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Call Recorder

4 Store 1000s of calls on your hard drive
4 Replay, sort, email, copy & xfer calls

4 Adapter goes btw. phone & PC

4 W95,98, ME, NT, XP ready t“%(
4 Boxed, w/CD, manuals & cables

4 Factory refurb, 5-year warranty
HSC#80649 $49.95

VideoWAVE Editor!

4 ‘CommandPost’ console w/pro-features
4 Powerful editing, loads of features
4 Edit video like the pros!..,

4 Swirl, ripple, fade,

shadows, animations!
4 2 CDs w/tons of templates ~ :
4 New, retail boxed, 90-day warranty

HSC# 19656 $19.95
4-Bay SCSI Enclosure

4 High quality cabinet

4 Extra cooling fan

4 200-watt fan-cooled supply —

4 Std. D25 rear panel conn.

4 SCSI ID switch included ;
e ——

4 New, HSC 90-day warranty

HSC#19703 $24.95
‘RAID’ Controller!

4 ‘Mylex’ Model No. 960P-3

4 Up to 32MB, 36-bit SIMM, (4MB min.)
4 1 to 45 drives as one logical drive

4 Can co-exist with 3 more (180 drives!)
¢ ONLY $19.50 w/ANY SCSI H D!

HSC# 19427 $29.50
Power Supplies!

4 'Tiger Power' Mod. No. TG-3006-C
4 300W, Std. ATX

HSC#19733

$19.95!

4 'Power Computing’ Mod. No. TCX-20D

#200W, Std. ATX . #

# Heavy grade, std 19” spacing

¢ 155/8"W x 16D x 1 3/4"H

# Reversable mounting flanges

4 Pulls from wrkg service, some scratches

HSC#19437wow.. 2/$19.95!
Electronic

H S Supply

3 Retail/Wholesale Locations:
Main Office - Mail Orders...

420VA/252W UPS!

¢ Powerware 3115 Series ‘3' Protection
4 Includes power management software
4 User replaceable batteries
4 User selectable voltage ranges
4 New, boxed, 90-day warranty

—
4 For PCs, workstations, networks...more!

4 Special!!...3 for $99.00!!...
$37.50!

HSC# 19346

Electric Field Meter

¢ Measures radiation from cell phones
microwave ovens, computers, ‘bugs’,
security, two-way radios...more...

4 Range: 10MHz to 4.5GHz
4 Meter and LED displays

4 See pg. 60, Feb. QST mag.
¢ New,90-day warranty

HSC#ZAPCKR $89.95!

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

Wirelefs PCI Card!

o

HSC# 19743

$14.50 HSC# 19737

PCMCIA LAN Card!

/i

$14.95

| HSC Deal!.. Buy 3 or more Proxim Products & We Knock Off 20% Of ThatTotal!!

Wireless Gateway!

HSC# 19745

Cordless USB Adapter!

HSC# 19738 $21.95

$24.50 HSC# 19744

Wireless Bridge!

$24.95

4 Proxim ‘Symphony’ series...

42.5GHz - 1.6Mpbs

4 Range: up to 150 feet

4 Symphony & HomeRF compliant

4 Boxed, w/CD, manual, 90-day warranty

Blowout Specials!!...

&k

Dot Matrix Display

7-Bay Cabinet
#19429  $8.00

#80544 $20.00
9.1GB SCSI HD
#18753 $14.00!

4.3GB SCSI HD
#18412 $10.00!

AC/DC VHF Video Player
#19048 $10.00!

Keypad Mouse
#80539 $3.00!

-

Internet Video Phone 80W Power Supply
#19442

§5.00 #18415  $5.00

v =

50 Watt Woofer ~ 150W Power Supply
#19623 $8.00! #18266 $8.00

200W
PCMICA SCSI Power Supply
#19160 $35.00 #18267 $8.00

Lowest Prices Ever!!

9.1GB Ultra SCSI

4 Seagate ST19171WC, 80-pin SCA
47200 RPM, 4.17mS avg. latency

4 Average seek: 9.5mS
4 HSC 90-day warranty

‘SC83700' SCA to SCSI 1 adapter
Reg. $12.50...for $7.50 w/this drive!

HSC# 18753 $14.00!

HSC# 18781

18GB SCA SCSI

4 Seagate ‘Cheetah’ Ultra -2 Wide
4 Formatted Capacity: 18.21GB

4 Speed: 10,000RPM %
4 HSC 90-day warranty

4 HSC Special!!...get our
‘SCS3700" SCA to SCSI 1 adapter
Reg. $12.50...for $7.50 w/this drive!

$19.95!
Since 1963!...

ATX Rack Cabinet

4 Rugged construction, perfect for servers
4 Supports all std. ATX motherboards

4 Industry standard 4U height, 250W p.s.
4 New, boxed, HSC 90-day warranty

¢ Closeout price - While Supplies Last!

HSC# 80541 $89.00!

Notebook Case
4 'Targus’ Model “CUN1”

4 Padded compartments

4 Adjustable dividers

4 Accordion file holders

4 Two external pockets
414.5"x 12.5" x 6.5" expanded

4 New,90-day warranty
$29.95!

HSC#19813

Color Touch Screen
4 240x320 diag. LCD STN display w/CCFL
backlight and 4-wire touchscreen intfce.

4 ALPS# LFH8P4032B

42.75" x 3.50" x 0.375” !

# 8-bits-per-pixel depth(8bbp) ;

4 DC-DC conv. for LCD neg. bias

4 See http://hubbard.engr.scu.edu for info

HSC#19827 $44.95!
USB Keyboard

4 Swann’'s® USB Keypad

4 PC/MAC compatible

4 Windows98 and up OS

4 MAC OS 8.6 t0 9.1

4 Two extra USB port sockets
4 New,90-day warranty

HSC# 19824 $12.50!

Ld |
Emas

Multi-Flash Reader
4 CompactFlash reader also reads
# Three adapters included
4 IDE interface
# New, with CD & instr. ‘i B .
4 New,90-day warranty

Bargain Multimeter!
4 Great buy on a DVM! + Transistor chkr!
4 1KV DC, 750V AC
4 1 Megohm input impedance |
4200 to 2Megohm range
4 New,90-day warranty

MMC/SD, SmartMedia & Memory Sticks!
#5td 3.5” bay mount
HSC# 80708 $29.50
3 1/2 digit display, 19 ranges
#200uA to 200mA +10A range |
HSC#AEEC1504 $14.95!

Silicon Valley’s Electronic Marketplace

Order Toll-Free: 1-800-4-HALTED(442-5833)
or...ONLINE, AT: www.halted.com

3500 Ryder St. Santa Clara, CA 95051

Santa Clara 1-408-732-1573
Sacramento  1-916-338-2545
Rohnert Park 1-707-585-7344

Terms: Some quantities limited; all items are subject to prior sale. Minimum order:
$10.00 plus shipping. Orders under $20.00 subject to $2.00 handling fee, in addition
to shipping. 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.
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ELECTRONICS Q&A
What's Up:Wo ith balanced microphone
cables, auto dome chime, and an RR cross-
‘@primer on capacitors
and a speed controllé mall DC motors.

3 COLOR IN A MONOCHROME 2 2
WORLD

What do pulsing black and white patterns have
to do with color perception? Build this and find
out! by Dave Sweeney

4 A NEW TWIST ON COMBO LOCKS 8 2 IN THE TRENCHES
Here's a clever PIC project that uses both time For design engineers facing real world problefns.
and position encoding on a single-knob lock. This month: Practical approaches to prototyping.

by Josh Bensadon

Iz JUST FOR STARTERS
4 ADJUSTABLE POWER LOAD An introduction to printed circuit boards.

Test power supplies with this digital resistive

load. by David Ponting 86 LASER INSIGHT
Profiling and tuning your fancy new laser to
maximize its efficiency and power output.

FLRATUNLDU o : 96 OPEN COMMUNICATION
60 BIPOLAR TRANSISTOR Ethernet Part 1:Wired LANs

- OOk PERSONAL ROBOTICS
Part 6 of 8: Multivibrators to the rescue. e o s bllowing slscrie Tk
by Ray Marston n advanced line following algorithm explained.
Part | of 2:The space infrastructure and gory Now in SERVO Magazine.
details that let you position yourself on Earth.
by D. Prabakaran 90 STAMP APPLICATIONS
Wax poetically as we harken back to the days of
z ALL ABOUT TSCM the BS| — it's not as old as you might think!
That's technical surveillance countermeasures
to you and me ... by David Vine 2 8 TECHKNOWLEDGEY 2003
Diamond semiconductors, laser-powered
airplanes, tough notebooks, another 64-bit
processor ...and more!
105 Advertiser’s Index 58 News Bytes
79  Classified Display Ads 32 NV Bookstore
16 Electro-Net 7 Publisher’s Info Nuts & Volts (ISSN 1528-9885/CDN Pub Agree#40702530) is published monthly for
57 Electronics Showcase 6 Reader Feedback $24.95 per year by T & L Publications, Inc., 430 Princeland Court, Corona, CA 92879,
34 NewProduee Nows 161 Tl Forum PERIODICALS POSTAGE PAID AT CORONA, CA AND AT ADDITIONAL MAILING

OFFICES. POSTMASTER: Send address changes to Nuts & Volts, 430 Princeland
Court, Corona, CA 92879-1300 or Station A, PO. Box 54, Windsor ON N9A 6J5.
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eader Feedback

Dear Nuts & Volts:

There is an astonishing 3-D
effect in the picture on Page 22 of
the Oct. 2003 issue. If you hold up
the page at a reading distance (with
its longer right corner, inches
slightly down), and cross your eyes
until the two dishes come together
in three images, you will see, in the
center one, a concave effect with the
triangle of antenna supports
appearing to be stuck out toward
you. The 3-D image will appear to
be about 12 inches down from your
face, and you can put the point of a

pencil right at the edge of it. stripped, soldered together, and connected

Hilary Ryan to the "probe" input of the circuit. tou 1M

Sorrento, FL The quality of the wire insulation is 4%

important, as none of the uninsulated wire M
Dear Nuts & Volts: can contact the fluid. Use the best
| wanted to let you know that insulation you can find — Teflon insulated M {
Nuts & Volts has been a valuable wire (Mouser and other sources) would MSP430
source of examples for the probably be good. | have also used Tefzel COMPARATOR
electronics course that I'm teaching.  aircraft wire. I'd recommend finding out M
For example, we were covering about those and also Kapton, and wires A\
timers when [ received the Nov. designated THW or XHHW. As [ am not an J_
2003 issue, so | had my students expert on insulation, | cannot make a firm PROBE CAP
analyze the two examples involving recommendation. l
the 555 timer in the "Electronics Q Figure 3
& A" column. The students enjoy Probe Protectlon
seeing applications that go beyond
the usual textbook examples. Resistor Figure 5
I also used the Question The 470 ohm resistor ‘ P2.1

