (which may not
appear at all in the clear text); and
transposition, in which the cipher
text contains exactly the same char-
acters as the clear text, but in a
different order—that is, the en-
crypted text is an anagram of the
clear text.

The simplest examples of each of
these methods are the Caesar cipher
(Fig 1,) which Julius Caesar de-
vised; and the Playfair cipher (Fig
2), which protected low-level com-
munications during World War 1. All
of the cryptographic schemes avail-
able today rely on some sophisti-
cated combination of substitution
and transposition.

A person can quickly break a sim-
ple substitution scheme by compar-
ing the characters contained in the
cipher text with a frequency table,
which shows the letters, digraphs,
and trigraphs that appear most
often in a particular language.
Given time and skill, a person can
manually break transposition ci-
phers; with the aid of a computer,
such codes are easily decipherable.
Thus, much more sophisticated
cryptographic schemes are required
in order to prevent computer-aided
cryptanalysis.

Probably the most widely known
scheme in use today, and one that is
available in the form of an inte-
grated circuit, is the Data Encrypt-
ion Standard (DES). IBM developed
the DES between 1973 and 1977,
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and the National Standards Labora-
tory approved it for commercial and
sensitive data in 1977.

At least two IC manufacturers are
currently delivering production
quantities of encryption devices that
use the DES algorithms. The AT&T
T7000 digital encryption processor
and the AMD 9568 data ciphering
processor are 40-pin DIP ICs that
you can include in a microcomputer
without much difficulty. In addi-
tion, the AMD chip is specifically
designed to interface to the IBM PC
bus. The AMD IC costs $29.17 (100);
the AT&T chip sells for $43 (1000).

The DES specifies that both the

KEY: HECTOR
ORDER: 321645

CLEAR TEXT:

CIPHER TEXT:

EMH ETG MAI MDJ ENJ

Fig 2—The Playfair cipher is a columnar
transposition method. The clear text ap-
pears in horizontal rows the same length as
the key, with padding (JJ) to fill the rectan-
gle. The cipher text is taken from the vertical
columms in the numeric order determined by
the order of occurrence of the key letters
within the normal alphabet.

encryptor and the decryptor of a
message must use the same key; the
question that then arises is how to
distribute this key securely. Actual-
ly, you need two keys: a master key
that you change relatively infre-
quently (daily or weekly perhaps);
and a session key, which you can
change as often as you wish for

AT&T Technologies
Guilford Center

Box 25000
Greensboro, NC 27420
Burnley L Miles

(919) 279-7122

GTE Corp

Communications Systems Div
100 First Ave, Bldg 1
Waltham, MA 02254

Frank Dolan

(617) 466-3907

Harris Corp

Government Communications Systems Div
Box 91000

Melbourne, FL 32902

Jack Raymond

(305) 729-2308

Honeywell Inc

Box 391

Annapolis, MD 21404
Jack O McCorkle
(301) 266-1716

Hughes Aircraft Co

Box 3310

Fullerton, CA 92634

Chuck McLoon (Bldg 688/1.106)
(213) 802-4338

Companies participating in Project Overtake

For more information on any of the cryptographic products associated with
the National Security Agency’s Project Overtake, contact the individual
acting as liaison listed after each manufacturer.

IBM Corp

Federal Systems Div
9500 Godwin Dr
Manassas, VA 22110
A Louis Medin

(703) 367-4930

Intel Corp

7833 Walker Dr, Ste 550
Greenbelt, MD 20770

J Daniel Magnes

(301) 441-1020

Motorola Inc

Box 1417

Scottsdale, AZ 85252
David Kohler

(602) 949-2755

RCA Corp

Government Communications Systems Div
Front & Cooper Sts

Camden, NJ 08102

David Miller (MS 10-3-1)

(609) 338-2621

Rockwell International Corp
Box 11963

Santa Ana, CA 92711

Jerome Gilmore

(714) 850-2677
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outgoing messages and which can be
different for every incoming mes-
sage.

When you want to send a message
to a remote station equipped with
DES devices, you first encrypt the
session key, using the master key,
and send the session key over the
line ahead of the message. The re-
mote equipment decrypts the ses-
sion key and stores the clear key in a
register.

Every key consists of eight bytes,
each having seven data bits and a
parity bit (the LSB); the hardware
does not check the parity of en-
crypted session-key bytes but does
check the parity of the decrypted
session-key bytes. The parity cir-
cuits activate a status line that tells
you whether or not the session key

was correctly transmitted and
loaded. The AT&T and AMD ICs
have two session-key registers, and
thus you can load your own session
key in one register for encrypting
outgoing messages and use the
other register to hold the session
key received with an incoming mes-
sage.

There is some controversy as to
whether or not this method of dis-
tributing keys is secure. On the one
hand, sending the session key over a
telephone line (even in encrypted
form) is hazardous.

On the other hand, you can
change the session key as often as
you wish, and the receiver of a mes-
sage doesn’t need to know the con-
tents of the key he’ll use for de-
crypting the message because the

equipment will decrypt and load
this key for use automatically.
These precautions limit the number
of people who know the key and that
in turn increases security. However,
it’s difficult for two strangers who
are unable to meet to set up a secure
DES communications link because
there’s no secure way for them to
agree on a key.

Three modes are possible

The DES specifies three operat-
ing modes: electronic code book
(ECB); cipher-block chaining
(CBCQ); and cipher feedback (CFB);
both AT&T’s T7000 and AMD’s 9568
chips provide all three modes. In the
ECB mode, for any given key, en-
crypting the same 64-bit block of
clear text multiple times will always

An alternative cryptographic scheme, and one that
offers the advantage of providing unquestionable
authentication of the originator, is the public-key/
private-key scheme of Diffie and Helman (Ref 1),
proposed in 1976. In 1978, Rivest, Shamir, and
Adelman, professors at MIT, published the RSA
implementation of the public-key/private-key

Public-key/private-key scheme hasn’t been broken

in the directory can establish secure communica-
tions without having to arrange for secure distri-
bution of a key (as would be the case if they used
the DES). They could, in fact, use an electronic
mail system (such as MCI mail).

Of course, the use of such large numbers has
drawbacks as well as advantages. Because the al-

scheme (Ref 2). To date, the RSA algorithm has
not yet been broken.

The public-key/private-key scheme uses a key
computed from two very large prime numbers
(greater than 10'"). Two of the key’s factors consti-
tute the public and private portions, respectively.
The public portion resides in a public directory;
each private portion remains known only to the
individual who uses it.

If user X wishes to send a message to user Y, he
first encrypts the text using his private key; he
then looks up the public key and uses this to en-
crypt the signature portion of the message. User
Y, upon receiving the encrypted message, uses his
private key to decrypt the signature portion; then
he looks up the public key of the sender and uses
that to decrypt the text.

The security of this system derives from the
certainty that factoring a very large number is a
huge task requiring immense amounts of time—one
estimation is about 4 billion years of Cray super-
computer time to factor a 200-digit number.

Another advantage is that any two persons listed

gorithm is based on the multiple-precision process-
ing of large numbers, it would be very expensive
(and perhaps impossible, at present) to implement
in hardware, and the software implementation is
much slower than the inexpensive hardware imple-
mentations of the DES.

A successful implementation of the RSA algo-
rithm has been done on an IBM PC; because the
implementation is slow, however, you have to col-
lect the entire outgoing cipher text in a disk file or
memory buffer before passing it to a 1200-bps
modem and, by the same token, you have to buffer
incoming cipher text before decrypting it.
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You've got to be

pretty dense to send

our PCB design
Forest Grove.

If you're working with high circuit densities, you
need the exceptional prototype capabilities of our
new Forest Grove, Oregon plant. We specialize in
dense multi-layer and surface mount PCBs, using
- technologies refined and perfected by our own

~ engineers.
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between you and us. Our computer interface to your
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For more information . . .

For more information on the cryptographic ICs described in this article,
contact the following manufacturers directly or circle the appropriate num-
bers on the Information Retrieval Service Card.

Advanced Micro Devices
Box 3453

Sunnyvale, CA 94088 Berkeley Heights, NJ 07922 Box 883, MS 53-175
(408) 732-2400 (800) 372-2447 Melbourne, FL 32902
Circle No 708 Circle No 709 (305) 729-5757

Circle No 710

AT&T Technologies
1 Oak Way, Rm 2WC-106

Harris Custom
Integrated Circuits Div

result in the same 64-bit block of
cipher-text output. Although this
mode violates a basic rule of cryp-
tography—mnever encrypt the same
message in the same way twice be-
cause doing so makes code-breaking
easier—it does offer an advantage
for intrasystem use in disk file en-
cryption: You can read a file back
one sector at a time.

In the CBC mode, the cipher out-
put of each block modifies the en-
cryption of succeeding blocks, so
that successive encryptions of the
same clear text block will produce
different cipher text each time. This
mode is inconvenient for encrypting
a disk file because you have to read
the whole file in order to examine
one sector. However, two attributes
make it ideal for synchronous-block
data transmissions over phone lines:
Security is intrinsically high, and
any attempt by a snooper to inter-
cept and modify the message during
transmission corrupts the entire
message and makes it indeciphera-
ble, thereby alerting the recipient
to the interception attempt.

The CFB mode is similar to the
CBC in that each block affects the
encryption of subsequent blocks.
However, the CFB mode is opti-
mized for 8-bit data blocks instead
of the CBC’s (and ECB’s) 64-bit
blocks and thus is highly suitable for
character-by-character asynchro-
nous data links.

Although the DES provides a rea-
sonably secure means, capable of
implementation in fast hardware, of
encrypting data and transmitting it
over telephone and network lines at
speeds as high as 1.5M bytes/sec,
master key distribution is still a

68

problem. If there are n users on a
network, each of whom desires se-
cure communications with the other
n-1 users, then the network admin-
istrator has to arrange for the se-
cure distribution of n(n-1)/2 master
keys each time a key change is nec-
essary. An alternative scheme that
solves this problem does exist but is
not available in IC form (see box,
“Public-key/private-key  scheme
hasn’t been broken”).

Also, not everyone believes that
the DES’s security is sufficient. Re-
cently the National Security Agen-
cy (NSA) stated that it won’t ap-
prove the DES when it becomes due
for review as a federal standard in
1988. The reason, according to the
agency, is that potential enemies
have had 10 years in which to study
and analyze intercepted communica-
tions that use the DES, and there-
fore they can longer guarantee the
security of the standard.

The NSA’s National Security De-
cision Directive (NSDD) 145, which
President Reagan signed in 1984,
provided the agency with the au-
thority to develop new encryption
standards for unclassified govern-
ment data and to promote the adop-
tion of the new standards by the
private sector.

In March 1985, the NSA estab-
lished the DCECP (Development
Center for Embedded Comsec Prod-
ucts) with a charter to design em-
beddable Comsec modules that will
help to secure communications. In
conjunction with the 10 participat-
ing companies, the center has em-
barked on Project Overtake, a coop-
erative effort to standardize Comsec
modules both for Type I data (classi-

fied) and Type 11 data (sensitive but
unclassified government or govern-
ment-derived). Off-the-shelf devices
associated with Project Overtake
include such products as a series of
voice- and low-speed-data encryp-
tion devices, a series of data-encryp-
tion devices for computers, and a
series of high-speed digital-data-en-
cryption devices for mainframe, sat-
ellite, and microwave communica-
tion links.

OEMs intent on purchasing Com-
sec encryption modules have to
qualify with the NSA on a need-to-
know basis. You can obtain informa-
tion and guidance on the most suit-
able modules for a given application
and on qualification requirements
from the liaison personnel at each
participating company (see box,
“Companies participating in Project
Overtake”).

Tradeoffs exist, as always

No matter what the future holds,
when deciding on cryptographic al-
ternatives for your particular appli-
cation you’ll have to consider the
inevitable tradeoffs. If you're deal-
ing with sensitive data at govern-
mental levels, you’ll have to use
NSA-approved devices such as the
Harris HS3447 Cipher-I IC for seri-
al communications ($137 in quanti-
ties of 500) or one of the Comsec
modules, regardless of cost. If you
need the security of large keys and
can tolerate relatively slow opera-
tion, a public-key/private-key imple-
mentation might suffice. If you need
to bring a product to market quickly
and inexpensively, though, then in-
corporating one of the DES crypto-
graphic processors into your system
is probably the best approach. EDN

Article Interest Quotient
(Circle One)
High 503 Medium 504 Low 505
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Our NSA-endorsed encryption chip:
more speed, less space than DES.
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Now the high-speed data encryption chip once
reserved for protecting America’s defense secrets is avail-
able to communications equipment makers to protect
sensitive but unclassified government or government-
derived information, the loss of which could adversely
affect the national security interest.

The Harris CYPHER-1™ circuit is embeddable and
built with our proven low-power CMOS process. Compared
with the decade-old DES chip, CYPHER-1™ is nearly 50%
faster (20 megabits/second)—and its smaller size (16 pins
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The CYPHER-1™ circuit encrypts/decrypts via a
serial data stream, rather than using the slower traditional
block cypher process. In addition to cryptosecurity, the
CYPHER-1™ chip is also perfect in systems using spread
spectrum transmissions. Use it to build-in immunity to
frequency jamming and signal interception in electronic
warfare applications.

It's available in production quantities now.

DES is yesterday’s technology. CYPHER-1™ is tomor-
row’s. Call Harris today.

For a data sheet and application information, call
(305) 729-5757. Or write: Harris Custom Integrated
Circuits Division, PO. Box 883,

MS 53-175,
Melbourne, Florida

32902-0883. & HARRIS
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CY7¢263
8192 x 8 PROM
35ns 100 mA

CY7¢253*
16,384 < 8 PROM
45ns 100 mA

PALCI6RAL
20-Pin CMOS
PAL Device

25ns 45 mA

The speed and power specs at the
left are an indication of the Aigh perfor-
mance and low power you get with our
CMOS PROM and PLD parts.

Now consider reprogrammability.

In engineering, it means you can try
out ideas without blowing an expensive
part with every iteration. And without
worrying about using up your last part.

In production, it often is more eco-
nomical to stock reprogrammable
parts —even at a slightly higher unit
cost—and program on demand. (For
volume production, parts are available
in low-cost plastic packaging.)

Try our windowed parts yourself, and
see just how the ability to change your
mind with impunity can take headaches
out of design and production.

New: Turn your PCinto a foundry with
our $995 QuickPro™ programmer card.

Program ALL Cypress
Semiconductor PLD and
PROM parts with this flexi-
ble, handy system. It works
with your favorite program-
ming software (like ABEL™
CUPL,™ or PALASM™)
You will find that Quick-
Pro in your IBM® PC® or
compatible gives you the
easiest, cheapest solution
for a quality programmer
in every design lab, so you
can take advantage of all these new
programmable parts.
All our parts work with industry
standard programming tools, too.
Now, consider the rest of our MIPS
CHIPS family:

CMOS High Speed Logic Family

In addition to the world’s
fastest 16-bit slice (30ns) and
our 4-bit slice (23ns)
microprocessors, we offer
the world’s fastest
12-bit controllers, fast

v
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sequencers, 16 X 16 multipliers and
multiplier/accumulators, plus many
more high-speed CMOS circuits. Also,
the fastest 64 < 4-bit and 64 x 5-bit cas-
cadeable FIFOs (25 MHz commercial
AND military performance). All very
low power.

CMOS High Speed SRAM Family

Featuring the fastest (15ns) 4K Static
TTL-compatible RAMs you can buy, fab-
ricated in our 0.8 micron CMOS pro-
cess. Plus a variety of 15ns, 25ns, 35ns,
and 45ns parts, too. Nibble-wide, bit-
wide, byte-wide, ranging from 64-bits
through 64K-bits. Low active power. Low
standby power —many parts include
auto-power-down when deselected.

CMOS High Speed PROM Family

Surpassing bipolar with fast regis-
tered PROMs at %2 bipolar power, or less.
Parts feature speeds to 25ns set-up,
12ns clock-to-output. Byte-wide family
available in 4K, 8K, 16K, 64K and 64K
diagnostic densities. Also 64K Power
Down (Igg=30 mA), 8K, 16K, 64K non-
registered available. 100% testing of data
bits before packaging means optimum
programming yields.

CMOS High Speed PLD Family

Featuring 25ns HALF-power 90 mA
windowed 22V10 EPLD —the new high-
speed re-programmable PLD standard.
Also, quarter-power 45 mA PAL C 20
parts, and the 55 mA 20G10 Generic 24-
pin PLD—both available at 25ns speeds

and with windows. Military: 20ns,
70 mA PAL C 20, and 25ns,
120 mA PAL 22V10 also
available. All cells
100% func-
> tionally tested.

/ Free QuickPro
. / datasheet and
/ CMOS data book!
LITERATURE HOTLINE:
-800-952-6300,
sk for Dept. C16
-800-423-4440 (In CA),
sk for Dept. C16
32) 2-672-2220 (In Europe).
416) 475-3922 (In Canada.




JUST LIKE THE
0P-07.
BUT 2.5 TIMES
BETTER.

THE MAX400 VS. EVERYTHING ELSE.

Vos (MA AIN (MIN) | CMRR (MIN) | PRICE
Vo) o?lzr(then)\(;)a DRIFT (Max) | GADLEIN) D) (100 up)
Y v IV7°C V/mV dB $

MAX400M 10 40 0.3 500 114 17.00
MAX400C 15 a0 0.3 500 114 6.00
LT1001AM 15 60 0.6 450 114 49.00
LTI001AC 25 60 0.6 450 114 6.43
OPO7A 25 60 0.6 300 110 16.25
OP77A 25 60 0.3 5000 120 18.00
OP77E 25 45 0.3 5000 120 3.00
OPO7E 75 130 13 200 106 250

OUR OP-07 IS BETTER, T0O.

The table tells you everything you need to know about Maxim’s
MAX400. What it doesn't tell you about is our OP-07.

It's up to 30 times more reliable than everybody else’s. That's
because our OP-07, like the MAX400, is burned in at 150°C for at
least 24 hours (the equivalent of 4,000 hours at 70°C). Absolutely
free to you.

So for the best op amps your money (or anybody else’s) can
buy, call your Maxim representative or distributor today.

Maxim Integrated Products, 510 N. Pastoria Avenue, Sunnyvale,
CA 94086, (408) 737-7600.
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Specially processed operational amplifiers
meet rad-hard and high-temperature needs

Jim Wiegand, Associate Editor

Military and aerospace applications
have placed severe environmental
demands upon analog components
for some time, but don’t overlook
the possibility of using the parts
specially processed to meet those
demands for your own, more terres-
trial, and in some cases even subter-
ranean, applications. The require-
ments of radiation hardening and
high-temperature operation found
in these environments are echoed in
nuclear power stations and fuel-re-
processing plants, in high-tempera-
ture industrial control, in measure-
ments of jet-engine parameters, and
in down-hole measurements for oil
exploration. Among the parts spe-
cially processed for such harsh
treatment are a small number of
operational amplifiers—some ma-
ture and some recently introduced.
Some of these op amps are better
suited to high-radiation environ-
ments, and some are specifically for
high-temperature settings. Some op
amps blur the distinction, taking
advantage of fabrication processes
that address the problems associ-
ated with both high temperatures
and high doses of radiation.
Different types of radiation,
through their own mechanisms, ad-
versely affect ICs in a variety of
ways (see box, “A hardened IC is
good to find”). In particular, expo-
sure to radiation can degrade such
op-amp parameters as open-loop
gain, input bias current, input offset
current, input offset voltage, slew
rate, bandwidth, input impedance,
and output power. IC manufactur-
ers have devised ways of ameliorat-
ing the effects of radiation, and they
can provide you with rad-hardened
op amps for use in such environ-
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An impressive unity-gain stability spec of
150 MHz is the noteworthy feature of the
AOP1510 op amp from Anadigics Corp. The
op amp is fabricated with an inherently
rad-hard GaAs process.

ments as nuclear power plants and
unshielded industrial x-ray equip-
ment.

Rad-hardened op amps

Anadigics Corp employs gallium
arsenide in the manufacture of its
AOP1510 op amp. GaAs is inherent-
ly rad-hard because of its semi-insu-
lating substrate. Anadigics cooper-
ates with customers in radiation
testing of its devices, which occurs
at third-party facilities (companies
or national laboratories), but the
company does not have radiation
hardness data available.

In addition to exhibiting the rad-
hard advantages of GaAs devices,
the AOP1510, as you might imagine,
sports some impressive speed speci-
fications. The device operates with
unity-gain stability to 150 MHz. The
open-loop gain is 70 dB, and the
slew rate is 500V/usec. The settling
time to within 1% is 30 nsec typ
(when the sense resistance and the
feedback resistance are both 1 k().
The AOP1510 costs $29 (this and all
other prices cited in the article are
for quantities of 100).

Burr-Brown Corp employs its

proprietary DIFET dielectric-isola-
tion (DI) process in the manufacture
of its op amps. The DI process coun-
teracts the tendency of CMOS ICs
to form leakage paths when sub-
jected to radiation. Although the DI
process typically doubles the num-
ber of steps involved in the produc-
tion of ICs, and although this two-
fold increase in manufacturing steps
results in nearly an order of magni-
tude increase in wafer costs, the
process pays off in radiation hard-
ness. The OPA111 op amp has been
tested by the Jet Propulsion Labo-
ratory and found to be rad-hard at
the 1x10"-rad(Si) level, using co-
balt-60 (Co60) and 2.5-MeV elec-
trons as sources for irradiation. The
parts also operate to the limit of
their functionality, but with minor
degradation, after being exposed to
a fluence of 5x10"N/em? of 1-MeV
equivalent neutrons.

(Just to lend a little perspective to
these figures, the Galileo space-
craft, which will be exposed to a
constant stream of radiation during
its long journey to Jupiter, and to
even higher levels as it comes in
close to the giant planet, will be
subjected to something less than
3x10° rads.)

The OPA111 operates with an
input bias current of 1 pA, 1 wV/°C
of offset-voltage drift, 1 wV rms of
noise between 10 Hz and 10 kHz, an
open-loop gain of 120 dB, and com-
mon-mode rejection of 100 dB min.
The part costs $9.75.

Duals and quads

Also manufactured with the
DIFET process, the $15.25
OPA156A provides a 4-MHz min
gain-bandwidth product, a 10V/
psec slew rate, and a settling time
to within 0.01% of 4 psec typ. Burr-
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Brown also offers the $15.65 dual
OPA2111 and the $11.85 quad
OPA404 op amps with DIFET pro-
cessing.

For applications requiring high
slew rates, you can use Elantec’s
2500 or 2600 Series of DI-processed
op amps. The $24.64 EHA2-2520-8
op amp, for example, specs a slew
rate of 100V/usec. Like Burr-Brown
and Anadigics, Elantec doesn’t have

in-house radiation test facilities.
The company works with you to
obtain the required testing at an
off-site test facility, such as the JPL
or Sandia National Laboratories.

Programmable, wideband parts
The Custom Integrated Circuits
Division of Harris Corp has
provided rad-hardened ICs using
the DI process for a number of

years. It currently offers the
HS3516RH wideband op amp, the
HS3530RH low-power program-
mable op amp, and the HS5104RH
quad op amp. Each of the op amps
delivers 10 mA of drive current, and
all feature a 1V/psec slew rate and a
15-kHz full-power bandwidth.

The $220 HS3516RH provides
unity-gain stability at frequencies
greater than 10 MHz. It specs a

A hardened IC is good to find

The two major types of damage to which an IC can
fall victim are displacement damage and ionization
damage. Displacement damage is caused by neu-
trons or heavy, charged particles, which interact
with the lattice of the irradiated semiconductor
material. As its name implies, displacement dam-
age is marked by vacancies in the lattice structure
or by interstitial atoms—that is, extra atoms
forced between lattice sites. This type of damage is
particularly harmful to bipolar ICs, because these
defects decrease minority-carrier lifetime and car-
rier concentration, which in turn leads to beta deg-
radation and increased reverse leakage currents
across device junctions. In an op amp, the open-
loop gain, input bias current, input offset current,
input offset voltage, and slew rate are all adversely
affected.

Gamma (photon) radiation is the primary source
of ionizing radiation. Ionizing radiation produces
its most noticeable effects in the gate and field
oxides of CMOS ICs. The net effect is a threshold
voltage shift and degradation in channel mobility.
Photocurrents generated by ionizing radiation can
also activate a low-impedance, high-current path
from Vpp to ground in CMOS devices. This condi-
tion is known as latch-up, and it can destroy the
device. Manufacturers now grow an additional epit-
axial layer over the starting material of the bulk-
CMOS wafer to eliminate latch-up.

An untoward transformation

There’s another problem caused by ionizing radi-
ation. Immediately after ionization, recombination
begins, but due to the applied electric fields, so
does electron transport. Because electron mobility
is roughly six orders of magnitude greater than
hole mobility, the electrons will be swept out much
sooner than the holes, leaving the holes behind to
begin a transport process to the interface between

the silicon and silicon-dioxide layers. Some holes
will pass into the silicon, while others will be
trapped at defect centers near the interface. This
buildup of positive charge will make it easier to
create the n-channel (inversion layer), thus lower-
ing the threshold voltage in an n-channel device; in
the extreme, the n-channel device may even be
transformed into a depletion-mode device.

