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• Store 1000s of calls on your hard drive

• Replay. sort. email. copy & xfer calls

• Adapter goes btw. phone & PC •

• W95,98. ME. NT. XP ready '-

• Boxed, w/CD, manuals & cables

• Factory refurb, 5-year warranty

$49.95

• 'Mylex' Model No. 960P-3

• Up to 32MB. 36-bit SIMM. (4MB min.)

• 1 to 45 drives as one logical drive

• Can co-exist with 3 more (180 drives!)

• ONLY $19.50 w/ANY SCSI Hard Driv el

HSC# 19427

• High quality cabinet "

• Extra cooling fan _

. 200-watt fan-cooled supply

• Std. D25 rear panel conn.

• SCSIID switch included ---.:..

• New, HSC 90-day warranty

HSC#19703 $24.95

• Rugged construction, perfect for servers

• Supports all std. ATX motherboards

• Industry standard 4U height. 250W p.s.

• New. boxed, HSC 90-day warranty

• Closeout pr tca - While Suppli es Last!

HSC# 80541 $89.00!

Wireless!...Wireless!....Wireless!...Wireless!
Cordless LAN products for your home or office! ...

Wireless PCI Card! PCMCIA LAN Card!
........

"-..t
HSC# 19743 $19.50 HSC# 19737 $19.95
IHSC Deall ..Buy 3 or more Proxim Prod ucts & We Knock Off 20% Of Tha tTotall l I

Wireless Gateway! Wireless Bridge!

$29.50 HSC# 19744

Win-based Terminal
• WYSE 'Winterm 2315SE'

• Virus-proof - high security

• Easy access to server apps.

• Up to 32 users/servers, tiny footprint

• Std. VGA & 1OBaseT network conn.

• Mouse. keyboard & power supply incl!

$39.95

Optical Converter

• IBM#42S10SNNCP20, PN21H9894

• 1063 MBd - Short wavelength

• Complies with DHHS 21CFR(J)

• HSC 90-day warranty

HSC# 19730 $42.50

HSC# 19745

Cordless USB Adapter!

<.f
HSC# 19738 $24.95

$29.95

• Proxim 'Symphony' series...

• 2.5GHz - 1.6Mpbs
• Range: up to 150 feet

• Symphony & HomeRF compliant

• Boxed. w/CD, manual, 90-day warranty

Hitachi Color Camera
(lens not included)

• Model No. Kp·D 580

• .02 • 100,000 lux !

. 480 x 350 TV lines

. 768 Horiz. x 494 Vert. 12VDC @480mA

• Power supply, operating manual inc!.

•~. boxed, 90-day warranty

HSC# KPD580 $495.00!

420VAl252W UPS!
• Powerware 3115 Series '3' Protection

• Includes power management software

• User replaceable batteries

• User selectable voltage ranges

• New. boxed. 90-day warranty _

• For PCs, workstations. networks...more!

• Special!l ...3 for $99.0011 ...
HSC# 19346 $37.50!

Blowout Specials!!...Video WAVE Editor!
• 'CommandPosl' consolew/pro-features

• Powerful editing, loads of features

• Edit video like the pros!...

• Swirl. ripple. fade,
shadows. animations!

. 2 CDs wltons of templates

• New. retail boxed. 90-day warranty

7-Bay Cabinet Dot Matrix Display
#80544 $20.00 #19429 $8.00

Internet Video Phone
#19442 $5.00

PCMICA SCSI
#19160 535.00

80W Power Supply
#18415 55.00

9.1GB Ultra SCSI
• Seagate ST19171WC. 80-pin SCA

. 7200 RPM. 4.17mS avg. latency
.....--:

• Average seek: 9.5mS

• HSC 90-day warranty

• HSC Soec lall l...get our
'SCS3700' SCA to SCSI 1 adapter
Reg. $12.50...Ior~ wlthis drive!

HSC# 18753 $14.00!

AC/DC VHF Video Player Keypad Mouse 20x4 LCD
#19048 510.00! #80539 53.001 #19399 57.00

Lowest Prices Ever!!

• Fits in PCMCIA slot

• Personal access security system

• Restricts unauthorized access

• Comes with 2 cards, diskette, manual

• New, retail-boxed. 90-day warranty

HSC# 19433 $19.95

9.1GBSCSI HD
#18753 514.00!

4.3GB SCSI HD
#18412 510.00!

50 Watt Woofer
#19623 58.00!

200W f
Power Supply .
#18267 58.00

. Compact 10mW. Green

• Pwr supply/cables incl.

• Power required : 5V @ 8A

• 1.5" x 1.5" x 4.0' (w/o heatsink)

• Removed from working service

• HSC 30-day warranty

HSC# 19763 $495.00!

Photomultiplier Tube
• Hamamatsu R1477 series

. 185 - 900 nm, Peak @ 450 nm

• Radiance@450nm:80mAIW,
Luninous: 375uN Im

One-Of-A-Kind Test Equipment Specials
• Tektronix 2465A, 350MHz........$1750.00 • HP3588A SpectrumAnalyzer $6750.00

• Boonton8200-S/10 Audio Anlyzr$1495.00 • HP4140B pA Voltage Source $1950.00

• Fluke 8506 RMS Meter ,$ 795 .00 • HP5359A Time Synthesizer $1275.00

• Dage BT· 14 Wire Bond Tester $3995.00 • HP5335A Universal COunter $4250.00

• Anritsu ME462B-DS3 Test Sel... $1997.00 • HP54610B 500MHz O'Scope $2475.00

• HP1980B Measurement Sys $ 750.00 • HP8901B ModulationAnalyzer $1250.00

• HP8660 Synth. Signal Gen $ 950.00 • Tektronix TDS460A . 400MHz $2850.00
Subject to prior sale - CALL to confirm stock! 800-442-5833

Blue Argon Laser!

• Power supply & fan incl.

. 20mW brilliant blue beam!

• 20B/220VAC - AC pwr cables not incl.

• Laser control diagram included

• Tested. from wkng srvc. 30-day warr.

HSC# 19762

Terms: Some quantities limited; all items are subject to prior sale. Min imum order:
510.00 plus shipping. Orders under 520.00 subject to $2.00 handling fee, inJ!QQiliQn

~. All orders shipped by UPS Surface unless otherwise specified. $6.00 UPS
charge added for COD. Visit our website for detailed information on domestic and
international shipping methods.

Since 19631...

Silicon Valley's Electronic Marketplace
rtiiii':Sl Order Toll-Free: 1-800-4-HALTED(442-5833)
~ or ...ONLlNE, AT: www.halted.com..
IIii

95051

3 Reta illWho lesa le Locations:
Main Off ice -Mail Ord ers...
3500 Ryde r St. Sant a Clara, CA
Santa Clara 1-408-732-1573
Sac ramento 1-916-338-2545
Roh nert Park 1-707-585-734 4
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ELECTRONICS
What's Up: Something for you
shutter bugs. A new zero-crossing circuit and
solar panel voltage upverter. All about switching
regulators, and three cool websites to improve
your PC's performance.

IN THE TRENCHES
For des ign engineers facing real world problems.
This month: Giving effect ive presentations.

o

8
Capacitively probe those unreachable tanks witH
this microcontroller project.
by Glen Worstell

Listen in on lightning around the world with an
Extra Low Frequency radio receiver.
by Bill Sheets and Rudolf Graf

HOBBY TRAFFIC CONTROL
Manage traffic in your rumpus room with a signal
light controller!
by Harry Hawkins and Edwin Hawkins

1LCD FLUID LEVEL MONITOR

ON THE COVER

"J<.oJ,ore~e ()n :jteroit{5"
by Dennis San Vicente

BIPOLAR TRANSISTOR COOKBOOK
Part 4 of 8:Audio amplifier basics, mixers, tone
control, and filtering.
by Ray Marston

CUSTOMIZE YOUR PROCESSOR
Reconfigure hardware on the fly and put the
Cypress PSoC to work for you!
by AI Williams

OPEN COMMUNICATION
A practical guide to digital satellite radio.

ROBOTICS RESOURCES
Robotics user groups to get you motivated.

LASER INSIGHT
Build the low voltage control electronics and the
charge monitoring circuit .

JUST FOR STARTERS
Learning to read schematics and electronic
component symbols .

TECKNOWLEDGEY 2003
Hybr id manufacturing; 3D techniques with
quantum dots; New wire less data standards; IBM
moves on Dell; QWERTY for cell phones;
Microsoft takes a loss... and more!

4 STAMP APPLICATIONS
Writing menus for small LCDs, and why not
mesmerize your friends with some hypno-goggles?

2

2
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Reader Feedback

Dear Nuts & Volts:
You r "Managing People" for the "In

The Trench es" June 2003 issue of
Nuts & Volts was the best synoptic on
managing people I can remember
reading . Your writing style,
organization and content made the
article seen like a good novel that can
not be put down or fascinating new bit
of knowledge th at is thrilling to learn.

Tonight, the past Nuts & Volts
issues will be retrieved from archive
and the "In The Trenches" will be the
first section of the m agazines to be
read.

Vaughn
via Internet

Dear Nuts & Volts:
As a 20-year su bscriber to

Poptronics, I will subscribe to your
wonderful magazine in a few days. I
have one comment on the article "In
The Trenches: Managing People." Very
few of your readers will get much out
of this article. I think your readers are
after vol tage type stuff. Perhaps an
article on garage door openers would
have more value to most of us . But I
love your magazine. Thank you so
very much.

Jim Easley
via Internet

Dear Nuts & Volts:
The August article on licensing

and certification by Louis Frenzel was
right on tar get! Obtain ing the
commercial GROL license will open
many doors in the communications
industry.

A~£ 'Iou TI NI<E~ II'! G- \..11TH A/IIo rHE~
GooFy f"lEC T t',oNI(. PRoJE CT A Gflill/
rll/STEllb or T IlK/I\J& o u T TH E

n/lSH , sow!

6

Your readers may be interested in
knowing there is only one complete
textbook in a Q&A fo rmat that
contains Element 1, 3 and 8 - plus all
the information about the various FCC
commercial licenses. I wrote the book
with in weeks after the FCC
changeover from a secret exam to the
public disclosure of all examination
questions. In fact, I helped pull
together many of the test questions
for all three elements!

The book is 496 pages and is
entitled "GROL Plus - General
Radiotelephone Operator License
Plu s Ship Radar Endorsement,"
featuring the entire question pool
where each Q&A has my one or two
paragraph ex planation on how the
answer is correct. On numerical
equations, we give our readers every
step in solving the math!

Most of the training organizations
that M r. Frenzel mentioned use my
book for classroom instruction. It is
also sold by the National Radio
Examiners Colem at 800/669-9594,
for under $50.00.

Finally, while some examination
groups recommend a 30-day wa it
between retaki ng a fa iled exam, there
is no longer any FCC rule that
demands a wai t ing period. A second
different examination m ight be
administered the following day, or for
that matter, the following hour after a
failed first exam.

Louis is correct - a second exam
fee will be charged for the second
test. Usually, most examiners charge
between $25-$35 for each exam
element.

Finally, Louis is right on target

.I'tv\ TAKl NlT IT Q UI I\IOW tD,qD! ! ~

, • . W l rt-l 1'rt '< '(,... . ~ Yf"'t>Jr:cr. .. "

by J.Shuman

when he says passing the exam is a
good solid investm ent in your career.

Gordon West
Costa Mesa, CA

Dear Nuts & Volt s:
Just gotta tell you ... I was one of

the first subscribers when you guys
were selling subscriptions at computer
shows. I'm very pleased to now know
that the mag is still okay. You keep up
the good work, we'll keep buying!

Eric J . White
via Internet

Dear Nuts & Volts:
Guy Marsden's art icl e "Leviat ion "

(Sept. 2003) caught my eye. It
rem inded me of a proj ect I did many
years ago, with a similar device.

For those who build Guy's device,
I would like to propose an experiment.
Let the device run fo r 48 hours,
without removing the power. I believe
that the doll will turn first one way, and
then the other. It will then repeat the
cycle. All of th is will be in very slow
motion, on the order of several hours.
Over a few days , the swinging arc will
slowly drift as well.

Ai r currents (and even your cat)
will affect the motion of the doll . To cut
these off, one can put a clear cake
dish lid over the doll , or perhaps an
inverted aquarium.

Why does the doll act this way?
Hint - reverse the obvious. This wo uld
make a nice science project.

Stuart B. Wahlberg
Blythe, CA

Dear Nuts & Volts:
On page 22 of the Ma y 2003 iss ue

of Nu ts & Volts, George Whitaker
shows in Figure 1 the traditional
"phone plug" as it was indeed used on
manual telephone switchboards.

However, in Figure 2, he fails to
state that, historically, the association
betwee n conductors and colors was:

Green - T ip
Red - Ring
Yellow - Sleeve
Black - Ground

The use of all four wires can be
seen in such places as Fonthill in
Do ylestown, PA, where the original
wiring of the telephone system has
been preserved .

Continued on Page 59
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7Ci rcl e #1 52 on the Re ad er Serv ice Card .

On ce you've learned how
t he Smartuner works,

you won't want anything else!

Visit
WWW.sgcworLd.com

for more information
on the entire line

of Smartuner ant enna
couplers.

Even the best
transceiver
and the best
antenna
probabLy
don't match.

Solution:The SGC Smartuner'" is the Essential link between
your HF transceiver and antenna. They operate independently to
provide the best match between the feed line and the antenna,
totally eliminating SWR problems. They are fully automated,
intelligent enough to select the match
you need in seconds and remember it
so they can recall it in milliseconds.

Need
a Match?
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Tickle-Stick

~
Super broadband preamp from
100 KHz to 1000 MHz! Gain is -:.
greater than 20dB while noise is less ~
than 4dB! 50-75 ohm input. Runs on 12-15 VOc.
SA7 RF Preamp Kit $19.95

EncodesOR decodes any tone 40 -
Hz to 5KHz! Add a small cap and it .
will go as low as 10 Hz! Tunable with
a I?recision20 turn pot. Runs on 5-12 VDC and
Will drive any load up to 100 mA.

TDI Encoder Decoder Kit

Touch Switch
Touch on, touch off, or momentary ~ t .~ •
touch hold, your choice! UsesCMOS y--
technology. Runs on 6-12 VOCand drives any
load up to 100 mAo
TSI Touch Switch Kit $9.95

Produces the upward and down 
ward wail of a police siren.
Produces 5W output, and will drive
any speaker! Runs on 6-12 VOc.

SMl Elect ron ic Siren Kit

~
Voice activated (VOX)provides a
switched output when it hears a ~. .'i/
sound. Great for a hands free PIT ~
switch, or to turn on a recorder or light! Runs on
6-12 VOCand drives a 100 mA load:
VSI Voice Switch Kit $9.95

The kit has a pulsing 80 volt
tickle output and a mischie
vous blinking LED. And who
can resist a blinkin~ light! Great
fun for your desk, 'Hey, I told you not to touch!"
Runs on 3-6 VOC
TS4 Tickle Stick Kit $12.9S

Super sensitive amplif ier that will
pick up a pin drop at 15 feet! Full
2 watts output. Makes a great "big ..-/'
ear" microphone. Runs on 6-15 VDC
BN9 Super Snoop Amp Kit $9.95

~"1fl;a.
~;
obnoxious, repetitive "plink, plink"
sound! Learn how a Simple transistor
oscillator and a 555 timer can make such
a sound! Runs on 4-9 VOc.

EDFI Dripping Faucet Kit $9.9S

Build anvthing from a time delay
to an audio oscillator using the
versatile 555 timer chip! Comes
with lots of application ideas. Runs on
5-15 VOc.

UT5 Universal Timer Kit

Strappable to detect any single
OTMF digit. Provides a closure to
ground up to 20mA. Connect to - .
any speaker,detector or even a phone
line. Runs on 5 VOc.

IT7 DTMF Decoder Kit $24.9S

Universal Timer

Electronic Siren

mmmmm
Our #1 Mini-Kit for 31 years!
Alternately flashes two Jumbo red
LED's. Great for signs, name badges,
model railroading. and more. Runs on 3-15 VOc.
BLI LED Blin ky Kit $7.95

SALE!
Expires 930103

SALE !
Expires 9 30 '03

SALE !
EAplres 9.30/03

SALE!
Expires 9/30103

tI' Synthesized 88-108 MHz with no drift
tI' Built-in mixer - 2 line inputs, I mic input
tI' Line level monitor output
tI' High power version available for export use

The all new design of our very popular FM1DO! Designed new
from the ground up, including SMTtechnology for the best per
formance ever! Frequency synthesized PLLassures drift-free opera
tion with simple front panel frequency selection. Built-in audio mixer
features LED bargraph meters to make setting audio a breeze. The kit includes
metal case, whip antenna and built-in 110 volt AC power supply.

FMIOOB Super-Pro FM Stereo Radio Station Kit
FMIOOBEX I Watt. Export Version, Kit
FMIOOBWT I Watt. Export Version, Wired & Tested

tI' Fully frequency synthesized, no frequency drift!
tI' Ideal for schools
tI' Microprocessor controlled

Run your own radio station! The AM25 operates anywhere wi thin the stan
dard AM broadcast band, and is easily set to any clear channel in your area. It
is widely used by schools - standard output is 100 mW, with range up to '/4 mile,
but is jumper settable for higher output where regulations allow. Broadcast frequen
cy is easily set wi th dip-switches and is stable wi thout drift ing. The transmitter accepts
line level Input from CD players, tape decks, etc. Includes matching case & knob set and AC power supply!

AM25 Professional Synthesized AM Transmitter Kit $89.95 $9

Tunable fM Stereo Transmitter

tI' FreCluency range 87.5 to 108 MHz
v Variable I to 40 watt power output
tl'Selectable IW or 5W drive

At last, the number one requested new product is here! The
PA100 is a professional quality FM power amplifier with 30-40
watts output that has varrable drive capabilities. With a mere one
watt drive you can boost your output up to 40 watts! And this is
continu ously variable throughout the full range! If you are currently using an FM
transmitter that provides more than one watt RFoutput, no problem! The drive input is selectable
for one or five watts to achieve the full rated output! Features a mult ifunction LED display to show you output
power, input drive, VSWR, temperature, and fault conditions. The built-in microprocessor provides AUTOMATIC
protection for VSWR, over-drive, and over-temperature. The built-in fan provides a cool 24/7 continuous duty
cycle to keep your station on the air!

PAIOO 40 Watt FM Power Amplifier, Assembled & Tested

Tunable AM Transmitter

Synthesized Stereo fM Transmitter
tI' Fully synthes ized 88-108 MHz for no drift
tI' Line level inputs and output
tI' All new design, using SMT technology

Need professional quality features but can't justify the cost of a commer
cial FM exciter?The FM25B is the answer! A cut above the rest, the
FM25B features a PIC microprocessor for easy frequency programming with
out the need for look-up tables or complicated formulas! The transmit fre
quencv is easily set using DIP switches; no need for tuning coils or "tweak
ing" to work With today's 'digital' receivers. Frequencydrift is a thing of the
past with PLLcontrol making your signal rock solid all the time - just like
commercial stations. Kit comes complete with case set

f
whip antenna, 120 VAC power adapter, 1/8" Stereo to

RCA patch cable, and easy assembly Instructions - you'l be on the air in just an evening!

FM25B Professional Synthesized FM Stereo Transmitter Kit $119.95 $13 5

tI' Tunes the entire 550-1600 KHz AM band
tI' 100 mW output, oJlerates on 9-12 VDC
tI' Line level input With RCAconnectors

A great first kitband a really neat AM transmitter! Tunable throughout the entire
AM broadcast and. 100 mW output for great range! One of the most popular
kits for schools and scouts!
AMI Tunable AM Radio Transmitter Kit
CAM Match ing Case & Knob Set for AMI
ACI2S 110VAC Power Supply for AMI

Professional 40 Watt Power AmpUfier

tI' Tunable throughout the FM band, 88-108 MHz
tI' Settable rre-emphasis 50 or 75 IISec for worldwide operation
tI' Line leve inputs with RCAconnectors

The FMlOA has plenty of power and our manual goes into great detail out
lining all the aspects of antennas, transmitting range and the FCCrules and
regulations. Runs on internal 9V battery, external power from 5 to 15 VOC,
or an optional 120 VAC adapter is also available.

FMIOA Tunable FM Stereo Transmitter Kit
CFM Matching case & Knob Set for FMIOA
FMAC IIOVAC Power Supply for FMIOA

Professional Synthesized AM Transmitter
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II' Learn and build! ~~ -'
II' 130, 300, & 500 In One!
II' Super comprehensive train ing manuals!

Whether you want to learn the basics of electricity, the theory of electronics, or
advanced digital technology, our lab kits are for you! Startingwith our.PL130, we
give you 130 different electronic projects, together with a comprehensive 162
page learning manual. Agreat start for the kids...young and oldl Step up to our
PL300, which gives you 300 separate electronic projects along With 1.65 page
learning and theory manual. The PL300walks.you throug~ tlie learning phase of
digital electronics. If you're looking for the ultimate lab kit, check out our PL500.
Includes a whopping 500 separate projects, a 152 page starter course manual, a
78 page advanced course manual, and a 140 page p rogrammmg course manual!
The 1'[500 covers everv!h!ng from the basics to digital progra.mming! Learn
about electronics and digital technology the fun way...and build yourself some
neat projects!
PU30 130 In One Learning Lab Kit
PL300 100 In One Advanced Learning Lab Kit
PL500 500 In One Super Learning Lab Kit

RXDA Receiver/ Decoder TXEA Transmitter/ Encoder

II' 4JJ MHzor 916 MHzdata transmission ~ow you can build those Sp!!-
II' Factory assembled and tested! cial remote control prol~cts in
II' Encoder/Decoder models for security issues ! ~ flas~, ~':ld have the u.timate

m reliability...and security!
Unlike other units on the market, these units are crystal controlled for no frequen
cy drift,yet are ultra small and very low power. These wireless RF link boards are
perfect for any wireless application- sending data, car alarms, door openers, home
security, electronic monitoring...'{ou name it. All modules are pre-assembled and
tested so you can start your project today!Two versions are available - 433 MHz
and 916 MHz, 916 units can use shorter antennas (3 inches) and are better in
high RF environments, while the 433 units have better range but need larger
antennas (7 inches). NEW for 2003! A-Series modules include a programmable
dip switch for encoder/d ecoder settings, and common dual row pin-outs for easy
integration into your equipment!

RXD411A 411 MHz Receiver/Decoder Module w/Dip Switch
TXE4J1A 411 MHzTransmitter/Encoder Module w/Dip Switch
RXD431 433 MHz Receiver/Decoder Module, Assembled
TXE411 411 MHzTransmitter/Encoder Module, Assembled
RX4JJ 411 MHz Data Receiver Module, Assembled
TX411 431 MHzData Transmitter Module, Assembled
RXD916 916 MHz Receiver/Decoder Module, Assembled
TXE916 916 MHzTransmitter/Encoder Module, Assembled
RX916 916 MHz Data Receiver Module, Assembled
TX916 916 MHz Data Transmitter Module, Assembled

£lectronlc Learning Labs

$39.95
$14.95
$17.95
$29.95

$9.95

$39.95
$29.95

Tri-Field Meter Kit
Matching case & Knob Set for TFM3

Trl-Aeld Sci A Meter ~[/~a .
II'S EE RF, electr ic, and magnetic . .U

fields!
II' Watch the magnetic field of the

earth!
II' Sense different magnet ic poles!
II' Detect RF transmitter fields!
This really neat project actually senses
and detects magnetic fields, RFfields, and
electricfields! The TFM3 has three sepa
rate field sensors that are user selectable to
provide a reallycool readout on two Sd-Fi /
styled LED bargraphs! Utilizing the latest technolow, including Hall Effect sensors,
you can walk around your house and actually "SEE' these fields around you! Also
detect radiation from monitors, TV's, electrical discharge, and RF emissions. You
will have fun finding these fields and at the same ~ime learn the technology
behind them. Runs on 6VDC (4 AA batteries, not included). Live long andpros
per!
TFM3
CTFM

LEDS9
(Included)

A3x3 array of super bright Telux'" LED's creates a brilliant sharp flash just like a
Xenonflash tube. In the standard flash mode, a variable rate control varies the
flash frequency from approx 1 to 220 flashes per second. In the audio sync
mode, the flash is triggered by any audio input youp rovide into the standard .RCA
audio input connector. Built-in low and high pass filters allow you to select either
bass or treble music triggering! An external trigger in/ out connector lets you con
nect multiple units together for simultaneous flash. 3x3 array of LED's can be
installed directly on tlie PCboard, or on the external LEDS9 board (included) for
case-top or remote locations.. Optional display boards with 8 o~ 20 LED's are .
available for even more strobing power! Just irnagme surrounding your room With
a few of these, triggered to your stereo! Be one 01the first to experience the new
high output LED's of 2003!
LEOS1 High Power LED Strobe Light Kit
eLED5 Matching Case & Knob Set For LED51
LEDS8 Display Board, Inline with 8 LED's
LEDS20 Display Board, 5x4 Array Of 20 LED's
Ae125 110VAe Power Supply

II' Negative ions with a blast of fresh air!
II' Generates 7.5kV DC negative at 400rA
II' Steady state DC voltage, not pulsed.

This niftykit includes a pre-made high voltage ion
generator potted for your protection, and probably
the best one available for the price. It also
includes a neat experiment called an "ion wind
generator". This generator works great for pollu- •
non removal in small areas (lmagme after
Grandpa gets done in the bathroom!), and moves
the air through the filtersimply by the force of ion repul
sian! Learnhow modern spacecraft use ions to accelerate through space.
Includes ion power supply, 7 ion wind tubes, and mounting hardware for the ion
wind generator. Runs on 12 VDC.
IG7 Ion Generator Kit $64.95
Ae125 110VAe Power Supply $9.95

Ion Generator

II' Visible & audible display of your heart rhythm
II' Re-usable sensors included !
II' Monitor output for your scope
II' Simple & safe 9Vbattery operation

~EOjOY '''00'0& about__~ L ~___ the inner.workings of the.
o==heart while at the same time CO'!-
, ~ , ' enn&. the stage-by-stage electronic
i 0 ~ : " circUit theory used in the kit to moni-
i 0 ~ , o · tor it. The three probe wire pick-ups

allow for easy application and experimentation without the cumbersome harness
normallyassociated with ECG monitors. Operates on a standard 9VDC battery.
The ECG1 has become one of our most popular kitswith hundreds and hundreds
of customers wanting to get "Heart Smart".
EeG1 Electrocardiogram Heart Monitor Kit $39.95
eEeG Matching Case & Knob Set For ECG1 $14.95
EeG1WT Factory Assembled & Tested EeGl $89.95
EeGP10 Replacement Reusable Probe Patches , 10 Pack $7.95



Understanding, Designing, and Constructing Robots & Robotic Systems

Amateur Robotics
RoboPede Marches In

The wheels
themselves also pre
sented a design chal
lenge. I had decided
tha t I would keep
machining to a bare
minimum from the
beg inning of th is
project; to keep
costs down. One
wonderful resource
that I know of is laser
cu tt ing of acrylic
a nd po lycarbonate,
from Filener
Eng raving , in
Oregon. Their prices
are very rea sonable
an d when provided
with appropriate
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difficult. Mounting wheels to shafts is
notoriously difficult and/or expen
sive. The solution he re was to use an
SAE 1/ 4-28 bolt , drilled hollow to 3
mm, and a 6-32 set screw tightened
into one of the faces . (See photo
graph.) This prov ided a very sturdy
mounting po int for my wheels. SAE
hardware is generally better than
your typical hardware store stock,
and a 28-pitch th read ha s a shallow
er root , a llowing for a thicker,
stronger wall.

I would like to generally discour
age you from mounting wheels to
the output of any gearbox that isn 't
specifically designed for these loads;
unless you are willing to replace
pa rts . A much better practice is to
use shafts for the wheels, with appro
pr iate linkages. Since th is is a proto
type and I have spares, I was willing
to acce pt the consequences of
directly load ing the gearboxes.

From Wheels To
Whegs

oboPede sports its
• street wheels.

with magnets and Hall Effect sensors
for velocity control, running off one
IsoPod .

Distributing The
Chassis

Having settled on the control
architecture, the chassis was next. I
flailed over several designs , staying
up many caffeinated nights , but the
answer came to me while do ing
so me work in my yard: sprinkler
joints ! I hur ried up to the hardware
store, motor in hand, and found that
with a little machining , I could stuff
the motors into opposing ends of a
four-way sprinkler pipe .

The bonus of my trip was finding
a spring that I could stuff into the
rema ining connections. The cen
tipede 's ch assis was bo rn! Two days
later , a ll the pipe-jo ints were
machined to allow a press fit of the
motors, with holes drilled for access
to the motor leads.

The next step of the process 
the wheel hub - is where things got

Want to see the RoboPede
in act ion?

Go to www.nutsYolts.com 
and watch the video clips .

What do you get when you
mix an over-zealous inven
tor, dozens of co reless

motors and a microcontroller based
on DSP technology? A RoboPede!

Recently, I came across the
mothe r load of Escap coreless
motors . I noodled for many long
hours , wondering what I could build
that was easily within my ab ilities ,
and would be truly impressive.

I looked at my inventory, and
summed it up. I needed to build a
mult i-axis mov ing device that was
big. I needed to build something that
was different. I needed to build a
robot that could conquer the world.
Then, the idea came to me. I needed
to build a 36-motor centipede. After
some introspection, I decided to
scale things down , shelve world con
quest, and start off my design with
only 12 wheels. This article will lead
you through my design goals and
how I achieved them, along with
some of my failures along the way.

My primary goals for this robot
were: cheap, qu ick, and easy . I
don 't have a lot of
money, time, o r
patience for long
term projects. For
the brains , I decid
ed very ea rly on
that an !SOPodfM
would be the heart
of the beast. Its 12
PWM outputs,
combined with 12
NMIH-0050 5 amp
H-bridges were a
perfect match for
my centipede's 12
motors and wheels.
With these compo
nents in mind, I set
the goal of having
12 motors running

10
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you block it, it climbs over things like
feet and hands with ease. With a radio
control unit on board, and with soft
ware programmed to always allow me
to override the system at all times, I
could let it roam free , but also save it
from harm if needed. I also wanted to
characterize its behavior before I even
attempted to program autonomous
behavior. For instance, I have learned
a lot about climbing up and down
objects, and how to modulate the
individual wheel 's velocities to main
tain control on different types of ter
rain .

So , here I am, with what must be
the coolest RIC vehicle I have ever
had . It's better than my plane, heli
copter, and cars. Better than any toy
I have ever owned. I had been getting
requests at work to bring it in, so I
started doing demos during break
time .

"Demos" is the operative word
here, as it frequently "demolishes"
itself. Wires break off at the batteries,
motors, screws, and hubs come loose.
Plus it's noisy, really noisy. Like a
fleet of angry giant cockroaches.

In my defense , it has tumbled
down a half flight of stairs on more

Anatomy ofa
plastic wheg.

tions were correct.

Getting
Un-Wired

The electronic design was
a whole other challenge. I had
envisioned one IsoPod run
ning the whole show - which it
could handle with ease. I had
planned to build another 24
segments, and have th ree
IsoPods, linked with CANBUS,
controlling everything. The resulting
wiring harnesses would have been
bigger than my 68' Volvo's, and I
would still be threading it. I changed
my plans, and opted for one
MiniPod™ on each segment.

The MiniPod is basically the
IsoPod's little brother. With six PWM
outputs, six timer inputs, eight 12-bit
AID converters, more than eight
GPIO lines , SCI, SPI, and CANBUS,
it's a highly capable processor. With
one MiniPod per segment and two
motors , it meant that I could actually
gain functionality, like having position
and velocity feedback for the whegs ,
instead of just velocity. I could also
add a radio control receiver to
remotely operate the beast, and save
it from dangerous situations.
However, all this being said, the major
reason for taking a distributed
approach to processing was so I
could reduce the wiring harness.

Now, with distributed processing,
there are only three wires that are
common to the whole assembly: the
two CAN signal lines, and ground.
Now the power harness is the compli
cated part. Since I opted to use a star
arrangement for all power distribution
- with twisted pairs to
keep radiated noise

The head segme nt also contains the
down - I even spent the RIC receiver and solid state gyro.
big bucks, and used sil-
icone insulated wire
throughout the entire
assembly.

Operational
Dynamics

I learned from
experience that catch
ing this thing running at
full throttle was no easy
feat . For one thing, if

files, they provide quick turn-around.
Rather than using regular wheels, I
was inspired by an MIT website with
something called "whegs." These are
essentially the sp okes of a wheel,
without the rim.

To solve this, I designed a two
part wheg . The first part is a retainer,
with a hexagonal drive hole, and 12
smaller holes for magnets. The sec
ond is a 3-1/2-inch diameter spoked
body, with a 1/4-inch diameter clear
ance hole that was bonded to the
retainer. The hexagonal hole kept the
wheg assembly from rotating on the
hub, and the whole thing was held in
plac e with a retaining nut and lock
washer.

As things came together, I real
ized I had something quite unique. So
rather than wiring up everything, I
decided to tape on a six-cell NiMH
battery pack and parallel the motor
leads to it so I could do a test run. The
thing was really amazing. It took on a
life of its own.

It went up and down stairs, and
over concrete parking blocks. It also
shook itse lf to pieces, literally. The
gearboxes I had were pinned to the
motors, and I was supporting the
whole wheg and motor assembly by
the back of the motor. I managed to
find all of the gears that spilled out of
the gearboxes, clean them up, and go
back to the drawing board. I also real
ized that my wiring harness was
going to be huge if I wanted to have
feedback off each motor, power , and
PWM signals running along the spine
of this beast.

For the mechanical redesign, I
again turned to Filener Engraving for
parts. I designed the entire chassis to
be built out of 1/8 -inch, laser cut , poly
carbonate. The motors were now prop
erly mounted to their faces. Adequate
room was provided for two internal
NiMH sub-C cell batteries, and a top
mounting cover was provided to affix
the electronics, with a grid of holes I
could mount other brackets to.

I wanted to keep the electronics
exposed in this vers ion, to facilitate
debugging. If I had bur ied the circuit
boards deep within the body of this
beast, things could have been more
difficult. As it turned out, everything
was wired properly the first time
through. All 200 or so wire connec-
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Amateur Robotics

than one occasion, and at
this po int, had seen sever
al hours of O.5-inch ampli
tude, 15 Hz bouncing on
every segment (that' s like
4 g's , if my math is co r
rect) . It was pure folly to
keep on playing with it
when I knew it had to be
ruggedized.

So I replaced the
motors , soldered the bro
ken leads, and silicone
glued all the batteries in
place. I thread locked all
of the screws , shaft

locked the hubs to the motors ,
and replaced the wire ties
hold ing the MiniPods with
stand-offs - which I silicone
glued in place. I a lso glued all
the connectors to the boards,
since my ample service-loops
were pulling them loose. The
only casualty the electronics
suffered was when a MiniPod
picked up so me metal shav-

ings and failed.
I guess this is what prototypes

are all about. My error was in not pay
ing attention to the design of MIT's
chassis. While the geniuses at MIT
used a rigid chassis and synchronized
wheg movements , I have randomly
flailing claws , hooking onto whatever
they ca n. It's still cool though. Now
that everything is either hard mount
ed or shock mounted, I have over two
hou rs of run time withou t a failure.

Future
Enhancements

When I embarked on this project,
I en visioned an autonomous robot,
crawling around and staying out of
trouble. The problem is that it is very
bouncy. The front segment not only
pitches on its axle , it also bounces up
and-down, and side-to-side . If I slow
down, th e side-to-side motion stops,
but the pitching and bouncing is still
there.

The addi tion of a cheap gyro-

SW Data 19" x 82" Server Rack
• 77" Internal height (44 units) ENC-100274SC $350
• Removable side panels
• Louvered, ventilated, iocking front / rear doors
• Fully adjustable10-32 tapped rails front andrear
• SuperHeavy Duty - SeismicZone 4 Rated - GrayCabinet

---'""""'J"" LitzWires, Served And Unserved
Over1000000 Vacuum Tubes InStock

Please visit our website with over 2000 pages and 10,000 images
_ www.surplussales.com

\ to- Metal Halide High Intensity LampBallasts ~ '- ,." ~ - HighVoltage Anode Cable

T-Bar 48PDT Latching Relays
Two 12 Vdc coils can be wired in series (24 Vdc) or
parallel (12Vdc). Gold / Palladium contacts for highest
reliability.Power isnot requiredto holdrelayduringlong
periodsinoneposition. 2-3/8"x 1"x3-9/16"high. $150

-'':::_~

, I(
, "'- .. _-- ~.. _..~~

Surplus Sales of Nebraska
486DX4100MHzprocessor, 8 MB RAM, ATAslotfor2·Type I or
IIPCMCIAor1-TypeIIIcard. Interfaces: Keyboard, Parallel,VGA,
RS-232C, IrDA, System Interface Port, External Floppy Drive,
MouseNewinthebox,onelast time. Thisisbarebones! NOextras,
battery,pen,as software...nothing. 7.2"x10.7"x1.5". 2+pounds.

FMW2430M Transmissive Monochrome $ 99

F llt FMW2430S DSTNColor $149
UJI SU FMW-PS Oplional 16V 1.56Adc Power Supply $ 18

Stylistic 1000 Pen Computers

~, All SizesAnd Shapes,
Large Quantities For Manufacturers

Fans& Blowers, Over100,000 In
Stock: Muffin - Squirrel- Spiral

Ceramic Transmitting Capacitors Of All
Sizes: Doorsnobs-Feedlbru-water Gooled

Transformers: Sealed, Open Frame,
Audio, Switching, Pulse, HighVoltage

H- Ceramic Feedthrus andSfandoffs

Tohtsu Coaxial RFRelays

Variable Transmitting Inductors

Variable Capacitors, Air - Mica- Vacuum

Sanyo Denki 108 CFM Fan ..... Collins PartsFor Amateur And Military
Great light weight(9.4oz.aluminum body) fan oper-
ates on 24 Vdc at 250 mAoBall bearings. 4-11 /16" Kapton Fiberglass andMylarTapes
squarex 1-1/2".Quite 39dBA.MadeinJapan. $10

Min I Max Thermometer
-40'F to 180'F. Analog device with a memory.
Mercuryfree thermometerhasadjustable set points
on either side of the main indicator. As the temp
increases or decreases the setpoint is pulledalong
and remainsuntil youobserve andreset. 3"dia. $10 1502Jones Street, Omaha, NE 68102 • Fax: 402-946-2939 • e-mail: grinnen @s~rplussales.qom

Visa, MasterCard, American Express orDiscover· Callore-mail,for s~ipp ing and total charges
Visit our website @ All SPECIALS In ThisAD good only. for 30 day. a vertisin cy'cle. No exceptions please.

www.surplussales.com 800-244-4567 • 402-346-4750
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scope helped control course devia
tions due to the side-to-side hopping,
since they also have a bit of yaw to
them. I am looking at mounting sen
sors to either an actively or passively
stabilized platform, an d have started
characterizing the vibrations I need to
correct.

The software to-date is really triv
ial. I had already written the CANBUS
and PWM generation in preparation
for testing. The only code remaining
was the code to take the output of the
RIC receiver and convert it into differ
enti al drive signals, so it can execute
tight, accurate turns. The addition of
a couple of Sharp GP20 12 infrared
distance sensors added a whole lot of
life to this beast, but the RIC is still
there to override if trouble comes
along.

The CANBUS turned out to be
ultra simple, once I had the thing fig
ured out. Presently, I am only sending
two byte packets, representing the
duty cycle for each motor, but I'm
also going to add wheel velocity, error

bits , and possibly some cool LEOs
under CANBUS control, as well.

Overall , the Forth based software
was the simplest part of the entire
project, taking only 10 hours or so,
compared to the 40 hours of wiring.
The design and construction of the
chassis and the sprinkler pipe proto
type amounted to another 40 hours,
for a total build time of about 90
hours.

More To Come
The next generation RoboPede

will see a new, enclosed chassis,
spring-loaded whegs, and a bevy of
sensors. Of primary interest to me is
im plementing my "optical mouse
hack" which modifies the optics of a
standard optical mouse to turn it into
an actual 16x 16 imager or advanced
motion detector.