#09034 from the Sept. 2003 "Tech  shown in the original article and +3v
Forum" column. This regarded is not really necessary, as Pe.o P2.3 P2.2 Pe.4
using two "wall-warts" (DC power during idle periods, all the | M
supplies) with the outputs comparator pins are ‘ 1M 1M 1n
connected together to power a 120  configured as outputs with
VAC underwater pump. Both of the zero volts out, so a probe
replies published in the Nov. 2003 short to ground will do no | 1M P2.5
issue made the good suggestion of damage. The resistor was a |
plugging the pump into a GFI feature of an alternate | PRARE

socket. However, neither answer
stated clearly why a wall-wart will
not work in reverse. The three main
components in a DC power supply
are a transformer, a rectifier, and a
voltage regulator. Inputting a DC
voltage into the output of any of
these components will not produce
the desired AC voltage at its input.
Alan J. DeWeerd
Department of Physics
University of Redlands, CA

Dear Nuts & Volts:
| just wanted to thank you and
author John Carter for a super and

ERRATA — LCD Fluid Level Monitor

A kind reader pointed out that there were errors (Figures 3 and 5) in my Fluid
Level Monitor article that appeared in the Oct. 2003 issue. [ sincerely apologize to
anyone who may have had difficulty understanding or constructing the project due
to these errors. The mistakes were entirely my own, not those of the editorial staff
at Nuts & Volts. Included here are the corrected figures which will assist readers

duplicating the project.

Probe Construction

The copper tube of the probe is to be grounded. It forms the outside of the
probe capacitor. The inside part of the capacitor is the loop of wire. The bottom
of the loop is at the bottom of the tube, and the top of the loop extends out of the

top of the tube, where the wires are

design in which the probe

capacitor was charged to the battery voltage, and then allowed to discharge
through a resistor. For space reasons, the alternate design was not presented.
— Glen Worstell

Hey, Bob - CATCH!

by J. Shuman

\NW;;

Capacitors and rookies...
Gotta love eml

Vours

really neat project that was printed
in your August and September 2003
issues, and to let you know how
dedicated the author has been to

'z the project.
6

S&

|
i

Continued on Page 41
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The 55-2“2“ M]spz delivers reliable

HF operation with no confusing menus, and
just two step operation. Get peak perform-
ance in a compact, back to basics design,

acked with all the features you need for
Igase, backpack or business trips.

Malﬂn the SG-2020 ADSP? transceiver to the right companion
to customize your application

And take advantage of our SPECIAL
Limited Time. Offer

Receive 2 $50.00 factory rebate

pLus a free SGC Multimeter so vaue)
when you buy an SG-2020ADSP? and any
SGC Smartuner, MAC-200, or STEALTH Kit.*

* Available thru SGC dealers only. Expires January 31, 2004.
Call SGC or visit www.sgcworld.com for full details. Products must be
purchased on the same invoice. Offer excludes items S6-239 and SG-237PCB.

A a—

.
i

your base station con-

Use the

for rapid antenna
set-ups in the field or
in uncertain environ-
ments. Erected in just
minutes, in any condi-
tion, the STEALTH Kit
is an ideal travel
antenna, which also
works perfectly in
restricted antenna
locations.

M one of our

popular Smartuners™
matches any antenna.
Its small size makes it
the perfect travel mate
for the SG-2020ADSP?
on the go.

trol center. Select and
tune up to 5 antennas
automatically; the
MAC-200 selects the
right antenna and the
right tune settings
quickly and accurately.

www.sgcworld.com

to indemnify and protect the publisher from any
and all claims, action, or expense arising from
advertising placed in Nuts & Volts. Please send all
subscription orders, cor-respondence, UPS,
overnight mail, and artwork to: 430 Princeland
Court, Corona, CA 92879.

DECEMBER 2003

phone us at
800.259.7331

SGC, Inc. 7 SE 26th St,
Bellevue, W 005 USA

| m——

Your HF Solution

© Copyright SGC 2003
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Broadcast Your Holiday Greetings...AND SAVE $S!

Professional FM Stereo Radio Station

v Synthesized 88-108 MHz with no drift

v Built-in mixer - 2 line inputs, 1 mic input

v Line level monitor output

v High power version available for export use

The all new design of our very popular FM100! Designed new

from the ground up, including SMT technology for the best per-

formance ever! Frequency synthesized PLL assures drift-free opera-

tion with snmgle 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.

FM100B Super-Pro FM Stereo Radio Station Kit
FM100BEX 1 Watt, Export Version, Kit
FM100BWT 1 Watt, Export Version, Wired & Tested

Professional 40 Watt Power Amplifier

v Frequency range 87.5 to 108 MHz ———
v Variable 1 to 40 watt power output Holiday Sale!
v Selectable 1W or 5W drive Expires 1/15/04

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 variable drive capabilities. With a mere one

watt drive you can boost your output up to 40 watts! And this is

continuously variable throughout the full range! If you are currently using an FM

transmitter that provides more than one watt RF output, no problem! The drive input is selectable

for one or five watts to achieve the full rated output! Features a multifunction 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!

PA100 40 Watt FM Power Amplifier, Assembled & Tested

Synthesized Stereo FM Transmitter

v Fully synthesized 88-108 MHz for no drift
v Line level inputs and output
v All new design, using SMT technology

Holiday Sale!
Expires 1/15/04

$259.95 $26995
$329.95 $34995
$399.95 $42905

$549.95 $5999

| Holiday Sale!

Expires 1/15/04

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-

quency is easily set using DIP switches; no need for tuning coils or "tweak-

ing" to work with today's 'digital' receivers. Frequeno{ drift is a thing of the

past with PLL control making your signal rock solid all the time - just like

commercial stations. Kit comes complete with case set, whip antenna, 120 VAC power adapter, 1/8" Stereo to
RCA patch cable, and easy assembly instructions - you'll be on the air in just an evening!

FM25B Professional Synthesized FM Stereo Transmitter Kit

Tunable FM Stereo Transmitter Holiday Sale!

v Tunable throughout the FM band, 88-108 MHz Expires 1/15/04
v Settable pre-emphasis 50 or 75 pSec for worldwide operation 5
v Line level inputs with RCA connectors

The FM10A has plenty of ?ower and our manual goes into great detail
outlining all the aspects of antennas, transmitting range and the FCC rules

and regulations. Runs on internal 9V battery, external power from 5 to 15
VDC, or an optional 120 VAC adapter is also available. Includes matching case!

$119.95 $13995

Tunable FM Stereo Transmitter Kit
110VAC Power Supply for FM10A

FM10C
FMAC

Professional Synthesized AM Transmitter

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

Run your own radio station! The AM25 operates anywhere within 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 " mile,

but is jumper settable for hig}l:er output where regulatior]s allow. Broadcast frequen-

cy is easily set with dip-switches and is stable without drifting. 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 $9905

Tunable AM Transmitter

v Tunes the entire 550-1600 KHz AM band
v 100 mW output, operates on 9-12 VDC
¢ Line level input with RCA connector

A ,&reat first kit, and a really neat AM transmitter! Tunable throughout the entire
AM broadcast band. 100 mW output for great range! One of the most popular
kits for schools and scouts! Includes matching case for a finished look!

Holiday Sale!
Expires 1/15/04

Holiday Sale!
Expires 1/15/04

Tunable AM Radio Transmitter Kit
110VAC Power Supply for AM1

AM1C
AC125

Circle #30 on the Reader Service Card.
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'|Voice Switch

Hey, | told you not to touch!”

$9.95

$7.95

2

Stocking Stuffers!
Tickle-Stick

The kit has a pulsing 80 volt

tickle output and a mischie-

vous blin inE LED. And who

can resist a Iinking light! Great

fun for your desk,

Runs on 3-6 VDC

1S4 Tickle Stick Kit $12.95
Super Snoop Amplifier *
Super sensitive amplifier that will E -
pick up a pin drop at 15 feet! Full

2 watts out%ut. Makes a great “bi

ear” microphone. Runs on 6-15 VDC

BN9 Super Snoop Amp Kit

Dripping Faucet

Produces a very pleasant, but

obnoxious, repetitive “plink, plink”

sound! Learn how a simple transistor

oscillator and a 555 timer can make such

a sound! Runs on 4-9 VDC.

Dripping Faucet Kit $9.95

LED Blinky

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 VDC.
BL1 LED Blinky Kit $7.95
Touch Tone Decoder

Strappable to detect any single

DTl\ﬂadigit. Provides a closure to

ground up to 20mA. Connect to

any speaker, detector or even a phone

line. Runs on 5 VDC.

TT7______DTMF Decoder Kit $24.95
Electronic Siren e
Produces the upward and down- ;w
ward wail of a police siren. BN
Produces 5W output, and will drive o

any speaker! Runs on 6-12 VDC.

SM3 Electronic Siren Kit

Universal Timer

Build anything from a time delay

to an audio oscillator using the

versatile 555 timer chip! Comes
with lots of application ideas. Runs on
5-15 VDC.

UTS Universal Timer Kit $9.95 |

Voice activated (VOX) provides a

switched output when it hears a

sound. Great for a hands free PTT

switch, or to turn on a recorder or light! Runs on
6-12 VDC and drives a 100 mA load.

VS1 Voice Switch Kit

Tone £ncoder/Decoder

$9.95

Encodes OR decodes any tone 40

Hz to 5KHz! Add a small cap and it %

will go as low as 10 Hz! Tunable with

a precision 20 turn pot. Runs on 5-12 VDC and

will drive any load up to 100 mA.

Encoder/Decoder Kit

RF Preamplifier -

Super broadband preamp from N 3

100 KHz to 1000 MHz! Gain is -9
reater than 20dB while noise is less

than 4dB! 50-75 ohm input. Runs on 12-15 VDC.

