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Dale has been perfecting the 
elements of partnering for nearly 
three decades. We began with a 
commitment to be the absolute 
best supplier of fixed resistors and 
associated components The best 
at a technology which many said 
couldn't be improved . But we've 
done it 

When the industry was ready to 
surface mount, we were ahead of the 
game with the largest selection of 
resistive components available. 
When ship-to-stock came on the 
scene, our ZIP® program was the 
first to eliminate the need for receiving 
inspection while guaranteeing on-time 
delivery. And , since 1972, our inno-

Dale® Can. 

vative electronic data interchange 
(EDI) system has grown into an 
international network. 

Behind this solid supply com­
mitment is a quality structure 
for which perfection is seen as an 
attainable goal. It encompasses 

Dale Electronics, Inc., 1122 23rd Street, Columbus, Nebraska 68601 

everything from Certified Suppliers 
to Quality Circles to fully integrated 
Statistical Process Control. 

Partnering . There's only one 
components supplier with the 
experience, size and commitment 
to make it work to your ultimate 
advantage. Dale can . Contact your 
Dale Representative or phone our 
Corporate Marketing Department 
at ( 402) 563-6359. 

Dale Makes Your Basics Better 
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SURFACE MOUNT 

45-81 16 

SPRAGUE You' II find what you need in state-of-the-art surface-mount passive components at 
Sprague ... the SMD leader. No one offers you a broader choice: TANTAMOUNT® 

HAS IT ALL IN Solid Tantalum Chip Capacitors with the highest capacitance in 
the smallest package in the industry. MONOLYTHIC® Ceramic 

SURE~CE MOUNT 
c .hip Capacitors in gen~ral purpose, high-voltage, 
high-temperature and high-frequency types, and 
low-profile chips for IC decoupling. SORN® 

COMPONENTS Small-Outline Resistor Networks-reduce board space 
requirements. CAPSTRATE® Capacitor and R-C Networks-

• smaller and more reliable than conventional networks . 
To build systems for tomorrow, depend on Sprague today ... for rugged, reliable , competitively priced surface-mount 
passive components. All Sprague SMD components are available taped and reeled. For complete 
information, write for our surface-mount data package to Technical Literature Service , 
Sprague Electric Company, P.O . Box 9102, Mansfield, MA 02048-9102 . 
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And many 
• areconung 

right off 
our shelves. 

For over twenty years, CTI has been 
providing design and manufacturing 
solutions for some of the most complex 
black box requirements in the most 
demanding markets-military and gov­
ernment, avionics, telemetry, navigation, 
communications, guidance and control 
systems, among others. 

Our products range from custom hi­
re! hybrid microcircuits, to Standard 
Electronic Modules (SEMs) in high­
density configurations, to miniaturized 
subsystems for military and space appli­
cations. We have in-house hybrid and 
monolithic design, manufacturing, and 
technology expertise to convert the 
toughest requirements into high­
performance microcircuits. 

And we've used our experience to 
build a host of standard circuits. These 
pre-engineered "off-the-shelf' packages 
include MIL-STD-1553 standard data bus 
products, and MIL-STD-1397 interfaces. 

One new standard product is the 
CT1815, a lOMB/Sec 

serial commu­
nication 

hybrid. 
The circuit 

incorporates 
an encoder, 

transceiver and 
Manchester 

decoder in one 
package providing transmission and 
reception of data over cable lengths of 
up to 1000 feet. 

So, whether your project is in the 
early design stage or is approaching pro­
duction, call on CTI. Solutions to some 
of your requirements may have to be 
invented. Others may already be on our 
shelves. We offer you the advantage of 
either-or both. Call or write us today. 

Circuit Technology Inc. 
160 Smith Street, Farmingdale, New York 11735 

Tel: (516) 293-8686 FAX: (516) 293-8622 
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Now ... 

in small packages. 

0.6-watt 0.9-watt 
power resistor power resistor 

Ohmite expands surface mount line with 0.6 and 0.9 watt resistors. 
Now you can get the same high 

performance and easy application 
you find in Ohmite's 1.5- and 2.5-
watt power resistors in two new 
ratings: 0.6- and 0.9-watt. 

Both are metal film resistors 
which improve reliability in general 
purpose applications. 

Resistance volume ranges from 
10 Ohms to 100 Kilohms for the 0.6-
watt resistors. And from 1 Ohm to 1 
Megohm for the 0.9-watt resistors. 

Ohmite's rectangular shape 
eliminates the need for special pipettes 
and allows for better vacuum pickup in 
pick -and-place. 

EJ To get the latest in surface mount resistor technology 
and proven performance, contact: 

Ohmite Manufacturing Co. 

For compatibility with major pick­
and-place applications, Ohmite's 
0.6-watt resistors can be supplied 
in 12mm tape reels containing 2000 
pieces, and the 0.9-watt resistors 
can be supplied on 16mm tape 
reels containing 1500 pieces. 

Ohmite® - has the 
answers in surface 
mount technology. 

OHM/TE ® 3601 Howard St., Skokie, IL 60076 Tel 3121675-2600 TWX 910-223-0805 Telex 72-4433 FAX 312-675-1505 
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INTRODUCTION 

Every batch of Reader Service cards we receive contains many comments about 
our Design Ideas section. Most often, readers tell us that they've found a 
particularly useful circuit that helped them solve a tricky design problem. But 
readers also want to know how they can get a complete set of past circuits and 
software. Alas, such a compendium doesn't exist. But this Design Ideas Special 
Issue represents the next best thing-a collection of 33 of the best Design Ideas 
published in EDN from 1985 through June 1988. 

This collection of designs reflects your preferences, not necessarily those of 
our technical editors. You and your colleagues voted for these winning ideas 
by circling the Reader Service numbers that appear at the end of each Design 
Idea we publish. Of the circuit-design tips in this Design Ideas Special Issue, 
21 garnered Best-of-Issue honors based on reader preference. The remaining 
Design Ideas received the second-highest number of reader votes over the 1985 
to 1987 time frame. · 

In planning these Design Ideas Special Issues, EDN hoped to be able to 
present a good mixture from the standpoint of design disciplines. Happily, our 
readers' choices made it easy to achieve this goal. This issue contains 16 analog 
circuit designs and 12 digital designs, and the remaining five ideas highlight 
programming tips. To achieve some semblance of order, we've divided the ideas 
into some generic categories and provided an index that lists design and circuit 
categories. Although the index is a handy place to look for a special circuit, 
we'll bet that most readers will want to read the ideas one by one, just to see 
what circuits are available. 

As you read these Design Ideas, remember that each one came from a reader 
who thought someone else might benefit from his or her work. So, if you find 
this issue helpful, thank your fellow engineers who submitted the ideas we've 
published over the years. And the next time you have an interesting and useful 
circuit, consider sharing it with others by submitting it for publication in EDN's 
regular Design Ideas section. 

Besides seeing your name in print and earning $100, you might find your idea 
has been selected as the issue winner. Each issue winner collects an extra $100. 
Keep in mind, too, that EDN's editors also choose a grand-prize winner each 
year. The grand prize includes a check for $1500. Your idea may also be selected 
to appear in a future Design Ideas Special Issue. You'll find an entry form in 
the Design Ideas section of most issues of EDN. 

If you enjoy this Design Ideas Special Issue and find it useful, we'd like to 
hear from you. If you have suggestions for improvements and changes, we'd 
like to hear those, too. Just send us a note or give us a call. We'd also like to 
thank all the readers who have submitted Design Idea entries over the years. 

·Enough introduction. Here are more of the ideas you've been clamoring for. 
Good reading. EDN 

EDN Design Ideas Special Issue, Vol III 

Tom Ormond 
Senior Editor 
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NEW SAMSUNG MICRO 
BECAUSE YOU'RE EITHER 



PROCESSOR PERIPHERAi S. 
QUICK OR YOU'RE DEAD. 

Samsung's hot new micro-; as many of them as you want, 
processor peripherals are the ; because we're a high-volume 
fastest industry-standard family ; supplier and we have parts 
made by anyone. ; ready for immediate delivery 

We offer these CMOS parts : in quantity. 
with top speeds of 10 Mhz, 12 : Of particular note: our 82C37 
Mhz, and even 16 Mhz. : OMA Controller, which at 10 

And in a world : SA MS UNG'SC\\OS,\\ICROPROCESSORPERIPH ERAL' : Mhz is the fastest 
where the drive for : 
speed takes no pris- : 
oners, that kind of · 
performance can 
just about save 
your life. 

8086/286/386 
microprocessors 
have steadily got- : 
ten faster. But to- : 

PART SPEED AVA ILABLE 
f--~~~~~~~~~~ 

KS5.3C80 l.3 ,\1byte/scc. Now 

SCS I lntc-rface 

KS82CJ7A 5, 8, \Of\1hz Now 

OMA Com rol!t"'1 

KS82C50A 8. 10 1\\hz Now 

UART 

KS82C.S2 8. 10 1\\hz Now 

Serial Con troller 
lnterl'ace 

KS82c.s-IA 8. JO,\ \hz Now 

l n1 ervalTimer 

KS82C.S5A 8, IOMhz Now 
Program ma bit> 
Periphc1·al Interface 

KS82C59A 8. IOMhz Now 

Interrupt Controller 

K82C8-M 8, 10 1\\hz Now 
Clock C .. ncrator 

made. Also: our 
53C80 SCSI Inter-
face, and our blow-

~ the-doors-off, per-
formance- boost-
mg 1- and 4-Mb 
DRAM Control-
ler, affectionately 
known as the Sys-
tern Accelerator. 

day, they're slowed ~ ~~~'""" 8
·

10
"'h· Now Microprocessor 

down by micro-: ~0S:~c~1:k '°· 12
·

1
•"'h' Now ~peripherals from 

processor periph-: ~~;~;; 1012 16 .\\h, Now : Samsung. The fast-
al h h ' 80286 Bus Controller f • 1 d er st at aven t. Kss2c289 10. 12.1•"''" Now : est am1 y ma e, 
Our new parts :

0

;:~~~
1

'b'"' •.• Mh. Now : they're designed 
change that. They ~;;:,~;~;"" 25"""'h' Now : to let your CPU 
will let your fast ~:~eo""""" •. 8.io"'h· J""' ; run at the speeds it 
CPU run the way sec : was meant to. 
it was meant to-fast. : In a world where you're either 

Besides being fast, Samsung's : quick or you're dead, we think 
peripherals are in CMOS, which : you'll find them extremely helpful. 
means they're low in power : Call Microprocessor Periph­
dissipation and will keep your : eral Marketing now for samples, 
designs cool. And unlike most : databooks, or application notes, 
peripherals, they're available: at 1-800-669-5400 or 408-
through the entire line in PLCC: 922-7754. Or write to Micro­
surface mount packaging, in : processor Peripheral Marketing, 
addition to DIP. : Samsung Semiconductor Inc. , 

Best of all, these speedy periph-~ 3725 No. First Street, San Jose, 
erals are for real: you can get : CA 95134 -1708. 



FL U K E AND PHILIP S - T H E GLOBAL ALL I A CE I N TEST & MEASUREME T 

IFLUKEI ====® PHILIPS 

More ways to get in touch. 

10 

We've added a new color screen to 
our full line of touch control operator 
interfaces. 

Fluke gives you more ways to improve 
the operator interface of your com­
puter-based machine. Prompting oper­
ators through the sequence of your 
machine, touch control from Fluke 
reduces both input error and training 
time. Your customers will appreciate 
the value these state-of-the-art inter­
faces add to computer-based products. 
Our broad line spans a variety of mod­
els, from the economical to the most 
sophisticated, from panel mount to 
bench top-and now we've added 
color. The new 1050 gives you a palette 
of 32 brilliant colors-more ways to 

create effective displays, with the same 
confidence in quality. 
Every Fluke Touch Control Screen 
offers the advantages of an integrated 
subsystem, eliminating costly and time 
consuming integration of touch panel , 
display and logic components. Our 
rigorous quality-control procedures 
ensure that every unit operates reliably. 
And our touch control screens operate 
under the toughest of environmental 
conditions. 
Fluke has been designing and manufac­
turing quality touch control subsystems 
for the past ten years. As an experi­
enced OEM vendor, we understand 
your needs. You 'll find us a reliable 
business partner, ready with the sup­
port you need: competitive discounts, 

complete documentation, powerful 
software tools and worldwide service. 
When you want to get customers in 
touch with your machine, get in touch 
with Fluke. Contact your local Fluke 
Sales Engineer or call 1-800-44-FLUKE. 

John Fluke Mfg. Co .. Inc., P.O. Box C9090, MIS 250C, Everell, WA 98206 
US. 206356·5400 CANADA 41&890·7600. 
OTHER COUNTRIES 206·356·5500 

© Copyughl 19B8 John Fluke Mlg Co., Inc. All righls reserved. 
Ad No. 0282·F1050 

THE FIRST CHOICE 
IN TOUCH CONTROL 

IFLLJKEI ====® 
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DESIGN IDEAS 
EDITED BY STEVE COGGER 

Circuit lets you analyze NiCd batteries 

Mike Scaglione 
Todd Medical Products, North Canton, OH 

Because NiCd batteries maintain a constant output 
voltage, it is difficult to determine how much of the 
battery's charge remains. The Fig 1 circuit provides a 
way of determining the capacity of a battery by drain­
ing it at a preset current to its depleted voltage of 
1 V /cell. You measure the discharge time of the cells and 
perform a simple calculation to obtain the battery's 
capacity. 

You set the drain current (I0 ) to 0.5C (C=battery 
capacity in mAhr) by selecting an appropriate value for 
R4. Choose R5 such that Io XR5= lV. VP.EF is set so the 
comparator turns off the drain current and timer when 
the battery reaches its depleted voltage, Vs (usually 
1 V/cell). You calculate V REF as follows: 

EVENT 
RECORDER 

2N2222 

a, 

R, 

R, 

10k 
R, 

300k 

lo t 
50k 

MJE220 

a, 

Rs 10 
1W 

With the battery in place, activate the circuit by 
grounding V REF with the momentary switch. The bat­
tery drains at Io until it reaches V 8 , turning off the 
drain circuit and the timer. Hysteresis keeps the circuit 
from restarting. 

Determine the battery's capacity using the following 
equation: 

C<mAhr> = Time of Cycle x Io. 

The circuit shown tests 4.8V, 180-mAhr batteries. 10 

is 100 mA and V 8 is 4V. EDN 

R, 
51.1k 
1% 

v. 

R, 

4.BV NiCd 
BATTERY 

R, 

12V 

"':" 

15k 
1% 

5.62k 
1% 

+ c, 
2 µF 

1.BV 

CYCLE START 
(MOMENTARY) 

100k 

Fig l-Thi8 circuit drains NiCd batteries and controls a timer to test the battery's capacity. When the battery voltage (VB) reaches 
JV/cell, the test stops and the timer turns off. 
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DESIGN IDEAS 

Tachometer circuit reduces parts count 

William McClelland 
Stahl Research, Port Chester, NY 

The tachometer circuit of Fig 1 requires only one IC 
(besides the counter), yet it achieves the same resolu­
tion and eliminates backlash just as the 3-IC circuit of 
an earlier Design Idea did ("Improved tachometer 
eliminates backlash," March 31, 1987, pg 210). 

A standard shaft encoder's A and B ports generate 
square waves with the same frequency as the shaft 
turns. The phase of A will lead or lag that of B by 90°, 
depending on the direction of rotation. To obtain maxi­
mum resolution, the tachometer circuit must count 
every change of state for the A and B signals. Each 
such change causes a change of state at IC1A's output, 
followed by a 1-µsec negative pulse at the output of 
IC1c. These clock pulses' positive (trailing) edges cause 
the counter to count up or down according to the 
direction of shaft rotation. 

You should set the R1C1 time constant such that it is 
approximately twice that of the R2C2 product, to ensure 
adequate setup and hold times for the up/down signal 
with respect to the positive clock edges. IC1c supports 
this timing requirement by producing clock pulses of 
similar duration for either positive or negative transi-

CLOCKWISE 
ROTATION 

A~ u-~~-----
sl__f"L__ 

(a) 

R, 
20k 

TRANSITION OF A OR B 

A==*= 
B __ __,. 

tions from IC1A· 
The exclusive-NOR logic of IC18 generates the correct 

polarity of the up/down signal when necessary-at the 
positive clock edges-by combining the A value with 
the B value just prior to a transition of either A or B. C1 
provides memory by storing the B value voltage for 
about 2 µsec. (To understand this single-gate encoding, 
note that, because the phase relationship of B and A is 
+ or -90°, adding -90° to B makes the phase differ­
ence 0 or -180°, depending on the direction ofrotation. 
Therefore, an exclusive-NOR operation on A and a 
phase-shifted B produces a logic 1 when the inputs are 
in phase, or a logic 0 when they are 180° out of phase.) 

If necessary, you can invert the up/down signal's 
polarity by swapping the A and B connections or by 
using a fourth X-NOR gate as a selectable inverter 
buffer. To invert the clock signal, substitute identical­
pinout, X-OR gates (4070s) for the 4077 X-NOR gates. 
And if necessary to guarantee standard CMOS rise and 
fall times, you should buffer the A and B signals with 
Schmitt-trigger gates such as 74C914s. The maximum 
frequency for A or Bis approximately (4R1C1t 1. EDN 

innnnnr 

)()--\--'---! CLOCK 

UP/DOWN 

IC3 
4029 

COUNTER 

-J R,C2 f­
CLOCK------,~,.....--C-L-0-CK-HE_R_E_ 

f-+-- R,c,---J 
(b) ~61~i°:O~ -1-NV_A_Ll_D--...)!( VALID *,--IN-VA_Ll_D_ 

Fig 1-This I-chip tachometer circuit drives the counter up or down, according to the speed and direction of shaft rotation (the shaft encoder 
isn't shown). 
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DESIGN IDEAS 
EDITED BY TARLTON FLEMING 

Analog delay line uses digital techniques 

T G Barnett and J Millar 
The London Hospital Medical College, 
London, UK 

The analog delay line of Fig 1 uses a digital technique to 
delay an analog signal for as long as two seconds, 
reconstructing the signal with 8-bit resolution. The 
product of the delay time and the bandwidth is a 
constant: For a 1.024-kHz clock frequency (2-sec delay), 
the analog bandwidth is 100 Hz; for the maximum 
40.96-kHz clock frequency (50-msec delay), the analog 
bandwidth is 4 kHz. There is no lower limit for the clock 
frequency. 

The clock signal drives a binary counter (IC2), which 
then scans the address inputs of a 2048-byte x8-bit 
RAM (ICa). The RAM writes the contents of each 
memory location to the DIA converter (IC4) and then 
reads out the results of a just-completed conversion by 
the 8-bit AID converter IC1. The RAM reads out each 
data sample 2048 cycles after it is read in, so the delay is 
2048 times the clock period, or 2048 divided by the clock 
frequency. 

The clock signal also drives two monostable multivi-

brators in parallel (ICsA and IC58). ICsA triggers on the 
clock's rising edge; IC58 triggers on the clock's falling 
edge. You choose the timing components R and C so 
that each device produces a pulse of approximately 1 
µsec. These pulses have the proper polarity and phase 
to control the AID converter, DIA converter, and RAM 
as shown. 

You should scale the analog input for a range of 0 to 
2.5V. The 100-pF capacitor sets the AID converter's 
internal clock to its maximum rate of 900 kHz; you 
should monitor the BUSY signal (pin 1) and adjust the 
capacitor value as required to achieve 900 kHz. Both 
converters include a 2.5V voltage reference, but to 
improve accuracy use the AID converter's reference for 
both. Power consumption is 120 mA from the 5V supply 
and 50 µA from the -5V supply. You can greatly 
reduce current drain from the positive supply by adding 
logic to control the RAM's chip-enable input (pin 18). 