On the other hand, a p-channel device becomes
more difficult to turn on. The two main effects of
ionizing radiation, then, are an increase in leakage
current and a shift in threshold voltages, both of
which are related to the radiation-induced inver-
sion layer. Designers can counteract the increase in
leakage current by forming guard bands around
each n-channel device. They can also harden the
gate and field oxides to lessen the shifts in thresh-
old levels. Other semiconductor technologies—nota-
bly gallium arsenide and silicon on saphire (SOS)—
are inherently more resistant to the effects of radi-
ation, and some parts using these technologies are
beginning to work their way out of the lab.

Measuring and testing rad-hardness

In order to evaluate the radiation hardness of a
part, you need to know how to measure the radia-
tion dosage and how to test the part in question for
hardness. The energy transferred to a material by
ionizing radiation is measured in terms of rads.
One rad is equal to 100 ergs absorbed per gram of
material. The total absorbed dose is called the
gamma, and the dose rate, called the gamma-dot,
is measured in rads(Si)/sec. Particles are referred
to in terms of flux, the concentration of particulate
flow is measured in particles/cm?/sec, and fluence is
the time integral of flux in particles/cm®.

You can perform radiation testing with widely
varying dose rates. According to MIL-STD-883C,
method 1019, dose rates may vary between 1.67
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slew rate of 22V/usec and a settling
time of 450 nsec to within 5% of the
settled value. The $155 HS3530RH
operates with little variation in
operating characteristics as the sup-
ply voltage ranges from 3 to 15V.
The device operates from a supply
current of 15 pA max (assuming a
load resistance of 75 k() and a set
current of 1.5 pA). You can program
such parameters as power dissipa-

tion, slew rate, bandwidth, noise,
and input de specs via your selection
of an external resistor or current
source. The $220 HR5104RH pro-
vides, in a quad-op-amp configura-
tion, all the benefits of close para-
metric matching that normally come
with monolithic construction.
Harris Corp subjects samples of
these devices to a total-dose radia-
tion level of 1x10° rads(Si), =10%,

from a gamma-cell-220, Co60 source
or the equivalent. The test applies a
supply voltage of =15V to the de-
vices and irradiates them at a rate
of 50 to 200 rads/sec. Harris then
performs parametric tests upon the
devices within one hour after irradi-
ation. Key parameters measured in-
clude open-loop gain, input offset
voltage, and bias current.

The lot will be accepted only if the

rads/sec and 2500 rads/sec. (For greater precision,
the requirements are currently being amended to
200+100 rads/sec.) A cobalt-60 (Co60) chamber
subjects a sample to 10° rads/hour, which is closer
to the irradiation of a nuclear blast than to that of
a space environment. The rate of exposure is sig-
nificant because of the annealing, or self-healing,
effect exhibited by ICs. High dose rates don’t allow
annealing to take place. The manner of testing—
parametric vs functional, in situ vs extrachamber,
continuous vs intermittent measurement—as well
as time delays between the exposure and the mea-
surement will all have an effect upon results. You
must address different radiation environments with
appropriate system design techniques.

Better in lead than dead

High-radiation environments of concern fall into
three basic categories: nuclear event, space, and
nuclear power or fuel-reprocessing plants. The
most serious, “nuclear events,” are characterized
by high levels of x-rays or gamma rays and neutron
flux for a very short period of time—typically 10~°
to 107° sec. The intense levels of x-rays can melt
the gold metallization or gold bond used to attach
the chip to the header. Because the flux from the
blast drops off in a manner inversely proportional
to the square of the distance from the blast center,
the best way to avoid damage is to be far away
from the blast.

If you don’t have the luxury of locating your
circuitry far from the nuclear blast, the next best
thing you can do is shield your circuitry with lead,
other conditions permitting. If the intensity of the
radiation is not sufficient to melt the metallization,
you must still take into account the ionizing effects
in your system design. If the photocurrents are
great enough, parasitic pnpn structures in your op
amp may be triggered, and at extreme dose levels,

an excessive carrier population can momentarily
approach the doping levels of the semiconductor
material, transforming the semiconductor into a re-
sistive element and allowing large, potentially de-
structive currents to flow.

Linear bipolar elements are most susceptible to
this sort of catastrophic failure, and what you as a
system designer need to do to prevent damage is
to provide external current limiting. In addition,
you should select high-frequency parts to allow for
bandwidth degradation, and select capacitor values
that will store no more than 10 wJ of energy to
prevent them from supplying large currents to the
op amp during periods of IC saturation.

The tangible effects of damage

Neutron-bombardment damage manifests itself
in the degradation of a number of performance
aspects (mentioned in the main text), and you must
make appropriate adjustments in your designs. In
addition, electromagnetic pulse (EMP) is a phe-
nomenon associated with a nuclear blast and conse-
quently a cause of concern for system designers.
Design precautions for EMP are the same as those
for electrostatic discharge (ESD) protection—that
is, electromagnetic shielding and resistor-diode
networks.

Total-dose radiation is an accumulation of low-
level x-ray and gamma radiation that is typically
encountered by spacecraft. CMOS parts have tradi-
tionally been more susceptible to this sort of radia-
tion than have bipolar parts, because trapped
charges in the gate and field oxides cause a shift in
thresholds and in transconductances. Offset volt-
age, bias current, offset current, and open-loop
gain will suffer the effects, and your design must
take these effects into account.
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sample meets specified limits on
these parameters. For example, the
HS3516RH must exhibit an open-
loop gain that’s greater than or
equal to 80 dB, the input offset
voltage must be less than 5 mV, and
the bias current must be less than
400 nA at room temperature. The
radiation environment for which the
devices are suitable is one where the
total neutron fluence (E>10 keV) is
5x10"N/em?, the gamma rate is
1x10? rads(Si)/see, and the total
gamma dose is 1x10° rads(Si)
(1%x10° rads(Si) for the HS5104RH).
National Semiconductor, in con-
cert with the JPL, has developed
rad-hard op amps for the Galileo
spacecraft. The $200 LM101A is a
general-purpose op amp that fea-
tures a guaranteed open-loop gain
of 88 dB min. The $220 LM108A is a
precision op amp with a guaranteed
offset voltage of less than 0.5 mV.
The parts were designed to with-
stand a total dose of 3x10° rads(Si).
National participates in a monitored
line program (a production-line in-
spection plan whereby samples of a
product run are extracted and
tested), and it has its own gamma
cell for in-house radiation testing.
Precision Monolithics Inc offers
three op amps that operate at total-
dose radiation levels greater than

Fully characterized for operation over 0 to
250°C, the HA-2620-1 from Harris is an
extended-temperature version of a device that
specs a 100-MHz gain-bandwidth product at
25°C and a 500-MQ) input impedance.

1x10° rads(Si). The OP-15, -16, and
-17 are high-speed, FET-input de-
vices. They cost $6.50.

The dielectric-isolation process,
which helps harden ICs against ra-
diation-induced damage, also exhib-
its excellent high-voltage (to 500V)
and high-temperature (200°C) oper-
ating characteristics. Telephone
companies employ the process in
their switching circuitry because of
the high voltages in telephony.

DI-processed op amps are used in
such high-temperature applications
as “down-hole” sensing in oil-well

Anadigics

35 Technology Dr
Warren, NJ 07060
(201) 668-5000
Circle No 701

Box 883

(305) 724-7407
Circle No 704

Burr-Brown Corp
Box 11400
Tuscon, AZ 85734
(602) 746-1111
Circle No 702

Milpitas, CA 95035
(408) 942-0810
Circle No 05

Elantec Inc

1996 Tarob Ct
Milpitas, CA 95035
(408) 945-1323
Circle No 703

For more information . . .

For more information on the rad-hardened and high-temperature op amps
described in this article, circle the appropriate numbers on the Information
Retrieval Service card or contact the following manufacturers directly.

Harris Semiconductor Corp

Melbourne, FL 32901

Linear Technology Corp
1630 McCarthy Blvd

National Semiconductor Corp
2900 Semiconductor Dr

Santa Clara, CA 95051

(408) 721-5000

Circle No 706

Precision Monolithics Inc
1500 Space Park Dr

Santa Clara, CA 95050
(408) 727-9222

Circle No 707
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drilling, where the measurement of
such parameters as density, pres-
sure, and sound travel reveal clues
to the nature of surrounding forma-
tions. In order to have signal condi-
tioning as close to the sensors as
possible, the op amps are sent down
the hole with the drill, where tem-
peratures reach 200°C.

Jet-engine manufacturers use
these op amps to monitor critical
performance parameters in engines.
The manufacturing environment
creates many high-temperature pro-
cess-control situations, where ex-
tended-temperature op amps could
be put to use. Clearly, then, if your
application requires the increased
accuracy that you can achieve by
locating your circuitry at the source
of your signals, you needn’t be
daunted by a 200°C environment.

Play it safe

Although many of the previously
mentioned rad-hardened parts are
used in extended-temperature ap-
plications, they are often used with
the knowledge that they are being
operated outside the specified temp-
erature range. For those who prefer
a more conservative approach to cir-
cuit design, a number of op amps
are specified and fully characterized
for operation at temperatures as
high as 250°C.

As is the case in highly irradiated
environments, leakage currents are
the bane of IC operation at high
temperatures. In fact, junction leak-
age has a major effect on the perfor-
mance of analog ICs at 200°C and
above. Because leakage currents
double with every 10°C rise in
temperature, a junction that leaks
just 50 pA at 25°C will leak 9 pA at
200°C. Linear-IC manufacturers
can make adjustments for some of
this increase in leakage currents by
closely matching transistors (DI
processing itself serves to lessen the
overall leakage current). If, for ex-
ample, leakage currents affect two
sides of a differential stage, then the
difference in leakages is all that de-
grades circuit performance; if the
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Engineering calculation raised to a new power.

The only software program

to combine the flexibility of a
blackboard, the simplicity of a
calculator, and the power of

a personal computer.

Now you can write
calculations on
your PC in stan-
dard math nota-
tion—mixing text,
formulas and

, graphics with the
same free-form ease you have on a
blackboard or scratchpad.

No new languages to learn.
Simply type equations anywhere
on the screen and MathCAD auto-
matically calculates and displays
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your results as numbers or graphs—
exactly as you want to see them.
Change anything, and MathCAD
instantly recalculates the results.
Add text at any point to support
your work. Then print and save
your entire calculation as an inte-
grated document.

Powerful built-in functions.
MathCAD handles both real and
complex numbers and does auto-
matic unit conversion and dimen-
sional analysis. It has a full range
of built-in functions including inte-
gration, differentiation, fft’s and
cubic splines. Or you can define
your own. No wonder thousands of
engineers use MathCAD every
day, for everything from robotics

MathCAD

MathSoft, Inc., 1 Kendall Sq., Cambridge, MA 02139
CIRCLE NO 158

to signal processing and thermo-
dynamics to fluid mechanics.

Call us today.

We're convinced that MathCAD
belongs on every engineer’s desk.
At $249, with our no-risk, 30-day
money-back guarantee, you really
can’t afford not to try it. To place
your order or to request further
information, call us now at:

1-800-MathCAD

(in Massachusetts: 617-577-1017)

MathCAD. Once you’ve tried it,
you’ll wonder what you ever did
without it. Order today.

Requires IBM PC® or compatible, 512KB RAM, graphics card.
IBM PC is a registered trademark of International Business
Machines Corporation. MathCAD™ MathSoft, Inc.
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Boeing Electronics Company
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bility, too!

Reliability By Design

P.O. Box 24969, M/S 9N-41, Seattle, WA 98124-6269, (206) 657-7474.
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pair is closely matched, the differ-
ence in leakage current will remain
small even when the absolute vol-
ume of leakage current increases
markedly.

Spec’d to 225°C

Linear Technology offers four op
amps that specify a maximum oper-
ating temperature of 225°C. For ap-
plications in which you must keep
noise levels low, you can use the
$31.25 LT1007XH, which is a direct
replacement for the OP-27. The
$22.75 LT1001XH precision op amp
features a 100-dB CMRR and a
95-dB PSRR at 200°C. The bias
current for the device increases
from 8 nA max at 125°C to 100 nA
max at 200°C. You can fulfill your
high-speed, high-temperature
needs with the $18.60 LM118XH.
At 200°C, the device’s slew rate is
18V/usec. For your less stringent
applications, the $11.40 LM101-
AXH general-purpose op amp is
fully characterized at 200°C.

Harris Corp offers two op amps
that are characterized to 250°C and
guaranteed for operation at 200°C.
The HA-2620 is a wideband (100-
MHz gain-bandwidth product at
25°C), high-input-impedance (500
MQ) device specified for operation
between 0 and 200°C. It costs
$54.35. The $59.75 HA 2600-1 has
very similar specs, with the excep-
tion that its operating temperature
range is 0 to 250°C.

Burr-Brown Corp offers a trio of
op amps—the OPA111HT, OPA27-
HT, and OPA3THT—that are speci-
fied for operation from —55 to
+200°C. The $59.90 OPA27THT and
-37THT come with a mere 250-pV
input offset voltage at 200°C and an
average drift of 0.25 wV/°C. The $37
OPA111HT specs a 65-nA bias cur-
rent at 200°C and features the same
pinout as the ubiquitous 741 op amp.

EDN

Article Interest Quotient
(Circle One)
High 500 Medium 501 Low 502
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485-5139R2
[)MF L Ij Sprague Power Integrated Circuits are processed on a DESC certified production line
A ¥ 4 to MIL-M-38510. QPL and compliant devices are screened to Class B assurance levels
' \ ~ of MIL-STD-883C. These high-voltage and high-current power I1Cs
l h ( [’4 R] i Fl F l) provide excellent answers as peripheral power drivers for displays,
motors, solenoids, relays, printers, and heaters. Long

[ ( )R ])( )\\, l.A R E( 1 recognized as the leader in power ICs, Sprague will continue
M to supply selected components on the Qualified Parts List.

Sprague Electric Company, a Penn Central unit, World Hdqtrs., Lexington, MA. For applications assistance, call

Walter Sullivan at 617/853-5000. For Brochures WR-192 and WR-198, write to Technical N SpRnGUE
Literature Service, Sprague Electric Company, 41 Hampden Road, P.O. Box 9102, Mansfield, 4

MA 02048-9102. CIRCLE NO 131
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Cadnetix
the standard C

Finally, full-function CAE for your
standard IBM PC.

For a long time, full-function CAE and a standard
IBM PC couldn’t be mentioned together in the same
breath. The Cadnetix PC System has changed all that.

Finally, an experienced CAE vendor has outfitted an
unmodified IBM PC/AT™ or XT™ with the same excellent
hierarchical schematic capture tools included on our
high-end workstations. We've given you immediate access
to real CAE component and semicustom libraries via
Ethernet™ And, we’ve made your PC a “‘window on the
network,’ linking it to powerful Cadnetix engines for ”“"""I"""""“ "”m ; H‘I
simulation, physical modeling and physical layout. All this__ sl |
without expensive alterations or add-on hardware. 4 :
The Cadnetix PC System is a complete CAE resource i
that hasn't been converted into a high-cost hybrid.

The super-computer power of Cadnetix

Engines, directly available to your PC’s. You'll develop designs on the PC, then compile and

analyze them on high-performance engines tailored for
accelerated compilation, simulation, physical modeling
and database management. And Cadnetix has integrated all
of these functions into a single network resource featur-
ing both a RISC processor and a bit-slice processor to
accelerate various applications tasks.

Our Analysis Engine is a versatile processing node
offering you the choice of configurations you need for
your design analysis environment. With up to 280 Mb of
disk, mass storage for database management is essen-
tially unlimited. Options include:

Bit-Slice Engine with Simulation: This bit-slice
application-specific accelerator speeds through
logic simulations at 200,000 evaluations per
second — 200 times faster than typical work-
stations. Worst-case analysis tools are standard.
GP Engine: A general purpose engine providing
accelerated compilation and SPICE. Based on
a RISC architecture chip set, it has an effective
operating rate of 10 million instructions per
second. In addition, a compiler and debugger
tool set allow you to accelerate ‘C’ programs
which you develop.

e  Physical Modeling Engine: This engine simulates
82 EDN January 22, 1987

With Cadnetix, your IBM PC becomes much
more than a normal entry-level CAE workstation. For
fast analysis of your largest designs, Cadnetix gives you
direct access from your PC to our full line of CAE Engines.

=




introduces
AE workstation.

VLSI chips at vector rates of up to 16 MHz and
accommodates devices with up to 364 inputs and
384 outputs. Vector storage of 512K x 91 bits
provides for longer simulations and simultaneous
analysis of up to 30 devices.

Powerful Cadnetix engines complement PC capabili-
ties, achieving top efficiency in compute-intensive design ST
tasks while supporting lowest-cost per engineer for ———
routine access.

Now your PC has the capability of an
entire design network.

The Cadnetix PC System is not just another PC
software package. It is your window to complete, sup-
ported solutions for electronic systems design. _

The NFS® protocol, a powerful networking stan- y
dard, provides immediate and transparent remote [
file access to our full range of design tools: PC’s for i1
engineering design, high-performance workstations \:

CABINER LIBRARY'
MODENG oA

for advanced design tasks, high-capacity file servers
for mass storage, engines for applications demanding
peak power.

Cadnetix protects your investment with the most
comprehensive set of data access standards available. With
UNIX™and EDIE your data is always accessible. And with
| remote login capability, you can access any UNIX node

; \ on your network through the UNIX window on your PC.
I I ; "t, Cadnetix has established the standard for ease of

v use with its industry-leading object-oriented user inter-
' face. Cadnetix has brought this interface to the IBM PC,

;’ giving you the shortest possible learning curve and
,7 eliminating a significant hidden cost of other systems.
Find out about the Cadnetix PC System. Discover
the unlimited design potential of your PC.

CADNETIX
Solutions for system design.

Cadnetix Corporation, 5757 Central Ave.,
Boulder, CO 80301 (303) 444-8075

IBM PC/AT and IBM PC/XT are trademarks of IBM Corporation. Ethernet is a trademark of Xerox Corporation
NFS is a registered trademark of Sun Microsystems, Inc. UNIX is a trademark of AT&T Bell Laboratories, Inc
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The Americanized VME Card Cage.
We Stand On Our Reputation.

One reason Electronic Solutions became the world’s
leading supplier of Multibus card cages is that five genera-
tions of improvement gave our cages a reputation for
indestructibility second only to a rock.

So when we decided to build an Americanized version
of the VME card cage it was only natural that we would
want to build it the same way. Because European kit-style
cages don't measure up when it comes to strength.

Introducing Electronic Solutions V-800 Series VME Card
Cages. We took a stand for ruggedness and rigidity. Right
on top of them — to prove that a V-800 card cage could
maintain its precise card alignment through thick and thin.

Rigidity gives your VME cards less room to flex and that
means less room for things to go wrong. Connectors stay
connected. And so do printed circuits. So when your system
is shipped, moved, or dropped from a forklift the odds
are a lot better that it will remain functionally intact.

But that's not the only part of our reputation we built into
our VME card cages.

Our V-800 Series cages feature advanced, low-noise,
high-performance backplanes designed for the fastest
VMEbus signals. You can mount our new cages on any
axis. And you can use our exclusive center adapter to
convert any double slot to two singles or any triple size
slot to a double and a single.

Electronic Solutions V-800 Series VME
card cages. Step up to the best there is.

Call toll free or write for complete
information today.

e\ Electronic
,Solutions

UNIT OF ZERO CORPORATION

6790 Flanders Drive, San Diego, CA 92121 « (619) 452-9333 TLX: 910-335-1169
Call Toll Free: (800) 854-7086 in cai: (800) 772-7086

CIRCLE NO 97
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PRODUCT UPDATE

CMOS dynamic-RAM-controller ICs
support 256k-, 1 M-, and 4M-bit devices
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Capable of addressing a 64M-byte array made up of 4M-bit dynamic RAMs, the DP8,22V dynamic-RAM controller includes all the latches
and drive circuitry necessary to provide a single-chip interface between a pP and a dynamic RAM. On-chip dual-port capabilities ease the
integration of the DP8422V in DMA, LAN, graphics, and multiprocessor applications.

The DP8420V/21V/22V family of
CMOS dynamic-RAM-controller/
driver ICs supports 256k-, 1M-, and
4M-bit memory chips. You can pro-
gram the controllers to access dy-
namic RAMs in a variety of modes.
In addition, the ICs include single-

EDN January 22, 1987

chip interfaces for popular 8-, 16-,
and 32-bit wPs. The controllers gen-
erate all access-control-signal tim-
ing, and they automatically refresh
the dynamic RAMs.

The controller/driver family com-
prises the DP8420V, the DP8421V,

and the DP8422V, which support
256k-, 1M-, and 4M-bit dynamic
RAMs, respectively. The three
chips directly address and drive dy-
namic-RAM arrays as large as 4M
bytes, 16M bytes, and 64M bytes,
respectively. The DP8420V and

85



PRODUCT UPDATE

DP8421V control single-port dy-
namic RAMs, and the DP8422V can
handle single- or dual-port devices.

The products provide a single-
chip interface between pwPs and dy-
namic RAMs. Because they’re pro-
grammable, the controllers allow
you to alter their control-logic con-
figuration. This programmability
allows the ICs to interface directly
to any pP in the 32000, 68000, 8086,
78000, 32100, and Clipper families,
and it eliminates the need for exter-
nal support circuits.

You can also program the dynam-
ic-RAM controllers’ memory-access
mode. For example, the chips sup-
port burst/nibble, page, and static-
column memory-access modes. All
of these modes serve to reduce a
memory system’s effective access
time. To eliminate delays caused by
precharge time, you can interleave
nP access to different memory
banks.

The DP8422/21/20 controllers in-
clude four RAS (row-address
strobe) drivers, four CAS (column-
address strobe) drivers, a write-
enable driver, and address drivers
on chip. You can adjust the chips’
control-signal pulse widths to facili-
tate interfacing the controllers to
wPs that run at different frequen-
cies. The chips support pPs having
operating frequencies greater than
20 MHz.

The ICs’ programmable row-ad-
dress-hold and column-address-set-
up times allow you to use the con-
troller family with dynamic RAMs
independently of the RAMSs’ speci-
fied access times. You can also pro-
gram the chips’ RAS-low time dur-
ing refresh, the refresh time, the
RAS-precharge time, and the RAS/
CAS configuration. The controllers
automatically perform either stag-
gered or burst refresh, both of
which operations are transparent to

the system.

The controllers provide zero-wait-
state operation at frequencies of 10
MHz and above. They also include
programmable wait-state logic,
which automatically inserts wait
states in a CPU cycle. For systems
requiring error detection and cor-
rection, the controllers perform
error scrubbing during the refresh
cycle.

The DP8420V/21V/22V chips are
fabricated in 2-pm CMOS. The
DP8422V comes in an 84-pin plastic
chip carrier; the DP8421V and -20V
come in 68-pin plastic chip carriers.
DP8422V, $25; DP8421V, $20; and
DP8420V, $17 (1000). The company
plans to ship production quantities
this quarter.—Maury Wright

National Semiconductor Corp,
2900 Semiconductor Dr, Santa
Clara, CA 95052. Phone (408) 721-
5000.

Circle No 728

Where to find almost any
test environment on Earth.

Plus afewthat arent.

All at one location.

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

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

<. rLockheed Electronics —

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 Seern.

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

86
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Our 20MHz 8-bit MCU
shows you incredible performance.
Now show us what YOU can do with it.

D it N

$10,000 in cash prizes - a lot to work for.
There will be 8 big winners in Zilog's Super8

Design Contest. The Super8 design judged best over-

all will be awarded $5,000, with $2,000 going g

to the Second Place winner, and $1,000 to

the Third Place entry. Plus,

5 other designs will receive

Honorable Mention awards of

$400 each.

Super8 - a lot to work with.

Designs will be judged on
their innovative use of the Super8'’s
unmatched combination of per-
formance and flexibility features: 20MHz speed;
600-nanosecond interrupt mode; 40 interrupt
sources, with 16 vectors and 8 programmable
priority levels; on-chip full duplex UART; full DMA;
3 16-bit Counter/Timers; 40 programmable I/0
lines, with 2 handshake channels; 272 general
purpose registers; and more.

Winners to be featured in EDN.
The winning Super8 designs will be deter-

Bais.

o - o i soouk: i "oyl 4

mined by an impartial panel of judges from
EDN. And EDN will announce the contest winners
in the Fall of 1987.

How to enter.
- First, purchase your
Super8 Design Kit for $88*
@ from your local Hall-Mark
distributor between January
¥ 15 and May 15, 1987. Second,
using the materials provided in
your Kit, develop and debug your
design. Third, send your Super8
design entry -including the appropriate
documentation - to Zilog.

How to get started.

For further information, or to order your
Super8 Design Kit, call your local Hall-Mark dis-
tributor. And do it today. The sooner you get
going on your Super8 design, the closer you are to
your share of $10,000.