SA7 RF Preamp Kit $19.95

Touch Switch

Touch on, touch off, or momenta

touch hold, your choice! Uses CMOS

technology. Runs on 6-12 VDC and drives any

load up to 100 mA.

TS1 Touch Switch Kit

$9.95




1test Hobby Kit: Give The Gift Of Learning

arm Near Your Soldering Iro Great For The Kids...ALL AGES!
[rri-Feld Sci 1 Meter I Ll :
8 »

v SEE RF, electric, and magnetic S ’ .
fields! ; G =

v Watch the magnetic field of the
earth!

v Sense different magnetic poles!

v Detect RF transmitter fields!

This really neat project actually senses 5
and detects magnetic fields, RF fields, and &
electric fields! The TFM3 has three sepa-
rate field sensors that are user selectable to
provide a really cool readout on two Sci-Fi ) )
styled LED bargraphs! Utilizing the latest technology, mcludmﬁ 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 time learn the technology
behind them. Runs on 6VDC (4 AA batteries, not included). Includes custom
designed case for a professional finished look! Live long and prosper!

Holiday Sale!

Expires 1/15/04 |

v Learn and build!
v 130, 300, & 500 In One!
v Super comprehensive training manuals!

Holiday Sale!
Expires 1/15/04

Whether you want to learn the basics of electricity, the theory of electronics, or
advanceJdigital technology, our lab kits are for you! Starting with our PL130, we
give you 130 different electronic projects, toEgther with a comprehensive 162
age learning manual. A great start for the kids...young and old! Step up to our
BL}OO, which gives you 300 separate electronic projects along with 165 page
learning and theory manual. The PL300 walks you through the learning phase of
digital electronics. " If you're looking for the ultimate lab kit, check out our PL500.
Includes a whopping 500 separate prgjects, a 152 page starter course manual, a
78 page advanced course manual, and a 140 page programming course manual!
The PL500 covers everything from the basics to digital programming! Learn
about electronics and digital technology the fun way...and build yourself some

neat projects!
PL130 130 In One Learning Lab Kit $34.95 SS%S

Lab Kit $59.95 $6405
$149.95 $15995

" TFM3C  Tri-Field Meter Kit With Case $54.95 $5995

¢ No more HV or Xenon strobe tubes!
v Super Bright LED’s - won’t burn out!
v Audio triggered or variable flash rate!

PL300 300 In One Advanced Learning La
PL500 500 In One Super Learning Lab Kit

Infrared IWuminator

v Lets your cameras see in total darkness!
v Amazing illumination!
v Great for custom camera installations!

LEDS20 Holiday Sale!
(Included) Expires 1/15/04

Imagine being able to see in total darkness! It's eas e
with any BW CCD camera and this IR illuminator! There's %
nothing magic about this kit - it's just an array of 24 high =
intensity IR LEDs and appropriate drive circuitry. The real magic is

in the CCD video camera. CCD sensors are sensitive to IR light that you can't see,
thus illuminate the scene with IR and the camera ‘sees’ just fine. The whole array
will illuminate similar to what you'd expect of a bright flashlight.

A 3x3 array of super bright Telux™ LED's creates a brilliant sharp flash just like a
Xenon flash 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 i
mode, the flash is triggered by any audio input you provide into the standard RCA
audio input connector. Built-in low and hi§ pass filters allow you to select either
bass or treble music trigiering! An externa trlﬁger in/out connector lets you con-
nect multiple units together for simultaneous flash. 3x3 array of LED’s can be
installed directly on the PC board, or on the external LEDS9 ’{)oard (included) for
case-toF or remote locations. Optional display boards with 8 or 20 LED's are '
available for even more strobing power! Includes matching case set. Just imagine
surrounding your room with a few of these, triggered to your stereo! Be one of '
the first to experience the new high output LED's of 2003!

IR IR llluminator Kit Holiday Sale! | $24.95 $2905
AC125  110VAC Power Supply Expiresii/15004 | $9.95

BRAND NEW...For The Holidays!
Be One Of The First To Build It!

tEgglC gighl Power I;iED ?trobe L'i‘ght Kit With Case $39.95 $4405

8 isplay Board, Inline with 8 LED’s $17.95 — "
LEDS20 Disglla Board, 5x4 Array Of 20 LED's $29.95 e e g J‘!” 'E"
ACI25 110 -2

/AC Power Supply $9.95 v Fun to build, and fun to use!

v Senses obstructions and light beams! '
lon Generator

v Adjustable speed and sensitivity!
v Negative ions with a blast of fresh air!

Watch the little bug scoot across the table ‘
v Generates 7.5kV DC negative at 400’"\ and turn to avoid obstacles in this fun and
| v Steady state DC voltage, not pulsed!

very unique kit! A pair of subminiature
vibrator motors drives this little creature
This nifty kit includes a pre-made high voltage ion in multiple directions. Using two optical
%snerator potted for your protection, and probably "tentacle” sensors on the front, this bug
e best one available for the price. It also automatically moves out of the way of obstruc-
ncludes a neat experiment called an "ion wind
generator". This generator works great for pollu-

tions or runs away from a flashlight beam!
ion removal in small areas (Imagine after

Holiday Sale!
Exgiles 1/15/04

Flashing red LED "eyes" gives a whole new meaning to "Red Eye"! Both speed
and sensitivity are adjustable to create your own custom walking pattern! Runs
on two "N" batteries (not included). Get two and have your own BUG WARS!

WEB1 Walking Electronic Bug Kit $29.95

Includes ion power supply, 7 ion wind tubes, and mounting hardware for the ion
= wind generator. Runs on 12 VDC.

1G7 lon Generator Kit $59.95 $6405
=~ AC125 110VAC Power Supply $9.95

v Visible & audible display of your heart rhythm
v Re-usable sensors included!

v Monitor output for your scope

v Simple & safe 9V battery operation

I | 7 Enjoy learning about
! { iyl m“vthe inner workings of the

MORE than just friendly on-line ordering!
Clearance Specials, Ramsey Museum, User Forums, Dealer Information, FAQ's, FCC
Info, Kit Building Guides, Downloads, Live Weather, Live Webcams, and much more!

ramseykits.com
e ]| ramRey 800-246-2205

1 J
oo or i The tiree probe wire pickups SN RAMSEY ELECTRONICS, INC. + Build | ",
allow for easy application and experimentation without the cumbersome harness Cichers Stati “qve

normally associated with ECG monitors. Operates on a standard 9VDC battery. 5.‘)0 Fishers Station Drive ¢ Learn It:
Includes matching case for a great finished look. The ECG1 has become one of Victor, NY 14564 4+ Achieve It!
our most pog'tlJIar kits with hundreds and hundreds of customers wanting to get (800) 44¢ 5 ; .
Heart Smart”! (585) 924-4560 + Enloy ”'
ECGIC  Electrocardiogram Heart Monitor Kit With Case $39.95 $44195 S
ECGIWT Factory Assembled & Tested ECG1 $89.95
ECGP10  Replacement Reusable Probe Patches, 10 Pack $7.95

Holidavisrale!

es 1/15/04

heart while at the same time cov-

[ =\ ering the stage-by-stage electronic

Prices, availability, and specifications are subject to change. Visit www.ramseykits.com for the
latest pricing, specials, terms and conditions. Copyright 2003 Ramsey Electronics, Inc
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FREE COURSE CATALOG (800) 243-6446 www.cie-wc.edu

Electronics & Computer
Distance Learning Courses

Imagine the exciting career opportunities waiting for highly skilled pros who can design, build,
program and maintain sophisticated electronics and computer systems. With the right training
that pro can be you!

Cleveland Institute of Electronics offers distance learning training programs in Electronics and
Computer Technology. They are designed to provide students with the occupational skills necessary
to understand, analyze, install, troubleshoot and maintain the many different types of electronics
equipment used in business & manufacturing industries today.

LKE OF 3
KB

5, = ‘;j Send for a FREE Catalog!

f '@ B— = — — —

\'.:\ 5 CE1776EA7th |
o)

Choose from a wide range of Electronics & Computer Training!
CIE offers many different Diploma and Degree programs ranging

from our NEW Computer and Wireless Technology courses to our 55527 Cleveland, OH 44114 I
Electronics Technology with Laboratory course to our most Name
advanced program, an Associate in Applied Science in Electronics | stiem

Engineering Technology.

Every program includes all the tools, lab equipment and instructor

I |
. I
A support you'll need to succeed. Many other courses are available | city |
so you can get the exact job-training course that's right for you! | " |

3 i -1 ate
2 New Courses! | New Course! A+ Certification and Computer Technology | Zip I
| » Wireless & | CIE's new A+ program will train an individual with little or no computer | Ehians |
Electronic & background about computer technology and prepare them to pass the | " |

H H ! a s 5 . e e-mail
Communications | A+ Certification exam and become a certified entry-level PC Technician. | |

y

« A+ Certification I Check box for G.1. Bill Details |
and Computer Cleveland Institute of Electronics is accredited, affordable and a || [l Acoe: Stp I B
Technology | degree granting school. Call or write us for your FREE Course Catalog! L Orcall(800) 243-6446 131

[F o —— i — — ———— — —— —— ——— ———— ———

Learn How To Design & Build PCBs!

Learn how to design and build printed circuit boards with this unique new
distance learning course from CIE Bookstore.

electronics

Designing a PC board is not complicated if you follow the basic rules outlined
in this course. Every lesson is presented in a clear easy-to-understand format
which makes learning this material fun and easy.

Earn a Certificate of Completion in PCB Design from CIE Bookstore when finished,
instructor assistance and on-line priority grading is included with tuition.

After completing this

course you’ll be able to: Here's what you'll receive:
+ Design PCBs * 4 lessons with instructor support Lesson Topics

« Identify and Test Components * Hands-on training lab with » PC Board Layout

* Trace Circuits soldering iron + Reliable Soldering Techniques

+ Solder to Printed Circuirt Boards * CADPACK CD - circuit simulation, + Working with Printed Circuit Boards
* Inspect and Repair Solder Joints design schematics and PCBs + Building a Siren with Flashing Light

CIE Bookstore: 776 E. | 7th, Cleveland, OH 441 |4

(800) 32 l-z 155 or visit www'ci boo tore'com CA, HI & OH residents must add sales tax. $16.95 shipping.

