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Optimize This 24-Bit E A ADC 
To Meet All Your Industrial Needs. 

The digital filter scales the 
output word using calibration 

coefficients. 

Output update rate and bandwidth of 
the sine3 filter can be programmed 

by the user. 

When the ADC detects 
an input change, the 
FastStep filter takes 
over second stage 

filtering until the FIR 
has fully settled. 

To isolate charging currents, the input 
signal is buffered on-chip upstream of the 

sampling capacitor. 

The programmable gain modulator 
delivers a 1 -bit data stream to the 

digital filter. 

Non-skip operation 
mode switches a fixed 
22-tap FIR filter into the 

signal path. 

High Speed And Low Noise In A Single Package. 

For Shop Floor Data Acquisition, The AD7731 
Gives You More Flexibility Than Any Other 
24-Bit ADC. 
For starters, it delivers 16 bits of peak-to-peak 
resolution at 800 Hz output and lets you tailor 
it for higher speeds or higher resolutions - from 
11 bits at 6400 Hz (±20 mV) to a guaranteed 
19 bits at 50 Hz (±1.28 V). Switching is fast, too, 
requiring less than 1 mS settling time while main¬ 
taining noise-free 13-bit resolution from ±40 mV 
to ±1.28 V. And it’s priced right at just $9.86/' 

Choose From Seven Input Ranges. 
The three differential input channels can be recon¬ 
figured as five pseudo-differential channels, two 
of which can be used as digital outputs. You also 
have a choice of seven unipolar and seven bipolar 
ranges, including low level signals directly from 
the transducer. 
The AD7731 can also tell you if your transducer 
has burnt out or your reference has died. 

And it will let you know if a step input has 
changed on any channel, responding instantly 
to keep the output data as accurate as possible. 

Pick Your Package. 
Configurable for three-wire operation, the 
AD7731 serial interface is also compatible with 
microprocessors and DSPs. Several self- and 
system-calibration options are avail¬ 
able. And the part is available in a 
24-pin plastic DIP, a 24-lead SOIC, 
or a 24-lead TSSOP package. 
So meet all your industrial 
needs with the only 24-bit 
ZA ADC that’s high on 
speed and low on noise. 

For immediate delivery of samples and complete 
technical information including evaluation board 
information, call 1-800-ANAL0GD (262-5643). For 
data sheets dial AnalogFax at 1-800-446-6212 
(Faxcode 2131) or visit us on the World Wide Web. 

□ ANALOG DEVICES 
Analog. Digital. Solutions. 

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. 
Distribution, offices and application support available worldwide. 
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150kHz to 7000MHz 
With Mini-Circuits phenomenal variety of surface mount mixers, you can select from 

hundreds of standard catalog and ''special'' models, with LO levels from +3 to +17dBm, 
and get the precise price/performance solution you need. Choose from tough built J-lead, gull-wing 

universal claw, and leadless models with vast commercial and military applications such as 
telecommunications, radar, cable TV, PCS, FM. GPS, and ISM. And to assure 

that you're positively delighted with Mini-Circuits high quality, a 5 year Ultra-Rei® . 
guarantee is included with every unit... an industry exclusive! You can count on jjúli 

Mini-Circuits too for custom designs, at catalog prices of course. 
Need a reliable surface mount mixer that conforms to specs? Call Mini-Circuits today! 

Mini-Circuits... we’re redefining what VALUE is all about! ’aMK® 
Ca*; write or fax for your free 

Surface Mount Designer's Guide 
and Handbook today! 

For detailed specs on all Mini-Circuits products refer to • 760 -pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

F 250 Rev Ong. 

US IVH NT’L 

CIRCLE READER SERVICE CARD 

ISO 9001 CERTIFIED 
_ 

MIXERSJ1" 

CT Mini-Circuits8
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits.com 
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► SuperBGA® 
Award-winning design 
with built-in heatspreader 
for better power 
management and 
EMi/RFi shielding. 

► CS BGA™ 
Future family of high-
density Chip Scale 
IC packages with the 
electrical and cost-saving 
advantages of BGAs. 

•c 40 
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► Plastic BGA 
More package options, 
greater manufacturing 
capacity along with the 
design-in support of 
the industry leader. 

► MCM PBGA 
Now an entire system 
can be designed into 
a single space-saving 
BGA multi-chip module 

Asia • Europe • Korea • Japan • Singapore 'Taiwan • USA West • USA Southwest • USA Midwest/East 
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“Mow do I know 
which BGA IC 

• package will give 
me the freedom 
to increase 
performance now 
and in the future? 

BGA 
expanding worldwide manufacturing 
capabilities and industry leading 
in-house design resources, make us 
the undisputed BGA leader. As the 
leader, we have the expertise to 
support you with turnkey BGA 
design-in solutions. So why not 
give your ideas room to expand 
into the next generation. Package 
them in the real BGA. Call Amkor 
now at (602) 821-2408, ext. 2000, 
fax (602) 821-6937 or see us 
at http://www.amkor.com for < 
more information. 

►Get The REAL 
BGA IC packaging has a very bright future. 
And so do your applications - if you 
design in Amkor’s BGA - the real BGA. 
The one that gives you more I/Os in less 
space, better electrical performance and 
improved thermal management. In fact, 
Amkor’s vast product portfolio, continually 

Design In ► 

AMKOR 

amjo 
anam 
We’re Packaging The Future 

10 50 100 200 100 60Û 800 1000 

Package Leads 

PDIP PLCC QFP AMKOR BGAs: 
\ I I /PBGA 
\ / / / SuperBGt^ 
A Future Shrink BGA 

& Chip Scale BGA 



BEST IDEAS FOR DESIGN 
IDEAS VOTED 'BEST OF ISSUE' BY THE HEADEHS OF ELECTBONIC DESIGN 

uses crt; 
var a, e, f, g: integer 

begin 
clrscr; 
port [888] :=0; 
port [888] :=250; 
port [888] :=248; 
clrscr; 
for f:=1 to 3 do 
begin 
for g:=l to 32 do 

begin 
port [888]: =249; 
delay (1) ; 
e:=port[8B9] ; 
a :=e and 12 8 ; 
if (a=128) then write ('0 ') 

else write ('1 ' ) ; 
port [888] :=251; 
end; 

writein; 
\ end; 

p. 18 

p. 32 
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True RMS Operation Test 

Transformerless DC-DC Converter 

Data Acquisition Made Easy 

Regulator Adjusts From 0 V To 25 V 

3-Wire RS232 To RS485 Converter 

Fault-Tolerant Relay Driver Circuit 

Simple PC Smart Card Reader 

High-Frequency Loop Antenna 

Diff Amp Digitizes Small Signals 

Temp-Controlled Fan Reduces Noise 

Optically Isolated Analog Multiplexer 

Use -AV To Terminate Fast Charging 

Two Wires Carry Power And Data 

Bridge Measures Small Capacitance 

Composite Video Sync Stripper 

Quadrature Reference Generator 

PM DC Motor Speed Control 

35mm Film Makes Low-Cost IR Filter 

Quick Estimate Of Signal Bandwidth 

RTD To RS232 Interface 

SCA Beceiver Demodulates Additional 

Subcarriers 

Single Pot Swings Amplifier Gain 

Positive Or Negative 
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It’s a fact! With Mini-Circuits POS famay of shielded, laser sealed 
voltage controlled oscillators, you pay less and get more... Superior 
Performance, Top Notch Quality, and Value Pricing. Features include wide 
band models with typically octave bandwidths and linear tuning. Low SSB 
phase noise characterized at 100Hz to 1 MHz offsets. Excellent harmonic 
suppression typically more than 30dB below. RF power output of +7dBm, 
excellent for driving level 7 mixers. Miniature size occupying only 0.4”x0.8” 
board space. Hermetically sealed and ruggedly constructed for 
tough environments. And best of all, these extremely reliable, high 
performance VCO’s are affordably priced from only $1 1.95 each (qty.5-49). 
Call Mini-Circuits today for guaranteed shipment within one week. 
Mini-Circuits... we’re redefining what VALUE is all about! 

DESIGNER’S KITS: 
K-POS1 $124.95 (Contains 1ea. all models except POS-25, -900W, -1060 to -2000). 
K-POS2 $79.95 (Contains 1ea. POS-50, -100, -200, -400, -535, -765, -1025). 
K-POS3 $79.95 (Contains 2ea. POS-1060, -1400, -2000). 

Model 
newPOS-25 

POS-50 
POS-75 
POS-100 
POS- 150 
POS-200 
POS-300 
POS-400 
POS-535 
POS-765 

newPOS-900W 
POS- 1025 
POS-1060 
POS- 1400 
POS-2000 

Freq. Range 
(MHz) 
15-25 
25-50 

37.5-75 
50-100 
75-150 
100-200 
150-280 
200-380 
300-525 
485-765 
500-900 
685-1025 
750-1060 
975-1400 
1370-2000 

Phase Noise Harmonics 
(dBc/Hz) (dBc) 

SSB 010kHz Typ. Typ. 
-105 -26 
-110 -19 
-110 -27 
-107 -23 
-103 -23 
-102 -24 
-100 -30 
-98 -28 
-93 -26 
-85 -21 
-95 -26 
-84 -23 
-90 -11 
-95 -11 
-95 -11 

Current (mA) 
@+12VDC 

Max. 
20 
20 
20 
20 
20 
20 
20 
20 
20 
22 
25 
22 
30* 
30* 
30* 

Price 
(Qty.5-49) 
$ ea. 
16.95 
11.95 
11.95 
11.95 
11.95 
11.95 
13.95 
13.95 
13.95 
14.95 
16.95 
16.95 
14.95 
14.95 
14.95 

★Max Current (mA) @ 8V DC. 
Notes: Tuning voltage 1 to 16V required to cover freq, range. 1 to 11V for POS-25, 1 to 20V 
for POS-1060 to -2000. 3dB modulation bandwidth for POS-25 is 60kHz, POS-50 to -1025 
is 100kHz, and POS-1060 to -2000 is 1MHz (ad typ). Operating temperature range: -55°C to 
+85°C. 5V tuning models available. Consult RF/1F Designer's Guide or cell Mini-Circuits. 

£□ Mini-Circuits 
US 106 INT 107

P.O Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCLE READER SEFMCE card 
For detailed specs on all Mini-Circuits products refer to • 760 -pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

F 229 Rev A ISO 9001 CERTIFIED 



BEST IDEAS FOR DESIGN 
IDEAS VOTED 'BEST OF ISSUE' BY THE BEADEHS OF ELECTHONIC DESIGN 

WWW 
Welcome to the second annual collection of the best of Ideas For Design. 

The ideas contained in this supplement to Electronic Design pick up 
where last year’s supplement (published with the October 24, 1996 issue) 
left off. In this issue, we begin with the Idea voted “Best of Issue” in the 
April 1, 1996 issue and move forward from there, including as many ideas 
as space allows. 
The Ideas for Design section is truly the readers’ section. Based on our 

many readership studies, we know that Ideas for Design is the best-read 
section in the magazine, along with the inimitable Bob Pease’s Pease 
Porridge. However, the IFD section also is a place where every reader has 
a good chance of seeing his or her name in print, bylining an idea submit¬ 
ted for consideration in the section. 
Publishing the section in each issue requires a steady supply of ideas 

coming in from readers. We do not solicit particular ideas for this sec¬ 
tion—it's whatever the mail, express services, e-mail, fax, or whatever, 
brings us each day. 
We’re not looking for literary masterpieces here—simply good design 

ideas logically described in a reasonable length and with reasonably sized 
illustrations. Our editors will take care of the writing style. As always, 
brevity is a virtue, and in fact, many ideas are returned to engineers 
because they simply are too long and would take up all the allowable 
space in the section. We re-draw all circuits to conform to our style, and 
our policy is to send all authors a copy of our redrawn circuits and graphs 
for the author to check them for accuracy. We also send authors a pre¬ 
publication edited copy of their text for review. Although our $100 hono¬ 
rarium for publication of an idea hardly compensates any engineer for the 
time and knowledge invested in developing the idea, it certainly doesn’t 
make the process less attractive. Furthermore, earlier this year, we raised 
the additional amount we award to the winners of “Best of Issue” from 
$150 to $300. 
Throughout this issue, you’ll note that we have used small (otherwise 

blank) spaces to include a message encouraging readers to submit their 
ideas for possible publication in the Ideas for Design section. It’s your sec¬ 
tion, and we’re waiting to hear from you. 

STEPHEN E. SCRUPSKI 
Editorial Director 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23, 1997 



Mixed Mode Design 
—Faster, Simpler. Guaranteed. 

Used by engineers at: 

MOTOROLA 

HEWLETT PACKARD 

LUCENT 

NASA 

BOEING 

INTEL 

HUGHES 

SANDIA LABS 

GENERAL ELECTRIC 

LOCKHEED MARTIN 

HITACHI 

LITTON 

FUJITSU 

ZENITH 

WESTINGHOUSE 

Electronics 
Workbench EDA 
“Other tools costing ten times more are difficult to use 
and take months to learn. Electronics Workbench EDA beats 
them hands down. Many engineers here use it" 
Member of scientific staff at leading electronics firm 

30-DAY UNCONDITIONAL MONEY-BACK GUARANTEE 

Runs on Windows 95/NT/3.1 

NEW! Electronics Workbench EDA, the 
powerful, fully-featured SPICE-based simulator 

specifically developed for today's busy design 

engineer. Simulates any design - analog, digital 

and mixed-mode - Electronics Workbench EDA 

handles them all! And it's so easy to learn and use, 

you'll be working productively in 20 minutes. 

You'll enjoy click and drag schematic creation 

and fast simulation. Virtual instruments and 

on-screen waveforms are interactive: change your 

schematic and get an accurate response instantly. 

Electronics Workbench EDA - for a faster, simpler 

design process. 

FREE with your purchase 
Bob Pease book - "Troubleshooting 

Analog Circuits" with matching Electronics 

Workbench circuits 

. IIH. I—!■ 

High-End Features 
• 6 VIRTUAL INSTRUMENTS 

• 14 COMPREHENSIVE ANALYSES, INCLUDING 8 ADVANCED 

• WORLD'S EASIEST-TO-USE INTERFACE 

• 32-BIT SPEED, UNIQUE AT THIS PRICE 

• OVER 8,000 PARTS 

• EXPORT TO MANY PCB LAYOUT PACKAGES 

• USE OUR ADVANCED SCHEMATIC CAPTURE CAPABILITY OR IMPORT 
SPICE NETLISTS 

800-263-5552 
FREE DEMO: http://www.interactiv.com Fax: 416-977-1818 
CompuServe: 71333,3435/BBS: 41 6-977-3540/E-mail:ewb@interactiv.com 

INTERACTIVE IMAGE TECHNOLOGIES LTD., 908 Niagara Falls Boulevard, 
#068, North Tonawanda, New York 1 41 20-2060/Telephone 416-977-5550 
TRADEMARKS ARE PROPERTY OF THEIR RESPECTIVE HOLDERS OFFER IS IN U.S DOLLARS AND VALID ONLY IN 

THE UNITED STATES AND CANADA All ORDERS SUBJECT TO $15 SHIPPING AND HANDLING CHARGE 

Australia: 2-9519-3933 • Austria: I-259-72-7OO • Belgium: 2-384-73-09 • Brazil: 11-453-5588 • Chile: 2 264-0404 • Colombia: 618-4023 • Costa Rica: 231-5685 • Cyprus: 9-641-801 • Czech Republic: 48-510-6131 • Denmark: 33-25-0109 

Finland: 9 221-01 1* France: l•60^l•00^9•Germany:’ll■62•'r’40•Greece:l 524-9981 »Hong Kong: 29-286-822 «Hungary 1-215-0082« India: 11-578-7055« Indonesia:21-4'0-081 5* Israel: 3-647-5613« Italy: Il-437-5549«Japan:3-5395-2141 

Malaysia: 3-238-8213 • Mexico: 5-65 1 -1390 • Netherlands: 10-450-4949 • New Z^and: 9-267-1756 • Norway : 22- 16-’0-45 • Philippines: 32-340-2774 • Portugal: 1-814-6609 • Romania: 55-511689 • Singapore: 356-1513 • Slovenia: 61 -1 

South Africa: 33 1-6-8309 «South Korea: 2-562-3391 «Spain: 1-383-8335 «Sweden: 8-740-5500 »Switzerland: I 308-66-66 «Taiwan: 2-286-7722 «Thailand: 2 250-1 1K5 • Turkey: 216-336-3619 • LAE: 4-453-505» IK: 1-462-480-055 
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BEST IDEAS FOR DESIGN 
IDEAS VOTED 'BEST OF ISSUE' BY THE BEADEHS OF ELEETHONIC DESIGN 

True RMS Operation Test 
HERMAN P. RAAB. Engineering Services, 9140 Sherwood Ln., Indianapolis, IN 46240-1252; (317) 848-4950. 

Hhe following is a simple 
test to determine whether 
your voltmeter or DVM 

produces true RMS voltmeter read¬ 
ings—and it doesn’t require using 
a second meter: 

Connect a diode, such as a 
1N4004, in series with the volt¬ 
meter and provide a switch to 
bypass the diode. If the meter’s 
input impedance is greater than 
100 kil, provide a bypass resistor 
of33kl/2W across the meter. 
Then, using this circuit with the 

switch closed, measure the ac 
power-line voltage. Open the 
switch and take a second reading 

of the half wave rectified voltage 
on the ac power line. If the meter is 
a true RMS meter, the second read¬ 
ing will be 70.7% of the first read¬ 
ing. On the other hand, if the sec¬ 
ond reading is only 50%, this indi¬ 
cates that the meter is responding 
to the average instantaneous volt¬ 
age and has been calibrated by the 
manufacturer to output a value 
equal to the RMS equivalent for a 
sine wave input and will produce 
erroneous RMS readings for non-
sinusoidal inputs. 

The mathematics of this test 
method is straightforward. First, 
for line voltages of greater than 100 

V, the forward drop in the diode 
produces only a negligible error 
(less than 1%). The swamping 
resistor, if necessary, negates any 
small reverse leakage introduced 
by the diode. Discarding every 
other half cycle cuts the average of 
the instantaneous voltage of the ac 
power line in half, and also cuts in 
half the average of the square of the 
instantaneous voltage. The root of 
this mean square is the square root 
of 0.5 or 0.707. 

Voted “Best of Issue” 
Electronic Design. 
April 1, 1996 

Transformerless DC-DC Converter 
PATRICK GUEULLE. 55, Rue de Richelieu, B.P. 279, 76055 Le Havre, Cedex, France. 

w hen used with an exter¬ nal MOSFET and diode, 
the Maxim MAX 643 

step-up regulator can generate out¬ 
put voltages significantly higher 
than its input—typically 15 V from 
a 5-V power supply, and possibly 
much more with the addition of an 
external feedback voltage divider 
(see the figure). 

A maximum output of 50 V is 
suggested, but voltages as high as 
150 to 200 V can be achieved with 
an acceptable efficiency (greater 
than 50% with a careful design). 
An additional voltage-multiplying 
stage can easily be added in order 
to double (or more) the output volt¬ 
age to 300, 350, or even 400 V. At 
the switching frequency of 45 kHz, 
the capacitors in the doubler stage 
need not be large. A 0.47-pF capac¬ 
itor is sufficient for an output 
power of 2 W. All diodes should 
exhibit fast recovery times, and for 
Dl and D2, a high peak current rat¬ 
ing. Since the inductor must with¬ 
stand current peaks in excess of 3 
A, a high saturation current is 
mandatory. Iron powder toroidal 

THE MAX 643 STEP-UP REGULATOR can generate output 
voltages significantly higher than its input; usually about 15 V from a 5-V power 
supply. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23, 1997 



BEST IDEAS FOR DESIGN 
IDEAS VOTED 'BEST OF ISSUE' BY THE BEADEBS OF ELEETHONIC DESION 

chokes used for interference sup¬ 
pression in 60-Hz light dimmers 
have been found adequate, if some¬ 
what bulky. A 3 to 5 A ac rating is 
a suitable and low cost device. 
The output of the converter is 

semi-regulated to 350 V, the output 
voltage being determined by the 
value of R3. The converter operates 
as long as the output voltage is 

lower than required, and then 
stops. The standby input current is 
as low as 2 mA when stopped. As 
soon as the voltage across the out¬ 
put capacitor falls under a slightly 
lower threshold, the converter 
starts again, drawing approximate¬ 
ly 400 to 500 mA from its 9 to 12 V 
supply. 
The on/off duty cycle depends 

only on the load characteristics. 
The converter may well operate all 
the time at the full 2 W load, but 
also just starts from time to time if 
no load is connected across the 

I output capacitor. 

Voted “Best of Issue” 
Electronic Design, 
April 15, 1996 

Data Acquisition Made Easq 
ALEXANDER EISEN. State University of New York. Physics Dept., 239 Eronczak Hall, Buffalo, NY 14260; (716) 645-2590; 

nn cases where only one analog 
input needs to be measured, 
expensive data-acquisition 

plug-ins can be avoided. The 
design presented here uses a fast, 
12-bit, sampling ADC with a 100-
kHz throughput rate and a parallel 
printer port to link to a PC—a 
straightforward interface that does¬ 
n’t even require opening the com¬ 
puter case (see the figure). 

The AD7896AN developed by 
Analog Devices, Norwood, Mass., 
contains an 8-ps ADC, a track-and-
hold amplifier, control logic, and a 
high-speed serial interface, all in an 
8-pin DIP. The VDD input also is 
used as the reference, so no exter¬ 
nal reference is needed. The falling 
edge of CONVST starts conversion, 
puts the track-and-hold amplifier 
into its hold state, and causes the 
BUSY signal to go high. After the 
conversion is complete, BUSY goes 
low and new data is available in 
the output register. The read opera¬ 
tion accesses this data by clocking 
it out in 16 clock cycles. The data 
format provided by ÀD7896 is four 
leading zeros followed by the 12-bit 
conversion result starting with 
MSB (DB11). 
CONVST and SCLK are controlled 

using the PC output port, usually 
located at address 378h (pins 2 and 
3 of the DB25 connector), and 
BUSY is while DOUT is read via 
the monitored PC input port locat¬ 
ed at 379h (pins 13 and 11). 
The program code in C (see the 

listing) initiates ADC conversion, 
waits until it’s done (the BUSY line 
goes low), and then clocks data out 

SUPPLEMENT TO ELECTRONIC DESIGN 

October 23 1997 

# include <dos .h> 
#include <stdio.h> 
#define brd_addr 0x378 
#define N 1024 
take_data (); 
main( ) 
{ 

int i ; 
FILE*fd; 
double data[N]; 
for (i=0; i<N; i++) { 

data [i]=take_data (); 
) 
fd=fopen( "b: Wdata.dat" , "wb" ) ; /*write data to file*/ 
fwrite (data, sizeof (data) ,1, fd) ; /*b: Xdata.dat*/ 
fclose(fd) ; 
return 0; 

} 
take_data () 
{ 

till low*/ 

int i; 
double result; 
unsigned int data,temp; 
data=0; 
outportb(brd_addr,Oxfd) ; /*SCLK-low, CONVST-high*/ 
outportb(brd_addr,Oxfc) ; /*start conversion*/ 
outportb(brd_addr,Oxfd) ; 
do{ 

temp=0x0010&inportb(brd_addr+l) ; /*poll BUSY 

}while(temp!=O) ; 
for(i=0;i<16;i++) [ /*output 16 clock cycles*/ 

outportb(brd_addr, Oxff); /*SCLK-high*/ 
temp=- inportb(brd_addr+l) ; /*MSB in port 379h 

is inverted*/ 
outportb(brd_addr, Oxfd) ; /*SCLK-low*/ 
temp»=7; /*move bit to LSB position*/ 
temp&=0x0001; /*extract next bit*/ 
data I=temp; /*0R-ed with data*/ 
data«=l; /*prepare for next bit*/ 

} 
data»=l; 
result=data; /*changes data format to 

/♦scales down data to a 
‘double"*/ 

result/=800; 
real value*/ 

printf (*%5 .4f\n" ,result) ; 
used*/ 

return (result) ; 

/♦if 5V power supply is 

from the ADC serially through the 
port 379h (brd_addr+l). The 
acquired data is stored into an 
array, and after N conversions are 
completed, gets stored into a 

data.dat file on floppy disk. Now 
the data can be analyzed and 
processed as needed. To fully uti¬ 
lize the speed of an ADC, the com-

I munication portion of the program 



SIEMENS 

Our magnetic and thermal circuit breakers 
can help you solve your toughest 
circuit protection problems 

Value through diversity 
Whether you need the precise trip 
characteristics of a magnetic breaker 
or the cost-effective performance of 
a thermal type, look to Potter & 
Brumfield Products Division to meet 
your needs. Our growing line of 
quality circuit breakers provides the 
performance you need at a price you 
can afford. For over 60 years, we've 
built a reputation for product reliability 
and dependable service that our 
customers have come to rely on. 

Features that perform 
Our breakers provide a wide range 
of trip delay, circuit function, actuator, 
mounting and termination options -
the features you need for flawless 
protection in your applications. Many 
are designed to meet international 
specifications. Plus, many models 
are stocked, so there's a good 
chance the units you need are 
available off-the-shelf. Of course, 
many additional non-stock models 
are available, too. 

Find out more 
From the U.S. or Canada, use a 
touchtone phone and our automated 
fax-response system. Simply dial 
812.386.2561 and request the 
appropriate fax document number. 
Or follow the prompts to speak with 
your sales representative. 

Features Fax Doc. No. Poles Rating Series Type 

W6 Magnetic 1 - 4 0.2 - 50A Compact Design 9699 
W9 Magnetic 1 - 4 0.2 - 50A Standard Size 9699 
W23 Thermal 1 0.5 - 50A Push/Pull Button 9230 
W28 Thermal 1 0.25 - 20A Snap-in, Fuse Replacement 9280 
W31 Thermal 1 0.5 - 50A Toggle Actuator 9230 
W33 Thermal 1 or 2 2 - 20A Snap-in, Rocker Actuator 9330 
W58 Thermal 1 0.5 - 35A Push-to-Reset 9580 
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EXPENSIVE DATAACQUISITION plug-ins can be avoided using 
this circuit. In fact, the simple setup uses just a 12-bit sampling ADC with a 100-

kHz throughput rate and a parallel printer port as the PC interface. 

code could be rewritten in an 
assembler and called from main(). 
This design isn’t limited to this 

application. The same technique 
could be used with other more 
sophisticated ADCs with serial 
communication capabilities, such 
as the 24-bit AD7714 from Analog 
Devices or the 18-bit MAXI 32 from 
Maxim Integrated Products, among 
many others. Some of these have 
additional features such as multi¬ 
channel multiplexed inputs, built-
in digital filters with adjustable 
cutoff frequency, programmable 
gain input buffers, built-in refer¬ 
ences, autozeroing, and calibration. 
All of these features can be config¬ 
ured and programmed in a way 
similar to the one presented here. 