Void where prohibited by law. All entries become the property of Zilog, Inc. Zilog,
Hall-Mark employees and members of their immediate families are ineligible
*plus tax, if applicable

Zilog
an dffiliate of
EXXON Corporation

Local Hall-Mark offices: Northeast: 617/935-9777, 609/424-7300, 201/575-4415, 516/737-0600, 215/355-7300 = Southeast: 404/447-8000, 301/988-9800,
305/971-9280, 205/837-8700, 305/855-4020, 919/872-0712, 813/530-4543 = North Central: 312/860-3800, 513/563-5980, 216/349-4632, 614/891-4555,
414/761-3000, 612/854-3223 = South Central: 512/258-8848, 214/553-4300, 713/781-6100, 913/888-4747, 314/291-5350, 918/665-3200 = Northwest: 408/
946-0900, 303/790-1662, 916/722-8600 = Southwest: 714/669-4700, 602/437-1200, 619/268-1201, 818/716-7300, 213/643-9101
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Self-calibrating 16-bit A /D converter
guarantees no missing codes to 50 kHz

The CS5016 CMOS A/D converter
provides a true 16-bit digital repre-
sentation of a bipolar or unipolar
analog signal in 16 psec at sampling
rates reaching 50 kHz. The convert-
er also features a self-calibration
circuit that ensures maximum non-
linearity of +0.001% of full-scale
range over temperature. It specs no
missing codes at 16 bits. Offset and

full-scale errors are +% LSB max,
so you don’t need to perform any
manual calibration.

The monolithic CS5016 contains a
D/A converter, a conversion and cal-
ibration microcontroller, a clock, a
comparator, control-1/0 lines, and
self-calibration circuitry. The con-
verter dissipates 150 mW.

You can configure, control, and

monitor the CS5016 via its on-chip
wP interface, or you can operate the
chip independently of intelligent
control. An input track/hold fune-
tion that’s inherent in the device’s
sampling architecture acquires an
analog signal within 4 psec after
each conversion, so the converter
provides throughput rates as high
as 50 kHz.
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Maintaining offset and full-scale errors within +% LSB (max), the CS5016 A/D converter provides true 16-bit precision over temperature
and a 16-psec conversion time at a throughput rate reaching 50 kHz.
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Take Control!

Chart your own course in
CMOS system power and performance.

Harris puts you in control! Full-range operation. Their completely

Now you can match your static CMOS design assures you of stable,

system power and performance reliable operation in your toughest applica-

to your exact requirements — tions, at all speeds. Our new 82C85 Static Clock

from DC standby to full-speed operation Controller, for example, gives you total control

— using our static CMOS circuits: in four distinct low-power modes: fast, slow,
M 80C86 and 80C88 static CMOS CPUs for stop-clock and stop-oscillator.

flexible system design Take control now! Get full details on

B Wide selection of CMOS peripheral
and data communications circuits

B Static CMOS memory for low-
power operation and data
retention

B Low-power CMOS pro-
grammable logic
(HPL™)

B Advanced stan-
dard cells, featur-
ing 82CXX LSI
peripherals.

Harris static CMOS CPUs, peripherals,
memories, programmable logic and
standard cell designs. Call
1-800-4-HARRIS, Ext. 1355 (in
Canada 1-800-344-2444, Ext.
1355). Or write: Harris
Semiconductor Products
Division, P.O. Box
883, MS 53-035,
Melbourne,
Florida
32902-0883.

FOR YOUR INFORMA1 :UN, .
OUR NAME IS ﬁlf,\f,,f")”[ /Out*pbdguner

il
“I've got friends..
Harris and CMOS!”

Harris Semiconductor: Analog - CMOS Digital

Gallium Arsenide - Semicustom - Custom
HPL is a trademark of Harris C HARR'
WPl sudemurkof e o 4 S
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290 WATT  DC-DC CONVERTORS

AT LESS COST/SMALLER SIZE
THAN OTHER 150 WATT CONVERTORS

INDEPENDENTLY REGULATED ADJUSTABLE QUAD OUTPUT
100 kHz SWITCHING FREQUENCY
COMPACT SIZE: 9.00x4.88x2.20
OPTIONS & MODIFICATIONS AVAILABLE
FULL LINE OF DC-DC AND AC-DC CONVERTORS
OVER 25 YEARS EXPERIENCE IN
STANDARD AND CUSTOM POWER SUPPLIES

CALL TODAY WITH YOUR REQUIREMENTS

£ WALKERPOWER,INC.

Mill Street / Warner, New Hampshire 03278 / (603) 456-3111

CIRCLE NO 12

UPDATE

Be An Author!

When you write for EDN, you earn professional recognition. And
you earn $75 per published magazine page.

EDN publishes how-to design application information that is
read by more than 137,000 electronics engineers and engineering
managers worldwide. That’s an audience that could belong to you.

If you have an appropriate article idea, please phone Eva
Freeman, Associate Editor, at (617) 964-3030, or send a proposal
and outline to her at 275 Washington Street, Newton, MA
021588 - 1630. For a FREE EDN Writer’s Guide—which includes tips
on how to write for EDN and other technical publications—please
circle number 800 on the Information Retrieval Service Card.
EN First in Readership among Design Engineers

and Engineering Managers in Electronics

90

The converter uses the succes-
sive-approximation technique. How-
ever, the IC’s charge-redistribution
architecture improves on the succes-
sive-approximation technique, the
manufacturer claims. The DAC is an
array of binarily weighted capaci-
tors that share a common node at
the comparator’s input. The conver-
sion consists of manipulating the
free plates of the capacitor array to
either Vggr or AGND, so as to ar-
rive at a binary fraction of capaci-
tance that represents the convert-
er’s digital output.

This ADC lets you digitally select
unipolar or bipolar input ranges.
The self-calibration circuitry can op-
erate under intelligent control or in
a transparent mode. You can initiate
calibration in one of three ways: You
can do it arbitrarily after any reset,
you can append a single calibration
experiment to each conversion
cycle, or you can allow the IC to
execute a number of calibration cy-
cles whenever the wP finds some
free time between conversions.
Even though the CS5016 performs
calibration operations between con-
versions, it adjusts its transfer func-
tion only after completing the entire
sequence of 72,192 operations.

A 14-bit version of the chip, the
(CS5014, specs maximum nonlineari-
ty of +£0.003% of full-scale range,
over temperature, at throughput
rates reaching 50 kHz. The CS5014
maintains offset and full-scale er-
rors within =% LSB (max). The
CS5014 and CS5016 both come in
versions specified for use over 0 to
70°C, —40 to +85°C, and —55 to
+125°C. The CS5014, which starts
at $45 (100), is available now in
production quantities. Samples of
the CS5016, which starts at $140
(100), are available now; production
quantities will be available at the
end of the 1st qtr of 1987.

—J D Mosley

Crystal Semiconductor Corp,
Box 17847, Awustin, TX 78760.
Phone (512) 445-7222. TWX 910-
874-1352.

Circle No 726
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If reliable computers are
important to you, imagine
what they mean to him.

Our new 6-transistor 883C compliant 8K x 8 static RAMs.

7

> -
M"\'ﬂ. Q/s

Commodity-quality static
RAMs can’t cut it in the
military, but now there’s a
static CMOS RAM that can:
Harris’ HM-65642.
It'sa monolithic 883C certified RAM available
in volume off-the-shelf, with impressive per-
formance features...
¢ 6-T memory cell for improved cell
stability, low-temperature data
retention and radiation toler-
ance over our competitors’ 4T
designs.

¢Low-power CMOS bene-
fits, including 100/250pA
standby current (ICCSB)

¢ High speed: 150 ns ac-
cess time

¢ Packaged in 28-pin ceramic DIP or 32-pad
leadless chip carrier (LCC)

Our HM-65642 is bred for reliable perfor-
mance in your toughest micro-based
systems...in missiles, field-deployed PBXs,
guidance systems, aircraft computers.

Available soon in a military drawing.
To build more reliable systems,
start with our HM-65642. For
. samples or a data sheet, call

1-800-4-HARRIS, Ext. 1986
(in Canada, 1-800-344-2444,
Ext. 1986). Or write:
Harris Semiconductor
Products Division, P.O.
Box 883, MS 53-035,
Melbourne, Florida
32902-0883.

DAN EAGLE

“Here we are, riding treetops,
doin’ 5-g turns, spins, stalls...
what a control system.”

“We can thank
Harris for that”

FOR YOUR INFORMATION,
OURNAME IS

HARRIS

Harris Semiconductor: Analog - CMOS Digital
Gallium Arsenide - Semicustom - Custom

& HARRIS
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NEW + 5V/40mW

1200 BPS

SINGLE-SUPPLY

ONE-CHIP MODEM

FEATURES:

« Single + 5V power supply, 40mW max.
power

« Integrates both Bell 212A/103 and
CCITT V.22/V.211200/300 bps
standards

« Offers all synchronous and asynchronous
modes including 600 bps operation

« Interfaces directly with industry
standard ;.Ps (8051/8048)

* Provides wide dynamic range of
45 db, exceeding Bell specs

« Fully compatible with other SSI K-Series
1-chip modems for easy upgrades

Silicon Systems now offers the industry’s
only + 5V single-supply, low-power modem
IC family. The new SSI K222L modem IC
adds its + 5V single-supply capability to the
K-Series family of products first introduced
in 1985. The K222L integrafes both the US.
Bell 212A/103 and the CCITT V.22/V .2}
1200/300 bps standards into one software
configurable chip. This will permit users to
build low-cost modems that can operate
anywhere in the world.

Silicon Systems’ K-Series modem family
IC's are fully compatible, allowing 1200 bps
modem designs to utilize any K-Series
family member to meet different operating
standards. In the same way, 2400 bps
operation can be added using future SSI
K-Series products.

Some of the SSI K-Series benefits to the
user include: field upgradeability of the
product, preservation of the user’s hardware/
software investments, reduction of user
documentation requirements, and a general
acceleration of the process of getting the
end-user’s product to the market faster.

For more information on the SSI K222L
and the evolving SSI K-Series modem IC
family, contact: Silicon Systems, 14351
Myford Road, Tustin, CA 92680.

(714) 731-7110, Ext. 575.

ilicon Systeoms

INNOVATORS INJINTEGRATION

92 CIRCLE NO 13
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Calculator symbolically
manipulates equations

The HP-28C is the first electronic
calculator that’s capable of perform-
ing symbolic mathematics, accord-
ing to the manufacturer. In addition
to the expected numeric and math-
function keys, the calculator sports
an alphanumeric keyboard that in-
cludes an equals sign. The calcula-
tor needs an equals sign because
you can enter equations in standard,
algebraic order as well as in the
company’s reverse Polish notation
(RPN).

The calculator uses algebraically
entered equations in several ways.
You can assign a name to each equa-
tion and execute the equation sim-
ply by invoking the name. Further,
you can solve an equation for any
symbolie variable after you enter
values for the remaining symbolic
variables in the equation. You can
also apply algebraic manipulation to
reduce or reformulate an equation.
The unit handles calculations with
complex numbers and matrices ex-

actly as it handles real numbers.

The calculator’s 4-line, 23-charac-
ter LCD can show stack entries,
menu selections, and user-entered
functions. You can edit incorrect en-
tries instead of rekeying them.

The calculator has 128k bytes of
RAM. It has no provision for off-line
program storage or remote data
entry. It does, however, have an
unusual printer port that employs
an infrared, wireless link to a com-
panion printer.

The unit can print a graph of any
single-valued function, and it can
plot statistical data on its screen or
on the printer. When open, the cal-
culator’s rigid plastic case measures
7.5%6.25x0.5 in. The calculator
weighs 8 oz. HP-28C, $235; printer,
$135.—Charles H Small

Hewlett-Packard Co, Inquiries
Manager, 1820 Embarcadero Rd,
Palo Alto, CA 94303. Phone local
office or (800) 367-4772.

Circle No 725

Menu selections displayed on a 4-line LCD on the HP-28C scientific calculator replace many
of the special-function keys found on other calculators.
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SILICON SYSTEMS FIRST AGAIN—
WITH THE ONLY +5V SINGLE-SUPPLY
LOW-POWER MODEM IC FAMILY

Now, Silicon Systems has achieved
a major technological breakthrough with
the SSI K222L. This high-performance
1200 bps, single-chip modem IC requires
only a single +5 volt supply and dissi-
pates less than 40mW of power.

The K222L adds its +5V low-power
capability to Silicon Systems’ K-Series
family of single-chip modem IC's without
compromising the high standards of per-
formance for which these products are
noted. It integrates the Bell 212A/103 and
the CCITT V.22/V.21 data communications
capability into one compact CMOS chip
and includes all features needed for easy

Circle 41 for career information
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use in infelligent modem applications.
This advanced integrated circuit reduces
the power required for the modem func-
tion by an order of magnitude below
other IC solutions, and eliminates the
requirement for higher voltages or a
separate negative power supply.

The K222L makes possible a variety of
new applications. It is ideal for low-power,
low-voltage modems; battery-powered,
portable modems; power-sensitive lap-
top PC’s; and telephone-line-powered
modems—or any application where
space and power is at a premium.

Best of all: the K222L is part of the

silicon Sustms™

INNOVATORS IN JINTEGRATION

K-Series family, so all existing 1200 bps
modems designed with the Silicon Systems
K212L or K221L can be easily upgraded
by plugging the K222L into the same
socket. And in the future—all modems
designed with the K222L can be further
upgraded to 2400 bps operation with

the Silicon Systems K224L.

For more information on the K222L,
or the other K-Series modem IC’s, contact:
Silicon Systems, 14351 Myford Road,
Tustin, California 92680, phone: (714)
731-710, Ext. 575.

Circle 2 for product information
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PRODUCT UPDATE

Scanning head lets a
plotter digitize drawings

For $2995, you can add a scanning
input device, Scan-CAD (Model
128), to the manufacturer’s DMP-50
Series drafting plotter. This scan-
ning head will let you digitize draw-
ings as large as 36x48 in. for stor-
age in your IBM PC/XT, PC/AT, or
compatible computer.

The scanning head converts an
original hand-drawn or machine-
generated hard-copy image to a ras-
ter data file that you can manipulate
with a variety of software pack-
ages. By reading the raster file with
AutoDesk’s CAD/camera software,
you can convert the file to vector
data that’s suitable for use with
AutoCAD and other CAD software
programs.

Installation of the input device
takes only a few minutes; the scan-
ning head snaps onto your plotter
without modification of the plotter.
The scanning head’s cable plugs into
a controller card that you install in
scanning width on each pass is 0.6
in. The unit scans 1.2 in*Sec and
offers 16 levels of gray scale. A
replaceable incandescent lamp pro-
vides uniform lighting for the scan-
ning unit.

Scan-CAD includes the snap-on
one of your PC’s full-length expan-
sion slots. The Scan-CAD software
interface provides step-by-step help
lines to guide you through the scan-
ning process and speed your famil-
iarization with the system.

The device’s scanning resolution
is 200 dpi. The scanning head can
detect lines as fine as 0.007 in. on
media such as paper, vellum, ace-
tate film, or blueline. Although the
scanning time depends on the com-
plexity of the drawing, the device
can scan a D-size drawing in about
12 minutes and an E-size drawing in
about 24 minutes.

94

The Scan-CAD digitizing input device
snaps onto DMP-50 Series pen plotters. The
scanning head lets you digitize drawings as
large as 36x48 in. for storage in your IBM
PC/XT, PCIAT, or compatible computer.

The scanning head measures
2.8x2x1.4 in. and weighs 8 oz. The
scanning head, 12 ft of cable, a ca-
ble-support assembly that clamps to
the plotter’s end cap, the scanner-
controller card, scanning software,
a document carrier, and an opera-
tion manual. To use Scan-CAD, you
need an IBM PC/XT or compatible
computer with at least 640k bytes of
RAM and a hard-disk capacity of
10M bytes. However, the manufac-
turer recommends using an IBM
PC/AT or compatible computer with
640k bytes of RAM, a 20M- to 40M-
byte hard-disk drive, and a Hercu-
les monochrome graphics card. You
also need a Houston Instrument

DMP-51/52, DMP-51/52 MP,
DMP-56, or DMP-56A pen plotter.
—J D Mosley

Houston  Instrument, 8500

Cameron Rd, Austin, TX 78753.
Phone (800) 531-5205; in TX, (512)
835-0900.
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YOUR LOCAL
GRAYHILL SOURCE:

ALABAMA
Huntsville—

Powell Electronics
ARIZONA
Phoenix area—

DC Electronics, Inc

Harper SID
ARKANSAS
Little Rock—

Carlton-Bates Company
CALIFORNIA
Los Angeles area—

California Switch and Signal

Electric Switches, Inc

Electronic Supply

Harper SID

Master Distributors

Richey/Western Electronics
San Diego—

Harper SID

Richey/Western Electronics
San Francisco area—

Harper SID

Richey/Western Electronics

Cypress Electronics

Powell Electronics
COLORADO
Denver Area—

CSID. Inc

Cypress Electronics

Newark Electronics

Shelley Ragon. Inc
CONNECTICUT
Bethel-

Heilind Electronics
Wallingford—

Midan Electronics, Inc

Sager Elect. Supply Co
FLORIDA
Fort Lauderdale area—

Hammond Electronics

Peerless Radio Corporation
Orlando—-

Hammond Electronics, Inc
GEORGIA
Norcross—

A-A Electric. Inc

Pioneer Georgia
HAWAII
Honolulu-

Precision Radio Ltd
ILLINOIS
Chicago area—

Classic Components

Supply. Inc

GBL Goold Electronics

Newark Electronics

OHM Electronics

Waldom Electronics
Peoria—

Klaus Radio. Inc
INDIANA
Evansville—

Hutch & Son, Inc
Fort Wayne—

Graham Electronics
Indianapolis—

Graham Electronics

PE| Genesis
IOWA
Cedar Rapids—

CID Electronics

Deeco Inc
KANSAS
Wichita—

LCOMP, Inc
MARYLAND
Baltimore/DC area—

Marine Air Supply, Inc

Pioneer/Washington

Powell Electronics. Inc

Resco Baltimore
MASSACHUSETTS
Wilmington—

Heilind Electronics
Hingham-

Sager Electronics
North Adams—

Electronic Supply Center
Norwood—

Gerber Electronics
Worcester—

Coughlin Electric &

Electronics
MICHIGAN
Detroit area—

Great Lakes Electronics

Pioneer Michigan

Newark Detroit Electronics

R.S. Electronics

Spemco
MINNESOTA
Minneapolis/St. Paul area—

Gopher Electronics Company

Newark Electronics

Stark Electronics
MISSISSIPPI
Jackson—

Ellington Electronic

Supply, Inc
MISSOURI
Kansas City—

LCOMP, Inc
St. Louis area—

LCOMP. Inc

Olive Industrial

Electronics, Inc
NEBRASKA
Lincoin-

Scott Electronic Supply Corp.
NEW JERSEY
Northern New Jersey—

Federated Purchaser

Powell Electronics

State Electronic Parts
Southern New Jersey—

General Components

Jerseyswitch

NEW MEXICO
Albuquerque—
International Electronics
Walker Electronic Supply
Company
NEW YORK
Buffalo—

Summit Distributors, Inc
New York City/

Long Island area—

Car-Lac Electronic Industrial

Sales, Inc

Electronic Equipment Co

Peerless Radio Corporation
Rochester—

Pioneer Electronics

Sincona Electronics Corp
Rome-—

Rome Electronics, Inc
NORTH CAROLINA
Charlotte—

Pioneer/Carolina Electronics
Cary-

Powell Electronics
Greensboro—

Hammond Electronics Inc
OHIO
Cincinnati area—

Advacom, Inc.

Hughes-Peters. Inc

URI Electronics
Cleveland—

Pioneer/Cleveland
Columbus—

Hughes-Peters, Inc.
Dayton—

ioneer/Dayton

Stotts-Friedman
OKLAHOMA
Oklahoma City—

Electro Enterprises, Inc.
Tulsa—

Norvell Electronics
OREGON
Portland area—

Component Resources. Inc
PENNSYLVANIA
Erie area—

Advacom. Inc

REM Electronics Supply

Co.. Inc
Harrisburg—

Cumberland Electronics, Inc
Philadelphia—

Almo Electronics Corporation

Herbach & Rademan, Inc

Powell Electronics, Inc
Pittsburgh—

Pioneer/Pittsburgh
PUERTO RICO
San Juan-

Electronic Technical

ales. Inc.
RHODE ISLAND
Pawtucket—

Major'Edwards Electronics
SOUTH CAROLINA
Columbia—

Dixie Electronics, Inc
Greenville—

Emsco
TENNESSEE
Memphis—

Bluff City Electronics
TEXAS
Dallas/Ft. Worth area—

Associated Aircraft

Supply, Inc

Harper SID

Harrison Equipment Company

Newark Electronics

Norvell Electronics. Inc
El Paso—

International Electronics
Houston area—

Harrison Equipment Co.

Southwest Electronics. Inc
UTAH
Salt Lake City—

Standard Supply Company
VIRGINIA
Richmond -

Sterling Electronics, Inc
WASHINGTON
Seattle area—

Component Resources

Radar Electric Co.. Inc
WISCONSIN
Milwaukee—

Marsh Electronics
CANADA
ALBERTA/
SASKATCHEWAN
Calgary—

Saynor Varah, Inc
Edmonton—-

Cardinal Industrial

Electronics Lid
BRITISH COLUMBIA
Vancouver area—

RAE Industrial Electronics Ltd
MANITOBA
Winnipeg—

Saynor Varah, Inc
ONTARIO
Otta

wa—
Wackid Radio TV Labs
Toronto/Hamilton area—
Electro Sonic Inc
Saynor Electronics Ltd.
Saynor Varah, Inc
OUEEEC
Montreal -
Electronic Wholesalers

rayhill
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GRAYHII.I. MINIATURE PUSHBUTTONS.
ALL THE FEATURES YOU WANT.

SOME YOU PROBABLY HAVEN’T THOUGHT OF!

39 SERIES

TINY BUT TOUGH

+ SPST

*N.O.orN.C.

» molded-in terminals

= impervious to flux
contamination

» water seal and
over-travel available

46 SERIES

LONG WIPE SWITCH

« Rated at 250,000
operations

* SPDT and DPDT

* momentary or
alternate action

« shaft and panel
seal or total
environmental
protection

SEALING

FOR ENVIRONMENTAL
PROTECTION

» Encapsulated
switches provide
full environmental
protection. Water
tight seals for front
panels.

~ EDN January 22, 1987

30 SERIES
VERSATILE INDUSTRY
WORK HORSE

«1 amp rated for
1,000,000 cycles
*U.L. rated @ 5 amp
= overtravel or positive
feel available
*N.O.orN.C.
« with or without
shaft and panel seal

10 SERIES
OUR HIGHEST RATED
WIPING ACTION SWITCH

+ 100,000 operations

*U.L. rated

* wiping contact
provides
self-cleaning action

*N.O.orN.C.

PANEL MOUNT
DRESS UP YOUR PANEL

« Sleek, black matte
finish plastic bezel
snaps into panel to
frame button cap

= Six bold colors

« SPST. SPDT and
DPDT circuitry

39-251
FOR PC MOUNTING

« Fully protected
during flux cleaning
operation
« SPDT, 2 circuit,
N.O. and N.C. sections
«terminals on DIP
centers
* low profile

7 SERIES
RUGGED!
EXTREMELY FAST
MAKE AND BREAK!

* Power rated, 10 amp
SPST or SPDT

* snap-action

« audible click

U.L. LISTED
AT NO EXTRA CHARGE

* U.L. listings for both
butt and wiping
action contact
systems at no extra
charge. 3 amp and 5
amp versions, N.O.
andN.C

'CIRCLENO 109

‘ Standafd sw:tches are avaalable

offers a superior custom desig
~ capability when you have unusual
’ curcuitry, environmental usage, or

~ pendant housing for remote switch
~ operations? Or, recessed button ‘

actuation? Grayhill can customi%e :
aswrtch to yourwﬂdestapphc;ation

The Grayhoil Engineermg Cata ,
* No. 1 with detailed data on these
- and many more pushbutton

 rotaries, DIP’s, keyboards, etc
Send today for your free copy

It takes 24 pages to descrsbe the
broad Grayhill line of miniature

pushbutton swntches We've
highlighted a few series here, H
characterized by high reliability

over along life span...some units
ratedup to 1 90@ 000 operataons!

From off«the—shelf (3
off-the»wan :

off-the-shelf from Grayhill or its
stocking distributors. Grayhill also

size requirements. Needa

guard to deter accidental

itches, plus 172 more pages « on

..the Diﬂerence Be:ween Excellent and Adsqu

561 Hﬂlgrove Ave., La Grange, IL 60525
Phone (312) 354-1040 « TWX 910-683-1850




Nature’s way of telling you

[t can happen whether you're
a 10-ton lizard or a high-volume
manufacturer of state-of-the-art
business equipment.

No matter how well your
design has performed in the past,
it's always in danger of being
crowded out of existence by a
newcomer.

One that’s even better suited
to the environment than you are.

The Sensor Consultants can
help you survive.

Working together, we can
improve your product design with
sensors, switches, and manual
controls that provide new ways to
satisfy customers for less money.

Andthe earlier you involve us
in your design process, the better
we can help.

Lower your total cost.