—— — ——————————— —— T — i — T ———————————— ]
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Guest Hosted by Randy Dumse

Personal Rdbotics

Understanding, Designing, and Constructing Robots and Robotic Systems

Personal Robotics

A Slight Twist on Line Following

e s ot

ine Following is one of the "holy
grails" of robotics — a staple at
many Amateur Robotics com-
petitions. While line following is a task
often found difficult for beginners,
even some of the more complex
designs miss some of the simplest
points. | hope to help you see line fol-
lowing with a slight twist. | hope you'll
see it from the robot's point of view.

It is that view that lead the two
robots | worked on for the last Dallas
Personal Robotics Group (DPRG
www.dprg.org) Table Top contest to
take 1st and 3rd place (Mike-3 and
Grindel) and for the last Roborama
1st and 2nd place, as well (Shnoz and
Mike-3).

At those contests, you see many
amazing and varied types of line fol-
lowing devices of every imaginable
construction — some incredibly com-
plicated. However, line following really
doesn't have to be that hard. In fact,
some very simple line followers are
possible.

Locally, 2-Tran, made by Clay
Timmons, was famous as an exam-
ple of simplicity. The entire brains of
this robot
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consisted of two transistors, explain-
ing its name. 2-Tran not only worked,
it even took a prize at the Spring
DPRG Roborama in April 2001, com-
ing in 3rd. Clay also went on to make
a 1-Tran just to prove it was possible.
Ed Okerson also made an award-
winning robot called 123, named for
having 1 transistor, 2 motors and 3
batteries.

The limit of simplicity — dis-
cussed on the DPRG mailing list — is
probably a "no transistor, no relay, no
switching device at all" line follower,
that might use a large CdS cell
applied directly to a motor.

On the opposite end of the scale,
you see systems with literally millions
more transistors than 1-Tran and 2-
Tran doing the same task, and some-
times not as well. Everything from
multiple sensors to phototransistor
arrays, to cameras with microproces-
sors and PCs are used to look for the
line and to decide what to do about
turning to follow it.

Often, it seems the more com-
plex the design, the more unrealistic
our expectations. In our rush to
anthropomorphize robots in our own
image, we hope to make the robot act
human. We expect it to look at the
line and plan to follow it the way we
do when driving a car — slowing to an

appropriate speed for the perceived,
upcoming curve, and initiating a
smooth, matching, curved path,
using PID-like course corrections to
tighten or loosen the curve as need-
ed.

A task this complex is well above
almost all amateurs, and frankly,
most professionals, as well. We get
caught up in our own world view, and

can't see the problem any other way.
The cure for the illusion is to bring
our advanced senses down to the
level of what the robot sees.

To get a feeling of just how limit-
ed our robot's connections are to the
real world, | suggest making a simula-
tor. Take a small piece of construc-
tion paper. Make a small (e.g., 8") cir-
cle. Draw a slowly curved 1" line on
one side, and a much tighter curved
line to the opposite direction on the
other. The lines should be solid and
consistent with solid color, so no local
features can be seen. Take a large
piece of construction paper and put a
pinhole in the center that is just large
enough to be a dot, so you can see
the color of the object below, but not
so large as to make out any detail,
such as direction of a line edge. Mark
two Xs a few inches to either side of

FPO

the pinhole.

Have a friend place the lined card
down on a table or desk in a random
orientation. Use a little tape to hold it
to the underlying surface. Then have
them place the larger sheet over the
smaller. The pinhole represents a sin-
gle line sensor. The Xs represent dif-
ferential driving wheels. Now, put
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CONTROL

YOUR
WORLD

With the Dios

*I2¢,1Wire,SPT

-Self contained / Built-in engine
+300,000 lines of basic code per second
*Visual Basic type language

+1500 bytes of RAM

:Libraries with local and global variables
*True Floating Point and String Variables
*Inline assembly

*Interrupts / Arrays

*No high priced development platform needed
+Coproccessor Support

+Full Athena integration

Several Form Factors and Options
Available .

T

Starting at $16.95

With the ATher\G

Designed for beginners

*Basic Language

Get .one *I2¢/SPI
for just -1510Ports

UART
f

No External Components
$6.95ea

‘Free Development Software
With the Ar'e S

The Ultimate Robot Board

Single or
Dual Power,

Perfect for Sumo
or Expreimental

Robots
Holiday
Dios Proccessor Snecial
Dual Motor Controllers P
$49.95

Motor & Servo Coprocessor

Kronos Robotics

and Electronics

www. kronosrobotics.com
703-779-9752

Projects
*PC Boards
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Personal Robotics

your
fingers on

the Xs and "drive" the top sheet
around, following the line by what you
see through the pinhole. Try to keep
your movements consistent with
those differential wheels would make.
Keep them simple. Move only straight
ahead with both wheels, or pin one
down with extra pressure and pivot
the other around it as a radius turn.
Try not to make any sliding, sideways
movements.

You will very likely find this much
more difficult to do than you would
have imagined. Why? Because we are
accustomed to integrating a great
deal of information about the line

from a glance. We can normally see a
large section in comparison with the
robot's body size. The robot has no
such luxury. The robot usually only
sees a small section, even smaller
than the size of its own body. Most
designs have a very limited array of
sensors. The typical sensors used
for line following only give a digital
response. The line is either (1) there
or (2) it isn't.

You will find that if you do pick
up the line in the pinhole, you have
no more information than just what
you have for that moment. While you
might imagine (from your persistent
vision of seeing the line in overview),
by finding the line once, you know
where it is going. However, if you make
a movement, you may lose the line.

The least likely strategy to keep
the line would be to wander around.
You are much more likely to just go
straight when you're on the line.
When you lose the line, you do not
know if it was because you were
crossing it at an angle, or if it curved
away from you. Both produce exactly
the same visual effect in the pinhole.

So, after losing the line, how can
you recover it with realistic vehicle
movements? With a differentially driv-
en robot with only one sensor placed

Electro Mavin

A Great Source For

Cerwin Vega Speakers

Both Complete Speakers & Factory New Components
Cross-Overs, Woofers, Tweeters, Mid-Range Speakers

Check us out at http://www.mavin.com

Just too many things to list such as View Sonic LCD Pwr
Supplies, GPS Gadgets and Many Great Computer Deals

For info john@mavin.com anytime or call us at
800-421-2442 M-F 9AM - 5PM Pacific Time

We Buy New Unused Material. Send your list to bob@mavin.com

DECEMBER 2003




between the two wheels, you have
very few sure options. For instance, a
gradual turning in the direction the
line was lost in to recover it is not an
option. Why? Well, first ask yourself,
which direction is that? To the left? Or
the right? You don't have that infor-
mation. All you know is you saw the
line in the pinhole at one instance,
and it was gone in the next.

XX

FPO

You might imagine, you'll just
turn 90 degrees, move ahead, and be
sure to find the line again. This is an
inadequate strategy. If the line makes
a turn, and you came off just before
the turn, you may never recover the
line. Furthermore, you don't know
which side of the line you came off —
to the left or to the right. Choose
wrong and you may wind up turning
back on the line, and reversing direc-
tion, going back the way you came.

So the only reliable strategy with
this configuration is to back up well
into the section where you had the
line, modify your direction slightly to
one side or the other, and go forward.
If you do not lose the line after going
the same distance, your turn was cor-
rect. If you do lose the line in a short-
er distance, you should again back
up to the same spot and repeat a
comparable turn in the opposite
direction, and start again.

XX

FPO

Since line following is a timed
competition, the strategy of trying
directions, and taking the time to
back up and restart if they fail, would
be rather poor. A colorfully appropri-
ate colloquialism of the south for this
situation is, "That dog don't hunt!" So
how can our line follower "hunt?"

Perhaps a first step would be to
add another sensor. Just as a hunting

(No Soldering)
A Touching & Seeing

Robot Kit $24.95 usp

“No More Blind Mice!” Weasel can
see its way. A wall sensing micro
switch detects walls to navigate.
Or the sonic tracking system under
Weasel will allow it to follow an
interesting path that you can
design on the floor. 3 speed
gearbox also included to
determine your speed. Easy to

Hardware and Software for Controlling

Lights, Music, and Special Effects

Innovative
Leading-Edge
Technology

« Design and program your displays using your PC and
our powerful Basic-like A.C.L. programming language

« Control more than 4,000 “channels”

« Deploy a variety of synchronized lighting effects —
ramp, fade, sparkle, blink, shimmer, pop, and more

« Affordable. Works with existing lighting

« Variety of controllers and processors for lighting,

sound, and interfacing to other equipment

* Build never-before-seen displays for Christmas, |

Halloween, parties, or any special event

Animated Lighting, L.C.

7304 W. 130th Street, Suite 100

Overland Park, KS 66213
913-402-0700
www.animatedlighting.com
sales@animatedlighting.com

Copyright © 2002-2003. Animated Lighting. L.C. All rights reserved
All specifications subject to change.
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assemble. Ages 10 & up.

(NoSoldering)

AIR ZINGER

Robot Kit $44.95 usp

“Air Zinger Will Blow You Away!”
An air technology kit that is easy
to assemble. Blast out a ball
(included), steer Air Zinger in any
direction, & suck up the ball with
the magnum wind propeller.
Challenges cognitive/motor skills
& hand/eye coordination. Multiple
creative game options & group
competitions. Ages 10 & up.

RoBoTIKITS
DIRECT

17141 Kingsview Ave. Carson, CA 90746 USA
Various Skill Levels. Call Toll Free.

877-515-6652

www.robotikitsdirect.com
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ANEher Bie

Randy M. Dumse is the Founder/Owner of
New Micros, Inc. NMI has specialized in
rapid microprosessor system development

for over 20 years. NMI offers selected
CPUs on carefully designed computer
boards. Email: rmd@newmicros.com

dog has two nostrils — a right and a
left — a line follower will be more effi-
cient if it has two light sensors — one
set right and one set left. By compar-
ing the two signals, considerably more
steering information can be attained.

Braitenberg's classic book,
Vehicles lends support to this idea.
He postulated some very simple
robotic designs. He was able to show
his hypothetical robots could demon-
strate some very complex animalis-
tic behaviors. His simplest design
had one sensor and one motor, and
wasn't very interesting. Many of his
other simple robots had two sensors
and two motors, and were surprising-
ly interesting.