EDN 

DATA LINES 
BUSY ,.... 

1 ~ 
LSB 

2 10~5V ,.., 18 
READ 

2 17 1 9t=v(DIGITAL GND) 

*~ -=WRITE* 
3 16 16 B~ANALOG GND) 

• 4 
IC1 

15 15 IC, 

-svo 82k ZN428 
5 i----:--<> ~~~ ANALOG 5 ZN448 14 14 DAC ,...INPUT .AA. 4k 

6 ADC 13 i3 et--V" 

390"" SVC> ...... 7 12 12 

_r.L+ _l l.1 MSB ENABLE 

- 'J ,,.F 

8 11 v 11 4 

~9 10t---osv 

2.55V REF 

r1 R 
-o sv 

CLOCK ADDRESS LINES 

,...INPUT 
10 13 

_.D._ A., 
1 17t--' V" 1 2 

0
,, 4 2 1st-- svcr---j s 1c .. 

~ 8 2 3 15t----' CD4538BC a . IC2 
3 4 14t-----' .----14 7 

sv V" 15 CD4040BC 3 
BINARY 5 5 13 
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Fig 1-This analog delay line digitizes a signal once per clock cycle, stnres the result in a 2048-word RAM, and converts one sample per clock 
cycle with a DIA converter. The resulting delay equals 2048 divided by the clock frequency. 
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DESIGN IDEAS 
EDITED BY TARLTON FLEMING 

Circuit converts voltage ratio to frequency 

Bobirca Florin Daniel 
The Electronic Research Institute, 
Bucharest, Rumania 

The circuit of Fig 1 accepts two positive-voltage inputs 
V N and V 0 and provides a TTL-compatible output pulse 
train whose repetition rate is proportional to the ratio 
V N/V 0 • Full-scale output frequency is about 100 Hz, 
and linearity error is below 0.5%. 

The output F0 equals KVN/Vn, where K=l/(4R2C1) 
and provided R1=R3• Op amp IC1A alternately inte­
grates V N/2 and - V N/2, producing a sawtooth output 
that ramps between the V n level and ground. When 
transistor Qi is on, for example, IC1A integrates - V N/2 

until its output equals VD· At that time, the ICrn 
comparator switches low, causing ICrn's bistable output 
to go low, which turns off Qi. IC1A's output then ramps 
in the negative direction. When the output reaches OV, 
the IC1c comparator switches, Qi turns on, and the cycle 
repeats. Transistor Q2 converts the ICrn output to 
TTL-compatible output logic levels. 

Setting Vo to l.OOV yields a linear V/F converter 
(Fo=KVN), and setting VN to l.OOV yields a reciprocal 
V/F converter (F0 =K/Vn). EDN 

Fig I-This voltage-ratio/frequency converter produces a TTL-compatible output pulse train that equals KV N!V D, where V N and VD are the 
inputs and K=4R1C1• Linearity error is less than 0.5%. 
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DESIGN IDEAS 
EDITED BY TARLlDN FLEMING 

Microphone controls voice-actuated switch 

Jonathan Audy 
Precision Monolithics Inc, Santa Clara, CA 

The Fig 1 circuit is a speech-actuated switch that 
enables voice operation of a radio transceiver or similar 
device. Low-current consumption and 5V operation 
make the circuit suitable for battery-operated applica­
tions. (The original application involved hands-free 
control of a radio on a hang glider.) 

The input stage CIC1 A), a bandpass filter with gain, 
responds to the speech components that are most 
reliable for actuating the output switch-those at 800 
Hz. The main speech components fall in the 200- to 
300-Hz range, but centering the bandpass at these 
frequencies would make the circuit too sensitive to wind 
noise, breathing, and "banging-door-type" noises. For­
tunately, normal speech includes harmonic peaks every 
100 Hz or so, to beyond 1 kHz. Centering the filter's 
bandpass at 800 Hz provides a good compromise be­
tween sensitivity and the suppression of false signals. 

To ensure the detection of two harmonics, the filter 
must provide at least 40 dB of gain over a 400-Hz 
bandwidth. The component values shown for Ri, R2, Ci, 
and Ci give the desired gain and 800-Hz center frequen­
cy. (Although not recommended, IC1A can operate with-

ELECTRET 
MICROPHONE 

Ae1As 

C2 

0.1 µF 

R, 

2k 

C1 

220 pF 

R, 

300k 

C3 + 

1 µF 

out feedback in this application because the op amp's 
open-loop gain attenuation acts as a lowpass filter.) 

The microphone produces 5- to 10-m V signals, which 
undergo just enough amplification to trip the compara­
tor's CICrn's) output high, turning on Qi . Di, R6, R1, and 
c4 make up a peak detector that stores this high state 
long enough to delay the turnoff of Q1 for about 0. 7 
sec-long enough to allow pauses between spoken 
words. The R;i/R4/R5 voltage divider sets the compara­
tor's threshold and the filter's de reference level; adjust­
ing R4 determines the circuit's sensitivity. C3 removes 
noise that might otherwise appear at the high-imped­
ance node that serves as a reference for the gain stage. 

The circuit's input connects directly to a microphone 
jack. For radio applications, connect the circuit output 
directly to the nongrounded side of the radio's transmit 
switch (or you can add a 5-k!l pullup resistor, which 
allows Q1 to drive a TTL-logic input). For transceiver 
applications, you don't need a voice-on/off switch be­
cause the circuit's open-collector output allows the 
transmit switch to operate normally when you remove 
the voice headset. EDN 
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300k 

R, 
100k 
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300k 
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TX 

01 
2N2222 

Fig /-Speaking into this circuit's microphone drives the TX output low. The output remains low for about 0. 7 sec following the last word 
spoken. 
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DESIGN IDEAS 

Counter controls its own clock frequency 

Shantha Fernando 
Arthur C Clarke Centre, Moratuwa, Sri Lanka 

You can implement a finite-state machine by properly 
decoding the outputs of a binary counter. Driving the 
counter with a constant-frequency clock signal pro­
duces output states of equal duration. Fig l 's circuit, 
however , produces output states with different time 
intervals, as most applications require. 

The analog mult iplexer, IC3, selects a timing resistor 
for the timer , IC1• The timer's output clocks the counter 

_2_12V 

l 
~ R1 1 4 Ja * 220 RESET Vee R, 

7 2.2k 
DISCH 

6 
IC, 

O/P 3 l L!.;:: 555 

l1C~F 
GND CTRL 12V 

1 j c 
1 6 

0.10\,F 

-:... 6 Voo 

~ 
EN 

560 Aro- 13 
-v; Xo 
].lk ~ 14 

"';;k ~ 
x, 

15 x, 
2.7k Rn 12 x, 
3.4k Rn 1 x, 
4.1k ATS 5 

~· x, 
4.9k ! T6 2 

'~ 
x, 

5.6k 4 
-y x, 

v •• 

1 7 

IC2. CLK 

IC2. 01 

- 1 mSEC f.-j 1---J - 3 mS EC 

1c, , o, 

1c,. o, 

(IC2) and the counter outputs drive the multiplexer 's 
address inputs. The resistor values shown (R To through 
RTI) produce a chirped clock and an ascending sequence 
of output-state durations, but you can generate arbi­
trary durations by choosing other resistor v:>Jues. You 
can obtain longer durations by increasing the resistor 
values or by inserting a digital divider between the 
timer and the counter. EDN 
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Fig I-In this loop, the multiplexer selects a timing resistor for the timer, which clocks the counter, IC,. The counter's resulting output-state 
durations depend on the values you select for resistors Rro through R T7. 
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Introducing OrCAD Verification and Simulation Tools 

Easy to use menu driven commands 
speed and simplify design 

verification . 

OrCAD I VST 
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verification and simulation tool that is 
designed to place the performance of an 
expensive workstation on your PC. 
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popular OrCAD /SDT schematic 
capture package, with easy-to-use menus 
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DESIGN IDEAS 
EDITED BY TARLlDN FLEMING 

Baseline restorer is voltage-programma~le 

Peter Henry 
Precision Monolithics Inc, Santa Clara, CA 

The Fig 1 circuit is a nonlinear, highpass filter that acts 
as an active baseline restorer (Fig 2). Baseline restora­
tion improves the signal-to-noise ratio for pulse or ac 
measurements by counteracting the de errors caused 
by amplifier drift and electromagnetic pickup. The 
circuit is particularly useful for signals derived from a 
high-impedance source such as the human body. 

Unlike standard frequency-domain filters, this one 
acts on the slew rate rather than the frequency of the 
input signal. At V ouT, the circuit restores the base level 
of input-signal pulses to an arbitrary level set by V REF· 

You set the filter's slew-rate cutoff by adjusting 
V PROGRAM, which in turn sets the currents 11 and 12. (In 
applications such as analog adaptive filtering, you can 
set V PROGRAM using a voltage-output DI A converter, or 
you can remove RPROGRAM and set the currents using a 
current-output DIA converter.) 

To understand the circuit operation, first note the 
action of the transistor current mirrors: Collector cur­
rent in ~ (11) mirrors the collector current in Qi, and 
the transistors ~ and Q6 mirror this current again. 
Transistors Qa and ~each mirror the 11 current as well, 
producing the current 12=211• This 2 x relationship 
assures symmetric operation, in which the restoration 
rates are equal for positive and negative excursions 
from the baseline. 

Assume the capacitor C has charged to the input 
signal's baseline voltage. If the baseline level of V ouT 
attempts to rise, the IC2 output swings low, decreasing 
the current through D1. This action causes a flow of 
current from capacitor C and thus restores equilibrium 
by lowering the voltage on C. Conversely, a tendency 
for the baseline to fall causes charge to flow onto th~ 
capacitor. 

The IC2 op amp must have a high slew rate to ensure 
that the restoration circuitry keeps up with the pulses. 
The rate of restoration depends on the current avail­
able 01) to charge C. Using V PROGRAM• you can set this 
current to any value between a few nanoamps and a few 
milliamps. Higher current lets the circuit reject higher 
slew rates. EDN 
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Fig 1-This circuit forces the bases of pulses in VIN to the arbitrary 
level V REF, and it rejects pulses on the basis of slew rate according to 
the voltage VPROGRAM· 

Fig 2-These waveforms show that the Fig 1 circuit's output (upper 
trace) inverts VIN (lower trace) while filtering and restoring the 
signal's baseline voltage level . 
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DESIGN IDEAS 
EDITED BY TARLlDN FLEMING 

Electronic thermometer has lO-mV/°F output 

Bill Donofrio and Dennis R Bernard 
Moore Research Ctr, Grand Island, NY 

Using type-K thermocouple wire, you can build an 
inexpensive electronic thermometer that generates 10 
mV/°F (Fig 1). Because type-K thermocouples are 
reasonably linear for the range of 0 to 660°C, you can 
obtain a moderately accurate temperature measure­
ment for this range by adding a scaling voltage to the 
cold-junction reference voltage. 

The 9V battery powers a bridge circuit in which the 
temperature sensor, IC2, and the 2.5V reference, !Ca, 
provide a signal and reference voltage, respectively. 
You should place the cold-junction thermocouple close 
to the temperature sensor. Note that the chrome! wires 
form secondary junctions where they attach to the 
circuit (nodes A and B). To avoid introducing de errors, 
you should maintain these junctions at the same temp­
erature by placing them close together. Bypass capaci-

tors C6 and C1 guard against errors due to RF pickup. 
Potentiometer Rs produces a temperature-dependent 

scaling voltage, and the chopper-stabilized op amp, !Ci, 
amplifies (with a gain of 1001) the sum of the scaling and 
thermocouple voltages. As a result, the output VT 
equals the sum of the thermocouple cold-junction volt­
age plus the scaling voltage (0. 744 m V), divided by 
0.0226. Potentiometer R6 determines the 0.0226 figure. 

To calibrate the circuit, first adjust R4 for 2.554V 
across !Ca. Then adjust Ra so the voltage across IC2 

equals 10 m V times the ambient temperature (in °K). 
Place the hot-junction thermocouple in a well-stirred 
mixture of crushed ice and water, and adjust Rs so that 
the op-amp output (across R6) equals 0.744V. To com­
plete the calibration, adjust VT to 0.32V using R6. EDll 
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Fi.q I-This circuit adds a linearizing voltage to the therrrwcouple voltage and produces an output Vr of 10 mVl°F. 
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Unitrode announces a new generation of 
Ultra-fast Rectifiers, with voltage rating to 

1000V and recovery times of less than 
30 nanoseconds. It's called the 

f-1 V f l!P6'Series. 

High voltage, high frequency 
power supply performance will 

never be the same again. 

HV Plus advantages include 
unique high voltage, very fast 
recovery characteristics, very 
low leakage at high temper­
ature, 8pf capacitance, and an 
array of other features that just 
weren't available until now. 

Just look at these sample specs: 

Part Voltage trr 
Number 

1N6622 600V 30nS 

1N6623 800V sons 

1N662S 1000V SOnS 

1N6628 600V 30nS 

1N6629 800V sons 

1N6631 1000V sons 

CJ IR @ 
1so0 c 

8pf 200µA 

8pf 200µA 
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30pf SOOµA 

30pf SOOµA 

30pf SOOµA 

Output 
Current 

2.0A 

1.SA 

1.SA 

4.0A 

3.0A 

3.0A 

HV Plus allows you to do things 
you 've never been able to do 
before. You ' ll find improved per­
formance in difficult applica­
tions: for example, using an HV 
Plus as a clamp diode to protect 
high voltage power mosfets, or 
using them as output rectifiers 
for high frequency converters. 

HV Plus data sheets are available now. Call or write today for your 
copy. Your competition will. 

HV Plus is available in both 
high-rel and industrial versions, 
in two axial leaded body sizes, 
with 2.0 amp and 4.0 amp 
ratings. Prices are reasonable 
and performance is unmatched. 
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DESIGN IDEAS 
EDITED BY TARLTON FLEMING 

Driver circuit boosts 3-state outputs 

Einar Abell 
ADA Instruments, Burlington, VT 

The power booster in Fig 1 allows an ordinary 3-state 
gate to drive 50!1 loads to several volts peak-to-peak. 
Rise and fall times are only a few nanoseconds for a 
properly terminated coaxial cable. Employing two 
switched current sources of opposite polarity, the 
booster converts the gate's unipolar output to a bipolar 
one. Further, the booster output shuts off when the 
gate goes to a high-impedance state; this feature is 
particularly useful when the gate must drive inductive 
and capacitive loads. 

When the 3-state gate output is enabled and in a high 
state, transistor Qi turns on the upper current source 
(Di, D2, R6, and Qa); when the 3-state gate output is 
enabled and in a low state, ~ turns on the lower 
current source (D3, D4, R1, and Q4). When the 3-state 
gate is disabled (in a high-impedance state) both 
sources are off and the booster output discharges to 

LOGIC o-------1 
INPUT 

3-STATE 
GATE 

ENABLE n-----' 

NOTES: 
ALL DIODES ARE 1 N4148 

V ' - 2V 
Ra ::5 - lo-

A, 

1k 

D, 

D, 

a, 
2N3904 

A, 

A, 

a, 
2N3906 

D, 

D. 

-:-

zero through Ra. 
Fig l's circuit is simple because its transistors are 

biased so that they don't saturate. If the transistors 
were allowed to saturate, you'd need to add components 
to the circuit to compensate for the unequal tum-on and 
tum-off times that would result. 

To prevent Qa and Q.i from saturating, you must set 
Rs to limit the output within 2V of either supply rail. 
The output current Io equals 0. 7 R, where R is the value 
of R6 and R7• To obtain greater output current, you can 
replace the output transistors with Darlington pairs. If 
necessary, you can improve Io's temperature stability 
by thermally coupling D2 to Qa and D3 to Q.i and by 
replacing b1 and D4 with low-voltage zener diodes. R4 
and R5 bias the input transistors to the midpoint of the 
3-state gate output and set the drive current to Qa 
and Q.i. EDfll 
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Fig 1- With this discrete driver circuit, any 3-state gate can drive 50!1 loads with ease. Output resistance equals the value of Ra when the gate 
is in a high-impedance state. 
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DESIGN IDEAS 
EDITED BY TARLIDN FLEMING 

Simple calculator acts as low-speed counter 

JN Lygouras 
University of Thrace, Xanthi, Greece 

By adding a handful of inexpensive components, you 
can transform a 4-function calculator into a low-speed 
counter or tachometer. Note, however, that the calcula­
tor must have a constant-calculation feature for this 
scheme to work. 

Fig 1 illustrates the scheme. In Fig la, a series of 555 
timers produces a string of pulses (Fig lb), which key 
the calculator. When you press the reset switch, Si, its 
negative-going edge triggers the first 555 timer, ICi, 
making its output go high for about 23 msec. This high 
level closes electronic switch S2• This closure is equiva­
lent to pressing the calculator's zero digit. 

In a similar fashion, the circuit sequentially activates 
the plus and one keys. The negative-going output of the 
third 555 timer, IC3, triggers the fourth 555 timer, IC4• 

Triggering IC4 enables electronic switch S5, which 
routes the input pulses to the equals key for the 
duration of IC/s time period. This sequence is equiva­
lent to your pressing the calculator's keys as shown in 
Fig 2, where N is the number of counted pulses that 

\, 

Fig 2-The circuit shown in Fig 1 mimics the key strokes shown 
here. · 

correspond to the final display on the calculator at the 
end of IC/s time period, Tc. 

You can add the optional circuit to convert the 
counter to a tachometer. The Schmitt trigger shapes 
pulses from an engine's contact points. You must divide 
the points' signal by four because the calculator's maxi­
mum counting frequency is 20 Hz. For example, a 
4-stroke, 4-cylinder engine running at 1000 rpm would 
generate 33.3 sparks/sec. Of course, if you divide the 
incoming pulse stream by four, you must increase IC/s 
counting period by a factor of four to compensate. EDN 
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Fig I-Electronic switches, triggered by 555 timers and an incoming pulse train, turn a simple 4-function, constant-calcnlation calrnlator 
into a low-speed counter or, optionally, a tachometer. 
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DESIGN IDEAS 
EDITED BY TARLlDN FLEMING 

Tachometer measures low frequencies 

Ricardo Jimenez-G 
Mexicali Technological Institute, Mexicali, Baja 
California, Mexico 

The Fig 1 tachometer lets you measure heartbeats, 
respiratory rates, and other low-frequency events that 
recur at intervals of 0.33 to 40. 96 sec. The circuit senses 
the period of fIN, computes the equivalent pulses per 
minute, and updates the LCD accordingly. (Although 
the decimal readout equals 60fIN, the circuit doesn't 
actually produce a frequency of 60fJN.) The computation 
involves counting and comparison techniques and takes 
0.33 sec. 

To understand the circuit's operation, suppose a reset 
pulse arrives at pin 15 of ICi, setting Q1 and Q2 low. 
Then, the first f1 N pulse Jrives Qi high, which opens the 
ICM gate and allows 100-Hz pulses to drive the counter 
IC4. The next fIN pulse drives Qi low and Q2 high, which 
simultaneously freezes IC4 at a count of N by turning off 
the 100-Hz pulses. The same fIN pulse opens the gate 
IC8A, which allows 18-kHz pulses to drive the IC1 
counter. 

Each time IC1 reaches a count equal to that of IC4, the 
ICs-IC6 comparator produces a pulse that increments 
the display counter ICll and resets IC1 via IC30. Thus, 
IC1 counts at a rate of 18 kHz without interruption and 
resets to zero after every N counts. (N is proportional 
to the period of fJN .) This process terminates at 6000 
counts, when the BCD counters IC9 (count of 100) and 
IC 10 (count of 60) produce a pulse at pin 11 of IC80 that 
resets ICi. IC4, IC9, and IC10. The reset at pin 15 of IC1 

drives Q0 (pin 3) high , which in turn resets the display 
counter and updates the display. 

