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... or a fresh look at 

Lots of people can sell you resistors. We'd rather sell you cost­
effective resistance. For starters, we'd like to help you be more selective. 
Our Resistor Selection Guide puts a choice of nearly 200 standard resis­
tors at your fingertips. Wirewound, metal film, carbon film ... commercial, 
industrial, precision, E-Rel. 

But that's only the beginning. Our Resistor Network brochure gives 
you broad capability in DIPs, SIPs and flat-packs, including MIL-R-83401. 
And when standard won't do, we're ready with the industry's largest 
selection of pre-tested special discrete resistor designs. 
Write or call today. We can help you take a fresh look at saving time, 
space and money. 

GET THESE 
TOOLS FOR 
RESISTOR 
SELECTION 
For Resistor 
Network Brochure 
circle 1 

For Resistor 
Selection Guide 
circle 98 

DALE ELECTRONICS, INC. 
2064 12th Ave., Columbus, NE 68601 
Tel. 402-563-6364 
In Europe: Diie Eleclranicl GmbH. 8039 Puc:llhelm. W. Ger. 
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the world's lowest-priced coax attenuators 
3, 6, 10 or 20 dB ... from DC to 1500 MHz 
one-piece design defies rough handling 

Check these features: 
-V Solid one-piece 

tubular construction 
..J Available with BNC, N, SMA, TNC 

connectors 
..J Male/female connectors standard 
..J Connector series intermixing available 
..J 2wattsmax. power(except0.5WforSMA) 
..J Excellent temperature stability, . 002 dB/°C 
-V Low-cost, only $11 . 95 BNC ( 1-49 qty.) 

attenuation values may be combined 

..J Delivery, from stock 

..J Exclusive one-year guarantee 

Attenuation Change VSWR 

Model 
Attenuation , Attenuation Frequency over Frequency Range, Max. 

dB Tolerance MHz MHz (50ohms) 
DC- 1000-

DC-1000 1000-1500 1000 1500 

-AT-3 3 :t0.2dB DC-1500 0.6dB l.OdB 
0.8dB 
0.8dB 
0.8dB 

1.3: 1 1.5: 1 
-AT--0 6 :t0.3dB DC-1500 0.6dB 
-AT-10 10 :t0.3dB DC-1500 0.6dB 
-AT-20 20 :t0.3dB DC-1500 0.6dB 

L Addprefix C for BNC($1l.95), T !orTNC($12.95), 
N for Type N ($15.95), S !orSMA($14 95) 

finding new ways 
setting higher standards 

1.3: 1 1.5: 1 
1.3: 1 1.5: 1 
1.3: 1 1.5: 1 

r::;JMini-Circuits 
A 01v1s1on of Sc1ent1l1c Components Corporation 

World 's larg est manufacturer of Double Balanced Mixers 
2625 East 14.th Street, Brooklyn, New York 11235 (212)769-0200 

Domestic and ln.ternational Telex 125460 International Telex 620156 
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SRA-1 

standard level (+7dBm LO) 
from 500 KHz to lGHz ... hi-rel and industrial 
miniature, flatpack, and low profile from $395 

Choose from the most popular mixers 
in the world. Rugged construction and 
tough inspection standards insure 
MIL-M-28837/lA performance. * 

Check these features ... 
SRA-1 the world standard, covers 500 KHz to 500 MHz, 

Hi-REL, 3 year guarantee, HTRB tested, 
MIL-M-28837/ lA-03 S performance:" $11 .95 (1-49). 

TFM-2 world's tiniest Hi-REL units, 1to1000 MHz, 
only 4 pins for plug- in or flatpack mounting, 
MIL-M-28837/ lA performance:" $11.95 (6-49). 

SBL-1 world's lowest cost industrial mixers,only $3.95 (100). 
1 to 500 MHz, all metal enclosure. 

SBL-lX industrial grade, low cost, $4.95 (10-49) 
10 to 1000 MHz, rugged all metal enclosure. 

ASK-1 world's smallest double-balanced mixers, 1-600 MHz, 
flat-pack mounting, plastic case, $5. 95 (10-49) . 
*Units are not QPL listed 

MODEL SRA-1 TFM-2 SBL-1 SBL-lX 

FREQUENCY, MHz 
LO, RF .5-500 1-1000 1-500 10-1000 
IF DC-500 DC-1000 DC-500 .5-500 

CONVERSION LOSS, dB 
one octave bandedge 6.5 6.0 7.5 7.5 
total range 8.5 7.0 8.5 9.0 

ISOLATION, dB, L TOR 
lower bandedge 50 50 45 45 
mid range 40 40 35 30 
upper bandedge 30 30 25 20 

For complete specifications and performance curves refer to the 1980· 1981 
Microwaves Product Data Directory, the Goldbook or EEM. 

finding new ways . 
setting higher standards 

ASK-1 

1-600 
DC-600 

7.0 
8.5 

50 
35 
20 

t::I Mini-Circuits 
A 0 1v1s1on of Sc1ent1f1c Components Corporation 

World's largest manufacturer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn , New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 
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DESIGN FEATURES 
SPECIAL REPORT: TTL enhancements and extensions ........................ 94 

Classical TTL is far from moribund; it's being extended in a variety of ways. Still, some replacement 
technologies promise to reduce its appeal in several areas. 

Logic-compatible MOSFETs simplify high-power interfacing . ................... 105 
Combining power MOSFETs with logic=level devices allows you to meet requirements for high­
power, high-speed switching while minimizing cost and circuit complexity. 

Select precision IC op amps for optimum design performance ............ .. . . . . 113 
Confronted with an overwhelming array of precision IC op amps, you must understand the 
intricacies of bipolar, chopper-stabilized and FET-input types to best select the optimum device. 

Increase 1/0-handlinQ options with a software serial 1/0 port . ............... . . . . 117 
A single-chip µC 's built-in serial port can limit your 1/0 options. You can implement a more versatile 
port in software and get needed capabilities from a simpler chip. 

Use a programmable calculator to ease transformer design ............. ... ... . 125 
'IWo TI-59 programs reduce the time required to design efficient transformers. One determines 
turns ratio and copper loss; the other provides a preliminary design evaluation. 

Simplify hard-disk interfaces with a VLSI controller . . ..... . ....... .. .... . ..... 133 
A hard-disk controller IC eliminates MSI and SSI devices from µP/disk interface circuits. With a 
high-level command set, it also eases data-transfer-software development. 

TECHNOLOGY UPDATE 
Multibus-compatible analog 1/0 cards serve diverse system needs ... . .. ......... . 45 
Hard-disk controller chips simplify custom interface designs ......... . ......... . 57 
Semicustom-logic suppliers differ on how to deal with testability . ....... . ....... . 69 
1982 IEDM to continue transition toward practical coverage .............. . ..... . 74 

Multibus-compatible analog 1/0 cards 
simplify a variety of analog-system design 
tasks and span a wide range of perform­
ance capabilities (pg 45). 

Contents continued on pg 7 

Double-Eurocard 16/32-bit µC modules 
accommodate high-performance industrial 
applications, providing multimaster compat­
ibility with 8116-bit boards (pg 264). 

On the cover: Advances in rock-solid TTL 
promise to keep this familiar design aid 
viable in many applications (pg 94). (Photo 
courtesy Texas Instruments Inc) 
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PCB's and photos of PBX and transaction terminal courtesy of American Telecom, Inc. and DMC Systems, Inc. 

One chip does it! 
In Touch-Tone applications. 

The SSI 201 is the industry's 
choice. 
The SSI 201 DTMF Receiver has 
become the industry standard one­
chip solution for Touch-Tone 
detection - used in everything from 
simple key systems to complex 
PBX's. It is especially usefu l in 
transaction terminal applications, 
like phone banking, or w herever 
phones or Touch-Tone pads are 
used as computer peripherals. 

SSi puts it all on one chip 
in a new low-priced package. 
The efficient design of the SS! 201 -
with its completely integrated 
switched capacitor fi lters and com­
bined analog and digital functions­
eliminates the need for bandsplit 
filtering . You just hook it up to a 

crystal and two bypass capacitors, 
and you're operational. It comes 
to you fie ld-proven with a three­
year production history behind it. 
And for the same performance 
at a lower price, ask about our 
new SSI 201D which comes in 
an inexpensive 22 -pin CERDIP 
package. 

Find out more. Let us quote 
price and delivery. 
For SSI 201 product or application 
information, use the reader service 
number, the adjacent coupon, or 
your phone. If this is the chip 
you've been looking for, let us 
quote price and delivery. If it isn 't, 
let us build the custom chip that 
you need . 
®Touch-Tone is a registered trademark of AT&T. 

D Please call me. • ...::::;;: 1 .,_ .. 

D Please send me the latest product 
and applicatio n informatio n o n 
your SS! 201. 

D Please send me a copy o f your 
"Custo m Integrated Circuits" 
brochure. 
If you 're in a hurry, call Marketing : 
(714) 73 1-7110, Ext. 130 . 

Name 

Company 

Address 

City State Zip 

P o ne 
Silicon Systems incorporated 

L 143 5..!_ Myford Road, Tustin, CA 92680 _J 

• 
I Silicon Systems 

incorporated 
CIRCLE NO 4 
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Most second-source develop, e_x_pand and sup-
nts go something port the iAPX86 family 

this: "Here's the mask, to~ther. 
it out~' The ker word there, is 

there's the ''111- ''tq_g~ther.' 
-mine-if-you-show- We11 exchange masks, 
kind. 

erchip is some-

technology, R&D, ideas, 
test tapes. Everything we 
need to make sure our 
parts are identical. 

Only the Partnerchip 
guarantees 



you two responsible do­
mestic sources for an entire 
16-bit CPU family. 

ONE HUGE, 
HAPPY FAMILY 

Together, Intel and 
Advanced Micro Devices 
have more ways to enhance 
system performance than 
anybody. There's the 8086, 
the highly integrated 186, 

the ultrahigh perfor-
mance 286 CPU's. 
We've got DMAs, 
Counter Timers, 
Interrufil Controllers, 
Qocks. The works. 

' 

And when you order 
our parts they're available 
today. Now. Not next year. 

But that's only the 
beginning. 

Because we're working 
together, we'll be able to 
work faster. You'll see a 
steady stream of CPU up­
grades, peripherals and 
supeort for the iAPX86 
farruly over the next 
te:Q years. 

You'll see new products 

The~·"~ 

for high-speed 
encryption. Products for 
high-s:geed communica­
tions.State-of-the-art 
hard disk controllers and 
graphic controllers. 
Everything you need to 
keep you at the leading 
edg_e. 

H _you thought the 
iAPX86 family was 
before, take a look at 
Partnerchip. 

It's twice as. 





HARRIS PRECISION 
OP AMPS: 
ON-TARGET PERFORMANCE. 
Now, a new family of precision operational amplifiers 
zero in on your most critical circuit designs. 

Bull's-eye performance. 

Harris continues to hit the mark with a new 
series of JFET input precision op amps, de­
signed for the next generation of high-precision 
applications - accompanying the industry­
leading bipolar input device: the Harris 
HA-5130. 

Combining dielectric isolation with FET/ 
bipolar construction, all offer superior AC 
performance with lower power operation and 
lower offset drift than competing hybrids - at 
significantly lower prices. Check the chart 
below for basic operating parameters. 

HARRIS HIGH-PRECISION OP AMPS 
PRODUCT SUMMARY 

Harris Offset Bias Supply 

Harris also takes dead aim at your dual and 
quad op amp re<J.uirements with right-on "B" 
suffix JFET devices, incorporating low offset 
voltage maximums of 2 mV. 

For applications requiring very low power 
amplifiers, Harris offers the HA-5141A, 42A 
and 44A micro-power op amp family. Drawing 
only 65 µA per amplifier, these op amps feature 
2 m V maximum offset voltage (3 m V for 5144A), 
low noise of only 20 n V /Hz, and high-speed 
operation from single or dual supplies. 

Commercial, industrial and military production 
quantities are available now. 

For full details, write: Harris Semiconductor 
Analog Products Division, P.O. Box 883, 
Melbourne, Florida 32901. 

Single, Dual Product 
Part Number Voltage Current Current Quad Highlights 

HA-50628 3 mV 200 pA 0.4 mA Dual Low Power JFET 

HA-50648 3 mV 200 pA 0.8 mA Quad Inpu t Op Amps 

HA-50828 2 mV 200 pA 5.6 mA Dual Industry Standard 
JFET Input 

HA-50848 2 mV 200 pA 11 mA Quad Op Amps 

HA-5130 25 µV 2 nA 1.3 mA Single Higher Prec ision 
Higher Speed 

1.7 mA Single 
Op-07 Di rect 

HA-5135 75 µV 4 nA Replacement 

HA-5141A 2 mV 75 nA 65 µA Single 
Highest Speed 

HA-5142A 2 mV 75 nA 130 µA Dual Micropower 
Op Amps Ava ilable 

HA-5144A 3 mV 75 nA 260 µA Quad 

2.1 mA Single 
Low Drift Low 

HA-5170 0.5 mV 60 pA Noise JFET Op Amp 

HA-5180 3 mV 1 pA 1 mA Single Ultra Low Bias 
Current JFET 

HA-5180A 0.5 mV 1 pA 1 mA Single Input Op Amps 

50 pA 4 mA Single 
Cost Effect ive 

LF342 20 mV HA-5180, LH0042 

All specif ications are max imum @ 25•c . 

Harris Technology 
... Your Competitive Edge mJ HARRIS 

CIRCLE NO 6 
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Holmes walked into the news­
paper office and lectured the 
startled young reporter for his 
misinterpretation of the facts on 
PMI's OP-22 programmable 
micropower op amp. 

It was at an SIA dinner meeting that 
Sherlock Holmes encountered Billy 
Durham, local reporter for Electronics 
Gazette. Holmes sat in quiet bemuse­
ment as the brash young man held 
court over a Marriott table of eight, 
not realizing that the attention being 
paid to him reflected less on his charm 
than on the power of his publication. 

"I'm into an investigative piece on 
micropower op amps," Durham was 
saying. "One of my sources who de­
signs portable instrumentation says the 
linear circuit houses have really over­
looked it. Nothing out there works 
well at low power with the kind of gain 
you need for battery-powered instru­
ments like handheld voltmeters and 
portable data acquisition systems." 

Billy's audience for the most part 
only feigned interest, having just sat 
down from a rigorous cocktail hour, 
but a few felt compelled to respond. 

"I guess the only answer is the 
LM4250C," one said. "That's cur­
rently the industry standard. At least 
it's cheap, fast, and has a program­
mable supply current." 

Suddenly Holmes could hold his 
silence no longer. "Ah, my friends, 
but what tradeoffs Billy's source would 
have to make in performance, whether 
he uses the LM4250, MCI 776, or any 
of the others of that genre. They are all 
low in price, but they are also low in 
performance, particularly when it 
comes to gain, input offset voltage, 
CMRR and PSRR." 

"Then what's the answer, Mr. 
Holmes?", the intrepid reporter 
queried. 

"I'm no expert, of course," Holmes 
said, "but I've heard that PMI's new 
OP-22 programmable micropowerop 
amp is the first to offer the perfor­
mance specifications of precision op 
amps like the OP-07 or OP-12 for low­
frequency, high-gain applications. As 
an objective reporter, you should cer­
tainly look at this PM! OP-22 data 
sheet." 

As the detective handed it across 
the table, the house lights dimmed 

EDN NOVEMBER 24, 1982 



A contrire Billy Durham showed Holmes his 
follow-up story on industry acceptance of the 
OP-22, highlighred by a Page 1 graph tracking 
de error (IS. source resistance. 

• 
and the SIA forecasters began. When 
Holmes looked again, the young 
reporter had vanished. 

A week later, Holmes sat reading 
Billy Durham's by-lined report in Elec­
tronics Gazette. 

"I don't believe it, Watson," he 
cried out. 

"How's that, Holmes?" Watson said, 
looking up from the Rubik's Cube™ 
that had absorbed him for weeks. 

"That reporter we met at the SIA 
dinner. He garbled the facts by suggest­
ing that 'a usually reliable industry 
source,' meaning me, I assume, 'said 
that to achieve precision performance 
in high-gain instrumentation operat­
ing from battery or solar-cell power 
sources, designers will have to scrap 
existing designs built around the stan­
dard LM4250 or comparable circuits in 
order to get the precision performance 
of PMl'snewOP-22.' " 

"Hmmm," Watson muttered. "Isn't 
that what you said?" 

"Absolutely not," Holmes insisted. 
"The OP-22 is fully pin-compatible 
with the 4250, even though it offers an 
order of magnitude improvement in 
performance. At least he appears to 
have the specs right: Programmable 
supply current, 1 µA to 400µA; single 
or dual supply operation; input offset 
voltage, 100 µ V, with drift specified at 
0. 75µ V/°C; high CMRR and PSRR of 
115dB. And, of great significance­
high open-loop gain of 1.8 million." 

"Smashing," said Watson. 
"Smashing indeed," Holmes re­

plied. "In fact, those are the specs of 
which legends are made. But young 
Billy has misled the industry, I'm 
afraid." 

An hour later, Holmes walked into 
the editorial offices of the Gazette and 
threw the paper on the desk of a very 
startled Billy Durham, who asked, 
EDN NOVEMBER 24, 1982 

"Like my report, Mr. Holmes?" Holmes' office at 221B Bayshore. "I 
"Your facts are straight, Billy, but wanted you to be the first to see my fol-

your interpretation is wrong. Of low-up report on the OP-22," he said, 
course, the OP-22 is ideal for new de- proudly displaying the Gazette's story 
signs. But its value is enhanced by the on the rapid industry acceptance of the 
fact that it is pin-compatible with the OP-22's versatility and precision per-
4250. In fact , I would hazard a guess formance, highlighted by a graph 
that in any application where perfor- tracking total de error vs. source 
mance is more important than price, resistance. 
there isn't a 4250 socket around that "Well done," Holmes said. "You're 
couldn't be upgraded and made more an honor to your 'profession, Billy." 
robust with the OP-22. You owe it to "Thanks, Mr. Holmes. And I appre-
your readers to tell them all the news ciate your help so much that you'll no-
that's fit to print, Billy." tice this week I promoted you from 

It was a full two weeks lat~ a usually reliable source to highly reliable 
contrite Billy Durh~ped by --.._'S'o rce." 

PMI Scores Big with OP-22 MicrQpower Op Amp 
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(TO SEE ALL THE EVIDENCE SHERLOCK HOLMES HAS GATHERED ON 
PMI'S NEW OP-22 PROGRAMMABLE MICROPOWER OP AMP, JUST 
CIRCLE THE READER SERVICE NUMBER OR CALL 
YOUR PMI REPRESENTATIVE.) 

Precision Monolithics, 
Incorporated 
1500 Space Park Drive 
Santa C lara , CA 95050 
(408) 727-9222 
TWX: 910-338-0528 
Telex: 172-070 

CIRCLE NO 200 

In Europe contact: 
Precision Monoiithics, 
Incorporated 
% BOURNSAG 
ZUGERSTRASSE 74 
6340 Baar, Switzerland 
Phone: 042/33 33 33 
Telex: 868 722 

In Japan contact: 
NipponPMI 
Haratetsu Building 
4- 1-11 , Kudan Kita 
Chiyoda-ku , Tokyo 
Japan 
Phone: 03/234/ 1411 
Telex: 781 J2763 2 
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NEW Subminiature 
1 mA to 1 amp Relay 
All the features of bigger relays in a compact 
DIP pack. Socket mount or wave solder 
directly to PC board. Silver palladium cross­
bar contacts rated 1 amp at 30 VDC/ AC and 
0.5 amp at 120 VAC. Voltages: 3 to 48 VDC. 
Guardian Designation: Series 1495. 

Circle No. 211 fOI' Llteniture 

NEW Miniature 
Solid State Relay 
2.5 to 30 amp solid state relay 
with the high power handling 
capabi lity of industry standard 
types in half the soace and 
weig h t. Synchronous zero­
voltage switching minimizes 
RFl/ EMI. Optically coupled and 
snubbered Triac outpu t . QC 
termination . Guardian designa­
tion: Series TSSR. 

Clrcle No. 213 for Llter•ture 

( 

Most of these products are available NOW from your Guardian Distributor. 

NEW Subminiature 
3 amp SPOT Relay 
Designed especially for PC board applications. 
Sturdy construction inside. Polycarbonate case 
outside. The result? An expected mechanical life 
of 20 million operations. Voltages: 3 to 48 VDC. 
Resistances: 20 to 3800 ohms. Silver cadmium 
oxide contacts. Guardian designation: Series 1675. 

Clrde No. 210 fOI' utenture 

NEW Tubular Solenoid 
With QC Termination 
The money-saving convenience of 3/ , 6 " 

QC termination in the space-saving size 
of our T-8, DC Tubular solenoid. Diam­
eter of just 1 ". Pulls from less than 10 
to nearly 50 ounces depending on stroke 
and duty. Also available: 6Jt,'' leads and 
solder lug termination. Unique long-life 
versions, too. 

Circle No. 212 fOI' Llteniture 

NEW6amp 
Miniature PC 
Mount Relay 
SPOT switch ing with husky 6 amp 
rating in sturdy, compact design. 
Polypropylene enclosure. Ex­
pected mechanical life of 100 
million operations. Voltages from 
3 to 48 VDC with resistances of 
16 to 3500 ohms. Guardian des­
ignation: Series 1625. 

Circle No. 214 fOI' Lltenture I 
-~ 

GUARDIAN® 
® GUARDIAN ELECTRIC MANUFACTURING CO.• 1550 W. Carroll Ave ., Chicago, IL 60607 • 312/ 243-1100 



Ed ited by Joan Morrow 

News Breaks 
DISX-CO:NTROLLER CARDS USE CUSTOM LSI TO IMPROVE PERFORMA:NCE 

Introduced last week, SA1600 Series disk controllers from Shugart Associates (Sunnyvale, 
CA) provide complete device independence (you can use them with a variety of drives) , while 
providing greater reliability and a lower cost than SA1400 Series controllers. On-board custom 
LSI circuitry accepts six generic commands from the host CPU-the controller takes care of all 
disk-specific control functions .- Ed Teja 

COMPUTER CE:NTER SERVES AS TECH:NOLOGY SHOWCASE 

In addition to providing entertainment and information to Walt Disney's $1B Epcot Center 
in Lake Buena Vista, FL, the newly dedicated Sperry Univac computer central-a 40,000-ft2

, 

2-level building-houses a real-time data-processing operation. As an equipment showcase, its 
computer systems educate, entertain and dramatize the fact that computers perf arm as 
helpful and essential tools for managing the world's workloads. 

On site, four V77 minicomputers and related peripherals monitor the environment and 
control of special-effects events-such as those involving Disney's lifelike audio-animatronic 
robots-live shows and multiaudio-visual theater presentations at the center's Future World 
and World Showcase pavilions. Other computer-controlled facilities include a V77-800 
minicomputer that directs the show monitor and control system; a V77-500 minicomputer 
that assists in tracking 4000 power, environment and security sensors; and two V77-800 
systems that support the special-events control system.-George Kotelly 

A PREVIEW OF COMDEX DEBUTS 
You'll see some exciting new-product introductions if you go to Comdex in Las Vegas, NV 

next week (November 29 to December 2). For example, Micro Five (Irvine, CA) will show its 
16-bit Series 1000 professional personal computer; Compupro (Oakland, CA) will unveil a 
family of small business systems based on its 8085/ 8088 CPU card; Media Systems 
Technology Inc (Irvine, CA) will demonstrate an automatic desktop copier for 96-tpi, 51.4-in . 
floppy disks; and International Anasazi Inc (Phoenix, AZ) will present an enhanced version of 
the Emulog 200 terminal that features a 7 x 9-character matrix and a detached keyboard. 

In addition, Vertex Peripherals (San Jose, CA) will show its 51.4-in. Winchester drive, which 
uses a voice-coil actuator to achieve average access time of 30 msec-about one-third the time 
of standard 51.4-in. Winchesters. It's available in 30M-, 52M- and 72M-byte versions . 

Finally, Archive Corp (Costa Mesa, CA) will display its newest streaming-tape drive-one 
that's form-factor compatible with 5 14-in. Winchester drives. You'll be able to choose models 
that furnish 20M or 45M bytes of backup. Prices will range from $850 to $1000 (OEM qty); 
deliveries should begin early next year.-Ed Teja 

SI:NGLE-CHIP 41/a-DIGITA/D CO:NVERTER USES FEW EXTER:NAL COMPONENTS 
A potential de-facto standard for 41Ai-digit multimeter chips (much like its 7116 cousin is in 

31Ai-digit applications), the ICL7129 from Intersil (Cupertino, CA) directly drives multiplexed 
LCDs with only a few external passive components. Accuracy is better than 0.005% FS, and 
resolution equals 10 µV. The CMOS design draws only 1rnAfroma9V battery and features 
low-battery detection and indication. In 40-pin plastic, ceramic or Cerdip, the device costs 
$19.95 (100).-William Twaddell 

DEC-COMPATIBLE MASS-STORAGE UNIT HOLDS µ.C CARDS 
Combining Winchester- and floppy-disk drives in a package with a Q-bus-compatible 8-slot 

card cage, Model RLX-10/0lB from Charles River Data Systems (Natick, MA) sells for 
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News Breaks 
approximately $7100 (10). Its lOM-byte 51A-in. Winchester is RL02 compatible, the lM-byte 
8-in. half-height floppy is RX02 compatible. The 7-in.-high unit's card cage accepts LSI-11 / 23 
boards and pr ovides 22-bit addressing.- Paul G Schreier 

PLUG-IN SPEEDS UP COMPUTEB-GBAPHICS SYSTEM 
If the Tektronix 4051 graphics-computing system isn't fast enough for your application, try 

the 4051 advanced display pack from Periphicon (Beaverton, OR). This $1200 unit plugs into 
any 4051 ROM slot or expander to furnish a 15- to 150-fold speed increase, adding such 
capabilities as refreshed images and an interactive joystick. The plug-in produces complete 
graphic transformations and graphic primitive generators via a single call. Data format is 
eight times more dense than standard 4051 format allows.- Ed Teja 

FAMILY OF SOFTWABE PACKAGES EASES CHIP DESIGN AND LAYOUT 
VLSI Technology (San Jose, CA) has announced a set of integrated software tools to 

automate the design of ICs. Included are VIP, the firm's implementation program-an 
extension of MAINSAIL, a cell-compiler library that allows you to modify the size and 
structure of cells as required; STICKS, a graphics editor and design-rule checker that eases 
circuit layout; EXTRACT, which takes a layout and generates a net list in standard format; 
and VSIM, a logic simulator. This software runs on VAX-class hosts for multiuser setups and 
on the Apollo microcomputer for stand-alone workstations.-Paul G Schreier 

FIBMS EXCHANGE CMOS, NETWOBK TECHNOLOGY 
Intel Corp (Santa Clara, CA), NV Philips (the Netherlands) and Signetics Corp (Sunnyvale, 

CA) have signed a 7-yr technology-exchange agreement that makes Philips/ Signetics an 
alternate source for the 80048, 80049, 80050 and 80051 microcontrollers in Intel's CHMOS 
process. Intel, in turn, picks up the licensing and technology for Philipa's PC and D2B 
consumer/industrial serial data buses . Intel will also become an alternate source for Philipa's 
MAB 8400 µC family-parts that mix the 802l's architecture with the 8048's instruction set. 
The companies will produce other devices , the first in the MAB8400 family.-William Twaddell 

SPEAKING OF VOICE 1/0 ... 
A plug-in voice-input module for Apple II computers from Voice Machine Communications 

Inc (Villa Park, CA), Model VMC 20200 works in two ways: It comes with eight complete 
recognition vocabularies that suit use with popular word-processing packages, BASIC 
programming and other applications, or you can program your own vocabularies. The board 
comes with comprehensive software support on floppy disk and features 8k of on-card RAM 
for resident vocabularies of about 80 words. A fast upload routine lets you swap vocabularies 
quickly. The hardware and software costs $595; $450 in OEM (25) quantities.- Ed Teja 

LOW-COST MODEM ACHIEVES FULL BELL lllA COMPATIBILITY 
The Series 828 modem card from CTS Corp (Lafayette, IN) provides full compatibility with 

Bell 212A modem specifications, yet requires only 30 to 40 in. 2 of board space. Priced -at $250 
(OEM qty), it uses dual processors to furnish originate and. autoanswer operation at 1200 and 
300 baud. A $495 stand-alone version comes in a 5 x 8-in. box.-Ed Teja 

SUBMIT YOUB PAPEBS TO THE CUSTOM-IC CONFEBENCE 
The 1983 Custom Integrated Circuits Conference, scheduled for May 23 to 25 in Rochester, 

NY, will review papers on CAD; gate arrays, semicustom and fun-custom ICs; custom analog 
ICs; applications; fabrication technologies; and interfaces and packaging. Submit 35 copies of 
a 250-word abstract of an original, unpublished work by January 31 to Dr Aris Silzars, 
Tektronix Inc, MS-50-479, Solid-State Group, Box 500, Beaverton, OR 97077.- Joan Morrow 
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Up to ISJ6 Readouts 
As many as 32 remote locations on a single serial 
port ... each of which can address 48 additional 
individual displays. Ideal for paging systems and 
call boards in offices , factories , hospitals, air­
ports and more. 

• Selectively Display Information: Transmit in­
formation to 32 locations up to 4,000 feet away. 
Selectively .. . or as a group ... from one master 
location. 
• Choice of Single or Multiple Message Lines: 
Each display location can handle up to 48 lines 
of information. 
• Minimum Wiring: Displays are interconnected 

- -- -
.... ~ . . .. . t .... ' • - -
- • - ..... ., .. ' ..... 1 •• ---... - .... ' ..... -- _, .. - . . . .. . .. .. - -

Cherry Display Systems feature uniform color 
and hi gh brig htness, wide viewing angle and 
readab ility. They are available in a choice of 16, 
20 o r 24 characters per line. 

Ready to insta ll, these microprocessor-controlled 
systems include drivers, character generators, 
refresh memory and other electronics to provide 
ma ny stan da rd features-three end of lin e 
modes, horizontal scroll and more. Five levels of 
brightness are programmed to provide over 6 to 
1 ra nge of light output in 4 db steps . 

SEND TODAY FOR FREE CATALOG 

~ 
-- -- --

ona<;nGiiECBY. DISPLAYS 
CHERRY ELECTRICAL PRODUCTS CORP. 3622 Sunset Avenue, Waukegan , IL 60087 • 312/578-3500 

CIRCLE NO 7 



News Breaks International 

OPTICAL LANs HOOK UP 140, 4096 TERMINALS 
Facom 2880 Series optical-highway system from Fujitsu Ltd connects office-automation 

equipment such as computers, printers and facsimile machines via fiber-optic cables. The 
2881 for small-scale local-area-network systems features 4M-bps transmission speed and can 
accommodate as many as 32 multiplexer nodes. This 120-circuit system, with maximum cable 
length of 96 km, hooks up as many as 240 terminals. 

The 2883 , for large-scale systems, provides 33M-bps transmission speed and connects as 
many as 64 nodes and a maximum of 4096 terminals through 2400 circuits. Maximum cable 
length equals 576 km. The 2881, with two 4-circuit nodes and one 32-circuit node, costs 
3,600,000 yen ($13,585). The 2883, with eight 8-circuit nodes and one 64-circuit node, sells 
for $94,000 . 

Optional equipment for the optical-highway system includes two optical wireless modems 
that use light to transmit signals between terminals or the host computer and terminals. A 
low-speed modem costs $2264; the high -speed version, $3000.- Joan Morrow 

l:M-BYTE SEMICONDUCTOR :MEMORY SEEN BY END 01' '83 
Toshiba Corp has joined the Nippon Telegraph and Telephone Corp ''NTT-family'' project 

formed for research and development on VLSI devices . Previously, Nippon Electric, Fujitsu 
Ltd and Hitachi Ltd-the prime supplier s of NTT's communication equipment-had 
exclusively worked on R&D projects for LSI products. The NTT project, which began in the 
fall of 1981, covers the development of l M-byte semiconductor memory by the end of next 
year. Toshiba was allowed to join this R&D group because of its performance in a separate 
VLSI project and could become one of the VLSI suppliers to NTT after the device has been 
completed.- Joan Morrow 

RED LED ACHIEVES 1000-mCD BRIGHTNESS 
The brightest red LED available, according to manufacturer Matsushita Electron Industry, 

produces 1000-mcd brightness. It suits new application areas such as large-area dislays, 
panel illumination and optical communication within lOOm. The firm has enhanced the 
device's brightness via a double-heterodyne-structure process used to manufacture 
laser diodes. It will begin production in January at a sample price of 300 yen ($1.13). 

- Joan Morrow 

8 1A-IN. l'LOPPY-DISK DRIVE :MEASURES 120 x 380 x 168 mm 
With the introduction of the TF-20 51A-in . double-sided, double-density drive system, Epson 

has entered the Japanese floppy-disk market. Priced at 142,000 yen ($567), this Shugart 
SA400-compatible unit measures 120x 350x165 mm and incorporates two slimline drives . 
Epson will initially sell the floppies only in Japan but expects to ship them overseas later. 

- J oan Morrow 

488-CO:MPATIBLE AUTOMATIC RI' TEST SYSTEM HANDLES PASSIVE DEVICES 
Using instruments from Rohde & Schwarz's (Munich, West Germany) IEEE-488-compatible 

line, the ZPV RF automatic network analyzer tests passive components. It consists of the ZPV 
vector analyzer, SMPC synthesizer, PUC bus controller, a printer and software, plus a variety 
of tests including reliable measurement of Q and capacitance of chip capactiors at frequencies 
higher than 800 MHz. At several hundred megahertz, Q factors to 13 x l0-4 can be measured 
with 15% u n certainty. The system permits measurement of resonant frequency, inductance 
and A2 factor of coils at high frequencies.- Barrie Nicholson 
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VS SERIES 
150 WATT TRIPLE OUTPUT OFFLINE SWITCHER 

IN STOCK NOW 

SUPERIOR OPERATING RELIABILITY, 
MECHANICAL COMPATIBILITY WITH 

L.H. RESEARCH AND BOSCHERT 

SEMICONOUCTOR 
CIRCUITS, INC. 
49 RANGE RD . WINDHAM , N.H. 03087 
(603) 893-2330 TWX (7 10) 366-0505 



vs 
• USER SELECTABLE, WIDE INPUT RANGES 

OF 70-140VAC/ 140-280VAC (200-400VDC) 
VIA CONVENIENT DECISION JUMPER 
PLUG FURNISHED 

• LINEAR TEMPERATURE CONTROLLER 
LIMITS CHASSIS TEMPERATURE TO SAFE 
LEVEL. 

• DESIGNED TO MEET RIGOROUS SAFETY/ 
EMI REQUIREMENTS OF UL478, CSA C22.2. 
FCC DOCKET 20780, VOE 0730 PAR . 2P. 
AND VO E 0871 . 

The VS Series is a highly efficient , compact . 
triple output , off-line switching power supply. 
An advanced forward conversion technique 
used in the VS Series results in a lower 
component count and less self-heating than 
equivalent conventional designs, while main­
taining a minimum full load efficiency of 75% 
over the 2:1 input ranges. Effective thermal 
management combined with 2-pl ane ·L" 
bracket construction make the VS Series an 
extremely reliable. versatile power source. 

FEATURES 
EMI Agency Compl iance All VS Seri es models 
are designed to meet the rigorous safety /EMI 
standards of UL478, VO E 0730 Par. 2P, CSA, 
C22.2, FCC Docket 20780, and VOE 0871 . 

Input Characterist ics 
The VS Series provides regulated output 
voltages even under deepest brownout condi­
tions. Input over/ undervoltage protection 
circuitry automatically shuts down the power 
source when predetermined min-max levels 
are exceeded . This circuitry protects the 
supply from damage when continuous input 
conditions as high as 150/300Vac are present 
on the 115/ 230Vac ranges , respectively. A 
negative true power fail signal with a holdup 
t ime sufficient to permit orderly system power 
down is produced when the input falls below 
90-180Vac. In addition, a soft start circuit 
lim its peak in-ru sh cu rrent to 15 Amps, even 
for on-off cycli ng . Th ese features , in combi­
nation with two-line input fusing provides an 
input protection package unparalleled in the 
industry. 

Output Characteristics 
The VS Series incorporates a unique. auto­
matically resettable, over-temperature control 
system which limits the maximum average 
chass is temperature to 105° C over all speci­
fied line, load, and ambient temperature 
conditions. Temperature sensing and control 
circuitry linearly foldback the output power 
automatically so that all heat sensitive 
components will not be stressed beyond their 
safe operating limits. Unlike most other 
designs, all major heat generating sensitive 
components are sufficiently heat sunk inter­
nal ly to attain full load operation to 71 ° C. The 
outputs are also overcurrent protected , via the 
automatically resettable power foldback circuit 
which is set for 160W. Additionally , the main 
output contains a continuously self-resetting 
overvoltage crowbar circuit which prevents 
load damaging transients. Each output can 
also withstand a reverse vol tage up to its full 
rated output current. 

Versatil i ty 
All outputs have isolated returns (up to 300 
Vdc between outputs and chassis ground) for 
referenc in g to independent ground systems 
and for connect ing outputs in various series 
combin ations. Parallel operation of up to 3 
units (main output) is possible. Isolated 
remote shutdown via TTL signals , remote 
sensing , and trim adjustability round out the 
features of the VS Series. 

SEMICONDUCTOR 
CIRCUITS, INC. 

General Specifications 
Input Characteristics: (at 130 Watts) 

Operational Input Ranges: 
(User Selectable) 
1. 70-140Vac-50 to 440 Hz 

(see note 4 on page 9) 
2. 140-280Vac-50 to 440 Hz 

(see note 4 ) 
1200-400Vdc) 

Input Protection 
Overcurrent: 2-line fusing 
Inrush Current: 15 Amps peak 
(triac controlled) 
Under/ Overvoltage Shutdown 
Threshold Level : 

(non-operati onal protection mode) 
55 Vac/ 150 Vac (110 Vac in) 
11 O Vac/ 300 Vac (220 Vac in) 
130 Vdc/425 Vdc (300 Vdc in) 

Transient Withstand Capability (8 ms) 
(non -operational protection mode) 
155 Vac (110 Vac in) 
310 Vac (220 Vac in) 
450 Vdc (300 Vdc in) 

Safety/ EMI Filtering 
UL478 
VOE 0730 Par. 2P 
CSA C22.2 
FCC Docket 20780 
VOE 0871 

Input 1/ 0 Isolation: 
2500Vac 

Output Characteristics 
Voltage Tolerance: 5-5.5V (adjustab le) 
Main Output Adjust/Remote Sensing: 

The 5V output can be operated up to a 
maximum of 5.5Vdc either by manually 
adjusting the potentiometer and/ or 
automatically via remote sense. 
(see note 5) 

Regulation 
Lin e: 0.4% (MAX) all outputs 
Load: 0.4% (MAX) - 15% to 100% load 
on 5V 

Load: 0.4% (MAX) - 12 (15)V 
Cross: 0.4% (MAX) all ou tputs - 15% to 
100% load on 5V 

Cross: 0.4% (MAX) all outputs - 0-100% 
load on 12 (15V) 

Ripple & Noise (PARO): 
.25% Vout (VRMS) 

1.0% Vout (V pk-pk ) 
all outputs from 90-140/ 180-240Vac 

Temperature Coefficient: 
0.02%/ ° C 5V output 
0.05%/ ° C 12 (15)V outputs 

Transient Response : 
Recovery to 1% within 500 micro­
seconds for load 

change of 25% - all outputs 

Maximum Output Power: 
150W from 0° C to 40° C 
Linearly derate from 150W to 130W 
from 40° C to 50° C 

L inearl y derate from 130W to 65W from 
50°Cto71°C 

(available power, based on no external 
heat sinking ) 

Minimum Load : 
2 Amps on the 5V output 
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Isolation Capability: 
All outputs independent and floating 
up to 300Vdc with respect to chassis 
ground 

Output Protection 

Overcurrent Protection : 
Power foldback overcurrent protec­
tion set at 160W; short circuit over­
current protection on all outputs 

Overvoltage Protection : 
Automatically resettable crowbar on 
5Vdc output set at 6.25V ±10% 

Reverse Voltage Protection: 
100% of rated current on all outputs 

Overshoot: 
None on turn-on , turn-off or power 
down 

Holdup Time (130W): 
> 30ms at 115 or 230Vac 
> 20ms at 100 or 200Vac 
> 10ms at 90 or 180Vac 

Control Characteristics 

Power Fail Signal: 
NPgati ve true s;·~nal when input falls 
below 90/ 180Vac. Output goes to the 
potential of the negative side of the 
5V output (see note 2 on page 3). 

Remote Shutdown : 
TTL compatible, isolated from input by 
2500Vac, 1 OmA, sink; negative or 
positive true (5V) signal actuates power 
down (see note 2 on page 3). 

Overtemperature Control : 
Automatically resettable linear power 
foldback circuit designed to keep the 
chassis below 105° C. Under all 
conditions of load, line and operating 
temperature . 

Parallel Operat ion: 
Parallel operation of up to three 5V 
outputs via a P.C. mounted strap and 
two wire interconnect between units 

Switching Frequency : 
40 kHz ±10% 

Ambient Temperature 

Operating : 0° C to +7 1° C 
(see maximum output power spec for 
derating information) 

Storage: (non-operating) 
- 40° C to +85° C 

Efficiency 
> 75% over 2:1 input range (at 130 watts) 

Mechanical Characteristics 

Weight: 4.3 pounds 
Cover : Expanded metal cover is 
provided 

Mounting: 2 surfaces 
1. 10.5" x 5" 

(26.7 cm x 12.7 cm) 
2. 10.5 x 2.5" 

(26. 7 cm x 6.4 cm) 



Ordering Information 

OUTPUT VOLTAGE (Vdc) OUTPUT CURRENT (A) MODEL NUMBER (by input voltage range) 

140-280 Vaci 
70-140 Vac (200-400 Vdc) 

TRIPLE OUTPUT 

5/ 12/ 12* 15/ 4/ 4 * VS34-2300 VS34-2300 
5/ 15/ 15* 15/3/3* VS35-2100 VS35-2100 

SINGLE OUTPUT 

5 30 VS11-3000 VS11-3000 
12 12 VS12-1200 VS12-1200 
15 10 VS13-1000 VS13-1000 

*OUTPUTS 1/ 2/ 3 

Application Notes/Dimensions 

8 
[] 

5 Volt AdJUSt (5·5.5 Vdc) 
Regulator Board 

Power Fail/ Remote Shutdown 
(See Note 2) 

TBl (See Tables ) 

PCS Master/ Slave 
Factory Set for Single Opera tion 

Fuse 5 A-250 V PM SMTS 

TB2 AC/ DC Input {See Tables) 
CAUTION HIGH VOLTAGE 

Dec1s1on Plug 110/220/DC Select 
Factory Set For 115 Vac Operation 
(See Note 4) 

~--- Jumper 63 for 110 operation 
For 220 operation see Note 6 

I ,-- -0 0_ 0

1 

_ __J 
2.50 1 63 I 01 REAR I 1.25 

_j
(63.5) (4~ -ol-01------------01---~8) 

--1 (19) 

L _J .44~] .I~ 5.00 (.11 ) .25 ( ;~) l~gg) 
(127) 10.00 

(64) ------- (254) 

Output (TB1) 

VS34 YSJS 

··1 '""'"" 2300 2100 

1 ·Voe ou t 12 ,, 
2 Voe out 12 ,, 
3 ·Vele out 12 " ~ Voe OU! ,, 

" 5 ·SensE>· 5 5 
6 · Voe OU! 5 5 
- voe ?ut 5 5 
8 Sense· 5 5 

·see note 5 

Input (TB2) 

Pin Function 

9 Chassis Gno 
10 AC !npu! H 1° 
11 AC Input Lo· 

·see no1e 4 

Power Fail/ Shutdown (J4) 

Pin Fun ction 

Power Finl H1· 

NC 
Remote Shutdown H 1 
Ri>mote Snutoown Lo · 

·see no1e 2 

.40 

02_01 

.50 

~--------------~11D 

I 
0 

3.90 
(99) 

0 

BOTTOM 4.13 
(105) 

L -:;,=1---,-1-J 
.75 V I 8.oo __J~ 

Mounting Holes ~-+ 1 30 L-- (203) . 
Hardware #6-32 x 114·· Max-16 Places ..... (:i3) (~·i~I 

10
.
50 

' 

Noles: 
1 Oimensmns shown at :i:0.05 inches ( .1:: l .3mm) 
2 The Common connectton lor power la1I 1s - 5Vdc out 

jTBl pm 7) The remole shutdown common is isolated 
from mpul and output common 
The matmg connector os Mole~ Se11es 2695 

3 All outputs are float mg and may be relerencea ( ·) or 

1-1 
4 110 220Vac (200-400Vdc ) selectable by a dec1s1on plug 

(see 119 1. DP1) Ceutlon-DC input In 220 voll po1ltlon 
only. 

5 II remote sense termina ls are no ! used, they should be 
shorted 101ne1r respective 5Vdc ou!pul terminals (note 
eKcept1on lor parallel hookup) Jumpers are ms ta lled at 
the factory for local sense 

6 For 220Vac operation 
I cut 1umper W63 
2 repos111on 1he decision plug to the 220V pos1t1on 
3 replace 11 & 12 with the appropriate value (see fuse 

selection table) 

(267) 

Mounting Holes are Compatible with Boschert OL/ XL 130 
and L.H . Research TTM 23 Models . 

Suggested 
Manufacturer/ 
Model Number 

BEL SSTS (IEC 
listed) 

BEL SMTS (UL & 
CSA lis ted ) 

FUSE SELECTION TABLE 

Rating 

SA@ 2SOV 

SA @ 12SV 

Size Use 

5 x 20mm 220Vac lnterna11onat 

5 x 20mm 220Vac Domestic 

SEMICONDUCTOR 
CIRCUITS, INC. 

vs 
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AL Magoro & Associates (205) 882-0827 
Al_ Sales Engineering (602) 994-3230 
CA Lee/Allan Associates (408) 946-8300 

SC3 (714) 731-9206 
SC' (805) 496-7307 

co Compcnent Sales (303) 759-1666 
CT RH Sturdy Company, Inc. (203) 734-2186 
FL Lawrence Associates, Inc. (305) 368-7373 

Lawrence Associates. Inc. (813) 584-8110 
GA Magoro & Associates ( 404) 252-6609 
IA Palatine Sales (319) 365-8071 
IL Janus Inc. ( 312) 298-9330 
IN Wilson Tech Sales (317) 298-3345 

SEMICONDUCTOR 
CIRCUITS 

DOMESTIC REPRESENTATIVES 

KS Palatine Sales (913) 831-0555 
Palatine Sales (316) 788-5521 

MA R.H. Sturdy Company, Inc. ( 617) 235-2330 
MD Micro Comp, Inc ( 301) 247-{)400 
Ml Lowell-Wendt Marketing (313) 464-2722 
MN Northstar Components (612) 553-1888 
MO Palatine Sales (314) 839-0800 
NC Magoro & Associates (919) 294-4783 
NJ Alto Associates, Inc. ( 201 ) 44 7-1 770 

Alto Associates. Inc. (201) 992-5331 
NY Alto Associates, Inc. (914) 834-3771 

KLM Garner (315) 853-6126 
KLM Garner (716) 381-8350 
KLM Garner ( 315) 458-6214 
Al to Associates. Inc. (516) 957-2773 

DOMESTIC DISTRIBUTORS 

OH 

PA 

TX 

UT 
WA 
WI 

J.C. Hofstetter (513) 296-1010 
JC. Hofstetter (216) 241-4880 
JC. Hofstetter (412) 327-1410 
KSI (215) 783--6400 
Southern States Mktg. (214) 248-8600 
Southern States Mktg. (512) 473-2741 
Southern States Mktg. (713) 988-{)991 
Compcnent Sales (801) 466-8623 
Electronic Sales NW (206) 839-5808 
Janus Inc. (414) 476-9104 

CA Lee/Allan Associates (408) 946-8300 Ml LWC Distributors, Inc. (313) 464-7700 
MA Target Electronic Supply, Inc. (617) 235-2545 
MD MPl,lnc.(301)247-1511 

TX Spectrum Sales, Inc. (800) 527-{)790 
In Texas (214) 387-3180 

Australia - Protronics Pty., Ltd. (08) 212-31111 
Australia - George Brown & Co. (0555) 195855 
Austria - Codico, GMBH (0222) 86 24 28 
Canada. Western; 

Cam Gard Supply, Ltd. 
Winnipeg ................... (204) 786-8401 
Regina ..... .. ..... ..... . ... (306) 525-1317 
Saskatoon .................. ( 306) 652-6424 
Calgary .................... (403) 287-0520 
Edmonton .................. (403) 453-6691 
Red Deer ............ .. ..... (403) 346-2088 
Vancouver ................. (604) 291-1441 

Future Electronics 
Calgary .................... (403) 259-6408 
Montreal ................... (514) 694-7710 
Ottawa . ...... ............. (613) 820-8313 
Vancouver . ........ ........ ( 604) 438-5545 

RAE Industrial Elect. 
Vancouver ................. (604) 291-8866 
Edmonton .. . . . ............. (403) 451-4001 

Western; 
Specific Instruments, Ltd. 

INTERNATIONAL DISTRIBUTORS 

Central; 
Cam Gord Supply, Ltd. 

Toronto ....................... (416) 252-5031 

Future Electronics 
Toronto ....................... ( 416) 663-5563 

Eastern; 

Cam Gord Supply, Inc. 
Halifax ....................... (902) 454-8581 
Moncton ..................... ( 506) 855-2200 

Denmark-Advanced Electronics 1-194433 
England-Powerline Elect., Ltd. 0734 
868567/9 
Finland-SLO. 358-D-8381 
France-Alfatronic, SA ( 1) 7914444 

Datadis 33-1-605-6000 
Germany-Cosmos Powerline 089 304011 
Israel-Ropac Electronics, Ltd. 
03-477115 

CANADA REPRESENTATIVES 

Central; 
R.D. Associates 

Italy-Cosmos Electronic. GMBH 
0471-51645 
Japan-Volgen Co., Ltd. 03-294-3571 

Korea-Duksung Trading Co. (2) 854-5047 
Norway-Eltron AS. 2-4628 70 
S. Africa-Crest Components (011) 8053015/6/7 
Spain-CR. Mores 

Barcelona (011) 34 3 25 76200 
Madrid (011) 34 1 7292555 

Sweden-Scancopter AB. 82-894-28 
Switzerland-Altrac AG. 01/741 46 44 
Taiwan-Morrihan Int. Co. 7311089/90 

Vancouver ................. ( 604) 291-6911 Toronto ... .. ................ ( 416) 444-0959 
Ottawa .................... (613) 226-8567 

INTERNATIONAL REPRESENTATIVE 
India-Sapphire Innovations, Ltd. 231880/231570 
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Revise our list of 
IEEE-488 manufacturers 
Despite efforts to publish an 
accurate list of IEEE-488-
instrument suppliers (EDN , 
September 1, pg 233), we 
missed several companies in this 
fast-growing field . Make the 
following additions and changes 
to complete that list . 

Bering Industries Inc 
747 E Brokaw Rd 
San Jose, CA 95112 
(408) 298-8552 
Circle No 744 

Winchester- and floppy-disk subsystems 

Daytronlc Corp 
2589 Corporate Pl 
Miamisburg, OH 45342 
(513) 866-3300 
Circle No 745 

Data-acquisition, measurement and control 
systems 

EG&G Ortec 
100 Midland Rd 
Oak Ridge, TN 37830 
(615) 482-4411 
Circle No 746 

Data-acquisition and analysis systems 

Eventide Clockworks Inc 
265 W 54th St 
New York, NY 10019 
(212) 581-9290 
Circle No 747 

Digital delay lines, harmonizers, digital-signal 
processors, signal generators 

ILC Data Device Corp 
105 Wilbur Pl 
Bohemia, NY 11716 
(516) 567-5600 
Circle No 748 

Synchrolresolver angle indicators and simula­
tors, data-bus adapters 

Address change: 

Klnemetrlcs 
True Time Div 
3243 Santa Rosa Ave 
Santa Rosa, CA 95401 
(707) 528-1230 
Clrcle No 749 

Time and frequency instruments 

National Instruments 
12109 Technology Blvd 
Austin, TX 78759 
(512) 250-9119/(800) 531 -5066 
Circle No 750 

Interfaces, testers, networks 

E DN NOVEMBE R 24, 1982 

Is Ada a good choice in 
process-control uses? 
Dear Editor : 
The ar ticle, "Solve process­
control problems with Ada's 
special capabilities" (EDN, June 
23, pg 143), is a poor example of 
both an Ada program and a 
process-control application. The 
Ada program contains several 
design and coding errors, and 
the functions that the program 
tries to implement are inade­
quate for the application. 

Program-design errors exist 
in the COLLECTION_OF_SEN­
SORS, RECORDING_DEVICE 
and TIMER tasks. In COLLEC­
TION_OF_SENSORS, no initial 
values are provided for the 
HIGH_LIMIT and LOW_LIMIT 
in each SENSOR_ RECORD. 
Thus, the program makes it 
possible to ENABLE a sensor 
with no limit values, causing 
unpredictable program behavior 
in the sensor scanning loop. 

Also in COLLECTION_ OF_ 
SENSORS, raw sensor data 
presumably appears in memory­
mapped I/O ports as integer 
values in the 0 to 200 range. 
However, these values ar e 
defined to be of a data type with 
a r ange of 0 to 65,535. If a value 
greater than 200 should ever 
appear (because of sensor or 
I/0-por t malfunction), the con­
version of this value to a value of 
type SE NSOR_VALUE will fail , 
raising a CONSTRAINT_ 
ERROR exception. No handler 

Remote control multiPte func­
tion circuit selection and step 
switching, in a limited space. 
under severe operating and 
environmental conditions.These 
are the critical benefits you get 
from Ledex circuit selectors. 

Rotary solenoid actuated. 
open construction models: 

Switch- to 5 A@ 115 VAC 
to10A@28VDC 

26 stock models-
4-24 positions 

1-13 poles 

Single pulse. or self-index to any 
position . Uni- or bi-d irect ional 
action . 

Open frame. packaged. and 
hermetically sealed units avail­
able from stock. Custom assem­
blies also available for prototype 
and production requirements. 

Ledex Inc .. 
P.O. Box 427, 
vandalia . Ohio 45377. 
Phone: 513-898-3621. 

Quallty where It shows­
rellablllty where It counts. 
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is provided by the program for 
this exception or for possible 
exceptions raised by the DE­
VICE IO package in the 
RECORDING_DEVICE task. 

The TIMER task has two 
functions to perform every 15 
min: It must produce a sensor 
status log and turn on a system 
alarm light if the COLLEC­
TION_OF _SENSORS task does 
not respond within 5 sec. A 
problem results from this design 
because if the output device that 
receives sensor-status data the 
hangs up, both the TIMER and 
COLLECTION_ OF _ SENSORS 
tasks wait forever, thereby 
stopping the system. And the 
system alarm light won't turn 
on, because in Ada, the delay 
statement applies to the time to 
accomplish the rendezvous, not 
the time to complete the task. 

The article also contains 
program-coding errors. In the 
main program, the statement 

entry POST_FAULT_IN_SENSOR; 

should be 
entry POST_FAULT_IN_SYSTEM; 

and in TIMER, the statement 
. ALARM.POST_FAULT_IN_SENSOR; 

should be 
ALARM.POST_FAULT_IN_SYSTEM; 

Also, in RECORDING_ DE­
VICE, the statement 

DEVICE_IO. PUT (OF_STATE) ; 

should be 
DEVICE_IO.PUT(QF_SENSOR); 

and in ALARM, the statement 
for LIGHT use (OFF=> 16 x OO# , 

ON=>16 x FF#) ; 

should be 

Need to Know? 
EDN 's advert isers stand ready to 
provide you with helpful design in­
formation and other data on their 
products. Just circle the appropri­
ate numbers on the Information 
Retrieval Service card . If your need 
is urgent , contact advertisers 
directly , and mention EON . 

EON: Everything Designers Need 

for LIGHT use (OFF= > 16x OOOO#, 

ON=>16#FFFF#); 

Finally, the main program 
contains no exception handler 
for CONSTRAINT_ERRORS as 
required by the text. 

Although the author probably 
wanted to keep the example 
simple, it is too simple to be 
very realistic. Furthermore, for 
process-control engineers, who 
spend only a small percentage of 
their time programming, Ada 
would not be a good choice for 
this application because it re­
quires a high degree of pro­
gramming sophistication to cor­
rectly solve this problem. A 
better choice would be one of the 
many monitoring systems of­
fered by process-control compa­
nies, either in the form of small, 
dedicated alarming data loggers 
or as a function of larger 
process-control systems. 
Paul D Griem Jr 
Technical Consu ltant 
The Foxboro Co 
Foxboro, MA 

Author's reply 
Mr Griem's letter raised two 
major points regarding the 
article: inadequate functionality 
and some coding errors. First, I 
fully agree with him that the 
example is not completely realis­
tic; it was never intended. to be. 
To demonstrate principles of 
programming in the large, one 
must make simplifications to 
show the principles in the small. 
The example I presented is 
clearly not robust-as Mr Griem 
correctly points out. Exception­
handling facilities are minimal 
and the user interface is 
simplistic, but to have created a 
complete example would have 
obscured one of the article's 
most important points: Ada 
provides some simple yet very 
powerful facilities for handling 
real-time processes. 

Continued on pg 28 
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CMOS 1/0 Compatible 

LSTTL 1/0 Compatible 

Guaranteed LSTTL Fanout 

Typ. gate delay (ns) 

Typ. operating current (mA) 

Supertex is 
delivering H CT. 

The fJrSt CMOS (low power) 
Logic that looks like LSTTL 

high speed and 1/0 levels to your 
microproc~or system. 

@§upertex inc. 

LS TTL 

NO 

YES 

30 

3 

100 

1225 Bordeaux Drive, Sunnyvale , CA 94086 
(408) 744-0100 TWX 910-339-9388 

Supertex Supertex 

HCT SC c HC 

YES YES YES YES 

YES YES NO NO . 

30 30 1 10 

3 5 > 30 5 

<1 < l < 1 < l 

Device types now available from stock: 137, 138, 139, 237, 238, 239; 240, 241, 242, 243, 
244, 245, 373, 374, 533, 534, 540, 541, 563, 564, 573 and 574 - commercial and military. 
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SERIES 10 AND 20 PRODUCTION TEST SOLUTIONS 
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When you're looking for a 
solid, single-source solution to a 
wide spectrum of production test 
problems, look no further than 
Fairchild. 

MULTIPLE CHOICES. 
The 10 MHz Fairchild 

Series 10. 
And the 20 MHz Fairchild 

Series 20. 
The only truly general-pur­

pose test solutions available today. 
Dedicated to delivering all the 

production test flexibility you 
need. Today. And tomorrow. 

The system you choose 
depends upon your production 
test needs. 

The Series 10 offers a flexible, 
cost-effective solution to the test­
ing ofL.51 devices with speeds up to 
10 MHz. It gives you high through­
put, high uptime and low cost. 

Series 10 options include an 
algorithmic pattern generator for 
testing memory devices and an 
expandable timing system for 
testing more complex devices. 
Mag Tape and Disk add program 
development, debug capability 
and easy transfer of programs 
from other Fairchild systems to 
the Series 10. 

The Series 20 is designed 
to help you accurately test VLSI 
high-speed devices such as micro­
processors, gate arrays, peripheral 
chips and memories that run as 
fast as 4Q MHz and up to 120 
1/ 0 pins. 

CIRCLE NO 10 

F=AIRCHILD 

A Schlumberger Company 

The Series 20 is available with 
high-speed or high-voltage test 
heads. Options include a memory 
test pattern generator and error 
logger. M~ Tape and Disk. And 
the Sentry Analytical Graphics 
Enhancement (SAGE), a time­
slashing debug tool. 

Like the Series 10, the Series 
20 is backed by fifteen years of 
ATE software development. They 
also incorporate Fairchild's M3 

operating system and FACTOR 
programming language. 

Both the Series 10 and 20 
are easily field-expandable 
and are supported by a service 
and training program second 
to none. 

Working with the Series 
10 and 20 for total test facility 
management is our new Test 
Area Manager. TAM consists 
of Fairchild's advanced software 
packages and a 32-bit computer 
with FastNeC local area network 
capability. 

SINGLE-SOURCE 
SOLUTION 

No matter what your produc­
tion test needs are, you1l find your 
solution at Fairchild. 

For more on the Series 10 
and 20 production test solutions, 
call or write: Fairchild Test 
Systems Group, 1601 Technology 
Drive, San Jose, CA 95115, 
( 4Q8) 998-0123, Ext. 2296. 
Fairchild Camera and Instrument 
Corporation. 



More Room ... 
More Multibus® Cages. 

More Room 
You get more room for 
extra cards without in­
creasing overall size, be­
cause our design gives you 
greater inside dimensions. 

More Reliability 
All cages are constructed 
of sturdy, durable anodized 
aluminum with a single 
mother board backplane 
. . . a concept that in­
creases reliability and 
minimizes interconnec­
tions. 

More Models 
We have more models than 
all our competitors com­
bined. Choose a cage with 
3, 4, 5, 6, 7, 8; 9, 12, 14, 15, 

16, 20, 24 or 26 slots for the 
right solution to your prob­
lem. We have models with 
either 0.6" or 0.75" card 
centers and can even ac­
commodate wirewrap 
cards. 
More Rack Mount 
Models 
Standard 19-inch rack 
mounting available for all 
cages. 
More Warranty 
A three year warranty is 
your assurance of quality. 
For Fast Delivery. 
Call our toll free number 

(800) 854-7086 
In Calif. call 

(61 9) 292-0242 

I Electronic Solutions 
5780 Chesapeake Court 

San Diego, CA 92123 

Fully Multibus Compatible, 
Terminated Mother Board. 

MULTl·CAGE® 
Note, Multi-Cage is a registered trademark of Electronic Solutions 
Multibus, trademark of Intel. 
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WHO SOLD MORE 
BENCHTOP TEST CHAMBERS 

THAN ANYONE ELSE? 

lennevf 
More than 10,000 Tenney Benchtop 

Test Chambers have been sold worldwide. 

Buy or Lease 

Tenney's Benchtop Test Chambers include 
the most popular Tenney Jr. for high/low temp­
erature environmental tests ; the TH Jr. a wide 
range, temperature/humidity environmental 
test chamber; the Benchmaster® Series, temp­
erature and temperature/ humidity test cham­
bers; and the SPACE JR. , a thermal vacuum 
space simulator. 

These popular environmental chambers are 
used in laboratories for product development, 
extensively for quality assurance, research work 
and product reliability testing . 

The Largest and Most Experienced Manufacturer of High Technology Environmental Test Equipment 

~~!!«!!¥ 
1090 Springfield Road , Union, New Jersey 07083 • (20 1) 686-7870 • (2 12) 962-0332 

See Us At Midcon '82 Booth #600 
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[Si9nals & Noisel 
I agree with Mr Griem that 

Ada would not be a good choice 
for process-control engineers. 
He suggests that perhaps a 
better approach would be to use 
one of the many commercially 
available process-control sys­
tems, without having to resort 
to creating a new application in 
Ada. It makes no sense to 
reinvent the wheel with every 
new application, however-Ada 
is quite applicable to the design 
of such process-control systems 
(GE, for example, has studied 
its use to control an automatic 
oven, and other groups are 
applying it to similar process­
control problems). 

Regarding the coding errors, 
most of Mr Griem's comments 
focus on a lack of exception­
handling code. I chose not to 
provide complete facilities for 
the sake of simplicity. His 
comment regarding initial val­
ues for the HIGH_LIMIT and 
LOW_ LIMIT of each sensor 
points out an oversight on my 
part. In the body of the task 
COLLECTION_ OF _SENSORS, 
the declaration of SENSOR can 
be modified by adding an initial 
aggregate value: 

Continued on pg 32 

NEXT 
TIME 

EDN 's December 17 issue is our 
16th semiannual Product Show­
case , an invaluable compendium 
of information on the most note­
worthy new-product introductions 
of the past 6 months. You won't 
want to be without this fact -f illed 
reference issue, which is organ­
ized into seven key product areas: 

• Components and hardware 
• Computers and peripherals 
• ICs and semiconductors 
• Instruments 
• Power sources 
• Products from Europe 
• Software 

EON: Everything Designers Need 
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As a designer, you have the capacity to 
make the world's dreams come true. 

And as one of the largest manufacturers 
of batteries in the world, we can be one 
of your most valuable partners. 

For over 75 years, we've been making 
the batteries the world moves on every day. 
And inventing the ones you'll be 
searching out tomorrow. 

All our efforts are concentrated on 
bringing you just one thing-the highest 
degree of sophistication and innovation in 
portable power. 

You'll find it in our new advanced 
lithium cells. Our patented divalent silver 
button cells with more power than standard 
silver cells on the market. Mercury and 
zinc-air micro cells. Plus alkaline and zinc-

CIRCLE NO 13 

carbon round cells. And thing.5 not even 
you have imagined yet. 

So if you've got an idea that needs 
something to make it go, give us a call. 
And we'll give you the power to make your 
mark in the world. 

Phone David Wilberg at (6o8) 252-7725, 
or write us at IOI E. Washington Ave., 
Madison, WI 53703. 



SEEQSETS . 
A .,,.,......... SL ._......,,,,,,_ 

FOR 5V E2 ROM. 

$9.95 



It's the standard that eliminates the remaining 
obstacles to E2 design. Because 5 volt Electrically Eraseable 
ROMS are finally available and cost effective. 

This ad and $9.95 will get you a 5213 5 volt E2ROM at 
any Schweber Electronics location:* And that's just the 
beginning. For orders placed after July 1, 1983, we'll meet 
your production needs (25,000 units minimum) at that same 
price. So you'll have en9ugh fast (350 ns read, 1 ms single 
byte write), reliable (10,000 cycle write endurance), and cost 
effective 5 volt E2ROMs to implement any application you 
can think of. 

Here's a good reason to think of one right away. 
$9.95 can get you a Porsche. 
SeeQ will award a 1983 Porsche 944 to the winner of our 

5213 16K E2 Application Contest. 
Imagine an application that demands E2 s combination 

of nonvolatility and in-circuit alterability. Like remotely 
programmable PBXs. Process control monitors that 
compensate for mechanical wear. Or juke box controllers that 
tell servicemen to replace worn records. 

Whatever your idea, build it, test it, and send us the 
schematic before January 10, 1983. If your design is judged 
the best, you'll drive to your next project meeting in a Porsche 944. 

Complete rules and entry forms are available from your 
local Schweber Electronics location. Or contact SeeQ 
Technology, 1849 Fortune Drive, San Jose, California 95131. 
Telephone (408) 942-1990. 

But whether you win or not, designing with our 5 volt 
5213 will put you in the driver's seat. Because in setting 
standards for E2ROMs, SeeQ is more than a little ahead. 

In fact, it's no contest. •Offer limited to two 5213s per person. See Schweber for details. 

seeQ 
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We have some exclusive Bmm 
footage you won't want to miss. 

Our taped footage Is produced for high volume chip 
capacitor audiences and it features the industry's top 
performers. 

~11·11·1i·ii1·11·1·1·11·1·1·1·11·1·1·1·1· 
We've put three of the 

most popular chip sizes on I ""4 
tapes and given you a !!.) t:.J 

wide capacitance range ,_, 
in three dielectrics to ,,. ,., ~ • 

meet your most rigid ~ "-
specifications. 

The "VITRAMON" Bmm tapes were 
created to meet the need for a packag­
ing method compatible with single or 
multiple head placement equipment. 
Chips are mounted on the reels which 
can accommodate thousands of parts, 
depending upon tape thickness and 
chip body size. The two tape thick­
nesses are .037" (0.94 mm) and .047" 
(1 .19 mm). Dielectrics available are 
NPO, BX and X7R with capacitance 
ranges from 1 pFto .47µF. 

For complete information on our 
Bmm tape for automatic placement, or 
on other "VITRAMON" Capacitors, 

phone or write : 

r~~"" 
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Division of Vitramon, Incorporated 
Box 544, Bridgeport, Conn. 06601 
Tel : (203) 268-6261 

SENSOR : SENSOR_ GROUP := 

SENSOR_GROUP'(others = > 
(HIGH_ LIMIT = > SENSOR_ 

VALUE'LAST 

LOW_ LIMIT 

VALUE'FIRST, 

= > SENSOR_ 

VALUE => SENSOR_ 

VALUE'FIRST)); 

Using this form , Ada requires 
that every component of SEN­
SOR be given a value; thus, the 
initial VALUE is set to the 
smallest possible SENSOR_ 
VALUE. 
Grady Booch 
US Air Force Academy 
Colorado Springs, CO 

For additional data 
on thermometers ... 
Dear Editor: 
I regret that the following 
reference was in ad verten tly 
omitted from my article, "Eval­
uate sensor tradeoffs in digital­
thermometer design" (EDN, 
September 29, pg 115): Erdi, 
George, Thermometer Appli­
cations of the REF-02, AN-18, 
Precision Monolithics, 1976. 

While at PMI, Mr Erdi 
designed the REF -02 and rigor­
ously described its performance 
as a temperature sensor. 
Sincerely yours, 
Wes Freeman 
Applications Engineer 
Teledyne Semiconductor 
Mt View, CA 

Your turn . . . 
EON welcomes your com­
ments, pro or con , on any 
issues raised in the maga­
zine's articles. Address 
letters to Signals and 
Noise Editor, EON, 221 
Columbus Ave, Boston, 
MA 02116. Names will be 
withheld upon request. We 
reserve the right to edit let­
ters for space and clarity. 
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Nichicon Capacitors 
vs. Switching Regulators 
Get the Nichicon advantage. 
Choose the capacitor features 
you need from our full-line 
of switching power supply 
capacitors. Including high 
CV package snap-in mount 

cans. Space saving case sizes. 
Board-gripping positive con­
tact leads. Polarity safeguards. 
High ripple performance. 
Low ESR. Assembly savings. 
And more. 

For detailed data sheets, tech­
nical assistance, pricing and 
delivery, contact your local 
Nichicon representative or 
distributors. Or give us a call 
and get the Nichicon advantage. 
Nichicon (America) Corporation 
927 E. State Parkway 
Schaumburg, IL 60195 
(3 12) 843-7500 

. L. 
Dl.C I.COD@ 
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Optically Isolated 
• 

rivers. 
New from the LightHouse. 

The optically isolated triac driver is a 
marvellously inventive product. This solid state 
device is the only practical way to safely couple 
the low voltage, highly sensitive, DC-powered 
microprocessor world to the noisy, high voltage 
AC environment of industrial machinery. It works 
like a relay, but infinitely faster and more reliably. 
And its clean, efficient and low cost. 

We'd love to claim we invented this unique 
device. We can't. 

But we can claim to be one of the two 
leading manufacturers of optically isolated triac 
drivers. Hardly anyone can match our specs. 
Or our volume production capability. 

120 AND 240 VAC APPLICATIONS 
General Instrument offers two series of 

triac drivers. One, designed for 120VAC resistive 
or inductive loads, has a rated blocking voltage 
of 250V. The other is designed for 240 VAC appli­
cations and has a blocking voltage of 400V. 

Critical rate of rise of the commutating 
voltage on all products is 0.1 v/µ s minimum 
and 0.2 v/µ s typical. And by the way, General 
Instrument is the only company to publish 
a guaranteed minimum figure. 

Off-state 
output LED trigger current (mA) 

terminal Maximum 
Product voltage typical guaranteed 

MCP3009 250V 15 30 
MCP3010 250V 10 15 
MCP3011 250V 5 10 
MCP3020 400V 15 30 
MCP3021 400V 8 15 
MCP3022 400V 5 10 

All our triac drivers deliver the highest 
level of isolation available - 7500 VAC Peak or 
5300 VAC RMS. They can switch loads up to 
100 milliamperes, and they're available with 
guaranteed trigger currents to insure reliable 
operation with popular logic families. 

HIGHLY STABLE AND RELIABLE 
Our triac drivers must endure 100 cycles 

of - 55° to + 125° temperature cycles - stress 
conditions that other triac drivers are hard 
pressed to match. And they must withstand test 
voltages of five seconds duration -500% longer 
than industry specifications! They're certified 
by Underwriters Laboratory File E50151. 

Most useful, they're pin-for-pin replace­
ments for Motorola's MOC3009, 3010, 3011, 3020 
and 3021 devices. 

Triac drivers from General Instrument -
finding new applications in the design of indus­
trial controls, vending machines, motor controls, 
solid state relays and a wide range of consumer 
products. And available in volume from 
General Instrument. 

Ask our sales reps and distributors 
for samples and literature (including our 

==~~- triac driver reliability folder; 
its an eye opener). Or contact us 
directly. We're the LightHouse 
people depend on. 

General Instrument, 
Optoelectronics Division, 
3400 Hillview Avenue, Palo Alto, 
CA 94304. (415) 493-0400. 

· · · TWX: 910 373-1767. 

GENERAL 
INSfRUMENT 
Optoelectronics Division 

The LightHouse people depend on. 
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Digital's new 16-bit microprocessor chips were not born 
yesterday. They were bred from years of PDP-11 systems 
experience. 

Our low-cost T-11 and our high-performance J-11 
chips provide the most advanced software engines ever of­
fered to this industry. Including full function operating sys­
tems like MicroPower/Pascal, RSX-llM-PWS, Rf-11 and 
RSTS/E. And more than a dozen languages. 

Hardware? Our T-11 provides the base PDP-11 in­
struction set. While our J-11 has the performance of our 
most powerful PDP-11 minicomputer in one CMOS package. 
Including memory management and protection, floating 
point math, and hardware support for cache memory and 
multiprocessing. And both micros interface with industry 
standard peripheral chips. 

Then there's our development environment. Our 
advanced MOE system with in-circuit emulation allows 
you to develop your hardware/software application in real­
time on most VAX or PDP-11 systems. 

Send the coupon for details. Or call 800-225-9222 
and ask for information package E-07. In MA, HI, AK 
and Canada, call (617) 568-5707. Or contact 
your Digital Autho- rized Industrial Distributor. 

EDN NOVEMBER 24, 198 2 

Digital's J-11 

r -------, Send to: Digital Equipment Corporation, 
Technical Volume Group, Hl..02-1/ElO, 

I 77 Reed Road, Hudson, MA 01749 I 
0 Please send me more information on Digital's J -11, 

T-11 and MOE development system. 

I O Please send me benchmark information on the I 
performance of Digital's micros. 

I 
O Please have a Digital Sales Representative contact me. I 
My application is 

I 1
ame I 

Title 

I C'Ompany I 
Street I City State Zip I 
Phone Code E· 11 ·24-82/07 

1 Morethan 1 
L--a1D1cro.--_J 
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VG/DIN Yersc1lilit,.Elco Availability. 

You can daisy-chain our I.DC connectors. 

Elco's extensive new VG/DIN line gives you all 
the reliable, high-density, metal-to-metal connectors 
you need Just look at the ~ibilities! 

Or get a versatile discrete press fit for do-it-yourself 
installation. Elco's solderless pre~-fit interconnect 
technique comes in both standard and inverted 

designs. Install them in-house-or check 
into our assembly services. 

Connectors 
are available for 
single, double, and multi-layer 
boards. Choose from 48, 64, and 96 
contact positions. Select from such 
terminations as straight or right-angle wire 
wrap, PC, and solder hook. 

Elco VG/DIN is ideal for input/output systems­
and board-to-board connections as well. Either way, 
you'll benefit from high reliability, teamed with 
exceptionally low withdrawal forces. 

Mounting ~bilities include rack, metal plate, 
solderless PC p~­

fit, and inverted 
DIN. 

Elco's com­
petitively priced 
VG/ DIN connec­
tors are available 
from the factory or an 
Elco distributor near you. 

Contact us for more details. Elco Corp­
oration, Huntingdon Industrial Park, Huntingdon, 
PA 16652. Tel. 814-643-0700. n_ ~rflfl Elco 
TWX 510-691-3117. \.:1.µ!J\!J ~~~P.?.,~~~~tu~ng company 

Elco VG/DIN Conneclors. 
CIRCLE NO 19 



Editorial 

Use semicustom logic 
to achieve a design edge 
At a recent EDN Design Conference on semicustom logic, approximately 5% 
of the attendees indicated that they incorporate that technology in their 
designs. And because those present presumably had high interest in the 
topic, it's safe to assume that an even smaller percentage of the engineering 
community as a whole is taking advantage of semicustom design approaches. 

Some recent product introductions , however, point out that EEs not yet 
familiar with semicustom logic should quickly pull their heads out of the sand 
or risk getting left far behind by the competition. For example, Seeq 
Technology, which participated in the race to bring the first Ethernet 
controller chip to market, used custom programmable-array logic (PAL) to 
bring its design from conception to working prototypes in 11 months. Thus, 
this dark horse was the first firm to enter what should prove to be a narrow 
market window (several similar introductions are imminent). 

The trend to semicustom logic affects not only chip designers, but systems 
designers as well. Star Technology's recently introduced FT-100 32-bit floating-point array processor, for instance, 
uses 180 gate-array devices on three 12 x 12-in. boards, replacing an estimated 12 to 15 boards of standard logic. The 
firm claims a 4:1 price/performance improvement over other array processors (thanks to reduced materials, 
manufacturing and testing costs). It also notes that sophisticated CAE software allowed its designers to simulate 
circuits sufficiently to obtain working parts on the first try, rather than struggle through the multiple development 
cycles required with standard logic. 

Producing similar savings, Metheus uses 26 PAL devices in the processor board for its >.. 750 workstation (see pg 
81 in this issue) to eliminate a pc board of logic and thereby cut user price by an estimated $1800. Ironically, 
although the system uses PAL devices, it aids EEs in designing full-custom, standard-cell and gate-array circuits. 

The message should be clear: Competitive pressures will force your company to turn to semicustom logic to achieve 
shorter design cycles in developing less expensive, more reliable products. EDN's coverage of this technology will aid 
you in understanding the basics and keeping track of what's available, but smart EEs won't delay in also getting 
hands-on experience. That way, they can assess the benefits of semicustom logic as soon as they begin their next 
design project. 

An Award·Winning Magazine 
1981 *Subject Analysis: 
Electronic Technology-The Next 25 Years 
1981 *Editorials 
1981 **ASBPE Excellence in Writing (3rd place): 
Seventh Annual µ,P/µ,C Chip Directory 
1978 *Staff·Written Series: 
System Design Project 
1978 *Contributed Series: 
Designer's Guide to Fiber Optics 
1977 *Contributed Series 
Software Design Course 
1976 *Special Issue: 
Microprocessor Reference Issue 
1975 *Staff·Wrltten Series: 
Microprocessor Design Series 
•Jesse H Neal Editorial Achievement Awards are the 
business-press Pulitzer Prize equivalent, awarded by the 
American Business Press (ABPJ. 
•·American Society of Business Press Editors 
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Paul G Schreier 
Editor 
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Why CAD/CAM Why Tulesis: 

If you're already using CAD/ 
CAM to produce your printed 
circuit boards, you should be 
matching or passing your com­
petition. If you're not utilizing 
CAD/CAM, you're probably 
working with a stable of frus­
trated designers riding the tail 
of a dinosaur. 

There's no longer any 
doubt about the value of the 
technology. It has evolved into 
a remarkable time-saver, dra­
matically reducing design, 
schematic, layout, and artwork 

· time. The productivity gains 
are blatantly obvious. 

There are a few catches 
though. The price of complete, 

full function systems has put 
them out ofreach of most com­
panies. Hundreds of thousands 
of dollars for a CAD/CAM 
system is not uncommon. 
Nor is nine months bringing 

operators up to speed. 
People learn to fly 
in less time. 

Another catch is the 
"electronic drafting 

system." It may cost a 
lot less, but what does 

it do for you? You're still 
completing design, schematic, 
layout and artwork at a pace 
just a hair faster than da Vinci . 
That's really frustrating. 

So, that's why Telesis. No 
catches. We've automated 
printed circuit board production 
from schematic right through 
fabrication tools- full function , 
field-upgradable 
CAD/CAM-at 
a fraction of 
the cost of com­
parable systems, 
and you'll be up 
to speed in days! 

Hard to 
believe? Just 

CAD/CAM Systems: A Generation Ahead 

Telesis Corporation of Delawa re, Inc. 

take a quick look at our compact 
workstation. The key is the 
Telesis Function Screen '" : it 
handles all input. Simple. No 
keyboards! No complicated 
code. No tablets, button boxes, 
joysticks or thumbwheels. 
None of the excessive cockpit 
paraphernalia you imagine 
when you think CAD/CAM. 
We've built it for a designer, 
not an air traffic controller. 
You input with a light pen, 
utilizing lucid menus and 
prompts on the Function 
Screen. It's as comfortable as 
a drafting board, but with its 
intelligent interactive data 
base, it ensures design integ­
rity throughout the process. 
No more manual checking 
and, we repeat, only days to 
learn it. Honest. 

Think of it: automatic 
net list ... automatic 

design rules checking 
... automatic placement 
and routing .. . back 

annotation ... 
net compare ... 



on-line continuity checking ... 
every detail and every correc­
tion neatly stored for rapid 
outputs of drawings, artwork, 
bill of materials, and N.C. drill 
tape. Oh, if only Leonardo .... 

You can buy this one today, 
in full color, for only $86,500,* 
or a monochromatic system for 
$68,500.* For a demonstration, 
call us at (617) 256-2300 or 
write to: Telesis, 21 Alpha 
Road, Chelmsford, MA 01824. 
*That includes the software! 
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From Tektronix 
comes the simplest, 
most comprehensive 
Implementation of the 
IEEE-488 standard 
ever developed. Tek 
GPIB equipment meets 
all IEEE-488 require­
ments and enhances 
productivity with Com­
mon Codes and Formats. 
More than practical, it 
makes automating mea­
surement systems easy. 

Our Common Codes 
and Formats ensure 
compatible data transfer 
between instruments­
which IEEE-488, by 
itself, does not. 

And basic to the Tek 
GPIB concept is a 
commitment to design 
instruments that are 
eminently compatible, 
not just with controllers, 
but with people who 
use them. 

No other system can 
say so much. 

Common Codes 
and Formats keep 
commands clear and 
consistent. Their 
English-like programming 
language makes bus 
control exceptionally 
simple, even for the non­
technical programmer. 
yvritin9 systems software 
1s easier, programs 

____ .,...___ 

4100 REM SET UP PS50!0 
4110 PRINT @22:"JtHT;llPOS 11.~i!POS 0.S;OUT OW 
4120 REM SET UP GC5010 
4130 PRINT @20:"IHIT;TER LO;AUTO A;PER;SEND" 
4140 INPUT @20:P 
4150 PRINT @20:"HA~'iHIN'" 
4160 INPUT @20:~1.H2 
4170 A=Ml-M2 
4180 PRINT i20 "RISE; SEN~" 
4190 INPUT @20 R 
4200 PRINT @20 "F~LliSENC" 
4210 INPUT @20 F 

more efficient and self­
documenting. 

The command set is 
in "standard engineering 
English" matching the 
abbreviations on instru­
ment front panels. As is 
shown above, readable 
mnemonics in the com­
mand string set up the 
PS 5010 Programmable 
Power Supply and the 
DC 5010 Programmable 
Universal Counter. In line 
4110 we set the PS 5010 
positive supply for 11 . 7 
volts with an 0.5 amp 
current limit, and turn the 
supply output on. In lines 
4130 through 4210 we 
measure the period , 
amplitude, risetime, and 
falltime of a signal and 
set them equal to P, A. R, 
and F, respectively. 

Operating 
conventions which are 

user-oriented make Tek 
GPIB devices even more 
convenient. Resistant to 
operator errors. 

It's easy to set up 
your system now. And 
get back inside of It 
rater. Our GPIB line 
includes instrument con­
trollers, scopes, digitizers, 
plus programmable 
test and measurement 
instruments such as 
counters, digital multi­
meters, power supplies 
and more. 

System integration 
comes easily. Common 
Codes and Formats help 
minimize the software 
modifications required 
when systems are 
changed or expanded. 

The Tek GPIB ap­
proach frees you from 
dependence on outside 
systems developers, 

GPIB 
MADE EASY 

while assuring assis­
tance from our own 
applications engineers. 

You'll enjoy a direct 
connection to a long 
future of reliable, state­
of-the-art Tektronix 
Instrumentation. We 
provide what you need 
to integrate Tek GPIB 
instruments into your 
system. And you can be 
sure that the equipment 
you buy today will be 
compatible with our 
future GPIB products. 
For further information, contact: 

U.S.A., Asia, Australia, Central & 
South America, Japan 
Tektronix, Inc. 
P.O. Box 4828 
Portland, OR 97208 
For additional literature, or the 
address and phone number of the 
Tektronix Sales Office nearest you, 
contact: 
Phone: 800/547-1512 
Oregon only 800/452-1877 
Telex: 910-467-8708 
TLX: 15-1754 
Cable: TEKTRONIX 

Europe, Africa, 
Middle East 
Tektronix Europe B.V. 
European Headquarters 
Postbox 827 
1180 AV Amstelveen 
The Netherlands 
Phone: (20) 471146 
Telex: 18312 · 18328 

Canada 
Tektronix Canada Inc. 
P.O. Box 6500 
Barrie, Ontario L4M 4V3 
Phone: 7051737-2700 

Cltcle 225 to1 llte1atu1e Cl1cle 226 fo1 sales contact 
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There are over 2,000 parts 
to our story. 

Read about them in this. 

We make about 2000 standard catalog 
components, and about 3000 more that 
are custom in some way. If you have a 
special need, ask us and we'll do every­
thing we can to supply it for you. It's part 
of our service. Write E.F. Johnson Co., Wa­
seca, MN 56093. Or call (507) 835-6222. 

~:IOHNSON 
Your Electronic Hardware & 
Variable Capacitor Source 
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I Technology Update 

Multibus-compatible analog 1/0 cards 
serve diverse system needs 
Edward R Teja, Western Editor 

To circumvent the headaches of 
interfacing a computer to analog 
equipment, more and more digital 
designers are turning to the latest 
analog I/O cards-especially those 
serving the Multibus. These cards 
simplify the analog-design task a 
great deal-merely matching card 
performance to your system needs 
takes care of all your analog design 
requirements. 

This design simplification brings 
with it some specification difficul­
ties, though: Multibus-compatible 
analog I/O cards provided by 14 
manufacturers offer a wide range of 

price levels to choose from. For 
example, Burr-Brown's MP-8608 
8-channel analog-input card costs 
$375; at the other end of the price 
spectrum, the militarized SECS 
801732 analog-input card from 
EMM/Sesco costs $4700. 

Finding the outer limits 
Moreover, your choices center on 

more than price alone; performance 
also can vary widely. A typical 
analog-input card furnishes 16 
differential or 32 s ingle-ended 
channels. But many accommodate 
additional analog channels on the 
same card through optional multi­
plexers. And in some cases, cards 

Put large numbers of analog channels into a computer at low cost per channel with Data 
Translation 's DT712 Series. Its members provide 128 single-ended or 64 differential input 
channels on one card-more if you use an expander. 

EDN NOVEMBER 24, 1982 

can be combined in parallel to get 
the full number of channels needed. 

ADAC Corp's $895 710-RL low­
level data-acquisition system, for 
example, comes with eight or 16 
input channels. In addition, it 
provides a connector that allows you 
to daisy-chain $750 Model 710-RX 
16-channel expansion modules to 
reach 128 input channels. 

Data Translation, on the other 
hand, furnishes the DT3772 Series 
VO expansion cards, which increase 
the usefulness of the firm's DT3752 
Intelligent Analog Peripherals 
(IAPs). Various versions offer input 
ranges designed to match particular 
analog-signal ranges. 

For example , Model DT3772 
($595) expands the $1895 DT3752 
from 16 to 64 single-ended inputs 
(32 differential) that handle ± lOV 
input ranges; it also provides as 
many as eight analog outputs. 
Model DT3775 ($695) suits low-level 
inputs, furnishing an $1895 Model 
DT3755 IAP with as many as 12 
10-m V to lOV differential inputs 
with ±250V common-mode-voltage 
noise isolation. 

Thus, if you can't find precisely 
the board that suits your design 
needs, look to the selection of 
expander cards and analog pre­
processors most manufacturers 
offer. They can equip a system to 
handle even more inputs, provide 
more outputs or accommodate 
higher or lower level signals than 
the data sheets hint at. 

In addition, some boards feature 
special circuits that increase design 
flexibility. On-card de/de convert­
ers, for example, come standard on 
some analog boards but are optional 
on others. With such a de/de 
converter, analog cards that typical­
ly require ± 15V as well as the 5V 
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Technology Update 

Memory-mapped extended addressing over a 24-bit range is a prime feature of Analog 
Devices's RTl-711 analog-input board. It suits the board for use in systems with 16M bytes 
of memory. 

that the Multibus provides can 
operate with no additional power . 

All converters aren't alike, how­
ever. Some offer extremely low 
noise; others provide just the 
required high voltages with reason­
able regulation (1 % ) at low cost. 
And still others furnish both high de 
voltages and regulation for the 5V 
supply. An analog-card vendor can 
help determine which you need. 

The missing trend setter 

The de facto standard for 
analog-input boards is Intel's iSBC 
711; for analog-output boards, the 
iSBC 724; and for I/O combinations, 
the iSBC 732. This status proves 
rather ironic on two counts. 

First, although several major 
manufacturers-including Datel­
Intersil, Data Translation, National 
Semiconductor, EMM/Sesco (whose 
boards are militarized versions of 
the Intel products) and Distributed 
Computer Systems - produce 
boards that. are plug compatible 
with the Intel iSBC 700 Series, 
those boards are far from standard­
ized. And second, although compa­
nies continue to make boards to 
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match Intel's standard, Intel itself 
has discontinued its iSBC 700 Series. 

Examine the first consideration in 
more detail. Although the manufac­
turers claim iSBC 700 Series 
compatibility, each can point to 
innovations that make its boards 
more powerful, easier to use or 
more cost efficient than the Intel 
units. 

Consider the RTI-700 Series, 
announced last month by Analog 
Devices. In addition to touting the 
RTI-711, -724 and -732 boards 
($580, $445 and $670 (10), respec­
tively) as direct replacements for 
t he industry-standard 71117241732 
boards, the series's data sheets 
describe memory-mapped extended 
addressing over a 24-bit address 
range-a feature that suits the 
boards for unlimited use in 16-bit 
systems that might require as much 
as 16M bytes of memory. 

In comparison, National Semicon­
ductor's $634 BLC-711 has a 12-bit 
address range. Yet both it and the 
ADI boards furnish 16 single-ended 
or eight differential channels (ex­
pandable to 32 and 16, respective­
ly), a crystal-controlled pacer clock, 

60-dB common-mode rejection, 
±10.24V common-mode voltage and 
system accuracy of 0.05% FSR±% 
LSB with unity gain. 

Datel-Intersil's analog-output 
card, meanwhile, designated the 
SineTrac ST-716, is hardware 
compatible with the iSBC 724 
standard. One configuration, the 
4-channel version, is also software 
compatible; both versions use 16-
bit-resolution DACs versus the 
12-bit-resolution units employed in 
other 724-compatible cards. The 
card provides a 20-bit address 
range. A 4-channel ST-716 with 
de/de converter costs $895. 

You can see, then, that the 
practice of adding capabilities 
makes a de facto standard difficult 
to maintain; the standard instead 
defines a subset of a card's 
capabilities. Generally, however, 
it's safe to assume that "7111724/732 
compatible" means that a board 
works with Intel's single-board 
computers. 

Going piggyback 
What about Intel's "abandon­

ment" of its own standard? With the 
discontinuance of the iSBC 700 
Series, Intel's current card offer­
ings add analog I/O capability to a 
processor system via the piggyback 
iSBX connector available on some 
single-board computers. The ap­
proach is attractive, because it frees 
the Multibus from dealing with 
analog processing. 