In one example, light sensors at
the front corners of his robots crossed
so they would energize opposite
motors. These acted as phototropic
creatures, turning toward light
sources. By rewiring them to energize
same-side wheels instead, he made
photophobic creatures. These "light
avoiders" would turn away from light,
and run into darkness. (You can't see
one of these later designs working
and not think cockroach!)

Depending on whether we wish
to follow a dark line on a light back-
ground, or a light line on a dark back-
ground and how closely the two sen-
sors are set, we can choose between
designs and have a new starting
point for an improved line follower.

The analogy to a hunting dog
continues to be a very good one.
Have you ever wondered why nature
didn't put the dog's nose right in the
center of his belly, down close to the
trail? Instead, the sensor array is out
in front of his mechanical driving sys-
tem. Apparently the left/right orienta-
tion allows tracking as Braitenberg
illustrated. Also, mounting this sen-

14

sor in front of the drive system has
design merit. So remake the top
sheet with the design inspirations of
(1) two pinholes for sensors and (2)
placing them an arbitrary distance
ahead of the differential drive.

X

FPO

Now notice how the system
works. If the sensors are less than a
line width apart, and both see the
line, you know you are on top of the
line. If only one sensor sees the line,
you know the line is in the direction
of that sensor. The first sensor to
come off indicates the opposite
direction of turn is required. For
instance, if the left sensor comes off,
then the correction to steering should
be toward the right. If the right sensor
comes off, then the correction to
steering should be toward the left.

£
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Notice that the algorithm for fol-
lowing the line has become very sim-
ple. If one sensor comes off the line,
twist back toward the line. There is
no need to back up. The twist moves
the sensors toward the line. The sen-
sor still on the line shows the direc-
tion the twist must be applied. Once
both sensors are again on the line,
drive straight ahead at full speed.

Think about what this means. If
a robot is running a timed course, it
should try to go as fast as it can. A
twist on a differential drive system
means a differential in speed from
one side to the other. If the outside

drive is going as fast as it can, it can't
go faster to help with the turn. If the
outside has to be faster than the
inside to get a turn, then the inside
drive has to be slowed.

This simple twisting by slowing
the inside drive is the key to success-
ful line following. This method
means the outside tire is always
going as fast as it can. Since the sen-
sors are ahead of the drive, one sen-
sor will go off the line at a time. The
twist swings the sensor back over the
line. The body follows behind the
sensors. The twist reorients the body
to align with the tracked line.

Top speed has to be limited by
the inertia of the system being oper-
ated. Going from straight to twisting
requires acceleration, and the body
of the robot itself will resist this con-
version from linear to circular
motion. Likewise, the deceleration of
this rotational body energy will have
to be taken back to again go straight.

Also, the rotational inertia stored
in the drive train in its many spinning
gears may be too great to be slowed
quickly. If the twist comes too late,
both sensors may come off the line.
Both kinds of inertia will put an
upper limit on the top speed allowed
in the straight-aways. Interestingly,
nature's left-right, two-sensor arrange-
ment is hard to improve upon.

One additional sensor adds no
additional steering information. For
instance, a middle sensor added
would make whichever sensor was still
on the line with it redundant, telling us
nothing more about how to steer.
While our steering would be tighter,
just moving the sensors of the two-
sensor version closer together would
give essentially the same results.

Can the core of efficient line fol-
lowing really be this simple?
Basically, yes. Unless additional infor-
mation is taken in about the line far
ahead of the body (as would be pos-
sible with vision), this is about as
good as you can do. Without an early
warning system that a turn or correc-
tion is eminent, sensed well ahead of
time to allow a slowing for the corner,
you can go no faster.
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by Mark Balch

Just For Starters

Basics For Beginners

Just For Starters

ircuit boards are familiar items
- to electronics enthusiasts and
. lay people alike. Clear cell-
phone bezels reveal small circuit
boards jammed with tiny components.
When you open a PC, the mother-
board is visible — populated with a
variety of integrated circuits and other
components.

With the exception of certain pro-
totype circuitry, the great majority of
electronic circuits are constructed
using printed circuit boards, or PCBs.
If you plan on working with a PCB, it
helps to understand some basic termi-
nology, as well as what a PCB actually
is. PCB design and construction is a
vast area of concentration that fills vol-
umes of text. This article provides a
brief overview of PCB basics.

Fiberglass and
Copper

A PCB is constructed from multi-

Figure I. Cross-section of a multi-layer
PCB with a plated hole.
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What is a PCB!

ple layers of thin fiberglass. Some lay-
ers are coated with copper foil and
others are bare fiberglass. The thick-
ness of each layer ranges from several
mils (a mil is 1/1000 of an inch) to
tens of mils. Layer thickness is deter-
mined by the desired electrical proper-
ties and dimensions of the finished
PCB. The PCB is built up by stacking
layers of fiberglass and copper until
the specifications are met. Figure 1
shows a cross-section of a multi-layer
PCB. Note the thin copper foil layers
sandwiched between thicker fiberglass
layers. Electrical connections are
formed by etching patterns into the
copper layers. This is where the term
"printed" comes from. A photographic
mask is created and each layer of cop-
per foil is treated with a photo-resistive
chemical. Much like a normal photo-
graph, wiring patterns are "printed"
onto the copper by exposing it to light
through the mask. The exposed cop-
per is chemically etched and individ-
ual wires remain behind.

Copper foil is manufactured in
three common thicknesses, or weights
per square foot. A PCB fabricator, or
"fab-house," will specify the copper
weights that it stocks. The most com-

Figure 2. Surface view of vias with wires
on the top layer.
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mon weight is half ounce, but one and
two ounce copper is common, as well.
Half-ounce copper is approximately
0.006" thick. Thicker copper can carry
more current, but poses etching prob-
lems as the patterns get smaller.

Vias

Wires from multiple layers are
connected after the stacking process.
A small hole — called a via — is pre-
cisely drilled through the fiberglass
stack and the surface of the hole is
metal plated. The plating makes elec-
trical connections to copper that is
penetrated in each layer. The vertical
metal surfaces in Figure 1 illustrate
this concept. Each via appears as a
small hole from the surfaces of a PCB.
Figure 2 shows a finished PCB with
vias clearly visible. Some vias have
etched copper connections visible on
the top layer.

Printed wires on each copper
layer are very narrow. Mature con-
struction technologies allow copper
"traces" as thin as 8 mils. More
advanced manufacturing techniques
routinely produce traces down to 3
mils. Below 3 mils is possible, but
expensive.

Each fab-house has
its own manufacturing
capability. Some offer
finer pitch PCBs than oth-
ers. A fab-house should
tell you how small they
can reliably manufacture
traces and the spaces
between them. For exam-
ple, a quote of "8-mil
trace and 7-mil space"
means that the fab-house
can etch copper traces
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down to 8 mils wide with 7 mils
between each trace. With such small
copper features, properly aligning each
layer and drilling vias is not trivial. Vias
are not simply drilled to hit wires
because a wire's cross-section does not
contain enough copper to make a reli-
able electrical connection with the via
plating. Instead, Figure 3 illustrates
how via connections are designed with
circular pads at the end of each wire.
When drilled, the pad forms a ring that
surrounds the via. The via's plating has
much more area to form a connection.

Blind and Buried Vias

Blind and buried vias are special
types of vias used in leading-edge sys-
tems. Conventional vias are drilled
through the entire PCB after all layers
have been stacked. Blind and buried
vias are drilled only through a few lay-
ers during the stacking process. As

Driled

Figure 3. Wire with circular via pad. —

Normal via

seen in Figure 4, the
result is that vias do not
take up the entire layer |
stack and two or more
such vias can be located
in the same place on dif-
ferent layers. High density PCBs may
require blind and buried vias. This tech-
nology is more expensive than conven-
tional vias because additional manu-
facturing steps are required and layer
stacking becomes a more difficult
process.

Planes

Not all PCB layers are used for
conventional wiring. Most PCBs
reserve some layers for use as power
planes. As their name implies, planes
are nearly continuous sheets of cop-
per. A plane is used to carry power to
many or all components on the PCB
with low inductance and resistance.
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fraction of the usual price of $160
and so if you're looking for an easy
and enjoyable way to learn electronics
or just want to keep up-to-date then
this is the package for youl!

Also a valuable interactive reference
tool for hobbyists and engineers,
containing more than a thousand
electronic, electrical, mechanics,
math, computing and PIC
microcontroller topics.

See web site for a full listing.

Simple one-click to download and fully
install to your hard drive with a
backup copy, by visiting our web site
and selecting electronics.

You can contact us on info@eptsoft.com.

Figure 4. Blind and buried vias connect only a few
layers of the PCB.

These electrical properties become
critical in fast and sensitive circuitry.
Planes are continuous except for
via clearance holes. Clearance holes
are necessary to prevent vias shorting
their signals to the power planes. This
would normally happen because vias
are drilled through all PCB layers (or
some layers with blind and buried
vias). The solution is to etch away a cir-
cle of copper in each plane where each
via hole is drilled. There can be no elec-
trical connection between the via and
the plane if there is no copper between
the via hole and plane. Most PCBs have
several planes and assign each plane
to carry a specific power rail. For exam-
ple, a microprocessor board may have
5-volt and 3.3-volt power supplies plus
ground return. The PCB may have four
planes: 5, 3.3, and two grounds. In
some cases, a product cannot accept
the added cost of one plane for each
power rail. It may be possible to split a
plane into multiple areas for multiple
power rails. Whether or not this split is
possible depends upon the circuit's
electrical constraints. A split plane is
constructed by etching a copper void
into an otherwise continuous plane.

Moats

Sometimes a plane is partially split
for electrical reasons. Noisy circuits
may cause problems in a sensitive sys-
tem. Some engineers attempt to mini-
mize noise transmission by etching a
void into part of a plane, but leaving a
small electrical connection for power
and signal routing purposes. This type
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of void is called a moat.
Figure 5 shows several moats
on a single PCB as the board
is held up to a light. The fiber-
glass is translucent, while the
copper planes are opaque.
Moats can cause as much
trouble as they solve, so it is
best to fully understand their
dynamics before proceeding.

Land Patterns light

We've discussed wiring up till now,
but PCBs exist to connect components.
Most components are soldered to |
PCBs. In order for soldering to be effec-
tive, the leads or pins on a component
must be capable of reliable mechanical
and electrical connections to the
etched copper wiring.