Our in-house test labs,custom
manufacturing capabilities, and
Honeywell’s vast technology
network enable us to work with
you to develop components that
reduce costs without hurting
product performance.

Whether it’s a value-added
subassembly that saves you manu-




no designis ever perfect.

facturing steps. Or an off-the-shelf  to-stock shipments. Consultants at MICRO SWITCH,
sensor that’s been redesigned to All backed by a reputation  Freeport, IL 61032. Or call us at
lower component costs. for quality that's made our prod-  815-235-6600, ext. 606.

= .. .. uctstheindustry standards for

Specialized support for over 50 vears. Together, we can find the answers.

high-volume needs.

As market conditions change, _ Lets work together. Lt MICRO swrrc“
you can react quickly with special For a free booklet that a Honeywell Division

MICRO SWITCH services such as  describes how we've helped other
fast prototype delivery, statistical companies thrive in a competitive

process control, and JIT or dock- environment, write the Sensor
CIRCLE NO 162




READERS’ CHOICE

Of all the new products covered in EDN’s November 13, 1986, issue, the ones reprinted here generated the most
reader requests for additional information. In case 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 November 13, 1986, issue.

A CCD CAMERA

This charge-coupled-device (CCD) camera has 8-bit
gray-scale capability and is compatible with the
RS-170 signal standard for image processing (pg 319).

Sierra Scientific.
Circle No 715

A CMOS IC

The AmT79C12 incorporates a
UART, a Bell 212A-compatible
modem, and a 4- to 2-wire tele-
phone hybrid on one CMOS IC
(pg '110).

Advanced Micro Devices Inc.
Circle No 716

Al LANGUAGE

The Smalltalk/V pro-
gramming language
transforms an IBM PC
or compatible computer
into a programming en-
vironment similar to a
dedicated AI worksta-
tion (pg 404).

Digitalk Inc.

Circle No 712

NM1212iS

Y

DC/DC
<4 CONVERTERS

The NM0505i, NM1212i,
and NM1515i de/de con-
verters are capable of
delivering as much as
750 mW and produce
outputs of £5, +12, and
+15V, respectively,
from a 5V supply (pg
385).

A FRAME GRABBER

The PC-1500 frame-grabber board
lets your IBM PC or compatible
computer acquire images in real
time by capturing a video image in
%0 of a second (pg 355).

Chorus Data Systems.

Circle No 713

98

Newport Components
Ltd.
Circle No 711

< LED DISPLAYS

The LR2351E and
LR2352E LED displays
d feature 7-segment,
2.3-in. high-resolution
red characters (pg 331).
IEE Inc.

Circle No 714
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Youve made power supplies
smaller, ighter and quieter
with a onicar

No,

Harmonic Resonance!

Harmonic resonant, as a technology for
our new line of power supplies, is prac-
tically as significant as going from linear
to switching.

So, why did we develop it? It lets us
make open frame switchers almost half the
size of industry standards. Therefore,
lighter. And quieter from a conductive noise
standpoint. All for the same price you're
paying now.

Of course, like all our power supplies
introduced since 1983, this new 9S
Harmonic Resonant line meets VDE, UL
and CSA for safety. And VDE, FCC and
IEC for conducted noise.

For more information on our new
9S Harmonic Resonant line (or where to
get a nice harmonica), contact us today.
Sierra Power Systems (formerly Sierracin),
20500 Plummer Street, Chatsworth, Cali-
fornia 91311. Call toll-free (800) 423-5569.
In California, (818)
998-9873.

v

Sierra Power Systems

Division of Valor Electronics, Inc.

CIRCLE NO 129
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where best-sellers begin.
B e ErEseRs i v RS e s o

With one of the largest standard cell and gate array libraries,
and afirst-time success rate of virtually 100%, GE/RCA has
all the tools you need to design leading-edge products.

The GE/RCA library of hundreds of veri-
fied cells and functions is one of the broadest
inthe industry.

We have cells with effective gate length
as smallas 1.5u (.9u coming soon). And
double-level metal for higher-density chips
that handle higher clock speeds.

You can choose from a wide range of
Supercells, including core micros, RAMs,
analog functions and bit-slice processors.
Right now, we're working on new editions,
including Advanced CMOS Logic, EPROMs
and high-voltage cells. Additionally, we
can generate custom cells to meet your
requirements.

So you can easily reduce an entire sys-
tem onto a single ASIC chip, and get the
ASIC benefits of smaller power supplies,
lower system cost and higher reliability.

Plus afull library of gate arrays.

If your design calls for gate arrays, you
can selectfrom a broad line with up to
13,000 gates. With alternate sourcing on the
LSI/Toshiba series.

GE/RCA gate arrays have effective gate
lengthsas smallas 1.2u. Andthey're compati-
ble with the industry standard.

Writing made easy.

We've made it easy for you to write your
best-selling design.

Our designer-friendly software gets you
uptospeedin as little as the three days
required for our training course.

And our software supports the major
workstations in the industry, including
Daisy™ Mentor Graphics™ Valid™ P-CAD®

Daisy™ is a trademark of Daisy Systems Corp.

Mentor Graphics™ is a trademark of Mentor Graphics Corp

Valid™ is a trademark of Valid Logic Systems Inc

FutureNet® is a registered trademark of FutureNet, a Data I/O Company
P-CAD® is a registered trademark of Personal CAD Systems, Inc

EDN January 22, 1987

and FutureNet®

Through the use of Twins, our transpar-
ent workstation interface system, you can
complete or revise your design at practically
any workstation.

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

The best editors in the business.

We know how important accurate per-
formance modelingis to you. That's why
we've developed the industry’s most
advanced simulation and parasitic extrac-
tion programs, which make it easy to create
designs that work. In fact, our first-time
success rate is virtually 100%.

Andyou can countonour ASICs special-
ists for technical support from design through
production. One other thing you can count
on with GE/RCA: there are no hidden
charges in addition to your NRE.

On the best-seller list for years.

GE/RCA has been the CMOS company
since the day we invented the technology.
We've produced one best-selling CMOS cir-
cuit after another. And built the industry’s
broadest line of High-Rel CMOS parts,
including super radiation-hardened
Silicon-on-Sapphire.

With all this behind you, think how easy it
could be to design a best-seller.

For more information, call toll-free
800-443-7364, ext. 14. Or contact your local
GE/RCA sales office or distributor.

2 nen
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Freon’ Wet Pads™

Solvent
Cleaners

Use convenient Wet Pad™
high-purity pre-moistened
solvent wipes. Freon®
based cleaning solvents,
CRT cleaners, and contact
cleaners/lubricants are a
few of the chemicals
offered in Wet Pads™.

Select from high-purity

Freon® based solvent
cleaners anti-static sprays;
flux removers; conformal
coatings; release agents
and more.

® ®
Freon® Flux Aero-Duster
Removers
Millay Alopﬂeﬁ;" §
Formulated for removcl %g A dry, non-toxic,
of all types of organic flux Fraor THC non-flammable gas for
from PCB's and other MSORO"' p 2 removing microscopic dust
electronic assemblies. Add bl o and oxide particles from

our unique Cobra® Solvent P F » ; tape heads, PCB’s, optics
Spray Brush to convert the A and electronic assemblies.
aerosols into efficient
spot-cleaning systems.

8

Conformal
Coating
Strippers

Conformal
Coatings

Specially formulated for the
removal of M-S coatings.
Safely dissolves acrylic,
urethane, silicone and
varnish coatings without
damage to most electronic
components. We also offer
strippers for epoxy systems.

Since coating requirements
are not the same for all
applications, we offer you a
choice of silicone, urethane,
acrylic or varnish conformal
coatings. All of our coatings
provide excellent electrical
insulation and moisture
resistance. Available in
convenient aerosol form.

Miller-Stephenson Chemical Co., Inc.
Los Angeles 12261 Foothill Bivd., Sylmar, CA 91342 (818) 896-4717 Danbury George Washington Hwy., Danbury, Conn., 06840 (203) 743-4447
Chicago 6348 Oakton St., Morton Grove, IL 60053 (312) 966-2022 Toronto 514 Carlingview Dr., Rexdale, Ontario MOW 5R3 (416) 675-3204
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Freon’
Solvents

Choose quart, gallon or
5-gallon sizes from our
complete range of high-
purity Freon® solvents for
ultrasonic or bulk degreasing
procedures. Residues are as
low as 2 ppm.

Freezing/Fault
Isolation
Products

Use our high-purity
Quik-Freeze® for fault
isolation, low temperature
testing and component
protection during solder-
ing/desoldering. Also
available in anti-static form
for use on sensitive
micro-circuits.

® Freon is DuPont's registered trademark for its fluorocarbon compounds. ® Teflonisa registered trademark of Du Pont. ® Regi

Contact/
Connector
Cleaners

Safely remove dirt and
oxide build-up on tape
heads, gold fingers and
connectors. Choose
Magnetic Tape Head
Cleaner or Contact Re-Nu®
in convenient aerosol

or Wet Pad™. Also available
with protective lubricants.

Fluorocarbon
Release
Agents

Select a fluorocarbon
release agent for room
temperature processing or
heated molding application.
These Teflon® type release
agents contain no silicone
oils and do not noticeably
transfer to molded parts.
Available in convenient
aerosol or bulk packaging.

¢ 1

k of Miller-Stephenson Chemical Co., Inc.

TRY IT.

We're certain that
once you try our
high-purity
chemicals, you'll
want to keep using
them. For complete
product literature
and free samples,
please fill out the
coupon or call
203-743-4447. For
technical service
call 800-992-2424.
8—4 Eastern Time.

Wet Pad™ Aerosol Bulk

EDN January 22, 1987

[J Freon® Solvent Cleaners

[0 wet Pads™

[J Freon® Solvents

[J Contact/Connector Cleaners
(J Freon® Flux Removers

[0 Aero-Duster®

[J Freezing/Fault Isolation Products

[J Fluorocarbon Release Agents
[J Conformal Coatings
[J Conformal Coating Strippers

MAIL TO: Miller-Stephenson Chemical Co., Inc.
George Washington Highway
Danbury, Connecticut 06810 EDNIF

NAME

TITLE/DEPT. 2

COMPANY

ADDRESS

Los Angeles 12261 Foothill Boulevard, Sylmar, CA 91342 (818) 896-4714
Chicago 6348 Oakton Street, Morton Grove, IL 60053 (312) 966-2022
Danbury George Washington Highway, Danbury, Conn. 06810 (203) 743-4447
Toronto 514 Carlingview Drive, Rexdale, Ontario MOW 5R3 (416) 675-3204

miller-stephenson
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Thousands of <
engineers have

found our previous
catalogs to be their

ideal reference books .
for high-quality, long-life

capacitors.
This new edition is the : Prgegmiﬁo,
i i Dy N & .. CT 06836-3110

Not just a catalog, it's a
complete applications encyclopedia, *
with all the facts and all the help you
need, attractively and professionally
laid out.

The technical data and performance

FAX 203 625 7087.
Tx (23)221976 ERIAN UR.

Distributors
World Products Inc.,

claims are conservative and guaranteed - PO Box 517. Sonoma. CA 95476

R4 gives you promises, ot wishes, 6 77 707 996 5201. FAX 707 996 3380. Tx 171715.
If you need Electrolytic, Metallized Paper, o,?

RFI and RC Units, Metallized Polyester, Precision ™, Canada

Deskin Sales,
155 Clayton Drive, Markham, Ontario, L3R 5T9.
416 475 1412/496 2511. Tx 6966559,

Polypropylene and Polystyrene, Pulse and Power
Snubber Capacitors for example, send for your copy of
the RIFA 1986 Capacitor Catalog.

Design RIFA into your products and you design in a future -
of long life and reliability. ERICSSON = RIiFAis a member of the Ericsson Group.

quality for the future
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Ziltek continues to meet the growing needs of
technology with the ICE-ENGINE/bx-8, a new
generation of real-time In-Circuit Emulators.

The ICE-ENGINE/bx-8 completely supports
8-bit microprocessor’s hardware/software
development and includes the EPROM

programmer, eraser, and the pod of your choice.

Additional features Include:

CIRCLE NO 76

714-835-9512
1-4990

San Francisco
Pittsburgh 412-8

Denver 303-388-4488
New York 201-945-5250

@ Compatible with IBM PC and dumb terminals.

@ With appropriate pods, supports Z80 (A, B, H), 6809,
8048, 8051, 8085, and Z80 CMOS series #Ps.

® Full symbolic debugging.

® Powerful and easy-to-use Debug Command Language.

® Single, sequential and delayed triggers.

@ Unique register trace.

@® More than 50 commands keep you in complete control.

® “Help” menus always available instantly.

@ All other standard emulator features.

Call or write today for complete information.

ZI LTEK CORPORATION

A subsidiary of Adtek System Science Co., Ltd.

1651 E. Edinger Ave., Santa Ana, CA 92705
Telephone : (714) 541-2931 FAX : (714) 541-2933

Cleveland 216-781-1855
Toronto 416-677-7919

Indianapol
Vancouver




LEADTIME INDEX

Percentage of respondents

q %, q %,
% 2 d“) ’)‘9 “3{; 9‘\) ,4@ %' < 2, ,)P ‘.}‘G * 3.5
% b\i VA W %% %9 % ‘o\i YA % 2% %%
CRC) % % 6%
R T T S SR B N XY w % 8% % % 94%
ITEM % % % % 6 % 2% % ITEM %2 % % % % % ©% %
TRANSFORMERS RELAYS
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INNOVATION!

One “small outline”
footprint for couplers...

S AT R P, T

"ra, gust

another giant step for
surface mounting.

Siemens Opto Division announces

another innovative breakthrough —

the first industry-standard Small Outline

Coupler with an SOIC8 footprint. Get all

the quality, reliability and solderability of

a standard 6-Pin DIP —at only 40% of the

board space —with these important design

advantages:

o0 SOIC8 package increases component
density

O 50 mil lead spacing

O supplied on EIA standard tape-and-reel

O second-sourced by another industry
leader

0 UL approved

You can choose from an ever expanding
selection of types replacing industry
standard JEDEC numbers.

Other versions are:

O CMOS compatible

O premium specification types
O AC input type — soon

For more information, contact
Siemens Components, Inc.,
Optoelectronics Division,
(408) 257-7910.

Distributors:

Advent; Hall-Mark; Marshall.

Siemens Optoelectronics...
Innovative technology from
Silicon Valley.
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Hitachi MOS Memory Leadership Has Been Earned

 The stag faces constant challenges from 1986 Hitachi is the first manufacturer that
aspiring leaders of his herd. He maintains his purchasing agents consider when buying CMOS
leadership only by winning those battles—over RAMG, as reported by Electronic Buyers’
and over again. Similarly, in the highly competitive News, Buyers’ Preference Study.
MOS memory market, leadership must be earned 1986 Hitachi rated the most preferred CMOS

... not just claimed. RAM vendor in EBN’s Japanese Semiconductor

Manufacturers’ Benchmark Study. First in quality,

Hitachi’s MOS memory leadership is well customer service, technical assistance, trust, ease
“documented. For example: of doing business. . . and first in eight additional
categories.

1983 Hitachi is ranked the number one CMOS

RAM manufacturer by engineers in Electronic
Design’s Audit of Brand Recognition.

Marketplace recognition has been building
over the years. This is due, in part, to our uncom-
promising QA programs, which have given our

1984 Hitachi again is rated the leading CMOS memory products a legendary reputation for quality
RAM manufacturer in Electronic Design’s study. and reliability. Our long-range investment in

production technology is also important to our
1985 Hitachi again is rated number one in CMOS customers. It means that our products are in
RAMSs, in ED’s Brand Recognition Study. constant, dependable supply.

Supremacy Achieved




Hitachi’s technology pushes MOS memory
to new levels of performance. The new HM62256
is the latest achievement. At 85ns, it’s the fastest
32Kx8 SRAM you can buy, yet it draws only
40mW power. And, you can choose either a
standard 28-pin DIP, or Hitachi’s new surface
mount SOP (Small Outline Package). This
packaging innovation permits double-sided surface
mounting for board densities five times greater than
standard DIPs. . . another Hitachi plus.

So, the next time someone claims they're
“number one” in MOS memories, consider the
facts. If you're like the survey participants men-
tioned above, you'll call Hitachi first.

Contact us through 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 R16.

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 .
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Capacitors

It’s not a trivial task
to select the best
type of capacitor for
a given application.
The choice was once

' mmplingvof racewbnimmdw ,

the various types’
advantages and
shortcomings, from
the points of view of

cost, performance,

much simpler—for
example, you’d be
constrained to use
an electrolytic type
when you needed high capacitance. Now you can
obtain multilayer-ceramic capacitors (MLCs) hav-
ing capacitance values that rival those of tantalum
or aluminum electrolytic units. So to select the
optimum type for your system, you must weigh

Bill Travis, Senior Editor

and physical configu-
ration.

Since their intro-
duction in the 1950s,
multilayer-ceramic capacitors have made enor-
mous progress in spec parameters, volumetric
efficiency, and market acceptance. In fact, they’re
by far the first choice of system designers for local
bypassing and decoupling (“local” in this sense
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means adjacent to an IC).
Their multilayer construc-
tion allows the devices to
exhibit much greater ca-
pacitance per unit volume
than do older, single-layer
ceramic capacitors.
Advantages of MLCs
over other capacitor types
include lower effective se-
ries resistance (ESR) and
effective series inductance
(ESL) and much lower
leakage currents. Fig 1
shows ESR vs frequency
for 24-pF aluminum-elec-
trolytic, tantalum, and
multilayer-ceramic capaci-
tors. At 100 kHz, the
MLC’s ESR is about 1000
times lower than that of
the aluminum electrolytic
and about 50 times lower
than that of the tantalum
device. Low ESR is, of
course, a desirable attrib-
ute for a switch-mode
power supply’s filter capac-
itors, and you can see from
Fig 1’s curves that the

ALUMINUM — —— — —
e TANTALUM

CERAMIC XXXXXXXX

EFFECTIVE SERIES RESISTANCE (2)
L
/

X &x
0.001 T o T T TTT
01 1 10 100 1000 10,000
FREQUENCY (kHz)

Fig I—Electrolytics and tantalums are no match for MLC's at high
[frequencies, as these curves show. The MLCSs’ superiority in applica-
tions needing low series resistance is especially evident at frequencies
of 100 kHz and higher. The low-ESR attribute is especially attractive
in switch-mode power supplies that use high switching rates. (Courte-

Special Report

For example, a typical
220-pF, 20V aluminum
type has a maximum leak-
age current (in microam-
peres) of 0.01 CV, where C
is the capacitance in micro-
farads and V is the applied
voltage. The leakage cur-
rent is thus 44 pA, for an
effective insulation resis-
tance of less than 500 kQ.
Tantalum types have simi-
lar leakage-current specs.
As their dielectric medi-
um, MLCs use various for-
mulations of barium-tita-
nate ceramic. The different
formulations yield varying
dielectric constants. A ca-
pacitor’s dielectric con-
stant determines how
much capacitance is obtain-
able in a given volume for a
given number of layers. As
in most choices, your selec-
tion of an MLC’s formula-
tion entails compromises.
The higher the dielectric
constant (and hence the
higher the capacitor’s volu-

MLC holds a strong advan- sy AVX Corp)

metric efficiency), the

tage over the other two
types for high-frequency switchers.

In terms of leakage currents, aluminum-electrolytic
and tantalum capacitors are veritable dc conductors
when compared with multilayer-ceramic units. Consid-
er, for example, some high-value MLCs suitable for
switch-mode power-supply applications: For two MLC
formulations, guaranteed insulation resistance is 100k
MQ; for a third formulation, it’s 10k M(). (However,
both specs add the qualification “or 1000 MQ-uF,
whichever is less.” So, for a 100-pF capacitor, you'd
divide the 1000 MQ-wF by 100 and obtain 10 M().)

Now consider the insulation resistance for aluminum-
electrolytic and tantalum types. The equivalent spec for
these types is expressed in terms of dc leakage current.

Designing-in a capacitor involves much more than simply drawing
the schematic symbol and scribbling a capacitance and voltage value
next to it. When it comes to choosing actual devices, yow'll face an
array of products ranging from multilayer ceramics to aluminum
electrolytics. Selecting the ones that best suit your application will
involve subtle tradeoffs among price, performance, and physical
configuration.(Photo on facing page,courtesy Sprague Electric Co)
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greater the capacitor’s dis-
sipation factor, temperature coefficient, and aging rate.

The most popular temperature characteristics for
multilayer-ceramic capacitors are NP0 (also known as
C0G), X7R, and Z5U. NPO units have the lowest
dielectric constant and spec a temperature coefficient of
+30 ppm/°C max from —55 to +125°C. XTR devices
have capacitance values that vary no more than +15%
over the same range. Z5U units have values that can
vary by +22, —56% from 10 to 85°C. For X7R units, an
additional characteristic called “BX” imposes a voltage
coefficient on the capacitors. X7TR devices having the
BX characteristic can exhibit capacitance changes of
+15, —25% from —55 to +125°C when full rated
voltage is applied.

NPO capacitors are suited for such stability-demand-
ing applications as oscillators and timers. X7R and Z5U
devices have much higher values and are therefore
useful for bypassing, decoupling, and filtering. The
higher values don’t come without penalties, though.
Dissipation factors (ESR divided by capacitive reac-
tance) for X7R and Z5U units are 2.5 and 3% max,
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0 : Pt
Resembling diodes in all but their function, these multilayer-
ceramic capacitors from Unitrode Corp come mounted in tape reels
that allow you to take advantage of automatic-insertion machin-
ery.

respectively, vs 0.15% max for NP0O. Another parame-
ter that gets worse as the dielectric factor increases is
the aging rate.

Aging is the loss in capacitance per decade multiple of
time. When you heat an X7R or Z5U capacitor to a
temperature greater than its Curie temperature, the
crystals in the capacitor’s ceramic assume a certain
orientation. You then measure the unit’s value at 25°C
and remeasure the value periodically. The crystal ori-
entation then changes progressively. After one day, the
value drops by an amount equal to the device’s aging
rate. After each decade interval—10, 100, 1000 days,
and so on—the unit’s value decreases by the aging-rate
figure. An NPO capacitor has zero aging rate; for X7TR
and Z5U units, the rates are 1.5 to 2% and 4 to 5% per
decade, respectively.

Bring on the bypasses

In any good system design, you shouldn’t treat
bypass capacitors in an “oh, by the way” fashion. This
rule holds true for all systems—Ilinear, digital, or
mixed. In analog systems, any ripple on the power-
supply lines can find its way to amplifiers’ outputs
because of the amplifiers’ finite power-supply rejection
ratios. This feedthrough can be particularly insidious at
high frequencies, because PSRR for almost all amplifi-
ers diminishes as frequency increases. In digital sys-
tems, large switching currents generated by fast tran-
sitions in memory chips and other digital ICs can
produce intolerable glitches in the power-supply lines
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that feed the ICs. These glitches can produce false
triggering and other undesirable effects in susceptible
ICs.

So it’s a good idea to bypass your ICs locally—right
at the package. The bypass (decoupling) capacitors
quash the analog ripple signals and sink and source the
switching currents that, in the absence of bypassing,
would disrupt the operation of your system. As an
example of a commonly employed bypassing technique,
you’ll find a multilayer-ceramic bypass capacitor next to
each dynamic RAM in all memory systems.

To determine the value of a bypass capacitor needed
in a particular situation, remember the simple equation
i=CdV/dt. C is thus equal to idt/dV. Determine how
much current (i) your bypass device must absorb during
a time interval (dt) and how much voltage change (dV)
the IC can tolerate at the capacitor’s terminals. The
traditional value for 64k-bit dynamic RAMs is 0.22 pF;
for 256k-bit RAMs, it’s 0.33 pwF. Thanks to smaller
geometries and lower storage-capacitor values in
1M-bit RAMs, the 0.33-wF value will be valid for these
memory chips, too.

Bypass choices abound

In selecting a bypass capacitor to mate with an IC,
you. have a plethora of packaging-style choices. The
choices include bare chips, 2-leaded DIPs, axial cylin-
drical units, under-the-IC styles, and surface-mount
devices. Almost all MLC manufacturers offer bare-chip
versions of their capacitors. To gain a feel for the sizes
and value ranges available in unencapsulated chips,

Ideal for switch-mode power supplies and as entry-level decouplers
for pc boards, the SupraCap multilayer-ceramic capacitors from
AVX Corp offer capacitance values previously attainable only from
electrolytic units.
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The use of a tantalum-base metal case in
these wet-tantalum capacitors from Tansitor
Electronics Inc eliminates metal-migration
problems inherent in designs that use a silver
case.

Low ESR and high ripple-handling capabil-
ity are the hallmarks of these aluminum-
electrolytic capacitors from Sprague. Elec-
trolytic devices offer very high capacitance
values per unit volume (and per dollar).

In terms of leakage curvents, aluminum-
electrolytic and tantalum capacitors ave
veritable dc conductors when compared
with multilayer-cevamic units.

Unlike most capacitors, these units from
Rifa have a high ESR, which provides arc
suppression for contacts in relays and
switches. The devices are, in effect, a form of
snubber.

consider the units offered by two typical MLC manufac-
turers: Murata Erie North America Inc and Kyocera
International Inec.