Intel has introduced two such 
Multimodule boards: The iSBX 328 
($750) furnishes eight output chan­
nels; the iSBX 311 ($610) accommo­
dates eight differential or 16 
single-ended inputs with 12-bit 
resolution. 

Another alternative comes from 
Zendex Corp, currently the only 
supplier of input and output 
capability on a single Multimodule: 
Its Model ZBX-324 ($291) features 
two 0 to lOV analog-input channels 
(through an 8-bit ADC) and two 0 to 
lOV outputs (from an 8-bit DAC). 

To use a Multimodule analog I/O 

EDN NOVEMBER 24, 1982 



When you teem thla new, miniature (1" x 
o.s· x 0.2"), low drift, wide bandwidth 
laolatlon ampllfler with our quad DC/DC 
converter you get laolatlon at the loweat 
coat per channel anllabl• anywhere/ 

IS0100 is a second generation, optically 
coupled ISO amp employing a new mono­
lithic IC designed especially for optically 
coupled isolation amplifiers. It also uses 
our popular, field proven linear optical 
coupling technique: optical feed forward 
provides isolation and optical negative 

loll- Input Ollut Input °""' PriCI 
U-rtty V1llag1 V1illglDrlll 100'•* 

Mldll %(•xi 111V (•In) µV/°C (1111) ,,.. 
IS0100AP 0.4 0.5 5 $25.00 
IS0100BP 0.1 0.3 2 $28.00 
IS0100CP 0.07 0.2 2 $33.80 

feedback to linearize the transfer function 
and make gain immune to LED aging 
effect. Continuous isolation rating is 750V 
(100% tested at 2500V ) and maximum 
leakage current is 0.3µA at 240V/60Hz. 

IS0100's new monol ith ic IC gives you 
conventional bipolar signal operation or 
exceptionally improved performance in 
the unipolar mode. When you compare 
with earlier, optically coupled ISO amps 
you'll find IS0100's voltage drift vs temp 
six times lower at G = 100. 

This new design - featuring proven tech­
nology, fewer parts, smaller size and low 
cost - gives you improved reliability and 
performance ... just what you 'd expect 
from the undisputed leader in isolated 
signal conditioning products. 

BURR-BROWN® 

ISOLATED DC/DC 
CONVERTERS 
These small IC DIP's provide isolated 
power, input-to-output and channel-to­
channel, for your IS0100 appl ications. 

722: Dual DC/DC Converter with 15 volts 
input; two bipolar outputs of ±15V, ±40mA 
each. Continuous 3500V isolation (8000V 
test ). $28.50 in 100's* - only $14.25 per 
channel. 

724: Quad DC/DC converter: With 15V 
input; four bipolar outputs of ±8V, ±16mA 
each. Continuous 1000V isolation (3000V 
test). $40.15 in 100's* - only $10.04 per 
channel. 

Requeat data on theae laollltlon producta. 

I• II •I 
Putting Technology To Work For You 

(206) 455-2611 - (213) 991 -8544 - (214 ) 681-0781 - (303 ) 863-4440 - (312 ) 832-8520- (313 ) 474-8533 - (408) 55!Hl600 
(802) 74&-1111 - (614 ) 764-9764 - (817) 444.Q020 - (713 ) 988-8548 - (714 ) 835-0712 - (805 ) 498-7581 - (914) 253.Q333 

*U.S. dorMStic price CIRCLE NO 22 



Technology Update 
card, merely plug it in on any 
single-board computer with an 
iSBX bus connector. Each 2.5 x 3.7-
in. card gets its power, ground and 
control signals via the piggyback 
bus and is pin compatible with 
Intel's iCS 910 signal-conditioning/ 
termination panel, which provides 
termination and current-loop-to­
voltage conversion resistors, mak­
ing system modification an easy 
task even in the field . 

Death of the big card? 
In view of Intel's discontinuance 

of its full-sized analog cards, the 
question of a move toward wide­
spread use of piggybacked Multi­
modules arises. And in some cases, 
Multimodules might indeed be your 
best choice-if you want to add 
simple analog functions to a 
computer or monitor a few precon­
ditioned analog signals, for exam­
ple. But many systems must do 
more than add-on analog functions. 
As Data Translation president Fred 
Molinari points out, Multimodules 
won't do the job if you need soph­
isticated data acquisition. 

The problem, according to Moli­
nari, is one of flexibility. "There's no 
sensor in the world that puts out a 
clean signal from 0 to lOV." Because 
of the likelihood of an imperfect 
input signal , a quality data­
acquisition system needs a sophisti­
cated analog-input card, able to 
accommodate optional on-card sig­
nal conditioning and with software­
programmable gain amplifiers. It 
might even have to work with a 
preprocessor that performs exten­
sive signal conditioning. 

To help get large numbers of 
analog signals into the computer in 
such cases, Data Translation has 
introduced a line of high-density 
input cards. Model DT712 provides 
128 single-ended or 64 differential 
input channels on one card. And 
adding the DT713 or -715 expander 
card results in 512 single-ended or 
256 differential channels. 

To accommodate signal condition­
ing, the family includes a series of 
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panels and plug-in cards. The cards, 
including the DT706, furnish pas­
sive signal conditioning, and the 
panels provide screw terminals and 
ground connections for as many as 
128 single-ended or 64 differential 
input channels. 

Available with 8- or 12-blt resolution, 
Analog Devices's RTl-1202 provides eight 
differential analog-input channels (expand­
able on the card to 16 differential or 32 
single-ended channels) . It costs $495. 

Even more significant than the 
Data Translation units' channel 
density is their cost per channel. A 
fully equipped DT712 costs $1495; 

Where is the CMOS? 

Furnishing ±40V common-mode-voltage 
protection, ADAC Corp 's 735 Series 12-bit 
analog-input cards features a choice of 35- or 
100-kHz conversion. Prices start at $395. 

the DT713, an additional $1595. And 
the termination panel costs $400. 

In some systems, the best 
approach to providing analog I/O 
capability centers on a completely 
specialized board such as Burr­
Brown's MP8430. This $750 input 
board suits use with resistance 
temperature detectors (RTD); each 
input channel supplies the 0.55- to 
2.2-mA excitation current required 
by an RTD to set the channel gain. 

Although CMOS devices are emerging as a major force in the 
designer's world (EON, September 29, pg 88 and June 24, 1981, pg 
89), few of the analog 1/0 cards in this survey are CMOS. In fact, the 
only totally CMOS card comes from CMOS specialist Diversified 
Technology, whose systems find use in harsh environments such as 
oil rigs. 

CMOS boards furnish all the traditional advantages of CMOS 
components: low power consumption, immunity to noise, wide 
power-supply range, wide operating-temperature range and high 
speed. And although all of these factors are significant advantages, 
the high noise immunity of a CMOS integrating converter proves 
particularly significant: It eliminates the need for a large amount of 
on-card signal conditioning that might be required for an input board 
to work well in industrial environments. 

What about price? The traditional high cost of CMOS is rapidly 
diminishing. A typical input card from Diversified Technology costs 
$1145. 

The key to Diversified Technology's use of CMOS, however, lies in 
its provision of a total CMOS system: CMOS analog circuits working 
in conjunction with a CMOS computer. Unfortunately, the world of 
Multibus systems includes few CMOS CPU cards. Diversified 
Technology offers an interface that adapts its analog board to a 
TTL-level bus, but the match seems ungainly. Therefore, until more 
CMOS µCs appear on the Multibus, the market for CMOS analog 1/0 
cards will remain small. 
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Omron's LED-illuminated pushbutton switches . .. 
human-engineered for increased communication 
First and foremost, a lighted pushbutton 
must communicate a condition clearly 
to the operator. To avoid operator error, 
it must also emit a sufficient amount of 
light. And when pressed, it must engage 
immediately, assuring precise control. 

But some pushbuttons are too dim. 
Some can only be seen in a narrow 
viewing range. And others will engage 
only' if pressed in the exact center, 
which invites error when multiple, 
rapid commands are initiated. 

Now there's Omron's new A3 series 
LEDs .. . illuminated pushbutton 
switches designed for total commun­
ication. A3s are the brightest LED 
switches available. They also offer the 
broadest viewing angle . And, regardless 
of where they're pressed, they engage 
every time. 

Take a closer look at any A3 switch and 
you'll see why they communicate 
more effectively. 

2~ 
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For a universe of exceptionally reliable components. 

CIRCLE NO 23 

A unique LED array (1) broadens and intensifies brightness 
(visibility up to 200 feet) without sacrificing low-power bene­
fits (uses as little as 15 milliamps) . 

The colored lens (2) and legend plate (3) can easily be seen 
from all sides. The lens can be removed by fingertip for quick 
changes of the legend plate. The colored plate ( 4) intensifies 
and broadens the light, expanding the viewing angle to a full 
120 degrees. And a special plunger case design (5) engages the 
switch at any angle-no matter where it is touched. These 
features , plus a superior switch design (6), combine to provide 
high reliability and positive switch performance. A3s are also 
available with fail-safe relamping mechanisms which permit 
switch removal without shutting down the panel. 

The bottom line: reduced operator errors . .. lower operating 
costs ... high visibility . . . and extended switch life (up to 1 
million operations) . 

Our broad line of pushbuttons and optional accessories in­
cludes: incandescent lamp-illuminated switches; as well 
as barriers, switch guards, sockets and seal covers for all models . 

fur detailed information, contact Omron Electronics, Inc., 
Control Components Division, 650 Woodfield, Schaumburg, 
IL 60195 . Telephone: 312/843-7900. 



Technology Update 

Get 16-bit resolution on as many as eight analog-output channels with Datel-lntersif's 
Sine Trac ST-716. A typical 4-channel board with on-card de/de converter costs $895. 

The board both accommodates the 
inputs from the sensor and becomes 
part of the sensor circuitry. 

Multimodules aren't always the 
most cost-effective approach to 
interfacing with a noise-free analog 
environment, either. A better 

For more information ... 

alternative might be MegaLogic 
Corp's GAB-1/MN, which furnishes 
four analog-input channels with 
12-bit resolution and costs only 
$395. Thus, choosing the Multimod­
ule alternative depends as much on 
the piggyback approach's conven-

For more information on the analog 1/0 boards discussed in this article, 
contact the following manufacturers directly or circle the appropriate 
numbers on the Information Retrieval Service card . 
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ADAC Corp 
70 Tower Office Park 
Woburn, MA 01801 
(617) 935-6668 
Circle No 697 

Analog Devices Inc 
Box 280 
Norwood, MA 02062 
(617) 329-4700 
Circle No 698 

Burr-Brown 
Box 11400 
Tucson, AZ 85734 
(602) 746-1111 
Circle No 699 

Data Translation 
100 Locke Dr 
Marlboro, MA 01752 
(617) 481 -3700 
Circle No 700 

Datel-lntersll 
11 Cabot Rd 
Mansfield, MA 02048 
(617) 339-9341 
Circle No 701 

Distributed Computer Systems 
223 Crescent St 
Waltham, MA 02154 
(617) 899-6619 
Circle No 702 

Diversified Technology Inc 
Box 465 
Ridgeland , MS 39157 
(601) 856-4121 
Circle No 703 

EMM/Sesco 
Box 668 
Chatsworth, CA 91311 
(213) 998-9090 
Circle No 704 

ETI Micro 
6918 Sierra Ct 
Dublin, CA 94566 
(415) 829-6600 
Circle No 705 

Intel Corp 
3065 Bowers Ave 
Santa Clara, CA 95051 
(408) 734-8102 
Circle No 706 

Megaloglc Corp 
9659 National Rd 
Brookville, OH 45309 
(513) 833-5222 
Circle No 707 

National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 
(408) 721-6582 
Circle No 708 

Robotrol Corp 
1250 Oakmead Parkway, Suite 210 
Sunnyvale, CA 94086 
(408) 732-8813 
Clrcle No 709 

zendex Corp 
6644 Sierra Lane 
Dublin, CA 94566 
(415) 828-3000 
Circle No 71 O 

ience as on cost factors: Big cards 
aren't dead or even dying. 

Besides coming in a variety of 
sizes and featuring specialized 
signal conditioning, analog boards 
are also keeping pace with design­
ers' needs by becoming smarter. 
Robotrol Corp's $1210 RMB 741 
analog I/O card, for example, uses 
an on-board µP to simplify pro­
gramming. You control its 12 analog 
outputs and 16 differentiaV32 sin­
gle-ended inputs via 8-bit registers, 
specifying the operating parame­
ters and strobing the data into the 
appropriate register. 

ETI Micro's 8131 input card, on 
the other hand, trades off simple 
operation for flexibility-it operates 
as an intelligent Multibus slave. 
This unit's on-board 8085 µP 
controls 16 differential analog 
inputs; the board converts the 
analog signal into a 12-bit-wide bit 
stream and stores it in 2k bytes of 
dual-port RAM. The bus master can 
then access the data directly. 
Setting hardware switches allows 
you to locate the RAM over lM 
bytes of memory space. 

Finally, Intel's method of achiev­
ing greater board intelligence 
makes use of the iSBX modules via 
the iSBC 88/40 board. This mea­
surement-and-control computer 
provides smart analog I/0-you 
merely plug as many as three 
Multimodules into it to customize it 
to your own system. An on-board 
88/10 processor coordinates the 
board's operation. EDll 

Acknowledgement 
Special thanks to Fred Mazanec, 
publisher of The Multibus Buyers 
Guide ($25 from lronoak Co, 3239 
Caminita Ameca, La Jolla, CA 
92037. Phone (714) 450-0191.) 
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Overseas cord approvals 
aren't foreign to Belden. 

Belden introduces a comprehensive 
line of internationally approved cords 
to meet the growing demands for 
electronic equipment in the inter­
national market. 

Our complete inventory includes 
power supply cords for permanent 
installations as well as the popular 
detachable power supply cords. The 
detachable cords feature a double­
molded CEE 22 connector to meet 
the stringent standards of interna­
tional approval agencies. 

ED N NOVE MBER 24, 1982 

All it takes to put this quality to 
work for you is a call to your nearby 
Belden distributor. He makes order­
ing convenient, too. Because all 
communication is in English and 
you are invoiced in U.S. dollars. 
You avoid translation problems, 
billing questions and phone calls to 
foreign manufacturers at odd hours. 

If you market overseas, use 
Belden's approved connections. 

CIRCLE NO 24 

Contact your Belden distributor to 
get our new foreign. cord catalog. 
Or write: Belden Corporation, Elec­
tronic Division, P.O. 
Box 1980, Richmond 
IN 47374. Phone: 
317-983-5200. 

[~. ] BELDEN 
C> 1982 Belden Corporation 8-7- 2 
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Fresh off the press , this total ly revised and 
updated data book puts 688 pages of the latest 
information about high-performance ICs at your 
fingertips . With special emphasis placed on appli­
cations , th is 7" x 9" Sprague Data Book WR-502 
features complete technical data on digital pe­
ripheral power interface circuits , consumer linear 
circuits , and specialty devices for camera, auto­
motive, industrial control , and switched-mode 
power supply controller applications. 

DISTRICT OFFICES AND SALES REPRESENTATIVES: 
ALABAMA, Sprague Electric Co., 205/883-0520; Electronic Marketing Associates , 2051837-7363 •ARIZONA, 
Sprague Electric Co ., 602/831-6762 ; 602/244-0154 •CALIFORNIA, Sprague Electric Co ., 213/649-2600; 
714/549-9913; R. David Miner Inc., 7141267-3900; W. J. Purdy Co., 415-347-7701 •COLORADO, W. J. Purdy Co .. 
303,777-1411 •CONNEC'TICUT, Sprague Electric Co ., 2031261-2551 •DIST. OF COLUMBIA, Sprague Electric Co. 
(Govt. sales only), 2021337-7820 •FLORIDA, Sprague Electric Co., 305/831-3636· 3051979-1440 •GEORGIA, 
tlectronic Marketing Associates, 404/446-1215 • ILUNOIS, Sprague Electric Co., 3121296-6620; 3121635-4020 
•INDIANA, Sprague Electric Co., 3171253-4247 •MARYLAND, Sprague Electric Co., 3011792-4890; 301/953-1717 
•MASSACHUSETTS, Sprague Electnc Co., 617/875-3200; 413-664-4411; Ray Perron & Co., Inc., 617196!t-8100 
•MICHIGAN, Sprague Electric Co ., 5171787-3934; Mareco, Inc., 5171263-1333 • MINNESOTA, HMR, Inc., 
6121831-7400 • MISSOIJU, EPI Inc., 3141821-4090 •NEW HAMPSHIRE, Ray Perron & Co .. Inc., 6031742-2321 
•NEW JBISEY, Sprague Electric Co., 6091795-2299; 2011696-8200; Trinkle Sales Inc .. 6091795-4200 •NEW 
MEXICO, W. J . Purdy Co. , 5051266-7959 •NEW YORK, Sprague Electric Co. , 5161234-8700; 9141834-4439; 
3151437-7311 ; William Rutt, Inc., 9141834-8555; Paston-Hunter Co ., Inc., 3151437-2843 •NORTH CAROLINA, 
Electron ic Marketing Associates, 919/847-8800 •PENNSYLVANIA, Sprague Electric Co., 2151467-5252 •OHIO, 
Sprague Electnc Co., 513/435-1678; Electronic Salesmasters , Inc .. 216/831-9555 • SOUTH CAROLINA, Electronic 
Marketing Associates, 8031233-4637 •TEXAS, Sprague Electric Co., 5121459-3336; 2141235-1256 •UTAH, W. J. 
Purdy Co., 8011486-8557 • VllGINIA, Sprague Electric Co. , 7031463-9161 •WASHINGTON, Sprague Electric Co., 
206/632-7761 •CANADA, Sprague Electric of Canada . Ltd ., 4161766-6123; 6131236-2542. 
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WE'VE 
REWRITTEN 
THE BOOK 
ON 
HIGH-PERFORMANCE 
I Cs 

It serves as an 
especially useful guide to: 

High-Voltage Drivers (to 100V) • 
Gas-Discharge Display Drivers • High­

Current Drivers (to 2A) • AC/DC/Servo/ 
Stepper Motor Drivers • BiMOS Power Drivers 

• Vacuum-Fluorescent Display Drivers • LED & 
Incandescent Display Drivers• MIL-STD-883 Power 

Drivers • Audio Power Amplifiers (1 /2W to 20W) • 
Radio (Consumer & Commercial/Industrial) • Industrial / 
Process Control • TV (Video Terminals , NTSC Color, 
Black & White) • Switched-Mode Power Supply 
Controllers • Hall Effect Sensors (Digital & Linear) • 
Opto-Electronic Sensors • Transistor & SCR Arrays • 
Custom Devices 

You can obtain a CORY. of WR-502 by calling the 
nearest Sf2_rague sales office or franchised distributor. 
Or, ..Qy mailing the convenient order form below. 

4SS-2146 

SPRAGUE® 
THE MARK OF RELIABILITY 

a Penn Central unit 
r------------------------, 

Sprague Electric Co., Technical Literature Service 
491 Marshall Street, North Adams, Mass. 01247 

Enclosed is check (or money order) for $5.00; please send new 
IC Data Book WR-502 to : 

(name) (title) 

. . .. 
(company) (mail section or dept.) 

(address) 

53 



54 

''FAST™logic delivers 30 percent nwn 
with 75 percent less power. You can't 
l«lndy Chapman, Strategic Marketing Manager, Logic Division 
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speed than Schottky 
lose:' 

Signetics is now moving 
FASTgii And that's good 
news for people who've 
been looking for ways to 
get more performance out 
of their systems while 
putting less power in. 

With this new genera­
tion of TTL circuits, you 
can reduce your present 
system power substan­
tially, simply by dropping 
these FAST parts into 
sockets now filled by 
Schottky devices. And 
your future systems will 
benefit even more by 
taking advantage of the 
higher speeds, probably 
using less expensive 
memories in the bargain. 

"They're the 
kind of specs you've 

always wanted:' 

We specify FAST TTL AC 
parameters across supply 
voltages as well as tem-

perature range. So you 
can drive the specs a 
.Jot harder and elimi­
nate guesswork from 

your designs. 
While you're getting lOK ECL 

spee<,ls, you're also getting better 
noise immunity than Schottky 
TTL, because the inputs have 
higher thresholds. 

This all adds up to better sys­
tems, completed more quickly 
and easily. 

EDN NOVEMBER 24, 1982 

''Fast is the logic family 
oftbe80's. 

And we're making it better:' 
Tu begin with, we apply oxide­
isolation to. assist in providing 
the high speed characteristics 
of this family. 

Andnowwe'vedevelopedanew 
design called Current Switch 
Logic (CSL) that's even better. It 
provides protection against pos­
itive voltage input spikes that 
can destroy other types of logic 
circuits, including those with 
low input currents. This new 
chip is 50 percent smaller than 
standard FAST circuits , but 
maintains pin compatibility. 

So if you 're looking for a big, 
reliable reason to commit your­
self to FAST circuits, now you 
have it. You can get the parts you 
need right now from Signetics 
distributors without having to 
wait months and months. Or 

"This.free FAST Design Pak 
will get you moving:' 

It includes a wealth of design in­
formation, practical guides to 
using and testing FAST circuits, 
and an advance look at more 
than a hundred products that 
will make up · Signetics FAST 
family. Once you've been intro­
duced, you'll agree that it's the 

· only logical way to go. 

send us the coupon for more in- All Signetics FAST products are 
formation and assistance from compatible with Fairchild's Ad.­
our Field Application Engineers. vanced Schottky TTL family. 
,-----------~---------1 

I I'm looking for FAST performance. Name I 
D Send me my FAST Design Pak, in-

1 eluding product data sheets, app Title I 

I 
notes on "Using FAST logic func- I 
tions in Microprocessor Systems" Company _______ _ 

I and "Specifying and 'Jesting FAST I 
I 

logic:' and information on CSL Division I 
(Current Switch Logic). 

Address I D Have anFAE contact me. --------- I 
City I· Mail to: ---------- I 

I 
Signetics Publications SeIVices State Zip I 
MS 2527, P. 0. Box 409 

I 811 E. Arques Avenue Phone I 
Sunnyvale CA 94086 EDN 11124-F1 

L---------------------~ 
FAST™ is a trademark of Fairchild Camera and Instrument Corporation. 
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How to tell cheap from low-priced 
when considering open frame 

switching power supplies. 
With power on, touch the transformers. If they're hot, 
they're cheap . Kepco /TDK transformers are barely warm. That's 
because the cores are 

Compare the mounting of components 
on our board with any other . The difference 
tells you a lot . The firm , solid, uniform 
mounting of our components adds to reliability 
and long life (our MTBF is over 60 ,000 hours) . 
And it's a major reason why our open frame 
switchers are low-priced , not cheap: all 
components are mounted by a TDK-designed 
machine, in about five minutes . The money 
saved in both labor and freedom from rejects 
is what enables us to use such high-grade 
components . Machine production also means 

made of TDK H7C1 ferrite , 
the finest going , and have 
been designed for 
particularly good low-loss 
characteristics at 40 KHz . 
Less heat generated by 
transformers means more 
compact spacing of 
components and longer life . 
(See the efficiency curves .) 

75% 100% Automatic component insertion we 're able to supply any number you need . 

Look at the 
temperature rating 
of the capacitors: 
cheap ones 
are rated at 85°C. 
Good ones at 95°C. 
Ours are 105°C. 

The Kepco/TDK 
open-frame switchers 
aren't cheap, · 
they're low-priced. 

% OF MAXIMUM LOADING 

4-output switchers are available in 
50, 100, 150 and 210-Watt models 
and a variety of volt-ampere combinations . 
As low as 99¢ per Watt in 1000 pc . lots. 

Do you get both 115 and 230 V a-c 
(selectable) inputs at 
no extra cost? You do 
with ours . So you can 
use our switchers for 
both U.S. & export sales . 

For a demonstration unit, write Dept. DXF-12 

KE PC 0 KEPCO, INC., 131-38 Sanford Avenue 
® Flushing, NY 11352 USA. (212) 461-7000 

---------- TWX #7105822631. FAX: (212) 767-1102. 

See whether it has an on-board filter. 
If it doesn't you 'll have to add one that 
meets FCC and VOE requirements. 
Our conducted noise is not only well under 
both (see graph) , but the on-board filters use 
special TDK-made VOE-approved capacitors . 

eo.---~~-~-~-~ 
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100 WATT 
4-0UTPUT 
SWITCHER 

CIRCLE NO 25 
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Hard-disk controller chips 
simplify custom interface designs 
Franklin G Fink, Associate Editor 

Recently introduced hard-disk con­
troller !Cs make it easier than ever 
to design controller-to-computer 
interfaces for a variety of drives-if 
you design by the chip manufactur­
ers' rules. That is, if you plan to 
configure a custom, special-purpose 
hard-disk controller (perhaps one 
that implements a subset of the 
emerging SAS! standard), these 
highly integrated chips provide 
capabilities that make the job 
relatively simple. If, however, your 
controller-to-computer interface 
must embody a system-specific 
standard (such as the Multibus or 
S-100 bus), you're still better off 
buying one of the many available 
specialized board-level controllers 

(see box, "Plug-compatible control­
lers interface easily''). 

Standards emerge 
A hard-disk interface has two 

parts: the circuitry that joins the 
drive to the controller, and the 
circuitry that interfaces the control­
ler to the computer. Drive-to­
controller interfaces are now well 
defined, and the controller ICs each 
accommodate one or more of them. 
They fall into several categories: 

• ST506 (Seagate}--Based on 
the 5114-in. Winchester drive 
pioneered by Seagate Technol­
ogy, this interface is now also 
implemented by many other 
manufactul'ers. It's essential­
ly a high-performance, high­
capacity version of the estab-

• 

lished 5 1/4-in. -floppy-disk 
(mini-floppy) interface. Ini­
tially, drives with the ST506 
interface stored 6M bytes, but 
versions storing as much as 
52M bytes have been an­
nounced. An ST506 controller 
essentially does what a mini­
floppy controller does, but at a 
faster rate (typically 5M bps) 
and usually with error­
correction capability. 
SMD-This interface is based 
on the Control Data Storage 
Module Drive, which comes in 
14- and 8-in. versions and 
stores as much as 380M bytes. 
An SMD interface incorpo­
rates data-separation and da­
ta-encoding functions , not in­
cluded in the ST506 interface. 

r---------, r---------------, r-------------------1 
1
1 

PULSE DETECTOR : I DATA SEPARATOR I 
1
1 DISK DATA CONTROLLER 

I I I DATA : I 
I FROM ! I READ DATA I I SERIAL 

: ~~:g ADC 1--'il-+...:.J-+1 GE~~~~~OR DECODER t-..,,..-~J .. PARl~LEL 
1 I I I I 
L _______ J L ______ c_':o.:_K ______ _J I 

r---------------, I 
I DATA ENCODER I I 
I I I 
I I 

TO I DATA I PARALLEL 
~~116 ------ --+-----1 ENCODER I I sE1?AL 

FORM AT 
OPERATOR 

DATA 
BUFFER 

I I I 
L---~--------~ L------------------~ 

FLOPPY· 
EXTENSION 
INTERFACE 

"+--TO DRIVE 

SMDANSI 
X3T9/1226 

INTERFACES 

Interface standardization at several levels has simplified the 
job of designing some hard-disk controllers around one of the 
/Cs now available. On the drive side, the controller must 
accommodate either the floppy-extension (ST506), SMD, ANSI 
X3Tl1260 or proposed ANSI intelligent-drive interface; each of 
the hard-disk controller chips handles one or more of these 
standards. On the computer side, the controller must accommo­
date the SAS/ interface standard, one of the standardized µ.C 

EON NOVEMBER 24, 1982 

INTELLIGENT· 
DISK 

INTERFACES 

TO COMPUTER~ 

buses (Multibus, STD bus, Q-bus, etc) or a custom interface you 
might choose to configure. (Such a custom interface might be a 
subset of the SAS/.) Only for a custom interface or the SAS/ 
interface is it cost effective at moderate volumes to use a 
hard-disk controller IC; you're better off using a preconfigured 
interface board if your system must interface to one of the 
system-specific buses. Most designs, though, are probably best 
suited to the custom-interface approach. 
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• ANSI (ANSI X3T/1260)­
Like the SMD interface, this 
dri ve-to-cont roller interface 
includes mor e signal­
processing electronics than 
the ST506 interface . The 
ANSI specification calls for 
only one clock between the 
drive and controller-a com­
bined read-clock/ser vo-clock 
signal. The SMD specifica­
tion, on the other hand, calls 
for both clocks to be simulta­
neously on the interface. 

• Proposed ANSI intelligent­
dri ve interface- This pro­
posed standard places in the 
drive much of the drive-to-

controller interfacing intelli­
gence that would usually be 
associated with the controller. 
Communication occurs over an 
8-bit bus, and control signals 
are in a high-level COIJ1lmand 
language. This type of inter­
face might not require any 
drive-to-controller interface 
circuitry. 

What about the controller-to­
computer half of the hard-disk 
interface? It, too, has been defined 
in several forms: 

• SASI (Shuga rt Associates 
Standard Interface)-In this 
proposed standard interface 
for storage devices, one com-

Plug-compatible controllers interface easily 
Although the newest hard-disk controller ICs are 
extremely capable, they're still not the most cost­
effective approach to designing interfaces that ac­
commodate a system-specific bus standard (Multi­
bus, Q-bus, STD bus, etc) . These interfaces call for 
using a large number of glue parts to comply with the 
bus standard ; unless you 're designing for very high 
volumes or making performance improvements to the 
bus, you're better off using one of the many 
board-level controllers now available. 

For example, Emulex's V-Master/780 controller 
interfaces a wide variety of disk and tape peripherals 
to the Massbus of the VAX 11 /780 computer. Its 
package mounts in the host-CPU cabinet, using 
space allocated for standard RH780 Massbus adapt­
ers or the synchronous-backplane-interconnect (SBI) 
bus terminator. 

puter can address several 
SASI interfaces on the bus, 
and each SASI interface can 
select one of several devices, 
which need not necessarily be 
disk drives. The advantage of 
t his approach is that the same 
interface can accommodate 
several types of devices-tape 
or hard-disk drives , for exam­
ple. Another important fea­
ture is block-multiplexed op­
eration: The ability of the 
controller to operate indepen­
dently of t he bus. 

• Plug compatible-System­
specific interfaces for the 
Mult ibus, S-100 bus, Q-bus, 

Within this hardware package is space for four pc 
boards. The first two contain basic interface circuitry 
for the SBI and are common to all controller 
configurations. The remaining two slots are allocated 
for installation of one or two Massbus-compatible 
peripheral controllers. For example, the single-board 
SC780 disk controller permits the use of virtually any 
SMD-type disk drive. 

A typical plug-compatible controller, Emulex's V-Master/780 
supports multiple disk and tape drives on the DEC VAX 111780 
Massbus from one chassis in the computer. 

Another board-level controller, Data Systems De­
sign's $2000 DSD 5215 Multibus controller/interface 
occupies one Multibus socket and simultaneously 
interfaces to a 51/4-in . Winchester drive, 1/4-in. stream­
ing-tape drive and 51/4-in. floppy-disk drive. It emu­
lates the Intel iSBC 215 and iSBX 218 controllers and 
therefore provides software compatibility with Intel's 

RMX86 operating system. Designed with a high­
speed bus for data pipelining and compatible with the 
IEEE-796 (Multibus) standard, this controller features 
noninterleaved data transfer with 8- or 16-bit transfers 
and on-board data separation. It supports 24-bit 
addressing and can take advantage of such high­
performance µPs as the 16-bit 68000. 
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Now, the most talented Multibus speciali sts in the 
country bring you more Multibus options than ever 
before. And less . 

More technology with less risk. More function 

with less cost. And more support with less hassle. 
When you 're ready to expand your Multibus 

capabilities , talk to us. We're the specialists who 
give you more. And less. 

Entire rigid disk controller family is software interchangeable. Automatic completion of simple multisector commands , automatic recovery from errors. bad track 
mapping, full sector buffering, extensive diagnostic reporting . Variable burst OMA in 8or16 bit systems. Software drivers and disk subsystems also available . 

MULT IBUS '~ 1s a registered trademark of Intel Corporation. 

-. !~J,~~fnHASE 
We stay ahead of our competition so you can stay ahead of yours. 

13667 Floyd Circ le/Dallas . Texas 75243/(21 4)238-0971 

CIRCLE NO 26 



[ Technology Update 
Exorbus and other buses are 
designed to plug into a card 
cage and in each case are 
hardware and software com­
patible with the bus origina­
tor's product. This type of 
controller-to-computer inter­
face frequently requires many 
glue chips (components that 
provide the bus-specific sig­
nals required by the system's 
hardware and software). 
Thus, it's usually not cost 
effective to design your own 
unless you need large quanti­
ties or improved performance. 

• Custom-In most applica­
tions, it's not cost effective to 
implement a full SASI inter­
face; a simpler one suffices. 
Here's where the hard-disk 
controller chips shine: Be­
cause they incorporate all 
required intelligence, design­
ing such an interface around 
them is not difficult. The 
computer merely supplies the 
controller with head-, drive­
and cylinder-select informa­
tion and sector-search, read/ 
write and formatting com­
mands. The controller does all 
the work, including providing 
error correction. Indeed, 
ECC (error checking and 
correction) and formatting 
functions remain transparent , 
unless you wish to create your 
own control microcode. 

SAS/ interface simplified 
The hard-disk controller ICs are 

just starting to become readily 
available; most are in the sampling 
stage. And even within this group 
of broadly capable products, capa­
bilities vary. 

For example, Adaptec 's $165 
(OEM qty) ACS5000 chip set and 
$325 (OEM qty) ACB5000 controller 
board implement the full SASI 
interface--the controller thus oper­
ates independently of the control 
bus, except when it's receiving 
commands or transmitting data. In 
this block-multiplexed mode, the 
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controller operates at its full 
information-interchange capability, 
sharing the bus with other SASI­
interfaced devices. This powerful 
multitasking capability was previ­
ously available only on mainframes. 

Adaptec's $140 (OEM qty) 
ACS4000 chip set and $300 (OEM 
qty) ACB4000 controller board, 
meanwhile, implement a subset of 
the full SASI interface. These 
products lack the block-multiplexed 
mode and must be in control of the 
bus during read, write or format 
operations. However, don't under­
estimate their power. Zero-inter­
leaved operation allows them to 
perform a read operation in one 
pass. And they also provide ECC 
capability and defect skipping. 

If you need a low-end controller, 
consider Adaptec's AIClOO Win­
chester controller chip. It's intend­
ed for applications where minimum 
cost, minimum space or unique 
controller requirements are para­
mount. The device interfaces be­
tween NRZ data and host-memory­
bus interface chips operating over 

8-bit data and address buses. 

An adaptable controller 
Another capable hard-disk con­

troller IC comes from NEC. In this 
µPD7261 (see pg 133 in this 
issue), writing a configuration 
command into the control register 
configures the control lines to be 
compatible with either SMD or 
ST506 drives. 

The device's sophisticated in­
struction set minimizes overhead on 
the host µP ; the µP need only load a 
few command bytes into the 7261 to 
allow all data transfers associated 
with read, write or formatting 
operations to be performed by the 
7261 and its DMA controller. In 
addition, extensive error reporting, 
command verification and E CC and 
CRC data-error checking ensure 
reliable controller operation. 

The 7261 also provides internal 
address-mark detection and ID 
verification. An 8-bit FIFO aids in 
loading command parameters and 
obtaining command results, making 
the structuring of software drivers 

Floppy-disk controllers point the way 
Many of the capabilities of the new hard-disk controller ICs have 
evolved from those available in the more mature floppy-disk 
controllers. In that arena, most IC manufacturers' products, although 
termed single-chip devices, still require a few glue parts. 

For instance, the NEC 765, Intel 8272 and Western Digital/ 
Standard Microsystems (SMC) 179X Series require clock­
regeneration logic, precompensation and buffering to complete the 
interface. The clock-regeneration logic is available in a single-chip 
device as the Western Digital 1691 or SMC 9216. SMC will also soon 
sample the 9229, which integrates clock regeneration, precompen­
sation and buffering into a single chip. And Western Digital has 
integrated into one chip everything required to interface a floppy 
except a trimmer potentiometer. Several versions of the chip are 
available as the WD279X Series. 

Also appearing in the floppy-disk arena are IC controllers for the 
Sony 31/2-in. floppy-disk drive. This drive requires a controller 
different from that for a 51/4- or 8-in. unit because it uses less filler 
between records and thereby gains more efficient use of disk space. 
NEC offers the 7265 controller for the Sony drive; because no 
standard has yet appeared for microfloppy drives, other chips have 
not yet appeared. 
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''When I need 
fibre optic cmmectors, 

go to the cmmector compan.y­
Amphenol." . 

It pays to put Amphenol connector 
know-how to work on your fibre optic 
connector problem early. We have the 
staff-engineers, designers and 
technicians-and the laboratory and 
manufacturing fac ilities. 

So we can act quickly when you 
need a fibre optic connector for 

computers, aerospace, instrumen­
tation or commercial , laboratory and 
industrial equipment. 

Our answer may well be one of our 
standard, ready-to-go types. 
Examples: single- or multi-channel, 
printed circuit edge board mount and 
plastic or metal rectangular 

connectors. Or if you need something 
spec'ial , we'll customize a connector or 
assembly for you alone. 

Get a better idea of all we can do for 
you. Get your copy of the "Amphenol 
Fibre Optic Designer's Handbook." 
Just call your nearest Amphenol sales 
office or circle reader service number. 

Amphenol 
An 4t1'ED Company 

50 Years of Connector Technology 
1932-1982 

Amphenol Wortcl Heedquerters: 2122 York Road, Oak Brook, Illinois 60521 
Seles Ofllcea: Adanta (404) 394-6298 •Boston (617) 475-7055, (617) 938-8580 • Boulder (303) 443-4780 • Chicago (312) 986-2330 • Dallas (214) 343-8420 
Dayton (513) 294-0461 •Denver (303) 934-2355 •Detroit (313) 722-1420 • Greensboro (919) 292-9273 •Houston (713) 444-4096 • lndianapoli.s (31 7) 842-3245 
Kansas City Mo. (816) 737-3937 • Knoxville (615) 690-6765 • Los Angeles(213) 532-31 80 • M1am1(305) 981-2100 • M11waukee (414) 542-9566 • M1nneapohs (61 2) 835-4595 
New York (S16) 364-2270 • Orlando (305) 678-5504 •Philadelphia (215) 732-1427 • Phoenix (602) 265-3227 • St. Louis (314) 569-2277 • Salt Lake City (801) 364-6481 
San Diego (71 4) 272-5451 • San Francisco (408) 732-8990 • Seattle (206) 455-2525 • Syracuse (315) 455-5786 •Washington, D.C. (703) 524-8700 
c.n.dll: Montreal (51 4) 482-5520 •Toronto (416) 291-4401 •Vancouver (604) 278-7636 
lntemetloNll: Oak Brook, Illinois TELEX 206-054 
• 1982 Allied Corp. CIRCLE NO 27 



~ Unlimited Business 14 
Opportunities 
Available ... 

THE CHINA 
DIRECTORY OF 
INDUSTRY AND 

COMMERCE AND 
ECONOMIC ANNUAL 

1982-1983 
Turn to the definitive source on con­
ducting business with China ... 

e Listing of 10,000 Chinese enterprises 
interested in doing business in the world­
wide marketplace 

e Detailed information on each company, 
the products manufactured, name of the 
director, address, telephone, cable and 
telex numbers and number of employees 

e Laws and regulations attached to Chi­
nese business dealings 

e Information on the present state and 
background of each province and region 
The listings are broken down into 17 
major business categories - Machinery, 
Textiles, Light Industry, Energy, Metal­
lurgy, Construction Materials, Agricultural 
Chemicals, Electrical Machinery, Instru­
ments, Electronics, Transportation, Postal 
and Telecommunications, Foreign Trade, 
Commerce, Pharmaceutical, Energy 
Industry, Travel, Banking, and Insurance 
and Government Organs. 

1982-1983/2000 pages 
Hardbound/$495 

EON 11 /24/82 

D Please send me a complete brochure 
on The China Directory O Yes, I would like to open the doors to China with 
The China Directory of Industry and Commerce and 
Economic Annual 1982-1983. I understand the price 
is $495 per copy. (We pay postage and handling.) 

0 ~~~~~ed 0 ~~J~~ase 0 ~~;?~~~ 
enclosed 

0 MasterCard 0 Visa/Bank 0 American 
Americard Express 

Account Number ____ __________ _ 

Expiration 
Date ___ Signature ___ _ _ ____ _ 

(required for processing order) 

Name ____ _____ _____ ~ 

Title ____________ ___ _ 

Company ______ Phone;; _ ____ _ 

Address ______ ________ _ 

City, State, Zip __________ __ _ 

Mai/to: 
The China Directory, Science Books International, Inc. 
51 Sleeper Street, Boston, MA 02210 • (617) 542-6564 

~-------------------------------------' 
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Technology 
a simple task. The FIFO also serves 
to buffer data during DMA read/ 
write operations. 

Fast bipolar controller 
Advanced Micro Devices has also 

introduced a hard-disk controller 
IC. This bipolar Am29116, designed 
specifically for applications such as 
disk control, can combine with the 
Am9520 burst-error processor to 
form a disk controller with band­
width greater than 20 MHz. 

The controller can furnish such 
features as detection and correction 
of burst errors as long as 11 bits, I/O 
request-queue sorting, sector 
caching, device transparency, logi­
cal-record 1/0, and associative 
(content-addressed) reading and 
writing of logical records. With the 
burst-error processor, it generates 
check bits and detects and corrects 
single and burst errors for four 
different modified Fire-code polyno­
mials-including the widely used 
48-bit version and an exceptionally 
powerful 56-bit configuration. 

High throughput results from the 
use of an internal 8-bit parallel 
network of exclusive-OR gates that 
in one clock accomplish the equiva-
1 en t of eight clockings of a 
linear-feedback shift register. As a 
result, a maximum-length error 
burst (11 bits) anywhere within a 
256-byte sector can be corrected in 
less than 200 µsec. (With most other 
controllers, the speed of computa­
tion is so slow that when a read 
error is detected, it's faster to try 
another read operation before 
performing. the error correction­
that way, if the error is a soft one, 
the data can be read correctly on the 
second try.) 

Improved· data Integrity 
National Semiconductor's entry 

in the hard-disk-controller arena is a 
4-chip set consisting of the DP8460 
data separator, DP8462 MFM data 
encoder, DP8464 disk-pulse detec­
tor and DP8466 disk-data control­
ler. These circuits operate at data 
rates to 25M bps and interface to 

Contact your 
localXICOR 

• representative 
today! 
XICOR SALES REPRESENTATIVES 

Eastern Region 

Contact Sales, Inc. Beacon Electronic 
Burlington, MA Assoc. 
6171273-1 520 Maitland, FL 

Nycom 1 Inc. 305/647-3498 

East Syracuse. NY Beacon Electronic 
315/437-8343 Assoc. 

HLM AHOC. Inc. 
Melbourne, FL 

Waterbury, CT 
305/724-801 0 

203/753-9894 Beacon Electronic 

HLM AHoC. Inc. 
Assoc. 

Clearwater. FL 
Northport, NY 813/796-2378 
516/757-1606 

Beacon Electronic 
HLM AHoc., Inc. Assoc. 
Parsippany. NJ Ft. Lauderdale. FL 
201 1263-1535 305/491-1054 
TAI Corp. Beacon Electronic 
Bellmawr. NJ Assoc. 
609/933-2600 Huntsville, AL 
Micro Comp, Inc. 205/881-5031 
Balt imore. MD Beacon Electronic 
301 /247-0400 Assoc. 

Beacon Electronic Johnson Ci ty, TN 
Assoc. 615/282-2421 

Raleigh, NC Kaytronlcs 
919/787-0330 Concord Ontario 
Beacon Electronic 416/669-2262 

Assoc. Kaytronlcs 
Atlanta. GA Ville St. Pierre, Quebec 
404/256-9640 514/367-0101 

Central Region 

SAi Marketing Corp. 
Shaker Heights. OH 
216/751-3633 
412/261-0482 

SAi Marketing Corp. 
Zanesvi lle. OH 
614/454-8942 

SAi Marketing Corp. 
Centerville. OH 
513/435-3181 

SAi Marketing Corp. 
Brighton . Ml 
313/227-1786 

SAi Marketing Corp. 
Indianapolis. IN 
317/241 -9276 

Oasis SalH Corp. 
Brookf ield. WI 
414/782-6660 
Oaals Sales Corp. 
Elk Grove Village. IL 
312/640-1850 

John Q . Twist Co. 
Bloomington. MN 
612/835-2120 

John 0 . Twist Co. 
Cedar Rapids. IA 
319/393-8703 

John Q. Twist Co. 
St. Louis. MO 
314/432-2830 

John 0. Twist Co. 
Prai rie Village. KS 
9131236-4646 

John O. Twist Co. 
Wichita. KS 
316/686-6685 

Nova Marketing, Inc. 
Dallas. TX 
214/385-9669 

Nova Marketing, Inc. 
Houston . TX 
7131988-608? 

Western Region 

Vantage SalH Corp. 
Bellevue. WA 
206/455-3460 

Vantage SalH Corp. 
Portland, OR 
503/227-1369 

Ewing-Foley, Inc. 
Los Altos. CA 
415/941-4525 

Santana S.IH Corp. 
Los Alamitos. CA 
213/431 -3533 

Harvey King, Inc. 
San Diego. CA 
714/566-5252 

D/Z Assoc. Inc. 
Denver. CO 
303/429-9369 

D/Z AHoc., Inc. 
Salt Lake City. UT 
801 /268-2876 

Thom Luke Sales, Inc. 
c/o Power Enterpr ises 
Albuquerque. NM 
505/298-191 8 

Thom Luke Sales, Inc. 
Scottsdale. AZ 
602/941-1901 
Kaytronlcs 
Surrey. B.C. 
604/581-7611 
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A 5V-prooram­
mable E7PROM 
that's easier to 
use than anything 
before! What else 
would you expect 
from the originator 

of the world's firstl5V-programmable, 
nonvolatlle static RAM? 

Xicor's X2816A E2PROM plugs right 
into a Jedec standard, byte-wide RAM 
socket, and operates simply by using 
the read and write signals avallable In 
your system-a feat impossible with 
any other E2PROM presently on the 
market. But surprisingly, this new 2K x 8· 
bit memory Is not bullt on an experi­
mental technology. In fact, it utilizes the 
same N-channel, floating gate, MOS 
technology Xicor has been shipping in 
Its unique line of 5V-programmable non­
volatile memories for the past two years. 
That puts Xlcor a giant leap ahead in 
proven reliability! 

An E•PROM that worka llke 
aamtlcRAM. 
Writing data in the X2816A is just like 
writing data In a static RAM because 
the nonvolatile data can be modified 
slmplY. by using a single TTL-level WE 
slgna. But whereas other E2PROMs 
require a high voltage pulse to be fully 
operational, the X2816A needs only a 
single 5V power source. Like a RAM, 
the X2816A has a read cycle access 
time of 300ns. 

Because all addresses and data are 
latched Internally with the X2816A, it 
means the E2PROM write cycle can be 
Initiated by the nonnal microprocessor 
compatible, static RAM write-cycle tim­
ing and signals. What's more, the total 
byte write time required by the X2816A, 
Including both an automatic erase and 
write, is under 10ms. That's less than 
half the time it takes to alter other 
E2PROMs! 

And once the E2PROM write cycle 
has begun, the X2816A self-times the 
remainder of the operation, freeing the 
processor and data bus for more impor­
tant activities like parallel E2PROM 
programming. 

Total ellmlnatlon of hardware 
aupport. 
Because Xicor's E2PROM works com­
pletely independent of external address 
and data latches, operates without the 
need for an external timing capacitor 
or interrupt controller, and requires no 
additional power supplies, it totally 
eliminates the need for E2PROM hard· 
ware support. This greatly simplifies 
system design with the result that con­
siderable savings can be realized in 
reduced assembly and component 

costs as well as design costs. In addi· 
tioni. board space previously dedicated 
to E"PROM support devices can be put 
to other use. 

Xicor's unique 5V-programmable 
E2PROM is available now-and in two 
configurations. Both versions are pin 
compatible, and, in their optional high 
voltage mode, interchangeable with ex­
isting high-voltage E2PROMs. So get a 
ahead of your competition-contact 
your nearest Xicor representative for 
complete technical applications and 
reliability infonnation on the X2816A 
or X2804A today! 

Xicor, 851 Buckeye Court, Milpitas, 
CA 95053. 408/946-6920 
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Submit a conventional t:STTL logic 
diagram and let Harris complete the 
proetuct development cycle. 15 years 
of custom design experience has 
made Harris the undisputed leader In 
the development of hi-rel, high-quality, 
and radiation-hardened custom and 
semi-custom circuits. 

Your competitive edge continues to get 
sharper. For more Information, write: 
Ham. Semiconductor Cuatom 
Integrated Clrculta Dlvfalon, 
P.O. llox 183, Melbourne, Florida 32901. 

DIAL-A.CHIP Is a service mark 
of Harris Corporation. 

Cod9cl Logia 
Convert your logic diagram Into the 
SSl/MSI cell family for either bipolar 
STL or CMOS technology, and Harris 
wlll complete the layout and fabrica­
tion phases and ship the prototypes 
directly to you. The latest In fab, 
assembly and test equipment make 
sure your circuit can stand up to your 
appllcatlon. 

Harris Technology 
. .. Your Competitive Edge 

--------------CU:ICL~N.O t.Q 

Calma Dat.baM Tape .. ADF 
With Harris' exclusive DIAL-A-CHIP 
service, you can complete the deelgn 
from logic all the way through a com­
pleted database tape. Harris wlll use 
the database tape you generated and 
act as your slllcon foundry - complet· 
Ing fabrication, testing and shipping 
prototypes. 

;JI HARRIS 



Technology Update 
ST506-, ANSI- or SMD-type drives. 

The data separator converts raw 
MFM input data from the disk-pulse 
detector into NRZ data and a 
corresponding read clock that can 
go directly to the disk-data control­
ler. The heart of this chip, a 
phase-locked loop, quickly locks 
onto the incoming data and remains 
locked in order to produce the 
stable, glitch-free read clock. If the 
disk uses run-length-limited code 
rather than MFM, a synchronized 
output accommodates external con­
version to NRZ. 

The MFM data encoder translates 
serial NRZ data from the disk-data 
controller into the MFM code that 
gets written to the disk-head 
amplifier. In soft-sectored drives, it 
generates a missing clock with the 
address mark. Precompensation is 
also provided; depending on the 
input data pattern, it can be early, 
nominal or late by an amount 
programmable between 0 and 20 
nsec. 

The disk-pulse detector converts 

For more information ... 

the analog signal from the head 
preamplifier into digital pulses. It 
accommodates various recording 
schemes, including MFM and run­
length-limi ted codes. This chip 
includes an input amplifier with 
automatic gain control, a peak 
detector, an on-chip delay line, an 
amplitude discriminator and pulse­
width-generation circuitry. Its out­
put provides TTL-compatible pulses 
that correspond to the flux changes 
(to the data separator) recorded on 
the disk. 

The disk-data controller locates 
the selected disk header and then 
converts serial data to 8- or 16-bit 
parallel data (during read opera­
tions) and parallel data to serial data 
(during write operations). This 
circuit is also responsible for 
generating the preamble, address­
mark, sync, header and postamble 
patterns, all externally programmed. 

An internally generated cyclic 
redundancy code (CRC) and 4-byte 
Fire code are provided, along with 
hooks for external ECC. DMA 

For more information on the hard- and floppy-disk controllers described in 
this article, contact the following manufacturers directly or circle the 
appropriate numbers on the Information Retrieval Service card . 

Adaptec Inc 
1625 McCarthy Blvd 
Milpitas, CA 95035 
(408) 946-8600 
Clrcle No 734 

Advanced Micro Devices 
901 Thompson Pl 
Sunnyvale, CA 94096 
(408) 732-2400 
Circle No 735 

Data Systems Design 
2241 Lundy Ave 
San Jose, CA 95131 
(408) 946-5800 
Clrcle No 736 

Emulex Corp 
2001 E Deere Ave 
Santa Ana, CA 92705 
(714) 557-7580 
Circle No 737 

Intel Corp 
2625 Walsh Ave 
Santa Clara, CA 95051 
(408) 967-8080 
Clrcle No 738 
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National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 
(408) 721-5000 
Clrcle No 739 

NEC Electronics USA Inc 
NEC Microcomputer Div 
1 Natick Executive Park 
Natick, MA 01760 
(617) 655-8833 
Circle No 740 

Standard Microsystems Corp 
35 Marcus Blvd 
Hauppauge, NY 11787 
(516) 273-3100 
Circle No 741 

Western Digital Corp 
2445 McCabe Way 
Irvine, CA 92714 
(714) 557-3550 
Clrcle No 742 

1 . It operates in 
any position. 
Unlike conventional mercury relays, 
the Fifth Dimension Model K1825 can 
be mounted horizontally, vertically, 
diagonally ... in any position. 

2. It's rugged. 
Unlike fragile reed switching devices, 
the heart of the K1825 relay consists 
of a hermetically sealed, welded steel 
switching capsule that withstands 
shocks of 30 g's. 

3. You can buy 
one for $2.50. 
Unlike most relays , the price of the 
K1825 is the same for any quantity 
from one to 25,000 pieces, only 
$2.50. Quantities up to 1 ,000 pieces 
are delivered from stock. 
What isn't different about the K1825 
is the 2-billion-cycle reliability you 
expect from mercury wetted relays, 
no-bounce switching and a lifetime 
contact resistance that varies by only 
± 0.02 ohms. 

Ask about our full line of 
mercury film relays 
For more information about our full 
line of rugged, reliable , solid-state­
circuit-compatible mercury film relays, 
write or call Fifth Dimension, Inc., 
801 New York Avenue, Trenton, NJ 
08638. Tel : (609) 393-8350. 

FIFTH 
DIMENSION 

INC. 

CIRCLE NO 30 
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Disabuse 
the notion 

that all frequency 
control components 
are created equal. 

Call Bliley first. 

Quartz Crystals 
Crystal Oscillators 

Free Catalog 

We're the first name in frequency control. 

BULEY ELECTRIC COMPANY 
2545 West Grandview Boulevard 

P 0 . Box 3428, Erie, Pa. 16508 
Tel. (814) 838-3571 TWX 510-696-6886 

CIRCLE NO 31 
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Technology 
capability is also provided, and an 
internal 16-word FIFO buffers 
incoming and outgoing data, remov­
ing crit ical system-timing con­
straints. The disk-data controller 
interfaces to the data separator and 
MFM data encoder on the disk side 
and the local bus on the system side. 

A host of solutions 

A final hard-disk-controller op­
tion comes from Western Digital, 
which offers a broad line of 
hard-disk controllers at both the 
chip and board levels. The $37.50 
(OE M qty) WDllOO, available since 
1980, comes as a 5-chip set and also 
as the $295 (OEM qty) WDlOOO 
board-level product. Adding ECC 
capability increases the number of 
chips to seven; the resulting set is 
numbered WD1101, and the equiva­
lent board product is t he WD1001. 

Western Digital will soon sample 
single-chip controllers . The 
WD1050, designed for SMD drives, 
will furnish an 8-macro-command 
set for read/write and control 
functions, a 16-bit data bus, DMA 
capability and a lOM-bps data rate. 
A 5-word, 10-bit register will serve 
as a task file and provide parameter 
information to process a selected 
command. The controller/formatter 
will also provide a handshake signal 
for external ECC compatibility. 
Western Digital will also offer the 
WD1010 controller chip, which will 
provide a floppy-disk-like interface 
for ST506-type drives. EDN 

Article Interest Quotient 
(Circle One) 

High 503 Medium 504 Low 505 

Need to Know? 
EDN's advert isers stand ready to 
provide you w ith helpfu l des ign in· 
formation and oth er data on their 
products . Just ci rc le th e appropri · 
ate numbers on th e Informat ion 
Retrieval Service card . If your need 
is urgen t , contact advertisers 
directly, and mention EON . 

EON: Everything Designers Need 
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How Hitachi's magnet 
testing and sampling services 
can simplify your design job 

A lot of people will sell you perma­
nent magnets. But only Hitachi also 
offers a unique package of design 
support services that help you find 
smarter ways to use them. 

Dynamic lab checks 
magnet in actual circuit 

Often , more magnet is specified 
than is actually needed. One way to 
avoid this is to use computer capa­
bilities and associated graphics 
to help get the maximum potential 
from any magnetic material. That's 
the purpose of our Dynam ic Lab: 
to test magnet performance under 
circuit conditions, in a simul ated 
system. One of the largest of 
its kind in the industry. th is lab is 
specially equipped to test motors, 
generators. actuators and sim ilar 
magnetic circuits . Here 's how it can 
pay off. 

Actuator test cuts magnet 
costby10% 

A computer maker suspected 
design "overkill " in the voice coi l 

actuator for their disk drive. Sure 
enough. after testing we found they 
could reduce the energy product 
of the magnet by 9% and not affect 
performance. That, in turn , let them 
switch to a less expensive Alni co 
magnet material. Which 
only increased the 
magnet's size by 3V2%, 
but reduced its 
cost by 10%. 
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Lab identifies problem and 
designs right magnet for 

ignition system 
An engineering earn after worki ng 
severa l weeks o find a magnetic 
trigger for an elec roni c 1gnit1on 
system, reached an impasse Each 
design looked righ . bu produced 
misfires in tes s because of erratic 
voltag~---,,,..,,'--'--

Then our lab went to work. 
Because we had special instrumen­
tation the customer lacked , we were 
able to identify the exc.ct shape of 
the pulse and complete the design 
·none day We quickly produced 
and shipped samples. And they 
worked. 

We're geared to get you a 
sample in less time 

We do more than 1ust send you a 
specification When needed, we 'll 
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also send a custom magnet sample. 
Qu ickly. So you can see for yourself 
that what looks good on paper will 
work right in your prototype. There's 
a nominal charge. But most of our 
customers consider it a bargain. 

Learn the rest about Hitachi 
magnetics 

Unusua l testing and sampling ser­
vices aren 't the on ly reason why 
there 's more help at Hitachi . At our 
Edmore plant. you 'll find some of the 
best minds in magnetics ... a large 
app lication engineering group 
set aside to help you develop practi­
ca l so lut ions to 
everyday design 

prob lems using computer capabili­
ties and associated graphics. In 
the field we have more trained sales 
eng ineers than anyone else in the 
business. So we are close by. ready 
to help when you need us. 

Circ le the number below. and 
we'll mail you a brochure describing 
all of Hitachi 's magnets and ser­
vices. Or just give our sales office a 
call. You 'll find it listed in Thomas 

Division of Hitachi Metals 
International , Ltd . 
Edmore. Ml 48829 
Phone (517) 427-5151 
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HIGH SPEED, HIGH POWER, HIGH DENSITY, 
SCHOTTKY WIRE WRAP PANELS 

• • . ~ ~ . 
Onb' With Mupac: ,. 1. VCC layers are unipotential over 

their entire surf ace and GND layers 
act as a single point ground. Mupac has developed a patent-

pending family of panels that ad­
vances the state-of-the-art in wire 
wrap system packaging. Now you can 
apply Mupac's incomparable range of 
IC packaging resources to both 
prototype development and 
production fabrication. 

'lake A Ooser Look: 
Just by looking at our new high-speed 
panel you can begin to appreciate its 
capabilities. The most obvious feature 
is the copper foil lattice network sur­
rounding every pin on the component 
side of the panel. This contributes to 
a 60% decrease in resistance com­
pared to conventional panels. 

You'll also notice the high-density 
universal packaging grid. A 0.1 "pitch 
between components keeps signal 
paths short. With more devices per 
panel, you reduce the need to inter­
connect through the backplane, 
which reduces crosstalk, ringing and 
propagation delays. In addition to the 
single-width style shown here, double 
and triple width panels are also 
available, extending the maxi­
mum number of ICs per panel 
to 224. 

But there's more to these 
panels than meets the eye. 
They feature four layer con­
struction with a component­
side VCC layer plus a second 
VCC layer sandwiched be­
tween two closely spaced 
ground layers. All four layers 
feature a copper foil lattice net­
work surrounding every pin. 
Hundreds of plated-through 
holes connect GND and 
VCClayers. 

This construction pays off with three 
unique benefits. 

• 

2. 
Point­
to-point 
resistance 
across a volt­
age or ground plane 
is 60% less than conventionally ac­
cepted standards for Schottky wire 
wrap panels. 

3. Distributed capacitance between 
• VCC and GND planes is 10 times 

greater than conventional panels, 
thereby reducing, or even eliminating, 
the need for decoupling capacitors. 

A systems approach to 
packaging your systems: 
Now you can create prototypes of 
high-speed systems that correctly 
duplicate the electrical characteristics 
of the finished product. And with 
Mupac's comprehensive family of 
IC packaging resources, including 
horizontal and vertical racks, 
universal panels in eleven different 
sizes , cable assemblies, connectors, 

46 mounting hardware, even IC sockets, 

® 

mUPRC 
IC PACKAGING SYSTEMS 

you'll have everything you need to 
deliver a finished system. 

For more information on this new 
high-speed, high density, high power 
panel, write for our comprehensive 
free literature kit. 

MUPAC CORPORATION, 10 Mup_ac Drive. Brockton, MA 02401 TeL (617) 588-6]]0 TWX (710) 345-8458 
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EON Semicustom-IC Design Series 

Semicustom-logic suppliers differ 
on how to best deal with testability 
William Tweddell, Western Editor 

Although suppliers of semicustom 
logic acknowledge the importance of 
designing for testability, they've as 
yet reached no consensus on how to 
oest encourage their customers to 
do so. All agree, though, that as the 
use of complex semicustom struc­
tures with more than 1000 gates 
becomes more commonplace, simu­
lation-based testing methods will 
prove less fruitful than they now do 
with less complex devices: It will be 
harder1 to design products that 
remain error free in the field. 
Newer testability-analysis software 
packages will help ease the testing 
burden, but some form of built-in 
self-test appears to be the long-term 
solution. 

Engineers learn to test 
In its early years, semicustom 

logic (and gate-array technology in 
· particular) was all hand drawn and 
checked. Gate count stood in the low 
hundreds, and testability wasn't a 
problem; manufacturers' primary 
job was to convince customers that 
they needed gate arrays at all. That 
battle is for the most part over, 
although customer sophistication in 
dealing with semicustom logic is 
still limited. 

But a problem remains as 
manufacturers attempt to encour­
age users to incorporate testability 
into their semicustom products: In 
addition to increasing their design 
sophistication, the users must 
assume new design functions. 
Traditionally, the testing chore has 
rarely fallen to the design engineer, 
and even more rarely has it been the 
province of the systems engineer 
who is most often involved in 
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semicustom-device design. 
According to Mohammed Meraj, 

product-engineering manager for 
gate-array products at American 
Microsystems (Santa Clara, CA), 
most designers have a budget for 
die size, cost, number of pins and 
time to production before they start 
to work on a chip. Convincing them 
to take a little more time and give 
up some chip area and pins for 
testability purposes is not easy. In 
addition, the firm's Dr R Chandra­
mouli, staff engineer for design 
automation systems, notes that no 
numbers yet exist to quantify the 
benefits of designing for testability, 
making the job all the more difficult. 
AMI, like most suppliers, is 
searching for the structures that 
give the greatest boost to testabili­
ty with the least impact on cost. 

The criterion for effective incor-

1 2 3 

DD··· 

poration of testability features at 
California Devices (San Jose, CA) is 
a die-size penalty smaller than 10%, 
says vice president for engineering 
Larry Roffelsen. CDI is designing 
testability features into its next­
generation gate-array product, but 
Roffelsen says that the lack of a 
generalized method is making the 
effort a slow one. 

Like Roffelsen, Semi Processes 
(Santa Clara, CA) consultant (and 
industry old-timer) Charlie Allen 
decries the lack of a general method 
of designing-in testability. But he 
has a different solution. Because the 
probability of an error reaching the 
field increases with the size of an 
array, his firm keeps array size 
smaller than about 300 gates. This 
approach allows SPI to become 
involved in the design of the final 
product, so it can help a customer 
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First of the large arrays to include an on-chip test facilfty that's defined by the 
supplier and serves a maintainabilfty function, National Semiconductor's SLX 6360 
packs 6000 gates of 3-µm silicon-gate dual-layer-metal CMOS into a 172-pin-grid 
package. Its internal pseudorandom-number generator can produce 189-bit vectors 
at rates to 20M vectors/sec. 
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with any testability problems that 
might arise. In support of this 
viewpoint, Allen contends that 
almost all gate arrays designers 
might contemplate will have fewer 
than 1000 gates anyway. 

Of course, the companies develop­
ing larger-gate-count products hold 
a somewhat different view. But 
they do agree with Allen regarding 
the difficulties involved in testing 
complex logic products. For in­
stance, although Fujitsu encourages 
its customers to design-in testabili­
ty, it has no way of checking their 
efforts because it can't get involved 
in the actual chip design. It does, 
however, provide software that as 
part of a design's simulation can 
estimate the number of nodes that 
toggle. 

Moreover, the logic-simulation 
process is itself somewhat useful for 
testability purposes; it allows a user 
to generate a set of test vectors that 
functionally exercise a completed 
array. The simulator exercises all 
nodes with a specified input pattern; 
the software then examines any 
logic races and hazards that exist. 
Supplemental programs can enu­
merate the percentage of gates 
exercised and estimate fault cover­
age. In addition, stuck-at-ONE/ 
stuck-at-ZERO fault-grading pro­
grams analyze input-vector 
efficiency by sequentially holding 
every node at a ONE or ZERO. 

Indeed, simulators such as 
TEGAS and LOGCAP are widely 
used as gate-array designers' pri­
mary tools. For this reason, a good 
simulator is a good selling point-a 
fact not lost on ZyMOS (Sunnyvale, 
CA) when it designed its ZyPSIM. 
It functions only with the company's 
standard-cell design system and 
interfaces to Fairchild Sentry VII or 
System 20 testers. 

Bill Loesch, director of marketing 
and sales, notes that a semicustom­
logic supplier can build greater 
sophistication into a simulator 
aimed at a specific design system. 
For instance, ZyPSIM won't allow a 
blanket reset of all gates as some 
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other simulators do. Rather, it 
decides if an initialization is 
physically performable before allow­
ing it to proceed. 

In addition, because it only works 
on ZyMOS standard cells, the 
simulator provides an accurate 
timing simulation of a silicon 
implementation. As a result, it can 
produce the actual test time of the 
generated test vectors. It can also 
detect cycle slipping, in which 
varying logic speed causes an 
output change around the tester 
strobe point. 

Testability analysis needed 
As sophisticated as some simula­

tors are, however, their fault­
grading programs are not sufficient 
to ensure a design's testability; 
simulation focuses primarily on 
design feasibili ty. Tools for testabil­
ity evaluation are being developed, 
though; termed testability-analysis 
programs, most derive from the 
Sandia Controllability/Observ­
ability Analysis Program (SCOAP) 
developed at Sandia National Labo­
ratories (Albuquerque, NM). 

In Sandia's definition, designing 
for testability involves providing 
readily accessible control and obser­
vation paths to all functional units 
within a device . The SCOAP 
software thus calculates six func­
tions that characterize the controlla­
bility and observability properties 
of a digital network. In this context, 
controllability measures the degree 
to which the internal nodes' logic 
states can be controlled from the 
primary inputs, and observability 
measures the degree to which the 
nodes' logic states can be discerned 
at the primary outputs. 

Several analysis programs based 
on SCOAP are used in in-house 
programs at various manufacturers. 
They include TICOP at Texas 
Instruments (Houston), CAMELOT 
at Cirrus Computers (United King­
dom) and COMET at United 
Technologies Microelectronics Cen­
ter (Colorado Springs, CO). 

The COMET program (Controlla-

bility and Observability MEasure 
for Test) is especially interesting. It 
generates a number score for each 
node in each of the six testability 
areas; based on the relative ranking 
of these numbers, a designer can 
determine the technique to use to 
correct a test problem. 

For instance, a very high number 
in the controllability or observabili­
ty function for either sequential or 
combinatorial logic indicates the 
need for a test point. And because 
COMET is an interactive program, 
it can insert specified test points 
and determine their effect on the 
testability of both a node and the 
circuit as a whole. If the added test 
points prove insufficient, the de­
signer can add more-singly or in 
groups. The program also gener­
ates a statistics file that provides 
averages for controllability, observ­
ability and testability of combinato­
rial and sequential circuits. With 
this aid, the designer can easily spot 
nodes that are out of bounds. 

COMET can be run any time after 
logic interconnections have been 
described. Because it can't uncover 
every possible testing problem, it's 
usually run in conjunction with a 
simulation program. 

Ad hoc or structured approach? 
Even in conjunction with a 

simulation program, though, testa­
bility analysis can only tell that a 
design needs modification to im­
prove testability; the modification 
itself is up to the designer. But how 
do you proceed? Robert Rozeboom 
of Texas Instruments's De sig n 
Automation Group explains that 
three methodologies are now in use: 
ad hoc and structured techniques 
and built-in test. 

The ad hoc method is the one used 
by most manufacturers concerned 
with testability to any degree. For 
instance, United Technologies sup­
plies a testability handbook as well 
as the COMET software, giving a 
laundry list of testability techniques 
from which you can choose. These 
techniques include using flip flops 
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with their Clear pins tied to Reset, 
partitioning a system into multiple 
arrays, giving preference to certain 
cell types and breaking up long 
counter chains. 

The structured methodology is 
practiced primarily at large compa­
nies with in-house fabrication or 
design capabilities. The most widely 
discussed technique is IBM's level­
sensitive scan detection (LSSD), 
but others exist at companies such 
as NEC, Hitachi, Siemens and 
Sperry. Using shift registers and 
serial techniques, LSSD reduces 
the testing of sequential logic into 
the more easily tested combinatorial 
case. Problems cited for this 
method, however, include limits on 
circuit performance, lack of testing 
at functional operating rates and on 
structures such as embedded RAM, 
and serial shift sequences several 
hundred times slower than those 
accomplished with parallel access. 
Detractors also note that testing an 
LSSD-designed chip is a different 

process at wafer test than at final 
test and-worst of all-impossible 
to enforc.e on customer/designers in 
any event. 

Bill Berg, project manager for 
testability design at United Techno­
logies, addresses the problem of 
enforcement by noting that design­
ers must be philosophically con­
vinced of the need for designing-in 
testability; forcing a costly (5 to 25% 
die-area penalty) structured method 
on them won't work. Berg thinks 
education and ad hoc techniques will 
provide the best method of introduc­
ing testability issues to designers. 

Tl's Rozeboom concurs with Berg 
on the need for education. And he 
adds that TI tries to sensitize its 
customers to an approach that 
reduces product life-cycle costs. The 
firm also stresses an understanding 
of the equation already well 
understood by semiconductor manu­
facturers: The cost of finding a 
problem increases by an order of 
magnitude at each step in a 

product's development cycle. 
One of Tl's methods of easing the 

testing burden is what it terms 
bus-oriented design-a technique in 
which the designer partitions the 
logic into pieces connected by a bus 
that also connects to the device's 
external pins. Control information 
shifted onto the bus can then enable 
or disable blocks of logic for testing. 

Another TI technique, used in the 
firm's TMS 1000 single-chip-µC 
program, is applicable to any 
ROM-programmable product. In 
this case, the customer includes in 
his microcode a set of instructions 
that allow the testing of blocks of 
the µC. These same instructions can 
be used when the µC is executing a 
program. 

Other manufacturers use other 
built-in test methods. LSI Logic 
(Milpitas, CA), for example, offers a 
form of scan detection that requires 
three pins and 10 to 20% more 
gates. And California Devices is 
investigating a RAM-like structure 
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that can read and write to nodes but 
also serve other purposes if not used 
for providing testability. 

The latter firm's Roffelsen notes 
that most gate-array manufacturers 
would like to include hardware to 
enhance testability in their prod­
ucts. But they want a method that 
incurs no penalties-a tough re­
quirement to satisfy. 

For instance, Motorola (Mesa, 
AZ) includes a diagnostic and 
chip-control section in its Macro­
logic arrays. The section doesn't 
limit functionality or performance, 
but it does tie up three I/O pins and 
consists of 500 FL gates. This added 
logic can monitor the status of 48 
internal test points, load test or 
program data into an 8-bit latch that 
feeds into the 48 test points, and 
generate reset or clock signals to 
verify circuit operation. 

An even more sophisticated 
technique, used by National Semi­
conductor (Santa Clara, CA), adds 
not only testability but maintaina-

bility. The penalty here, though, is 
the use of about 15% of the die area 
of a 6000-gate array. 

The concept, named BILBO 
(Built-In Logic Block Observation) 
employs on-chip hard ware that 
includes a 189-bi t polynomial 
pseudorandom-number generator 
that can be seeded externally. 
Feeding into a device's input pins in 
parallel, the generator can achieve a 
speed of 20M vector s/sec. As these 
vectors filter through the circuit, 
they get collected by an 88-bit 
checksum register connected to the 
output pins. As each resultant 
enters the register, it gets added to 
the previous resultant; after a very 
large string of input vectors 
propagates through, t he final resul­
tants get summed to form an 88-bit 
signature that should be identical 
for all parts tested with the same 
seed vector. Because all the logic is 
on chip and controlled from four test 
pins to the package, testing can 
occur in the field and the factory. 

TEK 2300 SERIES 
PORTABLE OSCILLOSCOPES 

The2300~1a 
......... .,...,, ttlllt 
llll8ltlve lnatrumenta 
"'8dn't"d!ll cate.No 
othetscapes are so 
immune to abuse and to 
day-to-day wear and 
tear. They feature 50Gs 
shock resistance, our 

d -=retie 

This parallel-signature-analysis 
technique can isolate problems in 
addition to providing Go/No-Go 
testing. For example, equipotential 
nodes can be mapped by means of 
the checksum register's contents. 
National believes the technique is 
capable of generating 100% control­
lability/observability, but at this 
stage it's willing to settle for 80% 
fault coverage at a reasonable 
price. EDN 

References 
1. Albrow, R, and Robinson, G, 

"VLSI CAT: Filling the void be­
tween CAD and testing ," VLSI 
Design, September/October 1982, 
pg 20. 

2. Hess, R, "Testability analysis: 
An alternative to structured design 
for testability ," VLSI Design, 
March/April 1982, pg 22. 

Article Interest Quotient 
(Circle One) 

High 506 Medium 507 Low 508 

THEFIELE> 
SERVICE SCOPES 

that can handle the~ 
khoCks 01 your butllfl.,.. 
.. . wherever the buairiess 
takes you. Order today 
- or askfor~ft.1111'1< 
2300 storyl call toU flee: 
Order toll free: 
1"4IOCM28-2200 
EJde n 
In Oregon call col~ 
(503)627~~ 1& 



I Technology Update 

1982 IEDM to continue transition 
toward practical coverage 
John Tsantes, ~astern Editor 

The 28th annual International 
Electron Devices Meeting (IEDM), 
slated for December 13 to 15, marks 
a departure from its predecessors in 
both technical content and location. 
With its move from Washington, 
DC to San Francisco, the show 
takes a symbolic step closer to the 
industry it covers. And with that 
step, it continues to place greater 
emphasis on practical develop­
ments. 

The 3-day meeting will feature 
188 technical papers, divided among 
31 sessions on such topics as 
splid-state devices, device technolo­
gy, integrated circuits, electron 
tubes, quantum-electronic and ener­
gy-conversion devices, and detec­
tors, sensors and displays. Because 
of the technical program's increas­
ing emphasis on next-generation 
products rather than long-term 
development projects, a greater 
number of ED N's readers are likely 
to find this IEDM more immediate­
ly useful than previous ones. 

Advanced µPs 
A variety of interesting develop­

ments will be discussed in all six 
major session groupings (see box, 
"IEDM highlights and schedule"). 
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Need 
to Know? 

EDN's advertisers stand ready to 
provide you with helpful design in­
formation and other data on th eir 
products. Just circle the appropri ­
ate numbers on the Information 
Retrieval Service card . If your n"eed 
is urgent , contac t adverti sers 
direct ly, and mention EDN . 

EON : Everyth ing Designers Need 

For instance , m one session , 
researchers from Bell Telephone 
Labs will report on enhancements 
to Bell's twin-tub CMOS process. 
These enhancements have yielded a 
150,000-transistor, 32-bit micro­
processor chip; the advanced proc­
ess, using 2.5-µm design rules , is 
also being applied to a 4-bit 
microcomputer family as well as to 
static memories. 

In another presentation, General 
Electric representatives will dis­
cuss a new gate-turn-off (GTO) 
power device , termed the insulated­
gate rectifier. This device, which 
combines the high input impedance 
of an MOS gate with the high 
operating-cQrrent density of bipolar 
devices, specs breakdown voltage of 
650V and 20-µsec switching time. 

Speed improvements 
If you're interested in fast RAMs, 

9:00 AM 
~ 11 :45 AM 

CONTINENTAL 
BALLROOM 

1.2,3 

take note of Mitsubishi's talk, 
scheduled for a subsequent session. 
The company has reportedly built 
one of the fastest 64k dynamic 
RAMs avail;:tble: It specs access 
time of just 55 nsec. The device 
employs a triple-diffused-junction 
MOS process. 

Developments m even faster 
gallium-arsenide devices will be 
covered in another IEDM session. 
There, a Bell Labs paper will 
review the fabrication of an 
11-stage, directly coupled, selec­
tively doped heterojunction­
transistor ring oscillator that exhib­
its a sub-20-psec propagation delay. 

Thomson-CSF presenters will 
also focus on high-speed operation 
in a paper on GaAs/AIGaAs 
2-dimensional electron-gas FETs 
(TEGFETs). The process used to 
fabricate these devices requires no 
recessed or self-aligned gates, as do 
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conventional GaAs FET devices. (12 GHz) noise figure--especially IOP-II (isolation with oxide and 
Thus, the firm says it will ult imately notewor thy because the device is polysilicon) proceRs u se~ a cteep 
produce parts with delay times of 10 manufactured on a volume- silicon U-groove for isol tion. With 
psec and 1-µm gate lengths. production basis. it, Fujitsu has developed a 16k 

In this same session, NEC will Fujitsu's developments m the RAM with 15-nsec access time and 
r eport on a 0. 3-µm -gate-length area of isolation technology for 750-µm2 memory-cell size. 
super-low-noise GaAs MESFET. high-speed , high-density bipolar 
The firm will discuss the unit's 0.3- memories will be outlined in Sensitive transistors 
to 0.5-dB (4 GHz) and 1.2- to 1.4-dB another IEDM paper. The firm's One of IEDM's more interesting 

IEDM highlights and schedule 
The 1982 IEDM will be held in the San Francisco self al ignment, and scaled devices will all be covered. 
Hilton and Tower Hotel. Its 31 sessions will be Electron tubes-Advances in electron-tube de-
organized in six broad categories : sign, including mill imetre-wave and gyrotron devices, 

Device technology-New developments in mate- are some of the highlights here. Theory and fabrica-
rials and processing technology (eg, th in dielectrics, ti on of RF-interaction circuits, electron guns and 
device isolation, beam annealing, interconnects for cathode technology will be emphasized. 
wiring and personalization; pattern transfer and Quantum electronics-Components for fiber-
lithography) will be featured . Emerging device tech- optic communications and optical recording , fast 
nologies in CMOS/NMOS and silicon-on-insulator detectors, and high-performance laser devices will be 
environments will be covered in two sessions. a few of the topics in th is category. 

Solid-state devices-Highlights this year wi ll in- Detectors, sensors and displays-Look for treat-
elude 1 OOOV ICs, 200-MHz MOS power transistors, ment of advances in device theory, performance, 
high-voltage silicon switching devices, high-yield modeling and processing, plus integration of solid-
GaAs ICs, novel silicon permeable-base transistors state photodetectors ; advances in sol id-state sensors 
and short-channel FETs. and transducers for environmental, biomedical and 

Integrated electronics-Gigahertz-speed CMOS control appl ications (with emphasis on integration of 
circu its and latch up-free structures, 55-nsec 64k the sensors with other circu it functions); and advanc-
dynamic RAMs and nonvolatile RAMs with dynamic- es in display devices. 

c- RAM densities, 290-psec 12L processes with fivefold 
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Now you 
can get a true zero­
insertion force retainer that can take 
your PC boards and dish out their 
heat! You get .... 
• Ultra-efficient heat transfer! 
• Shock and vibration protection even 

in the most severe military uses! 
• 5 Mounting options! 
• 7 Standard lengths! 
• 5 Board thicknesses! 
Call your IERC representative. Get 
ZIF retainers that can take it and dish 
it out! 

11ZI 
6CM16 39111 '""""'9. - · N.Y. 11377 
Tel.: (:142) 4711-7$00 • !WX, 710.582-4946 

An lllfetphlx CM!pany 

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION/ A SUBSIOIARV OF DYNAMICS CORPORATION OF AMERICA/ US WEST MAGNOLIA BLVD BURBANK, CA 91502 
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[Technology ] 
papers will deal with magnetic 
transistors. Coauthored by re­
sear chers at IBM and North 
Carolina State University, it will be 
presented in a session on detectors, 
sensors and displays. 

The joint ly developed bipolar 
magnetic transistors are approxi­
mately 1000 times as sensitive as 
Hall cells. They could eventually 
find wide use in tape/disk read 
heads, strain gauges and gaussme­
ter s, replacing existing Hall devic­
es, thin-film magnetoresistive ele­
ments and magnetodiodes. 

The researchers will .describe 
6-µm-emitter devices operating at 
20-mA emitter currents. These 
parts feature sensitivity greater 
than 20V/tesla and signal-to-noise 
ratio of 105/tesla for 6-kO loads. 

During this same session, Toshiba 
will report on a 3648-element CCD 
image sensor that can read an 
8Y2-in. page with 16-element/mm 
resolution at a 20-MHz data rate. 
The sensor's 1.1 x 31-mm chip size 
results from employing 8X8-µm 
photodiodes and a 3-level polysilicon 
electrode structure. 

There'll be much more to see at 
IEDM than the foregoing brief 
outline touches upon. For additional 
information on the program and for 
registration material, contact con­
ference manager Melissa Widerkehr 
at Courtesy Associates Inc, 1629 K 
St NW, Suite 700, Washington, DC 
20006; phone (202) 296-8100. EDN 

Article Interest Quotient 
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JOB 
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Check EDN 's Career Opportunities 

EON: Everything Designers Need 
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How to foil the high cost of EMl/RFI shielding 

Use 3M conductive foil tape. It's an effective, 
fast way to keep the FCC from giving you static, 
often at less cost than other shielding methods. 

For computer equipment, CATV and other 
electronic products, 3M copper or aluminum foil 
tapes are a cost-efficient alternative to conductive 
sprays, gaskets, plastics, formed metal shields, 
pastes or product redesign. 

3M foil tapes make application and removal 
fast, clean and easy. The tape is quickly applied 
only to the areas needed, with no waste, no 
messy overspray and no special skill or expen­
sive equipment required. Environmentally 
safe 3M foil tapes eliminate the high energy costs 
of spraying and ventilation. You can forego 
contract plating, painting, soldering and cleanup, 

while improving in-house quality control and 
turnaround time. 

Foil tapes from 3M are durable. They adhere 
better than many spray films, which can easily 
scratch, limiting shielding effectiveness, or flake, 
shorting components. 3M offers embossed tapes 
that enhance conductivity between foil backing 
and substrate, and the smooth foil tapes are 
available with or without our conductive adhesive. 

So for easy, time-saving, cost-effective shielding 
and static control that last, stick with the biggest 
name in conductive foil tapes: 3M. Specify copper 
or aluminum foil tape, smooth or embossed, 
conductive ornonconductive adhesive. For more 
information, write Industrial Electrical Products 
Division/3M, 3M Center, St. Paul, Minnesota 55144 

3M Hears You ... 

CIRCLE NO 38 
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Technological leadership. 

'Ibe MCU check list for 
adds up to Motorola's 

Check off the benefits of Motorola's CMOS 
Ml46805 MCU-MPU family. 

Whatever your low-power application, chances 
are the Ml46805 Family offers the performance, 
features and value you're looking for. MCUs. MPU 
and peripherals are available now for prompt 
response to your order. 

Bus operation to l MHz. fast for CMOS. will 
increase to l.5 and 2.0 MHz as future versions are 
introduced. Fully-static operation plus power­
saving stop and wait standby modes assure the 
lowest possible power-consumption levels. Sixty-one 
powerful M6800-type instructions are optimized for 
control-oriented applications. 
That's performance! 
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low-power design success 
CMOS Ml46805 Family. 

The list of Ml46805 features is long. It's hard 
to know where to start and which to mention. 
F1extbility derived from a choice among several 
MCUs is very important. Two ROM versions, lK 
and 2K. plus an expandable-bus MPU are available 
now. A CMOS PIA and Real-Time Clock also are 
available. and all five devices offer the option of 
leadless chip-carrier packaging. 

Family processors have master and power-on 
reset. on-chip oscillators, programmable timers 
with prescaler, maskable interrupts, ten addressing 
modes, single-instruction bit manipulation and 
nested subroutines. 

Clnlrtl Opll•lzlllM II MC8800 
2 8ulnl hflllll 1nd 3 BlllClll Rlllllln 

IOAdtl1111l111hl• 
Ill Buie lnlC Typa 

21111 Tllll lnllructlMa 
3.111 4.D 141/Av1r1g1 lnllnlcllMa (I Miiz) 

Z9 LIV1la 13 Levels 21 LIVlla 
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Ml46805 emulators provide tailored CMOS 
development tools for every processor in the 
family. and the CMOS Ml46805 Family software 
is HMOS compatible. Family peripherals are 
HMOS compatible too. 

Value. finally. is the bottom line. and we don't 
believe there is a design option that will give you 
better. more cost-effective value. Motorola's CMOS 
quality and reliability have been recognized around 
the world for years, and M6800-type architecture 
has been widely praised. RCA is now an alternate 
source for the Ml46805 Family. 

Peripherals add value. 
Additional value is provided by a pair of 

multiplexed-bus peripherals and the MCM1465516 
2K x 8 mask-programmable CMOS ROM. 

The MC146818 Real-Time Clock is a complete 
time-of-day clock with alarm and one-hundred 
year calendar, plus a programmable interrupt and 
square-wave generator. It has 50 bytes oflow-power 
static RAM on-chip, and interfaces with 1 MHz 
processor buses. 

Twenty-four I/O pins of the MCI46823 Parallel 
Interface are organized into three bidirectional 
ports. It includes complete control handshake, 
output pulse. four interrupt inputs and 16 registers 
addressed as memory locations. 

Both of these peripherals have Motorola's unique 
MOfEL circuitry for interface with Ml46805 
Family processors and most other CMOS and NMOS 
multiplexed-bus MPUs. 

Check off the advantages and send for additional 
information to Motorola Semiconductor Products 
Inc .. P.O. Box 20912, Phoenix, AZ 85036. Contact 
your Motorola Sales Office or authorized distributor 
for fast action in helping you design 

Innovative systems 
through silicon. 

® MOTOROLA INC. 

~-----------------, I TO: Molorol1 Semiconductor Produci. Inc., P.O. Box 20912, Phoenix, AZ 1503t. 

I Pluse send me lnfonnatkln on lie M1481115 FamUy. I 
I 120 EON 11/24182 I 
I Name I 
I Title Tel.: I 
: Company : 
I Address Mail Drop I 
I City I 
I State ZIP . I 
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With a Sealed Option for Board Washing 
Now with Spectrol's new Panel Control Potentiometers 

there's no need to fear board washing. These low-cost 1/2-inch-square 
units are available in sealed versions to permit cleaning in common solvents. 

They are also available with various other options including multiple cups, switch 
sections, special bushings and shafts. The conductive plastic model 148 has a standard 

resistance range from 100 Q to 1 megohm, and the cermet model 149 has a stan­
dard resistance range from 100 Q to 5 megohms. With either unit, you get 

quality performance and competitive pricing. For full 
information, send for a data sheet today. 

SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation P.O. Box 1220, City of Industry, Calif. 91749, U.SA • (213) 964 -6565 •TWX (910) 584-1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Wiltshire , England • Swindon 21351 •TELEX : 44692 

ITALY SP Elettronlca SpA Via Carlo Pisacane 7, 20016 Pero (Milan) Italy• 35 30 241 •TELEX: 330091 

GERMANY Spectrol Electronics GmbH Oberauerstrasse 15, 8000 Munich 70 West Germany• (069) 7145096 •TELEX : 5213014 

PUERTO RICO Spectral Ceribe Corporation Las Marias Industrial Park, Anasco, Puerto Rico . (809) 826 -3012 . TELEX sec PR 3452012 
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Technology Update: New Products J 
Integrated engineering workstation 
speeds VLSI-circuit design 
By supporting schematic-entry, 
circuit-simulation and IC-layout 
tasks, the A. 750 CAE system 
epitomizes the trend toward the 
totally integrated engineering 
workstat ion. It allows one engineer 
to perform all the steps involved in 
system and VLSI design-from 
initial conception through schematic 
generation, physical layout, per­
formance verification and project 
documentation. Moreover, by pro­
viding a common set of tools for all 
engineers involved in product devel­
opment, the workstation also en­
hances design-team communication, 
productivity and cr eativity. (For 
further discussion of integrat ed 
engineering workstations, see 
EDN, October 14, 1981, pg 248; 
March 31, pg 41; and July 16, pg 
106.) 

What separates the $75,000 A.750 

from previously introduced CAE 
workstations is its ability to function 
as a complete color CAD system as 
well as support logic-design tasks. 
The single-user system employs an 
enhanced version of its manufactur­
er's !1400 color-graphics processor 
to provide 1024 X768-pixel, 512-color 
resolution on a 19-in. monitor. 
Sixteen display-memory planes fa­
cilitate hierarchical, nested physi­
cal-layout operations , and the 
graphics processor's integral 68000-
µP controller accommodates vector 
drawing at rates to 1 million 
pixels/sec and polygon fills at speeds 
as high as 16 million pixel /sec. 

The A. 750's interactive layout 
editor fully exploits the graphics 
system's speed and r eso lution, 
supporting geometric IC-mask de­
velopment as well as symbolic 
cell-placement and -wiring opera-

Supporting physical layout as well as logic-design-simulation and -documentation tasks, the 
">..750 GAE workstation provides high-resolution color graphics. It furnishes all the features of a 
conventional CAD system and includes tools for standard-cell placement, gate-array 
interconnection and PLA generation. 
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tions. It also displays multiple 
windows for simultaneous viewing 
of foregro und and background 
functions. 

Workstation physical-layout capa­
bilities become increasingly impor­
tant as more system designers 
undertake IC-development proj­
ects. Many producers of gate-array 
and standard-cell design software 
claim that their systems offer 
complete layout capability without 
the need for high-resolution, CAD­
like color graphics. Most design 
efforts , however , require some 
manual interconnection routing or 
cell customization. Furthermore, 
says company president Gene Chao, 
engineers generally want to be 
aware of all phases of design 
activity, including functions that 
automated tools perform. Thus, 
designers require an ability to view, 
analyze and modify the layouts that 
software programs generate. 

By allowing designers to transfer 
graphical data to and from other 
design systems, the A. 750 enhances 
designer communications. Using a 
CIF (Caltech Intermediate Format) 
database exchange, operators can 
monitor work done with the aid of 
other CAD systems-including pc­
board- and mechanical-design work­
stations. This capability helps 
design-team members optimize 
their efforts. 