Each component is provided with
a matching land pattern — a set of
etched copper features that directly
correspond to the leads or pins of the

C IE:
Figure 5. Moats are often visible when the
PCB is held up to the light. The moats allow

Fi
to pass through the fiberglass.

component. The features are usually
made larger than the leads or pins so
that a sufficient quantity of solder can
adhere. Land patterns may be combi-
nations of plated holes and surface
pads, depending on the type of compo-
nent being mounted. Figures 2, 5, 6,
and 7 show a variety of land patterns.
There are patterns for through-hole
connectors, quad-flat packs (QFP),
small-outline  integrated  circuits
(SOIC), discrete surface-mount resis-

CO0000OOOO

000000000 |

gure 6. Through-hole PLCC and LED land
patterns with solder finish.

tors, and more. Land patterns some-
times include special visual markers
called fiducials. The figures also show
several examples of fiducials. Fiducials
are typically round patterns located in
the corner of surface-mount land pat-
terns that robotic assembly machines
key off of to accurately place compo-
| nents onto the PCB. These machines

are often called "pick-and-place"
| machines. The fab-house finishes

exposed copper land patterns different-
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Figure 7. Through-hole headers, SOIC, and
plated mounting hole with gold finish.

ly according to your assembly require-
ments. The basic finish is a solder wash
(shown in Figure 6) that takes on a sil-
very solder appearance. Another finish
is gold, which is shown in the other fig-
ures. There are other finishes, as well.

Solder-mask and
Silkscreen

Did you ever wonder why PCBs
tend to be green? Green is simply the

default color for solder-mask that most
fab-houses use. Solder-mask is applied
over the entire surface of a PCB,
except for land patterns and other cop-
per areas that must make electrical
connections. The solder-mask eases
assembly by preventing solder from
adhering. Solder-mask is available in a
rainbow of colors including blue, red,
and clear. Silkscreen patterns and let-
tering are applied to most PCBs to
ease human inspection and debug-
ging. Assembly machines usually don't
care about the silkscreen. However, if
you need to find resistor 125 out of
600, then silkscreen is your friend!
Silkscreen seems to most often be
white, but it, too, is available in a vari-
ety of colors.

There's a lot more to say about
PCBs. Understanding their electrical
characteristics is very important. The
dimensional properties already men-
tioned have significant electrical
consequences. This is where transmis-
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sion line theory takes over. There are
many books, magazines, and websites
out there that cover these topics, so
happy reading!
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Electronics Q&A

In this column, | 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 questions, as
well as comments and
suggestions.

You can reach me at:
T)JBYERS@aol.com.

What's Up:
Working with balanced
microphone cables, auto
dome light chime, and an
RR crossbuck sound
circuit. A primer on
capacitors and a speed

controller for fractional

NGT$'E Vours
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horsepower DC motors.

High-Power PM
Speed Controller

.. | have a Magnetek 90-
‘s volt, 15-amp permanent
magnet (PM) DC motor. I
would like a schematic for a

variable DC power supply so

I5-Amp DC Motor Speed Controller

that | can vary the speed of
the motor.

Paul

via Internet

. . For this application, I suggest
“plugging into the AC line for the
power source because of the high volt-
age and currents involved. First the AC
has to be rectified to get the DC volt-
age needed. This is done using a full-
wave bridge rectifier (Figure 1). The
DC voltage is purposely not filtered
because we will use the pulsing wave-
form to provide speed control using
an SCR (silicon controlled rectifier).
In fact, this is a sophisticated lamp
dimmer in disguise. The secret to this
"power supply" is delayed-angle firing
of the SCR (Figure 2).

The timing starts when the wave-
form touches the zero voltage base
line. If the SCR fires now, the full
power of the waveform is sent to the
load. However, if the firing is delayed
by 90 degrees, only half the power
contained in the waveform is seen by
the motor, thereby reducing its speed.

Using this technique, you should
have full control of the motor's speed

from dead stop to top gun.
Concerned that the motor is rated 90
volts and the peak rectified DC volt-
age is 161 volts? No need to worry.
Motors are current — not voltage —
operated devices, and in the robotics
world it's common to hit a 5-volt step-
per motor with 12-volt pulses to
increase its torque. The limiting factor
is heat, which builds up faster with
increased voltage. A word of caution:
the controller is connected directly to
the AC line and does present a possi-
ble shock hazard — so be careful!

Crossbuck Sound

", In the Sept. 2003 issue you pro-
vided a simple 555 LED flasher to
simulate lights flashing at a railroad
crossing. You also wrote "Want the
ding-dong, too?" I've been hunting for
a circuit that will produce that ding-
ding sound heard at a railroad cross-
buck without any success. Do you
have any circuits that can do this?
Frank Renck
via Internet

SCR On 2
SCR O"—I I'— 3
/%/%/%' The secret to the clang sound

.\ . | was half joking when I
“said that, but serious
enough to keep my promise and
design the circuit in Figure 3.

Time

you hear is what's called
"damped' oscillation. When a
bell is struck, it sounds loudly at

SCR Firi Angl o
A Ficure 2

first. As time passes, though,
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the volume of the sound slowly
decreases to zero. To create this effect
in an oscillator, | placed a large capac-
itor across the Vcc of an astable 555
oscillator. When power to the oscillator
is removed, the voltage across the
capacitor slowly decays creating a
proportional decrease in volume. The
555 is an ideal chip for this applica-
tion because the frequency remains
the same even as the Vcc voltage
changes. The bell is "struck" using
another 555 astable multivibrator
(oscillator). The 100K resistor sets
the rate at which the bell is ham-
mered; by adjusting its value you can
speed up or slow down the tempo.
The bell can also be synchronized
with the blinking crossbuck lights, but
I'll leave that for another column.

Capacitor Primer

4 - In your August 2003 column you

. made the statement: "... the circuit
operates at 1.25 MHz, so be sure to
use ... good quality capacitors —
ceramics are preferred." Could you say
a few words about how to tell good
quality from bad in a capacitor, and
give a little instruction about how to
select from the various types, such as

ceramic, polyester, silver mica,
polypropylene, and tantalum?
Judy May

via Internet
{"& | wish | could say a few words
/ . ?&that would define capacitors, but it
can't be done in the limited space |
have. So I'll just have to do the best I
can. Basically, a capacitor consists of
two metal plates separated by an insu-
lator. It is the insulator (dielectric) that
determines the type of capaci-

that puts the plates in close proxim-
ity, resulting in very high capaci-
tance in a small package. In newer
electrolytic designs, the electrolyte
serves as the second electrode.
Since the oxide layer used to form
the plates has rectifying properties,
an electrolytic capacitor has polari-
ty much like a leaky diode.
Electrolytics also have rather high

leakage currents (which increases

.y RR Crossbuck Sound Effect
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with temperature) and poor high-
frequency response, which usually
limits their applications to off-line
power supply filters.

Tantalum capacitors are a special
version of the electrolytic. Its dielectric
is sintered tantalum powder that is
formed under high pressure and tem-
perature. This produces a fairly stable
electrolytic with a solid dielectric and
leakage currents that are lower than
aluminum electrolytics. Because of a
shortage of raw tantalum ore, niobium
is increasingly replacing the element as
a dielectric. For power signal wire and
power plane decoupling in digital elec-
tronics, tantalum, and ceramic capaci-
tors are considered the best solutions.

The term ceramic capacitors cov-
ers a large group of capacitors.
Ceramic generally refers to an inor-
ganic polycrystalline material that's
formed by sintering the compound at
high temperatures. Their properties
may vary widely, but they all have the
oxide ceramic dielectric in common.
By means of special production
methods, extremely thin layers of
ceramic materials can be obtained,
leading to high capacitance.
Ceramics can compete with elec-
trolytic capacitors in high-frequency
applications like switch-mode power

supplies because of their lower ESR,
and are commonly found in RF appli-
cations. However, ceramics are not
suitable for all applications due to
their "strange" effects, like changing
capacitance with bias voltage and
temperature. In fact, ceramic capaci-
tors are often tailored for specific tem-
perature curves (both positive and
negative temperature coefficients) for
use in RF circuits.

In high-end audio applications,
ceramic, electrolytic, and tantalum
are all considered inferior to plastic-
film capacitors (especially poly-
styrene). The plastic dielectric runs a
wide range of materials that includes
Polyester, polyethylene napthalate,
and polypropylene to name a few.
Film capacitors come in two broad
categories: film-foil and metallized
film (Figure 4). Film-foil capacitors
are made of alternating layers of plas-
tic film and metal foil, while metallized
film capacitors have the metal vacu-
um deposited directly on the film. In
general, film-foil is better at handling
high current, whereas metallized film
caps are much better at self-healing.
The plastic film's main virtues are low
leakage, good breakdown voltage,
and low dissipation factor.

tor and its properties.
An aluminum electrolytic

Film capacitors
FK

| Car Door Chime

% I'd like a circuit that would
» produce a pleasant boing-

boing chime tone that was used

to alert the driver when a car

. . ‘ i L
capacitor is constructed by |l ESHTA I | T I ] |
using two strips of aluminum T
foil (anode and cathode) with Ipowe'm;l:;‘;éitr:zh‘hamH T H MFT H KT I
paper interleaved. This foil and T l T
paper are then wound into an r Polypropylene I_..[ MKP H [ H kP

|‘ door was ajar. | believe this

element and impregnated with

electrolyte. The electrolyte

Polyethylene naphthalate H MKN I

(which can be either liquid or |
solid) forms a very thin layer \

Ciassification of film capacitors according to DIN 41 379

chime was triggered from the
dome light.