Voted “Best of Issue” 
Electronic. Design, 
May 1, 1996 

Regulator Adjusts From 0 V To 25 V 
GERALD L. KMETZ . Micrel Semiconductor Inc., 1849 Fortune Dr., San Jose, CA 95131; (408) 435-3448; fax (408) 944-0510. 

n adjustable power supply 
should provide a range 
that includes 0 V. But a 

typical adjustable regulator does 
not facilitate adjustment to volt¬ 
ages lower than VREF (the internal 
bandgap voltage) (Fig- ï)-
Feedback-loop summing junction 
VAd j must be biased at VREF to pro¬ 
vide linear operation. The lowest 
output voltage available from this 
circuit is provided when Rl = 0 Í1. 
For the MIC29153 LDO Regulator, 
VreF = 1.24 V. Vout(min) = VREF(1 + 
R1/R2). 
The next circuit shown provides 

an adjustment down to 0 V by con¬ 
trolling the ground reference of the 
feedback divider (Fig. 2). 
Moreover, it makes use of the inter¬ 
nal bandgap reference to provide 
both accuracy and economy. Non¬ 
inverting amplifier A2 senses VREF 
(via VRAd j) and provides a gain of 
just sligntly more than unity. 
When R5 is adjusted to supply 
ground to voltage follower Al, 
then ground is also applied to the 
bottom of feedback voltage divider 

1. A TYPICAL ADJUSTABLE REGULATORdoes not permit 
adjustment to the internal bandgap voltages lower than VREF. 

Rl and R2, and operation is identi¬ 
cal to the circuit previously shown 
(adjusted to provide maximum 
output voltage) (Fig. 1, again). 
Conversely, when R5 is adjusted so 

the input to voltage follower Al is 
taken directly from the output of 
amplifier A2, the bottom of voltage 
divider Rl and R2 is biased such 
that VAd j will equal VREF when 

WANTED: IDEAS FOR DESIGN 

Submissions to the Ideas for Design section should be about one typewritten page 
of text, with one or two circuits or block diagrams. They should represent the 
author's original work, be tested, and not been previously published. 

Send your ideas to: 
Ideas for Design Editor 
ELECTRONIC DESIGN 611 Route 46 West 
Hasbrouck Heights, NJ 07604 
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by controlling the ground reference of the feedback divider. 

Vout is 0 V. Rotation of R5 results in 
a smooth variation of output volt¬ 
age from 0 V to the upper design 
value, determined by Rl and R2. 
Once again, Vout(max) = VREE (1 + 
R1/R2). 
The gain of amplifier A2 is 1 + 

R4/R3 = 1.05, in this example. It is 
interesting to note that the portion 
of gain above unity is the reciprocal 
of the attenuation ratio afforded by 
feedback divider Rl and R2; i.e., 
R4/R3 = 1/(R1/R2). 
To provide optimal ratio match¬ 

ing, resistors R3 and R4 have been 
chosen to be the same values and 
types as their respective counter¬ 
parts, Rl and R2. 

Voted “Best of Issue” 
Electronic Design, 
May 13, 1996 

3- Wire RS232 To RS485 Converter 
W. STEPHEN WOODWARD. University of North Carolina, Venable Hall, CB3290, Chapel Hill, NC 27599-3290. 

Hhe RS485 signaling stan¬ 
dard. with its high speed, 
noise-resistant differential 

communication, has gained a lot of 
popularity in industrial applica¬ 
tions. 
On the other hand, single-ended 

asynchronous RS232 lives on and 
occasionally the need arises for I/O 
interface between devices using 
these incompatible standards. 
Commercial devices exist, of 
course, but many are somewhat 
pricey and most work only with 
fully implemented RS232 ports 
that support “modem handshak¬ 
ing” signals the converter uses to 
control the direction of informa¬ 
tion flow over the inherently half¬ 
duplex RS485 cable. 

This little circuit needs only a 
minimal “3-wire” RS232 imple¬ 
mentation plus one +10-V to +15-V 
supply voltage to provide a trans¬ 
parent link capable of sending data 
at transmission rates up to tens of 
kbaud (see the figure). 

Circuit operation is as follows: 
When both 232 and 485 are idle 
(232 port in MARK state and no 
485 device active), the 485 link is 

held in the “1” state by the 1200-ÍÍ 
pullup. This causes the top com¬ 
parator to hold the 232 RCD line 
negative and therefore in “MARK” 
state. 

When a character is transmitted 
by the 232 port, it begins with a 
positive-going (SPACE state) 
“START” bit on the TXD line. In 
response the 2N4401 pulls the ” 

ONLY Ä “3-WIRE” RS232 IMPLEMENTATION along with a 
+10 to +15-V supply voltage) is needed to provide a transparent link good for 
data rates up to tens of kbaud. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23. 1997 
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485 conductor more positive than 
the “+” wire, thus transmitting the 
“START” down the 485 cable. 
Meanwhile, the bottom comparator 
holds the “wire-or” (LM393s have 
open collector outputs) 232 RCD 
low, blocking the 232 port from 
“hearing” its own transmission. So 
the receive side of the 232 port 
remains idle, just like a well-
behaved half-duplex should. The 
rest of the bits of the character fol¬ 
low along in the same fashion. 
When a character originates 

somewhere along the 485 bus, it 
begins with a 485 transceiver going 
active and driving the ” line 
above “+”. This causes the upper 
half of the LM393 comparator to 
release RCD and this time the bot¬ 
tom comparator doesn’t prevent it 
from being pulled high. The data 
bits are thus allowed to arrive at 
the RS232 port where they appear 
at standard RS232 bipolar voltage 
levels. 
The common-mode voltage range 

and noise-rejection capabilities of 

this circuit are compatible with 
standard 485 specifications. The 
converter’s speed is mainly limited 
by loading of the comparator out¬ 
puts due to cable capacitance. So 
it’s a good idea to limit the length 
of the RS232 cable to a couple of 
feet. 
Doing so makes data rates as high 

as 100 kbaud feasible. 

Voted “Best of Issue” 
Electronic Design, 
June 10, 1996 

Fault-Tolerant Relflq Driver Circuit 
SCOTT C. WILLIS and MARK J. JONES, Loral Federal Systems, 9500 Goodwin Dr., MS 120/025, Manassas, VA 22110; 

echanical relays are use¬ 
ful in remote switching 
applications that require 

electrical isolation between control 
and switched circuits. The tradi¬ 
tional approach for driving the 
relay coils uses a single-transistor 
common-emitter switch, along 
with a suppression diode. This 
basic circuit is often extended in 
redundant systems by paralleling 
two transistor switches driven by 
separate controllers. However, 
these devices are a potential single 
point of failure in a high availabili¬ 
ty system. 

Shown is a circuit that can 
reduce the likelihood of having an 
unrecoverable failure in the relay 
driver circuit (see the figure). 
Additional transistor switches, 
inserted in series with the original 
controlling transistors, maintain 
proper operation if a single transis¬ 
tor fails. The diodes connected to 
the upper transistors prevent 
reverse base current flow if the col¬ 
lector-base junctions break down. 

The diodes connected to the 

M 

WANTED: 
IDEAS FOR DESIGN 

Send your ideas to: 
Ideas for Design Editor 
ELECTRONIC DESIGN 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 

lower transistor provide proper 
biasing for the circuit. The upper 
and lower transistors will have a 
similar Vbe since they are the same 
type and have nearly identical cur¬ 
rents. Therefore, the Vce of the 
lower transistor will be about the 
same as one diode voltage drop, 
and the device will be operating in 
the active region. 
Power to the relays can be pro¬ 

vided by one of two voltage sources 
connected together through diodes 
in a wired-OR configuration. The 

additional diode clamps the coil 
inductance voltage spike in the 
event one of the suppression 
diodes fail shorted. 
Note that this circuit is applica¬ 

ble to both conventional and latch¬ 
ing relays. Also, an additional relay 
is required for full redundancy, but 
is not an option in many weight¬ 
sensitive aerospace applications. 

Voted “Best of Issue” 
Electronic Design, 
June 24, 1996 

MANY POTENTIAL SINGLE POINTS OF FAILURE are 
eliminated by this relay driver with added transistors and diodes. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23 1997 
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Fairchild Semiconductor leads the way to fast low voltage with CROSSVOLTNCX.. 
The fastest logic available anywhere, VCX gives your designs unprecedented 1.8ns 
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Simple PC Smart Card Reader 
PATRICK GUEULLE. B.P. 279, 76055 Le Havre Cedex, France. 

nSO 7816-compliant “syn¬ 
chronous” smart cards (such 
as those used for prepaid 

telephone cards) are simply secure 
serial EPROMs or EEPROMs and 
can be read without the need of 
intricate hardware or software. 
Shown is the simplest possible 

arrangement, based upon a direct 
connection of the smart card sock¬ 
et to the parallel printer port of any 
PC (Fig. 1). 
Only a spare 5-V power supply is 

needed, possibly borrowed from 
an unused “joystick” port. The 15-
ohm resistor is needed to avoid 
any short-circuits when anything 
but a true smart card is inserted 
into the connector. 
Two layouts can be found for the 

flat contacts on the card itself. 
Figure 2a shows the oldest one 
(AFNOR), mainly used in France, 
and Figure 2b, the internationally 
approved one (ISO). 

It should be stressed that on most 
modern cards with their contacts 
in the ISO position, contacts #4 
and #5 are not used, and are often 
omitted. 

(a) 

uses crt; 
var a, e, f,g: integer 

begin 
clrscr ; 
port [888] :=0; 
port [888] :=250; 
port 1888] :=248; 
clrscr; 
for f:=l to 8 do 
begin 
for g:=l to 32 do 

begin 
port [888]: =249; 
delay (1) ; 
e: =port [889] ; 
a:=e and 128; 
if (a=128) then write ('0 ') else write ('1 '); 
port[888] :=251; 
end; 

writein; 
end; 

end. 

(b) 

101110110000C0110111000101010011 
11000011010101110000010000000110 
11000011010111100001000000000110 
11111111111111111111111111111111 
11111111111111111111111111110000 
oooooooooooooooooocooooooooooooo 
00000000000000000000000000000000 
000000000000000000000 G 0001111111 

3. A SHORT TURBO-PASCAL PROGRAM can perform read 
operations. Fig. 3b's program lists all 256 bits of memory. 

Smart card con¬ 
nectors are usual¬ 
ly fitted with a 
full set of sixteen 
wipers; eight for 
the contacts in 
the AFNOR posi¬ 
tion, and eight for 
the contacts in 
the ISO position. 
It is a good prac¬ 
tice to parallel 
the wipers with 
the same number 
in both sets. 

Read opera¬ 
tions can be per¬ 
formed by means 
of very simple 
software. For 
example, the 
short Turbo¬ 
Pascal program 
shown in Figure 

1. THE SIMPLEST APPROACHfor synchro¬ 
nous cards uses a direct connection socket to the PC par¬ 
allel port. 

2. TWO LAYOUTS are attrib¬ 
uted for the flat contacts on smart 
cards. Fig. 2a shows AFNOR (the old¬ 
est one), and Fig. 2b shows the inter¬ 
nationally-approved ISO layout. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23 1997 
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(a) 

uses crt; 
var a,e, f,g: integer; 

begin 
clrscr; 
port [888] ;=0; 
port [888] :=252; 
port [888] :=254; 
port [888] :=252; 
port [888] :=248; 
clrscr; 
for f:=l to 16 do 
begin 
for g:=l to 32 do 

begin 
port [888] :=248; 
delay (1) ; 
e: =port [889] ; 
a:=e and 128; 
if (a=128) then write('O ') else write ('1 '); 
port [888] :=250; 
end; 

writein; 
end 

end. 

(b) 

10000000011011111111111111001010 
11101010010010010100011011000100 
00000000000000000000000000000000 
00000000111111111111111111111111 
11111111111111111111111111111111 
11111111111111111111111111111111 
11111111111111111111111111111111 
11111111111111111111111111111111 
00001010000000000000101000000000 
00001010000000000000101000000000 
ooooooooooooooooooooocoooooooooo 
ooooooooooooooooooooocoooooooooo 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 

4. FIG. 4a IMPLEMENTS THE INSTRUCTION SET of 
most smart cards used in Europe. Fig. 4b shows the results obtained with a 
recent German phonecard. 

3a. It uses the LPT1 port to send 
“micro-instructions” to the smart 
card, and to sense the hits that the 
card outputs on its data line (con¬ 
tact #7). 
The instruction set used here is 

the one for Gemplus GPM256-type 
cards, 256-bit OTP EPROMs used 
as token holders in many applica¬ 
tions (for example, prepaid tele¬ 
phone cards in France and in most 
countries of the world). The pro¬ 
gram lists all 256 bits of the memo¬ 
ry (Fig. 3b). 
The second program listing 

implements the instruction set of 
“Eurochip” cards, secure 
EEPROMs that are widely used for 
third-generation prepaid telephone 
cards in some European countries 
using the German system (Fig. 4a). 
Figure 4b shows the results 
obtained with a recent German 
phone card, the extra bits of which 
are used to implement some type 
of cryptographic protection. 

It is worth noting that even such 
a simple reader could well be used 
to grant access to a PC or software 
or data files, only to the bearer of a 
suitable smart card (used prepaid 
telephone smart cards usually still 
contain a unique serial number 
that cannot be forged easily). 

Voted “Best of Issue” 
Electronic Design, 
July 8, 1996 

HiQh-Frequencq Loop Rntenna 
M.J. SALVATI. Flushing Communications, 150-46 35th Ave., Flushing, NY 11354; (718) 358-0932. 

Quned-loop active anten¬ 
nas have been confined to 
low and medium frequen¬ 

cies for several reasons, primarily 
due to the difficult requirements 
for the active circuitry. Good per¬ 
formance in the 5-to-30-MHz range 
requires an amplifier with 
extremely high input impedance 
and low noise that can drive 75-Í1 
loads at high signal levels at fre¬ 
quencies over 30 MHz. Combining 
dual FET source followers and the 
Maxim 436 wideband transcon¬ 
ductance amplifier can produce 

SUPPLEMENT TO ELECTRONIC DESIGN 

October 23. 1997 

such an amplifier (see the figure). 
A balanced configuration is used 

for the tuned loop to preserve the 
symmetry of the figure-eight polar 
antenna pattern. With FET source 
followers on the amplifier’s front 
end, only the 1-MÍ1 gate resistors 
load the tuned circuit, so tuning is 
very sharp and resistance to off-fre¬ 
quency interference is very high. 
The FÈTs drive the MAX436’s dif¬ 
ferential inputs, which amplifies 
the balanced signal and converts it 
to a single-ended output. 
Voltage gain for this amplifier is 

switch selectable at either 8 dB or 
20 dB into a 75-H load. Since the 
amplifier is designed to work into 
a 75-Í1 load, the device can be con¬ 
nected to the receiver with a length 
of RG59U cable. Maximum undis¬ 
torted output is 1500 mV into 75 Í1, 
so overloading is unlikely even at 
the high-gain setting. 
A three-turn, 15-in. diameter coil 

(made from No. 8 aluminum 
ground wire with 1/2-in. between 
turns) will cover from 4.4 to 16 
MHz with a dual lO-to-330-pF 
variable capacitor. A single-turn 
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coil (built with a 48-
in. long strip of 1-1/4-
in. wide sheet alu¬ 
minum) will cover 
from 13 to 55 MHz 
(although performance 
falls off past 40 MHz). 
This unusually wide 
frequency range cover¬ 
age is due in part to 
the FET source follow¬ 
er’s extremely low 
input capacitance. 
The 470-Í1 resistors 

prevent gate damage 
from accumulated sta¬ 
tic charge when han¬ 
dling the loops to 
change the frequency 
range. These resistors’ 
Johnson-noise contri¬ 
bution is negligible 
due to the high-noise 
environment typical 
of an indoor site. If the 

Q1 , Q2: 2SK23, 2N5245. or1/22N5911 

COMBINING DUAL FET SOURCE FOLLOWER and Maxim e 436 
transconductance amplifier creates a high-impedance, low-noise amplifier that makes pos¬ 
sible a high-frequency loop antenna. 

reception site has unusually strong 
ac fields, adding 100-pF input 
capacitors can reduce the levels of 
60-to-180-Hz pickup, otherwise 
they’re unnecessary. The only 
adjustment required is to zero the 
output via the 330-Í1 trimmer. 
This type of loop typically has 

very high output even at the low 

gain setting (the output of the pro¬ 
totype unit required that a 15-dB 
attenuation be added to the output 
for A-B comparisons with a fan of 
1/4-wavelength antennas located 
outdoors at the same height as the 
loop). Whether the loop can out¬ 
perform an outdoor wire antenna 
depends primarily on the noise 

environment in the loop’s vicinity, 
and the signal attenuation by the 
building’s walls. In any case, this 
loop should outperform any other 
type of indoor antenna. 

Voted “Best of Issue" 
Electronic Design, 
July 22, 1996 

Diff Rmp Digitizes Small Signals 
JERRY STEELE. National Semiconductor Corp., Tucson Design Center, 940 Finance Center Dr., Suite 120, Tucson, AZ 

his differential amplifier 
handles common-mode 
voltages up to ±24 V on a 

3.3-V supply, or up to ±40 Vona5-
V supply (Fig. 1). It comes in handy 
when interfacing analog-to-digital 
converters (ADCs) or data-acquisi-
tion systems (DASs) in 3.3-V or 5-V 
single-supply systems to inputs 
with a wide common-mode range. 

Differential amplifier Xl is the 
actual diff amp, and Rl, R2, R3, 
and R4 are the gain-setting resis¬ 
tors. X2 forces the common-mode 
voltage at Xi’s inputs to zero with 
respect to a quiescent biasing point 
provided by X3. The wide avail¬ 
ability of dual and quad low-volt¬ 
age op amps permits implementa-

□ 

1. THIS DIFFERENTIAL AMPLIFIER handles comm on-mode 
voltage of up to ±24 V on a 3.3-V supply, or ±40 V on a 5-V supply. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23 1997 



WORLD’S LOWEST POWER 
3MHz OP AMPS 

290pA Maximum Supply Current in a S0T23-5 Package 

GET RAIL-TO-RAIL® I/O WITHOUT COMPROMISES 

CUT SUPPLY CURRENT 
BY MORE THAN 3x 

81 Op A 

MAX4330 CLOSEST 
COMPETITION SOT23 

(ACTUAL SIZE) 

3.0mm X 3.1mm 

INCREASE SPEED BY 3x 

MAX4330 CLOSEST 
COMPETITION 

Choose Maxim for the Fastest, Lowest Supply Current Op Amps Available! 

Rail-to-Rail is a registered trademark of Nippon Motorola Ltd 

PART 
No. OF 

AMPS 

GBW 

(MHz) 

SUPPLY 

CURRENT 

PER AMP 

(pA, max) 

SUPPLY 

VOLTAGE 

RANGE 

(V) 

INPUT OFFSET 

VOLTAGE 

(mV, max) 

LOW-POWER 

SHUTDOWN 

MODE 

PACKAGES 

MAX4330 1 3 290 2.3 to 6.5 ±1.5 No 5-pin SOT23 

MAX4331 1 3 290 2.3 to 6.5 ±0.6 Yes 8-pin pMAX/SO 

MAX4332 2 3 290 2.3 to 6.5 ±0.6 No 8-pin SO 

MAX4333 2 3 290 2.3 to 6.5 ±0.6 Yes 10-pin pMAX, 14-pin SO 

MAX4334 4 3 290 2.3 to 6.5 ±0.6 No 14-pin SO 

FREE Op Amp/Comparators Design Guide -Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-376-6650 for a Design Guide or Free Sample 
6:00 a.m. - 6:00 p.m. Pacific Standard Time 

http://www.maxim-ic.com 

For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

NOW AVAILABLE! 
FREE FULL LINE DATA CATALOG 

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 
Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. 

Distributed in Canada by Arrow, Bell/Milgray, Hamilton Hallmark. 

ZVIZIXIZH is a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products. 

Circle No. 100 - For U.S. Response 
Circle No. 101 - For International 



BEST IDEAS FOR DESIGN 
IDEAS VOTED 'BEST DE ISSUE' BY THE READERS OF ELECTRONIE DESIGN 

differential-
2. COMMON-MODE INPUTS of up to ± 40 V. while operating 
on a 5-V supply, can be handled by this data-acquisition-system 
input configuration. 

tion with one IC package. 
Biasing at one-half sup¬ 

ply, or at some reference 
well within the supply 
rails, is necessary because 
positive-going common¬ 
mode inputs require X2’s 
output to swing negative. 
R5, R6, R7, and R8 should 
be at least an order of mag¬ 
nitude impedance less than 
the gain-setting resistors of 
Xl. Common-mode signals 
induce currents into R3 and 
R4 that would otherwise 
induce voltage at Xi’s 
inputs were it not for the 
compensating current flow 
through R6 and R8. The 
available current in R6 and 
R8 is a function of available 
output swing from X2 and 
the values of R6 and R8 
(assuming that these cur¬ 
rents are well within X2’s 
current capability and cur¬ 
rent limit). 
The impedance relation¬ 

ship of R6 and R8 to gain¬ 
setting resistors limits the 
use of this circuit to high-
impedance 
amplifier circuits, and it’s 
not well suited for wide-
bandwidth circuits. The high 
impedances also favor the use of 
JFET or CMOS input op amps. 
As with any differential amplifi¬ 

er, the gain-setting resistors should 
be matched as close as possible 
(use a prepackaged resistor net¬ 
work if feasible). The effects of R5, 
R6. R7. and R8 on X2 isn’t that crit¬ 
ical. However, because they form 
impedances off of the input nodes 
of the differential amplifier, they 
also should be closely matched. 
When incorporating the differen¬ 

tial amplifier with a low-voltage 

DAS, the amplifier’s bias point is at 
the DAS’s reference voltage, at 
approximately half supply (2.5 V 
on a 5-V system) (Fig. 2). The 
amplifier output will swing in both 
the positive and negative direc¬ 
tions from this center value. By 
configuring the DAS high-side 
input to the sense-amplifier out¬ 
put, and the low side to the sense 
reference, gives the DAS a bipolar 
dynamic range. Using a bipolar 
dynamic range takes advantage of 
the sign bit available in many 
DASs and ADCs, and provides an 

extra bit of resolution. This ampli¬ 
fier must always precede the mul¬ 
tiplexer inputs of a DAS or multi¬ 
channel ADC because the multi¬ 
plexer can’t handle the high com¬ 
mon-mode voltage. 

Reference: 
Orense, Lester R., “Measure Power 
Without Iso Amps,” Electronic 
Design, Sept. 17, 1992, p. 90. 

Voted “Best of Issue” 
Electronic Design, 
August 5, 1996 

Temp-Controlled Fan Reduces Noise 
KERRY LACÄNETTE , National Semiconductor Corp., 6377 E. Tanque Verde Rd., Suite 101, 
Tucson, AZ 85175; (520) 751-3769; fax (520) 751-2379. 
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ooling fans help prevent 
computers, instruments, 
and other equipment from 

overheating, but they also produce 
noise that can contribute to user 
fatigue. One way to combat heat 

and noise simultaneously is to 
operate the fan at a low speed when 
system temperature is low, and 
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increase fan speed only when tem¬ 
perature exceeds a predetermined 
threshold. This limits the fan’s 
speed and noise to the minimum 
necessary for adequate cooling. 
The circuit described here needs 

only three ICs to smoothly increase 
fan speed as temperature rises 
above an easily set trip point. 
Furthermore, the circuit can be 
extremely compact because two of 
the ICs are available in tiny SOT-23 
packages. Low-dropout voltage 
regulator ICI provides power to 
the fan and to temperature sensor 
IC2 (see the figure). The voltage on 
IC2’s supply pin is equal to: 

V+ = 1.275(1 + (R2/R1)] = 1.275(1 
+ (16k/5.6k)] = 4.9 V 

which is an excellent nominal 
supply voltage for the LM45 tem¬ 
perature sensor. IC2 drives the 
middle of the resistor divider 
across voltage reference IC3. 
Because the LM45’s output stage 
can only source current, its output 
voltage will remain at about 610 
mV until IC2’s temperature rises 
above 61°C (IC2 has a nominal out¬ 
put voltage equal to 10 mV/ °C). 
Above 61°C, IC2 will drive the 500-
Í1 Thevenin resistance of the 
divider, which will cause IC2’s 
supply current to increase rapidly 
with rising temperature. 

THIS SYSTEM S COOLING FAN runs at a relatively low rate 
when temperature sensor IC2 is at a low temperature, thus reducing noise. 
However, as temperature rises above 61 °C. the fan’s speed 
incredses smoothly. 

At low temperatures, ICI sup¬ 
plies the fan with: 

Vfan = 1.275(1 + (R2 + R3)/R1) + 
Rl X IQ2 = 1.275(1 + (26k/5.6k)) + 
10k X 80 p.A = 8 V 

where IQ2 is the quiescent sup¬ 
ply current of IC2. 
As temperature rises above the 

point where IC2’s output voltage 
exceeds the Thevenin voltage set 
by R4 and R5. IC2’s supply current 
increases by about 20 p.A/ °C above 
the threshold. IC2’s supply current 
flows through Rl and directly 

affects the regulator’s output volt¬ 
age. Therefore, if temperature rises 
20 °C above the nominal 61 °C 
threshold, the regulator’s output 
voltage will rise to 12 V and the fan 
will operate at full speed. 
During operation, the fan quickly 

and smoothly accelerates to a 
speed that’s sufficient to keep the 
system temperature in the accept¬ 
able range without any sudden 
changes in fan speed. 

Voted “Best of Issue” 
Electronic Design, 
August 19, 1996 

Opticallq Isolated Analog Multiplexer 
W. STEPHEN WOODWARD, Venable Hall, CB3290, University of North Carolina, Chapel Hill, NC 27599-3290; Internet: 
woodward@net.chem.unc.edu. 

accurate analog data acqui¬ 
sition in noisy (e.g., 
industrial) environments 

often requires galvanic isolation of 
signal sources from each other and 
from data system ground. 
Commercial devices such as isola¬ 
tion amplifiers can solve the prob¬ 
lem, but it becomes messy because 
isolated power sources are usually 
required for each input channel. 
The circuit described here pro¬ 

vides three channels of optically-
isolated input that will work for 
many precision signal-acquisition 

applications, and needs no expen¬ 
sive hybrid isolation amplifiers or 
floating power supplies (see the fig¬ 
ure). In fact, the only power 
required is a single +5-V rail with 
ground common to the ADC. 
Multiplexer operation is based on 

an ordinary quad-channel optoiso¬ 
lator (PS2501-4). Each LED (such as 
El) in combination with input-scal¬ 
ing resistor Rl will, in response to 
Vin , pass a current II = (Vin - Vled 

)/(Rl + Rs), where V|ed = the LRD’s 
forward voltage drop and Rs = the 
signal source’s internal resistance. 

Rl is chosen to establish a full-
scale LED current near 500 p.A. 
Assuming (for example) that chan¬ 
nel 1 is selected, the resulting pho¬ 
tocurrent in Pl will tend to pull 
Al’s summing point. In response, 
Al will forward-bias E2 to generate 
a balancing photocurrent in P2. 

Multi-channel optoisolators 
exhibit excellent tracking of cou¬ 
pled gains and other parameters. 
Consequently, the E2 current 
required to maintain this balance 
will closely track II as will the 
Vied of E2 closely equal the Vied of 
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THIS ANALOG MULTIPLEXER provides three channels of optically isolated input that works in 
many precision signal-acquisition applications. The only power needed is a single +5-V rail with ground common to the 
analog-to-digital converter. 

El. This leads to an interesting and 
useful relationship. Assume R2 is 
chosen so that R2 = RI + Rs. Then 
12, the total current sourced by Al 
to the parallel combination of E2 
and R2, will be: 12 = Il + Vled /(RI 
+ Rs). But from above, we know II 
=Vin/(Rl + Rs) - Vled/(R1 + Rs). 
Thus, 12 = Vin/(R1 + Rs) and the 
current sourced through Ml to the 
gain-adjustment network is direct¬ 
ly proportional to the floating 
input voltages. Therefore, it’s inde¬ 
pendent of the LED voltage drops. 
Of course, there’s no such thing 

as a free lunch, and this compensa¬ 
tion trick only works for Vin > Vled . 