Speed design cycles 
An optimized CAE workstation 

must integrate hardware and soft­
ware system-design capability to 
permit engineers to achieve maxi­
mum productivity. Designer pro­
ductivity represents an especially 
critical concern in VLSI develop­
ment projects involving large, 
complex and nonrepetitious chips. 
Director of VLSI engineering 
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Chong Lee says that the lack of 
sophisticated, integrated IC-design 
tools has contributed to the signifi­
cant device-density differences be­
tween memory chips and other 
device types . Because memory 
chips typically employ regular 
arrays of replicated cells, memory 
design is compatible with automat­
ed · layout and designers can 
therefore more readily exploit 
process-technology advancements. 
Random-logic circuits, however; 
require considerable operator inter­
vention during cell design and 
layout and therefore require slower 
development cycles. 

To simplify and speed IC design 
tasks, the A. 750 includes hierarchical 
design software that reduces the 
time required to develop large 
devices. The programs embody 
incremental methodologies that 
take advantage of design regularity 
to eliminate repeated simulations of 
previously characterized and un­
changed circuit elements. As a 
result, the system reduces perform­
ance-verification times and allows 
interactive simulations and design­
rule checks. 

The workstation's standard de­
sign software includes a text­
pro c e ssing program for project 
specification and documentation, 
schematic-entry routines based on a 
symbol-creation editor, an event­
driven logic simulator, SPICE for 
circuit simulation, symbolic and 
geometric layout tools, a circuit 
extractor that derives electrical 
data from physical layouts, a het-list 
comparator that checks extracted 
circuit data against logic schemat­
ics, a post-layout simulator and an 
electrical-rule checker. 

The A. 750 also comes with an 
NMOS standard-cell library com­
posed of approximately 30 basic 
function blocks such as gates, flip 
flops and ALUs. The workstation's 
integral design-rule checker simpli­
fies the generation of mask data 
suitable for fabrication by multiple 
vendors by accepting user-defined 
MOS process specifications; design 
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rules and CMOS cell libraries from 
several silicon foundries already 
exist in the A. 750 internal format. 
Moreover, the standard software 
package includes a PLA generator 
-a primitive silicon compiler that 
translates truth tables directly to 
optimized array-logic mask data. 

To support user-generated appli­
cations programs and provide 
database-management capabilities, 
the A. 750 runs under a superset of 
University of California at Berkeley 
UNIX. A standard 300-baud auto­
dial modem allows intersystem 
communication as well as remote 
diagnostics; other standard inter­
faces include six RS-232 serial 
ports, two RS-449 serial channels 
and an IEEE-488 port. In addition, 
the A. 750 standard software includes 
a communications routine that 
allows the workstation to function 
as a terminal connected to a host 
processor. An optional single-board 
Ethernet controller further enhanc­
es the system's I/O capability. 

Because hardware/software inte­
gration proves crucial in tools 
designed to improve user productiv­
ity, the A.750 employs a proprietary 
processor architecture optimized for 
a single-designer workstation envi­
ronment. The Multibus-based com­
puter employs two 12-MHz 68000s. 
One processor handles all UNIX 
executive and file-related functions; 
the second runs a multitasking 

real-time operating system that 
controls all memory-management 
and I/O functions. The A. 750 includes 
lM bytes of physical RAM (expand­
able to 4.M bytes using 64k-bit 
devices or 16M bytes with 256k-bit 
RAMs), and the processor suppeirts 
demand-paged virtual-memory op­
erations. To maintain a short 
product-development cycle and en­
sure optimum packaging density, 
the workstation's designers used 
programmable logic arrays exten­
sively. The tools to design a 
custom-IC based processor didn't 
exist at the outset of the A. 750's 
development, Lee points out. 

The workstation's standard mass­
storage devices include a 30M-byte 
Winchester .drive and a lM-byte 
51/4-in. floppy-disk unit. An optional 
tape drive allows software porting 
as well as archival data storage. 

The A. 750 comes packaged as a 
desk-like station and includes a 
detachable keyboard, a data-input 
mouse and a relocatable monitor 
movable on three axes. To eliminate 
the need for conditioned power, the 
workstation includes short-term 
battery backup that saves work in 
progress after a 1-min power 
interruption.-Andy Rappaport 

Metheus Corp, 5289 NE Elam 
Young Parkway, Hillsboro, OR 
97123. Phone (503) 640-8000. 

Circle No 453 

Single-chip 16-bit DAC 
provides 14-bit linearity 
Thanks to a novel bit-decoding 
technique, the HS3160 16-bit 4-
quadrant multiplying DIA convert­
er guarantees 14-bit monotonicity 
over 0 to 70°C. The decoding scheme 
also reduces sensitivity to switch 
and resistor parameters by a factor 
of eight and decreases output 
capacitance to improve settling time 
and signed feedthrough . 

Segmentation is a key ingredient 
in the decoding process. The 
transfer function first divides into 
16 segments (determined by bits 1 
to 4), and each segment is then 
further resolved into 4096 discrete 
levels determined by bits 5 to 16. 
Bits 1 to 4--digitally decoded into 
16 lines-<lrive equal current sourc­
es, not binary-weighted ones. 
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Are You a Current Battery Expert? 
Try this Designer's Quiz 

Normally, Globe Battery Division is 
the leader in battery answers. In 
this case, we'll lead with some 
questions. See how you fare with 
this battery quiz. 

Question 1-True or False: 
When comparing two batteries 

of identical volumes but with differ­
ent capacity ratings, the battery 
with larger capacity is probably a 
better battery. 

Answer: 
False. There is no correlation 

between capacity and quality. 
However, there is a correlation 
between capacity, volume and life. 
The rule of thumb is, the lower the 
capacity for a specific volume, the 
longer the life. 

Higher capacity (rated AH) is 
achieved by increasing the amount 
of lead in the battery. Within a spe­
cific volume however, an increase 
in the amount of lead can only be 
accomplished by reducing the 
amount of electrolyte, resulting in 
premature failure due to recharge 
problems. . 

Question 2-True or False: 
When testing identically rated 

batteries, initial capacity is not an 
accurate gauge of battery quality. 

Answer: 
True. Initial capacity is not a 

very good method of judging the 

quality of a battery. In some cases, 
manufacturers choose to improve 
the .initial capacity of their batteries 
by lowering the paste densities. 
However in so doing, the shed­
ding of plate material substantially 
decreases its cycle life. (See illus­
tration below) 

Globe Gel/Cells are designed 
for extended cycle life, while opti ­
mally meeting initial capacity criteria. 
Unsurpassed performance over the 
life of the cell , and extended cycle 
life is what sets Gel/Cell apart 
from the rest. 

Question 3-True or False: 
A " deep cycle" occurs when 

a battery is rap idly discharged to a 
very low. voltage. 

Answer: 
False. Depth of discharge 

(or deep cycle) is determined by 
the percentage of rated capacity 
extracted from the battery. A deep 
discharge occurs when 80%-100% 
of the capacity is discharged, as in 
the case of a low current discharge 
over an extended period of time. 

For example, reducing the volt­
age in an automotive battery to 
the point where it can 't crank the 
engine is not a deep cycle . In actual­
ity, only approximately 10% of the 
capacity has been discharged. 
However in the case of a battery 

driven wheelchair, where 70%-90% 
of capacity can be discharged dur­
ing continued use, deep cycles are 
recurrent. When.specifying batter­
ies for deep cycle applicatio.ns, 
be sure to get the percentage of 
capacity discharged during the 
tests. At Globe Battery Division, our 
data on cycle life is always based 
on minimum discharge depths of 
85% of capacity. 

Question 4-True or False: 
Failure of batteries in float 

applications is usually caused by 
loss of electrolyte due to gassing 
during continuous charging. 

Answer: 
. False. Electrolyte loss due to 
gassing contributes little to the 
potential failure mode of batteries in 
float applications. Actually, grids 
would corrode long before gassing 
could have any effect on the life of 
the cell. Therefore, the thickne?s of 
the grids has much more bearing 
on float life than gassing. 

Question 5: 
Is there a way for you to get 

more information on the implica­
tions of battery technology on 
your designs? 

Answer: 

How initial capacity can affect the cycle life of a battery. 

Absolutely. Globe Battery Divi­
sion would be pleased to schedule 
a seminar conducted by our engi~ 
neers to provide you and your staff 
with more in-depth information. 
Information that can help you make 
better use of battery technology 

Aftef1-5 cycles 
Battery Y shows a higher initial capacity 
because more plate surface is exposed to 
electrolyte-a result of increased irregulari­
ties in its surface (low density) . However after 
100 cycles battery X (high density) meets its 

gel/@rnDD" 
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After 100 cycles 
rated capacity, while battery Y's capacity has 
deteriorated due to shedding of plate mate­
rial. Look beyond initial capacity when test­
ing a battery for your needs. 

in your designs. 
With 70 years of experience in 

lead acid battery technology, Globe 
Battery Division has established a 
tradition of providing knowledge­
able assistance to design engi­
neers. Call or write Mr. Robert 
Scrima at Johnson Controls, Inc., 
Globe Battery Division, Industrial 
Products Group, 900 East Keefe 
Avenue , Milwaukee, WI , 53201 , 
(414) 228-2398. 

Globe Battery Division 
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In its unequivocal guarantee of 
14-bit monotonicity over tempera­
ture and its stand-alone operation, 
the HS3160 differs from two other 
major single-chip offerings: 

• Intersil's ICL7134, using 
PROM nonlinearity correc­
tion, exhibits 0.003% (14-bit) 
nonlinearity at 25°C and 
typical nonlinearity drift of 1 
ppm!°C. At 70°C, this causes 
approximately 0.005% addi­
tional nonlinearity, for a total 
of approximately 0.008o/cr--ie, 
12¥2-bit monotonicity (typical, 
not worst case). 

• Analog Devices's AD7546 also 
uses a segmentation tech­
nique, but it requires two 
external op amps. 

Accepting either ac or de refer­
ence voltages over a ±25V range, 
the HS3160 is TTL and CMOS 
compatible and includes latchup 
protection for the digital inputs. It 
provides an internal current-to­
voltage feedback resistor, and its 
analog output has a 1 %-accurate 
scale factor of 200 µA per reference 
volt . The output settles a full-scale 

Using a segmentation decoding tech­
nique, Model HS3160 16-bit multiplying DIA 
converter attains 14-bit monotonicity over its 
specified temperature rang e. The segmenta­
tion also lessens matching and tracking 
demands on the resistor network. 

current excursion in 2 µsec . 
Housed in a 22-pin ceramic DIP, 

the HS3160 comes in four styles: 
The industrial HS3160C (0 to 70°C); 
HS3160B ( - 55 to + 125°C; to 
MIL - STD - 883B); HS3160 - 3 
(±0.012% accurate) and HS3160 - 4 
(±0.006% accurate) . B and C 
versions are 14-bit monotonic over 
- 25 to +85°C and 0 to 70°C, 
respectively. Prices range from $39 
to $89 (100).-Bil/ Travis 

Hybrid Systems Corp, 22 Unne/I 
Circle, Billerica, MA 01821. Phone 
(617) 667-8700. 
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Programmable net controller 
cuts cost of LAN interfacing 
By including many system commu­
nications functions on chip, t he 
HMOS-III 82586 local-area-network 
communications controller combines 
with its manufacturer's 82501 bipo­
lar Ethernet serial interface to 
replace more than 80 integrated 
circuits heretofore needed for 
network interconnection. Conceived 
primarily to meet Ethernet specifi­
cations, the chip set is also 
programmable to meet the needs of 
other CSMA/CD (carrier-sense 
multiple access with collision detec­
tion) applications. 

The 82586 processes outgoing and 
incoming packets virtually on its 
own. After receiving a Go signal 
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from the CPU, it collects messages 
from shared memory (freeing the 
CPU for other processing tasks) , 
prepares the packets and controls 
their transmission without further 
CPU attention. The device also 
disassembles incoming packets , 
checks addresses and errors and 
stores the messages in memory 
without CPU intervention. 

Tallies errors and diagnoses 
In addition to its ' message­

processing functions, the 82586 
provides error-status information to 
memory to be accessed by the CPU 
at its convenience. If the controller 
detects an error, it sets the 

appropriate error-bit flag in memo­
ry and can recover the buffer 
memory without CPU aid. The CPU 
need only prepare messages for 
transmission and buffer space for 
received data- the controller does 
the rest. 

The 82586 also performs system­
atic diagnostics, allowing you to 
first check the station's (and chip's) 
health and then examine conditions 
from the station to the node. Its 
built-in time-domain-reflectometer 
circuit can pinpoint short or open 
circuits in the network cable. 

Program for other LANs 
Once initialized, the 82586 auto­

matically assumes the Ethernet 
parameters: 64-byte minimum 
frame size, 32-bit CRC (cyclic 
redundancy check), 6-byte address 
and 64-bit preamble. You can, 
however, program the device for 
other systems. For example , you 
can call for shorter preambles, 
smaller minimum packets, shorter 
slot times and a smaller address 
space. These changes would suit the 
chip for less demanding network 
applications-intelligent subsystem 
modules interconnected in a serial 
backplane, for example. 

The 82501 Ethernet serial inter­
face replaces eight to 12 components 
in completing the connection be­
tween the host CPU and the 
network. A combination line driver 
and receiver, it Manchester-encodes 
serial data for transmission and 
filters and decodes received data for 
the 82586 controller. The interface 
also contains the system clock 
oscillator for synchronizing 82501/ 
82586 activity and for supporting 
the lOM-bps data-transfer rate. 

The 82586/82501 combination, 
coupled with a transceiver, provides 
the full Ethernet physical and 
data-link functions. At the trans­
ceiver end, the 82501 provides a 
straightforward interface to an 
Ethernet transceiver cable. Inter­
facing with any 8- or 16-bit 
bidirectional system bus, the chip 
set requires only two µP connec-
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Stable, high volt· 
age supply keeps 
picture size con­
stant over full 
brightness range. 

Rugged construc­
tion withstands 
shock and vibra­
tion. Accessibility 
simplifies mainte· 
nance and repairs. 

Copyrighl 1982 Teklronix, Inc. All righls reserved . OEM quotations available on request . AD-TVM-323- 1 
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A System DMM, 

~1 
0 

intelligentend to end. 
Your best reason to buy our new System DMM is not the Truly a "set-it-and-forget-it" instrument, the 195 elirnin-
price. Its built-in intelligence provides control-the more ates the need to handle each reading as it is taken. It 
you have, the more effective you will be. And the 195 also eliminates the frustration of doing long, tedious 
gives you more control than you ever thought possible in programs for simple, repetitive reading commands. All 
an affordable System DMM. The 195 is a full 5-function this control permits you a great deal of freedom in 
System DMM with sensitivities of lOOn V, 100µ0 and determining various roles for the 195 within your 
lOOpA. Inputs are provided front and back for all func- system. In short, our intelligent new 195 offers you 
tions. Its internal buffer more control for improved 
can store up to 100 Look at~ the IEEE-488 programmable control performance, greater con-
readings via either the you get with the 195· · · venience and enhanced 
front panel or the IEEE * Range Front panel Data format cost effectiveness. It is 
bus. The buffer has 10 * Full S functions messages * Talk-only mode an intelligent device which 
selectable rates and can be 
interrogated for high, low 
and average readings at 
any point in time. Digital 
calibration and a self­
diagnostic program 
minimize down time. 

KEITHLEY 

* Autoranging * HI-ill-Average * Resolution 
Integration period * Trigger modes Terminator you won't outgrow as 

* Zero Service request * Diagnostics your applications change . 
* Filtering * Reading rates * Line frequency Call us for a demonstra-
* 100-reading storage * Digital calibration Delay modes tion of the 195. We'll 

... and those features with a * are available from show you how intelligent 
the front panel, too! it really is - end to end. 

'--~~~~~~~~~~~~~~~~~~___,ForonlyS995. 

Keithley Instruments, Inc.128775 Aurora Road / Cleveland, Ohio 44139 / (216) 248--0400/Telex: 98-5469 
WEST GERMANY: Keithley 1"9tnllJWnt• GmbH/ Heiglhofstrasse 5/ D-8000 Munchen 70/ (089) 714-40-65/Telex: 521 21 60 
GREAT BRITAIN: Keithley Instruments, Ltd.fl , Boulton Road/ Reading, Berkshire RG2 ONL/ (0734) 8612 87/Telex: 847047 
FRANCE: Keithley lnstrummts SARL/ 2 Bis, Rue Leon Blum/ 8 .P. 60/91121 Palaiseau Cedex/ (6) 011 .51 .55/Telex : 600933F 
NETHERLANDS: Keithley Instruments BVt Arkelsedijk 4/ NL-4206 AC Gorinchem/ (01830) 25577/Telex : 24 684 
SWITZERLAND: Keithley Instruments SA! Kriesbachstr . 4/CH-8600 Dubendorf /01 821 94 44/Telex : 57 536 
AUSTRIA: Keithley Instruments C...m.b.H.! Doblinger Hauptstr . 32/ A-1190 Wien /0222 314 289/Telex: 13 45 00 
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Technology Update: New Products 

tions: a channel-attention line that 
lets the CPU wake up the controller 
and an interrupt line to get 
the CPU's attention. 

Automatic traffic control 

When traffic is present on the 
LAN, the transceiver senses the 
carrier and signals the 82501 
interface unit, which in turn signals 
the 82586 controller. In the event of 
a transmission-startup collision, the 
interface unit alerts the controller, 
which initiates a jam sequence, 
turns off the transmitter, performs 
the backoff-algorithm calculation 
and attempts retransmission when 
the backoff waiting time expires. 

Seeq's 8001 Ethernet data-link 
controller ( EDN, November 10, 
pg 82 ), another entry in the 
LSI-LAN-controller field, provides 
functions similar to those of the 
82586/82501 set but is dedicated to 
the Ethernet protocol. 

The 82586/82501 LAN-controller 
set will be available for sampling in 
1st qtr 1983; quantity production is 
slated for the second quarter. 

Featuring programmability for non-Ether­
net local-area networks as well as Ethernet 
compatibility, Model 82586 network control­
ler combines with Model 82501 serial 
interface to perform all packet-processing 
functions, freeing the host CPU for more 
fruitful tasks. 

82586, $65; 82501, $25 (100). 
- Wiii/am Travis 

Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051. Phone (408) 
987-7602. 

Circle No 455 

Modular digital workbench 
handles analysis, emulation 
An uncommitted mainframe that 
includes three Z80 µPs and an 
EGL-based bus system combines 
with plug-in modules to maximize 
measurement flexibility in the 
ATLAS (Adaptive Test and Logic 
Analysis System) integrated digital 
workbench. Initially available mod­
ules handle logic analysis and 
emulation; future offerings will 
provide word generation as well as 
signature, serial-data and wave­
form analysis. 

The $10,000 ATLAS mainframe 
measures 17.5 x27x10 in. and 
weighs roughly 55 lbs when both 
module slots are filled. It includes 
two 150k-byte 5%-in. double-sided, 
double-density floppy-disk drives 
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that work in conjunction with one 
Z80A to support the CP/M opera­
ting system. 

A second Z80A handles the 
extensive test and analysis software 
library available for the manufac­
turer's stand-alone instruments. 
The third µC provides multitasking 
capability, accesses the outside 
world (to allow the ATLAS to 
emulate a VT-100 terminal, for 
example), and also handles RS-232, 
GPIB and Centronics interfaces. 

A 5 x 9-in. display features split­
screen viewing to simultaneously 
show menus, comments, test results 
or monitor functions. Seven soft 
keys to the right of the CRT easily 
implement special functions that 

A modular approach provides maximum 
measurement flexibility in ATLAS test 
systems, which combine plug-in instrument 
front ends with a CP/M-driven universal 
computer. 

users write in Pascal and execute on 
CP!M. Because each module has its 
own set of functions and commands, 
the detached ASCII keyboard also 
contains 18 "flip keys," above which 
you place a flip card that describes 
the functions each key initiates for a 
particular module. 

Each front-end subunit contains 
the hardware and software for a 
specific measurement task; as you 
insert a plug-in, it downloads its 
dedicated software into mainframe 
RAM. Dedicated logic-analyzer 
modules for the 1802, 6502, 8080, 
8085, 6800, 6809 and Z80 µPs will 
shortly be joined by units for the 
68000, 8086, 8088, Z8001 and Z8002. 

In addition, you can choose 
general-purpose logic-analyzer 
modules that take advantage of the 
high-speed bus: The series now 
includes modules with 48 channels 
at 10 or 20 MHz. (Future introduc­
tions will provide 16 channels at 300 
MHz and 32 at 200 MHz.) Thus, you 
can plug in one dedicated unit to 
track state variables and a high­
speed unit for either further state 
analysis or timing analysis. 

Emulation capability is now 
available for the Z80 and 8085. And 
because all the necessary hardware 
resides in the emulator plug-in, the 
probe itself requires only a small 
signal buffer. Current plug-ins sell 
for $2000 to $4000; upcoming 
high-speed units will cost as much 
as $10,000.-Paul G Schreier 

Dolch Logic Instruments Inc, 230 
Devcon Dr, San Jose, CA 95112. 
Phone (408) 998-5730. 
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500 Watt Switchers 
Probably the most cost effective 
power supplies in the world. 

RSF Series 

Sub-Modular construction, an 
ACDC exclusive , assures high 
MTBF and low MTTR. The latest 
LSI inverter circuitry , power 
semiconductors and fault / error 
detection IC ' S reduce parts 
count for a truly modern, cost ef­
fective design. Quality is assured 
through a 48-hour burn-in and 
hard copy test data with every 
unit . RSF units are also available 
with an optional filter to meet 
FCC 20780 and VOE 0871 re­
quirements. At about a dollar per 
watt in OEM quantities, you can't 
beat it. 

Fe _____ Benef:it: .. ~:· -~~ 
Sub-modular construction El iminates internal wiring; lowers 

production cost . 

Design based on proven product. The best features of our highly popular 
"RS" and "EAGLE" series in a new 
500W package. 

Proportional drive Switching transistor drive circuit. 

A complete 500W family Singles, dual, triples and quads. 

Higher reliabil ity, low MTTR; easy to 
test and trouble shoot. Lower cost; 
quick delivery. 
Low risk . .. a new product with proven 
reliability. 

Switching Transistor failure does not 
damage control circuit. Few compo­
nents , thus higher MTBF and lower 
cost. 
One supply to replace multiple supplies 
or upgrade system. 

High power dual model Two 400W channels C500W total max.J Ideal for CMOS, Micro processors , 
EGL, or test systems. 

External switch for 115/230 VAC Easy conversion of 115/230 VAC. Universal usage; no addit ional cost. 

Additional Features and Benefits• Bi-directional forced air • Designed to meet MIL spec shock and 
vibration in shipping • Inhibit, remote sense , margining , over voltage, over current protection • Extended hold­
over • Vacuum impregnated, high frequency shielded magnetics • Low ESR output caps • Inrush protection • Outputs 
of 2 thru 28 VDC • Options include power f ai l, crowbar, output out-of-tolerance , VDE0804 hipot, reverse air • 1000/o 
screening of primary active devices • Steel chassis and cover provide strength, EMI suppression 

RSF 501 RSF 102 RSF 502 RSF 503 TRIPLE OUTPUT / RSF 504 QUAD OUTPUT 500W MAX. 
SINGLE OUTPUT UNIT HI-POWER DUAL OUTPUT UNIT DUAL OUTPUT 500W MAX. 

MAX. CURRENT RATINGS IN AMPS 
OUTPUT MAX OUTPUT Combine any 2 of lhe lollowing (500W max.) OUTPUT MAX. CURRENT RATINGS IN AMPS 

OUTPUT OUTPUT OUTPUT OUTPUT SEMI-REG. VOLTAGE CURRENT IN AMPS 
OUTPUT MAX OUTPUT 

VOLTAGE 
OUTPUT 1 OUTPUT 2 VOLTAGE I 2&3 4 OUTPUT 4 

2 100A VOLTAGE CURRENT IN AMPS 
2 2 

5 100A 
N/ A 16A N/ A BA 

2 50A 5 BOA 16A 5 BOA BA 5A 12 42A 5 BOA 12 33A 16A 12 33A BA 2A 15 35A 12 33A 15 27A 14A 15 27A 7A 2A 24 21A 15 27A 24 17A BA 24 17A 4A 1A 2B 1BA 24 17A 2B 15A 7A 2B 15A 3.5A 1A 24V @4A 
2B 15A 24 ~ :· 6A PEAK 

SINGLE OUTPUT $575.00 HI-POWER DUAL OUTPUT $739.00 DUAL OUTPUT $650.00 TRIPLE OUTPUT $695.00/QUAO OUTPUT $745.00 

electronics 
40 1 Jones Road, Oceanside, CA 92054 • [7 141 757-1 880 • TWX 9 10-322-1470 
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Technology Update: New Products 

High-speed CMOS multipliers 
suit DSP applications 
The introduction of four purely 
digital ICs from a recognized leader 
in analog circuitry highlights the 
increasing use of such devices to 
perform purely analog functions. In 
signal-processing applications such 
as digital filters, Fourier analyzers 
and image manipulators, you'll find 
multipliers and multiplier/ 
accumulators (MACs) such as the 
ADSP 8- and 1 -bit CMOS units 
becoming as important as op amps. 

The first CMOS multipliers in­
tended specifically for DSP sys­
tems, the ADSP Series devices are 
pin compatible with TRW TPC and 
MPY Series bipolar parts. But they 
typically dissipate 10 to 25 times 
less power than the TRW devices 
while operating at approximately 
the same speed. This performance 
proves important because multipli­
cation is as fundamental to DSP 
systems as amplification is to 

traditional linear circuits: The 
algorithms that digital filters and 
matrix processors employ, for 
instance, rely primarily on accumu­
lated sums of sequential multiplica­
tions, so circuit elements capable of 
adding successive data products 
constitute a DSP system's core. As 
a result , multiplier and MAC speed 
and resolution generally determine 
signal-processor performance. 

Layout increases speed 
According to John Oxaal, market­

ing specialist at manufacturer 
Analog Devices, the units' fast 
operation doesn't derive from exotic 
fine-line fabrication processes but 
rather from optimized chip layout. 
The parts can therefore employ 
conservative, high-yield 5-µm ge­
ometries. They also employ modi­
fied Booth algorithms, feedforward 
carry circuits and conditional final-

stage adders to further increase 
data throughput. 

For example, the 16x 16-bit 
ADSP-1016 multiplier executes a 
clocked-multiply cycle in less than 
100 nsec typ and consumes only 150 
mW. This $147 (100) device offers 
the .same pinout and functions as 
TRW's MPY-016HJ, furnishing 
32-bit products, compatibility with 
16-bit µC buses and optional output 
rounding to 16 bits. It operates in 
two's-complement, unsigned­
magnitude and mixed modes and 
includes clocked or transparent 
output latches. 

Providing output accumulation as 
well as fast multiplication, the 
ADSP-1010 16 x 16-bit MAC con­
sumes 175 mW and specs 150-nsec 
typ cycle time. Compatible with 
TRW's TDC-1010.J, it includes a 
35-bit output accumulator divided 
into two 16-bit product registers 
and a 3-bit overflow latch. 

Each output register includes a 
preload control that permits you to 
initialize the accumulator, and the 
device supports addition or subtrac­
tion of current products from 
preloaded output data. Priced at 

TSLO-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, 

CLKPO--~~~~~~~~~~~~~~~~~~~~~~~---, 

Y1N/ 
LSP 

OUTPUT 
LSP OUT REGISTER 

CLK Y 

16 X 16 32 
ACC , SUB, BIT MSP MSPou1 
RND, TC ASYNCHRONOUS OUTPUT 

MULTIPLIER REGISTER 

CLK X 
ARRAY 

XTP XTPou1 
OUTPUT 

X1N ADSP-1010 
REGISTER 

For use in signal-processing circuits, ADSP Series digital multipliers and multiplier/accumulators perform analog functions. This 
ADSP-1010, for example, couples high-speed operation with low power consumption, providing the core for digital-filter, 
image-processing and matrix-manipulation systems. 
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WRITE FOR EDN 

If you have an idea for an EDN design feature, 
send us an outline or call the Editor to discuss 
your proposal. We pay $50 per magazine page, 
upon publication, for every contributed feature 
article. Call Paul Schreier, 221 Columbus Avenue, 
Boston, MA 02116. Telephone (617) 536-7780. 

I Technology 
$198 (100), the part accommodates 
unsigned-magnitude or two's-com­
plement data formats and features 
selective 16-bit current-product 
rounding before accumulation. 

8-blt devices 

For 8-bit applications, the $45 
(100) ADSP-1080 generates 15-bit 
products from two 8-bit inputs in 
less than 85 nsec. A low-power 
second source for TRW's MPY-8HJ, 
it consumes 55 mW typ and provides 
8-bit I/O through two input and two 
output ports. This device operates 
on integer or fractional two's­
complement data , providing 14 
product bits plus a sign code. 

The fourth ADSP Series device, 
the ADSP-1008 8 x 8-bit MAC func­
tions like the 16-bit ADSP-1010 but 
provides half that part's resolution. 
Compatible with 8-bit µPs, it 
includes two 8-bit input ports and a 
19-bit output bus divided into two 
8-bit product registers and three 
overflow lines. This $65 (100) MAC 
has the same pinout as the TRW 
TDC-1008J and performs a com­
plete multiplication and accumula­
tion in 95 nsec, dissipating 150 mW. 

All four ADSP components pro­
vide TTL-compatible inputs and 
outputs, operate from a 5V §Upply 
and come in both DIP and flatpack 
versions. MIL-STD-883B versions 
are also available. 

-Andy Rappaport 
Analog Devices Inc, Box 280, 

Norwood, MA 02062. Phone (617) 
329-4700. 

Circle No 457 

Need 
to Know? 

EDN's advertisers stand ready to 
provide you with helpful design in­
format ion and other data on their 
products . Just circle the appropri­
ate numbers on the Information 
Retrieval Serv ice card . If your need 
is urgent , contact advertisers 
directly , and mention EON. 

EON: Everything Designers Need 
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Leadtime Index ACTIVE COMPONENTS 

PRODUCT LEADTIME IN WEEKS PRODUCT LEADTIME IN WEEKS 
Min. Max. Trend Min. Max. Trend 

DISCRETE SEMICONDUCTORS MEMORY CIRCUITS 
Diode, switch ing 2 6 EPROM 2 7 = 

Diode, zener 3 4 .. PROM, bipolar 5 10 = 

R~ctifie r, low-power 2 4 .. RAM, bipolar 3 12 
Rectifier, power 4 7 .. RAM, CMOS 2 7 = 
Thyristor, low-power 3 8 .. RAM, 4k MOS dynamic 2 5 0 

Thyristor, power 3 7 .. RAM, 16k MOS dynamic 4 8 0 

Transistor, bipolar power 2 8 RAM, 64k MOS dynamic 5 20 
Transistor, bipolar signal 4 13 RAM, 1 k MOS static 2 10 = 

FET, power 1 6 RAM, 4k MOS static 4 10 = 

FET, signal 2 6 ROM, masked MOS 3 12 = 
Transistor, RF power 4 10 MICROCOMPUTER/MEMORY SYSTEMS 

DISPLAYS Core memory board 3 13 = 

Fluorescent 3 10 IC memory board 4 8 .. 
Gas-discharge 6 9 .. Interface board 4 10 .. 
Incandescent 8 16 Microcomputer board 6 14 

LED 6 12 MICROPROCESSOR IC'S 
Liquid crystal 2 10 CPU, bipolar bit slice 3 6 
Plasma panel 6 16 = CPU, 4-bit MOS 2 4 = 

ELECTRON TUBES CPU, 8-bit MOS 4 8 .. 
CRT, black and white TV 7 12 CPU, 16-bit MOS 4 12 .. 
CRT, color TV 2 6 Peripheral chip 2 10 

CRT, industrial 5 18 OPTOELECTRONIC DEVICES 
Industrial power 2 10 Coupler and isolator 4 8 
Light and image sensing 2 12 Discrete light-emitting diode 5 10 
Microwave power 6 10 .. PACKAGED FUNCTIONS 

INTEGRATED CIRCUITS, DIGITAL Amplifier, instrumentation 5 10 
CMOS 4 19 0 Amplifier, operational 6 12 
Diode transistor logic (DTL) 5 12 Amplifier, sample/hold 4 8 = 

Emitter-coupled logic (ECL) 3 9 Converter, analog/digital 2 8 
Low power Schottky TTL 1 7 0 Converter, digital/analog 2 6 
Standard Schottky TTL 1 12 PANEL METERS 
Standard TTL 2 6 = Analog 4 8 .. 

INTEGRATED CIRCUITS, LINEAR Di~ ital 4 6 0 

Communications circuit 2 7 POWER SUPPLIES 
Data converter 1 6 Custom 15 30 = 
Interface circuit 4 11 .. Enclosed modular 6 10 
Operational amplifier 4 10 .. Open-frame module 10 18 
Voltage regulator 5 15 0 Printed circuit 9 16 = 

Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of major manufact urers and 
OEMs. They represent t he typical times necessary to allocate manufacturing capacity to build and ship a medium-sized order for a 
moderatel y popular item. Trends represent changes expected for next month. 
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DOUBLE YOUR Now there's an JDC mass termination receptacle 
~l~AIA£ T" ~nArr and header system that lets you double IIO 
.,l\31YM - iv-.,rM\,,,f; density on standard-sized printed circuit 

RATIO WITH AUGAT bC?ards. It's c~lled the Selective G:ound-

SELECTJVE GROUNDING. ~Zr:v~f ~~~::.from Augat. Heres 

INTERNAL GROUND BUS. A unique bussing feature built 
into the SG Series receptacle allows you to mass termi­

nate common ground wires. Designate any one IIO 
contact (or more) per row as ground. Use all the rest 

for signals. This allows one receptacle to accommodate 
two planar cables, and in effect, doubles your 

signal-to-space ratio. 

FULLY SHROUDED HEADER connec e­
ceptacle to printed circuit board. Unique 
electromechanical lock/ eject function 

automq,tically decouples optional shield 
drain wire. Eliminates soldering of drain 
wire to board. Augat SG Series re­

ceptacles come in 24 to 64 
positions. Headers 10 to 64 posi-

Connector accepts two twist and flat, 
standard grey PVC or color-coded 

planar cables simultaneously 

SEVERAL PLATING OPTIONS reduce 
sensitivity to the price of gold and en­

sure high reliability They include: recep­
tacle contact point.s with SO micro-inch 

selective gold plating; header contacts 
with 10 to SO micro­
inch all over or 

selective gold 
plating. 

tions. Inquire about our DIN compati- G 

ble and EMII RFI shielding options. Complete 
applications tooling for in-house production 

available. Contact Augat Inc., Interconnection Com-

0 
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0 

ponents Division, 33 Perry Avenue, Attleboro, MA 02703. 
Tel: (617) 222-2202. TWX 710.391.0644. See our catalog in 

GOLD BOOK, Volume II-1, 9th Edition. 

AU6AT~ 
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SPECIAL REPORT 

TTL enhancements 
and extensions 
Classical TTL is far from moribund; it's being extended in 
a variety of ways. Still, some replacement technologies 
promise to reduce its appeal in several areas. 

Robert H Cushman, Special Features Editor 

Transistor-transistor logic (TTL), long prized as a safe 
and trusted building block for OEM designs, has never 
been healthier. Although no longer used extensively for 
total-system design, it remains the primary "glue" that 
holds digital systems together. Multiple-sourced, readi­
ly available TTL devices, described in simple, well­
organized catalogs, serve all traditional circuit­
design needs. And these SSI and MSI glue-part 
families are being expanded to meet µP-bus-system 
needs: The many new octal parts now available exhibit 
increased speed and decreased power consumption, and 

· they are also less susceptible than conventional parts to 
damage from such real-world system anomalies as 
signal overshoot and board removal and replacement 
with power on. 

Furthermore, a whole new world of CMOS "TTL"­
high-speed CMOS replacements for low-power Schot­
tky (LS) TTL-is opening up. These devices should 
prove particularly welcome in all-CMOS systems, and 
in their TTL-compatible versions, you can use them 
selectively to reduce system power. 

Classical bipolar TTL is supplied by the giants in the 
semiconductor industry: Texas Instruments, National 
Semiconductor, Fairchild, Motorola and Signetics, 
among others (Table 1). According to these suppliers, 
demand is evident for even the older non-Schottky TTL 
because it has been designed into so many products. In 
some cases, the devices are used in military programs 
that have amazing staying power; reorders continue 10 
yrs after the initial designs. (Raytheon, for example, 
still makes the mid-'60s-vintage Sylvania SUHL I and 
II lines, marketing them as RAY I and II.) In the more 
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recently introduced Schottky TTL, supply has finally 
caught up with demand. But Fairchild, for one, doesn't 
see demand for LS TTL used in new designs peaking 
until 1985. 

The end result? Bipolar TTL appears to be the 
"fabulous invalid" of semiconductors. Everything that 
was to replace it has only added to its longevity. 

For example, the NMOS LSI elements of µP systems 
were supposed to do away with TTL, but t hese LSI 
parts need so much TTL glue that TTL usage has in 
fact increased with their use. Similarly, the threat to 
bipolar TTL by the new higher speed CMOS TTL 
replacements is only making bipolar-TTL suppliers 
more aggressive in speeding up their processes and 
circuits to remain ahead of CMOS. 

Indeed, bipolar-TTL manufacturers have only just 
begun to battle the CMOS encroachments. They 
concede that CMOS's low-power operation might be 

TABLE 1-SUPPLIERS OF BI POLAR TTL 

SUHL 74 74LS FAST AS ALS 
<D 

TEXAS INSTRUMENTS • • • • NATIONAL SEMICONDUCTOR • • • • FAIRCHILD • • • MOTOROLA • • • • • 
SIGNETTCSiPHILI PS • • • A"MIT 
RAYTHEON • 
TELEDYNE 
MMI 

NOTES: 
1. HAS NOT BEEN USED IN NEW DESIGNS FOR SOME TIME, BUT 
INCLUDED TO EMPHASIZE TTL LONGEVITY. 
2. MANY HIGH-PERFORMANCE LSI PARTS THAT COULD 
BE CONSIDERED AS EXTENSIONS OF TTL. 

SPECI AL 

• 

·~ 
~ 

·~ 

3. HIGH·NOISE·IMMUNITY LOGIC AND POWER-MOSFET DRIVERS. 
4. GATE ARRAYS PACKAGED AND NUMBERED AS TTL PORTS. 
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TTL families expand to 
accommodate µP-bus uses 

unbeatable in applications where most gates switch at 
100 kHz or less (Fig 1), but that's about all they 
concede. In fact, some claim that bipolar technology 
will prove inherently superior for maximum-speed glue 
parts, delivering more drive per chip area and scaling 
down more efficiently than does CMOS (Ref 1). 

The thrust of bipolar-TTL advances varies with the 
level of integration. At the SSl/MSI level, the emphasis 
is on improving the basic TTL gate circuit. At the LSI 
level, the emphasis is on the internal use of other 
technologies-ECL, STL, FL-to obtain very high 
internal speed at minimum power consumption. 

The work at the SSl/MSI level is fairly obvious and 
easy to understand. The new AS and ALS circuits from 
Texas Instruments and the new FAST circuits from 
Fairchild (Fig 2) represent attempts to extend Schott­
ky clamping concepts. In these approaches, manufac­
turers use the increased density allowed by the 
finer-line processes to add transistors and other circuit 
features that in t urn eliminate some of the shortcom­
ings of conventional TTL. For example, the new 
circuits can better handle the signal overshoots and 
undershoots that occur when driving bus lines at high 
speeds. 

Of course, these new refinements increase processing 
complexity. For example, manufacturers now use more 
than one type of Schottky metal to obtain different 
threshold voltages, which in turn allow more precise 
setting of antisaturation clamping. However, the re­
finements make the new circuits easier to use at the 
system level. 

Unlike TTL extensions at the SSl/MSI level, though, 
efforts at the LSI level of integration are more 
confused. Are they really extensions of the TTL 
catalog? Or are they rather a totally new development? 
The answer varies with the supplier (and sometimes 
with whom you talk to there). 

For example, TI and Fairchild say that their LSI 
parts are a natural extension of the TTL-family concept 
into the subsystem and system world. Advanced Micro 
Devices and National, on the other hand, maintain that 
the TTL concept ceases to have meaning above the MSI 
level because at that point it's no longer possible to 
define universal parts of interest to all application 
areas. These manufacturers say that users should 
beware of LSI TTL-numbered parts that in fact aren't 
multisourced-as most users expect TTL devices to be. 
Indeed, most of the successful bipolar LSI TTL 
extensions have been marketed separately from the 
TTL family. For example, the AMD 2900 bit-slice µP 
and the Signetics 8X300 controller µP weren't pre­
sented as extensions of TTL . 

The same sort of product-positioning jockeying is 
now going on in digital-signal-processing (DSP) applica-
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Fig 1-The familiar speed-power curve provides a good 
starting point for a quick assessment of the relative strengths 
and weaknesses of logic-circuit technologies. But although 
CMOS wins relatively hands down in systems where most of 
the gates switch at less than 1 MHz and bipolar reigns near 
100 MHz, it's not yet clear which technology excels at about 
10 MHz. The bell-shaped curves portray the scatter of gate 
speeds in two possible applications, one suited to CMOS 
and one to bipolar. They emphasize that most of the gates in 
an application switch at a fraction of the clock rate. Note, 
however, that the scatter of gate speeds is purposely shown 
different in each case: For the CMOS case, the diagram 
assumes that most gates switch much more slowly than the 
clock; for bipolar, most switch at rates closer to the clock 
speed. The different speed-power characteristics of the two 
technologies make these the optimum approaches. 
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Fig 2-lmproved bipolar TTL gates from Texas Instruments 
(a) and Fairchild (b) use new processing techniques such as 
oxide isolation (to reduce capacitance) and smaller geome­
try (to increase transistor performance and packing density). 
These newer forms of TTL provide improved speed-power 
products and improved tolerance to noise and supply­
voltage overshoots and undershoots. And because the 
devices need less input current, fanout is also improved. The 
Tl AS Series aims at all-out speed (2-nsec delay) and is 
therefore somewhat power hungry (10 to 20 mW). The ALS 
Series endeavors to better the widely used LS TTL in terms 
of both speed and power. And FAST (Fairchild Advanced 
Schottky TTL) is similar in intent to Tl's ALS; it uses 2-µm 
geometry and oxide isolation to increase LS speed fourfold 
while only doubling LS power consumption. All of these 
circuits are more complex than the original TTL, but their 
manufacturers say that modern finer-line processing allows 
them to occupy about the same die area. At any rate, the 
price of TTL has dropped so low that the silicon cost is 
overshadowed by the packaging cost. 
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tions. Here, TRW and AMD have taken a lead in very 
fast MSl/LSI-level building blocks such as TRW's 
multipliers and AMD's 29500 family- neither of which 
is termed a TTL extension. TI and Fairchild, on the 
other hand, say they are targeting the DSP area as one 
in which they can extend their TTL dominance. In some 
instances they might duplicate functions originated by 
AMD and TRW-and renumber those functions into 
their own TTL nomenclature. 

Is TTL needed at the LSI level? 
Regardless of which family the makers of these 

bipolar LSI parts say the devices belong to, the devices 
appear to have two characteristics: 

• They retain bipolar-TTL I/O compatibility. 
• They use circuitry other than TTL internally. 

The contradiction between these two characteristics 
could eventually produce discord that in turn will lead 
to the end of the TTL era. The reason? Although the 
first characteristic , the retention of TTL 110 compati­
bility, i rapidly becoming LSI devices' only link with 
TTL, the second characteristic is separating t he new 
devices from conventional TTL. 

For example, many of the new parts' internal circuits 
use upply voltages lower than the TTL 5V standard to 
provide lower power dissipation. And t he circuits' 
internal signals don't exhibit TTL's peculiar lopsided 
swings, either; ECL circuits, for instance, show 
relatively lower amplitude and symmetrical swings. 

The various suppliers also favor different internal 
circuits (Fig 3), further blurring the link with conven­
tional TTL. National and AMD, for example, use ECL 
for their 2900 bit-slice-µP families. TI, on the other 
hand , uses STL, an improvement on I2L, in its 
advanced AS800 and ALS800 Series LSI parts (which 
include the 888 8-bit-slice ALU). And Fairchild's R&D 
Center (Palo Alto, CA) has been using its proprietary 
I3L for the 9445 µP and Fairchild's new family of DSP 
ciTcuits , which could lead to I3L's use in future FAST 
L I circuits as well. In many cases, these are the same 
internal circuits used in the supplier's gate arrays. 

CMOS TTL extends bipolar's life 
Will users view these new LSI bipolar parts as TTL 

extensions? Will they care how the parts are character­
ized? Time will tell. Meanwhile, the new CMOS 
equivalents of LS TTL could give the low-level 
S l/MSI TTL glue parts an extended life , even though 
they use different internal circuits, have different 
ignal swings and support lower supply voltages. 

Manufacturers of these CMOS TTL replacements 
appear confident that the CMOS parts will replace LS 
TTL in the large, established SSl/MSI glue-part 
market. Most of the major semiconductor houses and a 
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CMOS substitutes spur TTL 
makers to extend their lines 

TABLE 2-SUPPLIERS OF CMOS LOGIC 

1E_ 74HCT 74HC 
_@_ __©._ 

RCA • • 
MOTOROLA • • 
NATIONAL SEMICONDUCTOR • • 
MITEL • • 
SIGN ETICS/PH I LI PS • • 
FAiRCHii: D • 
SEMI PROCESSES • • 
GTE • 
SUPERTEX • • 
SOLID STATE SCIENTIFIC • 
NOTES: 
1. OLDER 4000 AND 74C SERIES NOT INCLUDED. 
2. SC WAS ORIGINAL MITEL DESIGNATION . IT HAS TIL INPUT LEVELS. 
3. HGT IS SIM ILAR TO SC BUT ADHERES TO PROPOSED J EDECSTANDARD. 
4. HC IS PROPOSED JEDEC STANDARD FOR CMOS INPUT LEVELS. 

v+ 

v+ 

(b) l'L 

v+ 

HIGH BARRIER 

LOW BARRIER 

(c) STL 

v+ 

H IGH BARRIER 

(d) ISL 
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few smaller houses are gearing up to supply broad lines 
of these CMOS equivalents of LS TTL (Table 2). In 
fact, for some of the larger suppliers, this market 
thrust will produce competition between their CMOS 
divisions and their bipolar operations. Only TI among 
the broad-line suppliers hasn't announced a CMOS 
TTL-equivalent line. But TI sources say that it, too, 
will soon produce a CMOS version of LS TTL. Perhaps 
this line will be based on the new 5-nsec, 25-MHz 
reverse-silicon CMOS that TI uses in its TACOlO CMOS 
gate array. 

Everyone hopes that suppliers will quickly agree on 
standards for the CMOS TTL replacements. Most say 
they will adhere to the new JC-40.2 standard being 

Fig 3-Dlfferent types of bipolar gates are being consid­
ered for use in LSI and VLSI circuits. The objective is to gain 
or maintain nanosecond speed but at greatly reduced 
power. Various marriages between circuit types and proc­
essing technologies include LS (a), 12L (b), STL (c), ISL (d), 
DTL (e), EGL (f) and NTL (g). These diagrams come from Ref 
1, which is recommended as an excellent overview. 
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developed through JEDEC. Standards or no, however, 
the new high-speed CMOS won't replace LS TTL 
overnight; several years will pass before all of the 
hundreds of SSI and MSI parts needed to replace LS 
TTL are fully prime and second sourced. And it will be 
several more years before system designers overcome 
their inertia. Thus, CMOS shouldn't replace LS TTL in 
a large way until about 1990. 

question proves important if you want to maintain 
CMOS's low quiescent power and keep the logical states 
of a system at their proper, known values. 

The replacement process won't be without its 
problems, either-€specially in bused systems. For 
example, how can line terminations be added without 
increasing CMOS's power consumption and reducing its 
fanout? And how are CMOS inputs to be kept from 
drifting when the bus is floating? Considering the latter 

An excellent summary of the design considerations 
arising when you use CMOS in bused systems appears 
in Ref 2. With regard to terminations, this work 
suggests using 1- to 100-k!l resistors, to which you add 
capacitor networks in certain cases. A better approach, 
however , might be to use active terminators, such as 
the 40117B that RCA offers for its older 4000 CMOS 
logic family, and to make the input gates of CMOS 
devices controllable, so the devices remain in a known 
state-as Harris has done on the 82C82, its CMOS 
version of the Intel 8282 octal latch. (In the 82C82, one 

Where is TTL glue used? 

TTL glue parts find a variety of 
uses in system designs. A few of 
the key ones : 

• Clock oscillators. A design 
must often have a separate 
clock oscillator, even when 
the µP has its own on-chip 
oscillator. Typically, a pair of 
TTL inverter gates serves 
this need, with the spare 
gates in the package func­
tioning as output buffers. 
Sometimes, some divide­
by-2 flip flops lower the 
frequency for various por­
tions of the system. 

• Buffers, bus drivers and 
address decoders. Bipolar 
TTL has long been favored 
in NMOS systems for add­
ing drive capability to bus 
lines, particularly when 
large backplanes must be 
driven. Octal drivers and 
transceivers are widely used 
for this purpose. And the 
new 16-bit µC systems, be­
cause they must be fast and 
often have backplanes into 
which a varying number of 
add-on boards can plug, are 
demanding bipolar drives­
a function that the new AS 
and ALS TTL drivers pro­
vide. 
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• Architectural transform­
ers. You might require logic 
to modify a µP's bus struc­
ture so it can drive memo­
ries and peripherals intend­
ed for a different bus. 
Bipolar and CMOS might 
both serve this purpose, de­
pending on system speed. 

• Start/stop controls. Exter­
nal circuits used to control 
the startup and shutdown of 
µCs and other LSI-level sys­
tems can require the use of 
SSI parts . And CMOS­
system hibernation might 
call for external control via 
CMOS SSI devices. 

• 1/0 interfaces to the real 
world. An example ·Of this 
function is the use of 7-
segment display drivers. 

LSI/VLSI-ch ip designers are 
constantly trying to eliminate all 
these uses of TTL; in each use 
category, you can find cases 
where the function has been put 
on an LSI or VLSI chip. For 
example, some on-chip clock os­
cillators permit use of a variety of 
frequency-control methods, rang­
ing from crystals to resonators to 
RC networks or even to simple 
resistors. And bus drivers have 
been eliminated by consolidating 

more of the system onto single 
chips. Single-chip µCs don't need 
off-chip data-, control- and ad­
dress-bus drivers, for example, 
because they have their memory 
on chip. 

In addition, the problem of 
matching bus architectures is 
being solved by built-in multimode 
logic. With this provision, the con­
trol-bus signals can be altered by 
either masking or pin commands. 
Startup and shutdown controls, 
meanwhile, are also being built 
into some of the new µP chips : 
The Motorola 146805, for in­
stance, has the ability to stop and 
restart itself. Finally, quite a few 
1-chip µCs now have built-in 
UARTs for serial ports , others 
incorporate AID converters, and 
still others have sophisticated 
LCD drivers. 

Impressive as these on-chip 
attempts to eliminate TTL glue 
are, however, they never do in fact 
eliminate the need for TTL glue in 
all designs. OEM system design­
ers always seem to want some 
additional functions, some extra 
flexibility, that the on-chip solu­
tions don't offer. Thus, experts 
agree that the total replacement of 
TTL glue parts is definitely not in 
sight. 
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TTL's future at the LSI 
level remains uncertain 

of the p transistors in the CMOS input NOR gate is 
disabled when the strobe goes HIGH.) 

Ref 2 also points out that users who buy at the board 
level will be facing a confusing situation with regard to 
CMOS TTL replacements: Some boards will employ 
74HCXX glue parts, some will have 74HCTXX glue, 
and some will use LS TTL glue (see box, "What input 
level for CMOS?"). Each type might have different logic 
swings, terminations and antifloat provisions. And each 
might require unique terminations when plugged into a 
backplane. Imagine how this confusion will grow as the 
boards are maintained in the field and repair techni­
cians inadvertently plug in boards of the wrong type 
and replace glue parts of one type with those of 
another. 

TTL versus gate arrays 

CMOS devices might eventually replace LS TTL at 
the SSI and MSI levels. But as noted, the situation at 
the LSI level is considerably more uncertain. And here, 
most experts believe that gate arrays will provide the 

What input level for CMOS? 
The use of CMOS equivalents for bipolar TTL 
functions promises to introduce a few complications 
into an already somewhat muddled picture. For 
example, HGT Series CMOS devices (74HCTXX) 
have their inputs skewed to make them compatible 
with TTL voltage swings. HC Series devices 
(74HCXX), however, have their inputs centered for 
use in all-CMOS systems. (The HGT skewing 
results from unbalancing the CMOS circu itry's pn 
input pair or from forming a Schmitt trigger at the 
input.) Meanwhile, the original high-drive, high­
speed CMOS glue parts from Mitel-the 74SCXXX 
Series-also have skewed inputs that allow them to 
switch near the 1.4V off-center point of TTL rather 
than the 2.5V mid-cent~r point of CMOS. 

RCA says it originally intended only to produce 
the HC Series (as Motorola and National do). But 
feedback from customers convinced it of the need 
for TTL-compatible CMOS as designers switch from 
bipolar TTL to CMOS TTL equivalents. Motorola 
and National now say that they will also produce at 
least some HGT parts. And Mitel and its second 
sources report that they'll produce versions of their 
original SC parts that agree with the HGT standard. 
Moral? When substituting CMOS for classical 
bipolar TTL, you should be able to get precisely 
what you need. But be sure you know what you 
need. 
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TABLE 3- REPRESENTATIVE GATE·ARRAY SUPPLIERS 

BIPOLAR CMOS 
TEXAS INSTRUMENTS • • 
RCA • MOTOROLA • • 
NATIONAL SEMICONDUCTOR • • 
MITEL • 
SIGNETICS/PHILIPS • 
FAIRCHILD • • 
SEMI PROCESSES • 
MONOLITHIC MEMORIES • 
RAYTHEON • 
FERRANTI • APPLIED MICROCIRCUITS • INTERNATIONAL MICROCIRCUITS • CALIFORNIA DEVICES • 
HARRIS SEMICONDUCTOR • 

means whereby TTL glue parts will merge into LSI. 
They feel that NMOS LSI!VLSI technology is causing 
designers to use TTL glue parts in such a scattered and 
random manner that it will prove impossible for TTL 
suppliers to define standard LSI-level TTL parts; TTL 
in effect is stymied at the MSI level. Gate arrays, 
however, will allow designers to gather up all their 
TTL SSI/MSI functions into a single LSI package. For 
examples of gate-array suppliers using both bipolar and 
CMOS technologies, see Ta ble 3 and Ref 3. And for an 
example of how a bipolar gate array replaced 20 TTL 
packages in a very-high-volume consumer product, see 
box, "Gate arrays eliminate TTL glue in a high-volume 
product." 

Any designer who expects annual production volume 
greater than 1000 units should consider conver ting a 
design to gate arrays. The process involves an up-front 
cost of about $50,000 and a turnaround time of 6 to 8 
wks. Per-part cost for the gate array ranges from $5 to 
$20, depending on volume. 

Note, however, that there seem to be two opinions on 
how to actually design gate arrays. Advoca es of a 
practical approach say a icite array should represent a 
collection of uncommitted TTL-like gates on one chip 
that a designer can use to literally duplicate an existing 
TTL design. These experts say designers should do 
their initial design and breadboarding with TTL parts, 
as before, and then use an array containing the 
equivalents of these parts (or at least a CAD system 
that would operate in the TTL-part language). 

Advocates of a "purer" approach, on the other hand, 
say that progressive designers should no longer bother 
with the TTL prototyping stage at all : They should go 
directly to their CAD systems to produce gate-array 
designs. This approach starts with high-level defini­
tions of design objectives. Breadboarding occurs via 
computer simulation, and prototyping is done on first 
samples from the array vendor. 

In this purist point of view, designing by picking 
parts from a TTL catalog is woefully crude and archaic. 
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Gate arrays eliminate TTL glue in a high-volume product 

In some designs, a gate array can 
efficiently and economically re­
place assorted SSI and MSI TTL. 
In the Sinclair personal computer, 
for example, designers had to 
combine 17 TTL parts in one 
package to achieve a retail price 
of less than $100. Use of a gate 
array solved the problem. 

The functions to be integrated 
were unusually diverse, including 
an oscillator for the computer's 
zao µP, a video interface (US and 
European TV standards) , two cas­
sette interfaces and memory­
control circuitry. The designers 

(a) 

used a Ferranti bipolar gate array, 
partially because the Ferranti 
process accommodates some lin­
ear circuits and partially because 
it's sufficiently simple to reliably 
turn out millions of units per year 
(it requires only six steps). 

According to Ferranti, this appli­
cation represents a design situa­
tion where a gate array is as 
economical as a full-custom solu­
tion , even if volume rises into the 
tens of mill ions of units. The 
reason? A large number of func­
tions are being integrated, and 
each requires its own 1/0 . The 

final chip size (130 mils square) 
was determined by the number of 
required pads, and even though 
using a fully custom design would 
have produced a 30 to 40% 
smaller active area than that of the 
gate array, the chip size would 
have remained the same. 

Although Sinclair won't release 
actual cost figures, EON specu­
lates that the gate array costs 
$0.01 per gate. For 500 gates, this 
comes to $5. At the millions-of­
units-per-year sales level, this 
price should drop below $5. 

GATE ARRAY 

(b) 

Seventeen LS TTL glue parts (gates, latches, drivers, etc) combine with a Z80 µP, a 24-pin ROM and two 2114 RAMs in Sinclair's 
original design for its ZXBO personal computer (a). The redesigned unit (b) uses only four /Cs: the ZBO, the 24-pin ROM (in a 
byte-wide 28-pin socket for future expansion), a 4118 byte-wide RAM and a Ferranti ULA 810 2 gate-array IC. 
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CMOS parts could eventually 
replace SSl/MSI TTL 

Note, though, that full-custom vendors (such as VLSI 
Technology) go the array vendors one better: They 
argue for replacement not only of SSI/MSI TTL, but 
also of LSINLSI NMOS chips. They say that an entire 
design should be produced from scratch at a CAD 
terminal and sent off to a silicon foundry , which would 
then return the result as a single chip. 

One scenario that could arise from these considera­
tions has designers start by creating arrays as TTL 
replacements and then, as the CAD tools for arrays and 
custom logic are further developed, switch gradually to 
the higher level approaches that bypass traditional 
TTL design. But regardless of how quickly and 
completely design methodology migrates to higher 
levels of CAD, the jellybean TTL glue parts will in 
some way persist in most designS--€specially those 
with annual production volumes less than 10,000 
units. EDN 
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High-performance +2Vop amp: 
Now BiMOS goes remote. 

It's ideal for inaccessible 
equipment or instruments. Or 
for applications where port­
ability is requ ired. 
• 11 = 1 pA (essentially constant 

to 85°C) 
• D.V10 / D.T=4µV/°C 
• Near rail-rail inputs 
• Rail-rail 300!1 outputs 
• Po= 700 µW 

• 2 to 20V supply 
• 7 41 pin-out 

The new CA3420E Bi MOS 
op amp costs only $1.50~ 

For more information, 
contact your local RCA Solid 
State sales office or appointed 
distributor. (800) 526-2177. 
·optional distributor resale in U.S. 
RCA Solid State headquarters: Somerville. NJ. Brussels. 
Paris. London. Hamburg. Sao Paulo. Hong Kong. 



Logic-compatible MOSFETs 
simplify high-power interfacing 

Combining power MOSFETs with logic-level devices allows you to 
meet requirements for high-power, high-speed switching 

while minimizing cost and circuit complexity. 

Ed Oxner and Richard Blanchard, Siliconix Inc 

Able to provide a direct interface between logic-level 
circuits and high-power loads, power MOSFETs handle 
high voltage and current while achieving fast switching 
speeds. But why bother with MOSFETs when so many 
TTL and CMOS interface circuits are available? The 
answer is quite simple-TTL and CMOS alone can't do 
the job. 

Consider, for example, that although many TTL 
peripheral circuits are excellent high-speed, high­
current drivers, load-voltage levels above 4.5V rule out 
their use. CMOS interface circuits can operate at 
voltage levels to 15V or more, but they in turn have 
serious current limitations. Thus, you can only use TTL 
or CMOS to satisfy high-voltage/high-current load 
requirements by adding complex circuitry that increas­
es cost while decreasing reliability. 

MOSFETs circumvent these problems: In addition to 
having desirable power, speed and interface capabili­
ties, these multisourced devices exhibit rugged thermal 
characteristics and are immune to hot spotting, secon­
dary breakdown and thermal runaway. 

A look inside the package 
MOSpower is the generic name for a large family of 

MOSFETs that includes devices capable of handling 
power levels from milliwatts to kilowatts. Regardless of 
power capability or vendor, all devices perform similar­
ly and have an identical cross-sectional structure (Fig 
1)-a DMOS (double-diffused MOS) configuration with 
both n and p diffusions in an n-dpped substrate. 
Although it resembles a bipolar structure, subtle 
processing techniques help it develop operating charac­
teristics quite unlike those of classical bipolar transis­
tors. The differences involve the oxide-insulated gate-­
usually a polysilicon gate-and a bridge connecting the 

EDN NOVEMBER 24, 1982 

p 

HIGH -RESISTIVITY DRA IN REG ION n -

DRAIN CONTACT REGION (n +) 

Fig 1-With drain-to-source current uninterrupted by pn 
barrier$, a power MOSFET exhibits a positive temperature 
coefficient. Because this characteristic limits current with 
increasing temperature, a MOSFET has no thermal runaway. 

source to the body. This bridge effectively mutes any 
parasitic bipolar action that would otherwise result 
from the npn diffusion profile. 

With a positive bias potential applied to the gate of 
the Fig 1 n-channel MOSFET, the p well immediately 
beneath the gate inverts. That is, the positive gate 
potential attracts and accumulates a heavy concentra­
tion of negative charges under the oxide, converting the 
p region into an n region and generating a drain-to­
source current flow. The pn diode between the body 
and drain represents the only parasitic element in thi~ 
DMOS structure. And reverse bias often makes this 
parasitic element more beneficial than detrimental. 

Because gate potential rather than base injection (as 
in a bipolar transistor) controls conduction, a MOSFET 
has no minority carriers and hence no minority storage 
time·. Therefore, unlike a bipolar transistor, a MOS­
power FET has very-high-speed switching capability 
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MOSFETs' positive TCs 
prevent thermal runaway 

regardless of its current or voltage ratings. And 
because it's a majority-carrier device (drain-to-source 
current flow), a power MOSFET also has a much larger 
safe operating area. As a result, it can simultaneously 
switch high voltages and currents with less chance of 
failure than can a bipolar transistor with an equivalent 
power rating. 

Given its structure, a MOSpower FET can be 
considered a bulk semiconductor device; that is, with its 
drain-to-source current uninterrupted by pn barriers, 
the device has a positive temperature coefficient, and 
as temperature increases, bulk resistance also increas­
es, creating a form of self protection. Unlike a bipolar 
power transistor, a MOSFET tends to limit current 
with increasing temperature, so it experiences no 
thermal runaway or latching problems. 

Taking the work out of interface designs 
The presence of few operating restrictions is a prime 

benefit that MOSpower devices bring to interface 
applications. Maximum operating voltage is the only 
limitation of any significance , but even this problem is 
minor-the devices have BV oss ratings ranging from 
30 to 500V. All you really have to worry about is 
ensuring that the threshold-voltage rating is compatible 
with the device drive. MOSFET threshold level 
determines the turn-on drive requirements; values 
range from 0.8 to 6V. In noisy environments, a 6V 
threshold provides some EMI protection (to guard 
against false triggering), but this level is unsuitable in 
applications involving a TTL drive. 

Like bipolar power transistors, MOSpower FETs are 
charge-transfer components, so you have to inject or 
withdraw a finite amount of energy to operate them. 
However, although you must maintain a steady charge 
to keep a bipolar unit active, a MOSpower device only 
requires a charge injection at turn-on. This phenome­
non is the key to the MOSpower device's ultra-high­
speed switching capability. With no minority-carrier 
storage time, switching time depends entirely on how 
rapidly you can transfer a charge in and out. 

Because a MOSFET's control gate is insulated from 
the body, the value of input capacitance (comprising 
gate-to-source plus Miller-effect capacitance) sets the 
turn-on charge requirements. Therefore, switching 
time is a function of charge transfer, effective gate 
resistance and the input time constant determined by 
generator impedance and input capacitance. 

By fully satisfying drive requirements, you can 
readily realize low-nanosecond switching speeds using 
MOSpower FETs. Gate resistance partially limits 
maximum speed, and the lead inductance of typical 
packages becomes a limiting factor in the low-nano­
second range. To avoid such limitations, be sure you 
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Fig 2-ln simple MOSFET interface circuits, you can turn 
the device ON with either LOW (a) or HIGH (b) gate signals. 
The bootstrap circuit (c) suits applications requiring momen-
tary activations. · 
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Fig 3-To completely turn th.e upper devices ON in 
totem-pole circuits, use two supply rails (a) or a bootstrap 
technique (b). Adding Q4 and D2 (c) speeds the bootstrap 
totem-pole response. 
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specify high-frequency power packages, which solve 
lead-inductance problems-metal-gate, high-frequency 
MOSpower FETs are one such choice for applications 
involving high-speed switching. 

Some MOSFET application tips 
MOSpower FETs are enhancement-mode devices, so 

you must bias the gate beyond the source potential for 
turn-on-more positive for n-channel units and more 
negative for p-channel devices. Because they are 
available in both n- and p-channel configurations, you 
can solve many interface problems using only one 
device (Fig 2). 

For example, you can employ straightforward gate­
to-FET connections to effect FET turn-on with either 
LOW or HIGH gate input signals. In the circuit for the 
p-channel device (Fig 2a), Ri limits load current and 
equals 6000 for a 15V FET supply voltage. Although Ri 
is not needed in then-channel circuit (Fig 2b), you can 
use it to balance turn-on and turn-off times. 

For applications requiring momentary activation, you 
can employ a bootstrap circuit (Fig 2c) to provide the 
necessary positive gate bias during turn-on. Here the 
MOSFET is OFF when the gate is LOW, and the 
capacitor charges to the rail potential through the diode 
and load resistance. When the gate input goes HIGH, 
the FET conducts and raises the source potential. 
Capacitor charge increases to the source potential 
back-biasing the diode and applies a positive potential 
to the gate to ensure full turn-on. 

In all cases, consider maximum operating voltage and 
current limitations as well as switching times. If the 
application involves ultra-high-speed switching, you 
need a driver that can rapidly transfer large amounts of 
current to and from the FE'f's gate. 

Satisfying multiple-device applications 
You can stack MOSpower devices in totem-pole, 

H-bridge or complementary driver circuits. There are 
at least three circuit variations for a totem-pole driver 
(Fig 3). In each case, the uppermost device drives the 
lower device,. which serves as the load. As a result, you 
must bias the upper device at a potential higher than 
the rail to realize full turn-on. This action requires 
either two supply rails (Fig 3a) or use of a bootstrap 
connection (Fig 3b). In the latter case, a HIGH input 
turns Qi and Q2 ON, and the capacitor charges through 
the diode and load. When the input goes LOW, Qi and 
~ shut down, and Qa's gate voltage immediately begins 
to rise, increasing conduction through Qa and raising 
the potential across the load and Q2. At this point, the 
bootstrap begins to operate as in Fig 2. 

You can increase the bootstrap totem pole's speed by 
adding Q4 and D2 (Fig 3c). ~ increases the gate 
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H-bridge configuration 
suits stepper-motor drive 
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Fig 4-lf you must drive stepper motors from logic, the 
basic H bridge (a) works well. Use some form of decoupling 
(b) between the drivers and the gates of the upper device to 
ensure full turn-on. Of course, the simplest H-bridge circuit 
uses a mix of p- and n-channel MOSFETs (c). 

charging current, and D2 provides a low-impedance 
discharge path for Q:i's gate when the input is HIGH. 

Several options can further improve switching char­
acteristics. You can, for example, substitute a high­
frequency bipolar npn transistor for Qi and use a Baker 
clamp between the logic input and base. Optionally, you 
can bias the totem pole to pull the lower device down to 
a negative s4pply rail, a configuration that tends to 
balance current flow both from and to the gate. 

The H-bridge circuit (Fig 4a) especially sQits driving 
stepper motors from logic. To pull the gates sufficiently 
higher than the respective source potential (within the 
gate-to-source voltage restriction) and thus ensure full 
turn-on, you must use either a complicated boostrap or 
some form of decoupling between the drivers and the 
gates of the upper devices. The decoupling scheme (Fig 
4b) is by far the easier approach. 

The simplest H-bridge circuit (Fig 4c) employs 
p-channel upper devices and n-channel lower stages . 
The configuration requires no bootstrap because you 
only have to pull the upper gate LOW to effect turn-on. 

Unfortunately, all H-bridge circuits have one impor­
tant limitation: You must ensure that both devices in 
either leg do not turn on simultaneously-a condition 
that would crowbar the power rails with catastrophic 
results. You can eliminate crowbar possibilities by using 
a driver with internal logic (such as the Si7250). 

For simple retrofits into existing CMOS logic requir­
ing substantial increase in current, a complementary 

+ RAIL 

Fig 5-Although it's not the lowest cost design approach, 
you can develop complementary driver circuits using 
MOSFETs. Because p-channel units have lower mobility and 
gain than n-channel FETs, you must use a larger (and more 
expensive) p-channel device to obtain a true complementary 
configuration. 
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pair of power MOSFETs (Fig 5) offers remarkable 
performance. However, this benefit is not without 
penalties. Because the p-channel MOSFET has lower 
current-carrier mobility and lower gain (approximately 
30%) than an n-channel unit, you must use a rather 
large p-channel device to obtain a true complementary 
circuit (defined as match of ON resistances). The result 
is disproportionately higher p-channel-device input 
capacitance and cost. Thus, you must make tradeoffs 
between performance and cost if you wish to use a 
complementary totem-pole circuit. 

One word of caution concerning the use of multichip 
packages in totem-pole, H-bridge or complementary 
circuits: The maximum power-dissipation rating of the 
package is of prime importance. You must specify 
package dissipation according to the number of active 
elements because each device within the package 
contributes heat. EDN 
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50 years of microphone 
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solve your OEM transducer 
problems. 

For 50 years T elex and its Turner M icrophone Division 
have been supp lying acoustical transducers to the biggest 
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• 2 on board parallel ports. 
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LOW POWER 
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and ·12V 
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Now you can plug in an all digital-storage 
family of spectrum analyzers. 

Three models provide 
laboratory performance with 

flexibility and versatility. 
With the introduction of the new 

7L 14, there are now three members 
of the Tektronix fami ly of digital stor­
age plug-in spectrum analyzers. 
They provide frequency coverage 
from 20 Hz to 60 GHz. This plug-in 
concept brings you high perform­
ance, versatility and flexibility un­
matched by monolithic instruments. 
At reasonable prices. They're com­
patible with any Tektronix 7000 
Series oscilloscope mainframe 
including the new digitizing GPIB 

7854 for programmable 
•••• solutions to com-

plex measure­
ments. 

Family characteristics that make 
spectrum analysis easier. 

All three instruments feature digital 
storage for flicker-free displays that 
are easy to interpret. This provides 
averaging and peak detection; 
accurate waveform comparisons· 
stores for long periods to measure 
amplitude changes and frequency 
drift. 

. The 7000 Series plug-in family 
displays alphanumeric readout for 
referencing and easy documenta­
tion. And each spectrum analyzer is 
protected from up to one watt input 
levels to save expensive front end 
repairs caused by inadvertent 
overloading . 

With a 7000 Series mainframe on 
your bench, you select the spectrum 
analyzers. that fit your requirements. 
And they interchange quickly with 30 
other Tektronix test and measure­
ment plug-ins. Use the powerful 

ma1nfra~e for logic analyzer, 
oscilloscope and other 
measurements. 
New 10 KHz to 1.8 GHz 7L14 

completes the 20 Hz 
to 60 GHz digital 

storage plug-in team. 
Here it is. The new ?L 14 for 

digitally-stored close-in, high 
resolution measurements 
from 10 KHz to 1.8 GHz. With 
10 Hz residual FM, the 7L14 
provides stability and jitter­
free 30 Hz resolution dis­
plays. Its digital 
storage can be used 
to eliminate system 
errors and provide 
flat swept RF mea­

surement capability. Digital 
averaging provides noise 
reduction which gives 70 

other communications systems. 
At the top of the spectrum you 

get top performance from the 7L 18 
Spectrum Analyzer. It provides 
full amplitude calibration in the 1.5 
GHz to 60 GHz range and has 
30 Hz resolution to 12 GHz.Displays 
are sharp, stable and flicker-free. 
Digital s~orage and digital signal 
processing make complex mea­
s~rements easy with microprocessor 
aided controls. An automatic 
preselector insures spurious-free 
operation, giving easily interpreted 
displays. 

For baseband measurements 
choose the ?LS for its precision and 
convenience in the 20 Hz to 5 MHz 
range with 10 Hz resolution. For a 
high performance analyzer, it's 
unusually easy to operate. 

This family works together to 
make an outstanding value. 

You get this laboratory perform­
ance and measurement flexibility at 
prices that point up the value of the 
Tektronix plug-in concept. 

Call your nearest Tektronix Field 
Office (listed in major city directories) 
for complete details on the 7000 
Series lab performance spectrum 
analyzers. Or call 800-547-1512 for 
descriptive literature. 

Tektronix, Inc., P.O. Box 1700 
Beaverton, OR 97075. In ' 
Europe: European Marketing 
Centre, Postbox 827, 1180 AV 
Amstelveen, The Netherlands. 

dB spurious-free dynamic 
range. You can check broad­
band RF networks, fil ter 
networks, amplifiers, cables. 
Measure EMl/RFI and FM 
navigation, two-way and ' Performance 

worth the 
Dante 
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Select precision IC op amps 
for optimum design performance 

Confronted with an overwhelming array of precision IC op amps, you 
must understand the intricacies of bipolar, chopper-stabilized 

and FET-input types in order to best select the 
optimum device for your application. 

Walter G Jung, Consultant 

Choosing the precision IC op amp that best suits your 
circuit's design function requires a thorough knowledge 
of the performance strengths and shortcomings of 
available devices: Even with today's mature op-amp 
technology, no one device satisfies all needs. 

Three different op-amp types---ehopper stabilized, 
bipolar and FET input---eompete vigorously for analog­
circuit designers' attention. And despite relative tech­
nological maturity, process refinements continue to 
steadily improve each op-amp type's characteristics. 
Indeed, recent devices' performance parameters ex­
ceed those of the early 709-type units by two to three 
orders of magnitude in several areas. 

For example, the newest FET-input op atnps exhibit 
increased precision with regard to offset voltage and 
drift (EDN, November 10, pg 131). Accordingly, these 
devices should find favor in applications previously 
served by bipolar-input op amps, as well as in a range of 
new functions involving high-impedance elements. 

This encroachment of FET-input devices into tradi­
tional bipolar territory helps emphasize the care you 
must take in matching units to your application 
requirements-as the differences among the relative 
merits of the three op-amp types grow more subtle, 
your design task becomes more complex. Moreover, be 
wary of data-sheet specsmanship. You must consider all 
op-amp parameters relative to your application's actual 

operating conditions and determine which factors 
contribute to your error budget. 

Dealing with traditional op-amp problems 
To demonstrate the contrasting parameters typical of 

precision IC op amps, consider bipolar-device offset 
voltage. Manufacturers can now trim this spec to within 
tens of microvolts. Moreover, because minimum drift 
occurs at offset null in a well-designed bipolar op amp, 
manufacturers can also hold. offset-voltage drift to less 
than 1 µ V /°C-a level sufficiently low that maintaining 
it during actual circuit operation requires serious 
consideration of external drift sources. Although bipo­
lar op amps with trimmed offset excell in de perfortn­
ance when connected to source impedances less than 
100 kfl, their approximately 1-nA bias current becomes 
a limiting factor when source impedances are in the 
megohm range. 

For applications demanding less than a 1-nA bias 
current, FET-input op amps become attractive. They 
possess 10-pA or lower room-temperature bias cur­
rents, which let you connect source impedances in the 
hundreds of megohms. FET bias-current problems also 
prove insignificant for many medium-temperature ap­
plications. 

FET-input devices' offset-voltage problem, however, 
proves worse than that of bipolar parts. Whether 
employing JFETs or MOSFETs, FET op amps inher­
ently spec higher (untrimmed) offsets than do bipolar 
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Chopper-stabilized op amps 
achieve low offset voltage 

versions. Although this offset can be nulled at the wafer 
or board level, the resulting drift change can degrade a 
circuit's performance. As a result, you exchange one 
problem for another. Therefore, carefully examine 
what manufacturers designate as low-offset FET op 
amps. A true precision FET unit--One that simultane­
ously achieves low drift and low offset-hasn't existed 
until recently. 

To deal effectively with these and other common 
problems, you must become familiar with the varied 
meanings the term "precision" can represent in differ­
ent precision-op-amp applications. The comparison 
information compiled in the table illustrates the 
shortcomings and strengths of the various precision IC 
op-amp types. 

Choppers offer low offset and drift 
Based on performance, the chopper-stabilized and 

bipolar types have long been associated with precision 
applications. Indeed, chopper op amps trace their 
origins back to the vacuum-tube era. On the other 
hand, bipolar op amps have more recently attained 
precision status. As for FET units, they have also 
attained a reputation for increasing precision. 

Of course, specific devices within the three catego­
ries provide both outstanding and limiting performance 
characteristics. For example, chopper-stabilized op 
amps have traditionally furnished the lowest offset 
voltage and drift, low bias currents and extremely high 
gain (150 dB or more). On the debit side, though, they 
give rise to commutation noise, cross modulation, 
open-loop-phase and overload-recovery problems, as 
well as requiring extra circuit components. Recent IC 
improvements in chopper units, such as those achieved 
by ICL7650 types, solve many of these problems. Still, 
you can't universally apply chopper op amps, although 
you certainly should consider them first when an 
application mandates stable microvolt-level offset volt­
ages over long time periods. 

Bipolar devices take on tough jobs 
Based on installation experience, bipolar op amps 

represent the circuit designer's workhorses, starting 
with Model 725 and evolving through the 108/308, 504 
and OP-07. On balance, they supply predictable high­
performance characteristics and shine in achieving 
input-voltage stability relative to commcn-mode and 
power-supply variations as well as time. 

However, when the application calls for picoampere­
level input currents, bipolar op amps generally lose 
favor. This limitation occurs because they employ 
bias-compensated or super-beta input stages, which 
generally yield only about 1-nA performance. And 
attempts to improve this spec necessitate tradeoffs: 
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108/308 units, for example, achieve lower bias currents 
at the expense of higher voltage noise. Alternatively, 
OP-07 units furnish lower voltage noise but higher input 
currents. 

Such input-stage limitations in the voltage-noise/ 
input-current relationship extend across the spectrum 
of available bipolar op amps: Increasing input-stage 
operating current to achieve lower voltage noise can 
make the input bias current-and its related noise 
components-prohibitive. Bias-current compensation 
such as the scheme employed in OP-27 units helps 
alleviate this problem, but the noise signals, although 
lower in level, still remain. 

Other bipolar op amps, such as the LMll, achieve 
lower bias currents by combining Darlington and 
super-beta input stages, but this technique yields 
higher voltage-noise levels. The LMll's bias currents 
are merely tens of picoamperes and stay stable despite 
temperature increases. For example, at l00°C, bias­
current specs are still better than those of nearly all 
other op-amp types. (Electrometer-grade FET ver­
sions are one exception.) 

As a rule, bipolar op amps exhibit slow speeds, with 
gain-bandwidths (f1) ranging from 0.3 to 1 MHz and 
slew rates of less than lV/µsec. However, they do have 
very high open-loop gains-typically greater than 120 
dB-into rated 2-kfl (min) loads. An exception are units 
in the low-power-drain 108/308 op-amp family, which 
spec lower gains into 10-kfl (min) loads.' 

Use FETs for high speed 
In theory, FET op amps provide several advantages 

over bipolar devices: very low bias and offset currents, 
healthy ft ratings (generally 1 to 3 MHz) and lOV/µsec 
min slew rates. In addition, FET units don't incur the 
bias-current/noise tradeoff necessary with bipolar de­
vices, because FETs' input current stems only from 
leakage. You can thus increase FETs' operating current 
without interaction. 

In practice, however, many FET-op-amp input 
stages fail to realize true precision. For one thing, the 
initial bias current, although low at turn-on in a 
JFET-input op amp, rises with warmup: In fact, it 
doubles for each l0°C rise. Therefore, unless the FET's 
specification and test method permit a realistic warmup 
time, the data-sheet listing for bias current is question­
able. To correct this problem) you must perform an 
educated extrapolation by accounting for the op amp's 
thermal resistance and power dissipation. Tricky at 
best, this design problem compounds when you have 
only typical-not worst-case-specs to work with. 

On the other hand, when FETs do indeed possess 
ptecision-level bias currents, the dat-a sheets guarantee 
the fact. What's more, the data sheets also define a 
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COMPARISON OF PRECISION IC OP-AMP TYPES 

SHORTCOMINGS STRENGTHS 

CHOPPER STABILIZED 
NOISE (1 /.f AND CLOCK) VERY HIGH GAIN 
CROSS MODULATION ULTRALOW OFFSET DRIFT 
PHASE PROBLEMS ULTRALOW OFFSET 
LOW SUPPLY RANGE" LOW BIAS CURRENT 
EXTRA COMPONENTS REQUIRED HIGH COMMON-MODE REJECTION 
OVERL,OAD RECOVERY HIGH POWER-SUPPLY REJECTION 

BIPOLAR 
HIGH INPUT CURRENT LOW OFFSET 
HIGH CURRENT NOISE LOW OFFSET DRIFT 
LOW SPEED LOW BIAS CURRENT AT HIGH 
LOAD SENSITIVE• TEMPERATURE 

LOW VOLTAGE NOISE 
HIGH POWER-SUPPLY REJECTION 
HIGH COMMON-MODE REJECTION 
HIGH GAIN 
LOW POWER 

FETINPUT 
HIGH OFFSET LOW BIAS CURRENT 
HIGH OFFSET DRIFT LOW OFFSET CURRENT 
LOAD SENSITIVE" HIGH SPEED 
LOW SUPPLY RANGE" 
HIGH NOISE (MOSFET) 
HIGH BIAS CURRENT AT HIGH 

TEMPERATURE 
HIGH SUPPLY CURRENT" 
POOR COMMON-MODE REJECTION 
POOR POWER-SUPPLY REJECTION 

"APPLIES ONLY TO SOME MODELS WITHIN 
THE BROAD CLASSIFICATION 

-

warmup (maximum) limit on bias current. This current 
still rises with temperature, but you can now predict 
the worst-case condition. 

Another FET type, MOSFET-input op amps in 
theory promise the best performance in terms of low 
input current. However, they require protection diodes 
in this case to allow safe device handling, and these 
diodes might reintroduce the leakage problem. Conse­
quently, MOSFET devices can exhibit the same 
bias-current doubling for every l0°C temperature 
increase as J _FETs do. For example, they exhibit 10 pA 
or less of input current at 25°C but 1 nA or more at 
100°C. This performance limitation of both JFET and 
MOSFET units makes a precision bipolar unit more 
beneficial when the application requires high­
impedance operation at more than 100°C. At 70°C or 
less, however, FET-type units generally excel in bias 
currents. 

Other problems with JFET and MOSFET units 
center on high offset voltages and wide drifts. To 
combat these problems, manufacturers perform wafer 
trimming to reduce offset voltage to less than 1 m V in 
many units. But they don't normally guarantee drift 
below 10 µ V l°C. In JFET units, no simple offset/drift 
relationship exists as in bipolar devices. On the 
contrary, offset-nulling JFET units could increase drift 
if the process disturbs the operating currents. 
MOSFET units exhibit even worse problems in this 
respect. Neither FET type, therefore, automatically 

- comes with low drift. To meet this n~ed, use a 
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chopper-stabilized op amp or an FET type in which 
both offset and drift have been trimmed (Ref 1). 

On the plus side, JFET and MOSFET units display 
low current noise because of their low input currents. 
Voltage noise, however, proves another matter. MOS­
FET units show high noise levels and a very high 
corner frequency (l/f). Available JFET units vary in 
voltage noise levels, with about 15- to 40-nV/VHz 
mid-audio-range noise. Generally, available bipolar op 
amps are superior to JFET and MOSFET units in 
terms of voltage noise. EDN 
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NEXT TIME 
EDN 's December 17 issue is our 16th semi· 
annual Product Showcase, an invaluable com­
pendium of information on the most note­
worthy new-product introductions of the past 
6 months. You won't want to be without this 
fact-filled reference issue, which is organized 
into seven key product areas: 

• Components and hardware 
• Computers and peripherals 
• ICs and semiconductors 
• Instruments 
• Power sources 
• Products from Europe 
• Software 
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Type MG .Precision High Voltage Resistors 
from CADDOCK deliver 6 big advantages: 

MG815 

30,000 VOLTS 

1. For maximum design 
flexibility, there are 19 standard 
models with 1 o voltage ratings 
in the Type MG 'family'. 

The Type MG faµiily of high voltage resistors 
includes a selection of voltage ratings from 600 volts 
to 30,000 volts in various resistor leng1hs tO provide 
maXimum flexibility in the design of high voltage 
assemblies. 

In addition to this wide range of voltage ratings, 
the Type MG family provides a selection of resistor 
diameters at many of the standard voltage ratings, as 
illustrated by the three models of 4,000 volt, I-inch 
long resistors shown here. 

MG721 

Important performance specifications for all 
Type MG resistors include: 

•Full p<>wer rating to + 125°C. ~ 

• + 225°C maximum operating temperature. 

• Resistance values that cover the range from 200 
ohms to 2000 Megohms. 

2. The standard TC of 80 PPM/°C 
and resistance tolerances from 
1.0 % to 0.1% combine to 
improve circuit accuracy. 

Through the full range of resistance values from 
200 ohms to 2000 Megohms, the Type MG resistors 
maintain a temperature coefficient of 80 PPM/°C 
ovet the range from -15°C to + 105°C, referenced 
to +25°. 

The combination of precision and low TC 
achieves a significant improvement over other high 
voltage resistor technologies, particularly in the 
higher resistance values. 

3. Overvoltage rating of 150% 
is standard for all models. 

Every model of the Type 
MG resistors has a standard 
overvoltage/ overload 
rating of 1.5 times the 
maximum working voltage 
where this level does not 
exceed 5 times the rated 
power. As an example, in 
the Model MG 815 this 
capability provides for 
short-term overloads as 
high as 45,000 volts. 

Model llQ 115 .. .,,,_ __ _ 
'""' O\IERVOLTAGE -

And for even tougher applications, special 
factory conditioning can boost the maximum 
continuous operating voltage of many models to 
l 60"7o above the standard specifications. 

4. Matched resistor sets with 
0.1 % ratio tolerances and TC 
tracking as close as 10 PPM/°C 
from -15°C to +105°C. 

The temperature coefficient of Caddock 
Micronox® resistance films can be controlled to 
provide matched sets of Type MG resistors with 

ratio tracking within 10 PPM/ °C 
and with ratio tolerances as 

close as 0.1 "7o for ratios 
from 1:1 to 1:100,000. 

For high voltage divider 
applications, 2"7o ratio tolerance is standard. 

5. Extended-life stability 
that is typically better 
than 0.02% per 1000 hours. 

20,000 hour continuous load-life tests have 
prov~n the exceptional stability of Caddock 
Micronox® resistance films . This graph illustrating 
the 20,000 hour test results of the I 0,000 volt rated 
Model MG 750 shows extended-life stability well 
within 0.021\'o per 1000 hours. 

;:I YAl.Uf 

- 0..5*4 • 
·t 1 I I 

s,ooo 10,oao 1SJ1DO amo 

HOUftll 

A complete data summary of these test results is 
available on request. 

6. Exclusive Non-Inductive 
Performance. 

Caddock's Exclusive Non-Inductive Design is 
the answer wherever there are special require­
ments for excellent high-voltage pulse fidelity 
and wide bandwidths. 

To keep the inductance to an absolute 
minimum, the special serpentine pattern provides 
for neigh­
boring lines 
to carry the 
current in 
opposite di­
rections to 
achieve 
maximum 
cancellation 
0 f flux 
fields over 
the entire length of the resistor, 

Caddock's advanced film resistor technologies are the source of these exceptional performance advantages­
Produced with a special dedication to quality and unit-to-unit consistancy, these high performance 

film resistors have achieved an unsurpassed 20-year record of 'in-circuit' reliability. 

For complete data and specifications on over 150 models of the 13 standard types of Caddock resistors, 
ask for your copy of Caddock Electronics new 20 page General Catalog. In it you'll discover how easily 

these problem-solving resistors can improve the performance and reliability of your equipment, too. 

Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 •Phone (714) 788-1700 •TWX: 910-332-6108 

HIGH PERFORMANCE FILM RESISTORS 
See Caddock's High Performance Film Resistors at "Electronica '82" - Weltronic GmbH, Hall# 14, Booth# 1560 and Bedek GmbH. Hall# 9, Booth# 918. 
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Increase 1/0-handling options 
with a software serial 1/0 port 

A single-chip µC's built-in serial port can limit your 
options in 110 handling. You can implement a· more versatile 

port in software, however, and get the capabilities you 
need from a simpler (and less expensive) chip. 

Cosma Pabouctsidis, Motorola Inc 

When your design requires a single-chip µC and serial 
I/O, you can implement a serial port in software to 
provide exactly the I/O features your application 
demands. Moreover, this software technique opens up 
the choice of µCs to include devices that are less 
expensive and perhaps better matched to your overall 
requirements than are off-the-shelf single-chip µCs 
with built-in ports. Following one such software­
implementation approach can help you effectively 
create your own software ports. 

Software overcomes hardware limitations 
Indeed, adapting the scheme to your needs can help 

you eliminate the shortcomings of µC-resident hard­
ware ports: A built-in port might limit you to a fixed 
baud rate, for instance, or else give you a choice ofrates 
but not allow different rates for transmitting and 
receiving. Often, restrictions on word size and parity 
cause problems. Software ports have none of these 

4 MHz 

D 
SERIAL 

INT 
DATA IN 

6805 µC 

(TIMER PRESCALER:4) 

SERIAL 

DATA OUT 
PC0 

Fig 2-Uslng a software-based port-Implementation 
scheme, this 6805 µC receives serial data on its interrupt line 
and sends data out on line O (PCo) of port C. The 4-MHz 
clock and divide-by-4 prescaling give the on-board timer a 
unit interval of 4 µsec. 

EDN NOVEMBER 24, 1982 

START STOP 
BIT BIT 

(LOW) (HIGH) 

l I 0 I 1 I 2 I 3 I 4 I 5 I 6 p I L 
PARITY 

DATA BITS 
BIT 

, Fig 1-A serially transmitted character begins with a LOW 
start bit and ends with a HIGH stop bit. In between are the 
data bits and a parity bit. 

limitations-changing a port's operating characteristics 
is as simple as changing a few lines of code. 

A software port can also closely mimic a hardware 
port. The port described in this article, for example, is 
actually an interrupt routine and thus operates inde­
pendently of other program activity once it's activated. 
It actually appears to the user as a hardwired device (a 
standard UART) with a Transmit-Data register, a 
Receive-Data register, a Transmit-Register-Empty 
flag and a Receive-Register-Full flag. 

To implement a software port successfully, though, 
you need a good understanding of what the port must 
accomplish. It must handle input and output simultane­
ously, for example, and it must respond to input 
characters that arrive asynchronously. Moreover, it 
must handle the timing and sequencing of characters' 
data- and control-bit transmission and reception. 

A timing diagram for a typical serial character (also 
called a word) appears in Fig 1. The word starts with a 
LOW-level bit (the start bit) that synchronizes the 
UART bit counter in a hardware port or performs a 
corresponding action in a software port. Data bits, a 
parity bit and a HIGH-level stop bit then follow. The 
numbers of start bits, stop bits and data bits vary 
among applications, and even or odd parity can apply. 