Vonn Hockenberger

‘ via Internet
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Actually, the dome light and the
boing-boing tones were both gen-
erated and controlled by the car's on-
board computer. And both were trig-
gered by a normally-open switch in
the doorjamb that became grounded
when the door was opened. If the door
was open and the key was not in the
ignition, the light was enabled and the
chime was disabled; a key in the igni-
tion and an open door enabled both
the light and the chime. Because of
this arrangement, | can't fully recreate

1.00
0.75
0.50

025 T

Amplitude

-0.25
-0.50

this circuit short of using a microcon-
troller like a BASIC Stamp or PIC.
However, | can create a reasonable fac-
simile using a 555 square wave oscilla-
tor and a bandpass filter (Figure 5).
As you probably already know, a
square wave is made up of a sum of
odd-frequency sine waves (i.e., 1Ist
tone, 3rd tone, 5th tone, 7th tone,
etc.). By running the square wave
through a bandpass filter (Figure 6),
the odd frequencies are stripped off,
leaving a clean sine wave equal to the
fundamental frequency (1st tone). To
get the boing effect, the waveform is
damped by reducing the volume with
time (Figure 7). This is done by allow-
ing the 100 pF capacitor to discharge
slowly through the astable oscillator,
slowly reducing the voltage to the
chip as it does and lowering the vol-
ume proportionally. The signal is then
amplified by the LM386 IC. R1
adjusts the sound for loudness and
clarity of the tone; the pitch of the
tone can be adjusted by chang-

ing the value of the .015 uF

oz ‘ - ‘-J ‘

capacitor. The automobile is a

L e —
| ]

oS

|| very harsh environment, so

make sure that the decoupling

capacitors are placed as close
as possible to the ICs indicated

¥

on the schematic.
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both sides.
Bill Bushing
via Internet

The underlying concept of
phantom power only works if you
have a balanced transmission line —
like those used with XLR connectors
in professional audio equipment,
such as mixer panels. In this applica-
tion, there are two wires that carry a
differential audio signal. By using dif-
ferential — or balanced — transmission
lines, the noise that the signal may
encounter on its way from the source
to the destination is easily removed.

This technique is very popular in

the digital world. The professional
audio world goes it one better by
wrapping the two wires (typically a
twisted pair) in a metal braid or shield
to further prevent unwanted interfer-
ence from stage lights and other pro-
duction related equipment. This adds
an extra wire to the power supply for-
mula. If we were to apply an identical
voltage to both of the signal wires, no
DC current will flow across them.
Hence, it leaves the AC signal across
the lines unbiased and unaffected. Now
remember that we have a metal shield
surrounding these wires — a metal con-
ductor that's capable of passing cur-
rent. Ah, phantom power! If we connect
the positive leg of a power source to
the balanced pair and the negative leg
to the shield, we have current flow
without disturbing the current balance
in the signal pair.

The phantom power is injected
into the signal cable as shown in
Figure 8. The resistors typically
limit the short-circuit current to
about 8 mA. This protects the
power supply and hopefully the mic
from an incorrect connection —
which can easily happen. There is
no set standard on the phantom
voltage or wiring. It ranges from 9 to
48 volts (plus a T-power configura-
tion), and unless you know for sure
what you're plugging into, there is a
risk of equipment damage. The cir-

| cuit in Figure 8 (a) represents typi-

cal values for a 48 volt line; (b)

shows a battery-operated, 18 volt
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phantom power source. Figure 8
shows how the signal and power
sources are separated at the micro-
phone end.

Microphone Preamp

,“*“% [ bought a Sony Lavaleer micro-
&M@phone without its preamp. This
mic has a balanced output with a
level that's very much less than a nor-
mal dynamic microphone. I'm not
sure if it's a ribbon mic or not, but
when [ connected it to a phantom 48
volt power supply I still couldn't get a
signal level that | could use. Do you
have a preamp for a very low level
mic that | could use?
Anthony Stammers
via Internet

5%‘ Try the circuit in Figure 9. The
4™ %circuit is designed around a pair of
precision, low-noise op-amps. Notice
that a +5 volt and a -5 volt power sup-
ply is required to maintain the bal-
ance. A simple -5 volt supply can be
made using an ICL7660 voltage con-
verter chip (Figure 10).

Simulated Lighthouse
Lamp

I am trying to build a circuit for a
(.small lighthouse lawn ornament.
The "lighthouse" has an existing fix-
ture for a 60 watt light bulb. I would
like to vary the bulb brightness to sim-
ulate the rotating light of a real light-
house. The light should start at full
brightness, slowly dim until it is com-
pletely off, and then slowly brighten to
full brightness. This cycle should
repeat continuously. My plan is to use
a triac and vary the voltage to the light
bulb, but | am having trouble deter-
mining how to cycle the gate voltage
to keep in step. Any help would be
greatly appreciated.

Ted
via Internet

/A, . The solution is an X-10 12 A dim-
#*Bmer switch (a.k.a., Levitron 2208)
that normally mounts in the wall in
place of the toggle switch (don't mis-
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take this for the ultra-cheap | iver
WS467). If you hold it down,

Microphone
+48V

the light dims to nada, then
brightens to full, then dims

back down, up again, down l
again ... forever. The time peri- =
od is about seven seconds per
cycle. If you buy one of these
Decorator switches brand new,
it will cost you a lot more than if
you were to find one on eBay.

Ferroresonance
Transformer Mixer

2
+48V 3
Common 1
681k $ 681k JT-
1% 1%

48V

Ik
:

Microphone
+18V

| have a SOLA constant
oltage transformer that |

2
+18V 3

Common

would like to use on the input
power to my computers. It will
power four Macs, two printers,
a scanner, and a 12-inch cool-
ing fan (intermittent usage).
However, I'm a little chicken to
try it because I've been told
that they put out lousy wave
shapes that could destroy

L

.|}—— -

)T

1
e
S

70uF
SV

0.1

i3k
n

Phantom Power

ik

computer power supplies. |

really don't know that much about how

these things work, so | am looking for
some good advice.

Maurice

via Internet

SOLA transformers work on the
“principle of ferroresonance.
Basically, it provides a constant out-
put voltage using a saturated core
transformer.  Unfortunately, this
arrangement "flattens" the top of the
sine wave so it more closely resem-
bles a square wave; some models use
a loosely-coupled third winding

Ferroresonant transformers are
mostly used with resistive devices, like
photoflood lamps, and aren't recom-
mended for use with capacitor-input
power supplies because of voltage
spikes on the waveform. They also
have to be heavily loaded (typically
50% or more of rated power) to work,
which makes them run hot.

MAILBAG

Dear TJ,
Computer Geeks (www.comp

with a capacitor across it that
reduces some of the higher-
frequency  harmonics to
smooth out the waveform.

+5V to -5V Vin

Converter o el

_) <
Input
PUE o l 2.5k

Vout
-5V

)

[: 2
_L—c ICL7660
10uF ,.E _T:E

10uF
i

Mike Preamp

IF 3V
14 '_: g TLC2201499
Ik =~
49.9k 10k

10k

Adjust for zero —>To
volts across I—))— Balanced
balanced line —»—Line

10k

§| Ok
L 49.9k

+5V
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| A ¢
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luF -5V
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AT Low POWER
MaxStream’s output power hits
a sweet spot for long range and
low power consumption while
outperforming many 1 Watt radios.

LONG RANGE $
FOR Low CosT

With wireless solutions under
$50, MaxStream is the long range
leader offering high performance
for lower cost than competing RF
solutions.
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geeks.com) has a two-port KVM mode signal injection. A simple choke
switch with attached cables for filter made from a RadioShack ferrite
$27.95. It's a small unit and works core in the shape of a square, which
fine. The product number is MPC2000. will come apart upon pressure relief
Jameco also has one (Jameco from the plastic binder, should do the
216063) available for $69.95, but you trick. Winding four to eight turns of the
have to buy cables. Be careful of the coaxial cable on the core near the
cables (Jameco 204062 according to | point it enters the TV will often rid the
Jameco; $16.95) because the ones | | offending black bar interference. My
got didn't match the monitor connec- personal transmitter on 10 meters was
tions. You might want to pass this info getting into my wife's TV each time |
along in response to the item in your talked until | did that. It completely got
August 2003 column. rid of the interference.
James Tadlock Other information on finding and
via Internet eliminating TVl can be found in the
Amateur Radio Handbook from
Dear TJ, ARRL. Many local libraries have one
My September 2003 issue arrived (even one several years old) which can
today, and [ noted the question in your be borrowed for a few days to help out.
column about TVI from a nearby taxi Finally, if all else fails, check with the
dispatch point. | spent 37 years with ‘ local amateur radio club — there is
the Kansas Turnpike in communica- likely somebody there who has the
tions, 20 of them as head of the depart- knowledge and equipment necessary
ment. | have also been a licensed radio to help out a neighbor.
amateur since 1947. | have become r Carl Fisher WOHIK
fairly well acquainted with TVI, and offer via Internet
the following additional suggestions.

Many newer TV sets do not have a Cool Web Sites!
good single channel selection front MIT has launched an open class format
end, and such a close transmitter (typ- dubbed OpenCourseWare that allows
ically 100-250 watts or more) will itself anyone to access their courses for

free over the web.

cause some problems. A very com- Mo it ol

mon problem up close is common

(Introducing the Redesigned Hexapod 1)

: Ultrasonics
R :
tPan & Tilt
All hardware construction using
common hand tools, no glue or tape!

Supports IRPD, ultrasonics and whiskers! Whiskers

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 the best! Check out our huge web site!

‘www.lynxmotion.com|
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Affordable three servo walker with
time-tested rock-solid design!
Your choice of controllers!
® BASIC Atom, :
® OOPic-R, -C

® BASIC Stamp-2
Precision Laser-cut
Lexan material, with
optional knockouts for
adding pan & tilt camera, or
panning ultrasonic sensor!

Shown with IRPD
sensor installed N
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Diémond Sré;r:ﬁicc’)nductors
Reach 81 GHz

edgey

by Jeff Ecker

Events, Advances, and News
From the Electronics World

| stations require 1 kW at 10 GHz. In
the 10 GHz frequency region, vacu-
um tubes are still used. However, vac-
uum tubes exhibit low energy efficien-
cy, and thus a high ener-

Stabilization of Surface

(Longer L l'!"l(ll‘)\
N

gy loss. From the environ-
ment viewpoint, these
vacuum tubes should be
replaced by semiconduc-
tors.

Submicrometer
Gate Structure

s
M bR L
BRI

o]

devices. Courtesy of NTT.

ippon Telegraph and Telephone

'Corp. (www.ntt.co.jp/index_
e.html) has developed a diamond
semiconductor device whose operat-
ing frequency and power are said to
be the highest in the world. NTT
Basic Research Laboratory (BRL), in
collaboration with the University of
Ulm, Germany, fabricated the device
using high-purity diamond crystals.
Its highest operating frequency is 81
GHz, so it operates as an amplifier in
the millimeter wave region (which
ranges from 30 to 300 GHz).
Because of the properties of dia-
mond semiconductors, the device
dissipates heat very rapidly, can with-
stand operation at very high volt-
ages, and will operate very stably,
even in space.