An fIN of 1 Hz, for instance, sets IC4 to a binary count 
of N = 100. Consequently, IC1 counts 60 times from 0 to 
100 during the 6000-count interval, producing a readout 
of 60. Similarly, fIN =l.25 Hz produces N=80 and sets 
the readout to 6000-:-80=75 pulses per minute. EDN 
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32 
IC11 

ICL7224 
(INTERSIL) 

16 

'"L 10 

IC7 
4040 

100k 

Fig I-This tachometer circuit generates a readout, in pulses per rniniite, by rneasiiring the period T of /JN and solving the equation 
f=60 +T . 
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DESIGN IDEAS 
EDITED BY KEN MARRI N 

Power-reset cirruit provides four fimctions 

James Colotti 
E aton Corp, Farmingdale, N Y 

The power-reset circuit shown in Fig 1 provides a reset 
signal under four conditions: during initial power-up; 
when the supply voltage falls below 4.5V; after a 
supply-voltage glitch; and after a manual reset. When 
you first apply power to the circuit, the output 
(PWRST) goes low. After 500 msec, the output goes 
high. If the supply voltage drops below 4.5V, the output 
goes low and stays low until 500 msec after the supply 
voltage returns to 5V. 

The open-collector outputs of comparators IC1A and 
ICIB are connected in an OR configuration. When either 
output is low (this condition is caused by a power-on 
reset or a low-power condit ion), that low output holds 

R, R• c, 
I 0.1 1,F 

RB 
R• 5.l k 

10k 

":' 2.61k 
o, 

1% 

LM339A R7 

01 1< F 1k 

1% 

LM385Z 

IC1c's output low through D2. IC1c's low output, in turn, 
drives both ICrn's output and PWRST low. 

When the outputs of both IC1A and ICIB go high­
which indicates that the supply voltage has returned to 
5V and that no power-on reset is in progress--ICaA's Q 
output goes high for 500 msec (ICaA is configured as a 
one-shot multivibrator). After 500 msec, the Q output 
goes low, IC1c's output goes high, and PWRST goes 
high. 

S1 gives you a manual-reset option. Holding 81 closed 
maintains PWRST in a low state. When you release the 
switch, you trigger the monostable multivibrator; 500 
msec later, PWRST goes high. EON 

R,a 
c, 

160k 5V 

5.lk R" R,, 

15 5.1k 

ICJA 

A 
Q 

14 PWRST 
3 

CLR 

2 B 
a 

74LS123 

(~~ ) 1 f- - - --
MANUAL 
RESET 

o, 

NOTE: UNLESS OTHERWISE SPECIFIED. 
RESISTOR TOLERANCE IS 5%, 
CAPACITOR TOLERANCE IS 10%, AND 
DIODES ARE 1N4148-1s. 

":' 
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CLR 
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Fig I-This power-reset circuit uses a one-shot multivibrator (!C,A) to provide a 500-msec time delay . Once the circuit generates a 
power-reset signal, it will hold that signal f or at least 500 msec. 
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n 
FFT Ana yzer. 

It's a DOS 
computer. 

Our SYSTEM/90 Signal Analysis Workstation is both. 

It's easy to take our new SYSTEM/90 Signal Analysis Workstation 
anywhere to do almost everything ... spectrum analysis, wave­
form recording, even computing. SYSTEM/90 represents a 
new concept in instruments for the '90s ... 
• the only FFT analyzer with an imbedded IBM-compatible 

DOS computer ... AT class in Model 9040, XT class in Model 
9020 (keyboard supplied with all units) 

• the only 2-channel FFT with optional built-in battery 
• the only FFT offering three built-in media for waveform re­

cording and data storage ... 1.44 Mbyte floppy, optional 
non-volatile RAM to 4 Mbytes and optional removable 40 
Mbyte hard disk with SCSI port to the outside world 

• the only FFT analyzer with analog integration and input filter 
bypass for use as a digital oscilloscope 

•high real time rate, 100 kHz range, 1/3-octave, zoom, spec­
tral maps, correlation, histograms ... and more 

• easy-to-use with GO/NO GO screening profiles, unattended 
data logging and hands-off control 

•all options field installable, including hard disk ... no need to 
send the unit to the factory for upgrading 

Don't make your choice until you learn more about our new 
SYSTEM/90 Signal Analysis Workstation . 

CIRCLE NO 166 FOR LITERATURE 

CIRCLE NO 167 FOR DEMO 

RCJCICl.Rl\ID 
Rockland Scientific Corporation, 10 Volvo Drive, Rockleigh, NJ 07647 (201) 767-7900 



TIIE WESTCOR STAKPAK™. NEW 
GENERATION 250 TO 1200 WATT 
SINGLE OR MULTIPLE OUfPUf OFF­
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH 
CASE. FAN-COOLED. 

Stack the odds in your favor by design­
ing-in Westcor's 6 watt/cubic inch high 
power megahenz switcher. Capitalizing on 
patented and proven megahertz module 
technology and innovative thermal man­
agement techniques, the StakPak provides 
up to 1200 watts of power at 50°C with 1 to 
8 isolated and fully regulated outputs. 

For existing designs the StakPak's small 
size and low profile allow system enhance­
ment without mechanical redesign. Simply 
replace your open frame switcher with up 
to 1200 watts of StakPak power or replace 
your "box switcher" with 2 StakPaks and 
realize up to twice the power without 
losing additional space. StakPak power 
factor correction provides 850 watts of 
output power from a standard 115 VAC 
wall outlet. In new designs, more space can 
be devoted to functionality or the system 
can be downsized. 

REDEFINED 
The StakPak's 8 module output section 

can be factory configured in virtua lly an 
infinite number of voltage, current and 
power combinations. Special models 
providing between 250 to 1200 watts and 
outputs from 2 to 95 VDC are ava ilable. 

Other features include outstanding elec­
trical performance; UL, CSA, VDE safety 
agency approval (in process); variable 
speed fan option for low ambient noise 
enviroments and 3 phase or DC input op­
tions. Indeed. with unprecedented power 
density, versatility and new features , the 
StakPak redefines power packaging. Please 
contact Westcor for a data sheet, pricing 
and additional information. 

STANDARD 1200 WATT STAKPAK MODELS 
(110/220 V AC input) 
Model Output Voltage (VDC) and Maximum Current 

(amperes) per Channel 
:J =2 =3 :4 =5 

Single Output 
SPl-1801 2@ 240 
SP l-1802 5@2·10 

Tomi output power may nol exceed SPl-1803 12@ 100 
SPl-1804 15@80 

1200 \\';UL' for any model, single 
or mul1iple output. Lower power 

SPl-1805 24@ 50 StakPak models are al'ailablc. 
SPl-1806 28@42 Plea>e contact the factory. 
SPl-1807 48@ 25 

Dual Output 
SPl- 1801 2@ 120 5@ 120 
SPl-1802 5@ 120 5@ 120 
51'2-1803 5@ 120 12 @66 
SP2- 18Q.1 12@66 12@66 
51'2-1805 15@53 15@53 

Triple Output 
SP3- 1801 5@ 180 12 @ 16 12 @ 16 
SP3- 1802 5@ 150 12@33 12 @ 16 
SP3- 1803 5@ 180 15@ 13 15@ 13 
SP,l- 18().1 5@ 150 15@26 15@ 13 

Quad Output 
SJ'q-1801 5@ 150 12@ 16 12 @ 16 5@ 30 
SP,1-1802 5@ 150 15@ 13 15@ 13 5@ 30 
SP,1- 1803 5@ 150 12 @ 16 12 @ 16 24@8 
SP•i-1804 5@ 150 15@ 13 15 @ 13 24 @8 

fil'e0utput 
SP\- 180 1 5@ 120 12@ 16 12@ 16 5@ 30 24 @8 
SPS- 1802 5@ 120 15@ 13 15 @ 13 5@30 24 @8 

WESTCOR CORPORATION • 485-100 Albe1to Way • Los Gatos, CA 95032 • (408) 395-7050 • FAX (408) 395-1518 

W . b 'd' f A.VIGOR estcor 1s a su s1 1ary o V com•"'"''ON 
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DESIGN IDEAS 
EDITED BY TI\RL1DN FLEMING 

Digital ICs form programmable divider 

Steve Lubs 
Dept of Defense, Washington, DC 

The Fig 1 circuit divides the input clock frequency by 
an integer between 2 and N (N =8 in this case). You 
select the integer by applying a 3-bit word at the 
divisor-control inputs. 

IC1 and IC2 form an 8-bit shift register. These cas­
caded ICs either shift their output data to the right or 
load input data in parallel: When SI (pin 10) is high, the 
chips load the A through D inputs (pins 3 through 6) on 
a positive transition of the input clock. When SI is low, 
each positive clock transition causes the chips to shift 
their output data (which appears on QA through Qn) to 
the right. Multiplexer IC3 selects one of its eight inputs 
according to the 3-bit divisor-control input, and the 
multiplexer's output drives the SI inputs of IC1 and IC2. 

During operation, the circuit's output goes high for 

I Cu 
1,t74F04 

ICse 
1.t74F04 

5V 5V 

NC 

9 15 

one clock cycle, causing the shift register to load the 
input word 10000000. Succeeding clock cycles shift the 
input word's single I to the right until it enters the 
selected ICa input. The resulting output pulse loads the 
shift register with another IOOOOOOO, which reinitiates 
the cycle. Coincident with each parallel-load operation, 
the circuit consisting of lC4, IC5, and IC6 presents a I to 
the shift register's DsR input, ensuring continued oper­
ation in the event that a malfunction clears the shift 
register. 

The circuit can operate at 50 MHz if you use high­
speed devices such as ones from Fairchild's Fast Series. 
You can obtain larger divisors by increasing the number 
of shift-register stages. Adding another multiplexer, 
however, lowers the system clock rate. EDN 
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7 

Fig I-Two universal shift registers (JC, and IC,) and a 1-of-8 data selector (JC.,) form a programmable divider; IC,, IC, , and IC, provide a 
backup funct ion for the divider's operation. 

EDN Design Ideas Special Issue, Vol III 31 



DESIGN IDEAS 
EDITED BY KEN MARRIN 

Simple circuit supplies relay hold current 

F Raymond Dewey 
Sprague Electronic Co, Worcester, MA 

The Fig 1 circuit generates hold current for relays and 
solenoids by taking advantage of an integrated power 
driver's (UDN-2975W) internal short-circuit-protection 
circuitry. This technique provides an efficient alterna­
tive to RC timing circuits (Fig 2) and a simple alterna­
tive to configurations that require multiple discrete 
power drivers with split supplies and complicated tim­
ing sequences (Fig 3). 

Fig l's driver can supply as much as 5A of peak 
current to a relay or solenoid. A single input activates 
the relay. When the input goes low, both the source 
driver (Q1) and the sink driver (Q2) turn on. The 
positive voltage source then supplies current to the load 
relay. Sensing resistor R1 monitors relay current. 
When the voltage across this resistor and, subsequent­
ly, the voltage at the inverting input to comparator A1 

+V 

1h UDN-2975W 
,-------- --1 

I 
I 
I 
I I LA-J"C_H _ __._ 

I R 
__ ___,,....... 

I 
I 
I 
I 
I 
L------

s• < +V 

LOAD 

R, 
0.1 

Fig I-By taking advantage of a high-current power driver's 
internal slwrt-cirrnit prolectio11, you can build a simple cirwit f or 
supplying hold current lo relays and solenoids. 
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exceed the reference voltage at the noninverting input, 
the comparator sets the latch. You can calculate a value 
for R1 using the equation 

RsENsE= V REr/(lOITRIP), 

where V REF is the reference voltage and hR1P is the 
current value at which the relay trips. 

Once the latch is set, Qi turns off and the load's 
current and voltage drop to a value determined by 
supply B+. The sink driver remains on as long as the 
input stays low. You could also use a current-limiting 
resistor across the source driver to limit load current in 
the hold state. When the input goes high, the sink 
driver shuts off and the latch is reset. ·The circuit is now 
ready for another operation. EDN 

V., __J 

Fig 2-Thi.~ RC timing circuit provides one means of generating 
relay and solenoid hold cnrrents, but it's less efficient than the Fig 1 
lllelhod. 

+V 

v.,~ 

VHOL~ 

..:--::~M-4:"1 +V 
v., l J----+-1 

-V 

Fig 3-This hold-current control circuit for relays and solenoids is 
eff ective, but it requfres split supplies and complicated timing 
sequences. 
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DESIGN IDEAS 
EDITED BY ROBERT M CLARKE 

Algorithm produces base-2 logarithms 
Robert D Grappel, 
Compdata Services Corp, Wellesley, MA 

To most programmers, an algorithm that computes a 
logarithm is something hidden in the bowels of a 
compiler or math package. Typically, the computation 
involves floating-point operations and series expan­
sions. Nevertheless, an algorithm exists that lets you 
quickly and easily calculate base-2 logarithms, even 
using µPs. 

The algorithm uses the fact that a binary number can 
be represented as the sum of a series of powers of two 
in which each power is multiplied by either a zero or one 
coefficient. Thus, you can represent the number as a 
series of bits, each zero or one, with each bit's position 
corresponding to a power of 2. For example, the binary 
string 0110 represents 

(For further theory, see "Exponential and Logarithm 
by Sequential Squaring," IEEE Transactions on Com­
puters, Vol C-33, No 5, May 1984.) 

Consider a subroutine example that implements the 
algorithm. First, note that this example uses a scaled 
integer representation for the arguments for the loga­
rithm subroutine. The assumed decimal point lies be­
tween bits 14 and 15 of a 16-bit value. Assume that the 
real argument value has been multiplied by 214 (16,384) 
and is now an integer. The subroutine uses 16- and 
32-bit integer operations. Its output is a scaled 16-bit 
fraction whose assumed decimal point is to the left of 
bit 16. Hence, the subroutine produces results signifi­
cant to about 16 places. 

Second, the example requires that the argument be 
between 1.0 and 2.0. This isn't a great hardship, 
because values outside this range can be scaled to fit, 
and the return value from the logarithm routine can be 
adjusted. Scaling base-2 values requires only shifting 
and adding, which isn't too difficult to accomplish. The 
scaling code is not shown here. 

The code in Fig 1 shows how you can implement the 
algorithm in C. Integers are assumed to be represented 
in 32 bits. The array "L" stores the bits of the 16-bit 
logarithm. 

You can also implement the algorithm on a µP. Fig 
2's code shows how simply you can write the subroutine 
in Motorola 68000 assembly language. Note that with 

EDN Design Ideas Special Issue, Vol III 

#define SCALE 16384 1· 14-bit scaling constant •t 

int x; I" the argument, whose base-2 log. is desired • t 
int i; t• bit counter index for L • t 
char L[16) ; t• bits of the logarithm base-2 of x "/ 

for (i=O; i < 16; i+ +) 
{ /" loop through 16 bits of L •t 

L[i) = O; t• initialize bit · 1 
x • = x; t• square x • t 
x /= SCALE; t• re-scale its value •t 
if (x > = (2 • SCALE)) 

{ L[i) = 1; 1· set bit in logarithm • t 
x I = 2; t • ready for next position • t 

} 

Fig I-Calculate base-2 logarithms to about 16 bits of precision 
using the algorithm implemented in this C code. 

Rodister usage: DO argument (input) and logarithm base-2 (output) 
D1 logarithm temporary 

LOGO 

LOG1 

LOG2 

D2 bit index 
D3 scale factor 

MOVEM .L D1-D3,-(A7) 
MOVEQ "#O,D1 
MOVEQ # 15, D2 
MOVEQ #114, D3 

MULU DO,DO 
LSR.L D3,DO 
CMPl.W 1#132768,DO 
BLO.S LOG2 

BSET D2,D1 
LSR.W 11>1 ,DO 

DBRA D2,LOG1 

SAVE REGISTERS 
INIT. LOG . TEMP. 
INIT. BIT INDEX 
INIT SCALE FACTOR 

SQUARE ARGUMENT 
RE-SCALE ARGUMENT 
ARG < BASE-2? 
YES 

NO, SET BIT IN LOGARITHM 
READY FOR NEXT POSITION 

LOOP THROUGH THE 16 BITS 

MOVE.L D1 ,DO RETURN LOGARITHM IN DO 
MOVEM .L (A7) + , D1-D3 RESTORE WORKING REGISTERS 
ATS 

Fig 2-You can easily calculate base-2 logarithms on a µP, as this 
Motorola 68000 assembly-language subroutine shows. 

the scaling factor chosen, there's no danger of overflow 
in the multiplication step. Shifts do all the divisions. 
The order of bits is reversed to match Motorola's 
format. 

You can calculate logarithms in other bases by multi­
plying the base-2 logarithms by the appropr iate con­
stant, which is simply the base-2 logarithm of the 
desired base. This multiplication requires 32 bits of 
precision because the constant scaled will exceed 16 
bits. EDN 
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Instead, we' ll help you along the path 
to higher productivity 

Through high-volume, high-yield 
technology, our manufactu ri ng affiliate 
Seiko Epson Corp. produces millions 
of ASIC devices each month. 

S-MOS backs up that production 
with a dependable design program that 
provides back annotation simulation 
and faul t grades every chip to help your 
designs succeed. 

To keep costs low, there are no C PU 
simulation charges. 

34 

O ur full line of ASICs are migratable 
from gate arrays into standard cells and 
beyond to our Compiled Cell Custom 
cell-based designs. 

O ur ASIC solutions span from 513 
to 38,550 gates with technologies down 
to 1.2 micron (drawn). 

To save you time, we can use your 
existing arrays as future buUding blocks. 

Most ASIC products are ava ilable 
in plastic quad fl at packs, pin grid arrays, 
plastic leaded chip carriers, small out­
line packages and plastic dual-in-line 
packages. 

CIRCLE NO 169 

So if you're looking for an ASIC 
program that will get you out of the 
woods, call us. 

(408) 922-0200. 

SYSTEMS 
S-MOS Systems, Inc. 