I will also be implementing quad
rature decoding on each wheg, and
hopefully an artificial neural network.
A set of actual wheels for "soft test-

Compliance
between
body
segments
makes hill
climbing a
breeze.

ing" is also in develo pment. In futur e
installments, I hope to cover IsoPod
programming in detail , sensors, and
laser cutting design hints. NV

COMMENTS/QUESTIONS:
Mike Keesling can be c

through Email at
author@blo-bot.com.

Low-cost wireless
for devlce-to-device
networking

Orderour latest technologytoday,
(development kitonly $199)

~ax§trealTJ.
www.maxstream.net toll-free 866-765-9885

OCTOBER 2003 Circle #124 on the Reader Se rv ice Card . C ircl e #1 29 o n the Re ad er Se rv ice Card .
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Elect:ro-Net: Go to www.nutsvolts.com - click electronics links I
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Test & measurement equipment
on eBay? Ofcourse!

www.ebaybusiness.com Business 262-191-0455
www.ccsinfo.com/picc

HOBBY ENGINEERING

Robot Kits, Parts , Tools and Books
www.hobbyengineering.com

z
FI

Your BASIC Stamp Headquarters
www.parallax.com

USBAdd USB to your next project- ";;:::;;-D L P
it's easier than you might think! "----'-'~D .

eSlgn

• USB-FIFO • USB-UART • USB/Microcontroller boards
Absolutely NO driver software development required!

www.dlpdesign.com Design services available

OVER 8,000 ELECTRONIC ITEMS ONLINE

DEALS YOU WON'T BELlEVEl

www.gatewayelex.com
(Electronically Speaking, Gateway's Go t It!)

MAIL ORDERS CALLTO LL-FREE- I-800-669-581 0

World's Smallest
Ethernet Web

Server

www.netmedia.com

ONE PASSircuit™

~
' .' '.'. ".'• ....'.. From only";;'--,~ , $6.95

'. G :'~·II +S&H

www.onepasinc.com
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~~~~~

www.allelectronics.com

EARTHt.. (::{).COM

See the World's Largest Collection
of LCDs and LCD Products

www.zworld.com
Embedded Control

with Ethernet Co nnectivity

Flexible , Low -Cost
Co nt rolle rs are Easy to Use

www.f1ex-tek.com

C ueC ats • Simple Low-Cost
Barcode Scanners

www.mavin.com

ELECTRO-NET
Website/Print Ads - 25,000
overage visitors permonth

Thousands of active electronics hobbyists,
experimenters, and engineers are just a mouse click away
from your website, Now you can get both a print ad and
internet link for one low price.

We'll place your ad on the Electron ics Links page of our
website wit h a hotlink directly to your website - Plus run
your ad in the new Electro-Net section of Nuts & Volts.All fo r
one low monthly price, Call for pricing today! (909) 371-8497

Save up to 90% on

Inkjet Inks
www.inkjetsw.com

Lemos International

RF & Microwave Spec ialists

www.lemosint.com

Elect ro nics, Opt ics,

Surveillance

www.resunltd4u.com
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www.lynxmotion.com
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Open Frame Power Supplies
[arneco offers a wide selection of open-frame
power sup plies suitable for production,
prototype and design environments. Be sure
to check out our selection of Artesyn, Mean
Well and dozens of other brands with universal input, PFC
and other features you need on our web site today ! . ~~!!=.~r~: .

Mlr. Cross
Reference No.

Oulpul Ra Ung Jameco
(Vollage@Current) PariNo.

Closed Frame
Power Supplies ~~Il~
[ameco offers hundreds of closed frame
supplies from the names you trus t, all priced to
help you save! Call for a FREEcatalog and learn
more about our selection featuring low-leakage
medical supplies, power factor correction,
universal input and much more.

SNP-OS02-B
NLP2S-7608

tSV@0-2A
tSV@0.2-2A; t12V@0.1-08A; 218501MC

-12V@0-0.lA
t24V@0-2.7A- - - - - - - · - .

t3 .3V@0.St10A;
tS.1V@1.S-2.0A;

t 12V@0-2A;t12V@0-0.65A
tlSV@0-16.5A

Mlr. Cross Oulpul Raling Input Jameco
Mlr. Reterence No. (Volls@Current) (VAC@Hz) PariNo. Price

Mean Well S-2S-S tSV@O-SA 8S-264@47-63 123246MC $43.95
Mean Well 8-60-24 t24V@0-2.SA 8S-264@47-63 123351MC 57.95
MeanWell S-lS0-24 t 24V@0-6.5A 88·1321176-264@47·63 123449MC 76.95
Mean Well SP-300-24 t24V@0-12.SA 88-264@47-63 137402MC 185.95
Power-One PFC-SOO-l024 t24V@0.6-21A 85-264@47-63 202905MC 69.95

We offer a comple te selection of AC-to-AC
and AC-to-DC wall transform ers for gene ral
purpose and prod uction applications.
Most are UL approved and available
with various power plugs.
Be sure to visit our web site
and learn more. 210809MC

Table-Top Transformers
Outfit your product with a professional table-top
transformer. [ameco offers a wide varie ty
of configurations wit h regulated and
unreg ulated outputs. Don't forget to ask
for a FREE catalog and learn about our
selection of domestic and international
inpu t power cords .

~~-+--,"UUCS~ 102277MC
190043MC

Output Rating Size (to%-20%)
(Volls@Currenl) tr x W" I 0"

t12@500mA
t 12@lS00mA
t12@500mA
t12@500mA
t12@300mA

Agency Jameco
Approvals Pari No.

UUCSA 102496MC
UUCUL 210809MC

162996MC

Mlr. Cross Power Output Rating Input Size (to%-20%) Jameco
Reference No. (W) (Volls@Current) (VAC@Hz) H"IW"XO" PariNo. Price

SPUSO-6 60 t24@2.SA 100-240047-63 S.6 x 2.9x1.6 161605MC $44.95
P40A-3P2JU 40 t12@3.3A l00-24ooS0-60 S.S X 2.3 X 1.5 155213MC 34.95
SPUSO-3 60 t1 2@S.OA 100-240047-63 S.6 X 2.9 X 1.S 155230MC 49.95
KWM12F-P2MU 18 t12@1.SA 100-240047-63 4.0 x 1.9 X 1.S 216531MC 26.95
P40A6P2J 40 t24@1 .66A l00-24O@SO-60 4.1 X 2.6 X 1.4 181884MC 33.95

Low-Noise Fans DC-to-DC Converters

102955MC

[amoco now offers a wide selection of Isolated
and Point-of-Load DC-to-DC converters
suitable for distributed power archi tectures .
Avoid the hassles of "large company"
distribution channels and get immediate
de livery from jameco today!

219150MC

KD1 208PTBl -6 12 42.5 33.5

108 42
S.5 23

3110KL-04W-Bl0 12 25 25 r7::-'''-7'-:7'''-:':'-'C:-+-",-,= "",-t-':-'''''1
KD 1204PFB2-8 --6:3 30

Mlr. Cross Power Oulpul Ratin9 Jameco
Mlr. Relerence No. (W) (Volls@Currenl) Input Range PariNo. Price

Mean Well SCW03A-OS 3.0 tSV@600mA 9·18V 213268MC $15.49
Mean Well SD-2SA-24 26.4 t24@1100mA 9-18V 175812MC 40.95
Mean Well SKE15A·05 15.0 t5V@3000mA 9-18V 155715MC 34.95
Artesyn SIL06C·OSSADJ-V -~~ . to .9-;U V@6 4.5-5.5V 219150MC . 12.35
Astee AA9090A 21.0 -s.tV@37S0mA; 0-20V 109276MC 6.95

t 12.6V@100mA;
-26V@40mA

We also stock CPU fans.
Visit our web site for a
complete listing .

Vollage Air Flow Noise
(VOC) (CFM) (dBA)

Mlr. Cross
Reference No.
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Advanced
Technologies
Hybrid Manufacturing
Technique for
Microelectronics

B ack in the old days (1965) ,
Intel's Gordon Moore projected

that the number of transistors on a
chip would more or less double every
year for the next decade. In 1975,
this was revised to every 18 months,
and the concept is now known as
Moore 's Law. For years, it has been
widely observed that standard fabri
cation techniques are approaching
some insurmountable physical limits
that will eventually cause Moore 's
Law to break down. So far, however ,
novel manufacturing techniques
have extended its life beyond the
expectations of many experts, and
engineers at the University of
Wisconsin-Madison (www.wisc.edu)
working with the Swiss Paul Scherrer
Institute, seem to have provided
another extension.

16

Existing photolithographic meth
ods are incapable of generating
small enough circuit traces, and the
use of self-assembling molecular
chains can result in an unacceptable
level of defects and other challenges.
However, combining the two process
es into a hybrid technology seems to
be a promising approach.

According to Paul Nealey, a
University of Wisconsin-Madison
chemical engineer, "Our emphasis is
on combining the approaches, using
the desirable attributes of both, to get
molecular-level control in the existing
manufacturing processes."

By merging the principles of
both techniques, researchers devel
oped a hybrid approach that maxi
mizes the benefits and minimizes the
limitations of each technique.
Specifically, the team of researchers
used lithography to create patterns
in the surface chemistry of a poly
meric material. Then, they deposited
a film of block copolymers on the
surface, where the molecules
arranged themselves into the under
lying pattern without imperfections.
"Tremendous promise exists for the
development of hybrid technologies
such as this one in which self-assem
bling materials are integrated into
existing manufacturing processes to
deliver nanoscale control and meet
exacting fabrication constraints ,"
says Nealey.

The work was conducted at the
Center for NanoTechnology at UW
Madison 's Synchrotron Radiation
Center. It was funded in part by
National Science Foundation's
Materials Research Science and
Engineering Center and the
Semiconductor Research
Corporation.

3-D Imaging Technique Uses
Quantum Dots

Researchers at Cornell University
(www.comell.edu) have devel

oped a method of using fluorescence
imaging labels , which consist of
quantum dots circulating through
the bloodstream to produce unusual
ly bright , high-resolution, three
dimensional images in living tissues.

"We have demonstrated a new
approach to using quantum dots for
biological studies of living animals,"
noted Watt W. Webb , a Cornell pro
fessor, co-inventor of multiphoton
microscopy (with Winfried Denk),
and leader of the experimental imag
ing team at Cornell .

"Of course, there are easier ways
to take a mouse 's pulse," adds
Webb 's Cornell collaborator, senior
research associate Warren R. Zipfel,
"But this kind of resolution and high
signal-to-noise illustrates how useful
multiphoton microscopy with quan
tum dots can become, in a biological
research context, for tracking cells
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and visualizing tissue structures deep
inside living animals."

The technique relies on a novel
application of multiphoton
microscopy. Th e scanning micro
scope moves the laser beam across
the area being imaged at a precise
depth. When repeated scans at differ
ent planes of focus are "stacked," the
result is a brightly-lit and vividly
detailed th ree-dimen sional im age,
and a video that takes a viewer inside
a living organism.

Zipfel cited the study of vascular
changes in cancer tumors as one pos
sible applicat ion, but he cautioned that
the rese arch ers are not ready to recom
men d human-medicine clinical applica
tions for quantum dot imaging, in part
because some of the best fluoresc ing
nanocrystals have unknown toxicity.
However, mice used in the Cornell
study are still alive and apparently
healthy months later. They are being
monitored for long-term effects .

Computers and
Networkin
New Standard efines 55
MBps Wireless Network

he top speed of wireless person
al area networks (WPAN) has

officially jumped from 1 to 55 Mbps
under a new standard from the
Institute of Electrical and Electronics
En gineers (IEEE, www.ieee.org ).
This increase op ens the door for the
bro ad use of multimedia, digital imag
ing , high-quality audio, and other
high-ban dwidth WPAN applications.
The new standard - IEEE 802.15.3,
"Wireless Medium Acc ess Control
(MAC) and Physical Layer (PHY)
Specifications for High Rate Wireless
Pers onal Area Networks (WPAN)" 
allows a WPAN to link as many as
24 5 wireless consumer devices in a
home at data rates up to 55 Mbps,
and distances ranging from a few
centimeters to 100 meters.

The standard provides for wire
less co nnec tivity in the 2.4 GHz unli
censed frequency band among fixed
and portable devices. It specifies raw
data rates of 11, 22 , 33, 44 , and 55
Mbps, which can provide data through
OCTOBER 2003

puts in excess of 45 Mbps. The trans
mission range varies inversely with the
chosen data rate. For example, you
get a range of 50 meters at 55 Mbps
or 100 meters at 22 Mbps . The high
est rate accommodates low-latency,
multimedia connections, and large
file transfer, whereas 11 and 22 Mbps
rates are more suitable for long-range
connectivity among audio devices.

The standard uses TDMA (time
division multiple access) to allocate
channel time among devices to pre
vent conflicts, as well as to provide
new allocations for an application
only if enough bandwidth is available.
Devices that implement 802.15.3
connect in an ad hoc manner and
communicate by peer-to-peer net
working, allowing them to connect
without user intervention. Data in the
network may be protected using AES
128 (advanced encryption standard),
which was approved by the US gov
ernment in 2001 to replace the older
DES (data encryption standard).

Networks formed under IEEE
802.15 .3 are configured to co-ex ist
with other IEEE 802.15 WPANs, such
as Blue'Iooth" systems, and with
IEEE 802.11™ wireless local area net
works , such as Wi-Fi systems. IEEE
802.15 standards are sponsored
by the IEEE Computer Society

QUANTUM DOT
A quantum dot is a very small particle
whose properties can be modified in
some Significant way by adding or
removing an elect ron. This includes
individual atoms , but also certain groups
of atoms, in this case , cadmium
selenide-zinc sulfide. Quantum dots are
also referred to as "redox groups" in
biochemistry and "quantum bits" in the
field of nanotechnology.

(www.computer.org).

Dell Exits Eight-Processor
Market, IBM Steps in

A ccording to several rep orts , Dell
Com puter (www.de ll .co m)

has now abandoned the high-end
Intel-based server market, having sold
only 400 eight-processor machines in
the first quarter of the year. By com
parison, IBM has sold more th an
10,0 00 of its eServer x440 systems
since the machine was introduced
last year. Various explanations for this
have been offered, including a sug
gestion that aiming your television
marketing campaign at 18-year-old
stoners does not impress the informa
tion technology professionals who buy
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Cell phone with advanced messaging
capabilities. Courtesy of Nok ia.

want to look at the recently intro
duced 6800 Messaging Phone from
Nokia (www.nokia. com) . Among its
other features , the 6800 opens up to
provide a QWERTY keyboard for
more conven ient alphanumeric input.

Emp loying AT&T Wireless' GSM/
GPRS network and mMode data plans,
the Nokia 6800 messaging phone
allows users to access services such as
mobile Email, instant messaging , the
sharing of digital images and sound via
Multimed ia Messaging Services (MMS),

Circuits and Devices
Cell Phone Includes
QWERTY Keyboard

•

pitch will be that the average Intel
based server is actually computing
only about five percent of the time , so
server consolidation (getting rid of
some of your smaller units and buying
a few high-end multiprocessor sys
tems, known as "scaling up") will
increase your utilization rate , lower
costs, and simplify system manage
ment. Dell, in contrast, will be empha
sizing the opposite approach of "scal
ing out ," which consists of spreading
your workload across many low-end
servers which, afte r all, are becoming
more powerful. The best approach
depends on the specific needs of the
cus tomer, so caveat emptor applies.

I f you like the concept of sending
text over your cell phone, but can't

quite master the art of typing mes
sages on a numeric keypad, you may

..•
WIRELESS RFMODULES

Transmitters. Rece ivers .Transceiver s.
High Speed . Long Range. UHF Modems

•
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this type of computer.
In any event, IBM has magnani

mously offered Dell customers a "tech
nology lifeline." According to an IBM
press release, "To help customers con
strained by Dell's decision , IBM will
unleash a team of technical and sales
specialists dedic ated to helping Dell
customers. This tea m will evaluate cus
tomers' exist ing Dell infrastructure and
offer an analysis of how scalable Intel
based eServer systems can help lower
costs and simplify systems manage
ment. Qualified Dell customers can
select a number of pre-configured
eServer systems that scale up to 16
Intel processors or scale out with blade
servers. Selected eServer systems are
available to Dell customers at a sav
ings of up to 15%. IBM will also assist
Dell customers to migrate workloads
to the new eServer systems."

Roughly tran slated, this mean s
that Dell server owners can expect a
flock of sales vultures to descend upon
the carcasses of their installa tions. The
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thermal and electronic control products
with a new photocell series. These single
and dual CdS light-dependent resistors
offer high sensitivity and high stability.
Featuring a spectral response similar to
that of the human eye , the devices are suit
ed for sensor applications that model light
perception of the human eye.

The photocells are designed to sense
light in the spectral range from 515 nm to
730 nm, and they have a peak wavelength
of 515 nm. Performance characteristics
include resistivity values ranging from three
kilohms to 240 ohms max at 10 Lux,
2856K , and an operating temperature range
of -30 to 75° C. Other features include glass
window and plastic coating construction.

Although the devices are small (0.165
x 0.138 inches [4.2 x 3.5 mm I for the
Model 9P Series) , the output current per
photoconductive surface area is large
enough to drive relays directly. For this rea
son, the devices can be used in photome
try, light control, detection, and audio
applications for sensing the presence,
absence, or intensity of light. Typical
examples include light camera exposure,

CdS Cells Drive Relays Directly

$ elco Products (www .s e lco prod
ucts.corn) has expanded its range of

TechKnowledgey 2003
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and over-the-air application downloads .
The phone (GSM/GPRS 850/1900

MHz) operates on packet data GPRS net
works for high-speed data connectivity and
deliver y of Email from POP3 and IMAP4
servers. Add itionally, the Nok ia 6800
comes preconfigured with an Email appli 
cation for access to mMode Mail, and it
supports XHTML browsing for access to
online mMode content, and Java™technol
ogy for downloading new applicat ions .

Enhanced features on the Nokia 6800
phone include a full-color display, integrat
ed speakerphone, and optional enhance
ments such as a desktop charger/music
stand, and a stereo headset for use with
the integrated FM stereo. Users can also
attach the optional Nokia Camera Headset
via the Pop-Port" connector to capture,
display, and send digital images to a PC or
other MMS-enabled mobile dev ice. The
Nokia 6800 messaging phone is available
from AT&T Wireless for $ 149 .99.
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B ack in August, a Chicago jury
ordered Microsoft Corporation

(www.m icrosoft .co m) to pay
$520.6 million to the Board of
Regents of the Unive rs ity of
Ca lifornia (www.uco p .e d u/
regents/) and Eo las Technologies,
Inc. (www. e o la s .co m). The jury
found Microsoft guilty of patent
infringement when it included a tech
nology for embedding inte ractive ele
ments into its web browser. The cited
patent (No. 5,838,906 ) covers a
method of allowing "a user of a
browser program ... to access and
execute an embedded program
object."

The suit was originally filed by
Eolas in 1999, with the University of
California subsequently jo ining in. As
expected, Microsoft will appeal the
decision. NV

Microsoft Loses Lawsuit

still plentiful.
According to research and

advisory firm Gartner, Inc .
(www.ga r t ne r.co m) . after more
than two years of recession and huge
losses , the dynamic random-access
memory (DRAM) market seems to
be on the verge of recovery. Average
selling prices are forecast to increase
20 .5 percent during the th ird quarter
of 2003, reaching $5 .55.

Worldwide DRAM revenue is
forecast to reach $5.1 billion in the
th ird quarte r of 2003 - a 37.8%
increase ove r the thi rd quarter of
2002. Gartner analysts project
DRAM revenue to reach $ 18.9 billion
in 2003 - a 21.8% increase from
2002.

Gartne r an alysts warned that the
DRAM industry needs to be awa re of
the tentative nature of the upturn.
"This recovery is going to be based
on lac k of supply, not increasing
demand," says And rew Norwood,
principal ana lyst for Gartner's semi
conduc tor research group. "We have
been here befo re, and if the DRAM
vendors become greedy and
increase production, the industry will
qu ickly swing back into oversupply
and prices will crash." .

,

40 Boroline Road
Allendale , NJ 07401

TEL. 201.760 .9898
FAX. 201.760 .9888

to $0.33 in production quantities .
Custom versions are available.

Industry and the
ProfeSSion
DRAM Industry to Recover

I f you have been intending to
upgrade your computer's memory,

but have not gotten around to it, now
may be the time while supplies are

www.protektest.comTest and Measurement
Protei<

52401 SOMs/S 1MHz Hand-Held Scope Meter

Dual Channel, SOMs/S sampling rate
O.5V/Div to SOOV/Div Vertical sensitivity
Auto ranging Verti cal and Horizontal scales
Built- in auto /ma nual ranging 4000 count DMM
DC to 1MHz bandwidth
Hand held and battery operated
RS-232 Port and supplied software

P6000 0- ±30V @ 0-3 Amp Programmable Power Supply

All values may be entered from keyboard or rotary dial
RS-232/48S int erface w ith cable, adapter and software CD
Volts, amp s,and power are disp layed on a backlit LCDdisplay
10 settings may be stored in memory
Over voltage and current protect ion
Outstanding in Production TestApplications

B940 4000 Count True RMS Bench Top DMM with RS-232

True RMS AC volts and amps measurements
Capacitance and Frequen cy measurements
Back-lit di splay and Auto /Manual ranging
MINIMAX and Relative mod e
AC Line or Battery Operat ed
RS-232 Interface wi th software

brightness and shutter controls , night
lights, street light controls , low-light
level detection, light dimmers, auto
headlights, sun sensors for a ir condi
tioners , security systems, office
machines, audio equipment non-con 
tact volume control , and other visible
light sensor applications.

The 9P, 8P, 7P, and 5P Series of
CdS Photocells are available for
immediate delivery at a cost of $0 .10
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VIEW OVER 1 PRODUCTS ON OUR WEBSITE

HIGH RESOLUTION
MINI AC/DC CLAMP

METER

CENTER223
$149.95

FOUR CAMERA COLOR
SYSTEM
PD-MC01
$1,582.60

PS-603DPI

HIGH
RESOLUTION
LIPSTICK
COLOR CAMERA

WP-300C
$179.95

TEMPERATURE
CONTROLLED
SOLDERING

STATIONS W/LEDS

ET-7333
$79.95

DIGITAL MULTIMETER
AUTO RANGING W/RS·232
SOFTWARE
CENTER122

$199.95

CASED MINI
COLOR CAMERA

MC-790U
$124.95

2.4 GHZ WIRELESS
INFRARED OUTDOOR

CAMERA
ODWC-2400

$459.95

HC-1530API 0-15V 30A $245.95

HC·4815API 0-48V 15A $299 .95

PS-355DPI O·35V 5A $149 .95

PS-603DPI O·60V 3A $179 .95

LIGHT METER LX/FC
CENTER337

$119.95

750698330
$34.95

SECURITY
BOOKS

6 PIECE PRECISION
SCREWDRIVER KIT

MT-1433
$4.95

HC-1530API

BW LIPSTICK CAMERA
WITH VARIFOCAL LENS

800·308·6456 WWW.POLARISUSA.COM 800·308·6456



The Latest in Networking and Wireless Technologies

Open Communication
Digital Satellite Radio - Quest for a Signal

T here have more than a few
times in the past years that I
felt m anufacturers have for

gotten how to m ake a decent AM or
FM broadc ast radio. This is especial
ly true of AM radios. Did they lose
the formula or something?

The AM radio portion of most
car radios and stereo receivers is
appallingly bad. You notice it most in
the car during a long trip - just try
to find a decent AM station un less
you happen to be driving through a
city! Lousy antennas and propaga
tion effects contribute to the
problem.

FM reception is a bit better, but
the range is so short that you lose
any station after an hour or so of
driving. Well , the days of poor car
radio reception are over thanks to a
new digital satelli te rad io service now
being offered by two new companies:
SIRIUS Satell ite Radio and XM Radio.

Both offer 100 channels of CD
quality digital radio distributed coast
to-coast by sophisticated satellite

22

systems. These systems are awe
some technical achievements, with
out doubt. And they provide continu
ous high-quality radio reception
across the 48 contiguous states.

Recently, I had the chance to
interview the SIRIUS people and
test their service using one of the
new Kenwood receivers. Here are
my thoughts for all of you radio
fans .

The Satellite System

Back in 1992, the FCC estab
lished the Digital Audio Rad io
Service (DA RS), which authorized
two companies to deliver radio serv
ice by satellite in the 2.3 GHz
microwave S-band. Both SIRIUS and
XM were granted licenses. It took
many years to build and launch
these systems. Both companies initi
ated their services late last year, and
today they are rolling out the
receivers and subscriptions. SIRIUS
and XM each offer 100 channels of

digital radio - mostly music, but also
sports and talk radio . SIRI US
charges $12.95 per month , while
XM's price is $9 .95 per month. And it
is worth it. If you are a serious music
listener or travel long distances by
car or truck on a regular basis, you
will find the quality and quantity of
music well worth the price.

The XM system came on line
first. They use two standard geosyn
chronous satellites to cover the US.
A geosynchronous satellite is one
that is in orbit around the equator
22 ,300 m iles out. Yes, that figure is
correct. The distance from earth is
almost three times the diameter of
the earth. That's way out there.
Traveling at a speed of roughly 6,800
MPH , the satellite rotates in synchro
nization with the earth .

For that reason, the satellite has
a rotational period of 24 hours, and
so it stays fixed in one place over the
earth. In this way, it can be used for
relaying information from one point
on the earth to any other point that is
within view of the satellite. The satel
lite rad io companies uplink their
music and other programming to the

I satellites, which in turn downlink the
I programming back to the earth

based receivers of subscribers. See
Figure 1.

If you th ink about it, the signal
from the antenna on the satellite of a
geosynchronous satellite must pass
through the total thickness of the
Earth's atmosphere. A receiver in
the US has its antenna pointed
southward at a very low angle
toward the equator so it can pick up
the signal from the satellite. But all
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www.amazing1.com

10,000 feet plus - Full 5 mw. A real
beauty!!
LAPNGR5 Ready to use...$129.95

Amazing Devices

Anti Gravity Projects
All new mini 35 kv 1.5
ma adjustable output
power supply with
instructions on making
a simple craft.
GRA1 K Kit $59.95
GRA10Assembied $99.95

Green Lasers Pointers
with Coliminator

30 Inch Spark
Tesla Coil
Light we ight table top unit
is only 35 Ibs with air
cooled two po int spark '
gap. For 110 or 220
operation .
BTC4K Kit $899.95
BTC40Assmbid $1199.95
BTC3K Kit 1Oinc h spark .. $349.95

Burning Laser Ray Gun
Uses our sealed
CO

2
laser tube and

high efficiency
current source to
generate a continous beam capable of
lighting fires over distances . Operates
12 vdc with optional inverter for field or
115vacfor lab use.
LABURN1 Plans $20.00

(all parts available)

Phaser Pain Field Pistol
Experimental device for
animal control. Variable
and complex output over
130db. Do not point at
people! Higher powered
and rental units available.
PPP1 K Kit $49.95
PPP10 Assembled $79.95

Receiver
Characteristics

The dig ita l satellite receivers were
designed pr im arily as car radios and
tha t is where most of the m are used .
However, there are also home models
available. If you are buy ing a new car,

MHz each and a terrestrial repe ater
gett ing another 4 MHz. I will have
m or e to say about the terre strial
repeater later.

The raw transm itting data rate is
7.5 Mb/s, which includes th e actual
dig ita l music data, as well as all the
overhead such as forward error cor
rection codes, encryption, and other
coding inform ation . Th e aud io data
rate alo ne is roughly 4.4 Mb/s and
that is divided into 100 44 Kb/s
channels. The system also allows
SIRIUS to ch an ge the in dividu al
channel data rates to optim ize the
program m ing. Talk shows can use
less bandwidth and are tra nsmitte d
at 24 Kbps. Very high qua lit y aud io
m igh t be transmitted at 64 Kbps. In
any case, it is a far cr y from the pi ti
ful bandwidt h offered by standard AM
and FM radio.

of that atmosphere
affects th e signal ,
which can fade and
become blocked by
nearby objects such as
bu ildings, t ree s, and
other tall structures.

The geosynchro
nous system works well
enough, but SIRIUS
designed an even bette r
system. They use three
satellites in elliptical
orb its high over the US.
Th e apogee (hi ghest
point) is 29 ,200 miles,
wh ile the perigee (low
est ) is 14 ,900 miles .
Their rotational period
is 24 hours like the geo
synchronous satellites,
but their very high
angle of placement
means that the satel
lites are more directl y
overhead. This eliminates a great deal
of the signal loss problem due to the
atmosphere and nearby obstructions.
The satellites are spaced every eight
hours, meaning that there are always
two satell it es overhead . Figure 2
shows what th is arrangement looks
like. All the satellites transmit the
same data using quadratu re phase
shift keying (QPSK) - the pre ferred
and most reliable satell ite signal mod
ulation scheme.

The satellites themselves were
made by Space Systerns /Lo ra l, They
are about th e size of the trailer on an
18-wheeler and weigh about 8,300
pounds. They cost $ 100 m il lion
each. It costs an additional $1 00 mil
lion to launch each sate ll ite in to
space, which does not include insur
ance! The SIRIUS satellites were put
into orbit by a three-s tage Russian
Proton rocket launch ed from
Kazakhstan .

For those of you interested in the
go ry techni cal deta ils, read on. The
SIRIUS system is assigned a tota l of
12.5 MHz of bandwidth in th e spec
trum near 2.32 GHz. This spectrum is
roughly divided into th irds, with the
two transmitting satell ites gett ing 4
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DIGITAL BROADCAST RADIO
COMING YOUR WAY

(S DRs) that use a DSP. Except for
some amplification and frequency
down conversion, all radio signal pro
cessing is don e digitally, including
much of the filtering and all the
demodulation, decoding, and signal
reconstruction .

The secret to the success of
recei ving a miniscule radio signal
from as far as 29 ,000 miles away is
divers ity. Diversity refers to signal
reception techniques that take
advantage of th e fact that radio sig
nals arri ve in different strengths,
times, and phases because of the
placement of the receiver and/or the
transmitter.

For example, spatial diversity
refers to the fact that two satellites
are transmitting from different posi
tions above the earth. The receiver
has two chances to pick up the
strongest signal. And that is what it
does , as it is designed to lock onto
the strongest.

Another form of diversit y is fre
quency diversity. With the satellites
transmitting on different frequencies,
each signal will be affected by the
atmosphere and obstructions differ
ently.

The receiver, again , goes for the
stronger signal and in some cases
adds the signals together. SIRIUS
also implements a form of time
divers ity that helps overcome major
obstacles, such as driving through a
tunnel or a forest. The patented SIR
IUS system stores four seconds of
the signal in an on-chip memory
before sending it on its way to the
speakers. This is usually ample
memory to eliminate or min imize the
station loss during this time .

Despite the efforts of SIRIUS to
mitigate low signal problems, their
system (like XM's), comes up short
in some localities. Picking up a satel
lite signal in a downtown area with
many vertica l obstructions is
extremely difficult. In fact , it is basi
cally a losing proposition.

SIRIUS overcomes this problem
with a terrestrial repeater system.
Their subscribers in the big cities get
their signals from an Earth-bound
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ductor division .
There is an RF Ie that handles

the input signal amplification and
mixing. The output goes to IF filters
as usual , then into an IF amplifica
tion Ie. The analog output of the IF
circuits is then digitized in a fast ana
log-to-digital converter (ADC). The
digitized signals are then processed
by the fourth chip which contains
digital signal processing (DSP) and
baseband recovery circuits. The
outputs go to the speakers. Like
most digital radios today - includ
ing cell phones - these are essen
tially software- defined radios

you will most likely be offered one of
these receivers as an option. GM
cars offer XM radios, while most of
the other auto manufacturers offer
SIRIUS radios.

The receivers are very small and
not so impressive at first glance. The
impression you get is that it is just
another car radio . But nothing could
be further from the truth. This is one
of the most complex, high tech
receivers I have ever seen. What
makes it look so innocent is the fact
that most of it is packaged into four
large integrated circuits made by
Agere - formerly Lucent's semicon-



transmitter rather than directly from
the satellites. Here's how it is done:
SIRIUS transmits the music and other
programming up to a geosynchro
nous satellite operating in the Ku
microwave band (12 GHz). The satel
lite then retransmits the signal back
to the terrestrial repeaters.

These repea te rs are loca ted
st rategically on the top of tall build
ings or towers , which then retransmit
the signal on one of the th ree 2.3 GHz
sa tellite channels.

These repeate rs us e coded
orthogonal frequency division mult i
plexing (COFDM), a complex form of
modulation/multiplexing that spreads
the signal over a wide frequency
range. This method has proven itself
in env ironments where lots of multi
path signals from reflections befuddle
the receivers . SIRIUS has over 100
such repeaters in 50 US cities. And
they fully overcome the ha rsh city
environment to delive r a good signal
to subscribers.

A Whole New Level
SIRIUS sent me one of their

Kenwood Here2Anywhere receivers
(see Figure 3) that can be used in the
ca r and at home. It's a tiny thing that
can be accessorized with either a car
or home docking kit. These kits come
with an appropriate antenna, cables ,
and mounting ha rdware.

I first tried the rad io in my Miata.
The radio connects to the in-car
sound system through the cassette
tape slot. The antenna must be
mounted where it can have a good
view of the satellites. It works best on
the roof or trunk since the antenna is
a magnetic mount unit.

Lacking a real metal roof on my
Miata , I put the antenna on the trunk
and it worked just fine. It is recom
mended that you experiment with the
antenna placement to find what
works best in your car.

As for reception - it was great! It
is an unusual experience having so
many radio stations available. The
remote control lets you scan through
th e options until you get what you
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XM Satellite Radio
www.xmradio.com

SIRIUS Satellite Radio Inc.
www.sirius.com

Kenwood USA Corp.
www.kenwoodusa.com

iBiquity Digital Corp.
www.ibiquity.com

in the car, the music was superb with
many choices. We listen to country,
oldies, and some of the lighter rock,
and we found plenty of choices in all
of those genres.

With 100 channels, it 's easy to
find something you like. And believe
me, there was never a day when you
could get 100 total channels of any 
thing on both the AM and FM bands
combined at home or in th e car
befo re this. This is radio at a wh ole
new level. If you are into music, you
will get your m on ey's worth.

A s for what receiver to get and
where, the Kenwood I teste d wo rked
very well . But there are many of m an
ufacturers offering products including
A lpine, Clarion, Jensen, Panasonic,
Pioneer, Sony, and others. You can
buy a receiver at most of the large
electronic stores like Circuit City and
Best Buy. And next time you buy a
new car or truck, you will probably
have the option of a satellite receiver.
It is a feature you won 't regret
adding.

One final reminder: It is the
antenna that makes the difference in
these radios. You must have a good
one and you need to play around a bit
with its placement to get optimum
results . In a new car installati on, the
antenna is buried in the roof in an
op timum location and you don' t have
to worry about it. And if you are in th e
city with lots of build ing s, chances
are that you can get the signal from a
local repeater. NY

ti on with the receiver clearly explains
this.

For me, the antenna had to be
moved around a bit to find th e opti
mum reception spot. I have lots of
trees in the yard and the big oaks did
mess up the signal a bit. But I found
a clear spot that delivered strong
reception . The receiver pl ayed
through our regular stereo system . As

want. If you are not careful , this fea
ture can be as distracting as a cell
phone while you are drivin g. My
charming wife did the channel select
ing while we drove .

I also tried the receiver at home.
The antenna is designed to mount on
a nearby window, but it must be fac
ing the right dire ction given what part
of th e US you are in. The documenta-

Introducing the Redesigned Hexapod 1
Affordab le three servo walker with
time-tested rock-sol id desig nl
Your choice of controllers!

• BASIC Atom, ----
• OOPic-R, -C
• BASIC Stamp-2
Precision Laser-cut
Lexan material, with
opt ional knockouts for
add ing pan & tilt camera, or
panning ultrasonic sensor!
All hardware construction using
com mon hand tools, no glue or tape !
Supports IRPD, ultrason ics and whiskers l

We stock over 130 robotics items ranging from; motors, hubs and wheels,
sensors and electronics, to complete turn-key robot kits. We also have many
exclusive custom parts. We only stock thebest! Check out ourhuge web site!

www.lynxmotion.com

Your Next Project
GOT
(a few dozen)

things to

CONTROL?
~\,\e

~~ e
tC.,"'~ "':P .l4.e.

ut 'f'~v-

!:i
~ GET
I~ ServoPod™!
J~
Z Info on ServoPod™: www.newmicros.com Tel:214-339-2204
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Probes. Sensors & Attachments

HrUJer Supplies

CommunicationAnalvzers,

By any test or measure,
we've got great deals.

SpectrumAna{vzers

Oscilloscopes

Forgreat deals ona wide range oftestand measurement
equipment, look to eBayfirst . With thousandsoflistings

for new, usedand professionally calibrated equipment, it'seasy
tofind the toolsand instrumentation solutionsyour business

needs. Whether buyingorselling testand measurement
equipment, eBay is the right instrument to use.

souno.ebaybusiness.com

C ircle #35 on the Reader Ser vice C ard .
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Just For Starters by George Whitaker

Schematics and Symbols

OCTOBER 2003

lent of a digital "and" gate. (It takes this "and" this "and"
this to make something happen.) Figure 2 is the simplified
form of this circuit. On one side , we have the 110 volts
coming in, and on the other side , we have a light bulb rep 
resenting the transmitter circuits. As you can se e, it
requires that every switch be closed before the light bulb
will light.

The circuit we will be studying is this basic circuit with
a few options thrown in. The idea here is to learn how to
follow a schematic. What we study will be applicable to
many, many other situ ations. The object is to learn the
symbols and to visualize the actions within a schematic.
That is, to look at an open switch and visualize what will
happen when this switch is closed.

The black arrows at the top of the schematic mean
that those points tie to power. In this ca se, each of the two
arr ows represent one side of the 240-volt incoming AC line.
In another case, it might be a 24-volt DC power supply. The
arrow tells us , however, that it does connect to incoming
power and it will either be marked on the schematic at that
point (as this one is) or there will be a legend somewhere
that tells about the power source represented by that par
ticular symbol.

Sometimes there will be solid arrows, non-filled arrows,
and different shaped arrows that represent different
voltages.

In some cases, circles are used. But , a rrows are more
common . There will be a legend to sh ow what symbol
represents what particular volta ge. In this parti cu lar
schematic, we will be dealing with a single 240-volt AC
source.

Ifyou want to follow through th is discussion and study,
you should keep a copy of the schematic printed this
month, as we will not be repeating it.

Next month, we will begin to go through the schemat
ic piece by piece, and see how it fits into the overall
picture. NV

Circl e #1 40 on the Re ad e r Se rv ic e Ca rd.

cmJ1C,inc.
EQUIPMENT MONITOR AND CONTROL

Since 1985
OVER

18
YEARS OF

~INGLE BOARD
SOLUTIONS

28

Phone: (618) 529-4525 • Fax: (618) 457·0110 • www.emacinc.com

EI!fIl£/f}/f}£/f} !PIIUX
SFAlfFllf NfF
FEATURES INCLUDE:

• Linux 2.4 Kernel
• 486-133MHz SBC
·10 Base-T Ethernet
• 8MB DOC Flash Disk
• 16MB RAM
• Power Supply
• Carrying Case
• Starting at $399.00
• X-Windows (option)
• RealTime Linux (option)

IImag ine r unning Embedded Lin ux on a S ingle
~ Board Computer (SBC ) that is 4 .0 " x 5 .7 " and
boots Linu x from a Flash-Disk. No hard dr i ve s ,
no fans , nothing to break . Now your hardware
can be as reliable as Li n u x! If your application
requ ires video ou tp ut, the X-Windows upgrade
option provides v ideo ou tput for a standard
VGA monitor o r LC D. Eve rything i s included ;
Ready to Run Lin ux !

This month, we want to take a look at some schemat
ic symbols and how to read them. Figure 1 (see
next pa ge ) is a section of schematic for a 1,000

watt radio tra nsmitter. It represents a fairly simple
schematic tha t looks somewhat complicated. We want to
look at the symbols and also discuss some of the nomen
clature used to describe different parts.