Fig 2 shows the connections that allow implementa­
tion of a software serial port in a 6805 µC. The 6805 
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Get the 1/0 features you need 
with a simpler and cheaper chip 

receives serial data on its interrupt line and sends out 
data via bit 0 of port C, a 4-bit parallel port. A 
µC-resident timer, dedicated exclusively to the serial­
I/O process, controls the intervals between individ­
ual character bits; it informs the software I/O routine, 
via interrupts, whenever an output bit must be sent or 
an input bit accepted. 

The serial-input process begins when the leading 
edge of an input character's start bit generates an 
interrupt via a ONE-to-ZERO transition on the 6805's 
external INT line. The software's External-Interrupt 
routine responds to this signal by presetting the timer 
with a countdown value that causes the timer to reach 
zero-and thus generate another interrupt-midway 
through the start bit's duration. The software handler 
for this second interrupt and succeeding interrupts­
the Timer-Interrupt routine-instructs the timer to 
interrupt again midway through the next bit's duration 
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TIMER 
INTERRUPT 

SET TIMER TO 
ONE BIT INTERVAL 

INCREMENT DIV COUNTER 

SERIAL INPUT 
ROUTINE 

SHIFT DATA IN 

INVERT PARITY FLAG 

INCREMENT RX COUNTER 

SERIAL OUTPUT 
ROUTINE 

NO 

YES 

YES 

YES 

NO 

SERIAL OUTPUT 
ROUTINE 

SET 
PARITY ERROR 

FLAG 

YES 

EXTERNAL 
INTERRUPT 

SET TIMER WITH 
HALF BIT TIME 

CLEAR RX COUNTER 

CLEAR RX PARITY 

SET " IN PROCESS" FLAG 

RETURN 

YES 
RETURN 

Fig ~The External-Interrupt routine responds to ONE-to­
ZERO transitions on INT. The routine prepares for serial input 
when the interrupt results from a start bit, but it ignores 
interrupts that result from data-bit transitions. 

MOVE DATA IN RX 
REGISTER. SET 

·'RECEIVED" FLAG 

RESET 
" IN PROCESS" FLAG 

NO 

YES 

NO 
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until all the input word's data bits and control bits have 
been processed. Flowcharts for the External-Interrupt 
and Timer-Interrupt routines appear in Figs 3 and 4, 
respectively. This particular implementation provides 
1200-baud input and 75-baud output, the rates most 
commonly used in videotex applications. 

The preset values that the timer uses to generate 
interrupts depend on the chosen baud rate, interrupt 
response time, µC clock frequency and µC timer 
prescaling. If the data rate is 1200 baud, for example, 
the time between bits is 833 µsec, and the time from the 
leading edge of the start bit to the middle of the start 
bit is half this value, or 417 µsec. This latter value 
requires adjustment for the interrupt-response time, 
however, which is 28 µsec for this example. The timer 
thus requires presetting to 389 µsec. Fig 2 shows a 
4-MHz clock (resulting in a 1-µsec machine cycle) and 
divide-by-4 prescaling, so the timer's unit interval is 4 

SERIAL OUTPUT 
ROUTINE 

CLEAR DI V COUNTER 

SEND DATA BIT 

INVERT 
" TX PARITY" FLAG 

SHIFT TX REGISTER 

INCREMENT TX COUNTER 

RETURN 

NO 

NO 

YES 

YES 

YES 

SEN D STOP BIT 

CLEAR " TX DATA IN 
PROCESS" FLAG 

RETURN 

µsec , and the required timer preset value is 97 (or 
389-:-4). Because each input bit's time interval is fairly 
long, a timer value that's reasonably close to the 
calculated value (100, say) is satisfactory. 

Other timer values permit different baud rates. No 
lower baud-rate limit exists, and the upper limit 
depends on the interrupt routines' execution times and 
extends to 4800 baud. 

All serial input and output control comes from the 
interrupt routines (Figs 3 and 4). Code for the 
routines, written in 6805 assembly language, appears 
in Fig 5. 

When an external interrupt occurs, the External­
Interrupt routine checks a Receive-Data-in-Progress 
flag to determine if the interrupt resulted from a start 
bit (flag clear) or a ONE-to-ZERO transition in the 
input data stream (flag set). (Initialization of flags and 
counters occurs in the main program before any 

SEND PARITY 

MOVE DATA IN 
WORKING REGISTER 

CLEAR TX BIT COUNTER. 
CLEAR TX PARITY. 

CLEAR " TX 
REGISTER FULL" FLAG 

SET " TX DATA IN 
PROCESS" FLAG 

SEND START BIT 

RETURN 

NO 

RETURN 

Fig 4-The Timer-Interrupt routine controls the rates of serial input and output. In this example, the input rate is 1200 baud and the 
output rate is 75 baud. 
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A software serial 1/0 port 
closely mimics a hardware port 

interrupts.) If the routine finds the flag set, it ignores 
the interrupt and returns to the main program. 
Otherwise, the routine sets the flag to indicate a new 
receive sequence and clears a Receive-Bit counter and a 
Receive-Parity flag. As noted previously, the routine 
also sets the timer to trigger an interrupt midway 
through the start bit. 

Interrupt routine, which includes Serial-Input and 
-Output routines, first sets the timer to generate 
another interrupt midway through the duration of the 
following bit. A 1200-baud input rate, for example, thus 
results in 1200 timer interrupts per second during 
continuous data reception. The routine also maintains a 
counter that enables scheduling the transmission of one 
output character for a given number of received input 
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On occurrence of this timer interrupt, the Timer-
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~lg 5--:Less than 150 bytes of storage hold this software imp_J~mentation of a serial 110 port. The 6805 µ.G's bit-manipulating 
mstruct1ons, such as BSET, BCLR, BRSET and BRCLR, help mmtmize the storage. 
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characters. For the particular example in this article 
(1200-baud input and 75-baud output), the routine 
keeps a divide-by-16 counter and allows transmission of 
one output character for every 16 input characters. 

The Serial-Input routine accepts one input bit each 
t ime it executes (unless an error condition arises) and 
converts each series of data bits and control bits to an 
input character. Because the bits appear on the µC's 
interrupt line, it's necessary to read the line's level. 
The 6805 has two instructions for this function: BIH 
(Branch if Interrupt HIGH) and BIL (Branch if 
Inter rupt LOW). If you use a µC without such 

After setting the timer and incrementing the count­
er, the Timer-Interrupt routine checks the Receive­
Data-in-Progress flag; if it finds the flag set, it passes 
control to the Serial-Input routine. 

e1...u::u: 
FF:[:[: 

~.: 

'. :!FOUT 

ONE 

Hl';:i''1 :::>LOUT 
CMl':· ,.:1 °ll0·HJ ') 
HNL 0\):;:;c 
l:'::II... [};:(:, 
l...Dt1 RXi .. ,ff::1< 
~ ;)·ri:-: , F'. X [) ·l · t~ 

E<>l::: T / ,, <:>Tr.Yll.1'.:l 
HI((:, Eh:t, 
CMP 01H;OU 
CNE 01.J'.:;u 
1..s1( i::: xw1::1< 
HRSET O,RXPAR.Pl...011 
i::::rH i:::i:::cc 
i:::i:::(:, Ot)'.:;i:;; 

CIH 0 '.) !:l[: 
1:<>ET / I' F: XHl;:i< 
ur<(~1 c1 ~)~ ;)[: 

1... rn:;: I( X W 1;: I< 
[:::Cl... 0\)'.;)[: 

CDM 1;:x1::·t1F: 
i:::i:::(:, 0'.) '.::;i:;: 

L.Dt1 DJ'.)ID 
E::IT ·i1°:HJF 
L:EP ~:~E: : i',JD 

1:::1 : < ~ :;j:: : ~:~v~:~·1 · r1 · 1 · L.J ~~;,~:; 1:::~~1:> A 

CRSET ~.STATUS,NWDTA 
i:::TI 
l. .. Dt1 TXDU1 
'.:df1 T >< H Id< 
csET J ,. :::n ·,.::,-ru'.:> 
[:(J ... F: 'f I' ST1Yfl./'.3 
Cl...!! T\Ci·,q 
Cl .. R Txi::·;:'.,i:;: 
E:Ci...1;: 0 , .. r·c 

l...Dl'1 T><CNT 
CMF oiio'H) / 
[:NE SENDC 
L.Dtr ·r><F · t,r:~ 

::!Ti:"1 TXHh.I< 
CRCl...R s,T/CNT,SENDI':: 
E::'.'>ET 0 ,, F'C 

r::rI 
BRSET O.TXHRK,ONF 
UCL.I;: 0 ,, i"'C 
i:::F, :~ 1 D1..,Jr::i:::( ·1 
i:::'.:>ET (),,pc 
COM T><Fl'il;.: 
t, ~;)F'. T ><!.--JFJ( 
Ir.JC TXCNT 
!( IT 
END 

EDN NOVEMBER 24, 1982 

GO TO SERIAi... OUTFUT 
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The software port appears to 
the user as a standard UART 

instructions, you need to bring the serial data in on a 
normal input pin and read it with standard input 
instructions. 

The Serial-Input routine needs to know which bit to 
expect at any given time, so it keeps tabs on the bits 
with the Receive-Bit counter. If the Receive-Bit count 
is 0, the input bit is a start bit and should be LOW. If 
the count is 8, the input bit is the parity bit, which gets 
compared with a program-generated Parity flag. A 
mismatch of the parity bit and the Parity flag causes 
the routine to set a Parity-Error flag. For a bit count of 
9, the routine expects a stop bit (input HIGH), 
indicating that the word is complete. 

For counter values from 1 through 7, the input bit is a 
normal data bit, which the routine shifts into a working 
register. The routine also inverts the Parity flag each 
time the received data bit is a ONE. After receiving all 
the bits of a word, the routine moves the word from a 
working register to the Receive-Data register and sets 
the Receive-Register-Full flag to inform the main 
program that a new data word is available. 

Output routine transmits at different rate 
After the reception and processing of each input data 

bit, or at each timer interrupt if no input data exists, 
control passes to the Serial-Output routine. This 
routine then checks the divide-by-16 counter (main­
tained by the Timer-Interrupt routine) to determine if 
it's time to transmit a data bit or control bit. If it's not 
yet time, the routine returns to the main program; 
otherwise, the routine clears the counter and prepares 
to transmit. 

Before proceeding, the routine checks a Transmit­
Data-in-Progress flag to determine if a character 
transmission is already underway. If a transmission 
isn't underway, the routine checks to see if the main 
program is requesting a transmission. The main 
program makes such a request by setting the Transmit­
Register-Full flag, indicating that an output data word 
is in the Transmit-Data register. If the main program 
isn't making a request, the routine relinquishes control 
with a return statement. 

If the main program has requested a transmission, 
the Serial-Output routine moves the output word from 
the Transmit-Data register into a working register. It 
then initializes a Transmit-Bit counter to 0 and clears 
the Transmit-Parity and Transmit-Register-Full flags. 
This last action informs the main program that it can 
load the next output character (if any) into the 
Transmit-Data register. Finally, the output routine 
sets the Transmit-Data-in-Progress flag, sends a start 
bit (a ZERO) and returns to the main program. 

If the Serial-Output routine finds that a character 
transmission is already underway, however, it contin-
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•OUTPUT ONE CHARACTER 
OUTCH BRSET 4,STATUS,OUTCH WAIT UNTIL TXMIT REGISTER EMPTY 

STA TXDTA 
(a) BSET 4,STATUS SET TX REGISTER FULL FLAG 

' IN PUT ON E CH ARACTER 
INCH BRCLR 7,STATUS,INCH WAIT UNTIL RECEIVE REGISTER FULL 

LOA RXDTA READ DATA 
(b) BCLR ?,STATUS CLEAR REGISTER FU LL FLAG 

Fig 6--0nly three lines of code are required to initiate 
transmission (a) or reception (b) of a serial character. 

ues that transmission. Because it needs to know which 
bit of a word it's currently working on, the routine 
maintains a Transmit-Bit counter. 

When the output routine finds a Transmit-Bit 
counter value between 0 and 6, it sends a data bit by 
moving the working register's least significant bit to 
the output port and then shifts the register contents 
right one bit. It also increments the Transmit-Bit 
counter, and it inverts the Transmit-Parity flag if the 
transmitted data bit is a ONE. 

When the bit count is 7, the routine puts its internally 
generated parity bit on the output line and then 
increments the Transmit-Bit counter. For a bit count of 
8, the routine sends a stop bit (a ONE) and clears the 
Transmit-Data-in-Progress flag, indicating that the 
transmission is complete. 

You use the software serial I/O port much as you 
would use a hardwired UART. To transmit a character 
(Fig 6a), wait until the Transmit-Register-Full flag is 
clear and then store the character in the Transmit-Data 
register and set the Transmit-Register-Full flag. To 
accept an input character (Fig 6b), wait until the 
Receive-Register-Full flag is set and then read the 
Receive-Data register and clear the Receive-Register­
Full flag. 

Although it isn't done in this example, you can also 
simulate a UART's additional control lines, such as a 
Clear-to-Send line and a Carrier-Detect line, on a µC' s 
standard I/O pins. With some additional effort, you can 
also extend the example approach to a dual serial port 
or automatic baud-rate setting. EDN 
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Use a programmable calculator 
to ease transformer design 

Two Tl-59 programs can significantly reduce the time required 
to design efficient transformers. One determines such 
parameters as turns ratio and copper loss; the other 

provides a preliminary design evaluation. 

Gerald West, Honeywell 

Written for the TI-59 programmable calculator, the two 
programs described here . can help you develop push/ 
pull switching or po\Yer-coupling transformers, reduc­
ing design time from hours or days to minutes. One 
program (Table 1) lets you enter core data and 
transformer operating requirements into the calcula­
tor, which then provides the basic fabrication informa­
tion. To complete the design cycle, you can then use the 
other program (Table 2) to test the transformer 
developed by the design program. 

Program computing tools 
Before looking at program operation, consider the 

theory behind the calculator algorithms. Essentially, 
the programs use seven equations to generate a 
complete transformer design. For a push/pull switching 
transformer, the program calculates an initial turns 
ratio A using the expression 

A = v'2 1T v OUT ' 

8Vcc 

where V ouT is the rms output voltage and V cc is the de 
source voltage. If the design problem involves an 
isolation power transformer, the program uses the 
I/O voltage ratio to calculate the initial turns ratio. 

Faraday's Law determines the secondary turns: 

VouT 
N = BAEfk X 10-s ' 

where N =number of turns, B=flux density (G), 
AE=effective core area (cm2

), f=frequency (Hz) and 
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k=4.44 (for a power transformer) or 4.0 (for a switching 
transformer) . The expression 

where Lp is the primary inductance (H), AL is the 
inductance constant (H/N2

) and NP is the number of 
primary turns, calculates the primary inductance with 
the secondary open-circuited. 

To determine wire size, the program uses 

[ 
Aw(FIL) ] 

CMs = 2N8(100)(2.54)2 

and 

C _ 1 [ Aw(FIL) N (CM _6)] 
Mp - Np 100(2.54)2 - s s x 10 ' 

where Aw equals window area (ctn2
) and FIL is the fill 

factor (%), to calculate total conductor-area require­
ments in circular mils (CM) for the secondary (ems) and 
primary (cmp) windings, respectively. 

After the program determines the circular-mil area 
for secondary and primary windings, it calculates the 
nearest wire gauge required: 

AWG = 36 - [ 10!9
92 (1og (DIA) - log 0.005) , 

where 

DIA = vCM x 10- 6 • 

Conversely, the specific wire diameter for the wire 
gauge selected equals 

Wo = o.oo5(~)a6-Awc, 
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Transformer design program 
offers dramatic time savings 

where W n is measured in inches. This figure is used for 
program calculation of copper loss. (The program u;ses 
a 20°C value of 1. 7241x10-6 flcm for copper resistivity.) 

Design-program overview 
Using these equations, the design program calculates 

primary and secondary turns, primary and secondary 
wire gauge, turns ratio (secondary/full primary), pri­
mary- and secondary-winding current density, primary 
inductance (with open-circuit secondary) and copper 
loss. You can enter core loss in watts (obtained by 
referring to specific core-loss information, often ex­
pressed in terms of watts per unit weight or per unit 
volume as a function of frequency and flux density) by 
pressing the calculator's SBR and EE keys, which 
allows it to record the core loss spec for comparison 
against the calculated copper loss. (Note that maximiz­
ing transformer efficiency usually requires that the 
copper loss equal the core loss. This condition usually 
occurs when current density is about 300AJcm2 and 
when the core operates below saturation. The program 
presented here allows you to evaluate in as short a time 
as 30 sec whether such conditions are met. ) Finally, the 
program calculates and records transformation efficien­
cy for a unity-power-factor load. 

Before you key-in the program, you must press 3, OP 
and 17 (the calculator then displays 719.29) to partition 
the calculator for 720 program-step and 30 memory 
registers. After loading the program, enter all trans­
former operating specs (such as source voltage, VA 
rating, frequency and selected flux level) using the 
second-function user-defined keys A ' through E ' . 
User-defined keys A through E serve for direct entry of 

core parameters such as inductance constant, core area 
and window area as well as mean turn length and fill 
factor for the transformer windings within the window. 
(The program uses only bare-copper dimensions in the 
calculations--thus allowing some design leeway con­
cerning the insulation thickness, amount of insulation 
wrapping and fill factor.) 

To execute the program, press the SBR and = keys. 
The printer indicates PWR (power-coupling transform­
er) or SW (push/pull switching transformer) at the 
beginning of each calculation run. To select the 
switching-transformer design, set Flag 1 before press­
ing SBR =. The program rounds off number of turns 
and wire gauges. Table 3 illustrates the printer output. 

Designing by the numbers 
A design example-for a switching transformer that 

must deliver 0.25A rms/400V rms at 30-kHz fundamen­
tal switching frequency-illustrates program capability 
and operation. The push/pull switching transistors will 
operate from a lOOV de source, and you'll need a core 
material that can operate below saturation at 1500G. 

For this example, assume that a catalog search yields 
a pot core with an 8.3 x 10-6-H/N2 inductance constant, 
1.38-cm2 core area, 0.587-cm2 window area and 6.2-cm 
mean turn length. Proceed as follows: 

1. Enter de voltage V cc, press A' and set Flag 1. 
(This last step, which you accomplish by pressing the 
2nd, St Fig and 1 keys, selects the push/pull switching­
transformer option.) 

2. Enter rms output voltage V ouT and press B' . 
3. Enter rms output current Io UT and press C'. 
4. Enter operating frequency (in Hz) and press D'. 

TABLE 1-DESIGN-PROGRAM LISTING 

000 ;- L C~l 02 5 OS 05 0~50 1 0 0 075 0 7 " 1 00 07 1 25 0 4 1 50 06 ot. 
00 1 1 A 026 '3 1 F'. / ::; 05 1 '3 1 p ~=· 076 00 0 1 0 1 o:::: 1 26 0 -, 1 5 1 02 :· ..: 
002 4 3Hl 027 7 6 LE:L 052 76 L L 077 6'3 OF' 1 02 05 1 27 0 2 1 ._1,;;:_ 04 4 
00:3 0 0 1 02::: 1 6 A c 15~· 95 078 04 04 1 o:::: 03 1 2 ::: 0 '"' 1 s:::: 03 -, 

' 004 :2 I t"'' 02'3 42 ::;ro 0 ~ .:1 0 1 079 4 :;: F:CL 1 04 0 1 1 2'3 0 ·3 1 54 02 2 
00 5 5 EE o::::o 06 06 o:: :: 0 3 o:::o 02 02 1 05 6'~ 0 1 ::::o 0 ' 1 55 04 ..; 
006 '3 p .. ··::: 03 1 9 1 f:: .-"•::; O': E 02 o::: 1 6'3 OF' 1 06 04 4 1 :;: 1 6 OF' 1 56 0 1 1 
007 LEL 032 -:06 LE'L o:-- 07 082 06 0 6 1 07 43 F.'. L 1 32 0 04 1 e-

._I( 03 3 
oo::: 1 E: 033 i B 05 6'3 0 o::::;: 04 4 1 o::: 0 4 4 1 :;::;: 4 F:CL 1 s::: 07 ;-
00'3 4 ::rn 034 2 '.:;T O 05 04 0:::4 03 3 1 O'? 6'3 D 1 34 0 06 1 5·~ 6'3 OF' 
(I 1 0 0 :=!2 o::::; 7 0-;-' 06 4"' f:' 0:::5 0 1 1 1 1 0 06 6 1 3 5 6 OP 1 60 04 (!4 
I I 1 1 9 P. / ~ ; 036 1 . ~=; OE 0 1 0:::6 0 5 5 1 1 1 06 1 36 0 0 6 1 6 1 ,i:· F'CL 
0 1 2 7 LE:L 037 t. E:L cit. _, , E 0:::7 o:;: :;: 1 1 2 0 1 1 37 0 4 1 62 03 o::: 
0 1 :3 1 c o:::::: ::: OE 6'3 0 o:::::: 00 [! 1 1 :3 0 2 1 38 0 

,, 
1 6:3 E. " [Jt=' 

0 1 4 4 ·:;TO 0:3'? 2 TD CE OE 08'? 07 ' 1 1 4 0 1 1 :3'? 0 ·::: 1 64 06 I =it. 
0 1 5 0 03 040 ::: o::: =it 22 I 0'30 00 n 1 1 5 02 1 40 0 -, 1 65 02 2 ..: 
0 1 6 9 F'. ···:; 04 1 1 .· ~:; OE 57 E 0'3 1 6'3 OF' 1 1 6 04 1 4 1 0 ,:1 1 66 O? ·::: 
I I 1 ' LE:L_ 042 6 E:L I OE 22 I 0'?2 0 4 04 1 1 7 02 1 42 0 1 1 6 ' 04 .:1 

0 1 ::; 1 r 043 '? I OE 52 E 0'33 4::: F'.CL 1 1 ;3 07 1 43 0 ::: 1 6::: Ot ::. 
0 1 '3 '1 :::TO 044 2 Tn o~ 0 1 094 03 c:;: 1 1 9 6'? 0 1 44 0 7 1 6'3 6'? OF .u 
c120 0 : 04 5 '? Cl'? 07 0 5 0'?5 6 '3 OF 1 20 04 4 1 45 6 OF' 1 70 04 0 4 
02 1 q F.: .· ~:; 046 1 ·· s 0-;-' 0 1 0'36 06 !=16 1 2 1 43 f:: L 1 46 0 04 1 7 1 43 F: CL 
022 L L 047 t . 

;~ j 07 05 0·37 03 ::: 1 22 0 5 5 1 47 4 F:CL : 7"2 0'? o·:=< 
0 23 1 04::: 0 07 OJ o·::i::: 00 c 1 2 :~: 69 D 1 4::: 0 !_ 17 1 7:3 6 '? OF' 
024 4 3 0 04'? 2 07 00 og·;i 03 ·: • 1 24 0 6 t 1 4''.' 6 OF' 1 74 06 ~=! t. 
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044 
.045 
0 46 
047 
04::: 
04'? 
050 
051 
052 
os:::: 
054 
055 
056 
057 
os::: 
05'? 
060 
061 
ot.2 
ot.:;: 
064 
065 
066 
067 
06::: 
ot.·:.i 
070 
071 
072 
07:'.:: 
074 
075 
076 
07 7 
07 ::: 
07'? 
o:::o 
0:::1 
0 :::2 
0:::3 
0:::4 
08 5 

02 

o·::: 
01 
0 7 
o;: -;: 
01 1 
t. '? OF' 
01 01 
01 
0:1 ':1 
02 :· 
04 4 
o:::: J 
05 5 
01 
05 ~5 
6'? OF' 
02 0 2 
04 4 
01 1 
02 2 
0 4 4 
03 3 
07 7 
00 0 
00 0 
01 
06 6 
6 '? OF' 
0 :3 03 
01 1 
0 3 :;: 
o:;: :::: 
07 7 
01 
(1 :3 ·::: 
00 0 
00 0 
00 0 
00 0 
6'? OF' 
04 04 
6'? OF' 
05 05 
01 1 
42 :::TD 
00 00 
02 2 
07 
42 :::TD 
07 07 
01 1 
01 1 
42 :::TD 
04 0 4 
25 CL F: 
'?1 F: .·· ::: 
( t • LE:L 
11 A 
4 2 :;rn 
01 01 
01 1 
o~: :::: 
03 3 
00 0 
03 3 
03 3 
03 3 
06 6 
6 '? OF' 
04 04 
4 3 F:C L 
01 0 1 
6 '? OF' 
06 06 
22 !tl\I 
52 EE 
'? 1 F> ::: 
76 LE:L 
12 E: 
42 :no 
02 
04 
02 

0 2 
4 

o.::t. 
o:::? 
o:::::: 
o:::·:.i 
o·:.co 
0 '? 1 
0'?2 
0'?3 
0'?4 
0 '?5 
0'?6 
0 '?7 
o·::i ::: 
o·::i'? 
100 
101 
102 
1 o·;: 
10 4 
105 
106 
107 
10::: 
1 O'? 
110 
111 
112 
1 j:3 

114 
115 
116 
117 
11::: 
11'? 
120 
121 
122 
123 
124 
12:1 
126 
127 
12:3 
12'? 
130 
131 
132 
133 
134 
1 :::::1 
136 
1::::7 
13 ::: 
13'? 
140 
141 
142 
14 3 
144 
145 
146 
14 7 
14 ::: 
14 '? 
150 
151 
152 
15:::: 
154 
155 
156 
157 
15::: 
15'3 
160 
16 1 
tt.2 
163 
1 t.4 
165 
166 
167 
1 ;:.::: 
169 
170 
171 

TABLE 2-TEST·PROGRAM LISTING 
03 
02 
02 
07 
03 
0 7 

2 
-
7 
·3 
7 

6 '? OF' 
04 04 
4·3 F:C L 
02 02 
;:.·? OF' 
06 06 
·: .. , I t·l\' 
52 EE 
'? 1 F.'. ·: : 
76 LBL 
L: C 
:::6 :::T F 
02 02 
42 STD 
03 03 
03 ·::: 
06 6 
01 
07 7 
01 
05 5 
6'? OF' 
04 04 
43 F:CL 
03 o:;: 
t ·'? OF' 
06 06 
., .. ,. I t·l'./ 

·-' " EE 
t · l GTD 
23 u':": 
76 LE:L 
1::: c . 
:::6 :3TF 
03 03 
42 STD 
OE. 06 
01 
06 6 
01 
07 7 
02 2 
02 2 
6 '3 DP 
0 4 04 
43 F:C L 
OE. 06 
6'? DP 
06 06 
76 LE:L 
23 LIO< 
73 F:C* 
00 00 
72 ~:; T+ 

04 04 
6 '? OF' 
20 20 
6'? OF' 
24 24 
73 Pc"' 
00 00 
72 :::T* 
04 04 
6'? DP 
20 2 0 
6 '? DP 
24 24 
73 PC" 
00 00 
72 :::T,., 
0 4 04 
01 1 
42 :::TD 
00 00 
43 F:C L 
06 06 
72 ::: T,o 
07 07 
6'? DP 
27 2 7 

172 
173 
174 

17 6 
177 
1 ? ::: 
1 7·~ 
1:::0 
1:::1 
1:::2 
1:::3 
1:::4 
1:::5 
l:::t 
187 
i:::::: 
1 :::·3 
l '30 
1'?1 
1'?2 
1'?3 
194 
19:1 
19E. 
197 
1 ·3::: 
1 '?9 
20 0 
201 
202 
20 3 
204 
205 
20E. 
207 
20 :3 
209 
210 
211 
212 
21 3 
214 
215 
21 6 
21 7 
21::: 
21 '? 
22 0 
22 1 
222 
223 
224 
225 
226 
227 

229 
230 
2 3 1 
232 
2 :3:;: 
234 
235 
236 

2:;:9 
24 0 
241 
242 
24:;: 
244 
245 
246 
24 7 
24 :3 
249 
25 0 
25 1 

253 
254 
.- . ee .;: ._1._1 
25 6 
.-. c:- -:o 
.;:. ._ ! ( 

01 1 
04 4 
42 : :TD 
04 04 
:::- I FF 
01 01 
44 3UM 
::;:, fTF 
c 1 01 
03 
Ot 6 
02 2 
0 ,, 3 
0 3 3 
0 2 2 
03 ~: 

05 5 
6'? OF' 
01 01 
03 3 
o- 7 
00 0 
00 0 
01 1 
05 5 
02 2 
04 4 
1_3 3 
05 5 
6 '? DP 
02 0 2 
01 1 
0 5 5 
04 4 
01 
02 2 
04 4 
03 ·::: 
07 7 
00 0 
00 0 
6'3 DP 
0 :3 03 
01 1 
ot. 6 
01 
o::: 3 
o·;: :::: 
07 7 
01 
03 .;: 
00 0 
00 0 
6'? OP 
04 0 4 
~· '? OF' 
0 5 0 5 
6'? OF' 
00 00 
25 CL F: 
'? 1 F:.-" ::: 
,. t • LE:L 
44 :31JM 
t 9 OF' 
00 00 
0 2 2 
01 
o:;: ·::: 
05 5 
01 
07' 7 
03 3 
0 4 4 
t •:, OF' 
01 01 
.;. ·:, DP 
05 05 
t? DP 
00 00 
25 CL F: 
·:, 1 F>" ::: 
76 LE:L 
14 D 
42 :::TD 
0 5 0 5 
0 2 2 

263 
264 
26 5 

269 
270 
271 
272 
27 3 
274 
275 
27E. 
277 
27 :3 
279 

2 :3 4 

286 
28 7 

28'3 
29 0 
29 1 
292 
293 
2'?4 
295 
2 '?6 
297 

29 '3 

324 

326 

340 
341 
342 
3 4 3 

o.::: "3 
(14 4 
06 6 
6'? OF' 
04 04 
43 F:CL 
05 05 
6'? DP 
0 6 06 
6'? DP 
00 00 
03 3 
0 7 7 
04 4 
01 1 
o:::: 3 
0 5 5 
0 3 3 
01 1 
6'? OF' 
01 01 
03 3 
06 6 
00 0 
00 0 
03 :;: 
05 5 
01 
0 3 3 
o:::: 3 
07 7 
69 DP 
02 0 2 
02 2 
04 4 
o~: 3 
02 2 
00 0 
00 0 
00 (I 

00 0 
00 0 
00 0 
6'? DP 
03 03 
6'? DP 
05 05 
6'? DP 
00 00 
25 CLF: 
'?l F: / :3 
( t • LE:L 
15 E 
42 :3TD 
26 26 
01 1 
03 3 
t·'? OF' 
04 0 4 
43 F:CL 
26 26 
6 '? DP 
06 06 
'?l F'./ 3 
76 LBL 
'35 
·::i ::: AD V 
4 :' : F:CL 
13 1:,: 
65 ~< 

43 F:CL 
0 5 05 
65 >~ 

o:': 3 
OE. t. 
00 0 
95 
42 ·::TD 
17 17 
4 ·3 F:CL 
16 16 
65 :x: 
43 F:CL 
05 0 5 

351 
3 52 

354 

3 5 '3 
360 
361 

3 6 4 
::::t .5 
~: 66 

372 
373 
374 
-::.•J._1 

376 

:;:79 
:::::::o 
381 

3'?4 

3'3'? 
400 
401 
402 
40 :;: 
404 
405 
406 
407 
40 ::: 
40'? 
4 10 
411 
412 
4 13 
414 
415 
416 
4 17 
4 i::: 
41 '? 
42 0 
421 
42 2 
42 :3 
424 
425 
426 
.-1-- . -:0 
'"t.: ! 

42'? 

06 6 
00 0 

42 :::TD 
!::: 1 :3 
:::7 I FF 
02 02 
5 3 
43 F:CL 
27 27 
42 :3TD 
09 0'3 
43 F:CL 

42 :3TD 
10 10 
S7 I FF 
03 03 
54 
76 LE:L 
53 
43 F:C L 
17 17 
4 2 :::TD 
o·:.i 0·3 
43 F:CL 
t::: 1::: 
42 :::TD 
10 10 
76 LE:L 
54 
o:;: ~: 

05 5 
03 3 
06 6 
6'? DP 
0 4 0 4 
43 F:CL 
0 ·3 09 
3'? co::: 
65 ::.:: 
43 F:CL 
12 12 

4 :3 F:CL 
11 11 
'? 5 
42 :3TD 
20 20 
6'3 OF' 
06 06 
04 4 
04 4 
03 3 
OE. 6 
6 '? OF' 
04 04 
43 F:CL 
O'? 09 
:;::3 :::rn 
6 5 };'. 
4 3 F:C L 
12 12 
55 
43 F:C.L 
11 11 

42 :3TD 
21 21 
;:,9 OF' 
06 OE. 
02 2 
07 7 
03 3 
03 3 
o.::: 
0 5 5 
0 2 2 
04 4 
6 '? OF' 
04 04 
43 F:CL 
12 12 

4 :;: F:CL 
0 '? 0'3 

4 :;:0 
431 
432 
433 
434 
4 :~: 5 
43;:, 
437 
43::: 
4:39 
440 
441 
442 
443 
444 
445 
44 6 
447 
44::: 
44 '? 
450 
451 
452 
453 
454 
455 
456 
457 
45:3 
45'? 
460 
461 
462 
46 :3 
464 
465 
466 
467 
46::: 
46'3 
470 
471 
472 
47 :;: 
474 
475 
476 
477 
478 
47'3 
4 :::0 
4 ::: 1 
4:::2 
4 :::3 
4 :::4 
4:::5 
4:::6 
487 
4:::::: 
48'3 
4 '?0 
4'?1 
492 
4'?3 
4'?4 
4 1?:1 
496 
4'37 
4·3::: 
4 99 
500 
501 
502 
5(1~: 

504 
505 
506 
5 07 
so::: 
50'3 
5 10 
5 11 
5 12 
5 1 :;: 
5 14 
5 15 

5:1 
5 3 
02 2 
65 v 

65 >=: 

43 F:CL 
0 5 05 

43 F:C L 
11 11 
54 
'35 
42 STD 
22 22 
6 '? DP 
OE. 06 
4 :' : F:C L 
1:. 15 

43 F:C L 
10 10 
3::: ::: IM 

02 2 
65 :x: 

65 
4 3 F: CL 
0:1 05 

43 F:C L 
14 14 
54 
95 
42 :;rn 

02 2 
!]6 6 
6'? DP 
04 04 
53 ( 
01 1 
75 
43 F:CL . 

55 

22 22 
: 14 
34 n : 
42 :::TD 
24 24 
t ·'? DP 
06 06 
02 2 
0 7 7 
06 6 
05 5 
6 '? DP 
0 4 04 

01 
~· j._ 1 

43 F:CL 

""' 24 
54 
65 
53 
01 
:::s + 
43 F:CL 
26 26 

54 
65 
4 3 F:C L 
22 22 
'3 5 
4 2 :::TD 
,;:. ._! 25 
6 '3 DP 
OE, 06 
'? ::: AD\I 

5 1 t · 
517 
51::: 
5 19 
520 
52 1 
522 
52 :~: 

52 '3 
5 :;:0 
5 31 

060 
0:::1 
102 
124 
142 
234 
254 
310 

364 
~:74 
520 

'? ::: AD V 
% : AD\1 

'?1 F:/::: 
76 LE:L 
16 A' 
4 1 ui::: 
6'? OF' 
00 00 
:31 F:ST 
00 0 
00 0 
00 0 
00 0 
00 0 
00 0 
00 0 

11 A 
12 E: 
13 c 
1::: I' • 

23 ui :: 
44 :::ur·1 
14 D 
15 E 
95 
53 
54 
16 A ' 
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Transformer test program 
calculates series resistance 

5. Determine what maximum flux density (including 
peak level) the core can sustain without saturating. 
Enter this value (in G) and press E' . 

6. Enter the inductance constant AL (in H/N2 
) and 

press A. 
7. Enter the effective core area (in cm2) and press B. 
8. Enter effective window area (in cm2) and press C. 
9. Determine the mean turn length (in cm), enter this 

value and press D. 
10. Select an appropriate fill-factor percentage, enter 

this value and press E. The winding configurations and 
amount of insulation used will influence this decision. 
For this example, assume an arbitrary 50% fill factor. 

11. Press SBR and = keys. This step sets the 
program in motion to produce the transformer design 
information (Table 3). If you're not using a printer, you 
can recall results after program execution from the 
data registers indicated in Table 3. 

Checking the results 
No design is complete without some sort of confirma­

tion, and the test program (Table 2) lets you run a 
preliminary bench check. Using the expressions 

k =~Loe - Lse 
Loe 

and 
L' = Loe(l - k)(l + A2) , 

where Loe and Lsc are the primary-winding inductanc­
es with the secondary open- and short-circuited, 
respectively, and A is the turns ratio, it performs the 
standard open-circuit- versus short-circuit-secondary 
winding test to determine the leakage inductance (L ') 
and coupling coefficient (k). 

The program is set up to accommodate the two sets of 
data (open- and short-circuit measurements). To use it, 
proceed as follows: 

1. Press A' to initialize the program. 
2. Enter the secondary open-circuit current, voltage 

and leading or lagging time delay (in sec) using A, B 
and C keys, respectively. If you've monitored the phase 
angle, enter this value (in degrees) with C' . 

3. Enter secondary short-circuit current, voltage and 
leading or lagging time delay (in sec) using A, B and C 
keys, respectively. If a phase-angle value is available, 
enter it using C'. 

Note: Be consistent in both steps-use either the time 
delay between current and voltage waveforms read 
from an oscilloscope or the phase angle as read from a 
phase meter. 

4. Enter operating frequency using D. 
The program then calculates and prints the equivalent 
series impedance R+jX. (The series-resistance value 
EDN NOVEMBER 24, 1982 

TABLE 3-
DESIGN-PROGRAM OUTPUT 

8.6-06 AL IN DUCTANC E CON STANT (H/N2) Ro1 
1.38 CCM' EFFECTIVE CORE AR EA (cm') Ro2 
0.587 WCM' EFFECTIVE WINDOW AREA (cm>) Roa 
6.2 MTRN MEAN TURN LENGTH (cm) R04 

50. % FIL FILL FACTOR(%) Ros 
100. VI N DC SOURCE VO LTAGE (V) Ros 
400. VOUT RM S OUTPUT VOLTAGE (V) Ro1 

0.25 IOUT RMS OUTPUT CURRENT (Al Roa 
30000. HZ OPERATING FREQUEN CY (Hz) Rog 

1500. GAUS MAXIMUM CORE FLUX DENSITY (G) R10 
SW TRANSFORMER TY PE 

72. NPRI PR IMARY TURN S R,, 
25. AWGP PRIMARY WIRE SIZE (AWG ) R,, 

161 . NSEC SECONDARY TURN S R,, 
29. AWGS SECONDARY WI RE SIZE (AWG) R1g 

2.23611 1111 l :A TUR NS RATIO R,. 
344.316881 5 JPRI PRIMARY CURRENT DENSITY (A/cm') R,s 
389.307893 JSEC SECONDARY CURRENT DENSITY (Alcm 2) R,, 

0.0445824 LPRI PRIMARY INDUCTAN CE (H) R20 
.23601401 69 cu COPPER LOSS (W) R,. 

0.2476 CORE CORE LOSS (W) R,, 
99.51871355 % 

1 
(RANSFORMATION EFFICI ENCY 

~ y _)~ 
PRINTER OUTPUT DESCRIPTION MEMORY 

REGISTER 

represents the copper and core resistive losses.) The 
real and imaginary parts of the series are labeled RS 
and XS, respectively, on the printer output . EDll 

Author's biography 
Gerald West is a principal 
development engineer at Hon­
eywell 's Marine Systems Op­
erations (Seattle, WA), where 
he is currently involved in the 
design and development of 
sonar electronics systems. A 
licensed pilot, he received his 
BS degree in physics from the 
University of Washington and 
has been with Honeywell for 
26 yrs. 

Article Interest Quotient (Circle One) 
High 485 Medium 486 Low 487 

JOB SHOPPING? 
Check EDN 's Career Opportun ities 

EON: Everything Designers Need 

129 



High Speed ... 
Here's good news for designers who need 
fast 16K static RAMs ... at an affordable price. 
INMOS has combined plastic packaging with its 
proven track record in fast 16K static RAMs, 
resulting in a new low-cost plastic family. 

This new plastic family includes the fast 
static RAMS you 've grown accustomed to in 
our ceramic package. Featuring access times 
of 45 and 55ns. the IMS1400P-45 and 
IMS1400P-55 16Kx1 static RAMs are lower in 
price than their ceramic counterparts, without 
sacrificing INMOS' high level of quality and 
reliability. Also available is the 55ns 

HIGH-SPEED 16K STATIC RAMS 

Part Number Organization Speed (ns) 
Power (mW) 

Active Standby 

IMS1400P-45 16Kx1 45 660 110 

IMS1400P-55 16Kx1 55 660 110 

IMS1420P-55 4Kx4 55 605 165 

130 

IMS1420P-55 4Kx4, for applications requiring a 
by-4 organization. 

When you need the combination of low 
power and low cost, choose one of our new 
"L" products. The IMS1400P-70L (16Kx1) 
dissipates only 495mW active and 83mW 
standby, while offering a 70ns chip-enable 
access time. You can also get identical perfor­
mance for the IMS1420P-70L, with a 4Kx4 
organization. Also available are 100ns versions 
of these low-power products. priced to provide 
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New l.Dw Power 
:r 
I 

$1(). 

TIME 

an attractive high-density alternative to 2Kx8 
static RAMs. 

All of these new low-cost RAMs operate 
from a single +5V (± 10%) power supply. 
They're TTL compatible and come packaged in 
20-pin, 300-mil plastic DIPs with industry­
standard pinout. 

LOW-POWER 16K STATIC RAMS 

Part Number Organization Speed (ns) 
Power (mW) 

Active Standby 

IMS 1400P-70L 16Kx1 70 495 83 

IMS 1400P-1 OL 16Kx1 100 495 83 

IMS14ZOP-70L 4Kx4 70 495 83 

IMS14ZOP-10L 4Kx4 100 495 83 

So stop sacrificing performance. Because 
FAST now costs less. Get all the details on our 
plastic 16K static RAM family that's available 
now. And get the good news on their prices. 
Call or write lNMOS today. 

•oITT)mos 
P.O. Box 16000 • Colorado Springs, Colorado 80935 • (303) 630-4000 • TWX 910/ 920-4904 • 
Burl ington. Mass. (617) 273-5150. Dayton . Ohio (513) 439-0988. San Jose. C.l if. (408) 
298--1786 • Whitefrtars • Lewins Mead • Bristol BSI 2NP • England • Phone Bristol 0272 290 861 
• TU(, 444723. • 

inmo1, and IMS are t rademarks of INMOS. 

EDN NOVEMBER 24, 1982 
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Quality high-power switchers? 
At a fair price? In volume? With unique 

capabilities? Who do I talk to? 

Talk to us! 
We have industry standard mechanical configurations 
combined with over 30 standard options. Your choice 
of output voltage and current combinations. An almost 
infinite selection of unique high-power switching 
power supplies. 

We specialize In high power. From 250 to 2250 
watts. From one to five output channels. Output voltages 
from 2 to 60VDC. Output current to 450A at 50°C. Or 
paralleled to 3000A or more. AC inputs of 92-138V or 
184-264V, single or three phase. All with brownout 
protection and holdup through line interruptions. Even 
automatic battery backup to take the system through 
extended power outages. If a DC input is needed, it'.s 
available in four ranges .. . from 22 to 250V 

Have a unique need? Power fail signal? Digitally 
programmed output? Line clock? Over/ Undervoltage 
detection? Four different inhibits? DEC interface? Out of 
tolerance shutdown? These are just some of the many 
options available to customize your unit. 

2500w 

2250w 

!l 2000w 

~ 1750w 
I 

ti; 1500w 

~ 
8. 

1250w 

:; lOOOw 
0 
ti 750w 

~ 500w 

250w 

Single and Multi-Channel Power Ratings 

2 3 4 5 
Number of Output Channels 

Pioneer 
Magnetics 

So if you think you need a custom high power 
switcher, look at our power rating chart which shows the 
total power delivered from our one through five output 
units. If your needs are within those ranges, Pioneer can 
give you a standard design product that does the job. THE SWITCHING POWER SUPPLY PEOPLE SINCE 1958 

For details , talk to us ... today! 1745 Berkeley Street. Santa Monica, CA 90404 (213) 829-6751 
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New Application Technology 

Simplify hard-disk interfaces 
with a VLSI controller 

A new hard-disk controller IC eliminates a board full of MS/ 
and SS/ devices from µPldisk interface circuits. With 

its high-level command set, the chip also eases 
data-transfer-software development. 

Henryk Szejnwald and Phil Brooks, NEC Electronics 

You can simplify microprocessor/hard-disk interfaces 
by using the µPD7261 hard-disk controller (HDC) IC. 
Coupled with a DMA controller and a few logic chips, 
the HDC supports Storage Module Drive (SMD) units 
as well as Winchesters having floppy-like connections. 

The µPD7261 consists of three major sections: a 
high-speed format controller, an 8-bit CPU and a µP 
interface. The format controller accommodates a varie­
ty of data formats at bit-transfer rates to 12 MHz; the 
CPU, through its multifunction I/O ports, handles the 
drive interface, and the µP-interface section connects 
to the host processor. The 40-pin IC operates from one 
5V supply and offers TTL compatibility on all I/O lines 
except two clock pins. (For a more detailed discussion of 
HDC architecture, see box, "Inside the µPD7261. ") 

As an example of the HDC's interface capability, 
consider Fig la's SMD interface circuit. The µPD7261 
controls as many as eight drives through three 
unit-select outputs, and five TAG signals allow eight of 
the controller's programmable I/O lines to serve 
multiple functi<:ms. In the SMD mode, the HDC derives 
its write-clock signal from connected drives; two 
multiplexers driven by the HDC's Sync output direct 
data and clocks into and out of the controller chip. 

The µPD726l's clock and data signals, as well as all 
single-function control lines (BTO, BTl, INDEX, SCT 
and the five TAG outputs), connect to SMD-type drives 
through differential line drivers and receivers. The 
8-bit multifunction port communicates through a bidi-

EDN NOVEMBER 24, 198 2 

rectional interface that multiplexes drive-status inputs 
and control outputs. A LOW on the HDC's BDIR 
output signifies a status-input mode and selects the 
Fault, Seek-error, On-cylinder, Unit-ready, Am-found, 
Write-protected, Seek-end and Unit-selected drive 
lines. A HIGH BDIR level indicates a control-write 
operation, and an 8-bit latch stores the states of BT2 
through BT9 after HIGH-to-LOW BDIR transitions. 

Fig lb illustrates the functions that the TAG lines 
assign to the BIT outputs. TAG 1, TAG2 and TAG3 
become active in data-read and -write operations, 
indicating that the BIT lines contain cylinder- and 
head-select words. A HIGH level on TAG3 signals the 
presence of drive-control outputs that provide gating, 
servo and precompensation signals. TAG4 initiates a 
drive-status request using BIT9 to differentiate be­
tween device-condition and -type interrogations. 

Floppy-like interface 
A more common interface than the SMD circuit, the 

floppy-like-hard-disk interface (Fig 2) mimics the 
connections between floppy-disk drives and their 
controllers. Unlike the SMD interface's I/O lines, data 
and control signals in the Fig 2 circuit perform only one 
function and thus allow simpler driver configurations. 
When switched into the floppy-like mode, the 
µPD726l's internal CPU reassigns its programmable 
I/O lines for compatibility with Seagate ST506-type 
interfaces (note that the chip's signal names change to 
reflect their new functions). 

In the floppy-like configuration, only read- and 
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Programmable 1/0 lines 
serve multiple functions 
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Fig 1-An SMD interface (a) requires a data latch and an 
array of differential line drivers and receivers. The µPD7261 's 
programmable 110 lines allow eight interface signals (BT2 
through BT9) to handle 19 input and output functions. Four 
TAG signals determine the roles of the BIT signals (b). 
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write-data connections require differential transmit­
ters and receivers; all other lines can employ simple 
TTL buffers. To reduce system size and cost, the 
controller's internal processor assigns output senses to 
the 110 control lines, minimizing the number of IC 
packages the interface requires. The circuit uses six 
7406 inverters (one fully utilized package), five 7407 
buffers (one package with one spare buffer) and six 
74LS14 Schmitt-trigger inverters (one package). In 
addition, the interface requires a 2- to 4-line decoder (a 
74LS139 or equivalent) to convert the HDC's 2-line 
unit-select code to four discrete device-select outputs. 

To complete this interface, you must add a phase­
locked loop to derive a read clock from the modified 
frequency-modulated disk data. Furthermore, you 
must furnish a precompensation circuit that converts 
the HDC's early and late precompensation signals to 
write delays. 

The PLL circuit (Fig 3) employs a phase comparator 
and loop filter optimized for clock-recovery applica­
tions. The loop locks to incoming data streams by 
setting the VCO to a frequency that centers clock 
transitions within a 50-nsec pulse generated by input 
one-shot IC4. IC, and ICa provide VCO control signals 
by matching IC4's Q output against the oscillator's 
complementary C and Clines. When the loop is locked, 
both NAND-gate outputs go LOW for equal intervals; 
an unlocked conditicm causes unequal output pulses. To 
maintain a locked loop, a LOW level at IC,'s output 
must increase the VCO's frequency, and LOW signals 
at IC3's output must decrease the clock rate. 

.To allow the increase- and decrease-frequency voltag­
es to share one control line, IC2 inverts IC1's output , 
and diodes D1 and D2 isolate the phase comparator from 
the loop filter. D1 and IC2 source current into the filter 
circuit when the VCO's frequency must increase; D2 
and IC3 draw current out of the filter network to 
decrease the clock rate. While the loop remains locked, 
equal-duration increase-frequency and decrease-fre­
quency ramps cause the integrated filter output to 
maintain a constant level (Fig 3b). An unlocked 
condition (Fig 3c) results in unequal control ramps and 
thus generates a frequency-correction level. 

Free-run control R1 minimizes the PLL's lock-up 
time by establishing a quiescent VCO frequency close 
to the disk's nominal 10-MHz read rate. If your circuit's 
VCO drifts in the absence of read data, you can 
maintain minimum lock times by using a multiplexer to 
feed the crystal-stabilized write clock into the read­
data input during data-free intervals. With such a 
reference signal, the VCO remains stable regardless of 
component drift. 

In addition, you can minimize clock jitter and 
bit-error rates by carefully selecting one-shot and 
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loop-filter components. Fig 3a's filter values represent 
typical components for use with ST506-type drives, but 
actual values depend largely on specific drives and data 
rates. Likewise, lC4's 50-nsec output-pulse duration 
results in an optimum compromise between VCO 
tracking and lock-up speed for typical drives; you might 
need to experiment with timing values in your applica­
tion. Be certain, though, to use a silver-mica or equally 

WGATE 
38 

R/W DATA 

AGATE 
39 

SYNC 
1 

R/W CLK 
3 

34 
PCE 

EARLY 

PCL 
35 

LATE 

INDEX 
36 
29 

WFLT 

READY 
30 

TAKO 
31 

SKC 
32 

33 
DSD 

_.PD7261 

21 
DIR 

22 
STEP 

23 
RWC 

HS2 
24 

HS1 
25 

HSO 
26 

PLL 
AND 

PRECOM-
PENSATIO 

W RITE GATE 

75110A 

} WRITE DATA 

._.----v } READ DATA 

CIRCUITRY 
1-------0 ~~6~~ENCE 

6 x 
74LS1 4 

4 

DECODER 
74LS139 

(10·MHz TYP) 

---<> SEEK COMPLETE 

~--o DRIVE SELECTED 

DIRECTION IN 

STEP 

REDUCED WRITE CURRENT 

HEAD SELECT 2 

HEAD SELECT 0 

DRIVE SELECT 1 

DRIVE SELECT 2 

DRIVE SELECT 3 

DRIVE SELECT 4 

4 x 7407 

Fig 2-Slmpllfylng floppy-Interface-like connections, the 
HDC's control-line polarities minimize the required number of 
external IC packages. Unlike Fig 1 's SMD interface, this 
circuit requires differential drivers and receivers only on data 
lines. However, it does require an outboard PLL and a 
precompensation network (Figs 3 and 4). 

135 



Floppy-like connection 
minimizes external logic 

stable capacitor in the one-shot's timing circuit; units 
with less stable dielectrics introduce clock-rate errors. 

Anticipate errors 
To compensate for predictable bit-position errors 

arising from disk magnetic properties, random noise or 
flux-change delays in read/write heads, the µPD7261 
provides early and late precompensation signals. The 
controller monitors write-data streams, recognizing bit 
patterns that require timing changes for improved data 
recoverability. SMD-type drives handle such precom-

WRITE 
DATA 

Fig 4-A precompensation circuit uses early and late 
correction signals to properly delay write data. An early 
signal eliminates 10 nsec of propagation time from the 
write-data path; a late command adds a 10-nsec write delay. 

136 

5V 

5.6k 

7 

~------------------------------~--------------, I 
I 
I 

10 pF SILVER I 
MICA I 

6 r-----~ 

PHASE COMPARATOR LOOP FILTER 

74LS221 
ONE·SHOT 

READ 10 
DATA u---IN 

INPUT 

CLOCK 
OUTPUT 

(10 MHz TYP) 

NOTES: 
IC1, IC2 , IC3 = 74LSOO 
D1, D2 = 1N4748 

(a) 

READ 
DATA 

vco _J OUTPUT 

INCREASE 
FREQUENCY 
(IC2 OUTPUT) 

DECREASE 
FREQUENCY 
(IC3 OUTPUT) 

vco 
INPUT 

(b) 

I 
n 

DECREASE 
FREQUENCY""- D2 330 pF 

I 
I I -:-

~- ------------------------------L----- -------~ I B 6 I 
I C I 
I I 
I I 
I 5V : 
I I 
I FREE·RUN I 
I VCO - SET I 

L-----------------------~---------------------------~ 

READ 
DATA 

vco I OUTPUT 

INCREASE I FREQUENCY 
(IC2 OUTPUT) 

LJ D~REASE LJ FR UENCY 
(IC3 OUTPUT) 

BIAS 
vco XEVEL 

INPUT 
(c) 

Fig 3-By quickly locking to read-data bursts, a PLL (a) generates stable clock signals for the Fig 2 interface. Increase- and 
decrease-frequency control signals servo the VCO's frequency to maintain clock transitions at the center of IC4s 50-nsec output 
pulse. During locked conditions (b), IC2 sources control current through D, for 25 nsec, IC3 draws current through 02 for 25 nsec and 
the VCO's control voltage remains constant. Unlocked conditions (c) cause unequal control-voltage ramps and result in corrected 
clock rates. 
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Inside the µPD7261 
The µP07261 derives its func­
tions from three major chip sec­
tions: an 8-bit CPU similar to 
several widely used single-chip 
µCs, a format controller that in­
cludes a 32-word, 16-bit writable-

INTERFACE 
SECTION 

WRITE DATA 
PRECOMP EARLY 

PRECOMP LATE 

WRITE-DATA 
CONTROL 

control-store register, and a µP 
interface (figure). By performing 
all major data formatting and 
drive-control functions internally, 
the device el iminates most of the 
circuitry typical of hard-disk/µP 

CHECK-CODE 
REGISTER 

READ/REF CLOCK0--'------41.._----+-----. 

COUNTER 

COMPARATOR 

COUNT 
REG ISTER 

----I PROGRAM COUNTER 

I 
I 

CONTROL RAM 

INTERNAL DATA BUS 

__ _J .._ _______ _ 

FORMAT 
CONTROLLER 

CPU 
PORTION 

An internal CPU provides the µPD7261's control and interface functions. A 
high-speed format controller handles all data operations, and the HDC's interface 
circuit includes an 8-bit FIFO to buffer data and command strings. 
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interfaces and provides a high­
level , optimized command set that 
simplifies software design. (See 
box, "Speaking the hard-disk lan­
guage.") 

The µP07261 's internal µP fur­
nishes the controller's configur­
able drive interface through 16 
programmable 1/0 lines. The line's 
functions and data directions de­
pend on the controller's operating 
mode, and by optimizing each 
line's role, the CPU minimizes 
external-logic requirements . In 
addition to providing programma­
ble 1/0 , the controller's CPU in­
cludes 2.5k bytes of ROM and 64 
bytes of RAM. 

The second major chip section, 
the format controller handles all 
read, write and error-correction 
functions. Based on a serial-to­
parallel-to-serial converter, it iden­
tifies address marks and com­
pares disk data streams with 
user-defined search bytes. The 
controller also performs all data­
ve rif i cation and format­
specification functions. When exe­
cuting commands, it derives its 
control data from the CPU's ROM, 
and a high-speed sequencer man­
ages controller activity at the 
disk's data-transfer rate. 

To facilitate simple µP interfac­
es, the µP07261 's communica­
tions section employs a com­
mand/status register and an 
8-byte data FIFO. The µP inter­
face includes data-request 
(OREO) and count-termination 
(TC) control lines to simplify OMA 
connections; the data FIFO reduc­
es parameter-entry cycle times by 
allowing a host µP to enter multi­
byte command specifications at 
transfer rates to 1 M bytes/sec. 

For more information on the 
µP07261 , Circle No 743. 
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Burst-mode PLL 
generates a stable clock 

pensation internally; floppy-like drives require external 
delays. 

Fig 4 illustrates a precompensation circuit that 
provides ± 10-nsec timing variations. A tapped delay 
line provides outputs with 10- and 20-nsec data delays; 
normal operations employ data from the 10-nsec tap, 
and early and late cycles use the input and 20-nsec 
signals, respectively. ± 10-nsec compensation satisfies 
most ST506-type applications, but check your drive's 
data sheet to determine the optimum delays for your 
system. 

After designing your system's HDC/drive interface, 
carefully consider the controller's µP connections. 
Because of the µPD7261 's high read/write data rates, 
you'll probably need a block oflocal memory and a DMA 
controller to provide a buffer between the HDC and 
your system's µP bus. Hard-disk drives often transfer 
data at bit rates to 12 MHz, so the controller/memory 
interface must be capable of handling byte-transfer 
cycles as short as 660 nsec. Although more expensive 
and more complicated than direct bus connections, 
DMA interfaces allow such high-speed read and write 
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Fig 5-Employing a OMA controller and a block of local 
memory, the µP07261 's µP interface (a) allows fast data 
transfers. You can program 2-stage read and write opera­
tions by instructing the OMA controller to move data into and 
out of system memory before and after disk operations. Thus, 
the local memory stores data only during active HOC cycles. 
The register organization (b) simplifies command transfers. 
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Precompensation circuit 
improves data recoverability 

operations and become especially attractive in applica­
tions requiring fast transfers of large data blocks. 

A typical system interface (Fig 5) employs a 
µPD8237 DMA controller and a local memory array 
large enough to hold the largest data block you expect 
to transfer in one operation (usually one disk sector). To 
optimize data throughput, you can use the DMA 
controller's multiple-transfer-mode capability to per­
form re;td and write operations in two steps. 

For example, to initiate a sector-read operation using 
Fig 5's interface scheme, first program the DMA 
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controller for a memory-to-memory transfer by storing 
a source address (a location within the local memory) in 
the chip's channel 0 register and a destination address 
(within the main system memory) in channel 1. Then 
instruct the controller's channel 2 logic to effect an 
HDC-to-memory transfer of one sector's data. A Read 
Sector command fed to the HDC initiates the disk-read 
operation, with the DMA controller storing successive 
data bytes in local memory. 

After the HDC has taken one sector's data from the 
disk, an interrupt output signals the host µP to request 
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Fig 6-A typical data-read cycle includes command, execution and result phases. After an instruction-cycle termination, the host 
µP must interrogate the HDC's status register to confirm error-free command execution. 
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A OMA controller 
speeds data transfers 

a memory-to-memory data transfer through the DMA 
controller. An EOP output from the µPD8237 signals a 
completed transfer and indicates that disk data resides 
in the main system memory. You can program write 
operations by reversing the process: First move data 
from the main memory to the local array and then 
invoke a memory-to-VO transfer. Alternatively, you 
can eliminate the DMA controller by employing high­
speed dual-ported system memory or by designing a 
large FIFO buffer into the HDC/system interface. 

Parameter stack eases command entry 

To simplify programming, the HDC includes com­
mand and status registers as well as a data register 
with an integral 8-byte FIFO (Fig 5b). Each HDC 
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Fig 7-Writing data to a disk involves a program flow similar 
to Fig 6's read routine. The program returns error flags to the 
µP's operating system if drive conditions prevent a success­
ful write operation. 
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RETURN 
OR 
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Fig 8-Specify and format commands establish the 
controller's operating mode and set the drive's physical and 
logical address assignments. The HOC records a 4-byte ID 
field on each disk sector. 

operation uses these registers in a 3-phase instruction 
sequence. (For a summary of the HDC's Command 
capabilities, see box, "Speaking the hard-disk lan­
guage." The first instruction phase, the command 
phase, requires you to load operation parameters into 
the data register's FIFO; the execution phase begins 
with the command register's receipt of a valid operation 
code, and the result phase allows you to examine the 
HDC's status through the data FIFO. 

Every operation command entails a fixed number of 
preset parameters. For example, to set the HDC for a 
read command, you must use successive data-write 
cycles to load six specifications into the data register. 
The parameters include physical-head number (PHN); 
logical-cylinder number, low byte (LCNL); cylinder 
number, high byte (LCNH); logical-head number 
(LHN); logical-sector number (LSN); and sector count 
(SCNT). After loading the operation specifications, the 
host µP initiates the execution phase by writing a 
data-read instruction to the command register. 

When the HDC has completed its execution cycle, it 
signals the host µP with an interrupt. The µP then 
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Command cycles 
include three phases 

examines the status register to determine whether the 
operation has terminated successfully. In the event of 
an error, the µP can check specific results by reading 
successive data-FIFO bytes. The first result byte after 
a read operation contains error-status (EST) informa­
tion that indicates the error source. The remaining 
FIFO bytes contain updated versions of t he parameters 
entered during the instruction's command phase. 

A typical data-read cycle (Fig 6) involves the 
initiation of a read command and then the complete 
analysis of drive and controller status. After a normal 
cycle termination, for instance, a system that exploits 

Speaking the hard-disk language 

the HDC's error-correction capability must read the 
EST byte to check for bit errors. If the controller 
signals that an error exists, the µP can read the 
remaining result bytes to further isolate error sources, 
or it can directly invoke an error-correction operation. 
Approximately 100 µsec after the beginning of an 
error-correction cycle , the HDC returns five bytes that 
contain error-location and -pattern data. The host µP 
can then correct the results with an exclusive-OR 
operation between each faulty data byte and its 
corresponding correction code. 

After an invalid instruction termination, the µP can 

To ease software-development tasks, the µPD7261 incorporates a comprehensive command set. Each 
high-level instruction entails a fixed number of parametric variables that must reside in the data FIFO before 
command execution ; the controller transfers these specifications to internal CPU registers upon beginning 
instruction cycles. The accompanying table summarizes the controller's command set and illustrates the 
µPD7261 's ability to process complex instructions in single execution cycles. 

COMMAND DESCRIPTION COMMAND DESCRIPTION 

READ USED ON HARD DISKS ONLY, THIS COMMAND SENSE WHEN A CHANGE OF DISK STATUS OCCURS, THE 
DIAGNOSTIC ALLOWS THE PROGRAMMER TO READ A SECTOR INTERRUPT HOC INTERRUPTS THE HOST CPU. THIS COM· 

OF DATA EVEN IF THE ID PORTION OF THE SEC· STATUS MAND REVEALS THE CAUSE OF INTERRUPT, 
TOR IS DEFECTIVE. SUCH AS SEEK END, DISK READY CHANGE, 

READ DATA TRANSFERS DISK DATA TO MEMORY. THE HOC 
SEEK ERROR, OR EQUIPMENT CHECK. THE DISK 
UNIT ADDRESS IS ALSO SUPPLIED. 

CAN READ MULTIPLE SECTORS AND MULTIPLE 
TRACKS WITH ONE INSTRUCTION. SENSE UNIT THE HOST CPU SPECIFIES DRIVE NUMBERS, AND 

STATUS THE HOC RETURNS INFORMATION SUCH AS 
CHECK DETERMINES WHETHER THE DATA PREVIOUSLY WRITE FAULT, READY, TRACK 000, SEEK COM· 

WRITTEN TO THE DISK PASSES THE CRC OR ECC PLETE AND DRIVE SE;LECTED, OR, FOR SMD 
POLYNOMIAL CHECK. NO OMA OPERATIONS UNITS, FAULT, SEEK ERROR, ON CYLINDER, UNIT 
ARE PERFORMED. READY, AM FOUND, WRITE PROTECTED, SEEK 

COM PARES DATA FROM MEMORY WITH THE'. DATA 
END AND UNIT SELECTED. 

SCAN 
IN A GIVEN SECTOR. IF NO MATCH OCCURS, THE DETECT USED AFTER A READ OPERATION WHERE ECG 
HOC READS THE NEXT SECTOR AND PERFORMS ERROR HAS BEEN EMPLOYED. THE DETECT .ERROR 
THE SAME COMPARISON . THE HOC CONTINUES COMMAND SUPPLIES THE INFORMATION 
UNTIL THE SPECIFIED NUMBER OF SECTORS NEEDED TO ALLOW THE HOST CPU TO EXECUTE 
HAVE BEEN CHECKED. THE COMMAND IS TEA· AN ERROR-CORRECTION ROUTINE. (ONLY AL· 
MINATED WHEN A SECTOR WITH MATCHING LOWED WHEN AN ACTUAL CORRECTABLE 
DATA IS FOUND OR WHEN ALL SPECIFIED SEC· ERROR IS DETECTED BY THE HOC) 
TORS HAVE BEEN CHECKED. 

RECALIBRATE RETURNS THE DISK DRIVE HEADS TO THE HOME 
VERIFY DATA MAKES A SECTOR-BY-SECTOR COMPARISON OF POSITION OR TRACK 000. THERE ARE THREE RE· 

DATA STORED IN SYSTEM MEMORY BY OMA CALIBRATION MODES : SMD , NORMAL OR 
TRANSFER. AS IN READ OPERATIONS, MULTIPLE BUFFERED. 
SECTORS AND TRACKS CAN BE VERIFIED WITH 
THIS COMMAND. SEEK MOVES THE DISK-DRIVE HEADS TO THE SPEC!-

WRITE DATA WRITES DATA FROM THE SYSTEM MEMORY, 
FIED CYLINDER. AS IN RECALIBRATE, SEEK HAS 
THREE MODES OF OPERATION . 

TRANSFERRED BY OMA, TO THE SPECIFIED DISK 
UNIT. AS IN THE READ COMMAND, DATA CAN BE WRITEID ALSO CALLED FORMAT WRITE, THIS COMMAND 
WRITTEN ONTO SUCCESSIVE SECTORS AND IS USED TO INITIALIZE THE MEDIUM WITH THE 
TRACKS. DESIRED FORMAT, INCLUDING VARIOUS GAP 

AUXILIARY ALLOWS EXECUTION OF FOUR ADDITIONAL 
LENGTHS, DATA PATTERNS AND CRC CODES. 
THIS COMMAND IS USED IN CONJUNCTION 

COMMAND FUNCTIONS: SOFTWARE RESET, CLEAR DATA WITH THE SPECIFY COMMAND. 
BUFFER , MASK I NTERRUPT-REQUEST BIT 
(MASKS INTERRUPTS CAUSED BY CHANGE OF VERIFY ID USED TO VERIFY THE ID BYTES WITH DATA FROM 
STATUS OF DRIVES) AND RESET INTERRUPT MEMORY. PERFORMS THE OPERATION OVER A 
CAUSED BY COMMAND TERMINATION . SPECIFIED NUMBER OF SECTORS. 

SPECIFY ALLOWS USER TO SELECT SMD OR FLOPPY· READ ID USED TO VERIFY THE HEADER PORTION OF 
LIKE-MODE, DATA BLOCK LENGTH , ENDING EACH SECTOR AND CHECK THE CRC FOR AN 
TRACK NUMBER, END SECTOR NUMBER, GAP ERROR AT END OF EACH SECTOR. 
LENGTH AND TRACK AT WHICH WRITE CUR· 
RENT IS REDUCED. 
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SOCKETS 
,-------------, I Hurry! I want to take a closer look I 
I at EMC sockets. Please rush me the I 

little kit that does more to solve I interconnection problems plus your I 
I latest catalog information. I 
I Electronic M~lding I 
, Corporation 

;.I': 96a Mill Street I 
Ill Woonsocket, RI 02895 USA I 
I Name I 
I I I Mail Stop I 
I Company I 
I Address I 
I City I 
I I 
I State ip I 
I Tel: I .. ____________ ... 
Low profile DIP sockets, micro­
processor and PROM carriers, 
snap-sip and solid-sip sockets 
component adaptors, LED/ Lamp 
sockets, transistor sockets in 
straight and bent lead versions. 
Many styles. Excellent reliability 
without solder wicking. Made 
better. Priced lower. Custom 
packaging at lowest overall pack­
aging cost. 20 years of manufac­
turing stability. 

Send for your free samples and a 
copy of our latest catalog. Contact 
Electronic Molding Corporation, 
96a Mill Street,Woonsocket, RI 
02895 USA. (401) 769-3800. 
TWX 710-387-1350. 

The Interconnection Specialists 
See us in EEM & Gold Book. CIRCLE NO 59 



Our filtered connectors 
keep your system quiet, 

so you won't disturb the FCC. 
Get a breather from redesigning 

today's equipment. Control interference 
and eliminate electrostatic discharge. 
Avoid the need for special cable. You 
can do it all with AMP Quiet Line 
ti ltered connectors. 

By absorbing noise instead of reflecting 
it back into the system, our filtered 
connectors harmlessly dissipate noise 
as small amounts of heat. And in the 
process, their performance helps you 
comply with the new FCC emission 
regulations. 

So for less noise and a quiet FCC, 
see AMP. 

AMP Facts 
Submlnlature D lYP8 
•RS 232/449 and MIL-C-

24308 compatible 
•Available in 9, 15, 25 

and 37 position sizes. 
• Right-angle board­

mount, solder-cup 
and male-female 

Performance 
• Insertion loss-3db at 5MHz 

to 55db from 1-18 GHz. 
• Higher loss elements 

available 

interface versions. -::=t:~;;:~~~!:; 
Fiitered pin header 
• 10 through 50 positions; 

.100" centerline; .025" posts 
• Mates with AMP receptacle 

connectors and with all 
similar types. 

• Bulkhead mountable. 
Circular connector 
• 8 positions. 

High 
Temperature __ .., 

• Bulkhead feedthrough 
receptacle with pin contacts. 

Solder 

Absorptive Filter Element 

For more information, call the AMP Filtered 
Connector Desk at (717) 78<M400. 
AMP Incorporated, Harrisburg, PA 17105. 
AMP l1a-olAMPlnc:orpooitad. 

~IVIP means productivity. 



No static 
from these filters, 

either. 
AMP loose-piece filters do what our filtered connectors 

do, and they come in over 40 different sizes and 
configurations. 

Some are designed for military applications. That's our 
Premium Series. Others are ideal for commercial 
electronics. Our Standard Series. 

All are made with a one-piece titanate-coated lossy 
ferrite sleeve that gives superior insertion loss, has no 
internal resonances and isn't sensitive to source or load 
impedance variations. They're all exactly what you need 
to eliminate conducted interference. · 

If you want to avoid interference, especially with the 
FCC, call us about our loose-piece Quiet Line Filters at 
(717) 780-4400. 

AMP Incorporated, Harrisburg, PA 17105. 
NAP la a lnldemall< ol NAP Incorporated. 

ll MHz 1XJ MHz 1 GHz ll GHz 
FILTERED CONNEClOR PERFORMANCE 

Format one track 
or an entire cylinder 

identify execution-error sources by exammmg the 
error-status byte for drive-related malfunctions. If no 
data error exists, the µP can attempt a retry by 
returning to the command's beginning after setting a 
retry flag. After several unsuccessful retries, the 

I command-processing program should return program 
control and an error flag to the operating system. HDC 
write operations entail a similar program flow (Fig 7). 

Formatting flexibility 
To enter specific formats into the disk system (Fig 8), 

first invoke a specify operation. The specify command 
allows you to select SMD (hard-sectored) or floppy-like 

I (soft-sectored) operation, two of the four gap lengths, 
CRC or polynomial error detection ~nd block length. 
Next, you can begin a format cycle by loading PHN, 
SCNT, the data pattern and the remaining gap lengths 
into the data FIFO. A format command then begins the 
execution phase. 

By independently assigning formatting parameters, 
you can format either one track or an entire cylinder. 
The format operation transfers four bytes to the disk 
for each assigned sector; this data includes LCNL, 
LCNH, LHN and LSN. The logical address data is user 
definable and reaches the HDC via the DMA controller 
and the local memory. EDN 

Authors' biographies 
Henryk Szejnwald is applica­
tions manager for computers 
and peripherals at NEC Elec­
tronics's Microcomputer Div 
(Natick, MA). Before joining 
NEC 3 yrs ago, he worked for 
Digital Equipment Corp. Hen­
ryk holds an MBA degree from 
Northwestern University and 
an MSEE from Washington 
University and lists reading 
and foreign travel as his lei­
sure-time activities. 

Phil Brooks, a product spe­
cialist at NEC's Microcomput­
er Div, has attended North­
eastern University and served 
previously as manager and 
chief engineer at Keltron Corp. 
In his present position, he 
provides technical support for 
NEC's peripheral-controller 
products and enjoys sailing 
and jogging. ' 
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the world's smallest hermetically-sealed mixers 
40 KHz to 3 GHz, MIL-M-28837 performance* 
The TFM Series from Mini-Circuits from $ll95 

Increase your packaging density, and lower your costs . .. specify Mini-Circuits 
miniature TFM Series. These tiny units 0.5" x 0.21" x 0.25" are the smallest, 
off-the-shelf Double Balanced Mixers available today. 

Requiring less PC board area than a flat-pack or T0-5 case, the TFM Series offer 
greater than 45 dB isolation, and only 6 dB conversion loss. 

Manufactured to meet the requirements of MIL-M-28837 *, the tiny but rugged 
TFM units have become the preferred unit in new designs for military equipment. 

MODEL FREQUENCY, MHz CONVERSION ISOLATION dB, TYPICAL 
LOSS dB, 
TYPICAL 

1 Octave Lower Band Upper Band 
from Total Edge Mid Range Edge 

LO/RF IF Band Edge Range LO-RF LO-IF LO-RF LO-IF LO-RF LO-IF 

TFM-2 1-1000 DC-1000 6.0 7.0 50 45 40 35 30 25 
TFM-3 .04-400 DC-400 5.3 6.0 60 55 50 45 35 35 
TFM-4 5-1250 DC-1250 6.0 7.5 50 45 40 35 30 25 

.. TFM-11 1-2000 5-600 7.0 7.5 50 45 35 27 25 25 

PLUG-IN 

PRICE 

$ 
EA. QTY. 

11. 95 ( 1-49) 
19.95 (5-49) 
H95 (5-49) 
39.95 (1-24) 

FLAT MOUNT EDGE MOUNT 

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

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

••TFM-12 800-1250 50-90 - 6.0 35 30 35 30 35 30 39. 95 (1-24) 
ooTFM-15 10-3000 10-800 6.3 
.. TFM-150 10-2000 DC-1000 6.0 

... [f Port is not DC coupled 
• + 10 dBm LO, + 5 dBm RF at ldB compression 

·units are not OPL listed 

6.5 35 30 
6.5 32 33 

For complete specifications and performance curves refer to the 
Microwaves Product Data Directory, the Goldbook, EEM 
or Mini-Circuits catalog 

CIRCLE NO 60 

35 30 
35 30 

35 30 49.95 (1 -9) 
35 30 39.95 (1 -9) 

finding new ways . 
setting higher standards 

t:;IMini·Circuits 
A 01v1s1 on of Sc1ent1f1c Components Corpor at ion 

World's largest manufacturer of Double Balanced Mixers 
2625 East 14th Street , Brooklyn . New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 
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/ Design Ideas Edited by Franklin Fink 

OTA function generator achieves wide range 

Hal Wittlinger 
RCA Solid State Div, Somerville, NJ 

You can use two operational transconductance ampli­
fiers (OTAs) to form a function generator (figure). 
In this circuit , the two OTAs, which make excellent 
controllable current sources, connect to a capacitor 
--0ne as a current source that causes capacitor 
voltage to linearly increase and the other as a sink 
that linearly ramps the voltage down. The ramp time 
spans a 1,000,000:1 range; a 0.0022-µF capacitor 
furnishes 20-µsec to 20-sec timing. Thus, the OTA-

y, CA3060E 

- 2.4V 

8.2k 50k -
......_/\N'-ti~ - SLOPE 

50k 
+ SLOPE 
CONTROL 

3 

CONTROL 

- 2.4V 

LED h 
ON G:J:i'?° r2.,_F -+-~..+-------+-~ Vpos 

- 10M 
":"' 9V 

6 

12K ":' 

1.2V 

10M 12K 
+ 

10 µF 

based circuit can generate a sawtooth (or triangle) 
waveform with independently adjustable rise and 
fall times within this range. 

The waveform-generator circuit is designed 
around the CA3060E, a triple transconductance 
amplifier . Two amplifiers serve as the switched 
current generators, allowing direct integration on 
the 0.0022-µF capacitor. A 50-k!l bias-current 
control potentiometer sets the output current of each 
current generator at approximately 2.5 times the 
bias current. 

The resulting waveform is buffered by a high­
impedance BiMOS operational amplifier (CA3160E) 
connected as a voltage follower. This BiMOS amplifi-

SYNC 

Vpos 
-

CA3086 

- 2.4V 

SQUARE.WAVE OUTPUT 

CA3086 

1k 
SAWTOOTH OUTPUT 

TRIANGLE OUTPUT LEVEL 

L----~._ __ ~.,_ _ _..._..__ ...... ____ __ -2.4V 

2.4V BANDGAP SUPPLY 

Operational transconductance amplifiers give this waveform g enerator a 1,000, 000:1 rang e. Two of the_ OTAs a_ct as swit~hed 
current generators controlled by the third, allowing d irect integration of their two outputs by a 0.0022-µ.F ftlm or mica capacitor. 
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Design Ideas 

er drives both the 2-kO output attenuator and the 
following hysteresis switch (comparator). The third 
CA3060E amplifier serves as a noninverting switch 
that drives the inputs of its two mates. 

Two transistors of a CA3086 array, connected as 
diodes, serve as output limiters for the symmetrical 
output of the hysteresis switch; output excursion is 
approximately ±0. 7V. Another CA3086 transistor 
serves as a synchronization pulse shaper. 

A micropower bandgap-reference power supply 
comprising a CA3440 and two additional diode­
connected transistors from the CA3086 keeps the 
output frequency stable with changes in battery 
voltage. The nominal l.2V bandgap reference is 
scaled up by the two 12-kO resistors across the 

output. Total supply current for this reference, 
exclusive of the load current, is less than 15 µA. An 
artificial ground formed at the output of this 
reference supply ensures a symmetrical swing for 
both the sawtooth and pulse outputs. 

The waveform generator consumes 3 to 11 mA 
from a 9V battery. The LED serves as voltage­
dropping diode, pilot light and low-battery indicator. 
Life of the MN1604 9V battery should be approxi­
mately 100 hrs. EDfll 

To Vote For This Design, Circle No 450 

Filter's gain is independent of Q 

Bernie Hutchins 
Electronotes, Ithaca, NY 

State-variable filters readily suit fixed-filter applica­
tions, but if you wish to vary their Q you can run into 
problems. Suppose, for instance, that you have a 
fixed input waveform that you wish to process with 
variable-bandwidth filtering. With the standard 
configurations, you can easily change Q, but as Q 
increases, so does peak response. Holding a constant 
output level thus requires cutting back on the input. 

A recent Design Idea (EDN, April 28, pg 153) 
described a method of maintaining a fixed gain at the 
bandpass peak while varying Q. You can improve 
this circuit (figure): Applying the input signal 
through the Q-controlling stage (Ai) rather than 
directly into A1 automatically achieves fixed peak 
gain at the normal state-variable bandpass output 
Vo. As Q increases in proportion to RJ RQ, thus 
increasing the bandpass peak gain by the same 
factor, the input signal gets scaled by RQ/R1, 

resulting in exact input-to-output compensation. The 
peak gain is ·RJR,. 

Advantages of this approach include simplicity­
no subtraction network is required-and a low­
impedance (op-amp) output. The Q and center 
frequency remain separately tunable as in the 
original circuit. 

(Ed Note: The state-variable filter is particularly 
interesting to electronic-music enthusiasts . Replac­
ing the two resistors labeled R 0, which set fcENTER, 

with CA3080 transconductance amplifiers makes 

150 

Ra 
r--V'~--11~-VVV'-~~~~--~--uVo 

(BANDPASS) 

NOTES: FcENTER = Va R0C0 
0 = A4/Aa 
PEAK GAIN = R4/R1 
A2 = A3 = R5 -100k 

In this state-variable-filter configuration, fixed peak gain results 
from applying an input signal to A4 rather than to A,. 

f c ENTER voltage controllable. The transconductance 
amplifiers act as variable voltage-controlled 
resistors. ) EDfll 

Reference 
Hutchins, 8 , "A state-variable configuration with 

constant peak response," Application Note AN-121, 
Electronotes, Ithaca, NY, February 5, 1979. 

To Vote For This Design, Circle No 451 

Continued on pg 169 
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~~TELEDYNE SEMICONDU.CTOR 

Teledyne Semiconductor Selector Guide 

TELEDYNE SEMICONDUCTOR 
Established in 1961 as Amelco, Teledyne Semicon­
ductor rapidly became a major supplier of d iscrete 
JFET devices and Bipolar Interface Logic ICs. 

While Teledyne remains an industry leader in these 
product lines, the primary product focus in the last 
five years has been in CMOS data converter products. 
These products include: 
• Voltage-to-Frequency Converters 
• 3 V2-Digit ADCs 
• 4%-Digit ADCs 
• 8, 10, 12-Bit ADCs 
• 12-Bit µ-Processor ADCs 
• Voltage References 
• Digital-to-Analog Converters 
• LED/ LCD Display Drivers 
• Power MOSFET Drivers 
• µ-Processor Peripheral Drivers 

These products represent a design and manufacturing 
capability which provides products ranging from 
low noise, high resolution ADCs to high-current 
display and peripheral driver circuits . This technical 
expertise is matched by a concern for qual ity that 
has made Teledyne's valid return rate drop to below 
0.4% in 1982 . 

Teledyne Semiconductor offers twenty-one years of 
quality and commitment in its products. We feel 
you deserve it. 

Teledyne Semiconductor-Product Index 

3112-Digit ADC's 

TSC7106 LCD Drive . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . TS·4 
TSC7107 LED Drive . . . . . . .. .. .... . ... . ... ... . . .. . .... TS-5 
TSC7116 LCD with Display " Hold " .. . . .. . .... . . . ..... . TS-4 
TSC7117 LED with Display " Hold " . . . . . . . . . . . . . • . . . . . . TS-5 
TSC7126 Low Power LCD Driver ..... ... .. . ...... . ..... TS-4 
TSC8705 Parallel Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TS-7 
TSC14433 Multiplexed BCD . . . . ..... . ...... .. ....... . TS-5 

4112-Dlglt ADC's 

TSC7135 Multiplexed BCD . .... ... ... . . ............ .. . TS-3 

Display Drivers 

TSC7211 A Quad LCD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TS-3 
TSC7212A Quad LED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TS-3 
TSC700A High Current Quad LED .... . ... . ............ TS-3 

System ADC's (Binary) 

TSC7109 13 Bit ADC .. ....... . ..... . . . ..... . ..... . . .. TS-6 
TSC8700/03 8 Bit ADC . . . . .... . . . . . . . .. . .. . .... .. .. . .. TS-7 
TSC8701/04 10 Bit ADC ... . . . .•.... . •.. .. ............. TS-7 
TSC8702/0512 Bit ADC .... ... . .......... . .. .... .. . . . . TS-7 

Voltage References 

TSC9491 1.2V . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . TS·B 
TSC9495 5.0V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TS-8 
TSC949610.0V . . . . . . . . .. . .•. . .. .. .. . .• .. .. .•. . ..• ... .. TS-8 

DI A Converters 

TSC8641 /7541 12 Bit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TS-8 
TSC8640 11 Bit ... . ......... .. ... . .. . . . ..... ... ... . . . TS-8 

Voltage-to-Frequency Converters 

TSC9400/01/02 ... . ........ .. ... .. . ..... . .. .... ... . . .. TS-9 

Serial to Parallel Peripheral Driver 

TSC9403/04 ... ... .. .............. . .. .. . .. . . . .... . . . • TS-10 

Power MOSFET Driver 

TSC450 . . . ... . ..... ........... ... . .. . . .. .. . ......... TS-10 

Bipolar Interface Logic 

TSC300 Family ..... ... . .. . . . . ... . • .. . ....... . . TS-11 , TS-12 

Junction FETS 

G.P. Amplifiers/Switches .. . ... . . . . TS-1 2, TS-13, TS-1 4, TS-15 
Low Noise Amplifiers . .. .. ..... . ........ .. ..... TS-13, TS-14 
VHF Amplifiers . . .... . . . .... . ... . ......... ... . .... ... TS-13 
Current Regulators . . . .. . . .... .. .... .. ..... . ... ... ... TS-14 
Differential Amplifiers .. ... . ..... . .. ... . ... .. . . . ... . . TS-15 

TELEDYNE SEMICONDUCTOR reserves the right to make changes to circuitry or specifications shown without prior notice. TELEDYNE 
SEMICONDUCTOR assumes no responsibil ity for use of a product in circuits other than those intended by the manufacturer. 
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_.,~TELEDYNE SEMICONDUCTOR 

4112-Digit CMOS ADC 

Features 
• Guaranteed Zero Reading for 0 Volt Input 
• Multiplexed BCD Outputs 
• Run/ Hold , Busy and Strobe Control Pins 
• Low Input Current ... 1 pA 
• Low Power Dissipation . . . 10mW 

Part No. 

TSC7135 CJ I 
TSC71 35 CPI 

Package 

28-Pin CerDIP 
28-Pin Plast ic 

Resolution 

4"2-Digits 
4'h-Digits 

4-Digit, Seven Segment LCD and LED 
Decoder ID rivers 

TSC7211A Features 
• On-Chip Oscillator Generates Backp:ane Drive 

Frequency 
• Wide Supply Voltage Operation . . . 3V to 6V 
• Code B Output Format 

TSC700A Features 
• Guaranteed 11 mA Min imum LED Segment Current 
• Brightness Control 

TSC7212A Features 
• Guaranteed 5mA Minimum LED Segment Current 
• Brightness Control 

Part No. Package Output Drive 

TSC7211 AIPL 40 Pin Plastic Dip LCD 
TSC700 AIJL 40 Pin CerDIP LED 
TSC700 AMJL 40 Pin CerDIP LED 
TSC700 AMJL/ 883 40 Pin CerDIP LED 
TSC7112 AIPL 40 Pin Plastic Dip LED 

TSC7135 

SYSTEM APPLICATION 

Conversion Rate 

3 Read ings/ Sec 
3 Readings/ Sec 

ANALOG 
INPUT 

CLOCK 
IO'OK l-tz 

Input Noise 

10µVp-p 
10µVp-p 

TSC7211A (LCD Drive) 
TSC700A (LED Drive) 
TSC7212A (LED Drive) 

FUNCTIONAL DIAGRAM 

DIGIT 4 DIG IT 3 D IGIT 2 OIGIT 1 
SEGMENT OUTPU TS SEGMEN T OU TPUTS SEGMEN T OUTPUTS SEGMENT OUTPUTS 

LED Segment 
Drive Current Output Code 

NA 0-9,E,L,H,P, (blank ) 
11mA Minimum 0-9,E,L,H,P, (blank ) 
11mA Minimum 0-9,E,L,H,P, (blank ) 
11mA Minimum 0-9,E,L,H,P, (blank ) 
SmA Minimum 0-9,E,L,H,P, (blank ) 

TS~ I 
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~~TELEDYNE SEMICONDUCTOR 

31/2-Digit LCD Drive 
Analog-to-Digital Converters 

Family Features 
• Auto-Zero 
• Trve Polarity at Zero for Precise Null Detection 
• 1 pA Input Current 
• Direct Display Drive-No External Components 

Required 
• Low Noise- Less than 15µ Vp-p 
• On-Chip Clock and Reference 

TSC7106 Features 
• Power Dissipation Typically Less than 10 mW 
• True Differential Input and Reference 
• No Other Active Circuits Required 

Part No. 

TSC7106 COL 
TSC7106 CJL 
TSC7106 CPL 
TSC7106 RCPL 
TSC7126 COL 
TSC7126 CJL 
TSC7126 CPL 
TSC7116 COL 
TSC7116 CJL 
TSC7116 CPL 

FUNCTIONAL DIAGRAM 

v. 

VAEF 

v-

DI FFERENTIAL 
ANALOG 
INPUT 

,_____, COMMON IN- IN+ 
CAEF 

OSCILLATOR { 

'W' 
TSC7106 

BUFFER 

AUTO-
ZERO 

BP POLARITY 
INTEGRATOR 

., 
I 
I 
I 

n u 
5 

LCD 
DISPLAY 

Package Pin Layout 

40 Pin Ceram ic Dip Normal 
40 Pin CerDIP Normal 
40 Pin Plastic Dip Normal 
40 Pin Plastic Dip Reversed 
40 Pin Ceramic Dip Normal 
40 Pin CerDIP Normal 
40 Pin Plastic Dip Normal 
40 Pin Ceramic Dip Normal 
40 Pin CerDIP Normal 
40 Pin Plastic Dip Normal 

TSC7116 Features 

TSC7106 
TSC7116 
TSC7126 

• Hold Function for Indefinite Display Hold 
• Differential Analog Input 
• Low Noise-Less than 15µVp-p 
• On-Chip Clock and Reference 
• Power Dissipation Typically Less than 10mW 
• No Other Active Circuits Required 

TSC7126 Features 
• 8000 Hours Typical 9 Volt Battery Life 
• Pin Compatible with 7106 
• Power Dissipation Typically Less than 1 mW 
• T rue Differential Input and Reference 

BATTERY LIFE COMPARISON 

BATTERY LIFE COMPARISON 

20 

w 
u.. 

·sooo HR S. ON 
--' 9V ALKALI NE 
>- - BATTERY Tse· a::o 
w f- 7126 f- (/) 

f- "' 10 
;:; "' 

<D 
wo 
>~ _ ,._ 
f- -
4'. 
--' w 
a: 

TSC TSC 
TSC TSC 
7106 711 6 

1.0 71 07 7117 

Display Hold Power Input Differential 
Function Dissipation Sensitivity Reference 

No 10mW 10µV Yes 
No 10mW 10µV Yes 
No 10mW 10µV Yes 
No 10mW 10µV Yes 
No 1mW 10µV Yes 
No 1mW 10µV Yes 
No 1mW 10µV Yes 
Yes 10mW 10µV No 
Yes 10mW 10µV No 
Yes 10mW 10µV No 
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3112-Digit LED Drive 
Analog-to-Digital Converter 

Family Features 
• Auto-Zero, Auto-Polarity 
• True Polarity at Zero for Precise Null Detection 
• 1 pA Input Current 
• Direct Display Drive-No External Components 

Required 
• Low Noise-Less than 15µVp-p 
• On-Chip Clock and Reference 
• Bright Display for Easy Reading 
• Ratiometric Reading 

TSC7107 Features 
• True Differential Input and Reference 

TSC7117 Features 
• Hold Function for Indefinite Display Hold 
• Differential Input 

Part No. Package Pin Layout 

TSC7107 CDL 40 Pin Ceram ic Dip 
TSC7107 CJL 40 Pin CerDIP 
TSC7107 CPL 40 Pin Plastic Dip 
TSC7107 RCPL 40 Pin Plast ic Dip 
TSC7117 COL 40 Pin Ceramic Dip 
TSC7117 CJL 40 Pin CerDIP 
TSC7117 CPL 40 Pin Plastic Dip 

31h-Digit Multiplexed BCD Output 
Analog-to-Digital Converters 

TSC14433 Features 
• Accuracy: ± 0.05% of Reading ± 1 Count 
• Auto-Polarity and Auto-Zero 
• On-Chip System Clock or External Clock 
• Wide Supply Range : e.g., ±4.5V to ±8.0V 
• Overrange and Underrange Signals 
• Operates with LED and LCD Displays 

TSC14433A Features 
Same as 14433 Plus: 
• Rollover Error < 1 Count 
• Lower Power Consumption ... 4mW 

Part No.* 

TSC14433 CJ 
TSC14433A CJ 

Package 

24 Pin Plastic Dip 
24 Pin Plastic Dip 

*Also available in Ceramic and CerDIP Packages. 