2460 North First Street 
San Jose, CA 95131-1002 
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DESIGN IDEAS 

Program speeds best-fit 1 %-resistor calculations 

Andrew Dart 
Trans-Texas Telegraph Co, Duncanville, TX 

The program shown in Fig la calculates best-fit 1 %­
resistor values for the voltage divider shown in Fig lb, 
and it runs 400 times faster than a similar program that 
appeared as a Design Idea earlier this year (see "Pro­
gram calculates best-fit 1% resistors, " EDN, April 18, 
pg 286). 

evenly spaced powers of the 96th root of 10. For each of 
the 96 values that the program calculates for R 1, it 
performs only one calculation to find the value of R2• 

The program thus eliminates 95 out of 96 of the 
calculations that the earlier resistor-value-calculation 
program performed. Note that V, can be less than V2 as 
long as V:i's value is between V1 and V2• EDN 

The version shown in Fig la takes advantage of t he 
fact that the 96 standard values for 1 % resistors are 

100 REM New & Improved Version of the 
110 RE M One Percent Resisto r Calculator Program : 
120 RE M 1% resist o r va l ues are based on the 96th root of 10. 
130 RE M Refer to EIA RS-385 
14 0 DIM RV(99) 
150 FOR X=l TO 96 
160 READ RV ( X) 
170 NEXT X 
18 0 P (O)= l :P ( l)=l0:P(2) =1 00:P(3)=1000:P( 4 )=10000 : P(5)=100000 
19 0 CLS : RE M Cl ear the screen 
200 INPUT " Enter vo l tage Vl "; Vl 
210 IN PUT " Enter volt age V2 "; V2 
220 INPUT " Enter the de si red voltage at V3 " ;V3 
230 IF V2 >Vl THE N Fl =l : X=V l :Vl=V2 : V2= X 
240 IF V3>=Vl OR V3< =V2 THEN PRINT "Vl > V3 > V2 please " : GOTO 220 
250 RE M R is the ratio Rl : R2 
260 R=(Vl - V3) / (V3-V2) 
270 RE M Be s ur e R i s greater than 1 
280 IF R<l THEN F2 =l : R= l /R 
290 RE M Assure 1 < Rati o < 10 by di v i d ing by a power o f ten: 
300 SF=LEN(STR$(FIX(R))) - 2 
310 REM SF = Scale Factor 
320 R=R / P(SF) 
330 RE M The inverse of the na tural l og of the 96th root of te n 
340 REM i s approximately 41.69227 
350 Q=FIX(LOG(R) *4 1.69227+ . 5) 
360 H= 99 
370 FOR X=l TO 96 
380 G=O 
390 Y=X+Q 
400 IF Y>96 THEN Y=Y-96:G=l 
410 IF RV(Y) /RV(X) < H THEN H=RV(Y)/RV(X) : J =RV(Y ) :K=RV(X) 
420 NEXT X 
430 IF G=l THEN SF=S F+l 
440 J=J *P(SF) 
450 IF Fl=l THEN Z= J:J=K:K=Z 
460 IF F2=1 THEN Z=J : J=K:K =Z 
470 PRINT 
480 PRINT "Wi th " ;Vl ;" volts at Vl " 
490 PRINT "and "· V2• "volts at V2 " 
500 PRINT " if Rl·= . ;J ,~ oh m s " 
510 PRINT "a nd R2 ="; K; "o hms " 
520 PRINT " the n V3 wi ll be " ;K * (Vl-V2) / (J+ K)+V2 ;" vo lts " 
880 END 
890 RE M 1% Resi sto r values : 
9 0 0 DATA l. 0 0 , 1. 0 2 , l. 0 5 , l . 0 7 , l. 10 , l. 13 , l. 15 , l. 18 , 1 . 21 , 1 . 2 4 
910 DA TA l. 2 7 , l. 3 0 , l . 3 3 , l. 3 7 , l. 4 0 , l . 4 3 , 1 . 4 7 , l. 5 0 , 1 . 5 4 , l. 5 8 
920 DATA l.62 , l . 65 , l .6 9 , l . 74 , l.78 , 1.82 , 1.87 , 1 .91,l . 96 , 2.00 
930 DATA 2.05 , 2 . 10 , 2 . 15 , 2 . 21 , 2 . 26 , 2.32,2 . 37 , 2 .43 , 2 . 49 , 2.55 
9 4 0 DAT A 2 . 61 , 2 . 6 7 , 2 . 7 4 , 2 . 8 0 , 2 . 8 7 , 2 . 9 4 , 3 . 0 l , 3 . 0 9 , 3 . 16 , 3 . 2 4 
950 DATA 3 . 32 , 3 .40, 3 .4 8 , 3 . 57 , 3.65 , 3.74 , 3.83 , 3 . 92 ,4 .02 ,4 .12 
9 6 0 DATA 4 . 2 2 , 4 . 3 2 , 4 . 4 2 , 4 . 5 3 , 4 . 6 4, 4 . 7 5 , 4 . 8 7 , 4 . 9 9 , 5 . 11 , 5. 2 3 
9 7 0 DATA 5 . 3 6 , 5 ~ 4 9 , 5 . 6 2 , 5 . 7 6, 5 . 9 0 , 6 . 0 4 , 6 . 19 , 6 . 3 4, 6 . 4 9 , 6 . 6 5 
980 DATA 6.81 ,6 .98 , 7 . 15 , 7 . 32 , 7 . 50 , 7 . 68 , 7.87 , 8 . 06 , 8 . 25,8.45 

(a) 99 0 DATA 8.66 , 8.87 ,9. 09,9. 31 , 9.53 , 9 . 76 

v, 
::> 

~ R .( 1 

_,., v, 'V 

~ R, 

~ 
v, 

(b) 

Fig /-This program (a) calculates best-fit/% resistors.for a di1 ·ider network (b ) and eliminates 95 out of96 of the calculations pe1fonned by 
a si 111 i/a 1· progra111. 
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Part No. Max. _._ 
X9103 lOKO 
X9503 50K[j 

X9104 lOOK[J 

E2POJ' is o trademark of Xicor, Inc. 

Part No. Orpnlmtlon 
X2201A lK x l 
X2210 64 x 4 
X2212 256 x 4 
X2001 128 x 8 
X2004 512 x 8 

•NQ!IRAM i• Xicor's nonvolatile static RAM device. 

D Ao dlgilally conoollod ,_...,,_ 
D s...;ol llO ~and NCM1AN1 

D 4Kll6K/64K E2f>RoMs 
D 256K NNOS E2f>RoMs 

0 Please send me o FREE XICOR Doto Book 
D Please haYe 'fOUI'" representoti....e gi...e me a coll EDN·14A 

City ________ Sklte·---~;p. ___ _ 

Telephone No. __________ , .. 
XICOR, INC .. 851 Buckeye Court, Mllpltas, CA 95035 
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Part No. 
X2402 256 x 8 
X2404 512 x 8 
X24C04 512 x 8 
X2406 2048 x 8 
X2444 16 x 16 

Hll.-S'l'll-UU:H' 
l'OHPUAN'I' 

C'OHPONEN'l'S 

Our CMOS 12PROM MOdules 
... JOU to martlet ahead 
of schedule. 

Chances are, your next-generation 

products call for more memory. And 

for less dependence on older, electro­

mechanical devices like disks and 

tape drives. So you've been ....oiling 

for larger semiconductor memory 

to come along that offers a mare 
reliable alternative. 

Now it has. With Xicor's 1 Mega­
bit E2PROM modules, there's no more 

waiting ta get your next memory­

intensive products off the drawing 

board. And out ta your customers, 

where they can start generating 
revenue sooner. 

Comprised of four Xicor-mode 

256K OKJS E2PROMs, these mod­

ules have the future built right 

in. Their 32-pin dual -in-li ne 

packaging is pin compatible with 

our upcoming monolithic OKJS 

megabit parts. So you'll be able to 

upgrade in the near future without 

any redesign effort. While realizing 

significant cost reductions CNer our 

already price-competitive 1 Megabit 
modules. 

Like all Xicor E2PROMs, these 

OKJS modules can shorten design 

cycles, too. They're 5V only, non­
volatile devices, configured in a 

convenient 128K x 8 organization. 

Plus they include JEDEC-oppr<:Ned 

Software Dato Protection, which 

prevents inadvertent writing to the 

device during power-up, power­

down or any unexpected condition. 

This feature eliminates the need 

for external hardware protection. 

And for help in hitting your 
market window, you can count on 

Xicar. Ta date, weve shipped CNer 

30 million 5V only E2PROM 

products-mare than any other 

E2 manufocturer. We back the mod­

ules with onsite technical design sup­

port. The modules ore available in 

commercial , industrial and military 

temperature ranges. 

So if you're moving to the mega­

bit E2PROM level~specially for 

low power, portable or harsh envi­

ronment applicatian5-{Jet an early 

start. Call Xicor at (408) 432-8888 

today, or write: Xicor, Inc. , 851 

Buckeye Court, Milpitas, CA 95035. 
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DESIGN IDEAS 

Rnn Z80 software on an 8085 system 

Leo M Almazan 
Naval Ocean Systems Center, San Diego, CA 

The Fig 1 circuit shows how to convert an 8085-based 
µP system to one that runs Z80 software. The scheme 
involves replacing the 8085 with an NSC800 µP. (The 
NSC800 is similar to the Z80 internally but has the 
same bus structure as the 8085). The resulting system 
is advantageous for those who would rather program 
for the Z80 than for the 8085. 

The main external difference in the Z80 (NSC800) 
and 8085 µPis the latter's serial-VO lines SID and SOD; 

Aa-A1s """a --, 

8 
AD0-AD1 , 

ALE 

WAIT 

10/M 

X1 

X2 

CK 

RESOUT 

RESIN 

RFSH 

PS 

so 
IC1 

NSC800 
S1 

µ.P RD 

WR 

Vee 

GND 

14 
INTR 

RSTC 
3 

RSTB 
7 

ASTA 
12 

NMI 
9 

IC2 
BREQ 

6 
74LS240 

BACK 
15 

NOTE: 
PIN NUMBERS FOR THE NSCBOO DEPEND 
ON PACKAGE TYPE. 

no Z80 im:'.:·--1ctions can implement these functions. In 
addition, two discrepancies concern the programmer: 
The 8085 Trap (nonmaskable-interrupt) input causes a 
jump to location 24HEx1; the NSC800 equivalent input 
NMI causes a jump to location 66HEX· Finally, the 
NSC800 control register for internal interrupts is lo­
cated at OBBHEx, so that address must be free to service 
a mode-2 interrupt request. EDN 

8085 PINOUT 

-0 21-28 

,-----, 
1 

Aa-A1s 

_,.... -12-19 I AD0-AD1 

-_,.... ---
.r. -
-0 

30 IALE 
35 READY 

34 l101M 
1 

I :~ 2 

37 CLK 

- 3 RESOUT 

- 36 RESIN 

- 4 SOD (SEE TEXT) 

- 5 SID (SEE TEXT) 

-29 so 

- 33 S1 

-0 32 RD 

-0 31 WR 
.,..,. - 40 Vee 
.,..,. - 20 GND 

6 - 10 INTR 
17 -0 9 RST 5.5 
13 -B RST 6.5 
8 - 7 RST 7.5 
11 -6 TRAP (SEE TEXT) 
4 - 39 HOLD 
5 -38 HLDA 
10 

1 

19 

20 

L_ _____ J 

Fig 1-This circuit lets you substitute the Z80-like NSC800 for an 8085 µP and thereby obtain a system that can develop and run Z80 
software. 
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DESIGN IDEAS 

Simpson's rule solves double integrals 

A Cameron 
Defence Research Centre, Adelaide, SA, 
Australia 

Although one generally uses Simpson's rule to approxi­
mate single integrals, you can extend the technique for 
use in solving double integrals. The C language routine 
of Listing 1 contains the required algorithm plus an 
example, demonstrating that you can apply Simpson's 
rule to certain complex double integrals that would 
normally require the application of numerical tech­
niques. In addition, the technique applies equally well 
to integrals of a higher order. 

You can obtain the algorithm by substituting the 
standard Simpson integration formula, 

i=I i= I 

for the double integral's inner integral. Reapplying 
Simpson's rule to the outer integral allows you to 
express the original integral equation in algebraic 
terms. After further simplification, it should be appar­
ent that this technique consists of an integration along 

one axis for each interval on the orthogonal axis, 
followed by an application of Simpson's rule on t he 
accumulated results along the or thogonal axis. 

If Sx(y0 ) represents Simpson's r ule applied along the 
x-axis as a function of the position Yn on the y-axis, then 

h *h 
SIMPSON = T (Sx(Yo) + Sx(Yn) + 4*Sx(Y1) 

+ 2*Sx(Y2) . . . etc), 

where hx and hv represent the increments between 
steps: 

h=(upper limit-lower limit)/(number of steps). 

The example in Listing 1 is a partial solution for the 
total radiated power through a hemispherical surface . 
Two quarter-wavelength monopole antennas, sepa­
rated by a quarter wavelength and fed by signals that 
are out of phase by a quarter wavelength, are t he 
source of the radiated power. (The result should be 
3.829042.) EDN 

LISTING 1-C LANGUAGE ROUTINE 

38 

/*-------------------------------------
Simpson integration technique for 
evaluating double integrals. 

---------------------------------------*/ 
!include "math. h " 

float fxy[lOO][lOO],fy[lOO); 
float pi; 
m·ain () { 

float f (); 
float llx,lly,ulx,uly,x,y; 
float hx,hy,ef,of,simpson; 
int nosx,nosy,i,j; 

/*---------------------------------------
Simpson integration constants. 

nos - > number of strips 
ul - > upper limit of integration 
11 - > lower limit of integration 
h - > incremental value per stri p 

-------------------------------------------*/ 
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/* 

DESIGN IDEAS 
LISTING 1-C LANGUAGE ROUTINE (Continued) 

pi=J.1415926; 
nosx=30; nosy=40; 
llx=O.le-S;lly=O.le-8; 
ulx=pi; uly=2.0*pi; 
hx=(ulx-llx)/nosx; 
hy=(uly-lly)/nosy; 

printf (" \n\nDouble integration parameters= \n"); 
printf (" Step size hx and hy: %f,%f\n",hx,hy); 
printf (" Number of steps(x,y): %d,%d\n\n",nosx,nosy); 

Calculate all the points within the 
integration region. 

*/ 

/* 

for (j=O; j <=nosy; j++) { 

J 

for (i=O; i <= nosx; i++) 
x = hx*i+llx; 
y = hy*j+lly; 
fxy[i][j] = f(x,y); 

Now perform a Simpson integration along 
the x axis and accumulate results using 
the y axis variable as an index. 

*/ 

/* 

for (j=O; j <=nosy; j++) { 
of=fxy[l][j]; 
ef=O.O; 
for (i=2; i <= nosx-2; i += 2) { 

ef += fxy[i][j]; 
of+= fxy[i+l][j]; 

} 
fy[j]=fxy[O][j]+fxy[nosx][j]+2.0*ef+4.0*of; 

Lastly perform Simpson integration 
along the y axis. 

*/ 

/* 

of=fy[l]; 
ef=O.O; 
for (j=2; j <= nosy-2; j += 2) { 

ef += fy[j]; 
of+= fy[j+l]; 

simpson = (hx*hy/9.0)*(fy[O]+fy[nosy]+2.0*ef+4.0*of); 

printf("Result = %f\n\n",simpson); 

Enter the function to be integrated here. 
*/ 
float f(x,yl float x,y; 
double xd,yd,zd,zdl; 

xd = x; yd = y; 
zd = pi*cos(xd)/2.0; 
zd = cos ( zd) ; 
zdl = pi*(l.O-sin(xd)*cos(yd))/4.0; 
zd 1 = cos ( zd 1 ) ; 
zd = zd*zdl; 
zd = pow(zd,2.0)/sin(xd); 
return ( fabs(zd) ); 
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DESIGN lDEAS 

Bidirectional tachometer offers low error 

R L Dave 
P DO, Muscat, Sultanate of Oman 

The inexpensive circuit of Fig 1 lets you sense or control 
shaft rotation. In addition, it provides a tachometer 

output that tracks bidirectional rotation without error 
(except the ± lh-count uncertainty common to digital 
circuits, that is, TI RIP, where R equals the radius of the 
encoder disk and P equals pulses/revolution). 

Photosensors A and B produce quadrature square 

B D o, 
A CK 

1c,. 
140138 

R 

ICSA 1c, •. IC1e 
140728 4009 

A D 
02 IC1e 

9 CK I Cu 
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Jl A 0 

9 
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I Ca IC10A A CK 140719 
R v• v• 

A D o, 0 0 

B 
IC2e 

CK ICse 
R s R 140739 I Co 

ICse 
140139 v• 

9 D Os 
IC111 

IC3• 145369 
A CK 

R ICse IC1e. IC1F 
IC1oe 140729 4009 

140719 

A D Os RESET 
POWER-ON 

IC3e Jl 
RESET 

9 CK 
R IC12 

140709 

A 
~ 

9 9 D 01 1c .. 
A CK A(±) B 

R 

A 

A D 9 1c,. Os 
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JL 

Fig I-This circuit converts the incremental shaft encoder's photosensor outputs A and B to bidirectional tachometer outputs F (forward) 
and R (reverse). 
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uces 
the first choppeNtabilized op amp 
to include on-chip sample-and­
hold capacitors and superior 
performance. The LTClOSO. 

Our no-hassle , low-cost 
chopper amp is as easy to use as a 
741. And with two caps on board, 
you eliminate space-hogging 
demands for large value capacitors 
required by other choppers. 

The LTC1050 offers plenty 
of features to leave the competition 
in its dust. Guaranteed maximum 
offset voltage of 5µV. Maximum 
offset voltage drift of 0.05µV/ °C 
over the full military temperature 
range. Typical DC to lOHz noise 
voltage is 1.6 µV p-p (guaranteed 
on the ''..\"version). And a typical 
voltage gain of 160dB. 

Our chopper amp features 
a slew rate of 4V/µsec., and a 
gain bandwidth product of 
2.SMHz achieved with only lmA 
of supply current. 

Overload recovery times from 
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Single Supply Thermocouple Am pl if ier 

2 

-= 
K 

7 

LT1025A 

4 

-= 

0.11-'F 

TYPE K 

-= 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

CIRCLE NO 171 

~litlonl.-e 
tively (and thats about 100 ti 
better than performance offered by 
chopper amps using external capac­
itors). Pin 5 is an optional external 
clock input ideal for synchronization. 

Typical LTCIOSO applications 
include: thermocouple amplifiers, 
electronic scales, medical instru­
mentation , strain gauge amplifiers. 
and high-resolution data acquisition 
systems. And our chopper plugs 
into the 7650 amp socket , so you 
can throw the capacitors away. 

The LTCJOSO is available in 
both military and commercial ver­
sions. This includes standard 8-pin 
plastic , SO (small surface mount), 
or ceramic DIP configurations. 
Pricing starts at $2.25 each in quan­
tities of 100 up (and a lot less in 
10,000 piece lots). 

Get your design on a fast track 
with our low-noise, high-perform­
ance chopper amp. For details con­
tact Linear Technology Corporation , 
1630 McCarthy Blvd., Milpitas , 
CA 95035. Or call 800-637-5545. 
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DESIGN IDEAS 
waves (Fig 2) as the encoder disk (F ig 1) turns. 
Direction-sense latches IC1 through IC4 respond to the 
eight possible states of A and B, causing the OR gates 
IC5A and IC5B to identify forward (F) or reverse (R) 
rotation. The 3-input AND gates IC8A and IC88 provide 
tachometer pulse-count outputs proportional to the 
forward or reverse rpm. 