I used this particular schematic for two reasons. First ,
it is a good example of flow. We are dealing with a single
voltage that either goes, or does not go. Second, I have
permission from Harris-Gates to use their copyrighted
schematic in my teaching.

This particular schematic is a control and interlock cir
cuit. It keeps the transmitter from being activ ated until all
safety devices are in place. The basic circuit is the equiva-

Basics For Beginners

Just For Starters
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Figure I. Schematic capture
courtesy of IVEX. Inc.

www.ivex.com
See their ad on Page 25.
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Electronics Q&A
Camera Shutter Speed

1.0
2.0
4.0
8.0
16.7
33.3
66.7
125
250
500
1000

Ik
Strobe

/' Out

lJ
Scope
Out

Scope PulseW idth
(milliseconds)

1/1000
1/500
1/250
1/125
1/60
1/30
1115
1/8
1/4
1/2
I

Shutte r Speed
(seconds)

r GND

time, the following circu it will work
(Figure 1). This tester requires an
oscilloscope - any scope will do,
even a modified sound card oscillo
scope (ht t p r/ yp o lly.p hys .ms u .s u /
- zeld/osclll.html).

The Camera Shutter Speed chart
shows the relationship between shut
ter speed and the width of the pulse
on the scope screen. Just make sure
your light source is very bright and
that the sensitivity control is critically
adjusted, otherwise you will get a tim
ing error at the highest speeds. The
error is ca used by the mechanics of
the shutter, which is only fully open
for about half the exposure time at
the higher speeds; the rest of the time
it is opening or closing with a propor
tional reduction in light brightness.

1M
33k

Shutter Speed Tester

As for you other sh utter bug s who
wish to test your iris shutter exposure

82k -=-

Photoresistor

+9 V

· www.skgrlmes.com/Idcc/
· http:/ /members.tripod.com/

rick_oleson/ index-135.html

~"'. My oid Exakta SRL camera needs
"(,a tune-up. Any ideas on using a
photo detector and 555 timer to meas
ure light pulses at 1/ 1000 down to 1/ 25
of a second? Commercial shutter testers
are a bit pricey and my monetary budg
et won't allow such a purchase .

Stephen
via Internet

• If you mean by "old" in that it's
vinta ge '50, you have a treasure.

Although they didn 't invent the SRL
(single reflex lens) or the focal place
shutter, Exakta made these technolo
gies practical in a single, affordable
package. Moreover, they often used
Carl Zeiss optics! Too ba d they are
now out of bus iness (before you write,
the name still exists but with a differ
ent company). As for a 555 circuit to
test your shutter speed, no can do .
The mechanics of the focal plane
shutter are too complicated for a sim
ple "light" test. I suggest you look at
the following webs ites for a low-cost
solution.

What's Up:

In this column, I answer
questions about all aspects
of electronics, including
computer hardware,
software, circuits, electronic
theory, troubleshooting, and
anything else of interest to
the hobbyist.

Feel free to participate
with your quest ions, as
we ll as comments and
suggestions.

You can reach me at:
TJBYERS@aol.com.

Something for you

shutter bugs. A new

zero-crossing circuit and

solar panel voltage

upverter. All about

switching regulators, and

three cool websites to

improve your PC's

performance.
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+9V
Zero Crossing Detector +5V

10k 8 4
7

3
6 555 ::...JL

240uS

RI = 100 x voltage -=
Watts = .0 I x voltage

27k 200uS
.-...-_.---oJ"L..JL

Detector Out

Zero-Crossing
Detector

2N3904 680k
180k 180k

AC In
-=:L r240PF 36k-= -=

-= -=

Elect re
Mike

+9V Sound Switch

Solar Panel
Match-Up Revisited

31

LED

Reset

I k

• Yes, but with limitations. You
ust remember that the power

output of the solar panel is a con
stant. Which means that when you
increase the output voltage, you pro
portionally decrease the output cur-

transistor through a 10IJF cap. At
rest , no sound comes from the op 
amp and the transistor is turned off.

At the firs t hint of sound, the tran
sistor turns on and triggers the SCR,
which remains latched - lighting the
LED - until you press the Reset but
ton. The sensi tivity of the switch is
adjusted by the value of the Rf resis
tor; increasing its resistance increases
the sensitivity of the alarm.

~"'. In the Jul. '03 issue, you
'(.answered a question about match
ing the voltage of a solar panel to that
of a rechargeable battery ("Solar Panel
Match-Up"). I have a similar problem
where the output vol tage is less than
the battery, but I can 't install a bigger
panel because of space limitations. Is
it possible to increase the voltage of
the solar panel using a DC /DC con
verter or something similar?

P. Fleming
via Internet

10k

~"'. I have a 120 VAC wireless door
'(rell that I want to modify so that
I know if someone rang the bell while
not at home. Is there an LED circuit I
can install that would turn on when
someone rings the bell (yes, it uses a
speaker announcer), which I could
clear with a simple press button to
arm it for the next caller?

D. Z illbermann
via Internet

Bell/Ringer LED
Alert

about 1.2 volts. Conseq uently, at low
input voltages of 10 volts and less, the
LED will turn off before zero crossing is
reached . In this case, the 555 pulse
width can be adjusted so that the falling
edge falls on the zero cross ing point.
The exact delay time is, of course, volt
age dependent.

A.There are several sensor options
that can be used fo r this des ign,

incl uding tapping into the speaker
wires. But I decided that a sound-acti
vated switch (Figure 4) would better
serve ou r readers because it could be
used with chimes and all sorts of bell
announcers (even a telephone ringer).
The pick-up is an electret microphone
that is mounted inside the announcer
case close to the speaker. This isolates
the mic from out-
side no ise and pre-
vents false trigger-
ing. The vibrations
it picks up are
amplified by the
op-amp (any gar
den-variet y op-amp
will work) and cou
pled to a driver

Another Zero
Crossing Detector
~"'. I built the circuit you described
'(jn the Aug . '03 issue (Zero
Crossing Detector), but can 't get it to
produce a 200 uS pulse. It' s more of
a square wave. Any suggestions?

Neil Curry
N. Hollywood, CA

A.Grounding the collector of the
2N3906 transistor will solve this

problem (Figure 2). As I exp lained,
th is circuit isn' t of my des ign , but one
you'll find in more than one switching
power supply for zero-cross switching
of the SCRs. What I forgot to me nt ion
(aside from the m issing ground) is that
the input is voltage sensitive and must
fall in the range of 5 to 10 volts. You
can adjust this using a pote nt iometer
in a voltage divider configuration .

In the meanwhile, I had time to
come up with the design below
(Figure 3), which isn 't voltage sensi
tive and has an adjustable pu lse-width
output. The AC input is full-wave rec
tified to produce a pulsating DC wave
form that drops to zero volts each
time the sine wave crosses zero . This
causes the LED in the 4N25 to extin
gu ish and turn off the coupling tran
sister. This generates a negative
going pulse at each zero crossing.

While you can use this pulse as it
stands, I decided to sharpen it up and
make the pulse width adjustable by
running it through a one-shot 555
multivibrator. With the values shown
(lOOK and .01IJF ), the pulse width is
about 240 uS. Increasing the value of
either increases the pulse width.

A word of caution: There is a for
ward vo ltage drop across the LED of
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~"". I belong to a club tha t has a fair
"-number of its records from the
1995-1997 era on 250MB mini data
tape ca rtridges. The computer used
to create the tapes was disposed of
in 1999 - along with the software to
operate the Colorado Memory
Systems model DJ20C87 tape back
up drive (which was retained). The
tape drive connects in parallel with
the "A" floppy drive much as if it were
a "B" floppy drive . We now need to
recover some of these records. I tried
to install the old drive on a computer
run ning WIN98, only to discover it's
an "unsupported device."

I did an Internet search for the
OCTOBER 2003

An Excellent Source
For Disk Drive
Software

problem if the bounce causes uneven
current flow within the device, which
can lead to erratic behavior or, in
extreme cases, device failure .

Hence, the second circuit (Figure
7) which is based on transistor switch
es. However, the design calls for
switching the high side of the power
source, which is more complicated
than switching the low (ground) line.
My solution to this tricky design prob
lem was to use optoisolators . When
the control logic is low, the LEOs in
the two leftmost 4N25 chips light.
This , in turn, grounds the base of the
PNP transistor via the internal 4 N25
transisto r and places +5 and +12
volts on the device under test.

The -5 volt line, though, requires
an NPN transistor for switchin g.
Consequently, I couldn 't use the
4N25's NPN transistor to turn it on
us ing the same method as before.
Instead, I used the 4N25 transisto r to
short the 2N4400 transistor's base to
the emitter, forc ing the transistor off.
To keep in step with the other switch
es, the control signal has to be invert
ed . The disadvantage of this design is
the switched currents are limited to
about 500 rnA. Higher currents can be
obtained by substituting Darlington
transistors - such as the TIP120 and
TIP125 - but the design is still more
limiting than the relay vers ion.

-12V

2N44 00

10k

-12V in

Khalid Sabzwari
via Internet

+12V in

Device Under Test

GND

+12V

A.This is a common request in
the industrial community where

very often power is switched between
controller and testing devices .
Unfortunately, the ir sol utions are
expensive and mostly overkill for your
small needs. So here 's what I've come
up with. Of course, you'll need a sepa

rate switching box for each
device you which to control.

The first (Figure 6)
uses re lays to do the
switching. It's the simplest
and the most versatile
because the voltages and
currents are limited only
by the relay contacts. Its
shortcoming is that relay
contacts bounce in the
same way mechanical
switches have contact
bounce. This ma y be a

150k

+12V

1M

+5V

+5V in +12V in - 12V in

Device Under Test
GND

Solar Panel
Upverte r

2
Yin 3
SW

LT I 173 FBf-=8'-------..~¥v_.....

GND SW2
5 4

Ik

IN4 14

+5V

. +5V in
Power Bus SWitcher

4049

Power Bus Switcher

~"". I have a bank of small router
"{boxes that operate from three

vo~ages: +5, +12, and
,-r=====.---_rooiO'-....-..._---, -12. I use these routers for
I 9V @ 13mA

testing and need a way to
selectively switch the
power on and off to each
using a TTL logic signal. I
can easily provide the
control logic , but I'm at a
loss as how to manipulate
the voltages. I am leaning

towards using a transistor that will
switch on or off, depending on the
logic prov ided , but I just don't know
how to put together my circuit. Could
you please help?

rent. The circu it in Figure 5 is a high
efficiency voltage boos ter that will
convert three volts to nine volts at
output currents up to 100 rnA. Using
the SPL-60 solar panel (three volts at
40 rnA) from All Electronics (men
tioned in the Jul. '03 column), the
resulting output current at 9 volts is
limited to a 13 rnA trickle - which is
proba bly enough for the origin al
application of a mailbox alarm.

Power Supply Switch
Box

32



GND'------<~--.....----l

RL

+
C I RL

Buck

'--- -_...---, Vout
Yin

Boost

rectifier diode D1, decreasing at a rate
a pp roximat ely equal to Vout / Ll ,

When the voltage across capaci
to r C1 falls below the lower limit set by
the regulator, SW closes and the cycle
repeats . The most voltage this regula
tor can output is equal to Yin, and
that's with SW constantly closed.

The boost, or step-up, switching
regulator converts an input voltage
into a higher output volta ge. When
SW closes, current flows through L1
to ground (at a rate approximately
equal to Vin/L1) and builds up a mag
neti c field. During this time, loa d cu r
rent through RL is drawn from output
capacitor C1. When th e volt a ge
across C1 drops below the limit set by
the regu lator, SW opens and stops
shunting input current through L1.

GND'---.......--------'

RL

I-----e.- --ah _----, Vout

Vin-- - ";

contro~
GND- - 4----- --+----'

A. While there a few different
topologies that can be used for a

step-up/step-down converter, notably
the flyback configuration, I think you're
referring to the single-ended primary
inductance converter, or SEPle. Let's
compare buck and boost and SEPlC
in the following drawing (Figure 8 ).

The buck, or step-down, switching
regulator converts an input voltage to
a lower output voltage. When SW is
closed (conducting), current builds up
in L1 at a rate approximately equal to
(Vin - Vout)I ll. The inductor current
flows into the load (RL) and the output
capacitor (C1). As the voltage across
C1 rises to an upper threshold set by
the regulator, SW opens and stops the
input of power. However, the current in
Ll still continues to flow through the

All About Switching
Voltage Regulators

company, and discovered the y no
longer exist and HP bought the ir prod
uct line. A search of the HP website did
not show any driver software or any
documentation for this unit. Any idea
where I can find either DOS or WIN98
driver software for this tape drive?

Robert Bennett
Las Cruces, NM

A. Ye p, at StorageDrivers.com
(w w w.s t o r a g e d r ive r s .co m ).

They also have drivers for such obscure
drives as Aceex and Jet-Way - and wel
come any contributions for drivers that
you may have laying around that's not
already posted. They also post user's
comments who have downloaded the
software so you kinda have a track
record of the software 's performance.

While they require you to register
for access to the website , it's just a for
mality (accounting, I'm sure ... they
se ll ad space) and your email address
won' t be sold (so they say ). BTW, I
have the software for the Jumbo 250
series (as it was called back then; yes,
I still have mine ... somewhere) on my
ha rd disk and will post it on the Nu ts 5
Volts website (www.nutsvolts.com) if
the demand is high enough.

• Some years ago, Nuts 5- Volts
ub lish ed an article about a spe

cia l type of voltage regulator. One
that would continue to output a con
stant voltage even when the input
volta ge dropped below the output
voltage, rather than shut down like lin
ear regulators do .

For example,

12 volts in = 9 volts out
9 volts in = 9 volts out
6 volts in = 9 volts out

I don't know where my back
issues are right now, and was hoping
you might comment on the practical
ity of th is reg ulator before I go "In
Search Of."

CousinG race
via Internet

MBasic Professional featu res include: L- _

32 Bit math Expanded LCDcommand Updated In Circuit Oebugger
32 Bit Floating Point ReadandWr~e Memorywith Basic command New Oscilloscope Software builtin
DallasOneWire Support Basic Interrupts

~a~~:~:~~~l seif..Endif ~:;~:~ ~~sUART HserinI Hserout Free Boot Loader Builder Included
Free Boot Loader Interface Included

BASIC MICRO Visit us online at WWW.BASICMICRO.COM to see our complete product li ne
r s c 1'1N 0 lOG Y A J W 0 ~ I( or call toll free at 1-800-869-5095

' use COde : NV2 when ordering to at sale pricin

OCTOBER 2003 33



Q&A .

The current in L1 now passes
through D1 an d charges C1. The
inductor current decreases at a rate
approximately equal to (Vout 
Vin)/Ll , where the collapsing mag
netic field causes the voltage across
C1 to increase beyond that of Vin.
When the voltage across C1 rises
above the regulator's upper limit, SW
closes and the cycle repeats.

The S EPIC regulator permits
both higher and lower voltages than
Vin thro ugh a unique arrangement of
two coupled inductors. When SW
turns on , the left plate of Cc is
grounded (zero volts ) and current
flows through the prima ry of Tl.
This induces a voltage in the second
ary, which charges Cc and provides
power to the load (RL).

Each winding attempts to induce
the same voltage into the other.
During the off time of SW, D1 con
ducts , applying the output voltage to
the prim ary winding through the sec
ondary. This voltage induced across
the primary winding happens to be
the same voltage a pplied to it by the
algebraic addition of the Vin and VCc
in series with Vout + VD1.

Note that capacitor C1 provides
an important function in this circuit as
the chief means of energ y tran sfer
from the input to the output. The value
of C1 is chosen such that the voltage
across it in the steady state is essen-

tially constant. As the voltage across
Co rises beyond the upper limit set
by the regulator, SW turns off, stop
ping the flow through Tl primary.
However, current continues to flow
through Cc and D1. When the volt
age across Co falls below the lower
threshold , SW turns on again and the
cycle repeats . Depending on how
much energy is stored in the capaci
tor and inductors , and the dut y cycle
of the PWM, the output voltage can
be either higher or lower than the
input voltage.

Figure 9 shows a practical appli
cation of a SEPIC circuit. This circuit
will output a constant five volts at
about two amps through a range of
four volts to nine volts input. You can
change the output voltage by adjust
ing the values of R1 and R2. Linear
Technology rec ommends R2 be less
than 7K, with 6. 19K the prefe rred
value.

Replacing Sony
VDRs

~~_ I am trying to repair a Sony TV
'-((Model KV27TS32) that got
zapped in an electrical sto rm. I have
a schematic for the set and they sug
gest several components that could
be at fault in a dead set including
several transistors , capacitors , a
fusible resistor, and three var istors. I

have verified the fusible resistor is
open and two transistors appear to
be bad, but I'm not fam iliar with
varistors and would like to know of a
way to check if the y are bad. Also , if
they are bad, how do I get replace
ments; my MCM Electronics ca talog
does not have a listing for varistors.

A-These var istors are labeled as
VDR (Voltage Dependent

Resistor) and are zinc-oxide devices
commonly called MOVs. When the
threshold voltage is exceeded, the
varistor will conduct. The theory is
that the surge current is bypassed to
ground, thus protecting the electron
ics . Well, it works most of the time,
but a lightning surge is more th an
most varistors can handle - the
response time is slowe r than the
strike and the currents are way .
beyond what the varistor is rated for.

Varistors can fail to either an
open or shorted circuit - mos tly
open. A healthy va ristor will have
infinite res istance in both directi ons.
Unfortunately, so will a failed varis
tor. Fortunately, varistors are relative
ly cheap and readily available (Sony
part# 1-807-288-11) and I'd replace
them just out of habi t. Better safe
th an sorry. I've heard of people using
the cheaper RadioS hack 276-568
with success, but I ca n't say for
myself.

V IN

4V TO 9V Two Li-Ion Cells to 5V SEPIC Converter **

VOUT

RI VOUT = VREF(I+W

F8 ..-...._ _ •

PIN ()
R2 R I = R2 vl~2~s-1
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PCB Middleman
Needed
~~. I am looking for someone to do
'(pCB layout patterns from a
schematic that I suppl y. I will then su b
mit the artwork to a PCB fab house to
receive a finished printed circu it
board. Can you recommend a source?

Craig Ken drick Sellen
Sim pso n, PA

• I have used such pe rsons in the
past with var ying results . I sug

gest you get a copy of AutoTRAX
EDA (www. a utot raxeda.com) and
try it yourself. It isn't hard: Draw th e
schematic, export it to the included
PCB layout software, run the auto
place feature to logically position the
parts for you, then start au to route and
let the software draw the traces for
you. You can edit the position of the
parts and trace runs as you pleas e.

Thanks to the autoplace and
autoroute featu res , the learning curve

isn't steep and if your circuit is sim
ple , you'll achieve amazing results on
your first attempt. If your schematics
are more complex than that, you'll
need to consult a professional , which
will cost you. If any of ou r readers
know of a service that does this kind
of work for hobbyist at a reasona ble
price, please let me know.

In Search Of: Melody
Generator Chips

~~. I have been trying to find a
~ource for the UM66 and M348 1
melody generator ch ips; I want to use
them in a Christmas project.
However, I be lieve these pa rts have
become obsolete. Can you recom
mend a replacement chip? I have
foun d some programmable musical
chips, but I wan t something with the
tunes already installed.

Ti m Burks
via Int ernet

• As best as I can tell, these chips
re still available - but only as part

of a kit. And as you pointed out , nearly
all the replacement chips require some
form of programming (mask ROM or
burn-in prog rammer). Here is a short
list of the kits that contain these chips;
most sell for $10 .00 or less.

CK208 (M348 1)
• www.canakit.com
• www.g ibsonteched.com/
CK208.html
• www.montek.com/ catalog/
it em501.ht m

DIY Kit 104 (M348 1 and M3485)
• www.kitsrus.com/pdf/k l04.pdf

CK303 (UM66)
• www.canakit.com
• www.gibsonteched.com/
CK303.html

SG14
• www.circuitspecialists.com/

--
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Request your FREE Test & Measurement
catalogue and Software & Reference CD, or visit:

www.plcotech.com/co 122
Tel: 585 425 3753 Fax: 585 425 3835 E-mail: sale~~lcotech.com= = = = - - - ---1

• High sPlted~ 5GS/s dual channel oscilioSGo.
8 dynamic range spectrum analyser

& PicoLog softwa~esUPPlie_d~F~R~E~E~ii~~;
g into any desktop or laptop PC .o?

• High resolution -12 bits
• Large 128K memory
• 1% DC acsuracy
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level.itml/icOid/458
. www.web-tronlcs.com/
soungenkit.html

MAILBAG

Dear TJ,
I enjoy reading your column, and

your idea (in response to Mikael K.
Lenihan) to use super capacitors to
increase the short-term curren t capaci
ty of "AA" size dry cells is a good one.
I didn't perform a rigorous analysis, but
I disagree with some of your conclu
sions. The clock requires 200 rnA for
20 sec onds 24 times a day. That' s
abo ut 9.73 am pere-hours per year. The
capacity of the AA cells is only about
2.5 ampere-hours , and that's only by
using a te rm inal voltage of 0.9 volt.
It's doubtful the cloc k will wind at 1.8
volts (2 x 0.9 v), meanin g the AA bat
tery's effective rating would be less
than 2.5 ampere-hours. While your
circuit satisfies the voltage and cur
rent requirements for the clock , the

tiny AA batteries don't store eno ugh
energy for a year's op eration .

Dave Toalson
Bellville,TX

Dea r TJ,
Here is a site that's an excellent

Cool Web Sites!
Clean Installat ion ofWindows :A simple guide
tha t walks the user through a clean install or

upgrade of W indows.
www.usbman.comiGuides/Clean%201nstall

%200f%20Windows.htm

The average PC user doesn't think much about
problems tha t can occur with a computer until

the problem actually occu rs. Here are some
tips for keeping your compu te r happy and

healthy.
www.webopedia.comlquick_refl

PreventiveMaintenancePC.asp

This DLL help database by Microsoft contains
informat ion abou t DLL files that ship with

se lected Microsoft prod ucts .
http://support.microsoft.comidefauU.aspx?
scld=/servicedeskslfileversionldllinfo.asp

so urce for obsolete ICs that I didn't
se e in your PARTFIND.DOC list:

Rochester Electronics
www.rocelec.com

Brad Hitch
Wheat Ridge, CO

It is now.
TJ Byers

Q &A Editor

Dea r TJ ,
In the June issu e you ta lked

about Heathkit. An excellen t web site
is: www.heathkit-museum.com.

Dick Blosser, Professor,
Orange Coast College

Dea r TJ,
You mentioned a site for Heathkit

schematic s at www.circuitarchive.
co.uk/heath.htm, Just thought you
should know the link doesn't work ; in
fact the entire site seems to be down.

Joseph Wilson
via Internet

The Best is Now Better!

Feature-rich Circuit Design Workstation
Ultra-affordable at just $299.95

Portable Version Available for $349.95

~ GLOBAL SPEClALTJES
~ DESIGN & PROTOTYP ING

1486 Highland Avenue · Unit 2
Cheshire, CT 06410
1-800-572-1028 • FAX: 203-272-4330
www.globalspecialties.com
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Elenco Educational Kits

MX·908 - 3QO.in· ' Lab 564.95
MX-907 - 2QO.in-' Lab 549.95
MX-906 - t ao-lo-t Lab 539.95
EP·50 - 5O-in·l Lab $18.95

(~~,~, 5:::::~t"> I
$27.95

•Create ' " ,

Your Own ' "
Exciting Experiments .

Special Offer: Purchase any of our Snap Ci rcu its and receive a FREE computer
interface kit (Model CI-2 1) & 20 bo nus experiments ($19.95 value).

Ele nco 's new Snap Circuits' " make learning elec tronics fun and ea sy. Just
follow the colorful pictures in our manual and build exciting projects, such as:
FM radios, digital voice recorders, AM radios, burg lar alarms, doorbells, and
much more! You can even play electronic games with your fr iends. All parts are
mounted on plastic modules and snap together with ease. Enjoy hours of
educational fun while learn ing about electronics . No too ls required. Uses "AA"
batteries.

5 versions available.
Build up to 500 projects!

As low as

$29.95.

• Ideal for hobbyists, DIVers and students.

• Complete with 40W iron.

• Variable power control produces 5-40
watts.

$29.95._
ff'ornO.1pf"to
2O.00l'4Lf,

o 3 112[);gl1l CO
...doutWllhIlflil..,..~

$99

C ircl e #75 on th e Reader Serv ice C a rd .

Elenco Handheld

Universal Counter

1MHz - 2.8GHz
Model F-2800

Sensitivity:
• <1.5mV @ 100MHz
• <5mV @ 250MHz
• <5mV @ 1GHz
• <1OOmV @ 2.4GHz

Features 10 digit display, 16 segment Models Available
and RF signal strength bargraph. SC·500 ·~~v~~~~~~~:~lsLc;~r~:p~ay~s~~~rv;:ar:;:':nt~~: ~~ .r~:.~ .~.~I~: ~.~:IC::. ~:l~:~ ~:~~:f~~.....$89.95

Includes antenna, NiCad battery, and so-sees .~=~a=~~~~~:=re=:nl~~~.o:.~:~.~~.ri.~~.n~~ .~~~••• •• • ••• •• • ••• ••• • •• • •• • • • • • •• • • • • • •$74.95
ACadapter. 5C-3OO. 5,. ••, ,,,, v.""", Sameas SC·""'S,but wrthout bonusexperiments 559.95
C-2800 Case wi Beit Clip $14.95 =100 · SnBp Q=i1s. .h.. eoma """ 30 _ "''' 100 •__ 529.95

Elenco RF Generator Elenco 3MHz Sweep Function
with Counter ('OOkHz - 15OMHz) Generator wi built- In 60MHz

Model SG-9500 Frequency Counter
Model GF-8046

o u rge t " 3 314 0!g11
LCD

• Autoranging Freq.
to 4MHz

• ceo. t0 400\.1F
o lnouctance10 40H

• Res 104.(lO(lMO

o l ogiC Test

• Diode! Tf&n$lS tOl'
T••

o AudlbleContJn~

T••

Model SL-5-40 - Inc!. 40W UL iron.
(Kit SL-5K-40) 529.95

Test Equipment

Deluxe Soldering Irons
Elenco SL-5 Series Welle~ Low Cost

As Low As$24 95 Soldering Iron
Features: • Model WLC100
• CushionGrip Handle Soldering
Iron optional) with GroundedTIp
for Idering Static-Sensitive
De es. Easily Repiaceable.
UsesLong-Life. PlatedConical TIp.

•He vy Steel, Non-Slip Base.

_ 'lrQn..t!.'?lder Funnel- Reversible.
ehor rl9!'t side.

• SteelT y forSponge Pad.

• SpongePad.

11 Functions:
° Ffeq . IOZOMHz

· Cap. to 2C¥F

• ACIOCVoltage

• ACIOCCurrent

• Beeper
" Diode Tesl

oTrantlS10rTest

° Meet1Ul·1244

saletyapecs

Elenco Oscilloscopes
Free Dust Cover and xt, x2 Probes

2 year Warranty
5-1330 25MHz Delayed SWMP

5-134(1 40UHz 0uaIT~

5-1:M5 .-otoIH2 DelayedS*MCI

5- 1360 80MHz O&IayedS-.....p

5-1390 l00MHz OeIayedS""Il

L._ _ iiliiilll" - DIGrrAL SCOP E SUPER SPE CIALS Features intema l AM mod. of 1kHz, AF output Generates square, triangle, and sine waveforms,

05-203 2OMHzllOMsisAna~tal 5695 :~v . 35MHz. Aud iO output 1kHz C 1V and TTl,CMOS pulse. 5199.95
~~: ::=~:=::: SG·9000 (analog, w/o counter) 5135 GF-8025 · Without Counter $99.95

Elenco Quad Power Supply
Model XP-581

4 Fully Regulated Power Supplies in 1 Unit

Ordering

Information:
Model SL-5 - No iron.
(Kit SL-5K) 524.95

Electronically

controlled,

Ideal for

profess ionals ,

students , and

hobby ists.

Available In

klttorm or

assembled.

Guaranteed Lowest Prices C&S SALES INC. 15 DAY MONEY BACK GUARANTEE
UPS SHIPPING 48 STATES 60

0 (MInimum $6 00) ,
OTHERS CALL FOR DETAILS 150 W CARPENTER AVENUE 2 YEAR FACTORY WARRANTY
IL ReSidents add 8 50 0 sales Tax WHEELlNG.IL 60090

FAX (847) 541-9904 (847) 541-0710
SEE US ON THE WEB------" hllp:/Iwww.cs-sales.com PR'CES SU,," ECT TO CHANGE WlTHOUT NOT,CE

4 DCVo~ages: 3 fixed; .5V @ 3A• • 12V @ 1A,
I variable; 2.5 - 20V @ 2A' Fully Regulated & Short
Protected• Vo~age & Current Meters· All Metal Case

Elenco Muill -Network Cable Tester
Model TCT·255 ..

This lester is a convenient instrument for testing different
RJ·l1 and RJ-45 connectors and coax cables. Cables ca n
be tested eetoe and after they are installed. Special
· MapplI"IQ FunctlOl'l ." W.s

:==~=(:r:::~:~tklo. ~
- Pair lden\Jflcaton (stl'illgh1 Ot reverM) 539
- Open Ot ShortTesting 95
- l owBan8fY Inclca lOt •
- Auto Power-Qft Function (30 I .)
Soft VlnyfZl~~.. (Modfi C.go} lroc/udtod !

TCT·255K · IotIA-Networll Cable Tnl81 I(,t- S29.iS
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New Product News

LOW-COST 9S 12 EMBEDDABLE
MCU MODULES DOUBLE AS
EVALUATION/TRAINING
PLATFORMS

T echnological Arts has launched two new
MCU modules, broadening its highly

popular line of modular microcontroller
boards. Offering engineers and educators
a versatile and economical platform
for evaluating and applying
Motorola's latest HCS12 microcon
troller offering, Adapt9S 12E128 and
Adapt9S 12EQ 128 smooth the migration
path from development to product implementation/pro
duction. Because the same core module used in the eval
uation phase is ec onomical enough to be incorporated
into the end product, time to market for commercial appli
cations is sh ortened considerably.

Leveraging its popular HCS12 technology, Motorola
has endowed the new MC9S12E64/128 MCUs with a high
speed, low-voltage core of up to 8K RAM and 128K
sector-erasable Flash, along with an impressive array of
hardware subsystems - all into low-cost surface-mount
packages. The 9S 12E 128 boasts 12C, three enhanced
SCls, SPI, la-bit sixteen-channel analog-to-digital
converter subsystem, 12 PWM channels (six with
hardware fault protection) , dual eight-bit DACs, triple four
channel, 16-bit enhanced capture timer subsystem, and
much more. The full complement of subsystems
provided , together with the powerful single-wire
Background Deb ug Mode (BDM), make this chip ideal for
use in the evaluation and development of all "E"-series
derivatives of the 9S 12 family.

Both the 80-pin and 112-pin MCU are implemented as
Adapt9S12 modules, offered as Adapt9S12EQ128 and
Adapt9S 12E128, respectively. Combining all the essential
MCU support circuitry with a small-footprint
monitor/loader program in Flash, these modules come
ready-to-use "out of the box" with little added hardware
required in many applications. The on-board regulator is
user-selectable for 3V or 5V operation, and the basic
board configuration includes dual RS232 transceivers.
The fully-populated configuration adds RS485 and IrDA
physical layer transceivers, as well as a buffer amp for the
DAC cha nnels . The user would only need to add
a pplication- specific interface hardware and software to
implement any given design. Measuring 3.25" x 2.3" x
0.75 ", both modules provide access to virtually all
input/output lines via a pair of standard 0.1" pitch 50-pin
connectors , compatible with most application boards and
accessories in th e company's established Adapt 12/9S12
produc t families. Unlike most traditional evaluation
boards , the user prototyping area is implemented via
separate, pluggable boards. This approach results in
maximum versatility and reusability of the module,

38

permitting easy evaluation of alternative designs or user
applications, followed by effortless migration through

prototyping to full production. Several
interchangeable plug-on modules are

available, with more under development.
These include a low-cost hardware Demo

Board, a 100Base-T ethernet board, a
RAM expansion card, and a
servo/sensor interface card ideal for
small robot implementations.

To facilitate evaluation of the
9S12E128 MCU, several product bundles

are being offered. A Demo Package - including MCU
module, plug-on Demo Board, Prototyping Card, Serial
Cable, and DC power supply - is available for $119.00
USD. Full evaluation packages, with dual prototyping
cards, serial cable, DC power supply, manual, and CD
ROM are available for both the 80-pin and 112-pin
versions of the MCU (#AD9S 12EQ 128EVP and
#AD9S 12E128EVP, respectively) at $139.00 USD each.
A 30-day fully-functional version of ImageCraft's ICC12 C
cross-compiler with integrated development environment
for Windows is included. For OEMs, basic modules are
offered without IrDA and RS485 transceiver at $54.00
USD, and fully populated modules for $68.00 USD, in
100s.

Technological Arts , founded in 1994, specializes in
the design and manufacture of modular evaluation/OEM
products based on Motorola 's 8- and 16-bit product
families . Technological Arts offers the broadest range of
product configurations featuring 68HC 11, 68HC 12, an d
HC9S12.

For more information, contact:

TECHNOLOGICAL ARTS
877-963- 8996 Fax: 416-963-9179
Email: sales@te chno lo gicalart s.ca

We b: www.technologicalarts.com
Circle # I 17 on the Reader Service Card .

NEW ISOLATED DC/DC VOLTAGE
CONVERTER PROVIDES 12V,
24V, OR 48V FROM A 24V, 32V,
OR 48V POWER SOURCEI
A nalytic Systems now
~vaila b le VTC315
DC/DC Voltage
Converter to the
Marine Trade. This
fully isolated precision
converter accepts
input voltages of 24V,
32V, or 48V, and creates 12V,
24V, 32V, or 48V VDC at up
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Great select ion of...

ANALYTIC SYSTEMS
#207 - 12448 82nd Ave.

Surrey. BC V3W 3E9 Canada
800-668-3884 Fax: 604-543-7354
Email: info@analyticsystems.com
Web: www.analyticsystems.com

Same Day Shipping-Visa, Maste r<:ard, Amex, Dine rs Club cards we lcom e

C ircl e #1 18 on the Re ade r Service Card.

Typica l Applications

• RF remotecontrol
• Data communications
• WirelessAudio
• RFdata acquisition
• Wireless5ecurity

• Robotics
• Remote sensing
• Remote Monitoring
• Wireless Networking

• Transmitters

• Receivers
• Transceivers
• Antenna
• RF subassemblies
• RadioModems
• Evaluation Kits

• Amplifiers
• Data encoders
• Data decoders

For more infor mation, contact:

Elenco Electronics introduces a new
digital clamp meter - the Model

ST2020. The ST2020 Clam p Meter is an
auto/manual ran ging , professional meter
with digital analog display (3,260 count)
and 33-segment bar graph with backlit display.

Its advanced de sign makes it a unique
meter in the troubleshooting of electrical ,
heating , and air conditioning systems. The bar
graph is used when quickly-changing signals in a

MODEL ST2020
DIGITAL CLAMP
METER

Add vision at lowcost!
Perfect for inspection,
security.robotics, Full
frame buffer unlikesx,
pci.usb type. Industry
std PCI04 form factor.

C ircl e # 126 o n t he Re a d e r Se r vice C a r d .

-Color & BW up to 640x480 oem(1k)

-Serial/parallel:pic,avr,z80,pc $27
-Full speed: to 30 frames/sec
-Simultaneous composite out evalkij (1)

-Use w/digital CMOS camera $95
-C, BASIC, Assembler source

WWW.STAR.NET/PEOPLE/-MVS
MVS Box 803 ) MVS15y r Limite d W a r ra n ty

Nashu a,NH 03060 F ree Shipping
( 50 8) 792 9507 • Mon-Fr i 10-6 EST

to 300 watts of continuous power.
Thane Lanz , Director of Sales and Marketing for

Ana lytic Systems, states that the key benefit to the state
of-the-art VTC315 is "to prov ide precision-regulated power
for running commu nic ations equipment and other
sensitive electronics in marine environments."

The units feature lightweight but rugged construction
using an anodized aluminum chassis and stainless steel
fasteners. Excellent filtering reduces the possibility of EMI
being generated to interfe re with communications
systems. Audible and visual indicators, including optional
bright red LED voltage and current meters that can be
read from across a room, prov ide indication of proper
operation or any probl ems the un it may be experiencing.
A dry contact relay to interface to ala rm monitoring
systems is standard.

Options include one or two bank battery charging (2
or 3 Stage) with equalize and temperature compensation
fun ction and a full ruggedization package for harsh
environments. The VTC315 is backed by a three-year
warranty. Models are also available to convert 11OV, 250V,
or 300V systems to 12V, 24V, 32V, or 48 volts DC.

The manufacturer's suggested retail price for the
VTC315 series ranges from $530.00 to $620.00 USD.
Units a re availa ble for immediate shipment.
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circuit a re too rapid for the numerical display to indicate.
The design is rugged and safe for non-invasive current
measurements of up to 1,000 amps.

It is also able to measure AC voltages, DC voltages,
resistance, frequency, diode check, audible continuity,
data hold , peak hold , and comes with a de luxe molded
carrying case.

It has the following features: Auto/manual ran ging , AC
current to 1,000A, DC voltage to 1,000V, AC voltage to
750V, DC current to 600A, resistance to 30M ohm,
frequency to 30 KHz, diode test, and audible continuity
test.

The ST2020 Clamp Meter is for someone who wants
the latest features in clamp meters, and meets the rigid
CE, CS, and ULstandards. The cost of $66.50 is the lowest
ever for a meter of this caliber. It is availa ble for immediate
delivery.

For additional information, contact:

ELENCO ELECTRONICS, INC.
150 W Carpent er Ave.

Wheeling, IL 60090
847-541-3800 Fax 847-520-0085

Web: www.elenco.com

NEW DOME CAMERAS

M ateo has released its DS-500 dome
camera and DS-I000 speed dome

camera. The two cameras are
new SONY Super HAD CCD

color cameras with high
res olution at 470 TVL and
built-in 230x Zoom lenses (23x
Optical , lax Digital). With the built-in PTZ

system, they are applied together with PC
based DVR systems.

In addition, the DS-I000 Speed Dome offers 64
individually programmable preset camera positions with
extremely fast speed at pan 360 degree/sec, and tilt 180
degree/sec.

For more information, contact:

MATCO, INC .
2246 N. Palmer Dr. Suite 103

Schaumburg. IL 60173
847-303-9700; 800-719-9605

Fax:847-303-0660
Web: www.matco.com

Circle # I 19 on t he Reader Service Card. C ircl e # 120 on the Reader Service Card.

Save up to 90% on Inkjet Inks for
HP Canon Epson Lexmark Apple Compaq Xerox i

Download our FREE layout software
Design your two-sided plated-through PCB
Send us your design with Just a click
Receive your boards in a few business days

Select ourMiniBoanl service andget threetopQuality
2.5" x 3.8" PCBs for$62 - shipping Included!