Normal 
Normal 
Normal 
Reversed 
Normal 
Normal 
Normal 

Conversion 
Rate 

25 conv./sec 
25 conv./sec 
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TSC7107 
TSC7117 

FUNCTIONAL DIAGRAM 

...____.. 
COMMO N 

CREF 

VRE F 
.., .... 

TSC7107 

V· 

D IFFE R ENTIA L 
ANALOG 
INPUT 

IN- IN+ 

OSCILLATOR { 

AUTO-
ZERO 

BUFFER 

INTEGRATOR 
PO LAR ITY 

-, 
I 
I 
I 

,-, 
'-' -, 

I 
LED DISPLAY 

Display Hold Input 
Function Sensitivity 

No 10µV 
No 10µV 
No 10µV 
No 10µV 
Yes 10µV 
Yes 10µV 
Yes 10µV 

- DATA BITS 

POLARITY .,... 
TSC14433A 

DIGIT SELECT 

EOG 

HO LD 

1 

Differential 
Reference 

Yes 
Yes 
Yes 
Yes 
No 
No 
No 

TSC14433 
TSC14433A 

l~' PORTS 

MI CRO 
COMPUTI NG 

UNIT 
·MCU , 

MICROPROCESSOR INT ERFACE 

Rollover 
Error 

1 count 

Power 
Dissipation 

8mW 
4mW 

~ ~~~~~~~~-~-~~-

, 
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13-Bit Analog-to-Digital Converter 

Features 
• 12-Bit Plus Sign Integrating ADC 
• Overrange and Polarity Bit 
• Sign Magnitude Code Format 
• Single or Two Byte µP Bus Interface 
• Three-State Outputs Interface to 8/ 16-Bit Processors 
• UART Control Signals 
• Differential Analog Input and Reference 
• Auto-Zero Cycle Eliminates Zero Potentiometer 
• On-Chip Oscillator 
• Automatic 60 Hz Noise Rejection 
• Ratiometric Conversion 
• Low Input Noise-15µVp-p 
• Low Power-20mW 

"HANDSHAKE" SERIAL DATA TRANSMISSION 

SEND SECOND ---t SEN D 
DA.TA BYTE 

ANALOG 

INPUT 

SEND ~~~!l~~;~RST CfL(5A"6 
DATA 

SERIAL SEND FIRST MOOE 
OUTPUT DATA BYTE 

PARALLEL-TO-SER l,&,L 
INTERFA CE UART 

REMOTE UATA MEASUREMEN T SVSTEM 

Part No. 

TSC7109 MDL 
TSC7109 MJL 
TSC7109 BMDL 
TSC7109 MDUaa3 
TSC7109 MJU883 
TSC7109 BMJUaa3 
TSC7109 IDL 
TSC7109 IJL 
TSC7109 CPL 
TSC7109 BIJL 
TSC7109 BCPL 

Package 

40 Pin Ceramic Dip 
40 Pin CerDIP 
40 Pin CerDIP 
40 Pin Ceramic Dip 
40 Pin CerDIP 
40 Pin CerDIP 
40 Pin Ceramic Dip 
40 Pin CerDIP 
40 Pin Plastic Dip 
40 Pin CerDIP 
40 Pin Plastic Dip 

TS-6 

TSC7109 

TSC7109 VS. SUCCESSIVE APPROXIMATION ADC 

TSC7109 
Preferred Integrating 12-Bit 
Characteristics ADC SAR ADC 

µP - Compatible J Some 
UART - Interface J 
High Impedance Input J 
Internal Reference J Some Hybrids 
60 Hz Noise Rejection J 
Noise Averaging J 
High Speed J 
Good Sensitivity J 
Internal Clock J Some Hybrids 
13-Bit Resolution J 
2's Complement Coding J (or Offset 

Binary) 
No Zero Trim Needed J 
Low Power J 
Low Cost IC J 
S/ H Amplifier Not Needed J 

PARALLEL BUS INTERFACE 

Temp. Range 

- ss 0 to + 12s0 c 
- ss 0 to +12S° C 
- ss 0 to +12s0 c 
- ss 0 to +12s0 c 
-ss0 to + 12s0 c 
- ss0 to +1 2s 0 c 
-2s0 to +as0 c 
- 2s0 to +as0 c 
0°c to +10°c 
- 2s0 to +as0 c 
0°c to +10°c 

ADDRESS 0A 1A CONTROL 
BUS BUS BUS 

MC6800 
OR 

MCS650X 

Input Blas 
Current Over 
Temperature 

Sn A 
Sn A 

10nA 
Sn A 
Sn A 

10nA 
2SOpA 
2SOpA 
100pA 
SOOpA 
SOOpA 
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8, 10, 12-Bit A/D Converters 

Features 
• High Accuracy - Up to 12-Bit Resolution with 

< 1/2 LSB Error 
• Monotonic Performance 
• Low Power Dissipation . . . 20mW 

8, 10, 12-Bit Binary A/D Converters 
with Three-State Outputs 

Features: 
• Microprocessor Compatible 
• High Accuracy - Up to 12-Bit Resolution 

with < % LSB Error 
• Monotonic Performance 
• Low Power Dissipation - 20mW 

TSC8700 
TSC8701 
TSC8702 

• Data Valid , Busy and Start Conversion Pins 
• Strobed or Free Running Conversion 
• Infinite Input Voltage Range-Any Positive Voltage 

Can Be Applied Via a Scaling Resistor 

• Latched Parallel Binary Outputs 
• Data Valid , Busy and Start Control Pins 
• Strobed or Free Running Conversion 

TSC8703 
TSC8704 
TSC8705 

• Infinite Input Range-Any Positive Voltage Can Be 
Applied Via a Scaling Resistor . 

FUNCTIONAL DIAGRAM 

INITIATE 
CONVERSION 

- 5V 

Part No. 

TSC8700 CN 
TSC8700 CJ 
TSC8700 CN 
TSC8700 CJ 
TSC8700 CN 
TSC8703 BN 
TSC8703 CN 
TSC8703 CJ 
TSC8704 BN 
TSC8704 CN 
TSC8704 CJ 
TSC8705 BN 
TSC8705 CJ 

-::-

O.l µ F 

...d 
19 

Voo 

lK 

INTER NAL 
CLOCK 

& 
CONTROL 

LOGIC 

DATA 
COUNTERS 

OUTPUT" 
LATCH ES 

24 ENABLE" 
BINARY OUTPUTS 

~---u)8-B IT 10-BIT 12-BIT 

10 
11 

12 BIT 0 

TSC8703 8704 8705 

TSC8700 8701 8702 

22 BUSY 

Vss GND 

13 18 17 20 
'---i--""T""--..-----,~---------------' 23 DATA VALID 

- 20µA ~ RAE F R 0 1A s lOOK 
-::-

320K!l 

VREF - 5V 
I 0.1µF 

-::-

Package 

24 Pin Ceramic Dip 
24 Pin Plastic Dip 
24 Pin Ceramic Dip 
24 Pin Plastic Dip 
24 Pin Ceramic Dip 
24 Pin Ceramic Dip 
24 Pin Ceramic Dip 
24 Pin Plastic Dip 
24 Pin Ceramic Dip 
24 Pin Ceramic Dip 
24 Pin Plastic Dip 
24 Pin Ceramic Dip 
24 Pin Plastic Dip 

"TSC8703. 8704. 8705 ONLY 

Temperature Range 

- 40° C to +85° C 
0° c to +70° C 

- 40° C to +85° c 
0° c to +70° C 

- 40° C to +70° C 
- 55° C to + 125° C 
- 40° C to +85° C 

0° c to +70° C 
- 55° C to + 125° C 
- 40° C to +85° C 

0° c to +70° C 
- 55° C to + 125° C 

0° c to +70°C 

TS-7 

Resolution 

8-Bit 
8-Bit 

10-Bit 
10-Bit 
12-Bit 
8-Bit 
8-Bit 
8-Bit 

10-Bit 
10-Bit 
10-Bit 
12-Bit 
12-Bit 

Conversion Spread 

1.8mS 
1.8mS 
6.0mS 
6.0mS 
24mS 
1.8mS 
1.8mS 
1.8mS 

6mS 
6mS 
6mS 

24mS 
24mS 

~ ~ ~~~-~~~~ ~-
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Monolithic Voltage References/ 
Temperature Transducers 

TSC9491 Features TSC9495 Features 
• + 1.22 Volt Output • +5.0 Volt Output 

TSC9496 Features 
• + 10 Volt Output 

TSC9491 
TSC9495 
TSC9496 

• Low Supply Current: 50µA • Choice of Tolerance: 0.3% and 1% • Choice of Tolerance: 0.3% and 1% 
• Small T0-18 or T0-92 Package • Temp. Output Measures Temperature • Low Noise: 30 µVpp Max. 
• Reference for TSC7106/ 7126/ 7109 

Converters 
• Low Noise: 15 µVpp Max. • Replaces REF-01 
• Replaces REF-02 

Output Max. Temp. 
Part No. Package Temperature Range Voltage Coefficient 

TSC9491 AJ T0-92 
TSC9491 BJ T0-92 
TSC9495 CE T0-99 
TSC9495 CJ 8 Pin Plastic Dip 
TSC9495 EE T0-99 
TSC9496 CE T0-99 
TSC9496 CJ 8 Pin Plastic Dip 
TSC9496 EE T0-99 

Monolithic CMOS Converters 
Digital-to-Analog 

Features 

0° c to + 70° C 
0° c to + 70° C 
0° c to + 70°C 
0° c to + 70° C 
0° c to + 70° C 
0° c to + 70° C 
0°c to + 70° C 
0° c to + 70° C 

• 12-Bit Linearity (0.01 % Ach ieved Without Laser 
Trimming ) 

• 2ppm/° C Max Gain Error Tempco 
• Full Four Quadrant Multipl ication 

1.22V 50ppm/° C 
1.22V 100ppm/° C 
5.000V 65ppm/° C 
5.000V 65ppm/° C 
5.000V 8.5ppm/° C 

10.000V 65ppm/° C 
10.000V 65ppm /° C 
10.000V 8.5ppm/° C 

• TTL/ CMOS Compatible Inputs 
• Low Feedth rough Error 
• Compensated Feedback Resistor 
• Low Cost 

Accuracy 

2.5% 
2.5% 
1.0% 
1.0% 
0.3% 
1.0% 
1.0% 
0.3% 

TSC8640 
TSC8641 

• Low Power CMOS, <30mW • Direct Replacement for AD7521 and AD7541 

FUNCTIONAL DIAGRAM 

GND 

....__....., __ ...__+..,.+--+-i-<..._---l...;..4--+.;..6---1--+---~---<~'---.;..+--1-....._---+;....... lour2 
o.-;---~--+-;---...,.--e-;-----<1...,..._--~---.--+;-----<>+---+---+-:i-----+-- loun 

BACK 

BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8 BIT 9 BIT 10 BIT 11 BIT 12 

Part No. Package Temperature Range Non-Linearity Resolution 

TSC8640 BN 18 Pin Ceramic Dip - 55° C to + 125° C 0.024% 12-Bits 
TSC8640 CN 18 Pin Ceramic Dip - 25° C to + 85° C 0.024% 12-Bits 
TSC8640 CJ 18 Pin Plastic Dip 0° c to + 70° C 0.024% 12-Bits 
TSC8641 BN 18 Pin Ceramic Dip - 55° C to + 125° C 0.012% 12-Bits 
TSC8641 CN 18 Pin Ceramic Dip - 25° C to + 85° C 0.012% 12-Bits 
TSC8641 CJ 18 Pin Plastic Dip 0° c to + 70° C 0.012% 12-Bits 

TS-8 
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Voltage-To-Frequency/ 
Frequency-To-Voltage Converters 

Features 
• 1 Hz to 100KHz Operation 
• ± 25ppm/ ° C Typ . Gai n Temperatu re Stability 
• Open Col lector Outputs 
• Pulse and Square Wave Outputs 
• Programmable Scale Factor 

Frequency-to-Voltage 
• DC to 100KHz Operation 
• Operational Amplif ier Output 
• Programmable Scale Factor 
• High Input Impedance (>10M.!1 ) 

TSC9400 
TSC9401 
TSC9402 

• Current Input Accommodates Large Signal Inputs 
• Low-power Dissipation ... 27mW 

820pf 

~~~ 

V/ F CIRCUIT 
CONNECTION 

v~ o-'\/Vl--......-..__---1 -" 
0-101/ 

I 
I 
I 
I 
I 

Vs~ ----_J 
- 5V 

OFFSET 
ADJUST 

- 5V 

10Hz to lOKHz V/ F Converter 

Part No. Package 

TSC9400 CJ 14 Pin Plastic Dip 
TSC9400 CN 14 Pin Ceramic Dip 
TSC9400 CL 14 Pin CerDI P 
TSC9401 CJ 14 Pin Plastic Dip 
TSC9401 CN 14 Pin Ceramic Di p 
TSC9401 CL 14 Pin CerDIP 
TSC9401 CJ 14 Pin Plast ic Dip 
TSC9402 CL 14 Pin CerDIP 

+5V 

Re 

"" 
,, 

Re 
\OK 

Temperature 
Range 

0° c to +70° C 
- 40° C to +as° C 
- 40° C to +as° C 

0° c to + 70° C 
- 40° c to +as 0 c 
- 40° c to +as 0 c 

0° c to + 70° C 
- 40° c to +as 0 c 

F/V CIRCUIT 
CONNECTION 

, --------~·:._ _______ , 
I I 
I 
I 

r;;;o;;;;;;;il 
~le?.;"~ 

Non-Linearity 

O.OS% 
O.OS% 
O.OS% 
0.01% 
0.01% 
0.01% 
0.2S% 
0.2S% 

I 
I _________ __, 

Gain Temperature 
Drift 

40ppm/° C 
40ppm/° C 
40ppm/° C 
40ppm/° C 
40ppm/° C 
40ppm/° C 

100ppm/° C 
100ppm!° C 

~~ I 

-------
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Serial lnput/16-Bit Parallel 
Output Peripheral Driver 

Features Applications 

TSC9403 
TSC9404 

• High Voltage Outputs: 20V (TSC9403 ), 
15V (TSC9404) 

• High Current Voltage µ-Processor Serial Port 
Expander 

• High Output Current Sink Capability: 60mA @ • LED Bar Graph Driver 
Vsat = O.SV • Thermal Printhead Driver 

• Low Standby Power: 20mW Maximum 
• High Speed Operation : 5.0 MHz 
• 16 Parallel Outputs 
• Cascad ing Possible for Longer Data Words 

SERIAL 1 
DATA 
INPUT 

v· LOGIC GROUND 

24 

• Relay/ Solenoid Driver 
• Tungsten Lamp Driver 
• SCA Gate Driver 

FUNCTIONAL DIAGRAM 

10 11 13 14 15 16 18 19 

NOTE: LOGIC 1 SERIAL DATA INPUT BIT TUR NS OUTPUT NMOS ON . 

Temperature Output 
Part No. Package Range Voltage 

TSC9403 CJ 24-Pin Plastic Dip 0° c to + 70° C 20V 
TSC9403 IL 24-Pin CerDIP - 25° C to +85° C 20V 
TSC9404 CJ 24-Pin Plastic Dip 0° c to + 70° C 15V 
TSC9404 IL 24-Pin CerDIP - 25° C to +85° C 15V 

Dual Power MOSFET Driver 

20 

TSC9403 
TSC9404 

SERIAL 
DATA 
OUTPUT 

21 -./'./'./'----:'.• Vs 

A LOAD 

Rate Clock 

5.0MHz 
5.0MHz 
5.0MHz 
5.0MHz 

TSC450 

Features +Vee TSC450 Drives Po wer MOSFET 

• Dual Device for High Packing Density 
• User Selectable Inverting on Non-Inverting Operation 
• Single Supply Operation 
• TTL-Compatible Inputs 
• High Voltage Outputs .. . .. .. .. . ... .. ... . . . . . Vcc-1 V 
• High Output Sink Current .. . . . ... .... .... . . . .. 12mA 
• High Output Source Current ........ . ... . ...... 6mA 
• Fast Switching ... . . . . . .. ... . . .. ... . . .. . . ...... 125nS 
• Available with MIL-STD-8838 Processing 

Part No. 

TSC450 AIJE 
TSC450 ACPE 
TSC450 BIJE 
TSC450 BCPE 
TSC450 AMJE 
TSC450 BMJE 
TSC450 AMJE/ 883 
TSC450 BMJE/ 883 

Package 

16-Pin CerDIP 
16-Pin Plastic Dip 
16-Pin CerDIP 
16-Pin Plastic Dip 
16-Pin CerDIP 
16-Pin CerDIP 
16-Pin CerDIP 
16-Pin CerDIP 

TS-10 

16 

4 6 ~ 
INPUT TSC450 

50 II 

Temperature Range 

- 25° C to +85° C 
0° c to +70° C 

- 25° C to + 85° C 
0° c to + 70°C 

-55° C to + 125° C 
- 55° C to + 125° C 
- 55° C to +1 25° C 
- 55°C to + 125°C 

I 
I 
L ____ _ 

NO TE: Pin 4 IS Inverting Input 
Pin 6 is Non -ln11erting Input 

I POWER I MOSFET 

I 
J 

Supply Voltage 

15V 
15V 
12V 
12V 
15V 
12V 
15V 
12V 
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Series 300 Bipolar Logic Interface Products 

Family Features 
• High-Noise Immunity . .. 3.SV to 6.SV 
• Rugged Bipolar Construction 
• I mm unity to Electrostatic Destruction 
• Output Current Drive to 250mA 
• Wide Supply Voltage Operation ... 11 V to 16V 
• Active and Passive Pull-Up Output Stages 

SERIES 300 LOGIC OFFERS HIGH­
NOISE SPIKE IMMUNITY 

40, 

30, 

NOlSE 
INPUT 
VOLTAG E 20, 
! Em 

10• 

Device -
Supply Voltage .._. 

Logic Fami ly --

NOISE 
GENERATOR 

c 

I
Eo 

E1N 

Zour 

ELECTRICAL NOISE MODEL 

C = SOOpF 

0 1 0 1 0 1 0 1 0 1 

7400 74COO 4011 321 321 
@ 5• @5' @5• @ 12v @ 15v 
TTL CMOS CMOS SERIES SERIES 

300 300 

NO ISE IMMUNITY TEST RESULTS 

0 1 

74COO 
@ 1Sv 
CMOS 

0 1 

4011 
@ 15v 
CMOS 

Typical High Noise Environments 
Copy Machines 
Facsimile Machines 
Automotive Test Equipment 
Coin Changers 
Credit Card Vending Machines 
Alarm Systems 
Traffic Controllers 
Gasoline Pumps 
Conveyor Belt Controllers 
Missile Fire Controllers 
Welding Equipment 
Robots 
Radar Systems 
Numerically Controlled Machine Tools 
Chemical Plants 
Energy Management Systems 
Motor Control Systems 

NOISE IMMUNITY 
vs. 

LOGIC FAMILY 

7.0 I-

6.0 t-

!!! 5.0 a I-

::: 
~ 4.0 c: I- Vs= 11V 
:i 
E 

3.0 .§ ., 
.., ..... t-

SERIES 

"' 0 2.0 
z 

I- 300 
LOG IC 

1.0 t- Vs= SV 

l TTL l 

Vs= 14V .., ..... 
SERI ES 

300 
LOG IC 

----
Low 

TS-11 I 
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Series 300 Product Guide 

Features 
• Operation on 11V to 16V Power Suppl ies • Rugged Bipolar Construction 
• Low Output Impedance: 30 
• High Sink and Source Current: Up to 250mA 

• 1 MHz Limited Band Width for High Frequency Noise 
Reject ion 

• CMOS Compatible Inputs (When operating on 11 V to 16V 
power supplies ) 

• Proven High Reliability 

Most Popular Series 300 Products 

..awER GATES 

ZSOmA SINK CURRENT 

3IO 315 38 3 384 

1¥i~~~ 
Vee• 1' 

GNCl• 1 

HEX BUFFERS 

10mA SI NK CU RRENT 

333 HEX 

~ 
-'.!..Lr 

~ 
Vi;:c•11 

334 STROBE D 

Vee •t 
CHO· • 

•• 

8UFFER GATES 

42mA SINK CURRENT 

Vcc · 11 
GlllO• I 

DE CODERS/D RI VERS 

,., 

,,,, 
try 

~ 
~ 

~ 

'" 
t !ll! 

~" 

GATES 

10mA SINK CURRENT 

322 321 

l~=D 

JlRH 

Vu• ll --· B .. ' . 
' 

Additional Products: 
• Timers 
• Digital Multiplexers 
• One Shots 
• Four Bit Comparators 
• Decade Counters 
• Up/ Down Counters 
• Quad D Flip Flops 
• AND-OR-Invert Gates 
• Dual , Triple and Quad Gates 
• Send for Full Product Line Catalog 

Field Effect Transistors 

VOLTAGE LEVEL 
TRANSLATORS ,., 

"" D iD2 

D ' ~ 
~ 

zy 
Vc,c •ll 

. 
ONO • I ~ 

The following four pages provide principle specifications on all devices in Teledyne's broad JFET product line. 
Arranged by geometry for easy comparison and choice between similar devices, it simplifies selection of the ideal 
device for a given application or performance requirement. 

Metal Package 
9fs 

Device mm hos 
Min. Max. 

2N3823 3.5 6.5 
2N3822 3.0 6.5 
2N4223 3.0 7.0 
2N3967 2.5 -
2N3968 2.0 -
2N4224 2.0 7.5 
2N5556 1.5 6.5 
2N5557 1.5 6.5 
2N5558 1.5 6.5 
2N3969 1.3 -
2N3824 - -
2N3966 - -
2N3821 1.5 4.5 

1127 
General-Purpose Amplifier and Switch 

IGSS VGS(Off) ' OS(ON) NF/en ioss BVGSS 
pA v ll d B mA v 

Max. Min. Max. Max. Max. Min. Max. Min. 

500 - 8 - 4 20 30 
100 - 6 - 200nV/JHz 2 10 50 
250 0.1 8 - 5 3 18 30 
100 2 5 400 1.5 2.5 10 30 
100 - 3 700 1.5 1 5 30 
500 0.1 8 - - 2 20 30 
100 0.2 4 - 20 nVl \/1ii 0.5 2.5 30 
100 0.8 5 - 20 nV/ J!ii 2 5 30 
100 1.5 6 - 20 nV/ jHz 4 10 30 
100 - 1.7 - 1.5 0.4 2 30 
100 - 8 250 - - - 50 
100 4 6 220 - 2 - 30 
100 - 4 - 200 nv1JH,. 0.5 5 50 

. 
TS·12 

Ciss Crss Package 
pf pf rava llable 

Max. Max. In plasllc) 

6 2 T0-72 
6 3 T0-72 
6 2 T0-72" 
5 1.3 T0-72 
5 1.3 T0-72 
6 2 T0-72 
6 3 T0-72 
6 3 T0-72 
6 3 T0-72 
5 1.3 T0-72 
6 3 T0-72 
6 1.5 T0 -72 
6 3 T0-72 

1cont. 1 
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1127 
General-Purpose Amplifier and Switch (cont.) 

Plastic Package 
!111 IGSS VGS(OFF) 'OS(ON) NF/in •oss BVGSS Ciu Cru Package 

Device mmho1 pA v n dB mA v pF pF (*available 
Min. Max. Max. Min. Max. Max. Max. Min. Max. Min. Max. Max. In plastic) 

BC264D 4.0 - 10000 0.5 - - 2 7 12 30 4 1.2 T0-92RR 
2N5949 3.5 7.5 1000 3 7 200 5 12 18 30 6 2 T0-92RR 
2N5950 3.5 7.5 1000 2.5 6 210 5 10 15 30 6 2 T0-92RR 
2N5951 3.5 6.5 1000 2 5 250 5 7 13 30 6 2 T0-92RR 
BC264C 3.5 - 10000 0.5 - - 2 5 8 30 4 1.2 T0-92RR 
BC264B 3.0 - 10000 0.5 - - 2 3.5 6.5 30 4 1.2 T0-92RR 
BC264 2.5 - 10000 0.5 - 2 2 12 30 4 1.2 T0-92RR 
BC264A 2.5 - 10000 0.5 - - 2 2 4.5 30 4 1.2 T0-92RR 
2N5952 2.0 6.5 1000 1.3 3.5 300 5 4 8 30 6 2 T0-92RR 
2N5953 2.0 6.5 1000 0.8 3 375 5 2.5 5 30 6 2 T0-92RR 
J5163 1.8 - 10000 0.4 8 500 3 1 40 25 20 5 T0-92 
J103 1.5 - 500 2 10 650 - 4 20 30 3 3 T0-92 
J102 1.0 - 500 0 .8 4 1,200 - 0.9 4.5 30 8 3 T0-92 
JlOO 0.5 - 500 0 .3 10 3,000 - 0.2 20 30 8 3 T0-92 
J101 0.5 - 500 0 .3 1.5 3,000 - 0.2 1 30 8 3 T0-92 

1134 
GP Low-Noise Amplifier-68 nVJ)Hz@ 1 KHz 

91s IGSS VGS(OfF) Nf/ i!'n Joss BVGSS CJss Crss Package 
Device mmhos pA v dB mA v pf pf (*availabte 

Min. Max. Max. Min. Max. Max. Min. Max. Min. Max. Max. In plasllc) 

2N4339 0.8 2.4 0.1 0.6 1.8 68 nVl .)Bi 0.5 1.5 50 7 3 T0-18" 
2N4338 0.6 1.8 0.1 0.3 1 68 nV/ VHz 0 .2 0.6 50 7 3 T0-18' 
J4303 2 - 1 - 6 2 4 10 30 6 3 T0-92 
J4302 1 - 1 - 4 2 0.5 5 30 6 3 T0-92 
J4304 1 - 1 - 10 3 0.5 15 30 6 3 T0-92 

1135 
VHF RF Amplifier-400 MHz 

Metal Package 
911 IGSS VGS(OFF) ioss BVGSS Ciu c, .. N.f . @ Package 

Device mmhos pA v mA v pF pF 400MHz dB (*Available 
Min. Max. Max. Min. Max. Min. Max. Min. Max. Max. Max. in Plastic) 

2N4416 4.5 7.5 100 - 6 5 15 30 4 0.8 4 T0-72" 
BfWlO 3.5 6.5 100 - 8 8 20 30 5 0.8 2.5 T0-72 
BfW11 3.0 6.5 100 - 6 4 10 30 4 0.8 2.5 T0-72 
BfW61 2.0 6.5 100 - 8 2 20 25 6 2.0 - T0-72 

Plastic Package 
Bf256 4.5 5 5 0.5 7.5 3 18 30 - - - T0-92RR 
Bf256A 4.5 5 5 0.5 7.5 3 7 30 - - - T0-92RR 
Bf256B 4.5 5 5 0.5 7.5 6 13 30 - - - T0-92RR 
Bf256C 4.5 5 5 0.5 7.5 11 18 3 - - - T0-92RR 
U1837J 4.5 10 0.25 0.5 8 4 25 30 6 2 3 T0-92RR 
2N5245 4.0 - - 1 6 5 15 30 4.5 1.2 2 T0-92RR 

2N5247 4.0 - - 1.5 8 8 24 30 4.5 1.2 1100 MHZJ T0-92RR 4 
U1994J 4.0 - 0.1 - 6 5 15 30 4 1 4 T0-92 
2N5486 3.5 - - 2 6 8 20 25 5 1.2 4 T0-92 
BF244 3.0 6.5 5 0.5 8 2 25 30 4 1.6 - T0-92 
BF244A 3.0 6.5 5 0.5 8 2 6.5 30 4 1.6 - T0-92 
BF244B 3.0 6.5 5 0.5 8 6 15 30 4 1.6 - T0-92 
BF244C 3.0 6.5 5 0.5 8 12 25 30 4 1.6 - T0-92 
BF245 3.0 6.5 5 0.5 8 2 25 30 4 1.6 - T0-92R 
BF245A 3.0 6.5 5 0.5 8 2 6.5 30 4 1.6 - T0-92R 
BF245B 3.0 6.5 5 0.5 8 6 15 30 4 1.6 - T0-92RR 
BF245C 3.0 6.5 5 0.5 8 12 25 30 4 1.6 - T0-92RR 
2N5485 3.0 - 1 0.5 4 4 10 10 25 1.2 2 T0-92 
2N5484 2.5 - 1 0.3 3 1 5 25 5 1.2 3 T0-92 
2N5246 2.5 - 1 0.5 4 1.5 7 30 4.5 1.2 4 T0-92RR 
2N5670 2.5 - 2 2 8 8 20 25 7 3 2.5 T0-92 
MPF102 2.0 7.5 2 - 8 2 20 25 7 3 - T0-92 
2N5459 2.0 6 1 2 8 4 16 25 7 3 - T0-92 
2N5669 1.6 - 2 1 6 4 10 25 7 3 2.5 T0-92 
2N5458 1.5 5.5 1 1 7 2 9 25 7 3 - T0-92 
2N5457 1.0 5 1 0.5 6 1 5 25 7 3 - T0-92 
2N5668 1.0 - 2 0.2 4 1 5 25 7 3 2.5 T0-92 

2N5555 rOS(on 1 = 1 - 10 15 - 25 5 1.2 - T0-92 
150!lmax. 

J304 - - 0.1 2 6 5 15 30 - - - T0-92 
J305 - - 0.1 0 .5 3 1 8 30 - - - T0-92 
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1136 
Low-Noise Amplifier-10 nVlJHz@ 100Hz 

Metal Package 

•n N.f . Ult IGSS VGS(Off) IDSS BVGSS C1a1 c, .. 
DOYlcO @ 10Hz dB mmho pA v mA v pf pf Package 

Max. Max. Min. Max. Max. Min. Max. Min. Max. Min. Max. Mu:. 

2N5392 17.5 nvtJ,:Hz 1 2 6.0 100 0.5 2.5 1 3 70 18 5 T0-1 8 
2N5393 17.5 nV/~ 1 3 6.5 100 1 3 2.5 4.5 70 18 5 T0-18 
2N5394 17.5 nV/~ 1 4 7.5 100 1 4 4 6 70 18 5 T0-18 
2N5395 17 .5nV/~ 1 4 7.5 100 1.5 4 5.5 8 70 18 5 T0-18 
2N5396 17.5 nvtV'Hz 1 4 7.5 100 2 5 7.5 10 70 18 5 T0-19 

1144 
General-Purpose N-Channel Switch: 25-100!1 

Metal Package 

'DS(ON) VGS(OfF) ID(OFF) Clss Crss BVGSS toss Package 
Device fl v pA pF pF v mA ("Available 

Max. Min . Max. Mn. Max. Max. Min. Min. Max. in Pla1tic) 

2N4856 25 4 10 250 18 8 40 50 - T0-18" 
2N4859 25 4 10 250 18 8 30 50 - T0-18" 
2N3970 30 5 10 250 25 6 40 50 150 T0-18" 
2N4091 30 5 10 200 16 5 40 30 - T0-1 8" 
2N4391 30 4 10 100 14 3.5 40 50 150 T0 -1 8" 
2N4857 40 2 6 250 18 8 40 20 100 T0-1 8" 
2N4860 40 2 6 250 18 8 30 20 100 T0-18" 
2N4092 50 2 7 200 16 5 40 15 - T0-18" 
2N3971 60 2 5 250 25 6 40 25 75 T0-18" 
2N4392 60 2 5 100 14 3.5 40 25 75 T0-18 " 
2N4858 60 0.8 4 250 18 8 40 8 80 T0-18 
2N4861 60 0.8 4 250 18 8 30 8 80 T0 -18 
2N4093 80 1 5 200 16 5 40 8 - T0-18" 
2N3972 100 0.5 3 250 25 6 40 5 30 T0-18" 
2N4393 100 0.5 3 100 14 3.5 40 5 30 T0-18" 
NF1 10 120 0.5 10 - 20 - 30 5 - T0-18 
NF511 120 - 10 - 20 - 20 5 - T0-18 

Plastic Package 
2N5638 30 4.0 10 1000 10 4.0 30 50 - T0-92 
J l 11 30 3.0 10 1000 - - 35 20 - T0-92 
U1897J 30 5.0 10 - 16 - 40 30 - T0-92 
2N5653 50 - 12 1000 10 3.5 30 40 - T0 -92 
J l 12 50 1.0 5 1000 - - 35 5 - T0-92 
U1898J 50 2.0 7 - 16 - 40 15 - T0-92 
2N5639 60 2.0 5 1 10 4.0 30 25 - T0-92 
U1899J 80 1.0 5 - 16 - 40 8 - T0-92 
2N5640 100 0.5 3.0 1000 10 4.0 30 5.0 - T0-92 
2N5654 100 - 12 1000 10 3.5 30 15 - T0-92 
J 113 100 0.5 3.0 1000 - - 35 2 - T0-92 
BF246 - 0 6 14.5 5000 - - 25 10 300 T0-92 
BF246A - 0.6 14.5 5000 - - 25 30 80 T0-92 
BF246B - 0.6 14.5 5000 - - 25 60 140 T0 -92 
BF247 - 0.6 14.5 5000 - - 25 10 300 T0-92RR 
BF247A - 0.6 14.5 5000 - - 25 30 80 T0-92RR 
BF247B - 0.6 14.5 5000 - - 25 60 140 T0 -92RR 
BF247C - 0.6 14.5 5000 - - 25 110 250 T0-92RR 

1147 
Current Regulator Tolerance +20% 

Peak Operating Limi ti ng Small Signal Anode Cathode 
Forward Current Voltage Voltage Dynamic Impedance Capacitance 

Part # IF1 POV VL ZF CAC 
TCR VF · 25V IF · 1.1 IF1 (max) IF · 1.9 IF1 (min) VF · 25V, f • 1kHz VF · 25V, f • 1MHz 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

500 192µA 240µA 288µA 75V 0.8V 1V 5Mll 8Mll 2p F 
501 264µA 330µ A 396µ A 75V 0.9V 1.1V 3Ml l 6Mll 2pF 
502 344µ A 430µ A 516µA 75V 1.1V 1.3V 2Mll 4.4Mll 2pF 
503 448µ A 560µA 672µ A 75V 1.2V 1.4V 1.4MJl 3.4Mll 2pF 
504 600µ A 750µA 900µA 75V 1.4V 1.6V 1Ml l 2.5Mll 2pF 
505 800µA 1000µA 1200µA 75V 1.5V 1.7V 0.8Mll 1.9Mll 2pF 
506 1120µA 1400µ A 1680µA 75V 1.BV 2V 0.6M ll 1.4 Mll 2pF 
507 1440µ A laOOµA 2160µA 75V 2V 2.2V 0.5M!l 1Mll 2pF 
508 1680µA 2100µ A 2520µ A 75V 2V 2.3V 0.4Mll 0.6Mll 2p F 
509 2000µA 2500µA 3000µ A 75V 2.15V 2.4 V 0.35 Mll 0.5Mll 2pF 
510 2400µ A 3000µ A 3600µA 75V 2.25V 2.5V 0.30Mll 0.45Mll 2pF 
511 2880µ A 3600µ A 4320µ A 75V 2.50V 2.75V 0.265Mll 0.35Mll 2pF 
512 3440µA 4300µ A 5160µA 75V 2.75V 2.95V 0.245Ml l 0.30Mll 2pF 
513 4240µA 5300µA 6360µA 75V 2.85V 3.05V 0.210Mll 0.27Mll 2pF 
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1230 
General Purpose Switch - 75fl 

Metal Package 
' DS(ON) VGS(OFF) ID(OFF) Ciss Crss BVGSS IDSS 

Device n v nA pF pF v mA Package 
Max. Min. Max. Max. Max. Max. Min. Min. Max. 

2N5018 75 - 10 10 45 10 30 10 - T0-18P 
TP5114 75 5 10 0 .5 45 10 30 30 90 T0-18P 
TP5115 100 3 6 0.5 45 10 30 15 60 T0-18P 
2N5019 150 - 5 10 45 10 30 5 - T0-18P 
TP5116 150 1 4 0.5 45 10 30 5 25 T0-18P 

Plastic Package 
P1086RR 75 - 10 10 45 10 30 10 - T0-92RR 
J174 85 5 10 1 - - 30 20 100 T0-92 
P1087RR 100 - 5 - 45 10 30 5 - T0-92RR 
J175 125 3 6 1 - - 30 7 60 T0-92 
J176 250 1 4 1 - - 30 2 25 T0-92 
J177 300 0.8 2/ 25 - - - 30 1.5 2 T0-92 

1551 
Monolithic Differential Amplifier-General Purpose 

Metal Package 
VGS @ VGS1-2 @ IG @ GOS1-2 gfs N.F. 
200µ A 200µ A 200µ A @ 700µ A @ 200µ VGS(OFF) Or en IDSS Ciss Crss 

Device µ.V/ ° C mV pA µmhos mmhos v dB mA pF pF Package 
Max. Max. Max. Max. Min. Max. Min. Max. Max. Min. Max. Max. Max. 

2N5196 5 5 15 1 1 4 0.7 4 20nVi ./HZ 0.7 7 6 2 T0-71 
2N5197 10 5 15 1 1 4 0.7 4 20nV/ VEf 0.7 7 6 2 T0-71 
2N5198 20 10 15 1 1 4 0.7 4 20nVi ./HZ 0.7 7 6 2 T0-71 
2N5199 40 15 15 1 1 4 0.7 4 20nV/ .jHZ 0.7 7 6 2 T0-71 

1555 
Monolithic Differential Amplifier- Low Noise 

Metal Package 
VGS @ VGS1-2 IG @ VOS1-2 g1. N.F. 

@ 200µ 200µ A 200µ 700µA @ 200µA VGS(OFF) Or en ioss Ciss Crss 
Device µV!° C mV pA µmhos mmho1 v dB mA pF pF Package 

Max . Max. Max. Max. Min. Max. Min. Max. Max . Min. Max. Max. Max. 

2N5561 5 5 - 0.3 2 3 0.8 3 50nV/ JHz 1 10 15 4 T0-71 
SU2652 5 3 25 0.1 1 2 - 3 - 1 10 14 3 T0-71 
SU2653 5 5 25 0 1 1 2 - 3 - 1 10 14 3 T0-71 
2N3921 10 5 250 - 15 - - 3 2 1 10 18 6 T0-71 
2N4084 10 15 250 - 1 .5 - - 3 2 1 10 18 6 T0-71 
2N5562 10 10 - 0.4 2 3 0.8 3 SOnvtVEf 1 10 15 4 T0-71 
SU2356 10 5 100 - 1 2 - 3.5 SOnV/~ 0 .5 10 16 4 T0-71 
SU2356A 10 5 20 - 1 2 - 3.5 15nV/~ 0.5 10 16 4 T0-71 
SU2366 10 10 100 - 1 2 - 3.5 50nV/~ 0 .5 10 16 4 T0-71 
SU2366A 10 10 20 - 1 2 - 3.5 15nV/ JHz 0.5 10 16 4 T0-71 
SU2654 10 5 25 0 1 1 2 - 3 - 1 10 14 3 T0-71 
SU2655 10 10 25 0 1 1 2 - 3 - 1 10 14 3 T0-71 
2N3922 25 5 250 - 1.5 - - 3 2 1 10 18 6 T0-71 
2N4085 25 15 250 - 15 - - 3 2 1 10 18 6 T0-71 
2N5563 25 15 - 0.5 2 3 0 .8 3 50nV/ Ji:ji 1 10 15 4 T0-71 
SU2367 25 10 100 - 1 2 - 3.5 15nV/~ 0.5 10 16 4 T0-71 
SU2367A 25 10 20 - 1 2 - 3.5 15nV/~ 0.5 10 16 4 T0-71 
SU2368A 25 15 20 - 1 2 - 3.5 15nV/~ 0.5 10 16 4 T0-71 
SU2368 25 15 100 - 1 2 - 3.5 50nv; JHz 0.5 10 16 4 T0-71 
SU2656 25 15 25 0.1 1 2 - 3 - 1 10 14 3 T0-71 
SU2080 35 15 500 - 1.5 - - 4 2 1 10 18 6 T0-71 
SU2369A 40 20 ,. 20 - 1 2 - 3.5 15nV/ Ji:ji 0.5 10 16 4 T0-71 
SU2369 40 20 100 - 1 2 - 3.5 50nV/ JHz 0.5 10 16 4 T0-71 
SU2081 60 15 500 - 1.5 - - 4 2 1 10 18 6 T0-71 

I 
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Design Ideas 

Analog multiplier measures phase 

Alan Rich 
Analog Devices Semiconductor, Wilmington, MA 

You can measure the relative phase of input lines in a 
3-phase power system by using Fig l's circuit. It 
employs a 4-quadrant multiplier, one input of which 
monitors reference phase V Rsinwt. Applying a test 
phase VTsin(wt-<j>) to the other input and introduc-

R3 1k 

1 N4740 
(10v) 

1 N4740 
(10v) 

R5 56k 

14 

_s_~_1 .... x, 

g X2 

ing an additional 90° phase shift between the inputs 
produces an average product voltage proportional to 
the sine of phase angle <f>. , 

One ac input, Pi. serves as the reference phase and 
circuit power supply. The second ac input, P2, is the 
line under test. If the test phase is 120° from the 
reference phase, LED1 lights; LED2 lights when the 
test phase is -120° from the reference phase. When 
the test phase and reference phase are the same, 
LED lights. 

Z2 

0.1 µF 

, 0.1 µF 

100k 

Vo= 
. 1.4V 120• 
-1.4V -120 ° 

av o· 

20V 

AD532K 

R, 

4300 
2W 

P2 R10 

TEST 4300 PHASE 2W 

~ 
LED 3 

TESTON 

REFERENCE 
PH ASE 

13 

15V 12 

R1s 
3300 

10k R2 

TRANSFORMER 
115V ac 

to 
30V ac CT 

2 VA 

5.1k 

v, 

Y2 

10 -20V 

':' 

2k 
B.ff.ill:! v. w 

20V 

100 

1N4744 

+ ':' 
500 µF 1 N4744 

100 

-20V 

Fig 1-A 4-quadrant-multiplier-based circuit measures the re lative phase of two inputs by shifting the reference phase 90° and 
multiplying it by the test phase. The resulting output is an analog signal proportional to the sine of the phase angle. 
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OUTPUT VOLTAGE (V) 

3 

-3 

PHASE = -120 ' 

OUTPUT VOLTAGE (V) 

3 

time 
(m SEC) 

L 
PHASE = O' 

OUTPUT VOLTAGE (V) 

3 

-3 

PHASE = 120 ' 

Fig 2-Multiplier output voltages for ::1::120° phase shifts show an average value of ± 0.5V, respectively. For a phase shift of 0°, the 
average value is zero. 

The test phase is optically isolated from the circuit 
by Zi, a high-gain device whose output, which 
connects to the multiplier Y input, is a square wave. 
A1, R6 and C, shift the reference phase 90° before it's 
applied to the multiplier's X input. Fig 2 shows the 
multiplier output waveforms for - 120, 0 and + 120° 
phase shifts. 

The average multiplier output, detected by the 
·active low-pass filter comprising A2, R17, R,8, Cs and 

C9, is V 0=0.8sin<t>. R20 and R21 set a voltage gain of 2. 
When the test phase is 120°, V0=1.4V, and Q2 turns 
LED2 ON. When the test phase and reference phase 
are equal, V 0=0V, transistors Q, and ~are biased 
OFF, and both LEDs are OFF. EDN 

To Vote For This Design, Circle No 452 

3 Reasons why you 
should test your MP 

system with an AO 

• Go to the job-The self-contained AQ8080 or AQ6800 Microprocessor Analyzers need no separate terminal, 
memory allocation, or 110 assignment. These MP instruments support and service your systems from bread­
board and software debugging to production testing, training, and field service. 

08002 

Call our Engineering Dept. for more reasons why AO Microprocessor 
System Analyzers are your cost effective alternative to in-circuit 
emulators and CRT analyzers. Or write for free brochure with full 
engineering details. 

....c:-i 

1
A Q SYSTEMS, INC. 

1736 Front St. Yorktown Heights, N.Y. 10598 
(914) 962-4264 Out of state (800) 431·2104 
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Introducing: 
METGIAS™ 

Cores 

We're just getting 
warmed up when some 
others are burned out. 

Ferrite cores can't stand the heat of your 
latest design challenge? Conventional cores 
cracking up under the stress of your most 
demanding applications? Check out the remark­
able properties of new METGLAS Amorphous 
Alloy Cores. 

They're more than a new core; they contain 
a whole new class of materials. METGLAS® 
amorphous alloys are produced by rapid quench 
techniques pioneered by Allied Corporation that 
cool molten metals at about a million degrees 
Centigrade per second. Their unique properties 
greatly reduce both core loss and heat genera­
tion. And their hard-working performance over 
a wide frequency range enables smaller. lighter 
configurations ideal for airborne. laser and other 
high technology areas. 

Lighter. Smaller. Cooler. More efficient. The 
possibilities for your latest design challenge 
are endless. METGLAS Amorphous Alloy Cores 
are available from leading core manufacturers 
in a variety of sizes and shapes. For all the facts 
call or write: Metglas Products, Allied Corporation, 
6 Eastmans Road, ~ 
Parsifpany, NJ 07054. LLIED 
(201 455-4442. 
CIRCLE NO 62 Corporation 
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F=AIRCHILD 

A Schlumberger Company 

THERE'S A FAST 
IN YOUR FUTURE. 
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When we introduced the 
FAST™ family of high-speed, 
low-power latches, buffers, 
flip-flops, counters, registers, 
and multiplexers in 1978, 
we had several objectives 
inmind: 

Fulfill the market's need 
· for a high-speed logic family 
without the power consump­
tion of Schottky or ECL. 

Expand the scope of a 
TIL SSl/MSI logic family 
into LSI functions. And to 

E DN NOVE MBER 24, 1982 

1982 
1,000,000 UNITS 

SHIPPED IN ONE MONTH 

1983 
OVER 100 DIFFERENT 

PARTS IN PRODUCTION 

1983 
FIRST LSI 

PARTS PRODUCED 

be around long enough to 
realize its full potential. 

Today, four years and 62 
parts later, the world is get­
ting more and more FAST all 
the time. In fact, in 1983, 
we'll have our first million­
unit customer. 

There's more. In 1983 
FAST LSI goes into produc­
tion, bringing the total 
number of FAST devices to 
over 100. 

We have seen the future, 

CIRCLE NO 63 

and it is FAST. Call or write 
your local Fairchild sales 
office or distributor and we'll 
send you a FAST data 
book free. Fairchild Digital 
Products Division , 333 
Western Avenue, South 
Portland, Maine, 04106. 

-·~ ---~ ------ -___ ._.._ ---- ~ ~-- --- --- ---FAST is a trademark of Fairchild Camera and Instrument Corporalion 
for Digital Products. Fairchild Camera and Instrument Corporation. 
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To build the best,you have to expect thewo1-st. 
Military and aerospace applications subject switches to the worst possible conditions­

extreme temperature and altitude changes, severe shock and vibration, EMI/RFI, spraying salt 
water, and dust. And in most cases, they simply can't afford to fail. That's why MICRO SWITCH 
builds position sensors and manual controls to keep working no matter how bad conditions get. 

These products are tested by our evaluation lab for almost every environmental condition. 
This assures consistent quality and dependable performance to meet tough military s~cifications. 
For example, pictured above is our high-performance FW proximity sensor undergomg a thermal 
shock test as it is moved directly from temperatures of - 54°C to + 125°C. 

Today we offer thousands of switch listings for severe environment applications. You can 
choose position sensors like our EN, the limit switch that's been a standard in the aircraft industry 
for years, or from other switches including hermetically sealed versions and switches for use up 
to 1,000°F. And, there's the solid state FW, a versatile proximity sensor ideal for high speed 
operations. We also make pushbuttons, toggles, rockers and sealed keyboards 
for severe environments, including the compact EPM -
today's most advanced lighted pushbutton. 

With over 50 years of experience designing 
switches to meet exact specifications, chances 
are we have the right solution for your critical 
application. If not, we'll work with you to 
mooify an existing product or design a new 
one. And, MICRO SWITCH has the engi­
neering expertise and application support 
to help get even your biggest projects off the ground. 

SO when a switch failure IS the last thing you want to worry 
about, come to MICRO SWITCH first. For the location of our 
sales offices and Authorized Distributors around the world, MICRO SWITCH 
call 815-235-6600. Or write MICRO SWITCH, Freeport, IL 61032. a Honeywel I Division 
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µC Design Techniques Edited by Gary Legg 

FIFO procedure prevents 1/0 bottleneck 

Donald C Duff 
Telecommunications Techniques, Gaithersburg, MD 

A µC program that sends data to a slow output 
device such as a printer can waste a lot of time just 
waiting for the device to accept each output byte. By 
providing a first-in, first-out (FIFO) data buffer, 
though, the 8080/8085 routine presented here lets 
your program store each data byte in memory and go 
on to other useful tasks. A simple interrupt handler 
added to your program can then output a data byte 
each time the device is ready to receive. 

INFIFO 

CLEAR EMPTY 
FLAG. STORE B 
REGISTER INTO 

((REAR POINTER)) 

RETURN 

Front Pointer ~ STKTOP ~: 

-
-I 

OAOA ~ ! ENTRI ES 

Rear Pointer . . . (a) (b) 

~: STKBOT 

Fig 1-A circular FIFO buffer (a) permits the removal of 
first-entered data entries without the need for shifting the 
remaining data. Two pointers mark the start and end of resident 
data, and parameters STKTOP and STKBOT indicate the buffer's 
position in memory (b). 

OUTFIFO 

RETURN 

MASK FOR FIFO 
EMPTY FLAG 

Fig 2-Routlnes INFIFO and OUTFIFO add and delete buffer data . A Front pointer and a Rear pointer indicate the data's current 
extent in memory. 
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A FIFO buffer is somewhat like a waiting line: The 
first data item placed in the buffer is the first out. 
Eventually, data at the bottom of the buffer makes 
its way to the top. 

Just as the people in a waiting line shuffle forward, 
though, a straightforward implementation of a FIFO 

procedure requires shifting all the remaining data 
upward whenever any data goes from the top of the 
buffer to an output device. A circular FIFO buffer is 
an improvement on this time-consuming method. 

With a circular buffer, two pointers (Fig la) 
eliminate the need for shifting the mass of data. A 

;************* RAM DEFINITIONS **************** 

SIZE 

FIF0:3T 
FRTPTR 
RE RP TR 
BCOUNT 
sn:TOP 
STKBOT 

; NOTE: BLOC~: 

INFIFO 

STRFPT 

;THE FOLLOWING TWO 
ORG OAOOOH 
EQU 0010H 

BLOC~: 1 
BLOCK 2 
BLOC~: 2 
BLOCK 2 
BLOCK SIZE 
BLOCK 1 

RESERVE BYTE<S> 

VALUES ARE USER SELECTABLE 
;LOCATE ALL RAM AT AOOOH AND UP 
;LET SIZE OF STACK EQUAL 16 BYTES 

;FIFO FULL AND FIFO EMPY FLAGS 
;FRONT POINTER 
:REAR POINTER 
;BYTE COUNT IN FIFO 
; TOP OF STAC~: (SIZE SIZE OF STAO: > 
;BOTTOM OF STACK 

;ROUTINE TO INPUT DATA <B REG.> 
; INTO THE FIFO. 

;THIS ROUTINE RETURNS THE FOLLOWING: 
;A. CARRY SET IF BYTE NOT ACCEPTED 
;B. CLEARS THE EMPTY FLAG 
;C. SETS THE FULL FLAG (AS REOIJIRED> 
;"BRIF"= BREAK IF 

;THE FOLLOWING VALUE IS USER SELECTABLE 
ORG OOOOH ;LOCATE PROGRAM AT OOOOH 

LXI 

HOV 
RAL 
RC 
RAR 
ANI 
HOV 

LHLD 
MOV 

INX 

CALL 

JNZ 
LXI 
SHLD 
LHL.D 
INX 
SHLD 
LXI 
CALL 
JNZ 

H,FIFOST 

A,M 

OFEH 
H,A 

RERPTR 
H,B 

H 

CMPBOT 

STRFPT 
H.sn:TOP 
RERPTR 
BCOUNT 
H 
BCOUNT 
D,SIZE 
CMPTWO 
NOFLAG 

;IS THE FIFO FULL 
;FLAG SET ? . 

;RETURN IF FULL 

;CLEAR THE EMPTY FLAG 

;GET THE REAR POINTER 
;PUT BYTE INTO LOCATION 
;AT REAR POINTER 
!POINT TO NEXT LOCATION 
; TO WRITE TO 
;IS REAR POINTER AT THE 
;BOTTOM OF THE STACK 
IBRIF NOT BOTTOM 
; POINT TO TOP OF STAC~: 
;SAVE NEW POINTER 

;ADD 1 TO BYTE COUNTER 
;GET SIZE OF STACK 
;IS FIFO FULL 
;BRIF NOT FULL 

Fig 3-These FIFO buffer routines, written in 808018085 assembly code, keep a µP from wasting time when interfacing with slow 
output devices. · 
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OUTFIFO 

:3 TRFIPT 

:::;ET FLAG 
NOFLAG 

1.::MF'BOT 

CMPT WO 

INTFIFO 
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LDA 
ORI 
JMP 

LXI 
MOV 
RAR 
RC 
RAL 
ANI 
MOV 
LHLD 
MOV 
INX 

CALL 

JNZ 
LXI 
SHLD 
LHLD 
DCX 
SHLD 
LXI 
CALL 
~INZ 

LDA 
ORI 
STA 
ORA 
RET 

LXI 

MOV 
CMP 
RNZ 
MOV 
CMP 
RET 

LXI 
SHLD 
LXI 

SHLD 
SHLD 
MVI 
STA 

RET 

FIFOST 
80H 
SETFLAG 

H,FIFOST 
A,M 

7FH 
M,A 
FRTPTR 
B,M 
H 

CMPBOT 

STRRPT 
H.STKTOP 
FRTPTR 
BCOUNT 
H 
BCOUNT 
D.0000 
CMPTWO 
NO FLAG 
FIFOST 
OlH 
FIFOST 
A 

D,STKBOT 

A,E 
L 

A,D 
H 

H,0(100 
BCOUNT 
H,STKTOP 

FRTPTR 
RERPTR 
A,OlH 
FIFOST 

!SET FULL FLAG 

IJMP TO CLEAR CARRY 
;ROUTINE TO EXTRACT DATA 
;FROM TH E FIFO. RETURNS 
:DATA IN FIEG. B 

;THI S ROUTINE RETURNS THE FOLLOWING: 
:A. CARRY SET IF BYTE NOT VALID 
;B. SETS THE EMPT Y FLAG 
;C . CLEARS THE FULL FLAG 

; IS THE FIFO EMPTY? 

;RETURN IF EMPTY 

; CLEAR THE FULL FLAG 

:GET THE FRONT POINTER 
;MOVE BYTE INTO B REG. 
;POINT TO NEXT LOCATION TO READ 

;IS FRONT POINTER AT BOTTOM 
; OF THE STAO: 
:BRIF NOT AT BOTTOM 
; GET TOP OF STACK LOCATION 
; SAVE NEW FRONT POINTER 
;SUBTRACT 1 FROM BYTE COUNTER 

;IS BY TE COUNT= ZERO <FIFO EMPTY> 

:BRIF NOT EMPTY 
:SET THE FIFO EMPTY FLAG 

: STORE NEW STATUS FLAGS 
; CL EAFI CARRY 

:SUBROUT INES 

;ROUTINE TO COMPARE HL TO BOTTOM OR DE 
;RETURNS ZERO FLAG SET IF THEY CO MP ARE 
;SET OE TO LOCATION OF 
;THE BOTTOM OF THE STACK 
:COMPARE HL TO DE 

;RETURN IF THEY DO NOT COMPARE 

;ROUTINE TO INITILIZE THE FIFO 

:ZERO BYTE COUNT 
;SET FRONT AND REAR POINTERS 
;TO THE TOP OF THE STACK 

;CLEAR FIFO FULL FLAG 
;AND SET FIFO EMPTY FLAG 
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Front pointer indicates the data item at the front of 
the line, and a Rear pointer indicates where the next 
added data item goes. 

The removal of data from the front of the buffer 
thus moves the Front pointer around the circle, and 
the pointer's revised position indicates that previous­
ly used buffer space is available for storing new data. 
Similarly, adding data to the end of the buffer moves 
the Rear pointer around. The buffer's size isn't 

Design Submission 
$50 payment for all items selected by editors for 
publication. 

To: µC Design Techniques Editor 
EON 
Cahners Publishing Co 
221 Columbus Ave, Boston, MA 02116 

Please consider the enclosed item for publ icat ion 
in EDN's µC Design Techniques department. 
Name _ ______________ _ 

Title ____ ______ Phone ___ _ 

Company _____________ _ 

Division (if any) 

Street 

City _____ State __ Zip 

Design Tit le ____________ _ 

Home Address 

Social Security No __________ _ 

This coupon must accompany al l submissions. 
Design submitted must be exc lusive to EON, must 
be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and/or run and tested . 

Exclusive publishing rights remain wi th Cahners 
Publishing Co unless submission is returned to 
author or editor gives written perm ission for 
publication elsewhere. 

In submitting the enclosed, I ag ree to abide by 
the ru les of the µC Design Techniques department. 

Signed 

Date 

unlimited, though, so the software can't allow the 
Rear pointer to pass the Front pointer. 

The key to the circular buffer's implementation 
lies in detecting when either of the pointers goes past 
the bottom (STKBOT) of the buffer's memory space 
(Fig lb). The software then resets the pointer to the 
top of the buffer (STKTOP). 

The 8080/8085 implementation of the FIFO proce­
dure appears in Fig 2's flowchart and Fig 3's 
program listing. The program maintains a 16-bit 
count (BCOUNT) of the number of bytes in the 
buffer, and it also has a 1-byte status register, 
FIFOST. BCOUNT drrectly affects two flags in the 
status register: The FIFO Full flag prevents over­
writing buffer data, and the FIFO Empty flag 
prevents reading meaningless data from the buffer. 

The program consists of three routines-INFIFO, 
OUTFIFO and INTFIFO. To add a byte to the 
buffer, you call INFIFO with the data byte in 
register B. A call to OUTFIFO, on the other hand, 
removes a byte from the buffer and returns it to the 
calling routine in register B. INTFIFO is an 
initialization routine that your program must call 
before calling INFIFO or OUTFIFO. It sets both 
the Front pointer and the Rear pointer to the top of 
the buffer, sets BCOUNT to zero, sets the FIFO 
Empty flag and clears the FIFO Full flag. 

If the µP's Carry flag is set on return from 
INFIFO, the buffer was already full and the data 
byte couldn't be accepted. Similarly, a set Carry flag 
on return from OUTFIFO indicates that the buffer 
was empty and the byte in register B is meaningless. 
You can also check the buffer's status before calling 
INFIFO or OUTFIFO by directly testing the FIFO 
Full and FIFO Empty flags. EDN 

NEXT TIME 
EDN's December 17 issue is our 16th semi­
annual Product Showcase, an invaluable com­
pendium of information on the most note­
worthy new-product introductions of the past 
6 months. You won't want to be without this 
fact-filled reference issue, which is organized 
into seven key product areas: 

• Components and hardware 
• Computers and peripherals 
• ICs and semiconductors 
• Instruments 
• Power sources 
• Products from Europe 
• Software 

EON: Everything Designers Need 
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TR 
takes the lead 

with more 
and easier-to-drive 

triac drivers. 
We have 16 models, the competition 
has 9. But model numbers aren't the 
only story. We've got the performance 
edge, too. 
If you want to switch AC loads at near 
or zero voltage or zero current, TRW 
optoelectronic devices give you more ways 
to do it. We offer a family of 16 triac drivers, 
available in four series IOPl3009/3020/ 
3030/3040 I: 120 VAC and 220 VAC with 
zero current crossing ; 120 VAC and 220 
VAC with zero voltage crossing; and 5, 10, 
15 or 30 mADC trigger devices in 
each series. 
Gallium Aluminum Arsenide IGaAIAsl 
provides the performance edge to produce 
the lowest 15 mAI drive current in all four 

© TRW lnc. 1982 
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series. Our triac drivers can now be directly 
driven by TTL and LSTTL. 
You can use our triac drivers to isolate low 
voltage DC controls from the 120 VAC and 
220 VAC line, to power triacs controlling 
resistive, inductive or capacitive loads. 
You can also use the devices as low level 

CIRCLE NO 65 

triacs for driving small AC loads, warning 
lamps, display alarms, etc. 
For complete data sheets on our triac 
drivers, call us or circle reader service 
number. If you'd like to know more about 
our complete line of optoelectronic products, 
get our new 300-page Data Book, available 
free from authorized TRW distributors. 

Optoelectronics Division 
TRW Electronic Components Group 
1201 Tappan Circle ·Carrollton.Texas 75006 
Phone: 214 .323 .2200 

Optoelectronics Division 
TRW Electronic Components Group 

179 
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180 EDN NOVEMBER 24, 1982 



all the ROMs you need 
when you need them. 

You name the quantity ... 
we deliver. 
Unlimited quantities . ..from 250 up to 
any quantity specified, our OTP 
(Quick Turnaround Production) pro­
gram guarantees you total delivery 
of your order in four to six weeks ... 

We program your ROM pattern 
within 24 hours. Then, upon your 
approval of the verification EPROM, 
OTP manufacturing is underway. 
Because General Instrument spe­
cializes in volume ROM production, 
we offer you the fastest service in 
the industry ... at competitive prices. 

You want quality ... we deliver it 
in quantity. 
Our rigorous 12-point quality pro­
gram starts at specification and fin­
ishes with customer support from 
our field staff. Along the way, we 
design testability into each product 
... allowing us to produce, test and 
control according to your specifica­
tions. We build in quality from the 
first step ... because we have proven 
that products that work right the first 
time are inherently more reliable. 
That's why you can specify parts­
per-million quality levels of up to 
650PPM today ... and expect 
250PPM tomorrow. 

ROM PERFECTION LEVEL IN PPM 

2flO 

~500 lliO 

~ 1.IDI 

.-----

~ ll.IDI 

n 
1!81 1981 1982 1983 

Part Number Description 

R0-3-9316 A/B/C 2K x 8 (static-24 pin) 

R0-3-9332 A/B/C 4K x 8 (static-24 pin) 

R0-3-9333 B/C 4K x 8 (static-24 pin) 

R09432 B/C/D 4K x 8 (static-24 pin) 

'R09433 B/C/D 4K x 8 (static-24 pin) 

R0-3-9364 BI C BK x 8 (edge trig-24 pin) 

R0-3-9365 B/C BK x 8 (edge trig-28 pin) 

R09464 B/C/D BK x 8 (static-24 pin) 

'R09864 B/C/D BK x 8 (static-28 pin) 

'R09128 16K x 8 (static-28 pin) 

'R09256 32K x 8 (static-28 pin) 
-f-

R0-3-9504 2K x 'I() (28 pin) 

R09508 4K x 'I() (28 pin) 

"R09580 BK x 'I() (28 pin) 
I- ·I---

SPR-016 2K x 8 (16 pin) 
I-

SPR-032 4K x 8 (16 pin) 
1--

SPR-128 16K x 8 (24 pin) 
For Future Release 

You demand reliability ... we 
deliver from dedicated world­
wide ROM facilities. 
Our ability to deliver unlimited quan­
tities and high quality is firmly based 
on a worldwide capability. Our stra­
tegically located manufacturing 
operations -Hicksville, New York; 
Chandler, Arizona; Glenrothes, 
Scotland; and Kaohsiung, Taiwan -
assure reliable supply and uninter­
rupted delivery. For your OTP orders 
we deliver from our onshore 
assembly facil ities. These facilities, 
with computerized custom pro­
gramming, automated assembly, 
and silicon gate processing, have 
wafer fabrication areas devoted 
exclusively to ROM production. 

You choose the product ... we 
deliver; 16, 32 and 64K ROMs 
today ... 128 and 256K tomorrow. 
Our ROM family is fully adaptable to 
firmware, so you have the flexibility 
and expansion capabilities you 
need for your present and future 
product designs. For example, with 

Sales Offices USA: CA, 213-322-7745 or 408-496-0844; FL, 813-577-4024; 
IL, 312-981-0040; IN, 317-872-7740 or 219-291-0585; Ml , 313-391-4070; MD, 301-269-6250; 

NC, 919-876-7380; NH, 603-424-3303; NY, 516-733-3107; PA, 215-643-5326; TX, 214-934-1654; 
EUROPE: Frankfurt, (6103) 23 051 ; London, 01-439-1895; Milano, (02) 720914; 

Munchen, (089) 27 24 049; Paris, (1 ) 365 72 50; Stockholm, (08) 679925; 
ASIA: Hong Kong, (5) 434360; Taipei, (02) 914-6234; Tokyo, (03) 473-0281 
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Access Time lnsl Comments 

850,450,350 2716 EPROM Compatible 

850,450,350 2532 EPROM Compatible 

450,350 2m EPROM Compatible 

450,:nl,200 2532 EPROM Compatible 

450,:nl,200 2m EPROM Compatible 

450,:m Mostek MK 3600! Compatible 

450,:nl Mostek MK 37000 Compatible 

450,:nl,200 Compatible to Industry Std 

450,:nl,200 2764 EPROM Compatible 

<m 27128 EPROM Compatible 

<m Jedec Compatible Pinout 

1.!¥Js 2DKROM 

1.!¥Js 4DKROM 

1.!¥Js 80KROM 
-

360 16K Serial In/Serial Out 

360 32K Serial In /Serial Out 
--

360 128K Serial In /Serial Out 

64K functions, you can order edge­
activated or static operation; from 
450 to 200ns access time; 24 or 28 
pins, and a wide range of voltages. 
In fact, the design and enhance­
ment of systems with custom 
memory applications can now be 
as easy as inserting a 24 or 28 pin 
dual-in-line package into a printed 
circuit board. 
You want EPROMs ... we offer 
cost-saving ROM replacements. 
If you're currently using EPROMs for 
pre-programmed memory ... General 
Instrument ROMs are a cost­
effective alternative. Pin compatible, 
we have ROMs to replace 2716, 
2732, 2532 and 2764 EPROMs. 

You want servlce ... call the 
Microelectronics office nearest 
you today, and we'll deliver 
ROMs ... all you want -the way 
you want them. 

' 
We help you 
compete® 

GENERAL 
INSTRUMENT 
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Regional Headquarters 

Eastern 
594 Marrett Rd .. Suite 22 
Lexington. MA 02173 
617 /861-1642 

Southern 
6200 Savoy Dr .. Suite 704 
Houston. TX 77036 
713/974-0534 

North Central 
500 Park Blvd., Suite 415 
Itasca. IL 60143 
312/773-4864 

Northwest 
1800 Bering Drive 
San Jose. CA 95112 
408/ 292-6404 

Southwest 
9700 Reseda Blvd .. Suite 208 
Northridge. CA 91324 
2131701-6606 

Stocking Distributors 
Active Component Technology• Almo • CAM/ RPC • 
Cetec • Classic Components •Cronin • 
Diplomat • Future • Gerber • Jaco • Marsh • 
Marshall • Milgray • RC Components • Resco • 
RM Electronics • Ryno • SAi • Semiconductor Specialists • 
Sterling • Time • Western Micro Technology • 



The H·.._ 
Low Cost Solution TO 
Electrically Erasable M 

The Hitachi HN48016P 2K x 8 high-density E2P 
proven MNOS technology to achieve low cost with 

nonvolatile data retention. 

• Incorporates highly reliable N-channel silicon 
gate MNOS technology ... an established 
technology commercially proven in 
demanding consumer electronic applications 

• Erase and write cycle endurance of 10,000 
times minimum. Ask for a copy of our 
reliability report 

• Outstanding data retention . .. over 10 years 
at 85°C 

• Famous Hitachi Quality Control , including 
100% dynamic high-temperature burn-in on 
every unit sold 

• JEDEC-approved byte-wide 24-pin DIP 
package ... pin-for-pin compatible with 
industry-standard 161< bit 2716 EPROMs. 
Programming is 2716 compatible 

• Pin-out compatible with Hitachi's 16K HM6116 
2K x 8 high-speed CMOS static RAM 

• Low-power dissipation - 300mW maximum 

• +5V reading . . . +5V and +25V 
programming and erasing 

• 350 ns maximum access time (250 ns typical) 

$HITACHI 
A World Leader in Technology 

Hitachi America, Ltd. 
Semiconductor and IC Sales and 

Service Division 
1800 Bering Drive, San Jose, CA 95112 
408/292-6404 

• Can be electrically reprogrammed on boad 
in the field, making it ideal for all types of 
applications that can benefit from instant, 
on-the-spot data updating 

• Use with microcomputers, minicomputers, 
and all other devices that must rely on a 
nonvolatile memory design to preserve data 
under all types of operating conditions 

Best of All, It's Available NOW 
For Immediate Delivery at a 
100 Piece Price Under S10.00 
To learn more about Hitachi's HN48016P 16K E2PROM, 
return coupon or call your local Hitachi Representative 
or d istributor sales office for complete information. 

r--------------------------------------
YES I am interested in receiving further 

' information about the Hitachi HN48016P 
16K E2PROM. 

D Send technical information. 
D Have my Hitachi Representative call. 

Company _________ _ 

Title ___ ________ _ 

Address _______ ___ _ 

City __________ _ _ 

State _______ Zip __ _ 

Phone( __ ) ________ _ 

Send to : Hitachi America, Ltd. 
1800 Bering Drive 
San Jose , CA 9511 2 

EON 112482 HLN-163 

---------------------------------------------..-~ 



Give Eyes 
to Your 

Computer 

Digi/ 
Cam 

A breakthrough 
in low cost, 
self-contained digital 
imaging systems!! 

An introductory price of only $395 
buys you a programmable, 
microprocessor controlled , solid 
state DIGITAL CAMERA that 
simply connects to the RS-232 
serial port of any computer, 
terminal or modem. Digi/Cam 
accepts your commands in ASCII 
code, and gives you a picture with 
a resolution of 256x128 pixels and 
up to four gray levels. You can 
program exposure and sensitivity, 
set up timed sequential exposures, 
store up to four frames in the 
on-board memory, and even 
compare each frame to a reference 
and program it to tell you if they are 
different. 
An efficient data compression 
algorithm minimizes transmission 
time, allowing the use of low speed 
modems for remote monitoring. 
Use Digi/Cam for pattern 
recognition , process control and 
automation, robotics , size and 
position monitoring , security, 
graphics input, qual ity control , 
or .. . ?? 

FOXVILLE 
COMMUNICATIONS 

CORPORATION 

77 41 E. Gray Road, 
Suite# 17 
Post Office Box 5419 
Scottsdale, AZ 85261 
(602) 948-9817 
Telex 165 750 
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ICs&Semi­
conductors 

64k EPROM. M5L2764K electri­
cally reprogrammable and ultra­
violet-1 ig ht-erasable memory 
employs n-channel double­
polysilicon-gate technology in an 
Bk x 8 organization. In Active 
mode, it requires 150 mA max 
from its 5V power supply. In 
Standby mode, it uses only 35 
mA max. Inputs and outputs are 
TTL compatible in both Read 
and Program modes, and a 
3-state output buffer facilitates 
interfacing. The device also 
furnishes two enable-control 
lines: Output Enable and Chip 
Enable. The unit comes in three 
versions: M5L2764K-2 , with 
200-nsed access time; 
M5L2764K, with 250-nsec ac­
cess time; and M5L2764K-3, 
with 300-nsec access time. $24, 
$1 B and $16.50 (100), respec­
tively. Mitsubishi Electronics 
America Inc, 1230 Oakmead 
Parkway, Suite 206, Sunnyvale, 
CA 940B6. Phone (408) 730-
5900. 

Circle No 300 

HIGH-CURRENT RECTIFIERS. 
These low-cost epitaxial-silicon 
units can serve as output 
rectifiers and flywheel diodes in 
high-frequency pulse-width­
modulator and switched­
regulator applications. With re­
verse-recovery time < 35 nsec, 
Models RUR-B10, -B15, -820 
and -OB10, -OB15 and -OB20 
provide speeds equivalent to 
those of many Schottky rectifiers 
commonly used in switching 
regulator supplies. RUR-810 
Series devices are single­
rectifier types; the RUR-OB10 

family , dual-chip common­
cathode units. Both families rate 
average forward current of BA 
per chip and are spec'd for 
maximum forward voltage drop 
(VF) of O.B9V at forward current 
of BA and junction temperature 
of 100°C. Models -820 and 
-OB20 can withstand maximum 
reverse voltage (VRM) of 200V. 
-810 and -0810 parts carry VRM 
ratings of 100V; -B15 and -0815, 
-150V. RUR-B10, $0.80; RUR­
B15, $0.B5; RUR-B20, $1.01; 
RUR-0810, $1.29; RUR-OB15, 
$1.43; RUR-OB20, $1.64. RCA 
Solid State Div, Box 3200, 
Somerville, NJ 08876. Phone 
(201) 6B5-7102. 

Circle No 301 

BUS DRIVER. Model 82CB2 
octal latching bus driver is 
designed using its manufactur­
er's advanced scaled SAJI IV 
CMOS process, features power 
dissipation of 55 µW and has 
gated inputs that disable device 
inputs while data is latched. Its 
timing specifications equal those 
of the similar-grade Intel 82B2 
bipolar device, with propagation 
delay of 35 nsec guaranteed 
over specified operating temper­
ature and voltage ranges and 
with a 300-pF load. The part 
comes in a 20-pin Cerdip in 
industrial (-40 to +B5°C) and 
military (-55°C to +125°C) 
versions. IOB2C82 industrial­
temperature version , $7.41; 
MOB2CB2 military-temperature 
model, $22.24 (100). Harris 
Corp Semiconductor Group, 
Box 883, Melbourne, FL 32901. 
Phone (305) 724-7BOO. 
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lexas lnstrutnents and GM/ Delco Electronics 
teatn up to keep our air clean. 

A unique automotive computer developed 
by Delco Electronics helps reduce exhaust 
emissions while still delivering good gas 
mileage and responsive performance. 

Vital to the system is an operational 
amplifier produced in volume by Texas 
Instruments. The only op amp that could 
meet Delcos stringent requirements. 

Tum the page for more details of the 
Tl/Delco team effort thats helping to 
keep our air clean. And to find out how 
Tl's linear leadership can help you . ..... 



TI cost-
cut auto 

Produced in volume for the 
volume .. oriented automotive 

industry 
To meet environmental standards for a 
tomobiles, engineers of the Delco Elec­
tronics division of General Motors 
developed a small computer that contro 
exhaust emissions. 

For the computer to operate efficient 
the signal from the exhaust sensor had 
be sensed and amplified. 

Here, Delco Electronics engineers 
hit a snag. 

The problem: The source impedanc 
from the exhaust sensor fluctuated wide 
How could this signal be amplified ace 
rately for transmission to the computer? 

The solution: Tl's TL287, the only 
operational amplifier available in volu 
with the necessary electrical characteris 

Texas Instruments did more than sim 
ply "supply" the TL287. In collaboratio 
with Delco Electronics engineers, we 
developed the procedures by which we 
thoroughly test each op amp before shi 
ment to assure dependable performance 
in the harsh environment of an automo 
tive system. And today, we continue thi 
cooperative testing. 

Optimum air/fuel mixture help 
cut pollutants 

GMs system, called the Computer Co 
mand Control Module, keeps the air/fu 
mixture at the optimum level: 14. 7 par 
of air by weight to one part of gasoline. 

The system reduces all three major 
forms of exhaust pollutants - nitrous 
oxide, carbon monoxide, and hydrocar­
bons. At the same time, it is helping 
raise fuel economy. 



effective BIFEl'op amps help 
oollutants, stretch gas mileage. 

orld leader in BIFET op amps 

e op amp Delco Electronics needed is 
ricated with Tl's pioneering BIFET 
hnology. 
Texas Instruments introduced the first 
l family of BIFET op amps in 1976. 
e were the first company with volume 

uction. Today, we make the indus­
\; broadest line. 
By 1981, 3 million cars were fitted 
th the TL287. How did the op amp 
rform? So well that, since then, Delco 
s ordered another 3 million units. In 
t, field return data from almost 5 mil­
n cars on the road shows a remarkable 
5-year MTBF. 

TI BIFET op amps withstand 
harsh environments 

addition to their superior electrical 
aracteristics, TI BIFET op amps are 
ll suited to harsh environments. 
They perform under extremes of heat 
d cold. In dry or humid climates. On 
terns subject to jars and vibration. 
Why do TI BIFET op amps perform so 
ll in adverse conditions? Our under­
nding of plastic packaging technology 
d our manufacturing expertise virtually 
sure dependable performance. 
Plastic packaging also helps make TI 
FET op amps cost effective. Small chip 
e facilitates volume production, further 
hancing economy. 
If you need reliable op amps, in quan­
' follow Delco's lead. Come to the 
der. Texas Instruments. 

TI BIFET op amps: 
Your broadest choice 
of reliable solutions 

e TL287 used by Delco Electronics is 
st one member of Tl's FET input op 

p line. Five distinct families. Singles, 
als, and quads. Single and dual supply. 
We produce general-purpose BIFET op 

nps. BIFET op amps with low noise. 
w power. Very low offset voltage. 
FET op amps-single supply. 
All members of Tl's family of FET 
put op amps have special features that 
Ive difficult design problems. 
TI even produces a programmable low-

power BIFET op amp. You can change 
power consumption and still maintain su­
perior bandwidth and slew rate. 

TI comparators: Only FET 
input, single .. supply comparators 

available 
Our TL311, TL311A, and TL311B com­
parators extend the operating range of 
the common mode input voltage to in­
clude the value of the negative V cc sup­
ply. Result: no negative power supply 
required. The TL311 family offers fast 
response. Low offset. And strobe 
capabilities. 

TI buffers: Low power, high 
input impedance, and 

economy, too 
The TI TL0681 and TL068C are BIFET 
input, unity-gain amplifiers. If you need 
a low cost, 3-terminal voltage follower 
with a combination of low power, high 
input impedance, fast slew rate, and wide 
bandwidth, one of the TI buffers will be 
right for your application. 

TI VFD drivers: Better than the 
industry standard 

TI produces industry standard VFD driv-

ers, such as our new UCN4810A. But we 
also offer greatly improved versions: Our 
TL4810A, SN75512A, SN75513A, and 
SN75518. 

Fabricated with high-voltage BIDFET" 
technology, Tl's improved drivers feature 
an active totem-pole output which im­
proves sink-current capability. Decreases 
interdigit blanking-time requirement. 
And reduces overall power consumption. 

In 10-, 12-, and 32-bit (SN75518) 
configurations with the same or better 
cost-per-bit than the 10-bit industry 
standard. 

TI peripheral drivers: The right 
features to meet your needs 

New peripheral drivers from TI offer a 
combination of high output current and 
voltage, single-saturated output transis­
tors, low standby power, and high­
impedance PNP inputs. Available in the 
unique dual (SN75407 and SN75408) 
and industry-standard quad (SN75436, 
SN7543 7 A, and SN75438) 
configurations. 

All in reliable plastic packages. 
For more information on TI linear 

products, contact your local TI distribu­
tor or TI sales engineer. Or fill in and 
mail the coupon on the next page. 

A brief history of TI BIFET technology 
Year Device(•) Complexity Dncrtptton 

Cumulative product 
llns atr9ngth 

1976 TL080 Series Singles, duals, quads General purpose 9 

1977 More TL080s and Singles, duals, quads General purpose 
TL070 Series Singles, duals, quads Low noise 27 

1978 TL060 Series Singles, duals, quads Low power 33 

1979 More TL070S Singles Low noise 
More TL060s, Singles Low power 
TL087 family Singles, duals Very low input offset 43 

1980 TL068 Single BIFET buffer 
TL066 Single Programmable low-power op amp 
TL311 Single NFET comparator 
TL094 Quad NFET op amp (single supply) 47 

1981 TL091, TL092 Single, dual NFET op amps 
TL311A, TL311B Singles NFET comparators 
TL068A, TL066B Singles Programmable low-power op amps 53 

Total FET input line strength: 27 singles, 14 duals, 12 quads 53 

TI has added 53 new members to its family of FET input linear IC functions, since 1976, 
almost twice as many as the nearest competitor - solid evidence of Tl\; linear leadership. 

•Patented process of Texas Instruments. 



TI linear leadership makes yo __ I 
systemdesignjob easier. 

Texas Instruments has achieved linear 
leadership based on innovative 
technology. 

Today, our linear line includes more 
than 500 products. This breadth of line 
gives you many choices of linear devices 
from which you can fill virtually 
any need. 

Maintaining a sustained pace of tech­
nological innovation, we have moved 
from bipolar to BIFET to NFET to our 
latest innovative technology - BIDFET. 

First in bipolar and BIFET 
If the linear device you need is bipolar, 
chances are we have it. TI is a world 

leader in bipolar technology. 
TI also makes the industry's broadest 

line of BIFET op amps and buffers. Our 
BIFET family includes 50 devices, almost 
twice as many as our nearest competitor. 

In addition, we offer nine BIFETs to 
MIL-STD-8838 , among the 147 linear 
devices in our military products family. 

BIFET technology combines P-channel 
junction FET inputs with bipolar stages. 
On a single chip. 

This combination results in circuits 
with performance levels never before pos­
sible. Circuits with low noise. High input 
impedance. Outstanding reliability. 

------------------------------------, Texas Instruments 
P. 0. Box 202129 
Dallas, Texas 75220 

Please send me free literature on the fo llowing linear products: 
0 l. Operational Amplifiers 0 5. Peripheral Drivers 
0 2. Vacuum Fluorescent Display Drivers 0 6. Other TI linear products 
0 3. Ordering information for data books, including 

Interface Circuits and Linear Control Circuits 
0 4. Linear Products to military specifications 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE 

AREA CODE TELEPHONE 

ZIP 

EXT 

A04-068 

Leading the way in NFET and 
BIDFET, too 

Or maybe you need op amps or compa 
tors from our NFET family. NFET op 
amps, pioneered by Tl , are an ingenious 
combination of N-channel junction FE 
with bipolar devices - all on a single 
monolithic chip. 

Input and output circuitry are designe 
to provide operation down to ground po 
tential. As a result of this process tech­
nology, you get FET input performance 
combined with single-supply operation. 

TI also pioneered BIDFET which 
combines many silicon technology reci­
pes on a single chip. BIDFET allows you 
to get the electrical characteristics of 
many devices in one. 

Simply stated, TI excels in virtually 
any technology. But maybe you just nee 
rugged, reliable op amps, comparators, 
buffers, display drivers, peripheral drive 
line circuits, A-to-D converters, and 
voltage regulators. Once again, TI is yo 
first choice. 

Single source simplifies orderin 
and designing 

Because of our broad line, Texas Instru­
ments is very likely to have the linear 
products you need. 

If you make TI the single source for 
your linear devices, your design job will 
be simplified. Ordering will be easier. 
You'll have access to TI applications and 
product engineers for any necessary de­
sign assistance. You'll handle a single set 
of specs for each product. 

Whats more, when you specify Tl , 
you know you'll get linear products that 
are designed, manufactured, and tested 
to last. 

Available in quantity 
from TI distributors 

TI linear products are available in quan 
tity from your local TI distributor. Call 
him, or your TI sales engineer. 

For more information on Tls com­
plete line of linear products, 
check the appro- ~· 
priate box in the 11 
coupon. 
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conductors Authorized I TI Distributors ~---------

AlAIAllA: Hall-Mark (205) 837-8700. 

ARIZONA: Plloenl1, Kierulff (602) 243-4101 : Marshall (602) 968-8181 : R.V. 
Woathertord (602) 272-7144: Wyle (602) 249-2232; 111 ..... Kierul1f (602) 
624-9986. 

CALIFORNIA: Las Ang1IH/Or11111 Coonty, Arrow (213) 701-7500, (714) 
851-8961; JACO (714) 540-5600, (213) 998-2200: Kierulff (213) 725-0235, 
(714) 731-5711; Marshall (213) 999-5001 , (213) 686-0141 , (714) 556-6400; 
R.V. Woalhertord (~14) 634-9600, (213) 849-3451 , (714) 623-1261; Wyle 
(213) 322-8100, (714) 641-1611; SH 01111, Arrow (714) 565-4800, Kierul1f 
(714) 278-2112; Marshall (714) 578-9600; R.V. Woalhertord (714) 695-1700; 
Wyle (714) 565-9171; So• frloclsco hy Ario, Arrow (408) 745-6600; 
Kierul1f (415) 968-6292; Marshall (408) 732-1100; Time (408) 734-9888; 
Unlte<I Comonents (408) 496-6900; Wyle (408) 727-2500; Sooto Bartlan, 
R.V. Wealhertord (805)465-8551. 

COLORADO: Arrow (303) 758-2100; Kierulff (303) 371-6500; R.V. Woalhertord 
(303) 428-6900; Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741 : Diplomat (203) 797-9674; Kierulff 
(203) 265-1115; Marshall (203) 265-3822; Milgray (203) 795-0714. 

R.ORIOA: Ft. l.Md1nl1l1, Arrow (305) 973-8502: Diplomat (305) 971-7160; 
Hall-Mark (305) 971-9280; Kierul1f (305) 652-8950; Ori•""•· Arrow (305) 
725-1480: Diplomat (305) 725-4520: Hall-Mark (305) 855-4020; Milgray 
(305) 647-5747; Tl..,., Diplomat (812) 443-4514; Kierul1f (813)576-1966. 

BEORGIA: Arrow (404) 449-8252 Hall-Mark (404) 447-8000; Kierul1f (404) 
447-5252; Marshall (404) 923-5750. 

IWNOIS: Arrow (312) 397-3440; Diplomat (312) 595-1000; Hall-Mark (312) 
860-3800; Kierulff (312) 640-0200; Newark (312) 638-4411 . 

INDIANA: lndlon1poU1, Arrow (317) 243-9353; Graham (317) 634-8202: 
Ft. Wlyne, Graham (219) 423-3422. 

IOWA: Arrow (319) 395-7230. 

WSAS: KIMI• City, Component Specialties (913) 492-3555; Hall-Mark 
(913) 888-4747: Wlcllltl, LCOMP (316) 265-9507. 

llARYLAllD: Arrow (301) 247-5200; Diplomat (301) 995-1226; Hall-Mark 
(301) 796-9300; Kierulff (301) 247-5020; Milgray (301) 468-6400. 

MASSACHUSITTS: Arrow (617) 933-8130; Diplomat (617) 429-4120; Kierulff 
(617) 667-8331; Marshall (617) 272-8200; Time (617) 935-8080. 

lllCHIGAll: Detroit, Arrow (313) 971-8200; Newark (313) 967-0600: Grtnd 
Rljllds, Newark (616) 243--0912. 

MINNESOTA: Arrow (61 2) 830-1800; Diplomat (612) 788-8601 ; Hall-Mark 
(612) 854-3223; Kierulff (612) 941 -7500. 

MISSOURI: K1 ... 1 City, LCOMP (816) 221-2400: St. La•lt, Arrow (314) 
567-6888; Hall-Mark (314) 291-5350; Kierulff (314) 739-0855. 

NEW HAMPSHIRE: Arrow (603) 668-6968. 

NEW JERSEY: NO<ltl, Arrow (201) 575-5300; Diplomat (201) 785-1830; JACO 
(201) 778-4722; Kierulff (201) 575-6750; Marshall (201) 340-1900: SOltll, 
Arrow (609) 235-1900; General Radio (609) 964-8560; Hall-Mark (609) 424-
0880; Milgray (709) 424-1300. 

NEW MEXICO: Arrow (505) 243-4566: International Electronics (505) 
345-8127. 

NEW YORK: Lo119 l1l .. d, Arrow (516) 231-1000; Diplomat (516) 454-6400; 
JACO (516) 273-5500; Marshall (516) 273-2424: Milgray (516) 546-5600, 
(800) 645-3986; Rocbostor, Arrow (716) 275-0300; Marshall (716) 235-7620; 
Rochester Radio Supply (716) 454-7800: Syrosuso, Arrow (315) 652-1000: 
Diplomat (315) 652-5000; Marshall (607) 754-1570. 

NORTH CAROLINA: Arrow (919) 876-3132, (919) 725-8711 ; Hall-Mark (919) 
872--0712; Kierulff (919) 852-6261. 

OHIO: Clnclnoatl , Graham (513) 772-1661; Clhtllnd, Arrow (216) 248-3990; 
Hall-Mark (216) 473-2907; Kierulff (216) 587-6558; Col•m-•1. Hall-Mark 
(614) 846-1882; Ooytoft, Arrow (513) 435-5563; ESCO (513) 226-1133; 
Marshall (513) 236-8088. 

OltlAHOMA: Component Specialties (918) 664-2820: Hall-Mark (918) 
665-3200; Kierulff (918) 252-7537. 

OREGON: Kierulff (503) 641-9150; Wyle (503) 640-6000. 

PENNSYLVANIA: Arrow (412) 856-7000. 

TEXAS: A•stln, Arrow (512) 835-4180; Component Specialties (512) 
837-8922; Hall-Mark (512) 258-8848; Kierulff (512) 835-2090: 011t11, Arrow 
(214) 386-7500: Component Specialties (214) 357-6511 ; Hall-Mark (214) 
341-1147: ln1ernational Electronics (214) 233-9323; Kierulff (214) 343-2400; 
El PIN, International Electronics (915) 778-9761; Ho-•· Arrow (713) 
491-4100; Component Specialties (713) 771 -7237; Hall-Mark (713) 781-6100; 
Harnson Equipment (713) 879-2600; Kierulff (713) 530-7030. 

UTAH: Diplomat (801) 486-4134; Kierulff (801) 973-8913; Wyle (801) 
974-9953. 

VIRGINIA: Arrow (04) 282-0413. 

WASHINGTON: Arrow (206) 643-4800; Kierulff (206) 575-4420; Unite<I 
Components (206) 643-7444: Wyle (206) 453-8300. 

WISCONSIN: Arrow (414) 764-6600; Hall-Mark (414) 761-3000; Kierulff (414) 
784-8160. 

CMAOA: Cllpry, future (403) 259-6408; V.rah (403) 230-1235: 
Downhtow, CESCO (416) 661-0220: H1mll1on, Varah (416) 561-9311 ; 
Mootnol, CESCO (514) 735-5511 ; future (514) 694-7710; Ottowl, CESCO 
(613) 226-6905; Future (613) 820-8313; Quolloc City, CESCO (418) 687-4231; 
- · future (416) 663-5563: Vlncower, future (604) 438-5545; Varah 
(604) 873-3211; Winnipeg, Varah (204) 633-6190. AJ 
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5213 5V E2ROM 

16k EEPROM. Billed as the first 
available 5V electrically erasable 
PROM, Model 5213 has 2kx8-
bit organization, comes in a 
24-pin DIP and can be pro­
grammed with either a TTL-level 
or 21 V signal. Utilizing a 
5V±10% power supply for read, 
write or erase operations, it 
provides an unlimited number of 
read cycles at 350 nsec. The 
device can be written or erased 
in <10 msec and accommo­
dates byte-erase, byte-write and 
chip-erase modes. $31 (100) for 
350-nsec commercial-grade ver­
sion. Seeq Technology Inc, 
1849 Fortune Dr, San Jose, CA 
95131 . Phone ( 408) 262-5041 . 

Circle No 303 

RF/VIDEO SWITCH. The 
IH5341 CMOS high-speed dual 
monolithic switch suits high­
frequency RF and video-system 
applications. It matches the 750 
impedance of video communica­
tions systems and handles 
signal frequencies to 100 MHz 
with a loss of less than 3 dB. The 
dual spst device features OFF­
isolation rejection ratio and 
cross-coupling isolation rejection 
of 60 dB min at 10 MHz; 
switching speeds of 150 nsec on 
and 80 nsec off; and guaranteed 
break-before-make switching. 
Power-supply current equals <1 
mA, and power-supply range 
can span ±5 to ±15V. Absolute 
maximum ratings include supply 
voltage of ± 17V, power dissipa­
tion of 250 mV and operating 
temperatures spanning -20 to 

+85°C (industrial) and -55 to 
+ 125°C (military). $6 (100) for 
the industrial component; $12 for 
the military version, both in 
T0-100 cases. lntersil Inc, 
10710 N Tantau Ave, Cupertino, 
CA 95014. Phone (408) 996-
5000. 

Circle No 304 

TRANSISTORS. These bipolar 
units operate over 0.1 to 6 GHz. 
Model AT-42035 features inser­
tion power gain of 11.5 dB, 
maximum available gain of 14.5 
dB, power output of +20 dBm 
(1-dB gain compression) with 
14-dB associated gain and spot 
noise figure of 3 dB at 2 GHz. 
AT-41435-3 and -41435-5 fur­
nish similar performance with 
+ 19-dBm output power and 
9-dB associated gain at 4 GHz. 
The -3 version offers noise figure 
of 1 .3 dB at 1 GHz and 3 dB at 4 
GHz with associated gains of 19 
dB and 10 dB, respectively. The 
-5 version specs insertion power 
gain of 18 dB at 1 GHz and 6.5 
dB at 4 GHz with 3.1-dB noise 
figure and operates with collec­
tor current < 40 mA. Typical 
collector efficiencies of these 
devices spec as high as 38%. 
The AT-41470 provides 16.5-dB 
maximum available gain at 2.0 
GHz and can be qualified for 
military and space applications. 
Models AT-42035 and AT-
41435-3, $6; AT-41435-5, $4.50; 
AT-41470; $70 (100). Avantek 
Inc, 3175 Bowers Ave, Santa 
Clara, CA 95051 . Phone ( 408) 
496-6710. 

Circle No 305 
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SOMEHOW, THE R6500/• HAS BECOME 
THE TOP 9 MICROCOMPUTERS. 

One of our design engineers has 
gotten carried away, again. He kno 
Rockwell is trying not to be known 
Number One in microcomputers, but 
he keeps coming up with winners. 

His first mistake was making th 
R6500/1 the benchmark champ' among 
8-bit microcomputers. Wive compounded that mistake by coming up 
with four more R6500/*s with more features, the same high performance 
and up to 56 1/0 lines. 

And weve continued to break the rules. Now, Rockwell International is 
forced to introduce four more members of the R6500/* family. Designed for use 
in multiple-CPU systems, the new R6500/41, /42, and /43 and R6541Q Intelligent 
Peripheral Controllers let you off-load control tasks from your central CPU. The nec­
essary intelligence is downloaded into RAM through a special asynchronous host 
bus port, compatible with R6500, Z80, 8080, and 6800 bus structures. 

, Now were stuck with a family of nine microcomputers that share the 
instruction set and pipeline architecture of the R6502 CPU, which continues to be 
the largest selling microprocessor.2 Rockwells exclusive software compatibility 
gives you the freedom to switch between single- and multiple-chip designs without 
starting over. For systems development, our new low-cost Design Center supports 
development of up to 4 concurrent processors. 

Rockwell never intended to be recognized as the Top 9, the Top 5, or even 
the Top 1. It hasn't been our style, but you can profit from our mistake by bench­
marking the R6500s in your application. 

Contact your local Rockwell distributor or Sales representative, or the 
New New New 

Models R6541Q R6500/41 R6500/42 
IPC IPC 

ROM(xB) - 1536 1536 

RAM(xB) 64 64 64 

1/0 Lines 23 23 47 

Serial Comm. - - -
Counters 1x16 1x16 1x16 

Expansion Bus BK 4K 4K 

Interrupts 
External 5 4 4 
Internal 1 1 1 
Host 2 2 2 

Standby RAM - - -
Package 64-pin 40-pin 64-pin 

QUIP DIP QUIP 

k,.ij;"~·•<,;~ .:<•c;:;;:f.',-~··;;;;, 

New 
R6500/43 R6511Q 

IPC 

256 -
64 192 

23 32 

- UART 

1x16 2x16 

4K 65K 

5 6 
1 4 
2 -
- 12 

64-pin 64-pin 
QUIP QUIP 

::~if;.,,PJ~;'?Z. 

R6500/11 R6500/12 R6500/13 

3072 3072 256 

192 192 192 

32 56 32 

UART UART UART 

2x16 2x16 2x16 

16K 16K 65K 

6 6 6 
4 4 4 
- - -
12 12 12 

40-pin 64-pin 64-pin 
DIP QUIP QUIP 

··: :_~~~·"'." 

R6500/1 

2048 

64 

32 

-
1x16 

-

3 
1 
-
35 

40-pin 
DIP 

Electronic Devices Division, 
Rockwell International, at 
(800) 854-8099. In California, 
call (800) 422-4230. Or 
write us at P.O. Box C, 
MS 501-300 Newport 
Beach, CA 92660. 

1. Benchmark test specified by Texas Instruments, 
including TMS7000, ZS, 8051 and R6500!1. 
Details prouided on request. 

2 . Source: Dataquest 

-~- Rockwell International 
... where science gets down to business 
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ROCKWELL'S NEW HIGH PERFORMANCE 
CMOS FAMILY MAY RUIN OUR REPUTATION. 

Like our NMOS 8-bit family, our CMOS micro­
processors seem to out-perform the competition5. 

Were reluctant to admit that the 4MHz · 
R65C02 is one of the first microprocessors, CMOS 

or NMOS, that can execute an instruction in half 
a microsecond. That its 2MHz version consumes 
only 40mW-1/20 the power of the NMOS version. 

And that it is pin-compatible with the R6502. 
Weve also added 12 new instructions to the R65C02 set. 

As long as were clearing our conscience, lets also admit that the 
R65C02 is only one of our new CMOS designs. There5 also the R65C102, 
a microprocessor with on-chip oscillator, and the slave processor 
R65C112, which accepts an external clock input. The R65C21 
Peripheral Interface Adaptor that drives two TTL loads at 
once and the R65C24, with all the capabilities of the 
R65C21, plus a 16-bit counter/timer with latch. 

There5 also the R65C51 Asynchronous 
Communications Interface Adaptor. And these 
new CMOS RAMs and ROMs to choose from: 
16K Static RAM, 32K EPROM, 64K EPROM, and 64K ROM.' 

And Rockwell supports system development for all Rockwell 
CMOS and NMOS microprocessors through SYSTEM 65 and the new 
Rockwell Design Center (RDC). 

We can't blame you for expecting less of us. For years, weve 
been trying hard not to be recognized as Number One. But you can profit 
from our slip-up by trying these new CMOS parts in your application. We11 
apologize in advance for providing you with higher performance and 
lower power consumption. For information, just contact your nearest 
Rockwell sales representative or distributor or the Electronic Devices 

Division, Rockwell International, 
ii at (800) 854-8099. In California, 

1 1\~ call (800) 422-4230. Or write 

I\ .r us at PO Box C, MS 501-300, 
JljJ:' Newport Beach, CA 92660. 

'!"Rockwell International 
... where science gets down to business 
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SO ROCKWELL HAS TO INTRODUCE FIVE NEW 
INTEWGENT DISPLAY CONTROLLERS. 

Our rule was already broken when we came 
up with the 10937, the first single-chip controIIer for 

alphanumeric displays. Now the offense has been 
repeated not once, but five times, to give RockweII 

the leading family of intelligent controIIers that 
directly drive VF displays of up to 60 volts. 

Our new 10938, 10941, 10942, and 10943 
anode drivers simplify your design job for all sizes of 
alphanumeric displays, from 8 character segmented 

to 80 character 5x12 dot matrix. All four, and the 
companion 10939 grid driver, accept either serial or parallel I/O. Because 
all of these devices have built-in intelligence, they lower your hardware 
costs by as much as 30¢ per character. If your product has an 80 
character display; our controIIers save you $24. 

Besides eliminating TTL parts, RockweIIs intelligent display drivers 
reduce the load on your CPU by 90%, because they handle the complete 
display refresh function. 

Its bad enough having these advanced parts for VF displays, 
but it doesn't stop there. All 6 work with any host processor with just 
2 I/O pins !hrough a serial interface. GUIDE TO CHOOSING ROCKWELL DISPLAY CONTROLLERS 

Weve been reluctant to talk 
about our leadership in display control 
lers. On the other hand, our distributo 
are loaded up with them and will be 
more than happy to talk about filling 
your order today. Check the chart to 
get an idea of the best combination 
for your application, then contact your 
nearest RockweII distributor. Or the 
Electronic Devices Division, Rockwell 
International, at (800) 854-8099. 
In California, call (800) 422-4230. 
Or write us at P.O. Box C, MS 501-300, 
Newport Beach, CA 92660. 

Display iype 

Characters 

8 

10 

16 

20 

32 

40 

20 

32 

40 

40 

Segments/ 
Matrix 

14·18 

14-18 

14-18 

14·16 

14-16 

14-16 

5x7 

5x7 

5x7 

5x12 

'!'Rockwell International 
.. . where science gets down to business 
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Anode 
Drivers 

10939 
Grid Driver 

A single 10937 device 
provides anode and grid 

drivers for these display types. 

1 (10941)* 

1 (10941)* 2 

1 (10941)* 2 

1 (10938) 

1 (10938) 2 

1 (10938) 2 

1 each (10942 & 43) 2 

1 (10938) 4 

4 
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PARALLEL MULTIPLIERS. 
16 x 16 N MOS parallel-array 
units, WTL2516 and WTL2517 
consume less than one-fourth 
the power of bipolar devices and 
spec 200-nsec typ multiply time. 
Pin-for-pin functional equivalents 
to bipolar units such as the TRW 
MPY16HJ and AMO 29516/ 

29517, they feature 1/0 latches 
that can be operated in either 

• Superior Frall)e Design utilizes stainless steel to en 
strength. 

• UL Listed to ensure consistanlly high quality and easeqf system a.ppn:Wll'iby 

• Competitive Prices ! OTAX™ premium quality switches are available a~ pr~es 
comparable to those of ordinary switches. · ·· ' 

COMPONENT 
PRODUCTS 
DIVISION 

196 
Circle No. 228 for Immediate Appl/cation 

IN DUST RI 
7740 l • l!1 

Tel. (213) 787-0lf 

Circle No. 229 for Reference Mater/a/ 

Clocked or Transparent mode. 
16-bit two's-complement or un­
signed~magnitude input data can 
be accommodated, as can 
mixed-data-format operation. 
The devices operate from 5V 
and have TTL-compatible 1/0 
levels. The WTL2517 has one 
clock input and three register 
enables for the two input 
registers and one output regis­
ter. $65 (100) in 64-pin plastic 
DIPs. Weltek Corp, 3255 Scott 
Blvd, Santa Clara, CA 95050. 
Phone (408) 727-6625. 

Clrcle No'306 

GaAs FETs. Three high-gain, 
low-noise units suit communica­
tions/radar and electronic­
defense applications in the 6- to 
18-GHz range. In unpackaged 
chip form, the AT-10600 features 
1 .5-dB noise figure and 12-dB 
associated gain at 6 GHz; 1.8-dB 
NF and 9-dB gain at 12 GHz; 
and 2.8-dB NF with 6-dB 
associated gain at 18 GHz. In a 
hermetic metal/ceramic 50-mil 
stripline package, the AT-10650-
1 furnishes identical perform­
ance through 12 GHz; the 
AT-10650-3, a lower cost version 
also in the 50-mil package, 
provides 1.9-dB NF and 11-dB 
associated gain at 6 GHz; 2.3 dB 
and 8 dB at 12 GHz. All versions 
produce 17-dBm output power 
(at 1-dB gain compression) at 12 
GHz. The GaAs FET chip used 
in all three transistors incorpo­
rates thick gold-plated metalliza­
tion combined with a 0.5-µm 
gate length for small chip size, 
low parasitic reactance and 
impedance levels that are easy 
to match throughout its operating 
frequency range. AT-10600, $50; 
AT-10650-1, $105; AT-10650-3, 
$63 (100). Avantek Inc, 3175 
Bowers Ave, Santa Clara, CA 
95051. Phone (408) 496-6710. 

Circle No 30i 
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POWER MODULE. For PWM 
applications, the Fuji Electric 
1 OOOV 50A EV1235 switching 
power module contains two 
complete Darlingtons, internally 
isolated from the mounting base 
as well as from each other. For 
snubberless circuit design, the 
unit provides fast-recovery dis­
crete antiparallel diodes, a 
square RBSOA curve and fast 
switching speeds , permitting 
PWM operation over 1 to 5 kHz. 
The Darlingtons are triple­
diffused planar glass-passivated 

types, assembled as a hybrid 
with planar diodes. $74.38. 
Collmer Semiconductor Inc, 
14368 Proton Rd, Dallas, TX 
75234. Phone (800) 527-0251 . 

Circle No 308 

ISOLATION AMP. A low-drift, 
wide-bandwidth, optically cou­
pled unit , Model 180100 
achieves a voltage-dr ift -vs­
temperature spec six times lower 
at G = 1 00 than that of its 
predecessors. It provides optical 

feedforward for isolation and 
optical negative feedback to 
linearize the transfer function 
and protect the gain from the 
effects of LED aging. Three 
grades are available, with maxi­
mum nonlinearity ranging from 
0.4 to 0.07%, input offset voltage 
of 500 to 200 µ V max and input 
offset voltage drift of 5 to 2 µ V /"C 
max. Continuous isolation rating 
equals 750V between input and 
output terminals and is 100% 
tested at 2500V. Input-to-output 
isolation resistance specs at 
10120; bandwidth, at 60 kHz. The 
amplifier stage furnishes 10-nA 
max offset current and 0.05-nA/ 
°C max offset-current drift. $25 
to $33.60. Burr-Brown, Analog 
Products Div, Box 11400, Tuc­
son, AZ 85734. Phone (602) 
746-1111. 

Circle No 309 

LMI shielded rooms. 
Your best 

investment. 

Clamp-together Shielded Rooms 
• Prefab, modular, demoun1able. 
• Excellent RF at1enuation. 
• Unequalled structure rigidi ty 

and electrica l circuit integrity. 
• Easy to assemble and relocate. 

All-welded Shielded Rooms 
• Super RF at1enuation. 

Plus these LMI benefits 
• Complete turn key facilities by 

nationally known EMI 
engineers. 

• Specifications design and 
engineering services. 

• Registered profess ional 
engineers; licensed contractors. 

• After-sale service; long-term 
upgrading. 

• Ask fo r catalog LDC-500. 

• AC or DC Input. • Up to 23% More Efficient Cooling. 
• Custom LSI Chip Cuts Component Count. 

• Supplied fo r NSA 65-5 and other 
secure specs where 100 to 120 db 
shielding is req uired from 1.0 to 
10 KHz, to 10 GHz and higher. 

• Meet storage and vault needs . 
• Ask fo r catalog LSR -1 000. 

To discuss your needs call or 
write Fred Nichols, 
LectroMagnetics, Inc. 
6056 West Jefferson Blvd . 
Los Angeles, CA 900 16 

-~S=ffi~==o~ 
R F S hielded Anechoic Chambers (2 13) 870-9383 

t LectroMagnetics, Inc. 
14402 Franklin, Tustin, CA 92680, 714/730-0162 CIRCLE NO 100 
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HowToP 
I Volts 
At Yo 

Fingert· 

DURACELL U.S.A. 
a division of Duracell Inc. 
Technical Sales and Marketing - South Broadway, Tarrytown, New York 10591 
Duracell Regional Salee Offices 
Northeast Region - Southeast Region -
R. GRIGGS V. MALKIEWICZ 
NY, NJ, PA, VT, MA, RI , AL, FL, GA, MS, SC, PR, 
CT, ME, NH AR, LA, OK, TX 
(914) 591 -7000 (305) 395-1535 

North Central Region -
J. HIPSKY 
IL, IA, MO, MN, NE, ND, 
SD, WI, KS 
(312) 991 -1909 

CIRCLE NO 101 

South Central Region -
N. OVERBERG 
IN, KY, Ml, OH, DE, MD, 
DC, VA, TN, WV, NC 
(513) 434-0418 

Western Region -
W. ARNOLD 
CA, WA, NV, MT, OR, ID, 
WY, UT, CO, AZ, NM 
(408) 972-8001 



SIEMENS 

SIPMOS FETs ... 
The widest range of voltages and packages ... 
from Siemens 
Siemens Power MOSFETs 
offer you: 

• Widest voltage range: 
50-1000 volts 

• Widest package selection: 
T0-3, T0-18, T0-39, T0-92, 
T0-202, T0-220, and SOT 89 

• Lowest on-resistance: 
Ros (ON)= 0.03 ohms 

• Worldwide high-volume 
production capacity, 
ensuring availability 
and low cost 

• Expanding line soon to 
include low-current types 
with 100 volt and 400 volt 
breakdown voltages 

• State-of -the-art technology 
backed by Siemens annual 
billion dollar research and 
development program 

For additional information, 
contact your local 
Siemens representative, 
stocking distributor, 
or call (201) 321-4561. 

Specify Siemens and be secure. 
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SPEECH-TRANSACTION SYS­
TEM. iSBC 570 Speech Trans­
action Development Set allows 
you to define a vocabulary using 
the iSBC 576 speech­
transaction board and test the 
words to see that errors are 
minimized and recognitions 
occur with high rates of repeata­
bility and accuracy. The iSBC 
576 can then be combined with 
other iSBC boards to implement 
a complete speech-recognition 
system. Also available is the 

iSBC 577 Speech Transaction 
Chip Set, which provides the 576 
board's speech-recognition func­
tion. The iSBC 570 system 
comprises the 576 board, a 
floppy disk with an application 
example and speech­
transaction-generator software, 
a microphone and a new front 
panel for the manufacturer's 
lntellec development system. 
The board plugs into the lntellec 
system's chassis. The iSBC 576 
provides two 2920/21 single­
chip analog signal processors, 
an 8048 single-chip microcon­
trol ler , four 27128 (16k x 8) 
EPROMs and an 8086 16-bit 
µC. iSBC 570 development set, 
$4900; iSBC 576 board, $2900; 
iSBC 577 speech-chip set, $600 
(500). Intel Corp, 2625 Walsh 
Ave, Santa Clara, CA 95051. 
Phone (408) 987-4928. 
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Yes· ~es. y~E-·· 
IDT has never met a computer 

it couldn't provide with 
IBM compatible 1/2" mag tape. 

The advantage of complete tape drive drives, cost effective alternatives for 
subsystems py IDT is plain: IDT designs smaller users. 
are the most recent .,........ _ _ _ 
and are fully compati­
ble with anybody's 
requirements. Features 
include diagnostics 
and bus to dr i ve 
support. 

IDT offers the Series 
1050 W' tape sub­
system, a full-capacity, 

In IBM-compatible, or 
standard record ing 
formats inc luding 
ANSI, ECMA and ISO 
and 8000 hour MTBFs, 
these problem-solvers 
are too attract ively 
priced to overlook. 
Call or write for a com­
plimentary descriptive 

10W' reel, 72K byte/sec system for 
management of massive data volumes 
. . . and the Series 3000 W' cartridge 

brochure and see why you should th ink 
IDT when you think tape . 

111111111 IDT: where innovation puts you ahead 

INNOV\TIVE DATA TECHNOLOGY 
4060 MORENA BLVD. • SAN DIEGO, CA 92117 • (714) 270-3990 
TWX: 910-335-1610 •IDT EAST (703) 759-3003 • TWX: 710-833-9888 

Be sure to see us at COMDEX Booths 1887·1889 

CIRCLE NO 104 

SCOPE MEMORY. Model 
VK12-2 converts any analog 
oscilloscope into a digital­
storage scope. Its analog-data­
input unit digitizes and stores 
200 bytes max of memory with 
8-bit resolution, and the 2-MHz 
clock rate permits accurate 
reconstruction of analog signals 
to 300 kHz. An output is provided 
for X-Y or strip-chart recorders. 
Other features include trigger 
circuit with pretrigger feature, 
switch-selectable input-range 
sensitivity, switch-selectable 
timebase and memory scroll. A 
bit-parallel, word-serial data bus 
or an optional IEEE-488 bus is 
also available. $1495. Soltec 
Corp, 11684 Pendleton St, Sun 
Valley, CA 91352. Phone (800) 
423-2344; in CA, (213) 767-
0044. TLX 674188. 

Circle No 323 

CHART RECORDERS. These 
X-Y units with DIN A4 8V2 x 11-in. 
format feature pen speeds of 
1"300 mm/sec in the Y axis and 
900 mm/sec in the X axis, plus 
dynamic response of 5 Hz. 
Model 6415 has 18 input ranges 
from 50 µV/cm to 20V/cm. Model 
6414 provides nine input ranges 
from 2 mV/cm to 1 V/cm. Both 
have timebases of 0.5 to 1 O 
sec/cm. Other key specs include 
1-Mn input impedance, 0.25% 
accuracy, and < 1 % overshoot. 
The units also feature electro­
static paper holddown and 
remote control of pen lift, 
timebase reset and restart. From 
$1795. Delivery, stock to 45 
days ARO. Soltec Corp, 11684 
Pendleton St, Sun Valley, CA 
91352. Phone (800) 423-2344. 

Circle No 324 
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EMULATOR/ANALYZER. Used 
with its manufacturer's Exorset, 
Exormacs or Exorciser software­
development system, HDS-200 
provides a complete hardware/ 
software-development system 
for the firm's M6804/M6805/ 
M146805 families of µC chips. 
Comprising a control station plus 
a separate emulator module with 
an internal µC and memory 
capacity to match that of the chip 
to be emulated, the system 
serves as a functional substitute 
for the selected CPU in the 
target system. It provides real­
time emulation, 16 programmed 
breakpoints, a line-by-line as­
sembler/disassembler, program­
trace commands, Help com-

mands, memory-map display, 
stored macro commands and 
Transparent-mode operation. 
The HDS-200 control station 
contains an internal power 
supply, logic circuits, clock and 
an MC6809 that runs the 
monitor, controls the ports and 
interfaces with the emulators. 
Two RS-232C communication 
ports are included. M68HDS201 
hardware-development station, 
$1950; emulator modules, 
$2000. Motorola Semiconduc­
tor Products Inc, Box 20912, 
Phoenix, AZ 85036. Phone (602) 
244-5768. 

Circle No 325 

DATACOMM TESTER. Monitor­
ing and interactively communi­
cating with data appearing at the 
RS-232 interface, the µP-based 
Hawk 401 O locates and isolates 

,------------ ------- -----------~ 1 IN THE MARKET FOR ~ 

FERRITES? ! 

204 

'(l' Check out PER MAG 
... your one stop shopping mart for 
sophisticated magnetic materials 

O Permanent Magnets 
o Linear Ferrites 
o Rare Earth Cobalt 
o Flexible Rubber Magnets 
O Technical Ceramics 
o Shielding Materials 
o Cobalt Steel 

I 
I 
I 
I 
I 
I 
I 
I 

hardware and software prob­
lems by simultaneously display­
ing both transmit and receive 
data. It can be programmed to 
trap and store 4096 characters 
and recall this data for detailed 
visual analysis on a 5-in. CRT. 
The unit operates with synchro­
nous data rates to 19.2k bps in 
half- and full-duplex modes. 
Asynchronous operation is pro­
vided by internally generated 
clock speeds of 50 to 19.2k bps. 
Standard protocols include 
Bisync, SLDC (NAZ, NAZI), 
HDLC, X.25, ADCCP, ASCII, 
Baudot, EBCD, EBCDIC, Hex, 
IPARS, Octal, Selectric and 
Transcode. $4995. Delivery, 60 
days ARO. International Data 
Sciences Inc, 7 Wellington Rd, 
Lincoln, RI 02865. Phone (401) 
333-6200. TWX 710-384-1911. 

Circle No 326 

OSCILLOSCOPE. Featuring 
peak-to-peak automatic trigger­
ing and automatic focus, the 
60-MHz 6.9 x 11 x 14.6-in. Model 
5060 provides delay sweep, 
delay line, alternate sweep, a 
third-channel signal and a verti­
cal signal output on the back of 
the unit. Sensitivity specs at 1 
mV with 5x magnification. A 
sync separator comes standard. 
Other features include variable 
hold-off for precise adjustment of 
trigger hold-off time, autotrigger­
i ng and peak- to-peak 
autotriggering. A built-in delay 
line permits accurate leading­
edge measurements . $1100. 
Kikusui International Corp, 
17819 S Figueroa St, Gardena, 
CA 90248. Phone (213) 515-
6432. 

Circle No 327 
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DATA LOGGER. You can ex­
pand the programmable Model 
2280A from a 20-channel to a 
1500-channel system with ana­
log/digital inputs and control 
outputs housed in 15 remote 
extender chassis located as far 
as 1 km from the mainframe unit. 
Each AID-conversion card in the 
system can operate to 20 
readings/sec and support as 
many as 100 channels. Because 
each system can support multi­
ple ADCs, the maximum system 
can be configured to operate at 
100 readings/sec. The basic 
2280A furnishes a library of 11 
thermocouple linearizations , 
three RTD linearizations and 
four alarm limits per channel. 
Standard math functions include 
addition, subtraction, multiplica­
tion , division and parentheticals. 
Manipulations such as group 
average, time average, point 
difference, deviation from group 
average and rate of change are 
provided with the standard math 
package (advanced-math option 
also available) . Scan-group pro­
gramming affords definition of as 
many as 10 groups , plus 
group-priority management. The 
unit also provides a 40-column 
thermal printer , 40-character 
alphanumeric display, 12V de 
operation, 32k of RAM for storing 
user programs and optional 
500k-byte tape drive . Basic 
system, $7395; mainframe, 
$5895. John Fluke Mfg Co Inc, 
Box C9090, Everett, WA 98206. 
Phone (206) 342-6300. TLX 
152662. 

Circle No 328 
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GE NSTAR 

Rental Electronics, Inc. 
(800) 227-8409 

In California (213) 887-4000 • (415) 968-8845 • (714) 879-0561 

rl~u~=~~~~7h~~~~~~=~~~=~~·-, 
I 

0 It sounds great. Tell me more! Call 0 I'm particulary interested in the I 
me at following equ ipment: I 

I O Send me your new Rental Catalog. I 
I 

O I'd like a copy of your " like new" 
equ ipment for sa le catalog , too. I 

I EON 112482 I 
I NAME TITLE I 
I ORGANIZATION I 

ADDRESS MAIL STOP _ _ _ _ _ 

I CITY/STATE/ZIP I 
I TELEPHONE I 
I Please complete co"!pon and mall to: ~enstar Rental Electronics, Inc., 6307 I 
L De Soto Avenue, Suite J, Woodland Hills, CA 91367 ., Genstar Rental Electronics. Inc. 1982 1 

------------------------~ CIRCLE NO 106 
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POWER SUPPLIES. LPS-151 
and -152 triple-output de power 
supplies have metered output 
voltages adjustable over Oto 6V, 
o to ·25V and o to -25V de. All 
outputs come with independent 
adjustable current limiting and 
an automatic-recovery feature 
that allows output voltage to 
return to normal when a short or 
overload condition is removed. 
Model LPS-151 's output specs 
at 2.5A max (0 to 6V) and 0.5A 
max (±25V). Model LPS-152's 
output current measures 5.0A 

max (0 to 6V) and 1.0A max 
(±25V). Both units feature a 
tracking output mode that per­
mits an adjustable ratio of 
positive versus negative voltage 
between the 25V outputs. Ripple 
specs at < 3 mV p-p. LPS-151 , 
$395 ; LPS-152, $495. Leader 
Instruments Corp, 380 Oser 
Ave, Hauppauge, NY 11788. 
Phone (800) 645-5104 or (516) 
231-6900. TWX 510-221-2133. 

Circle No 329 

EPROM COPIER. Model 8218 
util izes inexpensive personality 
plugs to permit copying of most 
widely used EPROMs and 
EEPROMs and automatically 
checks for blank copies. Non­
blank EEPROMs can be erased 
by depressing the Program 
switch a second time. Sockets 
are cold except during active 

operations to provide device 
protection during insertion and 
removal. The master socket is 
fully buffered, and programming 
is inhibited if a faulty master is 
detected. Blank check of the 
copies is performed at low Vee; 
the post-program verify pass at 
high Vee· Incorrect-insertion , 
overvoltage and overcurrent 
conditions are automatically de­
tected. $1495; personality plugs, 
typically $25. SMR Electronics 
Inc, Box 275 , Sharon, MA 
02067. Phone (617) 784-2918. 

Circle No 330 

USC URC (Ultra-Reliable Crimp-Remov­
able) two piece connectors accept any 
contact in any position in any connector 
block. Female block accepts standard 
size 16 or 20 socket MS 17804 and/or 
shielded coaxial socket. Male block ac­
cepts standard size 16 or 20 p in MS 
17803 and/or shielded coaxial pin. Of­
fered in eleven sizes (with 9, 14, 18, 20, 
26, 34, 42, 50, 66, 75 or 104 contacts) . 

ick Your Package. 
Specified for miniature power and coax con-clip ap­
plications, URC connectors meet or exceed require­
ments of, and are qualified to MIL-C-28748 and 
MIL-C-39029; UL listing No. E39138. For maximum 
flexibility and adaptability, contacts are ordered sep-

212 

When it comes to Bl-Color LEDs, we've 
got them all. Take your pick - we're now 
offering ten different package styles in our 
super-bright Bi-Color LED line. 

With green or red output. Basic package 
styles include bi-pin, midget flanged, 
vertical and horizontal PCB types, snap-in, 
and cartridge. 

And a price that's right. 
From Data Display. Call today TOLL 

FREE (800) 421-6815. Within California, 
call (213) 67 4-5940. 

DATA 
DISPLAY 

PRODUCTS 

303 N. Oak Street, Inglewood, CA 90302 
TLX664-690 

CIRCLE NO 107 

arately; hoods (shields) with and without protect­
ive skirts are available, as are protective shells 

for use on URC draw-pull and URC hooded, 
hoodless and chassis-mounted screwlock 

ANYCON connectors. Plates are of-

draw-pull and screwlock connectors. Cycle-controlled 
crimp tools (pneumatic, semi-automatic and automatic) 

meeting MIL-T-22520 (latest revision), are available. 
Also available, insertion and removal tools . URC .. . 

another reason for conscientious 
specifiers to seek our 

app lication engineering 
support ... another credit 

to our reputation as ... 

THINK TANK OF THE 
CONNECTOR INDUSTRY 

~l:::·l~i.~~~~~~~~~!~· lr:iL. 
CIRCLE NO 108 
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Ant-sized ... but big 
in performance 

(Actual Size) 

SPRAGUE IS MAKING MANY POPULAR TRANSISTORS 
AND DIODES AVAILABLE IN SOT 23 PACKAGES. 

§mall Qutline Transistors (SOT) and Diodes are 
the kind of products you 'd expect from Sprague. 
As a leading manufacturer of discrete compo­
nents, Sprague Electric has over 20 years' expe­
rience in producing such devices as small-signal 
T0-92 epoxy transistors and diodes, and discrete 
semiconductor arrays in standard 14-pin and 
16-pin DIPs. 

popular U.S. and European types. All products 
have silicon nitride passivation to insure high 
reliability and excellent performance. HYREL® 
screening is available on request. Shipping 
options include tray pack, vial pack and the new 
8-mm tape packaging for automatic insertion. 

Our transistors and diodes are now available 
in molded SOT 23 packages. They include many 

For complete technical data , write for Catalog 
CN-185 to Technical Literature Service, Sprague 
Elec tric Company, 491 Marshall Street, North 
Adams, Mass. 01247. 

FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE: 
ALABAMA. Sprague Electric Co . 205/883-0520; Electronic Marketing Associates . 205/837-7363 •ARIZONA. Sprague Electnc Co 6021831-6762; 6021244-0154 • 
CALIFORNIA. Sprague Electric Co .. 213/649-2600: 71 4/549-9913; R. DaVJd Miner Inc .. 7141267-3900: W. J Purdy Co 415 347-7701 •COLORADO. W J. Purdy Co .. 
3031777-1411 •CONNECTICUT, Sprague Electric Co . 203/261 -2551 •DIST. OF COLUMBIA, Sprague Electnc Co (GO'lt sates on~) . 202 337-7820 •FLORIDA, Sprague 
Electnc Co 305/831 -3636: 305/979- 1440 •GEORGIA, Electronic Marketing Associates. 404/448-1215 • ILUNDIS, Sprague Electnc Co . 312 296-6620: 312/635-4020 • 
INDIANA, Sprague Electric Co . 3171253-4247 • MARYLAND , Sprague Electric Co .. 3011792-4890, 301 953·1717 • MASSACHUSETTS , Sprague 
Electnc Co .. 6171875-3200: 413/664-4411 : Ray Perron & Co .. Inc . 6171969-8100 •MICHIGAN , Spra9ue Electnc Co 517 787-3934: Mareco, Inc., 517 263-1333 • 
MINNESOTA, HMR . tnc . 6121831 -7400 •MISSOURI, EPI Inc .. 3141821 -4090 •NEWHAMPSHIRE, Ray Perron & Co •• Inc . 603J42-2321 •NEW JERSEY, Sprague Electric 
Co .. 6091795-2299: 201 1696-8200: Trinkle Sales Inc . 609/795-4200 •NEW MEXICO. W. J. Purdy Co .. 5051266-7959 •NEW Yl) RI( , Sprague Electric Co .. 5161234-8700: 
914 834-4439: 315,437-7311, William Rutt . Inc .. 914/834-8555; Paston-Hunter Co .. Inc .. 3151437-2843 •NORTH CAROLINA, Bectronic Marketing Associates. 
919,847-8800 •PENNSYLVANIA, Swague Electric Co . 2151467-5252 •OHIO, Sprague Electric Co .. 5131435-1678, Eleclronoc Sa~smasters . Inc .. 216/831-9555 •SOUTH 
CAROLINA. Electromc Marketing Associates , 803/233-4637 •TEXAS, Sprague Electric Co .. 5121459-3336; 2141235-1256 • UTAH. W J Purdy Co . 8011486-8557 •VIRGINIA, 
Sprague Electnc Co 703 463-9161 •WASHINGTON, Sprague Electric Co , 2061632-7761 •CANADA, Sprague Electnc of Canada ltd 4161766-6123. 613/238-2542 
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Instrumentation 
& Power Sources 

COMPONENT TESTER. Model 
201 programmable curve ana­
lyzer tests transistors, Darling­
tons, SCRs, triacs, optocouplers, 
LEDs, zeners, diodes, diacs, 
FETs , regulators and other 
discrete components. Measuring 
leakage currents , breakdown 
voltage , conducting voltages, 
component gains, gate-trigger­
i ng parameters and holding 
parameters, it includes built-in 
test modules for parameters that 
can be combined to construct 
desired test procedures. Testing 

· can occur in Go/No-Go mode to 

preset limits, or can measure 
parameter values . Measured 
data can be logged as a 
permanent record , includ ing 
maximum and minimum limits by 
device type . The benchtop 
modular system provides an 
automatic programmable curve 
analyzer, HP-85 computer with 
32k of RAM and a miniterininal 
with display and entry keyboard . 
CIS Testronics, 1324 Millwood 
Rd, McKinney, TX 75069. Phone 
(214) 542-5682. 

Circle No 331 

DIGITAL THERMOMETERS. 
Capable of using two thermo­
couple types from a choice of 11 , 
Models AN6501, 6502 and 6503 
display direct temperature read­
ings with 0.1 °C resolution and 
± 0.2°c conformity to NBS­
published tables. The µP-based 

units read temperature from 
- 200 to + 1820°C and indicate 
functions on a 5-digit LCD. Each 
supplies reference-junction com­
pensation for Types J, K, T, E, R, 
S, B, N, Platinel II , J-DIN and 
T-DIN thermocouples and can 
also measure uncompensated 
signals from - 9.988 to + 99.998 
mV. Model AN6503 is a digital 
thermometer and simulator with 
selectable Celsius/Fahrenheit 
functions , peak-temperature 
measurement and display­
freeze capability. Model AN6501 
is a dedicated digital thermo­
meter. All units operate from 
a 1000-charge/discharge -cycle 
NiCd battery pack. Model 
AN6503, $695. Analogic Corp, 
14 Electronics Ave, Danvers, MA 
01923. Phone (617) 777-4500. 
TWX 710-348-0425. 
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Low-cost, space-saving Flat-Pak 
meters eliminate the bulky 
barrel configuration that has for 
years robbed space behind the 
panel. High-density samarium/ 
cobalt magnets and an all-new 
miniature cantilever-coi l taut­
band movement make the thin 
prof ile possible. 

1.5" to 3.5" models (including 
picture-frame configuration); 
high-impact acrylic case; snap­
together construction; slide-in-

and-snap scale replacement; 
± 2% accuracy; 1.5% linearity; 
simpl if ied installation. 

Call or write for Bul letin 
IC-222. 

International Instruments 
7731 

DIVISION OF SI.GM /\. 
88 Marsh Hi ll Road • Orange , CT 06477 /....l. 

(203) 795-4711 • TWX 71 0-465-2897 
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fifiWecutour 
PCB design tinie 

front 4 weeks 
to 2 days.~~ 
Bob Karcher 

Senior Energy Engineer 
Signetics Corporation 

Bob further reports , " Who would believe an 
investment of $1450 could deliver better, faster 
results than a CAD unit costing 10 times as much? 

" It 's true . Dasoft eliminates costly design-loop 
delays and gives us complete control over our work. 
We can enter PCB designs directly into any CP/M­
based system and get immediate artwork plus 
concurrent documentation that updates itself 
with each design revision . 

updating of complete schematics. 
"Corrections, too , are instantaneous. We 're 

glad to be rid of the time-consuming dismantling 
and restructuring of taped models. You really 
have to see this software in action to believe it:' 

If you're tired of long PCB turnarounds and 
documentatibn that never seems to get done, 
you ' re ready for Dasoft. The economical design 

"And the Dasoft package totally 
frees us to design - the computer 
automatically does the tedious 
support-tasks like wirelists, parts 

rnAJOFf 
tool that instantly responds to 
your needs. 

Seeing is believing . Call or write 
for a demonstration disk today! 
1840 Embarcadero , Oakland, 

lists, error-checks, and drawing and DESIGN SYSTEMS, INC. CA 94606. 415/533-1441 . 

E DN NOVEMBER 24 , 1982 
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Select Devices 

Diodes 
Aerospace 
Milit 
Medi~ 

No one makes a greater variety of 
JAN, JANTX, andJANTXV varactor 
tuning diodes, or a broader line of 
ultra-reliable "C Bend" current 
regulators. Our array of diodes 
includes: 

•High Q JAN and JANTX varactor 
tuning diodes (series 1N5139) 
with Q to 350 and 60 VDC 
ratings; and very high Q JAN and 
JANTX varactors (series 1N5461) 
with Q to 600. 

•High capacitance, wide area 
varactors to 1320 pf, with Q to 200. 

• Ultra-reliableJAN/JANTX/ 
JANTXV "C Bend" current 
regulators (series 1N5283) from 
0.2 to 4. 7 mA. 

• Special current regulators (series 
CIL250) from 5.1 to 10 mA in 
DO-7 packages. 

•High level current regulators 
(series CIL350) from 11 mA to 
50 mA in T0-5 packages. 

For further information, send for 
our short form catalog. 

.... __ .... TELEDYNE 
CRYSTALONICS 
147 Sherman Street 
Cambridge, MA 02140 
Tel: (617) 491-1670 
TWX 710-320-1196 
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lnsb"umentation 
& Power Sources 

DEVELOPMENT SYSTEM. Op­
timized for the Cimbus, Com­
mander/800 features a develop­
ment-software package, dual 
floppy-disk drives, provisions for 
a printer and CRT terminal and 
front access to all 16 Cimbus 
card slots. it uses the bus­
exe rc i se r approach for µC­
system development, in which 
one card cage holds the target 
system and cards that control 
software/hardware develop­
ment. During system debugging, 
the development cards provide a 
means to exercise, monitor and 
control the target system via the 
standardized Cimbus. RS-232C 
ports are provided, and CP/M 
comes standard. Development 
software consists of an editor, 
macro assembler, linking loader 
and symbolic debugger. Utilities 
include file copy, disk test and 
memory test. FORTRAN, 
BASIC, Pascal, C and FORTH 
are optional. $9950 for NSC800 
processor, 32k of CMOS RAM, 
CRT terminal, RS-232C port for 
serial printer, dual 8-in. floppy 
disks , CP/M and assembly 
development software. Micro/ 
Sys, 1367 Foothill Blvd, La 
Canada, CA 91,011. Phone (213) 
790-7267. 

Circle No 333 

DEVELOPMENT SYSTEM 
ADD-ONS. For lntellec Series II 
and Ill µP development systems, 
iMDX 511 human-interface en­
hancements facilitate file view­
ing, speed up command-line 
editing and add a help facility. 
Command-line editing and recall 

permit error correction (using the 
cursor to type over the error) and 
character addition or deletion. 
An entire command line can also 
be recalled or copied with one 
keystroke. The file-display en­
hancement allows a user to 
specify a file page by page via 
the space bar and permits fast, 
slow or line-by-line scrolling. A 
function-key capability accesses 
41 system commands; the help 
facility displays a menu of all 
available function keys. The 
upgrade kit consists of four 2716 
EPROMs, a 8741 microcontrol­
ler and two flexible diskettes. 
$375. Intel Corp, 3065 Bowers 
Ave, Santa Clara, CA 95051. 
Phone (408) 496-9484. 

Circle No 334 

EMULATION SYSTEM. Provid­
ing stand-alone, transparent 
real-time in-circuit emulation of 
as many as four µPs, Model 
9516S uses the C language for 
program analysis and data 
manipulation. It furnishes 256k 
bytes of system memory to 
implement features such as 
programmable soft keys, symbol 
handling and access to local 
mass storage for user programs 
and files. Communications soft­
ware supports serial communi­
cation to any host with special 
support for PDP-11 and VAX 
computers. $13,470. Gould Inc 
Instruments Div, 4600 Old 
Ironsides Dr, Santa Clara, CA 
95050. Phone (408) 988-6800. 

Clrcle No 335 
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No. 2 in a series: 

Should I 
from my 
Yes. In fact, insist upon it. At Texas 
Instruments, our goal is first-pass success 
on your logic array. And to achieve that 
goal, we provide in-depth support and 
assistance throughout the entire design 
cycle. From initial training and docu­
mentation; through actual design, analy­
sis, and consultation; to the verification 
of your design before we begin produc­
tion to your specifications. 

What immediate help is there to 
get me started? 

The Answermen at TI'.s strategically 
located Regional Technology Centers 
(RTCs). Expert and knowledgeable, they 
are ready now to answer your preliminary 
questions over the telephone, and to 
help you determine the feasibility of TI 
logic arrays. 

RIC Answermen 
Hot Line Numbers 

ATLANTA (404) 452-4686 
BOSTON (617) 890-4271 
CHICAGO (312) 228-6008 
DALLAS (214) 680-5096 
NORTHERN 
CALIFORNIA 
SOUTHERN 
CALIFORNIA 
BEDFORD, 
ENGLAND 
FREISING, 
WEST GERMANY 
HANNOVER, 
WEST GERMANY 
TOKYO, JAPAN 

(408) 980-0305 

(714) 660-8164 

0234 223000 

08 161 800 

0511/648021 
03-498-2111 

The RTC Answermen can also de­
scribe how Tl's design automation system, 
with its series of checks and balances, 
minimizes errors and redesign. And they 
will explain the software tools available 
to ease and speed the design procedure. 

<lillll At the ready: The RTC Answennen in Tl's 
Regional Technology Centers are equipped to 
provide virtually instantaneous information 
about TI logic arrays and a host of other TI 
semiconductor products. The RTCs are 
your most accessible entry point to Tl's 
unmatched combination of product depth, 
design knowledge , and development tools 
that can result in the most cost-effective TI 
semiconductor solution for you. 

© 1982 TI 



Ask the RIC Answerinen at Texas lnstrutnents 

expect extensive design help 
logic array supplier? 
What design training is available? 
A five-day, design-level seminar is con-
ducted regularly at the RTCs. This course 
will familiarize you with the techniques 
and capabilities of Tl's design languages 
and automated software system. 

During the course, you will learn Tl's 
Hardware Description Language (HDL) 
and Test Description Language (TDL ). 
They are used to define complex logic 
functions in a generalized format for 
compilation into a data base transferable 
into Tis design automation system. 

The course also covers other tools 
available to you, including advanced sim-
ulation, design testabiliry, design verifica-
tion, and test-pattern grading. 

CUSTOMER TEXAS INSTRUMENTS 

Teamwork is essential to successful logic 
array design. As shown, the Tl design 
process divides responsibilities for 
maximum contribution by both parties 
and eliminates many manual, error­
prone tasks. 

Fast, Efficient TI Logic Array Family 
Gate Gate 1/0 Commercial/ 

Array Gates•• Technologyt Delay Power Signals Military 

TAL002* 280 LPS 5.0 ns 1.25 mW 29 c 
TAL004* 400 LPS 5.0 ns 1.25 mW 42 c 
TAT004 400 STL 2.5 ns 600 µW 76 C/M 
TAT008 800 STL 2.5 ns 600 µW 104 C/M 
TAT010 1000 ASTL 1.0 ns 300 µW 88 c 
TAT020 2000 ASTL 1.0 ns 300 µW 120 C/M 
STL700 560 STL 3.0 ns 300 µW 61 M 
SBP96700 1120 12L 11 /15 ns 100 µW 96 M 
SBP96600 2120 l2L 11 /15 ns 100 µW 140 M 

*TAL Series Arrays are manually routed by you and schematically verified by Tl with your software 
HDL model prior to prototyping. 

* *Usable gates 
ti.PS- Low-power Schottky 
tsTL - Schottky Transistor Logic 
tASTL-Advanced Schottky Transistor Logic 

When circumstances warrant, we'll 
conduct the seminar at your plant. 

If you want to srudy on your own, 
appropriate documentation may be 
obtained from TI. This consists of a 
detailed Logic Array Designers Manual, 
data sheets of logic array characteristics, 
information packets on library-accessible, 
predesigned software funct ions , and 
related technology application notes. 

Where can I get actual 
design assistance? 

At Tl's RTCs, home of the Answermen. 
TI engineers at the RTCs will evaluate 
your schematic at no charge. This evalua­
tion includes asse ment of your general 
performance requirements. Gate count. 
And associated VO, as described by you. 

The RTC will recommend the rype of 
TI logic array best suited for your job (see 
table) as well as the appropriate package. 

Each RTC has the facilities which you 
can use to describe your logic and pre­
pare the HDL and TDL data base. If you 
prefer, the RTC will contract to do this 
work for you. 

How readily can I access the 
design tools? 

Everything at TI is done to make the 
design proce a simple and as fast as 

t l2L - Integrated Injection Logic 

possible. Access to Tis efficient design­
automated system can be by terminals at 
the RTCs; by dial-up communicat ion 
links from your plant, tied directly to Tl's 
worldwide computing network. And by 
the Transportable Design Utility (TDU). 
The TDU allows you to perform your 
design work- utilizing the TI design 
software - at your own pace and on your 
in-house hardware. 

The TDU, written in Pascal, includes 
the HDL compiler/syntax checker, TDL 
compiler, an interconnect rule checker, a 
design testabiliry analyzer, and an event­
driven logic simulator. 

When should I start my design? 

There's no better time than now. The 
RTC Answermen are standing by their 
Hot Line telephones (see listing opposite 
page) to answer your technical quest ions 
and assist you in taking advantage of the 
time and money savings inherent in Tl 's 
logic array design automation.,, 
system. Or visit the RTC •i 
nearest you, or call your •J 
local TI sales engineer. 

TEXAS 
INSTRUMENTS 

CIRCLE NO 115 27-5030 
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Computer-Sf stem 
Subassembl1es 

VME-BUS BOARDS. Based on 
the 16/32-bit S6BOOO µP, these 
VME-bus modules are imple­
mented in a 160x 233.4-mm 
double-Eurocard format. For use 
in a VME-bus card cage or as a 
stand-alone single-board µC, 
the central-processor module 
employs an B-MHz SCN6BOOO 
µP and provides optional memo­
ry management with the 
SC6B451 memory-management 

It 's a whole fam­
ily of UL and CSA 
listed heavy­
duty relays that 
plug into 12 or 14 
pin high reliabil­
ity Industrial sockets. This 
superior Struthers-Dunn family 
will save you money and space 
and make wiring and trouble­
shooting a lot easier. Family 
includes general purpose. lateh­
ing, sequencing, time delay, 
solid state. alarm and others. 
All have gold-diffused silver 
cadmium oxide contacts, encap-

The Responsive Relay Company 

CIRCLE NO 116 

IC; 4Bk bytes of ROM, PROM or 
EPROM; Bk bytes of high-speed 
RAM ; two serial and one parallel 
ports ; a 12-bit programmable 
real-time clock; and seven 
interrupt levels. Furnishing a 
256k-byte high-speed RAM, the 
memory module supports B-, 16-
and 32-bit data transfers and 
accommodates 2-way interleav­
ing. The disk-controller module 
supports as many as four 5%­
and B-in. Winchester and floppy­
disk drives. Functioning as an 
intelligent peripheral interface 
and OMA, it provides 200-nsec 
instruction-cycle time, flexible 
data formats and serial data 
rates to BM bps. Providing 
comprehensive bus arbitration 
with four levels selectable for 
priority and round-robin modes, 
the system controller monitors 
system operation using a selec­
table watchdog timer, can detect 

News items 

improper address conditions and 
provides all system utilities, 
including a 16-MHz system clock 
and 4-MHz serial bus clock. CPU . 
module, $2050; memory mod­
ule, $2550; disk-controller mod­
ule ; $2200; system-controller 
module, $420. Delivery, 90 days 
ARO. Slgnetlcs Corp, Box 409, 
Sunnyvale, CA 940B6. Phone 
(40B) 739-7700. 
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WINCHESTER CONTROLLER. 
Directly interfacing drives from 
more than 10 manufacturers, the 
iSBC 215 Generic Winchester 
Controller (GWC) combines the 
iSBC 215A open-loop controller, 
the iSBC 215B closed-loop 
controller and an ANSI X3T9/ 
1226-standard interface control­
ler on one Multibus board. 
Supporting as many as four 51/4-, 

new products, R&D projects, market trends, 
joint ventures, government policies, 
investments, corporate strategies. 

Newsletters 

o Japan Electtonict 

D 

twice a month (24 times a year) 
1 year $250 (overseas $350) 

('ii::;., Contact 

e; AnvANCED AMERICAN Tuc ttNOLOGY 

548 So. SpringSt., #612 
LosAngeles, CA 90013 
Phone(213)689-4515 
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Econo/Mate. 
More power for your 
power supply dollar. 

Model 
EMA-5AV 
EMA-5BV 
EMA-5CV 
EMA-5CCV 
EMA-5DV 
EMA-6A 
EMA-68 
EMA-6C 
EMA-6CC 
EM A-60 
EMA-9/ lOA 

EMA-9/108 

Single Output Supplies 

Power/Mote's new Econo/Mate open frame linear power supplies now pack 
o bigger punch. They offer 33% more power from the same case size than many 

competitive models, at no increase in cost. That means you can achieve even 
greater reliability from the Econo/Mate by operating at a percentage of full 

load. Or, alternatively, pack more power in a smaller space. 
You get more features as standard. OVP on all 5 volt outputs, standard. 

Dual 105-125/210-250 VAC inputs on all supplies, standard. Remote sense 
capability on all supplies is standard, except EMA-A and ETA-B. 

Forty Econo/Mote models from 5 to 24 VDC, up to 15 Amps. Single, 
dual, and triple outputs in 9 case sizes. Think of them as the new old standby. 

Dual Output Supplies 
Case Sizes 

Mqunting 
Model Surfaces Dimensions 
EMA-A 2 378"x3 OO"x2 08" 

(96.0lmm x 76.20mm 
x 52.83mm) 

EMA-B 3 487"x4.00"2.07" 
(123.69mm x 101.60mm 
x 52.57mm) 

EMA-C 3 5.62"x4.87"x2.95" 
(142.74mm x 123.69mm 
x 74.93mm) 

EMA-CC 3 7.03"x4.90"x3.58" 
(178.56mm x 124.46mm 
x90.93mm) 

EMA-D 4 9.00"x4.87"x3.58" 
(228.60mm x 123.69mm 
x90.93mm) 

ETA-B 2 4 90"x4 03"x2.25" 
(124.46mm x 102.36mm 
x 57.15mm) 

ETA-C 4 7.90"x4 03"x2 98" 
(200.66mm x 102.36mm 
x 75.69mm) 

ETA-D 4 9.40"x4.90"x3.23" 

EMA-12/15A Model Output 1 Output 2 Output 3 Price 
(238.76mm x 124.46mm 
x 82.04mm) 

ETR-E 4 11.00"x4.90"x3.23" ETR-122EV 5V@6A 12V@1.5A 12V@1.5A $115.00 
15V@1.3A 15V@l .3A (279.40mm x 124.46mm 

x 82.04mm) 

Econo/Mate Specifications 
AC Input 105-125/210-250 VAC at 47-63 Hz. Derote output current 10% for 50 Hz 

operation. 
DC Output Ratings. See Voltage/Current roting chart. Adjustment range ± 5% 

minimum. 
Line Regulation. ± 0.05% for a 10% input voltage change. 
Load Regulation. ± 0.05% for a 50% load change. 
Stability. 0.3% for 24 hours ofter warm up. 
Output Ripple. Better than 1 mV RMS: 3mV peak-to-peak typical. 
Remote Sense. Standard on all Econo/ Mote supplies except EMA-A and ETA-B coses. 
Polarity. May be either positive or negative with respect to ground or floating up to 

300VDC. 

Overshoot No voltage overshoot on turn-on, turn-off or power failure. 
Temperature Rating. O' C to + 50' C full roted power. derote linearly to 40% ot + 71 ° C. 
Storage Temperature. - 50°C to + 85°C. 
Temperature Coefficient ± 0.005%/ °C typical. ± 0.02%/°C maximum. 
Transient Response. Occurs within 50 microseconds for a 50 to 100% load change. 
Short Circuit and Overload Protection. Self-restoring current limiting (foldback type). 
Overvoltage Protection. Standard on al l 5V outputs, set at 6.2V ± 0.4V. OVP modules 

are available for all output voltages. 
UL Recognized. Econo/Mate Supplies are a recognized component under UL 478. 

File No. E 45485. 
CSA Recognized. Econo/Mate SuppUes are CSA certified under component 

index LR 34518. 

POWER/MATE CORR 
514 South River Street/Hackensack, New Jersey 07601/(201) 440-3100/TWX (710) 990-5023 

The world's largest manufacturer of quality power supplies. 
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16K CMOS EPROM IN, 
EXTE LATCHES OUT. 

On-board latches. The new IM6716 Available now. In quantity Off 
UV ERASABLE 2K x 8 CMOS EPROM the shelf at your I ntersil distributor. 
requires no external address latches. Absolutely 
They're right on the chip. Replacing two 
external latches. Resu lt: lower parts 
count, reduced board space and 
increased reliability. And that's just 
for openers. 

Super-low power. You expect CMOS 
to be low power. But the I M6716 
goes ordinary CMOS one better. Our 
synchronous design with on-board 
latches allows the IM6716 to operate 
at a standby Ice of only 100 micro 
amps. Half the competition's require­
ment. Without even considering the 
power draw of their external latches. 
Less parts. Less power. 

Super-high speed. The IM6716 is 
the fastest 16K CMOS EPROM on the 
market. Access times of 350ns, 
450ns and 550ns are available. So fast, 
that no other 16K CMOS EPROM 
even comes close. 

Low price, lower cost. The IM6716 
with an access time of 550ns starts at 
$8.45 in quantities of 100. The same 
price as competitive parts that require 
more power and two external latches. 
Which makes the IM6716 a champion 
in price/performance. 

A pin-compatible family. 4K, 8K 
and now 16K CMOS EPROMs. Each 
with on-board latches. Each upward 
compatible with the next. Which 
means you can enhance your original 
design with a minimum of effort. 
Our 16K EPROM is also pin-compatible 
with our IM6316 CMOS ROM. When 
you reach high volume, simply move 
to the IM6316. 

E DN NOVEMBER. 24, 1982 

CMOS leadership. Nobody gave lntersil 
leadership in CMOS. We earned it. 
With a commitment to high-perform­
ance, low power CMOS technology. 
With more innovative analog and digital 
CMOS products. With leading-edge 
technology at aggressive prices. If you're 
looking for answers, look first to lntersil. 

Need more information. Send us the 
coupon. We'l l hustle back to you with 
data on the I M6716 16K CMOS 
EPROM. Fast. 

Franchised Distributors: 

AZ Kieru lff, Wyle · CA Anthem, Arrow, Kierulff, 
Schweber, Wyle · CO Bell, Kierulff, Wyle • CT 
Arrow, Kieru lff, Schweber • FL Arrow, Diplomat, 
Schweber · GA Arrow, Schweber • IL Arrow, 
Kierulff, Newark, Schweber · IN Advent, Arrow 
·IA Advent, Arrow, Schweber · MD Arrow, 
Diplomat, Schweber • MA Arrow, Kierulff, 
Schweber · Ml Arrow, Schweber · MN Arrow, 
Kierulff, Schweber • MO Arrow, LCOMP • NH 
Arrow · NJ Arrow, Diplomat, Schweber • NM 
Alliance, Arrow, Bell • NY Arrow, Harvey, Schweber, 
Summit Diplomat · NC Arrow, RESCO/ 
RALEIGH • OH Arrow. Kierulff, Schweber • OK 
Kierulff · OR Kierulff, Parrott · PA Arrow. Schweber 
• TX Arrow, Kierulff, Schweber • UT Bell, 
Kierulff, Wyle • WA Kierulff, Wyle • WI Arrow, 
Kierulff, Schweber · CANADA Cardinal Ind , 
CESCO Ltd , RAE. Ind. Ltd., Zentronics. 

Sales Representatives: 

AL (205) 883-9720 • AZ (602) 257-9015 • CA 
(714) 695-2050, (415) 962-0660, (213) 883-
7606 • CO (303) 779-0666 • CT (203) 269-
7964 • FL (305) 830-9600 • GA ( 404) 448-7025 
• IL (312) 286-6200 · IN (317) 894-3778, 
(219) 483-9537 · IA (319) 377-8275 ·MD (301) 
544-4100 · MA (617) 890-0011 ·Ml (616) 468-
4200, (313) 348-3811 · MN (612) 835-1777 • 
M0 (314) 731-5799,(816)373-6600 ·NH (603) 
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668-1440 · NJ (609) 235-8505 · NM (505) 
296-0749 • NY (716) 424-4460, (315) 455-6611. 
(212) 291-3232 • NC (919) 781-1406 · OH 
(513) 521-8800, (513) 293-4044, (419) 468-
3737 • OK (918) 832-7747 · OR (503) 649-
8556, (503) 649-6177 • TN (615) 753-2921 • 
TX (512) 451-2757, (214) 386-4888, (713) 933-
6021 • UT (801) 973"-7969 • WA (509) 922-
4883, (206) 568-0511 · WI (414) 482-1111 • 
Canada (416) 671-2225, (416) 671-8111. 

,--------- -----------, 

! D~Ulb 
: MARKETING SERVICES-DIGITAL CMOS 
I 10710 N. Tantau Avenue 
I Cupertino, CA 95014 
I 
I 
I Gentlemen, 
: I'm high on low power. Send me everything I need 
I to know about the IM6716 CMOS EPROM with 
I on-board latches. 

Name. _________ _ 

Phone ____ _____ _ 

Company _________ _ 

Address _________ _ 

City _________ _ 

State Zip. ______ _ 

Appl1cat1on ________ _ 

Annualpartsrequiremen'~------

D Please send me a free 
Mark Twain poster 
from your Famous 
Quotes Series. 
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8- or 14-in. Winchester drives, it 
appears to the Multibus as a 
standard software interface, re­
gardless of drive type, permitting 
drive changes without rewriting 
software. The unit supports as 
much as 16M bytes of system 
memory and furnishes full -sector 
buffering, error correction using 
a 32-bit Fire code and automatic 
alternate-track assignment for 
defective tracks. For backup, the 
board provides two iSBX-bus 
connectors for floppy-disk and 
V4-in.-tape Multimodule interfac­
es. $1500. Intel Corp, 5200 NE 
Elam Young Parkway, Hillsboro, 
OR 97123. Phone (503) 640.-
7147. 

Circle No 337 

SINGLE-BOARD COMPUTER. 
The Multibus-compatible HK68 
furnishes an MC68000 8-MHz 

µP with a 16-bit data bus, 
16M-byte addressing, 17 32-bit 
registers, memory-mapped 1/0 
and 14 addressing modes. Also 
provided are a 4-channel 16-bit 
OMA controller ~ith internal 
32-bit addressing ; byte, word or 
long-word transfers to 4 MHz; 
programmable priorities ; vec­
tored interrupt support ; and 
chained and unchained opera­
tional support. The segmented 
memory-management unit sup­
ports segment sizes of 256 to 
16M bytes, separate supervisor/ 
user - program/data memory 
areas and write protection. The 
board also features 256k or 128k 

That's right! ERG's DC-to-DC converters power any application up to 
25W, at efficiencies up to 85%. Standard units: 3W, 6 W, 12 Wand 25 W, 
unregulated. Input range 5·48 V. Output range 5· 1,000 V. Others to spec. 
Originally designed for gas discharge display activation, ERG converters 
now find use in a host of applications including high voltage biasing of 
avalanche diodes, electronic pain killing devices, and miniature lasers 
for geological study. Send for free data sheet. 

[ :::: ]' f' ~~~~:~\.~,~:,~;,::nc. 
.... ~TM 607-754-9187 TWX 510·252-0155 v Ill] 
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of dual-access RAM with a 
National 8409 RAM controller, 
sockets for 64k of EPROM, a 
bus interface with 24-bit ad­
dressing and multimaster capa­
bility, two programmable serial­
communications controllers , 
8-bit Winchester and streaming­
tape interfaces and three 16-bit 
counter/timer channels. $3895. 
Heurikon Corp, 3001 Latham 
Dr, Madison, WI 53713. Phone 
(608) 271-8700. 
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PROCESSOR MODULE. Fea­
turing the multiprocessing 16/32-
bit VME bus, this Eurocard­
format board provides a 10-MHz 
16/32-bit 16032 µP with de­
mand-paged virtual memory and 
Abort and Retry functions, an 
NS16082 memory-management 
unit and an NS16081 floating­
point math processor. Compati­
ble with the NS16000 family of 
system- and peripheral-control 
devices , it includes the 
16KFORTH systems language 
in ROM with editor, assembler 
and compiler. Incorporating a 
multilevel operating system that 
can link other operating systems 
and compilers to a 16000-based 
system, it supports multiproces­
sing, multiuser and real-time 
process-control appl ications . 
Also available is a Z80 emulator 
and translator, which permit use 
of 8080 and Z80 code in a 
16000-based environment. 
Available in February or March 
1983. Empirical Research 
Group Inc, Box 1176, Milton, 
WA 98354. Phone (206) 631-
4855. 

Circle No 339 

VOICE-SYNTHESIS MODULE. 
Containing a single-ch ip n­
channel MOS IC that can , 
through stored allophones, syn­
thesize any English phrase, the - - . 
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Now, a cornP-lete,coordinated manual 
sMtCh line that's ready for active duty. 
Intrcx:lucing the first complete MIL-qualified manual line. The new M22885 Series. It offers thy same ergonomic 
excellence and high quality that make our Advanced Manual Line-AML-an industry leader. Plus, it's qualified 
to MIL-S-22885. 

Functional flexibility. The line includes square and rectangular pushbuttons, and two- or three-position 
rockers and paddles, all in lighted or unlighted versions. They are complemented by indicators and annunciators; 
plus optional panel seals, barriers, mounting hardware and keylocks. And you'll get additional application flex­
ibility because they're smaller and weigh less than other MIL-qualified manuals. 

Display flexibility. You can choose from transmitted, projected or dead front hidden colors, and incandescent 
or LED illumination. Plus any legend or color you might need. And the line 
~~~is coordinated, allowing you to maintain a uniform panel appearance. 
~ Electrical flexibility. The M22885 Series handles anything from 