Chip-form MLCs from Murata Erie come in nine
sizes. Seven of the sizes follow industry standards for
MLC chips, and the numbering system adopted by
Murata (and the industry) for these sizes is eminently
logical. The first two digits, if you’ll imagine a decimal
point before them, denote the chip’s length in inches;
the last two, the width: A device designated 0805
measures 80x50 mils. Murata’s seven industry-stan-
dard sizes are 0805, 1005, 1206, 1210, 1805, 1808, and
1812. The two nonstandard sizes are 60x30 and
220%200.

Ranges of available values for Murata’s chips depend
on the devices’ voltage rating and temperature charac-
teristic. The available working-voltage ratings for NP0
and X7R chips are 25, 50, 100, and 200V. Ratings are
limited to 100V for Z5U devices. For the NP0 and X7R
units, the capacitance values available are the same for
25 and 50V units; the Z5U chips offer slightly higher
limits for the 25V capacitors.

For NPO units having Murata’s smallest chip size
(60x30), the 25/50V units offer values ranging from 0.5
to 120 pF; 100V devices range from 0.5 to 82 pF. 200V
chips are not available in this small size. For the largest
chip size (220x200), values for 25/50V and 100V chips
range from 910 to 10,000 pF; 200V capacitors range
from 910 to 2200 pF. X7R chips rated at 25/50V have
values ranging from 220 to 4700 pF in the smallest size
and from 0.022 to 0.56 wF in the largest.

Units having the Z5U temperature characteristic,
naturally, offer the highest capacitance values. The
dielectric constant for the Z5U ceramic formulation is
three to five times higher than that used for X7R

EDN January 22, 1987

capacitors. For Murata’s 60x30 chips, 25V devices offer
values from 1000 to 15,000 pF'; 50V units, from 1000 to
10,000 pF; and 100V units, from 1000 to 3300 pF. In a
notable display of volumetric efficiency, 25V and 50V
units measuring 220x200 have values from 0.82 to 1.5
wF; 100V capacitors range from 0.22 to 0.39 pF.

Chip sizes proliferate

Murata isn’t the only company offering both indus-
try-standard and proprietary chip sizes; Kyocera also
does. The company’s standard sizes are 0504, 0805,
1005, 0907, 1206, 1209, 1706, 1808, 1812, 1825, 2018, and
2225. In addition, the company manufactures 0704,
1505, 1805, 2708, and 2321 nonstandard sizes. Thick-
ness for all sizes can range from 40 to 80 mils max. In
addition, Kyocera offers a family of low-profile chips for
height-critical applications; the thickness for these de-
vices, available in all industry-standard sizes, is 30 mils
max.

For Kyocera’s 50V units having the NP0 temperature
characteristic, values range from 1 to 390 pF for the
smallest chip and from 2200 to 33,000 pF for the largest.
NPO devices having a 100V rating offer values from 1 to
270 pF for the smallest size and from 2200 to 22,000 pF
for the largest. X7R chips rated at 50V offer values
from 470 to 15,000 pF for the smallest size and from 0.1
to 1.2 wF for the largest. X7TR devices rated at 100V
spec values of 470 to 5600 pF for the smallest chip and
0.1 to 0.56 pF for the largest. The 50 and 100V units
having the Z5U temperature characteristic offer values
ranging from 0.1 to 3.9 nF and 5600 pF to 1.2 pF,
respectively. v

The most recent addition to Kyocera’s chip-capacitor
family is a device dubbed “the Suppressor.” This capaci-
tor is a Z5U chip that measures 125X100 mils in area
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Packing a great deal of capacitance in a small volume, these
surface-mountable multilayer-ceramic capacitors from Tokin Ameri-
ca Inc use a ceramic material having an extremely high dielectric
constant.

and 26 mils in thickness. The unit’s capacitance is 0.33
wF, the value universally accepted as the optimum one
for noise suppression in 256k-bit dynamic RAMs. The
chip’s minimal thickness allows you to mount it directly
underneath the RAM. The Z5U characteristic is not
noted for temperature stability: For example, the specs
guarantee a capacitance of 0.42 pF min at 25°C with 5V
applied, and this value drops to 0.2 wF min over 0 to
85°C. However, the value is still 0.3 wF min at 60°C, so
the stability is perfectly adequate in most computer-
system environments.

More MLC configurations

Chip-type multilayer-ceramic capacitors, like the
ones discussed so far, are ideal for hybrid-circuit appli-
cations and, often, for direct mounting to pe boards.
However, in situations that impose large operat-
ing-temperature excursions, vibration, and mechanical
shock, differences between the chips’ coefficient of
expansion and that of the medium they’re mounted on
can contribute to defective solder joints and electrical
connections. A family of leaded, surface-mount MLCs
from AVX Corp aims to eliminate the possibility of such
defects.

The MLC chips, dubbed “Planar,” carry tabs (Fig

These 500V multilayer-ceramic chips from Johanson Dielectrics Inc
are available with NP0 or X7R temperature characteristics and offer
a variety of chip dimensions. You can choose palladium or solder
coating as the terminations.
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2a) or ribbon leads (Fig 2b) that provide stress relief.
The tabs connect to both metallized faces of the MLC
chip: one tab to each face for 0805 and 1808 chip sizes
and two tabs to each face for the larger 2225 size. A
right-angle bend makes the tabs’ soldering surface
flush with the chip’s bottom side. Depending on wheth-
er you plan to use thermocompression bonding or reflow
soldering for attachment, you can specify gold or tin/
lead-solder plating on the tabs.

Tabbed units having the NP0 temperature character-
istic are available in values of 680 to 22,000 pF for a 50V
rating and in values of 560 to 10,000 pF for a 100V
rating. Values for X7R devices range from 10,000 pF to
0.47 wF for a 50V rating and from 4700 pF to 0.15 pF
for 100V units. For the Z5U characteristic, 50V capaci-
tors offer values from 22,000 pF to 0.56 nF, and 100V
versions offer values from 6800 pF to 0.27 pF.

Ribbon-leaded units provide low inductance in high-
frequency systems. Compare, for example, the added
inductance of an MLC chip that has 93x4-mil ribbons
with that of radial- or axial-leaded MLCs. For this
comparison, assume 60-mil lead length (per lead) for the
radial unit, 135 mils for the axial device, and 50 mils per
ribbon for the ribbon-leaded chip. The resulting induc-
tances contributed by the mounting leads are 1.5, 2.4,
and 0.6 nH, respectively. The available values for the
three temperature characteristics are the same for
ribbon-leaded units as those described for the tabbed
devices.

A popular configuration for multilayer-ceramic capac-
itors is the axial-leaded, cylindrical format. The main
reason for the popularity of these devices is the large
installed base of automatic pe-board stuffers; much like
diodes and resistors, the axial units are available in
tape-and-reel packaging form to accommodate the auto-
matic-insertion machinery. Axial capacitors come in
three packaging styles: conformal epoxy coating,
molded epoxy, and diode-type glass packaging.

Glass packaging (Fig 3) is the housing method
adopted by Unitrode Corp. The plugs contacting the
silver terminations on the MLC chip use a borate/oxide-
coated, copper-clad, nickel-iron material. Upon sealing
under pressure and high temperature, two bonds
emerge. The first, coming from a diffusion of the copper
into the silver, is between the copper-clad plug and the
chip termination. The second, hermetic bond is between
the glass and the plug.

NPO and X7R units offer voltage ratings of 50, 100,
and 200V; Z5U devices come with 50 and 100V ratings.
The units come in physical sizes ranging from 170 mils
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The most popular tempevature chavacteris-
tics for multilayer-cevamic capacitors are
NPO (also known as C0G), X7R, and
Z5U.

Fig 2—Designed to relieve stress from dissimilar expansion coeffi-
cients, tab (a) and ribbon (b) leads on multilayer-ceramic capacitors
can reduce failure rates in systems that experience large temperature
excursions. As you can see, these units from AVX Corp are available
i a variety of termination configurations.

COPPER-CLAD DUMET PLUG GLASS CASE

VACUUM

ELECTRODE

CERAMIC
DIELECTRIC

COPPER-CLAD
SOLDERABLE LEAD

Fig 3—1Is it a diode? No, it’s a capacitor. Glass-encased multilayer-
ceramic capacitors from Unitrode Corp are suitable for placement by
the same automatic-insertion machinery used for other axial-leaded,
cylindrical components.

long, 100 mils in diameter to 400 mils long, 150 mils in
diameter. NPO capacitors in the smallest package have
values from 10 to 680 pF; in the largest size, values
range from 1500 to 10,000 pF. For the smallest and
largest sizes, X7R devices have values of 390 to 1800 pF
and 0.068 to 0.27 wF, respectively. The value ranges for
the smallest and largest Z5U units are 1000 to 18,000
pF and 0.15 to 1 uF, respectively. A 0.33-pF Z5U
capacitor suitable for decoupling 256k-bit dynamic
RAMs comes in a package that’s 170 mils long. The unit
costs $0.055 (OEM qty).

Welcome to Flatland

When you use a capacitor to decouple an IC, you want
the capacitor to be as close to the IC as possible, and
you want the MLC’s leads to be as short as possible.
The Kyocera chip already described offers one way to
achieve this close proximity. Another method uses a
concept called “Bitguard,” developed by AVX Corp.
This technique involves incorporating the MLC chip
directly inside the IC package. Another way to achieve
proximity and short leads is to use a flat, under-the-IC
decoupling capacitor called “Micro/Q,” manufactured by
Rogers Corp.

These molded, flat units share the pec-board holes
with the leads of the ICs they’re bypassing. Available
for several logic ICs and pP and wP-peripheral families,
the $0.45 (1000) units conform to the environmental and
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general specs of MIL-C-39014D and MIL-STD-202F.
The latest additions to the series, called Micro/Q 11, are
available with X7R (£15% max capacitance change
over —55 to +125°C) and Y5U (+22, —56% max change
over —30 to +85°C) characteristics.

Micro/Q II X7R units offer 0.01- to 0.1-wF values;
Y5U devices provide 0.05 to 0.3 wF. The devices fit
under 14-, 16-, 18-, and 20-pin, 300-mil DIPs. Capaci-
tance ranges are the same for all sizes. The capacitance-
value tolerance is =20% for X7R units and +80, —25%
for Y5U devices. The dissipation factors for X7R and
Y5U capacitors are 3.5 and 4% max, respectively; both
types spec a 50V rating. Micro/Q II devices cost $0.67
(1000).

Arrays integrate capacitors

If it makes sense to integrate many semiconductor
devices on a piece of silicon, then the same multiple-
device concept might make sense for multilayer-ceramic
capacitors. Sprague Electric Co is betting that multi-
ple-MLC arrays make eminent sense. The company has
set up a facility to manufacture substrates called Multi-
lythics. These substrates can include a variety of capac-
itors, ground planes, and interconnection schemes. You
can consider the Multilythic devices as application-
specific substrates. Sprague seeks to enter into mutual
development projects with customers seeking solutions
for specific application needs.
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You can also expect a line of standard devices that use
the Multilythic technology. The first of these off-the-
shelf units is the 806C small-outline capacitor array, a
network carrying eight capacitors of the same rating.
Capacitance values for the NP0 characteristic range
from 27 to 2000 pF'; for X7R capacitors, the values span
2000 to 47,000 pF. Operating voltage is 100V de to 85°C
and 50V de at 125°C. The units cost $1.50 (10,000); a kit
that includes five 100-pF and five 10,000-pF capacitor
arrays costs $50.

Smoothing the switchers

At first glance, the use of ever higher switching
frequencies in switch-mode power supplies seems both
desirable and straightforward. The higher frequencies
should allow the use of magnetic devices that are
smaller and lighter and filter capacitors that have lower
values. However, problems arise when you use capaci-
tors (and magnetic components, for that matter) in
high-frequency circuits.

Aluminum-electrolytic and tantalum capacitors both
suffer from high ESR and ESL, as compared with
multilayer-ceramic devices, as Fig 1 shows. For high-
frequency switchers, the inductive effect becomes pre-
dominant in determining the capacitor’s impedance.
The classic solution for reducing the filter capacitors’
impedance in high-frequency switchers is to connect
several electrolytic or tantalum units in parallel. You
might find it more economical, however, to use high-
value, multilayer-ceramic capacitors instead.

A line of capacitors called “SupraCap” from AVX
Corp comes in DIP-style packages and offers capaci-
tance values that are suitable for filtering high-frequen-
cy, switch-mode supplies. Each of the five package
sizes—2.1x0.5, 1.6x0.95, 1.1x0.5, 0.43x0.41, and
0.28x0.27 in.—contains five MLC chips in parallel. You
have a choice of four voltage ratings—50, 100, 200, and
500V—and the three popular temperature characteris-
ties: NP0, X7R, and Z5U (200V limit). For NP0 ver-
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Following the lead of semiconductor inte-
gration, Multilythic application-specific
substrates from Sprague Electric Co incorpo-
rate NP0 or X7R multilayer capacitors and
tailor-made interconnection patterns. You
can also expect a family of off-the-shelf ca-
pacitor networks having both temperature
characteristics.

sions, the maximum capacitance is 5 wF for the largest
package and 0.28 wF for the smallest. The correspond-
ing maximum capacitances for X7R units are 110 and 6
wF; for Z5U types, they’re 450 and 25 wF.

In a radical departure from classic multilayer-ceramic
technology, a recently introduced series of high-value
MLCs from Marcon America Corp (a member of the
Toshiba group) uses a ceramic material based on niobi-
um oxide. The company claims the material has twice
the dielectric constant attainable from conventional
dielectrics (that is, barium titanate). Values and voltage
ratings range from 0.1 to 47 wF and 50 to 400V,
respectively. Devices having CV products as high as
2350 are available.

To gain a feel for the volumetric efficiency of the
niobium-based MLCs, consider the size of a 47-uF, 50V
unit: 28X10x7.5 mm (1.3%0.39%0.3 in.). The devices’
temperature characteristics correspond to X7V (+22,
—82% max value change over —55 to +125°C) or Y5U
(+22, —56% max change over —30 to +85°C). Capaci-
tance tolerances are +20% and +80, —20%. A 10-uF,
50V capacitor costs $2.30 (OEM qty).

More high-CV MLCs from Asia

While you're considering the Marcon-Toshiba high-
CV MLCs, you can continue looking toward the East
for yet another source of multilayer-ceramic devices
that pack astounding amounts of capacitance per unit
volume. A recent line of surface-mount MLCs from
Tokin America Inc uses very thin layers and a ceramic
material that boasts a dielectric constant of 20,000, vs
the 4000 to 11,000 of other ML.C manufacturers’ Z5U
ceramics.

In addition to having extremely high CV products—
10 to 100 pF at 25V working voltage—Tokin’s surface-
mount capacitors promise to be economical in high-
volume applications. The manufacturer claims to use
low-cost electrode materials (a silver-palladium mix),
rather than the more costly pure palladium used in
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other MLCs. Sample prices are $2.70 to $8.90 for 10- to
100-pF, 25V devices; $3.80 to $6.70 for 10- to 33-uF,
50V units; and $4.90 to $5.70 for 10- and 15-pF, 75V
capacitors.

Multilayer-ceramic capacitors’ attractive specs not-
withstanding, the fact remains that for certain applica-
tions, aluminum-electrolytic or tantalum capacitors rep-
resent the optimum choice. For high capacitance
values, aluminum and tantalum units pack more micro-
farads per unit volume—and per dollar—than multilay-
er-ceramic capacitors can.

Some aluminum electrolytics from Sprague Electric
Co serve to exemplify the high CV products and low
prices possible with electrolytic units. Series 678D
miniature aluminum electrolytics have about twice the
ripple-handling capabilities available from other Al
devices (for example, Sprague’s 672D family). Low
ESR is the key to their ripple-handling ability. For
example, a 1000-pF, 16V capacitor has a maximum
ESR of 66 m() at 40 kHz and 25°C. Typical of the low
prices of aluminum electrolytics, this 1000-pF, 16V
capacitor costs $0.232 (10,000). 678D units come in eight
voltage ratings from 6.3 to 63V dc; the maximum
capacitance values for the lowest and highest voltage
ratings are 6800 and 680 pwF, respectively.

Instead of aluminum electrolytics, you might consid-
er using solid-tantalum capacitors in applications that
demand a lot of capacitance in a small package. Solid-

Mounting solid-tantalum capacitors is easy if you use devices like
these SM units from Mepco/Centralab. The capacitors are suitable for
mounting on pc boards, as well as for use in hybrid circuits.

The traditional bypass value for 64k-bit
dynamic RAMs is 0.22 wF; for 256k-bit
RAMs, it’s 0.33 wF.

tantalum units from several manufacturers come in a
chip format that lends itself to easy surface mounting.
For example, a recent family called the 293D from
Sprague Electric Co conforms to IEC QC300801/001,
the new EIA industry spec for standard capacitance-
range devices.

Models in the 293D Series (dubbed “Domino”) come
in four package sizes. They offer voltage ratings from 4
to 50V de and capacitances from 0.1 to 100 wF. The
capacitors’ operating-temperature range is —55 to
+85°C; linear derating to 67% of rated voltage permits
operation to +125°C. The company supplies the tanta-
lums taped on 8- or 12-mm reels in conformance with
EIA 481A for use with automatic-placement machin-
ery. A 1-pF+20%, 35V unit costs $0.21 (1000).

Surface-mountable solid-tantalum capacitors are a
specialty of Mepco/Centralab Inc. For example, the
company’s 49MC family of SM devices comes in four
case sizes that conform to the EIA’s proposed standard
IS-28 for tantalum chip capacitors. Packaged in 8- and
12-mm carrier tape widths, the units offer values from
0.1 to 68 wF and voltage ratings from 4 to 35V de. The
electroplated tin/lead terminations make the capacitors
suitable for most solder-reflow applications. The typical
price (for a =10% capacitor rated at 35V) is $0.32
(1000).

Another solid-tantalum chip series from Mepco/
Centralab is the 49SC family. These units are similar to
the 49MC devices but come in five case sizes and offer
higher CV products: 0.47 to 100 wF at 4 to 50V de. The
devices are pad compatible with MIL-C-55365/4

High insulation resistance and pulse strength and low dissipation
factors are inherent in these surface-mountable, stacked-film capaci-
tors from Siemens Corp. They're available in 12-mm tape format to
accommodate automatic-placement machinery.
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Closeness is the key word in bypassing ICs. These flat decoupling
capacitors from Rogers Corp mount directly underneath the ICs
they’re decoupling, and they even share the pc board’s holes with the
ICS’ leads.

(CWR-06) capacitors. Typical pricing for the 49SC
Series (10% tolerance, 35V) is $0.70 (1000). The compa-
ny’s 49BC family, dubbed “Blue Chip,” is available in
industrial or in established-reliability models. The lat-
ter devices are qualified to MIL-C-55365/4, style
CWR-06, established-reliability failure-rate R. The
chips come in eight case sizes and have ratings of 0.1 to
100 pF at 4 to 50V de. Typical prices for industrial and
MIL-grade capacitors are $2.21 and $4.81 (1000), re-
spectively.

Another specialist in surface-mountable solid-tanta-
lum chips is Tansitor Electronics Inc. The company’s
SM family of solderable chips comes in six case sizes and
ratings of 0.1 to 100 wF at 4 to 50V de. You have a choice
of terminations for the SM Series devices: gold for
conductive-adhesive bonding or 60/40 tin/lead solder for
solder reflow, wave soldering, or vapor-phase solder-
ing. The chips are packaged on 8- or 12-mm tape reels.
Typical pricing (in 100s) for +20% units ranges from

Much as a fly lures an unsuspecting trout, these multilayer-ceramic
chips from Corning Glass Works trap and kill glitches and ripple in
electronic systems. If you provide the proper pads, the units are easy
to mount on pc boards and in hybrid circuits.
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$0.50 in case-size 1 to $1.40 in case-size 6.

If you need higher CV products than you can obtain
from the solid-tantalum capacitors described so far,
consider wet-tantalum devices, which use a sintered-
anode, gelled-electrolyte design. Recent offerings from
Sprague and Tansitor serve as good examples of what’s
available in wet tantalums.

A series of units from Sprague meets the require-
ments of MIL-C-39006/26; MIL-qualified (CLR75) de-
vices are available. Ratings for the capacitors, desig-
nated 238D, range from 2200 pF at 6V dc to 39 nF at
150V de; available tolerances are +10 or =20%. The
manufacturer claims that the use of a tantalum-based
metal case (vs the traditional silver case) eliminates the
metal-migration problems inherent in older designs.
The 238D capacitors withstand 1V reverse voltage, vs
the 0.5V usually specified for wet-tantalum devices. A
56-wF, 75V capacitor costs $6.55 (1000).

Recent wet-tantalum units from Tansitor also use a
tantalum-based case. The company’s AR units conform
to MIL-C-39006/25, type CLR&1. The all-tantalum de-
vices replace the silver-cased units that conform to
MIL-C-39006/21, type CLR69. Four case sizes are
available; capacitance values and working voltages span
6.8 to 2200 wF and 6 to 125V dc. The devices withstand
3V reverse voltage. Typical prices for +20-tolerance
CLR8]1 units that satisfy failure-rate level M range
from $8.95 (100) in case-size 1 to $16.80 (100) in case-
size 4.

Another recent series of CLR81 devices that come in
tantalum-based cases is Mallory Capacitor Co’s CLR81
family. These capacitors, like Tansitor’s, can withstand
3V reverse voltage. The company claims the units’ low
ESR allows them to withstand as much as three times
the ripple current that similar silver-cased devices can
handle. Prices for the established-reliability, DESC-
approved devices range from $13.57 to $19.38 (1000).

Use MLCs for high voltages

High capacitance, low leakage, and small size are
difficult parameters to obtain in capacitors needed for
high-voltage applications. A number of multilayer-ce-
ramic capacitors from several manufacturers offer the
CV-product advantages of MLCs and often eliminate
the need to use older, “doorknob” devices that are
heavy, bulky, and difficult to mount. A family of chips
from AVX Corp illustrates the capabilities of MLCs in
high-voltage systems.

The bare chips come in NP0 and X7R formulations
and in sizes ranging from 1808 (180x80 mils) to 3640
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Fluke breaks the old mold.

The Fluke 37. A bold new shape
emerges with more features for the
money than any other bench DMM.
Period.

Dollar for dollar, the new Fluke 37 is
unbeatable. In addition to its breakthrough
design — with built-in handle and storage
compartment — it has all the high-per-
formance features of the world’s best, most
reliable 3%2 digit DMMs.

Autoranging, to eliminate guesswork.
Audible Continuity, so you don’t have to
look at the display. An exclusive analog
and digital display, for the best view of
the signal being measured. Superior EMI
shielding. And user-friendly features like
auto self-test, auto battery test and auto-
polarity. All this, plus a two-year warranty.

And, how many other $229 bench me-
ters give you these features? Min-Max
recording, for monitoring signals. 38
components dedicated exclusively to input
protection. Relative mode, to help you cal-
culate changes in readings. And Fluke's
patented Touch Hold, to give you an extra
set of hands when you're taking critical
measurements.

None. Not at $229. Not at any price.

For your nearest distributor or a free
brochure, call toll-free anytime 1-800-

227-3800, Ext. 229. (outside the U.S,, call
1-402-496-1350, Ext. 229.)

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C. Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100
EUROPEAN HEADQUARTERS: Fluke (Holland) BV., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846
© Copyright 1986 John Fluke Mfg. Co,, Inc. All rights reserved. Ad No. 4701-37
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CIRCLE NO 78

FLUKE 37

$229*

0.1% basic dc accuracy

Analog/Digital Display

Volts, Ohms, Amps, Diode Test

30 kHz AC bandwidth

Fused 10A Range

Integral handle, storage compartment

2-year warranty

* Suggested U.S. list price, effective June 1, 1986.

FLUKE
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(360x400 mils). NP0 devices have voltage ratings from
1000 to 5000V. Depending on chip size, the 1000V units
offer capacitance values from 100 to 33,000 pF; 5000V
devices have capacitances from 100 to 330 pF. You can
obtain X7R capacitors having voltage ratings from 600
to 2500V. Capacitance values for 600V devices range
from 560 pF to 1 pF; for 2500V units, capacitance
ranges from 100 to 4700 pF'.

You can obtain an even wider range of ratings and
bare-chip sizes from Centre Engineering. This compa-
ny’s high-voltage MLCs come in sizes ranging from
2518 (250 % 180 mils) to 6765 (670650 mils); these units,
too, offer NP0 or X7R temperature characteristics.
NPO capacitors rated at 500V range from 10 to 39,000
pF; 5000V devices have values ranging from 56 to 470
pF. For 500V X7R units, values range from 470 pF to 1
wF; values for 5000V capacitors range from 1500 to
10,000 pF. A typical price for a 5000V, 10% X7R unit is
$0.95 (1000).

Finally, consider a series of 500V MLCs from
Johanson Dielectrics Inc. Available in bare-chip sizes
1206, 1210, 1812, and 2221, the devices also offer NP0 or
X7R temperature characteristics; their capacitance val-
ues range from 470 pF to 0.15 pF. The units come with
terminations of palladium or nickel-barrier solder coat-
ing. Prices range from $0.29 to $1.89 (1000), depending
on chip size and value.