That means input voltages below 
the threshold required for at least 
some conduction in the LEDs 
(about 700 mV) can’t be sensed at 
all. But many applications don’t 
involve input voltages that go to 
zero and are not troubled by this 
limitation. For example, if a shunt 
resistor of 511 Í1 is used at the mul¬ 
tiplexer input in combination with 
RI = 20k and R2 = 20.5k, standard 
industrial 4-to-20-mA current loop 
signals can be accurately (within 
0.1%) sensed because minimum 
Vin = 500 Q X 4 mA = 2 V. 
Minor mismatches between the 

input channels are accommodated 

with the gain-adjustment trimmer 
provided for each channel. Using 
trimmer wipers as input terminals 
may look peculiar, but it results in 
convenient, non-interacting gain 
adjustments for each channel. In 
addition, because the setting is 
insensitive to variations in wiper 
contact resistance, it’s time- and 
temperature-stable. Interchannel 
settling to 0.1% is a respectable 20 
ms. Useful frequency response of 
the multiplexer extends to 50 kHz. 

Voted “Best of Issue" 
Electronic Design, 
September 3, 1996 

Use -AV To Terminate Fast Charging 
ARIE RAVID. Linear Technology Corp., 1630 McCarthy Blvd., Milpitas, CA 95035-7487; (408) 432-1900 
woodward@net.chem.unc.edu. 

28 
D uring charging of NiCd 

and NiMH batteries, their 
temperature will rise. 
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This characteristic can be used to | must be bonded to the battery. Such 
control termination of the charge , a configuration is costly and at 
process, but a temperature sensor I times awkward. However, the inter-
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1. A THREE-CELL BATTERY (Panasonic P130-
SCR) was connected to a 0.8-A constant-current charger to 
determine the voltage drop rate, which was -0.54 mV/s. 

nal battery-temperature rise 
toward the end of charge causes 
the battery voltage to drop. The 
drop can be detected and used to 
terminate a fast charge. 

To determine the 
voltage drop rate 
in the case pre¬ 
sented here, a 
t h r e e - c e 1 1 
(Panasonic 
P130-SCR) bat¬ 
tery was con¬ 
nected to a 0.8-A 
constant-current 
charger. The 
voltage drop rate 
was -0.6 mV/s 
(Fig. 1). 
At the heart of 

the circuit is a 
sample-and-
hold IC (U3) 
(Fig. 2). The out¬ 
put of U3 (pin 5) 
updates to the 
input level (pin 

3) at every clock pulse at pin 8. 
When the battery voltage drops, 
the input to U2 drops as well. If the 
update step at the output of U3 is 
negative and large enough, U2B 

latches in high state. Ql turns on 
and terminates the charge by 
pulling the V C pin of Ul down, 
thus disabling it. Ul is a switch¬ 
mode constant-current-type bat¬ 
tery charger; however, any control¬ 
lable current source will do. 
U2A and the associated passive 

components smooth, amplify, and 
level-shift the battery voltage. The 
timer (U4) updates the hold capac¬ 
itor C8 every 15 seconds. The timer 
signal stays high for 7 ms, a suffi¬ 
cient time for the hold capacitor to 
get charged to the input level. U2B 
and the associated parts form a 
latch that requires a momentary 
negative voltage at pin 6 to change 
state. R15 supplies the negative 
feedback and Q2, R16. R17, and 
CIO reset the latch on turn-on. 

U3’s output voltage droops at a 
rate proportional to the hold¬ 
capacitor internal leakage and the 
leakage current at pin 6 (typically 
10 pA). This droop is very low and 
doesn’t affect the circuit’s opera-

30 

2. THE CHARGE-TERMINATION method employed with this three-cell NiCd battery charger, which has Av 
termination, was able to provide a consistent charge. 
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tion. The minimum battery nega¬ 
tive voltage slope required for ter¬ 
mination can be calculated from: 

-dV/dt = Vtrig /(Tclk GU2A ) 

where Vtri is the trigger voltage 
of U2B ( Vtri = Vref X R12/(R11 + 
R12) = 5 X 1/101 = 49.5E - 3 V; Tclk 
is the clock period (15 seconds); 
and GU2A is the gain of the first 
stage (R8/(R4 I I R5) = 11. 
Hence, 

-dV/dT = 49.5E - 3 V/(15 sec¬ 
onds X 11) = 0.3 mV/s 

The circuit in Figure 2 was test¬ 
ed with a three-cell NiCd battery 
(Panasonic 1.4 Ah P140-SCR). A 
total of 68 charge/discharge cycles 
were performed—the average 
charge was 1.59 Ah and the stan¬ 
dard deviation was 0.0106 Ah. The 
consistent charge (standard devia¬ 
tion is 0.67% of average) verifies 
that the charge-termination 

method described is reliable. 

Voted “Best of Issue” 
Electronic Design, 
September 16, 1996 
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t times designers are 
faced with a limited 
amount of wire and/or a 

limited cost to communicate with a 
remote device such as a sensor. 
Many devices, such as the LM2893 
and other carrier-based technolo¬ 
gies, exist that allow communica¬ 
tion over an ac or de power line 
employing an AM or FM modula¬ 
tion scheme. However, they tend to 
be costly. The design presented 
here is a simple, low-cost method 
for sending data across the same 
wire as is being used to supply 
power. The scheme is based on 
modulating current from a remote 
device back to a host. A later exam¬ 
ple shows how the host also can 
modulate voltage to the slave. The 
host decodes the data by sensing 
current changes to the slave and 
recovering the data with an analog 
comparator. The scheme will cause 
a small drop in the supply voltage 
to the remote device that is 
insignificant in most applications. 

The remote microcontroller 
sends data by sinking current 
through an output port and series 
resistor to ground. The resistor 
value is chosen by calculating the 
maximum current required by the 
remote circuit and choosing a resis¬ 
tor that will increase the current 
required by an amount that can be 
easily measured with the shunt cir¬ 
cuit shown {Fig. 1). Designers must 
ensure that normal operation of the 

SUPPLEMENT TO ELECTHONIC DESIGN 
October 23, 1997 

1. THIS RECOVERY CIRCUIT operates by modulating current from 
a remote device back to a host. Here, a single comparator senses the amount 
of current passing through the shunt resistor. 

slave doesn’t cause current excur¬ 
sions that get interpreted as data, 
otherwise they must filter these 
conditions (explained later). In 
some cases, hysteresis may be nec¬ 
essary and can be added with a bit 
of positive feedback. 
The recovery circuit in Figure 1 

utilizes a single comparator that 
senses the amount of current pass¬ 
ing through the shunt resistor. If a 
DART is being used, such as pro¬ 
vided in the GOP984 8-bit micro¬ 
controller, the comparator is con¬ 
figured to provide a logic low when 
a data bit is on (mark). The com¬ 
parator is biased with the divider 

R2/R3 so that the data output from 
the comparator is stable logic high 
during normal no-data-flow opera¬ 
tion. When a start bit is sent from 
the remote, the increase in current 
is sensed by the host and the com¬ 
parator drives a logic low into the 
host HART or other recovery 
device. When the output data is off, 
the output from the remote device 
is off and thus not sinking current. 
The Figure 1 circuit employs a 

National Semiconductor LMC7211 
comparator. The part was chosen 
because, unlike traditional com¬ 
parators, the common-mode input 
range extends to the positive rail. 
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2. Ä SIMPLE VOLTAGE DIVIDER (R1/R4) modulates the voltage 
from the host to the slave. The slave circuit compares the voltage being provid¬ 
ed to the voltage stored in C2. 

This is required when sensing a 
voltage with a potential at or near 
the positive rail. Other reasons for 
using this part include its low 
operating voltage (down to 2.7 V), 
its push-pull output (saves a pull-
up), and an extremely small 
SOT23-5 package. This implemen¬ 
tation has been optimized for a 
total slave current load of 9 mA. 
The comparator reference voltage 
is set a 4.84 V with R2 and R3. 
With Vin set at 5.0 V, the drop 
across shunt RI will result in the 
voltage at the noninverting input 
being either 4.87 V when the signal 
from the microcontroller is off 
(high) or 4.77 V when it is on. 
Many microcontrollers, such as 

the NSC COP8 shown, will operate 
properly with voltages as low as 
2.5 V. In this example, the slave 
voltage will stay within 5% of the 
5-V VCC if the slave doesn’t gener¬ 
ate significant load change. 
Designers must consider the mini¬ 
mum and maximum slave current 
when choosing the bias resistor 
values, as well as the current vari¬ 
ation generated by the internal 
operation of the microcontroller. 
With this circuit, the slave cur¬ 

rent can vary between 6 mA and 10 

mA without significantly affecting 
operation. Larger variations may 
require a larger shunt Rl (and thus 
a larger VCC drop), and an appro¬ 
priate change in reference resistor 
R2. Fast transient current changes 
also may be filtered by adding hys¬ 
teresis with a positive feedback 
resistor (Rh347k), and/or by 
adding a filter capacitor (Cl) from 
the noninverting input to ground 
(0.1 jjlF). Slave VCC decoupling 
capacitors must be carefully select¬ 
ed to ensure that the total capaci¬ 
tance doesn’t distort the relatively 
slow current modulation. A value 
of 1 |iF will limit the data frequen¬ 
cy to about 10 kbits/s. 

In some applications, slave cir¬ 
cuits may not tolerate the VCC 
noise generated by the modulator. 
This may be seen in situations 
where a large variation occurs at 
the slave and an analog block is 
being employed. In these situa¬ 
tions, either a voltage reference 
(such as an LM4040/4041) if the 
current required is limited, or an 
LP2951 low-dropout regulator can 
be used if the current requirement 
is up to 100 mA (LP2952 or 
LP2960 for current up to 0.5 A). 
This regulator circuit is able to 

generate a stable voltage a few hun¬ 
dred millivolts below the lowest 
slave voltage, or set at a standard 
fixed voltage of 3.0, 3.3, 4.1 V, etc. 
Both the LMC7211 and LMC6772 

feature delay times that enable 
them to be used for frequencies up 
to about 128 kbits/s, depending on 
the value of the capacitor required 
at the slave. For higher-frequency 
applications, a faster device can be 
used. In addition, the Figure 1 cir¬ 
cuit may be used when operating 
with a 3-V power source. 
A bidirectional circuit also can 

be implemented by modulating the 
voltage from the host to the slave 
and modulating current from the 
slave back to the host. This design 
may require a greater variation in 
voltage to the slave to ensure ade¬ 
quate margins. The recovery cir¬ 
cuit for the slave can employ the 
same single comparator. In this 
case, however, the comparator is 
looking at the absolute voltage 
change from the host. 

In another configuration, a sim¬ 
ple voltage divider (R1/R4) can 
modulate the voltage from the host 
to the slave (Fig. 2). The slave cir¬ 
cuit simply compares the voltage 
being provided to the voltage 
stored in C2. The C2/R8/R9 time 
constant is set much longer than 8 
bit times so that the reference level 
will be stable for this worst-case 
situation. When the host sends a 
bit, R4 will pull the slave voltage 
down and the slave comparator 
will pass a logic low back to its 
UART or other receiving device. 
The host will see its own transmit¬ 
ted data looped back into its recov¬ 
ery circuit. This is typically 
ignored or can be used for error 
checking (compare transmitted to 
received data). The circuits shown 
are meant to be foundations for a 
circuit that will work in a particu¬ 
lar system. They may not be opti¬ 
mum for a particular design, but 
using these concepts, designers 
may implement this extremely 
small and low-cost communica¬ 
tions scheme with great results. 
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Bridge Measures Small Capacitance 
JEFF WITT, Linear Technology Corp., 1630 McCarthy Blvd., Milpitas, CA 95035-7487; (408) 432-1900, ext. 3710. 
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apacitance sensors mea¬ 
sure a wide variety of 
physical quantities, such 

as position, acceleration, pressure, 
and fluid level. The capacitance 
changes involved often are much 
smaller than the stray capaci¬ 
tances, particularly if the sensor is 
remotely placed. 
The circuit described was devel¬ 

oped to measure a 50-pF cryogenic 
fluid-level detector, with only 2-pF 
full-scale change, hooked to sever¬ 
al hundred picofarads of varying 
cable capacitance. This requires a 
circuit with high stability, sensitiv¬ 
ity, and noise rejection, but insen¬ 
sitivity to strays caused by cables 
and shielding. Battery operation 
and analog output also were 
desired for easy interfacing to 
other instruments. 

Two traditional circuit types 
have drawbacks: Integrators are 
sensitive to noise at the compara¬ 
tor, and voltage-to-frequency con¬ 
verters typically measure stray as 
well as sensor capacitance. The 
capacitance bridge presented here 
measures small transducer capaci¬ 
tance changes yet rejects noise and 
cable capacitance. 
The bridge shown is 

designed around the 
LTC1043 switched-
capacitor building 
block (Fig. 1). The cir¬ 
cuit compares a 
capacitor (Cx) of 
unknown value with 
a reference capacitor 
(Cref). The LTC1043, 
programmed with Cl 
to switch at 500 Hz, 
applies a square wave 
of amplitude Vref to 
node a, and a square 
wave of amplitude 
Vout and opposite 
phase to node b. 
When the bridge is 
balanced, the ac volt¬ 
age at node c is zero, 
and: 

Vout= Vref (Cx /Cref) 
Balance is achieved by integrat¬ 

ing the current from node c using 
an op amp (LT1413) and a third 
switch on the LTC1043 for syn¬ 
chronous detection. With Cref = 
500 pF and Vref= 2.5 V, this circuit 
has a gain of 5 mV/pF. When mea¬ 
sured with a DMM, it achieves a 
resolution of 10 fF for a dynamic 
range of 100 dB. It also rejects stray 
capacitance (shown as ghosts in 

Figure 1) by 100 dB. If this rejec¬ 
tion isn’t important, the switching 
frequency f can be increased to 
extend the circuit’s bandwidth, 
which is given by: 
BW = f(Cref /Cout ) 

Cout should be larger than Cref. 
The circuit operates from a single 
5-V supply and consumes 800 p.A. 
If the capacitances at nodes a and c 
are kept below 500 pF, the LT1078 

1. THIS CAPACITOR BRIDGE measures small transducer capaci¬ 
tance changes even in the presence of large strays, and it rejects noise and 
cable capacitance. 

2. HIGHER RESOLUTION was obtained by modifying the circuit in Figure 1. for 
cases when capacitance change is small. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23 1997 
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micropower dual op amp may be 
used in place of the LT1413, reduc¬ 
ing supply current to a mere 160 
p.A. 

If the capacitance change is 
small, the circuit can be modified 
for higher resolution (Fig. 2}. A 
JFET-input op amp (LT1462) 
amplifies the signal before demod¬ 
ulation for good noise perfor¬ 
mance, and the integrator’s output 
is attenuated by Rl and R2 to 
increase the sensitivity of the cir¬ 
cuit. 
If ACx « Cx , and Cref = Cx , then: 

Voul -Vref =Vref (A Cx /Cref)[(Rl + 
R2)/R2] 

With Cref = 50 pF, the circuit has a 
gain of 5 V/pF and can resolve 2 fF. 

Supply current is 1 mA. The syn¬ 
chronous detection makes this cir¬ 
cuit insensitive to external noise 
sources and, in this respect, shield¬ 
ing isn’t terribly important. 
However, to achieve high resolu¬ 
tion and stability, care should be 
taken to shield the capacitors being 
measured. This circuit was used 
for the fluid-level detector men¬ 
tioned previously by putting a 
small trim capacitor in parallel 
with Cruf to adjust offset and by 
trimming R2 for proper gain. 
Bridge circuits are particularly 

suited for differential measure¬ 
ments. When Cx and C f are 
replaced with two sensing capaci¬ 
tors, these circuits measure differ¬ 
ential capacitance changes, but 
reject common-mode changes. 

CMRR for the circuit in Figure 2 
exceeds 70 dB. In this case, howev¬ 
er, the output is linear only for 
small relative capacitance changes. 

Voted “Best of Issue” 
Electronic Design, 
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Composite Video Sync Stripper 
MARK AMARANDOS and JEFF LIES. Harris Corp., Semiconductor Sector, 1503 South Coast Dr., Suite 320, Costa 
Mesa, CA 92626; (714) 433-0600; fax (714) 433-0682. 
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Dhe sync stripper, a com¬ 
mon video circuit, often is 
found in applications 

where premium channels are 
scrambled by cable operators so 
that they can be viewed only by 
authorized subscribers. Removing 
the sync pulse makes it impossible 
for the television receiver to lock 
onto the video signal, thus produc¬ 
ing a highly distorted picture. 

In addition, sync strippers are 
used to remove the sync pulse 
from video signals preceding ana-
log-to-digital conversion. After 
removing the sync pulse, the active 
video portion of the signal may be 
gained up to the full-scale input 
range of the converter for better 
resolution. 
The composite video sync strip¬ 

per shown consists of an HFA1135 
limiting amplifier (ICI) and an 
HFA1115 limiting buffer (IC2) (Fig. 
1). IC2 is configured for a gain of 2 
in order to provide unity gain 
while driving a double-terminated 
75- ÍÍ line. ICI is configured as a 
comparator and performs the sync 
detect function. The sync detect 
adjustment is nominally set for a 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23 1997 

comparator threshold of -0.2 V. 
During a sync pulse, the output of 

IC1 is set by the voltage on its VH 
pin. The output of ICI drives the V, 
input of IC2. The sync null poten¬ 
tiometer sets the VH level for the 
comparator. It’s adjusted for a 0-V 
output from IC2 during the sync 

interval. This adjustment elimi¬ 
nates offset errors in the clamp cir¬ 
cuit and in ICI. During the sync 
period, the output of IC2 isn’t 
allowed to go below 0 V, thereby 
removing the sync pulse. 

In a comparison of the sync strip¬ 
per’s input and output waveforms 

1. IN THIS VIDEO SYNC STRIPPER. IC1 is configured as a 
sync detector. Its output drives the VL input of IC2 to 0 V during the sync pulse 
and thus removes it from the video signal. 



BEST IDEAS FOR DESIGN 
IDEAS VOTED 'BEST OF ISSOE' BY THE HEADEBS OF ELECTHONIC DESIGN 

2. THE SYNC STRIPPER’S composite video waveform is shown at 
the input (a) and the output with the sync pulse removed (b). 

WANTED: IDEAS FOR DESIGN 
Submissions to the Ideas for Design section should be about one typewritten page of text, 
with one or two circuits or block diagrams. They should represent the author's original work, 
be tested, and not been previously published. 

Send your ideas to: 
Ideas for Design Editor 
ELECTRONIC DESIGN 611 Route 46 West 
Hasbrouck Heights, NJ 07604 

(Figs. 2a and 2b), it can be seen 
that the active portion of the video 
signal crosses below O V. This is 
the reason why a simple half-wave 
rectifier can’t be used as a compos¬ 
ite video sync stripper. 

While this circuit removes the 
sync pulse, it preserves the full 
range of the active video portion of 
the signal. The circuit does pro¬ 
duce a glitch that’s a few nanosec¬ 
onds wide, but most receivers 
won’t recognize this glitch as a 
sync pulse. In sensitive applica¬ 
tions, this glitch can be reduced by 
a low-pass filter. 
A simple variation of the circuit 

may be used to insert sync pulses. 
This is achieved by setting the 
comparator stage VH level to 1 V 
and the VL level to -0.3 V. The 
comparator’s input polarity is 
selected to give a negative-going 
pulse during the sync interval. 
That pulse drives the VH pin of the 
HFA1115, thereby inserting a -0.3-
V sync pulse into the video data 
stream. 
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Ouadra ture Reference Generator 
GIOVANNI ROMEO. Istituto Nazionale di Geofísica, Vi di Vigna Murato 605, 1-00143 Roma, Italy; telephone: +39-6-
51850305; fax: +39-6-5041181; Internet: romeo@marte.ingrm.it. 

Hhe circuit described here 
produces phase-related 
signals from an input 

sinewave of slightly variable fre¬ 
quency. The same result may be 
obtained using a PLL (excluding 
the use of more sophisticated digi¬ 
tal methods), but the PLL approach 
proves to be less stable and slower 
to lock than the design shown. 

The original purpose of the 
design was to derive a signal to 
control lock-in of the mechanical 
position of an infrared telescope’s 
oscillating mirror (the prototype 
operation frequency was between 
10 and 30 Hz). The oscillation 
waveform was a sinusoid detected 
by an LVDT. 
Figure 1 shows the theory of 

operation. The sinusoidal input 
waveform passes through a high-
pass filter, which removes the de 
contents of the signal. A zero-cross 
detector produces a square wave 

(b) with the same 
frequency of the 
input. Passing 
through a quasi¬ 
integrator, the 
waveform (b) 
becomes the tri¬ 
angular wave¬ 
form (f). A sec¬ 
ond high-pass 
filter removes 
the de content of 
waveform (f), 
and a second 
zero-cross detec¬ 
tor produces the 
waveform (c). 
Waveform (c) has 
a phase delay of 
90° with respect 1. THE BLOCK DIAGRAM shows the theory of 
to (b). XOR-ing operation for a quadrature reference generator. 
(b) and (c) will 
create (d). Operating on (d) as was Voted “Best of Issue” 
done on waveform (b) will produce Electronic Design, 
waveform (e). October 24, 1996 

2. DESIGNED TO WORK with a 17-Hz input, this quadrature reference generator was used to control the 
mechanical position of an infrared telescope s oscillating mirror. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23. 1997 
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PM DC Motor Speed Control 
KLAUS ACHLEITNER. University of Cape Town, Dept, of Chemistry, Rondebosch 7700, Cape Town, South Africa, tele 
phone: +27-21-650-2525; fax: +27-21-689-7499; e-mail: Klaus@psipsy.uct.ac.za. 

s peed control of perma¬ 
nent-magnet (PM) de 
motors with the aid of 

optical or de tachometers is gener¬ 
ally inconvenient and difficult, 
particularly on motors with inte¬ 
gral gearboxes. The high-speed 
shaft of the motor that drives the 
gearbox isn’t always accessible and 
the speed of the geared-down shaft 
often is too low for tachometers. 
Described here is a single-supply 

regulating speed-control circuit 
that doesn’t require a tachometer. 
It keeps the motor torque high 

under load by using positive feed¬ 
back to compensate for the drop 
due to armature resistance. In 
unregulated variable-speed PM de 
motor systems, the drop in speed 
under load is particularly pro¬ 
nounced at low motor supply volt¬ 
ages. 
The positive-feedback generates 

a negative resistance that compen¬ 
sates for the nonlinear effects 
caused by armature resistance and 
thereby ensures that the speed¬ 
control input voltage (V¡) linearly 
controls the speed of the motor. 

A PM de motor can be modeled 
by the equivalent circuit shown in 
the figure. The steady-state equa¬ 
tion for this motor is equal to: 

V, = E + Ia Ra (1) 

where E = back-EMF (V): RA = 
armature resistance (Í1); Vt = 
applied voltage (V); IA = armature 
current (A); and L = winding 
inductance (H), and: 

E = nKE (2) 

THIS SINGLE-SUPPLY SPEED-CONTROL circuit for permanent-magnet de motors doesn't require a 
tachometer and keeps the motor torque high under load by using positive feedback. The positive feedback compen¬ 
sates for the drop due to armature resistance. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23, 1997 
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where speed = n (rpm); Ke = con¬ 
stant (volts/rpm); and Kt = torque 
constant (N-m/A). 
Therefore, from equation 1: 

Vt = nK E + Ia Ra (3) 

Consequently, 

The torque is proportional to the 
armature current: 

Torque T = Kt Ia 

where T = damping torque + fric¬ 
tion torque + load torque (N-m) 

The power output from the motor 
shaft is: 

Pout = T a> (watts), i.e„ at the 
motor shaft 

where œ = shaft speed in rad/sec., 
and POut = power in watts. 

From Equation 4, if the motor 
slows down due to increased 
mechanical load, the armature cur¬ 
rent Ia increases due to the drop in 
back-EMF E (proportional to the 
speed). To linearly control the 
speed of the motor, the term IaRa 
in Equation 4 must be compensat¬ 
ed to ensure that the speed-control 
voltage is proportional to the back-
EMF of the motor. 
Using the superposition theorem 

(refer to the figure): 

v = V,(R4) । Rs1a(R3) 
’ R3 + R4 R3 + R4 

where Rs Ia= voltage propor¬ 
tional to armature current IA. 
Voltage gain for the input nonin¬ 

verting signal = ((R2/R1) + 1] = 
Gain 

Vo = Vx [(R2/R1) + 1] 

Vo = e + Ia Ra + Ia rs = 
Vx[(R2/Rl) + 1] 

where: 

F + I <r + R 1- Y(R4) Gain R,IA(R3) Gain 
t.+ l.(K.+K.) — - r —— —— 

A A R3 + R4 R3 + R4 

Rearranging: 

V (R4) Gain R,IA(R3) Gain E = - i- I . ( K . -r fx . ) 
R3+R4 R3 + R4 

However, in the above equation, 
if: 
R,M R3)G»in (3) 

R3 + R4 A A s

Then: 

together with the Gain reduce the 
value required for RS to minimize 
the power dissipation. 

Cl and R4 damp the positive¬ 
feedback signal’s response time, 
but they also form a low-pass filter 
and attenuate the motor current 
noise fed to the A2 input. The max¬ 
imum output voltage swing from 
A2 is approximately VCC - 2 V, and 
there is a 1.2-V Vbe loss by Tl. 
This implies that the supply volt¬ 
age VCC should be about 5 V above 
the maximum desired motor volt¬ 
age in order to allow for extra out¬ 
put drive to the motor under heavy 
load conditions. A reasonable 
choice for Rs is approximately 
RA/10 and the gain of A2 should 
be trimmed with RV2 to ensure the 
motor’s speed does not drop when 
loaded. 

Voted “Best of Issue” 
Electronic Design, 
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E = [(GainVi R4)/(R3 + R4)] = nKE 

Therefore, speed(n) Vj . 

From Equation 5: 

= J (R + R ) 
R3 + R4 A A s

Therefore, armature resistance 
compensation is achieved if: 

R R a 
s [Gain(R3)/(R3 + R4)]-l 

The divider action of R3 and R4 
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3Smm Film Makes Low-Cost IR Filter 
DAVID A. JOHNSON. 10198 West Berry Dr., Littleton, CO 80127-1856; (303) 973-8408; fax (303) 973-6600. 

no minimize interference 
from room lighting, opti¬ 
cal communications 

receivers and some infrared TV 
camera systems often place an 
infrared low-pass filter in front of 
the light detector. The filters are 
designed to block most of the visi¬ 
ble light, allowing the near infrared 
light to pass and reach the detector. 

SUPPLEMENT TO ELECTRONIC DESIGN 
October 23. 1997 

However, glass filters that are often 
used for these types of applications 
are expensive. 
A less costly alternative is to use 

ordinary 35mm photographic film 
that’s been exposed to fluorescent 
light and then developed. The color 
negative produced after the photo¬ 
graphic developing process has a 
sharp cutoff at about 830 nm and 

completely blocks most of the visi¬ 
ble spectrum (see the figure). 
The filter’s transmission is per¬ 

fect for many near infrared LEDs 
and lasers with wavelengths 
between 830 and 950 nm. Kodak’s 
Kodacolor film with an ASA rating 
of 100 that’s exposed to a “cool 
white” fluorescent light for five 
seconds works the best. The film 
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WHEN EXPOSED TO "COOL WHITE " fluorescent light for five 
seconds, the color negative (using Kodacolor 100 ASA film) produced after the 
developing process exhibits a sharp cutoff at about 830 nm. 

processor should be told to devel¬ 
op the film in the usual manner but 
not make any prints. The color 
negatives become the filter materi¬ 
al. A typical 36-exposure roll will 
cost only about $5.00. The film can 
be easily cut into any required size 
or shape. However, the film is not 
recommended for applications 
where it can become scratched or 
exposed to moisture. 