•._ low-level loads to 15 amps, 125/250 VAC. Contacts are ••illi ~--~ available in gold or silver. And they're the first MIL-qualified 
manuals to offer solid state versions. You'll get extra reli­
ability and long life, because Hall effect integrated circuits 
replace touching contacts. 

ost-effective. These features combine with many others to make these manual switches cost-effective. 
For instance, they're priced lower than other MIL-qualified manuals. Features like snap-in mounting and single 
level termination lower installation costs. And you'll economize time and resources by taking advantage of our 
35 years' experience supplying MIL-qualified prcx:lucts. 

For manual switches that set new industry standards for quality and reliability, consider our MIL-qualified 
line. It's complete, coordinated, and ready for active duty. 

For more information on our MIL-qualified manuals, and the MICRO SWITCH 
locations of our sales offices and authorized distributors around the world, 
call 815-23~. Or write MICRO SWITCH, Freeport, IL 61032. a Honeywel I Division 
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VSM2128-AL2 interfaces with 
any digital system utilizing a 
standard 15-pin card-edge con­
nector. Ten TTL-compatible sig­
nals are used to select stored 
allophones. Utilizing its manu­
facturer's SP0256-AL2 single­
chip speech synthesizer, the 
module operates from 4.6 to 
7.0V. Audio output is filtered by 
an 8-pole Butterworth filter and 
amplified to drive an an load at 
200 mW. $99. General Instru­
ment Corp, 600 W John St, 
Hicksville, NY 11802. Phone 
(516) 733-3120. 

Circle No 340 

GPIB CONTROLLERS. TLC-
488 GPIB talker/ listener/ 
controller interface boards allow 
a STD Bus system to control as 
many as 14 GPIB devices. The 
two boards can operate using 

interrupts or DMA, feature flex­
ible port addressing and can 
transfer data at 200k bytes/sec. 
Each board requires 1 A max of 
5V de power and presents no 
more than one TTL load to each 
STD Bus line. The boards come 
with a ribbon cable terminated in 
a GPIB connector and sample 
software. TL-488 talker/listener, 
$275; TCL-488 controller, $350. 
Quasitronics Inc, 211 Vandale 
Dr, Houston, PA 15342. Phone 
(412) 745-2663. 

Circle No 341 

BUS DRIVER. An integrated 
asynchronous terminal interface 
for DEC PDP-11 and VAX-11 
computers, Series 11 BusDriver 
provides simultaneous support 
for local and remote terminals 
through the same multiplexer; 
connections for as many as 32 

terminals via one Unibus slot; 
DH-11 capability and support for 
local terminals to 19,200 bps. 
Statistical multiplexing for re­
mote terminals with error correc­
tion and data compression come 
standard, as does support for as 
many as 16 RS-232 interfaces. 
The basic unit includes a 
communications multiplexer, dis­
tribution panel and Micro800/2-
N F data-concentrator-compati­
ble remote - concentrator 
controller. From $5950. Mlcom 
Systems Inc, 20151 Nordhoff 
St, Chatsworth , CA 91311. 
Phone (213) 998-8844. TWX 
910-494-4910. 
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DCS High Reliability Multibus 
Microcomputer Systems for Industry 

l fl 
Software 
The DCS/86 utilizes standard 
operating systems such as 
CPM/86, MPM/86 (multi-user, 
multi-tasking), Concurrent 
CPM/86 (single user , multi ­
tasking), MS-DOS (original 
operating system selected fo r 
IBM PC), Xenix (UNIX) and 
iRMX86 (Intel multi -tasking 
DOS) . High level languages 
include Fortran, Basic, Pascal, 
PL/1 (subset G), PLMX, Cobol, 
"C" and ADA. DCS offers the 
largest selection of software 
available for 16-bit micro­
computer systems and a staff 
to provide customer support. 

Intelligent axis card 
brings new smarts 

to robots and 
automatic positioning. 

,. 

:I l~ 
DCSl86L 
16-bit (8086) microcomputer 
system with CDC Lark 16 
megabyte (Winchester) 
removable cartridge disk. 

(DCSl86 system prices start 
at $6900.00) . 

DCS 
Distributed Computer Systems 
is a manufacturer of high relia­
bility, rugged Multibus systems 
for industrial control, factory 
and laboratory automation, 
data communications and soft­
ware development. Since 1979 
DCS has been praised by 
hundreds of customers for its 
systems reliability and rugged 
design. DCS offers the best 
industrial microcomputer sys­
tem value in the industry and 
we welcome your comparison . 

Distributed Computer Systems 

Field Proven 
Hundreds of DCS systems are 
in use throughout the Un ited 
States and Western Europe in 
demanding industrial 
applications. Whether it is a 
complete system or OEM 
components, please be 
assured that DCS is first in 
quality, support and price/ 
performance. 

223 Crescent Street , Waltham, Ma. 02154 
617 899-6619 Toll Free 1-800-225-4589 
TWX 710-324-64 76 
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• Complete control of a DC servo stage. 
• Uses input from encoders or interferometers . 
• Eliminates all electronic adjustments. 
• Accepts simple commands from your host or 

personal computer. 
• Allows fully coordinated multi-axis system (up 

to 30 axes). 

Let us tell you more. 

CIRCLE NO 74 
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TAPE CONTROLLER. Mating 
as many as eight daisy-chained 
1/4-in . cartridge-tape transports 
with DEC LSl-11 , -11 /2 or -11 /23 
µCs , the quad-sized Model 
00320 provides eight times the 
storage capacity and six times 
the data-transfer rate of DEC­
supplied cartridge transports. 
Interfacing the Data Electronics 
Model 3400 Funnel and Funnel 
interface-compatible transports 
from Epi , Perex and Qantex, it 
transfers data via OMA through 
an on-card FIFO buffer. A 
high-speed bipolar µC provides 

transport control, formatting and 
self diagnostics. During power­
up, the system automatically 
checks the µC, buffer, data-path 
and CRC circuits to assure 
proper controller operation . 
$1017 (100) . Distributed Logic 
Corp, 12BOO Garden Grove 
Blvd, Garden Grove, CA 92643. 
Phone (714) 534-B950. TLX 
6B1399. 
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CONTROLLER I DEV • SYS 
CARD. The SYS-10 single­
board STD Bus controller and 
self-contained development sys­
tem suits such applications as 
data acquisition, process control 
and CAM. It runs on CAMBASIC, 
an optimized control version of 
standard BASIC. Hardware in­
cludes communication ports for 
a CRT terminal, printer and 
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cassette ; Bk on-board RAM; and 
an EPROM programmer. Other 
key features include an Bk 
interpreter/operating system; bit, 
byte and BCD manipulation 
commands; a run-time trace 
function, interactive debugging 
and text editor and a menu­
driven utility library. The board 
accommodates master, slave or 
multiprocessor operation and 
operates from 5V. $4B5; OEM 
version with 2k RAM and without 
text editor, $3BO (5). Octagon 
Systems Corp, 5150 W BOth 
Ave, Westminster, CO B0030. 
Phone (303) 426-B540. 
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MULTIBUS 1/0 BOARDS. CBC 
B730 Series features 32 single­
ended/16 differential AID and 
two DIA channels, a program­
mable-gain amplifier with 11 
binary selectable gains of 1 to 
1024 and a programmable offset 
option using one of the 12-bit 
DIA converters. True rms-to-dc 
conversion is software selecta­
ble ; addressing is user selecta­
ble. The boards accommodate 
4- to 20-mA current-loop inputs 
and outputs. The combination of 
programmable gain and offset 
permits dynamic autoranging of 
unipolar and bipolar signals of 
varying levels to achieve maxi­
mum resolution. When used in 
floating-point systems, the in­
strumentation amplifier provides 
an overall dynamic input range 
of 4,000,000:1. Common-mode 
rejection ratio equals BO dB min. 
A Multibus interface comes 
standard ; CMOS and TTL bus 
versions are also ava ilable . 
$1570 for CBC B731-2. Delivery, 
stock to 6 wks ARO. Diversified 
Technology Inc, Box 74B , 
Ridgeland, MS 39157. Phone 
(601) B56-4121. 

Circle No 34 7 
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Cheap DC-DC converters can look like a great 
way to save money. 

Until you start using them . 
Then the special features show up: excess 

noise, poor regulation , thermal radiation , 
and more . 

At Intronics, we spend a lot of time designing 
and manufacturing high reliability DC-DC con-. 
verters from 1 to 100 Watts. We take great care m 
our component selection; we even make 
our own torroids and transformers . 
As a result , we can deliver DC-DC 
converters with the best price/ 
performance ratio in the industry . 
And good old- fashioned reliability 
you 'll come to depend on . 

Of course , we do have a few special features 
of our own. We're the first to offe r external 
oscillator synchronization in a standard product. 
This helps to eliminate beat frequencies and 
cross-talk. Our wide input ranges let your mput 
vary 2:1 with minimal effect on the fully . 
regulated output. And efficiencies of 75% wh1Ch 
fluctuate less than 3% over the entire input range . 

So if price is the only feature that matters, 
you can treat yourself to some nifty surprise.s. 
But if you 'd rather talk price/perfo rmance, give 
Intronics a call . 

@in1ronies 
57 Chapel Street, Newton, MA 02158 617-964-4000 TWX 710-335-6835 
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2400-BPS MODEM. Operating 
over leased or dial-up lines, 
Model R24LL serial synchronous 
DPSK modem can function in 
full-duplex (4-wire) or half-duplex 
(2-wire) modes. Housed on a 
100x 160-mm board, it is com­
patible with Bell 201 B/C, CCITT, 
V.26 A/Band V.26 bis standards 
and contains a CCITT-compati­
ble V.27 scrambler function and 
a DTE interface, functionally 
equivalent to RS-232 and electri­
cally compatible with LSTTU 
CMOS. Also featured are trans-
mitter - differential phase 
modulation and receiver-
coherent phase detection, diag­
nostic outputs for eye-pattern 
generation and data-quality 
monitoring, a strap-selectable 
fixed-compromise equalizer, an­
swerback tone generation and 
clear-to-send delay options. 
< $250 (OEM qty). Rockwell 
International Electronic Devic­
es Div, Box C, Newport Beach, 
CA 92660. Phone (714) 833-
4460. 
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DAC. Compatible with IEEE-696 
µC systems, Model SB-32-DA 
board provides 32 12-bit D/ A 
output channels by multiplexing 
a 12-bit converter. Each channel 
has its own 16-segment wave­
form generator. The master 
processor sets 16 points on a 
waveform and 16 associated 
timing components by writing to 
the unit 's RAM. It directly 
accesses the board's time-of­
day counter, three 16-bit coun­
ters , two time-of-day alarm 
comparators, three 8-bit ports 
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and eight frequency-counter 
channels. Five switchable unipo­
lar and bipolar ranges are 
available, and each output drives 
a 1-k!l load and exhibits 0.02% 
absolute accuracy. $825. Deliv­
ery, 6 wks ARO. Digital Multl­
Medla Control, 92972 River Rd, 
Junction City, OR 97448. Phone 
(503) 998-6575. 

Circle No 349 

DATA-ENCRYPTION BOARD. 
Utilizing a Western Digital chip to 
encrypt/decrypt data, the En­
cryptor provides a 64-bit data 
word and a 56-bit key word and 
features transfer rate of 1 .3M 
bps. Level 0 software uses the 
NBS Electronic Code Book 
mode; higher levels use blocked 
cypher feedback. Secured data 
can be sent to any compatible 
system employing the Encryptor 
and supporting software. The 
S-100-bus board also features 
multilevel CP/M and OASIS 
file-encryption commands, 25-
µsec encryption or decryption of 
eight bytes, switch-selectable 
1/0-port addressing, pro­
grammed 1/0 and switch­
selectable vector interrupt priori­
ty. Apple, CP/M-86 and IBM 
Personal Computer versions are 
also available. Delivery, stock to 
8 wks ARO. Jones Futurex Inc, 
9700 Fair Oaks Blvd, Suite G, 
Fair Oaks, CA 95628. Phone 
(916) 966-6836. 
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MOTOR CONTROLLER. A µP­
based intelligent controller for 
stepper-motor drivers, SM-1 is 
RS-232 and STD Bus compati­
ble and features 12,000-step/sec 
capacity with 65,536 steps per 
Move command. Providing iso­
lated circuits that can drive 
4-phase motors to 2.5A/phase, it 
can store as many as 200 user 
instructions. Equipped with three 

/ general-purpose outputs and 
two inputs, the 4V2x 6-in. unit 
comes with a 256-byte nonvola­
tile memory with 3-byte commu­
nications protocol to the STD 
Bus. $385. Advanced Micro 
Systems Inc, 9 Executive Dr, 
Hudson, NH 03051. Phone (603) 
882-1447. 
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VME-BUS MODULES. Expand­
ing their manufacturer's 
VME8XXX line, these single­
width Eurocard-format boards 
meet the VME-bus specification. 
VME8205 byte-wide memory 
board contains eight 28-pin 
sockets for a mix of 64k bytes of 
RAM or 128k bytes of ROM and 
provides access times of 62.5 to 
500 nsec. Software configurable 
for synchronous or asynchro­
nous operation to 880k baud, 
VME8300 quad serial-port board 
provides four serial ports; 
Bisync, HDLC or SDLC modes; 
DTR and CD modem-control 
lines and a spare timer for 
generating timed interrupts . 
VME8305 dual-parallel-port 
board furnishes 32 bits of 
configurable 1/0 , eight configur­
able handshake lines, polled or 
interrupt modes, two indepen­
dent timers and a Centronics­
compatible printer interface. 
Supporting as many as four 51/4-
or 8-in. single- or double-density 
floppy-disk drives, VME8400 
floppy-disk controller operates in 
polled or interrupt-driven modes. 
VME8205, $300 ; VME8300 , 
$500; VME8305, $375 ; 
VME8400, $400. Mizar Inc, 
2850 Bailey Rd, Newport, MN 
55055. Phone (612) 459-2452. 
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Take advantage of symbolic· 
debugging, 

Applied Microsystems just made 
microprocessor system debugging and 
integration faster and easier than ever before. 

A new software package, together with 
your ISIS or CP/M-based system provides 
direct control of an Applied Microsystems EM­
Series emulator. 

This means symbolic definitions can be 
communicated to the emulator, eliminating 
the need to look up or recall absolute 
addresses of key locations. 

Emulators support entire families. 
New software packages are available for 

the EM-180B, EM-188 and EM-149 emulators, 
providing debugging and integration support 
for the following microprocessors and 
microcomputers: 
EM-180B: EM-188: EM-149: 
Z-80 8085A 8035 8748 
Z-80A 8085A-2 8039 8749 
Z-80B 8080A 8048 8040 
MK 3880 8080A- l 8049 8050 
MK 3880-4 8080A-2 

Find errors others miss. 
Analysis of your target system can be 

conducted faster when you link an Applied 
Microsystems emulator to your ISIS or CP/M­
based system. 

Emulation is executed in real-time, 
without wait states. A memory mapping 
overlay RAM. trace memory, multiple 
breakpoints and built-in diagnostic tests let 
you verify and correct programs with ease. 

Operates in stand-alone mode, too. 
If people are queuing up to use the 

development system for software generation, 
just take the Applied Microsystems emulator 
to another bench and keep on working. The 
internal power supply, displays and keyboard 
make it a true stand-alone diagnostic 
emulator. 

Write or call today! 
See how Applied Microsystems can 

expand the capability of your ISIS or CP/M­
based software development system. For a 
product demonstration, or a copy of the new 
EM-Series catalog, contact Applied 
Microsystems at 5020 148th Ave. N.E., P.O. 
Box 568, Redmond, WA 98052. Phone (206) 
882-2000, or TOLL FREE 800-426-3925. 

APPLIED 
MICROSYSTEMS CP/ M Is a registered trademark of Digital Research Inc. 

ISIS Is a trademark of Intel Corporation. 
CIRCLE NO 77 

Emulating for leaders in microprocessors. 
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SILICON SOFTWARE. The CP/ 
M-86-based 80150 combines 
the iAPX 86-family-compatible 
version of Digital Research's 
CP/M operating system with 
essential operating-system hard­
ware on one silicon chip. A 
processor extension compatible 
with the 8086, 8088 and 80186 
µPs and incorporating the cur­
rent 1.1 version of CP/M-86 
stored in 16k bytes of on-board 
nonvolatile memory, the device 
provides key operating-system 
hardware functions, including 
timers and an interrupt control­
ler. Resident CP/M-86 software 
includes the console command 
processor (CCP), basic disk 
operating system (BOOS) and 
the manufacturer's basic 1/0 
system (BIOS). (CCP and BOOS 
are derived directly from 
CP/M-86.) Also included on chip 
are utilities such as diskette 

Protection for. . . 

formatting, file transfer between 
devices' and the capability of 
altering and displaying 1/0-
device and file status. BIOS 
contains system-dependent 1/0 
drivers for various peripherals. 
$57.15 (1000). Intel Corp, 3065 
Bowers Ave, Santa Clara, CA 
95051 . Phone (408) 987-5084. 
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CONTOUR-PLOTTING PACK­
AGE. An interactive real-time 
contour - plotting system, 
CPS-1 /G can be used on a wide 
variety of computers and output 
devices to create, analyze and 
edit contour maps for engineer­
ing , seismic, geological and 
other applications. Capable of 
working on a variety of batch 
contouring systems, this system 
is device and machine indepen­
dent. Interactive features include 

RS 232, Modems, 20ma loops etc. 
High Voltage Transients, caused by lightning and switching surges, are 

often coupled into data lines causing "downtime" and costly damage to 
CPU ports, Modems, remote terminals, etc. 

MCG data line protectors provide proven , low cost. 100% protection to 
prevent these transients from damaging your equipment. The DLP's inter­
face between the equipment and the signal line, and provide a sophisticated 
blend of high speed (5 nanoseconds) and brute force protection . 

RS232 Protection: 

Modem Protection: 

Designed to provide permanent equip­
ment protection from transient overvolt­
ages on long runs employing RS232, 25 
pin connectors between CPU and remote 
terminal. Pins 2 (send), 3 (receive), and 7 
(signal ground ) are protected . Contact 
factory for connector information. 
Model DLP-21/RS232 Cost $130each 

Designed to provide permanent modem 
and CPU protection from transients on 
dial-up lines. Available with 6 position 
modular jack (RJ 11) or an 8 position mod­
ular jack (RJ 45) , compatible with phone 
company data communications. 
Model DLP-4/RJ 11 Cost $65 each 
Model DLP-4/RJ45 $77 each 

FOR PROTECTION YOU CAN DEPEND ON! 

ELECTRONICS, INC. Call Bill Purcell 
160 Brook Avenue collect at 
Deer Park, NY 11729 516/586-5133 
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display of raw data (control 
points), grids, base maps and 
contours and editing of control 
points by changing control-point 
locations, adding or deleting 
control points or changing their Z 
values. You can also edit grid 
values by changing one grid 
node and applying a smoothing 
filter to nodes within a polygonal 
region to fit the surrounding 
surface . The package also 
permits real-time contouring of 
the displayed or edited grid and 
interactive computation of statis­
tical information. $25,000 with 
Dl-3000 graphics-software 
package; $20,000 without. Radi­
an Corp, Box 9948, Austin, TX 
78766. Phone (512) 454-4797. 
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GRAPHICS DRIVER. This pack­
age allows users of the manufac­
turer's computer-graphics soft­
ware (which includes Dl-3000, a 
core-based system, and GRAF­
MAKER, a high-level data­
presentation package) to pro­
duce high-resolution 35-mm 
color slides and prints on the 
Xerox 350 system within 24 hrs. 
The slides can contain as many 
as 64 colors. You can choose 
among eight fonts of Helvetica 
type in light, medium or bold face 
and can control line thickness. 
Other features include program­
selectable background color, 12 
special marker symbols to identi­
fy graph points , nine text­
justification points, shielding and 
optional drop shadows for text 
primitives. You can also gener­
ate a specially formatted Xerox 
plot file on your computer and 
send it to a Xerox Reproduction 
Center over phone lines or on 
magnetic tape through the mail. 
Driver license, $1000; slides, 
$15 to $30. Precision Visuals 
Inc, 250 Arapahoe, Boulder, CO 
80302. Phone (303) 449-0806. 
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4 MILES UI\ YOU CAN'T 
AFFORD A LESS RELIABLE 
PRESSURE TRANSDUCER. 
Photo of Double Eagle V courtesy of 
Larry Newman. American Aerolights. Inc. 

Larry Newman and Ben Abruzzo put their lives on the line 
when they flew the Double Eagle V across the Pacific. 
One of the things they bet on was the reliability and accu ­
racy of Foxboro/l.C.1 pressure transducers. which were 
an essential component in indicating Double Eagle's flight 
profile. We didn't let them down. And the Foxboro/l.C.1 
pressure transducers proved to be among the most 
cost-effective systems on the balloon. 
Affordable reliability. Every single Foxboro/l.C.1 pressure 
transducer is repeatedly tested at every level of manu­
facture. From wafer to fully signal-conditioned instrument. 
No other pressure transducer manufacturer makes 
that statement. By building in reliability, then testing in reli ­
ability, Foxboro/l.C.1 assures you maximum reliability 
in your own application. 
Extensive applications. Including process control. 
automotive engine controls. medical instrumentation, 
machine tools, and energy management for a wide 
variety of process media. 
Proven technology. Foxboro/l.C.1 pressure transducers 
draw on the same l.C. techr.ology that gave us the 
microprocessor. That technology combines high volume 
production with rigid quality control to give you maxi­
mum reliability and repeatability at minimum cost. 
We build your way. With accuracies as tight as ±0 .1%. 
Operating in temperatures from - 40°F to 250° F. 
Foxboro/l.C.T transducers measure absolute. gage 
or differential pressures from 0 to 1 O" H20 through 0 to 
10,000 PSI. With output signals including 4-20 mA. 
0-5 V and 0-100 mV in a wide assortment of 
package configurations. 
Serious business. Other manufacturers 
make l.C. pressure transducers as a sideline. 
At Foxboro/l.C.1 . they're our only business. 
That's why you can count on us for 
state-of-the-art devices. 
Available now. 
Maximum O.E.M. value 
added. With sensor chips, 
transducers or trans­
mitters. Foxboro/l.C.1 
can translate your 
requirements 
into solutions at 
any design level. 
Quality you 
can rely on. 

Foxboro/I.CJ:, Inc. 
199 RIVEROAKS PARKWAY 
SAN JOSE. CA 95134-9990 

--=~== (408) 946-9630 l'OXBORO (8ooi 521-m6 
••••• (800) 572-6724 in Ill inois 

For a free design guide to Foxboro/ l.C.T. pressure transducers. call toll 
free or circle the Reader Service number below. 
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Order Your EON Magazine 
Conference Proceedings Now! 

If you design with linear integrated 
circuits or if you are planning to use 
gate arrays, semicustom, or custom 
integrated circuits, you will find these 
proceedings invaluable. I 
Practical Design With Linear Integrated 
Circuits Conference Proceedings 

This proceedings presents the talks of engineers 
from Advanced Micro Devices, Harris, National Semi­
conductor, Precision Monolithics, RCA, Signetics, 
Siliconix, Texas Instruments and other leading linear 
integrated circuit manufacturers on the application of 
newly introduced devices. Products covered include 
the industry's fastest analog switches, an operational 
amplifier that also functions as a signal conditioner, the 
latest flash analog-to-digital converters, and state-of­
the-art analog large-scale-integration. 

Unique new circuits covered include monolith ic ac­
tive filters, fast and accurate sample/hold amplifiers, 
switching regulators, CMOS linear devices, analog 
multiplexers, FET-input operational amplifiers, drivers, 
interface circuits, and more. 

Each talk in the proceedings was prepared to help 
engineers learn about the features and applications of 
new devices. The authors are applications engineers 
and are familiar with the problems commonly encoun­
tered in designing with integrated circuits . Each paper 
deals with application considerations and many in-
clude actual design examples. · 

Practical Design With Gate Arrays, Custom, and 
Semicustom ICs Conference Proceedings 

This proceedings consists of 23 papers which were 
given at the 1982/1983 conference held by EON Maga­
zine to acquaint engineering designers with the rules 
and techniques for selecting and using the latest con­
cepts in custom/semicustom technology. Virtually 
every important integrated circuit manufacturer con­
tributed a talk including AMI , California Devices, Inter­
design, National Semiconductor, Silicon Systems, Sig­
netics, RCA and Synertek. 

Topics presented include ways to go custom, how to 
get started, advantages of cell library systems, choos­
ing parameters for a custom circuit, personalizing gate 
arrays, the role of computer aided design, testing gate 
arrays, linear custom products, and customer owned 
tooling . 

Heavy emphasis is placed on design examples in­
volving gate arrays. Newly developed products cov­
ered in the proceedings include the ACE series (ad­
vanced customized ECL) from Signetics, the R series 
of bipolar devices from Ferranti for systems with com­
plexities to 10,000 gates, CMOS and CMOS/SOS gate 
arrays from RCA, ECL core arrays from Applied Micro 
Circuits Corp. , and analog/digital gate arrays from 
Telmos. Also of interest are papers on linear arrays, 
logic simulation, software, and testing . 

Proceedings can be purchased by European and 
other overseas readers at the same prices shown. 
Orders from European and other overseas readers 
should be accompanied by checks payable 
through New York banks or branches, in U.S. dol­
lars. Use the coupon to order. 

r-------------------- Order Now! ----, 
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EON Magazine Conferences 
PO. Box 1021 
Melville, N.Y. 11747 

Send the following proceedings: 
O Linear IC Proceedings. 1982/1983. $95. 

Get the latest 
design information. 

0 Gate Arrays , Custom, Semicustom Proceedings. 1982/1983. $95 
0 Both of the above Proceedings. $185. 

Make check payable to EON Conferences. 
European/Overseas orders: Please make checks payable in U.S. currency through New York banks. 
Mailing cost is included in prices shown. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I Name _______ ________________________ I 

Title------------------------------ I 

CompanY-----------------------------~ I 

~~ I 
City _________________ State _______ Zip ____ I 

L--------------------------------~ EDN NOVEMBER 24, 1982 
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Design 

Courses 
Hardware, software, systems 
design. You can now learn 
about all aspects of 
microcomputers through 
EDN's exclusive design 
courses. 