~ e press cb.co
OCTOBER 2003

3.75 39.95 44.95
3.75 39.95 44.95
2.00 29.95 39.95
0.67 29.95 39.95
1.67 39.95 39.95
2.65 29.95 44.95
2.65 29.95 44.95
2.65 29.95 44.95
2 .22 29.95 39.95
2. 35 39.95 39.95
2 .65 39.95 44.95
2 .65 39.95 44.95

44.9 5
49.95

Cost/Fill Kit Price
Black ICo lo r BlacklColor

4.71 2.85 32.95 39.95
4.71 3 .21 32.95 44.95
6.67 3.33 39.95 39.95
6.67 3 .75 39.95 44.95

¥ In kjet Cart r idges
¥Refill Kits
¥ Laser C a rt r id ge5

¥Therma l Fax Rolls
¥ Copier S upplies

Ca rt ridges now available fo r:

Black 1 I 3+ Color 1 I 3+
Epson C42 12.95 /11.01 15.95 / 13.56

Ep son C62 10.95 / 9.31 14 .95 / 12.71
Epson cso 17.95 /1 5.26 8.95 /7.61ea

Call Toll Free

today or

See us online

HP900C Series , P1000 Series . Officejet G55. G85, G95 6.67
HP2000C Pro Color Printer, 2200. 2500 6. 67
Canon BJ-10. 200. 210. 240, 250 Apple StyleWriter 1200.1500 2.1 5
Canon BJC-4QOO Series , 2000. 5000 Series , Multip ass Seri es 0 .50
Canon BJC-6000. 3000. 5400. 5450. 5600 . Multipass 755 2.85
Epson Stylus Color 400. 600. 800. 850. 1520. Photo 1 .50
Epson Stylus Color 440.660.670.740.760.860 1.50
Epson Stylus Color 480.580,880 1.50
Epso n Stylus Color 777, C60 . C50 (Requires Resetter ) NEW 1.66
Lexmark 3200, 5700. Z11, Z12, Z31, Z32. 2.6 7

Compaq IJ300. IJ600, IJ700, IJ750, IJ900 Xerox XK Series 2.67
Lexmark Z42. Z51. Z52, Z83. Compaq IJ 1200, A1000 2.67
Combination Ki ts Black dye 4 OZI Color 2 oz eac h
Com bi nation Kits Black pigmented 4 OZI Colo r 2 oz each

I!IIIII!'I~II"II!I

Refill ki ts Black 80z I Co lo r (4 oz C, Y, M)
Printer (Call for others not listed)

HP500 Series. 400. Officejet 300.350. Fax
HP600 Serie s. Officejet 500 . 570. 600. 610 630. 700
HP820C. 855C. 870C. 1000C. 1150C. Copier 120. 210
HP720C. 722C. 712C. 880C. 890C. 895C. 1120C. 1170C
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Course 02-261

Name _

I Address _

I
I AptI City - - - - - -

II State _

I Zip _

I Phone ----- -

I e-mail _

I Checkboxfor G.I. BillDetails

I 0 Active Duty 0 Veteran

L Orca~O~43-6446 ~3~

~'io OJ:'p

f~A!Q,~~~c;., Send for a FREE Catalog!
i ~' ,'-J , ,,., - - - - - "1
~... ~ } CIE 1776 E.17th
''''.,.S' .~. Cleveland, OH44114

Lesson Topics
• PC Board Layout
• Reliable Soldering Techniques
• Working with Printed Circuit Boards
• Building a Siren with Flashing Light

OlE Bookstore: 1776 E. 17th, Cleveland, OH 44114
CA, HI & OH residentsmustaddsales tax . $16.95 shipping.

C ir cl e #31 on the Reader Se rv ice C a rd .

Here's what you'll receive:
• 4 lessons with inst ructor support
• Hands-on training lab with
soldering iron

• CADPACK CD - circuit simulat ion,
design schematicsand PCBs

FREE COURSE CATALOG (800) 243-6446 www.cie-wc.edu

Call (800) 243-6446 or visit www.cie-wc.edu for aFREE Career Catalog!

Choosefrom a wide range of Electronics &Computer Training!

ClE offers manydifferent Diplomaand Degreeprogramsranging
from our NEW Computer and WirelessTechnology courses to our
Electronics Technology with Laboratory course to our most
advanced program, an Associate in Applied Science in Electronics
EngineeringTechnology.

Every programincludes all the tools, lab equipment and instructor
support you'll needto succeed. Manyother courses areavailable
soyou canget the exactjob-training course that's right for you!

New Course! A+ Cert ification and Computer Technology

ClE's new A+ programwill train an individualwith little or no computer
background about computer technologyand prepare them to pass the
A+Certification exam andbecomeacertified entry-level PC Technician.

Cleveland Institute of Electronics isaccredited,affordableand a
degree granting school.Call or write usfor your FREE Course Catalog!

Imaginethe excitingcareer opportunit ieswaiting for highly skilledpros who candesign,build,
programand maintain sophisticated electronics and computersystems.With the right training

that pro canbe you!

Cleveland Institute of Electronics offersdistance learning training programsin Electronicsand
Computer Technology. Theyaredesigned to providestudents with the occupational skills necessary
to understand,analyze, install,troubleshoot andmaintain the manydifferent typesof electronics
equipment used in business & manufacturingindustries today.

Electronics &Computer
Distance Learning Courses

(800) 321-2155 orvisit www.ciebookstore.com

After completing this
course you'll be able t o:
• Design PCBs
• Identify and Test Components
•Trace Circuits
• Solderto Printed Circuirt Boards
• Inspect and Repair SolderJoints

--Le-;;H~;-T;D;;;&B~UdPCB;!-~:~~:=U;§
Learn how to design and build printed circuit boards with this unique new
distance learning course from CIE Bookstore.

Designing a PC board is not complicated if you follow the basic rulesoutlined
in this course. Every lessonis presented in a clear easy-to-understand format
which makeslearning this material fun and easy.
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Selected Titles for the Electronics Hobbyist and Technician-

The Nuts & Volts Hobbyist Bookstore

Troubleshooting
Circuit Troubleshooting

Handbook
by John D. Lenk

When it comes to ,------- -----..
troubleshooting. no
other book even
comes close - hun
dreds of circuits are
covered in this exhaus
tive handbook. Heavily
illustrated with dia
grams and schematics,
it uses an easy-to-fol
low format to help
readers understand and troubleshoot a
wide range of circuit types . and provides
proven circuit testing techniques for all
levels of instrumentation. $39.95

Electronics
Encyclopedia of Electronic

Circuits Vol. 7
by Rudy Graf

Designed for quick
reference and on-the-job
use. the Encyclopedia of
Electronic Circuits.Volume
7. puts over I,000 state
of-the-art electronic and
integrated circuit designs
at your fingertips .This
collection includes the
latest designs from indus
try giants such as Advanced Micro Devices,
Motorola.Teledyne. GE.and others. as well
as your favorite publications , including Nuts
& Volts! $39.95

The Robot Builder's Bonanza
by Gord on McComb

A major revision of the
bestselling "bible" of ama
teu r robotics building 
packed with the latest in
servo motor technology.
microcontrolled robots.
remote control. Lego
Mindstorms Kits. and other
commercial kits. $24.95

Understanding Automotive
Electronics Sixth Edition

by W illiam B. Ribbens
This new edition explains
electronically controlled
(EC) vehicle motion con
trol systems including
advanced suspension. elec
tric power steering. 4
wheel steering and electric
brakes .The brak ing sys
tems are part of an inte
grated motion control system that couples
ABS brakes . traction control. and variable
vehicle dynamics for enhanced stability.
Also covers the development of
hybrid/electric vehicles. $39.99
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Applied Robotics II
by Edw inWise~

Instructive illustra-
tions. schematics. part -= ..
numbers. and sources BPPLIEI Boames II
are also provided.
making this book a
"must" for advanced
builders with a keen
interest in moving
from simple reflexes ,........
to autonomous. AI-
based robots. Create larger and more use
ful mob ile robots! Ideal for serious hobby
ists. Applied Robotics /I begins by discussing
PMDC motor operation and criteria for
selecting drive. arm , hand and neck motors
$41.95

JunkBots, Bugbots, and Bots on
Wheels: Building Simple Robots With

BEAM Technology
by David Hrynkiw / Mark Tilden

Ever wonder what to
do with those discarded
items in your junk
drawer? Now you can
use electronic parts
from old Walkmans .
spare remote controls.
even paper clips to build
your very own
autonomous robots and gizmos. Get step
by-step inst ruct ions from the Junkbot mas
ters for creating simple and fun self-guiding
robots safely and easily using common and
not-so-common objects from around the
house. Using BEAM technology. ordinary
tools. salvaged electronic bits. and the
occasional dead toy. construct a solar-pow
ered obstacle-avoiding device. a mini-sumo
wrestling robot. a motorized walking robot
bug. and more. Grab your screwdriver and
join the robot-building revolution! $24.99

Building Robot Drive Trains
by Dennis Clark / Michael Owing

This essential title is just :ROedT
what robotics hobbyists f"""6",~ """,,,,,,,,,,~......, "'1
need to build an effective
dr ive train using inexpen
sive, off-the-shelf parts.
Leaving heavy-duty "tech
speak" behind . the authors
focus on the actual con-
cepts and applications nec- $24.95
essary to build - and under-
stand - these critical force-
conveying systems .

Everything you need to build your
own robot drive train:

*The Basics of Robot Locomotion
* Motor Types:An Overview
* Using DC Motors
* Using RC Servo Motors
* Using Stepper Motors
* Motor Mount ing
*Motor Control
* Electronics Interfacing
*Wheels and Treads
* Locomotion for Multipods
* Glossary of Terms/Tables, Formulas

Robotics

CNC Robotics
by Geoff Williams

CNC Robotics gives you ~.....
step-by-step illustrated
directions for designing.
constructing. and testing
a fully functional CNC
robot that saves you 80
percent of the price of
an off-the-shelf bot 
and that can be cus
tomized to suit your
purposes exactly. because you designed it .
Written by an accomplished workshop
bot designer/builder. $34.95

LEGO Mindstorms Masterpieces:
Building and Programming

Advanced Robots
While many LEGO _ .._~~
books exist that show
step-by-step instruc
tions, they lack substan
tially detailed explana
tions about the building
techniques used by the
builders and the gener
al concepts that are
fundamental to the
projects. These reflec
tions are the foundation of LEGO
Mindstorms Masterpieces. The goal of this
book is to present very sophisticated
projects with the maximum level of detail.
In the book. you will find not only high
quality step-by-step instruct ions for build
ing all of the robots. but also a complete
description for each of them, including
goals. building techniques. programming
techniques. and the theory supporting the
designer's choices. $4SMJ5

Anatomy of a Robot
by Charles Bergren

Discover how robots artic
ulate movements. how they
see and hear. what gives
them their power. and. at
t imes. their gentleness.
Delve into the robot's
"brains ." and learn how
experienced robot design
ers use control systems to
make the ir machines th ink.
Much more than an enumeration of parts.
Anatomy ofa Robot exposes the life and
human creativity behind today's robot.
Always entertaining. this exceptional book
takes you deep inside the theory and craft.
philosophy, and science of robotics.
$29.95



$19.9 5
Volume 3

$69.9 5
all 3 volumes

If you don't see what you need here,
check out our on-line store at

www.nutsvolts.com for a complete
listing of the titles available.
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In 1995, Scott Edwards began authoring a
co lumn on BASIC Stamp projects in Nuts
& Volts Magazine.The column quickly
became a favorite of Nuts & Volts readers
and continues today with Jon Williams at
the helm. The Nuts & Volts ofBASIC Stamps
is a three-volume collection of over 90 of
these co lumns.

Volume 3 is new and contains
columns 76-921

High Voltage
Homem ade Lightning: Creat ive

Expe riments in Electricity
by R.A. Ford

Enter the wide-open fron
tier of high-voltage elec
trostatics with th is fasci
nat ing. experiment-filled
guide. You'll discover how
to make your own equip 
ment, how electricity is
used in hea ling, and the
workings of many experi
ments in high potential
physics! $ 24.9 5

Home Entertainment
Build Your O wn PC H ome

Ente rtainment System
by Brian Underdahl

Learn to use PC DVD
drives, DVD recorders,
and massive hard drives
to create a home enter
tainment system that's
comparable to what
you'd en joy from expen
sive, individual compo
nents.Who needs the
movies? Now, you can
achieve stunning audio and top quality
video results through your Pc.This book
shows you how to build you r own home
enterta inment center using an ord inary
Pc.Watch and reco rd TV shows and
movies, put your entire CD collection on
your hard dr ive, and listen to radio stations
from around the world. $24.99

Programming & Customizing
the 8051 Microcontroller

by Myke Predko
Programming and
Customizing the 805 I
Microcontroller puts you in
contro l of the 8051 's
arc hitec tu re and instruc
t ion set - and even sup
plies a baker's dozen of
ready-to-build example • _
app licat ions, prog rams , and c~""'"'''-''------===--'
circuits . Best of all, t he included CD-ROM
supplies source code for the book's experi
ments and applicatio ns. $39.95

Programming and Customizing
the OOPic Microcontroller

by Dennis Clark
If you're a robot ics pro
fessional o r hobbyist,
here's the o ne boo k
you'll need to keep
your wo rk on the lead
ing edge
Programming and
Customizing the OOP;c
Microcontroller.This is
th e official OOPic
Handbook, fully
endorsed by Savage Innovat ions, the
wo rld's only manufactu re r of OOPic
microcon troliers.As the first book of its
kind, this volume is destined to become
the standard against which all other OOPic
boo ks will be judged. $39.95

PICmicro MCU C
by N igel Gardner

This 2nd edition book
is a complete introduc
tion to prog ramming
Microchip PICmicros
in C with the use of
the CCS C compiler.
The boo k ove rviews
the ease of using C
and the CCS comp iler
for optimization of
your programm ing.
There are many examples to get you start
ed on while using th e comp iler.
$29.95

Digital Electronics
by James Bignell ! Robert Donovan

This basic text for Digital Electronics offers
complete, practical
coverage of the latest
digital principles , tech
niques, and hardware.
W ritten in a concise,
easy-to-read style , it
includes everything
fro m basic digital co n-
cepts to an introduc- ' ........if!
tion to microp roces- ~'
so rs/microcontrollers. •
$ 9 9.9 5 for subsc ribers ....
$1 0 8.9 5 for non-subscribers

Microcontrollers

Guide to
Electronic Surveillance Devices
by Car l Bergquist

Enjoy the peace of
mind that comes from
knowing how to set
up and maintain an
effect ive surve illance
system! Perfect for
do -it-yourselfers,
Electronic Surveillance
Devices contains all of
the info rmation needed to enha nce the
safety and sec urity of a home o r office,
from safeguard ing against theft to monitor
ing employee performance and preventing
illegal act ivities from occu rr ing on site.
$35.95

Program m ing & C ustom izing the
H C I I Microco nt roller

byTom Fox
Applicat ions bazaar
for the 68HC I I
microcontrolle r.
Squeeze every drop
of power out of
Moto rola's wildly pop
ular family of 68HC I I
t rue 8-bit single chip
computers! From
basics to complete
applicat ions. $39.9 5

Program m ing & Customizing
PIC m icro Microcont rollers
2nd Edition by Myke Predko

This boo k is a fully
updated and revised
compendium of PIC
programming
information.
Comprehensive cover
age of the PICMicro 's
hardware architect ure
and software schemes
compl eme nt the host := ?
of experiments and L------:c· ::->- - --'== =..J
pro jects making this a t rue , "learn as you
go" tutorial. $49.9 5
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Figure I. Receiver schematic
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that all but the most powe rful signals will
drown in the no ise. Even in our rural New York
Sta te location , with a very low man-made
no ise level, it is still necessary to operate the
receiver outdoors and at least 200 feet from
the 4,800-volt AC feeder and transformer serv
ing the house. In city and suburban areas , you
may ha ve to do your listening in a park, a
large open field, or at the beach. The idea is to
get as far away as possible from power and
other utility lines.

One might thin k a huge antenna is need
ed at these low frequencies, but in practice, a
six-inch whip ante nna will allow atmospherics
to be hea rd, and a 24-inc h whip antenna (67
ern ) is adequate for most uses. The antenna
acts as an E-field probe. By virtue of its high
input impedance, this receiver works well with
short antennas. Larger an tennas than one
meter (39 inch es) ca n overload the receiver
by delivering excessive amounts of man-made
VLF radio signals and 60 Hz hum.

An active antenna is used for reception,
with a receiver input im pedanc e of mo re than
10 megohms. While no ground is needed, a
short earth spike (a 6 to 12 inch na il or a knit
ting needle works well) connected to the
metal case of the receiver with a three to five
foot lengt h of wire greatly improves reception

••
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Listen to the Sounds of
Mother Earth With this
Easy-to-Build ELF Receiver

DX Thunderstorms
in Africa

WHIP ANTENNA
0.5 to 1.5 NTRS

I f you are interested in radio , astronomy,
space science, weather, or geology, then
you will su rely want to be able to listen to

the VLF and ELF rad io spectrum to observe
naturally-occurring radio phenomena . And it
is quite easy to build a receiver to listen in on
this part of the radio spectrum. This article
will discuss such a receiver.

A receiver for the extra-low frequenc y
range may be made very simply, consisting of
a high-gain, high-impedance audio amplifier.
Since the frequencies are in the audible range,
the receiver needs no detector circuit if only
audible listening is desired. While the receiver
can be qu ite simple, some design and opera
tional factors must be considered .

First , you have to do your listening in an
area as free as possible from man-made
noise. You cannot listen inside your house,
unless it has no electricity an d is well away
from other houses. Natural radio is not for
"couch potatoes." In order to do this , you have
be able to get away from AC power lines, so
battery operation is essential.

Most people living in suburban and city
dwellings , from an electrica l noise standpoint ,
are literally living in a refuse heap. There is so
much emitted garbage from eve ryda y house
hold dev ices , and powe r and telephone lines,

Thi.s Mol1th'.s
Prc&evt.s

ELF Receiver .... .. . 44
HobbyTraffic Light . . 48
Fluid Level Monitor .. 5 I
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Figure 2.
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FRONT VIEW WITH TOP COVERREMOVED

Referring to Figure 1, you can
see that signals picked up by the
antenna are fed thro ugh R9 and
static drain tube NE1, and coupling
capacitor Cl to the gate of FET
Q1. R9 helps suppress stray AM
broadcast pick-up. Rl- R4 bias FET
Q 1 which acts as a source follower
and matches the very high imped
ance of the antenna connected to
Jl to the lower input im peda nce
input of pre-amp Q2. Q2 is biased
by R6 and RII-R13. C9 prevents
AC feedback in Q2 and C6 limits
high frequency response. Signal
from the collector of Q2 is coupled
via C13 to a low pass filter network and fed through R17 to
amplifier Q3. Q3 is biased by R6, R8, and RIO. C3 reduces
high-frequency response and C15 couples signa l-to-ampli
fier Q4. R20-R23 bias Q4 .

Amplified signal at the collector of Q4 is fed to volume
control R19 and then through R17 to audio output amplifi
er IC1. R24 prov ides bias for pin 3 of IC1 and audio output
of ICI at pin 7 is fed to an optiona l speaker or through lim
iting resistor to headphone jack J 1. R25 and C20 are a
compensation netwo rk for stabilizing ICI against possible
high-frequency oscillation.

A pair of common 32-ohm pocket stereo headphones
is recommended for use with this receiver. C18 is a supply
bypass capacitor, and R14 and C4 decouple the low-level
stages from the power supply rail to ensure against stray
feedback.

The overall 3 dB bandwidth of this receiver is approxi
mately 800 Hz to 11 kHz, with 40 dB or better suppression
at 60 Hz and 100 kHz. Sensitivity at 3,000 Hz is about one
microvolt for an audible signal. Overall voltage ga in is
approximately 83 dB from antenna to audio IC input pin 3.

The receiver must be mounted in a conductive hous
ing or it will suffer from instability. A metal case is neces
sa ry, and a batte ry supply of four AA cells for DC power
(nominally +6 volts) with a plastic four-cell battery holder.
Four AA cells will last a long time, as the current drain is
very small. The antenna jack should be mounted well away
from the headphone jack and op tiona l speaker wiring
(if used).
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ELF to Audio

and eliminates instability occasion
ally noted due to capacitive
coupling of the headphone cable to
the antenna . Even in rock y soil
areas, it should be no trick to stick
a short sp ike into the topsoil. Since
the antenna im pedance is so high ,
several thousand ohms of ground
resistance is acceptable.
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Tuning In

To test the un it, con nect a battery supply of six volts
and a pai r of headphones to J2. Do not co nnect an y
antenna yet. Keeping R19 at min imum, turn on the
power. A smooth hiss should be heard, which will be fair
ly loud at the ma ximum setting of R19. If no th ing is
hea rd, check your assembly and wiring, and check the
voltages in the circuit. They should be approximately as
shown in Tab le 1. Use a DVM and six volt battery supply
to perform these tests.

Next , connect a short antenna (6 to 24 inches) to J l.
Set R19 near min imum - you don 't want to blast ou t your
eard rums in the next step. In most homes , a loud, rau
cous buzzing will be hea rd, coming from the 60 Hz AC
power wiring in the house. Carry the receiver around the
house - the level will vary depending on the proximity to
AC wiring and other RF prod ucing de vices. As mentioned
before, listeni ng "live" to natural radio is not for those who
do not like being outdoors.

Next , take the completed receiver outdoors to a spot
away from buildings, power lines , and other sources of
unwanted RFI. A large pa rking lot, picn ic area , field,
beach, or an y other such place can be tried. If you live in
a large city or a suburb, you might have to take a drive
out to the country to find a suitable location. Set the vol
ume control R19 about a qua rte r of full rotation. As you
get away from buildings and power lines, the hum will
drop and you should hear the crac kling and crashing
no ise of atmospheric activity in the ea rphones.

Hold the receiver high with the antenna away from
you. If feedback is experienced (squeals and whistles ),
hold the antenna well away from the ea rphone cord and
your bod y. You can also try shortening the an tenna. Ifyou
use a short earth spike and connect the receiver case to
it, th is will help a lot (see Figure 3). You will hear crack
ling, swish ing sounds, some crashing, and occasional
"tweaks" and, if you are patient, eventually a whistler. What
you will hea r, of cou rse , depends on the weather, time of
day, and whatever is happening in nature at the time .
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semiconductors, Optoe lectronics, Lamps & Holders , LED's, Displays, Wire &Cable ,

Connectors, Assemblies, Sockets, Terminals , Terminal Blocks, Capacitors, Resistors,

Potentiometers, Crystals, Oscillators, Inductors, Transformers, Circuit Protection, Fuses &

Holders, Resenable Fuses , Breakers . Thermistors, Varistors, Industrial Automation,

Switche s, Relays, Speakers. Piela Devices, Microphone s. Fans, Heatsi nks, Knobs ,

Hardware, Cabinets, Racks, Enclosures, Batteries, Battery Chargers. Battery Holders &

Snaps, Power Supplies, DC·DC Converters, UPS Systems, AC Adapters, Panel Meters,

Test Equipmen~ Tools & Equipment. Supplies & Chemicals, Prototyping Supplies . . .

E.L.F.
RECEIVER

EARTH SPIKE
6 TO 18 INCH NAIL
KNITTING NEEDLE,

ETC.

Figure 3. Use of ground
wire to improve reception

May vary ± 40%

depending on device

± 15% OK

± 15% OK

± 15% OK

± 15% OK

Will be 0.7 v
than batte

Shoul~

on pi

+ 1.00 V

+ 4.35V

+ 2.65 V

+ 3.IOV

+ 3.00V

+ 4.68 V

TABLE I
Receiver Voltage Chart

in QI

ector Q2

ctor Ql

orQ4

Late even ings through dawn to about two to three
hours after sunrise are usually th e best times to listen. In
the background, you may hear products resulting from the
mixing of a few strong VLF signa ls and the ratt ling nois e of
th e powe rful LORAN-C navigation system operat ing on
100 kHz. Advancing the volume control may, in some
cases, cause the receiver volume to qu iet down. Th is may
be due to overload from these st rong VLF signal s . Th ese
signals themselves will be in th e ultrasonic range and
inaudible (unless you are a cat or a dog ).

Howeve r, mixing of these signals in non-line ar media,
both in and around the receiver, often produces products
in the audio range which you might be able to hear. They
sound like faint RTTY (radiote letype) signals in the back
ground at our location. If removing the anten na causes
th is effect to disappear, th is will confirm that ove rload is
present. Shorten the antenna or keep R19 below the ove r
load level. If AM broadcasts ar e picked up , increase the
va lue of R9 as much as needed or use a shorter antenna.

The receiver can be equipped with sharper cut-off fil
ters made from L-Ccomponents. Active filters were tried in
our prototype, but were found to be too much circuitry for
a simple project as this, and were also prone to overload,
which defeated their purpose. L-C filters would be the best
approach, but need costly inducto rs and plenty of PC
board real estate, so they were no t conside red. The over
load from VLF signals should not be a problem if the
antenna is kept no longer than needed.

Go to the f'f u ts& Volt s website (www.n ut s vo lt s .co m)
to download figures that show the PC board mo unted in a
case with a battery pack and headphone jacks . No speak
er was used, as earphone listening is bette r anyway,
though if desired, one can be installed in the case .

And fi na lly, for safety reasons, do not operate
this receiver outdoors near utility lines or during an
electrical storm. NV

oltage =six volts nominal
test voltage =5.35 V actual expected from used

ife point) cells, 1.34 V average voltage per AA cell.
gs shown are for a supply voltage of 5.35V
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the untt and use
appropriate materials for that purpose.

A Simple Control Circuit

The control circuits for commercial traffic lights are
more sophisticated than this circuit. Modern un its employ
dedicated computers so that any combination of on-off
times to any individual lamp can be programmed. Use of
a computer also permits easy time changes by simply
changing the program parameters. In this project, a ded-

icated logic circuit is used, as shown in Figu re 1.
A 555 timer I/C is used to create a square wave

signal that is delivered to a 7490 BCD (binary coded
decimal) counter. The 7490 creates a BCD output 
ABCD - that is delivered to the BCD input lines of the
74145. The 74 145 converts the BCD data into a
sequential 1 of 10 output. The output pins from the
74145 are normally high , and only one pin at a time is
driven low in sequence. The first four outputs are tied
together to give a long count (1, 2, 3, and 4) to the
green light output. The next pulse, 5, dr ives the amber
light. The next four pulses (6 , 7, 8, and 9) provide
another long count to the red output. Finally, the 10th
count is also tied to amber. Th is wiring prov ides for the
red and green to be on four times longer than the

I amber. This is appropriate since the amber is only on
between changes from red to green or green to red ,
and is only on for a minimal amount of time.

LEDs are also insta lled at the three outputs from
the 74145 in order to monitor the circuit and verify that
it is working correctly. This aids in troubleshooting.
Optionally, another LED can be insta lled to monitor
the output of the 555 for the same reason.

The red , green, and amber logic outputs are used
to activate 120 VAC solid-state relays (SSR). The out
puts from the relays are, in turn , tied to a terminal strip
to which the signal lamps are wired. The prototype unit
used Crydom S312 solid-state relays that are available
from many online sources, but are rather expensive.
Hoffman Industries (www.hoff ind.com) has a limited
supply of Crydom #OAC-5A, three-amp SSRs for $3 .95
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1 Amp

On/Off

470 n

+

Am ber

Green

Red

"LEDs

5 VDC

To Signal Lamps

A Hobby Traffic
Control Light

1 Meg n

t--------+--~---1---<r__t_-___, 120 VAC

Add this light signal to your
collection of projects!

I f you've ever wanted to build a cycling traffic signal ,
then this article gives you the green light to do so! If
you are lucky enough to already own a used traffic

light, the controller circuit and printed circuit board can
be used to sequence its 120 VAC lamps. Although this
project was constructed primarily as a teaching device
that is used in technology education classes, it would
serve nicely as a conversation piece located in a den or
playroom. This unit is not designed to be placed outside
where it is subject to weather - it's not waterproof! If an
outside unit is desired, it would be necessary to redesign
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Oscilloscope
05-45020 (20MHz) $269

OS -22250 (25MHz) $315

05-45040 (40MHz) $399.95

05·22400 (40MHz) $469.95
~====-- 05·22600 (60MHz) $679

05·221000 (100MHz) $849.95

Osc illoscope Probe
HP-9060 (60MHz) $15

H P· 91 0 0 (100 MHz) $20

'I HP·21 00 (100 MHz) $20
HP·9250 (250MHz) $29

HP-9258 (250MHz) $39

Audio Generator
10Hz-1MHz. sine I square

AG-2601 A $119, analog display

AG·2603AO $225 with built-in
150MHz freq.counter, digital display

Signal Generator
( 1 00k~ 1 50M Hz in 6 ranges

RF output 100m Vrms)

5G-4160B $119 (analog display)
5G-4 162AO $224. 95 w/built-in

150MHzfreq. counter (digital display)

Dip Meter
OM-4061 A $89.95

-~""-I"'--, (1.5- 250 MHz)
I Modulation :2KHz sinewave

.....::::-.....-~Crys ta l Oscillator: 1-15 MHz

Function Generator
0.5Hz-3MHz Sine, Square. Pulse,

•~a-~ Triangle, Ramp
FG -220 3 0 $1 35.95\11-_. FG-2 203 2 $1 95.95 wi built-in

60 MHz freqency counter

order online is ava ilable at

www .testntooIS.com

or fax your P.O. to 909.947 .8802

Introduction to
Construction

A simple PCB was
designed to support the elec
tronics. If components used are
not the same as listed in the bill
of materials, it will need to be
redesigned. This is especially
true if a substitute is used for
the so lid-state relays . The
remaining logic parts are rela
tively inexpensive and can be
purchased at RadioShack or
other suppliers as listed in the
bill of materials.

The Printed
Circuit Board

ed by painting acrylic plastic
and using colored plastic film,
which will be discussed in the
construction se ction . The sig
nal lamps are wired so that the
north and south red are wired
to the east and west green. This
"cross wiring" allows for only
three outputs to control the
entire lamp display correctly.
Note that the red, green, amber,
and common 120 VAC lines are
wired to the terminal strip on
the printed circuit board.

/

./

__ 1·1 /2" PVC
/ #40 Pipe.

Length t o
Su i t .

\

"- 1/4 -20 Thum b
Screw

,

1- 112" PVC
Coupling

Traffic Light
Diagram

A Ho bby Traffic Control Light
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Soldering Station
S5·31976 (50 W) $36
SS -31998 (15-6 0W) $27

S5·310 10 (46W) $46
S05-319 16 (solder/desoldering) $255

"optional replacement tips available

IC/(EP)ROM Programmer
01C-17001 $209.95

(Digital lC Tester): 14-24 pins

L1C-17002 $579.95
(linear IC Tester): 8-16 pins

EOP -17003 $249.95

(EPROM Programmer): w IU SB port
functions: typeI readI blankcheck I

program I verifyI eraseI disk I
help I process I parameter

LCR Meter
LCR-01 130 $134 .95
200~H-200H/200pF-2000~F/200-20MO

LCR· 01131 $189.95
1mH-10KH/1000pF-10m FI100 -10MO
LCR-03063 $59.95

5mH-20H/2nF-200~F/2000-20MO

T~LS PO Box97903Raleigh, NC 27624

· 1 year warranty on parts and labor. 15·day money back guarantee

,- 1- 1/2" Pipe
,/ Flange

!,

1· 1/2 Threaded t o -r-,

1·1/2 PVC \ ,

The traffic light consists of
the lamp housing and the base.
The base ho lds the electrical
wiring connections to the
lamps, as well as the 5 VDC
power for the PCB and the 120

.-----====t===--------.-y VAC power for the entire unit. A
,.-'1:=F'jF--"~=~~=--'i=~~~~'--'T+i -t--r- 1·1/2 inch PVC schedule 40
I I ~ I I pipe is used to support the
4 4 1 "'1 I I :

I ~ " - :!--.H i lamp housing, as well as serveI Ii I I I
-Lb"",. "'"" ~ ~I---l ! as a conduit for the AC wiring

I l~f'---~ 1413 -I J- I : to the lamps.
16 I I I

16- - - - - ---'. I Plans to construct the base
-- - - ------------.-------.--- •..J and the more complex lamp

each, which can be substituted. ho using are available, but were too
In this design, 12 signal lamps lengthy to print here. Please visit the

a re used. These are common 25 watt, Nu ts & Volts website (www.n ut s
120 VAC incandescent lamps. The volts.com) to download the bill of
selec tion of these lamps rather th an materia ls , detailed mechanical plans,
colored lamps - such as those found PCB artwork, and step-by-step
on theater marquees - is st rictly due instructions required to finish off th is
to cost. The signal colors were creat- fun project. NV
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10 Compartment
Plastic Storage Box

Miniature SPDT
Lever-Actuated Swith

Transparent hinged plastic bO.
with 10 compartments.
Great for parts storage or
display of small items. _. - -
Outside dimensions -
7" x 3.4" x 1.25". Friction-lock
lid with dual clasps. Each box individually wrapped
in a cardboard sleeve. CAT # S8-10

Case of 36 for
530 .60 (85e each)

MagTek #21040025
Magnetic card strip reader.
3.9" x 1.25" x 1.29" high.
Prepped with double -side
sticky tape on bottom .
Taupe/ beige.
22" cable terminated with

RJ-11 mod plug. 8
50CAT # MCR-7 $ _
each

Magnetic Card Strip Reader

ALPS # 302Y. S.P.D.T. micro detectowswitch with lever. Rated : SA. ~

0.19" x 0.42" x 0.50" long body. ~.

PC leads. Similar in function to •
snap-act ion switch, but operates U

silently with no "snap" point. $100
CAT# SMS-204 - hI 100 for 85C each I eac

I Shiny Neodymium-Disc Magnet

Shiny, nickel plated neodym ium disk,~
0.5" diameter x 0.095" thick with a <iD
center hole of 0.1" diameter.
CAT# MAG-71

75¢ 32 pieces for 50C each
each 512 pieces for 40C each

II

QUALITY Parts

FAST Shipping .

DISCOUNT
Pricing

10 for $2.75 each
100 for $2.25 each

FAX (818) 781-2653 • INFO (818) 904-0524

E-MAIL allcorp@allcorp.com

12-24 Vdc Motor

The Brightest!!!
Super-Ultrabright Red LED

75~Ch

Ivory in =I
off-state.

Glows green ~~========.J
when energized by 120 Vac or inverter. For
backlighting control panels , special-e ffects
lighting, models etc. Solderab le pins extend
0.2" beyond end of panel. CAT# EL-5

$350 20 for 53.25 each
each 100 for 52.50 each

Large Quantity Available Class 2
Wall Transformer 6 Vdc 800 Ma

Igarashi Motor
1A6 " diameter x
2.5" long reversible
DC motor. 0.125"
d iamete r x OA" long shaft.
16 Vdc @ 300 mA (no-load rating) .

So lder-lug terminals . CAT# DCM-216

$3~~h

60 pes (1 case)
$2.25 each

480 for $1.75 each
960 for 51.25 each

6000 mcd, Brighter than our ullrabright
LEOs, this is the brightest 5mm red
LED we 've ever sold. Clear in the
off-state. Standard T 1-3/4 packag e.

CAT # LED-94 10 for 65e each

100 for 50e each
1000 for 35e each

White transformer and cord .
2.5mm coax plug. Center positive.
Individua lly boxed. UL, CSA.
CAT # DCTX-681

Is" X 1" Electroluminescent StripI

90 for 53.00 each
450 for 52.25 each
990 for $1.50 each

1980 for $1.30 each

R

4 LED Flashlight

o

MANUFACTURERS - We Purchase EXCESS INVENTORIES... Call, Write, E-MAIL or Fax YOUR LIST.

MAIL ORDERS TO:
ALL ELECTRONICS CORP.

P.O. BOX 567 • VAN NUYS, CA 91408-0567

256 X 64 Graphic LCD Panel

ILL
ELE
c

Compact , rugged , black aluminum flashlight
prov ides a high-intensity light that can be seen
over a mile . Light is provided by four low-cur
rent, high-brightness white LEOs, so the batter
ies last 10 times longer. LED lamps are shock
resistant and water -resistant and have a long
operating life. Flashlight is 7.5" long x 0.72"

diameter (handle). Includes $12 50
3 AAbatteries. CAT# FL-4 each

Also available with ultra-bright red leds . Ideal
whe re light pollut ion or interference with night
vision is undes irable , i.e. dark rooms , astrono 

my outings , night nature hikes .$1050
CAT # FL-5 each

Incredible Price! 12 Vdc 120mm
Cooling Fan wi Screen

JMC# 1225-12HBA
120 mm (4.72") square x
25 mm (1") wide cooling fan.
Dual ball bearing fan pro
vides reliable output of
88 CFM @ 2600 RPM.
12 Vdc @ 0.6 Amps.
45 Dba max @ 1M. Designed
for 50,000 hours @ 25 deg. C. Thermoplastic
housing and 7 blade impeller. Three 7" pigtail
leads with 3-pin connector (0.1" cntrs). Third
lead is for sensing rotation. Prepped with metal
finger guard. UL, CSA,CUL, CEo Large
quantity available.
CAT# CF-153

ORDER TOLL FREE 1-800-826-5432
Shop ON-LINE www.allelectronics.com

NOMINIMUM ORDER, All Orders Can Be Charged to Visa, Mastercard, American Express or Discover ' Checksand Money Orders Accepted by Mail ,
Orders Delivered in the State of California must include CaliforniaState Sales Tax ' NO C.O.D' Shipping and Handling 56.00 for the 48 Continental United
States - ALLOTHERS including Alaska, Hawaii, P.R.and Canada MustPay Full Shipping • Quantities Limited • Prices Subject to change without notice.