Voted “Best of Issue” 
Electronic Design, 
December 2, 1996 
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Ouich Estimate Of Signal Bandwidth 
FRANK T. KOIDE. University of Hawaii, Dept, of Electrical Engineering, 2540 Dole St., Honolulu, HI 96822; 
(808) 956-7406; fax (808) 956-3427. 

pectral analysis is the 
typical way to determine 

_ the bandwidth required 
to process a complex signal. But 
does a simpler and more rapid 
method exist? Avoiding the rigor of 
spectral analysis by simply esti¬ 
mating the durations of the high-
and low-frequency components of 
the signal, a quick first-cut approx¬ 
imation of the required high and 
low 3-dB frequencies is possible. 
Determining the high-frequency 

cutoff: 
The effect of high-frequency lim¬ 

iting is obvious as bandwidth 
decreases (Fig. ï). At a bandwidth 
of 6.2 kHz, which corresponds to 
an increase of 1% in rise time of 

the signal, slight rounding of the 
leading edge is barely noticeable. 
No change occurs at the trailing 
edge because fall time exceeds rise 
time. At 2.8 kHz, or a 5% increase 
in rise time, rounding of the lead¬ 
ing edge is more noticeable. At a 
bandwidth of 1 kHz , the distortion 
is obvious. 
For a signal with a minimum rise 

or fall time of tr and an amplifier 
bandwidth fH, the output rise or 
fall time is degraded to: 

assuming a high-frequency roll¬ 
off of -20 db/decade or a second-

order system at critical damping, 
for an increase in rise or fall time 
of 1 percent: 

2 to = 1.01 tr = 
0.350 

and the minimum required band¬ 
width is: 

f 0.350 _ 2.46 
H “.0.020 itr" tr

or 
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REQUIRED 3-DB FREQUENCIES 
Negligable distortion (1%) Acceptable distortion (5%) 

fH 3.1/tH 1.4/tH 

fL 0.0016/tL 0.008/tL 

for an allowable increase of 5 per¬ 
cent in rise or fall time, the mini¬ 
mum required bandwidth is given 
by; 

f 0,350 _ 1.093 

H ” <071025 tr “ tr

Because data is extracted manual¬ 
ly from the waveform, it’s quicker 
to use the duration of the high-fre¬ 
quency component instead of the 
rise or fall time. Thus, in terms of 

1. HIGH-FREQUENCY distor¬ 
tion increases as bandwidth 
decreases. The test signal is a 1-V, 
200-Hz trapezoid with tr = 0.4 ms and 
tf = 0.8 ms. 

the duration of the highest fre¬ 
quency competent tH, the mini¬ 
mum high-frequency cutoff is: 

c 2.46 3.1 c ufu >- = — for 1 % distortion 
H 0.8 tH tH

and 

c 1.093 1.4 r J. tu >- = — for 5% distortion 
H 0.8 tH tH

Determining the low-frequency 
cutoff: 
The output tilt or sag is the sum 

of the tilt of the input signal and 
the tilt due to the amplifier’s low-
frequency response limiting. The 
per cent tilt is: 

% tilt = % tilts + (2pfLtL)100 

where tilts is the tilt of the de or 
lowest frequency component of the 
signal, tL is the duration and fL is 
the amplifier’s low-frequency cut¬ 
off. 
For a 1 percent tilt attributable to 

the amplifier, the maximum allow¬ 
able low-frequency cutoff is given 
by 

fL = l/628tL = 0.00159/tL

or 

fL = 0.0016/tL = 0.00016/tL

The table summarizes the 
required 3-dB frequencies for first-
order transfer gains and second-
order systems at critical damping. 
The waveform generated from a 

heart pacemaker is a good example 
for this design idea (Fig. 2). The 
waveform is typical of the rhyth¬ 
mic discharge of an S-A (sino-atri-
al) node fiber in heart muscle. The 
high-frequency and low-frequency 
durations are tH = 75 ms and tL = 
0.61 seconds, respectively. For 1% 
distortion, the minimum required 
small-signal bandwidth is given by 
fL=0. 0016/0.61 = 0.00262 Hz, and 
fH = 3.1 /tH = 41.3 Hz. For 5% dis-n rl 
tortion, the bandwidth is given by 
fL=0.00131 Hz and fH = 18.7 Hz. 

Voted “Best of Issue” 
Electronic Design 
December 16, 1996 

WANTED: 
IDEAS FOR DESIGN 
Issue after issue, Ideas for Design is 
voted highest on the "Of Interest" scale 
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tain and improve this section, we need a 
steady flow of ideas from the readers of 
Electronic Design. This is an opportunity 
for readers to gain recognition for their 
innovative iaeas with engineers 
throughout the world. 

We pay $100 for each Idea for Design 
we publish, and the IFD voted best-of-
issue brings the author an additional 
$300. 

Submissions to the Ideas for Design sec¬ 
tion should be about one typewritten 
[age of text, with one or two circuits or 
lock diagrams. They should represent 

the author's original work, be tested, 
and not been previously published. 

Send your ideas to: 
Ideas for Design Editor 
ELECTRONIC DESIGN 
611 Route 46 West 
Hasbrouck Heights, NJ 07604 

2. THIS HEART-MUSCLE WAVEFORM generated from a 
pacemaker helps to illustrate how the circuit functions. The minimum 
small-signal bandwidth for negligible distortion is fL = 0.0016/0.61 = 0.00262 Hz 
and fH = 3.1/tH = 41.3 Hz. Acceptable distortion requires that fL = 0.0131 Hz and 
fH = 18.7 Hz. 
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RTD To RS232 Interface 
w. STEPHEN WOODWARD. Venable Hall, CB3290, University of North Carolina, Chapel Hill, NC 27599-3290; 
Internet: woodward@net.chem.unc.edu. 

SCREEN 1: 
CLS:PRINT " ••••*•*••••***•*•***•*•••*•••*•*-’ 

PRINT • ****** PRT"; CHR$(196); CHR$(16);" RS232 demo ********* 
PRINT ************************************ 
LOCATE 6, 1: PRINT"RTD Temp, Ohms='; 

' 18.2065...# of MSDOS-compatible Time-of-Day ’’ticks' /second 
DEF SEG=0: 'T.O.D. clock lives at memory addresses (&H46C.D) 

'Generate PRT readout string 
prt$ FOR i%=l TO 1342: prt$=prt$ + CHR$(&H1 0) :NEXT 

DIM t%(1342), r% (1342 ): ’Generate temperature and resistance lookup tables 
FOR i%=0 TO 1342 

rtd =.0522 * (1900 + i%) : ’convert index to resistance 
r%(i%) = 100 * rtd 

t%(i%) = ( ( ( ( ((2 .24696 .E-06*rtd) - 1.06721E-03 )*rtd) + .287283 )*rtd) ♦ 221.574)*rtd -
24189.1 
NEXT 

’ Setup COMport to accept PRT character stream 
OPEN "COMI : 9600 ,N, 5,1,BIN, RB2000 ,TB2000' FOR RANDOM AS #3 

Thermometer 
PRINT #3, prt$; : ’ Drive PRT resistance -> digital conversion 
sum%=0: ’ Reset PRT character tally 
FOR tclk% = 1 TO 18: ’Sum PRT pulses for 18/18 .2065Hz=0 .9887 second 

y%=PEEK (&H46C) : WHILE PEEK (&H46C) =y% ; WEND: ’ Await a T.O.D. tick 
x%=LOC(3): sum%=sum% ♦ x% : a$=INPUT$ (x% ,3): 
NEXT 

LOCATE 6, 17 
temp = t% (sum%) /100 : PRINT USING "###.#': temp;: PRINT CHR$ (248) ;"C" ; 
PRINT USING"###.#’; temp * 1.8 + 32;: PRINT CHR$ (248) ;"F" ; 
PRINT USING"###.##'; r% (sum%) /100; : PRINT CHR$(234); 
GOTO Thermometer 

popular type of precision 
temperature sensor is the 
“100-W” platinum resis¬ 

tance thermometer (PRT) or resis¬ 
tance temperature device (RTD). 
The well-characterized, highly-sta-
ble and nearly-linear temperature 
response (usually 0.385% per °C) 
of these sensors, combined with 
their ability to work over a -200 °C 
to +200 °C range (much higher in 
some packages), makes them versa¬ 
tile and robust. 
The circuit shown (see the fig¬ 

ure), combined with simple soft¬ 
ware (see the listing), represents an 
accurate, simple, and inexpensive 
interface that works with any MS-
DOS-compatible PC with an RS-
232 port. 
The transducer obtains operating 

power from the port, so no addi¬ 
tional power supply is needed 
here. It achieves accuracy to better 
than ±1 °C with no internal preci¬ 
sion components, except for four 
resistors 
The values given cover the 0 to 

180 °C tempera¬ 
ture range and 
achieve nearly 0.1 
°C resolution at a 
1-Hz conversion 
rate. “Four-wire” 
excitation and 
sensing of the 
PRT reduces 
errors from sensor 
lead resistance by 
a factor of 100. 
Sensor excitation 
current is a low 
500 p.A, limiting 
sensor power dis¬ 
sipation to 25 p.W, 
thus holding self¬ 
heating error to 
« 0.1 °C. 
The PRT is con¬ 

nected in a bridge 
consisting of Rl, 
R2, and the series 
combination of 

R3 and R4. LT1013 integrator Al 
accumulates any imbalance signal 
from the bridge, which nulls when 
Rprt/Rl = R2/(R3 + R4). This 

occurs near Rprt = 100 Í1 for the 
values shown: 100/10 k = 10 k/1 O. 
For higher temperatures, Rprt > 
100 if and Al’s output ramps up. 

COMBINED WITH SIMPLE SOFTWARE. this circuit becomes an accurate, inex¬ 
pensive RTD interface that works with any MS-DOS compatible PC with an RS232 port. 

SUPPLEMENT TO ELECTRONIC DESIGN 
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Comparator A2 combines with the 
dual CD4052B multiplexer UI to 
close the feedback loop around Al 
by periodically shorting across R2, 
thus increasing the average value 
of the denominator in the right 
side of the bridge equation. 
This restores bridge balance for 

temperatures as high as 180 °C. 
Note that the ratiometric nature of 
the bridge topology makes conver¬ 
sion accuracy insensitive to power¬ 
supply drift, so no precision volt¬ 
age reference is needed. 

Digitization of sensor resistance 
is driven by RS232 characters of 
the binary pattern (including 
start/stop bits) of 0000011, trans¬ 
mitted by the PC COM port on 
“TXD.” 
As usual, “0”s are represented by 

positive voltage on the RS-232, and 
“l”s by negative voltage. With the 
arrival of each character, Ul sam¬ 
ples the state of A2’s output. If low, 
indicating bridge balance, Ul goes 
into state 1 of its four possible 
states. 
This shorts across resistor R5, dri¬ 

ving pin 2 of A2 to 5 V and latch¬ 
ing A2 low for the remainder of the 
character time. Meanwhile, state 1 
holds the “RCD” line negative, so 
the COM port receives no charac¬ 
ter. If, however, A2’s output is 
high, indicating bridge imbalance, 
U 1 goes to state “3”. 
This opens the connections to 

resitor R5, dropping pin 2 of A2 to 
ground and latching A2 high. At 
the same time, a short is placed 
across resistor R3, nudging the 
bridge toward balance, and “RCD” 
is driven to +5 V, echoing the 
0000011 character to the COM 
port. This action causes the frac¬ 
tion of characters echoed back to 
the port to be proportional to the 
time R3 must be shorted to main¬ 
tain bridge balance, and, therefore, 
is proportional to Rprt. 
The sensor program computes 

this average frequency and con¬ 
verts it to resistance and then tem¬ 
perature using a 4th-order lineariz¬ 
ing polynomial. 

Voted “Best of Issue” 
Electronic Design, 
January 6, 1997 

46 READER SERVICE 150 



BEST IDEAS FOR DESIGN 
IDEAS VOTED 'BEST OF ISSUE' BY THE HEADEBS OF ELECTHONIC DESIGN 

SCH Receiver Demodulates Additional Subcarriers 
DAVID L. ALBEAN. Thomson Consumer 
(317) 587-4950; fax (317) 587-6779. 

nhe FCC has authorized 
some FM radio stations to 
broadcast uninterrupted 

background music for commercial 
use on one or more FM subcarriers. 
This service is known as sub¬ 
sidiary carrier authorization (SCA). 
It is done via a frequency-modulat¬ 
ed subcarrier, typically at 67 kHz. 

However, in some cases, addi¬ 
tional subcarrier(s) are present. 
Each of these subcarriers is FM-
modulated with different program 
material. A common second sub¬ 
carrier frequency is 91 kHz. These 
frequencies were chosen so as to 
minimize interference with the 
normal stereo programming. 

Electronics, P.O. Box 6139, Indianapolis, 

They’re also present at a much 
lower level than the main channel 
information, usually at only about 
5 to 10% FM deviation of the main 
carrier frequency. This SCA receiv¬ 
er can provide commercial-free 
music from one of two possible 
carriers. The SCA signal is monau¬ 
ral, and is relatively wideband (7 
kHz). This bandwidth is adequate 
for reasonable quality music trans¬ 
mission. 
A simple PLL-based FM demod¬ 

ulator can be made to demodulate 
these two subcarriers and provide 
a source of background music. A 
couple of references help to illus¬ 
trate a simple SCA receiver 

IN 46206; 

design1, and the basics of the PLL 
FM detector2. The receiver 
described here provides some 
enhancements to that basic design, 
such as better selectivity, the 
choice of two possible subcarriers, 
and an optional squelch circuit 
(see the figure). 
The input to this receiver is fed 

from the wideband audio output 
from an FM radio’s first FM detec¬ 
tor. This is the point that feeds the 
FM stereo demodulator in an FM 
receiver. Care should be taken so 
that the signal is tapped off at a 
point that hasn’t yet been filtered 
(subcarrier(s) are still present). 

This FM input signal is then 

THIS ENHANCED SCA RECEIVER provides improved selectivity over a typical SCA receiver. It also 
offers the listener a choice of two possible subcarriers to make use of alt subcarriers currently in popular use. 
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passed through a second-order 
high-pass filter and peaker stage 
(QI), which serves to bandpass and 
provide additional gain within the 
input spectrum prior to the FM 
demodulator input. The FM detec¬ 
tion is accomplished by a simple 
LM565 PLL IC (UI) operating as an 
FM demodulator. 
The PLL’s VCO is tuned to 91 

kHz via RT/CT. The demodulated 
output signal is available at pin 7, 
which is followed by a second-
order LPF/buffer combination 
(Q4). The characteristics of this fil¬ 
ter can be modified to suit the user. 
The design shown has an audio 

corner frequency of about 5 kHz. 
The filtered output is the recov¬ 
ered audio output and is the input 
to an audio amplifier. To choose 
the second subcarrier (67 kHz), the 
peaker and VCO are gang-tuned by 

the Q2 and Q3 saturating switch 
transistors. These devices switch 
in appropriate valued parallel 
capacitors to retune the peaker and 
VCO to the proper frequency for 
reception of the second subcarrier 
signal. 

Circuit values shown are for an 
FM level of about 50 to 300 mV 
rms at the input to the peaker 
stage. In addition, the PLL dynam¬ 
ic characteristics can be altered as 
desired by modifying the loop fil-
ter2. The typical recovered audio 
level at pin 7 of Ul is 200 mV rms. 
Other enhancements could include 
a “squelch” circuit, which mutes 
the demodulator’s output if the 
input carrier frequency is lost. 
To receive SCA signals, the FM 

receiver can simply be tuned to 
normal FM stations and then the 
presence of either or both subcar-

liers can be checked. Checking c. 
be done with a spectrum analyz 
or by simply listening to the SC 
receiver output on each of the tv 
subcarriers. A list of FM radio st 
tions in a particular region th 
carry SCA (and at what subcarri« 
frequencies) may be available. 
One caveat: The SCA service 

typically a pay-for-use servie« 
thus the receiver should not b 
used for commercial applications. 

References: 
l.V. Lakshminarayanan, Electro 

nie Circuit Design Ideas 
2.National Semiconductor Lineai 

Applications Databook, 1986 edi¬ 
tion (AN46 and AN146). 

Voted “Best of Issue" 
Electronic Design, 
February 3, 1997 

Single Pot Swings Amplifier Gain Positive Or Negative 
S.J. PRASAD, National Semiconductor Corp., MS Al-555,2900 Semiconductor Dr., Santa Clara, CA 95052-8090; (408) 721-
7178: fax (408) 721-5100 

Da t comes in handy to have a 
gain block with a gain that 

I can be varied smoothly from 
positive to negative with a single 
potentiometer. The circuit shown 
accomplishes this function with R2 
(Fig. 1 ). Op amp Al is configured as 
a differential amplifier with both 
inputs tied together. Op amp A2 

functions as a buffer. With 
Rl=R3=R4=R=5k, the gain of the 
differential amplifier is given by: 

A V1 = (V0/V1) = (1/2) (1-(R2/R1)) 

With the buffer amplifier gain of 
20, the overall gain of the amplifier 
is given by: 

Av = (V0/V1) = 1O(1-R2/R1) 

By using a ten-turn potentiometer 
the gain can be varied from positiv« 
to negative (Fig. 2). 

Voted “Best of Issue" 
Electronic Design, 
January 20, 1997 

1. AMPLIFIER GAIN VARIES LINEARLY in 
this circuit with adjustment of potentiometer R2. providing 
positive and negative gains. 

SUPPLEMENT TO ELECTRONIC DESIGN 
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2 THE R2 GAIN PLOT DEMONSTRATI 
the smooth variation from positive to negative gain in 
gain block circuit. 
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acquisition systems, and tough industrial environments, we 
challenge you to take your designs to the bottom of the power 
curve. How low can you go? 

As Low As You Want!— 
Burr-Brown continues to lead the industry by providing the lowest 
power solutions without compromising speed, resolution, or 
design flexibility. 
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Resolution Input Power Power fMLINE# Reader 
Product (Bits) Range (V) (mW) Down Packages (800)548-6133 Service# 

ADS7816 12 +5 1.9 Yes 8-DIP, SO-8, MSOP-8 11355 80 

ADS7817 12 ±2.5 2.3 Yes 8-DIP, SO-8, MSOP-8 11369 81 

ADS7822 12 +5 0.54 Yes 8-DIP, SO-8, MSOP-8 11358 82 

ADS1212 22 at 10Hz, 16 at 1kHz +5 1.4 Yes 18-DIP, SO-18 11360 83 

ADS1213 22 at 10Hz, 16 at 1kHz +5 1.4 Yes 24-DIP, SO-24 11360 84 
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Product Iq (pA) Description Channels Packages FMLINE# Reader# 

INA122 60 Single Supply Instrument Amp 1 SO, DIP 11388 90 

INA126 175 Precision Instrument Amp 1,2 MSOP, SO, DIP 11365 91 

INA132 160 Difference Amp 1 SO, DIP 11353 114 

c 
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ï 
a. 
a 

Product Iq (pA) Description SR (V/ps) Channels Packages fMLINE# Reader# 

0PA336 20 CMOS 0.03 1,2,4 SOT-23, MSOP, SO, DIP 11380 115 

OPA241 25 Precision 0.01 1 SO, DIP 11406 116 

0PA237 170 Gen. Purpose 0.5 1,2,4 SOT-23, MSOP. SSOP, SO 11327 117 
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LT1490/LT1491 

Dual and Quad Micropower Rail-to-Rail Input and Output Op Amps 

DESCRIPTION 
The dual LT* 1490 and quad LT1491 op amps operate on all single and split supplies with a total 
voltage of 2V to 44V drawing only 40pA of quiescent current per amplifier. These amplifiers are 
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todd 
POWER SUPPLIES 

Whether you manufacture equipment for 
satellite or terrestrial telecommunications, 
computer systems, life-critical medical 
electronics - or any other electronic OEM 
product - you can improve their reliability 
by specifying advanced, state-of-the-art 
Todd power supplies. 

Todd designs and manufactures com¬ 
pact regulated switching power supplies, 
with or without PFC, that you can depend 
on for superior quality and reliability. 
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ahead and stay ahead of their 
competition. With Amkor’s BGA 
expertise behind you, even your 
hottest new products will perform 
better. If you like, we’ll even back 
you with turnkey IC package 
design-in solutions that can 
dramatically shorten your time to 
market. Make your investment 
pay off. Go with the real BGA — 
Amkor’s BGA. Call Amkor now 
at (602) 821-2408, ext. 2000, J 
fax (602) 821-6937 or see us Ã 
at http://www.amkor.com for ■ 
more information. 

Your investment in BGA IC packaging 
will pay off for years to come — if you 
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manufacturing capacity gives Amkor 
customers the BGA resources to race 
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EDITORIAL DIRECTORS NOTE 

Welcome to Electronic Design's second annu¬ 
al PIPS Supplement, a compendium of feature 
articles and manufacturers listings of a broad 
range of products that comprise the backbone of 
electronics technology: power supplies, intercon¬ 
nections, passive components, and switches and 
relays. The PIPS section appears monthly in 
Electronic Design, usually in the first issue of 
each month, with each installment giving spe¬ 
cialfocus to a particular product area, while 
also covering new products in all four of the 
basic areas. 

The PIPS sections are designed to cover topics 
that are vital to total system design, but can be 
overlooked in reporting the rapid-fire develop¬ 
ments—the latest whiz-bangs—in today's fast¬ 
moving electronics industry. Nevertheless, these 
more mature product areas are filled with inno¬ 
vation, albeit usually quiet ones, as the latest 
microprocessors and signal-processing chips. The 
need to cover such developments led the editors 
of Electronic Design to establish the PIPS sec¬ 
tions in 1990 as a way of carrying out our com¬ 
mitment to deliver all the information impor¬ 
tant to today's designers. 

In this edition, we have collected many of the 
feature articles that have appeared in the PIPS 
sections during the past year. The articles cover 
a wide range of technologies, from power con¬ 
verters to optical detectors to connectors and 
cooling technologies. Each article is authored by 
a specialist in the field. Taken together, they rep¬ 
resent a strong statement of the vigorous quest 
for innovation by designers engaged in these 
technologies, which matches the efforts of those 
working in the top semiconductor laboratories. 
In many ways, the design and application of 

some of these “mature” technologies is where the 
real engineering comes in when designing 
today’s systems. These technologies often bear the 
brunt of the unpleasant ancillary effects created 
by the more glamorous developments in high-
profile technologies. The challenges involving 
thermal design, EMI suppression, and power 
control call for a breadth of engineering knowl¬ 
edge that is unmatched in most other fields. 

Looking ahead to next year, here's the lineup 
of topics w have planned as special features in 
the PIPS sections in Electronic Design for 1998: 
January: Power Converters 
February: Interconnects 
March: Passive Components 
April: Optoelectronics 
May: Motor Controls 
June: Packaging 
July: Power Management 
August: Board-Level Interconnects 
September: Passive Components 
October: Fiber Optics 
November: Power Supplies 
December: Packaging 
As we pointed out in last year's PIPS 

Supplement, it takes a strong commitment to 
our readers' total information needs, and a 
recognition of the importance of these technolo¬ 
gies, to consistently publish new and useful 
information on them. 

STEPHEN E. SCR UPSKI 
Editorial Director 
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OPTICAL DETECTORS 

Optical Detector Selection: 
A Delicate Balancing Act! 

EARL HERGERT 
Hamamatsu Corp., 360 Foothill Rd., PO Box 6910, Bridgewater, NJ 08807; (800) 524-0504; fax (908) 231-1218. 

For Optimum System Performance, The Optical Detector Must Be Matched 
Carefully To Its Amplifier. 

T electing the correct optical 
detector can be one of the most criti-
®d aspects of designing a viable 
Atrument. While manufacturers’ 
catalogs can give much useful data 
about the detectors themselves, they 
don’t paint a complete picture. 
Designers must combine a knowl¬ 
edge of the performance features of 
the various solid-state detector 
devices available with an awareness 
of how amplifiers can affect those fea¬ 
tures. An incorrect match can seri¬ 
ously compromise overall system 
performance. 
When considering a detector¬ 

amplifier combination, it is critical to 
define the application. 
Factors such as light power, 
bandwidth, wavelength, 
power consumption, and cost 
will often dictate the detec¬ 
tor technology to be used. 
The most popular options 
are a photodiode, a p-i-n pho¬ 
todiode, or an avalanche pho¬ 
todiode (APD). 
A silicon photodiode is 

essentially a pn junction con¬ 
sisting of a positively-doped 
p region and a negatively-
doped n region. Between 
these two regions lies a neu¬ 
tral region known as the 
depletion region. When light 
enters the device, electrons 
in the crystalline structure 
become excited. If the light 
energy is greater than the 
band gap energy (Eg) of the 
material, electrons will 

move into the conduction band. This 
creates holes in the valence band 
where the electrons were originally 
located. 

These electron hole pairs are cre¬ 
ated throughout the device. Electron 
hole pairs generated in the depletion 
region drift to their respective elec¬ 
trodes—n for electrons and p for 
holes. This results in a positive 
charge build up in the p layer and a 
negative charge build up in the n 
layer. 

The amount of charge is directly 
proportional to the amount of light 
falling on the detector. If an external 
circuit is connected to the p and n 

electrodes, current will flow in the 
circuit. 

The above describes the photo¬ 
voltaic mode of operation. It also is 
possible to apply a reverse bias to the 
photo detector. Known as the photo-
conductive mode, this method is gen¬ 
erally used for p-i-n photodiodes and 
APDs , and has the effect of increas¬ 
ing the electrical field strength 
between the electrodes as well as the 
depth of the depletion region. The 
advantages of photoconductive oper¬ 
ation are higher speed, lower capaci¬ 
tance, and better linearity. But since 
the dark current depends on the 
reverse bias voltage, the dark cur¬ 

rent becomes larger with 
increasing bias voltage. 

The APD is a specialized 
silicon p-i-n photodiode 
designed to operate with high 
reverse-bias voltages. Large 
reverse voltages generate 
high electric fields at the pn 
junction. Some of the electron 
hole pairs passing through or 
generated in this field gain 
sufficient energy (greater 
than the bandgap energy) to 
create additional electron 
hole pairs in a process known 
as impact ionization. If the 
newly-created electron hole 
pairs acquire enough energy, 
they also create electron hole 
pairs. This process is known 
as avalanche multiplication 
and is the mechanism by 
which APDs produce internal 
gain. Internal gain is an 

1. Knowledge of amplifier noise generation is essential if a proper 

match is to be made between the detector and the amplifier — a 

necessary feature of any viable system. The transimpedance 

amplifier shown is one of many possible amplifier configurations. 
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OPTICAL DETECTORS 

2. In narrow-bandwidth applications, the photodiode yields better per- 3. Because the APD's gain boosts the signal above the amplifier's 

formance than the APD when the amplifier's noise is no longer a factor, noise, it's a good choice for wide-bandwidth applications. 

important attribute when the detec¬ 
tor is combined with an amplifier, as 
we shall see later. 

The noise in a photodiode can take 
one of two forms. 