1980 Microcomputer Systems Reference (394 pages) .... . . ... . . . .. . . . . . . . . . . . . . $7.00 
Features: EDN 's 5-chapter "µ C Operat ing Systems Selection Guide and 
Directory" , /LP Directory, /LC Support Ch ip Directory, /LC Board Directory 

Designer's Guide to Testing and Troubleshooting /LP· Based Products . .. ... . . . . . . . $5.00 

Advanced Software Systems Design Course .. . . ....... . .. . . ..... .. ...... . .. .. $6.00 
(a step-by-step tutorial for a 16-bit /LC disc operating system. 6 chapters) 

Software Systems Design Course . .. . .... . .... .......... . . . .... ... . .. . . . ... . $6.00 
(a step-by-step tutorial for an 8-b it µC disc operating system. 7 chapters) 

Microcomputer Design Course (11chapte rs,83 pages) .. .. . . . .. ....... .. .. ..... . $6.00 

EON Software Design Course (90 pages) . . .. . ..... ...... ... .... . . . . . . . . .... .. . $6.00 

(Add $2.00 to each of the above for non-USA surface mail $4.00 Air mail) 

BUY IN COMBINATION AND SAVE 
• Any two items - Deduct $1.00 • Any three items - Deduct $2.00 • Any four or more items-Deduct $3.00 

NOTE: Prices Effective November 1, 1981 

Payment must be included with your order. Make checks payable to: EON Reprints 

For quantities above 25 of each item, call Stephanie Schohan for quotes. (617) 536-7780 x216 

•••••••••••••••••••••••••••••••••••••••••••• I Send to: /LC Reprints/EON Magazine/221 Columbus Ave./Boston, MA 02116 I 
• Please send: __ copies Designer's Guide . .. . . . .... . .. . .. ... . .... . . . . ...... . . . . $5.00 • 
• __ copies 1980µCSystems Reference .. ........... . .... . ... .... .... $7.00 • 
• _ _ copies Advanced Software Systems Design Course ... . . . . .. .... ... $6.00 • 
• __ copies Software Systems Design Course . .. . .. . . . . . . . . ... . . .. ... . $6.00 • 
• __ copies /LC Design Course .. . . . . . .... ......... . .. . .. .... .. .... . . $6.00 • 
• __ copies EON Software Design Course ... .. . .. . .. . . . ... . . . .. . . .... $6.00 • 

• Total $ (Add $2.00 to each of the above for non-USA, $4.00 Air Ma il) • 

• • 
• T1'tle • • Name • . ~~ . 
• • • Address • 

• City State Zip Code • • • • Check or money order must accompany each order. No COD. MA residen ts add 5% Sales Tax. • 

•••••••••••••••••••••••••••••••••••••••••••• 
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Software 

COMPILERS. These OEM sys­
tem-development packages pro­
duce code that can be linked and 
executed on the Motorola 
MC68000. One package resides 
on the Versados operating 
system; the other, on the RSX 
operating system for DEC 
PDP-11 computers. Versions of 

their developer's Pascal-2, the 
compilers support all capabil ities 
of standard Pascal and conform 
closely to the draft proposed 
Pascal standard (ISO dp7185.1 ). 
Optional concurrent program­
ming in Pascal , including true 
priority scheduling and capabil ity 
of writing device drivers in 

Write for EDN 

Industry recognition and professional 
satisfaction can both be yours when your 
work is published in EDN. And there's a 
financial benefit, too: We pay an honor­
arium of $50 per magazine page upon 
publication of a feature-length article. 

Have an idea for an article? Want to 
share that idea with more than 110,000 
of your fellow design engineers? Call Paul 
Schreier, Editor, at (617) 536-7780 or send 
an outline/abstract to 

EDN 
221 Columbus Ave, Boston, MA 02116 

Want some tips on how to write for EDN and other 
technical publications? Circle No 167 for a free Writer's 
Guide. 

EDN: Everything Designers Need 

Pascal, permits user programs 
to run without an operating 
system. The Pascal-2 MC68000 
package comprises a native 
Versados compiler, an interac­
tive source-level debugger, an 
execution profiler and other 
utilities running on Versados 
such as formatters and cross 
referencers. The Pascal-2 cross 
compiler includes a utility, XFR 
for transferring files from the 
RSX OS to Versados and back, 
and the native RSX compiler. 
Versados compiler and utilities, 
$5950; RSX cross compiler and 
transfer utility, $5950; with RSX 
native compiler and utilities, 
$7950; concurrent-programming 
package (including sources) , 
$2000. Oregon Software, 2340 
SW Canyon Rd, Portland, OR 
97201 . Phone (503) 226-7760. 

Circle No 313 

COLOR GRAPHICS. Version 
1.0 of Draftsman for the IBM 
Personal Computer can gener­
ate standard graphs with mini­
mum user input. Screen images 
can be printed on the IBM or 
Epson MX-80 printer, and data 
can be inputted in a variety of 
formats including VisiCalc DIF 
files. Graph formats include pie 
and bar charts (in addition to 
stacked and clustered bars), line 
graphs and scattergrams. One 
page accommodates multiple 
plots , and graph size and 
placement are variable. Figures 
can be drawn on the graph and 
saved. All input is via menus, 
and the software does not 
demand learning a special 
language or command syntax. 
The program runs with 64k of 
memory (128k is recommend­
ed) , a color/graphics-monitor 
adapter and two disk drives. 
$200. Starware, 1701 K St NW, 
Washington, DC 20006. Phone 
(202) 466-7351. 

Circle No 314 
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Software 

ACCOUNTING SOFTWARE. A 
package of general-accounting 
software for accounts payable, 
accounts receivable, general 
ledger, inventory control, sales­
order entry and word-processing 
applications, the Management 
Accounting Series (MAS) is 
designed for µCs running under 

CP/M, CP/M-86 , . MP/M II , 
TURBODOS, CROMIX or 
N/STAR operating systems. 
Written in CBASIC, CBASIC 86 
and CB80, the software modules 
are interactive with one another 
and with Word Star word - proc­
essing software, the dBase II 
database-management package 

The elements 
of a great design. 

lhick film multilayer 
hybrids from the Advanced Hybrid 

Technology Group. 
Thick film multilayer hybrids 
are the key elements in solv­
ing your next circuit design 
problem. They're the logical 
way to shrink both your pack­
aging and your costs, while 
improving performance. 

Thick film multi layers out­
perform PCB 's in virtually 
every aspect of performance 
.. . and in every dimension. 
Since they 're a fraction of the 
size of printed circuit boards, 
their conductor runs are 
much shorter, more efficient, 
and much faster. 

Custom manufactured to 
your specifications by the 
Advance Hybrid Technology 
Group, thick film multi layers 
are also far more economical 
than custom IC's. And you 
can have them fast-with turn­
around of four to six weeks. 

Find out more about the 
newest elements of your next 
great design. Call the ~ 
Advanced Hybrid Technology ~ 
Group today. 

The Advanced Hybrid Technology Group 
PCKTECHNOLOGV 

42 Tyler Street, Nashua, N.H . 03060 (603) 889-5848 

CIRCLE NO 83 

and MicroPlan financial model­
ing software. Each module can 
access another's data, so addi­
tional software modules and 
custom packages can be added 
without the need for rekeying 
data. Other features include 
suppress-menu facility, the ca­
pability of running on any display 
terminal using an 80-column 
format, automatic default and 
9-level password protection for 
all programs. $3675 for complete 
package or $750 per module 
(except word-processing soft­
ware, $450). American Integri­
ty Systems Inc, 1415 E 
McFadden Ave, Suite A, Santa 
Ana, CA 92705. Phone (714) 
973-4756. 

Circle No 315 

FORTH PACKAGES. These 
RAM-based FORTH and associ­
ated math packages run on the 
company's Aim -65, Aim-65/40 
and RM-65 µCs. Two 4k ROMs 
provide a compiler, interpreter 
and assembler, a mass-storage 
operating system and a dictiona­
ry of approximately 300 subrou­
tine procedure words. The 
language also contains' single 
(16-bit)- and double (32-bit)­
precision integer arithmetic. The 
associated math packages, each 
on one ROM, provide floating­
point arithmetic and transcen­
dental functions as extensions of 
the FORTH firmware. A run-time 
FORTH for the RM-65 allows 
FORTH programs developed on 
the Aim-65 to be executed by the 
RM-65 single-board-computer 
module . A FORTH program 
developed on the Aim-65/40 can 
be executed by an RM-65 
system by using it as run-time 
FORTH in the SBC module. $35 
for each package. Rockwell 
International, Electronic De­
vices Div, Box C, Newport 
Beach, CA 92660. Phone (714) 
833-4802. 

Circle No 316 
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GenRad introduces the 3rd di•nsio11. 
Our newest 1731 family board increases the depth of linear testing even further. 

More people already own 1731 Linear IC Test 
systems than any other component tester. And 
now, with the addition of our new universal 
family board, our third in a series, it's more flex­
ible than ever. In fact , 
the 1731 gives you the 
broadest component 
coverage of any bench­
top system. 

Besides op amps 
and data converters, 
the 1731 can now test 
a large number of 
linear and mixed linear/ . 
digital chips. Like line :JiC::;::::: 
drivers and receivers. 
And analog switches 
and multiplexers. Even Optional large CRTand 
many types of transis- bar-code reader also available. 

tors and diodes, both discrete and multiple 
arrays. Many of these devices have never been 
tested on a bench top tester before. 

One thing that hasn't changed with the 
1731 is its ease of programming. With good rea­
son. It was designed to allow fast and simple 

test sequence generation. Without the need for 
special programming skills required by a high­
level language. We also have the largest program 
library of devices available. All of which promises 
you exceptional productivity and lower costs. 

You can also buy the 1731 ready to connect 
to our SCAN network Our new ''M'' version has 
all the necessary hardware and software addi­
tions, including an optional bar-code reader. The 
1731 ' 'M' ' allows you more control and efficiency 
in your incoming inspection area. 

Not only does our linear test system 
offer you more, so does the company behind 
it. GenRad's service and support are the best 
and most comprehensive in the business, with 
hundreds of experts available to help you with 
your specific testing needs. And eight regional 
Systems Centers worldwide. 

So if you want to add an extra dimension 
to your component testing, call Gary Bowers at 
(617) 779-2811, ext. 306. 

Gen Rad 
THE BEST IN TEST 
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Software 

COMMUNICATIONS SOFT­
WARE. These enhanced com­
munications capabilities for the 
developer's Personal Computer 
provide host-computer commu­
nications and emulation of the 
widely used 3270 and 3101 
terminals. SNA 3270 emulation 
and RJE support software 
permit the Personal Computer to 
act as a terminal that can 
communicate with a host system 
in one of two modes, supporting 
Systems Network Architecture 
(SNA) 3270 or SNA 3770 
Remote Job Entry (RJE). 3101 -
terminal emulat ion furnishes 
nearly complete emulation of the 
company's 3101 display termi­
nal , Model 20, according to 
user-selected options in specifi­
cation files and transmission of 
ASCII format files to and from 
host computer and local diskette 
storage. It also permits conver-

sion of ASCII format diskette 
files to and from binary format. 
Asynchronous communications 
support (Version 2.0) allows use 
of Personal Computers as asyn­
chronous TTY ASR 33/35 termi­
nals without additional program­
ming and permits one Personal 
Computer to transfer program 
and data files to another. SNA 
3270 emulation and RJE sup­
port, $700; 3101-terminal emu­
lation, $140; asynchronous com­
munications support , $60 . 
Communications package avail­
able now; other packages, in 
January 1983. IBM System 
Products Div, Box 1328, Boca 
Raton, FL 33432. Phone (305) 
998-6007. 

Circle No 317 

C COMPILER. An improved 
version of its developer's C 

compiler, this software requires 
only a 48k system and runs 
under I/OS, UNI/OS, Multil/OS, 
CP/M or COOS. A 3-pass true 
compiler, it can directly produce 
8080 object code in relocatable 
format or assembler source 
code. Outputs can be Microsoft 
relocatab le object code , the 
developer's relocatable object 
code, Microsoft M80 Assembler 
source or the firm 's SAL 
Assembler source . Symbol ic 
definition of global variables, 
functions and source line num­
bers is provided . Standard 
package features include longs, 
all C operators and statements, 
structures, unions and initiali­
zers, and disk selection for 
overlays and library Include. 
lnfoSoft Systems Inc, 25 
Sylvan Rd South, Westport, CT 
06880. Phone (203) 226-8937. 

Circle No 318 

Another Winning TKO! Another Winning TKO! 
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Kid Kemet's new laser 
testing system helps 
ceramic capacitors win 
the quality fight. 
Scans ceramic sheet at the rate of 2400 times 
per second . Finds pinholes as small as .001 ". 
Covers 100% of sheet. Superior to conven­
tional random sample testing. Another 
KEMET capacitor first. 

.ea ELECTRONICS DIVISION 
~ COMPONENTS DEPARTMENT 

Box 5928, Greenville, SC 29606 
Phone : (803) 963 ·6300 ; TWX : 
810-287-2536; Telex : 57-0496 In 
Europe: Union Carbide Europe, S.A. 5, 
Ru e Pedro- Meylan , Geneva 17 , 
Switzerland. Ph one 022/47 4411 . 
Telex: 845-22253. Un ion Carbide U.K. 
Limited. Phone: 0325 315181 . KEMET 
is a registered trademark of Union 
Carbide Corporation. 

CIRCLE NO 85 

Kid Kemet's UltraDip 
miniature tantalum 
capacitors deck the 
dielectric constant of 
aluminum electrolytics. 
Superior capacitance and dissipation factor 
stability with temperature to aluminum . 
Capacitance range from 0.1 to 100 J.tf, at 
voltages from 3 to 50 voe. 7 case sizes 
available. Competitively priced . 

.ea ELECTRONICS DIVISION 
~ COMPONENTS DEPARTMENT 

Box 5928, Greenvi l le , SC 29606 
Ph one : (803) 963 -6300 ; TWX : 
810-287-2536 ; Tele x: 57 -0496 In 
Europe: Union Carbide Europe, S.A. 5, 
Rue Pedro-Meylan, Geneva 17 , 
Switzerland. Ph one 022/47 4411 . 
Telex : 845-22253. Union Carbide U.K. 
Limited . Phone: 0325 315181 . KEMET 
is a registered trademarli< of Union 
Carbide Corporation. 
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EF6802 
MICROPROCESSOR EF68A02 
(Mol<lrola EF68802 
Second Source) 

EF6808 

Ef6809 
EF68A09 
EF68809 

Ef9365 
EF9366 

DISPLAY EF9367* 

PERIPHERALS 
EF9340/ 41 

(First Source) 

EF9364B 

AVIONIC EF4440* 
PERIPHERALS 

(First Source) EF4442 

TELETEXT EF9240 

PERIPHERALS EF9241 
(first Source) 

Ef6821 
EF68A21 
EF68821 

STANDARD 
EF6840 

PERIPHERALS 
(Motorola 

EF68A40 

Second Source) 
EF68840 

Ef6850 
EF68A50 
EF68850 

MEMORY EF6810 
(Motorola Second EF68A10 
Source) EF68810 

*In development 

MICROPROCESSORS 
WITH INNOVATIVE PERIPHERALS 

1 MHz 

8 BITMPU 1.5MHz 
2MHz 

8 BIT MPU + CLOCK 
1 MHz 
1.5MHz 

+RAM 
2MHz 

8 BIT MPU + CLOCK 1 MHz 

HIGH PERFORMANCE 
l MHz 

8 / 1681T MPU 
1.5 MHz 
2MHz 

GRAPHIC DISPLAY 
512x512 Pixels 
S l 2x256 Pixels 

PROCESSOR 
1024x416 Pixels 

ALPHANUMERIC & SEMI-GRAPHIC 
DISPLAY PROCESSOR 

ALPHANUMERIC CRT PROCESSOR 

ARINC 429 TRANSCEIVER 
LOGIC INTERFACE 

ARINC 429 MULTI-CHANNEL 
BUFFER RECEIVER 

CHANNEL & PAGE SELECTOR 

CHANNEL & PAGE SELECTOR 

PIA PERIPHERAL 
1 MHz 

INTERFACE ADAPTER 
1.5 MHz 
2 MH z 

1 MH z 
PTM PROGRAMMABLE 
TIMER MODULE 

1.5 MHz 
2 MHz 

ACIA ASYNCHRONOUS 1 MHz 
COMMUNICATIONS 1.5 MHz 
INTERFACE ADAPTER 2 MHz 

1 MHz 
128x8 STATIC RAM 1.5 MHz 

2 MHz 

MICROPROCESSORS 
EF6809 
EF6808 
EF6802 
EF6800 

DISPLAY PERIPHERALS 
GDP-EF9365-66-67* 
VIN/ GEN - EF9340/ 41 
CRTC - EF93648 

AVIONIC PERIPHERALS 
ARINC 429 CIRCUITS 
EF4440 
EF4442 

TELETEXT PERIPHERALS 
EF9240-EF9241 * 
TEA2585-86 

STANDARD PERIPHERALS 
PIA -;EF6821 
PTM-EF6840 
ACIA:_EF6850 

MEMORY 
RAM-EF6810 

YOU MAY DEPEND ON US, WE'RE NEVER FAR AWAY ... 

THOMSON-CSF COMPONENTS CORPORATION 
SEMICONDUCTOR DIVISION - P.O . BOX 1454 CANOGA PARK CALIFORNIA 91304 / 6660 VARIEL AVENUE 
CANOGA PARK CALIFORNIA 91303 USA. TEL. , (2 13) 887- 1010 - TWX 91 0 494 1954 - TELEX 69 8481 
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SYMBOLIC DEBUGGER. For 
VMS, RSX-11, IAS, RT-11, 
RSTS and UNIX operating 
systems running on PDP-11 and 
VAX hosts, SI 8086 tests and 
modifies Intel 8086 and 8088 
software. A program user first 
creates and assembles a pro­
gram on a CRT or other terminal 
attached to a DEC computer. 
Once the program correctly 
assembles, rather than down 
line-load the object files to an 
emulator or to a prototype 
board-level system, the user can 
test the generated program from 
the same terminal. The debug­
ger permits immediate access 
and execution of the assembled 
program, whereas an emulator 
requires a 10- to 20-min wait to 
load a large program. $5000 
when leased or purchased with a 
corresponding assembler. Bos­
ton Systems Office, 469 Moody 
St, Waltham, MA 02154. Phone 
(617) 894-7800. TWX 710-324-
0760. 

Circle No 319 

MENU INTERFACE. Providing 
the capabilities of Bell Labs's 
UNIX in a menu-driven format, 
this menu-driven command in­
terpreter (shell) enables nonpro­
gram ming personnel to run 
UNIX-based applications such 
as word processing, accounting, 
file and data management and 
system administration. For use 
on its manufacturer's 16-bit 
8086- and 68000-based µCs, 
the shell features compatibility 
with any RS-232 termi'nal , menu­
customization capability, a utility 
to simplify user administration 
procedures and three sets of 
menus designed for end users 
and system administrators and 
designers. Simplifying UNIX op­
eration, the system provides 
menu selection and prompts for 
additional information when re­
quired, at the bottom of the 

ED N NOVEMBER 24, 1982 

screen. Sophisticated users, on 
the other hand, can execute 
UNIX commands directly by 
prefacing them with an exclama­
tion point or by entering the 
standard UNIX shell or C shell 
directly. $995 as part of the 
firm's XENIX/UNIX implementa­
tion. Altos Computer Systems, 
2360 Bering Dr, San Jose, CA 

. 95131. Phone (408) 946-6700. 
Circle No 320 

OPERATING SYSTEM. For the 
MC68000 µP, REGULUS is 
C-language source-code com­
patible with Bell Labs's UNIX V6, 
V7 and System 111. It provides 
superset enhancements that 
include real-time tasks, file­
record locking and dynamic 
allocation of file index records. 
Also furnished are automatic 
configuration , flexible- and/or 
hard-disk support, user-defined 
signals and a terminal line editor. 
The multiuser, multitasking sys­
tem supports real-time priority­
driven tasks and intertask com­
munications and doesn't require 
a memory-management unit. It 
uses 128k bytes of main 
memory; an OEM version for 
dedicated appl icat ions needs 
32k of memory for the system 
kernel. Binary single copy, 
$1550; source code, $12,000. 
Alcyon Corp, 8716 Production 
Ave, San Diego, CA 92121. 
Phone (714) 578-0860. 

Circle No 321 

Need to Know? 
EDN 's adverti se rs stand ready to 
provide you with helpfu l design in­
formation and other data on their 
products. Just circle the appropri­
ate numbers on the Information 
Retrieval Service card. If your need 
is urgent , contact advertisers 
directly, and mention EON . 

EON: Everything Designers Need 

ULTRALAP 
WILL POLISH YOUR APPLE 

... OR ANYTHING ELSE! 

Because Ultralap is a precision 
sanding surface on tough poly· 
ester film, it can bend or form or 
work wet or dry. It can be furnished 
in sheets, rolls or discs. Ranges 
from 63 to 0.3 microns with abra­
sives of aluminum oxide, silicon 
carbon, chrome and others. Both 
backing and bonding agents are 
stable to temperature and humidity 
changes. Successful in a wide 
range of industrial uses from 
micro-electronics to jewelry-to 
dentistry. See for yourself. Write 
for more information and literature 
on your company letterhead. 

4Wl1d1) s;noe1893 
For Information­

Call Toll Free: 800-523-3676 

MOYCO INDUSTRIES, INC. 
Sales Service Dept. EDN-s 

21st & Clearfield Sts., Phila., Pa. 19132 
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DON'T 
MISS OUT!! 
If you're reading a borrowed 
copy of EON, don 't gamble 
on missing the next issue. 
EON publishes valuable, up­
to-date information at the 
forefront of electronics tech­
nology; the person who 
loaned this issue to you 
might not want to part with 
his copy next time. To re­
ceive your own subscription 
to EON, take a few moments 
to fill out the reader qualifi­
cation card at the front of 
the magazine; if the card is 
missing , request one from 
EON Subscription Office, 270 
Saint Paul St, Denver, CO 
80206. Phone (303) 388-4511. 

EON 
Everything Designers Need 
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SAMPLE/HOLD AMP. The 
AD346 features 2-µsec max 
guaranteed acquisition time to 
±0.01 %, 500-mW max power 
consumption and a droop rate of 
0.5 mV/msec max. Pin compati­
ble with industry-standard Model 
346 , it specs 1.4-MHz typ 
full-power - 3-dB bandwidth , 
50V/µsec slew rate and 400-
psec aperture jitter. Operating in 
unity-gain inverting mode, it 
guarantees maximum initial gain 

and offset errors of ±0.02% FSA 
and ±3 mV, respectively. Total 
offset error over temperature is 
guaranteed at ±20 mV max, 
while total gain error over 
temperature specs at ±0.05% 
max. Rated specifications apply 
over O to 70°C for the J grade 
and - 55 to + 125°C for the S 
grade. Maximum feedthrough is 
guaranteed at ±0.02% FSA, 
while sample/hold switching­
transient amplitude equals < 40 
mV pk typ. Housed in a 14-pin 
hermetically sealed ceramic DIP, 
the device requires ± 12 to ± 18V 
power supplies and draws + 18 
and -10 mA max quiescent 
current. $56 and $84 (100) for J 
and S grades, respectively . 
Analog Devices Semiconduc­
tor, 804 Woburn St, Wilmington, 
MA 01887. Phone (617) 935-
5565. 

Circle No 353 

PIN-GRID-ARRAY SOCKET. 
Designed to accept components 
requiring other than the conven­
tional DIP matrix, this unit 
comprises 64 collet-style con­
tacts positioned on 0.100-in. 
centers and arranged in a 
square matrix . They accept 
0.018- to 0 .025-in. pins . . A 
multilevel pin grid helps reduce 
insertion force. $0.03 to $0.08 
per position. Aries Electronics 
Inc, Box 130, Frenchtown, NJ 
08825. Phone (201) 996-6841 . 

Circle No 354 

HIGH SENSITNln. CHOOSE SA OR IA SWITCHING. 
With the /\l. 8 you get Single-pole contacts are rated at 3 
pull-in sensitivity as low amps or 6 amps. Coils to 48 
as 75 milliwatts. What's volts de. UL and CSA 
more. you enjoy 6-amp approved. 
switching in a minia- PUT THE AZ 8 ON 
ture package. YOUR BOARD. To 
SEALED OR find out more. call 
UNSEALED. You can Dave White at (800) 
specify this compact 854-8474. In Califor-
performer in either unsealed nia call (714) 540-4190. 
or epoxy-sealed versions. Dave will send you a sample 

The sealed model stands up well to relav. detailed specs and a quo-
harsh automated PCB processing. You can tation. If you prefer, write American Zettler, 
totally immerse the relay without fear of Inc .. 16881 Hale Avenue. Irvine. CA 92714. 
contamination. 

Either wav. the JlJ 8 is OOA"/t'sMa bettEerRre/alyC" AN ZETTLER, INC. surprisingly economical. 
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btf t m o you don't need a ballas or. 
The KB is size-efficient, too. It will s lip neatly into a 12mm (.472) round hole, so it is 
ideal for compact panels. 

:i co. r n r r when you choo~ 
the shdpely switch that will shape up any pane . 

* For more information please write to: 

t/3!t n1Mal 
NIHON KAIHEIKI IND. CO., LTD. 
Tokyo, Japan 
Phone : (03) 774-0611 Telex : 0246-6949 Nikkai J 

14415 N. Scottsdale Road, Suite 600, Scottsdale, AZ 85260 
Phone : (602) 991-0942 TWX : 910-950-1167 NKK Scot 
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Canada 
CANADIAN GENERAL ELECTRIC CO., LTD. 

Electronic Components Operation 
Phone : (416) 537-4481 Telex :63238 Cge Comp Tor 

Germany 
J . & J . MARQUARDT G.m.b.H. 
Phone : (07424)707- 1 Telex : 760411 Marq D 

Finland 
PEREL KY. 
Phone : 914· 12 076 Telex : 15117 Pere! SF 
Norway 
ELEKTRONIX A/S 
Phone : (02)22 98 50 Telex : 72738 Elnix N 

Switzerland 
INVERT AG SA. 
Phone : Ol-391 56 30 Telex : 57224 lnvag CH 

Sweden 
OKAB· ROEDERSTEIN AB 
Phone : OS/88 01 35 Telex : 17122 Okab S 
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Great Britain 
N. S. F. LIMITED 
Phone : (0535)61144 Telex : 51270 Enesef G 
Fra~ce 
STE. COMEPA S.a.r.I. 
Phone : 844-87-39 Telex : 670937, 670937 F 
Denmark 
TAGE OLSEN A/S 
Phone : 2/65 81 11 Telex : 35293 Toas DK 

Belgium 
SOTRONIC S.A. 
Phone : 02n 3610 07 Telex : 25141 Sonic B 

Austral ia 
STC-CANNON COMPONENTS (PTY.) LTD. 
Phone : 95 9566 Telex : AA 30877 

Republic of South Africa 
HONEYWELL (PTY.) LTD. 
Phone : (011 )680-3440 Telex : 80745 8-0745 SA 
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14-BIT SID, R/D CONVERTER. 
The multiplexed HMSDC-8700 
converts four synchro or resolver 
channels to 14-bit digital data 
and includes a 4-channel input­
processor module and a central­
converter module. The hybrid­
ci rcu it design 's algorithm 
achieves accuracies of 
± 4.6 '±V2 LSB and 150-µsec/ 
channel max conversion time. All 
common synchro and resolver 
line-to-line voltages and frequen­
cies are available. Signal and 
reference input channels can be 
interconnected and hybrid and 
discrete versions interchanged 
in any combination. As many as 
100 input channels can be 
accommodated when operated 
at 60 Hz. Random-access capa­
bility allows you to select only 
the desired channels. $1275. 
Delivery, stock to 90 days ARO. 
ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
Phone (516) 567-5600. TWX 
510-228-7324. 

Circle No 355 

CRYSTAL OSCILLATORS. 
8003 Series dual-output devices 
feature initial accuracy of 
±0.01 % of specified frequency 
at 25°C and ±0.01 % of initial 
accuracy over operating temper­
atures spanning - 55 to + 200°C. 
Each unit's rectangular-wave 
output is compatible with 5V 
Schottky and 5 to 15V CMOS 
loads. Output frequencies span 
500 kHz to 16 MHz. User-
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specified operating voltages 
equal 5, 10, 12 and 15V. Two 
standard models , the 8003-
1.1085 and 8003-.640, spec 
outputs of 369.5 kHz and 1.1085 
MHz and 213.3 kHz and 0.640 
MHz, respectively. Packaged in 
a 14-pin-DIP welded metal case, 
both units are priced at $172 
(100) . Custom Devices, 4246 E 
Wood St, Phoenix, AZ 85040. 
Phone (602) 268-1371. TWX 
910-951-4203. 

Circle No 356 

7-SEGMENT LEDs. MAN6400 
Series green units are available 
in 2-digit common-anode and 
common-cathode forms with 
right-hand decimal ; 1112 -digit 
common-anode and common­
cathode versions with overflow/ 
polarity indicator and right-hand 
decimal; and single-digit com­
mon-anode and common­
cathode designs with right-hand 
decimal. Furnishing a gray face 
and neutral segment color to 
enhance on/off contrast, they 
spec 710-µcd /segment mini­
mum luminous intensity at 
60-mA peak forward current and 
1 :6 duty factor. Rise time equals 
12 nsec typ; viewing angle, 150°. 
General Instrument Optoelec­
tronics, 3400 HiJlview Ave, Palo 
Alto, CA 94304. Phone (415) 
493-0400 

Circle No 357 

REED RELAY. Available with 
axial or pc-board terminals, the 
TG Series device measures 0.64 
in. long and 0.25 in. in diameter 

and provides coil-voltage ratings 
of 5, 6, 12 and 24V. Designed 
with end coil or side coil and with 
options for handling a 0.7-in. 
pc-board mounting, the Form 1 A 
unit can switch 0.5A as well as 
signal loads. Switch rating specs 
at 10 VA (1 OOV de max and 
0.05A de). $1 .22 (1000). Stan­
dex Electronics, 4538 Camber­
well Rd, Cincinnati, OH 45209. 
Phone (513) 871-3777. 

Circle No 358 

SOLID STATE RELAYS. Opto­
switch Series units are totally 
encapsulated and suit use in 
high - shock and severe­
temperature environments. All 
inputs are optoisolated (1500V 
ac, 1010n de), and turn-on is 
synchronized with load-voltage 
zero crossing to minimize RFI. 
Operating voltage spans 24 to 
140V ac with 250V pk repetitive 
voltage. The 12-0PC Series 
specs 3 or 4A current rating for 
pc mount, continuous at 25°C. 
12-0TM Series units, a heavy­
duty industrial panel-mount ver­
sion, are rated at 6 to 40A. 
Operating frequency spans 47 to 
65 Hz; temperature range, - 40 
to + 100°c . Control voltages are 
TTL compatible with reverse­
polarity protection of inputs. 
Delivery, 4 to 6 wks ARO. 
12-0PC Series, $7.50 (100) ; 
12-0TM Series, $18. Applied 
Electro Technology Interna­
tional, 2220 S Anne St, Santa 
Ana, CA 92704. Phone (714) 
556-6570. TWX 910-595-1797. 

Circle No 359 
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S@ut ELECTRIC: C:0.1LTD. 

LCD Sales Section: 
2-9-13, Nakameguro, Meguro-ku, Tokyo 153, Japan 
Tel. Tokyo 03-7 10-2551 Telex. 2466623 

LCD Agents Overseas •USA AC. INTERFACE, INC. Tel: (714) 979-9830 Telex: 655328 e ENGLAND ITI 
MERIDIAN Tel: 0279-35351 Telex: 817202/LOHUIS LAMPS LTD. Tel: (0675) 65195-62270 Telex: 336187 
•FRANCE A. JAHNICHEN & CIE Tel: 387-59-09 Telex: 290714 • HOLLAND LOH UIS LAMPEN 
B.V. Tel: 01606-2651 Telex: 54145 •SWITZERLAND DEWALD AG Tel: 01·451300 Telex: 52012 • WEST 
GERMANY ELITE ELEKTRONIK UNO LICHT GMBH & CO., KG Tel: 08094-1011 Telex: 527318 e SWEDEN AB 
BETOMA Tel: 08-820280 Telex: 19389 •DENMARK DITZ SCHWEIZER A·S Tel: (02) 453044 
Telex: 15057 • CANADA DESKIN SALES Tel: (416) 495-1412/496-2511 Telex: TWX610·492·5113 
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ELECTRO-OPTIC TRANS­
CEIVER. A fiber-optic transmis­
sion interface using an LED 
source and PIN-diode photode­
tector, Model TR1000 is pc­
board mountable, provides fiber 
strain relief and furnishes either 
single or differential inputs that 
permit interfacing to EGL, TTL 
and CMOS. It accommodates 
any digital data rate from de to 
24M bps with receiver sensitivity 
of -40 dBm, or any analog rate 
from de to 12 MHz with optical 
dynamic range > 27 dB. Measur­
ing 2.8x 1.5 x 3/4 in. , the unit suits 

use with standard 50-µm-core/ 
125-µm-cladding optical fiber 
and also with 100/140-µm fiber. 
$150. American Photonics Inc, 
Milltown Office Park, Rte 22, 
Brewster, NY 10509. Phone 
(914) 278-9224. 

Circle No 360 

LCD MODULES. PC151X/152X 
Series units consist of a liquid­
crystal display, a CMOS driver, a 
CMOS LSI controller and an 

optional electroluminescent 
lamp with half life of 7500 hrs. 
Six standard models are avail­
able, with 16x 1, 24 x 1, 40x 1, 
16 x 2, 24 X2 and 40x2 charac­
ters. Features include sunlight 
readability, user-programmable 
characters, 5V de power supply, 
5x 7 and 5x 10 dot-matrix char­
acter fonts with cursor, and 
µP-compatible 4- or 8-bit data­
bus interface. All control, refresh 
and display functions are execut­
ed by a dedicated on-board 
controller . The devices can 
display the full 160-character JIS 
font set plus 32-character spe­
cial font sets. $44.25 to $100.50 
(100). Photochemical Prod­
ucts of California, 18031 
Susana Rd, Rancho Dominguez, 
CA 90221 . Phone (213) 603-
0400. 

Circle No 361 
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PC-BOARD TERMINAL. Quad­
ra-M ate terminates discrete 
wires after wave soldering via 
single ending, daisy chaining or 
on-board jumping. This low­
profile ( < 1/4 in. high) brass 
connector has tin-over-copper 
plating and uses 4-slot insula­
tion-displacement technology to 
provide redundant contact and 
strain relief for 30- to 24-AWG 
solid, stranded and fused wires. 
Measuring 0.100 in. wide, it 
requires 0.120 x 0.130 in . of 
board area. The device is 
available singly or in strip form 
for semiautomatic or automatic 
insertion. AMP Inc, Harrisburg, 
PA 17105. Phone (717) 564-
0100. 

Circle No 362 

REED RELAY. Available as 
either an open or covered unit, 
the UL-recognized JAW Series 
device accommodates pc-board 
mounting via wave soldering. 
Compatible with automatic 
cleaning systems, it features 
standard coil voltages of 3, 5, 6, 
9, 12, 15 and 24V de. Nominal 
coil power spans 50 to 833 mW, 
depending on coil voltage and 
contact arrangement. Rhodium 
contacts are available in configu­
rations of 1 Form A (spst NO) 
through 2 Form C (dpdt) . Form A 
and B contacts handle 1 OW at 
200V de max, 0.5A de max or 10 
VA at 140V ac max and 0.35A ac 
max. Form C contact ratings 
stand at 3W at 28V de max, 
0.125A de max or 3 VA at 28V ac 
max and 0.09A ac max. Maxi­
mum operate time (including 
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bounce) at 25°C equals 2 msec 
for Form A and Form B contacts 
and 2.5 msec for Form C 
contacts. Maximum initial con­
tact resistance for Form A and 
Form B contacts equals 0.150; 
it's 0.20 for Form C contacts. 1 
Form A version, $3.43 (100). 
Delivery, 6 to 8 wks ARO. Potter 
& Brumfield Div AMF Inc, 200 
Richland Creek Dr, Princeton, IN 
47671 . Phone (812) 386-2260. 

Circle No 363 

LCD. Model FE2201 features 
3112 0.2-in .-high characters 
(seven segments), three decimal 
points, a colon, plus/minus sign 
and an overrange arrow. De­
signed for multimeters and 
available in transmissive, reflec­
tive and transflective modes, it 
comes with DIP connector pins 
attached or in a pinless version 
for use with elastomeric connec­
tors. Measuring 1.6 x 0.70 in ., the 
unit specs operating tempera­
ture of -20 to + 55°C or - 20 to 
+ 80°C. Red, blue and green 
readouts are optional. $10.60 
(100). AND, 770 Airport Blvd, 
Burlingame, CA 94010. Phone 
(415) 347-9916. TWX 910-374-
2353. Circle No 364 

RESISTOR NETWORKS. Avail­
able in 14-pin (seven isolated 
res istors) and 16-pin (eight 
isolated resistors) models, Type 
TOP devices utilize Nichrome 
thin-film construction and are 
housed in a molded case with 
0.150-in. max above-board 
height. They spec a resistance 
range of 1000 to 100 kO in 

standard tolerances of 2, 1, 0.5 
and 0.1 %. Standard temperature 
coefficient equals ± 25 ppm/°C; 
± 1 O ppm/°C is available. Individ­
ual resistors have a 0.1 W max 
power rating at 25°C. Total 
package power rating equals 
0.7W max. $2.10 (500) for 
?-resistor model with 1.0% 
tolerance and 10-kO resistance. 
Dale Electronics Inc, Dept 860, 
Box 609, Columbus, NB 68601 . 
Phone (402) 371-0080. 

Circle No 365 

DATA-ACQUISITION MODULE. 
Measuring 3 x 4.5 x 0.375 in. , 
Model DAS-5716 comprises a 
complete data-acquisition sys­
tem , including a 16-channel 
(eight differential) multiplexer, 
programmable-gain instrumen­
tation amplifier, track-and-hold 
amplifier, and a successive­
approximation-type AID convert­
er with 16 bits of resolution and 
3-state output buffers. It also 
includes all required timing and 
control circuitry and its own 
precision reference supply. The 
instrumentation amplifier 
achieves gains of 1 to 2000 with 
one external resistor. You can 
select either single-ended or 
differential input configurations 
and can specify unipolar or 
bipolar operation Uumper selec­
table on the 12-bit model). 
Throughput specs at 40 kHz max 
on the 12-bit model, 1 O kHz max 
on the 14-bit version and 2.5 kHz 
max on the 16-bit device. 12 bits, 
$300; 14 bits, $695; 16 bits, 
$975. lntech Microcircuits Div, 
2270 Martin Ave, Santa Clara, 
CA 95050. Phone (408) 988-
4930. TWX 910-338-2213. 

Circle No 366 

EDN NOVEMBER 24, 1982 



TAPERED LEADS 
Especially designed 
to permit easy auto­
matic Insertion In-
to PC Boards 

RECESSED 
CONTACTS 

Prevents solder wick­
ing, nux contamination 
and solder bridging 
during wave soldering 

R 
EA 

STAND-OFF 
FEATURE 

Permits easy board 
cleaning and pro­
vides extra venttlatlon 

!iOCKET!i 
IT 

E!i 

RESTRICTED ENTRY 
Easler, positive pack­
age Installation 

ADVANCED 
CONTACT DESIGN 

Infiltration resistant In­
terface single beam 
contact design 

Not a "me-too" but an all-new DIP socket with all the 
features you want for the utmost In reliability, high 
performance, easy installatlon ... and all at com­
pletely competitive prices. We've designed these 
sockets for commercial appllcatlons requiring eco­
nomical board Installation and fast and easy IC 
insertion. And to assure you of uniform products unlt­
atter-unlt, whether your requirements call for 10,000 
or 100,000 pieces, we're producing these sockets 
NOW In a brand-new faclllty with the most modern 
equipment. Want further proof on the superiority 
of Sealectro's DIP sockets? Call or write today for 

free engineering evaluation samples. Once you try 
them ... you'll buy them. 

.-----.e MCD DIVISION 

0 

o · 
SULE CT RO 

llCTAD 
CORPORATION 
MAMARONECK, N.V. 10543 
PHONE: 914 698-5600 TWX: 710·566·1110 
14D11 Venture Blvd., Bulte 1!!115, 
Bhermen Dake, CA 9141!!3, [1!!13J 9BD·B131 

4Sl!5·A Felrchlld Drive, 
Mounteln View, CA 84043, [411!5J 981!5·111!111 
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MEASUREMENT -AND· CON· 
TROL SYSTEM. Macsym 
350 combines flexible 1/0 op­
tions, a system console and an 
intelligent measurement-and­
control front end. The system 
console comprises an 8086 
CPU, an 8087 math coproces­
sor, 128k bytes of RAM, an 
intelligent graphics controller, a 
51/4-in. 320k-byte floppy-disk 
drive and a communications 
controller. Six 1/0 slots handle 
communication and memory 
options. The front end contains 
an 8088 µP, 256k bytes of 
memory, an ADIO controller and 
16 slots for 1/0 cards. The 
system accommodates as many 
as 512 channels . You can 
choose from a library of 32 1/0 
cards, including isolated and 
nonisolated analog and digital 
inputs and outputs, IEEE-488 
controller, RS-232/422 and 
20-mA current-loop communica­
tions, speech synthesis, inter­
rupt, setpoint alarm , strain 
gauge, thermocouple , RTD , 
milliamps, millivolts and volts. 
The system controls as many as 
18 tasks simultaneously and 
acquires 33 ,000 samples/sec 
max in Burst mode. $9990. 
Available in February. Analog 
Devices Inc, 2 Technology Way, 
Norwood, MA 02062. Phone 
(617) 329-4700. 

Circle No 367 

ETHERNET TRANSCEIVER. 
Via a nonintrusive coax-cable 
tap, the NT10 connects and 
disconnects from an operational 
Ethernet local-area network 
without disrupting network com­
munications. Its tap contains 
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probes that pierce the cable to 
achieve an electrical connection. 
Should the device make an 
excessively long transmission , 
its jabber-control logic electrical­
ly disconnects it from the coax. 
Triple-protection design ensures 
that no single or double compo­
nent failure degrades the com­
munication of other Ethernet 
stations. Loopback and heart­
beat features permit users to 
send transmissions that verify 
proper circuit operation. The unit 
provides 500V ac electrical 
isolation between the Ethernet 
coax and the transceiver cable, 
eliminating noise-inducing 
ground loops. $290. lnterlan 
Inc, 160 Turnpike Rd, Chelms­
ford, MA 01824. Phone (617) 
256-5888. 

Circle No 368 

COMPUTER SYSTEMS. Based 
on a single-board CPU using the 
manufacturer's TMS 99000 µP, 
the five Business System 300 
Series units provide 128k bytes 
of error-correcting main memory 
(expandable to 512k bytes) and 
SM to 43M bytes of storage. 
Maximum disk storage equals 
172M bytes and is achieved by 
linking four 43M-byte disk sub­
systems. The family uses the 
manufacturer's DX1 O operating 
system. Its software application 
packages include general ledg­
er, accounts payable, accounts 

receivable , inventory control, 
payroll and word processing. 
Each computer includes a video­
display terminal with a detach­
able keyboard and a 12-in.­
diagonal screen that displays 80 
columns x 24 lines. $9995 to 
$21 ,800. Texas Instruments 
Inc, Box 202146, Dallas, TX 
75220. Phone (512) 250-7305. 

Circle No 369 

DESKTOP CONTROLLER. 
Based on the 8/16-bit MC6809 
µP, the Exorset 35 accommo­
dates such programming tech­
niques as structured program­
ming , position- independent 
code, re-entrant routines and 
real-time operations. Features 
include full-size ASCII keyboard 
and 16 user-assigned function 
keys and a 9-in . CRT that 
simultaneously displays 22 lines 
of 80 or 16 lines of 40 upper- and 
lower-case characters and a full 
320 x 256-dot graphic image. 
Three versions are available: the 
351-0 has no floppy-disk drives; 
the 351-1 provides one double­
sided mini-floppy-disk drive for 
164k bytes of mass storage; and 
the 351-2 includes two disk 
drives for 328k bytes of mass 
storage. Each includes 2k bytes 
of dynamic RAM for CRT 
character refresh , 56k bytes of 
dynamic RAM and three strap­
pable sockets that can be 
configured for 1 k, 2k, 4k or Bk 
ROMs or EPROMs. 351-0 , 
$3305; 351-1, $4070; 351-2, 
$4675. Motorola Semiconduc­
tor Products Inc, Box 20912, 
Phoenix, AZ 85036. Phone (602) 
244-5714. 

Circle No 370 
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Advanced styling. 
First-class engineering. 
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Dnntemational requirements. 

Our catalog gives you 
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DATA-CONVERSION SYSTEM. 
The DSC-200 suits applications 
requiring the digital analysis and 
reproduction of sound. It con­
tains a remote audio console, 
16-bit AID and DI A converters 
and four OMA interfaces. An 
extensive FORTRAN library, 
menu-selectable diagnostics 
and Record and Playback pro­
grams ensure rapid installation 
and use. The unit accommo­
dates 16 analog input or output 
channels. Stereo record and 
playback, full-duplex operation 
(simultaneous record and play­
back), and multiprocessor con­
figurations are optional. $16,500. 
Delivery, 60 days ARO. Digital 
Sound Corp, 2030 Alameda 
Padre Serra, Santa Barbara, CA 
93103. Phone (805) 963-8951 . 

Circle No 371 

INK-JET PRINTER MODULE. 
The 125-color Spectrum 2000 
delivers full-page prints in < 40 
sec. By sending 12 TTL­
compatible signals over a 26-pin 
ribbon cable and adding a power 
supply, you can incorporate this 
device into color-copying or 
color-printing devices. It recog­
nizes 24 commands for estab­
lishing operating modes, control-
1 i ng paper movements and 
transmitting color information. 
With head movements of 108 
raster inches per sec max, the 
unit provides 150-dots/in. hori-
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zontal density . A maximum 
horizontal image size of 12 in. 
provides more than 1800 con­
trollable pixels. Vertical density 
of 85 dots/in. is standard. Self 
contained and field replaceable, 
the unit specs life rating > 6000 
hrs MTBF and head reliability 
> 1010 operations. Other com­
mands include built-in self test, 
signature analysis and align­
ment. PrintaColor Corp, 5965 
Peachtree Corners East, Nor­
cross, GA 30071 . Phone (404) 
448-2675. 

Circle No 372 

PROGRAMMABLE CONTROL­
LER. AutoMate 15 accommo­
dates as many as 64 1/0 
channels in any combination of 
pairs and as many as 1000 
relay-ladder logic elements in its 
application memory. The memo­
ry incorporates nonvolatile 
E2 PROM and _ NOVRAM ; no 
battery backup is required for 
memory retention upon loss of 
power. Average scan time 
equals 2 to 3 msec, and 
maximum scan time with fully 
loaded memory and 64 1/0 is 7 
msec. Standard functions in­
clude internal coils (64 coils for 
use in interlocking logic), timing 
(16 timers max, 32,767 0.01-sec 
ticks), counting (eight counters 
max, 32,767 counts each) and 
shift register (four shift registers 
max, user-assignable length). 

Standard line voltages equal 
115/230V ac, 50/60 Hz; an 
optional 24V de power supply is 
available. Incoming power is 
fused within the head, and the 
fuse is replaceable from the 
front. $1000 to $1500 for typical 
configuration. Delivery, 8 wks 
ARO. Reliance Electric, 4900 
Lewis Rd, Stone Mountain, GA 
30083. Phone (404) 938-4888. 

Circle No 373 

16-BIT MINICOMPUTER. Com­
patible with IRIS, BITS, IOS, 
BUS/COBOL and other oper ­
a ting systems, the Ardent 15 
features a master-port visual 
display, detached keyboard, vir­
tual console, real-time clock and 
a parallel line-printer controller. It 
operates at 400-nsec cycle time 
and features 64k bytes of RAM, 
expandable to 256k bytes. The 
unit accepts interrupts from 
peripheral controllers wired in a 
serial priority structure and 
accommodates OMA operation. 
It supports four additional user 
terminals or serial devices 
through RS-232 ports . Two 
standard 15x 15 slots accommo­
date compatible peripheral con­
trollers and interfaces, including 
a variety of multiplexers, disk 
controllers and magnetic-tape 
controllers. A detached DIN­
standard keyboard comes with 
128 ASCII characters and fea­
tures a coil cable and a 10-key 
numeric keypad. $4990. Ardent 
Computer Products, 2259 Via 
Burton, Anaheim, CA 92806. 
Phone (714) 870-7660. 

Circle No 374 
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Computers 
& Peripherals 

16-BIT µ.C. The E-1 system, a 
single- or multiuser unit based 
on the 8086-1 µP, operates at 1 O 
MHz with no Wait states. The 
MP/M-86-based µC can handle 
as many as 10 remote work­
stations. It comes standard with 
512k bytes of dynamic RAM and 
is upgradable to 1 M bytes. A 
minimum configuration includes 
two 8-in. single-sided, double­
density floppy-disk drives with 
formatted capacity of more than 
1 M bytes. Options include a 
fixed 14-in. hard-disk drive with 
30M-byte capacity that can be 
mounted within the system's 
enclosure; a streaming car­
tridge-tape drive; double-sided, 
double-density 8-in. floppy-disk · 
drives; and a desk enclosure. 
$5995. Euclid Computer, 3699 
W 240th St, Torrance, CA 90505. 
Phone (213) 373-9316. 

Circle No 375 

Cahners Magazine Division 

MODEM AUTODIALER. Dial­
mate 820 replaces the RS-232C 
cable that normally connects a 
modem and a data terminal. It 
receives serial dialing com­
mands from a terminal keyboard 
and returns its dialing status for 
screen display. The direct­
connect modem accesses the 
telephone line through the de­
vice, which transfers the data 
call to the modem after success­
ful autodialing. Once the call is 
under way, the unit ignores all 
dialing commands and is totally 
transparent. It adapts to local 

publishes the following business magazines and directories: 

• Appliance Manufacturer • Hotels & Restaurants 
• Brick & Clay Record International 
• Building Design & 

Construction 
• Mini-Micro Systems 
• Modern Materials Handling 

• Building Supply News • Modern Railroads 
• Ceramic Industry • Package Engineering 
• Ceramic Data Book • Plastics World 
• Construction Equipment • Professional Builder/ 
• Design News Apartment Business 
• Design News Directories • Purchasing 
• EDN • Restaurants & Institutions 
• Electro-Optical Systems • Security Distributing & 

Design Marketing 
• Electronic Business • Security World 
• Electronic Packaging & • Semi-Conductor International 

Production • Specifying Engineer 
• Foodservice Equipment • Traffic Management 

Specialist • U.S. Industrial Directory 
The Cahners Exposition Group 
is the largest producer, operator and manager of trade and consumer 
shows in the world ... with 58 shows, 3,300,000 square feet of exhibition 
space and total annual attendance of over three million. 

telephone switching systems by 
automatically selecting either a 
DTMF tone or a rotary-type 
pulse dialing method. The unit's 
serial operating system supports 
1 O dialing commands. $249. 
Cermetek Microelectronics 
Inc, 1308 Borregas Ave, Sunny­
vale, CA 94086. Phone (408) 
734-8150. 

Circle No 376 

COMPUTER SYSTEM. Model 
MC-500 is a 32-bit, 16M-byte 
virtual-memory, real-time UNIX­
based minicomputer that suits 
use in real-time data acquisition 
and control , high-speed data 
analysis and graphical-format 
applications. It uses multiple 
processors and a triple bus (a 
proprietary MC-500 bus, the 
Multibus and the STD Bus) to 
increase throughput. It also 
features twin 10-MHz 68000 
µPs and a third 68000 in the 
separate graphics processor, 
plus an BM-instructions/sec 
2901 bit-slice processor for data 
acquisition and control. The 
user-programmable data-ac­
quisition and control processor 
accommodates 2M bytes/sec of 
1/0 analog and digital data. The 
system acquires analog data at 
1 M samples/sec with 12-bit 
resolution and provides a high­
resolution raster-graphics sys­
tem with either monochrome or 
color monitor. As many as .four 
graphics units can be supported. 
< $28,000. Masscomp, 543 
Great Rd, Littleton, MA 01460. 
Phone (617) 486-9425. 

Circle No 377 
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The ADSZ4. You can't 
build or buy a better 
llA. And you won't 
believe the price­
under SIOI 

The AD524 has the best specs 
attainable in an I/A. whether you're 
talking monolithic, hybrid, or discrete. 
Nonlinearity to ± 0.003 % . Input offset 
voltage drift of ±0.5 µV! 0C. Gain 
error of ±0.02%. Common mode 
rtjection of 130 dB. 0.3µV peak-to­
peak low frequency noise. Your dream 
specs are now a reality! 

~ANALOG 
WDEVICES 

The struggle to come up with the right 
I/A for your application is over. Never 
again will you have to design around 
two or three op amps and a handful 
of resistors, or pay the high pric;:e of a 
hybrid, or settle for a monolithic IC 
with less-than-satisfactory specs. Our 
new monolithic AD524 gives you all 
the performance and functionality 
you'll ever need in an I/A. And you 
can get it all at a price that's designed 
to make you 
forget the 
past. 

And the AD524 couldn't be easier 
to use. Pre-trimmed on-chip gain resis­
tors give you pin-strappable gains of 1, 
10, 100, or 1000. The AD524's inputs 
are internally protected against over­
voltage (power on or off), eliminating 
the need for external diode clamps. 
And sense and reference inputs let you 
make sure that the output is accurately 
presented to the load. 

So if you're still rolling your own. or 
considering the National LM363 or the 
Burr-Brown INA101 , find outjust how 

good an instrumentation amp can 
be. Call Don Travers or Doug Grant 
today at 617-935-5565, or write 
Analog Devices, Inc., P.O. Box 
280, Norwood, MA 02062. 

The instrumentation amp 
that makes all else 

obsolete. 
Analog Devices. Inc .. One Technology Way. Norwood. MA 02062: Headquarters: 6 17-329-4700: California: 714-842-1717. 408-947-0633; 1ilinois: 312-653-5000: Ohio: 614-764-8795; 

Pennsylvania: 215-643-7790: Texas: 214-231-5094; 7 I 3·664-6704: Washington: 206·25 1-9550; Belgium: 031/37 48 03; Denma_rk: 02/84 58 00; France: 01/687 34 11 : Holland: 016/20 51080; 
Israel: 052/28995: Italy: 02/68 98 045: Japan: 03/263 6826; Sweden: 08/282740: Swttzer1and: 022/31 57 60; United Kingdom: 0 I /941 0466; West Germany: 08915140 I 0. 
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Please send me the followlng prints @ J.0:00' each. 
Postage, handllng for I to 3 prints add 1.95 
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MAIL CHECK OR MONEY ORDER TO: 
EON FUTURE ART DEPT. 2006, 221 COLUMBUS AVE., BOSTON, MA 02116 
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ADDRESS ------------------------
CITY _____________ STATE _____ ZIP ____ _ 





SPECIAL ISSUE 
Six advanced technologies 
yield the best cost/performance 
A/Ds and DAs. 

• 1n 

Thin-film resistors, laser trimming, 
sampled data comparators. P2CMOS!M 

patterned packages, and 5" wafers 
lead the list of technological advances 

that add up to the utmost in data 
acquisition cost/performance. 

Applied to Doto Acquisition, Practical 
Wizardry means designing and producing the 
lowest cost A/Os and 0/As for the perfor -
monce levels that ore in greatest demand. 

To do this, only Notional utilizes all six of 
these advanced design and production tech­
nologies: thin-film resistors, loser trimming, 
sampled data comparators, P2CMOS, pat­
terned packages, and 5-inch wafers. 

Laser-trimmed thin-lllm resistors. By 
incorporating loser-trimmed thin-fi lm resis­
tors, their 10- and 12-bit A/Os and D/As offer 
unsurpassed precision and temperature 
coefficients. 

Sampled data comparators eliminate 
fatal A/D design nows. Many of Nationol's 
A/Os also utilize sampled data comparators. 
The result: high speed at low overdrive is 
designed into each chip, with oscillations, 
noise, and offset designed out. 

P2CMOS: higher speed, lower cost. 
P2CMOS, Notionol's own double-poly, silicon­
gote process, increases device speeds in 
several ways. 

For example, P2CMOS features shallow 
junction depths which reduce junction 
capacitance. Also, the higher circuit density 
afforded by two levels of interconnect provides 

higher speeds at lower cost. 
The best things come In patterned 

packages. The reliability and cost-effective­
ness of their hybrid Doto Acquisition compo­
nents is further enhanced by using patterned 
packages. 

Since these packages also allow auto­
mated die attach and wire bonding, produc­
tion costs (i.e., unit costs) ore driven even 

further down while at the some time increas­
ing reliability. 

5-inch wafers: yields go up, unit costs 
go down. Further advancing the leading edge 
of production technology, Notionol's unique 
five-inch wafer lines ore driving unit costs 
straight through the floor. 

When it comes to Doto Acquisition, 
Practical Wizardry is synonymous with 
cost/performance. r:.t 
P'CMOS is a trademar1< of National Semiconductor Corporation. 

Cost-effective analog/microcontroller 
interfacing made easy. 

The Industry's first binary 8-blt serial 
A/D family makes microcontroller 

interfacing a snap. 

Until now, binary 8-bit A/Os all used 
parallel 1/0. Parallel is fast, but it takes up 
more than it's shore of 1/0 pins, PC board 
space and traces. 

But now there's a cost-effective alterna­
tive that emphasizes ease of use and high 
accuracy at low prices. 

-= OI 
CllPI 
CN 

TYPICAL BLOCK DIAGRAM 
FOR A FOUR-CHANNEL DEVICE 

lrs the ADC083l 8-bit serial A/D 
converter family. lrs on industry first from 
Notional, the cost-performance innovators in 
Doto Acquisition/Conversion technology. 

Complete microcomputer and micro­
controller compatibility. Notional designed the 
ADC083l family to be easily used with any 
microcomputer device, including their entire 
8048/49/50 family, and the NSC800 
microprocessor. 

The ADC083l family also complies 
with Notionol's MICROWIRE™ serial data 
exchange standard for the simplest interface 
to their COPS™ family of single-chip micro­
controllers. 

The numbers tell the story. To make it 
even more convenient to use, the ADC083l 
family offers: 

• A total unadjusted error of ± V2 LSB 
and ± l LSB. 

• No full-scale or zero adjust. 
• 0-, 2-, 4-, or 8-chonnel analog 

multiplexer options. 
• A single 5 Voe supply requirement. 
• A 32 µ..Sec conversion time. 

·A OV to 5V input range with a single 
5V power supply 

Nothing else available even comes close 
in ease-of-use, board economy, and cost/ 
performance. 

For more information on the ADC083l 
family of 8-bit A/Os, check boxes F9 and GO 
on this Anthem's coupon. 

Another affordable innovation from the 
Practical Wizards. r:.t 

MICROWIRE and COPS are trademar1<s of National Semiconductor 
Corporation. 
·u.s. price only. 

100 u.J PRICE* 
$2.70 
$3.10 
$3.20 
$3.20 
$3.35 

t Reference requirement is equal to the analog input range. 
i Reference requirement is equal ta one half of the analog input range. 



A graphic comparison of the worlds 
best, complete 12-bit DACs. 

The totally self-contained DACl 280A 
and DAC1285A Series offers lower 
power and higher speed than the 

industry standard DAC80s, DAC85s 
and DAC87s. 

Notional Semiconductor now offers the 
highest performance complete 12-bit DACs: 
their new DAC1280A and DAC1285A Series. 

The new Industry standard is here. 
These fast converters settle to full scale 
accuracy in only 300ns (current mode) 
and 2.5µ.s (voltage mode), while dissipating 
only 500mW 

The DACl 280A, for example, guarantees 
maximum linearity error of ± Y2 LSB over the 
entire 0°C to 70°C temperature range. It also 
guarantees a ± 3/4 LSB differential non-lin­
earity and a precise 6.2V reference (± 2%) 
over temperature. 

In addition, all specs ore guaranteed 
over a ± 11.4Vto ± 15.75Vsupplyvoltoge 
range. 

All these DACs complementary binary 

12-811' OM: 
CROSs-REfBENCE TABLE. 

LtwalU. PIN ALTERNATIVE PIN 
OACl 280M} DACSO-CBl.V; DAC80Z-CBl-V 
ll\Cl 28(W}I DACSO-CBl-1; DACSOZ-CBl-1 
DACl 285C DAC85-CBl-V 
OACl 2~ DAC85LD-CBl-V 
OAC1285A DAC87-CBl-V 

SETTLING TIME FOR 1 LSB CHANGE 
NATIONAL DAC12BOACD BRAND A BRAND B 

'· ~ 
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I 

IY 
I 
I/ 

" 
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..... 

~ I/ 
FULL SCALE SETTLING TIME - lOV TO+ lOV 

NATIONAL DAC12BOACD BRANDA BRAND B 

........ 
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l 

~ 
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. 
logic inputs-also guaranteed over tempera­
ture-ore compatible with TTL and CMOS 
logic levels. 

Self-contained reliability and price. 
Notionol's design utilizes a monolithic 
wafer loser-trimmed bipolar DAC,o precision 
thin film loser-trimmed reference, and a high 
speed precision op amp (voltage version 
only). This permits a variety of cost advan­
tages as well as reliability advantages. 

_.. ...... . "1[ "" 

Initial savings stem directly from a less 
complicated, and hence less costty, manufac­
turing process. But more importontty, the 
standard IC construction technique results in 
reliability enhancements over the other 
DAC80s. And that means dependable perfor­
mr:mce over the long term. 

For complete details on the world's best, 
complete 12-bit DACs, check box number 57 
on this issue's Notional Archives coupon. ~ 

First class performance at economy 
prices in 10-bit A/Ds. 

The lowest cost successive 
approximation 10-bit A/D. 

Doto conversion applications that don't 
require speeds foster than 200µ.s don't 
require A/Ds that cost more than the ADClOOl 
or ADC1021. 

It's the fastest 10-bit monolithic CMOS 
device on the market. Plus it hos the lowest 
cost of any 10-bit device at its speed. 

With a non-linearity of ± 1 LSB, the 
ADC1001 /21 cuts the need for additional 
power supplies by requiring only a single 5V 
power supply at 7 5 mW 

Like many of Notionol's other A/Ds, irs 
easy to interface, requiring no external logic 
for microprocessor interfaces. 

The ADClOOl is designed for easy 8-bit 
bus interface. The ADC1021 , with its 10-bit 
TRI-STATE® outputs, is ideal for wider buses. 

The ADC1021 CCN is available in a 24-
pin (.6" center) DIP and is priced at $15.95* 
in quantities of 100 and up. The ADCl 001 CCN 
is packaged in a 20-pin (.3" center) DIP and 
is priced at only $14. 95* in quantities of 100 
and up. 

With price/performance like this, irs no 
wonder that the ADClOOl and ADC1021 ore 
finding their way into all sorts of critical field 
applications from medical instrumentation to 
hand-held battery-operated devices. 

To get more on the ADClOOl and 
ADC1021 , just check box Gl on this 

Anthem's coupon. 
For speeds of 200µ.s and up, they offer 

first class performance at economy prices. ~ 

TRI-STATE is a lllQisterad trodemorl< of Notional Semiconductor 
Corporation. 

·u.s. price only. 

RESOLUTION CONVERSION NON-
TIME LINEARITY 



The colllplete line of top-of-the-line A/Ds. 
A/D CONVERTERS 

PART RESOLUTION CONVERSION ABSOLUTE 
NO. (BITS) TIME COMMENTS ACCURACY (MAX) 

ADC0800 8 50µ.s Bipolar Input ±2 LSB 
ADC0801 8 110µ.s Differential Input ± % LSB 
ADC0802 8 110µ.s Differential Input ±V2 LSB 
ADC0803 8 110µ.s Differential Input ±V2 LSB 
ADC0804 8 110µ.s Differential Input ± 1 LSB 
ADC0805 8 110µ.s Ratiametric Operation ±1 LSB 
ADC0808 8 100µ.s Includes 8-Channel MUX ±V2 LSB 
ADC0809 8 100µ.s Includes 8-Channel MUX ± 1 LSB 
ADC0816 8 100µ.s Includes 16-Channel MUX ±V2 LSB 
ADC0817 8 100µ.s Includes 16-Channel MUX ± 1 LSB 
ADC0820B 8 1.2µ.s Includes T /H Function ±V2 LSB 
ADC0820C 8 1.2µ.s Includes T /H Function ± 1 LSB 
ADC0831B 8 32µ.s 8-Pin Serial 1/0 ±V2 LSB 
ADC0831C 8 32µ.s 8-Pin Serial 1/0 ±1 LSB 
ADC0832B 8 32µ.s 2-Channel Serial 1/0 ±V2 LSB 
ADC0832C 8 32µ.s 2-Channel Serial 1/0 ±V2 LSB 
ADC0833B 8 32µ.s 4-Channel Serial 1/0 ±V2 LSB 
ADC0833C 8 32µ.s 4-Channel Serial 1/0 ± 1 LSB 
ADC0834B 8 32µ.s 4-Channel Serial 1/0 ±V2 LSB 
ADC0834C 8 32µ.s 4-Channel Serial 1/0 ± 1 LSB 
ADC0838B 8 32µ.s 8-Channel Serial 1/0 ±V2 LSB 
ADC0838C 8 32µ.s 8-Channel Serial 1/0 ± 1 LSB 
ADClOOlC 10 200µ.s Differential Input ± 1 LSB 
ADC1020C 10 200µ.s Differential Input ± 1 LSB 
ADC1080 10 18µ.s With Reference and Clock ±V2 LSB 
ADC1210 12 26µ.s Low Power ±V2 LSB 
ADC12ll 12 ( l 0) 26µ.s Low Power ±1 LSB ADC1280 12 22µ.s With Reference and Clock ±V2 LSB 
ADC351 l 3Y2-Digit 200ms Integrating µ.P Compatible 0.05% ADC3711 33/4-Digit 400ms Integrating µ.P Compatible 0.05% 

LM131 V-F N/A Voltage-to-Frequency Converter 0.01% 

DIGITAL VOLTMETERS 100 kHz Max 

PART RESOLUTION CONVERSION ABSOLUTE NO. (BITS) TIME COMMENTS ACCURACY (MAX) 
ADD3501 3Y2-Digit 200ms 3Y2-Digit LED DVM 0.05% ADD3701 3¥4-Digit 400ms 33/4 -Digit LED DVM 0.05% 

--------------1 Whats new froni the National Archives? I 

I 
51 D DataAcquisition GO D ADC0833A/D 57 D DAC1280Aand I 

Handbook ($7.00)* Converter Data Sheet DAC1285A Data Sheets 
F9 0 ADC0831 , ADC0832, Gl 0 ADC1001 and 

ADC0834, and ADC 1 021 A/D 
ADC0838 A/D Converter Data Sheet 

I Converter Data Sheet I 
*Enclose check or money order based upon appropriate currency. U.S. residents may use VISA or For desired inlormanon, mail coupon to: 
MasterCard (ali lnlormalion must be supplied). Make checks payable to NS Publicanons. All prices NaHonal Semiconductor Corporanon 
shown are U.S. prices only. Colilornla residents add applicable state and local soles tax. Allow 4-6 P.O. Box 

70818 

I weeks tor delivery. This coupon expires on Morch 31, 1983. Sunnyvale, CA 94086 I 
NAME _____________ ___________ _ 

~National 

I 
TITLE ______________ PHONE ~Semiconductor 

COMPANY_______ __________ _______ The Practical Wizards I 
of Silicon Valley 

ADDRESS _________________ ______ _ 

I CITY STATE. _____ ZIP _____ I 
0 M/C 0 VISA#------------ EXPIRES ______ _ 

SIGNATURE _______________________ _ 

l.:=---------.1 Printed in USA Notional Anltlem is a registered lmdemor1< of Notional Semiconductor Corporation © Copyright 1982 Notional Semiconductor Corporotion 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

UV EPROM ERASER 
: ::'n1":~i:,l'fliw::-1s11Wt111wa1tnme 

549 95. 
* lnt.nslly: l2W1'ht111' 1t1 " 
* Emu .. UV El'flOMS (27111. 2732, 2516, 2532. 111: .J • 

• H088YM00El 

INDUSTRIAL 
MODEL 
QUV-T8/2N 
S&B.95 

WITH TIMER & 
SAFETY SWITCH 

OUV·T812T 
$97.50 

ABOVE 220VAC 
5lllZ 

OUV-T8 /2TE 
5109.50 

PRICE INCLUDES ALL 

STAND ALONE RS-232 PERSONALITY MODULES 

INTELLIGENT PROGRAMMER $489.QO 
PROGRAMS: 2506, 2516, 2532, 2716, 2732, 2732A. 2758. 8748, 8749 
OPTIONAL-8741, 8755A 

•STAHDAl.ONE. CllT. OllCOlllPllTVICONTROL 
* UPUJAD/DOWNLOAD IN MOTIMIOU 011 INffi HEX FORMAT 
• MICllOl'ROCESSORUSED • 4KINTERNAlAAM 
* 90 DAY ""RTS l WOil IMMRANTY OH AU PRODUCTS 

PHONE ORDERS (305'1 n&-5870 
TWX: 510.9SS.!M96 • WE ACCEPT VISA. MC. CHECKS. C.0.0 .. MONEY ORDER 

LOGICAL DEVICES INC. 
781 W. OAKLAND PARK BLVD. • FT. LAUDERDALE. FL 33311 

ADD: $4 00 SHIPPING S2JJO C.0.0 CHARGES 
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SEALED RELAYS~ 
FEME/Projects Unlimited offers a choice 

of three sealed relays made for 
automatic soldering/washing. 
• Perfect for modern production 

techniques. 
• Choose from a variety of contact 

combinations , coil voltages and 
current ratings . 

Contact FEME's U.S. distributor: 
Projects Unlimited . Inc .. 

Dayton . Dhio45414 . . 1
' J 

3680 Wyse Road. 11 P"O·iects ® \ ~:1:1;;.,;I:~ I 
~ XF-H :) 
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NEW! 
ECONOMY PRICED 
MINl·FABRICATOR 
MODEL 10 

Unlimited uses in 
every shop 

• punching holes up 
to 1-1/2dia. 

• forming and 
notching 

Comes complete with tooling including forming die set. 

IMMEDIATE DELIVERY! Price $395. 

SEA-TECH , INC. 
P.O. Box 6877, Bel levue, Wash. 98007 

Phone: (206) 881-0666 

CIRCLE NO 140 

NEW DYNAMIC TRANSIENT SUPPRES· 
SOR features Auto Ranging Lo Level clamping 
& transient indicator at 20% above line voltage 
waveform peak. 5 nanosecond response time 
suited for MOS or TIL circuitry, Op Amps & 
comparators, computers, microprocessor 
controlled devices. Stock priced $350. 

Hl·TECH SYSTEMS, INC. 
3985 N. State Road 39, Lebanon, IN 46052 

Dial Toll Free 1 ·800·428·4403 
Indiana 1-317·482·5878 

CIRCLE NO 143 

To advertise in Product Mart call : 
Joanne Dorian , (212) 949-4445 or Diane Turco, (212) 949-4447 

STAR PRINTERS: Ideal for 
mini and micro computers 

Star Micronics offers you a choice of miniature dot matrix im­
pact printers for a variety of industrial applications. Versatility 
gives you crisp. clear, permanent alphanuroorics or graphics 
on standard tapes. carbonless forms. labels or sprocket 
papers. Simplicity of design with few moving parts assures 
low cost . high reliability and minimal maintenance. Write to· 
day for compete information. © 1981 Star Micronics. Inc. 

ru 

/tor microniet, inc: 82·3 

200 Park Ave. (Suite 23Cl8), New Yarl<, N.Y. 10166 
Tet.: 2121986-6770 «JWX: 710-581-4082 

CIRCLE NO 141 

A COMPLETE LINE OF PANASONIC 
CARD READERS offers quality, versatility 
and excellent reliability. Optical Badge 
Readers in both vertical and horizontal 
versions. A durable Automatic Magnet 
Card Reader. And a choice of compact, 
low·cost Manual Magnetic reader/writers. 

Panasonic Industrial Company 
Office Automation Dept., One Panasonic Way 

Secaucus, NJ 07094 (201 ) 348-5337 
Optical & Magnetic Card Readers 

CIRCLE NO 144 
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If Yiou Use No more 
inefficient 

Speakers ... installations. 
Speaker audio transducers available 
for PC or panel mount in 8 ohm or 
100 ohm versions. If you design key­
boards, point-of-sale terminals and 
other data processing equipment 
using speakers, contact: Projects · 
Unlimited, Inc., 3680 Wyse Road, 
P.O. Box 1426, 

~~~~~ · Ohio • prqects® 
(513) 890-1918. unl1mrted 

CIRCLE NO 145 

MINIATURE 
CIRCUIT BREAKERS 
High Quality ... Low Cost ... 

Dependable Protection 
Overcurrent protector, manual reset eliminates fuse 
replacement. Convenient panel mounting. 19 frac-

~g~a~~~~~i~-~r~e0 ·~~~ ~o6~&~~r~cmb:~~ 0~n1~ 
snap-in mounts available. 

\U(E· VDE 

CIRCLE NO 148 

MM44 INDUSTRIAL 
CONTROLLER CARDS 

M PU cards available with either 6802 or 6809 
microprocessor, SK EPROM plus SK RAM, two 
parallel 1/0 ports, and three timers. Other 
cards include 16K RAM/EPROM memory, 6 
port parallel 1/0, dual serial 1/0 with RS-232 
or RS-422 compatibility. Software includes a 
monitor/debugger with disassembler; and 
MACHINE CONTROL BASIC enhanced for 
control programs. 

260 

MICRO-MATION, INC. 
2615 W. CASINO RD., BLDG. 3D 

EVERETT, WASH 98204 (206) 347-1292 
CIRCLE NO 151 

Panel 
Components 
Corporation 
International 
Primary 
Circuit 
Components 
1982-83 
Catalog and 
Designers 
Reference 

New 1982-83 
catalog and 
design reference 
contains detailed 
descript ions of primary circuit components with intemational 
and North American product safety approvals. Primary circu it 
connectors, RFI filters, international cords and cordsets, in­
ternat ional plugs, sockets, and socket strips are covered. 
Each product section is preceded with a description of 
applicable international standards and requirements. 
~~~~~~~c~~~de~ines for specifying each component type 

Pan•k;~t~~~:."6~ ~iro6~l~i~·) ~2~-0~i 6626 
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SPEECH 

SYNTHESIZER 

for the 

STD BUS 

The MSl-7310 features a VOTRAX SC-01 
that produces 64 distinct phonemes for 
generating any desired vocal sequence. 
Card operates in a polled or interrupt mode 
with 8080A, 8085, Z-80, NSC800, or 
8088-based CPU cards. Simple program­
ming with sentences in user memory. On­
board 4 Watt audio amp for direct speaker 
conn1;:ction. Supplied with a USER MAN­
UAL and a 1400 word vocabulary. Unit 
price $285.00. 
MICROCOMPUTER SYSTEMS, INC. 

1814 Ryder Drive, Baton Rouge, LA 70808 
(504) 769-2154 

CIRCLE NO 149 

RIFA IC SPEECH CIRCUIT PBL 
3726 is a maskprogrammable, mono­
lithic speech circuit for electronic 
telephones, designed for a low im­
pedance microphone. Send/receive 
gain is regulated with line length. 
Different ranges of amplifier regulation 
for various current feeds can be ob­
tained by maskprogramming. Contact 
WORLD PRODUCTS, INC., P.O. 
Box 517, Sonoma, CA 95476 (707) 
996-5201. 
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MIL SOLID STATE RELAYS 
Teledyne 682 AC relay features load rating of 1 
amp at 250VRMS over a frequency of 45 to 
440Hz. Zero voltage turn-on assures low EMI. 
Optical isolation is 1500VRMS. Control range is 
3.8 to32VDC @13mA Operating temp is -55'C 
to 11 O'C. QPL certification to MIL-R-28750 ex­
pected Jan 82. Assembled toMIL-883Bin metal 
DIP. $30 ea. for 500 pcs. Model 683 is the DC 
version. 

Teledyne Relays 
12525 Daphne Ave., Hawthorne, CA 90250 

(213) 777-0077 
CIRCLE NO 147 

Reach over 117 ,000 Readers 
- ALL SPECIFIERS of 
electronic components 

and equipment 
for only 

$500 
CIRCLE NO 150 

STD SINGLE BOARD COMPUTER 

CPU/UART /MA TH 
ZS0/6809 

Z80 - 2.5 - 4.0 - 6.0 MHz 
6809 - 1.3 - 2.0 - 4.0 MHz 
Prom Mapped Memory & 1/0 
RS-232 Serial 1/ 0 (DCE-DTE) 
9511 /1 2 Math IC Opt ion 
2/4k Rom/ Eprom, 2k Ram 
Fu l l CTC & Interrupt Structure 
Fu ll Line Support Products 

Call or Write for Details: 
SPURRIER PERIPHERALS CORP. 

10513 Lemarie Dr. 
Cincinnati, OH 45241 

513-563-2625 
CIRCLE NO 153 
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Five Megabyte Prototyping Package 
For STD Bus-$1295.00 

Package includes WIN 501 winchester 
hard disk drive host adapter for STD Bus 
($200.00) Western Digital's WD1001 in­
telligent controller card ($350.00) Shugart 
SA 1002 Five Megabyte hard disk drive 
($600.00) Power Supply ($150.00) Cable 
Set ($1 00.00) and Driver Software ($7 5.00) 
Complete Package $1295.00. Complete 
line of STD Bus products available. 

Computer Dynamics, Inc. 
105 S. Main Street, Greer, S.C. 29651 

Telephone (803) 877·7471 

CIRCLE NO 154 

PRECISION MULTl·TURN 
TRIMMING POTENTIOMETERS 

MURATA ERIE's new line of miniature 
sealed precision multi·turn trimming po· 
tentiometers can fill virtually every appli­
cation requirement. Available in a variety 
of styles and mounting configurations from 
4·turn circular models to 25·turn square 
models to 22-turn rectangular models. 
These trimming potentiometers are offered 
in all standard resistance values from 1 0 
ohms to 2 megohms, in ±10% tolerance 
and± 1 OOppm/°C temperature coefficient 
with power ratings up to 1 watt. 

For more information write: 
Murata Erie North America, Inc., 

1148 Franklin Rd., SE, Marietta, GA30067. 
or call 404·952·9777 

CIRCLE NO 157 

O.K., 
HAVE IT 
YOUR WAY! 
MEMBRANE 
SWITCHES. 
No matter what your needs, Membrane 
touch panel switches fill them. We make 
our ultra-lightweight, low-cost switch 
keyboards in any color, any shape, any 
size, and in any configuration; according 
to our customer's design. These long-life, 
compact switches are designed to cover 
any application, and are easily assembled . 

KAI SHOJI CORP. 
Shibuya P.O. Box 166, Toho Estate, 
12-12, 1-Chome, Shibuya, Shibuya-ku, 
Tokyo 150 Japan. Telex: J28551 

CIRCLE NO 160 
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FUSED MULTI-VOLTAGE CONNECTORS. 
Series 200JM6 devices for international equipment 
manufacturers operate with choice of 4 line voltages . 
Permit manu facturers to use single standard con­
nector for equipment operating at 100, 115·120, 220, 
and 230-240 VAC, 48-440 Hz. Accept standard IEC 
Type V 3-pin plug . Designed with integral fuse holder 
and fuse pull. Write for Eng ineering Bulletin 8801. 
Sprague Electric Co., 491 Marshall St ., North Adams , 
Mass. 01247. 4131664-4411 . 

CIRCLE NO 155 
µCAP 

CIRCUIT ANALYSIS SOFTWARE 

µ CAP Drawing 

,·ime i;IB 
•• I ~IJ: , I 11 

DC Analysis 

AC Analysis 

~·­
~ ·1 1111 

~ .::i •• ':I - '* 
Transient Analysis 

Tired of trial & error circu it design? Ana lyze and debug your 
designs before you bu ild them. W ith µ CAP you si mply 
ske tch your circuit d iagram on !he CRT screen and run an 
AC , DC or TRANSIENT ANALYSIS. Your circui t may consist of 
RESISTORS, CAPACITORS. INDUCTORS, DIODES, BATTERIES, 
BIPOLAR or MOS TRANSISTORS, OPAMPS. TRANSFORMERS, 
and SINUSOIDAL or USER-DEFINED TIME DEPENDENT 
VOLTAGE SOURCES.µ CAP can analyze any such network 
containing up to 40 separate nodes. Includes a user con­
trolled MACRO library for modeling complex components 
such as OPAMPS and Tran sistors.µ CAP 1s available for the 
IBM PC and APPLE II Computers Pr ice is $475. Evaluation 
kit cons ist ing of the µCAP mstruct1on manual and demo 
diskette 1s $30. Writ e for free broc hure . SPECTRUM 
SOFTWARE , 690 W. FREMONT AVENUE, SUNNYVALE, 
CALIFORNIA, 94087. (408) 738-4387 

CIRCLE NO 158 

A . ~_/ 
WIDE BAND CURRENT MONITOR 

The IPC monitor will measure AC and 
pulsed currents without direct connection 
and ground loops. Output voltage, propor­
tional to the current through the hole, is 
seen on an oscilloscope, recorder, or volt­
meter. Output is .01 to 1.0v/amp. Risetime 
is 1 0 nsec and response is flat to low fre· 
quency, 1 Hz for some models. 

Ion Physics Co. 
F.C. Box 416, Burlington, MA 01803 

617/272-2800 Telex 951733 
CIRCLE NO 161 
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STD-BUS CLOCK/CALENDAR 110 CARD 
The ANC-7332 provides the STD-BUS user with a 

comp letely programmable crystal controlled clock/ 
calendar in addition to providing 2 parallel 110 ports. 
Features inc lude: Output of seconds, minutes, hours, 
day-of-week, date, month and year, Battery back-up 
operation on power down/fail for 5 months, on board 
battery t rickle charger, Powerfai l interrupt generator, 
Real-time user selectable interrupt generator for 1024 
Hz, 1 sec., 1 min. or 1 hour time intervals, Driver 
software for Z80/8085 operat ion and complete user's 
manual , 12H124H format selection and leap year 
identification 5 volt only operation . List price is 
$197.00. Antona Corp., 13600 Ventura Blvd ., Sherman 
Oaks, Ca. 91423 (213) 986·6651 

CIRCLE NO 156 

finally ... a portable power 
desolderlng and soldering system. 

THE PACE llICRO ... the latest in power desolder· 
ing and soldering . Operates on AC or 12 VDC . Heats 
up for use in seconds . Safe for sensitive devices . 
Weight : 4 'h lbs . The Pace Micro goes wherever you 
want. nA ('Jrc?® 9893 Brewers Court 

Lf"'~LS Laurel, MD 20707 
M .1.1m;z:t;rmw (301 l 490·9860 
sya~rnsrorPCB Rirpa!r Anywhen '" cC> 1982. Pace Inc . 

CIRCLE NO 159 

ALGO 12001 INTELLIGENT IEEE 488 
Cartridge Tape System 
• Selective retrival & Search 
• Binary or ASCII data to 4 megabyte 
• Software or manual control 
• Power fail restart. No Data Loss option 
• Optional real time clock for time stamp 
• Optional RS·232·C port 
At last an inexpensive device to log data & 
programming from the IEEE 488 instrument 
bus with talker/listener fully implemented. 

"™·~ 10336 Nightmist Ct. ). Columbia, MD 21044 
301·730·7442 

CIRCLE NO 162 
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CMOS DRIVEN ELECTROMECHANICAL RELAYS 
Tel edyne's 116C general purpose, and 136C sensitive 
relays contain an integral power FET driver to allow 
relay operation directly from CMOS level signals . 
Hermetic package also houses Zener protection 
diode, coil suppression diode and DPDT relay which 
utilizes Teledyne 's proven T0-5/Cent igrid® design. 
Relay features .100 grid lead spaci ng, dry ci rcuit to 
one amp contact rating , and excellent RF character­
istics up through UHF. Standard coil vo ltages are 
5V, 6V, 9V, 12V, 18V and 26.5V. Complies with 
MIL-R-28776. Teledyne Relays, 12525 Daphne Ave., 
Hawthorne, Ca. 90250 (213) 777-0077 

CIRCLE NO 163 

6801 or 6 701 h 2K RO 
EROM, 128 RAM, timer. 8 12-bit 
analog inputs, 8-bit analog 
output, 8 AC or DC inputs or 
outputs, serial 1/ 0 , digital 1/0 , 
watchdog timer, power supply. 
--.--~----... Wlntek Corp. 

\\'IN'l'EI~ 1801 South Street 
Lafayette, IN 47904 
317-742-8428 

CIRCLE NO 166 

RED BLINKING LED 
Three indicator modes. OFF-BLINK-ON. 
Contains oscillator IC in the same pack­
age with red led chips. Single 5 volt 
supply operation. Typical blinking rate of 
3 Hz. Angle of half intensity is 80 °. In­
tensity is typically 1.6 med. Model CQX22 
is manufactured by AEG-Telefunken. 
Price is $0.69 ea. for 1000 pcs. Avail­
able in T-13/4 red diffused case from 
B. H. Frank Co., 3733 W. 139th St. , 
Hawthorne, CA 90250. (213) 675-9182. 

CIRCLE NO 170 

M-1 Short Haul Modem 
The M·1 is a short haul modem intended for 
asynchronous transmission with an interface 
according to EIA RS-232 and CCITT V24 specs. 
M·1 can be used as a local communicat ion link 
between computers, displays, printers, etc . 
Line driving is performed by two-way, balanced 
current loop. Transmission and receiving can 
occur simu ltaneously (full duplex). Pricing 
from $84.00. For data sheets and more infor· 
mation contact Bo·Sherrel Company, 6101 
Jarvis Avenue, Newark, CA 94560 or phone 
415· 792-0354. 

CIRCLE NO 164 

VME BUS MODULES FROM MIZAR 
VME BUS MODULES -Looking for 16 bit power in a 
small size? Look to single width (1OOX 160 mm) VME bus 
modules from Mizar Inc. We offer a complete line. All are 
available for immediate shipment. 
VME8058 8 Slot Motherboard VME8205 Bytewide Memay 
VMEBOOO System Controller VME8300 Quad Serial Po1 
VME81 00 68000 VME8305 Dual Parallel 

CPU/ROM/RS232 VME8400 Floppy Disk Cont 
VME81 05 68000 CPU/ROM/RAM VME8900 Debug Monitor 
VME8200 128K Dynamic RAM 

MIZAR 2850 Bailey Road 

• 
Newport, MN 55055 

INC. (612)459·2452 
CIRCLE NO 168 

HYBRI D TTL CLOCK OSCILLATOR 
Murata Erie's 1600 series, low cost hybrid clock oscil· 
lator is designed for TTL Clock applicat ions. With a fre­
quency range of 500 KHz to 70 MHz, and a stability level 
of ± 100 ppm Absolute, this oscillator will meet normal 
environmental requirements associated with logic circuitry. 
The crystal is hermetically sealed in a separate, 13.2 X 
20.8 X 4.52 mm metal can, and is designed to meet rigid 
specifications while maintaining long·term stability and 
reliabil ity. For more information on the 1600 series clock 
oscillator and on all Murata Erie frequency control pro­
ducts, write: 

Murata Erie North America , Inc. 
1148 Franklin Rd., SE, Marietta, GA 30067 

o r ca ll 404·952·9777 
CIRCLE NO 171 
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NEW PEEL-A·WAY MYLAR* 
SOCKET TERMINAL CARRIER 

Brand new! Disposable Peel·A-Way Socket 
Terminal Carrier peels off easi ly after soldering. 
No contact damage due to pin carrier inser· 
tion. Soldering visible on both sides of PCB. 
Pin Grid Array footprints to your specs; maxi­
mum air flow: better flux rinse. New Catalog. 

Advanced Interconnections 
5 Division St., Warwick, RI 02818 

or call M. Rice (401 ) 885-0485 

*"DuPont Chemical 
CIRCLE NO 165 

HAND­
OPE RATED 
NOTCH ER 
$675.00 
• Make boxes, 

ch asses 
& pans 

• Engraved 
work guides 

• Reversible 
high carbon 
blades 

• 4 ton, 
6"X6 "X90°, 
16 gauge 
capacity 

For Information or to Order 
Call Anne at (206) 881-0666 

Sea· Tech 
P.O. Box 6877 

Bellevue, WA 98007 

NOTCH ER XXX 
CIRCLE NO 169 

CIRCLE NO 172 

EDN NOVE MB ER 24, 1982 



STEPPER MOTOR DRIVER FROM RIFA 
PBL3717 is a bipolar integrated circuit in­
tended to control and drive the current of 
a bipolar stepper motor. The circuit consists 
of an LS-TTL-compatible logic input, a 
current sensor, and an output stage with 
built-in protection diodes. Two PBL3717's 
form a complete control and drive unit for 
two phase stepper motor systems. 

WORLD PRODUCTS, INC. 
P.O. Box 517 Sonoma, CA 95476 

(707) 996-5201 
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DISTRIBUTE 
YOUR 

LITERATURE 
AND 

CATALOGUES 
THROUGH THIS 

SPACE 
FOR ONLY 

$500 
CIRCLE NO 176 

We'll 
bend 

over 
bacfl· 

wards 
to ••• SPEED UP 

PRDDUCTIDN OF 
YOUR COMPONENT 

LEAD BENDING 
OPERATIONS. 

MODELS N-300 & N-400 

1. MEASURES EXACT BEND SPACING 
2. STRAIN RELIEF CLAMPING 
3. MAKES PRECISION BENDS FOR 

EASY INSTALLATION 

I HAR'\filll 11548 17/h St. 
Ca. 91UIU 
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San/a Monica, 
(213} 829-2310 

MULTIBUS SWITCH INPUT MODULE 
The SIM-64 detects swi tch or circuit 
closure for up to 64 input channels. 
Working under a wide vo ltage range, with 
user selectable transition levels, the input 
voltages are converted into a binary value 
that can be read by the Mu lt ibus. 
Delivery from Stock Price $395.00 

ELECTRONIC SOLUTIONS 
5780 Chesapeake Ct. 

San Diego, CA 92123-(619)-292-0242 
Outside CA 800-854-7086-TLX 910-335-1167 

SI M-64 

CIRCLE NO 174 

UP·B EPROM PROGRAMMER 
Capable of programming all c urrent 24 and 28 
pin EPROMS, sing le or triple su pply voltages. 
NO personality modules required . Interfaced 
via RS232 port. Sw itch selectable BAUD rates 
of 50 to 19200. User friendly software (CP/M ) 
and complete user's manual suppl ied. Docu­
mentation to w rite non-CP/M dri ver included . 
Available for $695.00 from ADVENT PROD­
UCTS, INC., 965 N. MAIN ST., ORANGE, CA 
92667. TEL: (714) 997-0800 

CIRCLE NO 177 

800-
828-7280 

GETS YOU 16K ROMS. 
FAST. 

Call us. \/Ve'll be back with 
ROM data sheets and delivery 

specs. Fast. 

~I Microcircuits 

2000 West 14th Street, Tempe. Arizona 85281 
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EMl/RFI FILTERS 
The most comprehensive line of subminiature 
filters in the world including hi-frequency, 
low-pass, feed-thru and band pass filters, and 
a complete series of "black box" filter networks 
and filter connectors. With complete in-house 
design and manufacturing capabilities, custom 
devices for specific design requirements are 
available. 

Murata Erie North America, Inc., 
1148 Franklin Rd., SE, Marietta, GA 30067 

404-952-9777. 
CIRCLE NO 175 

ENCAPSULATE 
BY TRANSFER 
MOLDING 
In epoxy, silicone or 
other thermoset. Our 
presses serve since 
1964 in the production 
of DIP and other insert 
molded components. 
Highly economical 5 
to 60 tons. Quiet & 
clean operation. Tool­
ing & turnkey pack­
ages available. 