Epson # EG2404Y-AR_ --=;;;;;...
Module size : $350
7" x 2.74" x 0.4". ~~~;i;;';;;i;;;;;iiiiijlio.l'----------'
~~~: 1 ~h

5AT' x 1.5". (k~~jI2~~
Includes hook-up diagram. $12 00
CAT # LCD-92 each

50
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When your finger won't reach, use this
capacitance-based meter.

Monitor

THE CAPACITANCE
CONTROLLED OSCILLATOR

of the probe. The MSP430 Time r_A module is used to meas
ure the frequency of the oscillator, with a time base derived
from a low-cost and low-power 32,768 Hz watch crystal.

The watchdog timer circuit in the MSP43 0 is pro
grammed to generate interrupts every 3 1.25 mS to control
the drive to the LCD display (the LCD drive mu st be a
symmetrical AC sign al) an d to provide a "he artbeat"
controlling the various software routin es.

A SPST switch is used to select the calibration mod e,
which gives a direct read-out of freq uency. This is required
for programming the display set po ints , especially impor
tant when tanks of non-uniform cross section a re used.

A capacitor consists of two con ductors sepa rated by
an insulator. The capacitance de pends on the area of th e
conductors, the dist ance between th em, and the dielectric
constant of the insul ation between the conductors.

Tools required: Solderingiron. oscilloscope (optional),software
development tools (free from w. Lcom/dev). PC with parallel
port for software development and JTAG download, and JTAG
parallel port interface.

Skills: Basic electronic assembly, beginner level programming
(only a table of constants must be changed).

LevelLCD Fluid

I
n preparation for retirement from my job as an
engineering manager for a Fortune 500 company, I
purchased a 37-foot sailboat and got ready to cruise

into the sunset. The boat had three water tanks and no way
to measure the water levels in them, short of upending
mattresses and opening inspection ports. As I needed
so meth ing to eas e my withd rawal from the working world ,
the LCD Fluid Level Monitor project was born.

The LCD Fluid Level Monitor uses a capacitive probe in
the tank to be monitored. The capacitance of the probe varies
with the fluid level. A Texas Instruments MSP430F1121
microcontroller measures the capacitance value, calculates
the level as a percent of full, and displays the result on a sin
gle-digit LCD display, showing "E" for empty, "F" for full, or a
single digit representing 10% to 90% full.

By using the MSP430 low power mode and a reflective
seven-segment LCD that does not require power-consum
ing bac k lighting, the monitor will run for years on a pair of
AA batteries . Thus , there is no requ irement for external
power, and the monitor can be placed in any convenient
location - perhaps far from power lines.

A low-cost development board with breadboard space
is used for the circuitry. The microcomputer board must be
located close to the probe, and is connected to the display
with a 10-wire ribbon cable.

The analog comparator in the MSP430 is wired as an
oscillator with a period that is proportional to the capacitance
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By us ing a probe cons isting of two cond uctors
im mersed in the ta nk from top to bottom, with a ir or fluid
as the insulating materia l (fluid when the tank is full, a ir
whe n it is empty, or somet hing in betwee n), the capaci
tance will depend on the fluid level, as long as the fluid
has a differe nt dielec tric constant than air.

Air ha s a constant of about 1.0, while water has a
constant of about 80, resulting in a large change in capac-

+3v 1M

itance be tween full and empty. Gasoline o r diesel fuel has
a constant of only about 2.0 , which is still enough to make
this technique practica l, although an un ins ula ted probe
will give be tter results th an the probe describe d he re.

For use in water, one of the conductors must be insu
la ted to prevent current flow be tween the conductors. This
will result in a capacitive c hange of less than 80, as th e
dielect ric constant of the insu la tion will affect the capaci
tance. Insulatio n is not required for fuel, which has a very
low conductance.

The per iod of oscillation is governed by the time constant of R*C.
The formula for the capacitor voltage during charge or discharge
is given byVc = Vs + (Vco - Vs) exp [-tl(R*C}], where:

OSCILLATOrR
FRIEQU!E[NJCY

A com parator is used as an oscillator with a freq uen
cy th at depends o n the capacitance. Refe rring to Figure
3 , th e comparato r o utput toggles be tween ground and
Vcc . When th e output is high , the voltage at the compara
tor positive input is (2f3)Vcc, a nd the ca pacitor charges
toward Vcc through th e 1M feedback resistor. When the
capacitor voltage at the negative inpu t of the comparator
reaches th e value at th e positive input, the output switch
es to ground. Th is then gives a voltage at the positive
input of (lf3)Vcc, a nd the capacitor starts discharging
towards ground. When the capacito r volt age discharges
to (lf3) Vcc , the ou tput then switches to Vcc and the
process repeats.

MEASURING PROBE
CAPACITANCE

J PROBE CAP

1M

1M

Figure 3. The
comparator in the
microcontroller is
used as a capacitance
controlled oscillator.

Vc = voltage across capacitor
Vco = voltage across capacitor at time 0, when the discharge or
charge begins
Vs = the charging voltage, in this case either Vcc or zero
t = the time since the beginning of the charge or discharge
R = the resistance
C = the capacitance

To determine the time required to charge from Vc = (1/3)Vcc to
Vc = (2/3)Vcc, we can set the following values, and solve for t,
which will be one half of the total per iod:

MSP MODULE CONSTRUCTION

The reco m m e nded O lim ex breadboard includes
most of the pa rts needed for th e LCD flu id level monitor
- th e MSP430Fl1 21 A microco m puter, J TAG and power
connectors , bypass ca pacitors, and a 32 KHz watch crys
tal. There is a breadboard a rea with holes on O.l- inch cen
ter s . Hardware cons truction consists of adding six res istors

Vco = (1/3)Vcc
Vs =Vcc
Vc = (2/3)Vcc

A little algebra gives a very nice result:Vcc falls out of the equa
tion , and the half-period is given by:
P/2 = -RC In( 112),where In is the natural logarithm.The total per i
od is then approximately:
P = 1.386 RC

For one of the probes I constructed, the empty frequency was
about 10kHz. As the resistor, R, used in my circuit is IM, the
capacitance is about 72 pF.
SinceVcc does not appear in the equation for the per iod, it is not
necessary to use a regulated voltage for the microcomputer sup
ply. A pair of AA batteries in series gives about 3.2 volts, well
within the maximum value of 3.6 volts specified for the MSP430.
The circuit will continue to operate as the battery discharges well
below three volts.
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www.ti.com/sclmsp430
Hardware: Evaluation boards for the various MSP430 family
devices. including a JTAG parallel port interface, priced from

$49.00 to $99.00.
Software: Compiler (limited), assembler.JTAG programming and

debug. and a software simulator. Free.

www.olimex.com/dev
Hardware: MSP430F 1121 A breadboard.JTAG programming

interface (both under $10.00).

www.sparkfun.com/shop 1-866-212-406 I
Hardware: US distributor for Olimex breadboards and

JTAG interface.

www.digikey.com l .800-344-4539
Hardware: Resistors, connectors, MSP430 parts (ifyou prefer

to developyour own board instead of usingthe Olimex board),
single digit LCD display.

www.mouser.com l ·800· 346-6873
Hardware: Resisto rs, connectors , etc.
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CIRCUIT DESCRIPTION

The circuit is so simple th at little exp lana tion is
required. P2.5 is pulled up to Vcc during no rmal operation.
For calibration, a switch on the display module grounds
P2.5, and the software switches modes when a poll of the
P2.5 input shows a change.

and a connector to connect the single digit LCD disp lay to
the board. The display cable co uld be ha rd-wired to the board
to eliminate the connector. The LCD board has just the LCD
and a switch to se lect normal operation or calib ration.

I like to work with surface mount components; 0803
size res istors were used. There is plenty of room on the
breadboard to use through-hole res isto rs, and there is no dis
advantage in do ing so with th is sim ple circuit. I exp ect most
folks will prefer to use o rdina ry th rough-hole resistors.

It is necessary to add only six resistors to the Olimex
breadboard, as shown in Figure 5.

The display module is connected to th e processor
board with a 10 conductor ribbon cable. The schematic for
the display module is shown in Figu re 6.

LCD DISPLAY
FUNDAMENTALS

Unlike an LED display. a seven-segment LCD display must be
run from an AC voltage.There is a common terminal in addition to
one te rminal for each segment. For a segment to be on, the volt
age on the segment must be high (or low) while the common ter
minal is low (or high).The terminals must be switched between low
and high at the refresh rate (31.25 mS in this application). If the
refresh rate is too low. there will be a noticeable flicker, and if it is
higher than necessa ry. the power required will be higher.

In order to ensure that there is no DC component between
a segment and commo n, the period should be symmetrical. Other
members of the MSP family have hardware to handle the refresh
(and the multiplexing required when displays of several digits are
used). As the MSP430F I 121 has no LCD drive hardware , the job
is done in software. By using no other interrupts and by doing the
refresh at the beginningof each 31.25 mS interrupt, there is no DC
component on the segments.

LCD displays are optimized for viewing either slightly below
or slightly above the plane of the LCD. This is described as "6
o'clock" or "12 o'clock." Since the decimal point is not used. the
display can be turned upside down if necessa ry to optimize the
viewing given the location of the display in your particular applica
tion. Of course. the table driving the display must be changed
unless you want to stand on your head to check fluid levels!

P2.1 P2.4 P2.3

r1M
1M

470 1M

PROBE P2.5

Figure 5. Add
these parts to
the board.

+3V P-IN
- N

P·OUT

~
3V

PWR
I
2

+3V 33K

33K
2 I

0 0

4 3
0 0

6 5
0 0

8
0

7
0

10 9
0 0

12
0

I I
0

14
0

13
0

JTAG

Figure 7. The Olimex breadboard,
containing most of the required
parts. Just add a connector and six
resistors, and connect P2. I to P2.2.

6 XIN vee Reset 7

32768 C1L-,_ _ 5""XOu~SP~30F II 21 PI.7o..::2:.;:.0_ _ ....L.-+-+-1_ -n
r" PI.7

'-- ~I Test PI.6 19 PI.6

3 P2.5 P1.5 L Ic::8'-- ......1.--1!---{r-: PI.5
r- -+_ _ 1-~12 P2A PIA 17 PIA

r------+----1!---'I~1 P2.3 P1.3 16 P1.3

r-__-+-_---I-_~I~O P2.2 PI.2 15 PI.2

....-_+-_+_9!.j P2.1 P1.1 14 PI.I

.--+-_+----.:8~ P2.0 P1.0L'1.;!.3 -nr- PI.O
GND

4

f3V

.... ,...,
~ 0 tu 0 "l

,...j ,...j ,...j ,...j V> Z N >
0.. 0.. 0.. 0.. 0.. c<: o 0.. ,...,
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Breadboard - O limex MSP430-P- 1121 M
R I-RS - I M resistor
R6 - 470 ohm resistor
Capacitive probe - See text
LCD display - Lumex Opto/Components, lnc., PIN LCD-S 10 1D 14TR, Digikey
PIN 67-IS06-ND
10 conductor ribbon ca ble - Length 10 feet or as needed
Connector for ribbon cable (o pt ional) - I used a 2x5 pin header on the
processor board

PARTS LIST

MSP430JTAG
PROGRAMMING

Figure 4. The six SMD resistors (nearly
invisible) are soldered between pads on

the bottom of the breadboard. Most
readers will probably use ordinary

through-hole resistors.

PROBE CONSTRUCTION

Res istors of 33K are used for test pull
down and reset pull-up - values in that ball
pa rk a re recommended in TI applicatio n
notes . The 1M res isto rs used in the oscilla-
to r circuit are not cr itical , however they
should have low temperature coefficients.
The 470 ohm resistor connected in series
with the probe capacitor is used to limit the

cu rrent in case th e probe is sh orted to ground.
The comparator output a t P2 .2 - a square wave in

the range of a few hundred Hertz to perhaps 20 KHz - is
connected to th e Tim er_A inpu t on P2.1 .

P2 .0 is set high to ena ble th e bias needed for oscilla
to r operation . It would be possible to just connect the line
to Vee , but there would then be a small power drain
through the resistor network at all times. As the oscillator
is enabled for on e-hal f second every minute, the power
required is lower with this approach. The current dra in is
only two or three microamps during normal operation
(only the display and the 32 KHz clock are active) , increas
ing to about 40 microamps during the measurement cycle.

10 LIN E
RIBBON
CABLE

TO
BREADBOARD

r--- - - -- P2.5

15~P1.5

13 _B_ PI.6

7~P I.3

LCD PINS 5 .E... P1.2

3 _E_P I.I

17 _F_ PIA

II ~ PI.7

I COM PI.O

'-- GND

LCD SEGMENTS

A- -

FI G IB
RUN-CAL

EI D Ic
Figure 6.The display module is
connected to the processor board
with a 10-line ribbon cable.

The TI MSP430 series microcomputer s are programmed and
debugged using a JTAG interface.This is a very nice system for
simple projects , as it gives much of the capability of a full bond
out emulato r at a fract ion of the cost .The program and debug
software (which runs on a PC) is available for free from TI as is an
assembler and a software simulato r. A C compiler of limited code
length is also available for free . I found the software simulato r to
be very useful - much of the code was wr itten and debugged
without any MSP430 hardware connect ion at all.

There are (at least) three ways to connect your PC to the
JTAG interface pins on the MSP430 breadboa rd:

I) Purchase the $99.00 TI evaluat ion module, which is used
with the larger MSP430 parts. It has a 14-pin connecto r with the
necessary signals to program any of the MSP series parts.

2) Purchase the $49.00 TI evaluation module, which comes
with a couple of MSP430F I 121 devices.The module can be used
without an MSP device in the socket to program the Fluid Level
Monitor module (it will be necessary to const ruct a simple cable
to connect the board to the 14-pin JTAG connector).

3) Purchase the Olimex $ 10.00 programming module
(sources for parts are given below).This module uses the same
14-pin connector as the $99.00 TI module, although the ribbon
cable comes out of the othe r side of the connector compared to
the TI module - be careful not to hook it up backwards.

I have used all three methods with satisfacto ry results. I use
a 5 x 2 ribbon cable header for the interface to the LCD. The
O limex breadboard includes the connecto r required for JTAG
programming. During debug, the LCD module may be connected
or not , depend ing on the requirements of the debug session.
During debug, the power to run the system can come from the
parallel port JTAG module, so batteri es are not required.
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The probe consists of a copper tube about 1/4-inch
in diameter, with a loosely twisted insulated wire loop run
ning through the length of th e tube. The two wire ends a re
stripped a few inches above the tu be , with some epoxy
glue at the to p of the tube to hold them in place. Keep the
wires above the tube as short as possible .

The tube is inser ted through a hole in a flat pla te of
copper or brass , which is then mounted to the top of the
tank with screws, bolts , or silico ne sealer. Use plumber's
solder to solder the tube to the plate. Drill a hole in the top
of th e tank, just large enough to inse rt the tube. When
mounting the plate to the tank, use some silicone seal
under the plate to prevent leaks. Drill some small ho les in
the tube just be low the plate - witho ut a way for air to
escape , the tube will not fill with water.

SOFTWARE DESCRIPTION

The software , writte n in assembly la nguage , is avail
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ALTERNATE DISPLAY
HARDWARE

If it is not necessary to run on batte ry powe r, or if an on
off switch is provided and the circuit is activated only on occa
sion, it is possible to use a single digit LED display instead of the
LCD version. No circuit changes are necessary in the measure
ment module.The display module will have a series resistor of
perhaps 200 ohms in series with each segment to limit the seg
ment current to about 5 mA.The common pin of the LED dis
play is connected to Vcc if a common anode LED is used, or to
ground if a common cathode one is used.

Pin P1.0 is not used for the display, and can be used for
some other purpo se, if des ired.

The software is essentially the same, excep t that it is not
necessary to refresh the display - just write the desired seg
ment values to the PI output port at any time.

I built this display and found that it is very nice to look at
when the lights are low. However, as I wanted to use batte ry
powe r and wanted the display to be on all the time, the "produc
tion" system uses the LCD display.

able from the Nuts & Volts web site . A complete descrip
tion of the software operation is included as comments in
the source file.

SUMMARY

The low-power fluid level measuring system has been
built a nd tested with satisfactory results . The single digit
d isplay gives a resolu tion of 11 values , sufficient for the
accuracy needed to m oni tor non-critical tank levels.

Developing th e hardware and software was actually a
lot of fun . Now I can go sail off into the sunset without wor
rying a bo ut the holding tank overflowing , which wou ld be
totally yucky! NV

A OUT THE AUTH R
Glen Worstell is a consultant special izing in embedded
systems hardware and software development. He can be
reached at rstell@cop er net

No previous experience needed!

You can earn more money
if you get an FCC license!

Not satisfied with your present income?
Add prestige and earning power to your
electronics career by getting your FCC
Government License.
The Original Home-Study course pre
pares you for the "FCC Commercial
Radiotelephone License" at home in your
spare time.
This valuable license is your professional
"ticket" to thousands of exciting jobs in:
Communications, Radio-TV, Microwave,
Maritime, Radar, Avionics & more... you
can even start your own business!
No need to quit your job or go to school.
This proven Hse/f-studyH course is eas)',
fast and low cost!

Address _

GUARANTEED TO PASS - You get your
FCC License or your money will be refunded.

or rnail
COupon
tOday

State _ _ Zip _City _

COMMAND PRODUCTIONS
FCC LICENSE TRAINING - Dept. 220
P.O. Box 3000 • Sausalito, CA 94966
Please rush FREE details immediately!
Name _

Call for FREE facts now!

(800) 932·4268 Ext. 220

www.licenseTraining.com------------------------------

Order your front panels online
and receive them just in time

www.frontpanelexpress.com
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News Bytes

FIRST N ationals Announced

T he largest robotics competition in the world - FIRST 
has announced Atlanta , GA as the site for the 2004,

2005, and 2006 Robotics Competition Championships. The
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competitions will take place in the Geo rgia Dome - one of
the premiere sporting venues in the world. Nearby
Centennial Olympic Park will provide open space for
outdoor activities. FIRST is the brainchild of inventor Dean
Kamen, best known for developing the Segway and iBot
through his engineering company, DEKA. The da tes for
the 2004 FIRST Robotics Competition Championship are
April 15-17. To learn more about the mission of FIRST, or
to get you rself hooked up with a regional team, visit
www.usfirst.org

World's Largest Battery Goes Live

What ha ppens if you
take 13 ,760 NiCad

cells and tie them together
in a temperature-stabilized
underground facility larger
than a soccer field? You get
the BESS project in Alaska,
designed to power the city of
Fairbanks for up to 15
minutes should main

generation facilities or the local inte rtie fail. The $35 million
system , designed by the Swiss based ABB Group,
automatically switches onto the main power grid and can
provide up to 40 MW while secondary diesel-electric
generators come online. The scope of this project is truly
staggering - each battery weighs 165 pounds, is the size
of a large PC computer, and contributes to the overa ll array
weight of 1,500 tons. The battery cells have an es timated
life of 20-30 years after which they will be recycled by the
manufacturer, Saft. For more information , visit
www.gvea.comjprojectsjbess.php

Futuristic Air Force Robots
Demonstrated

• ackland
~FB in
Texas saw
the arrival of
a dozen
experimental
robots on
August 6th as pa rt of an advanced
force-protection development
project. New technologies in mob ility
were the stars , which included
vacuum-based machines that could
drive up walls and across ceilings,
compliant "legs" for clambering over
rocks and "snake-be ts" that could
wriggle through pipes. "Why put a
person in harm's way if you can use
a machine and new technology to go
ahead and take a first look?" asked
Col. Tommy Dillard , a Lackland
Force Protection Battlelab
commander. Dillard's lab is tasked to
investiga te future force-protection
concepts. Continued on Page 58
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RSA Robot Games A Huge Attendance
Draw, Tech Showcase

T he Robot
Society of

America 's recent
Summer Games
and Expo was a
"roaring success,"
according to event
organizer Dave
Calkins. "Every
room was filled to
capacity with
ever y type of robot fan - from people who had played with
'bots for yea rs to people who had never seen a robot. But it
was the robots that made the show." Groups attended from

ut Singapore, Japan and all over the United States, showing
!:i off their various creations.-e When pressed to name one that truly stood out,

" Calkins explained, "There were so many cool 'bots, it's hard
I~ to describe them all, but I th ink one of the best was Ted
iut Larson and Bob Allen 's balancing two-wheeled 'bot,ISBender. Dean Kamen better watch out, because th is is
Z going to give Segway a run for its money!" Bender used a
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high speed digital control system fed by digital
accelerometers to dynamically balance on its two wheels. A
radio interface even let the operator drive it a round while in
balance mode.

The RSA is planning many more events over the next
year in the San Francisco Bay area , so those interested in
attending should stay current by vising the RSA website,
www.robotics-society .org/

Stationary Fuel Cell In Field Trials

D itch that 19-inch rack
mount power inverter in

your server room and trade up
to a hydrogen powered fuel cell
from Ballard Power Systems!
Well, you should be able to in
early 2004 if everything goes as
planned in the current telecom
and data center trials of their
new Nexa RM™power module.
The Nexa is available in 1 KW power increments, making it
scalable to the task at hand. It provides extended run
capability during lengthy blackout pe riods while happily
mov ing electrons with a zero emission environmental
footprint . Fuel cells are on the horizon! More information is
available at www.ballard.com
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Continued from Page 6

It was shortly discovered that it
was po ssible to rely on earth ground,
so the black wire was no longe r
needed. In the days of pa rty lines ,
however, the "side" of the pa rty line
was distinguished by whether ring ing
was applied between Tip and Sleeve (a
"tip" pa rty ) or between Ring an d
Sleeve (a "ring" party). Single-party
lines had ringing applied between Tip
and Ring.

It was not until the demise of the

OCTOBER 2003

ubiquitous two-party line that Black
and Yellow began to be commonly
used for the second pair, as described
in Figure 2. Also, multipa ir cable is
thought of in terms of bundles of five
pa irs. A complete listing can be found
at www.ptialaska.net/- jsteven2/
tel/color.ht

But in brief , the Ring colors are in
sequence: Blue, Orange, Green ,
Brown, and Slate; and the Tip colors
are White , Red, Black, Yellow, and
Violet. So , the first six pairs are

White / Blue, White/Orange, White /
Green , White/ Brown, White/Slate, and
Red/ Blue.

Peter Zilahy Ingerman, PhD
via Internet

Resp on se:
I ha ve to admit this goes ba ck

farth er in history than I do . Thanks
to Pet er for th e additional
in form a tion. I have learned
someth ing new that 's "old."

George Whitaker
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BIPOLAR TRANSISTOR
COOKBOOK-

Ray Marston describes a variety of practical
smal l-signal audio amplifi er circuits in this
month's edit ion of an eight-part senes.

n ast month's edition of this Transistor Cookbook
series described practical ways of using bipola r tran-

10.... sistors in simp le, but useful common-emitter and
common-base configurations . This month's ar ticle shows
various ways of using bipolars in practical small-signal
audio amplifier applications.

by Ray Marston

A Quick Key to Euro Coding of Resistors
The tens multiplier replaces the decimal point 

2R2 =2.2Q,4k7 =4.7K, 1M2 = 1.2M, etc.

second circuit block .
The second section is the tone-/volume-control block ,

which lets the user adjust the syste m's frequency character
istics and output signal amplitude to suit pe rsonal tastes.
This section may contain add itional filter circuits and gadg
ets , such as sc ratch and rumble filters, and audio mixer cir
cuitry , etc . Its output is fed to the system's final section 
the aud io power amplif ier - which drives the loudspeakers.

A variety of practical pre-am plifier, tone-control, and
associated circuits are described he re. Audio power ampli
fier circuits will be dealt with in a future ep isode of the
series.

SIMPLE PRE-AMPS

The basic function of an audio pre-amplifier is that of
modifying the input signal characteristics so that they give
the level frequency response and nominal 100mV mean
outp ut amplitude needed to drive the amplif ier's tone-con
trol system. If the input comes from a radio tuner, CD play
er, etc ., the signal characteristics are usually such that they
can be fed directly to the tone-control sections, by-passing
the pre-amplifier circuit. If they are derived from a micro

phone or an old-style
record (disk) pick-up,
they usuall y need modi
fication via a pre-amp
stage.

Microphones and
pick-ups are usually
either magnetic or
ceramic/crystal devices.

Figure l : Basic elements of one channel of an
audio amplifier system .I

10k 20k1k
Frequency, Hz

100

Figure 5. Typical phonograph disk
frequency response playback curve.
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Transistor amplif iers have many useful applications in
mono and stereo audio systems. For most practical purpos
es , each channel of a stereo system can be broken down
into three distinct circuit sections , or blocks, as shown in
Figure 1. The first section is the se lector /pre-amp lifier
block. It lets the user select the desired type of input signal
source and applies an appropriate amount of amplification

and frequency
co rrection to
the signal so
that the result
ing output sig
na l is suitable
for use by the

+6 to +22V +610 +22V

R5
1kO

R1
6k8
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Figure 4. Magnet ic microphone pre-amp,
giving 76dB of gain.

C4 +
100~;;+;

R1
5k6

R3
1kO

Figure 3. MagnetiC microphone
pre- amp, giving 46dB of gain.

C3 +

100~~

Figure 2. H igh-impedance pre-amp fo r I
use w ith ceramic/crystal microphones.
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Figure 9. Alt ernative RI M pho nograph ,j
equalizer for ceramic; cart r idges. :1
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Figure 6. RIM playback equalization curve. I

-20 ...--+---+---~

~ 10 1--___4~~-___4-----+-~
m:s. ~ -'

Q)

-g 0 I---t--~~~~--+--i
"'"
~
-c

-10

Cartridge
capacitance,

5000 - 10,000pF

(Record Industry Association of America) equalization
curve. A practical RIAA equalization circuit can be made by
wiring a pair of C-R feedb ack networks into a standard pre
amp (so that the gain falls as the frequ ency rises), with one
network controlling the 50 Hz to 500 Hz response, and the
other the 2120 Hz to 20 KHz response. Figure 7 sh ows such
an amplifier.

The Figure 7 circuit can be used with any magnetic
pick-up ca rtridge. It gives a IV out put from a 6mV input at
1 KHz, and provides equalization that is within Id B of the
RIAA standard between 40 Hz and 12 KHz. The actual pre
amp is designed around Q1 and Q2, with C2-R5 and C3-R6
form ing the feedback equalization network. Q3 is an emit
ter follower buffer stage, and drives optional volume control
RVl.

Ceramic/crystal pick-ups usually give a poorer repro
duction quality than magnetic types, but give output signals
of far greater amplitude. They can thus be used with a very
simple type of equalizat ion pre-amp , and are consequently
found in many popular record player systems. Figures 8...,
and 9 show alternative phonograph pre-amplifier circuits
that can be used with ceramic or crystal pick-up cartridges.
In each case, the pre-amp/equalizer circuit is designed
around Q1, and Q2 is an emitter follower outp ut stage that
drives opti onal volume control RVl.

The Figure 8 circuit can be used with any pick-up car
tridge that has a capacitance in the 1000pF to 10,000pF
range. Two-stage equalization is provided via CI-R2 and C2
R3, and is typically within 1.6dB of the RIAA standard

---t--- --I
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10M
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Figure 8. RIM phonograph equal izer for
ceramic pick-up cartridges.

R2
66k

Cartridge
capacitance .

1000 - O,OOOpF

Figure 7. RIM equalization pre-amp. for use with
magnetic pick-up cartridges.

RIAA PRE-AMP CIRCUITS

If a constant-amplitude 20 Hz to 20 KHz variable-fre
quency signal is recorded on a standard 33.3 RPM phono
graph disk (record) using conventional stereo recording
equipment, and the record is then replayed, it generates the
highly non-linear frequency response curve, shown in
Figure 5 - the dotted line shows the idealized shape of this
curve, and the solid line shows its practical form. The ideal
ized response is flat between 500 Hz and 2120 Hz, but rises
at a rate of 6dB/octave (20dB /decade) above 2120 Hz, and
falls at a 6d B/octave rate between 500Hz and 50 Hz. The
response is flat to frequencies below 50 Hz.

These responses enable disk recordings to be made
with good signal -to-noise ratios and wide dynamic ranges,
and are used on all normal records. Consequently, when a
disk is replayed, its output must be passed to the power
amplifier via a pre-amp with an equalization curve that is
the exact inverse of that used to make the original disk
recording, so that a linear overall record-to-replay response
is obtained .

Figure 6 shows the shape of the necessary RIAA
OCTOBER 2003

Magnetic types usu
ally have a low out
put impedance and a
low signal sensitivity
or mean output
amplitude (a bout
2mV nominal). Their
outputs thus need to
be fed to high-gain
pre-amplifier stages.
Ce ram ic /c rystal
types usually have a
high output imped
ance and a high sen
sitivity (about 100mV nominal).
The ir outputs thus need to be
fed to a high-impedance pre
amp stage with near-unit y
voltage gain.

Most microphones have a
flat frequency response and can
be used with simple pre-amp
stages. Figure 2 shows a unity
gain pre-am p that can be used
with most high-impedance
ceramic/crystal microphones. It
is an em itter follower circuit with
a bootstrapped (via C2-R3)
input network, and has an input
impedance of about two
megohms - its supply is decoupled via C4-R5.

Figures 3 and 4 show pre-amp circu its that can be used
with magnetic microphones. The single-stage circuit in
Figure 3 gives 46dB (x200) of voltage gain , and can be
used with most magnetic microphones. The two-stage cir
cuit in Figure 4 gives 76dB of voltage gain , and is meant for
use with magnetic microphones with very low sensitivity.
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between 40 Hz and 12 KHz.
The alternative Figure 9 circuit can onl y be used with

pick-ups with capacitance values in the range 5000pF to
10,000pF, since this capacitance forms part of the frequen
cy response network The other part is form ed by CI-R3. At
50-60 Hz, this ci rcu it has a high input impedance (about
600K), and causes on ly slight cartridge loading. As the fre
quency is incr eased , however, the input im pedance
dec reases sharply, thus increasing the cartridge loading
and effectively reducing the circuit gain. The equalization
curve approximates the RIAA standard, and the perform
ance is adequate for many practical applications.

A UNIVERSAL PRE-AMP

Most audio amplifiers use pre-amps with variable cha r
acteristics, such as a high-gain linear resp onse for use wi th
magnetic microphones, low-gain linear response for use
with a rad io tuner, and high-gain RIAA equalization for use
with a magnetic pick-up cartridge, etc.

To meet this requ irement, it is normal to fit the system
with a single universal pre-amp circuit of the type shown in
Figure 10. This is basically a high-gain linear amplifier that
can have its characteristics altered by switching alternative
types of resistor/filter networks into its feedback loops.

Thus, when the selector switch is set to the "MAG P.U."
position, S1a connects the input to the magnetic pick-up
cartridge, and SIb connects the C4-R7-C5 RIAA equaliza
tion network into the feedback loop. In the rem aining
switch positions, alternative input sources are selected via

In

Figure I I. Ideal form and location of
the volume control.

S 1a, and appropriate linear-response gain
controlling feedback resistors (RB, R9 and RIO)
are selected via SIb. The values of these feed
back resistors should be selected (between 10K
and 10M) to suit individual requ irements - the

cir cui t gain is proportional to the feedback resistor value.

VOLUME CONTROL

The volume control circuitry of an audio amplifier sys
tem is normally placed between the output of the pre-amp
and the input of the tone-control ci rcuitry, and consists of a
var iable potential divider or pot. This pot can form part of
an act ive circuit, as shown in Figures 7 through 9, but a
snag here is that rapid variations of the control can briefly
apply DC potentials to the next ci rcu it , possibl y upsetting
its bias and generating severe signal distortion.

Figure 11 shows the ideal form and location of the vol
ume control. It is full y DC-isolated from the pre -amp's out
put via C 1, and from the input of the tone-control circuitry
via C2. Variation of the RVI slider thus has no effect on the
DC bias levels of either circuit. RVI should be a log-type
of pot.

TONE CONTROL CIRCUITS

A tone control network lets the user alter the frequen
cy response of the amplifier system to suit a personal
mood or requirement. Simple tone control networks consist
of collections of C-R filters, through wh ich the audio signals
are passed - these networks are passive, and cause some
deg ree of signal attenuation. Figure 12 shows the practical
ci rcu it of a pass ive tone control network that gives about
20dB of signal attenuation when the bass and treble con
trols are in the flat position, and gives maximum bass and

C1
Out In _ InIn +-l11J0 In

R1 C1 R1 R1II
R1 C4 10k 1Ok 10k

10k C2 15n ,,33n C1
33n R3 Boost " Out C1 90k 33n
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II R4 Treble Cut " 330n 330n
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C3 1kO L..C5
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330n ;:;150n 1kO 1kO 1kO 1kO
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f
Figure 12. Passive bass and treble tone

i~ I and equivalents of bass tone control network.control networks. Figure 13. Circuit

Z
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Figure 17. Way of adding independent volume and
on/off control to each input channel of the basic

Figure 16 audio mixer circu it.
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Figure 14. Circuit and equivalents of treble tone control network. I
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AUDIO MIXER CIRCUITS

SCRATCH/RUMBLE FILTERS

One useful gadget that can be fitted in the area of the
volume/tone-control section of an audio amplifier is a multi
channel audio mixer, which enables several different audio
signals to be mixed together to form a single composite out
put signal. This can be useful in, for example, enabling the
user to hear the emergency sounds of a front-door or baby
room microphone, etc. , while listening to normal entertain
ment sources.

Figure 16 shows an example of a simple three-channel
audio mixer that gives unity gain between the outp ut and
each input. Each input channel comprises a single 100nF
capacitor (C1) and 100K resistor (R1), an d presents an
input impedance of 100K. The circuit can be given any
desired number of input channels by simply adding more
Cl and Rl components. In use, the mixer should be placed
between the output of the tone-control circuitry and the
input of the ma in power amplifier, with one input taken from
the tone-control output and the others taken from the
desired signal sources.

Figure 17 shows a simple way of adding independent
volume and on/off control to any desired number of input
channels of the basic Figure 16 audio mixer circuit - RVI
controls the volume, and 51 provides the on/off function.

A common annoyance when playing old records/disks
is that of scratch and/or rumble sounds. The scratch noises
are mainly high-frequency (greater than 10 KHz) sounds
picked up from the disk surface, and the rumbles are low
frequency (less than 50 Hz) sounds that are mostly caused

- - +-- --1
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R4
5k6

Figure 16. Simple three-channel
audio mixer.
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treble boost and cut
values of about 20dB
relative to the flat per
formance. The input to
this circuit can be
taken from the cir
cuit's volume control,
and the output can be
fed to the input of the
main power amplifier.

The basic action
of the Figure 12 tone
control network can
be understood with the help of Figures 13 and 14, which
show (a) the basic circuit and its equivalents under (b)
boost, (c) cut, and (d) flat conditions of the bass and treble
tone control networks, respectively. Brief explanations of
these two diagrams are as follows.

In the Figure 13 bass control diagram, Cl is shorted out
via RVI when RVI is in the maximum boost position, to give
the equivalent circuit of (b) , which gives only slight bass
attenuation. When RVI is in the maximum cut position, it
shorts out C2, to give the equivalent circuit of (c), which
gives roughly 40dB of bass attenuation. Finally, when RVI
is in the flat position, it gives the equivalent circuit of (d),
which gives about 20dB of signal attenuation at all frequen
cies. Thus, this bass control circuit gives a maximum of
about 20dB of bass boost or cut relative to the flat signals.

In the Figure 14 treble control diagram, Rl is shorted
out when RVI is in the maximum boost position, to give the
equivalent circuit of (b) , and R2 is shorted out when RVI is
in the maximum cut position, to give the equivalent circuit
of (c). When RVI is set to the flat position, the circuit equiv
alent is that of (d) , which gives about 20dB of signal atten
uation at all frequencies. The net result is that this treble
control circuit gives a maximum of about 20dB of treble
boost or cut relative to the flat signals.

A passive tone control network of the basic type
described above can easil y be wired into the feedback path
of a transistor amplifier so that the system gives an overall
signal gain (rather than attenuation) when its controls are in
the flat position. Figure 15 shows a practical example of an
active tone control circuit of this type. In this particular
example, the design uses a mod ified version of the basic
Figure 12 tone control circuit, which enables the tone-con
trol circuit to use three (rather than four) tone-control
capacitors.
OCTOBER 2003



voltage gain to signals ab ove 50 Hz, but gives
12dB per octave rejection to those below this
value, i.e., it gives 40dB of attenuation at 5 Hz,
etc. Emitter-follower Ql is biased at half-sup
ply volts from the RI-R2-C3 low-impedance
point, but has negative feedback applied via
the R3-C2-Cl -R4 filter network. The circu it's
frequency turnover po int can be altered by
changing the CI-C2 values (which must be
equal). Thus, if the CI-C2 values are halved
(to 110nF), the turn-over frequency doubles
(to 100 Hz), etc.

The low-pass scratch filter in Figure 19
gives unity voltage gain to signals below 10KHz, but gives
12dB per octave rejection to those above this value . This cir
cuit is similar to that in Figure 18, except that the positions
of the main filter network components are transposed. The
circuit's turn-over frequency can be altered by changing
the C2-R4 values; e.g., values of 3.3nF give a freq uency of
7.5 KHz.

The Figure 18 and 19 circuits can be combined, to
make a composite scratch and rum ble filter, by connecting
the output of the high-pass filter to the input of the low-pass
filter. If desired, the filters can be provided with bypass
switches, enabling them to be easily switched in and out of
circu it, by using the connections shown in Figure 20.

Note that if the Figure 18 and 19 des igns are built as a
single unit, a few components can be saved by making the
Rl-R2-C3 biasing network common to both circuits. NV

Out

Off

SIJIJ2
'Scratch'

Out On l

Figure 19. 10KHz scratch or
low-pass filter.

SW1
'Rumble'

50Hz lHigh-pass Out On
filter

(Fig 18)

Figure 20. Complete scratch/rumble filter, w it h switching.

In

R1 Rl R3
10k 10k 180k

C4
R3 4117 C2 2n2

C1 27k

+~220n

r C4
In R2 + Out

2n2
10k

by slow variations in motor-drive speed. Each of these
noises can be greatly reduced or eliminated by passing the
player 's audio signals through a filter that rejects trouble
some parts of the audio spectrum. Figures 18 and 19 show
suitable circuits.

The high-pass rumble filter in Figure 18 gives unity
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veryone wants something custom. Custom va ns,
custom pools - even ce ll phones have personalized
face plates so you can have a unique phone. Not

surprisingly, the latest trend in microprocessors is to let you
customize your own CPU.

Consider this scenario: You set out to design a circuit with
a tradi tional single-chip microcontro ller family (for example, a
PIC or a 6805). You pick a processor that works at the speed
you requ ire and has sufficient memory and I/O. You also have
to pick the peripheral devices you need. For example, many
PICs have a hardware UART (but some don 't). Many have A/D
converters with varying specifications.

Somewhere down the road, your requirements change
(as shocking as that may seem). Now instead of 8-bit A/D
converters, you need 12 bits. What can you do? You have to
select another processor. However, with the new "system on a
chip" or SOC processors, you simply reconfigure the existing
ch ip to have the features you need.

Probably the most sophisticated of the SOC processors
available today are the Cypress PSoC family of parts. These
processors contain a standard 24 MHz 8051-style processor,
some sophisticated cloc k hardwa re, and a number of pro
grammable digital and analog blocks. Read that again- the
processor has analog circuitry onboard!

Suppose you are working on a co ntroller for a vending
machine. You need to read two voltages (perhaps measuring
temperature, input voltages, and other real-world quantities) .
You also need to talk to a se rial printe r and a coin accepter.
Very few CPUs have more than one hardware UART onboard,
so a traditional design would "bit bang" one of the ser ial ports.
With a PSoC, you could configure the analog bloc ks to for m
the A/D converters (and also add amplification and filtering
all on the chip) and then use the digital blocks to crea te two
UARTs.

8 ; 2
..._ ....J
12 0

256 0

16384

1 0
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As another example, consider a mobile robot. You want a
timer to generate infrared modulation, a few pulse capture
registers, and an A/D to monitor battery voltage. When the
battery is low, you gu ide the robot to a charging base. While
charging , you could use a UART to hook up to the Internet for
mo re instructions. However, suppose that after you put in the
time rs, pu lse capture registers , and the A/D, you are out of
programmable blocks. No problem! You can actually recon
figure the chip at run time! So while the robot is roaming, you
have one set of pe ripherals. When the robot is charging , the
CPU has a different set of I/O devices.

The PSoC chips are available in several packages includ
ing 28- and 8-pin DIP packaging, so they are easy to use for
deve lopment. They have a host of features that all work to
slash the number of external parts requi red for many applica
tions. Oh , and one more th ing. These ch ips are fairly inexpen
sive, ranging from $4.00 to under $8.00 each in single quan
tities . Ifyou are buying them by the hundreds, the price drops
even further.

J)1~"'l'II..S
Even without the programmable analog and digital

blocks , the PSoC is a powerful ch ip with an impressive list of
features:

· A 24 MHz clock generated by a 32 KHz source
• An intern al 32 KHz source that provides ±2.5% accuracy

at 24 MHz
· An 8x8 hardware mult iply
• A 32-bit ha rdwa re accumulator
• Up to 16K of flash program memory, and 256 bytes of

RAM
• The I/O pins with Schmitt trigge r inputs and 25 mA

drive
Interrupt on pin change

• Watchdog timer
Low voltage detection
Operates at 3 to 5.25V
Can operate at 1V us ing an onboard voltage pump

The ch ip doesn 't have EEPROM pe r se , but you can use
over 2K of the flash as EEPROM if you need it. Of course, the
real star of the show is the programmable analog and digital
blocks . You ca n configure these blocks for a myriad of func
tions including:
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addresses).
The ICE is really worth the $250

unless your time is absolutely wo
less . It comes with several dev ice s
pies, a 28-pin pod (you have to
other pods separately) , a demons
tion board, and a special board use
program pa rts us ing the ICE (in ot
words, the ICE is also a device progr
mer).

The C compiler is an extra you
probably do without. However, it i
good compiler and the architectu r
well-suited for C. If you plan to do

serious development, the $145.00 for the compiler is mo
well spent.

For a practical project, I decided to tackle a pe cu
form of A/D converter. What I wanted was an A/D conver
that could output to an RS232 port (a PC, for example)
also output PWM. That means you could use a voltage
control a lamp's brightness or a motor's speed. With a Ii
change in the logic , it would be easy to convert the volt
into a signal for an R/C servo. For testing , I used a pot
tiometer to generate the input voltage, but an LM34 tem
ature sensor also works well.

Figure 1 shows the layout for the ch ip. The external
cuitry was just a potentiometer connected to the ampli
input, an LED (with a dropping resistor) connected to
PWM output, and a MAX232 (actually, an R5-1 ada
board) connected to the serial output. The R5-1 provide
MAX232, a DB9, and all the external components requi
by the MAX232. There a re several blocks in th is design:

o lamp - The input amplifier for the voltage. For the
the ga in is set to 1. However, for the LM34, you can crank
gain up to get a wider range on the readings.

o A2D - The 8-bit A/D. This is a delta-sigma conve
that requires both an analog and digita l block.

o PWM - An 8-bit PWM block to generate the out
You set a total period, and how much time the output sho
be high .

o BRG - This is a counter used to generate the baud r
clock for the UART transmitter. The block is set to out,
with a period of eight times 9,600 baud.

o TX - Although the PSoC has a complete UART blo
th is project only needs a transmitter. The block require
clock equal to eight times the required baud rate.

The design uses five digital blocks and two ana
blocks. The actual code is written in C (listings availa
online). Since the program doesn't have anything to do u
the A/D is ready to go , it does not use the A/D block's in
rupt capabilities. Instead, it polls the block to see when d
is ready (this requ ires you to enable the "Enable interrupt 9
eration control" option in the project settings). The progr
also polls the UART instead of implementing a buffer, altho
it is certainly possible to deal with the UART via interrupts.

Less Than Or Equal

Terminal Count

CPU_32_KHz

High

GlobaLOUT_5

65535

32767

The counter properties.

Clock

Enable

Output

Period

CompareValue

CompareType

InterruptType

o AjD converte rs (up to 14 bits )
o Amplifiers
o Counters and time rs (up to 32

bits )
o D/ A converters (up to 9 bits with

or without multiplication)
RS232, 12C, and SPI communi-

cations
Low pass and bandpass filters
PWM output (up to 32 bits)
Digital inverter

This sounds great (and it is) .
However, there are a few caveats.
First, some functions consume multiple blocks. For exa m
ple , a 14-bit A/D converter requires four digital blocks and
one analog block. Also, not all blocks are equal. So , for
example, amplifiers require special analog blocks - not just
any will do . That means you may have analog blocks avail
able, but not the correct kind to do what you want to do.

Another problem is routing. You ma y have enough
blocks to do what you wan t, but there may be no way to ge t
the output of one block to the input of another (although you
might be able to use an external connection). The problem
is that the blocks connect in specific ways, and you can't
always make the connections you would like to make.

Transforming the generic blocks into specialized I/O
devices can be a tricky business. Not only do you have to set
the options correctly, but some functions require some sup
port code in the processor to handle interrupts and perform
other tasks. Luckily, Cypress makes this easy with thei r
PSoC Designer software.

Designer is a fairly straightforward IDE - it allows you to
write assembly language programs, compile them, and send
them to the ch ip (us ing programming ha rdware attached to
your PC's printer po rt ). If you buy the optional C compiler
(which is not free) , you can use that too .

However, the Designer has another mode that is unlike
what you see in most IDEs - the device ed itor mode. In th is
mode, you can design your custom PSoC processor while
the Designer does all the actual work. In a traditional project,
you start by selecting a processor from a catalog or a data
book. With PSoC , you start by designing the processor you
want to use. If you change your mind later, it is easy to mod
ify the chip's functions .

One thing Designer does not do is simulate your pro
gram in software. With all the I/O devices virtual , that would
be a big task. If you are on a budget, there are several ways
to make a cheap programmer that Designer can use (the
protocol is documented), and there are even a few inexpen
sive commercial options. However, if you can afford it, the
PSoC ICE-4000 is highly recommended. This is a real in-cir
cui t emulator and allows you to debug your programs direct
ly in Designer in real time. This isn 't a fanc y bootloader with
a single breakpoint. It has multiple breakpoints, tracing, and
a very sophisticated event system (for example, you can set
a breakpoint when a certain byte appears in a range of
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PWM_WritePulseWid th (br a te ) ;

#pragma int err upt_ handler pwm
change

void pwmchange ( )
{

However. the program does use the
PWM interrupt. The PWM output uses a peri
od of the clock divided by 255. Therefore,
by setting the pu lse width to a number
from 0 to 255. the program obta ins a
square wave with a proportional duty
cycle . That is, setting the pulse width to 0
produces a (nea rly) 0% duty cycle, 255
produces a 100% duty cycle , and setting
the width to 128 creates a 50% duty
cycle.

So why bother with interrupts? The
pulse width register in the PWM block is
in use by the block all the time. If you
change it at some arb itrary time, you
may interrupt a pu lse that is already in
progress which causes the PWM to be
inaccurate. To prevent th is, the program
only changes the PWM when a cycle has
completed. The block generates an inter
rupt which I handle with a Clanguage
handler:

You also have to add one line to the PWMINT.ASM file that
the Designer automatically creates:

l j mp -pwmchange

Notice that in assembly you must add an underscore to
all C symbols.

l'I1I~ 111\.1) NI~"TS

There isn't much bad news associated with the PSoC, but
there are a few issues to consider. First, these parts are relative
ly new. Compared to a PIC or a 68HC11, the re isn' t much infor
mation abo ut them. There are also very few development tools
(although the Cypress tools are very nice and the software is
free) . There are qu ite a few "silicon errata" posted on the early
revision chips that cause problems - particularly when runnin g
the chip at full speed (24 MHz). The tools try to help you around
these problems, but they aren't always successful.

For example, there is a problem with certain instruction
alignments when running at full speed. The Cypress linker can
identify these problems and tries to pad your code to avoid the
problem areas . This is great until you start using most of the
chip 's memory. Then the linker ma y not be able to help. Some
of the block funct ions (notably the UART) have prob lems when
runn ing at full speed also. The Designer software is a marvel ,
but it is clunk y in a few spots. In particular, some screens are
hard to read . It also is annoying to have to switch away from
debug mode to change files. However, these are minor gripes
and overall the so ftware is easy to use. In pa rticu lar, I like the
way you can easily call up the data sheets for each block type
for reference while prog ramming.

OCTOBER 2003

I~INlll.. ll Nll l..YSIS
All that aside , the PSoC is a great bargain. Not only can

you custom - design your CPU for the job, but you can also
stock one CPU and use it for many different projects - a big
savings if you are producing products commercially. The
newest parts should have fewer "silicon bugs" and that will be
a big help.

Because the software is unique, it is a bit difficult to learn.
However, Cypress offers free training both in the form of
application notes and documents, and also via "te letra ining"
where you actually call a toll-free number and work through
examples with a live instructor.

One day , most processors will have th is kind of capabili
ty. Su rely we will eventually see a CPU coupled with a CPLD
or FPGA in a single package. But until then, the PSoC offers
real benefits for development. Customizing hardware - even
at run time - to fit your problem is a tremendous benefit. The
devices are inexpensive and easy to use. Although the devel
opment tools are a bit cumbersome (a nd the ICE is some
what expensive for the hobbyist), they are still quite usable
and im proving all the time. So next time you think about
pick ing a CPU for a project, maybe you should just design
your own! NV

ONI..INI~ Ill~SOIJll(~I~S

CYI)IUSS - www.cypress.com

nS-1 AnAI)'Un - www.al-williams.com/rsl.htm
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IIWhere It Is and How to Get It"

Robotics Resources
User Groups to the Rescue!

OCTOBER 2003

Not all robotics user groups are
virtual , of course. Many are held in
business parks, school auditoriums,
and people's homes. Most of these
groups hold monthly meetings (or at
other regularly scheduled times);
most meetings are informal and
show-and-tell - member presenta
tions are encouraged.

If you like the idea of a robotics
user group that meets regularly, but
one isn't near you , consider starting it
yourself! All it takes is a desire and at
least one other member. Meetings
can be held at local schools, in the
recreation rooms of understanding
companies, or even members' homes
or workshops.

Here are several dozen local and
Internet-based robotics user groups.
Web pages or message boards for the
local groups are provided , along with
the ir general location.

Note that user group home
pages change fairly frequently, es pe
cially if the group doesn't have its own
unique domain name. If a group 's
page is no longer availab le, you may
still be able to find it using a Google
search.

B9 Robot Builders Club
www .b9robotbuildersclub.com

Art & Robotics Group (ARG)
www .interaccess.orgJarg
Toronto, Canada

Use r group, discussion board,
and lates t news on the artistic side of
robo tics.

Atlanta Hobby Robot Club
www.botlanta.org
Atlanta, GA

DPRORobol S

groups, where like-minded people
can get together - in person or over
a modem - to discuss their interests.
There are user groups for robotics,
electronics, artificial intelligence,
mechanics, metalworking and wood
working , programming , microcon
troller and embedded systems, CNC
machine too ls, and much mo re.
Some meet locally, while others meet
virtually on the Internet.

The Internet meetings are usually
held through an online bulletin board.
An examp le of an all-online user
group is The Robotics Club of Yahoo!
- or TRCY.

Here, some 2,000 members from
around the globe use the bulletin
board and chat features of Yahoo! to
discuss the art of robo t building.
Libraries filled with photos, schemat
ics, and building plans are available.

In ~llon 10~ "9' IIIotOi"RO .I~s lOt«
ccrnpetr.l;ans." mDnth.,grDUP. waru ps. and
'IilII1!dkttlunch~n
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DPRG·-.......• offk...·---..
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• ...... '*Jvton
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W hen I began to build my
first robot in the late
1970s, I didn 't know any

one else who was interested in my
hobby. There were only a few books
on the subj ect, and no magazines
except the general-interest electronics
per iodicals.

The world has changed - for the
better - thanks primarily to the
Interne t. With the Internet, it's possi
ble to locate others who have the
same interests as you.

With just a modicum of effort,
you can find people all over the world
to exchange ideas with. You might
even be able to find folks in your
home town who share your interests.

Such places are called user

--
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Dedicated to building the Robot
from the Lost in Space television
se ries. Imp ressions of Dr. Smith ("Oh,
the pain!") a re optional.

Carnegie Mellon Robotics
Club
www.roboticsclub.org
Carnegie Mellon University

Central Illinois Robotics Club
www.circ.mtco.com
Peoria,lL

Says the site : "The Central Illinois
Robotics Club was founded ... in an
effort to promote, educate, explore,
and compete in the field of hobby
robotics . The club is located in
the greater Peoria area and meets
monthly."

Central Jersey Robotics
Group
dpeln.home.netcom.corn
New J ersey

Chicago Area Robotics
Group
www.chibots.org
Chicago,lL

Computers, Robotics, and
Artists Society
www.crash.org
Houston, TX

Connecticut Robotics Society
www.ctrobots.org
Hartford , CT

Says the site : "We are a unique
group of friends, experimenters, and
mad scientists who meet monthly in
Hartford, CT ... Our interests are in
electronics, mechanics, fun , and the
sciences involved in automation and
homebuilt robots."

Dallas Personal Robotics
Group (DPRG)
www.dprg.org
Dallas, TX

Projects, tutorials, articles. The
DPRG also sponsors the well-recei ved
Ro bo Ra ma competitions. Events
include line following , sumo, fire-
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fighting , and others.
See : www.dprg.org/dprg_con

tests.html

Denver Area Robotics Club
www.ranchbots.com
Denver, CO

East Bay Builders Group
www.buildcoolstuff.com/ebg
Berkeley , CA

EFREI Robotique
http:/ /assos.efrei.fr/robot
Fran ce

Finnish Robotics Association
www.ps avolainen.net/ robotics/
index.html
Tamp ere, Finland

Front Range Robotics
www.frontrangerobotics.com
North ern Colorado

(Note: Redirects to Yahoo! mes
sage board.)

HCC Robotica gg
http: / /members .tripod.com /
- hccrobotica
Netherlands

(Note: Watch for pop-ups!)

HomeBrew Robotics Club
www.hbrobotics.org
San Jose, CA

KISS Institute for Practical
Robotics (KIPR)
www.kipr.org

Says the site : "KISS Institute for
Practical Robotics (KIPR) is a private,
non-profit, community-based organi
zation that works with all ages to pro
vide improved learning and skills
development through the application
of technology - particularly robotics.
We do this primarily by provid ing sup
plementary, extra-curricular and pro
fessional development classes and
activities.

KISS Institute's activities began in
1993." KIPR also sponsors the annual
Bot Ball tournament for middle and
high school students.

Laboratory Robotics Interest
Group
http:/ /lab·robotics.org
New J ersey

Mobil Robotics Research
Group
www.dai .ed.ac .uk/groups/mrg/
MRG.html
Universi ty of Edinburgh, Scotland

Nashua Robot Club
http: / /nashuarobotbuilders.org
Nashua, NH

Northern New Mexico
Robotics
www.cbc .umn.edu/ - mwd/robot/
NNMR.html
Los A lamos, NM

Northeastern PA Robotics
Society
www.nepars .org
North eastern Pennsy lvania

Says the site: "NePARS is an infor
mal group of hobbyists , ex peri
menters, and robot builders who meet
monthly in Wilkes-Barre, PA. Ou r
membership is a diverse group com
posed of people with many different
backgrounds and experience levels.

Our interests include, but are not
limited to, electronics, mec hanics, fun ,
and the science related to automation
and homebuilt robotics."

Ottawa Robotics Enthusiasts
(O.R.E.)
www .ottawarobotics.org
Ottawa, Ontario, Canada

Phoenix Area Robot
Experimenters
www .parex.org
Phoenix, AZ

Pittsburgh Area Robotics
Society
www .pittsburghrobotics .org
Pittsburgh, PA

Portland Area Robotics
Society
www.portlandrobotics .org
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San Francisco Robotics
Society of America
San Fran cisco, CA

The San Francisco Robotics
Society of America also sponsors
the annual Robot Sumo co nference.

San Diego Robotics Society
www.sdrobotics.org
San Di ego, CA

See also: http://groups.yahoo.
com/ group/sdrs-Iist

Sacramento Area Robotics
Group
www.sacrobotics.org
Sac ramento, CA

The Robotics Club of Yahool
(TRCY)
http:/ /groups.yahoo.com/ group/
theroboticsclub

Internet-based group of robotics
enthusiasts.

The Robot Group
www.robotgroup.org
Austin, TX

Says the site: "The Rob ot Group
was founded in the Spring of 1989
by a small group of a rtists and engi 
neers from Austin, TX who sh ared a
common vision - utilizing technolo
gy to provide and explore new medi
ums for art.

Through the synergy of fusin g
a rt and technology, The Robot
Group has stimulated the public into
a playful interest in high technology,
and art now has new vehicles for
effecting culture."

Seattle Robotics Society
www.seattlerobotics.org
Seattle, WA

SRS has a major presence on
the Internet and publishes the
Encoder, an online technical journal
on amateur robot building .

Southern Oregon Robotics
Club
www.sorobotics.org
Southern Oregon

Sponsors RoboMaxx and other
competition events.

ence, and enthusiasm for building
robots."

RoboFesta-lnternational
www.robofesta.net

RoboFesta is an internationa l
movement to promote interest
throughout the world in science and
technology, including robotics.
Sponsors Olympics-style competition
events. Web page in Japanese,
English, and French. See also
www.robofesta-europe.org

RobotBuilders.Net
www.robotbuilders.net

Umbrella Web site for various
specialty Internet-based robot build
ing clubs.

• B-9 Club
· Robot Club
· R2-D2 Builders Club
· The Drone Room

(Silent Running)

Robot Club of Traverse City
www.wdweb.com/robotclub
Traverse City, MI

Robotics Society of Southern
California
www.rssc.org
Full er ton, CA
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Gordon McComb is the author of the

best-selling Robot Builder's Bonanza and

The Robot Builder's Sourcebook, both

from Tab/McGraw-HilI. In addition to

writing books , he operates a small

manufacturing company dedicated to

low-cost amateur robotics,

www.budgetrobotics.com. He can

also be reached at bots@robotoid.com

Portland, OR
Says the site: "The Portland Area

Robotics Society is a club formed to
help those interested in learning
about and building robots.

The club involves professionals ,
amateurs, students, college profes 
sors , engineers, artists , hobbyists ,
and tinke rers .

PARTS will help explore all
aspects of robotics for its members,
and work toward exp anding commu
nication between robot enthusiasts .
PARTS members share ideas, experi-
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'Ser ial LCD
'Motor Controller
.Servo Controller
'PC IO Interface
.Data Collection
·Lot s More ....