IC9 provides resets to the IC6 latches. IC10 combines 

A 

B 

these reset pulses to provide a reset to the eight input 
latches for every change in the state of waveforms A 
and B, which ensures that the circuit is always ready to 
detect a change in the direction of rotation. EDN 

a, oao.01 a. a. a, Oe010sOsOe Oe Oe Os Os0,01 04 Q40sOs 

~~~6~TS OF I I I I I I I I I I I I I 11 1111111111111 11111111 11111 111111111 

ICsA -0 

ICse-0 

RESET 

F(ICeA) 

R(ICea) 

(a) 

A 

B 

ICsa -0 

RESET 

(b) 

111111 1111111 11 11111111111111111111111111111 I I I I I I 

REVERSE DIRECTION OF ROTATION 
F: FORWARD 
R: REVERSE 

Fig 2-These waveforms (a) illustrate the operation of Fig J. The expanded traces (b) offer greater clarity . 
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DESIGN IDEAS 

Circuit deletes power-line cycles 

Steve Ross 
Kentrox Industries, Portland, OR 

The circuit of Fig 1 is useful in testing the response of 
equipment to a momentary loss of power. Each time you 

":" 
100k 

12/120V ac 100. •12 W 
LOAD- AT 100 mA 

~~;:~~~~II COAO 

HALF CYCLE CLOSED 
WHOLE CYCLE: OPEN 

9V 

3 

- K, + 
CRYDOM 

D1225 

2 4 

depress the normally on start switch , the circuit deletes 
zero to seven full or half cycles from the line voltage 
applied to the load. You can create various load-voltage 
waveforms by appropriate settings of the 8-pole DIP 
switch. 

9V 
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D rc3RAYHILL -- S1 S2 S3 S, Ss S& S1 
1 Ng14 I 76PS808S 
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Fig /-This circuit deletes a sequence of whole or half cycles from the line voltage applied to the load according to a 7-cycle pattern that you 
program using the DIP switch's sections S, through Ss. 
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Harris ~rantees performance of its 
rad-hara circuits. Looking for the best protec­
tion for your systems? Come to the most specified 
source for military rad-hard I Cs ... Harris. 

Our technology credentials span more than 
two and a half decades of programs, from 
Minuteman and Polaris to Trident II. Soon SDI. 

The only way to stay a leader in rad-hard and 
hi-rel circuits is to know where technology has 
been, and where it's going. Our know-how shows 
through ... from more progress in new isolation 
technologies like Silicon-On-Insulator to continued 
advances in tapping the inherent speed of GaAs. 

Your job's not finished so neither is ours. 
© 1988, Harris Corporation 

Count on us for the rad-hard military and commer­
cial range ASICs you need to keep your systems at 
peak performance. 

Our Rad-Hard/Hi-Rel Data Book tells the 
whole story of our products and processes. To order 
your copy, call Harris Semiconductor 1!11111.11!1 
Custom Integrated Circuits Division. 
In the U.S.: 1-800-4-HARRIS, Ext. 1905. 
In canada: 1-800-344-2444, Ext. 1905. 

~ HARRIS 
\&J SEMICONDUCTOR SECTOR 
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DESIGN IDEAS 
The simple full-wave rectifier (diodes D2 and D:i) 

supplies about 9V to the logic ICs. Diodes D1 and D4 
also rectify the stepped-down line voltage and apply 
alternate half cycles to the Schmitt-trigger inverters in 
IC1 . The inverters square these half-sinusoidal wave­
forms, and diodes D5 and D(; constitute an OR gate that 
combines the inverter outputs for use as a clock signal 
to IC2 and IGi. 

Section s~ of the DIP switch determines whether the 
circuit deletes half or full cycles. The remaining sections 
(S1 through S7) determine the number and serial posi­
tion of the cycles deleted. Shift register IC2 converts 
the information in these sections to a serial bit stream, 
which controls the solid-state relay K1 via flip-flop IGiA· 

(a) 

(c) 

(An open switch deletes a full or half cycle by opening 
the relay, removing line voltage from the load during 
that period.) 

In each scope photo of Fig 2, the top traces show the 
load voltage (which you measure at the monitor termi­
nal ,) and the bottom traces show the corresponding 
control voltage for the solid-state relay K1 (which you 
measure at IGiA, pin 2). You trigger the scope on the 
falling voltage (IC3, pins 6 and 8), which you create by 
activating the start button. EDN 

(b) 

(d) 

Fig 2-The top traces in these photos show the load-volta,qe waveforms, following activation of I.he start switch, for various settings of the 
DIP switch: With S , ope11 a11d all others closed, 011 e half cycle is deleted (a); with all switches open , sevenfnll cycles are deleted (b); with either 
S,, S,, S;, and S,, open or S,, S.:. and S,, ope11, two alternatefiill cycles are deleted (c); and with all switches ope11 except S,, threefnll cycles on 
either side of a si11gle fill/ cycle are deleted ( d) . , 
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DESIGN IDEAS 

Thermistor bridge senses air flow 

Larry G Smeins 
Hewlett Packard Co , Loveland, CO 

Using the thermistor-bridge circuit shown in Fig 1, you 
can detect system-cooling air losses caused by filter or 
inlet blockage or fan failure. One thermistor is mounted 
directly in the air flow; the other is baffled. The exposed 
thermistor senses the temperature in the cooling sys­
tem; the baffled thermistor senses the ambient temper­
ature in still air. As long as the thermistors are at 
different temperatures, the bridge stays unbalanced, 
and the circuit produces a logical high, indicating that 
the cooling system is working. If the air flow stops, the 
exposed thermistor will reach ambient temperature, 
the bridge will become balanced, and the circuit will 
indicate ventilation-system failure by producing a logi­
cal low. 

The bridge circuit's matched thermistors are biased 

THERMISTOR 
YSI 44007 

OR EQUIVALENT 

10k 

50k 

r 
I 
I 

THERMISTOR L 
YSI 44007 
OR EQUIVALENT 

100k 

100 

.., 
I 
I 

_J 

100k 

100 

5V 

10M 

50k 

- 15V 

Fig 1-Using this thermistor-bridge circuit, you can detect the loss 
of system-cooling air ca.used by filter or inlet blockage or fan failure. 
As long as the thermistors are at diff erent temperatures, the bridge 
stays unbalanced, and the circuit produces a logical high, indicating 
that the cooling system is working. 
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THERMISTOR MOUNTING ON PC BOARD 

NOTE: POSTS A, B, C, AND D ARE 3/8 IN. TALL 

L-SHAPED 
ALUMINUM PIECE 

THERMISTOR 
BEAD 

OPEN AREA CLOSED AREA 

ft~ ... (\. - .,, 

11 II 
I I II 

AIR-FLOW BAFFLING: 
AIR FLOW INTO PAGE 

ALUMINUM BAFFLE 
MOUNTED FLUSH 
WITH PC BOARD 

Fig 2-Mount the thermistors on a pc board and baffle one thermis­
tor with an aluminum can mounted tightly to the board. The baffle 
removes one thermistor from the system-cooling air flow, keeping the 
thermistor at ambient temperature. The long leads maximize the 
thermistors' thermal isolation. 

by matched-current sources. Two LMlOC operational 
amplifiers act as constant-current sources, and an 
LM311 comparator senses the difference between the 
voltage drops across the thermistors, producing the 
logical high when the bridge is unbalanced and the 
logical low when the bridge is balanced. You use a 
20-k!l potentiometer to set the comparator's threshold; 
this setting determines the minimum air flow that will 
cause the circuit to produce a logical high. Fig 2 shows 
how you can mount and baffle the thermistors. Note the 
thermistors' long leads; they maximize the devices' 
thermal isolation. 

By replacing Fig l's comparator with a differential 
amplifier, you can build a circuit that measures the 
system-cooling air flow. Because only one of the ther­
mistors is mounted in moving air, the . different ial 
amplifier's output is proportional to the air velocity. 
Using a given thermistor/bias combination, you can 
derive a calibration chart for voltage output vs air flow. 
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TWORUSONS 
TO INVEST IN SONY 
6/8·Bli 20·MHz 

A/ D CONVERTERS. 

MILD CLIMATE. 

power dissipation. 
(70 mW, 6 bit) 

REAL ESTATE. 

SOP package. DIP package. 

48 

Looking for design advan­
tages? You'll find them throughout 
Sony's newly e~anded 20-MHz 
AID converter line. 

For starters, ultra-low power 
dissipation helps keep your 
designs cool. Via our low-power 
ECL-3 and CMOS processes, 
we offer 8-bit models with 90-mW 
dissipation. 6-bit models with 
70-mW dissipation. Plus there's 
our popular CXA 1096, and all­
new CXA 1296-offering 100% pin 
compatibility and performance 
of TRW's TDC 1048, yet just 25% 
its dissipation. 

Next, miniature packages 
help you meet the demand for 
denser designs. You'll find all­
new SOP (surface mount) packag­
ing available with nearly all 
models, as well as standard 
DIP packagin~. 

And if you re wondering 
about availability and pricing, 
wonder no more. Sony 20-MHz 
AID converters are shipping 
now in large quantities. At very 
competitive prices. 

All backed by the quali~ 
reliability and responsive service 
you expect from any Sony product. 

SONY'S EXPANDED 20-MHz 
A/D CONVERTER LINE. 

MODEL TECH- POWER 
BITS NOLOGY DISSIPATION PACKAGE 

CXD 1172P 6 CMOS 70mW DIP 
CXD 1172M 6 CMOS 70mW SOP 

CXD 1175P 8 CMOS 9DmW DIP 
CXD 1175M 8 CMOS 90mW SOP 

CXA 1096P 8 BIPOLAR 350mW DIP 
CXA 1096M 8 BIPOLAR 350mW SOP 

CXA 1296P* 8 BIPOLAR 350mW DIP 

*100% pin compatible with TRW's TDC 1048. 

So gain the design advantage. 
With one of the most complete 
20-MHz AID converter selections 
anywhere. 

Sony's. 
For more information, call 

(714) 229-4197 today. Or write 
Sony Corporation of America, 
Component Products Division, 
10833 Valley View St., Cypress, 
CA 90630, Attn: Semiconductor 
Sales. FAX (714) 229-4271. 

Sony is a registered trademark of Sony 
Corporation. 
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DESIGN IDEAS 

Fortran program calculates op-amp noise 

James S Taylor 
James S Taylor & A ssociates, Fairborn , OH 

Calculating the input-referred noise of an op-amp cir­
cuit isn't difficult, but making this calculation for sever­
al different op amps, over different bandwidths and for 
different circuit configurations, can become a chore. 
Listing 1 is a Microsoft Fortran program that simplifies 
this task. It computes the total input-referred noise for 
an op-amp circuit (based on the test circuit of Fig 1), is 
flexible enough to handle a range of options, and runs 
on IBM PCs and compatibles. 

The program prompts you for the external resistor 

EoUT 

Fig I-The program of Listing 1 calculates the total circuit noise 
referred to the input of the op amp for this noninverting-gain 
config'llration. 

values and such op-amp noise parameters as noise­
voltage and noise-current densities (Listing 2). (For 
those parameters, use a frequency well above the op 
amp's noise-corner frequency-I kHz, for example. ) 

Listing 2 also includes an example of Listing l's 
output for the OP-27A op amp. The program presents 
the data inputs and the output on your CRT screen for 
verification before printing. Boltzmann's constant and 
the absolute temperature are listed in separate data 
statements, so you can easily modify the program to 
calculate the resistor's thermal noise at different tem­
peratures. EDN 
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LISTING 1-CALCULATION OF OP-AMP NOISE 
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AC circuit breaker has adjustable threshold 

Kurt French 
CF Electronics Inc, Cammack, NY 

Protecting sensitive electronic equipment from ac over­
current conditions in the 100 to 300% range often 
proves to be difficult. At 125% of rated current, for 
example, a so-called "fast-acting" breaker probably 
won't trip at all (Fig 1), and a fast-acting fuse takes 
about 10 sec to blow. The fuse will blow in 0.02 sec at 
300% of rated current, but damage can occur at that 
current level. The fast-acting breaker requires nearly 
700% of rated current to respond in 0.02 sec. 

The adjustable circuit breaker shown in Fig 2 re­
sponds in 0.02 sec under all conditions (provided you 
select a fast relay for K1). For moderate overload 
conditions, then, it's preferable to the fuse or the 
fast-acting breaker. The toroid transformer (T1) senses 
ac load current and produces an ac signal at the wiper 

10,000 

1000 

100 

TRIP TIME 
10 

(SEC) 
1.0 

0 .1 

0.02 
O.D1 

0.001 
0 

FAST-ACTING 
FUSE 

100 200 300 400 500 600 700 

PERCENT OF RATED CURRENT 

Fig I-The adjustable ac circuit breaker shoum in Fig 2 is faster 
than a so-called "fast-acting" circuit breaker or a fuse under moder­
ate overload conditions . 
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1k 

AC 
HOT 

a, 
2N6348 

Fig 2-This ac circuit breaker features an adjustable trip point, high speed, and a fast relay controlled by an optically isolated triac. If you 
need additional protection for heavy overload conditions, you can connect a fast-acting fuse . 
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of R1 when switch 83 is closed. Diode D1 rectifies this 
signal to produce a positive voltage at the test point 
(TP1). Because R1 allows you to calibrate this voltage, 
the circuit accommodates a variety of current-sense 
transformers. 

To calibrate the trip threshold, you apply the maxi­
mum expected overload and adjust R1 until the TP1 

voltage is 0. 7V below the positive saturation level for 
IC1. Then you adjust R4 for the desired trip point. To 
reset the circuit breaker after it has tripped, you must 
open S1 or 82. EDtl 

Reconstruct missing sync pulses for VCR 

James A Work Jr, 
Syntex Corp, Palo Alto, CA 

By using Fig l's circuit, you can reconstruct the 
equalizing and vertical pulses that are often lost when a 
VCR (a Panasonic NV-8950, in this case) is in the pa~5e 
or slow-motion mode. Without these pulses, the VCR's 
digitizer loses its sync at the top of the frame, causing 
horizontal distortion and instability (flag waving) at the 

COMPOSITE-VIDEO 
INPUT 

0.0126µF 

top of the digitized picture. 
The circuit reconstructs the equalizing-pulse and 

vertical-sync-pulse intervals with compensating pulses. 
Switch S1 selects normal-speed sync (circuit bypass) or 
slow-speed sync (circuit in line). Fig 2 shows the 
waveforms at various points in the circuit. The compa­
rator IC 1 picks off (via pin 7) the composite-sync infor­
mation from the bottom of the composite video signal. 
One-shot IC2A and type D flip-flop IC3 form a pulse-

SETS 
1k PULSE 

SV .,__...__AN'- WIDTH 

NORMAL-SPEED SV 

4 ~......--" 
\,..j.----i~- s, 

74LS86 

SYNC 

SLOW-SPEED 
SYNC -;-

REMOVES 
COMPENSATION 
PULSE SV 

18.2k 

12 

CONTROLS 
PEDESTAL 
INVERSION 

Fig /-Your VCR won't lose sync i11 the panse or s/ow-111otio11 111odes when you use this cirwit to restore the missing sync pulses. 
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What's Missing 
in this LCD Photo? 

~·JindotJs! 

* 5• . ..i. CMOS 

C'::t 325 

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

The CY325 LCD Windows 
Controller Chip 

lets you specify any of 250 built-in 
windows, or create your own with a 

single command; manage text and graphics 
with automatic cursor control; wrap or scroll 

text with window relative pixel plotting and 
clipping; read an ND and write the waveform 

into the window; drive up to 6 I/O pins with logic 
waves, or use the 'soft-key' feature of the CY325 for 

menu management. 

Answer: 
Motion is missing in each of the windows in the photo. 
Text actually scrolls up in the top left window above, and: 

Logic wave forms flow 
right to left. 

Two actions here! Counter 
counts and sine wave 
advances! 

Boy and girl wink, smile, 
and flirt in this window. 

Pseudo random patterns 
change continuously. ::;~ I-JI: ··:111:. ·::n 

-- • •:111: 

The next move is yours -
Write or call today for information on the CY325 LCD 
Windows Controller Chip. Only $75 each ($20/1000). 

Cybernetic Micro Systems 
Box 3000 • San Gregorio , CA 94074 
(415) 726-3000 •Telex: 910-350-5842 

CIRCLE NO 176 

DESIGN IDEAS 

WAVEFORM 

INPUT ITl ______ ~I II I I I I I 

IC,_ PIN 5 Jlk_NOT_E ----

IC7 , PIN 3 

IC,. PIN 6 __ ....._I _,_I ...... l_.l_.l_Jl._l._._I .._I .._I ------

IC8 , PIN4 

OUTPUT 

ITU I 11111111 
ITUI 1111111111111111 
r--------- TIME-------+-

NOTE: ADJUST POTENTIOMETER 
AT IC28 TO REMOVE THIS PULSE. 

Fig 2-These waveforms show how Fig J's circuit reconstructs the 
missing sync pulses. 

width detector that ignores pulses longer than 6 µsec. 
Because the horizontal-sync pulses are 4. 77 µsec long, 
the pulse-width detector (pin 5 of IC3) changes state 
only when it sees the recorder's vertical-blanking ped­
estal. AND-gate IC1A and 1-shot IC28 shut off the 
pulse-width detector, IC1's pin-3 output. Another 
I-shot, IC6s, defines the first equalizing period before 
the vertical-sync-pulse interval via its output to pin 2 of 
XOR-gate ICsA· 

Phase-locked loop ICs generates the compensation 
pulses. A type JK flip-flop, IC4A, divides the horizontal­
sync rate by two because the PLL's VCO must have a 
50% duty cycle to track its input frequency properly. 
The VCO runs at twice the horizontal-sync rate (the 
compensation-pulse rate); IC4s divides the feedback by 
four to match the PLL's input frequency. The capaci­
tors across the PLL's pins 12 and 13 and the 50-k!l 
potentiometer across its pins 4 and 5 tune the VCO; the 
1-µF capacitors across pins 4 and 5 form the loop filter. 
The 10-k!l potentiometer, connected from 5V to 
ground, sets the VCO's tracking range via pin 2. When 
IC2A and IC3 detect the vertical-blanking pedestal, IC3 

switches Q1 on, pulling pin 2 of the PLL to ground. This 
causes the VCO.to run open loop at the compensation­
pulse rate for the duration of the vertical-blanking 
pedestal. 

One-shot IC6A provides the 4.45-µsec compensation 
pulses; IC78 gates these. Although RS-170 calls for 
2.54-µsec pulses during the equalizing-pulse intervals 
and 4.45-µsec pulses during the vertical-sync-pulse 
intervals, the 4.45-µsec pulses prove satisfactory for 
both. 

ICsA XORs the original composite-sync signal and the 
equalizing-pulse output from IC6s to provide the enve­
lope for the desired waveform at pin 4 of ICs. This 
envelope is XORed with the gated pulse train from IC78 

to produce the final composite-sync signal at pin 6 of 
ICss. You can feed this signal to the digitizer's compos­
ite-sync input or combine it with the original video and 
send it to the composite video input. EDll 
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Feedforward amplifier reduces distortion 

Michael Ellis 
Scientific Atlanta, Norcross, GA 

You can employ feedforward techniques to reduce dis­
tortion in wideband RF amplifiers; the audio amplifier 
in Fig 1 illustrates the feedforward principle, even 
though feedforward techniques offer no significant ad­
vantage in the audio-frequency range. (Both feedfor­
ward and feedback techniques reduce distortion in 
amplifiers, but each approach carries a distinct penalty. 
Feedback loops are subject to instability, whereas 