The first is the shot noise of the 
dark current, which results from the 
statistical uncertainty in the arrival 
rate of photons. Shot noise is present 
in all signals, and can be described 
with the following equation: 

Lark =  ̂2qi,|arkB 

where 
Lark =nns noise current 
q = electron charge 
Idark =photogenerated signal cur¬ 

rent 
B = bandwidth of detector-amplifi¬ 

er combination 
The second noise source for a pho¬ 

todiode is the thermal noise of the 
shunt resistance. Also known as 
Johnson noise, this noise takes the 
form of: 

where 
IjRsh = rms noise current resulting 

from Johnson noise 
k = Boltzmann’s constant 
T = absolute temperature of the 

photodiode 
Rsh = shunt resistance of the pho¬ 

todiode 
The shot noise will dominate in 

photoconductive operation, while the 
Johnson noise will dominate in photo¬ 
voltaic mode. 

Since an APD is always operated 
in the photoconductive mode, its 
noise takes the same form as the pho¬ 
todiode dark current shot noise, with 
the addition of a few terms: 

^APDdark = ̂ LarkM21^ 

where 
M = detector internal gain 
F = detector excess noise factor 

The two additions are the gain of 
the APD as explained above. The 
gain simply amplifies the noise as it 
would the signal and has no net effect 
on the signal-to-noise ratio. The sec¬ 
ond addition is the so-called excess 
noise factor. This is noise added to the 
output signal by the multiplication 
process of the APD. It has a strong 

TABLE 1: SELECTED DETECTORS AND THEIR KEY PARAMETERS 

Parameters 

Sensitivity (S) 

Dark Current (i dark) 

Shunt resistance (Rsh) 

Terminal Capacitance (Ct) 

Excess Noise Factor (F) 

Gain (M) 

S1337-33BR 
Photodiode 

0.6 A/W 

10 pA 

1 Gil 

65pF 

1 

1 

S2386-33BR 
Photodiode 

0.6 A/W 

100 fA 

50 Git 

4300 pF 

1 

1 

S2384APD 

30 A/W 

1 nA 

N/A 

40 pF 

3.7 

60 

dependence on wavelength as well as 
gain. 

So far, only the noise equivalent 
power (NEP) has been a factor in 
detector selection. As the light level 
increases, however, the NEP no 
longer plays a role in the signal-to-
noise ratio. The shot noise of the sig¬ 
nal itself tends to dominate the sig¬ 
nal-to-noise ratio, as shown by: 

Lignai =  ̂ ^(Lignal^Lark^ 

where 
Lignai = photogenerated signal 

before gain 
If the application has strong light 

signals, one would only need to con¬ 
sider the shot-noise performance of 
the detector, as dark noise and ampli¬ 
fier noise will be relatively insignifi¬ 
cant. 

AMPLIFIER SELECTION 
One of the most overlooked 

aspects of detector selection is the 
amplifier. The amplifier usually sets 
the lower noise floor for the detector¬ 
amplifier combination. Therefore, a 
general understanding of amplifier 
noise is helpful in choosing a detector. 
The type of amplifier circuit that will 
be evaluated here is shown (Fig. 1). 
The circuit is a transimpedance 
amplifier and the noise equations 
shown apply to that configuration. 
This discussion is by no means com¬ 
plete, however. The design of the 
photodiode amplifier is very complex 
and volumes have been written on 
the subject (see References at end of 
article'). 

Amplifier noise can be broken 

► 8 ■ December 1997 
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OPTICAL DETECTORS 

TABLE 2: SELECTED DETECTORS AND THEIR KEY PARAMETERS I shunt resistance of the photodiode, this term often dominates the ampli¬ 
fier noise. 

The third term arises from the Parameters 
S1337-33BR 
Photodiode 

S2386-33BR 
Photodiode S2384APD 

'dark 1.8e-14 1.7e-15 — input voltage noise of the amplifier, 
'apdark — — 2.6e-12 and it takes the form: 

'Rsh 4e-14 5.7e-15 — I _ v2 4k- 2d3 
V pa 3 Lt 

’b 5.6e-15 5.6e-15 5.6e-15 

If 4e-14 4e-14 4e-14 where 
■v 3.5e-15 2.3e-13 3.6e-17 Iv = rms current noise due to volt¬ 

age noise of amplifier 
Va = input voltage noise density 
(nV/(Hz)1/2 ) 

hot 6e-14 2.3e-13 2.6e-12 

NEP Detector + Amp 1e-13Wrms 3.8e-13Wrms 8.6e-14Wrms 

NEP Detector 7e-14 9.9e-15 8.6e-14 The voltage noise current is inter-
Bandwidth = 100Hz, feedback resistor = 1GÍI, amplifier bias current = 1 pA, input noise 
voltage = 15 nV/Hz 1/2

esting in that it is very dependent on 
the terminal capacitance of the detec¬ 
tor. It also is vei-y closely related to 
the bandwidth. The total detector¬ 
amplifier noise is described by: 

hot =

It is now possible to calculate the 
NEP for a given detector, and, based 
on these calculations, select a detec¬ 
tor that is best for a particular appli¬ 
cation. It is useful to make a table of 

down into three major components, noise of the amplifier feedback resis-
The first two should seem familiar as tor, If, given by: 
they take the same form as the pho-
todiode shot noise and Johnson noise. If = 
The first term is the shot noise of the ' r

amplifier input bias current (lb)- As a where 
general rule, this current is much If = rms current due to Johnson 
lower than the photodiode dark cur- noise of amplifier feedback resistance 
rent, therefore it seldom presents a Rf = feedback resistor 
problem. Since the value of the feedback 

The second term is the Johnson resistor must be smaller than the 

Glossary 
Spectral Response—The photocurrent produced by a 

given level of incident light varies with the wavelength. 
This relationship between the photoelectric sensitivity 
and wavelength is referred to as the spectral response 
characteristic and is expressed in terms of photo sensi¬ 
tivity, quantum efficiency, and so on. 

Photo Sensitivity—This measure of sensitivity is the 
ratio of radiant energy expressed in watts (W) incident on 
the device, to the resulting photocurrent expressed in am¬ 
peres (A). For example, 0.5 A/W 

Quantum Efficiency (QE)—The quantum efficiency is 
the number of electrons or holes that can be detected as a 
photocurrent divided by the number of incident photons. 
This is commonly expressed in percent (%). 

Dark Current (l^^/Sliunt Resistance (Rsh)—The 
dark cun-ent is a small cun-ent that flows when a reverse 
voltage is applied to a photodiode, even in a dark state. 
This is a source of noise for applications in which a reverse 
voltage is applied to photodiodes (for example, as with p-i-
n photodiodes). In contrast, for applications where no re-
verse voltage is applied, noise characteristics are figured 
out from the shunt resistance. This shunt resistance is the 
voltage to current ratio in the vicinity of 0 V. 

Terminal Capacitance (Ct)—The terminal capacitance 
refers to the total capacitance of the detector pn-j unction 
capacitance plus any stray capacitance introduced by the 
package and detector leads. The junction capacitance is 
the major factor in determining the response speed of the 
photodiode. 

Rise Time (tr)—This is the measure of the time re¬ 
sponse of a photodiode to a stepped light input, and is de¬ 
fined as the time required for the output to change from 
10% to 90% of the steady output level. It depends upon 
the incident light wavelength and the load resistance. 

Cut-Off Frequency (fc)—This refers to the response of 
high speed avalanche and p-i-n photodiodes to a 
sinewave-modulated light input. It is defined as the fre¬ 
quency at which the photodiode output decreases by 3 dB. 

Frequency Bandwidth(R)—Defined as the frequency 
range of the detector system, it is generally limited by the 
response speed of the detector amplifier. If the detector is 
limiting the response speed, the Frequency Bandwidth 
will equal the cut-off frequency. 

Noise Equivalent Power (NEP)—The NEP is the 
amount of light equivalent to the noise level of a device. 
Stated differently, it is the light level required to obtain a 
signal to noise ratio of unity. NEP is measured at a band-
width of 1 Hz and thus expressed in units of W/\ Hz . 
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POLAR CAP™ COOLS IGBT OR 
THERMAL ELECTRONIC MODULES 

Polar Cap™ bonded fin heat sinks can be 
designed to virtually any overall height with 
little impact on cost and delivery. Impingement 
cooling forces air to the back of the Polar Cap 
mounting surface, causing significant air flow 
turbulence, increasing thermal performance by 
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Thermal Technologies, Inc. 603-528-3400 
•FAX' 603-528-1 478. 
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BONDED FINS: 
UP TO 3 TIMES MORE COOLING 
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HIGH FIN DENSITY: 
PEAK COOLING 

New aluminum heat sink extrusions with high 
fin density offer maximum cooling in minimum 
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from Aavid extends this to 8:1, 10:1 and up. 
Ask our engineers for design help. From Aavid 
Thermal Technologies, Inc. 603-528-3400 
•FAX: 603-528-1 478. 
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and tools on thermal engineering to engineers. 
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thermal design and manufacturing technologies 
from a variety of companies and markets. 
Participants will gain technical knowledge giving 
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Inc. 603-528-3400 • FAX: 603-528-1478. 
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the various devices under considera¬ 
tion and see what parameters affect 
performance the most (Table 1). As 
can be seen from the table, the S1337 
photodiode is designed for low capac¬ 
itance, the S2387 for low dark cur¬ 
rent, and the APD to produce gain. 
The devices were selected with 
approximately the same active area 
size. 

The same amplifier will be used in 
the calculation of noise to get a feel 
for how the detector affects the total 
noise performance. 

Some light is shed on detector 
selection, in the context of noise, in 
(Table 2). From the above, it would 
seem to make the most sense to 
select the APD, but the APD 
requires a high-voltage power supply 
to bias it, is very temperature sensi¬ 
tive, and generally costs more than a 
photodiode. 

Therefore, in the example shown, 
the S1337 would seem to be the best 
choice. Furthermore, when consider¬ 
ing the detector’s signal-to-noise per¬ 
formance at various light levels, it 
can be seen that the photodiode’s per¬ 
formance will be better than the 
APD’s when the amplifier noise is no 
longer a factor (Fig. 2). This is 
because of the excess noise factor of 
the APD. 

Unless the application demands 
the lowest NEP possible, the photo¬ 
diode would be the best choice under 
these conditions. 

Based on the equations given, it is 
evident that amplifier noise is strong¬ 
ly dependent on the bandwidth. Note 
that the results shown in Figure 2 
were calculated at a bandwidth of 100 
Hz. If the calculation was instead 
done at a 1-MHz bandwidth, the 
result would turn out to be much dif¬ 
ferent (Fig. 3). 

Because of the higher noise in 
wide-bandwidth applications, the 
APD is a good choice as it boosts the 
signal above the noise of the amplifi¬ 
er. Overall, choosing the correct 
detector is very application-specific. 
Here are some guidelines that should 
prove helpful: 

Try to use the smallest active area 
possible. If the light source for the 
application is diffuse, this might not 
be practical but from the standpoint 
of noise, small diodes have lower 
capacitance and dark current. They 
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• POWER and EMI INDUCTORS 

Delivery-
stock to one wee 

See EEM 
or send direct 

for Free PICO Catalog. 
Call toll free 800-43 1-1 064 

m NY call 914-738-1400 
FAX 914-738-8225 

PI V Electronics, Inc. 
143 Sparks Ave . Pelhem. N.Y 10803-1889 

E MaH-HLSC73A @prodigy com 

http://www.picoelectronics.com 
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also are less expensive. 
In most applications, small 

capacitance will be more important 
than small dark current. 
Furthermore, the NEP in the cata¬ 
logs does not take capacitance into 
account, therefore care should be 
exercised when comparing detectors 
using NEP. 

In low-bandwidth applications, 
photodiodes operating in a photo¬ 
voltaic mode will generally outper¬ 
form device-operated photoconduc¬ 
tivity. To reduce noise, the detector 
shunt resistance should be much 
greater than the feedback resistance. 

7b reduce the Johnson noise, use 
as large a feedback resistor as possi¬ 
ble in the first amplifier stage. 

In wide-frequency-bandwidth 
applications, PIN photodiodes oper¬ 
ating in the photoconductive mode 
are preferred because of lower termi¬ 
nal capacitance. APDs, with their 
internal gain, also perform well in 
wide-band applications. They should 
be considered when the light source 
is weak and the amplifier noise is 
large. 

EARL HERGERT earned a BA 
in Physics from Rutgers University 
and has been an Applications 
Engineer with Hamamatsu since 
1989. 
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FIBER-OPTIC COMPONENTS 

MANUFACTURERS OF ACTIVE FIBER-OPTIC COMPONENTS 

Manufacturer 
Active 

component(s) 
Datacom 
or telecom 

Operating 
wavelengths 

Output 
power 
range Bit rate 

Operating 
temperature 

range 
Connector 

type 

Transmitter 
element 

Receiver 
element 

AMP 
Harrisburg, PA 17105 
Sales Dept. (717) 986-5160 
Fax (71 7) 986-7321 
http://www.amp.com/ 
fiberoptics 
CIRCLE 151 

Transmitters, 
receivers, 

transceivers 

Both 850 nm and 
1300 nm 

-11 dBm 
to 0 dBm 

De to 622 
Mbits/s 

Varies Pigtail and 
integral 

Both LED 
and 

Fabry-Perot 
laser 

PIN 
photodiode 

Analog Modules, Inc. 
Longwood. FL 32750 
Gary Sweezey (407) 339-4355 
Fax (407) 834-3806 
analog@magicnet.net 
CIRCLE 152 

Detectors/ampl 
¡tiers, 

analog/digital 
links 

Datacom 200 nm to 
mid infrared 

Less 
than or 
equal to 
16.8 kW 
peak 

100 MHz, 
3 dB 
analog 

bandwidth 

0° to 50°C Pigtail, ST, 
FC. SMA. 
free space 

DFB laser PIN and 
avalanche 
photodiode 

Broadband Communication 
Products, Inc. 
Melbourne, FL 32904 
Richard Anders (407) 984-3671 
Fax (407) 728-0487 
randers@bcpinc.com 
http://www.bcpinc.com 
CIRCLE 153 

Digital and 
analog 

transceivers, 
receivers, and 
transmitters 

Both 780, 850, 
1310, and 
1550 nm 

0 dBm 
(higher 
power 

available) 

0 to 2.5 
Bits/s 

(digital), 0 
to 3.0 
GHz 

(analog) 

-40° to 85°C Pigtail and 
integral 

Fabry-Perot 
and DFB 

Si, Ge, 
InGaAs 

Dymec, Inc. 
Chelmsford, MA 01824 
Sales Dept. (919) 870-8564 
Fax (919) 870-0564 
CIRCLE 154 

Links/ 
repeaters, 
datalinks, 

optical stars 

Both 850 nm 
(singlemode). 
1300 nm 

(multimode) 

20 dB 
optical 
budget 

Oto 2 
Mbits/s 

-40° to 85°C ST 
(optical), 
25 pin 

(electrical) 

LED PIN 
photodiode 

Ericsson Inc., Components 
Richardson, TX 75081 
Jim Oursler (972) 583-7236 
Fax (972) 583-5005 
jim.oursler@ericsson.com 
http://www.ericsson.com 
CIRCLE 155 

Transmitters, 
receivers, 

transceivers, 
and 

sub-modules 

Both 1310 and 
1550 nm 

-13 to 2 
dBm 

155.52 
and 

622.08 
Mbits/s, 

and 2.488 
Gbits/s 

-40° to 85°C Pigtail and 
integral 

DFB, 
Fabry-Perot, 
and EA laser 

PIN and 
avalanche 
photodiode 

Force, Inc. 
Christiansburg, VA 24073 
Chris Walters (540) 382-0462 
Fax (540) 381-0392 
force@forceinc.com 
http://www.forceinc.com 
CIRCLE 156 

Video, audio, 
data, 

fiber-optic 
transmission 
equipment 

Both 850, 1300, 
and 1550 nm 

-2.0 to 0 
dBm 

N/A 0° to 50°C Integral LED and 
laser 

PIN 
photodiode 

Fujikura America, Inc. 
Santa Clara, CA 95051 
Chris Simoneaux 
(770) 956-7200 
Fax (770) 956-9854 
chris@fujikura.com 
CIRCLE 157 

Transceivers Datacom 770 nm -5 to -10 
dBm 

1.062 
Gbits/s 

0° to 50°C Integral Fabry-Perot 
laser 

PIN 
photodiode 

Gould Fiber Optics Div. 
Millersville, MD 21108 
Moez Adatia (410) 987-5600 
Fax (410) 987-1201 
madatia@gouldfo.com 
http://fiberoptic.com/gould 
CIRCLE 158 

Amplitude 
modulator 

Telecom 1550 nm 23 dBm 2.5 Gbits/s 0° to 70°C Pigtail Not given Not given 

H&L Instruments 
North Hampton, NH 03862 
J.H. Landman (603) 964-1818 
Fax (603) 964-8881 
CIRCLE 159 

Transceivers, 
self-healing 
redundant-
loop system 

Datacom 850 nm, 
1300 nm, 
single and 
multi mode 

-24 to -8 
dBm 

19.2 
kbits/s by 

four 
channels 

-40° to 85°C Integral LED and 
laser 

PIN 
photodiode 

Hewlett-Packard Co., 
Components Group 
San Jose, CA 95131 
Component Response Center 
(800) 235-0312 
Fax (408) 654-8575 
http://www.hp.com/go/ 
components 
CIRCLE 160 

Transceivers, 
transmitters, 
receivers, and 

ICs 

Both 650, 820, 
1300, and 
1550 nm 

Up to 1 
mW 

uncooled, 
or 2.5 
mW 

cooled 

_ 

Up to 2.4 
Gbits/s 

From -40° to 
85°C 

Both LED and 
laser 

PIN 
photodiode 
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FIBER-OPTIC COMPONENTS 

MANUFACTURERS OF ACTIVE FIBER-OPTIC COMPONENTS 

Manufacturer 
Active 

component(s) 
Datacom 
or telecom 

Operating 
wavelengths 

Output 
power 
range Bit rate 

Operating 
temperature 

range 
Connector 

type 

Transmitter 
element 

Receiver 
element 

Honeywell, MicroSwitch Div. 
Richardson, TX 75081 
Customer Response Center 
(800) 367-6786 
Fax (214) 470-4326 
info@ micro.honeywell.com 
http://www.sensing.honey 
well/com 
CIRCLE 161 

Transmitters, 
receivers, 

transceivers, 
connectorized 
oomponents 

Datacom 
mostly 

850 nm Up to 5 
mW 

Oto 1.25 
Gbits/s 

Upto100“C Standard 
interface 
(ST or SC) 

LED and 
VCSEL 

PIN 
photodiode 

Laser Diode Inc. 
Edison, NJ 08820 
Sales Dept. (908) 549-9001 
(908) 906-1559 
http://www.laserdiode.com 
CIRCLE 162 

Transmitters, 
receivers, 

transceivers 

Both 850, 1300, 
and 1550 nm 

4 pW to 
2 mW 

1 Mbits/s 
to 1 

Gbits/s 

-40“ to 85“C Both LED and 
laser 

PIN 
photodiode 

MRV Communications. Inc. 
Chatsworth, CA 91311 
Ken Ahmad (818) 773-9044 
Fax (818) 773-0261 
CIRCLE 163 

Transmitters, 
receivers, and 
transceivers 

Both 1310 and 
1550 nm 

-15 dBm 
to 6 dBm 

Up to 1 
Gbits/s 

-40“ to 85“C Pigtail and 
integral 

LED and 
laser 

PIN 
photodiode 

Osicom Technologies, Inc. 
Broadband Comm. Div. 
San Diego, CA 92121 
Sales Dept. (800) 854-2831 
Fax (619) 558-3980 
info@osicom.com 
CIRCLE 164 

Transmitters, 
receivers, and 
transceivers 

Both 850, 1310, 
and 1550 nm 

Up to 8 
mW 

Not given 0“ to 50“C Both LED and 
laser 

PIN and 
avalanche 
photodiode 

Rohm Electronics 
Nashville. TN 37013 
Mark Inman (615) 641-2020 
Fax (615)641-2022 
minman@rohmelectronics.com 
CIRCLE 165 

Transmitters Datacom 780 and 850 
nm 

0 to 5 
mW 

Upto 1 
Gbits/s 

-10“to80“C TO can 
laser diodes 

Fabry-Perot 
laser 

N/A 

S.l. Tech 
Batavia. IL 60510 
Chris Cirko (630) 232-8640 
Fax (630) 232-8677 
http://www.bitdriver-sitech.com 
CIRCLE 166 

Transmitters, 
receivers, and 
transceivers 

Datacom 850 or 1300 
nm 

10 to 
100 pW 

Up to 40 
Mbits/s 

0“ to 50“C Internal LED PIN 
photodiode 

Siemens Components Inc. 
OED Fiber Optics 
Cupertino, CA 95014 
Elizabeth Busetti 
(408) 725-3406 
Fax (408) 725-3435 
http://www.sci.siemens.com 
CIRCLE 167 

Transceivers, 
receivers, 

bi-directional 
modules 

Both 850, 1300, 
and 1550 nm 

-20 dBm 
to 2 dBm 

0 to 2.5 
Gbits/s 

-40“ to 85“C Integral 
and pigtail 

LED and 
laser 

PIN 
photodiode 

Toshiba America Electronic 
Components, Inc. 
Irvine, CA 92618-1811 
Margie Ferro (714) 455-2293 
Fax (714) 859-3963 
margie.ferro@taec.toshiba.com 
CIRCLE 168 

Transceivers, 
receivers, 

transmitters 

Both Toslink = 
650 to 850 
nm, CLD = 
1300 to 
1500 nm 

Toslink 
N/A, 
CLD = 
-15 to 3 
dBm 

From de 
up to 10 
Gbits/s 

-40“ to 85“C Pigtail, and 
integral 

LED and 
laser 

PIN 
photodiode 
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BACKPLANES 

Design Considerations For 
High-Performance Backplanes 

RAY COSIMANO 
Cosco Technologies Inc., 140 Washington Ave., Endicott, NY 13761-7399; (607) 757-0633; fax (607) 757-0771. 

Although I/O Rates Keep 
Pushing The Envelope, Backplane Technology 
Is Staying Ahead Of The Game. 

relationships timing 
Fortunately, plane. 

resolution, full-motion video. The 
information systems market for large 
enterprises demands reliable high¬ 
speed information retrieval and stor¬ 
age, while the communications mar¬ 
ket requires high-bandwidth switch¬ 
es and routers. When choosing a 
backplane to meet the requirements 

1. Responsible for maintaining signal integrity as information is passed 

from board to board, the backplane is facing increasing performance 

pressures as data rates target 80 Mbytes/s and beyond. 

between clock and data 
information as the signals 
propagate. Loss of signal 
integrity comes from three 
main sources—reflections, 
crosstalk, and propagation 
delays. 

Reflections occur in back¬ 
planes when there is a 
change of impedance any¬ 
where along the conductive 
path of the signal (Fig. 2). 
These changes in impedance 
can be caused by something 
as simple as a change in the 
thickness of a trace. The 
resulting reflections can 
either cause spurious nega¬ 
tive effects such as false “Is” 
or “Os,” or aid in the tum-on 
of drivers, as in the case of 
reflective-wave switching 
used in VMEbus or PCI sys¬ 
tems. In any case, strict 
adherence to the specifica¬ 
tion attached to the archi¬ 
tecture in question is essen¬ 
tial if unwanted reflections 

I f o matter how advanced the 
»¡muter system, optimum perfor¬ 
mance still depends heavily on the 
áíility of the backplane to accurately 
and reliably move large amounts of 
data from one system board to anoth¬ 
er as quickly as possible. Specifically, 
the backplane is a critical component 
in the performance equation 
since advances in active sili¬ 
con devices are not directly 
transferable to the back-

of these applications, three primary 
factors must be considered—signal 
integrity, power distribution, and 
reliability. 

The backplane is responsible for 
maintaining signal integrity while 
accurately and quickly moving infor¬ 
mation, both digital and analog, from 

one system board to another 
(Fig 1). It also is responsible 
for maintaining accurate 

advances in pc-board fabri¬ 
cation such as fine-line 
traces and multilayer con¬ 
struction, combined with 
the advent of inexpensive 
surface-mount devices, have 
vastly improved backplane 
performance and reliability, 
while keeping costs down. 

Despite the technological 
improvements, backplanes 
remain as somewhat of a 
bottleneck in high-end 
applications as I/O rates spi¬ 
ral upward. For example, 
typical Category 5 twisted¬ 
pair runs at 100 Mbits/s; 
wide and fast SCSI main¬ 
tains 40 Mbits/s data 
streams; and home PCs 
costing less than $2000 are 
running at 166 MHz and 
using PCI interfaces capa¬ 
ble of 256 Mbits/s data 
transfers. This kind of per¬ 
formance is driven by the 
market place. The entertain¬ 
ment market needs high-
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BACKPLANES 

are to be avoided. 
Crosstalk in backplanes 

can lead to false switching and 
intermittent operation and is 
mostly a capacitance coupling 
phenomenon (Fig. 3). As such, 
the crosstalk between signal 
lines can be approximated as 
being inversely proportional 
to the distance between the 
signal lines, and directly pro¬ 
portional to the distance 
between the signal lines and 
the ground plane. 

One technique for reducing 
crosstalk is to use fine-line 
technology that increases the 
distance between signal lines 
while decreasing the distance 
between the signal line and 
reference plane. It has been 
shown that going from 12-mil 
lines to 5-mil lines can reduce 

4. The equivalent circuit for the de and ac modes of power distribution introduces the equivalent 

capacitance Cyp that is created by using plane pairs in the pc-board layout. 

crosstalk by up to 25%. Though once 
prohibitive, the cost of fine-line tech¬ 
nology has decreased steadily over 
the last five years due to advances in 
etching technology combined with 
improved standards of cleanliness in 
the photo-etching and pc-board man¬ 
ufacturing process. 

Propagation delays are not a prob¬ 
lem if the timing relationships 
between clocks and signals are main¬ 
tained. To maintain timing, special 
attention must be paid to trace 

lengths and the difference in propa¬ 
gation due to signal lines running on 
the surface and those surrounded by 
epoxy glass. Uncertainty in the prop¬ 
agation time of data with respect to 
the clock could cause a “1” to be 
interpreted as a “0” or vice versa. 

In most backplane systems, the 
power is supplied to the boards via 
the backplane. It is important that a 
low-resistance path is provided by 
the backplane to ensure that all 
boards in the system share the same 

2. Caused by changes in impedance anywhere along a signal's path, reflections can either cause 

negative spurious effects such as false highs and lows, or aid in the turn-on of drivers. 

3. Crosstalk between signal lines is mostly a capacitance coupling problem and can be 

approximated as being inversely proportional to the distance between the signal lines, and 

directly proportional to the distance between the signal lines and ground. 

reference with respect to the supply 
and ground. This reference also must 
be maintained under dynamic condi¬ 
tions. The equivalent circuits for the 
de and ac modes of power distribu¬ 
tion; depicted is a model of distrib¬ 
uted capacitance (Cvp) that is created 
by using plane pairs in the pc-board 
lay-up {Fig. 4). This is an effective 
stabilizing capacitance because of the 
low-inductance path to the load. The 
ground and power pairs are used to 
create a distributed capacitance to 
control the change in current created 
by simultaneous switching of lines on 
a 64- and 128-bit buses {Fig. 5). 
Surface-mount decoupling capacitors 
and terminators should be used 
because of their low-inductance 
leads. 

High reliability with respect to 
the backplane is critical as any failure 
that requires the backplane to be 
replaced normally means the whole 
system must be dismantled. The 
probability of a backplane failure 
could be viewed as the sum of the 
probability of the pc-board failure, 
plus the probability of connector-sys¬ 
tem failure, and the probability of 
process-induced failures. 