.Basic Language
' I2c/SPI
·15 IO Ports
' UART
•No Externa l Components
·Free Development Software

What can you
build with the

At hena?

Many PCB project
board s available

Get one
for just

$6.95ea

Kronos Robotics
and Electronics

www.kronosrobotics .com
703-779-9752
fax 703- 779 -9753

' Online Store
.Free Information
·Free Soft ware
'Projects
'PC Boards

CONTROL
YOUR

WORLD

With theAthena

With the

Dios Ultra

Designed for beginners

C ircl e # 122 o n th e Re ade r Se rv ic e Card . 7 I

.Self contained / Built -in Engine
'300,000 lines of bas ic code per second
' Visual Bas ic Type Language
·1500 Bytes of Ram
' Librar ies wit h local and global variables
' Float ing Point and St r ing Variables
-I nline Assembly
'I2c,lWire ,SPI
.I nt erru pts / Arrays
' No High Priced Development plat form needed

Several Form Facto rs and Options
Available

Winnipeg Area Robotics
Society
www.winnipegrobotics.com
Winnipeg, Canada

Yahoo Groups: Kansas City
Robotics Society
http:/ /groups .yahoo .co m/gro up/
KCRS

On line gathering point for all
hobby or pro fessional robot icists in
the Kansas City are a. NV

Wichita Robotic Club
www.robot-c1ub.org
Wichita, KS

Sponsors several robotics con
tests.

Vancouver Island Robotics
www.vancouverislandrob otics.org
Vancouver Island, Can ada

Sp onsors workshops and day
camps.

everywhere.

Union College Robotics Club
www.vu.unlon.edu/Trobot
Schenectady, NY

Triangle Amateur Robotics
http: / /triangleamateurrobotics.
org
Raleigh, NC

~
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UK Cybernetics ClUb
www.cybernetic.demon.co.uk

For UK-based fans of robotics, but
membership is open to everyon e

Twin Cities Robotics Group
www.tcrobots.org
St. Paul, MN

Self-des cribed as "a loose affilia
tion of people interested in robots,
located in the Twin Cities metro
area ."

The site hosts a number of useful
resource pages , incl udes articles
(identified by skill level), useful links ,
and colorful photos of the mon thly
meeting - see people and robots in
acti on .

Titan Robotics Club
www.titanrobotics.net

International School Robotics
Club . For high schoolers and middle
schoolers who are inte rested in
robotics.

OCTOBER 2003

I Robotics Resource s



Exploring ond Experimenting With Losers ondTheir Properties

Laser Insight
Construction of the Cr:Ruby Laser Continues ...

OCTOBER 2003

Notes on some of the
components

There are a couple of references to spe
cial requirements in the schematic. The

high voltage resistor R17 , for instance,
is a string of resistors connected in

series, and covered with either a
plastic tube or several layers

of heatshrink sleeving.
My preference is to

use a plastic tube big
enough to allow

easy insertion
and removal of

the resistors , if
necessary. Heatshrink

sleeving is okay, but is
more difficult to remove

later, if you have to. The total
value of the R17 string is one

megohm and will dissipate about
four watts at maximum loading. This

can be made by series connecting ten
lOOK one-watt res istors.

Having 10 resistors will reduce the voltage
stresses on each resistor, and lower the power

dissipation. The final value is not critical , and can
vary by 10% or so without cause for concern. The veri-

tors - one for the front panel controls, and another for the
interlock and HV monitoring inputs. If you use different
types of connectors, there can be no mix-ups. I haven't
given a layout for the board because it will depend on
what you use, and what you decide to do regarding the
water system and monitoring.

The control board may be mounted in the same chas
sis as the power distribution and interlock circuit
described last month. The high voltage section will be
kept well away from the control section, and will go into a
separate chassis. This will give us more room to space
things out for isolation purposes.

Neitherthe author nor this magazine

can be held responsible for your

actions, so please be

careful and act

The

laserto be

described isdan-

gerous. The power supply

is capable of producing lethal

voltages, and at veryhigh pulsed-current

capacity. This isa serious laser, and should only

be undertaken bythose persons who will take it seri

ously. The capacitors used inthe supply will retain a high volt

age charge for a long time, and must be completely discharged before

anywork isdone inside the unit. Ifa short circuit occurs during the charge or

discharge of the high voltage capacitors, then serious damage to the supply will result,

as well as anything elsethat maybe attached to the supply. It isa very powerful sup

ply, and should be builtcarefully, with regard for safety being the top priority.

There will be a numberof safety interlocks built intothe power sup-
ply and laserrail, and these devices must be incorporated to

ensure safeoperationof the laser. DO NOT OMIT

OR BYPASS ANY OF THESE INTERLOCKS!!

T he past few columns have been devoted to the
building of a Cr:Ruby laser, which may be used
pretty much as-is for drilling or light welding ,

using a lens, of course, or with a few refinements , it may
be used for holography.

Last month, we looked at the water monitoring and
safety interlocks that shut down the supply under various
operating system fault conditions. This month, we'll be
looking at the control electronics. Next month, we'll cover
the high-voltage stuff.

However, because this is a serious laser, I must be sure
that I cover things thoroughly, and in tune with this, I must
repeat the warning I gave earlier about it, and its safe
use.

The schematic for the control sec
tion of this laser is given in Figure 29-
1. The circuit is quite straightfor
ward and should not present any
problems either in construc
tion or in operation. There
are a few adjustments to
make to calibrate
things, and these
will be discussed
as we get to
them.

Most of the com
ponents used in the
circuit can be mounted on
a single piece of perfboard or
PCB, depending on your prefer
ence. There will be a number of
wires coming off the board for control
panel mounted switches, pots, indicator
LEDs, etc., so you may want to consider
adding a board-mounted, multi-pin connector
for easy removal in case you need to trou
bleshoot the board later.

In fact, it may be a good idea to add two connec-

Construction notes
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Figure 29-1 . Laser
control logic and

charge monitor

and OSHA, so please do not leave
it out.

To make the dump solenoid
assembly, I used an old 12VDC
Guardian relay that I had lying
around, and made an extended arma
ture to provide clearance between the
high voltage and the microswitch.
The plastic block mounted to the top
of the armature is about 3/16 inch
thick, and is secured using
Superqluel".

Mount the m icroswitch on a
backboard (also plastic) using small
screws, and allow a bit of movement
in the screws so that you can adjust
the position slightly for correct opera
tion.

When assembled, the
m icroswitch should change state
when the armature is at the top of its
travel. The high voltage side of the
discharge path is terminated on the
base of the solenoid through a brass
screw that forms one of the high volt
age contacts.

Be careful not to break through
the plastic block when tapping for
this screw. You want total isolation
when you mount this assembly to the
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IK

Q I
3904

0 ..
I K
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/
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C60.1

D ump So le no id
(n . tex t)

the switch.
Until this happens, the solid-state

relay cannot turn on because the
microswitch contacts (Sw2) are wired
across the control voltage input. A
third function is to discharge the ma in
capacitor if the fire button is not
pressed within a given time period.
This again is a safety issue.

If the capacitor is left in a
charged condition, there is the poten
tial tha t you may forget that it is
charged (if, for instance, yo u find you
have to make adjustments to some
thing outside the laser, or if some
one else in the room is unaware that
the capacitor is charged, or perhaps
something will distract you). Thus,
there is the potentia l for an
accident.

The timer circuit around U5
(LM555) will initiate when the charge
button is pressed. The time period is
arbitrarily set here by R31 for about
30-45 seconds. If the time period
elapses before the FIRE button is
pressed, then the time r will re lease
the dump solenoid and discharge the
main capacitor. This is another safe
ty feature that is required by CDRH

PFN'Ioln

I ••
U4, I
• II 11. 2 1

lH S.ll{

OVP tr ip

Raw HVDe from
power distr ibution
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able res istor VR2 will be adjusted later
to compensate for any discrepancy.

The dump solenoid shown in
Figure 29-2 is a critical component
for safety, and must be made very
carefully. It is used in a couple of dif
ferent ways , and these are discussed
below.

Two heavily insulated wires are
connected across the main contacts
to discharge the main capacitor bank
under different conditions.

When the system is shut down ,
the solenoid is de-energized and the
two main contacts close, discharging
the main capacitor bank. In the shut
off state, the solenoid will prevent an y
charge accumulating on the main
capacitor through interaction with RF
fields (th ink about a CRT!).

Another function of this compo
nent is to prevent any charge building
up through leakage in the charge
relay (a solid-state device) until the
CHARGE button is pressed. The
microswitch mounted on the sole
noid backboard will change state
only when the plastic block mounted
on top of the moving armature
actuates the operating button on



Figure 29-2.
Dump Solenoid

Assembly

To discharge res istor

Crimp an d sold er
this connect ion

# I0-32 brass screw

Plast ic block

Microswltch

Spring

Plast ic b lock

12VDC Solenoid (see text)

To Ground

Crimp and solder
this connection

Flexi ble b rai d
from coax

Plastic sheet

To control circu it
(SSR disable)

Wh en tapp ing for th is screw
DO NOT break thru plast ic

HV chassis. The high voltage will
be limited to about 2,000 volts
under normal operating conditions,
but there may be a situation that
causes an over-voltage condition to
exist, and allowances must be made
for th is.

Make the base about 3/4 inch to
one inch thick and you should be
okay. Try to leave about 1/4 inch of
plastic beneath the screw.

The ground side of the solenoid
is not as cr itical in depth , and may
be drilled through. Connect the
armature of the solenoid to the
ground screw using a piece of braid
from a short length of coax cable.
The braid should be flattened and
soldered to the armature, and long
enough and flexible enough to allow
free movement of the armature. The
spring ensures a positive return to
the safe position when power is

lit removed, and minimizes any contact
!:i bounce.
-2 Finally, the ground wire should
'" be taken to chassis ground and
loIS circuit common. Aga in, take care
i~ with the construction of this sub
J~ assembly - your life just might
Z depend on it!!
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Theory of operation

Looking a bit further at the
schematic diagram in Figure 29-1 ,
you 'll see several component blocks
that come together to make this con
trol board work. The raw 24VDC
from the power distribution chassis is
reduced to 15V and stabilized by the
regulator U1 (LM7815). Supply
smoothing is done by C1. D1 pro
vides indication that the low voltage
power is on , and may be left on the
board or brought out to the front
panel , as you wish . D2 is a 10V zener
diode that provides the reference
voltage for the charging circuit. U2 is
a voltage comparator that takes a
sample of the high voltage and com
pares it to the reference voltage on
the wiper of VRI , which is used to set
the PFN (pulse forming network)
voltage.

Initially, the wiper of VR1 (TP1)
is set to , let's say five volts , and the
charge button is pressed. U3a and
U3b (CD4001) form a latch that ini
tializes with pin 3 low. Pressing the
CHARGE button triggers a change
of state in the latch forcing Q1 to
turn on .

At the same time, U5 is trig
gered, operating the dump solenoid,
and opening the microswitch across
R19. Th is turns on the solid-state
relay and allows the main capacitor
bank to charge up .

As the bank charges, the poten
tial at TP2 begins to rise . When the
voltage differential between the two
inputs of the comparator is reduced
to zero , then the output pin of U2a
drops to ground taking down pin 4
on U2b . Pin 5 of U2b is held at a
fixed level and the change on pin 4
causes the U2b (pin 2) output to rise
sharply, resetting the latch and shut
ting off Q 1.

This action turns off the solid
state relay, halts the charge on the
main capacitor, and sets the stage
for the fire sequence.

During the charge period, U7a
turns on D8 - a red LED - indicat
ing that the capacito r is being
charged. When the charge voltage is
reached D8 extinguishes and D9 - a
green LED - illumina tes indicating
that the system is ready to fire. When
D9 illum inates, the input to the
inverter U6c is held low, forcing its
output high and turn ing on Q3 ,
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Resistors Ds ,D8 Red LED
RI , R7, R8, RII 1.2K D9 Green LED
R2-R4, Rls, RI6, I K D2 10V 1/4W Zener diode
RI8, RI9, R23, R33, I K D3 12V 1/4W Zene r diode
R36,R37 IK D6,D7 I N400 I or I N4002
as, R20, R22, R24, 10K DIO ,DII IN9 14 or IN4148
R2s,R3s,R38 10K
R6 22K Integrated Circuits
R9 3.9K UI LM781s Voltage regulator
RIO,RI2 12K U2 LM290 I Quad comparator
RI3 620K U3 CD 400 I Quad NOR gate
RI4 s6K U4 LM324 Quad op-amp
RI7 I M (see text) US LMsss Timer
R21 s.IK U6 CD4049 Hex inver t er
R26,R28,R29 6.8K U7 CD40 I I Quad NAND gate
R27 180K
R30 220K Miscellaneous
R31 3.6M Swl Pushbutton NO mom.
R32,R34 33K Sw2 Microswitch (see text)

Sw3 Pushbutton NC mom.
Capacitors Sw4 Pushbutton NO mom .
CI 1000IJF
C2 220IJF KI Dump solenoid (see text)
C3, C4, C6, CIO O. IIJF K2 DPDT 12VDC coi l
CS 0.331JF
C7 4.7IJF VRI 10K 10 turn
C8,C9 O.OIIJF VR2 10K trimpot
CII 100IJF VR3 10K trimpot
CI2 I .OIJF

MI 0-1 mA FSD
Transistor
QI ,Q2,Q3 2N3904 NPN TP I ,TP2.TP3 Wire loops or solder pins

Diodes All capacitors 3sV except where noted
DI Yellow LED All resistors 1/4W unless otherwise noted .
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which arms the FIRE stage.
Note that until this sequence of

events is played out, the FIRE button
will be inoperative, and so the lamp
cannot be fired while still in the charg
ing mode. If the lamp were allowed to
fire dur ing the charge period, it may
try to run in a CW mode, which wou ld
result in a steady high cu rrent
through the lamp, causing a rapid
and enormous heat build-up , destroy
ing the lamp and very likely melting
the laser head block.

A visual indication of the state of
charge on the main capacitor bank is
given by the front panel mete r M1.
This meter is basically a 1 mA meter
made into a fixed-range voltmeter,
calibrated by adjusting VR3, and is
set to continuously read the PFN volt
age. The charge voltage level at TP2
is buffe red by U4b to prevent er ro
neous readings.

U4a is the over-voltage monitor.

In the unlikely event that the solid
state relay does not shut down , and
the charge on the main bank contin
ues to rise , the re has to be a way of
p reventing a dangerous situa tion
from developing.

U4a is an LM324 op-amp con
nected as a comparator, and moni
tors the potential on TP2. This com
parator will allow the dump solenoid
to clo se a nd discharge the main
capacitor in the event that the voltage
across the main bank goes higher
tha n the level set by VR1. K2 will ener
gize if U4a pin 3 rises above the level
on pin 2, and will cause the contacts
in series with the dump solenoid to
open.

The second set of contacts will
latch th is re lay, preventing an y further
op eration until the system is shut
down and re-st arted.

Thus , it will be impossible for the
laser to run in an over-voltage condi-

tion . D5, the red LED, will illuminate
under this condition an d should be
brought out to the front panel to indi
cate the fault. Th is fau lt will not shut
down the entire system - only the
high-voltage and firing sections .
However, a system shut-down is
requ ired to reset relay K2, and allow
investigation of the condition.

Initial testing and
calibration

The control boa rd should be test
ed before hoo king it up to the rest of
the circuit. We must make sure this is
working properly be fore we even
think about applying the HV. This can
be done quite easily on the bench,
using a separate DC source. Feed the
circu it from a 24VDC source and fol
low the sequence outlined below.

1. Check for 15VDC at the out-



put of the regulato r U1.

2. Connect a voltmeter to TPI
and see that the voltage changes
from zero to about 10V as the
SET VOLTS control (VR1) is rotat
ed. CW rotation should increase the
voltage.

3. Adjust VR2 so that maximum
resistance is se en between TP2 and
ground.

4. Monitor the voltage at TP3.
Turn the power supply off and on a
few times to see if TP3 changes state
during the power transition . If no
changes are seen, then leave the
power on , otherwise you should trou
bleshoot your wiring. TP3 should
always power-up LOW.

5 . If everything is okay up to this
point, continue checking by pressing
the CHARGE BUTTON (Swl) , and
observe several more things:

• Relay K1 should immediately
energize.

•TP3 should go from LOW out
put to HIGH.

•Sw2 contacts should open.

. U5 (LM555) should beg in its
timing cycle.
• DB should illuminate.

Con tinue to watch the timing of
U5, and see that it reverts back to its
initial state after about 30-45 sec
onds, depending on the value of R31.
This resistor may be changed to give
you more or less time , as you prefer,
but try to keep it to th is sort of a time
period. Don 't go too long. When it
does, then K1 should de-energize,
Sw2 contacts should close, and DB
should extinguish.

Press the CHARGE BUTTO N
again , but this time press the DUMP
button Sw3 before U5 can time out.
The dump solenoid K1 should imme
diately drop out. The timing cycle of
U5 should not be interr upted. DB
should extinguish.

For the next test, you' ll need a 9V
battery, a 100IJF 25V capacitor, and a
100K res istor. Solder one end of the
resis tor to the positive side of the cap,
and co nnect the negative side of the
batte ry to the negative side of the
capacitor. Use clip leads to connect
the negative side of the capacitor to
the circu it common, and connect the
positive s ide of the cap to TP2 .
Monitor the voltage at TP2 us ing a
DVM or an oscilloscope, if you have
one. Leave the positive side of the

battery disconnected at th is time .
This circuit has about a 10 sec

ond CR period, so you ma y need to
repeat th is test a few times.

Turn everything on , and set the
slider of VR 1 to about five volts , press
the CHARGE BUTTON, connect the
positive side of the battery to the
open end of the res istor , and observe
a few more things:

1. The voltage at TP2 will start to
rise as the capacitor charges. The
needle of the analog voltmeter will
begin to move, indicating the charge
status.

2 . As the voltage rises on the
capacitor, pa y attention to the
sequence of events as it approaches
five volts . When five volts is reached,
a few th ings should happen:

· TP3 will transition from a HIGH
state to LOW.

• DB will extinguish, and D9 will
illuminate.

•The voltmeter should read
approximately mid-range - use
VR3 to calibrate this meter.

•When D9 illuminates, the emit
ter of Q3 should go to approxi
mately 12 volts .
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PicBasic Co mpile r
PicBasic con verts your BASIC programs
into files that ca n be pr ogrammed
direc tly into a PICmicro MCU. Ma ke
use of the la test mlcroc ontro lle r
technology with out learning C or
Assembler. Compatible with DOS and
Windows 9x/MEI2KJXP.

PicBas/c Compil er $99.95
PicBasic Pro Comp iler $249.95

lo w cost programmer for PIC12Cxxx,
12CExxx, 12Fxxx, 14Cxxx, 16C 505,
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•The over-voltage LED D5 will illuminate, showing the
system has gone over the set voltage, indicating a
problem.

•When the voltage changes on pin 1, see that relay K2
pulls in. This will open the contacts that hold K1 in,
and ca use the dum p solenoid to de-energize.

•When K2 pulls in, it latches itse lf using its own con
tacts, and so cannot de-energize without turn ing off
the power. Th e dump solenoid drops out, and
regardless of the conditions of the rest of the circuit,
th e contacts across the solid-state relay will prevent
this device from turning on, stopping any further
operation of the system until it is reset by powering
down.

•As the ca pacitor approaches five volts , monitor the
voltage at U4a pin 1. This will normally be low, and
toggle high when the voltage at pin 3 rises above the
voltage at pin 2.

•When the transitions above take place, disconnect
the battery immediate ly.
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• Determine surplus stepper motor specs using

simple easy to build test equipment.
• Design and build microcontroller-based control systems
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• Analyze the mechanical characteristics of stepper motor

driven devices.
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the circ uit functi ons, and how the various stages interact.

As I sa id, the circu it is not complex and it can be
built an d tested in stages, and should not give you an y
problems.

If a ll these tests perform correctly, then you did a good

We have been selling on the Internet since 1996. We ship

I thilay we receive your order. xtiibiius.i"lIieiissiid.ay•. •
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3 . Repeat the above test and let the capacitor contin
ue to charge above five volts , and check for a few other
transitions:



The Business of ElectronicsThrough Practical Design and Lessons Learned

In The Trenches
Giving Effective Presentations

O
ften engineers are required
to present ideas or products.
This can be difficult because

th is is not usually a task engineers
have been tra ined for. However, by
understanding what is expected and
what to expect, this activity does not
need to be feared .

Marketing Versus
Engineering

A presentation is usually associ
ated with marketing. Whether it's a
new idea presented to upper man
agement for development, or a new
product presented at a trade show.
The idea of a presentation is to sell
something and to get immediate
feedback about that thing. This is
called marketing . Moreover, it's
something many engineers dread.

This is because the marketing
department always seems to be in
conflict with engineering, mostly
because of differing mind-sets .
Marketing tends to overlook prob
lems with a product; where engineer
ing spends much time identifying
and eliminating these problems .
Marketing sometimes commits eng i
neering to "impossible" tasks. They
may def ine time restraints , specifica
tions, or development costs that are
not reasonable. Marketing isn' t
always logic al.

I won 't go into more detail about
the marketing/engineering feud this
time. I'll save it for another whole col
umn in the future . Nevertheless , it's
important to realize that marketing's
point of view is just as valid as engi
ne ering 's . Each department has its
own goals and procedures. Each
department is im portant to the com
pany. So , it's not unreasonable for an
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engineer to have rese rvations about
work ing for "the other side."

While a presentation may be
associated with marketing , it's your
job as an engineer to represent engi
neering. You can be sure that your
presence is cr itical to the success of
the presentation. So , whether or not
your company has an engineering/
marketing feud , your skills in present
ing an idea or product are im portant.

Size of Audience

Probably the most im porta nt
emotional aspect of an y presentation
is the size of the audience. Engineers
are generally qu iet , introverted types
(of course, there are exceptions).
Moreover, the idea of getting up in
front of hundreds of people can be
intimidating.

On the other hand, engineers
must be good communicators. Think
of all the documentation and interac
tions needed to produce a product.
Problem solving requires engineers
to talk with each other and exchange
ideas that are both subtle and com
plex. Therefore, ever y engineer has
the potential to be a good presenter,
if emotions are controlled.

As with any skill, practice makes
perfect. What's more, the stress of
presenting is reduced if you have
already done it. Ideally, you should
have a practice audience simi lar to
your rea l audience. But th is ma y no t
be practical. However, you should
have a technical or non-technical
friend who is willing to listen to you.
Hopefully, this person will be honest
with you and you will be able to
accept an y cr iticism without getting
upset. (Otherwise, th is exercise loses
a lot of its usefulness. )

Most engineers are comfortable
talking to a small group of engineers.
So , when faced with a large group,
single out one audience member (or
perhaps several ) and speak directly
to that person(s). Try to forget about
the others . Just explain to your
selected person about your product
or idea. This will make you feel more
comfortable and confident, and the
audience will notice this. A comfort
able and confident presenter is usual
ly a good presenter.

If you are presenting to a small
group or an individual, a demonstra
tion should always be considered. A
demonstration greatly enhances any
presentation . There are a number of
reasons for this. The first is that it
generates more interest. People can
see, touch and examine a piece of
hardware. This is different from most
pla in presentations, so people
remember it better. A demonstration
can illustrate principles that are diffi
cult to explain. A simple demonstra
tion of the action/reaction physics
principle, for example, is something
that transcends numbers and dia
grams. What' s more , a good demon
stration often cuts across technical
boundaries. You don 't need a physics
degree to see that every action has
an equal and opposite reaction.

Here is a classic example. During
the government inquiry of the space
shuttle Challenger's explosion on liftoff,
when Dr. Richard Feynman made a
simple demonstration. He had a small
piece of O-ring material on a small
clamp inside a glass of ice water. The
ice in the water chilled the a -ring mate
rial to 32 ' . approximating the temper
atu re at the time of the accident.

When the clamp was released,
the a -ring material didn't return to its
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Most product presentations are
straightforward. You are there to
explain how the product works, what
it does , and the things that make it
special. Usually, the product is avail
able for examination or testing .
Encourage the audience to handle it.
Remember these people are potential
customers. If you are worried about
them damaging the product, then
you have serious product problems.

Never, repeat never, get in the
way of someone who wants to touch
the product. Th is is an interested per
son . Therefore, this is a potential

Presenting a Product

tems, heterodyn ing, low-pass filters,
and the Nyquist limit. Just say some
thing like, "A liasing is a significant
problem that can occur whenever a
signal is measured with a digital sys
tem. We have used a special filter that
reduces this problem to levels well
below ou r competitors ' products."
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Buffered Smart Switch
for RS-232 and RS-422

Devices

Connect any
number of

devices to one
computer port

Network time clocks, scales,
relays, data loggers, ...

-2 serial devices per module
-Modules can be daisy-chained

-Supports different baud rates for each device
-Transmit and receive buffers

-Send and receive from all ports simultaneously
-Works with any computer

Model DP2 only $395. OEM discounts.
Mention this ad and deduct 5%.

1&ltfB1Connecticut microComputer, Inc.
PO BOX 186, Brookfield,CT 06804 (203)740-9890

800)426-2872 www.2cmc.com Fax:(203)775-4595 m~

result is that the audience cannot fo l
low the presentation. The engineer is
speaking a different language.

The second problem is the oppo
site. The presenter treats the audi
ence as intellectually challenged and
"speaks down" to them. In th is case ,
the eng inee r has failed to understand
the significant difference between stu 
pidity and ignorance. The result is that
th e audience think s tha t the presenter
is arrogant and contemptuous of them.
The truth is that these non-technical
audiences are generally composed of
bright people. Why else would they be
there? Stupid people usually don 't
come to technical presentations.

The proper approach, when pre
senting to a non-technical audience,
is to refrain from using too much
technical j argon and to clearly
explain needed technica l concepts in
plain language. For example, sup
pose you need to discuss how your
new product dea ls with aliasing. Don't
get into the details about sampled sys-

For Windows
98/NT/Me/2K/XP

3 Editions,
starting at
$99 + s/h

Or, Call 800-280-5176
530-273-1985 Fax 530-477-9106

P.O. Box 2270, Grass Valley, CA 95945

NewVersion 5.0~~~5;;;

Parts List Software
for 'EYlJineersanl1Jesijners

• Easily create and manage mum-revet parts lists for
products in development...and after.

• Tracksources for items with multiple price breaks.
• Calculate product costs at any quantity,
• Launch CAD, viewer or browser from any Item.
• Automatically generate RFQs or POs.

• NewReport Layout Editor
customizes reports/labels .

• NewConnection to
outcksooks 2002/2003 Pro
simplifies account ing (US
version onlyl.

• New Multi -currency for
foreign suppliers eases
exchange rate calculations.

Visit www.trilogydesign.com
and download our FREE DEMO.

Parts
Vendors'"

Type of Audience

original shape immediately. Th is clear
and simple demonstration showed
exactly how the O-rings failed.
Everyone understood th is. Near ly
everyone who saw this remembers it.
Few remember the hours of verbal
and technica l explanations. A good
demonstrat ion can be extremely pow
erful and persuasive.

The most important technical con
sideration is the type of audience. If
they are all engineers, you will probably
have littl e problem in communicating
your ideas. But, engineers can have dif
ficulties when talking to non-technical
people about technical topics .

When this problem occurs, it is
usually one of two situations. Th e first
is when the engineer ignores the idea
of the non-technical audience. The
result is that the presentation fails
because the engineer uses j argon and
undefined technical concepts. The
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CapAnalyzer 88A LeakSeeker 82B
Available at your distributor, or caI/ 561-487-6103

Electronic Design Specialists www.eds-inc.com

Presenting an Idea

Presenting an idea is different
from presenting a product. A product
is a real thing that can be seen and
touched. It's usually available to the
audience. Most product presentations
discuss the features , cost, and other
characteristics of the item. A demon
stration of the product is normally a
simple task. Such demonstrations
are just a confirmation of what the
presenter says.

An idea is different. Nothing can
be touched or examined. Because of
this, it is easy for the audience to dis
miss the idea. This makes credibility
the most important aspect for a pres
entation of an idea. This credibility
comes in two forms. The first is the
credibility of the presenter. The sec
ond is the credibility of the idea . If
either fails, the presentation fails.

The credibility of the presenter
ho lds the audience's attention . If a
10-year-old child was to present a
new idea about a video encoding and
data reduction principle, you proba
bly wouldn 't listen too closely.
However, if that same child was talk
ing about a new game or toy, you
would be all ears. Your credibility as a
presenter is based on what you 've
done and how you appear. Since you
can't change the past, you're stuck
with what you've done. Hopefully, your
professional experience matches what
you're presenting. If not, you must
work harder to achieve credibility.

You can enhance your credibility
with attention to your appearance
and your presentation skills. You
must always look believable. Dress
appropriately and appear as your
audience expects. If you don't know
what your audience expects, you
have a problem. In th is case, talk to
other people for advice.

A person who simply read s pre
pared text to a group will have diffi
culties. First, the presentation is bor
ing and people will not remember what
you said. Second, reading something
makes it appear that you don 't know
the topic . This reduces your credibility.
Finally, this presentation lacks confi
dence. If you don't have confidence in
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Remote control fromother apps, (e.g.

Visual8as ic.Substituteshigherpriced
universal programmerse.g. ALL-ll
(HILOl or LA8-TOOL-48(ADVANTECHl

Providing virtuallymatching perfor
mance at only1/3-1/5 the price.

Info. / Orders, call. : 619-702-4420

thought when you are looking at new
software or a new signal ge nerator?

Be patient and let the person satis
fy himse lf about what he wants to look
at. Only after he has finished , should
you mention features he may have over
looked, or points you want to add.

Give the product an op portunity
to speak for itself. It may be ver y
eloquent.

Your DVM shows the same shorted reading all
along the pcb trace. LeakSeeker 828 has the
resolution to find the defect ive component.
Touch pads along the trace, and LeakSeeker
beeps highest in pitch at the defect' s pad. ow
you can locate a shorted part only a quarter of
an inch away from a good part. Short can be
from 0 to 150 ohms

Locate shorted or leaky
components or conditions
to th e exact spot in-circuit
Still cutting up the pcb, II""''''!'J'''~~

and unsoldering every
part trying to guess at
where the short is?

$179

mlcrocontrollerssuch as 87/89xxx,
PIC, AV R,ST62, etc". Low voltage

devices downto J.3V. No adapter
required for DIL devices. 8 Hrs.
operation on battery (ACcharger

included!. RunsWIN 98,NT,ME,
2000,XP with Hex/Fuse Editor.

Latest generation pocket sized

programmer usesASIC universal
pin drivertechnology. 1900+device

library,with lifetime free updates.
Programs 8/16-bit EPROM'S,
EEPROMs, o-Power RAM,FLASH,

Serial EEPROM's, GAL,PALC E,
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Inexpensive enough to pay for itself in ju st
one day's repairs. At $179, it's affordable.

The Standard for checking
Capacitors in-circuit

Good enough to be the
choice of Panasonic,
Pioneer, NBC, ABC, Ford,
JVC, NASA and thousands
of independent service
technicians.

And with a 60 day trial period, satisfaction
guaranteed or money-back policy, the only
thing you can lose is all the time you're
currently spending on trying to repair all
those dogs you've given up on.

buyer. (If they are not interested, they
will not buy your product.) Stand
back and let that person examine
your product on his own. Do not offer
advice. Do not point out features. Do
not say anything unless asked, or
unless the person is clearly having
difficulty with the product. After all,
don 't you hate when a salesperson
keeps interrupting your train of
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R G 58/59 BNC Ratche t Crimper Tool
Product # : TM-292

$16.95

tripper and UTP Economy Punch T o ol
P roduct # : TE-TPS

$ 2.0 0

try to bluff someone. You may fool
one person, but you won't fool the
audience. They always seem to know
a phony. If you don 't know an answer,
say, "I don 't know, but I'll get back to
you ." Then be sure to do exactly that.
If you must, ask for the person's
name and contact infor mation. Or
else , as k him to ta lk to you after the
presentation.

Any feedback or comments are

C ircl e #132 on th e Re ader Serv ice C ard .

1N1N1M.R o g e r s S y s t e nJs .c o nJ
WHOLESALE PRICES T O T HE PUBLIC

Visit us online for our complete catalog & p r i c e s

C oax Stripper Tool for 5 8/59/6
Product #: TM-192

$10.99

Accessor ies I Adapte rs IAudio I Cables I Card reader! Wr iter
Cases! Enclosures I Communicat ion I Computer I Connectors

Distance Sensors I Fans I Hardware I headphone!mic & speakers
Internet I KVMs I Media I Modems I Monitors I Peripherals I Rack Equipment

Software I Switch Boxes I Testers I Tools I TVNideo I USB Accessories

R og er 's Sy stems
~ Q200': ~ J'''',*"I'k''''').WID''-:3IJ

so , let the audience know this at the
beginning. Ifyou forget, and someone
has a ques tion, answer that person
and the n ask everyone to hold their
questions until the end. Never put off
a question. If you do, it will annoy
people and create a bad imp ression.

You should always have a com
mand of your subject and should be
able to anticipate most questions. Be
honest. Never make up an answer or

It is very unusual if there are no
questions or comments . How you
respond is extremely importa nt. If it
is a la rge group, you may wan t to
an swer questions when you finish . If
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Questions and
Feedback

your idea or yourself, why should
your audience be different?

You certainly can have notes and
refer to them occasio nally. However,
a confident presenter talks to the
audience. He clearly knows his sub
ject and convinces the listene rs of
that. Therefore, your credibility as a
presenter depends mostly on how
well you present.

The credibility of th e idea
depends entirely up on how you pres
ent it. A great idea can die from poor
presentation. Conversely, a poor idea
may succeed if presented well to the
proper audience. (An example of a
"successful" poor idea is Coca Cola ,
when it changed its formula. ) You
must target your presentation to your
audience and be able to explain your
idea so that they can clearly under
stand it. You only get one chance, so
make it your best.

A demonstration of an idea is
very useful. As noted above, demon
strations can be extremely powerful.
Even if your idea cannot be realized
in hardware , it may be po ss ible to
demonstrate the principles . If the
underlying principles are understood,
and the demonstration is clea r, the
credibility of the idea is incre ased.

For example, a long time ago, I
had to present an idea for a sol id
state laser aircraft/ run way position
ing system. There was no ha rdware .
The existing solid-state las ers were
the old , pulsed, infra red type. So for
my demonstration, I used a visible
HeNe (Helium/Neon) laser and sim
ple glass rods as lenses to ge nerate
visible laser "curta ins" (two-dimen
sional sheets). Then the audience
could understand how an ap proach
ing aircraft's position could be pre
cisel y measured as it flew through
laser "curta ins," set in pa rticu lar loca 
tions with particular angles .
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wants. This makes the product or idea
more attractive and easier to sell.

There is no reason why you can't
ask the audience questions. Unless
this is a very formal presentation in
front of a large group, this is often
useful. It provides you with informa
tion and involves the audience with
the presentation. This involvement
increases interest and will generally
make the audience more receptive.
However, there are considerations.

Some audiences, such as upper
management, may feel uncomfort
able with this. They may not expect
to be questioned. Moreover, some
higher-level managers feel that ques
tions are not appropriate.

Make any questions you ask sim
ple and general (unless you are
responding to a question from the
audience). For example, you might
ask if the audience is familiar with your
product, if they would like a particular
feature added, or if they understand
certain technical explanations. Don't
ask for a "show of hands." This is not
grammar school. You will know from
the reaction if the answer is yes or no .

What should you do if you realize
you 've said something wrong? If
you've been too offhanded and make

an improper or offensive
remark , apologize immedi
ately and move on. If you
don't know until later it was
improper, obliquely refer to
it , apologize, and move on .
For example, "I now realize
that I said something
improper earlier today. I
apologize for being incon
siderate and insensitive. It
won't happen again."

If you realize that you
have said something factu
all y wrong, stop immedi
atel y and correct the error.
Be sure everyone knows
the error and what the cor
rection was. If someone
catches you in an error,
acknowledge it. There is
nothing worse than an
arrogant presenter who
doesn't know the error of
his or her ways.(800) 635·3355

Circl e #131 on th e Re ade r Service Card.

~ :: With dozens of embedded
~"q ~... controllers and countless

"111' configurations, we can help
you turn your imagination into reality.
Fora complete look at our product line,
visit our website at www.micromint.com.

MicrDtnint
.. ~

www.mlaommt.com

301-262-0300

WWW.TraceSystemsInc.com

don 't want to interrupt the flow of the
presentation. Use your best judgment.

Feedback can be used in two
ways. The first is to improve your
product or idea. You can often treat
presentations as being similar to a
market survey. If you have good infor
mation about what potential buyers
want, you can tailor your work to those

• 12-bit analog inputs (8)
• 1O-bit analog outputs (2)
• 20 digital 110
• 32-bil counte r

$119 qty 1
($95 qty 10+)

LabJack
U12

USB Data Acquisition
& Control

Available now for only ...

SYSTEMS,lnc.

It writes your USB code!
NO Need to be a USB expert!
HIDmaker ($399) - creates HIDmaker Test Suite ($149)
ready to compile PC& PIC programs USBWatch - shows your device's
that talk to each other over USB. USB traffic, even during 'enumera-

Choose your favorite languages! tion', without expensive equipment.
PIC: Pic Basic Pro, CCS C, Hi-Tech C, AnyHID - Test any USB HID device.
MPASM. PC: VB6, Delphi, C++ Builder. See what data it sends, even what
Single chip solution: PIC with built- the data is used for.
in USB

t\. Made in Colorado, USA, by LabJack Corp,
~ info@labjack.com, (303) 942-0228

• Built-in screw terminals
• Easy-to-use USB
• Everything included
• Use with C. VB, LabVIEW, etc .
• Windows 98SE/ME/2000/XP

82

important. It doesn't matter if they are
good or bad. In truth, the bad com
ments are probably more helpful.
They show weaknesses in your prod
uct or idea. Write all comments down.
You will need to decide if you want to
do this during the presentation or after
wards . It's important to show that you
take the comments seriously, but you
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The UP2 board is a stand-alone
experiment board based on two
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• Frequency Response Testing
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• Fast 32 bit executable
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Post-Processingmodes

The UP2 supports both product-term
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manual, CD with the software, wiring kit

and a download cable for PCconnection 
all in one bea utiful attache case!
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Saying Thank You

This is somewhat different from presenting an idea or
a product. Here, you are presenting information .
Unfortunately, this can be a most difficult thing to do in an
interesting manner. Data is often boring. Research is often
summarized with graphs and numbers. This is hard to
present without getting sleepy.

Here are a few tricks to fight the snoozers. Be su re that
there is a lot of cold water, free coffee, and caffeinated soft
drinks available. Never make a presentation right after
lunch. Digestion makes people sleepy. (Not to mention the
beers or martinis some people may have had.) Keep the
lights bright and the seats uncomfortable. Make the pres
entation short, if possible. If not , have frequent breaks.

You can also help by being enthusiastic about your
work. (If you aren't, why should anyone else be? ) Keep mov
ing around if you are presenting in front of the audience. If
you are sitting around a table, pass out materials as you
need them, rather than at the beginning. Speak loud and
clear (but don't shout). Make eye contact with each person
on a regular basis. Don 't read from a prepared script.

Try to make the information interesting. For example,
explain how a particular table shows how to lower costs. If
you have any hardware , bring it out. Even if it has little to
do with the research, passing the hardware around will
keep the audience interested and involved in what you
have to say. Sometimes you can add humor. For example,
customer satisfaction could be measured in happy faces
instead of a plain bar graph. But , be careful here. Humor
can make your work seem less seri ous.

Unless you are presenting at a trade show or other
paid venue, it is often useful to send a thank-you note after
wards. There are a couple of reasons for th is. First , it allows
you to remain in contact with the potential buyers of your
product or idea. It a lso allows you to point out features or
considerations that were not in the presentation. Second, it
can serve as a reminder of your presentation. It's also
polite, professional , and somewhat unexpected. This
makes them feel good.

The thank-you note can be sent by Email or regular
mail. Ifyou presented to a small group of close co-workers,
a verbal "Thank You" is appropriate - a written note would
be too formal. The thank-you should be sent to each par
ticipant. If you don't know everyone, then send it to the
organizer. It should be short, direct, and polite . Always
include your contact information and indicate that you wel
come comments and criticisms.

Presenting a product or an idea is an opportunity for you
to do something different. It gives you a chance to be noticed.
It's also useful for building your confidence . It ma y seem a lit
tle scary, but it doesn 't have to be debilitating . NV
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Results



Putting the Spotlight on BASIC Stamp Projects, Hints, and Tips

Stamp Applications
This is Your Brain on Stamps!

OCTOBER 2003

Since I wanted to test my project for a
month or so before committing to a per
manent enclosure, I built it on a Parallax
Boa rd of Education (BOE) - actually,
the re is noth ing connected to the BOE
breadboard. What I did use is the new LCD
AppMod from Parallax. It plugs into the
BOE AppMod connector and gives me a
nice litt le two-line by eight-character dis
play and four button inputs. Now, the LCD
AppMod is ve ry stra ightforwa rd (see
Figure 1) and you can certainly assemble
your own with a standard LCD, a few resis
tors , and some normally-open push-but
tons.

The clever design of this LCD/button
circu it was done by ou r old pa l (and very
smart gu y) Scott Edwards. What's great
about it is that a button press will not inter
fere with data be ing sent to the LCD. With
a button open, the signal from the Stamp
to LCD will be felt across the 10K res istor

ered buy ing - a brain-wave synchronizer. Th is is, essen
tially, a se t of goggles that holds lights (LEDs) that can be
flashed at controlled rates and patterns. My first acting
coach taught me relax ation and self-hypnosis techniques,
and I thought it would be fun to add a little electronic
assistance. But afte r th ink ing about it for a few minutes, I
concluded that I could build my own with a BASIC Stamp.
And that's what I did.

Now, even if you're no t interested in brain-wave syn
chronizing, this project may still interest you in that it's a
pretty good example of a simple menu system. And , as
long-time readers know, one of my favorite top ics with
Sta mps is lighting controllers. Th is project is, in effect, a
mini light show for the eyes and bra in. I could just as eas
ily hook it up to a set of opto-relays and control holiday
lights. Okay, let's jum p into this dude.

Menus Made Small

Figure I.
LCD AppMod
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Since you read this magazine, and you're reading my
column, you 're probably a lot like me - smart,
good-look ing , a blast to hang out with ... okay, okay,

I was kidding - except for the smar t pa rt. The fact that
you read Nuts & Volts mak es you very smart. What I
should have sa id is that, like me, you're probably a gadg
et freak. Am I right?

The scariest element of this single-guy's home is not
th e rabid dust-bunnies living under my bed, but rather th e
growing co llectio n of "Wow, that look s neat ..." gadgets
that are now occupying that space. I guess if I just went to
sleep at a decent hour and stopped watching late-night
infome rcials , I'd have a smaller collection of junk. Oh well ...

While cruising the web a couple weeks ago, I ca me
across an ad for something I'd seen before an d co ns id-

Vdd

Dual Role I/O Pin Techniques, Scrolling

Menus, and Some Blinkenlights!
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A Program For All Seasons

The first three definitions are LCD control pins , and as
you can see, we've used the PIN type definition where we
used to use CON. Remember that PIN helps us when we
have I/O pins that can be inputs or outputs, depending on
what's happening with the program. Using PIN prevents
duplicate definitions for the input and output register bits.

But PIN only works on single pins, not on groups. So,
to keep things as clean as possible, we've aligned the LCD
bus with one of the Stamp's standard I/O groups (P4-P7).
By using aliasing , we're able to rename the various ele-

o
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Vss

1'1'

1'1'

1'1'

1'1'
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Figure 2. Stimulus LEDs
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Conditional Love

#DEFINE _LcdReady = ($STAMP = BS2P) OR ($STAMP = BS2PE )

By using #DEFINE, we've created a compiler symbol.
Compiler symbols are generally defined as True or False. If
a symbol is not defined, but appears in program code, the
compiler will assume it's False. In our case, _LcdReady will
be True if we're using a BS2p or BS2pe, otherwise it will be
False. Keep in mind that the compiler actually polls the
connected Stamp for its type before compiling and down
loading the program. This keeps us from having a problem
if our $STAMP definition is not matched to what we're actu
ally connected to. The compiler will alert us and fix the
$STAMP definition.

As a matter of style, I like to preface compiler symbols
with an underscore character so that I know it's a compiler
symbol and not a program constant. This keeps me from
attempting to use them in normal program logic where an
error would be generated. Where we can use them is in
conditional compilation structures: # IF-#THEN and
#SELECT-#CASE.

Okay, let's put the symbol to use. In the Initialization

As I've told you before, the newest PBASIC compiler
can - if we direct it - conditionally compile portions of
code to be downloaded to our Stamp. The trigger for the
conditional compilation can be automated or manual - it
just depends on what we're trying to accomplish. For this
program, we'd like the compiler to make things work no
matter what BASIC Stamp we have plugged in. Let's see
how.

In the Constants section, we have this line:

ments of I/O group B for
use in the program.
Finally, we do the same
with the OUTH group
(P8-P15) for the LEDs.
Figure 2 shows our LED
circuit mounted inside
the goggles, and Figure 3
shows how the LEDs are
physically positioned.

Please allow me to
stress that taking the
time to do this kind of
programming will save
you from a lot of trouble
later. Give your pins and
pin groups names that
are meaningful - not just
for you, but for others who may come in contact with your
program. I promise that this will save you more time than
you might think you're wasting by being "fancy." Trust me ,
I know from experience.
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1
2
3
DIRB
OUTB
INB
OUTH

PIN
PIN
PIN
VAR
VAR
VAR
VAR

E
RW
RS
BusDirs
BusOuts
BusIns
LEOs

on that line. So , what happens when a button is pressed?
Well, if the signal from the Stamp is high (five volts), there
is no conflict, since both the Stamp and the push-button are
sourcing 5V to the bus line. When the output from the
Stamp pin is low and a button is pressed, there will be a
small amount of current (about 5 mA) through the 1K resis
tor, but the LCD will still see a low since it's connected
directly to the Stamp.

When do we use the bus pins as inputs to read the
switches? With the button open, the 10K resistor pulls the
pin to Vss (ground) , so we get a low (0). When the button
is pressed, the 1K and 10K form a voltage divider and the
Stamp will see about 4.5 volts on the input - this is well
above the high threshold for a Stamp pin.

Not long after the security gate controller project, I
got a nice Email from a reader who was having problems
with the code running on a BS2sx (my code was tested
on a BS2) because the BS2sx is faster than the BS2.
Then, there was the issue with the BS2p family since they
have built-in LCD commands.

While writing the LCD AppMod documentation, I
decided to take full advantage of the conditional compila
tion feature of the new PBASIC compiler. I've covered it a
bit before, but not as extensively as I will here. By using this
technique, we can be sure that the program will work for
anyone - no matter what their favorite flavor of BASIC
Stamp may be.

Since we're using the LCD AppMod for my project, I'm
able to take advantage of that code, and add a few tweaks
to give it a bit more flexibility.

Let's start from the top. While most programs set pins
to be inputs or outputs, this one requires the LCD bus and
button input pins to change on-the-fly, so we're going to
create a set of definitions that make the program easy to
read and maintain.



PAUSE 5
PAUSE 0
PAUSE 0
PAUSE 0
PAUSE 0
PAUSE 0

Stamp

section of the program, we go through the steps to get the
LCD up and running with a four-bit bus and using two
lines of characters. Here's the code:

LCD_Init :
PAUSE 500
#IF (_LcdReady) #THEN

LCDCMD E, %00110000
LCDCMD E, %00110000
LCDCMD E, %00110000
LCDCMD E, %00100000
LCDCMD E, %00101000
LCDCMD E, %00001100
LCDCMD E, %00000110

#ELSE
BusOuts = %0011
PULSOUT E, 3 PAUSE 5
PULSOUT E, 3 : PAUSE 0
PULSOUT E, 3 : PAUSE 0
BusOuts = %0010
PULSOUT E, 3
char = %00101000
GOSUB LCD_Command
char = %00001100
GOSUB LCD_Command
char = %00000110
GOSUB LCD_Command

#ENDIF

What's important to understand here is that only a
portion of this code will be compiled and downloaded to
the Stamp - what portion depends on the installed
Stamp. If we're using a BS2p or BS2pe, the first section
(#THEN) will be compiled and downloaded, allowing us to
take advantage of the built-in LCD commands. If we're
using any other BASIC Stamp, then the # ELSE section
will be compiled and downloaded.

You can see this in action by using the Memory Map
feature of the compiler and comparing the EEPROM use
with one Stamp model versus another. Not surprisingly,
the manual LCD code required by the BS2, BS2e, and
BS2sx requires a bit more space than the built-in com
mands used by the BS2p and BS2pe.

2.5"

••

There are two additional sections of code that use
conditional compilation:

LCD_Command:
#IF (_LcdReady) #THEN

LCDCMD E, char
REI'lJRN

#ELSE
LOW RS
GOTO LCD_Write_Char

#ENDIF

This first subroutine sends a command to the LCD.
We use this to do things like clearing the LCD, moving the
cursor, etc. Notice that there is a RETURN when we're
using a BS2p or BS2pe, but when using other Stamps, we
set the RS line low then jump to the LCD_Write_Char sub
routine. The reason is that the mechanics of transferring
a byte to the LCD are the same. The byte gets inte rpreted
as a command or character based on the condition of the
RS line. When using a BS2, for example, the RETURN
from this subroutine call will actually be at the end of
LCD_Write_Char. This is why we use GOTO in
LCD_Command instead of another GOSUB - it keeps the
RETURN stack cleaner, and the program will actually run
a bit more efficiently.

LCD_Write_Char :
#IF (_LcdReady) #THEN

LCDOUT E, 0, [char]
#ELSE

BusOuts = char .HIGHNIB
PULSOUT E, 3
BusOUts= char .LOWNIB
PULSOUT E, 3
HIGH RS

#ENDIF
REI'URN

Figure 3. LED Layout
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7 Hypno-Goggles

Now that we can write to an LCD with
any BASIC Stamp, let's get to the heart of
our program and how we can use very
small LCDs to create an effective UI for our
blinking LED goggles. Since the LCD is so
na rrow, one of the routines we'll find handy
is a means of scrolling a long string
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through the window.
Let's take a look:

LCD_Scroll_String :
00

char = crsrPos
GOSUB LCD_Command
FOR idx2 = 0 TO (scrWidth - 1)

READ (eeAddr + idx2) r char
I F (char = CR) THEN EXIT
GOSUB LCD_Write_Char

NEXT
I F (char = CR) THEN EXIT
eeAddr = eeAddr + 1
PAUSE LcdScrollTm

tcor
RETURN

This routine requires three variables to be set up
before calling : crsrPos points to the first (left-most) posi
tion of our scrolling window; scrWidth is the width of the
scrolling window; and eeAddr po ints to the (CR-te rminat
ed) string we'll print. This string is stored in a DATA state
ment.

This code will run in a continuous loop until it hits the
end of the string. The first step is to position the LCD cur
sor at the left-most window position. Next, the code will
loop through the number of characters to print , pulling a
character from the EEPROM, and putting it in the LCD.
Th is works because the LCD initia lization causes the cur
sor to advance to the right after each character print.

After printing the string segment, the eeAddr pointer is
inc remented and a short delay is inserted so that we can
actually read the charac ters. When we increment the
eeAddr pointer, what we're actually doing is sliding the [vir
tual) displa y window ove r the string. The process contin
ues until a CR is encountered . This will cause the FOR
NEXT print loop to exit, then im mediately brea k out of the
outer DO-LOOP.

This routine is used to pr int a program name banner
at the beg inning. Once that's done, we go right into the
heart of the program. The main section is a bit long, but
we'll break it up into small chunks so it shouldn't be too
tough to follow:

Main :
char = LcdHome
GOSUB LCD_Command
char = LcdLine2
GOSUB LCD_Command
eeAddr = Controls
GOSUB LCD_Put_String

We sta rt at the top of the main program loop by mak
ing su re the LCD display is aligned by us ing the Home
command. Then we'll move to the second line and print a
controls string for the input buttons. When you download
the main listing, you' ll see that I've created a couple
cu stom characters for use in the LCD. The character
codes for th e custom characters are embedded in the
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Controls st ring .

Check_Level :
IF (mnuLeve l = 0) THEN

GOSUB ShovC Pgm
ELSE

GOSUB Show_Freq
ENDIF

Moving on , we'll check the cu rrent menu level (0 for
selecting prog ram pattern, 1 for setting frequency ) and
update the first line of the display accordingly.

Show_Pgm:
char = LcdHome
GOSUB LCD_Command
IroKUP pgm, [Pgml, Pgm2 , Pgm3 , Pgm4] , eeAddr
GOSUB LCD_Put _String
RETURN

The Show_Pgm subroutine uses a LOOKUP table to
convert the program value (0 to n) into an EEPROM point
er address. This address is passed to LCD_PucString and
the CR-terminated string is printed on the LCD at the cu r
rent character position.

Show_Freq :
char = LcdHome
GOSUB LCD_Command
eeAddr = Fr Msg
GOSUB LCD_Put _String
char = LcdLi ne1 + 4
GOSUB LCD_Command

Write_Fre~Value :

IF (f req < 10) THEN

char
ELSE

char (freq DIG 1) + "0"
ENDIF
GOSUB Lcd_Write_Char
char = (freq DIG 1) + "0"
GOSUB Lcd_Write_Char
R=."""'TURN

The Show_Freq subroutine is similar, but has a bit
more work to do so we've split it into two sections (entry
po ints ). The first section moves the cu rsor to the sta rt of
Line 1 and prints the str ing from EEPROM. The cursor repo
sitioned to the place where the frequency value is printed and
the second section of code handles that. For neatness, we're
going the extra mile of space-padd ing single-digit values. It
just makes the display look mo re profess ional.

Software Debounce

When the display is updated, the final step is to wait for
a button press and process the input.

00
GOSUB LCD_Get_Buttons

IroP UNTIL (buttons > %0000 )
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This code is as simple as it looks - it scans the but
tons and stays in th is loop until one is pressed. Let's look
at the button scan rout ine .

LCD_Get_But tons :
BusDirs = %0000
buttons = %1111
FOR idx2 = 1 TO 10

buttons = buttons & Bus Ins
PAUSE 5

NEXT
BusDirs = %1111
RETURN

This code probably looks familiar to some of you , as
we have used it in the past to debounce multiple input
pins. The key here is that we have to make the bus pins
inputs on entry to this routine, then reset them to outputs
before we leave . The reason for this is that the program
will spend more time writing to the LCD than reading the
buttons, so it's best to take care of the bus set-up here
than burden all of the LCD code with it.

For those who haven't seen this in the past, it's very
easy. The routine assumes the buttons are pressed. It
reads them and ANDs the current inputs with the buttons
value. If a button isn't pressed (at all or due to "bounce"),
then the input will be zero and that ANDed with the but
ton 's value will clear the input for this routine. What this
means, then, is that a button must be pressed on entry to
this rout ine and for the duration of it, to register as a valid
button press.

Before writing the program, I decided that only one
button at a time would be looked at and in a specific order.
If a button was pressed, it would be processed and the rest
ignored on this particular scan. The first thing that
is checked is the "Run" button . If pressed, it will launch
the LEOs using the current program selection and flash
frequency.
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IF (btnD = Pressed) THEN Run_Program

Nothing tricky here - just reiterates how cleanly vari
able aliases and program constants can make our code.

Hypno-Patterns

As it turns out, there are two types of programs: flash
ers and sequencers. Flashers basically have two states,
while sequencers have three or more patterns that will run
in sequence on the LEOs. Example code is available on
the Nuts & Volts website (www.nutsvolts.com) to com
plete your "hypno-project."

Funny how a seemingly "sim ple" application on the
outside can be moderately complex on the inside. Keep
this in mind when you're planning future projects. You
know the old saying, "It's harder than it looks."

Oh , the little girl in Photo 1 is my wildly cute niece,
Marissa , testing the hypno-goggles created by her favorite
"Uncle Jonny." The effect? Lots of giggles, but no out-of
body or other parapsychological experiences.

A Reminder

For those of you who may be new to Nuts & Volts or
just recently discovered "Stamp Applications," you may
be wondering why I seemingly skipped over a lot of
details regarding the LCD. The reason is that between
Scott Edwards and me , we've covered a lot of LCD
ground in this column. "But I didn 't know about Nuts &
Volts back then ... ," you protest. No problem. You can
read all the previous issues of this column from the com
fort of your own pc. Nuts & Volts has very generously
allowed Parallax to republish back-issues as PDF files,
and if you want them for your desk, you can get them in
printed volumes, as well. You can find the back issues on
the Parallax web site under Downloads \ Nuts & Volts
Columns.

What's Nextt

I did this project because I'd been asked to do a
menu-based LCD project - the hypno-goggles element
just fit into a current personal interest. I have also been
getting a lot of requests for more GPS-related material.
That's what we'll do next month. We'll look at a GPS
based digital dashboard that I actually "test drove " on my
vacation drive from Dallas to Columbus, OH. With direc
tions from the Internet and the mileage readout from my
project, I was able to drive from my home to my brother's
without any hiccups. I'll show you how next time .

Until then, Happy Stamping! NV

Ed Note: Any "hypnotic" effect generated by the
LEOs in this project is purely coincidental as all scientific
brainwave synchronizers employ complex feedback
sensors. But have fun just the same!
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Vacuum Tubes
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• Crossover Parts • Subwoofer Amps

• Speaker Wire

FREE CATALOG