High frequencies: Tough on caps

High levels of integration, coupled with the very high
speeds of modern silicon and gallium-arsenide ICs,
impose special demands on the high-frequency perfor-
mance of capacitors. The most crucial need in these
applications, of course, is for low inductance. Chip
capacitors from several sources satisfy the low-ESL
requirement.

Consider, for example, a series of low-ESL chips
from AVX Corp. Designed for VLSI- and VHSIC-IC
decoupling, the chips have aspect ratios and sizes that
reduce series inductance from the 2 nH you’d usually
encounter in MLCs to less than 0.5 nH. Fig 4 shows the
result of applying a 200-mA/nsec current front to a
standard 10-nF chip (a) and to a low-inductance chip of
the same rating (b). The devices come with X7R or Z5U
temperature characteristics and in case sizes of 0508,
0510, and 0612. In addition, AVX offers capacitors
having a special temperature-characteristic formula-
tion; the capacitance value for these devices peaks at
60°C. These devices have voltage ratings of 25 or 50V
and capacitance values from 10 to 82 nF.
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Differences between chip capacitors’ coeffi-

cient of expansion and that of the medium
they’re mounted on can contribute to defec-
tive solder joints.

(a)

(b)

VERTICAL
50 mv/DIV |

| HORIZONTAL
2 nSEC/DIV

Fig 4—Henries and farads sometimes don’t mix, as these traces
show. The voltages in the traces are the result of applying a
200-mA/nsec current front to a standard 10-nF MLC (a), and to a
low-inductance chip of the same rating (b). (Courtesy AVX Corp)

For extremely high frequencies, a line of NPO chips
and leaded units from Murata offers specified Q vs
frequency. They come in two sizes: Model MA50 mea-
sures 55X55x55 mils, and Model MA60 measures
110x110x100 mils. The devices satisfy the tenets of
MIL-C-55681B and come in 50 to 500V ratings. Capaci-
tance values range from 0.3 to 2200 pF. A typical
100-pF device has a Q of 1000 at 100 MHz.

In the lofty gigahertz range, you have recourse to a
series of single-layer ceramic capacitors from Dielectric
Laboratories Inc. Designed for applications using fre-
quencies from 100 MHz to 40 GHz, these devices come
with width/length dimensions ranging from 5 to 60
mils. The chips’ electrodes serve as terminations; a
nickel-barrier electrode is suitable for soldering, and
gold termination is available for die attachment and
wire bonding. Voltage ratings are 50 and 100V, and
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Axial-leaded, cylindrical capacitors are
compatible with the large installed base of
automatic pc-board stuffers.

Suitable for surface-mounting techniques, these solid-tantalum
chips from Tansitor Electronics Inc offer you a choice of solder or
gold terminations. They're available in six case sizes.

capacitance values range from 68 to 1500 pF.

Advances in multilayer-ceramic capacitors’ CV prod-
ucts and SM-packaging convenience notwithstanding,
devices using a metallized-plastic dielectric remain eco-
nomical and otherwise advantageous in many applica-
tions. For example, the film units have a self-healing
property—if a punch-through short circuit occurs be-
cause of the application of excessive voltage, the short
circuit disappears (heals itself) upon removal of the
overvoltage condition. Further, many film units are
available in the same convenient SM packages offered
by MLCs.

Some metallized-polyester capacitors recently intro-
duced by Siemens Corp illustrate the capabilities of film
devices. The company’s MKT Series B32595 uses a
stacked-film construction; the surface-mountable capac-
itors measure about 7x5.2X3 mm. They’re available in
50V ratings ranging from 0.01 to 0.22 pF. Offered in
12-mm tape format, the devices cost about $0.30 (1000).
A series of flame-retardant polypropylene-film capaci-
tors from Siemens comes in an axial-leaded, cylindrical
format. Model B33074—a $0.20 (1000), 2200-pF device
rated at 100V—operates from —40 to +85°C and finds
use as a resonant-circuit capacitor in RF and IF appli-
cations.

Identical in size with 2225 multilayer-ceramic capaci-
tors, MKS 01-SMD Series metallized-polyester devices

128

from the Wima Div of the Inter-Technical Group Inc
have totally metallized ends for convenient soldering.
The 50V dc units come in values ranging from 10 to 100
nF and are available on 12-mm tape reels. The devices,
offered in £10 and +20% tolerances, operate from —55
to +100°C. If you need tighter tolerances, consider the
FKC22 Series of polycarbonate-film units from Wima.
These plastic-encased radial devices have a 5-mm (200-
mil) lead spacing and offer values from 100 pF to 0.015
pwF at 63V de. They're available in tolerances of *+10,
+5, and =2.5%. Prices for the MSK 01-SMD Series
start at $0.16 (1000); the FKC22 Series begins at $0.10
(1000).

In addition to the general-purpose bypass, filtering,
and resonant-circuit capacitors mentioned so far, you
can obtain capacitors that satisfy special requirements.
A couple of examples are a line of high-temperature
devices from Corning Glass Works and some units
having a deliberately inserted series resistance from
the Rifa Div of World Products Inc.

Corning’s high-temperature glass-dielectric capaci-
tors come in axial- and radial-leaded cases; these units
are suitable for oil-well logging systems, semiconductor
burn-in testing, geophysical probes, and other harsh-
environment applications. One series, dubbed “Glass-
K,” operates over —75 to +200°C and offers values
ranging from 270 pF to 0.1 wF. According to curves in
the data sheets, the devices offer three temperature
characteristics; the three types lose about 20, 30, and
40% of their 25°C value at 200°C. Other high-tempera-
ture devices from Corning offer values ranging from 0.5
to 10,000 pF and operate from —60 to +200°C. These
devices have a capacitance change of +4% at 200°C.

Finally, a series of metallized-paper capacitors from
Rifa incorporates a series resistance for transient sup-
pression in various applications. The PMR209 Series is
available in capacitance values from 0.047 to 0.47 pF
and incorporates a 47 or 100Q) resistor, according to
your choice. The units are rated at 630V dc, 250V ac.
Another line, the PMR210 family, is designed for click
suppression; these units come in values ranging from
0.022 to 0.1 pF, and they incorporate a 100() series
resistance. Prices for the PMR209 and PMR210 units
start at $0.63 and $0.73 (OEM qty), respectively. EDN

Manufacturers box begins on pg 130

Article Interest Quotient (Circle One)
High 470 Medium 471 Low 472
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Here are all of the Multi-layer
Ceramic Capacitors that can

deliver 47uF at 50Vdc.

Marcon now stands alone in deliv-
ering high-CV, multi-layer ceramic
caps. In fact, nobody even comes
close!

Our new TCD Series offers you
capacitance from 0.1 to 47uF and
voltage ranges from 25 to 400Vdc.
But that’s just the beginning.

Our patented niobium oxide X7V
dielectric affords excellent temper-
ature stability. Where other caps
can lose up to 90% of capacitance,
ours maintain a stable capacitance
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value as operating temperatures
increase.

And, there’s more. Like small DC
bias voltage dependency, an aging
rate of less than 2% per decade,
and less than 1% dissipation factor
at 25°C.

For the ultimate in performance,
reliability and service life, specify
the multi-layer ceramic caps in a
class by themselves. Marcon
TCD Series.

Nothing even comes close!
CIRCLE NO 79

ON

MARCON AMERICA CORP./TOSHIBA GROUP

310 Era Dr., Northbrook, IL 60062
312/564-2820

Telex: 206351 MARCONAME NBRK
Fax: 312/564-1150 Gl

@ « Capacitors

* Varistors

* Humidity
Sensors

©1986 Marcon America Corp.
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Manufacturers of pc-board-mountable capacitors

For more information on capacitors such as those discussed in this article, circle the appropriate numbers on the
Information Retrieval Service card or contact the following manufacturers directly.

Acushnet Capacitor Co Inc
Box 972

New Bedford, MA 02741
(617) 999-3291

Circle No 601

Aerovox Inc

740 Bellville Ave

New Bedford, MA 02745
(617) 994-9661

Circle No 602

All-Tronics Inc

45 Bond St
Westbury, NY 11590
(516) 333-3090
Circle No 603

American Radionic Co Inc
51 Austin St

Danbury, CT 06810

(203) 743-6308

Circle No 604

American Technical Ceramics
1 Norden Lane

Huntington Station, NY 11746
(516) 271-9600

Circle No 605

Arco Electronics Inc
400 Moorehead Dr
Commack, NY 11725
(516) 864-7000

Circle No 606

Assembly Specialists Inc
914 Main St

Acton, MA 01720

(617) 263-9100

Circle No 607

AVX Corp

Olean Advanced Products Div
Box 493

Olean, NY 14760

(716) 372-6611

Circle No 608

Axel Electronics
134-20 Jamaica Ave
Jamaica, NY 11418
(212) 718-3900
Circle No 609

Capar Components Corp
11 Marcus Dr

Melville, NY 11747

(516) 454-6390

Circle No 610

Capco

Box 1028

Grand Junction, CO 81502
(303) 243-8750

Circle No 611

Capcon

147 W 25th St

New York, NY 10001
(212) 243-6275

Circle No 612

Centralab Inc
5855 N Glen Park Rd
Milwaukee, WI 53209
(414) 228-7380
Circle No 613

Centre Engineering
2820 E College Ave
State College, PA 16801
(814) 237-0321 ;
Circle No 614

Ceramite Corp
1327 6th Ave
Grafton, WI 53024
(414) 337-3500
Circle No 615

Chicago Condenser Corp
2900 W Chicago Ave
Chicago, IL 60622

(312) 227-7070

Circle No 616

Compex

238 Taunton Blvd
Medford, NJ 08055
(609) 667-9388
Circle No 617

Component Research
1655 26th St

Santa Monica, CA 90404
(213) 829-3615

Circle No 618

Condenser Products Corp
Box 997

Brooksville, FL 33512
(904) 796-3561

Circle No 619

Cornell Dubilier Electronics
Wayne Interchange Plaza 1
Wayne, NJ 07470

(201) 256-2000

Circle No 620

Corning Glass Works
Corning, NY 14831
(607) 974-9000

Circle No 621

CSI Capacitors

810 Rancheros Dr
San Marcos, CA 92069
(619) 747-4000

Circle No 622

Custom Electronics Inc
Browne St

Oneonta, NY 13820
(607) 432-3880

Circle No 623

Del Electronics Corp
250 E Sanford Blvd
Mount Vernon, NY 10550
(914) 699-2000

Circle No 624

Dielectric Labs

Rte 20 E

Cazenovia, NY 13035
(315) 655-8710

Circle No 625

Electrocube Inc

1710 S Del Mar Ave
San Gabriel, CA 91776
(818) 573-3300

Circle No 626

Elmag

54 Clark St
Newark, NJ 07104
(201) 481-1600
Circle No 627

Elna America Inc
163 E Selandia Lane
Carson, CA 90746
(213) 327-6090
Circle No 628

Elpac Components
3131 S Standard Ave
Santa Ana, CA 92705
(714) 979-4440

Circle No 629

F-Dyne Electronics
449 Howard Ave
Bridgeport, CT 06605
(203) 367-6431

Circle No 630

Film Capacitors Inc
174 Polify
Hackensack, NJ 07601
(201) 646-1040

Circle No 631

General Electric Co
Electronic Component Sales
Electronics Park

Syracuse, NY 13201

Phone local office

Circle No 632

Hunter Stanley Electronics
1813 Church St

Nashville, TN 37203

(615) 321-0500

Circle No 633

Illinois Capacitor Inc
3757 W Touhy Ave
Lincolnwood, IL 60645
(312) 675-1760

Circle No 634

International Components Corp
105 Maxes Rd

Melville, NY 11746

(516) 293-1500

Circle No 635

Inter-Technical Group Inc
Wima Div

Box 23

Irvington, NY 10533

(914) 591-8822

Circle No 636

ITT Components
1201 E McFadden
Santa Ana, CA 92705
(714) 836-0351

Circle No 637

ITW Paktron

1205 McConville Rd
Lynchburg, VA 24502
(804) 239-6941

Circle No 638

Johanson Dielectrics Inc
2220 Screenland Dr
Burbank, CA 91505

(213) 848-4465

Circle No 639

Kahgan Electronics
605 Peninsula Blvd
Hempstead, NY 11550
(516) 538-2300

Circle No 640

KCK America Inc
1245 Forest Ave

Des Plaines, 1L 60018
(312) 297-5435

Circle No 641

KD Components
3016 S Orange Ave
Santa Ana, CA 92707
(714) 545-7108

Circle No 642

KDI Pyrofilm

60 S Jefferson Rd
Whippany, NJ 07981
(201) 887-8100
Circle No 643

Kyocera International Inc
Box 85542

San Diego, CA 92138

(619) 454-1800

Circle No 644

3M Co

Technical Ceramies Products
3M Center, 225-4W

St Paul, MN 55101

(612) 733-1110

Circle No 645

Maida Development Co
20 S Libby St
Hampton, VA 23663
(804) 723-0785

Circle No 646

Mallory Capacitor Co
3029 E Washington St
Indianapolis, IN 46206
(317) 636-5353
Circle No 647

Marcon America Corp
310 Era Dr
Northbrook, IL 60062
(312) 564-2820

Circle No 648

Matsuo Electronics

2134 Main St

Huntington Beach, CA 92648
(714) 969-2491

Circle No 649

Maxwell Labs

8888 Balboa Ave

San Diego, CA 92123
(714) 279-5100
Circle No 650

Mepco/Centralab Inc

5900 Australian Ave

West Palm Beach, FL 33407
(305) 863-1800

Circle No 651

Metuchen Capacitors Inc
420 Park Ave

Perth Amboy, NJ 08861
(201) 442-0500

Circle No 652

(Continued on pg 132)
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SMT STANDARDS.

4SW-6127R1
SPR AG i E Sprague Type 195D and 293D solid tantalum chips meet the brand new EIA size
: and packaging standards for surface mount capacitors. These miniature components
: ' fill your surface mount needs with economy, reliability and high
performance. Conformal-coated Type 195D TANTAMOUNT®

capacitors meet EIA specifications for

SET S U RPACE MO | NT Extended Capacitance Range devices.
These units feature gold or solder plated
terminals and the highest capacitance in the smallest packages available
STAN DAR DS. in the industry. Rugged, fully molded Type 293D TANTAMOUNT®

capacitors conform to EIA specifications Standard Capacitance Range
devices. These “machine-friendly” tantalum chips are compatible with all automatic placement equipment. Both types
are supplied taped and reeled per EIA 481A. Standard ratings: 0.10 to 100uF, 4 to SOWVDC. Sprague Electric Company,
a Penn Central unit. For Data Sheets 3539C and 3549, write to: Marketing Communications,
Sprague Electric Company, 41 Hampden Rd., P.O. Box 9102, Mansfield, MA 02048-9102.
For applications assistance, call our Customer Service Center at Concord, NH at 603/224-1961.

CIRCLE NO 80
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Manufacturers of pc-board-mountable capacitors (continved)

Midwec

Box 417G

Scottsbluff, NE 69361
(308) 632-4127

Circle No 653

Monolithic Components Corp
11772 Sorrento Valley Rd

San Diego, CA 92121

(619) 457-1727

Circle No 654

Mouser Electronics
Box 839

Mansfield, TX 76063
(817) 483-4422
Circle No 655

Multi Products International
Box 238

Cedar Grove, NJ 07009

(201) 239-8183

Circle No 656

Murata Erie N America Inc
2200 Lake Park Dr

Smyrna, GA 30080

(814) 237-1431

Circle No 657

Mu-Tronics Corp
Box 142

Kenilworth, NJ 07033
(201) 272-9262

Circle No 658

National Micronetics
Box 188

West Hurley, NY 12136
(914) 338-7714

Circle No 659

NEC Electronics Inc

401 Ellis St

Mountain View, CA 94039
(415) 965-6000

Circle No 660

Nichicon America Inc
927 E State Parkway
Schaumberg, IL 60195
(312) 843-7500

Circle No 661

Oneida Electronics
Box 678

Meadyville, PA 16335
(814) 336-2125
Circle No 662

Paccom

3928 148th NE
Redmond, WA 98052
(206) 883-9200
Circle No 663

Panasonic Industrial Co
1 Panasonic Way
Secaucus, NJ 07094

(201) 348-5266

Circle No 664

Plastic Capacitors Inc
2623 N Pulaski Rd
Chicago, IL 60639
(312) 489-2229

Circle No 665

Presidio Components
7185 Construction Ct
San Diego, CA 92121
(619) 578-9390

Circle No 666

Republic Electronics Corp
176 E 7th St

Paterson, NJ 07524

(201) 279-0300

Circle No 667

Rogers Corp

Cireuit Components Div
2800 S Roosevelt St
Tempe, AZ 85282

(602) 967-0624

Circle No 668

S&El Manufacturing
1800 Parthenia St
Northridge, CA 91324
(818) 349-4111

Circle No 669

San Fernando Electric Mfg Co
1501 1st St

San Fernando, CA 91341

(213) 365-9411

Circle No 670

Sangamo Weston
Capacitor Div
Box 128

Pickens, SC 29671
(803) 878-6311
Circle No 671

Seacor Inc

123 Woodland Ave
Westwood, NJ 07675
(201) 666-5600
Circle No 672

Semtech Corp

652 Mitchell Rd
Newbury Park, CA 91320
(805) 498-2111

Circle No 673

Siemens Corp
186 Wood Ave S
Iselin, NJ 08830
(201) 321-3400
Circle No 674

Spectrum Control Inc
2185 W 8th St

Erie, PA 16505

(814) 455-0966

Circle No 675

Sprague Electric Co
Box 9102

Mansfield, MA 02048
(617) 339-8900

Circle No 676

Standard Condenser Corp
1065 W Addison St
Chicago, IL 60613

(312) 327-5440

Circle No 677

Tansitor Electronics Inc
West Rd

Bennington, VT 05201
(802) 442-5473

Circle No 678

TDK Corp of America
4711 Golf Rd

Skokie, IL 60076

(312) 679-8200

Circle No 679

Tecate Industries
Box 12829

EIl Cajon, CA 92022
(619) 448-4811
Circle No 680

Thomson-Mostek

Passive Components Div
6203 Variel Ave
Woodland Hills, CA 91367
(818) 887-1010

Circle No 681

Tobe Deutschman Labs Inc
550 Turnpike St

Canton, MA 02021

(617) 828-3366

Circle No 682

Tokin America Inc
2261 Fortune Dr
San Jose, CA 95131
(408) 946-4887
Circle No 683

Tran-Spectra

Box 27A

Greenfield, TN 38230
(901) 235-2218

Circle No 684

TRW/Capacitors
301 West O St
Ogallala, NE 69153
(308) 284-3611
Circle No 685

Tusonix

Box 37144
Tucson, AZ 85740
(602) 744-0400
Circle No 686

Union Carbide Corp
Components Div
Box 5928

Greenville, SC 29606
(803) 963-6348
Circle Ne 687

United Chemicon
9801 W Higgins Rd
Rosemont, IL 60018
(312) 696-2000
Circle No 688

Unitrode Corp
Capacitor Div

11494 Sorrento Valley Rd
San Diego, CA 92121
(619) 453-8020

Circle No 689

Viclan Inc

7373A Engineers Rd
San Diego, CA 92138
(714) 292-1411

Circle No 690

Vitramon North America Inc
Box 544

Bridgeport, CT 06601

(203) 268-6261

Circle No 691

Wesco Electrical Co
201 Munson St
Greenfield, MA 01301
(413) 774-4358
Circle No 692

Westlake Capacitors Inc
5334 Sterling Center Dr
Westlake Village, CA 91361
(818) 889-4120

Circle No 693

World Products Inc
Rifa Div

Box 517

Sonoma, CA 95476
(707) 996-5201
Circle No 694

Wright Capacitors
3000 S Orange Ave
Santa Ana, CA 92707
(714) 546-2490

Circle No 695
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ic Capacitors...

MORE THANFIFTY YEARS OF TRADITION—
meeting your needs for quality capacitors

TR

RLR/TLA MWR

Low Leakage

MPW wmetallized RSM Sub-miniature

Polypropylene Electrolytic

PMB mini-cASE

Metallized Polyester

©1986 ILLINOIS CAPACITOR INC.

Quality — Performance — Delivery
E

‘ ILLINOIS GAPAGITOR,ING.

3757 West Touhy Avenue, Lincolnwood, IL 60645
(312) 675-1760 / Telex: 72-4361 / Cable: llicon Lcwd

TOP 10 SUPPLIER; EBN, EET
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OF CO

A PROGRAMMA

Youve known it all along,

Now, the ideal logic device is
finally here: Real gate array density.
Real gate array architecture. Real
gate array flexibility. And fully user
programmable.

It5 called, logically enough, the
Logic Cell*Array and it$ from Xilinx.

A GATE ARRAY.ONLY BETTER.

The Logic Cell Array offers all
the advantages—but none of the
disadvantages—of conventional gate
arrays. Unlike them, the Logic Cell
Array™isn't custom manufactured.
Merely programmed. And you
can reprogram it an unlimited
number of times. Even while its
in the system.

That means turnaround time
on design revs can be measured in
hours, not months. Time-to-market
can be reduced accordingly. And
non-recurring engineering charges
are non-existent.

With the Logic Cell Array’s real time in-ciruit emulation, you get 100% design s
verification, in the system. It the real thing. The best you can do with a gate array

i simulation. Which is about as close to the real thing as a decoy is to a real duck. So how
can you really be sure your design is going to fly?

TYPICAL GATE ARRAY DEVELOPMENT SCHEDULE
4-6 weeks M Gate Array
2 weeks M Logic Cell Array
- 4 weeks
=3 8 weeks
| 2-3weeks
-_ 12-18 weeks
Concept Simulation Evaluation
Design Entry Prototyping Manufacturing

Since you program it yourself, the Logic Cell Array shortens design verification and prototyping to
almost nothing and completely eliminates manufacturing delays. That means you'll get into
production about 5 months soomer. And once in production with the Logic Cell Array, it Ul save you
there, too. Because if you need to change it, you don't have to shut down the whole company.
Justreprogram it Take you a whole afternoon.

Logic Cell Arrays are also stan- And the specs just keep getting
dard parts. So we can test every one better
of them 100%, down to the last Were already at 50 MHz with
transistor, before you ever get them. 1200 gates. Well be at 1800 gates by
It also means that, unlike gate arrays, October And thanks to a CMOS
you can get Logic Cell Arrays off- memory-based architecture with
the-shelf, through plenty of headroom, you'll see our
distribution. family of Logic Cell Arrays growing

to 5000 honest, usable gates by
next spring,

LOGIC THAT WORKS
LIKE A
MICROPROCESSOR.
The problem with
VLSI logic devices, gate
arrays in particular is
that theyre hard-wired. So your
design is literally cast in silicon.
[tmightaswell be castincement.
Imagine, though, how much
simpler your life would be if your
logic device had the flexibility of
a microprocessor. Well, the Logic
Cell Array has that flexibility.

Xiling, Logic Cell, Logic Cell Array, and XACT are trademarks and The Programmable Gate Array Company is a servicemark of Xilina, Inc. IBM is a registered trademark and PC AT
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Because it works very much like
a microprocessor.

At power up, the Logic Cell
Array automatically loads its internal
CMOS memory. This memory, in
turn, configures the logic functions
and interconnections within the
Logic Cell Array to build your
logic circuit.

As for the advantages of such
an approach, just go ask the micro-
Processor guys.

As for the advantages of a
memory-based architecture, talk to

those who work with memory about

how much they like parts that con-
tinually drop in price while increas-
ing in density and performance.

Because the Logic Cell Array is
doing just that.

AFULLARRAY OF
DEVELOPMENT SYSTEM
SUPPORT.

You don't have to be an expert
in semiconductor manufacturing
to use the Logic Cell Array. You just
have to know logic design.

And you don't have to be a pro-
gramming expert to use any part of
our integrated development system,
either.

Theres an interactive, graphics-
based, mouse-and-menu-driven
design editor that you can learn in
an afternoon. A simulator. An in-
circuit emulator that runs real I/0
and real software in real time for
complete and positive design
verification. Plus documentation
at the touch of a button and a host

and XTare trademarks of International Business Machines Corporation.

EDN January 22, 1987

BLE GATE ARRAY.

]
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ALY

of other why-didn't-somebody-think-
of-that-before facilities.

Best of all, it runs on an
IBM*PC XT™AT"or clone. And you
can get started for the modest price
of just $3600.

THE ANSWER TO
YOUR PRAYERS.
AND YOUR QUESTIONS.
Now that you know the Logic
Cell Array is just what youve always
wanted, you probably want to know

CIRCLE NO 74

Instead of a lot of gate arrays that each

do ome thing, the Logic Cell Array is
one gate array that can do every-

thing. Including cut your inventory

risk to zero, let you make field
upgrades, and eliminate NRE.

a lot more about it.

™=  Dont hesitate a moment.

E  Our applications engineers are in

£ the field, so theyte ready to be more
than just a voice on the phone.