Pc-board failures can be mini¬ 
mized by maximizing the distance 
between conductors, minimizing the 
number of plated-through holes, min¬ 
imizing the length of lines, avoiding 
sharp turns and square corners, and 
making sure that the line width spec-
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BACKPLANES 
APPLICATIONS 
• Computers, Laptops, 
Servers, MBU & RTC 

• Cellular & Cordless 
Communications 

• Hand Held Electronic Devices 
• Portable Medical Devices: 
Telemetry/TENS units/ 
Pulse Oximeters 

U VARTA 
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♦ TOP OF THE LINE TECHNOLOGY, 
GERMAN QUALITY 

♦ COMMITTED TO CUSTOMER SERVICE 

VARTA HEADQUARTERS, TECHNICAL CENTER, ENGINEERING 
Located at: 300 Executive Boulevard, Elmsford, NY 10523 
Telephone: 800-431-2504/ext.l89 Fax: 914-345-0488 
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bearing slides 

• Rugged solid bearing 
slides 

• Heavy-duty roller bearing 
and bottom mount slides 

Got an idea? Get a catalog! 
Got a catalog? Get an idea! 

Call now and order your personal 
reference guide to the industry s 
most complete selection of 
electronic equipment slides. 

© General Devices Company, Inc. 
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W DEVICES 

Electronic Hardware 
Manufacturers 

CALL 1-800-626-9484 FOR YOUR FREE CATAL06 

5. The distributed capacitance created by using 

ground and power pairs controls the change in 

current caused by simultaneous switching of of 

lines on 64- or 128-bit buses. 

ified in the design is matched with 
the process capability of the pc-board 
fabricator. 

Connector reliability is a function 
of lubrication, wipe, normal force, 
plating integrity, and the number of 
contacts. Choosing a backplane sys¬ 
tem based on a two-piece connector 
system like VME or CompactPCI 
will go a long way toward optimizing 
wipe, normal force, and plating, 
because the epoxy glass is eliminated 
as a substrate for carrying one of the 
mating surfaces. 

Processes used to assemble the 
backplane affect system reliability. 
Repeated exposure to large tempera¬ 
ture changes can cause cracking of 
plated-through holes and overstress¬ 
ing of the assembly. This can be exag¬ 
gerated if the temperature is applied 
after connector attachment because 
of the different thermal expansion 
characteristics between the connec¬ 
tor material and the epoxy glass used 
in pc boards. Other common process-
induced failures include contamina¬ 
tion from fluxes and solders, as well 
as cold solder joints. 

RAYMOND J. COS I MANO is 
president and founder of Cosco 
Technologies Inc. in Endicott, N. Y 
He holds an AAS in Electrical 
Technology from Erie Community 
College in Buffalo, N. Y. 

Originally published 
in the April 1, 1997 issue of 
Electronic Design. 
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Fairchild means EPROM today and tomorrow 
Fairchild Semiconductor is firmly rooted in the EPROM business of 
today. We are also investing in long-term product development and 
manufacturing efforts that will further expand our product portfolio 
and increase product density for tomorrow. 

We offer a complete line of reliable low, medium and high-density 
EPROM products, which are all manufactured with Fairchild's 
Alternating Metal Ground '' (AMG) architecture. This means 
top quality materials, efficient application, and optimum precision 
and density. 

To help make doing business with Fairchild easier for you, we're 
dedicating ourselves to unparalleled, personalized service. This means 
firm delivery commitments, convenient factory programming and 
technical support for any questions or problems you may have. 

For more information, please visit our website at: 
www.fairchildsemi.com 

or call us at: 
1-800-272-9959 

Device Density Organization Speed Packages: 

NMC27C16B 

NMC27C32B 

NMC27C64 

NM27C128 

NM27C256 

NM27C512 

NM27C010 

NM27C210 

NM27CO2O 

NM27C040 

NM27C240 

NM27LV010/B 

NM27LV210 

NM27LV020 

16Kb 

32 Kb 

64Kb 

128Kb 

256Kb 

512Kb 

1Mb 

1Mb 

2Mb 

4Mb 

4Mb 

1Mb 

1Mb 

2Mb 

2Kx8 

4Kx8 

8Kx8 

16Kx8 

32Kx8 

64Kx8 

128Kx8 

64Kx16 

256Kx8 

512Kx8 

256Kx16 

128Kx8 

64Kx16 

256Kx8 

150ns 

150ns 

150ns 

90ns 

90ns 

90ns 

90ns 

90ns 

100ns 

100ns 

100ns 

200ns 

200ns 

200ns 

CerDIP, PDIP, PLCC, TSOP 

Voltage: 

NM27CXXX 5V+/- 10% 
NM27LVXXX 3.0V+/-10% 

3.3V+/-10% 

FAIRCHILD 

SEMICONDUCTOR™ 
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Surface Mount Reed Relays 

The world's smallest surface mount 
relay, the MRF series, dramatically 

The MRF series advantages: 

• Uses less than 50mm2 of PCB area 

Els 

CP Clare b 
SMR 6 1AO5 

ACTUAL SIZE (mm) 

CP Clares. ? 
SMR6 1A05 £ 

Call CP Clare today for free samples 
and product data sheets. CP Clare 

• Fast digital pulse application 

• Low profile 

CORPORATION 

European Sales Office 

Hasselt, Belgium 
Tel: 32-11-300860 
Fax: 32-11-300890 

North American Soles Office 

Arlington Heights, IL 
Tel: 1 -800-CPCLARE 
Fax: 1-847-797-7023 

Asian Sales Office 

Taipei, Taiwan 
Tel: 886-2-523-6368 
Fax: 886-2-523-6369 

Japanese Sales Office 

Tokyo, Japan 
Tel: 81-3-3980-2212 
Fax: 81-3-3980-2213 

Visit our web site at http://www.cpclare.com 

READER SERVICE 103 



SWITCHES 

Switches: The Linchpins 
Of A Good Design 

PETER BROUILLETTE 

C&K Components Inc., 57 Stanley Ave., Watertown, MA 02172-4802; (617) 926-6400; fax (617) 926-6846. 

Given Proper Foresight, The Lowly Switch Can Connect Actual With Perceived 
Quality—A Key Factor For Design Success. 

f [ s design cycles shrink, many 
engineers are waiting until the last 
nwiute to select a switch suitable for 
their application. While this approach 
may work in some cases, it often 
leads to delays, cost overruns, and 
even design modifications. In addi¬ 
tion, giving such short shrift to what 
is often the key interface between 
the user and the piece of equipment 
can not only compromise the actual 

quality of the item, but the perceived 
quality as well. 

Seven key points to keep in mind 
to avoid program delays, and to 
improve customer satisfaction are: 

Ergonomics should not be taken 
for granted. The look and feel of the 
switch reflects on the product in 
which it is used. Actuation force, 
travel, and switch tactility are all fac¬ 
tors that affect this. Visual feedback 

The wide range of products most good manufacturers offer helps to avoid the lengthy lead times 
required for semi- to full-custom product runs. 

is also important. Toggle and rocker 
switches display actuator status well, 
while rotary and push-button switch¬ 
es require marking or illumination. 

Environmental compatibility is 
essential. All too often, unsealed 
switches are specified for applica¬ 
tions that require a sealed solution. 
One of the most common sources of 
failure in switch products is foreign 
substances in the contact area. 

In addition, the designer should 
ensure that the manufacturer has 
tested the switch under environmen¬ 
tal conditions similar to those found 
in the end application. The best-in-
class switch manufacturers will test 
their switches extensively to simu¬ 
late real-world, long-term usage. 

All pc-board-mounted switches 
are not equal. By acknowledging 
this, designers can avoid critical dam¬ 
age during soldering. Surface-mount 
switches must be manufactured from 
materials that can withstand temper¬ 
atures as high as 260°C (high-tem-
perature nylons and liquid-crystal 
polymers are recommended). 
Through-hole switches on a hybrid 
board also must be capable of with¬ 
standing the high temperatures. 
Testing for this tolerance is essential. 

Electrical loads are critical con¬ 
siderations, if a switch is to perform 
to specification. Too often, in-rush 
currents are ignored with switches 
used to activate power supplies. 
Likewise, switches used for power 
applications are frequently misused 
in dry-circuit applications. 

Factoring in the switch interface 
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_ SWITCHES 

up front helps ensure effective opera¬ 
tion. Addressing this problem when 
the design is complete leads to switch 
actuation difficulties. The alignment 
of the switch in relation to the prod¬ 
uct’s actuator must be studied. The 
actuator style must be compatible 
with the type of switch being used. 
Elastomer actuators on electrical 

equipment are growing in popularity 
due to their low cost and sealing per¬ 
formance, yet they may dampen the 
critical feel of the switch. 

Modifications to standard prod¬ 
ucts can extend lead times. Most 
switch manufacturers offer a catalog 
illustrating a wide range of standard 
products. The variety helps the 

Illinois Capacitor 
Is Your Source 

There's no shortage oí quality axial-lead 
eh 'ctroiytic .r k ChooeSfrom TTA 
standard I:::- TLS low-leakage types 
or the BPA non-polar types. All are rated 
at 2000 hr. life, wide capacitance and 
veltage ranges. and 20% tolerance. 
Operating temp, range: -40°C to +85X7. 

•TTA: 0.47 to 22000 pF range; 
10-450 WVDC. . .for bypass, 
filtering and coupling needs 

•TLS: 0.1 to 100 pF: 10-50 WVDC... 

Aluminum lower cost alternative to 
tantalum capacitors 

Electrolytics. •BPA: 0.47-1000 pF; 16- 100 WVDC... 
ideal for audio coupling and 
cross-over networks 

For complete details, 
contact your local distributor 
or IC today. 

Illinois CAPACITOR, INC. 
3757 W Touhy Ave. Lincolnwood. Illinois 60645 
(847) 675- 1760 • Fax (847) 673-2850 

Ask for 
Free Catalog. 

Samples 
Upon Request 

designer avoid time-consuming cus¬ 
tom modifications. 

All switch suppliers are not equal. 
When the switch decision is delayed 
until the end of a product’s develop¬ 
ment cycle, the switch supplier is 
often selected in haste. This quick 
decision can be as detrimental to a 
design project as selecting the wrong 
switch for the application. 

Designers should know exactly 
who is manufacturing the switch, and 
where it is produced. Does the com¬ 
pany build its own product or second-
source it? If an off-shore switch man¬ 
ufacturer has been chosen, the 
designer must factor in the extended 
lead times that could be involved, as 
well as the difficulties that may be 
encountered when requesting appli¬ 
cation information and resolving 
technical issues. When selecting a 
manufacturer, a frame of reference 
for quality must be established. An 
ISO9001 registration is essential, 
while a Total Quality Management 
(TQM) operating philosophy should 
be a strong consideration. 

While much of the talk in the 
industry dwells on the pressure 
designers are under to keep costs 
down, don’t forget that switch suppli¬ 
ers are under the same pressures. 
Even the most reputable suppliers 
cannot waste valuable resources 
ensuring that each product they sell 
meets all application requirements. 
It is up to the designer to see what 
compromises were made, and which 
ones, if any can be tolerated. A key 
question the designer engineer 
should ask is, “Am I absolutely cer¬ 
tain that there is a standard switch 
available from a reliable supplier, in 
the volumes I require, at the price I 
need, and that meets all of my 
requirements?” If not, then the 
switch application must be addressed 
at the start of the product design. 

PETER BROUILLETTE gradu¬ 
ated from The University of Lowell, 
Mass., in 1983. Rejoined Augat, 
Inc.-Alcoswitch in 1987 as a Senior 
Design Engineer. Rejoined C&K 
Components, Inc. in 1994, and is 
currently Director of Engineering. 

Originally published 
in the April 1, 1997 issue of 
Electronic Design. 
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Converters r„ 

Target Your A/D Application 

Target Your A/D Application 
Don’t let your design project fall short of its mark! Let Burr-Brown’s 
broad line of delta-sigma, high speed, and general purpose A/D 

converters help you to hit your mark every time! For a complete 
rarge of possibilities, target our website 

DELTA-SIGMA A/D CONVERTERS 

INL Input Resolution Resolution Power Dissipation Price fMLINE r Reader 
Product (% FSR) Range (Bits at 10Hz) (Bits at 1kHz) (mW) (Ikpcs) 1-800-548-6133 Service# 

ADS1210 ±0.0015 ±312mVto±5V 24 20 26 $9.60 11284 80 
ADS1212 ±0.0015 ±312mVt0±5V 22 16 1.4 $7.25 11360 81 
ADS1214 ±0.0015 ±20mV to ±320mV 22 16 1.4 $7.25 11368 82 

HIGH-SPEED A/D CONVERTERS "preliminary information 
Resolution Speed Power SNR DNL SFDR Supply Price FMLINE * Reader 

Product (Bits) (MHz) (mW) (dB) (LSB) (dBFS) (V) (ikpcs) 1-800-548-6133 Service# 

ADS800 12 40 390 64 ±0.6 61 +5 $29.00 11286 83 
ADS803 12 5 116 69 ±0.3 82 +5 $9.55 11398 84 
ADS824* 10 75 315 59 ±0.5 70 +5 $8.50 11403 85 
ADS930/931 8 30 66/63 46/48 ±0.4 51/49 +3/+5 $3.37/$3.27 11349 86 

GENERAL PURPOSE A/D CONVERTERS no missing code 

Resolution INL DNL* Sample Rale Power SINAD THD Price FAX/ INE * Reader 
Product (Bits) (LSB) (Bit) (kHz) (mW) (dB) (dB) (Ikpcs) 1-800-548-6133 Service# 

ADS7813 16 ±2.0 16 40 35 87 -90 $20 00 11302 87 
ADS7817 12 ±1 12 200 2.3 71 -83 $5.18 11369 88 
ADS7822 12 ±0.75 12 75 0.54 71 -82 $4.64 11358 89 
ADS7825 16 ±2.0 16 40 50 86 -90 $28.46 11304 90 

www.burr-brown.com 
BURR - BROWN 

Burr-Brown Corporation • P.O. Box 11 400 »Tucson. AZ • 85734-1400 • Call (800) 548-6132 or use fMLINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Anthem: (800) 826-8436 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: (888) 488-4133 • J.I T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 



DIP SWITCHES 

MANUFACTURERS OF DIP SWITCHES 

Manufacturer Power range Lifespan 
Positions 
available 

Actuator 
styles 

Ganging 
option 

Mounting 
configurations 

Packaging 
options 

High-temp, 
plastics 

Full -seal 
and/or 

gas-tight 
options 

APEM Components, Inc. 
Wakefield. MA 01880-4444 
Barry Mitchell (617) 246-1007 
Fax (617) 245-4531 
bmitchel@apem.com 
http://www.apem.com 
CIRCLE 169 

Dry circuit to 
100 mA 
@50 Vdc 

2000 
cycles 
(min)@ 

full rated 
electrical 

load 

One to 12 Piano, 
flush, 

extended, 
slide 

Yes Through-hole. 
SMD, vertical, 
right angle, 
piano, half 

pitch, tri state 

Tape & 
reel, anti 
static, 
tubes, 

bulk, trays 

Yes — 
reflow 

compatible. 
UL94V-O 

rated 

Yes 

Bourns, Inc. 
Riverside, CA 92507 
Customer Service (909) 781-5079 
Fax (909) 781-5378 
http://www.bourns.com 
CIRCLE 170 

100 mA, 50 
Vdc 

2000 
cycles 

One to 12 Piano, 
raised, 

recessed 

No SMD, through 
hole, insertable 

Tubes, 
tape & reel 

Yes No 

C&K Components, Inc. 
Watertown, MA 02172-4802 
Joan Donahue-Servey 
(617) 926-6400 
Fax (617) 926-6846 
jdonahue@ckcorp 
http://www.ckcorp.com 
CIRCLE 171 

0.1 mA @ 5 
V de to 25 
mA @25 V 

de 

2000 to 
20,000 

actuations 

Two to 12 
on DIPS, 
eight, 10, 
and 16 on 
DIP coded 

rotary 

Flush, 
extended, 

piano 

No SMD with 
1/2-pitch 

spacing; SMD 
with 0.1 
spacing; 

through hole, 
right angle 

Tube, tape 
& reel 

Yes Yes 

CTS Corp.. Electrocomponents 
Elkhart, IN 46514 
Ron Sumrak (219) 296-0415 
Fax (219) 293-1240 
ctselect@ mail.michiana.net 
http://www.ctscorp.com 
CIRCLE 172 

100 mA or 
50 V de, non 
switching 

1000 to 
10,000 

actuations 

One to 12 Low 
profile, 

extended 

No SMD and 
through hole 

Tube for 
all, tape & 
reel for 
SMD 

Yes. for 
SMDs 

Full seal 
with bottom 
epoxy and 
removable 

tape 

EAO Switch Corp., Secme Div. 
Milford, CT 06460 
G. Bracci (203) 877-4577 
Fax (203) 877-3694 
info@eaoswitch.com 
http://www.eaoswitch.com 
CIRCLE 173 

50 mA @ 24 
Vdc 

1000 to 
2000 

actuations 

Two to 12 Standard, 
low 

profile, 
piano 

No Through hole 
and SMD 

Tube, tape 
& reel 

Yes, to 
85°C 

operating, 
to 260°C 
for 1 min. 
infrared 
soldering 

Sealed for 
soldering 

EECO Switch 
Santa Ana, CA 92705 
Sales Dept. (714)835-6000 
Fax (714) 953-3747 
sales@eecoswitch.com 
http://www.eecoswitch.com 
CIRCLE 174 

100 mA @ 5 
Vdc 

20,000 
actuations 

Eight, 10, 
16 

Flush, 
extended 

Yes SMD and 
through hole 

Tape & 
reel, tubes 

Yes Yes 

E-Switch 
Brooklyn, MN 55428 
Kris Akse (612) 504-3525 
Fax (612) 531-8235 
info@e-switch.com 
http://www.e-switch.com 
CIRCLE 175 

Switching, 
25 mA @ 24 

Vdc; 
carrying. 
100 mA @ 
50 Vdc 

2000 
cycles 

One to 12 Recessed, 
extended 

No SMD, through 
hole, IC 
machine 
insertable 

ICtubes, 
tape & reel 

Yes. 
UL94V-O 
high-temp 
plastic 

Process-
sealed and 
tape-sealed 
versions 

Globtek Inc. 
Northvale, NJ 07647 
Sales Dept. (201) 784-1000 
Fax (201) 784-0111 
globtekl@chelsea.ios.com 
http://gramercy.ios.com/--globtek 
CIRCLE 176 

100 mA @5 
V de, 25 mA 
@25 Vdc 

2000 
cycles 

Two to 12 Top, side, 
right 
angle, 
J-lead, 
rotary 

No SMD, through 
hole 

Tape & 
reel, bulk 

No Yes 

Grayhill, Inc. 
LaGrange, IL 60525 
Dan Neumann (708) 354-1040 
Fax (708) 354-2820 
dan neumann@grayhill.com 
http://www.grayhill.com 
CIRCLE 177 

1 mA @ 5 V 
de up to 150 
mA @ 
30 Vdc 

5000 to 
20,000 

Two to 12 Slide, 
rocker 
(raised 
and 

recessed 
both), 
toggle 

Yes SMD. through 
hole, right 

angle, piano 
DIP 

Tube, tape 
& reel 

Yes Yes 

NKK Switches 
Scottsdale, AZ 85260 
Bob Wanless (602) 991-0942 
Fax (602) 998-1435 
CIRCLE 178 

100 mA @ 5 
Vdc 

20,000 
(min) 

10 and 16 Screw¬ 
driver, 

shaft, dial, 
knob 

Yes SMD, through 
hole 

Tape &reel Yes No 

Shogyo International Corp. 
Plainview. NY 11803 
Mark Rubin (516) 349-5200 
Fax (516) 349-7744 
CIRCLE 179 

25 mA @24 
Vdc 

2000 
cycles 

Up to 12 Normally 
recessed 

No Through hole Tubed or 
tape & reel 

PPS No 



Sa/t/S/à/rs^..^_ 

by Sensor Solutions? 

Choose Your Piece! 
From one piece to a complete mixed signal solution, Burr-Brown 
can help you unlock the solution to your sensor application puzzle. 

Visit our website for complete data sheets detailing sensor/ 
signal conditioning solutions. 

DELTA-SIGMA A/D CONVERTERS 

GENERAL PURPOSE A/D CONVERTERS 'no missing coáes 

INL Input Resolution Resolution Power Dissipation Price F EXLINE f Reader 
Product (%FSR) Ranges (Bits at 10Hz) (Bits at 1kHz) (mW) (1kpcs) 1-800-548-6133 Service# 

ADS1212 ±0.0015 ±312mV to ±5V 22 16 1.4 $7.25 11360 91 
ADS1214 ±0 0015 ±20mV to ±320mV 22 16 1.4 $7.25 11368 131 

INSTRUMENTATION AMPLIFIERS 

Resolution INL DNL* Sample Rate Power SINAD Price fMLINE # Reader 
Product (Bits) (LSB) (Bit) (kHz) (mW) (dB) (1kpcs) 1-800-548-6133 Service# 

ADS7813 16 ±2.0 16 40 35 87 $20.00 11302 132 
ADS7817 12 ±1 12 200 2 3 71 $5.18 11369 133 

ADS7822 12 ±0.75 12 75 0.54 71 $4.64 11358 134 
ADS7825 16 ±2.0 16 40 50 86 $28.46 11304 135 

OPERATIONAL AMPLIFIERS 

Io Offset Voltage Offset Drift Ib Price fMLINE # Reader 
Product Description (pA) (pV) max (pV/°C) max (nA) max (1kpcs) 1-800-548-6133 Service# 

INA122 Single-Supply, m/croPower 60 250 3 24 $2.50 11388 136 
INA128 Precision, Low Drift 700 50 0.5 5 $3.38 11296 137 

INA125 On-Board Vref 460 250 2 20 $2.10 11361 138 
INA126 Low Cost, MS0P Package 175 250 3 25 $1.60 11365 139 

Description Single/Dual Power Supply Iq Price/Ch. fMUNE# Reader 
Product (all are rail-to-rail output) Quad Single (V) (pA) (1kpcs) 1-800-548-6133 Service# 

OPA241 microPower, Precision S 2.7 to 36V 24 $1 06 11406 140 
OPA336 microPower, CMOS S, D. Q 2.3 to 5.5V 20 $0.47 11380 141 
OPA340 High Speed, Rail-to-Rail I/O S, D, Q 2.5 to 5.5V 750 $0.55 11404 143 

WWW.burr-brown.com 
BURR - BROWN® 

■■ 
Burr-Brown Corporation • P.O. Box 11400 • Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use FAXL//V£(800) 548-6133 • http://www.hurr-brown.com/ 
Distributors Anthem: (8001 826-8436 • Digi-Key Corp: (800) 338-4105 • Insight Electronics: .888) 488-41 33 - J.l.T Supply: (800) 246-9000 • Sager Electronics: (803) 724-3780 • SEMAD (Canada): (800) 567-3623 



COOLING 

Air-Cooling Electronic 
Systems: An Introduction 

AL EISAIAN 

NMB Technologies Inc., 9730 Independence Ave., Chatsworth, CA 91311; (818) 341-3355; fax (818) 341-8207. 

5 Component Density Spirals Upward, 
Carefill Enclosure Design And Fan Place¬ 
ment Is Essential To Avoid System Failure. 

ith higher-performance sys-
coming in increasingly smaller 
, the task of providing adequate 
ig for critical components is 

more challenging than ever. Because 
of the increasing power densities, 
thermal-management issues must 
now be considered up front in the 
product development cycle to pre¬ 
vent complete system failure. Along 
with early planning, good thermal 
design within an enclosure 

thing from notebook PCs to set-top 
boxes aimed at home Internet access. 
Their presence in such high-volume, 
highly competitive markets forces 
designers to perform a delicate bal¬ 
ancing act between cost and perfor¬ 
mance, placing greater burdens on 
the design of an active cooling sys¬ 
tem. 

Other factors also must be taken 
into account. Since Jan. 1, 1996, the 

a lower tolerance for overall system 
noise, providing an even greater 
design task for small systems that 
require high-speed fans for adequate 
airflow. 

With an eye toward the mobile 
computers implementing fans this 
year, one thing is clear—the trend 
toward hotter systems is not going 
away. Designers must incorporate 
active thermal management ele¬ 

ments, such as fans, into small 
requires the proper application 
of two simple concepts. First, 
the system must provide for 
adequate airflow around heat¬ 
generating components and 
heat-dissipating elements (such 
as heat sinks). Second, the sys¬ 
tem must allow for adequate 
space and power for the incorpo¬ 
ration of the required cooling 
fans. The remaining design 
issues, from a thermal manage¬ 
ment standpoint, consist pri¬ 
marily of determining fan posi¬ 
tioning and ducting, and select¬ 
ing the proper number and type 
of fans. 

Until recently, natural air 
convection provided adequate 
cooling for virtually all pc-

1. As more components ore packed into a single enclosure, 
the design engineer must factor in cooling earlier in the 
design cycle than ever before. Issues such as space, 
location, enclosure ducting, type, size, number of fans, and 
enclosure resistance must all be considered if overheating 
followed by system failure is to be avoided. 

enclosures, or at least be ready to 
do so very soon. But small 
portable computers represent 
just one of many different elec¬ 
tronic systems that use fans. 
Single-fan systems still repre¬ 
sent the most common imple¬ 
mentation. However, some of the 
more mature products that 
employ forced-air cooling tech¬ 
nology, like high-speed test 
equipment and desktop PCs or 
larger computers, use multiple 
fans. In fact, many fan-cooled 
systems incorporate subsystems, 
such as power supplies, that are 
actually cooled by fans. 
There has been a recent resur¬ 
gence in the use of variable¬ 
speed fans in mobile systems to 

board-based electronic systems. 
However, the upward spiral in gener¬ 
ated heat is making the use of forced-
air convection using fans and blowers 
a necessity (Fig. 1). In combination 
with heat sinks, they have proven to 
be highly effective for low- to mid¬ 
range systems. These fan-cooled 
electronic systems include every-

European Union has imposed a strict 
EMC (electromagnetic compatibili¬ 
ty) directive on equipment makers 
selling their wares in Europe. The 
relatively airtight package required 
to shield from electromagnetic and 
radio frequencies makes it even 
tougher to cool the system. In addi¬ 
tion, many markets are experiencing 

maximize battery life. At idle, when 
the processor is not active, the fan 
slows down to its minimum RPM. At 
peak load, when cooling is needed, 
the fan speeds up. 

Another important trend inclu¬ 
des the use of airflow or temperature 
monitors to increase overall system 
reliability. Since the entire system 
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2.7V 12-BIT ADC IN SO-8 
DRAWS ONLY 10|iA 

Serial ADC Combines Low Power, Internal Reference, Small Package, and Performance 

High Accuracy 

' FHlr 1 Wy I-
(samples/sec) 

2pA Power-Down Mode for 
Battery-Powered Systems 

2.5V Internal 
Reference 

0.5 

0.4 

0.3 

02 

0.1 

0.0 

-0.1 

-02 

-0.3 

-04 

-0.5 

+2.7V to +3.6V 
Supply 

3-Wire Serial Interface 
SPI™/Microwire™-Compatible 

0 1000 2000 3000 4000 

DIGITAL CODE 

The 12-bit MAX1240 (internal voltage reference) and MAX1241 analog-to-digital converters are 
designed for +2.7V to +5V applications. Their low power consumption and small SO-8 package 
help keep you well within your power and board-space budgets in portable and battery-
powered applications. The MAX1240 complements existing 4-channel (MAX1246) and 
8-channel (MAX146) internal reference ADCs. For 10-bit applications, use the single-channel 
pin- and software-compatible MAX1242. 