~~~
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To buy COMPLETE *vacuum tube
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352-378-0192
FAX #1 352-37 1-179 1
FAX # 2 352-336-6821

( 10 am·7 pm ESTM-F. 10 amoS pm Sat)

FREE 110 Pg CATALOG

Electronic components . kits,
tes t equipment. tools . and

supplies for hams. hobbyists .
and businesses . Many hard -to

find items like variable
capacitors. vernier dials. coil

forms. magnet wire. and toroids.
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as low as -Windows Software.
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Remote and Power
Supply included
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ZAP CHECKER MODEL 270

WIRELESS INSTALLATION METER

WWW.ZAPCHECKER.COM
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tool
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(SOO)719-9605 sales@litexpo.com
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www.maco.com
VGA to Video Converter

ULT-2000

• Use TV as PC
dispaly

- Capture PC
images on
video tape

Video to VGA Converter
VGA-801

- Convert PC VGA
monitor to a high
resolution CCTV
monitor

- Work with or
without PC

• 24bij. 16.7
million colors.

(SOO)719-9605 saleS@matco.com

$S5/ea
$129/ea

2.4 GHz Power Ampli fi er,
Power Supp ly included,
104 0 mW Input, 1 W Output,
Size: Approx 2" X 2" X 3/4"

www.4atv.com
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Coastline Circuits
www.coastlinecircuits.com

Phone 805·570·6324
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I coastlinecircuits@verizon.net
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& Photo Etch Special
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I
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TLC-1

Manufacturer and distributor of
electrical and ele ctronic wire
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See us on the Internet:

www.anahe imwire .com or
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VisalMC/Ame x.

ANAHEIM WIRE PRODUCTS

Telephone/Recorders

See u s on th e Web!
at WWW..vlklnglnt.com

~ -, ,~:ssional l lIfOOIIIIl]]
. , HOUR "I III lilt A AnUSHIP"

• Heavy duty,omme"iol recorder
NOT impro, isedItom rensumer models

. 12,14 and 16 hour models 01,0 available
• BUILT·IN,oice acli,otion(odd $30) ..

• Application, inlarmatianinduded
• Dimen,ian" 11.5 x7.5 x2.75 S CODed" OK d

any, no cr It car 5
F ree . h l p ping o n prepa i d o r der. vvi t hi n the con tiguous 4 8 a t a t es

Viking Systems International P.O. BOX 766 Brisbane, C.-I. 94005

Phone: (-115) -167-1220 Fax : (-115) -167-1221 'Since 1971'

Nuestro slrlo do Web tambltm tlene una v ersl6 n e n espanol.

I~'I'" ., Co.m';o. MIl~S,,, C= A,,,,,,,,, """0_ ",OA)
s ~. 2 13 N. Frederick Ave., Ste. I I NV New Product Belden 99 13F. 99 13 with

i Gaithersburg, MD USA 20877 High Density PE Foam dielectric,
~ http://www.therfc.com/ stranded center condoand Duobond

IIIJacket $0.80/ft or $76.00/1OOft
Complete Selection of MIL-Spec Coa x, Also New: 9092, RG8X with Type II Jacket

RF Conn ectors and Relays Intro Price $23.00/ 1ooft
UG-21BJUN Male for RG-213121 4 .$5.00 Call for Specials of the Month
UG-2!DIU N Malefor RG-2 131214 .$3.25 Full Line of Audio Connectors for lcom,
N Connectors for 99 I3/Flexi4XU9096 Kenwood , andYaesu
UG-21BJ9913 .....$6.00 I Pins Only......$1.50 8 Pin Mike Female $2.50
UG-2 10 /9913 ..$4.00 I Extra Gasket.$0.75 8 Pin Mike Male Panel $2.50
Amphenol 83- 1SP-I 050 PL-259 $0.90 13 Pin DIN for Kenwood $2.75
UG-176/U Reducer RG-5918X, $0.25 8 Pin DIN for lcom $1.00

or 5/$1.00 8 Pin DIN for Kenwood $1.50
UG-175/U Reducer RG-58/58A $0.25 PricesDo Not Include Shipping

or 5/$1.00 O rders 800-783·2666
SilverTeflon PL-2S9/Gold Pin,$1.00 Info 30 1-840-5477

or 10/$9,00 FAX 30 1·869-3680

Card·Reader

XF·2S0AC $49/ea
9 Ch, 24 VAC
TotalCurrent: 4A

www.matco .com
Camera Power Distribu tion Box

XF·2S0DC SS9/ea
9 Ch, 12 VDC
Regulated
Current: 0.5A1eh

NEED TO READ?
Check out the Nuts &Volts
Bookstore on Pages 42-43!

Programmers

LOGICBOARDS' POWERBOARD
Designed for the BASIC Stamp 2SX:

12BK EEPROM, dateltime, serial,
digital temp, LCD. expansion port,
power regulator,AID, relay control.

Bareboard, kits, add-ons for caller ID,
video overlay, relay matri x, more.
For deta ils visit our website at
www.logicboards.com

www.matco.com
Miniature CMOS Camera

CML·100/CMp·101
1/4" CMOS, 380 TVL,
3 LuxJf2.0, 3.615.5mm Lens
Size: L&ns : 16 X 16 X 27 mm

Pin ho le: 16 X 16 X 18 mm

BIW $29/ea Color. $39/ea (with Audio)

LenslPinhole Board Camera
CNL-l00/CNP·100
113- CCO, 3301420 TVl.,
O.15luxlf1.2, 3.7 mm Lens
Stze: 32 X 32 mm
BIW $4S/ea
Color. $99/ea (wIThAudio)

(800)719-960S sales@matco.com

www.kadtronix.com

A·230AU

&:!1~ii" $10/ea

Computer
Hardware \Vdnted

www.matco.com
Color Mini Pinhole Camera

BX-123LCIPC S69/ea
SONY 113" CCO, (WIThAudIO)

380 TVL, 0.1 Luxlf2.0,
3.6 mm Lens
Size: 0.9" X 0.9" X 0.5"

Color Lens/Pinhole Box Camera
BX-200LCIBX·200PC

SONY 113" CCO,
380 TVL,
0.5 Luxlf2.0,

$109/ea (wi th AudIO) 3.6 mm Lens,

Super HI-Res Color Lens Box Camera
BX·130LC-HR
SONY113" CCO,
470TVL ,
0.4 Luxlf2.0,
3.6 mm Lens
~Ies@matco,com

onestarte .net
UniqueIOriginal ICustomized ISp.ecial
Nee~s Special Projects Devices
Electronics, s~curity, ener.QY,
phones, cars, blomed'. EMF, RF,
sound Ii ht mind control im rov...

www.matco.com
Ultra Sensitive Audio Amplifier Kit

Listen to the convensation throug h
walls or a block away. Add a
parabolic reflector or mount the
microphone In a tube, to Isolate
unwanted noise, 9VDC powered
Dimension :1.2S" (L) x 0.4" (W) x 0.6"
(800)719.960S sales@matco.com

• 30/40/60/120 FPS
• Resolution: 640 X 480
• 4 BNC Video in
• NTSCIPAUSECAM
• Simultaneous Recording $440

(800)719-960S sales@matco,com

www.matco.com
Security DVR Card

DVRC·XP4

• 15120/30160 FPS
• Resolution: 640 X 480
• 4 BNC Video in
• NTSC/PAUSECAM I
• SimutaneousRecording

'"!:i
Ii"'"""~""="';;::=:=~="","~""""",,".e DEC EQUIPMENT

" WANTED!!!
l~ Digital Equipment Co rp.
-'" and comr atibles.it- Buy - Sel - Trade
1:) CALL K EYWAYS 937 ·847·2 300
~ail bUyer@ke~ays.com

: 1

90



S atellite TV Miscellaneous Electronics For Sale

Education

I ca n he lp yo u.