And when youte ready to try
out the Logic Cell Array firsthand,
there’s our Evaluation Kit (otherwise
known as EK-01, shown here).
It’s just $250 and it includes enough
software and documentation to
evaluate your application on a
Logic Cell Array, and see if it per-
forms up to snuff. Well also credit
your $250 towards the purchase of
our XACT™development system.

So call us.

Tll-free at.(800) 2557778.

In California, (408) 559-7778.

Or contact your local Xilinx
sales representative or Hamilton/
Avnet distributor.

Immediately, if not sooner.

Now that the ideal logic device
is here, isn't this the ideal time to
useit?

—
7 XILINX
The Programmable
(ate Array Company.™

© 1986 XILINX Inc, 2069 Hamilton Ave, San Jose, CA 95125, (408) 559-7778
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TANTALUM CHIPS:
s The Soure

105 | | 105 | | 105
35K |

105 7105 | | 108 |
L . | 35k | | 35K

|

SRRy }1

* Symmetrical ter-
minals — Rectangular
terminals for superior
soldering; no “wheelies”
or “tombstones.”

* Precision molded —
Smooth surface for
vacuum pick-up,

part after part.

¢ Compliant termina-
tions — Terminals flex to
relieve stress during
thermal cycling.

* New, High-Production T491 Molded Chip Design:
Positive Placement, Simpler Soldering,

Take a close look at the unique, production-boosting
features of the new T491 Series surface mount capaci-
tor from KEMET. It’s an excitingly different molded
tantalum chip design that can increase your production
efficiency as it boosts your product reliability:

o Greater yield — Designed for high-speed, automatic
placement and high-integrity connections.

¢ Compatible with all solder reflow methods — With-
stands 260°C for 20 seconds.

e Meets EIA standards — Meets or exceeds all IECQ
specifications, including QC 300801/US0001.

¢ Wide selection — Capacitances from 0.1 xF to 68.0 uF,
and working voltages from 6 to 50 VDC; in case sizes A
through D.

136 CIRCLE NO 73

They're built to KEMET’s unexcelled quality stan-
dards with delivery to meet your needs.

For ordering assistance, ask your local KEMET sales
office for a T491 Molded Tantalum Chip specification
sheet. You'll find it’s easy to do business with KEMET!

Sales Offices and Distributors Worldwide
In US.A: (803) 963-6348; Telex 57-0496.

In Europe: 41-22-396512; Telex 845-911302.
In Asia: 852-372-31211; Telex 780-45162.

ELECTRONICS DIVISION
COMPONENTS DEPARTMENT

i
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component reliability
egins here

When you need Axial Leaded Tubular Capacitors with Single Layer
Construction and Inductors...you want reliability and price. Taiyo Yuden
provides both. And what’s more, axial leaded components from Taiyo Yuden
are available in three sizes with lead spacing as close as 200-mils.

Now manufactured in southern California to give you instant delivery, Taiyo
Yuden components are specifically designed and sold for use in automatic
insertion equipment.

No matter what your specs, Taiyo Yuden offers you the broadest range of
product...axial leaded inductors from 0.22 to 1000uh...Axial Leaded Tubular
Ceramic Capacitors from 1 to 33,000pF & 12 to 50-V...Melf (Metal Electrode
Face-bonding) Leadless Tubular Ceramic Capacitors from 1 to 22,000pF &
from 16 to 50-V. Taiyo Yuden...where experience and reliability means quality.
To find out more about Taiyo Yuden components, write or call today:

TAIYO YUDEN (U.S.A.) INC.

714 West Algonquin Road

Arlington Heights, IL 60005

Tel.: 1-312-364-6104

Telex: 910-687-0378 TAIYO U.S.A. ARHT
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Introducing the

HP 6621A-6624A system
DC power supply family.

You’ll save space, time, and money with HP’s new 6621A, 6622A,
6623A, and 6624A multiple-output system power supplies,

They offer you up to four low-noise DC outputs, 160 watts
total, in one box requiring just 5% ”’of rack space. Each com-
bines the functions of several power supplies and programmers,
a scanner, current shunts, and a DVM in one self-contained
package with a common HP-IB address. Outputs to 50 volts or
10 amps are available.

It’s easy for you to program outputs directly in both volts
and amps instead of cryptic mnemonics or percentages. Measure
and read back actual voltage and current. Display messages on
an LCD. Set overvoltage and overcurrent limits. Even connect
outputs in series or parallel for higher-output applications.

The bottom line?

More capability in less space. Faster setup. Less cabling.

AT
And low cost of ownership at all stages of system developmeit,//’/[//

Call HP today! ) 5 aa= 333
Put us on the rack starting today...all models @g jjf;']‘] ;_];];'.]:J
are in stock now! For more information and j 32z 444

our DC Power Supply Catalog,
contact your local HP sales
office listed in the telephone
geeema®®  directory white pages. Ask for

§\ : ﬁ N the electronic instruments department.

[© et

(ﬁﬁ HP-I1B: Not just IEEE-488, but the hardware, documentation and
Svstems’  Support that delivers the shortest path to a measurement system.

(ﬁp] :Eékagg P = *



omposite amplifiers
yield high speed

and low oftset

You can find an op-amp technology that
excels in any one performance avea, but
today’s applications often demand high per-
formance in several aveas. You must theve-
fore employ some ingenious circuit-design
techmiques to circumvent the limitations.

Jim Williams, Linear Technology Corp

Amplifier design is a study in compromise: A single
device can’t achieve optimal speed, drift, bias-current,
noise, and output-power specs. Various families empha-
sizing one or more of these areas have evolved, but you
might find that your application requires performance
figures that can only be obtained with dedicated de-
signs. If a single device can’t provide the desired
characteristics (high speed and de precision, for exam-
ple), you can configure a composite amplifier to do the
job. Composite designs combine the best features of
two or more amplifiers to achieve a level of performance
unobtainable in a single device.

Fig 1 shows a composite amplifier made up of an
LT1012 low-drift device and an LT1022 high-speed
device. The overall circuit is a unity-gain inverter
whose summing node is located at the junction of the
three 10-k() resistors. The LT1012 monitors this sum-
ming node, compares it to ground, and drives the

EDN January 22, 1987

10k
INPUTO—AAA- 10 pF
>
{30 —n
300 pF 10k
L
LAY

i 220

Fig 1—This composite circuit combines low-drift and high-gain
devices to form a wunity-gain inverter. The LT1022 handles high-

frequency inputs, while the LT1012 stabilizes the dc operating

point.

LT1022’s positive input, completing a de-stabilizing loop
around the LT1022. The 10-k/300-pF network allows
the LT1012 to respond only to low-frequency signals;
the LT1022 handles high-frequency inputs while the
LT1012 stabilizes the de¢ operating point.

The 4.7-k/220€) divider at the noninverting input of
the LT1022 prevents excessive input overdrive during
start-up. The circuit’s performance combines the
LT1012’s 35-pV offset and 1.5V/°C drift with the
LT1022’s 23V/psec slew rate and 300-kHz full-power
bandwidth. The bias current is approximately 100 pA.

Fig 2’s circuit is similar to Fig 1’s, but the former
employs discrete FETs to more than triple the speed.
In the circuit, IC,’s inputs are tied to the negative rail,
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thereby turning IC,’s input stage off. The differentially
connected FETSs bias the second stage via IC,’s offset
pins. This connection replaces IC,’s input stage, reduc-
ing bias current and increasing speed.

FET mismatch would normally result in excessive
offset and drift, but IC, corrects this problem by
monitoring the summing point (the junction of the two
4.7-kQ resistors) and forcing Q.’s gate to eliminate the
overall offset. The 10-k(2/1000-pF network inhibits IC.’s
response to low frequencies, and the 1-k() divider chain
prevents overdrive to Q. on start-up. The 1-k{)/10-pF
damper network at the summing node helps ensure
high-frequency stability. Fig 2b shows the pulse re-
sponse; trace A is the input, and trace B is the output.

The slew rate exceeds 100V/psec with clean damping.
The full-power bandwidth is about 1 MHz, and the
input bias current is approximately 100 pA. DC offset
and drift specs are similar to those of the Fig 1 circuit.

Unity-gain buffer for high impedance

Fig 3 shows a highly stable unity-gain buffer with
good speed and high input impedance. Q; and Q. consti-
tute a simple high-speed FET-input buffer. Q; functions
as a source follower, with the Q. current-source load
setting the drain-source channel current. The LT1010
buffer can drive cables or other loads.

Normally, this open-loop configuration would be
quite drifty because of the lack of de feedback. The
LTC1052 contributes the needed stability by comparing
the filtered circuit output with a similarly filtered
version of the input signal. The amplified difference
between these signals sets Q.’s bias and hence Q,’s
channel current, which in turn forces Q,’s Vgs to the
level required to match the circuit’s input and output
potentials. The 2000-pF capacitor at IC, provides stable
loop compensation. The RC network at IC,’s output
prevents that output from seeing high-speed edges
coupled through Q.’s collector-base junction. IC,’s out-
put is also fed back to the shield around Q,’s gate lead,
bootstrapping the circuit’s effective input capacitance
down to less than 1 pF.

The LT1010’s 15-MHz bandwidth and 100V/usec slew
rate, combined with its 150-mA output capability, en-
sure that the circuit in Fig 3a is fast enough for most
applications. For applications requiring very fast per-
formance, the alternate discrete-component buffer in
Fig 3b should prove useful. Although its output is
current-limited at 75 mA, the gigahertz-range transis-
tors that the buffer employs provide an exceptionally
wide bandwidth, fast slewing, and very little delay. Fig
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3¢ shows the LTC1052-stabilized buffer circuit’s re-
sponse using the discrete stage: The response is clean
and quick; the delay is less than 4 nsec; the slew rate
exceeds 2000V/psec; and the full-power bandwidth ap-
proaches 50 MHz. Note in Fig 3¢ that the rise time is
limited by the pulse generator, not by the circuit. The
offset, with or without the discrete-component stage, is
set at 5 wV by the LTC1052; the gain is about 0.95.

This last spec points out a factor that could lead to
potential difficulty with the Fig 3 circuits: The gain is
not quite unity. The circuit in Fig 4 maintains a high
speed and low bias current while achieving a true
unity-gain transfer function.

=V E
8 pFIv
4.7k

AAA
VW

2N5638

4.7k >
1
INPUT E185 OUTPUT

b.

p

_]f 210k

- 0pF T
10k I —O-15v
= 1k
o—«w—-]
1000 pF
1}——{‘—
1K -
" iCa
LT1012
J +
(a) T
TRACE VERTICAL HORIZONTAL

A 5V/DIV 100 nSEC/DIV
B 5V/DIV 100 nSEC/DIV

(b)

Fig 2—Otherwise similar to the Fig I circuit, this composite
amplifier (a) employs discrete FETs to achieve a threefold speed
improvement. The scope photo (b) illustrates the circuit’s pulse
response.
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In Fig 4’s circuit, IC, provides dec stability for the I/0
path, and IC, provides drive capability. Feedback is to
Q.’s emitter from IC,’s output. The 1-k{) adjustment
allows precise setting of the gain to unity. With the
LT1010 serving as the final output stage, the slew rate
is 100V/usec and the full-power bandwidth (1V p-p) is
10 MHz. The —3-dB bandwidth exceeds 35 MHz. For a
gain of A=10 (that is, when the 1-k() variable resistor is
set at 50Q)), the full-power bandwidth remains at 10
MHz, but the —3-dB bandwidth falls to 22 MHz.

If you include the optional discrete stage, the slew
rate exceeds 1000V/psec, the full-power bandwidth
extends to 18 MHz, and the —3-dB bandwidth reaches
58 MHz. For A=10, full power is available to 10 MHz;
the —3-dB point becomes 36 MHz. In Fig 4c, traces A

The use of discvete FETs can effect a three-
fold improvement in a composite amplifier’s
speed.

and B show the input and output without the discrete
stage; traces C and D show the input and output with
the discrete stage. With or without the discrete stage,
the circuit should be more than adequate for driving
video cables or data converters; the LT1012 maintains
de stability under all conditions.

Fast amplifier delivers 1V p-p

Fig 5 shows another dc-stabilized fast amplifier that
functions over a wide range of gains (typically from 1 to
10). It combines the LT1010 and a fast discrete stage
within LT1008-based stabilizing loop. Q; and Q. form a
differential stage that provides a single-ended input
into the LT1010. The circuit delivers 1V p-p into a
typical 75Q) video load. At A=2, the gain is within 0.5

-5V 2000 pF

(a)

isv

O OUTPUT

()

Usting NPN=2N3866
L—WT-{ PNP=2N5160 l
b (b) -5V
TRACE | VERTICAL | HORIZONTAL
A 0.5V/DIV 10 nSEC/DIV
B 0.5V/DIV 10 nSEC/DIV

Fig 3—A FET input stage ensures high input impedance for this not-quite-unity-gain buffer (a). The LTC1052 contributes stability. A
discrete-component output stage (b) increases the circuit’s already impressive speed. The response is clean and quick (c).
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INPUT

(a)

(c)

TRACE | VERTICAL | HORIZONTAL
A 0.2V/DIV | 10 nSEC/DIV
B 0.2V/DIV | 10 nSEC/DIV
c 0.2V/DIV | 10 nSEC/DIV
D 0.2V/DIV | 10 nSEC/DIV

Fig 4—This circuit (a) is somewhat similar to Fig 3’s, but it has the additional advantage of achieving a true unity-gain transfer function.
The optional discrete stage (b) extends the full-power bandwidth from 10 to 18 MHz. In the scope photos (c), traces A and B show the input and

output without the discrete stage; traces C and D show the input and output with the discrete stage.
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dB to 10 MHz; the —3-dB point occurs at 8 MHz. You
should optimize the peaking adjustment under loaded
output conditions.

Normally, the Q;-Q. pair would be quite drifty, but
the LT1008 provides the necessary correction. The
correction stage in Fig 5 is similar to the ones in the
circuits of Figs 3 and 4, except that Fig 5’s version
takes the feedback from a divided-down sample of the
fast amplifier. You should set the divider’s ratio to the
same value as the circuit’s open-loop gain. The frequen-
cy roll-off of this stage is set by the 1-MQ/0.22-pF
filters in the LT1008’s input lines. The 0.22-wF capaci-
tor at the amplifier eliminates oscillations. The de servo
loop controls drift by biasing the de operating point of
Q.’s collector to force zero error between the LT1008’s
inputs.

The Fig 5 circuit is a simple stage for fast applica-
tions requiring relatively low output swings. Its 1V p-p
output works nicely for video circuits. A possible prob-
lem is the relatively high bias current—typically 10 p.A.
You need more circuitry to provide additional output
swing.

Trade speed for output swing

The circuit shown in Fig 6 is an attempt to remedy
this situation. It trades speed for output swing and
reduced bias current. As in the circuit just discussed, a
separate loop maintains dc stability. Fig 6’s circuit is a
good example of an approach made practical by compos-
ite techniques; without the separate stabilizing loop,
the de imbalances in the signal path would preclude any
level of operation.

The Fig 6 circuit adds a pnp level-shifting stage (Q,)
to the Fig 5 circuit to increase available skewing at the
LT1010 output. This improvement comes at the expense
of available bandwidth and amplifier stability. The
33-pF capacitor from Qs collector to the circuit’s
summing node (Qy’s gate) affords stable loop compensa-
tion. Q;, a FET source-follower, eliminates the bias-
current errors present in Fig 5’s circuit by buffering
the summing point from the relatively high bias current
that Q. requires.

DC loop cuts offset

Normally, such a configuration would cause several
volts of offset because of Q;'s gate-source voltage, but
here IC, closes a dc restoration loop, forcing Q,’s base to
whatever point is required to compensate the offset.
Consequently, IC,’s operation not only provides dc
error but helps form a simple approach to minimizing
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One composite amplifier’s 1V p-p output
works nicely for video circuits; providing
additional output swing requires more
CLrcuItry.

0.22 pF

M

AAA.

- vy
-]I:-o,zz wuF
Sm —
325
3 8.2k >
>
Heo a ] Lt
Iﬁg r BIAS| =22 uF
OUTPUT
LT1010 O (750)
15V %00
- S >
<900
PEAKING"{ <
5 TO 25 pF
N\ SR—GAIN
<SDEPENDENT
) I/ (SEE TEXT)
1k
GAIN =
SET *

Fig 5—A discrete differential input stage that drives a single-ended
LT1010 combines with an LT1008-based dc stabilizing loop to yield a
fast amplifier that functions over a wide range of gains.

summing-point bias current. Fig 6b shows the operat-
ing waveforms for a 10V output (traces A and B are the
input and output, respectively). The slew rate is about
100V/psec, and the full-power bandwidth is 1 MHz. The
LT1010 can furnish 100-mA outputs, making high-
speed cable driving possible.

Circuit uses current-mode feedback

Fig 7 shows another fast stage with a wide output
swing. The circuit is a noninverting one and has a
higher input impedance than Fig 6’s circuit. In addi-
tion, its operation employs an arrangement commonly
called “current-mode feedback.” This technique, well
established in RF design and also employed in some
monolithic instrumentation amplifiers, allows the cir-
cuit to maintain a fixed bandwidth over a wide range of
closed-loop gain. The technique contrasts with normal
feedback schemes, in which the bandwidth degrades as
the closed-loop gain increases.

The overall amplifier comprises two LT1010 buffers
and a gain stage (Q, and Q). IC; acts as a de restoration
loop. The 33Q) resistors sense IC,’s operating current
and bias Q; and Q.. These transistors in turn furnish
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) 4 015V

100

2N3906
Qs

25 pF

"H ¥

1k
INPUT O—AAA

-O OUTPUT
15V 33 pF

2N3866 .
S 1k
>
& O-15v
0.001 pF
1L
1t
10k
o S S Y —
ICy
LT1012

(a) <
TRACE VERTICAL HORIZONTAL
A 5V/DIV 100 nSEC/DIV
B 5V/DIV 100 nSEC/DIV
®)

Fig 6—This circuit (a) offers wide output swing and low bias current, but it sacrifices speed. The photo (b) shows the response (trace B) to a
pulse input (trace A).
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complementary voltage gain to IC,, which provides the
circuit’s output. The feedback is from IC,’s output to
IC/’s output, which is a low-impedance point.

Skewing ensures adequate loop capture

ICy’s stabilizing loop compensates large offsets in the
signal path, which are dominated by a mismatch in Q
and Q.. Q; shunts Q.’s base bias resistor to correct for
these offsets. Deliberate skewing of Q,’s operating
point by the 330€) resistor ensures an adequate loop
capture range. The 9-kQ/1-kQ divider network that
provides feedback to IC; determines the gain ratio of
the circuit—in this case 10.

The feedback scheme makes IC,’s output look like the
negative input of the amplifier, with the closed-loop

A curvent-mode feedback arrangement al-
lows a circust to maintain a fixed band-
width over a wide range of closed-loop gain.

gain set by the ratio of the 470Q) and 51() resistors. The
outstanding feature of this connection is that band-
width becomes relatively independent of closed-loop
gain over a reasonable range. For this circuit, the
full-power bandwidth remains at 1 MHz for gains
ranging from 1 to about 20. The loop is quite stable, and
the 15-pF value at IC,’s input provides good damping
over a wide range of gains. The LT1010 buffers limit
bandwidth in this circuit.

Discrete stage eliminates IC buffers

In the Fig 8 circuit, discrete stages replace the
LT1010s to provide a dramatic speed improvement.
Although this arrangement is substantially more com-
plex, it realizes an amplifier of extraordinarily wide

<
>
::330

L 4 —O 15V

20

2N2907
Qq

470

AAA

INPUTO- LT1010

——AA———§
z

0.1 uF

A==

2N2222A
Qs

470

~VvVV

10k

< LT1010 p—————O OUTPUT
BIAS
( 25 uF
S
2N2222A $9k
Q2 r
20 15V |
< <
Sim S
>
0.002 pF
b4
== 0.1 uF
-15V ICs I

A A4

LT1001
+

Fig 7—This noninverting amplifier circuit employs current-mode feedback, which allows it to offer a 1-MHz full-power bandwidth for gains

ranging from 1 to about 20.
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14330 pF

Eos CONTROL 5.1k

OuUTPUT

9%
1k
la ADJUST
(SET AT 80 mA)
<
>
<
3
NOTES:
ALL PNP TRANSISTORS ARE TYPE 2N3906. XA Ok
ALL NPN TRANSISTORS ARE TYPE 2N3904. la CONTROL 138K
ALL DIODES ARE TYPE 1N4148. :
“SEE TEXT
(@ -
TRACE | VERTICAL | HORIZONTAL
A 4V/DIV 10 nSEC/DIV
B 4V/DIV 10 nSEC/DIV
(b)

Fig 8—Discrete transistors replace the LT1010 buffers in this variation (a) of the circuit shown in Fig 7. In response to a pulse input, a =12V
pulse output exhibits only about 6 nsec of delay (b).
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bandwidth. This composite design comprises three
amplifiers: the discrete wideband stage, a quiescent
current-control amplifier, and an offset servo. Q
through Q, replace Fig 7’s IC,, although a complemen-
tary voltage gain is taken at the collectors of Q; and Q.
Q; and Qs provide additional gain, as do Q; and Q. in Fig
T’s circuit. Q; through Q,, form the output-buffer stage.

The feedback scheme is identical to Fig 7’s, with
summing action occurring at the Q;-Q. emitter connec-
tion. To obtain the maximum bandwidth, the circuit
must maintain a high quiescent current. Without
closed-loop control, the circuit would quickly go into
thermal runaway and destroy itself. IC;5 provides the
required servo control of the quiescent current by
sampling a resistively divided version of the voltage
across Qs's emitter resistor and comparing it to a
reference derived from the power supply. IC;4’s output
biases Qi, completing a loop that forces fixed current

Improvement in speed and offset specs con-
stitutes the most common veason for em-
ploying composite technigues, but circuits
excelling in other aveas arve also possible.

through Qs. This action effectively controls overall qui-
escent current in the discrete stage.

Simultaneously, IC;z corrects for offset by forcing
Q:'s base to equalize the de input and output values at
the discrete stage. Because the closed-loop gain is set at
10 (by the 470Q2 and 51€ resistors), IC;z samples the
output via the 10:1 divider. Both IC;s and IC;z have
local roll-off, attenuating their response to high fre-
quencies. Casual consideration of IC;4’s and IC,s’s oper-
ation might raise concern about interaction, but de-
tailed analysis shows that the offset and
quiescent-current loops do not influence each other’s
operation.

—3-dB bandwidth extends beyond 110 MHz

When this circuit is constructed using high-frequency
layout techniques and a ground plane, the performance
is quite impressive. For gains ranging from 1 to 20, the

1N758 (10V)

(a)

INPUTOr
c, 2 SEC
LTC1052
d
0.1 uF 0.1 pF
LJ 20 nV —
0.01 pF
1
{9
A IN758 (10V) 15V ;SOK 7
4’ >
:: 100k
(o)
=15V (b) 0.1- TO 10-Hz VOLTAGE NOISE
130 68
#—V\M——-o 15V
7
i 8
1C2
{025 p——O OUTPUT
S
S0k
—15V 7
(A=1000)
<
:{ 10

Fig 9—Composite amplifiers aren’t limited to combinations of low-offset and high-speed stages. This circuit (a) offers low noise performance

(b) as well as low drift.
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You can build a circuit that uses a compos-
ite of pavalleled buffers to create a simple
high-current stage.

full-power bandwidth remains at 25 MHz, and the
—3-dB point extends beyond 110 MHz. The slew rate
exceeds 3000V/psec. The use of RF transistors can
improve these specs, although the transistors shown
are inexpensive. Fig 8b shows the circuit’s =12V output
(trace B) in response to a pulse input (trace A) for a
circuit gain of 10. The delay is about 6 nsec; the rise
time is limited by the input pulse generator. The 10-pF
trimmer at the Q;-Qs connection optimizes damping.
To use this circuit, adjust the Iy level to 80 mA
immediately after turn-on. Next, set IC;p’s input resis-
tor divider to a ratio appropriate to the closed-loop
circuit gain. Finally, adjust the 10-pF trimmer for the
best response. Note that, in the interest of achieving
high speeds, this circuit has no output protection.

Composites cut drift and noise

Although improvement in speed and offset specs
constitutes the most common reason for employing
composite techniques, you can also build composite

circuits that excel in other areas. For example, Fig 9
shows a combination of a low-drift chopper-stabilized
amplifier and an ultralow-noise bipolar amplifier. In the
circuit, the LTC1052 measures the dc error at the
LT1028’s input terminals and biases its offset pins to
force the offset to a few microvolts. The IN758 zener
diodes allow the LTC1052 to function from +15V rails.
The offset-pin biasing at the LT1028 is arranged so that
the LTC1052 will always be able to find a servo point.
The 0.01-pwF capacitor rolls off the LTC1052 at a low
frequency, and the LT1028 handles the high-frequency
signals. The combined characteristics of the amplifiers
yield the following performance:

o Offset voltage=5 wV max

e Offset drift=50 nV/°C max

® Noise=1.1 nV/VHz max.
Fig 9b plots the noise amplitude over time within a 0.1-
to 10-Hz bandwidth.