Phone Bill Gluck 
(412) 327-7575 

GLUCO, INC. 
Box 336, Monroeville, PA 15146 

CIRCLE NO 178 

MIN I PC FAULT INDICATOR New Minelco 
MINl-BITEN (Built-in-Test Equip.) Indicator 
(#MB25) mounts on pc board, instantly locates 
a circuit fault at a glance, to minimize down­
time. Dustproof internal drum rotates to highly 
visible contrasting color, latches to hold signal 
until reset. No filaments. Only .51 O" x .265" x 
.315" above board; gang-mount with Ye" 
clearance. Ask for bulletin. 

MINELCO, INC. 
135 So. Main St., Thomaston, CT 06787 

Phone 203-283-8261 . 1WX710-475-1091 
CIRCLE NO 181 
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International 

16/32-bit double-Eurocard µC modules 
support multimaster operation 
Double-Eurocard-based G 128 
µC modules provide 16/32-bit 
multiprocessing power suited to 
high-performance industrial ap­
plications while maintaining 
compatibility with their manu­
facturer's single-Eurocard 8/16-
bit G64 family. Three initial 
offerings-a 68000 CPU card, a 
YzM-byte memory option and a 
4-channel serial communications 
controller--complement a cur­
rently available family of 60 
single -Eurocard functions. 

Multlmaster bus operation 
The G 128 backplane bus uses 

two 32-pin rows on each of two 
DIN 41612 connectors, keeping 
board-interconnection costs 
down. The boards' 220 x 233-mm 
double-Eurocard format fea­
tures an extended 233-mm 
length that optimizes each card's 
functionality and reduces the 
need for bus transfers. In 
addition, all I/O is taken out, 
eliminating the need for dedicat­
ed rack slots. Fully compatible 
with the single-connector G64 
bus, the G128 bus is a 
nonmultiplexed scheme with 32 
data and 32 address lines that 
support as many as 16 proces­
sors in a multimaster design. 

Three board functions provide 
the family's initial choices. The 
central - processor board, 
GESMPU-Dl, uses the 68000 
µP and includes 128k bytes of 
on-board memory (with parity 
control) to allow local execution 
of many key tasks without using 
the bus. In addition to the RAM, 
eight sockets accept as much as 
64k bytes of EPROM, and two 
serial RS-232 or RS-422 inter­
faces accommodate synchronous 
or asynchronous communica­
tions. A timing controller (five 

Based on double Eurocards, modules in the G128 family support 16132-bit 
multimaster operation. Three boards are available initially, including the 68000 
processor card shown. 

16-bit counters), interrupt­
handling logic and a bus­
arbitration controller that sup­
ports as many as 16 masters 
complete the facilities. 

GESRAM - Dl system-
memory board provides Y2M 
bytes along with error-detection 
and -correction logic. It's organ­
ized as 256k words of 22 bits; six 
bits are utilized for correction of 
single errors and detection of 
multiple errors, including single 
bytes. All required refresh logic 
is included and can be used by 
several processor types. 

The third board, theGESINT­
Dl , is a communications func­
tion designed for use as an 
intelligent interface. It reduces 
the load on the processor(s) by 
directly performing tasks such 
as protocol handling. Four 
asynchronous or synchronous 
channels compatible with 
RS-232 or -422 are available, 
along with four bidirectional 

8-bit ports and five 16-bit 
counters. A dual-port µP utiliz­
es eight memory sockets. 

In development are two other 
processor options (16032 and 
8086) and several other cards: _a 
high-resolution color-graphics 
controller (640 x 480 window in a 
total display memory of 
1024 x 1024 without interlace), a 
local-network controller that 
supports 50 stations over 300m 
of coaxial cable at communica­
tion rates to 800k bps, a 
hard-disk interface, and an 
analog I/O system. 

Sample quantities are avail­
able now; volume production is 
scheduled for the first quarter of 
'83. GESMPU, approximately 
5000 SF; GESRAM, 9000 SF; 
GESINT, 2500 SF. 

Gespac SA, 3 Chemin des 
Aulx, CH-1228 Geneva/Plan­
/es - Ouates, Switzerland. 
Phone (022) 71 34 00. 

INQUIRE DIRECT 
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COOLING SYSTEM. For high­
performance cooling of semi­
conductor modules, QLS 190 
heat sinks with combined fan 
motor can be supplied with a 
milled mounting surface of 
10-µm roughness. Available in 
three sizes with mounting sur­
faces measuring 190x 100 to 
191 x 200 mm , the system 
weighs 3.3 to 5.3 kg and uses a 
split-pole plain-bearing 220V/50-
Hz motor with a running time of 
30,000 hrs at the maximum 
environmental temperature of 
40°C. 143 OM for a 191 x 100-
mm - mount - area, silver­
anodized, milled-surface piece 
with motor. Austerlitz Electron­
ic GmbH, Postfach 1048, 8500 
Nurnberg 1, West Germany. 
Phone (0911) 53 33 33. 

INQUIRE DIRECT 

APPLE GRAPHICS. Adding the 
VGP peripheral card to Apple II 
computers provides a mono­
chrome graphics capability of 
512 x 512 pixels. An on-board 
vector-graphics processor draws 
lines and characters at rates to 
1 .5M pixels/sec , freeing the 
computer's processor for other 
tasks. Extra storage space and a 
more orderly memory map are 
provided by the card 's integral 
64k-byte memory-large sec­
tors of address space no longer 
must be reserved in Hi-Res 
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mode. You can store two 
pictures in memory and swap 
them instantly under software 
control ; characters and lines 
may be mixed freely. £399. 
Digisolve Ltd, Cinder Lane, 
Castleford, West Yorks WF10 
1 LU , UK. Phone (0977) 513141. 

INQUIRE DIRECT 

LOGIC ANALYZER. Expand­
able from 35 to 59 channels, the 
PM3551 combined logic-state 
and -timing analyzer makes 
extensive use of soft keys for 
instrument setup. All channels 
work in state-analysis mode to a 
maximum clock frequency of 15 
MHz. You can configure eight of 
the channels for timing analysis 
to 50 MHz, and an optional 
extension provides 300-MHz 
analysis on four channels. Stor­
age capacity equals 1 k words, 
and selective-tracing mecha­
nisms increase usefulness. Trig­
ger facilities include multiple­
word triggering and trigger on 
nonoccurrence of a sequence. 
NV Philips' Gloeilampenfab­
rieken, Science & Industry Div, 
Box 523, 5600 AM, Eindhoven, 
The Netherlands. Phone (040) 
70 21 51. 

INQUIRE DIRECT 

MEMORY CARDS. Three cards 
extend the choice of memory 
options in the 8-bit ECB family of 
µC modules. ECB-BM1 contains 
128k bytes of nonvolatile bubble 
memory and costs 2700 OM; the 
larger 256k-byte ECB-BM2 ver­
sion costs approximately 4600 
OM. Both units work in conjunc­
tion with a controller card that 
accommodates a 1 M-byte max 
capacity in 128k-byte steps. A 
915-DM universal memory 
board, ECB-M, comes with a 
de/de converter and eight 24-pin 
sockets capable of housing 
RAM, ROM , PROM and 

EEPROM. On-board battery 
backup also allows use of CMOS 
RAM. All three cards come in 
standard 100 x 160-mm single­
Eurocard format. Kontron Mi­
crocomputer GmbH, Breslauer 
Str 2, D-8057 Eching, West 
Germany. Phone (089) 3 19 01 
1. 

INQUIRE DIRECT 

POWER SUPPLIES. Two addi­
tions to the Econoflex Series of 
open-frame power supplies pro­
vide four output rails. Both units 
produce 5V at 20A, 12 or 15V at 
3.5 or 3A and - 12 or -15V at 
3.5 or 3A. The fourth output of 
Model EXQ180 is 24V at 2A; 
EXQ180/426 provides an extra 
5V/1 A rail. The supplies are 
designed to meet UL and CSA 
specs, and all are burned-in for 
48 hrs at full load. Overvoltage 

_ protection on the main output rail 
is optional. Input voltage can be 
95 to 132V or 190 to 264 V; total 
output power equals 180W. 
Output variation is < 0.2% for a 
± 10% line-voltage change and 
50 to 100% change in load, and 
rms ripple equals 0.2% max. 
£140. Delivery, stock to 6 wks 
ARO. Gould Power Supplies 
UK, Raynham Rd , Bishop's 
Stortford, Herts CM23 5PF, UK. 
Phone (0279) 55155. 

INQUIRE DIRECT 

EDN NOVEMBER 24, 1982 





International 

220W MOTOR DRIVER. Model 
L295 2-channel switch-mode 
driver IC accommodates induc­
tive loads such as solenoids and 
stepping motors, providing effec­
tive power to 220W. Each 
channel is controlled by a 
TTL-compatible input and han­
dles repetitive peak output 
currents of 2.5A at supply 
voltages to 46V. Load current is 
externally programmable, and 
the circuit is internally protected 
against overtemperature condi­
tions . Switch-mode operation 
permits driving two solenoids; 
two L295s may be used together 
to drive the four phases of a 
unipolar stepping motor or a 
bipolar stepping motor in a 
bridge configuration. Samples 
now available in 15-lead Multi­
watt plastic packages . SGS 
Ates SpA, Via C Olivetti 2, 
20041 Agrate Brianza, Italy. 
Phone (039) 65551 . 

INQUIRE DIRECT 

TRAVELING-WAVE TUBES. 
Modular TWTA traveling-wave­
tube amplifiers are designed for 
use in 140M-bps digital micro­
wave radio links and comprise a 
high-linearity traveling wave 
tube, a power supply and an 
optional matched control unit 
that indicates status. The tubes 
have a third-order intercept point 
of 50 dBm min and a double­
depressed collector for in­
creased efficiency, suiting them 
for microwave digital and SSB 
radios. Available in 4-, 6- and 
11-GHz bands with linear output 
power to 1 OW, the tubes can be 
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driven by a supply that operates 
from any voltage between 24 
and 60V de. For satellite earth 
stations in the 14-GHz range, 
tubes are available with 300 and 
750W output power, with a 
permanent-magnet system inte­
grated. Siemens AG, Postfach 
103, Wittlesbacherplatz 2, 
0-8000 Munich 1, West Germa­
ny. Phone (089) 234 1. 

INQUIRE DIRECT 

FILM CAPACITORS. PHE354 
miniature metallized film capaci­
tors incorporate a wound­
polyester dielectric metallized 
with aluminum, encapsulated in 
self-extinguishing epoxy resin 
and housed in a self-extinguish­
ing polypropylene box. Stand-off 
terminals and availability in 
taped form aid their use in 
pc-board assembly via mass­
production techniques. Values 
range from 0.001 to 0.22 µF 
± 20% at 100, 250 and 400V de; 
ac ratings equal 63, 160 and 
200V. The components operate 
over -40 to + 100°C. ESR is 
specified at high frequencies, 
and construction features option­
al lead spacings of 5, 7.6 or 10.2 
mm. RIFA AB, Box 2, S-163-00 
Spanga-Stockholm, Sweden . 
Phone (08) 752 25 00. 

INQUIRE DIRECT 

ENTERTAINMENT µCs. For TV 
and video-equipment use, two 
additions to the SDA single-chip 
NMOS µC family accommodate 
low-end applications. These ver­
sions of the 8021 µC are 
capable of digital frequency 

synthesis, VCR tape-run control 
and station search. Housed in 
28-pin packages, the 2020 and 
2030 retain an 8-bit CPU, four 
analog outputs with 6-bit resolu­
tion , a seria,I interface and logic 
for decoding infrared signals. 
The 2020 sports 64 bytes of 
RAM and 1 k bytes of ROM; the 
2030, 64 bytes of RAM and 2k 
bytes of ROM. Both devices 
feature 10-µsec cycle .time; the 
instruction set includes 1- and 
2-cycle functions. Samples avail­
able now. Approximately 9 OM. 
Siemens AG, Postfach 103, 
Wittlesbacherplatz 2, 0-8000 
Munich 1, West Germany. 
Phone (089) 234 1. 

INQUIRE DIRECT 

TIMER. Operating from 5V de 
and drawing < 300 mA, the Solid 
State Elapsed Time Indicator 
incorporates a crystal-controlled 
clock and offers a choice of four 
counting ranges: 9999 or 999.9 
hrs or sec, 9 min 59.9 secs, or 9 
hrs 59.9 min. It can be used in 
either mains- or battery­
operated equipment and incor­
porates a memory. The unit fits 
into a standard 92 x 45-mm DIN 
panel cutout; overall size equals 
96 x 48 x 74.6 mm. The four LED 
digits are 14 mm high, and four 
output connections are provided 
for power, enable and reset. 
£45. Delivery, 2 to 3 wks ARO. 
Startronic Ltd, Beeching Rd, 
Bexhill on Sea, Sussex TN39 
3LG, UK. Phone (0424) 214291 . 

INQUIRE DIRECT 
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Puzzled About Fiber Optic 
Connector Availability? 

Hughes has the solution. Every connector 
in the cube is available. Off the shelf. Single 
channel, multi-channel circular, hermaphro­
ditic, rectangular. A new twist in today's market. 

Don't see what you want? No problem 
We'll design and manufacture to your exact 
specs. Help you get it together. Connectors, 
tee and star couplers. 

Hughes hi-rel fiber optic connectors are 
designed for the stringent survivability require­
ments of the military They're tough. In fact, 
we're their number one supplier of multi­
channel types. 

Repeatability, reliability, precise alignment, 
low insertion losses, environmental sealing. 
And available. 

So much for the fiber optic connector 
availability puzzle. The cube should be so easy 

For more information phone Jack 
Maranto, fiber optics marketing manager at 
(714) 549-5759. Or write Hughes Aircraft 
Company, Connecting Devices Division, 17150 
Von Karman Avenue, Irvine, CA 92714. In 
Europe, Hughes Microelectronics, Ltd ., Clive 
House, 12/ 18 Queens Road, Weybridge, 
Surrey KT13 9XD, England. 
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International 

PARALLEL-110 CARD. Model 
EFS-PIA 2A offers users of the 
single 100 x 160-mm Eurocard­
bus family the means of connect­
ing a µP through 32 parallel 1/0 
lines equipped with bidirectional 
buffers (with a TTL fanout of 10). 
It uses two 6821 PIAs with 
several software-controlled 
operating modes. The system 
can employ four 8-bit bidirection­
al ports and eight control lines; 
operating direction is jumper 
selectable in blocks of eight bits. 
The family is based on the 64-pin 
G64 backplane bus and uses a 
2-row DIN 41612 connector. 
Thomson-Efcis, 45 Avenue de 
l'Europe, 78140 Velizy, France. 
Phone (3) 946 97 19. 

INQUIRE DIRECT 

LOGIC AN~LYZER. Eight soft 
keys below its 9-in. screen set up 
the IMAS logic-state analyzer. 
Channel width of 48 accommo­
dates analysis of 16-bit µP 
systems. Two options add func­
tions: The serial data-analyzer 
probe and generator aids in 
checkout of bidirectional RS-232 
and current-loop interfaces, and 
a counter/signature-analyzer 
add-on allows program testing 
by determining the frequency of 
data words (event counting) and 
the time spacing of equal and 
different digital events (time­
difference measurement). A sec­
ond signature-analysis function 
works to 40 MHz. IMAS features 
12.5-MHz clock frequency, 
memory depth of 250 words, 16 
trigger levels with qualifier and 
several clock inputs, and selec­
tive tracing-on program-

branching information only, for 
instance . Disassemblers are 
available for 6800/2/9, 8080/5/6 
and Z80 µPs. IEEE-488-bus 
programmable, the analyzer in­
corporates a bidirectional link 
that permits master/slave opera­
tion with other instruments. 
24,000 DM; the two options cost 
5250 DM. Rohde & Schwarz, 
Mu hledorfstrasse 15, D-8000 
Munich 80, West Germany . 
Phone (089) 41 29 26 25. 

INQUIRE DIRECT 

PREAMP. For stereo-cassette­
player applications requiring low 
noise, the TDA3420 dual pream­
plifier IC specs total input noise 
< 1 µV. Each channel consists of 
two independent amplifiers-a 
fixed 28-dB stage optimized for 
low noise and an operational 
amplifier optimized for audio. 
Other features include 0.03% 
distortion, 10-mA typ current 
consumption, signal-to-noise 
ratio of 70 dB and low crosstalk 
(obtained through physically 
separate ground and supply 
lines for each channel) . Opera­
ting from one 8 to 20V supply, 
the device comes in a 16-pin DIP 
or. Micropackage. A similar 
circuit, TDA3410, serves autore­
verse tape applications. SGS­
Ates SpA, Via C Olivetti 2, 
20041 Agrate Brianza, Italy. 
Phone (039) 65551 . 

INQUIRE DIRECT 

4k CMOS RAM. Model 
PCD5114 1024 x 4 static CMOS 
RAM specs access time of 200 

nsec max. Operating voltage 
range spans 4.5 to 5.5V, with a 
data-retention-voltage require­
ment of 1 to 5.5V. Supply current 
at 1 MHz is 1 O mA typ ; the 
standby value is 2 ~A at 1.5V. 
Besides a 64 x 64 memory array, 
the device includes column 
selection, column and row de­
coders, write logic and sense 
amplifiers. It has TTL-compatible 
and 3-state data 1/0. The CE and 
R/W inputs control read/write 
and standby modes. Read and 
write cycle times equal 200 nsec 
min. Initial production will be in 
18-pin ceramic DIPs, followed by 
a version in plastic. N V Philips' 
Gloeilampenfabrieken, Elcoma 
Div, Box 523, 5600 AM, Eindho­
ven, The Netherlands. Phone 
(040) 79 11 11. 

INQUIRE DIRECT 

II .1 
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DATA - TRANSFER UNIT. 
Konnect 2, a minicassette-based 
storage device, serves data­
transfer applications between 
computer-based systems. Inter­
facing via an RS-232 link that 
operates from 110 to 9600 baud 
or via an 8-bit parallel port, it 
specs storage capacity of 
64,000 characters on each side. 
Error rate of the digital cassette 
mechanism is less than 1 in 108• 

Powered from 220 to 240V ac, 
the device comes in a 
220 x 230 x 105-mm plastic case. 
A built-in µP system allows a 
range of code-conversion op­
tions, including EBCDIC, TTS, 
reverse TTS and ASCII. £950. 
lnterset Computer Systems 
Ltd, New Rock, Chilcompton, 
Bath, Avon BA3 4JE, UK. Phone 
(0761) 232606. 

INQUIRE DIRECT 
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How to double 
dependabili~ in a 
low-cost socket, 

The Augat 400 Series dual beam contact design introduces 
a new dimension in reliability to low-cost sockets. 
Besides offering a degree of dependability not possible in 
single beam designs, 400 Series sockets feature all the 
advanced performance characteristics needed to achieve 
maximum contact benefits at a most economical price. 

Selective gold or tin-lead plating on edges, a unique 
Augat feature, covers edges completely Tor maximum 
protection. 
Selective gold plating on contact faces combines low 
contact resistance with reliability and economy 
Redundant double-face grip maximizes contact surface 
for increased rellab1hty. Provides low insertion and high­
est possible withdrawal forces, yet maintains required 
normal forces for gas-tight electrical performance plus 
optimum heat dissipation.-
Completely sealed bottom construction ensures 100% 
non-flux and anti-solder wicking protection. 

Plus: 
• Mechanical anti-overstress detent to protect contacts 

and help eliminate damage from oversized leads. 
• Protected open entry for easy insertion of IC's (manually 

or by machine from tube packagingl. 
• Open ladder insulator with .048" standoffs for easy 

access, cleaning, cooling and PCB visibility. 
• Accepts a full range of IC leads with a .075" minimum 

length. 

Augat, Interconnection 
Components Division, 
33 Perry Avenue, Attleboro, 
MA 02703. Tel : (617l 222-2202. 
TWX: 710.391.0644. 

rTTrJnl Quality and 
~ Innovation 
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From sub-assemblies lo systems, 
we operate around the world. 

Recognized as a leader of 
advanced electronic manufac­
turing capabilities, ISS has 
products operating worldwide. 
From picturesque European 
settings to the oil fields of the 
Persian Gulf, from your neigh­
borhood gas station to hospi­
tals everywhere, we've been 
taking products from concept 
and engineered packages 
through the entire manufac­
turing process. 

Quality oriented manage­
ment philosophy, product 
testing and reliability pro­
grams, particulate and elec­
trostatic controlled environ­
ments, burn-in facilities and 
a complete materials procure-

ment department attest to our 
commitment to quality and 
service. Our unique position 
as a complete manufacturing 
facility has ensured a remark­
able compatibility with our 
customers and their needs. 

Whatever your require­
ments, from sub-assemblies 
to complete systems packages, 
ISS provides you with a power­
ful extension of your own 
business. If you would like 
more information, phone (814) 
838-8660, or write for our 
brochure. Industrial Systems 
Service, Inc., 1610 Linden 
Avenue, Erie, PA 16505. We 
want you to look closely. 

DI3I3 
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A Question of Lavv 
Edited by Jesse Victor 

Knowing applicable federal and state laws 
can help prevent warranty disputes 

L J Kutten, Attorney at Law 
St Louis, MO 

Written warranties can provide important protec­
tion against defective electronic equipment. If you 
buy a malfunctioning switching power supply or 
microcomputer, a warranty can ensure that the 
product's manufacturer and/or seller will fix or 
replace the faulty merchandise. 

However, the manufacturer/seller's view of a 
warranty is completely different from yours. The 
former hopes to limit its liability for defective 
equipment while at the same time giving express 
statements and promises that will keep you satisfied. 
You, on the other hand, see a warranty as your sole 
defense against shoddy or defective merchandise. 

Furthermore, warranties for commercial products 
can come under different warranty-control laws than 
do those that apply to consumer transactions. And 
the many state statutes that limit and modify 
warranty regulations complicate the situation. 

Thus, to understand precisely what protection a 
warranty affords, you must have a basic knowledge 
of the relevant federal law and how state statutes 
can modify a warranty's provisions. 

Until 1975, Article 2 of the Uniform Commercial 
Code (UCC) functioned as the basic warranty­
control model code, governing both commercial and 
consumer transactions. An attempt by the legal 
community to formulate a consistent body of law 
relating to commercial-product sales, the code con­
tains provisions dealing with the creation of express 
and implied warranties and limitations to the 
protection they afford . 

In 1975, however, Congress passed the Magnun­
son-Moss Warranty Act (15 USC 2301, et seq). 
Applying to consumer transactions and not to 
commercial transactions between businesses, 
Magnunson-Moss significantly altered pre-1975 law 
by setting standards for consumer war ranties. 

This article thus examines DCC-created express 
and implied warranties and how they can be 

© 1982 by L J Kutten 
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disclaimed. It also considers state modifications to 
the UCC and the Magnunson-Moss Warranty Act. 

Software a special case under the UCC 
The Uniform Commercial Code's Article 2 applies 

only to "goods," not "services. " UCC Section 2-105 
defines "goods" as "all things (including specially 
manufactured goods) which are movable at the time 
of identification to the contract for sale other t han 
the money in 'which the price is to be paid." 
Formidable legalese notwithstanding, all computer 
and electronics hardware clearly falls under this 
definition. Computer software, however, is a some­
what special case; whether it's to be considered 
"goods" has not been finally decided by the courts. 

In the early days of the computer industry, 
software was not considered goods because its 
implementation usually included modification to fit 
each user's needs. The proliferation of turnkey 
systems, though, is changing the legal situation. In 
1978, for example, a federal district court dealing 
with a turnkey computer system ruled that software 
could be classified as goods. 

Packaged software, then, will increasingly be 
defined as goods under the law. Thus, if software is 
sold off t he shelf without the expectation of modifica­
tion, it can be considered goods and come under the 
UCC. If, on the other hand, it must be specially 
written or modified for a particular end user, it will 
be considered a service and not fall under the UCC's 
warranty provisions. 

Creating express warranties 
The UCC defines two kinds of warranties: express 

and implied. Express warranties are created in three 
ways. In the first type of express warranty, if a 
seller makes any fa<ltual statement or promise to a 
buyer relating to an electronic product, the equip­
ment must function as described. Thus, if a manufac­
turer claims its electronic equipment will work from 
110 or 220V without switching, it must do so or else 
violate an express warranty. Furthermore, if a 
seller provides a written description of its product, 
the equipment must conform to that description. For 
example , if you order RAM chips that are described 
as 16k devices, the seller cannot deliver 4k devices 
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without violating an express warranty. 
Finally, any sample or model made part of a 

business transaction creates the express warranty 
that the goods shall conform to the sample or model. 
Therefore, buying 1000 CMOS RAM chips based on a 
sample of 10 and finding that the other 990 are not 
the same quality as the sampled parts violates an 
express warranty. 

In addition to express warranties, the UCC 
creates two types of implied warranties: fitness for a 
particular purpose and merchantability. 

The merchantability provision states that all goods 
sold by a merchant must be of the type described and 
reasonably fit for the general purpose for which they 
are sold. If you buy a triple-output power supply that 
continuously breaks down and the unit remains 
inoperable after numerous service calls, the seller 
has violated an implied merchantability warranty. 

Fitness for a particular purpose applies when a 
seller has reason to know the particular purpose for 
which a product is required and the buyer relies on 
the seller's skill or judgment to furnish a suitable 
product. This implied warranty is violated, for 
example, when a supplier recommends a power­
supply system based on a user's power needs and the 
unit does not in reality fulfill those needs. 

274 

Of the two types of implied warranties, the 
warranty for a particular purpose can provide the 
most protection for a buyer of electronic products: 
It's very difficult for a product's supplier to deny 
knowledge of participation in the installation of the 
buyer's system through recommending equipment, 
performing design work or furnishing software. 

Disclaimers can limit warranty protection 
Many sellers prepare sales agreements and con­

tracts that limit or disclaim their warranty liability, 
and such a disclaimer can sharply limit a buyer's 
protection against faulty electronic equipment. 
Under the UCC, a disclaimer of the implied warran­
ties of merchantability and fitness must be "conspic­
uous" and must be in writing. Furthermore, a 
disclaimer of the merchantability warranty must 
mention "merchantability." (An alternative way to 
disclaim implied warranties is to sell a product using 
conspicuous phrases such as "as is, " or "with all 
faults," although this approach is seldom used for 
obvious reasons.) 

The UCC's "conspicuous" requirement is difficult 
to define accurately; numerous court cases have 
attempted to pin down this term. Generally, though, 
if a disclaimer appears in capital letters in a 
contrasting typeface to the other faces surrounding 
it and the disclaimer on the whole is in larger type 
than the rest of the agreement, the disclaimer is 

conspicuous. However, if the disclaimer is indistin­
guishable from the rest of the contract, it's not 
considered conspicuous. 

Confirmed prior knowledge of a disclaimer provi­
sion by a buyer before the purchase of an electronic 
product is not required under the UCC-nor is notice 
of the disclaimer provision. The buyer is presumed to 
have read, understood and assented to everything he 
signs. 

Thus, if a disclaimer is printed on the last page of a 
10-page sales order and if it fulfills the UCC's 
conspicuousness requirement, a buyer is presumed 
to have read and agreed to it even ifhe did not in fact 
see it. Note, though, that warranties cannot be 
disclaimed after a sale: A disclaimer that first 
appears in a manual delivered after a sale is void. 

Ad claims cannot be disclaimed 

Not all warranties can be disclaimed, however. A 
seller, for example, can't disclaim any express 
warranties made in its advertising material. If an ad 
says a product will perform a certain function, that 
claim cannot be disclaimed. 

For example, if you buy a ac/dc converter adver­
tised as putting out exactly 10 to lOOV de in lOV 
steps and after buying it you discover it delivers 10.9 
to 100.9V, and if you did not know of this problem 
before purchase, any disclaimer relating to the 
problem is ineffective. Realize, too, that with regard 
to personal injury, no disclaimer is worth the paper 
it's printed on. 

A "failure of consideration" can also set limits on 
warranty disclaimers: A disclaimer thus cannot 
excuse the failure to supply the goods forming the 
basis of a business transaction. For example, a 
checkbook-maintenance program must function as a 
checkbook-maintenance program. Ifit is delivered so 
riddled with bugs that it won't operate, the seller has 
not delivered what was bargained for , no contract 
exists, and the buyer is entitled to a refund of the 
purchase price on the theory that the seller never 
delivered the product. 

State statutes modify UCC provisions 
Several states have modified the UCC's provisions 

on disclaimers. Maine and Massachusetts state laws, 
for example, assert that warranty disclaimers can­
not apply to the sale of consumer goods or services. 

California has the most extensive consumer war­
ranty law. This Song-Beverly Consumer Warranty 
Act urges every manufacturer of consumer goods 
sold in the state with express warranties to maintain 
sufficient service and repair facilities, in the state, to 
carry out its warranties. If a manufacturer does not 
maintain "sufficient facilities," it becomes liable to 
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every retail seller of its consumer goods. 
Moreover, if a manufacturer willfully violates the 

law and the buyer of a product suffers a physical 
injury or financial loss, the buyer can receive triple 
damages plus reasonable attorney fees . A retail 
seller of a product is also entitled to triple damages 
and reasonable attorney fees if a manufacturer 
willfully violates the statute. 
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Magnunson-Moss regulates consumer products 
The Magnunson-Moss Warranty Act was passed 

by Congress to solve some of the problems that 
allegedly arose under the UCC. Designed to make 
consumer warranties easier to understand, to pre­
vent deceptive practices and to provide an effective 
means of enforcing warranty obligations, it applies 
only to "consumer" products, as noted earlier. 

Magnunson-Moss defines a consumer product as 
any tangible personal property normally distributed 
in commerce and normally used for personal, family 
or household use. Thus, a home microcomputer 
would fall under the act; an IBM System/1 would not. 

However, some electronic products fall into a gray 
area of the law. For example, a product designed 
primarily for business use (eg, a CMOS chip) but 
available for sale to consumers (eg, at any electronics 
hobby store) might be considered a consumer 
product and thus come under Magnunson-Moss, if it 
costs the buyer more than $5. If ABC Co, therefore, 
displays its business microcomputers in a showroom 
open to the public and will sell and install its product 
in an individual's home, it is considered to sell a 
consumer product, even though more than 75% of its 
sales are to businesses. 

(Note that under Magnunson-Moss, a supplier is 
defined as any person engaged in the business of 
making a consumer product directly or indirectly 
available to consumers. Thus, it could be the 
product's manufacturer, wholesaler or retailer.) 

Defining full and limited warranties 
There is no requirement in Magnunson-Moss that 

a supplier provide a warranty, but if it does, the 
warranty can be full or limited. 

Under a full warranty, the warrantor must repair 
or replace any defective or malfunctioning product 
within a "reasonable time" and without charge. If 
the supplier cannot fix the product after a "reason­
able number of attempts," the buyer must get a cash 
refund or a replacement of the product without 
charge. If the product's failure, however, is attribut­
able to unreasonable use--including improper main­
tenance--the supplier is not liable under the law. 

Under a limited warranty, the warrantor can limit 
its responsibilities to repair and replace defective 

goods; most warranties offered today are limited. If 
a warranty is limited, it must be "conspicuously" 
labeled as such. 

Regardless of the type of warranty provided, 
Magnunson-Moss requires that the warrantor con­
spicuously disclose the terms of the warranty in 
simple and readily understandable language. The 
warrantor must in addition disclose its name, the 
parties to whom coverage is extended and how 
satisfaction under Magnunson-Moss can be obtained. 

A manufacturer or supplier can offer a service 
contract instead of a warranty. But note that if the 
supplier enters into a service contract within 90 days 
of a product's sale, any disclaimer of implied 
warranties is invalid so long as the service contract 
remains in effect. 

Enforcement provisions differ 
The major difference between the UCC and 

Magnunson-Moss concerns the methods of enforce­
ment available under the law. Under the UCC, a 
buyer of an electronic product must prove the 
manufacturer provided a warranty under the UCC, 
that the product failed to live up to it, that the 
buyer's loss was caused by the product's defect and 
that he suffered damages as a result. In contrast, 
under Magnunson-Moss, you can sue a warrantor in 
federal or state court if it has been given reasonable 
opportunity and failed to cure a breach of its 
warranty or service contract. A court, in addition, 
can include court costs and attorney's fees as part of 
any settlement; under UCC law suits, court costs 
and attorney's fees are not usually allowed. 

In sum, if you are involved in any stage of an 
electronic product's design, or if you buy electronic 
products from other manufacturers, keep the follow­
ing warranty-related considerations in mind. 

• Under the provisions of the Uniform Commer­
cial Code, an electronic product must function as 
described in a factual statement or promise made by 
its seller, must conform to the seller's written 
description and must conform to a sample or model 
contained in a business transaction. If it does not, an 
express warranty is violated. 

• Packaged, commercially available software 
will be increasingly considered as "goods" by the 
courts and thus fall under the UCC's warranty 
provisions. Note that any disclaimer of implied 
warranty contained only in a software package and 
not visible to a buyer before a sale might not be 
considered valid under the law. 

• Understand the UCC's implied-warranty pro­
visions and take care that your product does not 
violate· the merchantability or fitness-for-a­
particular-purpose provisions. Be especially careful 
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Look Behind the Data Sheet 

Power MOSFETs should be tough and ready to expect the unexpected. That's why we take extra 
measures to provide reliability benefits you won't find on device data sheets-or in our competitors' parts. 

When you look behind the data sheet, you'll discover many ways Siliconix MOSPOWER can keep you and 
your system on the job. Here are just three of them: 

~ . UNIQUE HELD le TERMINATION. 
With our advanced field termination, 
you don't have to settle for on-state 
losses in exchange for higher 
breakdown voltages. Our termination 
technique maximizes breakdown 
voltage and provides the lowest "on" 
resistance per unit area. Even during 
breakdown, you can rely on a stable 
breakdown voltage-plus an edge ter­
mination that's rugged enough to pass 
high currents. You benefit two ways: 
no device degradation after absorbing 
high transients, and lower cost due to 
smaller chip size. 

2 PLASMA 
NITRIDE e PASSIVATION. 

You won 't have to derate Siliconix 
MOSPOWER devices to compensate for 
" soft" breakdown characteristics. 
We've overcome problems such as 
microscopic pinholes and non­
uniformity through nitride passivation. 
This dense dielectric keeps con­
taminants away from high field regions, 
resulting in sharp, stable, high-voltage, 
high-temperature characteristics. 
Nitride passivation, combined with the 
unique field termination, means you 
can design right up to the limits set 
forth on our data sheets. And relax. 

3 RUGGED e GATE DESIGN. 
Our rugged gate design w il l get you 
through unexpected voltage transients 
to keep your system running. We tight­
ly control threshold voltage and max­
imize transconductance by using a 
thin-but strong-gate oxide layer. You 
can count on Siliconix MOSPOWER to 
provide a uniformly high gate 
breakdown voltage-well above the 
limits specified on our data sheets. In­
deed, our MOSPOWER is your gateway 
to long-term reliability even when your 
system must operate in transient-prone 
environments. 

These three measures exemplify the commitment to quality and reliability that Siliconix makes to all of its 
products. We invite you to look further behind our data sheets to get the complete picture on device 
reliability. Send the coupon below to request the latest reliability data on our MOSPOWER line to Siliconix, 
P.O. Box 4777, Santa Clara, CA 95054. Or phone (408) 988-8000 Ext. 2066. 
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II 
II 
II 
II 

Siliconix incorporated, P.O. Box 4777, Santa Clara, CA 95054 

I want to triple my job security and insure my system 
performance. Please send: 

D Latest MOSPOWER reliability reports. 

D Latest MOS POWER DAT A BOOK. 

My need is immediate. Please have: 

D An applications engineer call me. 

D A salesperson call me. 

II 
Name 
Position __________________ _ _ H. Siliconix II Company ________ Phone( 

II 
Address 
City ___________ State _ _ Zip ____ _ 

. incorporated 
The Discovery Company 

II 
II 
II 
II 
II 
II 
II 

II Expiration date 3/ 31 / 83 II 
EON 11124 
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Randolph D King, Regional Manager 

1621 Euclid Ave 
(216) 696-1800 

DENVER 80206 
John Huff, Regional Manager 

270 St Paul St 
(303) 388-4511 

DALLAS 75234 
Don Ward , Regional Manager 

4141 Blue Lake Circle, Su ite 164 
(214) 980-0318 

SAN JOSE 95128 
Hugh R Roome, Vice President 

Jack Kompan , Regional Manager 
Walt Patstone, Regional Manager 

Sherman Bldg 
3031 Tisch Way, Suite 1000 

(408) 243-8838 

LOS ANGELES 90064 
Charles J Stillman, Jr. 

Regional Manager 
12233 W Olympic Bl vd 

(213) 826-5818 

IRVINE 92715 

i82~"sh~;i~":s~~ii~t~7.1 ~t;ea~58 
(714) 851-9422 

EUROPE (EXCEPT UK) 
lgal A Elan 

Marketing Systems Development 
13 Haifa St , Box 33439 

Tel-Aviv, Israel 
Tel : 25 29 67 

UNITED KINGDOM 
Sam lchbia 

Kingslea Press 
Griffin House 

18119 Ludgate Hill 
Birmingham, B3 1DW, UK 

Tel: (021) 236-8112 
Telex : 338024 

TOKYO 106 
Tomoyuki lnatsuki 

TRADE MEDIA JAPAN INC 
R212, Azabu Heights 

1-5-10 Roppong i, Minato-ku 
Tel: (03) 585-0581 

Telex: J28208 MEDIAHS 

CAREER OPPORTUNITIES 
Linda L Sorbo 

999 Summer St 
Stamford , CT 06905 

(203) 964-0664 

A Question of Law 

about not violating the latter type of warranty. 
• Keep in mind the UCC's disclaimer provisions 

and how they might be modified by particular state 
laws. If you sell an electronic product, make sure any 
disclaimer of implied warranty fulfills the UCC's 
conspicuousness requirement. If you buy electronic 
equipment, study any disclaimers carefully before 
the transaction is completed. 

• Make sure that any consumer electronic prod­
uct you sell does not violate Magnunson-Moss 
warranty provisions. Realize, though, that the 
proliferation of microcomputers into home applica­
tions, the use of "personal" computers in offices and 
the rise of videotex and teletext systems is creating 
a gray area in defining consumer versus commercial 
products t hat will need clarification by t he 
courts. EDN 

L J Kutten, JD, received the Juris Doctor degree from 
Washington University (St Louis, MO). A member of 
the Missouri and Illinois Bar Associations, he is 
currently in private practice specializing in all aspects 
of law relating to microcomputers. Kutten is the author 
of Consumer Protection for the Microcomputer Owner, 
a booklet for µC users. 

Article Interest Quotient (Circle One) 
High 488 Medium 489 Low 490 

NEXT 
TIME 

EDN 's December 17 issue is our 16th semi­
annual Product Showcase, an invaluable com­
pendium of information on the most note­
worthy new-product introductions of the past 
6 months. You won 't want to be without this 
fact-filled reference issue, which is organized 
into seven key product areas: 

• Components and hardware 
• Computers and peripherals 
• ICs and semiconductors 
• Instruments 
• Power sources 
• Products from Europe 
• Software 

EON: Everything Designers Need 
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!:/::, SUWA SEIKOSHA 

A Specialist in CMOS LSI 
grows 

Suwa Seikosha, a ma­
jor manufacturer of 
the famous SEIKO 
watches, is now 
producing new Static 
RAMs, Mask ROMS, 
Microcomputers, 
Voice Synthesizers 
and a host of other 
new products not yet 
released. As a pio­
neer of quartz watch 
technology, the com­
pany consistently 
developed and manufactured its own miniature 
electronic parts and IC's. Now a recognized 
specialist in the broad field of CMOS LSI, Suwa 
Seikosha is working aggressively to extend its 

position as a major­
source supplier of Mi­
crocomputer Chips, 
Memories, Time Stan­
dard ICs, Voice Syn­
thesizers, LCD Driv­
ers, CMOS LSis for 
Watches and Clocks, 
and Custom LSis. 
OEMs are invited to 
contact Suwa Seiko­
sha regarding new or 
existing products in 
these fields. Further­

more, inqumes are solicited regarding require­
ments in other fields that might benefit from Suwa 
Seikosha's most-advanced CMOS LSI technology. 
Suwa Seikosha is a growing specialist in CMOS LSI. 

CMOS LSI FOR USE IN LOW POWER SYSTEMS 
• STATIC RAM 

SRM 2016 (2k x 8) 
SRM 2017 (2k x 8) 
SRM 2018 (2k x 8) 
SRM 2114 (lk x 4) 
SRM 6504 (4k x l) 
SRM 6514 (lk x 4) 

• VOICE 
SYNTHESIZER 
SVM 9300 

Epson America, Inc. 

• MASKROM 

SMM 2364 (8k x 8) 
SMM 2365 (8k x 8) 
SMM2325 (32k x 8) 
SMM2326 (32k x 8) 

•LCD DRIVER 

• CMOS LSI 

for Watch and 
Clock 

• CUSTOM LSis 

Semiconductor Marketing, 3415 Kashiwa St. , 
Torrance, CA 90505 U.S.A ., Phone (213) 534-0360 
Telex (230) 182412 

SUWA SEIKOSHA CO., LTD. 
Semiconductor Operation Division 
(Fujimi Plant), 281, Fujimi, 
Fujimi-machi, Suwa-gun, 
Nagano-ken, 399-02 JAPAN 
Phone: (02666) 2-4112 
Telex: 3362-432 5 SEIKF J 
Fax: UF520 III (02666)2-5393 

WORLDWIDE REPRESENTATIVES 
Epson U.K. Ltd . 
Sherwood House 
176 Northolt Road 
South Harrow, HA2 OEB, U.K. 
Phone 01-422-5612 
Telex (51)8814169 

Epson Electronics Trading Ltd . 
Tsim Sha Tsui Centre, Room 411 
East Wing No. 6 
Ching Yee Road, Tsim Sha Tsui, 
Kowloon, Hong Kong 

• MICROCOMPUTER 

SMC 1102, SMC 1112 
(one chip 4-bit Micro­
computer, built-in 
Driver) 

• TIME STANDARD IC 

(Programmable Clock 
Pulse Generator) 
8640 
8650 
8651 

•MELODY IC 

7910 
7920 
7930 

SVM 7940 
SVM 7950 
SVM 7970 
SVM 7990 

• HIGHLY COMPACT 
MELODY MODULE 

SEK7 Series 

To order IC's in America and Canada contact 

EPSON AMERICA, INC. 
Semiconductor Department 

W. Moor AG 
8105 Regensdorf-Zurich 
Bahnstrasse 58, Switzerland 
Phone 01-840-6644 
Telex ( 45)52042 

W. MoorGmbH 
1150 Wein XV 
Stochengasse 1/ 1/1, Austria 
Phone 0222-858646 
Telex 135701 

Technoprojekt GmbH 
Heinrich-Baumann-STR 30 
7000 Stuttgart 
West Germany 
Phone 0711-561712 
Telex 721437 

Charming Industrial Co., Ltd . 
51-5 Sec. 2, Chang Ar Road, East. 
Taipei 104, Taiwan, R.O.C. 
Phone 02-522-1566 
Telex 22279 

Phone 3-694343/4 
Telex (802)64714 CIRCLE NO 130 





you nee 
Because NEC has the broadest line of CMOS 
single chip µPs in the world. 

The next time you think of CMOS µ,Ps, save time by thinking of NEC. Because 
we have 14 different 4-bit models as well as six 8-bit CMOS microcomputers from 
which to choose. No other company in the world has a CMOS line as extensive, 
or-with 3 million shipped per month-has as much experience as NEC. 

And our microcomputers are packed with features to optimize your application. 
Our4-bit 7500 series offers not only lK , 2K and 4K ROM , but also your choice of 
LCD or Vacuum Fluorescent direct display drive. No one else offers both . Our 8-
bit 80C48/49 give you the lowest power modes in the industry for your battery 
operated requirements plus available temperature specs of -40°C to 100°C. And 
we offer them in space saving flat packs . If you need a higher performance 8-bit 
machine, our78C06 gives you on-chip USART, 46 
1/0 lines, 4K ROM and the powerful Z80® like 
instruction set. 

From a reliability standpoint, NEC thought ahead 
to make your job easier. Every NEC component is 
100% burned-in and tested . That translates to quality 
and long-term confidence in your CMOS compo­
nent. And NEC CMOS microcomputers are backed 
by a broad line of peripherals and memories as well. 

So if you need a CMOS microcomputer and you 
need it to work well , think ahead. 
Think NEC. And for a free copy of 
our CMOS brochure , call 
(617) 655-8833 or write NEC Elec-

NEC 
NEC Electronics U.S.A. Inc. 

tronics U.S.A., One Natick Execu- Microcomputer Division 
tive Park, Natick , MA 01760. We're taking on the future . 

• Regional Sales and Engineering Support Offices: Cupertino, CA (408) 446-0650; Orange, CA (714) 937-5244; Pompano Beach, FL(305) 785-8250; Rolling Meadows •. IL (312) 577-9090; 
Woburn, MA (617) 935-6339; Dallas, TX (214) 931-0641. District Offices: Columbia, MD (301) 730-8600; Southfield, Ml (313) 352-3770; Edina, MN (612) 831-9090; Melville , NY (516) 293-5660. 

E DN NOVEMBER 24, 1982 
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Literature 

Resisting radiation 
Highlighting a line of standard 
linear ICs found to exhibit a 
consistent resistance to radia­
tion, this 4-pg brochure lists 
results from device testing at 
various total-dose levels, illus­
trated in graphs. A diagram 
shows a typical npn transistor, 
illustrating the location and 
characteristics of its silicon­
nitride passivation layer. Preci­
sion Monolithics Inc, 1500 
Space Park Dr, Santa Clara, CA 
95050. 

Circle No 378 

Data details 
2400-bps modems 
With product specs, application 
diagrams, functional charts and 
panel callouts, this brochure 
describes MX Series 2400-bps 
modems. It highlights the five 
models' capabilities for both 
domestic and international oper­
ation, including multipoint, point­
to-point, leased- or dial-up-line 
and network-control applica­
tions. Codex Corp, 20 Cabot 
Blvd, Mansfield, MA 02048. 

Circle No 379 

Deglitching DACs 
This 4-pg app note identifies the 
causes of glitches in DACs and 
presents solutions to the prob­
lem. It describes the function of a 
deglitcher and provides guide­
lines for selecting one. A timing 
diagram details a DAC/de­
glitcher/latch combination; appli-

282 

cation hints for layout, noise 
reduction and use of latches, 
plus photos and specs, complete 
the booklet. ILC Data Device 
Corp, 105 Wilbur Pl , Bohemia, 
NY 11716. 

Circle No 380 

Design with adjustable 
voltage regulators 
Beginning with a brief history of 
voltage regulators, this 18-pg 
pamphlet discusses unit per­
formance factors such as line, 
load and thermal regulation. It 
also points out the advantages 
of using adjustable regulators: 
acceptance of high input voltag­
es and improved current limiting. 
Diagrams illustrate basic regula­
tor circuits 'and high-current, 
high-voltage and precision mod­
els as well as switching regula­
tors and battery chargers. 
Charts list electrical characteris­
tics of positive and negative 
devices, and a list of data sheets 
and app notes as well as 
connection diagrams conclude 
the catalog. National Semicon­
ductor Corp, 2900 Semicon­
ductor Dr, Santa Clara, CA 
95051. 

Circle No 381 

MOS/LSI data 
This 400-pg 1982 catalog fea­
tures a line of MOS LSI and VLSI 
devices. Divided into separate 
sections covering data commu­
nications, CRT displays, floppy­
disk controllers, printers, baud­
rate generators, keyboard 
encoders and µP peripherals, it 
describes function, usage speci­
fications and essential parame­
ters for each product. Charts, 
circuit diagrams, graphs, flow­
charts and photographs illustrate 
the book. The manufacturer's 
quality-control programs are dis­
cussed, and a cross-reference 
index and a list of company 
representatives and distributors 
conclude the catalog. Standard 
Microsystems, 35 Marcus Blvd, 
Hauppauge, NY 11788. Phone 
(516) 273-3100. 

Circle No 382 

Hardware and software 
for the IBM PC 
A Buyer's Guide tor the IBM 
Personal Computer, this 28-pg 
catalog describes and gives 
prices for hundreds of products 
that easily interface with that 
system and provide satisfactory 
performance at a reasonable 
price. Published every 6 wks, the 
booklet details database­
management, data-acquisition, 
word-processing and diagnostic 
products, plus games and soft­
ware. Single copies, $1; 1-yr 
subscription, $8 . Starware, 
1701 K St NW, Washington, DC 
20006. 

INQUIRE DIRECT 
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Function. 
Pulse. An save 

Global Specialties sets a new val-ue standard. Twice. 

Model 200·1 Sweepable 
Function Generator. $200.00* 

Get the waveforms you need-1 Hz to .1 MHz in 
five overlapping ranges: stable, low-distortion 
sine waves, fast rise/ fall-time square waves, 
high linearity triangle waves-even a separate 
TTL square wave output. Plus high- and low­
level main outputs. 

An applied DC Voltage at the Sweep input 
can shift the 2001 's frequency ; or sweep up to 
100: 1 with an AC signal. 

A pushbutton activates the DC Off set 
control , which shifts the output waveform up or 
down on command. 

You'd expect to pay a lot more for all the 
2001 can do! 

Model 4001 Ultravariable 
Pulse Generator.™ $249.95* 

Here's a precision digital pulse generator with 
fast rise and fall times covering 0.5 Hz to 5 MHz 
in 5 overlapping ranges. With pulse width and 
pulse spacing each independently variable 
from 100 nsec to 1 sec for an amazing 107 : 1 
duty cycle range. 

You'll find the 4001 delivers the pulse 
modes you need: Continuous, One-Shot, Trig­
gered, Gated, Square Wave, even a Comple­
ment mode. The Trigger / Gate input, 50 Ohm 
variable output, TTL-level output and Sync 
output connectors are BNCs. 

The 4001 . Nothing does as much as well 
for anywhere near the price. 

Smarter tools for testing and design. 

70 Fulton Terr New Haven CT 06509 (203) 624-3103. TWX 710-465-1227 GLOBAL Call tol 1-f ree for detai Is 
OTHEROFFICES: San Francisco(415) 648-0611 . TWX910-372-7992 SPECIA[JIES 1 800 243 6077 

Europe Phone Saffron-Walden 0799-21682. TLX 817477 • • • 
Canada: Len Finkler Lid . Downsview. Onlar io During business hours 

CORPORATION 
'Suggested U.S. resale . Prices . specifications subiect to change without notice. © Copyright 1980 Global Specialties Corporation . 

See Us at Midcon Booth Nos. 615, 617 
ED NOVEMBER 24, 1982 CIRCLE NO 136 
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Literature 

Using process 
instruments 
Working Under the Pressures of 
Industry describes applications 
for a line of process instruments 
and their use in offshore 
platforms, nuclear power sta­
tions, pulp and paper process­
ing, chemical processing, pipe­
line applications and general 
industry. The 12-pg brochure 
also details the company's "free 
for 5-yr" warranty. Specs for 
P3000 Series transmitters, in­
cluding magnetically controlled 
zero and span, noninteracting 
zero and span, ±0.25% accura­
cy and corrosion-resistant SS 
housing and wetted parts are 
examined. A graph compares 
supply voltage with total loop 
resistance, and photos accom­
pany product tables. Gould Inc, 
1280 E Big Beaver Rd, Troy, Ml 
48084. 

Circle No 383 

Controlling 
semiconductor quality 
Microwave Semiconductor 
Quality Control and Reliability 
A~surance Procedures details 
quality standards for a line of 
~emiconductors. The 14-pg bro-

284 

chure contains specs and flow 
diagrams for bipolar transistors, 
GaAs FETs, IMPATT diodes and 
passive diodes; s.chematics in­
clude the new CX military-grade 
JANTX-equivalent parts. Tables 
outline assurance standards, 
examinations, drift parameters 
and preconditioning and screen­
ing tests for the microwave 
devices. California Eastern 
Laboratories Inc, 3005 Democ­
racy Way, Santa Clara, CA 
95050. 

Circle No 384 

Wire-wrapping 
techniques 
Catalog 82-36P features tools 
and equipment for telecommuni­
cations , manufacturing, field­
service and lab applications. The 
108-pg book divides into eight 
sections, covering a line of 
wire-wr1;1pping tools, testing and 
troubleshooting instruments , 
wire and cable, and assembly 
products and how to use them. It 
also features a line of low-cost 
tools and products for education~ 

al and home use. OK Machine 
and Tool Corp, 3455 Conner St, 
Bronx, NY 10475. 

Circle No 385 

Setting up a 
communications network 
The 8-pg Integrated Communi-

cations presents an overview of 
a product family used to develop 
a communications network, fo­
cusing on unit capabilities as 
well as their role in such design 
considerations as reconfigura­
tion flexibility and protocol com­
patibility. One in a series of four 
brochures featuring modems, 
networking products and net­
work-switching and -manage­
ment products, the booklet 
explains the principles of multi­
plexing, switching and automat­
ed network control and traces a 
network's evolution from simple 
point-to-point applications to 
multinode and multitiered envi­
ronments. Diagrams depict a 
network's growth and increasing 
complexity. Codex Corp, 20 
Cabot Blvd, Mansfield, MA 
02048. 

Circle No 386 

Computer graphics: 
a business tool 
All About Business Graphics 
summarizes the history of com­
puter graphics through CAD/ 
CAM, currently the largest seg­
ment of that industry. It focuses 
on the use of computer graphics 
as a management tool and 
discusses business advantages, 
types of systems available and 
steps to follow to implement a 
business-graphics system. A 
chart lists basic characteristics 
of 30 systems from 24 vendors. 
Reported are the results of a 
user-experience survey, which 
divides responses into three 
categories : stand-alone sys­
tems, systems that operate 
on-line to a host computer and 
time-sharing services. $19. Da­
tapro Research Corp, 1805 
Underwood Blvd, Delran, NJ 
08075. 

INQUIRE DIRECT 
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The reliability of every single CTS 
cermet thick film resistor network 
(DIP and SIP) is backed by the 
equivalent of more than 138.000 
element years of continuous life 
testing. Testing that indicates a 
failure rate of only .00052% at a 
95%confidence level. This demon­
stration of reliability satisfies some 
of the most demanding customers 
in the world~ Using premium 
materials. prec ision screening 
methods and computer controlled 
lasers for precise tolerance adjust­
ment-CTS networks are built to 

deliver long term reliability. They 
are so consistently reliable that 
many customers have completely 
eliminated the expense of incom­
ing inspection when CTS networks 
are specified. 
•we can't mention names here. but your 
CTS sales engineer will give you specifics. 

For Test Report and Catalog 
describing both custom and stan­
dard high-reliabil ity CTS Cermet 
Resistor Networks write: CTS Cor­
poration. 406 Parr Road. Berne. 
IN 46711. Phone (21 9) 589-8220. 

CIRCLE NO. 215 

CTS means Reliability 
CTS CORPORATION •ELKHART. JN DIANA 

138,000 years of life testing 
Is rather mind-boggling 

For those mathematically inclined. 
here's how we arrived at this figure: 

1.215,061.000 
hours of life testing 

8
.
760 

= 138,706years 

testing hours/year 

Work it out on your calculator. It all 
adds up to network reliability that 
has become the sfJmdard of the industry. 
For over 20 years. 

Series 770 New conformal 
coated SIP networks. 
Phone: (219) 589-8220 
CIRCLE NO. 216 

Series 198 Program mable 
DIP and SIP shunt networks. 
Phone: (805) 238-0350 
CIRCLE NO. 217 

Series 206 Slide-action DIP 
switches. 

Series MX055 Low profile 
hybrid clock osci llators. 
Phone: (815 I 786-841 1 
CIRCLE NO. 219 

Phone: (805) 238-0350. 
CIRCLE NO. 218 
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positions available 

SOME RIF ..... . 
SOME HIRE 

READY FOR A RAISE? 
PROMOTION? 

Our client companies are hiring! 
They pay our fees to find you for them. 

If you are seriously looking for opportunity , 
send us your Resume '. 

Our offices nationwide will match 
You with the next step in your Career Path. 

TC TECHNICAL 
CAREERS 

Reply to: 
Box T-50 

Circle No. 5000 {on page 293 of EON) 

SYSTEMS ENGINEERS 
DirectorTime Sharing .. . . . . .. . . .... ... SSK 
Eng . Mgr. sm. business computers .. . ... SOK 
Principle Eng . Dig. Signal Proc . .... ... .45K 
Principle Eng. & Logic Mam. Interface . .. 38K 
Product Mkt. Managers . . . .. .. ...... . . 48K 
Snr. Eng. E/Optics Video Data Proc .. ... . 38K 
Sr Des Eng Log/Des 8 & 16 Bit m icroproc .. 40K 
Design Eng. A&D Circuits and Hdware . .. 45K 
CAD/CAM Tech Planning . . . . ... ..... . . 35K 
Proj . Mgr. Logic Des bits slice (sm group) . 48K 
Eng. Mgr. Central Processors ... . .... . . SOK 
Project Mgr. High Speed Printer ...... . . 47K 
Adv. Des. Winchester/Hd Disk . . .... .... 44K 
EE 2 yrs . experience-Dig ital . .. ... . ..... 29K 

Many positions in Micro-based systems 
Call Bob Barnes 

312·887·1220 •• , 
ELECTRONICS 

A Division of Foundry Center, Inc. 
P.O. Box 1281 

Oak Brook, I LL 60521 
Circle No. 5001 {on page 293 of EON) 

Telephone Linda L. Sorbo (203) 964-0664 to advert ise in Career Opportunities 

Positions 
Available 

For electronic and electrical engineers in 
the computer . aerospace , military, industrial, 
fossil and nuclear power fields . Our fee. plus 
your interview and relocation paid by client 
companies nationwide. US citizens or permanent 
residents send resume and current salary or call 
for a confidential application ... toll free, 
7 days/ 24 hours. (800) 523·2906 ; in PA collect 
(215) 735-4908. 

@
, A.L . Krasnow (USNA, M.l.T.) 

Electronics Department 
Atomic Personnel , Inc. 
Suite P-4, 1518 Walnut St ., 
Phila ., Pa. 19102 
Engineers Helping Engineers since 1959 

~--ENGINEERS----. 
CAD/CAM and VLSI mgrs. and 
systems/log ic desig ners . Your 
skills are in demand now. Looking 
for a change? We have openings 
from 30K-60K + . 

SIU 
Search Northwest 
Engineering/ 

Technical Group 
620 SW 5th, Suite 625 
Portland, Oregon 97204 

Ph: Keith Nyman (503) 222-6461 
ALL FEES EMPLOYER PAID 

ELECTRONICS 
Many positions available in New 
England and nationwide both in 
commercial and defense industries, 
hardware and software. 

Dig ital Display $44K 
Fiber Optics $40K 
Signal P.rocesslng $45K 
MlcroprocessorDesign $35K 
Electron ic Controls S47K 

All fees and expenses paid. 
Call or send resume to : 

~PERSONNEL 
1492 Highland Avenue 
Needham, MA 02192 

(817) 449·3840 

Engineers 
• Design 
• Deve lopment 
• Project 
• Software 

$20-000-$50,000 
R1dd 1ck Associ ates Eng ineer· 

1ng D1v1s1on spec1 afizes 1n pl ace· 
ment o l electric al and elec1ronics 
eng ineers with top compa nies in 
the Southeast and throughout the 
U.S. We provide advice on careers . 
resumes and interviews for a posi · 
t1on ta.iored to your s·kilts. Cli ent 
companies pay all lees For details 
call or send resume 1n stric t con· 
lldence to Phil Ridd ick , President 

Riddick 
Associates, Ltd. 

13 Koger Execu t ive Center 
Norfolk , VA 23502 
Area 804-461 ·3994 

EDN NOVEMBE R 24, 198 2 



EDN Career Opportunities 

S.W. & SUNBELT 
· Circuits . Micro 
. Systems . Software 
. Product . Hardware 
. CAD . Optics 

$25,000 to $50,000 
Specialists placing EE's/ ME's in data 
acquisition. peripheral and instrument 
development companies across the Sun­
belt . 100% Company Fee Paid. Send 
resume. geographic preference. salary 
and salary requirements to: 

- 1-robertt~ 
I I ~111111. n:. 

Electronics Placement Specialists 
2200 Wes! Loop South. Suite 800. 
Oepl. D. Houston. TX 77027 
17131627-1940 

MICROWAVE CIRCUITS 
DESIGN ENGINEERS 

3 + years in 1he number 110 18 GHz 
range . 
PROFESSIONAL PERSONNEL 

CONSULTANTS 
P.O. Box 23786 

Tampa , FL 33623 
f813J 877-7008 

contact: P. Adams 

Coast to Coast 
National Personnel Consultants 

in 122 Offices 
$26-$70,000 + 

Electronics Engineers, Scientists , 
Designers , Design Managers, 
General Managers, Field Engineers, 
Systems, Program Managers. 

•Computers , Aerospace , Instru­
mentation , Components, Telecom­
munications , Missi les , Power• 

Submit Resumes with recent salary 
history & location preferences to -
M.A. Rohrberg, RELIABLE " EXEC­
TECH " SEARCH , 212 Santa Fe Mall , 
Westroads Omaha, Nebraska 68124. 

Professional Placement 
WSpedaHsts 

HARDWARE & SOFTWARE 
Design * Research * Systems 

Manufacturing * Quality Assurance 
$20,000 to $50,000 

PRI provides a personnel service for 
companies and individuals seeking 
professional affiliations. Client com­
panies assume all fees and relocation 
costs. 

For your confidential consultation , 
call, Bradley Smith 

(201) 256-3677 

E D N NOVEMBER 24, 1982 
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Engineers 

Discover the opportunities available 
with Sperry in Albuquerque, where our 
Defense Systems Division is expanding 
rapidly to meet the needs of worldwide 
aviation. To give us room to grow, we've 
recently relocated from Phoenix, where 
our marketing and product manufacturing 
base has been established since 1957. 

You'll be involved in the development of 
advanced avionics systems for such pro­
jects as the Army Helicopter Improvement 
Program (AHIP), B-18, and AV-88 Harrier 
II , just to name a few. 

And in Albuquerque, you'll find a thriv­
ing, small-town kind of city with a mild cli­
mate and a casual, affordable Southwest­
ern lifestyle. It's a combination of career 
advancement and Sunbelt living you can't 
afford to pass up. 

See if you fit the bill : 

Electronic Design 
Engineers 

Positions include analog circuit design, 
digital circuit design of microprocessor­
controlled hardware, special test equip­
ment design, firmware development, and 
overall system integration and test. Ap­
plications will include flight control sys­
tems, CRT display systems, fl ight refer­
ence systems, and multiplex systems for 
military helicopter and fixed-wing aircraft . 
Requires a BSEE and a minimum of two 
years' experience. 

Control Systems 
Engineers 

You will be involved in the creation and 
development of advanced analog and di­
gital control systems. We're looking for 
expertise in simulation , redundant ar-

chitecture, fly-by-wire/fly-by-light, com­
puter sizing, control law implementation 
and development. Assignments will in­
clude fixed-wing , helicopter, and remotely 
piloted vehicle systems. Requires a BSEE 
and a minimum of two years' experience. 

Systems Software 
Engineers 

You'll be involved in the creation , de­
velopment and modification of software 
for real-time control. We're looking for 
expertise in software for flight control, 
multiplex systems, production support 
equipment and validation and verification 
equipment. Requires a BSEE plus two 
years' experience with assembly-level and 
higher order languages. 

PWBLayout 
Designer 

You should have four to eight years' 
experience in layout of high-density mul­
tilayer boards with background in auto­
mated design generation. 

Electronic 
Packaging Engineer 

Requires a BSME and a minimum of two 
years' experience with military airborne 
or space electronic equipment. 

Join us! 
Find out more about Sperry's competi­

tive salary and benefits package. Send 
your resume and salary history, in confi­
dence, to Jim Richter , Job Interest #EON 
E-337 , Sperry, P.O. Box 9200,Albuquerque, 
NM 87119. 

Equal Opportunity Employer 
U.S. citizenship required. 

Circ le No. 5DD2 (on page 293 of EDNl 
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Join the Spirit of Emerson. 
We're part of the 
Spirit of St Louis. 

Yo u can see the Spirit of St. Lou is sym ­
bolized in the exciting architecture of 
the city's skyline. The famou s Gateway 
Arch dominates the ri ver fro nt and is a 
monument to our country's westward 
expansion . 

T here are more than 4 ,000 Emerso n 
people now living in St. Lo ui s and take 
their wo rd for it . . . St. Loui s is a great 
place to live a nd raise a famil y. 

Just consider a cit y with all the advan­
tages of a la rge metropoli s a nd yet o nl y a 
sho rt dri ve from Oza rk cou ntry with it s 
ma ny rivers, lakes and recreational areas . 

Then too, St. Lo ui s is a great sports 
tow n . It 's str ictl y big league baseball , 
foo t ball a nd hockey. And the weather 

ATE 
• Software / Hardware Design 

& Development 

ELECTRONIC WAREFARE 
• A 1rborne / GSE Electronics 

Packaging 
• Product Development 

makes it easy to participate in sport s 
such as golf, boating, fis hing , bicycling, 
skating, r iding , tenni s a nd much more . 
Our fo ur -season cl imate is stimulat ing 
wit ho ut the hardships of extreme heat 
or cold : 

Yes, a great pla•e to live bu t wh a t about 
the cost of living' Well . we ' re below the 
nat ional average in cos t of food, util­
ities and transportation . 

If yo u are int eres ted in career acco m ­
pli shment in a wo rking atmosphere of 
constant chall enge, yo u ' ll like o ur 
spirit. 

Inte rested' We're interested in elect ro n ­
ics and mechanical engineers at all levels 
in these areas : 

RADAR 
• Coherent / Non -Coherent Design 

& Developmen t 

ENGINEERING SUPPORT 
• Electro / Mechanica l Control 

Systems Analysts 
• Ma intenance Engineers 

P lus man y other excellent o pportunities ava ilable at E&S . 

Why not ca ll or send your resume and see what happens . We think yo u ' ll wa nt to join 
the Spir it of Emerson . 

Toll Free 1-800-325-0783 
Mail Station 4303 

Dep't . EDN-10 

Electronics+ ~pace Division 
EMERSON ELECTRIC CO. 8100 W. Florissant St. Louis, MO 63136 

We are an Equal Opportunity Employer in every respect. 

Circle No. 5003 (on page 293 of EON) 
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EDN 
CAREER 
OPPORTUNITIES 

NEW KIND OF 
RECRUITMENT 
CENTER 1982 

NOW OPEN 
Join EON Career 
Opportunities, the 
new Recruitment 
Advertising Service 
Now in EON . 

EON 
Career Opportunities 
offers: 
1. SPEED. Late Closing 

Form means you can 
place your recru it­
ment ad UP TO 7 
DAYS before the 
magazine is mailed . 
Closes every other 
Tuesday at noon. 

2. SELECTIVITY. Your 
listing talks directly 
to the largest group 
of electronic design 
engineers available 
in the field. You get 
responses from qual­
ified applicants . 

3. ECONOMY. Target 
Advertising reaches 
only those you want 
to recru it with no 
wasted circulation . 

EON Career Opportunities 
is the one magazine that 
is read and preferred by 
more electronic design 
engineers in the EOEM 
than any other publica­
tion . Our circu lation is 
over 116,000 (con­
trolled), and we are pub­
lished twice a month. 

Linda L. Sorbo 
999 Summer Street 

P. 0. Box 3809 
Stamford , CT 06905 

(203) 964-0664 

EON Career Opportunities 

ED N NOVEMBE R 24, 1982 



AVCO Has A 
Unique "Hands-On" 
Engineering Environment 
AVCO ELECTRON/CS. a ra pidly growin g di vision o f 
AVCO CORPORATION, has designed, bu ilt and installed 
so me o f the larges t and mos t sophisti cated distributed nettcork 
systems in the world. These are used fo r fa ci lity management 
(HVA C, fir e & security ). remote supervision rSC A DA!. EMCS. 
engine tes t, and process co nt ro l. 

PROGRAM MANAGERS 
Requires BSEE and 5 plu s yea rs program management 
experience in the Data Acquisition a nd Control industry. Will be 
responsible for new bu siness opportunities lo include opera tion 
and ma rketing inte rface , impl ementing marketin g stra tegy . 
proposa l man agement , etc. After contrac t is awarded. the 
individu als will have P&L responsibility for project performan ce. 

SENIOR STAFF ENGINEERS 
Requires BSEE and 5 plus years systems engineering ex perience 
in hardwa re a nd software with heavy emphasis on computer 
applications. Mu st be able lo es tim ate cost and engin eering eff ort 
requir ed to accomplish tas k. W ill be responsible for analys is, 
configura tion, cost and schedule es tima tes, bl ack box and 
interface specs for custom computer systems. 

SENIOR STAFF ANALYST 
BSEE physics or equivalent with 7 plus years DEC computer 
programming experience, knowledge of microprocessor and 
exposure to hard ware. Will design computer systems, def ine 
softw are requirements, develo p software systems and progra m 
computers . 

PROJECT ENGINEER - SYSTEM TEST 
Requires BS E E and 6 years experience in desi gn, 
implementation and test of la rge mult iprocessor data acquisit ion 
and control systems. Experience with DEC PDP 11/44 and 
11/34 computer-b ased systems a nd Intel 8 085/808 6 -based 
remot e multiplexing ter min a ls. Will be responsible for writ ing les t 
procedures for accept a nce/verifica tion tests. Will travel lo Saudi 
Arabi a to coordinate a nd execute tests. 

COME TO THE CITY BETWEE N THE 
MOUNTA INS AND THE RIVER 
AND LIV£ IN AN UNBEATABLE 
SUNBELT COMMUNITY WITH 
MUL Tl-RECR EA T/ONAL A ND 
CULTURAL DIVERS IONS. 

For consid eration, send resume lo: 

LPAVCD 
ELECTRONICS DIVISION 

4807 Bradford Drive 
Huntsville, AL 35805 
Telephone: (205) 837-6500 
or Toll Free: (800) 633- 7202 

Circle No. 5004 (on page 293 of EON) 

A world leader 
in technoloP.y can take you 
places you ve never been. 
CATCH THE MOMENTUM. 

An environment that's innovative yet informal , where top minds 
have taken top electronics technology to new plateaus. The 
place is Motorola GEG in Arizona . And the opportunities are 
excellent. Our projects have ranged from communications links 
with spacecraft to advanced radar systems, missile guidance 
packages to microwave circuitry. You can really get involved , 
get ahead . Plus enjoy all of the relaxation and recreation of the 
beautiful " Valley of the Sun. " Catch the momentum of Motorola 
GEG , in one of these exceptional careers. 

COMMUNICATIONS ENGINEERS 
Design and development of state-of-the-art receivers sytems. 
Requires experience in synthesized high dynamic range low 
noise receivers employing AGC and low phase distortion . 
Capable of managing engineering tasks and a team of 
eng ineers. 

RF DESIGN ENGINEERS 
Circuit design engineers for development of amplifiers , phase 
shifters , passive beam-forming networks and sol id-state power 
amplifiers in K-band range. Prefer BSEE with a min imum of 5 
years design experience. 

DIGITAL DESIGN PROJECT LEADER 
Direct broadband HIGH SPEED digital hardware design and 
development for hi-rel space and ground station equipment. 
Prefere BSEE with a minimum of. 5 years experience. 

RELIABILITY-DESIGN ASSURANCE 
Prefer BSEE and 7 years experience in reliability analysis tasks, 
predictions, assessments, and modeling; will perform worst case 
stress analysis, FMEA's and analysis of overstressed modules. 

To join our high technology team , please send your resume or 
call collect to (602) 949-3759. 

MOTOROLA INC. 
Government Electronics Group 

8201 E. McDowell Road 
Scottsdale , AZ 85252 

Dotti Morris, Dept 1218. 

" Motorola , A World Leader in Electronics­
Qual ity and Productivity Through 

Employee Participation in Management" 

An Equal Opportunity/Affi rmative Action Employer 
U.S. Citizenship Required 

Circle No. 5005 (on page 293 of EON) 
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Discover the secrets of 
Arizona's past while you develop 

the missile systems of the 
future at Hughes. 

The rich cu ltural heritage of Tucson , Arizona , is nowhere more evident than 
in the classic Spanish missions that dot the landscape of this year-long 
vacationland. 

So whether historic sightseeing, golf, tennis, backpacking or skiing are included 
in your interests, you will find them here. Come join us at Hughes in Tucson 
and help develop and produce the most advanced missile systems in the world . 

We have successfully been breaking ground in military electronic technology 
for 30 years. That's why we 've grown into one of Tucson 's largest employers 
and continue to hold our position of technological leadership. So, discover the 
" secret" of our success AND be a part of it. The following development and 
production support openings await your interest: 

• RF/MW Test Equipment Design 
Engineer 

• Microwave Engineering 
(components, devices, subsystems) 

• Circuit Design 
(analog, digital, hybrid) 

• Mechanical Design Engineer 
• Missile System 

(analysis, design, test) 
• Missile System 

(test equipment, test software design) 
• Production Test Engineers 
• Software Engineers/Scientific 

Programmers 
• Quality Assurance Engineers 

Applicants should have accredited degrees at the BS or MS level in appropriate 
discipl ines and some experience in one or more of the above fields. 

The many other advantages to a career with Hughes include an average of 13 
paid holidays and 2 weeks vacation per year (3 weeks after 5 years) ; company­
paid medical, dental, and vision-care ·insurance, life insurance, retirement plan, 
a company-matching savings plan, credit union facili ties, continuing education 
plans as well as relocation assistance. It's all at a company with 1,500 different 
projects underway. 

Send your resu me to: Cathleen Woodward , Hughes Aircraft Company, Profes­
sional Employment, Dept. NDE-11 B, P.O. Box 11337, Tucson , Arizona 85734. 
You can also call COLLECT at (602) 746-6200. 

Circle No. 5006 (on page 293 of EON) 

Creating a new world with electronics 
r --- -- - - - - - --- -- - - - , 
I I 

lHUGHES l 
I I 

L----- --- - --- - - --- - j 
H UGHES A I R C RAFT C OMPAN Y 

MISSILE SYSTEMS-TUCSON 
P.roof of U.S. Cit izensh ip Requ ired 

Equal Opportun ity Employer 
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.... ,. "Running in Salt Lake City's 
a real challenge" 

"So is working at S~rry Univac 
Microwave Data 

Transmission Systems" 

When you serve the Intelligence 
and Electronic Warfare Commu­
nity, as we do at Sperry Univac 
Microwave Data Transmission 

· Systems, it takes a high energy and 
total dedication to the task. So, 
those engineers who thrive on this 
kind of challenge find their ambi­
tions fulfilled to the utmost at 
Sperry. During the week they apply 
their engineering philosophy to de­
velop complex real-time and near 
real-time Intelligence and Elec­
tronic Warfare collection systems. 
They are challenged in an envi­
ronment of high technology com­
munications and intelligence data, 
a great atmosphere for learning. 
Weekends find their challenge con­
tinuing along even more energetic 
paths as they tackle everything from 
running in Utah's clear mountain 
air, to relaxing on one of the Valley's 
exciting golf courses, or tackling 

Some of the current oppor­
tunities available are in posi­
tions such as: 

Advanced Program Sys­
tems Engineers 

ESM Systems Engineers 
Advanced Microcircuit 

Development 
Engineers 

Microwave Integrated 
Circuit Development 

Engineers 

E DN NOVEMBER 24, 1982 

Engineers 
Test and Reliability 

Engineers 

(Candidates must be 
U.S. citizens and either 
currently hold or be 
able to secure a 
secret clearance.) 

quiries to: 
Sperry Univac 
Microwave Data 
Transmission 
Systems Dept. 3 
322 North 2200 West 
Salt Lake City, Utah 84116 
Telephone (TOLL FREE) 
1-800-453-4534 

a ski trail knee deep in powder 
snow, all in the same day. Utah is a 
place to build a career and a future 
- a place to make a home that 
grows better with each passing year. 
If you're looking for a career that 
will keep you in the mainstream 
of advanced technology, grow and 
last for many years to come, while 
providing excellent benefits and a 
lifestyle your family will cherish, 
talk to us at Sperry Univac in 
Salt Lake City. 

We know how important it is to listen. 

We are an equal opportunity 
employer m/f/v/h . 

Circle No. 5007 (on page 293 of EON) 
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~DN Career Opportunities 
Engineers-Physicists tt . 

Todays changing economy means, ~~ 
CAREER ADVANCEMENT OPPORTUNITIES 
NEW TECHNOLOGICAL FRONTIE~R,... .. , 
MORE DOLLARS . ; ir< 

Our Clients are Fortune 100 Companies (~~k . • 
Below is a partial listing of their needs. 

Salaries $28,000 to $57,000 
Microwave RF Power Supply 

Sonar CTD Packaging 
CRT Dis·play ATE Programmers 

Reliability Radar Electro·Optics 

Computer Engineers Signal Processing 
Analog·Digital Design Microrrocessor 

Servo Design Inertia Guidance 

For a confidential evaluation of your role in the 
future-the opportunity exists NOW! Contact us. 

~~~~~Jre~!~~g~g~!!~s!~ 
295 Madison Avenue ~ 

New York, New York 10017 

~ 21 ~/679-330~ lfl't• 
..----._kr@~U' 

Circle No. 5008 (on page 293 of EON} 

ELECTRONIC 
ENGINEERS 

NATIONAL OPENINGS 
to 60K 

To include choice openings in NE, Upstate 
NY, Mid Atlantic, and Sunbelt locations. 
Engineering Managers• Operations/Program 
Managers • Project Managers • Design and 
Development Engineers • R & D • Systems 
Engineers •Test & lntergration • Reliability 
Engineers •Computer Scientist• 

• ATE • Microwave 
• Avionics • RF 
• C2 •Radar 
• C3, C31 • Signal Processing 
• Datacom • Sonar 
• Hardware •Software 
• lnterial Systems • Telecom 
• Logistics • Weapons Systems 

Call or send resume in strict confidence to: 
Ray Hern 315·472·4776. 

NIGHTENGALE 
PERSONNEL CONSULTANTS 

306 South Salina St. 
Syracuse, New York 13202 

130 AFFILIATED OFFICES COAST TO COAST 

Circle No. 5009 (on page 293 of EON} ----------------------------------------------
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THINKING OF A MOVE? 
ff Y<)Ui'8 oonelderlng making a move, EON Career ODDortuhltlea can bring your qualfffoatlone ao the 
attention of the top companles, nationwide, with engf neering needs. 

Alli a aemce to our l'eaders, a new section, Situations Wanted Is now available. Simply flll out the 
foUowlno form (all Information strictly confidential) and return with your pre-payment of 1215.00 to: 

Address _____ State ____ _ Zip 

Home Phone 

PLEASE PRINT YOUR COPY CLEARLY 

Telephone Linda L. Sorbo (203) 964-0664 to advertise in Career Opportunities 

Linda L. Sorbo 
EDN 
999 Summer Straet 
P.O. Box 3809 
Stamford, CT 06905 

You will be assigned a Box No. 
and all responses will be mail· 
ed to you immediately. Please 
keep your copy to 1 inch (ap· 
proximately 30 words). 

EDN NOVEMBER 24, 1982 



BBSUID l'OBWABDIBG mvma 
To have your resume forwarded t.o the company 5000 5001 5002 5003 5004 

5005 5006 5007 5008 5009 of your choice, simply circle the number in the 5010 501 1 5012 5013 5014 
box at the right that corresponds with the num- 5015 5016 5017 5018 5019 
ber at the bott.om of the ad that interests you. 5020 ~21 5022 5023 5024 

5025 5026 5027 5028 5029 
Complete the following resume and mail to: 5030 5031 5032 5033 5034 

5035 5036 5037 5038 5039 
CAUBB OPPOB~UBnDll 5040 5041 5042 5043 5044 
999 Summer Street 5045 5046 5047 5048 5049 . P.O. Boz 8809 
thamford, a~ 06908 

(circle UlrH onl,y) 

CALL: 803-964-0664 ask for Linda L. Sorbo 
(Please type, or print) if available pleue auach resume 

GllllllBAL IIO'OllllA~IOlf 

Last Name First Middle Initial 

Home Address (Street, City, State, Zip) 

Home Phone (Area. Code) Other (Area. Code) 

Foreign Language 
Rea.d Write Spea.k 

Please Check One: 
U,S. Citizen Permanent Resident 

llDUCA~IOlf IIO'OllJIA~IOlf 

School Location Yea.r Graduated Degree Major 

School Location Yea.r Grauda.ted Degree Ma.jor 

llMPLOYJDllft IIO'OllJIAUOlf 

Na.me & Address of Present Employer Yrs Employed 

Position (Please give a. brief description of your work) 

Are you willing to relocate? 

If so, wha.t a.re your geogra.phica.l preferences? 

Please indicate sa.la.ry requirements 

•Please Sign Here 

Da.te 

11-24 

*Your angnature Will authorize us t.o forward the above informa\ion t.o the company of 70\11' 
oho!Oe, 1n the~ of oonttdenoe. 

E DN NOVEMBER 24, 1982 293 



HANDBOOK OF ACOUSTIC SIGNAL PROCESSING v 0 L. I 
SECOND 

SAW Bandpass Filters E 0 ITI ON 

we just made ii twice as easy 
to find the SAW you need. 

Get your hands on Andersen's 
Second Edition of Volume 1 and 
see for yourself. We've doubled 
our production SAW design 
offering in the past year, and 
made it twice as easy to find the 
bandpass filter you need. These 
designs-proven in a wide 
range of applications such as 
CA1V, digital modems, micro­
wave radios and satellite links­
make the Second Edition a 
must for any engineer's tech­
nical library. 

Superior pedonnance. 
Andersen SAW filters offer 

superior shape factors, improved 
close-in rejection, and linear 
phase. Their performance is per­
manently fixed, so they don't 
require rechecking or alignment. 

There's less circuitry, less main­
tenance, less time and labor 
involved. And now there are 
more models to choose from! 

Big savings. 
SAW's offer all this perform­

ance and precision in a much 
smaller package than other filter­
ing techniques. Packaged in 
standard dual in-line cases, our 
SAW filters provide savings in 
real estate, manufacturing and 
performance longevity. 

Easy to get. 
Our Second Edition, com plete 

with the latest listing of produc­
tion models, is now available. Or 
just send for an updated listing. 
Even if you don't find the filter 

you need in the list, call us. We 
may have a design already devel­
oped that meets your specific 
application. 

r------ - - - ---, 
D I'm one of the 10,000 engineers 

already using Volume 1. Just send 
me an updated list of available 
SAW production models. 

D It's time I tuned into SAW. Send me 
your Second Edition of Volume 1. 

D I have immediate need. Please call. 

Title _________ _ 

Company ________ _ 

Address. ________ _ 

City __________ _ 

State _____ Zip ___ _ 

Telephone ________ _ L ____________ _J 

@ANDERSEN LABORATORIES 
Andersen Laboratories, Inc., 1280 Blue Hills Avenue, Bloomfield, CT 06002 Telephone (203) 242-0761 TWX: 710-425-2390 

Andersen SAW products are available in the United Kingdom and Europe through our sister company, Signal Technology Ltd., Swindon, Wiltshi re , UK. 

CIRCLE NO 138 
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Looking Ahead: Trends and Forecasts 

Multilayer-board sales 
to reach $1.988 in '86 
Although most projections see 
the pc-board market as essen­
tially stagnant, showing little or 
no real growth until the 
recession ends, multilayer-pc­
board sales, spurred by strong 
computer, military and tele­
comm demand, will reach $1.980 
billion by 1986, up from 198l's 
$809 million level, forecasts 
Gnostic Concepts Inc, Menlo 
Park, CA. Furthermore, these 
boards (with four or more 
layers) will capture an increas­
ing share of total US production 
of both captive and independent­
ly produced boards, Gnostic 
predicts . . 

The fastest growing market 
segment--boards with 10 or 
more layers-will increase 
22.2%/yr, propelled by the 
growing penetration of these 
products into nonmainframe­
computer, telecomm , instru­
ment and military uses. Howev­
er , the boards' traditional 
application area, in mainframe 
computers, will exhibit only 10% 
annual market growth, predicts 
Harvey Miller, president of Kirk 
Miller Associates (Palo Alto, 
CA). 

Meanwhile, the market for 
the 4- to 6-layer boards used in 
minicomputer, backplane and 
memory applications will see 
19%/yr growth, adjusted for 
inflation. 

In related developments: 
• Mass-lamination tech­

niques, which join boards with 
four or more levels together 
without the use of pins, are 
providing easy entry into the 
multilayer market for small 
firms making single- or double­
sided pc boards. Production of 
mass-laminated boards will thus 
show healthy growth, rising 
18.8%/yr to $1.2 billion in 1986, 
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Gnostic Concepts predicts, and 
will account for 60% of all 
multilayer-board production, es­
timates BPA Technology and 
Management Ltd, Surrey, UK. 

• Poly imide-glass fabric, 
once restricted primarily to 
military applications, is finding 
increasing favor as an alterna­
t ive to conventional epoxy­
impregnated-glass pc-board ma­
terial. Providing better 
temperature resistance-to 
more than 200°C in some 
versions-and a smaller coeffi­
cient of expansion, rigid and 
flexible polyimide boards will 
capt ure $5 million and $9 
million, respectively, of the $400 
million and $40 million total US 
board markets, forecasts Wil­
liam Loeb , consultant'. 

Rising market share 
seen for color monitors 
Color monitors (EDN, Novem­
ber 10, pg 41) will continue to 
gain market share at the 
expen_se of noncolor units 
through 1991, prompting some 
analysts to predict the demise of 
the conventional monochrome 
computer monitor. US consump­
t ion of computer-oriented color 
CRTs-color monitors ' hard­
ware heart--will thus surge at a 
45% annual rate from 1981 to 
1986 and grow 20%/yr from 1986 
to 1991, forecasts Cindy Trish, 
analyst at Gnostic Concepts Inc. 

In sharp contrast, the total 
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US CRT market, including 
monochrome devices, will grow 
only 25%/yr through 1986 and 
12% annually through 1991. 
Color CRTs, moreover, will 
account for 76% of all units used 
and 50% of all dollars spent on 
CRTs for US-produced comput­
er equipment. 

''We see no reason why color 
monitors won't eventually put 
monochrome monitors out of 
business ," asserts Kevin J 
Bowler, Nissei Sangyo America 
Ltd's (Wellesley Hills , MA) 
color-monitor product manager. 
"As more and more sophisticat­
ed software .is developed, the 
demand for color business 
graphics also will fuel demand." 

Joseph Campbell, Data Dis­
play Dept manager at Panasonic 
Co, however, sees color moni­
tors capturing only about 20% of 
the computer data-display mar­
ket. Color, he says, has a certain 
snob appeal, but monochrome 
monitors, at least for office 
applications , are more cost 
effective and often provide 
better definition. 

Material for this page developed 
from Electronic Business magazine 
and other sources by Jesse Victor, 
Senior Staff Editor, and Joan 
Morrow, Assistant Editor. 

EDN NOVEMBER 24, 1982 



"Thats Incredible!!" 

A HALF-AMP 
SOLID-STATE RELAY 

UNDER $2.00! 

The new TOC-1500 series from Theta-}. 
A complete, optically coupled 
solid-state relay in a 6-pin DIP. 

Rated to 500 volts, operates with 
15 mA drive, switches within 
5 volts of zero for lowest EMI. 

Why use optocouplers and 
triacs when you can get the 
whole thing in one 6-pin 
package? Save board space, 
assembly and$. Get the TOC-1500 
from Theta-J. Under$2.00in 
production quantities. 

Theta-J Corporation, 8 Corporate 
Place, 107 Audobon Road, 
Wakefield, Massachusetts 01880 
(617) 246-400) 



Tin plated for ____ ,....,... 

improved solderability 

C-Grid is the most advanced high density interconnection 
system Molex has ever designed for board-to-board , 
wire-to-board and wire-to-wire applications. It features 
selective plating, for the highest performance at the lowest 
cost, and offers you a wide variety of companion products 
for convenient design flexibility and reliability. 

The C-Grid system achieves its high density capability 
by using .025" (0,64mm) square pins for the male 
connector parts, set in a .100" x .100" (2,54 x 2,54mm) 
matrix. The pins can either be placed directly in the board 
or used in volume with wafer bodies. 

To load loose pins into the PC board , Molex offers a 
patented single- or Multi-Pinsetter® capable of up to 
156,000 insertions per hour-the fastest on the market. 

Shrouded and unshrouded headers are available in 
straight and right-angle wafer bodies. 

First in Customer Service ... Worldwide 

Segmented 
wafer body separates 
into smaller units 

1orn• insulation displacement 
terminal accepts discrete wire 

or ribbon cable 

Standard extruded cover. 
Optional polarizing 
cover is available 

Selective gold 
plating on contact 
area of dual beam 

contact terminal 

UL94V-O 
material 

The #8676 dual-row, insulation displacement 
connectors are stackable, end-to-end , and feature IDT™ 
terminals with mass termination application tooling 
available to help you achieve greater cost savings 
in your assembly operati9ns. 

Molex closed-or open-end shunts make it easier and 
less expensive to retrofit board circuitry by avoiding DIP 
switches. 

Molex also offers a female connector (7990-series) to be 
soldered to one board and mated with the .025" (0,64mm) 
pins on another. Its features include low mating force, ease 
of insertion and improved solderability. 

For more information on our C-Grid interconnection 
system, contact the Molex office nearest you . 

Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 Phone: (312) 969-4550 Telex: 27-0072/25-4069 
European Headquarters: Molex House, Church Lane East, Aldershot , Hanis , England GU11 3ST Phone: 02520318221 Telex: 851-858988 
Far Eastern Headquarters: 785 Suwa Fukemi , Yamato Shi-Kanagowa Pref. , Japan 242 Phone: 462-614500 Telex : 781-03872468 
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The only 100 MHz scope that gives 
you three vertical input channels ... 

Kikusuijust had to do it better. 
Three \·ertical input channels, t\\"O 
trigger \'iews and an "add differential" 
trace . That's what you get with 
K!Cs new 100 \1Hz KIK-scope. 
Use the third channel as an extra 
data channel. as an additional 
signal in an x-y display, or for a 
host of other applications. There's 
almost no limit to the rnrsatility 
that this third channel adds to 
your scop~ And, it's included at no 
extra cost m our ne\v Model 6100. 

The Model 6100 is comparable to 
TEK's Model 4658 and HP's 1742 
but displays more traces (six 
compared with three), and offers 
more screen brightness, more 
flexibility, greater simplicity of 
operation and a two-year warranty 
that substantially reduces the 
second vear cost of ownership. 
The Model 6100 also features an 

auto-dynamic focus circuit for clear, 
sharp pictures and a metal housing 
that minimizes RF! interference. 

:\ow for the surprising news : 
Despite all the extra features, the 
6100 costs less than either the 
TEK or HP scopes . 

For ,·ersatility of operation, an 
alternate trigger permits , ·iewing a 
\'ery wide range of non-synchronous 
signals. For simplicity of operation, 
a le\·el-lock on the trigger le\'el 
control for both A and B channels 
acti\'ates a peak-to-peak detector 
that automatically sets trigger le\·el 
and triggers without operator 
inter\'ention. 

Rugged and compact, the 6100 
is completely modular. Like all 
KI K-scopes, the construction is on 
plug-in boards that are supported by 
a board swap-out program that 

assures fast maintenance turn­
around and minimum down-time. 

And, just to gi,·e you a little added 
assurance, your KIK-scope comes 
\\ith a 30-dav "satisfaction-or-vour-
money-back.-. guarantee. · 

This new 100 MHz KIK-scope 
a long ·with ele\·en other models for 
engineering labs, field ser;ice and 
production line applications, is 
described in our new brochure. 
Write for it. It's free . 

Kikusui Internationa l Corporation 
17121 South Central Ave .. Suite #2M 
Carson, California 90746 
(213) 638-6107 . T\\X: 910-346-7648 

K. !:NAT!!~!! 
A s ubs idiary of 
KIKUSUI ELECTRONICS CORP. JAPAN 

CIRCLE NO 208 
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