John Horvath @ Minaret Radio
PH: 909-943-3676

FAX: 909-943-2606

Only

$249

• USBto CAN

• PCisolated from CAN

• DLL with
examples for
custom
appl icati ons

• Software
analyzer
included

. 100%
band width
atSOOKb

f~
ICSRADDAO

The HighValue Tool For
Controller Area Network

J

• Converters
• Repeaters
• Fiber Optics
• Digital I/O
• Multidrop RS232
• Custom Units
• Auto TX Enable

Extensive Interface Product Line
RS232"ExtensionCords"

Up to 115.2 Kbps, 4000 ft. ++
Large Multidrop Networks.
IsolatedUnits. SmartUnits

Remote Relay "Extension Cords"

Call the RS485 Wizards at
( 513) 8 74-4 79 6

SMe ELECTRONICS
www.smcelectronics.com

OVER 4,300 ITEMS IN STOCK

Surplus 8r. Refurbished
Electronic Equipment
Parts 8r. Accessories

Audio, Commun ications, Comput et'", Telephone,.
Vkteo Equ ipment. Repai r Parts & 5efvk:e ..c.nua ls.

,

Job Opportunities

UPGRADE YOUR I
C/KU-BAND I

SATELLITE SYSTEMS

I

~. ~Skyvision'
&. FREE SATELLITE

~ ~ TV Buyer's Gu ide .
" BIG Dishes- BIG

Deals! Get the MOST free and
subscription channels with C
band digital upgrade! Get high

speed Internet on your big dish !
SKYVIS ION 800-334-6455.

InI'l218-739-523
www.skyvision.com
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ARobot Kit from Arrick
Robotics uses the Basic Stamp
II. Q uality meta l construction.

Easy to assemble and
very expandable .

$235.00
www.robotics.com/arobot

. com

GOTSTRABor
• This revolutionary new tool

makes practical robot navigation
possible and as simple as making

a call to a web server.
• Need a drink from the fridge?

Just ask Strabo how to get there
and have your robot follow the

directions it returns .
• Strabo Pathfinder accepts

wire less requests via HTTP to
request routing instructions.Any
robot that can make HTTP calls

can use Strabo Pathfinder.
• Build a map and let your robot

go wild!
• Learn more about 5trabo
Pathfinder at: wehal i.com

I

Robotics
,

Printer Supplies

PROD UcrAPPLIC A TION
ENG INEER

Dire ct s t ea m in c harg e o f d e s ig n
a nd de ve lopmen t o f flexi b le . c ro ss
fu nct io nal robotic a uto ma tio n pai nt 
ing equ ipment and syste ms for d is
pe nsing w e ldi ng, machi ne tending .
m a t e ri a l h andlin g a nd materia l
re mova l suc h as grind ing , deflash 
i n g, d eburr ing a n d poli shin g.
C reate s ci rc u it b o a rd le v el d esign
a nd EM Field co ntro lle rs for e lec
tr o sta tic eq u ip ment. Per form s PCB
de si gn ut ili zin g H iW ire , ro ut in g o f
mu lti-layer board s, embedded so ft 
w a re, ha rdwa re desi gn s a nd fu ne
tion a l ve rifi ca t io n int erfacing wi th
eq u ip m en t ve nd o r a nd e n gi neerin g
gro u ps . Des ign s so ftwa re an d pro
gra m m ing of PL CfP C based co ntrol
sys te ms . MM I, and ope ra to r in ter
faces . Job is in Mi a m i, FL. 40 hr s.
w e e k ly . 9- 5 prn , $7 0 ,OOOfy r.
Bac he lor 's d egree o r eq u iva le nt in
E le c t r ica l E nginee ri ng o r rel a ted
fie ld and 2 yea rs exper ie nce in job
o ffe r ed. M ail re sume t o In c la n
Painting a nd W at e rp ro o fi n g Corp .•
122 5 2 S W 128 St., M iami . F L
33 I86 . Attn : Lui s IncJa n

Please Use
Code CJ3

CCS C Compiler
for PIC Microcontrollers

UCANDO VCR Educational Products Co.

(Est. 1988)

WWWUCANDO-CORP.COM

1-800-678-6113

FREE SHIPPING!

Affordable Robotics
Training Courses in :

Also Available:
CAN Bus Develo pment Kit

USBDevelopment Kit
Embedded Internet Demo Kit

F'IC~ ondPICmicrc>~ o.. ~...-d~lo1Mtc;roch.D

Techno! "es ln(' In the USAor>d othe<COOJntri"",

Basic Electronics
Digital Electronics

Relay Control
Servo Controllers

PLC Systems
Hydraulic Systems

From Basic to Advanced!

Embedded C la nguage Development Kit

Student Version only $1351
PCWH Full Version $499
PCW Full Version $424

Hardware only $99

Other Proto Board Opncns:
1BF452 18F6720 18F8720 12F675

262-797-0455
www.ccsinfo .com/picc

Software Development Kits
Include full IDECompiler and

In-Circ uit Debugger/ Programmer

EverytiJing you need 10 ge l
started in C--all in one box!
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Tech Forum
QUESTIONS

After the big blackout, my
Panasonic VCR, model PV-8662, no
longer works at all. Panasonic does
not provide any support other than
telling me to take it in to a service
center for more than I paid for it.
Sam's has no Photofact listed for th is
unit.

I know that the internal fuse blew
and one power supply transistor as
well. However, I don 't have the know
how to go much further without a
schematic. Any suggestions?
#10031 Anonymous

via Internet

I need to read the serial data
st ream from a Sony Walkman player.
I have a vision impaired friend who

This is a READER-TO-READER Column . All
questions AND answers will be provided by
Nuts & Volts readers and are intended to
promote the exchange of ideas and provide
assistance for solving prob lems of a techn ical
nature. All questions submitted are subject to
editing and wi ll be published on a space
available basis if deemed suitable to the
publisher: All answers are submitted by readers
and N O GUARANTEES WHATSOEVER are
made by th e publisher: The implementation of
any answer printed in this column may require
varying degrees of techn ical experience and
should only be attempted by qualified
individuals. Always use common sense and
good judgement!

Send all material to Nuts & VoltsMagazine,430
Princeland Court, Corona, CA 92879, O R fax
to (909) 371-3052 , OR email to
forum@nutsvolts.com

ANSWER INFO
o Include the question number that appears
directly below the question you are responding
to .
o Payment of $25.00 wi ll be sent if your answer
is printed. Be sure to include your mailing
address if responding by email or we can not
send payment.
o Your name, city; and state, will be printed in
the magazine, unlessyou notify us otherwise . If
you want your email address printed also,
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needs to see the Track No.
information . This (and much more) is
available through the Headphone
Interface and USB port.

I ca n read the information at the
Headphone Interface on two older
models, but not the newer units .

I have at my disposal a DSO to
analyze the data . I used a controller to
generate a sync pulse, but still can 't
find the data of interest.
# 10032 Jon van Gelder

Calimesa, CA

I am 13,000 feet from the phone
company office and am told that I can
only get 768K download and 128K
upload on the Internet. Yet if I was
11,000 feet away, I could get 1500K
download and 256K upload speeds.

It seems to ' me that all I would

indicate to that effect.
o Comments regarding answers pr inted in th is
column may be printed in the Reader
Feedback section if space allows.

QUESTION INFO
To be considered
All questions should relate to one or more of
t he follow ing:
I) Circuit Design
2) ElectronicTheory
3) Problem Solving
4) Other SimilarTopics

Information/Restrictions
o No questions will be accepted that offer
equipment for sale or equipment wanted to
buy.
o Selected questions will be printed one time
on a space available basis.
o Questions may be subject to edit ing.

Helpful Hints
o Be brief but include all pertinent information.
If no one know s what you're asking,you won 't
get any response (and we probably won't print
it either).
o Write legibly (or type). If we can't read it. we 'll
throw it away.
o Include your Name, Address, Phone Number,
and Email. Onl y your name, city,and state will
be published wit h the question, but we may
need to contact you.

need is a bi-directiona l amplifier th at
covers the DSL bandwidth with low
noise to increase my speeds. Is this
true and can you refer me to a source
where I can buy or build one?
#10033 Howard Epstein

Atkinson, NH

I am looking for a speed sensor
that would work well with a
microcontroller such as the Motorola
68HCl1. I also need an ultras onic
distance sensor that can be reliable
up to 60 feet. They have to be cost
effective, light , durable, and usable in
an outdoor enviroment.
# 10034 Matt Vieweger

via Internet

Can anyone tell me where to find
a simple frequency allocation chart
for ter restrial American digital radio
(DAB-T) and television (DVB-T)?
# 10035 Reijo Siivonen

Finland

I am looking for a circuit that is a
laser light activated switch . It should
be ac tivated by a standard red laser
po inter and also be im mune to
ambient light (from incandescent,
flourescent, and other similar light
sources). The output from the switch
would give a pulse to activ ate a timer
(l.e., a 555 timer IC or similar device).
#10036 Ian R.Adlon

via Internet

I am trying to build a down
counte r us ing the ICM72 16 four-digit
up /down counter (the modulo 60
vers ion) and cascade them to create
an eight digit counter. Unfortunately,
the only way I've found to load the
counters with numbers is using
expensive BCD switches. I need a way
to use a keypad instead, possibly
using the 74C922. If this is possible,
how do I do it since the 7216 strobes
each of the BCD switches to get its
input?
# 10037 Ian Adlon

via Internet

I have ta ken the output from my
PC sound ca rd and run it into the
ph ono input on the back of my
stereo. I have th is loud hum coming
from my speakers along with the
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audio from my Pc. I remember back
in the early 60's, someone designed
an im peda nce m atching amplifier
that would eliminate the hum from
any input source. Does an yone have a
design for such a device?
#10038 Ronald Ledford

via Internet

My Kenwood TS440S is
beginning to present sympto ms
(frequency drift and inte rm itte nt dots
in the display) of PLL unlock. Service
bulletins at Kenwood.nel suggest
that replacing a fist full of diodes with
new diodes of any of these types 
1S2588,1SS91S, and BA282 - will
cu re the problem.

Additionally, I have hea rd that
1S 1587 diodes can be used .
However, I have been unable to find a
source for these parts that will send or
sell me just a few. I haven't tracke d
down the manufacturers of all the
pa rts . However, the BA282 seem to
be made by Vishay.

Can anyone recommend a

HetMedia Inc. 10940 N S
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su pplier for any of these pa rts ?
# 10039 A nonymous

via Internet

I have a JVC handy-cam (Mini-DV
Model DVL 505). It has a sm all
battery that does not last long . I am a
professional ca me raman and I use 12
volt ge l ce lls of variou s sizes all the
time. The J VC AC powe r supply
(Model AAV-40) for that camera has
an extension cable that will supply
DC voltage instead of the battery, if
desired. The book says that the
battery is 7.2 volts and that the AC
power supply puts out 6.3 volts . Can I
power this ca me ra with a 12 volt
gelcell that actually de livers 12-14
volts depending on charge? Will the
camera accept th e higher voltage
with ou t damage? I suspect it will
because devices like this can use a
automobile cigar lighter adapter that
sells for about $15.00 to $20.00 so I
doubt there is any magic voltage
regulation or adj usting circu its in
them. I would like to have a

Circle #77 o n th e Reader S ervic e Card .

knowledgeable opinion before I just
plug my 12 volt battery in and watch
my camera go up in smoke!
#1 00310 Robert D. Gardner

ANSWERS

[6031 - JUNE 2003]
I instaLLed a car tachometer in

my boat and it reads 2, 000 RPM
higher th an requ ired - no useful
reading at the top end. Is there a
circuit to correct th is?

# I If you r tach reads 2,000 RPM
when the engine is not turning , it
must be defective and should be
replaced. If you have installed an
electronic tach designed for a four
cylinde r engine and are us ing it on a
six cylinder, it will read 50% high.
Similarly, if the four-cylinder tach is
used on an eight-cylinder engine , it
will read 100% high (double). If the
output is a digital displa y, I doubt
there is an easy fix, but if the output is
an analog meter, you could use a
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resistive voltage divider to reduce the
reading.

#2 Try a tachometer from a
motorcycle . I know that us ing a car
tach on a motorcycle, say a Harley
Davidson, can cause this type of
issue. Try taking an old tach from a
Harley and see wha t you ge t.

I had to create a divider us ing a
microcontroller once. It was used for
a speedometer, but it ma y work for
what you need.

Dan Miller
via Internet

[6039 - JUNE 2003]
Does anyone know of a ci rcuit

diagram to connect an IDE HD/CD
to a parallel prin ter p ort ?

I am using a pa rallel port CO
RaM drive on an olde r spare laptop,
since the original CD-ROM died and a
replacement was extremely
expensive. It works, but it is slow. I
would recommend you go with at
least a USB 1.0 connection. Better
would be a Firewire , USB 2.0 or
PCMCIA connection. All of them are
commercially available and this
magazine or the Internet a re valuable
sources of information. HSC
advertises in Nuts & Volt s and they
have a PCMCIA to IDE interface for
about $30.00. They ha ve also a
PCMCIA reader for $25.00. This is
hard to beat and you can get PCMCIA
on a desktop. It took me six hours to
format a 100GB external hard disk
through USB 2.0, which is one of the
fastest connections around.

Walter Heissenberger
Hanc ock, NH

[7036 - JULY 2003 ]
I need an econo mica l w ay to

measure the fuel consump ti on in
my ] 98] DeLorean. It has a Bosch
CIS, mechanical fue l injection
sys tem and the fue l flows to the fuel

~ distributor and ba ck to the fuel
.., ta nk.
~ On e possibility is us ing two
I fue l f low sensors. On e in the feed
j~ and one in th e return and th en
i~ subtracting the two numbers. I
!::::) believe I can app rox imate the fuel
Z flow by measuring the position of
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the "a ir metering plate." Since the
air/fue l mixture is held pretty
cons tan t, th e position of this p la te
might give valuable info.

How can I measure the relative
p osition of th is p late or fuel or air
flow?

# I There are a variety of systems
ava ilable for au to and ma rine
applications. It appears that they all
use the same sensor and it is the
ma in cost of the system. A complete
dual sensor (s upply and return)
system generally sells for under
$500.00 - not unreasonable when
each sensor sells for approximately
$200.00. See www.blackwatch
ma r tne .corn / catalo g s/ fue l/ ca t a
log_fuel .asp for example. If a broad
approximation is acceptable ,
dropping the one (return) sensor will
cut the cost about in ha lf.

Instead of trying to measure the
plate position (e.g., with a modified
throttle position sensor) and guessing
its flow characte rist ics , I would
suggest approximating fue l
consumption by using engine
vacuum (a MAP - manifold absolute
pressure - sensor). A well-tuned,
gasoline engine is remarkably
consistent in its brake specific fuel
consumption: 04 2 (small, optimized
engine ) to 0.50 (near race engine)
ga llons /HP-hr; a good start ing
estimate is 0.45. The horsepower
produced by an engine is
proportional to the pressure
(vacu um) in the inta ke ma nifold.
{Som e older veh icles used th is
principle with vacuum sensing
switches to turn on "economy"
indicators.) The equation that could
be im plemented in a small
microcontroller is: fue l consumption
rate = 0.45 gal / HP-hr * HPmax * MAP
/ barometric-pressure. The
ba rometric pressure is simply the
MAP reading before the engine starts .
See www.diy-efi.org/efi332/ for an
example of implementing this
pr inciple. Perfo rm ing a data
integration would yield the total fue l
consumed (a pproximately) . And,
subtracting this value from the fuel
tank capacity would yield the amount
of fue l left. If the micro has sufficient
prog ram memory, an average fuel

consumption could be calculated and
the time until the tank was empty at
th e cu rrent rate of consumption.

Walter Nagel
Grantv ille , PA

#2 You might be able to measure
the "air meter ing plate" position (also
known as the thr ot tle) with a
potentiometer o r the digital
replacement which has a series of
wipers that make contact with a
se ries of conductive str ips of different
len gths. As the shaft tu rns , the
various wipers make and break
contact with the strips providing
digital bits o n a series of pins
associated with the wipe rs . The
automotive industry call s the
potentiometers and the dig ital
replacements Throttle Position
Sensors , or TPS .

Air flow can be measured with a
"Hot Wire Anemometer." A wire is
heated to a particular temperature
(measured by wire res istance) and
placed in the air st rea m. The amount
of power required to ma inta in the wire
at temperature is measured. The
more air flow, the more power
requ ired . The tem pera ture and
pressu re of the in flowing air a re also
measured and factored in).

Another way to measure air flow
is called positive displacement. For
example, a set of fan blades is placed
in the air stream and the speed at
which the blades spin is measured
(usually by placing magnets on the
fan and a Hall Effect sensor nearby)
which sense magnetic field pulses as
the magnets pass by. The differential
pressure drop across on or ifice plate
can also be used to calculate air flow.
The automotive industry calls all of
these de vices "Air Flow Sensors."
Fuel flow can be measured in a
similar manner. This page
http:/ / us e rs .argonet. co.uk/ ife l/
f1ow/f1owl.html provides a lot of
information about automotive flow
measurement.

I would guess that your DeLorean
has at least one of each of these
sensors. You might be able to tap into
their outputs. Alternatively, you might
look into the details of the electronic
ignition module. It might have an
unu sed output that indicates fuel flow.

OCTOBER 2003



! Tech Forum
I

I

If not, there might be an after-market
ignition module available that cla ims
to im prove performance and might
provide the fuel consumption
information for you .

Tom Tillander
Bay Village , OH

[7037 - JULY 2003]
I 'm building a handheld

detector to receive low-pulse energy
w aves from sp ur ious non 
mod ulated RF transmission
sources. The detector on ly needs to
be a deflection meter, etc. How or
where do I obtain suc h a device?

A handheld meter to measure
what you want is available from Alpha
Lab. The device is called TriField
Meter. It measures AC magnetic ,
electric, and radio /microwave fields.

Their address is: AlphaLab Inc.,
1280 S. 300 W., Salt Lake City, UT
841Ol.

Telephone them toll free at 1-800-

769-3754 , and their website at
ww w.trif ie ld .com lists the meter
and its specifications.

Ned Stevens
Grantsville, UT

[7038 - JULY 2003]
I ha ve been trying to des ign an

electronic ci rcuit to work in the
g iga hertz f requency range, but
canno t find information on wha t
electronic components I co uld use
or where to find such info rmation.

Rad io amateurs have been
working with gigahertz frequencies
for some time , with the result that a
la rge amount of info rm atio n is
ava ilable . For sta rters, look for the
UHF/Microw ave Proj ects manuals,
published by the ARRL and the
Intern ation al Microwave Handbook
published by the Radio Society of
Great Brita in with ARRL. Both are
ava ilable fro m: www.arrl.org/
catalog/ For parts and project kits,

loo k to RF Parts Company
www.rfparts.com/ or Down East
Microwave, www.downeastmicro
wave.com/ For antenna information,
go to the WIGHZ mic rowave an tenna
book online, www.qsl.net/n Ibwt/
contents.htm Also, microwave
articles are frequently published in
QEX Magazine, and the "Above and
Beyond" column by c.L. Houghton,
publ ished in 73 Magazin e for many
years is a valuable resource.

A google search for "amateur
microwave" can bring much more.

Chuck McGregor
via Internet

[7039 - JULY 2003]
How do cab le compan ies get

the differen t sta tions and numbers
correct that are assigned to the
correct channe ls?

Cable companies are able to put
an y program on any channel they
wish . All signa ls that come in,

TECHNOLOGY AT WORI(

All ATOM modules feature
more program space. larger
user RAM AND EEPROM.
and nearly 3 times the
executable speed of their

nearest competitor l Now the
only choice you need to make is

which BasicATOM is right for you.

BASIC MICRO

Some BasicATOM Features Includ e :
14K of Program Space

368 Bytes of User I System RAM
256 Bytes of User EEPROM

33.000 Plus Instruction Per Second
Three Hardware Timers
Two Capture. Compare

Analog-to-Digital converter
Buffered Serial Port

Built in hardware
32 x 32 Bit Math

Floating Point Math
Variables with values up to 4.294.967.295

ATO M Mod ules Include: BasicATO M
module. programming software and printed

documentation

Visit us on lin e at WWW.BASICMICRO.COM
to see our com plet e product line

or call toll f re e at 1~800~869-S09S

The BasicATOM is an advanced single-board
runs a BASIC languege interpreter withi ertul

microcontroller. The Easy-to-use BASIC language
commands control I/O. allows the ATOMto interact
with other integrated circuits. turn devices on and off.
interface with sensors, anddo almost anything you
can dream up. Bas/cATOMs are powertul enough for
everyone from the product engineer to the hobbyist
yet simpleenough forclassroom use.
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whet her off the air from a local
broadcaster, or via satellite , are
demodulated into audio and video
s ignals, much like the "a udio
out/video out" s ignals ava ilable
th rough the jacks on the rear of your
VCR. These signals are then
modulated onto a carrier of whatever
channel the cab le company wishes.
The head end of the cable system has
a modulator for ever y channel.

Local broadcast channels with
strong signals will be assigned to a
different channel number than their
broadcast numbe r. The reason for
this is some of the local broadcast
sign al will "leak" into the TV through
its plastic case. Even though what
gets in is weak, it is out of phase with
the signal coming through the cable.
If both signals were on the same
channel , you would see a "ghost"
ima ge , much like we used to see
when we needed to turn our set top
antenna. Out of town non-satellite
broadcasters, whose signals are
picked up by a high mounted, high
gain antenna at the cable head end,
could be on the same channel
number as their broadcast channel
number, as there wouldn't be enough
of the broadcast signal reaching a TV
directly to cau se such interference.

Most cable companies also use
an "offset carrier" system, where the
frequ ency band making up each
channel is slightly different from that
of broadcast. This als o helps reduce
carrier interference from broadcast
sign als , as the cable ready TV isn 't
tuned to quite the same channel as
broadcast. That is why the se tup
menu of TVs ask if you want to set up
for "cable" or "broadcast."

Phil Shewmaker
via Internet

[70311 - JULY 2003]
Does anyone have a conversion

utility or p rogram that can con vert
th e FCC's CDBS database to th e old
flat format FCC databases?

I did not find a utility to do
exactly what you want, but , KC8LSY
offers many utilities for the
manipulation of that data on his
website: http:/ /home.earthlink.net
/ - nsadams/ or he can be reached

96

via posta l mail at : Neil S. Adams,
3381 Vandemark Rd., Litchfield, OH
44253-9520.

If he has not already written
something to do this , chances are he
can whip it up for you in no time.

John M. Hoyt I W5UGD
Easley, SC

[08032 - August 2003]
I have tw o transceivers that use

an op -amp for switching betw een
the RX and the TX contro l lines. The
Windows p rograms I w ant to use
(Hy pe rte rm ina l and Pro comm) do
not a llow or have controls for CTS
or RTS w hich is used in RS232-type
communications.

Is there a circuit that would act
as a buffer and ti mer fo r the CTS
and RTS lin es to co ntro l the
transceivers th at I am using?

# I Rather than circuitry, consider
writing your own terminal software,
which isn 't too hard. But first, try
Kermit, which is a ver y versatile
communications program that
suppo rts RTS-CTS ha ndshaking
among many other options .

You can download a free trial
version from www.columbia.edu/
kermit/k95demo.html

Michael Covington
Athens, GA

#2 To ch an ge the port settings for
a mode m connection usi ng
Hyperterminal:

• On the File menu, click Open
• Right-click the connection you

want to change, and then click
Properties

• Click the Connect To ta b, and
then click Configure

· Click the Connection tab
· Click Port Settings, and then

make the changes
• Click Advanced to change

settings such as flow control and
error correction

Here you will find a Use Flow
Control check box. If you check it,
you will be given the option of
selecting Hardware (RTS/CTS) or
Software Flow Control (XON/XOFF) .
Checking the hardware box should

solve your pro blem.
Note that the changes that you

make to the port settings affect only
this connection.

TomTillander
Bay Village, OH

[0803 I - August 2003]
I 'm study ing for my Technician

class li cense and am learning CW
for the purpose of emergency
operating . Does anyone know of
plan s for a CW tra nsmitter?

# I A good start for easy-to-build
CW transceivers wou ld be Dave
Benson's Rock Mite, and the little
more advanced DSW-II. Se e:
www.smallwonderlabs.com/

The Rock Mite is a 0.5 watt
output transceiver that can be
ordered for either of two QRP
operating frequencies: 7040 kHz or
14060 kHz, at $27.00.

The DSW-II is a tunable
transceiver for the 14.000 to 14.100
MHz range, at 4 watts output, for
$150.00. Sophisticated equipment is
NOT needed in setting up Dave's
clever designs. See also the NJ-QRP
club for other interesting QRP
projects and many links to other
vendors' offerings: www.njqrp.org/

Ed,K2MGM
via Internet

#2 It is very rewarding to see the
interest that CW stills gen erates in the
digita l era . But as we all have se en,
when th ings get ugly , high tech
equipment has very strong limitations
and then it is the time to revert to the
classical communication modes su ch
as CWO

I would su ggest that you join
ARRL and read their journal, QST.
Alternatively, you might want to look
in your local library as most of them
have this journal in their collections.
There you will be able to find several
CW transmitters , receivers , and
transceivers , each one for a diffe rent
frequency band and with differe nt
requirements that can match your
interest and expertise .

ARRL information can be found
at www.arrl.org

Albert Lozano
Kingston, PA
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Incredible
Deal! onp;
$169.00. !

Includes 4 Nozzles!

SMD RE-WORK SYSTEM w Solder- iro

item# CSI906

Triple Output Bench Power Supply
... '. with four 3 1/2 digit LCD Displays

::::::..";::"'.: ":.-:::-."'. Output : D-30VDCx 2@ 2Al\IPS
& I ea. fixed output @ 5VDC
SourceEffect: <0.02% +l mV
Load Effect: <0.01% +5mV

_ . .. Ripple & Noise: <lmVrms
CS13002D-3..$169.00 Dimens,ions:365x 265x 164 ~m

(q '" 5+ $15900) Input\oltage: 1l0VA.C+I·IO'Vo.
' J •••• Details at web site

In Business
Since 1971

SMD RE-WORK SYSTEM w Vacuum

Pick-up tool. Details at web site!

item #
FCI002 •

Super Economy DMM
1999 counts LCD Disp lay, 1 10 50+
150101digit heigh t $9 99 $799 $6 99
\l IE DATA \I 0LO • • •
Audible Centinuitv *DC Volts: 200mI2V/20V/200V/600V
Ru bber Boot • • AC volt s: 200/600
Included *DC Cur re nt: 200u/2m /20m ,VIOA

I I d " Resistance: 200/2 KJ20K/200KJ2~1
t:::'~e~s · SI, .: 138\ 69 \ 310101 CSI830

'ANTASTI C

")'rte:d~~~~~VALUE ! !
~ icroProcess

Controlled!
Includes 4 Nozzles!

urn Precision Po~ n~·ita} Laser Tachometer /
114" Shaft *5 it, . 6" LCD Displa .
1 watt _ *2.5- 9,999 RPM $49 00'

, ~ Test Range • •
neW. "Auto-Rarigeing

*2" to 80" test range item#
*memory function DT-6234C

Technical Details at web site
price per value

I 10 100
$6.95 $5.50 $4.95
stocking standa rd values from
100 oh ms to 25K o h ms

Best Buy!

$34.95!

ITEM#
CSI-STATIONI

ITEM#
CSI-STATION 2

$49.95

NEW LOWER PRICES ON As Low As
IN4000 SERIES DIODES $6.00/thousand!

• 1-9 - 10-99 100-999 1000+
IN400 1.. S0. 1O SO.07 SO.025 SO.006
1N4002 $0.10 SO.07 SO.025 SO.006
IN4003 $0. 10 $0.07 $0.025 $0.006
IN4004 $0.10 $0.07 SO.025 $0.006
IN4005 $0.10 SO.07 $0.025 $0.006
IN4006 $0.10 SO.07 $0.025 SO.006
IN4007 SO.I0 SO.07 SO.025 SO.006

Also Available w Digital
Display &MicroProcessor
Controller SMD Hot Tweezer

Adaptor Fits CSI Station I & 2
& also CSI 906

item#
CS ITWZ-STAT ION

Hand-Held 3.0GHz Universal Counter
" 10 digit LCD Display '':lth
"High speed 300l\lHzdirect counterw O.I Hz FIeld Strength

resolution Measurement
"SOohminput fo r full ra nge 1l\lHzto3.0GHZ" ·- Tllc7 I1tle."

coverage "extendable/retractable ...hip antenna
"Ultra sensitive synchronousdetector 16 segment "IIItem u14AA Nicad batt puck
bargraph displayofRF slgna l strength (600mA H)
"4 selectablegatespeeds "9VDC 500mA ...all plug-in charge r
"hold switch locks display .
"lowpower consumption(6 hr nicadoperation)

Extensive Details at www.CircuitSpecialists.com

*with ceramic heating element for more
accurate temp control.

*with temp control knob in F(392 to 896deg)
& C (200-480deg)

*3-con grounded power cord/sta tic safe tip
*Seperate hea vy du ty iron stand
*replaceable iron s/easy disconnect
*extra tip s etc. shown at web site

Activated Carbon
Filter Pad (replace
helps reduce
harmful fumes
while soldering.

item# ~27 99
C SI480 •

Personal Fume Filter for Soldering "----

etorMore InfoSee CircuitSpecialists.com:)

Circuit Specialists Soldering Station
w Ceramic Element & -
Seperate Solder Stand neW! ~

Protek 60 & 100 MHz RealtimeScopes Digital Read Out 3Amp Bench Power Supplies AS
AMAZING Brand New Available in 0-30 volt & 0-50 volt ver sions LOW AS

2 Channel Not Refurbished:
Dual Trace VALUE S! includes 1 Si·cc,(,~m~e'::'I}:ro~b~e:.s....::::::~_-- igh stability digital read-out bench power supplies
6" I t I G'd • I featuring constant voltage and current outputs. Short-

~I erna rt 60MHz onlv $469.00 circuit protection and current limiting protection is
AL1 I\IAG • '. -;:~ ._« -" .. - provided. Highlyaccurate LED accuracy and stable line
ALTTRIG lOOMHz only$699.00 ' ,} - ;"):!. j)'..... regulation make the 3000 series the perfect choice f r
T V Svnc - - - - O J. •• O J,. 6,,-

, (Limited Time OJJ"J. "-1 ,,- 0_<1'_ lab and educational use. N . ,
Details at CircuitS pccialists.com under lest Eq uip m ent Line Regulation: 2x104 +1ma 1 ew. .

LEDAccuracy: Voltage ±1%+2 digils Lower Pnces
Curr ent ±1.5% +2 digits

Wave Line Noise: ::;1mvrms
Dimensions: 291mm x 158mm x 136mm 6"...,
CS13003 :0-30v/0-3ampl-4 /S89.00 5+ /S85.oo .~ ' : .

CSI5003 :0-50v/0-3amps 1-4/ S99.0(l 5+ / S95.
Bookmark our W EB Site!Many morePower

Supplies a re Available. Loo k Under Test Equlpmef --- -~

DC to AC Inverters
Modified Sin e Wave item# 30S-12A

SP-150 W ATT...$ 1 9 .9 5 ~OO ~~tt W
S P -300WAT T. ..$34.95 I:v':rt~e ave

S P -600WATT. ..$64.95 $119.00'
S P -800WATT...$98.00

More Details at web site
12V DC to 120VAC under"DC to A C Inverters"



NEW LOW
PRICES

, .

Per sonal UV E P R OM

E RASE R ~
item#
O-ERASE
$49.95

Er ase Up to 4 C hips at a time
Adj usta ble Timer..4 to 24 minutes

Circ ui t S~cia lists now carries
F LUKE TEST EQUIPMENTFLUKE

Visit our we b site & view
our extensive oITering of new
FLUKE T EST EQU IPMENT.
Just go to our hom e page &
selectTE ST EQU IPMENT.
We 've got great deals .

New!
FLUKE COLOR SC O PES

GREAT 1/4 Watt Carbon FilmResistor Deal!
1-199 200 1000

$.07 $.01 $.003
as low as

$3.0 0
per thousand

5% tolerance/bulk packed
All Standard Values based on orde ring in multip les
from 1 ohm to 10 meg ohm of 200 or 1000 of each value)

BAG oILEDs DEA L 100 LEDs for $1.50 !!
\ Normal bri ghtn ess led s now available

in RED or C REEN in 3mm or 5m m size.
Your choice. Each bag of 100 costs S 1.50 !

--= (that's 1.5 cents ea.!) Eac h bag contains
100 of the same led.

BAG-RED Smm SI.SO BAG-GREEN 5mm..SI.SO
BAG-RED 3mm SI.SO BAG-GREEN 3mm..S1.50

e -

2 A\I r O-IS\' Bench
".=-- POYH'r Supply

LCn I>ispla~

inputvoltage: IIOVAC
output: 0-1 8VDC
Current:0-2A
Source Etlcct:<0.02%+lmV

• LoadEffect:<O.O I%+5mV
Ripple & Noise: <lmVrrns

1 5+
$59.95 $52.95
item # CS I 18020

, .

}HORE DATA at WEB SITE

CS I 8203 ~

SALE!

$129.00

"••

10+ 100+1

NEW!!
only
$199.00

luminous
inten sity @
20mA

PROGRAMMABLE DC POWER SUPPLY

LEO's/Megabright Blue , White, GREAT PRICES!

i\legabright Blue Smm (L7113PBC/G) 1400 SI.95 Sl.50 SI.25
Mcgabrighl Blue3mm (L7104PBC/G) 600 $1.95 S1.50 $1.25
Megahright While Smm (L7114PWC/G) 600 $2. J5 S1.59 $1.35

more techn ical de ta ils @ our we b si te under SEM ICO DUCTORS

FLASHING red 3mm (L3 6BHD) as low as $.28 ea!

Innovative 5 in 1 DMM
Integr ated SOUN
L1G HT/H Ul\lIDi

5 MHz D u a l Channel Digital Scope Meter Circuit S p eci a l!st s 20MHz Dual Trace Scope SENSO RS
~-- *DC to 5MH z details at web site *20M hz Bandwidth Item I 2 DCV/ACVIRES/

*Dual Cha nne l item # S2405 *Alt-Mag sweep
*Sampleing Tim e:50M s.S *1mV/Div vertical CAP/FREQ.ffEMP -
: Auto Tr iggering $ 2 9 9 00' sensitivity RHiLIGHT/SOUN '"

Auto Calibration •• *Altern a te trigger ' CONTIDIODE
: RI6011h&t sing le sho t mode *X5 sweep magnificat ion l .~ ".C... .......... CS I 8.209$ 4 9 .0 0

s 0 re fere nce wa ve- *La r ge 6"CRT/a u tofocus Real T=e 08c.llo8cope

form & se t-up mem ory * . . . . b ) Detail s a t
*Built in autoranging True RMS ship s \\ 2 (x l & x.lO) pro es. ,$269.00!!!

Digit al Multimeter More Details at web site. C irc uitS peci a lists .co m
*lnc1ude s RS-232 I.F. softwa re, Intelligent A u t o- R a n gi ng OMM R F Field Stre ng th Ana lyz er

RS232 cable & Rubb er Boot Our Most Sophisticated DMJW" Ever! The 3201is a highquality hand-heldRF
~_ _ -. Larue 4 Dig backlit SOOO count Field StrengthAnalvzerwith wide band

'" ... . reception ningingfrom 100kHz to
dual display & Analog Bargraph. 2060MHz.The3201isa compact &
RS232 I.R. lnterface/softwure/cable lightweight portable analyzer & is a must
4 display modes. Tr ue Rl\IS for RF Technicians. Ideal for testing.

• . . . .. installing & maintenance 01Mobile
value ~ ,Frcq. of MI?/i\lax TelephoneComm systems, Cellular
values: Iemperaturem F/C: Phones.Cordless phones, paging systems.
relative quantity & error % of cable &Satellite TVas well as antenna

relative value at the same time... installations.May also be used to locate
hidden camera s usmg Rf'transm issio ns

Exte nsive Tech Details& a SpecialOfTer
At OurWeb Site

<:;~
PC based Digital Stora!1e '
Oscilloscope , 2 00HHz
5GS!s equiv . samp l ing,
USB interface

torage Oscilloscope Module
Convert any PC with USB
interface to a high performing
Digital Storage Oscilloscope.
This is a sophisticated PC
based scope adaptor providing
performance compatible to
mid/high level stand alone
products costing much more!Ships
with two probes.
Complete details & software
download at our web site

item# 200DSO $859.00 under "Test Equipment"

Details & Software Downlo ad @ our web site
Intelligent Multi-function Digital Counter

An intelligent multi-function
counter controllcdby an 8-bit
micro-controller with
eight-digit high bright LED
display. Four measuring

I functions (frequency,period,
b.~. g,:_ ~_r:_s:"",..~:"_2:',- total mode & self-check).
Item# CSI 6100 Also.a 10MHz OSC.OUT.

Freq uency Measurements:
CH A, Range 10 to 100Mhz New L ower P rice!
CHB, Range lOOM hztol.3G Hz $129 00"
DETAILS AT OUR . . • ••
WEB SIT E under TEST EQUIPMENT

*Sto res up to 10 settings for fast & acc u rate reca ll
*Backlit LCD di spl ay manual pdfavailable at
*H igh Resolu tion (1~V) CircuicSp eciatists.com
*PC com patib le (wi th optiona l RS-232 adaptor module)
*Easy programming w nu meric keypad or fast rotar y code switch
*Power shut down memory function

SPECIFICATIONS at CircuitSpecialists.com

Visit ou r websi te for a com pl ete list in g of our offe rs. We have over 8,000 elec tronic ite ms on lin e @ www.Clrcuitxpeclallsts.corn . PC
based data acquisition, industrial com puters, loads oftest eq uip ment, opt ics, I.C ' s, t ransistors, diodes, resisto rs, potentiometers,
motion control products, ca pac ito rs ,m iniatu re ob ser vation cameras, panel meters, ch emical s for elect ro nics, do it you rs elf printed
circuit supplies for PCb fa b ri ca tion , edu cationa l D.I. Y.k.its, cooling fans. hea t sh r ink , cable ties & ot he r wire han di ein g item s, hand
tools for elec t ronics, breadboards, t rainers, p ro grammers & much much mo re! Some Deal s you won ' t beli eve !
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OPTAscope PC software interface

'.

OPTAscope Specifications:
• 1 Ms/S maximum sample rate
• 500 Ks/s sample rate with two

channels
• 8 bit vertical resolution
• 2 channels plus external trigger
• M in, Max, Pk to Pk, Mean, True

RM S, period and freq uency auto
measurements

• Paired, vertica l and horizon tal cursor
with delta and frequency readouts

• 10%,50% and 90 % horizontal
tr igger posit ion settings

• Var iable trigger voltage on DSO
channels

• Trigge r on r ising/fal li ng edge any
voltage

• Auto or normal trigger modes
• Pan/zoom, screen capture saves
• USB 1.1 inter face
• Size 5 /1 x 2.25/1 X 1. 5 /1
• Weighs 8.0 ounces

Understanding Signals Kit inclu des the 0 PTAscope, probes, USB cable, 120
page Understand ing Signals text, CD-ROM wi th softwa re and electronic
component pack. Note: requires Board of Educat ion Full I< it with BASI
Stamp 2 Module (#28102) not included.

The OPTAscope is the ideal f i rst- ti me osci lloscope fo r
educatio n, hobby and users who simply need a smal l and
portable scope in the f ield. With a USB interface, compact
design, and well-designed PC software, you' ll enjoy using
this tool.

The brand new Understanding Signals text details eight
projects with the BAS I C Stamp 2 (not inc luded), The
types of signals you wi ll learn about include: simp le high/
low output; PW M for servo contro l; infrared for object
detect ion and remote cont rol; synchronous/asynchronous
serial; op-amps; and R/C circuits w ith variable resistors.
When you're fi nished with t he projects you'll understand
commonly used mic rocontroller signals and osci lloscope
basics. The Understanding Signals Ki t is the same price
as the OPTAscope alone - we've added the tutorials,
components and examples as a bonus to our customers.

~~Gfl:1mGID I

lSlI'..J',,;.,l'''' ... r-.;.11lJ001JWlXD

BASIC Stamp and Board of Education are re9istered trademarks ~f Parallax , Inc.

Order onl ine at www.paral lax.corn, or cal l
the Parallax sales department toll -free at

888·512·1024 (Mon - Fri, 7 a.m. - 5 p.m.
.Pacific Stan dard Time).

C ircl e # IS4 o n the Re ade r Se rvi ce Card .