Choose Maxim’s Low-Power, Single-Channel ADCs 

t Vref = Vdd 
SPI is a /ademark cf Motorola Inc Microwire is a trademark of National Semiconductor Corp. 

PART 
RESOLUTION 

(Bits) 
REFERENCE 

MAXIMUM SPEED 

(ksps) 

SUPPLY VOLTAGE 

(V) 

SHUTDOWN 

(MA) 

MAX 1240 12 Internal 73 2.7 to 3.6 2 

VAX 1241 12 External 73 2.7 to 5.25 2 

MAX 1242 10 Internal 73 2.7 to 3.6 2 

MAX 1243 10 External 73 2.7 to 5.25 2 

FREE A/D Converter Design Guide -Senf Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-722-8266 for a Design Guide or Free Sample 
6:00 a.m. - 6:00 p.m. Pacific Standard Time 

http://www.maxim-ic.com 

ykiyixi/ki 
For Small-Quantity Orders Call (408) 737-7600 ext. 3468 

MasterCard* and Visa® are accepted for evaluation kits and small-quantity orders. 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

Distributed by Allied, Arrow, Bell. CAM RPC, Digi-Key, Elmo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow. 

Austria Maxim GmbH (Deutschland): Belgium Master Chips: Czech Republic. Spezial-Electronic KG. Denmark Arrow-Exatec A/S. Finland Yleiselektroniikka Oy: France 
Maxim France. Distributors: Maxim Distribution. ASAP Germany Maxim GmbH, Distributors Maxim Distribution. Spezial Electronic GmbH: Ireland FMG Electronics Italy Maxim 
Italy, Distributor: Escd Italiana Electronics Supply Netherlands Koning En Hartman Norway Berendsen Electronics. Poland. Uniprod, Ltd : Portugal ADM Electronics, S.A . 
Russia Spezial-Electronic KG: Spain Maxim Distribución, ADM Electronics S.A : Sweden Egevo AB Switzerland Maxim Switzerland, Laser & Electronics AG Turkey. Interex 
(U.S.A.) U.K.. Maxim Integrated Products (U.K ), Ltd . Distributors: Maxim Distribution (U.K ). Ltd.. 2001 Electron c Components. Eurodis HB Electronics Ukraine Spezial-

is a registered trademark of Maxim Integrated Products © 1997 Maxim Integrated Products. 

Circle No. 110 - For U.S. Response 
Circle No. 111 - For International 



COOLING 

depends on the ability of the cooling 
fan to deliver the required amount of 
air, if it fails, damage to the system 
could be considerable. Even if the fan 
never fails, blockage of the air-intake 
vents can significantly reduce air¬ 
flow. 

The first step in designing a 
forced-air cooling system requires an 
estimation of the necessary airflow. 
This calculation depends on two 
things: The heat generated within 
the enclosure, and the maximum 
temperature rise permitted inside. A 
very good estimate of power dissipa¬ 
tion in a system is ac input power. 
Most battery powered systems typi¬ 
cally include an ac input for a power 
source, so this estimate is simple to 
obtain. 

It is essential, when calculating 
total power, that a designer allow for 
possible future changes or the addi¬ 
tion of heat-generating subsystems. 
The power dissipation estimate also 
should be based on a worst-case 
power appraisal of a fully loaded sys¬ 
tem. In fact, when a compact product 
is not a priority, it is considered a 
very good practice to design the 
enclosure so that an additional fan 
can be added in series or parallel— 
just in case mistakes are made and 

additional cooling is required later 
on. 
An estimate of required airflow 

required in a hypothetical enclosure 
can be obtained from: 

3J6W 

or 
n - L76W

where: 
Q = Airflow required in cfm 

(fts/min.) 
W = Heat dissipated in Watts 
Tc = Temperature rise above inlet 

temp in °C 
Tr=Temperature rise above inlet 

temp in °F 
For example, 32 cfm (cubic feet 

per minute) of airflow is required for 
a system that dissipates 200W and 
allows a 20°F temperature rise. By 
keeping maximum temperature rise 
as a constant, and plotting the power 
dissipation and required airflow on 
the X and y axes, we can create a sim¬ 
ple lookup table (Fig. 2). 

In this graph, the vertical axis 
represents the heat to be removed in 
Watts, while the horizontal axis rep-

Airflow (cubic feet per minute) 

2. By keeping maximum temperature rise as a constant, and plotting the power dissipation 
and required airflow on the x and y axes, we can create a simple lookup table to estimate the 
required airflow in a hypothetical enclosure. To use the graph, find the sloping line that 
represents the permitted temperature rise, then find the point on the line that corresponds to 
the heat to be removed. The horizontal position of this point shows the airflow required. 
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resents airflow in cfm. Both axes are 
logarithmic. The sloping lines define 
the temperature rise in degrees 
centigrade. To use the graph, find the 
sloping line that represents the per¬ 
mitted temperature rise, then find 
the point on the line that corresponds 
to the heat to be removed. The hori¬ 
zontal position of this point shows the 
airflow required to cool the enclo¬ 
sure. 

Measuring the actual airflow pro¬ 
duced by a fan mounted in an enclo¬ 
sure is much more difficult and costly 
than simply estimating the airflow 
required. Obstructions in the airflow 
path cause static pressure within the 
enclosure, reducing the efficiency of 
the fan. The nonlinear relationship 
between airflow and static pressure 
is plotted for a typical axial cooling 
fan (Fig. S). 

Obviously, to achieve maximum 
airflow, obstructions should be mini¬ 
mized. But in many cases, it may be 
necessary to include obstructions in 
the form of baffles so that the airflow 
can be directed through hot sub¬ 
assemblies or specific components 
that need cooling. In fact, in small 
systems, it may even be necessary to 
use the components themselves as 
baffles to direct airflow. 

Determining actual airflow 
through a sample of the finished sys¬ 
tem is very accurate, yet extremely 
costly, time-consuming, and cumber¬ 
some. In practice, empirical methods 
are typically used to estimate airflow 
resistance. In fact, based on experi¬ 
ence, the following guidelines may 
prove helpful in estimating system 
impedance. 

• An empty enclosure usually 
reduces airflow by 5 to 20%. 

• A densely packaged enclosure 
reduces airflow by 60% or more. 

• Most electronic enclosures have 
a static pressure of between 0.05 and 
0.15 inches of H2O. 

Assuming a dense package, the 
airflow requirement we calculated to 
be 32 cfm previously should, in fact, 
be capable of delivering at least 80 
cfm in free air. 

Designers have a choice of using a 
fan to exhaust air from, or blow air 
into, an enclosure. Given no other 
variables, the same volume of air 
should be required for exhaust or 
intake. But in real-world applica-



PULLED, TORQUED, SUCED 

TWISTED, RUN OVER, 

AND STERIUZED. JUST ANOTHER 

DAY IN 

The high performance interconnect systems that deliver power, light, and signal to 
hand-held and portable surgical devices must meet precise electronic requirements. 
And tolerate the abusive environment of the operating theater. Precision Interconnect 
cable assemblies perform day after day, each one engineered, manufactured, and tested 
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COOLING 

tions, each situation has other 
factors that must be factored 
into the equation. 

Air is drawn into the fan in a 
laminar fashion, while air 
exhausted is turbulent. 
Theoretically, heat dissipation 
in a turbulent flow can be up to 
double that of a laminar flow 
with the same rate of air vol¬ 
ume. But the region of turbu¬ 
lent airflow near a fan exhaust 
is limited. Therefore, a well 
defined airflow path must be 
designed through the enclosure. 

Vents at the beginning and 
end of the airflow path should 
be 50% larger in area than the 
fan opening—possibly larger if 
it’s an intake fan and includes a 
filter. Also, baffles should be uti¬ 
lized to prevent air from recir¬ 
culating in the fan. Up to 90% or 
more of potential airflow can be 

3. Obstructions in the airflow cause static pressure in the 
enclosure, reducing fan efficiency. The plot shows the typical 
nonlinear relationship between airflow and static pressure for 
an axial cooling fan. 

means lower current and less 
overall power dissipation. The 
frequency and amount of noise 
generated by a fan increases 
with rotational speed. When 
presented with an option, a 
lower-speed motor will help to 
minimize noise and, potentially, 
increase the useful life of the 
fan. 
Once the enclosure’s airflow 
and static pressure estimates 
have been made, the fan manu¬ 
facturer can provide airflow 
curves that allow a fan to be 
selected with adequate cooling 
potential. Designers should use 
these curves with caution 
though. In some cases, it may 
not be clear whether the curves 
represent nominal or worst¬ 
case fan performance. A fur¬ 
ther word of caution, fan per¬ 
formance may vary as much as 

lost because of recirculation prob¬ 
lems. 

Subassemblies and components 
should be located so as to direct the 
flow of air to places that require cool¬ 
ing. Natural convection can greatly 
aid in this process for larger enclo¬ 
sures by placing warm components 
above cool components and placing 
exhaust vents higher than intake 
ports. During pc-board layout, keep 
in mind that large components can 
shield smaller components from the 
flow of air. Components with critical 
cooling requirements should be 
placed close to air intakes. On the 
other hand, components with resis¬ 
tance to high temperatures should be 
placed close to outlets. 

Exhaust fans reduce the pressure 
within the enclosure, which increases 
the airborne dust that may be drawn 
in through vents and cracks in the 
enclosure. In fact, if dust exclusion is 
a requirement, fan placement at the 
intake is better. A filter at the intake 
removes airborne contaminants from 
the incoming air, plus the enclosure is 
slightly pressurized so that dust is 
not drawn into the enclosure. 

The downside is that filters must 
be changed regularly to eliminate 
dust buildup. Accumulated dust can 
severely restrict airflow, causing ele¬ 
vated temperatures, and potential 
failure for the system. Another factor 
to take into account when imple¬ 

menting an intake fan is that the heat 
dissipated by the fan motor slightly 
warms the incoming air. 

Fan reliability and longevity also 
can be affected by placement within 
the system. In many applications, 
implementing the fan as an intake, 
rather than an exhaust, can double or 
triple its operational life. Heated air 
passing over an exhaust fan strains 
its bearings, and although most fans 
are rated at a life of 50,000 hours, this 
can be reduced by as much as 20,000 

I hours for each 10°C increase in fan 
operating temperature. 

Once the system’s required air¬ 
flow is calculated, the proper-size fan 
can be selected. Other requirements 
then come into play, including the 
decision of whether to go with an ac 
or de version. In the past, the high 
cost of de fans led to an almost exclu¬ 
sive use of ac fans by designers. This 
price differential has since disap¬ 
peared. Factors that make de fans a 
better choice include a longer life and 
a power consumption of up to 60% 
less than a comparable ac fan. Other 
advantages include the fact that 
speed is directly proportional to volt¬ 
age, EMI/RFI levels are lower, and 
that they make it simpler to imple¬ 
ment an airflow alarm system. 

The widest selection of de fans are 
available in 12- and 24-V versions. 
With fans, a higher voltage is gener¬ 
ally preferred since higher current 

10% from nominal specifications. Fan 
comparisons should not be based on 
performance in free air—which does¬ 
n’t exist in a real enclosure. To be 
considered accurate, airflow compar¬ 
isons should be made at pressures of 
between 0.05 and 0.15 in. of H2O. 

Noise has no effect on cooling, but 
may be important to the product’s 
end user. One way to minimize noise 
is to use the largest possible fan. For 
a given airflow rate, a larger fan will 
run at a slower speed and therefore 
create less noise.In areas where this 
is not possible, such as in high-per¬ 
formance laptops that must use tiny 
high-speed fans, other components of 
the audible noise may be addressed. 
Many fan manufacturers offer cus¬ 
tom fans given sufficient production 
volumes. Aerodynamic, mechanical, 
and resonant noise are components 
that may all be addressed. 

AL EISAI AN has been in fan 
product marketing for NMB 
Technologies since 1989. He is cur¬ 
rently the fan product manager and 
is responsible for all aspects of axial 
cooling fan sales. He holds a BS 
degree in electrical engineering from 
Oklahoma State University and an 
MBA from Pepperdine University. 

Originally published 
in the June 9, 1997 issue of 
Electronic Design. 
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MANUFACTURERS OF VMEbus ENCLOSURES 

Manufacturer 
Available 

sizes 
Power 
supplies 

Number 
of slots 

EMI/RFI 
protection 

Standards 
compliance 

Optional 
backplanes 

Other main 
features 

Delivery 
time 

Other bus¬ 
based 

enclosures 

AP Labs 
San Diego, CA 
Steve Gills (619) 546-8626 
fax (619) 546-6278 
e-mail: steve@sd.aplabs.com 
http://www.sd.aplabs.com 
CIRCLE 191 

6U, 9U, 3U, 
rackmount, 

ATR 

100 to 
1200 W 

3 to 42 MIL-STD-46 
1C 

EIA rack, 
ATR, 

MIL-STD-810 
E 

Yes Shock/vibration 
isolation, split 
backplanes, 

dual redundant 
power, thermal 

monitoring 

2 to 10 
weeks 

PC/AT, 
Multibus, 

CompactPCI 

Calmark Corp. 
San Gabriel. CA 
R.L. Rosenthal (818) 287-0451 
fax (818) 287-7350 
CIRCLE 192 

3U up 
sub-racks 

None Unlimited Whatever 
required 

DIN 41494, 
IEC 297 

No Cooling fans, 
custom features 

8 to 10 
weeks 
ARO 

None 

Carlo Gavazzi Inc. 
Brockton. MA 
Steve Curbesero (508) 588-6110 
fax (508) 588-0498 
e-mail: stevec@mupac.com 
CIRCLE 193 

2U to 15U 100 to 
2000 W 

1 to 21 FCC Class 
A with 

conductive 
metal-to-
metal 

interfaces 

UL1950, 
CSA, EN 

60950, VDE 
Class A 

Yes Redundant 
power supplies, 

hot-swap 
backplanes, 

system 
monitoring 

6 to 8 
weeks 

VXI, 
Futurebus. 

CompactPCI, 
Sun. PC/AT, 
Multibus I 
and II 

Dawn VME Products 
Fremont, CA 
Sales (510) 657-4444 
fax (510) 657-3274 
e-mail: dawnsales@aol.com 
http://www.dawnvme.com 
CIRCLE 194 

3U. 6U. 9U 150 to 
1000 W 

3 to 21 N/A Yes Voltage, fan-fail, 
and 

over-temperature 
monitoring; 

attitude/tilt switch 

3 days to 
6 weeks 

CompactPCI 

DY4 Systems Inc. 
Kanata. Ontario. Canada 
Duncan Young (613) 599-9199 
fax (613) 599-7777 
e-mail: dyoung@dy4.com 
http://www.dy4.com 
CIRCLE 195 

1/2 ATR 
short, 3/4 
ATR short, 
1 ATR long 

78 to 
250 W 

5 to 15 MIL-STD-
461 C 

ARINC 
404A, IEEE 

1101.2. 
ANSI/VITA 

1994 

No Conductive 
cooling, 

configured front 
panel, fans, de 
or ac supplies 

6 to 26 
weeks 

None 

Electro Space Fabricators Inc. 
Topton, PA 
Lisa Keller (610)682-7181 
fax (610) 682-2133 
e-mail: sales@esfinc.com 
CIRCLE 196 

3U to 12U 
high and 
160 to 140 
mm deep, 
or custom 

N/A 1 to 27 Shielding 
per 

custom 
requests 

ANSI IEEE 
STD. 

1014-1987 

Yes Custom and 
standard 

enclosures and 
front panels 

4 to 6 
weeks 

VXI, 
Multibus II 

Elma Electronic Inc. 
Fremont, CA 
Sandhya Kedlaya (510) 656-3400 
fax (510) 656-3783 
sales@elma.com 
http://www.elma.com 
CIRCLE 197 

3U, 6U, 9U, 
12U 

100 w 3 to 21 FCC Class 
A& B, 
VDE-B, 
CE, 

MIL-STD-
461C 

UL, CSA, 
FCC, TUV 

Yes Auto daisy chain 2 to 4 
weeks 

VXI, PC, 
Multibus II, 
CompactPCI 

Hybricon Corp. 
Ayer, MA 
Karen Harrington (508) 772-5422 
fax (508) 772-2963 
e-mail: Karen@hybricon.com 
http://www.hybricon.com 
CIRCLE 198 

3Uto13U 80 to 
1350 W 

2 to 21 FCC Class 
A& B. EN 

IEEE 
1101.1, 
1101.10, 
1101.11 

No Optimized air 
flow, 

accommodations 
for peripheral 
devices, easy 

access 

6 to 8 
weeks 
ARO 

VME64X, 
CompactPCI, 
Futurebus, 
custom 

Interlogic Industries 
Melville. NY 
Bert Freifeld (516) 420-8111 
fax (516) 420-8007 
e-mail: infoview@ix.netcom.com 
http://www.infoview.com 
CIRCLE 199 

3U, 6U 120, 
200, 
400, 

600. 800 
W 

4 to 21 FCC 2780 
and VDE 
0871 

Within 
ISO9002 
and DIN 
41494 

framework 

Yes VSB, VMX bus. 
extender and 

transition cards 

Stock to 2 
weeks 

AT. ATX 

Knurr USA Inc. 
Simi Valley, CA 
Curtis Schatz (805) 526-7733 
fax (805) 584-8376 
CIRCLE 200 

3U, 5U, 6U, 
8U 

400, 600 
W 

12 to 20 Full EMC 
MIL-81 OE, 
VG, DIN 

No EMC. full 
grounding, 

injector/ejector, 
board locating 

pins 

2 to 6 
weeks 

Table top 

Powerbox USA 
Broomfield, CO 
Peter Wagner (303) 439-7220 
fax (303) 439-7211 
peter, wagner @powerbox.sc 
CIRCLE 201 

3U.6U 30 to 
600 W 

1 to full 
rack 

FCC/VDE 
Class A or 

B 

Various 
safety, 

EMI/RFI, 
packaging 

Yes De inputs, hot 
swap, redundant 

1 to 12 CompactPCI 



OF ATMEL'S AVR MCU gives you the 

FREEDOM TO GO WHERE NO OTHER 

8-BIT MCU HAS GONE BEFORE. 

It just made sense to us. Give engineers 

a high-level language so they can write 

code quickly. Make it low power so they 

have the ability to extend battery life and 

enhance reliability. Plus include in-system 

Get to market 

faster with 

Atmel's AVR 

Flash MCUs. 

programmable Flash 

for virtually instant 

product upgrades and 

lower inventory costs. 

Atmel offers the broadest 

selection of Flash-based 

microcontrollers in the 

industry'. We 

are a leader in 

nonvolatile 

memory', and 

have shipped 

over 34 billion Flash devices! 

Call 1-800-365-3375 or complete 

the business reply card for your 
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packed with all the information 
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market faster! 
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VMEbus ENCLOSURES 

MANUFACTURERS OF VMEbus ENCLOSURES 

Manufacturer 
Available 

sizes 
Power 
supplies 

Number 
of slots 

EMI/RFI 
protection 

Standards 
compliance 

Optional 
backplanes 

Other main 
features 

Delivery 
time 

Other bus¬ 
based 

enclosures 

Rose and Bopla Enclosures 
Frederick, MD 
George Miller (301 ) 696-9800 
fax (301) 696-9494 
CIRCLE 202 

100 by 160 
to 200 by 
220 mm; 9 
to84TE 

N/A 1 to 28 EMI/RFI 
spray and 
gaskets 

IP, NEMA. 
DIN, UL 

Yes Portable and 
rackmount, 
cassettes, 

flexible sizing 

Stock or 6 
to 8 weeks 

Eurocard 

Schroff Inc. 
Warwick, RI 
Jennifer D'Amico (800) 451-8755 
fax (401) 738-7988 
CIRCLE 203 

2U to 12U 160 to 
750 W 

1 to 21 CE 
compliance 

DIN, IEEE 
1101.10, 
VITA 

Yes Full range of 
accessories, 
cases for 
aesthetics 

6 to 8 
weeks 

CompactPCI. 
VME64X, 

VXI, custom 

Tracewell Systems Inc. 
Westerville, OH 
Fred Meyer (614) 846-6175 
fax (614) 848-4525 
CIRCLE 204 

3U, 6U, 9U; 
160 to 400 
mm; or 
custom 

65 to 
1200 W 

or custom 

1 to 21 Any 
requirement 
including 
tempest 

DIN, EIA, 
VME Rev. 

C.1, VXI 1.4 

Standard or 
sold 

separately 

Automatic 
BG/IACK SMT 
backplane, 
power plane, 
power/air 
monitoring 

4 to 6 
weeks 

VME64X, 
VXI, 

CompactPCI. 
PC/AT 

VERO Electronics Inc. 
Wallingford, CT 
John Bratton (800) 642-VERO 
fax (203)949-1101 
e-mail: vero@vero-usa.com 
http://www.vero-usa.com 
CIRCLE 205 

1U, 17 in., 
12 in., and 

up 

50 to 
1500W 

2 to 21 FCC 
Class B 

UL, FCC, 
DIN/IEEE, 

MIL 

Yes Cooling, 
strengthening, 

custom 

1 to 8 
weeks 

CompactPCI, 
VXI, 

VME64, 
VME64X 

COMPONENTS of SUCCESS 

C&K offers the broadest selection of 
switches and components in the industry. 
With our easy Build-A-Switch concept, 
over 500 million combinations and many 
value added options are possible. 

J ® C&K Components, Inc. 
I Mr/vfK 57 Stanley Avenue 
- «MV* W Watertown. MA 02172 

The Primary Source Worldwide^ 

C&K utilizes extensive automation and 
advanced manufacturing systems to pro¬ 
vide you with short leadtimes, ensuring 
your products are built precisely to speci¬ 
fication and delivered on time. 

Newton Division 
Tel: 800-635-5936 • Fax: 617-926-6846 
Clayton/Unimax Division 
Tel: 800-334-7729 • Fax: 919-553-4758 

C&K is an ISO 900! registered company 
committed to quality. We enjoy world¬ 
wide preferred supplier partnerships by 
continuously striving to improve our 
technology and service. 

Call C&K today for free samples , 
and our latest catalogs. Visit our L 
new website at: www.ckcorp.com" 
Your success is our success! 
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SIEMENS You wanted more, and we've got it 
Your designs demand more, so we're 
providing more! We've expanded our 
line of low-signal relays. New models 
provide just the features you need for 
application in telecommunications 
equipment, computer peripherals, 
security systems, office automation 
and more. These relays offer: 

Our new low-signal 
relays offer more 
of the features 
you need 

• Through-hole and surface mount 
termination options. 

• Choice of low-profile or minimal PC 
board area types. 

• Isolation meeting FCC Part 68 and 
Bellcore specs. 

• Single-pole as well as double-pole 
designs. 

• Load carrying capability to 150W or 
250VA. 

• Non-latching, single-coil latching 
and dual-coil latching models. 

• Ultra-sensitive coils. 

There's still more 
Great product features are just the 
beginning. You're assured of 
consistent quality, as these relays 
are produced on fully automated 
lines. Of course, we support you 
with the same level of service 
you've come to expect from 
Potter & Brumfield Products Division, 
an ISO9001/QS9000 registered 
company that's been delivering 
dependable, innovative switching 
solutions for more than 60 years. 

Series V23026 V23106 V23079 V23105 V23042 

Contacts SPDT DPDT DPDT DPDT DPDT 

Dim. 
(mm) 

13 X 7.9 X 6.9h 14 X 9 X 5h 14.5 X 7.2 X 9.9h 20 X 9.8 X 12h 20.1 X 10 X 10.6h 

Contact 
Rating 

30W 
60VA 

30W 
62.5VA 

60W 
62.5VA 

60W 
125VA 

50-150W 
250VA 

Nominal 
Coil Power 

30-150mW 100-200mW 70-140mW 150-300mW 75-360mW 

Terminals Pin or SMD Pin or SMD Pin or SMD Pin Pin 

Fax Doc. # 8026 8106 8079 8105 8042 

ISO 9001 /OS-9000 
Registered Company 

Find out more... 
From the U.S. or Canada, use a 
touchtone phone and our automated 
fax-response system. Simply dial 
812.386.2561 and request the 
appropriate fax document number. 
Or follow the prompts to speak with 
your sales representative. 

Potter & Brumfield Products Division 
Siemens Electromechanical Components, Inc. 

Siemens Electromechanical Components, Inc. 
200 S. Richland Creek Drive 
Princeton, IN 47671-0001 
Fax 812-386-2072 
e-mail: info@sec.siemens.com 
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^«•SOLUTIONS 

We put it all together ... 
so you don't have to. 
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ISO 

MFE Modules from 250W-1400W 

Contact us at Tel: (516) 471-6300. 

Fax (516) 471-0101. Or visit our web 

site at http://www.dpasolutions.com. 

ete with full safety 
». they are ideal for 
I power architechtures 
^plication. 

Designing a front end for powering 
DC/DC Converter modules doesn't have 

agency approvals 
reliable distributed 
in just about any ap 

monitoring signals. Each front end is 
fully EMI compliant with all commonly 
used DC/DC converters. They're 
economical, low profile and require no 

Modular Front End (MFE) series enables 
you to drop a fully integrated front end 
into your power supply to get you up and 
running immediately. 

Our MFE modules accept a wide 
range input (85-265 VAC) and are board 
or chassis mountable. They provide a 
host of advanced features including 
Power Factor Correction (PFC). over¬ 
voltage and overcurrent protection, an 



DC-DC CONVERTERS 

Surface-Mount DC-DC 
Converters Come Of Age 

MICHAEL WAGNER 

Lambda Electronics Inc., 515 Broad Hollow Rd., Melville, NY 11747; (516) 694-4200; fax: (516) 293-0519. 

mproved Thermal Management Has 
Produced Lightweight Power Converters In A 
Wide Range Of Power Ratings. 

1. Using a special pc-board material, surface-mount dc-dc converters can 
now be manufactured in a range of power ratings well above the 10-W 
limit that excessive weight and bulk previously imposed on such devices. 
As a result, manufacturers that have invested heavily in SMT can 
prepare to reap maximum benefit from their investment. 

y eliminating manual 
g assembly steps, automated 
g swface-mount assembly of 

pc boards has proved its 
value in reducing manufac¬ 
turing costs and improving 
reliability. But manufactur¬ 
ers’ aspirations for total 
surface-mount assembly 
have been frustrated by 
limited access to dc-dc con¬ 
verters that are small and 
lightweight enough for the 
typical pick-and-place 
machine. As a result, con¬ 
verters must be added 
manually. 

This problem is of par¬ 
ticular concern to high-vol-
ume telecom and computer 
manufacturers who are not 
seeing optimal return on 
their investment in surface-mount 
technology (SMT). Help is at hand, 
however, thanks to recent develop¬ 
ments in thermal management tech¬ 
nology that allow for a smaller, 
lighter, power package in a wider 
range of power outputs. 

To date, the chief obstacle to sur¬ 
face-mounting converters has been 
excessive weight. Thermal encapsu¬ 
lation and other established tech¬ 
niques for dissipating heat from 
power converters have not allowed 
these components to be made light 
enough to be handled by SMT pick-
and-place equipment, especially at 
power ratings of 10 W or higher. The 
end effector of the typical pick-and-
place machine has a maximum capac¬ 

ity of between 50 g and 70 g. This 
capacity has caused a situation to 
develop whereby manufacturers that 
have invested significant sums in 
SMT automation equipment are still 
taking the extra steps needed to 
manually mount and solder through-
hole power converters on the card. 