feedforward amplifiers are inherently stable but re­
quire an additional error amplifier.) 

In Fig 1, the main amplifier has a gain of 10, but it 
introduces some distortion (D) in the amplification 
process. This component appears at the error amplifi-

100k 

V1N u---· 

10k 

er's output ( - D), but the signal components cancel at 
that amplifier's summing junction. In turn, the distor­
tion component cancels in the output voltage divider, 
leaving the desired output of - lOVIN. 

The f eedforward technique allows amplification at 
RF frequencies without stability problems. In an RF 
amplifier, a directional coupler replaces the output 
10-kn/10-kO divider. The coupler cancels the distortion 
while maintaining a 500 (or 750) output impedance. 
CATV amplifiers use feedforward techniques, for ex­
ample, to transmit 60 TV channels (54 to 450 MHz and 
higher) for 30 miles. EDN 

100k Vour ( - 10V1N) 

- 0 

-:- ERROR AMPLIFIER 

Fig 1-A feedforward error amplifier provides cancellation of the main amplifier's distortion products (DJ while preserving the desired 
( - 10V1NJ output. 

Variable-gain amplifier uses matched FETs 

Burton S Abrams and Daniel R Frey 
Zeger-Abrams Inc, Glenside, PA 

A FET can vary the gain of an amplifier by serving as a 
variable-resistance element, but because the FET's 
pinch-off voltage varies with temperature and from 
unit to unit, the control voltage for a particular gain is 
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not fixed. In Fig 1, though, a given control voltage 
V c oNTROL produces the same channel resistance in the 
gain-control FET Qrn for different FET pairs regard­
less of any variation in their parameters. 

The lower circuit (IC2) is a generalized inverting 
amplifier whose de gain varies inversely with the 
channel resistance of Qrn. The top half of the circuit 
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The real challenge 
is to keep it busy 
for that long. 

Eight years is a long time, more than 70,000 hours to be exact. In computer ~generations. 
And the simple truth is, it's hard to come up with a hardware application that won't be Obsolete tong before 
then. So why did we bother to create a computer monitor with a mean time between failure (MTBF) rating 
in excess of eight years of continual operation? Because we wanted to hold down the ultimate cost of 
ownership. By reducing failures in the field, we reduce service calls, warranty claims and customer 
complaints. Besides, we enjoyed the challenge. Now, it's your turn. For complete details on one of the 
most reliable lines of CRT displays the world has ever seen, call I 1 a 'I o·ISplayTEK 
DisplayTEK. 1355 Holmes Road, Elgin.,ll {312) 931-2100. 
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CIC1) generates a gate-to-source voltage for master 
FET Q1A that applies to the slave FET Qrn as well. 

You apply the negative voltage V coNTROL to set a 
constant current through R1 that flows into the source 
of QiA· Op amp IC1 adjusts Qi/s gate voltage to accom­
modate this current. Because the small positive voltage 
V BIAS is fixed, Q1A's channel resistance must always 
assume the same value in response to a given value of 
V c oNTROL· And because Qrn is a closely matched FET 

INPUT 
SIGNAL 

o .. 
'h2N3954 
(SLAVE) 

FEEDBACK 
NETWORK 

Fig I-You use the negative voltage Vrn,vr1w1, to set this a111p/(11er's 
gaiu . Th e 111atched dna/-FET circnit e11 snres that a gi ven gain is 
1m a.ffected by th e use of d~ffere11t FET pairs or by th e ej(ect of 
te111perat11re on F ET parn111eters. 

VcONTAOl. 

3.9k 
15V 

a,. 
1h 2N3954 

50 

":' 
R, 

10k 
":' 

R, 
10k 

a,, 
'h 2N3954 

INPUT 
SIGNAL 

4.7k 

300 

1 N4148s 

":' ":' 

with the same gate-source voltage, it will assume the 
same channel resistance as Qrn. 

V BIAS should be much smaller than the FET's pinch­
off voltage so that the FET will not operate in its 
saturation region. And R1 must be large enough to 
avoid demanding a lower resistance than Q1A can pro­
vide. 

The circuit in Fig 2 includes additional refinements 
that compensate for other undesirable characteristics of 
Qrn. Qrn's resistance is not only a function of gate-to­
source voltage but of drain-to-source voltage as well, 
which varies with the input signal. The resulting out­
put nonlinearity becomes more pronounced with an 
increasing signal level. In a familiar approach, the 
10-kO resistors R1 and R:! mitigate this effect by apply­
ing about half the signal voltage to Qrn's gate bias 
voltage. 

R1 and R~ also divide in half the gate voltage applied 
to Qrn by the output of IC1, so R: and R.1 are added to 
reduce Q1 A's gate voltage by the same amount. Still, 
signal distortion is noticeable when Qrn's resistance is 
high. A diode-resistor network shunts Q11: to compen­
sate for this distortion at the expense of gain-control 
range. The circuit provides a 20-dB gain-control range 
for ±IV-max input signals, and it exhibits a maximum 
7% output distortion-sufficient for use as an integra­
tor within a phase-locked loop, for example. EDN 

":' 

1k 

GAIN-CONTROLLED 
OUTPUT SIGNAL 

":' 

Fig 2-This circuit is .~imilar to that of Fig 1, bnt it incl ndes re.f111e111e·11ts that com pe11satef or signal dislortio11 cansed by high FET resistance 
mid for dis lortio11 caused by varying drai11 -to-sonrce voltage. 
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Frequency divider generates 50°/o duty cycle 

Andrzej Partyka 
Adernco, Syosset, NY 

Fig 1 is the general representation of a digital frequen­
cy divider that divides by any odd number (M =2N -1) 
and always produces an output with a symmetrical 
duty cycle. (The duty cycle for an ideal waveform is 
t1 / (tL+tH)=t1/ T, where L and H refer to the low and 
high portions of the waveform, and Tis the period). The 
duty cycle of the divide-by-N circuit's output can range 
from 1/2N to (l -1/2N). 

Fig 2a shows the same divider circuit for the case 
M =3 (and therefore N =2). Because the duration of 

THE TOTAL DIVISION RATIO IS M = 2N-1 

N M 

2 3 

4 
5 

ETC 

5 

O Vour 

Pig I-By choosing an appropriate value for N, you can divide the 

each half period at VouT is 11/z CLK periods, one output 
period equals three input periods. Note that you can 
simplify some applications by using the Q outputs for 
the A and B waveforms (in place of Q). 

To divide by a higher odd number such as 9 (N =5), 
you can use any available divide-by-5 circuit-eg, the 
74XX90 decade counter in Fig 2b. The output duty 
cycle of the internal divide-by-5 circuit will not affect 
the output symmetry of the overall divider. 

By adding an AND gate, you can build a program­
mable circuit that divides by any integer greater than 2 
and produces a symmetrical output (Fig 3). The delay 
through a long divider chain, however, limits the maxi-

Vour 

CONTROL 

N CONTROL DIVISION 

CONTROL H 

I 
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2 H 
2 L 

DIVISION 2N - 1 2N 3 H 
3 L 
4 H 

ETC 

digital CLK freqnency by a desired odd nnmber and obtain a 50% Pig 3--Adding an AND gate lets you program Pig l's circuit for 
output duty cycle. even or odd division. 

IC2 sv 
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OR 

CLK EQUIVALENT 

Q Q D D 
INB NC 

- s 
NC 

CLK NC 

CL Q t--- -A---t> CL Q 1--~ ..... Voour 
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~ 2 12 Vour 
a. 

1c, 10 2 

7 4XX7 4 (DUAL) ..,. 

N= S. M = 2N - 1 = 9 
N= 2. M = 2N - 1 = 3 

I 1 I 2 I 3 I 4 5 I 6 I 7 I 8 I 9 I 

CLK 
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Pig 2-Here, you can see the Pig I circuit's implementation of a divide-by-3 operation (a) and of a divide-by-9 operation ( b). 

56 EDN Design Ideas Special Issue, Vol III 



DESIGN IDEAS 
mum CLK frequency; that is, the sum (tsuM) of the 
propagation delays in the XOR gate, N-divider circuit, 
2-rlivider circuit , and Control gate must be less than 
one-half the CLK period (tcLK/2). 

You can increase the maximum CLK frequency by 
adding a flip-flop (Fig 4). In this configuration, only 
the lower of two constraints Ctrr<trr/2 and 
t n ·+tsuM<(N-1/z)tnK) limits the CLK frequency. A 
circuit using LSTTL logic, for example, imposes a 
5-MHz limit on Fig 3 and a 12.5-MHz limit on Fig 4. 

EDN 

0 CL 

IC, 
FLIP-FLOP 

D t-------<UI 

Vour 

CONTROL 

Fig 4-Adding a flip . flop (IC,) to the Fig 3 circuit enables operation 
at a higher CLK frequency. 

Improve voltage-controlled current source 

Giovanni Stocchino, 
FATME, Rome, Italy 

Although you can use various methods to design volt­
age-controlled current sources, the design you use to 
eliminate one problem can easily lead to other prob­
lems. By using op amps and feedback, though, you can 
build a circuit that furnishes high precision, wide 
output-current range, high ac/dc output impedance, 
good temperature stability, low noise, and high input 
impedance. 

As Fig 1 shows, you can use an emitter follower and 

R,N 
R,e 

various circuit techniques to compensate for the inac­
curacies introduced by parameters such as the transis­
tor's base current and wiring resistance (see "Op amps 
compensate current source," EDN, September 15, 
1983, pg 227). This approach, however, introduces the 
problems of lower input impedance and higher equiva­
lent input-noise-voltage contribution from input resis­
tors RfN . Moreover, the op amp's input-offset current 
produces a temperature-dependent offset voltage 
across RIN that increases the total output-current 
error. Finally, the error introduced by the transistor's 
temperature-dependent input impedance also reduces 

~ + 
VIN 

VIN1 

: LOAD -1 1-~ Rw2 ":' v 1 (Ol'FF) ":' 

r- -, ":' 
I 
I 

REI 

I R1N Rour 
I 

+ 
.... _ _, 

VIN2 Rw1 

1 
RFB 

-:-

(a) 
(b) 

Fig 1-A circuit (a) incorporating several modifications to a basic emitter-follower current source (b) eliminates errors c_aused by wiring 
resistance, common-mode signals, and the transistor's finite base current . However, the modifications introduce offset-current and equivalent 
input-noise errors and give the circuit a low input impedance. 
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THE PRE-CAPMCONNECTOR SYSTEM-A FIBER OPTIC 
CONNECTOR TECHNOLOGY THAT ANSWERS YOUR 
NEEDS FOR HIGH PERFORMANCE AND HIGH YIELD. 

Now you can have consistent per­
formance, high yield, and high re­
liability when you use our precision 
capillary PRE-CAP'" series fiber optic 
connector system. This new-tech­
nology system for glass 
optical fibers includes a 
line of the most com­
mon fiber optic con­
nector designs-SMA 
and ST* types. 

connector series, you get a simplified 
crimp and polish termination in a re­
duced amount of polishing time. The 
unique glass capillary design virtually 
eliminates the risk of over-polishing of 

PRE-CAP" series 
connectors combine a 
durable composite poly­
mer alloy with the preci­
sion tolerance of a glass 
capillary to provide an 
extremely cost-effective 

Passive Couplers Connectors Active Couplers 

connection system. PRE-CAP" the glass fiber because the fiber and 
connectors provide superior alignment capillary are uniformly polished as 
while matching the thermal stability of one. This uniform polishing means 
the glass fiber. faster installation without sacrificing 

And, that's not all. With the PRE-CAP" the quality of the connection. 
*Trademark of AT&T Technologies. 

Both the SMA and ST types are 
highly suitable for manual or auto­
mated polishing and are adaptable on 
all styles of optical fiber cables. The 
SMA type is compatible with the 905 
connector design, while the ST type 
features a spring-loaded bayonet lock. 

In addition to connectors, the 
PRE-CAP'' connector series includes 
active and passive couplers, easy-to­
use termination tooling, plus standard 
and custom cable assemblies. For 
more information or a demonstration 
of what PRE-CAP" connector tech­
nology can do for you, call or write 
Thomas & Betts Corporation, 
Electronics Division, 1001 Frontier 
Road, Bridgewater, NJ 08807, 
(201) 685-1600. 

To get literature immediately call: 

1-800-344-4 7 44 

Thomas&Betts 
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DESIGN IDEAS 

BASE-CURRENT-ERROR CORRECTION CIRCUIT 
le =13 18 s 20 mA 

le= Ip+ 181 /2 + 18' -18 

200 

4.22k 

1., /2 

VeeVs = Rs 

BUX 81 vee\s 500V : 

f VBE a, r------1-I ' B 
IE ":" 

(l e + le,12) + Vos2 

x 
1-X.__.+---4-HOWLAND CURRENT PUMP 

4.22k 4.22k 

NOTES: 
R1 THROUGH R

9 
(EXCEPT POTENTIOMETERS) ARE 1 % TOLERANCE. 

SUPPLY VOLTAGES FOR THE OP AMPS ARE ± 15V. 
FOR a

1
. {3 =25 AT le=25 mA AND AT 25°C. 

O:s X :s . 

Fig 2-This improved voltage-controlled current source almost completely cancels base-current-induced error, has high input and output 
impedances, and features excellent compliance and a wide output range. · · 

circuit accuracy. You can reduce this last error contri­
bution by inserting a voltage follower between the 
transistor's base and feedback resistor RFB. 

Fig 2's voltage-controlled-current source uses a tech­
nique that almost completely cancels the error caused 
by the transistor's finite base current. The technique 
neither affects the circuit's input characteristics nor 
increases the error contributions from other sources. 
The circuit consists of the standard op-amp-plus­
transistor current source (Qi and IC1) plus the insertion 
of a base-current error-correction circuit (IC2 and IC3). 
The circuit's output current is given by the expression 

I - VIN 
c - R . 

p 

The circuit corrects the base-current error as fol­
lows. Qi's base current, Is, causes a voltage drop across 
Rs. This drop (lsRs), through noninverting-buffer IC2, 
drives a Howland current pump consisting of IC3 and 
resistors R1 through Rs (see "Improve circuit perfor­
mance with a 1-op-amp current pump," EDN, January 
20, 1983, pg 85). The Howland current pump's output, 

Is= Is., 
is then summed with the transistor's emitter current to 
cancel the emitter current's base-current component 
and thus leaves only the collector-current contribution. 
This process makes the voltage drop across RP and the 
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feedback to IC1 independent of base current. Thus, the 
circuit eliminates the base-current contribution error. 

The expression for Ia' is 

where 

and 

I 
_ Rs I V { R4 + (1 - X) R5 

a- a+ R1 Rs + XRs R2 

_ R3 + XRs} + c + 
R1 - "' - 'Y Is' 

V = Rs;; Is - V BE , 

Rs ls2 1 
E:::; Ri · 2 + IoS3 + Ri (Vos2 + Vo53), 

R6(1 1) 
'Y :s R1 ~ + CMRR ' 

Is = input bias current, 
Ios = input offset current, 

Vos = input offset voltage, 
~ = op amp open-loop gain, 

CMRR = common-mode rejection ratio. 

(1) 

Because the circuit incorporates precision op amps, e 
and 'Y have very"low values; for example, e:s50 nA and 
'Y:s10-s. 
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Things Your Mother Never Told 
You About HV Power Supplies! 

1. Your mother never told you of the many 
advantages of Glassman high voltage 
technology over other design approaches .. . 

2 • Your mother never told you that Glassman 
high voltage power supplies use air as the 
primary insulating medium in their high 
voltage structures. Our field-proven air 
insulation technique provides significant 
weight reduction and eliminates the 
unpleasant things associated with other 
dielectric medium~. 

3 • Your mother never told you that Glassman 
employs the most advanced pulse-width 
modulated circuitry available in high 
voltage power supplies. Its use minimizes 

parts count and reduces complexity as 
compared to other designs. 

4. Your mother never told you when you 
need the most compact high power high 
voltage DC power supplies available, 
Glassman designs ... manufacturers ... and 
delivers them. On time, at competitive prices! 

5. Your mother never told you that Glassman 
has the widest range of high voltage switch­
ers available from .. . 1 watt to 15 kW, 
0-1 kV to 0-600 kV, with unrivaled relia­
bility. All backed by responsive service 
and a three year warranty! 

And just like mother . .. Glassman gives 
you sound advice, loving support , and 
solutions to those problems that seem 
impossible. Don't you owe it to yourself to 
get all the facts on Glassman high voltage 
power supplies? Give us a call. The coffee's 
hot , the apple pie is fresh, and high voltage 
power supplies never were so good! 

Glassman High Voltage Inc. 
Route 22 (East) 
Salem Industrial Park , PO Box 551 
Whitehouse Station , NJ 08889 
Telephone (201)534-9007 
TWX 710-480-2839 
FAX: (201)534-5672 

CIRCLE NO 177 

GLASSMAN HIGH VOLTAGE INC. 
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For the circuit to operate properly, you must use 

low-temperature-coefficient resistors. Also, you have to 
adjust Rs and R1 to meet the following conditions: 

(2) 

and 

R4 + (1 - X) Rs R3 + XRs (3) 
R2 R1 

where 13 is Qi's current gain, and that 

1 
_ (V IN ± V osd 

p - RP ' 

then you can express d, the maximum deviation of the 
circuit's output current le from the ideal value 

I VIN 
p = R;· 

When these conditions are satisfied, Eq 1 reduces to using the expression 

Is· = Is ± E ± y Is 

and the circuit's output current is 

ls1 - ls1 + + le = Ir + 2 + IB' - Is - Ip + 
2 

- E - y Is. 

Bearing in mind that 

l e 
Is = {3• 

(4) 

d = le _ VIN = ± {..1'.' VIN + Vos1 + ls1 + e} (S) 
Rp v {3 RP RP 2 

= ± 5 x 10-s ~; ± 90 nA. 

Note that this expression holds only when the condi­
tions of Eqs 2 and 3 are met. The prototype of this 
circuit has shown an accuracy better that 0. 002% of full 
output (20 mA), with a ±20 mA residual error. EDll 

IC replaces mechanical-interlock switches 

Charles E Murphy 
Elcotel Inc, Sarasota, FL 

As an alternative to mechanical-interlock switches or 
membrane switches with latches, Fig l's circuit de­
bounces, latches, and displays status information for a 
group of eight pushbutton switches in which only one 
switch at a time is active. The circuit's only IC is an 
octal latch. 

Closing any one of the switches turns on transistor Qi 
and discharges capacitor C2• Current through Qi then 
charges C1, causing a positive transition at IC1's CLK 
input (pin 11), which turns on the LED for that switch. 
The LED remains on until you depress another switch. 
Because the. CLK input is edge-triggered and remains 
high until you release all the switches, two or more 
switch closures cannot register at one time unless they 
occur within approximately one millisecond. 

Capacitor C1 provides a delay that debounces each 
switch closure. Capacitor C2 causes Qi to turn on briefly 
at power-up, which produces a pulse at IC/s CLK 
input, ensuring all LEDs are off by latching all ones at 
the Q outputs of IC1. EDll 
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Fig 1-This single-JC circuit debounces a group of eight pushbutton 
switches, latches the last switch closure, and provides an LED 
indicator for the currently active circuit. 
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Burglar-alann circuit uses one chip 