Fig 10 uses multiple LT1028 low-noise amplifiers to
implement a statistical noise-reduction technique. The

NOTES:
GAIN=Nx200
OUTPUT NOISE=VNx200x1.1 nV/VHz

OUTPUTNOISE _ 11
Nx200 .

INPUT NOISE= —
VN

ICq
1.5k
7.5 470
l AAA AAA——
IC2
1.5k
7.9 470
W VVWA—
|
| -
ICn
1.5k
LT1028
7.5 470
l AN — AN
INPUT

F/

-O OUTPUT

Fig 10—This multiple-amplifier design makes use of a statistical technique to reduce noise. The decrease in noise is proportional to the VN,

where N is the number of devices in parallel.
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NOW GET SCOPE, COUNTER
AND DMM INPUT ALL AT ONCE
THROUGH ONE PROBE!

Gated frequency measurement.
B sweep triggering during the
intensified portion of the A sweep.
Intensified portion frequency is

Delay time measurement. Delay
time from the start of A sweep to
the start of the B sweep is mea-
sured with crystal accuracy.

Channel 1 dc volts measure-
ment. The average dc compo-
nent of a waveform is measured
directly through channel 1 with

measured with the counter/timer/

DMM.

The Tek 2236 combines
100 MHz, dual timebase
scope capability with
counter/timer/DMM
functions integrated into
its vertical, horizontal
and trigger systems. For
the same effort it takes to
display a waveform you
can obtain digital readout
of frequency, period,
width, totalized events,
delay time and A-time to
accuracies of 0.001%.

The same probe is
used to provide input for the
CRT display and the digital
measurement system,
resulting in easy set-up,
greater measurement confi-
dence and reduced circuit
loading. Probe tip volts can
also be measured through
the Ch 1 input.

Precision measurements
at the touch of a button.
Auto-ranging frequency,
period, width and gated
measurements are push-
button-simple. And the 2236
offers an independent float-
ing 5000 count, auto-rang-
ing multimeter with side
inputs for DC voltage mea-

direct digital fluorescent readout.

Bandwidth 100 MHz {t
No of Channels 2+ Trig. View
Max. Sweep Speed 5 ns/div

Digital Direct Ch 1 Voltage Meas. 0.5% DC; 2.0%

Readout AC RMS

Features Resistance: .01€ to 200 Meg(}
Continuity/Temp: Audible/C® or F°
Totalizing Counter:—1 counts to 8,000,000
Direct Freg. Meas: 100 MHz to 0.001% acc.
Period, Width Meas: 10 ns with 10 ps max.

resolution
Timing Meas. .001% (delay and A-time with readout)
Accuracy

Trigger Modes

P-P Auto, Norm, TV Field, TV Line, Single
Sweep

Weight 7.3kg (16.2 Ib) -
Price $26508 Tt X
Warranty 3-year including CRT (plus optional service

__plans to 5 years)

surements to 0.1%.

A built-in, auto-ranging
ohmmeter provides
resistance measurements
from 0.01 Q to 2GQ—as
well as audible continuity.
Automatic diode/junction
detection and operator
prompts serve to simplify
set-up and enhance

confidence in your

measurements.
The 2236: scope

» counter, timer, DMM

plus a 3-year warranty

—all for just $2,650.
Contact your nearest dis-
tributor or call Tek toll-free.
Technical personnel on our
direct-line will answer your
questions and expedite
delivery. Orders include
probes, 30-day free trial and
service worldwide.

Call Tek direct:
1-800-433-2323 for

video tape or literature,

1-800-426-2200 for

application assistance or
ordering information.

In Oregon, call collect:

1-627-2200

Copyright © 1986, Tektronix, Inc. All rights reserved. TTA-797
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Fig 11—Paralleled LT1010 buffers create a simple high-current
stage. You can parallel any number of LT1010s as long as you take
into account the increased dissipation within individual units that
results from mismatches in output resistance and offset voltage.

circuit is based on the fact that noise changes in inverse
proportion to the VN, where N is the number of
devices in parallel. For example, for nine amplifiers in
parallel, the noise would decrease by a factor of three,
to about 0.33 nV/VHz at 1 kHz. A potential difficulty is
that, with such a configuration, the input-current noise
increases with VN.

Paralleled buffers increase drive

A final circuit, shown in Fig 11, uses a composite of
paralleled LT1010 buffers to create a simple, high-
current stage. Parallel operation provides reduced out-
put impedance, more drive capability, and improved
frequency response under load. You can directly paral-
lel any number of LT1010s as long as you take into
account the increased dissipation in individual units
caused by mismatches of output resistance and offset
voltage.

When the inputs and outputs of two buffers are
connected together, a current (Aloyr) flows between the
outputs:

VOS] ) VOSZ

e OE
T Roum + Roure’
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Parallel connection might requive some in-
creased attention to heat sinking.

where Vs and Royr are the offset voltages and output
resistances of the respective buffers.

Normally, the negative supply current of one unit
will increase and that of the other unit will decrease,
with the positive supply current staying the same. You
may assume that the worst-case increase in standby
dissipation (that is, when Vv approaches V%) is
AlourVr, where Vr is the total supply voltage.

The offset voltage for LT1010s is specified for the
worst case over a range of supply voltages, input
voltage, and temperature. It would be unrealistic to use
these worst-case numbers for the Fig 11 circuit, be-
cause the paralleled units are operating under identical
conditions. The offset voltage specified for Vs=+15V,
Vin=0V, and T,=25°C will suffice for a worst-case
condition.

Use 25°C for worst-case calculations

The circuit divides the output load current according
to the output resistance of the individual buffers.
Therefore, the available output current will not quite
be doubled unless the output resistances are matched.
As for the offset voltage above, you should use the 25°C
limits for worst-case calculations. Parallel operation is
not thermally unstable. Should one unit get hotter than
its mates, its share of the output and its standby
dissipation will decrease.

As a practical matter, parallel connection requires
only some increased attention to heat sinking. In some
applications, a few ohms of equalization resistance in
each output might be wise. Only the most demanding
applications require matching, and then just of output
resistance at 25°C. EDN
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Jim Williams, staff scientist at Linear Technology Corp
(Milpitas, CA), specializes in analog-circuit and -instru-
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National Semiconductor Corp, Arthur D Little Inc, and the
Instrumentation Development Lab at MIT. Jim is a former
student of psychology at Wayne State University, and he
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Matched parameters with

unmatchable performance.

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

PNP

high speed, F, of 350 MHz; high gain, H¢, > 150;
and tight parametric matching, AV, of ImV
max—all crucial to design predictability. And the
single chip configuration assures excellent ther-
mal tracking, high density and easy handling.
The EP2015 is the first monolithic quad array
with matched PNP transistors that are dielectri-
cally isolated (DI) from one another by a layer of
glass. This results in low collector-to-substrate
capacitance that allows high speed performance
and complete DC isolation. In addition, SCR
effects have been removed and crosstalk virtually
eliminated compared to junction isolated arrays.
And voltage breakdown (BV,¢,) is 40 V minimum.
The EP2015 is pin compatible with the
TPQ3906 and MPQ3906 and available in 14 pin
plastic and CERDIP, as well as in die form for

use in hybrid applications. With prices as low as
CIRCLE NO 82

wc's 350 MHz quad PNP transistor arrays.

It’s the only solution available that combines

$1.40 in quantities of 100. Military and commer-
cial versions are both available. And a comple-
mentary NPN array, the EN2016, is coming soon
and will be followed by other array products.

We aim to please. And to prove it we offer
the industry’s only two-for-one guarantee on all
our devices.

To find out more about our arrow-dynamic
EP2015 quad PNP transistor array— contact
Elantec. Where élan is more than just a name.
1996 Tarob Court, Milpitas, CA, (800) 821-7429.
In California, (408) 945-1323.

Distributed by Future Electronics - GBL Goold &’ t()"l\
/

Electronics - Gerber Electronics - Hammond
Electronics - Intercept Electronics - Nu Horizons
Electronics - Schuster Electronics - U.S. Hybrid
Supply - Wyle Laboratories - Zeus Components.
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Now theres a 96MB drive
with something extra:

If you’re putting together multiuser or other high-end
systems, Seagate has the manufacturing experience
to deliver dependable, high-capacity 54" drives—
whether you need 10 or 10,000.

Through precision production, our ST4096 hard disc
drive provides 80MB of formatted capacity and stands
up to rugged industrial environments as well as data-
intensive office use.

For frequent and rapid data retrieval, the ST4096 has
28 ms average access time and 78,336 bytes per cylinder.
Integration is handled through a standard ST412 inter-
face, and a linear voice coil actuator ensures precise
recording performance.

Each drive is built with the same skill and reliability
that have made Seagate the world’s leading supplier of
5%" hard disc drives. People who demand performance
have bought more than 4 million of our drives for small

computer applications.

If you want Seagate quality in a high-capacity drive,
call Hamilton/Avnet at 1-800-4-HAMILTON. Or call
Seagate at 800-468-DISC. In California, 800-468-DISK.

&P seagate
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Designer’s Guide
to EDIF—Part 1

EDIF format
brings uniformity
to CAE /CAD data

The existence of a standard data format would help
design engineers transfer data easily between CAE/
CAD systems, or to and from a device manufacturer.
The Electronic Design Interchange Format (EDIF)
proposes to be such a standard. This article, the first
of a series, presents the basic EDIF syntax and
structure. Subsequent articles will take you through
the creation of EDIF libraries, test patterns, and
nterfaces.

Esther Marx, Hart Switzer, and Mike Waters,
Motorola Inc

The Electronic Design Interchange Format (EDIF) is a
public-domain data format that presents and orders
schematics, symbolic and physical layouts, interconnec-
tions, and textual information pertaining to the design
of digital and analog circuits. By using a standard data
format like EDIF, you can transfer design data among
incompatible CAE/CAD systems. You can also receive
designs from and transfer data to ASIC foundries and
pc-board fabricators.

Assuming the popularity of EDIF gains momentum,
it can prevent a CAE vendor from locking you into its
system; using EDIF, you can transfer your database to
any CAE/CAD system that accepts this format. ASIC
manufacturers will be able to use EDIF to supply
libraries of their components to a variety of CAE
packages.

The format lets you transfer all levels of electronic-
design information. As Fig 1 shows, EDIF is the only
electronic-design format that can transfer information
about libraries, schematic capture, behavior, functional
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and logical structure, circuits, geometric layout, and
test definition, generation, and simulation.

EDIF allows you to describe library and cell organi-
zations, cell interfaces, cell details, and processing
technologies. The cell-interface description includes
logic symbols, ports, parameters, boundaries, port-to-
port timing, feedthroughs, and functional-test pat-
terns, and it tells you whether you can permute logical
ports. The cell-detail description includes net lists,
schematic diagrams, geometric layouts, gate arrays,
logic models, symbolic layouts, and simulation parame-
ters. The processing-technology description includes
layer definitions, device-size scaling information, and
simulation values.

To use EDIF, you must understand its structure and
syntax. You can’t execute EDIF as you would a pro-

LIBRARIES

SCHEMATIC

BEHAVIOR

DABL ;

STRUCTURE TEGAS]

GAIL

TEST

CIRCUIT

GEOMETRY TIDAL CIDF: GAIL |||§ STREAM CIF

Fig 1—Although CAE/CAD vendors have developed a number of
data formats, only EDIF lets you transfer every aspect of a design.
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EDIF provides a standard format that lets
you transfer all levels of electvonic-desygn
information.

EDIF

LIBRARY, STATUS, DESIGN, USERDATA

CELL

VIEW

INTERFACE

CONTENTS

Fig 2—The hierarchical structure of EDIF reflects the natural
structure of design data, from the cell library down to the devices and
interconnections within each cell.

gram. It is neither a programming language nor a
database system. An EDIF file is a character stream.

The hierarchy of EDIF files is based on the structure
of the Lisp programming language. To write EDIF
files, you don’t need to be a Lisp programmer, but you
do need to understand the structure of EDIF.

EDIF, like Lisp, has a tree-like structure. The funda-
mental objects in an EDIF file are called atoms. Groups
of zero or more atoms form lists, which are separated
by parentheses. Groups of lists form high-level lists,
which ultimately form a file. An EDIF file, then, is a list
that comprises several sublists. For example, the list
(A,(B,C,B),(),C) contains four elements (that is, atoms
and sublists): the atom A; the list (B,C,B); an empty
list; and the atom C.

To access and manipulate an EDIF file, you must
develop a list handler. Depending on your application,
you need a reader, a writer, or both. The reader must
be able to access and retrieve lists. The writer must
include such list-building features as creation, inser-
tion, and concatenation.

Any language can handle EDIF files

You can use the list-processing features of Lisp to
create and to gain access to data in an EDIF file.
Remember, however, that even though EDIF has a
Lisp-like structure, any programming language can
manipulate EDIF files. Even if you use Lisp, you need
only the data-manipulation functions; you don’t carry
out any computations.

The recursion features of computer languages like
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Lisp, C, and Pascal make these languages particularly
suitable for developing EDIF' software. However, you
can write list handlers in a language that lacks recur-
sive capabilities. A Fortran G program, for example,
can read and write EDIF files.

The first element of any EDIF list is a keyword,
which functions as an atom in an EDIF list, along with
other EDIF-specific words and your own data. Fig 2
shows how these keywords define the hierarchy of an
EDIF file.

The topmost level of an EDIF file (“EDIF” in the
figure) simply identifies the file. The next level consists
of four sections. The keywords that describe these
sections are “status,” “design,” “library,” and “user-
data.”

The status section controls your use of a file. This
section includes such information as the name of the
person who created the data, the name of the program
that translates the data, the site where the data was
created, the program version, and the version number
of the data. The status section is particularly important
when you are working with libraries that you didn’t
create, where you need to keep track of new revisions
as simply as possible.

The design section is the starting point of an EDIF
description. This section provides a pointer to the initial
cell or design within a particular library. The library
section consists of one technology section and one or
more cell sections. Because this section requires only
one entry for a characteristic that is common to all the
cells in a library, it uses less disk space than a flat
library, which repeats the common characteristic in
every cell description. The userdata section lets you add
extensions to the standard EDIF specification. You can
also use this section to experiment with forms that will
appear in later releases of EDIF.

The most important part of an EDIF file is the
library section, which contains cell descriptions. A cell
in a library can contain zero or more “views,” and each
view describes a different aspect of the cell. EDIF
currently offers seven types of view, called “masklay-
out,” “schematic,” “symbolic,” “netlist,” “behavior,”
“document,” and “stranger.”

The masklayout view describes such physical data as
mask layers and colors for plots. This view can, for
example, contain descriptions of geometric figures for
mask layouts. In addition to EDIF, the masklayout
view accepts the public-domain California Intermediate
Format (CIF).

The schematic view describes logic diagrams. This

EDN January 22, 1987



view defines interconnections and logical elements. The
symbolic view describes symbolic layouts for placing
and routing a design. You can specify such data as
protection frames and layout interconnections.

The netlist view lists interconnections among the
components of a design. In EDIF, net lists are net
oriented. In a net-oriented file, each net contains the
parts that are attached to that net. In contrast, a
part-oriented Spice file lists a part and then gives the
nets that are connected to that part. Fortunately, the
conversion between part-oriented and net-oriented files
is easy and fast.

The behavior view provides basic models of simulator
primitives. This view also describes cells in terms of
their logic values. The behavioral descriptions let you
define logical cells such as inverters and latches. The
behavior view also includes a list of the logic states that
you are using. For example, to use the behavior view,
you need to specify how your design arbitrates wired
functions and the value you wish to assign to any
unconnected ports.

The document view contains diagrams and text for
your design. EDIF lets you add headings, illustrations,
and other documents to your text. Finally, the stranger

PORTIMPLEMENTATION
UNUSED

BODY
ARRAYRELATEDINFO
JOINED

MUSTJOIN
WEAKJOINED
PERMUTABLE
DEFINE

TIMING

SIMULATE
COMMENT
USERDATA

DEFINE
UNUSED
GLOBAL
INSTANCE
FIGUREGROUP
JOINED
MUSTJOIN
ANNOTATE
WIRE

SECTION
CRITICALSIGNAL
REQUIRED
MEASURED
LOGICMODEL
COMMENT
USERDATA

TABLE 1—LEGAL CONSTRUCTS FOR EDIF VIEWS

INTERFACE SECTION

CONTENTS SECTION

MASKLAYOUT
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EDIF 1s neither a programming language
nor a database system. An EDIF file is a
character stveam.

MOUT 1
OuT IECL

-k

MOUT 1
OouT IECL

o

MOUT 1
OUT IECL

MOUT 1
OuT IECL

Fig 3—Even describing a component as simple as this j-input
OR/NOR macrocell isn’t easy. Listing 3 is only part of the EDIF
listing that describes this cell.

view handles cells that don’t fit into the current EDIF
specification. You can transfer a stranger view file to
another EDIF user only if you make prior arrange-
ments with that user.

At the cell level, cell views relate to one another by
means of “instances” or “viewmaps.” Instances associ-
ate several cells or cell views that have something in
common. Listing 1 shows how to use an instance to
express the relationship between a symbolic view and a
masklayout view (the listings begin on page 157). A
viewmap expresses the relationships among objects of
the same type in different views of a cell.

In a viewmap, you can use “portmaps” and “instance-
maps.” A portmap lets you associate ports in different
cell views. The association can be a one-to-one or a
one-to-many relationship. An instancemap identifies
instances in different views that describe the same
object. Listing 2 shows the use of a viewmap to
describe the relationship between port A in a schematic
view and ports A_top_of_cell and A_bottom_of_cell in
a symbolic view.

Maintain several versions of a cell

Each view has its own name, and you can create
several versions of a view. For example, you can create
separate military and industrial specification versions
of a cell. Each view also contains “interface” and
“contents” sections. The interface describes the exter-
nal characteristics of a cell. It details, for example,
which ports of a cell are connected within the cell and
which ports are designated as interchangeable. The
contents section of each cell view simply tells what
devices and connections are in the cell.

You must use several keywords to define the interface
and the contents of each cell. However, not all of these
keywords are legal for every view type. Table 1 lists the
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keywords that are legal in the interface and contents
sections of each EDIF view type.

Using these EDIF keywords, you can describe dis-
crete devices or components in ASIC libraries. For
example, you can use EDIF to create a model of the
M201 bipolar 4-input OR/NOR macrocell in Fig 3.

Listing 3 lists a part of the macrocell’s EDIF file.
(Ellipses mark missing portions of the file.) This file
describes the schematic view for the cell. An interface
section defines the external symbol, and a contents
section describes the internal behavior of the macrocell.
The file also includes a status section, which gives the
originator and the time of origination of the cell.

The remaining articles in this series will show you
how to create component libraries, how to create and
transfer test patterns, and how to develop EDIF inter-
faces for your own CAD operation. In the meantime, if
you want more information about EDIF or copies of the
specification, contact the EDIF User Group, 2222 S
Dobson Rd, Bldg 5, Mesa, AZ 85202. EDN
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LISTING 1—EDIF INSTANCE
(CELL EXAMPLE__CELL__1
(VIEW MASKLAYOUT EXAMPLE1
(COMMENT *“RELATING TWO VIEWS TOGETHER")))
(CELL EXAMPLE_ CELL_ 2
(VIEW SYMBOLIC EXAMPLE?2
(COMMENT “INSTANTIATING MASKLAYOUT VIEW IN CELL EXAMPLE__CELL_1")
(CONTENTS
(INSTANCE EXAMPLE__CELL 1 EXAMPLET ID1))))

LISTING 2—EDIF VIEW MAP

(CELL EXAMPLE__CELL
(VIEWMAP
(PORTMAP
(QUALIFY SYMBOLICLAYOUT A_TOP_ OF__ CELL)
(QUALIFY SYMBOLICLAYOUT A_ BOTTOM__OF__CELL)
(QUALIFY SCHEMATIC__REP A)))
(VIEW SCHEMATIC SCHEMATIC__REP
(INTERFACE
(DEFINE INPUT PORT A)))
(VIEW SYMBOLIC SYMBOLICLAYOUT
(INTERFACE
(DEFINE INPUT PORT
(MULTIPLE A__TOP__OF__CELL A_BOTTOM__OF___CELL))
(PORTIMPLEMENTATION A__TOP__ OF__CELL
(FIGUREGROUP METAL
(RECTANGLE
(POINT 10 11)
(POINT 11 12))))
(PORTIMPLEMENTATION A_ BOTTOM__OF__CELL
(FIGUREGROUP METAL
(RECTANGLE
(POINT 10 0)
(POINT 11 1))
(JOINED A__TOP__OF__CELL A__BOTTOM__ OF_ CELL)))

LISTING 3—EDIF FILE FOR M201 MACROCELL

(EDIF M2500__SYMBOL__LIBRARY
(STATUS (EDIFVERSION 1 0 0)(EDIFLEVEL 0)
(WRITTEN (TIMESTAMP 1986 4 14 23 15 32)))
(LIBRARY M2500__ECL
(TECHNOLOGY M2500_ ECL
(NUMBERDEFINITION ENGLISH (SCALE DISTANCE 1 (E 1 - 4)))
(COMMENT “EDIF UNIT IS ONE TENTH OF A MIL")
(NUMBERDEFINITION SI
(USERDATA POWERDEFINITION (SCALE POWER 1 (E 1 —3))))
(COMMENT “EDIF UNIT IS ONE MILLIWATT”))
(CELL M201
(STATUS (EDIFVERSION 1 0 0)(EDIFLEVEL 0)
(WRITTEN (TIMESTAMP 1986 4 11 15 49 54 46)
(ACCOUNTING PROGRAM ‘‘SYMZ2EDIF V2.00")
(ACCOUNTING AUTHOR ““MOTOROLA SEMI-CUSTOM""))
(VIEW SCHEMATIC MACRO__SCHEMATIC
(INTERFACE
(USERDATA PAGESIZE (POINT - 125000 — 125000)(POINT 125000 125000))
(USERDATA PINSPACING 2500)(DEFINE UNSPECIFIED PORT YD)
(PORTIMPLEMENTATION YD
(FIGUREGROUP SYMBOL__PIN (DOT (POINT 20000 0)))
(USERDATA ATTRIBUTE
(PROPERTY MAMP 1
(PROPERTY DISPLAYAT (POINT 18250 500)(POINT 19500 1750))

(PROPERTY JUSTIFY LOWERLEFT))) Listing continusd on pg 166
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LISTING 3—EDIF FILE FOR M201 MACROCELL (continued)

(USERDATA ATTRIBUTE

(PROPERTY OUTPUTTYPE ““MOUT” (PROPERTY VISIBLE FALSE)
(PROPERTY DISPLAY AT (POINT 21250 750)(POINT 23250 1250))
(PROPERTY JUSTIFY LOWERLEFT)))

(USERDATA ATTRIBUTE
(PROPERTY PINNAME “YD”

(PROPERTY DISPLAYAT (POINT 15750 500)(POINT 18750 2000))
(PROPERTY JUSTIFY LOWERRIGHT))))(DEFINE OUTPUT PORT YC)
. )(DEFINE OUTPUT PORT YB)
. (DEFINE OUTPUT PORT YA)
. J(DEFINE INPUT PORT D)
. )(DEFINE INPUT PORT C)
. )(DEFINE INPUT PORT B)
)(DEFINE INPUT PORT A)

(PORTIMPLEMENTATION YC . .
(PORTIMPLEMENTATION YB . .
(PORTIMPLEMENTATION YA . .
(PORTIMPLEMENTATION D . .
(PORTIMPLEMENTATION C . .
(PORTIMPLEMENTATION B . . .
(PORTIMPLEMENTATION A . . .)
(BODY

(FIGUREGROUP SCHEMATIC__SYMBOL (FILLPATTERN 1 1

(SHAPE

(ARC (POINT 6750 2000)(POINT 7500 3750)(POINT 6750 5500)))
(PATH (POINT 6750 2000)(POINT 9000 2000))
(PATH (POINT 9000 5500)(POINT 6750 5500)) . . . )
(USERDATA BORDER MACRO__BORDER
(FIGUREGROUP BORDER (BORDERPATTERN 6 ““001111"")
(RECTANGLE (POINT 2500 —2500)(POINT 17500 10000))))

(USERDATA ATTRIBUTE
(PROPERTY COMPSIZE 1

(PROPERTY DISPLAYAT (POINT 7500 —2000)(POINT 9000 - 500))
(PROPERTY JUSTIFY LOWERLEFT)))

(USERDATA ATTRIBUTE

(PROPERTY MACRONAME ““M201"
(PROPERTY DISPLAYAT (POINT 16750 —2000)(POINT 22750 —500))
(PROPERTY JUSTIFY LOWERRIGHT)))
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Teledyne Crystalonics offers a line of high reliability
power transistors and darlingtons designed to meet
aerospace screening and burn-in requirements
assuring performance and delivery.

The transistors are processed in our new wafer fab
clean rooms using the latest processing techniques
and equipment with state-of-the-art process controls
and monitoring.

Geometriescurrentlyin production cover NPN/PNP
complementary transistorsand darlingtonswith
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