These manual steps typically take 
place after solder masking, auto 
placement of SMT components, wave 
soldering, and inspection. The 
through-hole converter is placed on 
the board, followed by another auto¬ 
mated or manual solder operation 
and another inspection. The next 
step involves a manual lead clip 
process to ensure proper height of 
the protruding through-hole pin, so 

that the back side of the pc 
board has no icicles. If the 
lead is cut improperly, dam¬ 
age to the solder joint may 
occur, adversely affecting 
reliability. Manufacturer 
frustration is further fueled 
by thermal issues stem¬ 
ming from the general 
trend toward higher oper¬ 
ating currents at lower 
voltages. Heat dissipation 
from the converter must 
continue to be managed so 
that other on-board compo¬ 
nents are unaffected. 

Even at power ratings 
below 10 W, the lack of a 
fundamental technological 
solution for designing sur¬ 
face-mountable converters 
has proven problematic. In 

a typical scenario, a manufacturer of 
LAN equipment might create a 
tiered product line with similar func¬ 
tionality, but different power 
requirements. The low-end model for 
a small office will share many design 
features with the unit intended for a 
major company, but the high-capaci¬ 
ty model requires on-board dc-dc 
converters with a higher power rat¬ 
ing or more cards to support a larger 
system. If surface-mountable con¬ 
verters are available only for the 
low-end power requirements, it 
becomes impractical to scale up the 
same distributed-power design and 
manufacturing process—unless 
through-hole units continue to be 
relied upon for the entire product 
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DC-DC CONVERTERS 

line. 
In the absence of a standard sur¬ 

face-mountable dc-dc solution, the 
extra design time and expense need¬ 
ed to create fully customized surface-
mountable converters for specific 
applications also has discouraged 
manufacturers interested in total 
SMT assembly. Full-custom convert¬ 
ers can take three to six months to 
develop, and require a sizable invest¬ 
ment. As a result, despite their dis¬ 
advantages, through-hole converters 
have remained the default choice of 
electronics designers. 

Spurring the need to develop sur¬ 
face-mount solutions is the fact that 
voltage requirements in 
microelectronics devices are 
expected to become more 
diverse and complex. While 
the most popular output for 
on-board power is 5 V, 3.3 V 
is often needed for micro¬ 
processor chips and CMOS 
circuits. The industry trend 
is moving toward a voltage 
range of 1.2 V to 3.9 V. 
Outputs of 12 V are used for 
analog circuitry such as gate 
arrays and operational 
amplifiers and comparators, 
while many designs call for 
15-V outputs to be post-reg¬ 
ulated to 12 V for noise 
reduction. 

In addition, certain appli¬ 
cations, such as RS-232 com¬ 
munication and dual-rail 
operational amplifiers, call for 3- or 5-
V outputs to be combined on the 

I same card with ±12- or 15-V outputs 
for analog applications. The existence 
of an overall solution for creating 
standard surface-mountable power 
converters will greatly facilitate the 
rapid development of SMT convert¬ 
ers to meet these evolving require¬ 
ments. 

The excessive weight and bulk 
inherent to the typical dc-dc convert¬ 
er is a direct result of thermal man¬ 
agement efforts. The thermal design 
of any power converter must effec¬ 
tively and reliably convect heat away 
from both the converter and the pc 
board on which it is mounted. The 
heat may be internally generated 
during operation, or may come from 
wave soldering of the converter to 
the card. The high heat generated 

during the soldering process must be 
dissipated rapidly to prevent melting 
of the solder bonds inside the con¬ 
verter. 

Means used to dissipate this heat 
include the use of a two-step potting 
process to apply a silicon-based, ther¬ 
mally conductive potting material. A 
vacuum step is employed to eliminate 
any air bubbles from the encapsula¬ 
tion. While the extra weight of the 
potting material can be handled in a 
manual-assembly process, it is 
impractical for components intended 
for automated surface-mounting. 

Another strategy that designers 
rely upon to reduce heat is increasing 

the surface area of the power module. 
Making converters larger, however, 
tends to make them significantly 
heavier as well as bulkier, so that it 
becomes even more difficult for auto¬ 
mated pick-and-place equipment to 
handle them. Also, the extra volume 
of the component means that it occu¬ 
pies extra board space, which is a 
critical concern for end users who are 
constantly trying to minimize card 
size in space-constrained applica¬ 
tions. 

Recent advances in thermal man¬ 
agement for on-board power convert¬ 
ers, however, have provided a feasi¬ 
ble method of achieving the reduc¬ 
tions in component weight needed for 
pick-and-place operations at power 
ratings of 10 W and above. As a 
result, standard surface-mountable 
converters can now be created to 

meet the needs of a much wider 
range of end-use equipment and 
applications (see Fig. 1). 

This technique involves the use of 
a special pc-board material with 10 
times the thermal transfer capability 
of FR-4. The converter is inverted 
and mounted to the card using a lead-
frame attach, so that its heat spread¬ 
er substrate faces upward, dissipat¬ 
ing thermal energy away from the 
converter and the card. The lead-
frame attach incorporates 64 or 88 
pins (depending on the power rating 
of the converter), which further con¬ 
duct heat off to the sides of the con¬ 
verter or through traces on the card. 

The result of this new design, 
which has been developed in 
consultation with leading 
OEMs in the telecommunica¬ 
tions and computer fields, is 
highly effective thermal dissi¬ 
pation, allowing only minimal 
temperature rise between 
the converter and the card. 
Furthermore, this tempera¬ 
ture increase is consistent, as 
there are no significant hot 
spots caused by the convec¬ 
tion scheme (see Fig. 2). 
Package density is signifi¬ 
cantly increased, and thermal 
potting is eliminated. The 
savings in weight and size 
achieved by the new design 
allow on-board converters of 
10 W or higher to be light¬ 
weight and small enough for 

existing SMT vacuum-end affectors 
to pick up. 

By permutating this design into a 
variety of standard input and output 
voltages, with single, dual, and triple 
output options, the advantages of 
surface-mountable power converters 
can be made readily available for vir¬ 
tually any on-board dc-dc scenario. 

DESIGN BENEFITS 
By eliminating the need for encap¬ 

sulation, and making possible a high¬ 
er packaging density and thus, small¬ 
er component size, the new design 
allows converters with power ratings 
of 10 W and above to meet the weight 
threshold for SMT. The new surface¬ 
mount converter design allows foot¬ 
prints as small as 1.96 in.2 for 5- and 
10-W converters, 3.24 in.2 for 20-W 
converters, and 6.25 in.2 for 30-W 

2. The result of this new design for surface-mount dc-dc converters is 
highly effective thermal dissipation, allowing only a minimal 
temperature increase between the converter and the card. 
Furthermore, this rise is consistent, as there are no significant hot 
spots caused by the convection scheme. 
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DC-DC CONVERTERS 

models. As with all on-board compo¬ 
nents, a low vertical profile is essen¬ 
tial for dc-dc converters to allow the 
maximum number of cards on a rack. 
The high packaging density of the 
new converter design translates into 
very low profiles of between 0.35 in. 
and 0.4 in. 

None of the design changes aimed 

at improving thermal characteristics 
to surface mount the dc-dc convert¬ 
ers accomplish this goal at the 
expense of electrical performance. 
Electrical parameters for the new 
design are either comparable or 
superior to previous-generation 
through-hole devices. All applicable 
Belcore and ETSI specifications are 

The new IMX 4 and IMX 7 families are available in 
Surface Mount or Through Hole versions. 
Packing a big performance of 4W and 7W 

in a case size of 1” x 2”. 

4 Watts 

Output 1 

vo num 'o nom 
(V DC) (A) 

Output 2 Input 

Vo nom 'o nom 
(V DC) (A) 

7 Watts 
Voltage Range 

v i min...v i max v ¡ m ¡n V¡ max v ¡ m ¡n V¡ max 

8.4 . 36 V DC 16.8...75VDC 40 ..121 V 0C 

3.3 1.5 

5.1 1.2 

5 0.6 

12 0.25 

15 0.2 

24 0.13 

5 0.6 

12 0.25 

15 0.2 

24 0.13 

20 IMX 7-03-7 40 IMX 7-03-7 70 IMX 7-03-7 

20 IMX 7-05-7 40 IMX 7-05-7 70 IMX 7-05-7 

20 IMX 7-05-05-7 40 IMX 7-05-05-7 70 IMX 7-05-05-7 

20 IMX 7-12-12-7 40 IMX 7-12-12-7 70 IMX 7-12-12-7 

20 IMX 7-15-15-7 40 IMX 7-15-15-7 70 IMX 7-15-15-7 

20 IMX 7-24-24-7 40 IMX 7-24-24-7 70 IMX 7-24-24-7 

Output 1 

v o nom 'o nom 
(V DC) (mA) 

Output 2 Input 

Vo nom 'o nom 
(V DC) (mA) 

Voltage Range 

V) min...v i max v i min...v i max 
8.4...36VDC 16.8...75VDC 

3.3 900 

5.0 700 

12 340 

15 280 

+5 +350 

+12 +170 

+15 +140 

+24 +90 

-5 -350 

-12 -170 

-15 -140 

-24 -90 

20 IMX 4-03-7 40 IMX 4-03-7 

20 IMX 4-05-7 40 IMX 4-05-7 

20 IMX 4-12-7 40 IMX 4-12-7 

20 IMX 4-15-7 40 IMX 4-15-7 

20 IMX 4-1 0505-7 40 IMX 4-0505-7 

20 IMX 4-1 21 2-7 40 IMX 4-1 21 2-7 

20 IMX 4-1515-7 40 IMX 4-1515-7 

20 IMX 4-2424-7 40 IMX 4-2424-7 
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met, including input transients, 
input-to-output isolation, and radiat¬ 
ed and conducted EMI. 

Fast start-up time is a key perfor¬ 
mance characteristic of on-board 
power converters, ensuring on-board 
circuitry is intelligent during hot-
plug applications, which are common 
in telephone switching equipment. 
With a 10-ms start-up capability, the 
new surface-mountable converters 
establish a new performance bench¬ 
mark for standard products. 

After power is applied to the card, 
the converter establishes its output 
voltage within a maximum of 10 ms, 
so that the card becomes intelligent 
extremely quickly after being 
plugged into a live voltage source. 

Manufacturers of product lines 
containing several models of equip¬ 
ment with tiered power ratings can 
now consider surface-mount convert¬ 
ers for more than just the low-power 
models. 

With heat dissipation reduced as a 
design obstacle, it is possible to engi¬ 
neer surface-mountable converters 
at dozens of standard input and out¬ 
put voltages. By selecting from a 
wide range of standard converters 
that match typical ranges of specifi¬ 
cation requirements, OEM designers 
can minimize customizing and, where 
practical, rely on relatively little 
modification of these designs. 
Furthermore, surface-mountable dc-
dc converters can be made available 
with little lead time, so that manufac¬ 
turers can derive the benefits of total 
SMT assembly without risking 
delays in product development or 
increasing time-to-market. The 
increased applicability, scalability, 
and availability of surface-mountable 
dc-dc converters will, for the first 
time, make total SMT assembly in 
distributed-power architectures a 
compelling option for many design¬ 
ers. 

MICHAEL WAGNER has a 
BSEE from Polytechnic University. 
He is market segment manager 
(telecommunications) for Lambda 
Electronics Inc. in Melville, New 
York. 

Originally published 
in the July 7, 1997 issue of 
Electronic Design. 
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CONNECTORS 

AMP Inc., MS 39-01, P.O. Box 3608, Harrisburg, PA 17105-3608; (717) 592-6439. 

The “+2” configuration includes a shield as the outer rows. 

impedance—with their 

different things. From our the diagonal line, transmission-line design rules apply. 

SCOTT MICKIEVICZ 

TYPICAL TWO-PIECE BACKPLANE CONNECTOR OPTIONS 

perspective, when discussing high 
speed we are referring to a system in 
which transmission-line effects must 
be accounted for. Edge rate is the key 
here. When the round trip of the sig¬ 
nal is longer than the edge rate, the 
line must be analyzed as a transmis-

1. With data rates running into the hundreds of megabytes/s, 
high-speed signal pathways are behaving increasingly like 
transmission lines, and must be analyzed accordingly. When the 
combination of edge rate and path length falls into the area above 

tors. The latter use ground 
planes between columns or 
rows of pins to achieve 
stripline or microstrip config¬ 
urations, similar to those used 
in pc boards. Just like a pc-
board design, a key system 
design technique is control¬ 
ling the impedance to reduce 
reflections, ringing, and other 
unwanted effects of imped¬ 
ance mismatches. 
Each connector type has cer-

respective advantages of high 
density and high perfor¬ 
mance. Depending on the par¬ 
ticular application, a combina¬ 
tion of the two or a single con¬ 
nector, appropriately parti¬ 
tioned, may be the optimum 
solution. 

The first priority is to 
determine whether the sys¬ 
tem falls under the rather 
broad umbrella of high speed. 
The term high speed itself can 
be an ambiguous term, used 
by different people to mean 

Board-Level Connectors 
For High-Speed Systems 

ong Considered A Mechanical Problem, 
These Connectors Are Now At 

sion line. In practical terms, the max¬ 
imum permissible signal path is a 
generous 15 cm at a 2-ns edge rate, 
but only 2 cm when edge rates 
decrease to 250 ps (Fig. 1). The point 
at which this critical length is exceed¬ 
ed is the point at which transmission¬ 

line rules start to apply. 
Once the expected data rate 
has been defined, the variety 
of available two-piece back¬ 
plane connectors gives 
designers an array of options. 
Two popular choices are open¬ 
pin-field connectors and con-
trolled-impedance connec-

4, X ith new generations of logic 
ÄviXs offering twice the speed of 
regeneration before it, designers 
uF being forced to carefully evaluate 
the entire signal path of these high¬ 
speed systems to avoid problems. An 
often-underestimated weak link is 
the connector, which frequently has 
to deal with hundreds of tightly 
packed signal lines that can be 
switching in the gigahertz range. As a 
result, the electrical characteristics of 
the connector, and its effect on signal 
integrity, have come under close 
scrutiny. 

Factors to be considered include 
impedance mismatches, trace rout¬ 
ing, skew, and parasitics due to the 
affects of inductance and capacitance, 
and the pc-board material 
itself. Their effects have led to 
the emergence of two popular 
connector topologies—open¬ 
pin field and controlled 

Type Connector 
Spacing (row by 

column) 
Number 
of rows 

Number 
of pins 

Controlled 
impedance 

SL 100 0.100 by 0.100 in. 4 40 signal pins/in. 
HS3 2 by 2.5 mm 0 100 signal pins/in. 

Open-pin field 2-mm HM 2 by 2 mm 5,5 + 2* 
8.8 + 2* 

62 pins/in. 
100 pins/in. 

2-mm HM 1.5 by 2mm 12 150 pins/in. 
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signal degradation and 

conserving valuable 

board space. 

Save Your Space. 
You need your space and MagJack 

delivers. By integrating the isolation 
transformer and common mode filtering 
in the housing, you eliminate the 
additional magnetics modules and gain 
valuable board space with every port. 
Whether you want to add components 
or shrink your design, MagJack offers 
flexibility unavailable in multiple-compo¬ 
nent solutions. The single-component 
design with industry-standard footprint 
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CONNECTORS 

2. Controiled-impedance connectors use ground planes between each row of signal pins to provide a consistent impedance and a constant 
number of signal pins per inch. This design gives such connectors the edge in overall performance. 

tain advantages in terms of speed, 
signal density, signal integrity, and 
cost. A brief comparison of some com¬ 
mon AMP two-piece connectors used 
in high-speed backplane applications 
is given (see the Table). The basic dif¬ 
ference in configurations between 
open-pin-field and controlled-imped-
anceconnectors is depicted (Fig. 2). 

Connectors using open-pin fields 
have long been the choice for board-
to-board applications. As both the 

signal-to-ground ratio and the 
arrangement of signal and ground 
pins affect pulse fidelity, high-speed 
pulse propagation in these connectors 
can be improved by assigning more 
pins to ground to reduce the circuit 
impedance. The best arrangement is 
a staggered signal-ground-signal¬ 
ground arrangement to prevent 
crosstalk between lines (Fig. 3). 
However, as signal rise times become 
faster, more pins must be allocated to 

ground. At rise times over 10 ns, a 5:1 
ratio usually provides adequate per¬ 
formance. At 3 to 10 ns, the recom¬ 
mended ratio becomes 3:1. At even 
higher speeds, a 1:1 ratio is advisable. 

The obvious disadvantage is that 
up to half the connector resources are 
dedicated to ground. This is contrary 
to the desire for high-packaging den¬ 
sities since half the pins are “wasted” 
to achieve signal-transmission quali¬ 
ty. The solution is to offer a built-in 

7153 Northland Dr., Brooklyn Park, MN 55428 
Phone: 612-504-3525 Fax: 612-531-8235 
www.e-switch.com info@e-switch.com 
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Signal/ground 
ratio 

Ground 

3. Signal integrity in a high-speed circuit requires generous use of ground pins. The highest-speec 
circuits require a 1:1 staggered relationship of signal to ground pins. 

ground plane to control impedance 
and reduce crosstalk. This is the key 
design advantage of controlled-
impedance connectors and it provides 
greater efficiency in terms of signal 
pin use as all signal pins are available 
for signal-carrying purposes. 

As with any component, connector 
selection must be weighed against 
application requirements. Open-pin¬ 
field connectors offer the highest pin 
density, but the density of usable sig¬ 
nal pins will vary with the signal-to-
ground ratio. But by carefully select¬ 
ing the connector, partitioning sig¬ 
nals, and assigning grounds prudent¬ 
ly, these connectors will meet a wide 
range of needs well into the picosec¬ 
ond range. Controlled-impedance 
connectors extend performance even 
further, making them the choice for 
high-end applications pushing the 
envelope of performance and density. 
Plus, they have a constant signal-pin 
density since pins don't have to be 
assigned to ground. 

PACKAGING & DENSITY 
The drive toward higher densities 

in packaging includes connectors, of 
course. But because a connector also 
is a mechanical device, there are some 
practical limits on size. Backplane 
connectors typically have centerline 
spacings of 2.0 mm or 2.5 mm 
between pins. A common measure of 
a connector’s capability is the number 
of pins it provides per linear inch, and 
more importantly, the number of sig¬ 
nal pins. The number of signals per 
linear inch directly affects the practi¬ 
cal size of boards requiring a large 
number of I/Os. While traditional con¬ 
nectors offer four rows of pins, newer 

designs are now offering eight or ten 
to provide a greater signal density 
per linear inch. 

While conventional wisdom may 
say that a 2.0-mm connector is better 
than a 2.5-mm connector when it 
comes to packaging density, conven¬ 
tional wisdom isn't always right. The 
prudent designer must consider a 
number of factors before making a 
connector decision. Since convention¬ 
al wisdom would favor the 2-mm con¬ 
nectors, let's look at the case for the 
2.5-mm connectors. 

Trace routing—A 2.5-mm pin 
spacing makes it easier to route 
traces between the pins. Easier trace 
routing can result in fewer board lay¬ 
ers, fewer problems in resolving 
problems with skew from uneven 
path lengths. It also allows multiple 
traces to run between pins. 

Skin effect—Another considera¬ 
tion affecting trace routing at high 
speeds is skin effect. At the very high 
frequencies of emerging communica¬ 
tion systems like Sonet and Fibre 
Channel, the small cross-sectional 
area of traces can produce significant 
skin-effect losses as the energy prop¬ 
agates only on the outside of the con¬ 
ductor. Skin effects can be reduced by 
using larger traces. A 2.5-mm spacing 
will allow larger traces with more 
convenience. Here again, new dielec¬ 
tric materials allow greater design 
flexibility in trace widths and the 
thickness of board layers since the 
height and width of the trace is a fac¬ 
tor in determining characteristic 
impedance. 

Skew—An important effect that 
must be considered in designing a 
connector into the system. Since each 

http://www.picoelectronics.com 
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row of a connector typically has a dif¬ 
ferent length, due to the right-angle 
daughtercard connector, the connec¬ 
tor introduces skew if multiple rows 
are used for parallel data. Skew can 
be easily corrected by introducing 
different compensating path lengths 
in theboard traces. 

Capacitance—Large backplane 
connectors are through-hole devices 
using plated-through holes (PTH). 
The capacitance of the PTH is a func¬ 
tion of the surface area of the hole and 
the dielectric constant of the board 
material. Since thick boards have 
deep PTHs, the increase in surface 
area increases the capacitance. 
Higher capacitance is of concern for 
two reasons: It can slow the rise time 
of a signal, and it can increase 
crosstalk from capacitive coupling 
between lines. A larger separation 
between pins decreases the coupling 
and lowers crosstalk. 

Alternative board materials can be 
used to lower capacitance (and to pro¬ 
vide faster propagation speeds). The 
choice of board material directly 

affects board stackups allowed to 
maintain the required impedances. 
Traditional FR-4 fiberglass epoxy 
boards have a relatively high dielec¬ 
tric constant of 4.5, which directly 
limits how thin board layers—and by 
extension PTHs—can be. Characte¬ 
ristic impedance for microstrip and 
stripline circuits, after all, is deter¬ 
mined solely by the geometrical rela¬ 
tionship between the signal line and 
ground plane and by the dielectric 
constant of the material separating 
them. Other materials, such as Teflon, 
GETEK, and Rogers 3000 PTFE, 
have lower dielectric constants— 
about 3 or less—that allow thinner 
multilayer boards to be fabricated. 

Since the signal-to-ground ratio in 
a connector depends on the edge rate 
of the signals, the designer should 
carefully evaluate the needs of vari¬ 
ous signals. High-speed signals with 
picosecond edge rates require a 1:1 
ratio. Lower-speed signals, including 
control signals, can get by with fewer 
ground pins. The same signal-to-
ground ratio does not have to be con¬ 

sistent throughout the conned 
Slow-speed signals can be allocatel 
one end of the connector at a 5:1 oi 
signal-to-ground ratio. High-sp| 
signals at a 1:1 ratio also can I 
grouped together. 

Depending on the system, sev 
levels of partitioning can be u; 
Such partitioning makes more ef | 
tive use of connector resources I 
reducing the number of pins dedi 
ed to ground. An alternative is to u 
more than one connector. For exai 
pie, use a controlled-impedance con 
nector for high-speed signals and an 
open-pin-field connector for medium-
and low-speed signals. 

Originally published 
in the August h, 1997 issue of 
Electronic Design. 
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DESIGN 

Ultralow-Noise LDO 
Voltage Regulators 

SOLUTIONS 

Communication and VCO circuits require 
well regulated, low noise supply lines that 
can switch on and off quickly. They also 
need small size, high precision, and low 
power ICs. 

MIC5205/06 low-dropout linear regulators 
can improve noise performance by 20dB 
over other regulators, making them ideal 
for voltage-controlled oscillator (VCO) and 
RF circuits. 

Both are low-dropout PNP regulators that 
include a reference bypass pin for addition¬ 
al noise reduction. A single 470pF capacitor, 
connected from the bypass pin to ground, 
reduces output noise by Vovr/1.24V ( 12dB 
for the 5V part) and creates a noise pole 
below 100Hz. 

With better than 1% output accuracy and 
ground current of less than 0.6mA at a 
100mA load, the MIC5205/06 are ideal for 
hand-held battery-powered applications. 

The MIC5205/06 are efficient, accurate, 
ultralow-noise regulators with typical output 
noise of 260nV/VHz. To maximize battery 
life, the dropout voltage is typically 10mV 
at light loads. At the rated 150mA output, 
dropout voltage is only 165mV. 

Key Features 

► lltralow noise 

► 150mA output current 

► 1% output accuracy 

► Wide choice of output voltages 

► "Zero" off-mode current 

► Current, thermal and reverse 

battery protection 

► Fast transient response 

► Ultra-tiny SOT-23-5 and 

MSOP-8 packages 

Prolongs Battery Life 

The MIC5205/06 extend operating life 
by prolonging battery charge. It main¬ 
tains regulation with as little as a 50mV 
differential between input and output 
and offers an on-chip 
on/off control that 
reduces power drain 
to less than IpA. In 
sleep mode, quies¬ 
cent current drops 
to nearly zero, fur¬ 
ther extending 
battery life. 

Protection 

Additional safety 
features include 
reversed battery 
protection, current limiting and 
overtemperature shutdown. The 
MIC5206 also provides an Error Flag 
to indicate output voltage faults such 
as low battery, overcurrent, or over¬ 
temperature conditions. 

Fixed or Adjustable Voltages 

Designed for Ultralow-Noise 

The MIC5205/06 were designed for excel¬ 
lent low-noise performance but have 
even better performance with an option¬ 
al external capacitor. This capacitor 

(CBYP) is inserted into the voltage 
divider that sets the loop gain neces¬ 
sary to achieve a specific output voltage. 
Although gain is a necessary part of the 
feedback that makes a regulator work, 
it also “amplifies" noise. The capacitor 
reduces the loop gain at high frequen¬ 
cies to reduce high-frequency noise. 

Fits Anywhere 

Both of these new regulators are avail¬ 
able in Micrel’s IttyBitty™ SOT-23-5 
five-lead packages and include a logic 
compatible Enable pin. The MIC5206 is 
also available in the new Micrel Mini8™ 
8-lead MSOP package. 

miEaEL 
Total Analog Solutions 

The MIC5205/06 are available with 
fixed or adjustable output voltages. 
Standard fixed voltages are 3.0V, 
3.3V, 3.6V, 3.8V, 4.0V and 5.0V. All 
parts have 1% initial accuracy and 

__ operate over a junction 
temperature range of 
-40°C to +125°C. 

FOR FREE LDO 

SELECTION GUIDE 

AND INFORMATION, 

CALL 1-800-401-9572

FAX: 408-944-0970. VISIT OUR 

WEB SITE: httpy/www.micrel.com 

Micrel Semiconductor, Ltd. 

Phone +44-1635-524455 

Fax +44-1635-524466 
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FEATURES 
• Rail-to- Rail Input and Output 
• Single Supply Input range: 0.4V to 44V 

LT1 490/LT1 491 

Dual and Quad Micropower Rail-to-Raü Input and Output Op Amps 

DESCRIPTION 
The dual LT • 14<K>and quad LT 1491 op amps operate on all single and split supplies with a total 
voltage of 2V to 44V drawing only 40pA of quiescent current per amplifier. These amplifiers are 

Linear Technology QuickSearch and FirstView-
No more waiting for documents to download! 

No other web site provides 
faster access to data sheets! 
♦ Search by part number or keyword 
♦ Immediately view documents 
Compare data sheets online 
Download data sheet files 

♦ Fax back data sheets 
♦ Review new products 

No other web site provides 
more application support! 

Search application notes by keyword 
♦ Search design notes and LT Magazine 
♦ Browse by product function 

Request the LinearView™ CD-ROM 

The Linear Technology web site provides timely and easy 
access to our broad selection of product information and 
application support tools. The search capabilities are extensive. 
You can search all LTC data sheets, application notes, design 
notes, LT magazine articles, LT Chronicle articles and LT 
press releases. 

Retrieve a document and view page one of the material 
prior to downloading the full file. 

Documents are downloaded as Portable Document Format 
files (PDF) and can be viewed with Adobe Acrobat?1

Log on today at www.linear-tech.com or contact 
Linear Technology Corporation, 1630 McCarthy Blvd., 
Milpitas, CA 95035-7417, (408)432-1900, Fax: (408)434-0507. 
For literature only, call 1-800-4-L1NEAR. 
£7, LTC and LT are registered trademarks of Linear Technology Corporation. LinearView 
is a trademark of Linear Technology Corporation. FirstView is a trademark of 
NanoSpace. Inc. Adobe and Acrobat are trademarks of Adobe Systems. Inc. 
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