Jacek Bartys 
Alpha, Marco Electronics Div, Krakow, Poland 

The single-chip burglar-alarm circuit shown in Fig 1 
uses a dual 556 timer, draws 10 mA of standby current, 
and generates a pulsing alarm signal that conserves 
battery energy. Once activated, the alarm will remain 

12V 

Rs Rs 
1k 1k 5 

Vee OUT1 

6 
R, TRIG 1 

c, 1M 

100 µF 

'h 556 THR
1 

2 

R, TIMER 
DIS1 

4 RES1 

c. GND cv, 

0.1 µF 7 c, 

s. 10 µF 
47 µF 

- DEFERRED ACTION 

(a) 

ENTRANCE 

TRIG, v v- DOOR OPEN OR CLOSED 

OUT, 
ALARM TIME 

our, 

DELAY FOR DISARMING 

(b) 

on, independent of the subsequent state of any of the 
sensors. The sensors support both deferred and imme­
diate-action modes. You can attach this circuit to your 
car's internal lighting circuitry using a single wire and a 
relay. 

To arm this circuit, you open your car door and close 
switch SA. The switch discharges capacitor C4 and holds 

R, 

R, 
1M 

c, 

10k 

MUL TIVIBRATOR 

13 
DIS2 

12 THR
2 

B TRIG2 

4.7 µF 

1h 556 

RES
2 

our, 

IMMEDIATE 
ACTION 

10k 

10 

9 

0.1 µF 

12V 

Fig I-This burglar-alarm circuit (a) draws JO m A of standby current and generates a pulsing alarm signal that conserves battery energy. 
}'c)I( can connect this circuit to the lighting circuit inside your car using a single wire and a relay. The timing diagram (b) demonstrates that, 
while the timer's output is high, output 2 will cycle, turni11g the horn on and off 
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At 15 nsec, Our SRAMs you pay a power penalty. Their ad-
vanced CMOS technology runs as 

Really Tear Up The Track. low as 340 mW in active mode, 
If you've been wondering where to and 25 mW in standby. Plus they 
find fast SRAMs lately, we _ ,,

0 
feature proprietary Auto 

have good news for you. "'-. . ~~-~ ·~ Powerdown TM circuitry 
Now you can look to ~~~ and 2 volt data 
Logic Devices-the _ ~ """ .. ~- "... retention, 
logical alternative. / ~ .~ making 

Our new family them ideal 
of CMOS SRAMs gives for battery 
you more options for high- backup operation. 
end applications, where you And since these 
have to match fast CPU speeds. parts are plug-compatible with 
They're available in speed catego- industry-standard SRAMs, you 
ries from 15 to 45 nsec. So even have a clear upgrade path to 
your high-performance RISC and higher performance. We've rewed 
32-bit micro designs can forget up production for delivery today, 
about wait states. on all popular organizations, in-

Because these parts just plain eluding 64K x 1, l 6K x 4 and 8K x 8 
haul access. But without making -in a variety of package types. 
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For full details, call us today 
toll free at (800) 851-0767; in 
California, (800) 233-2518. 

ii. PRE L!Mlt.Af.IY 

Or write: Logic Devices, Inc., 628 
East Evelyn Avenue, Sunnyvale, 
CA 94086; Telex 172387. 
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DESIGN IDEAS 
the timer (one half of the 566 IC) in a reset state to 
prevent false triggering while you're arming the cir­
cuit. When you close your car door, the circuit enters a 
standby mode. 

If the door is then reopened, the sensors apply a 
negative-going pulse to trigger 1. Output 1 then goes 
high and stays high, enabling the alarm for 1. lR,C, sec. 
Output l's high state triggers the multivibrator (the 
other half of the 566), which begins to cycle after a 
delay equal to 1. l(R2+ R3)C2 sec. As long as the timer's 
output stays high, the multivibrator will continue to 
cycle, turning the horn off and on at 3.3-sec intervals. 

During the interval between the time that the timer's 
output goes high and the time that the multivibrator's 
output goes low, you can disarm this circuit using 
switch SA. To prevent false triggering caused by switch 
contacts (switches 1, 2, and 3) that may bounce when 
you're closing the door, you should make the R6Ca time 
constant as large as possible. In addition, capacitors C, 
and C2 should be tantalum types and should exhibit 
leakage of less than 1 µA at room temperature. EDll 

Low-power RS-232C driver operates from 5V 

Mark Walczak 
Microcontrol Pty Ltd, Monterey, Australia 

The circuit in Fig 1 draws only 4 mA from a 5V supply 
while driving a standard RS-232C receiver. In contrast, 
a 1488 quad-driver IC draws 10 to 20 mA from each of 
its two supplies. 

The system clock drives a de/de converter that pro­
duces -3.4V. Frequency can range from 0.5 to 8 MHz, 
but a range of 0.5 to 1 MHz will minimize power 

10k 

10k 

SYSTEM CLOCK n---+---- ---l 
1 MHz 

dissipation. The circuit output withstands direct shorts 
to ground or to either of the supplies (±12V max). In 
place of the 74HC04 high-speed CMOS driver shown, 
you may want to substitute miscellaneous spare gates; 
one noninverting buffer, for example, can replace the 
two inverting types that receive the UART signal. 

5V 

4 mA 

2N3906 

330, 
1W 

EDN 

- -.IVV-___ _._ ___ .n RS-232C 

330pF J 

47 

I0.1 µ. F 

OUTPUT 

4.7k 
(TYPICAL RS-232C 
RECEIVER LOAD) 

Fig I-You can build an RS-232C driver using a CMOS IC and three transistors . Power consumption is 20 mW. 
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DON'T GET CAUGHT IN THE 
ASIC SPEED TRAP 

Winning in Design Verification Demands Highest Speed 
And Lowest Elapsed Time. Topaz-V Gives You Both. 

T here's a significant difference 
between test rate and testing time. 
That difference could add hours, 
days or even weeks to your VLSI 
design verification effort. Don't 
be trapped by only comparing 
the obvious. 

The Topaz-V family of 
VLSI Design Verification Systems 
redefines the meaning of 
speed-concentrating on how fast 
it can work for you and your ASIC 
verification requirement. Not 
simply how fast it can run. 

These fifth generation systems 
incorporate the revolutionary, new 
virtual vector memory (V2M) 
architecture. It allows large vector 
sets to be downloaded, edited, and 
actively maintained on line. 'What if' 
analysis takes only seconds; simply 
change the set-up or vector and 
press 'start .' Time-consuming 
recompiles, vector re-downloading, 
and use of multiple vector pages 
are completely eliminated, slashing 
characterization time. Coupled 
with the system's 110 MHz 
test rate, 1.5 V/ns slew rate, 
544 I/O pins, and 0.5 Gigabit per 
second communication interface, 
it will characterize your most 
complex device. 

DIAL 10LL FREE: 
1-800-HILEVEL 

In California, 1-800-541-ASIC 

©Copyright 1988 HILEVEL Technology, Inc. 

The Superior Solution to Prototype Testing, Failure 
Analysis, Quality Assurance, and Low Volume ASIC, 
VHSIC and VLSI Production 

Specify Topaz-V. Thoughtfully 
engineered to satisfy your require­
ments for shorter test time, higher 
speed and greater accuracy. 

Don't be caught in the ASIC 
speed trap. Look beyond the 
obvious. Redefine what speed 
and time really mean to you, and 
to your next new product's time 
to market. 

Demand a demonstration of the 
Topaz-V systems; designed to meet 
your needs for high performance, 
accuracy and throughput into the 
decade of the Nineties. Then 
decide for yourself. 

HI:-==-= - ------- ... ---------TECH N 0 L 0 G Y, INC . 

At The Leading Edge 
of ASIC Verification 

31 Technology Drive 
Irvine, CA 92718 
1714) 727-2100 • FAX 714-727-2101 

CIRCLE NO 179 



1111 
1111 

I 

66 

Expanded Offering 
New product additions to 
Potter & Brumfield's already­
broad line provide you an 
even greater variety of solid 
state products, unmatched in 
the industry. Now you can 
select solid state input/output 
modules and relays with the 
package style, performance 
and features just right for 
your application. 

Input/Output Modules 
Why force your design to fit 
around one or two standard 
configurations? P&B offers 
six different package styles 
for design flexibility. From 
plug-in quad modules to sur­
face-mountable DIP units, our 
optically-isolated 1/0 modules 
provide the options and the 
traditional quality you expect 
from Potter & Brumfield. 

Solid State Relays 
Our new family of chassis 
mount relays can switch from 
milliamps up to 110 amps. 
These relays in our familiar 
"hockey-puck" case offer 
many options you might never 
have imagined in an SSR. 
Zero-voltage or random turn­
on . AC or DC input. Triac or 
paired-SCA switches and one, 
two or even four outputs help 
open the door to your creative 
design. At the other end of the 
spectrum, DIP solid state re­
lays put reliable P&B solid state 
switching of loads up to 1 amp 
right on your printed circuit 
board. And you have a choice 
of conventional or surface 
mount terminals. 

Potter & Brumfield A Siemens company 
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Stock Availability 
Most models are available 
from stock through our na­
tionwide network of author­
ized stocking distributors, 
backed by our extensive fac­
tory inventory. 

Find Out More 
Free literature is yours for the 
asking. Contact us today for 
details on our growing line of 
solid state input/output mod­
ules and relays. Potter & 
Brumfield, A Siemens Com­
pany, 200 South Richland 
Creek Drive , Princeton , 
Indiana 47671-0001 . 

Call toll-free 1-800-255-2550 
for the P&B authorized dis­
tributor, sales representa­
tive or regional sales office 
serving your area. 

8806 
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Amp provides lOOV common-mode range 

Mark Stitt 
Burr-Brown Corp, Tucson, AZ 

The unity-gain amplifier of Fig 1 can reject common­
mode voltages as high as IOOV. For an application that 
does not require galvanic isolation, this circuit is an 
inexpensive alternative to the conventional isolation­
amplifier solution. 

IC1 is a monolithic gain-of-IO_difference amplifier. By 
reversing normal connections to the on-chip resistor 
network, you place 100-kO resistors (instead of the 
10-kO ones) at the amplifier's input, which attenuates 
the normal- and common-mode signals by a factor of 10. 
Then, resistors Ri. R5, and R6 form a T network in the 
feedback path that boosts the normal-mode gain to 
unity. 

Because the addition of R5 and R6 degrades common­
mode rejection by unbalancing the internal resistor 
ratios, you should restore the balqnce by adding about 
1580 (R7) in series with R3• A fixed-value R7 that differs 
by 2% from the T network's equivalent value degrades 
CMR by only a few dB, but note that IC1's CMR is 
already 20 dB below its specified value (100 dB min) 
because the amplifier is operating at a gain of 0.1 
instead of 10. You can improve the CMR by using a 
5000 potentiometer for R7, as shown. 

The differential-gain accuracy is within 2% if you use 
1 % resistors for R5 and R6• Adjusting the RJR5 ratio 
can improve the gain accuracy, but calibration is diffi-

CM RANGE 
=:!: 100V 

r-- - - - - -- ----, 
IC1 I I R, INA 106 R, 

5 100k 10k 2 

R, 
100k 

L__ ___ _ 

3 

I 
I 

___ J 

6 

,-------, IC1 I INA106 
(BURR-BROWN) I 

Ro 
E, 5 2 1.56k 

I 
R, R, 

100k 10k 

Rs 
CM RANGE I 

176 

=o!o 100V 

I ':" 

I 6 
R, 

E, 1 100k 

I 
Eo= E2-E1 

I I 
L_ ___ J 

R, 
500 CMR ADJUST 

(NOMINAL SETTING 
IS 158!!) 

Fig I-This amplifier offers unity gain to E,-E, signals while 
rejecting comrrwn-nwde voltages as high as ±JOOV. 

cult because the gain and CMR adjustments interact. 
You can eliminate this interaction and improve the gain 
accuracy by using the Fig 2 circuit. 

In Fig 2, IC2 preserves IC1's CMR by buffering the 
RJR6 network. Again, IC1's gain-of-0.1 connection re­
duces the guaranteed CMR by 20 dB-to 80 dB min. 
(This CMR estimate is reliable because the IC1 amplifi-

Rs 
1.13k 

GAIN-ADJUST 
NETWORK 
(OPTIONAL) 

1
,--R-, I 

390k 
t------.--+--/Vlr'--~2~~ I 

L__ 

Rs 
10.2k 

_J 

Eo = E2-E1 

Fig 2-Adding an op amp to the Fig J circuit eliminates interaction between the gain-adjust potentiometer and the CMR-adjustment pot (not 
shown) . 
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NO SCHOTTKYs NEEDED 
for computer memories using Cad 
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Gold Bonded 
Germanium Diodes 
FAST DELIVERY 

Schottky Diodes 

COMPETITIVE PRICE & SERVICE 

If you're looking for delivery of small-signal Schottky 
diodes, perhaps it's time to take off the gloves. 

Not Sensitive To Static Discharge 
Operate at Lower Current Level 
Lower Noise 
Higher Reliability 
Lower Power Consumption l~:;;1 11 

••• 11 1 

We manufacture over 200 ditterent Gold Bonded Diodes with 
BKC International inverse current capabil ities for 5 to 250 volts. All of our diodes 
----- -- meet the requirements of MIL·S-19500. For more information 

Electronics Inc. or samples, write or call BKC. 

6 Lake Street, P.O. Box 1436, Lawrence, MA 01841 

Telephone (508) 681-0392 • TeleFax (508) 681 -9135 
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er (distinct from its thin-film resistor network) contrib­
utes only -120 dB of CMR error. Therefore, the 
resistor network is responsible for most of the residual 
CMR error that remains after laser trimming. This 
trim error affects CMR by about the same amount 
whether operating with a gain of 10 or a gain of 0.1.) 

You can improve this circuit's CMR by adding 100 in 
series with R1 (pin 2) and adding a 200 potentiometer 
in series with R3 (pin 3). To adjust CMR, connect the 
inputs and drive them with a 1-kHz square wave whose 
amplitude is in the range from ±lOV to ±lOOV. (A sine 
wave will introduce unwelcome CMR-vs-frequency ef­
fects.) Adjust the 200 pot for a minimum-amplitude 
signal at Eo. 

As before, 1 + Rs/R5 sets the gain. The tolerance on 
this expression plus ±0.01 % (contributed by IC1) deter-

mines the overall gain accuracy. You can improve gain 
accuracy by using higher-precision resistors or by add­
ing the optional gain-adjust network shown (R7 and R8). 

Gain and CMR adjustments don't interact in the Fig 2 
circuit. 

One application for the circuit of Fig 1 or Fig 2 is in 
monitoring high-side load current in a regulator or 
power supply. By connecting the difference amplifier 
across a 10 resistor in series with the supply's output, 
you can interpret the difference amplifier's output as 
one ampere of load current per volt for supply voltages 
in the range from - lOOV to lOOV. EDll 

Op amp provides a current and voltage source 

Scott Wayne 
Analog Devices Inc, Norwood, MA 

You can obtain a controlled source of voltage ( - V R) and 
current (V R/2R) by using a single op amp and four 
transistors (Fig 1). The current and voltage outputs 
track the reference voltage. Moreover, they show little 
variation with temperature because the circuit compen­
sates for changes in the transistors' beta and base­
emitter voltage. For best results, you should use a 
single-chip array for the transistors and another one for 
the R-value resistors. 

Transistors Q1 and Q4 form a current mirror that 
generates 10 by replicating Q1's collector current. To 
calculate V 0 , note that the currents through R, and Ri 
are equal, so the voltage across Ri is V R/2. Similarly, 
the voltages across R: and R4 are equal, because cur­
rents through these resistors are the same. Further, 
the voltage across R4 is V R/2 minus one base-emitter 
voltage (V BE), so Qi's base-collector voltage is also 
V R/2-V BE· Therefore, Q,'s collector-emitter voltage is 
VR/2, and Vo= - V R· 

Without compensation, each transistor's V BE would 
change about -2.2 mV/°C, making Vo vary with temp­
erature. ~ and Q:i prevent this variation by creating a 
temperature-dependent current in Ri that moves the 
base voltage of Q, and Q4 in a direction opposite to the 
change in V BE· 

You should choose the value of R1 and R4 so that the 
collector current of ~ and Q:i will equal the collector 
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c, 
0 .0 1 l'F 

R2 
40k 

A3 
17.4k 

A, 
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1 1 ~ ~ to 2R1 
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40k 

Fig I-This single-op-amp circuit generates temperature-stable 
current- and voltage-source outputs that track the reference voltage 
(VR) . 

current of Q1 and Q4. The matched currents and the 
circuit's symmetry ensure that all betas and collector 
currents will remain equal as temperature varies , 
provided that the transistors are well matched. Capaci­
tor C, reduces output noise by limiting the circuit's 
bandwidth. EDN 
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Custom Linear 
Power in less 
than 10 days and 
it's UL recognized. 
You give us the specs ... and 
we deliver the power you 
want... fast! 

Whether you only need a few watts or hundreds of watts ... our 
linear power supplies deliver the performance to get your system 

up and running fast and the reliability to keep it there. 

Thirty-three standard mechanical configurations and 20,000 
pre-assembled regulator combinations mean low prices and 

delivery in as little as 10 working days. 

And because all our power supplies are built with pre- UL 
recognition, you don't have to worry about our power supplies 

holding up your system UL approval. 

Get the full story on worry free linear power from Xentek. Call or 
write today for our free information package. 

Xentek• 
The Heart of Your System 

760 Shadowridge Drive • Vista, CA 92083 • (619) 727-0940 • TWX: 910-322-1155 • FAX: (619) 727-8926 
XENTEK - the first word in Custom Linear, Standard Linear, Custom and Standard Switchers, Extreme 

Isolation Transformers, Line Conditioners and Custom Military Power Conversion Equipment. 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

NETOPT I NETSIM ANALOG CIRCUIT ANALYSIS 
ANO OPTIMIZATION SOFTWARE 

NETSIM analyzes circuits in both time and frequency do­
mains, performs Monte Carlo , tolerance/worst case analysis 
and extracts poles/zeros and transfer functions . • Produce 
yield estimates and sensitivity analysis of your analog designs 
• NETOPT includes all features of NETSIM and adds sophis­
ticated optimization capabilities • Compensate for circuiU 
device parasitics, generate non-standard responses and 
center designs for maximum yields. • NETSIM is available for 
IBM PC®($850) and VMS®/UNIX®($1700.00)/NETOPT is 
$1995.00 for the PC and $3995.00 for the VMS/UNIX version. 

RLM Research 
P.O. Box 3630, Boulder, CO 80307-3630 

(303) 499-7566 
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,JOll:S BELL 

E:s<a:SEEn1:s<;, I:sc. 

CATALOG #IO 

Free Catalog of DIGITAL and 
ANALOG Interfaces for the IBM­
PC,XT,AT and VME bus and Apple 
Ile computers. John Bell Engineering, 
Inc. 400 Oxford Way, Belmont, CA 
94002 

" The Best 8051 Emulator" 

5 fl cable 

8051 See EEM 88189 
Page D-1304 

PC based emulators for the 8051 family 
(8051/51FAJ52/31/32/44/15214511452/5351552 + CMOS + more • . 

• PC plug m boards or RS-232 bole • Program Performance analyzer 
• Pull-down menus comblrled Wlfh • Powerful Macros Wtlh IF-ELSE . REPEAT-

Command-Om1en User Interface. 
Context sens111ve help and 
On-Screen Editing of data 

• 20 MHz real hme emulahon 
• 12BK emulation memory 

WHILE structures 
• Source level debug tor PUM-51 and C-51 
• Symbolic debuggmg w11h 1n-lme assembler 

and disassembler 
• E•ecuoon lime counte1 

• '8 bit wide. 16K deep trace buHe1 • Trace can be viewed du11n.g emu1a1t0n1 
w11h loop coun1er 

PRICES: 32K Emulator for 8031 $1790; 4K Trace $1495" 

CALL OR WRITE FOR FREE DEMO DISK! 
-us only Ask about our demo VIDEO! 

noHau 
CORPORATION 

51 E. Campbell Avenue 
Campbell, CA 95008 
FAX (408) 378-7869 

(408) 866-1820 
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DR. DESIGN 
The 1M DRAM S11p1rSpec. first of a series of 
books by noted computer designer Marco 
Thompson, reveals methods that guarantee 
your design will work even when different 
vendors' chips are used. Learn how to inter­
pret specs, and what they really mean. This 
is a real hands-on working design guide you 
will use over and over. Eliminate the worry 
about flaky memory performance. Nothing in 
the drug store can beat this for peace of 
mind. Over 70 pages with 30 tables, only 
$79. I a-14 j We'll include a free copy of 

• the pocket-sized XT-AT 
Handbook by Choisser and Foster with 
each SuperSpec if you mention this ad when 
you order. Of course. this $9.95 value is also 
available by itself. Or buy five or more for 
only $5.00 each . 

Anna books 
12145 Alta Carmel Ct Suite 250-262 
San Diego, Cali fornia 92128 
(6191 271-9526 Money-back guarantee 

Don't Get Zapped! 
High inrush current can destroy -your sensitive VAX 
CPUs and peripherals In less time than It takes to 
flip a switch. 

THE SOWTION? 
Power up with Z-LINE TPC 115-10 MTD TM~ 
the smallest power distribution . , 
and control system available. z-erNE 
POWER UP WITH - - - ,,?° 

~·: .. - =>: - - ,, ~ . -.. ... ~.. . ' .. ~ 
Our proprietary Multiple Time Delay TM circuitry 
sequences your power-up to protect your systems 
from the spikes and surges. EMI & RFI , that destroy 
your hardware and erase your data. And our 
remote on I off and emergency shutdown gives the 
power control back to you. 
All Pulizzi Engineering MTD TM controllers are 
compatible with DEC and UPS systems. 
PRICES FROM $436 TO $305 

DON' T WAIT UNTIL IT HAPPENS, CALL TODAY! 
l'l'LIZZI £NG/NEERING INC. 

3260 S. Susan Street, Santa Ana, CA 92704-6865 
(n4) 540-4229 FAX (714) 641-9062 
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PAL™ /PLO SOFTWARE 
Sets The Standard 

CUPL" PLO compiler, the most powerful 
language for state machine logic design, now 
allows OrCAD'" schematic software as the 
front end design entry. CUPL supports all PLDs 
and carries the most extensive update program . 
Available on MS-DOS'", Apollo". Sun". VAX" 
and most UNIX'" based platforms. 

LOGICAL 
n•v•c••. ••c. 

1201 NW 65th Place 
Ft Lauderdale. Fl 33309 
305·974-0967 

1-800-331-7766 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
EDN Design Ideas Special Issue, Vol III 71 



72 

87C51 PROGRAMMER $125 
The UPA87C51 converts general purpose program­
mers to 8751 /87C51 programmers. Select 2732A on 
your programmer, plug in the UPA, and you have an 
8751/87C51 programmer. With the UPA87C51 you 
can also program the 8751 and 87C51 security bits 
and the 87C51 encryption array. It's very simple and 
VERY cost effective. 
Price $125.00 including UPS ground shipping. 
Adapters are also avai lable for the 63701VO, 
63705VO and 8751 and are priced at $65.-$95. 

Logical Systems Corp. 
PO Box 6184 Syracuse NY 13217-6184 USA 

(315) 478-0722 Telex 6725617 LOGS 
FAX (315) 475-8460 

CIRCLE NO 331 

FREE SCHEMATIC CAPTURE 
DEMO DISK 
SCHEMA II+: 

Capture More Than Ever 

Incredible speed, ease of use and power have 

made SCHEMA a best-selling schematic cap1ure 

program for engineering professionals the world 

over. Now, SCHEMA II+ sells for $495 and 

..=_, supports most common IBM 

- - PC/XT/AT/PS2 configurations. 

OMATiON 
r,, TaM 0Jllf2f4J 1J1 -5167 

FREE Demo Disk: 1-800-553-9119 

CIRCLE NO 334 

UNIVERSAL LOGIC PROGRAMMER 

The Engineer's Programmer™ 
CALL FOR FREE DEMO DISK 

800/225-2102 

BP~ 
10681 Hoddngton. Suite #190. Houston. TX 77043 

713/461 ·9430 FAX 713/461 ·7413 

CIRCLE NO 337 

To advertise in 

REAL WORW 110 

DG24 • 24 line digilal VO; 10 Milz 8255 $95 
AD500 • 8 channel 12-bil (plus sign) inlegrating I.ID; prog. 
gains of I, I 0 & 100; 7 digilal VO lines. $239 
ADIOO •Single channel version of A0500; 10 digilal VO 
lines. Same programmable gains. 700 meg inpul Z. $149 
ADIOOO • 8 channel 12-bil I.ID; 25 uS; sample & hold; 3 5 
MHz timer/coun1ers; 24 digilal VO lines. $295 
ADA500 • 8 channel 8-bil 25 uS I.ID; single 0/A sample & 
hold; 24 digilal VO lines. $239 
AD200 • 4 channel 12-bil 125 uS I.ID; 3 5 Milz timer/ 
coun1ers; 24 digilal VO lines. $239 
DA6oo • Fast settling dual bipolar 0/A. $179 
PD200 • Prolotype board w/ address decoder; manual $99 

Ail boards include BAflC. Pascal, C. and Forth drivers. 
30 day retun~ I year warranty. Call for "Real World 
Interfacing'' application notes. 

Real Time Devices, Inc. 
P.O. Box 906 State College, PA 16804 

(814) 234·8087 

CIRCLE NO 332 

•Remote 1/0 
• CONTROL all your RS-232 devices from one 

RS-232 (COM) port 
• MULTIDROP devices over several miles 
• BUFFER serial data at each device in both 

directions 
•ANY baud rate or DIFFERENT baud rates for each 

device 
• 1-4 Units $695 .00 

Connecticut microcomputer, Inc. 
PO Box 186 

Brookfield , CT 06804 
1-800-426-2872 (203) 354-9395 

FAX: (203) 355-8258 

CIRCLE NO 335 

IEEE-488 For 
Personal Computers 

IBM Personal System/2™ Micro Channel™ 
IBM PC, XT, AT and compatibles 
OMA transfer rates up to 1 M bY1es/sec 
Industry's best and most extensive software 
Free technical support and phone call 

• 2-year warranty 

y.NATIONAL 
, :~~:~NTS™ 

Au•in, Tt:UI 7872'Hi204 

Call for 
FREE Catalog 
800-531-4742 
512-250-9119 

5 usec TO 20 min -• 1-

! 1ai= I* -=-t] ~~voe 
~~' ',~! HS - ~t 

NEWPCIXJIAT INDUSTRIAL CONTROL 
*** COMPLETE HARDWARE / SOFTWARE PACKAGE *** 

• PHOTOCOUPLE or TTL OUTPUTS 
• TRIAC OUTPUT FOR AC CONTROL 
• 8 PROGRAMMABLE OUTPUTS, 256 BITS I CHANNEL 
• SELECTABLE COLLECTOR/EMITTER RESISTORS 
•JUMPER SELECTABLEl/0 ADDRESS 

SOLENOID ACTUATION 
TEMPERATURE CONTROL 
LIGHTING, DWELL CONTROL 

LOW COST CONTROL 
FACTORY AUTOMATION 
TEST ENGINEERING 

SOFTWARE 
• MENU DRIVEN SOFTWARE FOR 

SIMPLE WAVEFORM EDmNG 

• STORE/RETREVE WAVEFORMS 

• USE STORED WAVEFORMS IN 
APPLICATION PROGRAMS 

COLOR or MONOCHROME OtSPLAY 
• SPECIAL DRIVER TO INTERFACE 

WITH USER APPLICATIONS 

TCOOOO NORTEK AUTOMATION 
10911 Mansor Ave 

$595.00 Garden Grove, Ca. 92643 

Tel (714) 638-3097 Fax (714) 638-9465 

CIRCLE NO 333 

Free Catalog 
For 
Connector 
Specifiers 

LEMO's Pocket Catalog permits connector specifiers to 
quickly determine which LEMO connectors meet tlleir needs. 
Catalog includes tables that are organized around the main 
elements needed to specify connectors: number of contacts, 
working voltages. amps, collet ranges to accommodate cable 
OD. shell styles and insulating materials. 
Connector families include mixed and multi contact con­
nectors, environmentally sealed connectors, coaxial, triaxial, 
high voltage and plastic . 

LEMO USA, INC. 
P.O. Box 11488, Santa Rosa, CA 95406 

phone 7071578-8811, telex 340-933. fax 707578-0869. 

CIRCLE NO 336 

IBM COMPATIBLE RS232/488 3V2 " -51/4" FLOPPY 
DATA STORAGE & TRANSFER SYSTEM 

l!!t ---...... , 

Information Transfer to/from Non IBM Compatible Sys/ems 
to/from IBM & Compatibles: (OVer RS-232 or 488 Interface) 
• Reads & Writes MS DOS Disks 
• RS-232/48811/0 
• Rugged Portable Package/battery option 
• MS-DOS Driver for " Plug & Run " RS232 External Operation 
• Baud Rate 100 to 38.4K Baud 
• 360Kl720K RAM Cartridge Option 
• Price $895 in Singles - OEM , Qtys. $495 
28 other systems with storage from 10Dk to 42 megabytes 

ANALOG & DIGITAL PERIPHERALS, INC. 
251 South Mulberry St. Troy. Ohio 45373 
PO Box 499 TWX 810/450-2685 
513/339-2241 FAX 513/339-0070 

CIRCLE NO 338 CIRCLE NO 339 
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EPROM PROGRAMMER 
o' ~~"17~~ r:El'llOM,.,..,--,-l'llOGR--AM-M-ER---~----, 

44sec 
" Reads. copies -

and programs -
over 475 
E/EPROMS 

~l.d~ ~w;:. 
27513 . 27011 . 
68764 . 68766 . ...., ~ 

" i~~8Jr~oly =======""'===~ 
uses the fa stest recommended algorlthm as 
specified on the monfocturer 's data sheets to ensure 
reliable data storage 

" Comecis1o ~232ai<n;oorrp.Jter. PC.XI.AT. PS/2.Mcx:. etc. 
" ~ XMOOEM/XMOOEM CllC protocols &ASCI llexfen 
" Op11ono1rnaoc:oolJOlerhoods~874" and 87C51 ""1es 
" ~ ntel. Motorola. strdght hex. hex-space l!t binary fies 
" Eng~teantorfosl<.pdoles-' O'edcs.ml~ 
" On&-yea waronty (pcrfs l!t labor)" Gold Textoolsoclcet 
" Toi-free technical support " Collates 16-& 32-tllt 

~ ~:?'o~ontee ~ ~=~~ 
" TllOl.ladl al~ CIA:lrnen attast to the EJ'l's '1"Qt volLe 

" ~~·~C::~Fe..~~ottons 
TM E~lneer's Prr.irommer 

•1+1••©JM1:!11Ct.te•.1•·t• 
BP~ 

I068I Hoddlngton. Suite 190. Houston. TX 77043 
713/461-9430 FAX 713/461-7413 

CIRCLE NO 340 

Analog Circuit Simulation 
NEW IS_SPICE/386 On 386 PC's, $386 

Outperforms 
Workstations 

Increases Speed 
by 200- 600% 

Circuit Size 
nearly Unlimited 
Supports 287, 387, 
Weitek 1167/3167 

IS_SPICE runs on all 80x86 PC's for only $95.00: 
Performs Complete AC, DC, and Transient Analyses. 

SPICE_NET, $295: Schematic Entry for any SPICE 
simulator. Automatically makes a Complete SPICE 
netlist. Easy to use Menu Drive program included. 

PRE_SPICE, $200: Monte Carlo Analysis, Parameter 
Sweeping and evaluation. Extensive Model Libraries. 

lntu_Scope, $250: A graphics Post Processor that 
works like a digital oscilloscope. Easy to use with the 
most comprehensive set of waveform operations 

availa~ Please Write or Call 

='= P.O. Box 6607 (213) 833-0710 

l
·nt:;;oft San Pedro, CA 30 Day Money 

90734-6607 Back Guarantee 

CIRCLE NO 343 

8051 , 8096, 68HC11 , 68008 
SINGLE BOARD COMPUTERS 

We feature a series of single board 
computers for process control 
applications. Available as bare 
boards or assembled and tested . 
Optional EPROM resident System 
Monitors and BASIC interpreters are 
also available. 

ALLEN SYSTEMS 
2151 Fairfax Road 

Columbus, Ohio 43221 
614-488-7122 

CIRCLE NO 341 

MULTIBUS'" AT-COMPATIBLE SBC 
Multibus I is now IBM PC/AT™ compatible with MAT286~" our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion­
module interfaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M 
of parity-checked , dual-porte<I DRAM. A piggy-back card , MATxSYSIO. 
adds EGA, floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more, into two Multibus slots! 
Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd , Cupertino, CA 95014 

Multibus is a registered trademark of Intel Corp. 
MAT286 and MATxSYSIO are trademarks of Single Board Solutions. Inc. 
IBM and PC/AT are trademarks al Interna tional Business Machines Corp. 

CIRCLE NO 344 

WIDEBAND 
INSTRUMENTATION 
RECORDER/REPRODUCERS 
CATALOG 

Airborne, shipboard and laboratory 
magnetic tape and disc recording/stor­
age/reproducing systems for military 
and industrial applications are described 
in a new comprehensive catalog . For a 
free copy contact: 

Precision Echo, Inc. 
3!05 Patrick Henry Drive, Santa Clara , CA 95054 
4081988-0516 

SMART CARD EXTENDER 
EASY ON s 19500 - PC/XT 

Asmartcardextenderto' 
122500 -AT 

PC/XT / AT and compatibles 

•Allows card 
insertion and 
extraction with­
out power on/ 
off cycles 

• Saves time by 
eliminating DOS 
re-boots 

• Reduces wear 
and tear on hard 
disk drives 

• Extends host interface for hardware and soft­
ware development and test 

• A single switch controls the connection of all 
signals to and from the computer bus 

• Patent pending 

• Eprom emulator for 2716 - 27512 
• Supports 8, 16, or 32 bit wide busses 
• Non-Volatile memory standard 
•Up to 19200 Baud 
• Accepts Intel Hex and Motorola S 

formats 
• ISOns access time standard 

VectorScan 512/640 s97500 
Graphic Controller with RS-232 Interface 

• Interfaces over RS-232 ports 
• Drives CGA, EGA, and Multiscan 
• Resolution of 512x480 to 640x350 
• 4 Bits/Pixel up to 4.096 colors 
• Maintains 4 separate images 
• Internal 512K byte frame buffer 
• PC Version available 

Applied Data Systems can customize 
a product to your specifications. 

30 DAY NO RISK EVALUATION 

APPLIED DATA SYSTEMS 
409A East Preston Street 
Baltimore, MD USA 21202 

For more information call 800-541·20011 
"Where unique data recording /storage solutions are expected." Outside USA (301J 576-0335 

CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 
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ED N's 
CHARTER 
EDN is written for profes­
sionals in the worldwide elec­
tronics industry who design, 
or manage the design of, 
products ranging from cir­
cuits to systems. 

EDN provides accurate, de­
tailed , and useful information 
about new technologies, 
products, design techniques, 
and careers . 

EDN covers new and devel­
oping technologies to inform 
its readers of practical de­
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de­
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN's Magazine Edition 
also provides specific "how 
to" design information that 
its readers can use imme­
diately. From time to time, 
EDN 's technical editors un­
dertake special "hands on " 
engineering projects that 
demonstrate EDN 's commit­
ment to readers ' needs for 
useful design information. 

EDN's News Edition also 
provides comprehensive 
analysis and news of tech­
nology, products , careers, 
and distribution. 

275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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225W 
3-0UTPUTS 
+5Vdc/25A 
+12Vdc/8A 
-12Vdc/500mA 

265W 
3-0UTPUTS 

+5Vdc/28A 
-12Vdc/600mA 

+12Vdc/10A/16A pk. 
APPLICATIONS INCL. "386 TOWER" 

For a NOW response call· Phone: (213) 542-8561 
. FAX: (213) 371-6331 

TM 'MODULAR DEVICES INC. 
____ _...,, 4115 SPENCER STREET TORRANCE.' CA 90503 
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Workstation 

LOGIC SYNTHESIS GIVES YOU 
MORE DESIGN CHOICES. 

FutureNet® FutureDesigner™ 
gives you more choices than any 
other design entry software­
choices in how you enter your 
design, in target technologies, and 
in design output. And only Future­
Designer uses logic synthesis to 
automatically turn your input choices 
into your output choices, optimizing 
and streamlining your design for the 
technology you select. 

CHOOSE THE DESIGN ENTRY METHOD. 
Only FutureDesigner lets you 
describe your design in the easiest, 
fastest, most natural way. You can 
enter some functions structurally, 
using DASH schematics. Others can 
be described behaviorally with any 
combination of truth tables, state dia­
grams, or high-level logic equations. 
Interactive verification and design 
rule checking help you catch errors 
up front, as you design. 

CHOOSE THE TARGET TECHNOLOGY. 
FutureDesigner is technology inde-

Choose the platform: Future Designer runs on 
80386 and 80286 machines, IBM® personal 
computers, and the Sun-3 Series. 

pendent. After you 've described your 
design, you can choose any mix of 
TTLs, PLDs, LCAs, gate arrays, or 
other ASIC devices for implementa­
tion. It's also easy to migrate designs 
from one technology to another-for 
example, from TTL to PLO, PLO to 
LCA. or PLO to gate array. 

CHOOSE THE OUTPUT FORMAT. With 
more than 100 DASH-Partners pro -
viding a broad range of comple-

Data 1/0 Corporation 10525W1Hows Road N E . P 0 Box 97046 , Redmond , WA 96073-9746 , U S A 1206 ) 867 6899/ Telex 15 2167 
Data 1/0 Canada 6725 Airport Road . Suite 302 . M1ss1ssauga, Ontario L4V 1V2 !4161678 0761 
Deta 1/0 Europe World Trade Center, Strawmskylaan 633, 1077 XX Amsterdam. The Netherlands + 31 !Ol20 6622866/ Telex 16616 DATIO NL 
Data 1/ 0 Japan Sum1tomose1me1 H1gash1shmbash1 Bldg . BF, 2-1-7, H1gash1-Shmbash1, Minato ku, Tokyo 105, Japan 

Hl3l 432 6991/Tele>t 2522685 OATAIO J 

©1988 Data 1/0 Corporation 
CIRCLE NO 28 

mentary products and services, Future­
Designer's industry-standard format is 
accepted virtually everywhere. When 
you design with FutureDesigner, you'll 
have more choices in technologies, 
CAE systems, foundries, and service 
bureaus. 

CHOOSE FUTUREDESIGNER WITH LOGIC 
SYNTHESIS. With its unique logic syn­
thesis capabilities, FutureDesigner 
reduces and factors your design, elim­
inating redundancy and improving effi­
ciency It optimizes for the particular 
technology you've selected, making 
the necessary speed/size trade-offs. 
Then it generates the schematics, net 
lists, or JEDEC files for programming 
PLDs. Automatically. 

Call us today for more information. 
Find out why FutureDesigner is the 
design entry software of choice. 

1-800-247-5700 
Ext. 152 

Corporation 
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The Power Transformer 
on which 

Engineering and Purchasing 
Can Agree ... 

Purchasing 
Controlling Costs ... 
We know part of your job is to control 
costs . Prem is the only transformer pro­
ducer that invites you to compare . Com­
pare Prem to Signal , Microtran, Stancor 
or Triad . You'll find that PREM COSTS 
LESS . And with Prem, our entire line 
has UL Recognition and CSA Certifica­
tion at no extra cost to you . Our catalog 
includes cross-referenced part numbers 
to the above manufacturers to make 
comparison simple . 

Deliveries Your Way ... 
PREM/ER Service is what we call our 
commitment to meeting your deadlines 
and scheduling needs . We deliver im­
mediately on small , in-stock quantities . 
And , depending on order size , we ' ll 
work with you to schedule out deliveries 
up to 12 months from the date of your 
order. Our transformers are specially 
packed to prevent transit damage . . . a 
worry you won ' t have with Prem. 

Engineering 
Quality ... 
Everybody talks about quality . We do 
something about it. Prem transformers 
are epoxy impregnated with 100% solids 
to withstand most aqueous and solvent 
printed circuit board cleaning systems. 
This eliminates post-wash soldering. Our 
units are 100% induced voltage tested 
for shorted rums. Pins are pre-tinned to 
ensure good solder contact to the pc 
board . Prem has received awards from 
leading manufacturers for our outstanding 
quality. 

The entire Prem line of PC power 
transformers is CSA Certified and UL 
Recognized at no extra cost to you . 
There are no hidden charges . 

Technical Assistance ... 
You can talk to our Technical Services 
Manager or any one of our experienced 
design engineers . They are only a phone 
call away if you have a question or need 
technical assistance. We' re also willing 
to modify our standard PC power 
transformers or provide a custom design 
to meet your needs . 

For immediate technical data, see our 
catalog in EEM. Or call us. 

MAGNETICS, 
INCORPORATED 
3521 North Chapel Hill Road 
McHenry, II1inois 60050 
Tel. 815-385-2700 
FAX: 815-385-8578 

Where quality really counts 
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