In recent years, communication
capacity has drastically increased, so
there is a demand for high-frequency,
high-power electronic devices. A
portable telephone needs only about
1 W at 1.5 GHz, but communication
satellites and television broadcasting

28

| Fabrication, |
| University of Uim, |
iLGermany |

Fabrication technology of diamond semiconductor

According to NTT,
"Once we establish device
peripheral technologies,
we will reach the power of
30 W/mm, the level need-
ed for practical use." The
research lab is working to
further improve the qual-
ity of diamond crystal by
decreasing impurities. The target is a
frequency of 200 GHz with an output
power of 30 W/mm.

May | Borrow a Cup of
Electricity?

t the University of Massachusetts,
Amherst (www.umass.edu),
Prof. Derek Lovley and researcher
Swades Chaudhuri have discovered a
microorganism that is capable of sta-
ble, long-term production of electrici-
ty by oxidizing carbohydrates. The
organism —Rhodoferax ferrireducens
— transfers electrons directly onto an
electrode as it metabolizes sugar into
electricity, producing carbon dioxide
as a by-product. Because sugars are
a substantial component of many
types of waste and carbohydrate-rich
crops — which can be classified as
renewable energy sources — carbohy-
drates could become economical alter-
natives to fossil fuels in the production
of electricity, according to Lovley.
"There's been a lot of interest in

microbial fuel cells trying to covert
sugar into electricity," Lovley said.
"But in the past, they've converted 10
percent or less of the available elec-
trons, and we're up over 80 percent.
And previous attempts to convert car-
bohydrates to electricity have required
an electron shuttle, or mediator, which
is typically toxic to humans." ,

Theoretically, the improved
method would allow a cup of sugar
to drive a 60 W light bulb for 17
hours, but commercial adaptation is
still a few steps away. Lovley added,
"Although the process is highly effi-
cient, it is slow. And as the process is
right now, we're not talking about a
lot of power. It's barely enough to run
a calculator, but we did it using
unpolished graphite as a receptor.
There are almost certainly better
electroactive materials.

"The other thing that limits this is
that the microorganisms have to
attach to the surface of the receptor,
so we're working with polymer scien-
tists ... to find a receptor with a max-
imally uneven surface, so more
microbes can attach to it."

Airplane Powered by
Ground-Based Laser

NASA's laser-powered, radio-controlled
airplane carries no on-board fuel. Photo
courtesy of NASA Marshall
Space Flight Center.
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team of researchers from

NASA's Marshall Space Flight
Center in Huntsville, AL
(www.msfc.nasa.gov), NASA's
Dryden Flight Research Center at
Edwards, CA (www.dfrc.nasa.gov),
and the University of Alabama in
Huntsville (www.uah.edu) recently
demonstrated what is believed to be
the first aircraft that flies solely by
means of propulsive power delivered
by an invisible, ground-based laser.
The laser tracks the aircraft in flight,
directing its energy beam at specially
designed photovoltaic cells that drive
the plane's propeller.

The machine is constructed of
balsa wood, carbon fiber tubing, and
a Mylar film skin, has a five-foot
wingspan, and weighs only 11 oz.
According to NASA, improved ver-
sions of the plane could be used to
carry scientific or communication
equipment, staying in flight indefinite-
ly without the need for onboard fuel or
batteries. Potential commercial value
is envisioned for remote sensing and
telecommunications applications.

Granted, this is not the most
amazingly high-tech device you have
ever seen — and it looks like you
could probably build one yourself
from RadioShack parts — but it does
tend to prove that laser power beam-
ing has potential for practical applica-
tions. It also proves that, if these guys
are actually being paid to play around
with model airplanes, most of us have
made some bad career choices.

Notebook Computer for
Tough Environments

aybe your work or pleasure

takes you into rough physical
environments. Or perhaps the sus-
pension in your car is worn out, or
you are just in the habit of dropping
things. In any of these cases, it might
be worthwhile to take a look at the
Toughbook CF-W2 ruggedized note-
book computer from Panasonic
(www.panasonic.com/tough
book). The unit is built for rough han-
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Panasonic's Toughbook® CF-W?2 is designed
to withstand abuse yet weighs less than
three pounds. Courtesy of Panasonic.

dling, employing features that include
a full magnesium alloy case, shock
absorbers built into the hard drive and

liquid-crystal display, reinforced
screen case edges, stainless steel
hinges, and a scratch-resistant outer
coating. Even so, it weighs only 2.8
lbs. (1.04 kg), including the battery.
The W2 Toughbook is powered
by a 900 MHz ultra-low-voltage Intel®
Pentium® M CPd, with 1 MB on-die
L2 cache, 256 MB PC2100 DDR RAM
(expandable to 512 MB), and a 40
GB UDMA hard drive. It employs thin-
glass display technology in the form
of a 12.1-inch XGA TFT active-matrix
LCD that is said to be almost 25 per-
cent lighter than conventional panels
of the same size. Maximum resolution
is 1024 x 768 pixels with 16 M colors
on the internal LCD and 1600 x 1200
pixels with 16 M colors on an external
monitor. The integrated multispeed,
multi-format ComboDrive features an
8x DVD-ROM, 6x CD-R, 4x CD-RV,
and 24x CD read performance.
Expect to pay about $2,250.00 for
the machine.

Another 64-Bit Processor
Introduced

f Apple Computer hoped to own

the market for 64-bit PCs for an
extended period of time, disappoint-
ment should be setting in about now.
At the end of September, Advanced
Micro Devices (www.amd.com)
introduced the Athlon™ 64 FX
device, which it calls "the world's
first and only Windows® compati-

| ble, 64-bit PC processor."

In their introduction, AMD repre-
sentatives focused on the enhanced
performance for gaming applications.
"Extreme PC enthusiasts and gamers
have long been the drivers of the
industry, shaping and influencing
what new technology ultimately
reaches mainstream computer
users," said Dirk Meyer, senior vice
president of AMD's Computation
Products Group. "We custom-made
the AMD Athlon 64 FX processor for
these power users. Now, they can
spend more time playing, imagining,
and creating." Microsoft is backing it
up with its Windows XP 64-Bit Edition,
which was in beta release as of this
writing. The street version is expected
to be released during the first quarter
of 2004. The chip is based on the x86
architecture, allowing it to be compat-
ible with existing 32-bit software. The
AMD press release neglected to men-
tion clock rates, but eight hours of
benchmarking and stress tests were
conducted by the online magazine
Hardware Analysis (www.hard
wareanalysis.com) on a system
running at 2.2 GHz, and the reported
result was 40 to 50 percent better per-
formance than a similarly configured
3.06 GHz Pentium 4-based machine.

Several versions are available for
both desktop and mobile computers,
and the wholesale prices run from
$417.00 to $733.00 in 1,000-unit
quantities. According to AMD, you
will soon be seeing Athlon 64-based
machines from Hewlett-Packard,
Fujitsu, Packard Bell, and many
others.

AMD's Athlon 64 FX brings 64-bit computing
to the Windows world. Photo courtesy of
Advanced Micro Devices.
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Circuits and Devices
Ultrasonic Sensors for
Robots and Other

Applications
rata  Manufacturing Co.
www.murata.com) has

begun mass production of the
MA200D1 series high-frequency ultra-
sonic sensors, designed to enable dis-
tance measurement for robots, house-
hold electrical appliances, and other
devices at short distances. The major
advantages of this over previous prod-
ucts include quick response and short
ringing time. Through a review of mate-
rials, and optimization of the structural
design, the MA200D1 series is
designed to provide improved traceabil-
ity of the drive signals. This results in
higher measuring accuracy, particu-
larly at shorter distances. In the fre-
quency band of 220 kHz + 20 kHz, the
series has achieved sensitivity attenua-
tion improvement from approximately -
20 dB (for previous products) to
approximately -3 dB. As a result, the
devices provide stable sensitivity over a
wide frequency band. Directivity is
increased from approximately 7 to 20
degrees, enabling the sensor to be easi-
ly installed in users' equipment.

Furthermore, through improvement of

the production of the acoustic matching
layer (*3), which is required for high fre-
quency ultrasonic sensors, the
MA200D1 series has achieved high pro-
duction yields resulting in competitive
prices. The MA200D1 series can also
be used for applications other than dis-
tance measurement, such as to detect
double-fed paper in scanners and copy-
ing machines, and double-fed bills in
cash and ATMs.

Brushless DC Motor Boosts
Performance

. new line of brushless DC motors

. from EADmotors (www.ead
motors.com) claims a 15 percent
increase in performance and lower
cost, as compared to traditional
brushless DC motors. For example,
the recently introduced NEMA-size
23 BLDC motor runs at up to 10,000
RPM with continuous torque rated up
to 53 oz-in and power output up to
150 W. Winding options include rated
voltages from 12 to 160 VDC.
Available in three stack lengths, it’s
designed for integration into tight sys-
tem spaces and is compatible with all
three-phase brushless DC amplifiers.
Built with permanently lubricated
ball bearings and a totally enclosed

Easy-to-use circuit
simulation package from
the leader in electronic
prototyping.

Works with
Windows"95 and
above

Low Cost - $49.95

Design circuits
instantly while choos{==
ing from a complete

Create and
Analyze Circuits

list of active and pas- FEl O
sive components I

Analyze circuits using
built-in test instru-
ments
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SOFTWARE

1-800-572-1028 « For more information, please visit:
www.globalspecialties.com

Windows®95 is a U.S. registered trademark of Microsoft Corporatior.
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motor housing, it's rated for 10,000
hours of continuous operation in
most high-speed applications.
Dynamically balanced rotors reduce
audible noise and vibration. Specially
engineered options are available to suit
customer application requirements
including windings, stack lengths, shaft
modifications, shielded cables and con-
nectors, optical encoders, and turnkey
assemblies. Motors are also offered as
rotor/stator sets. Suggested uses
include medical instruments, semicon-
ductor equipment, robotics, antenna
position, X-Y and rotary positioning
equipment, and control devices.

industry and the
Profession

Motorola to Spin Off
Semiconductor Business

Bn October, Motorola, Inc.
- (www.motorola.com), Chairman
and CEO Christopher Galvin
announced that the company intends
to slice off its semiconductor opera-
tions into a publicly traded company.
This is said to reflect Motorola's
desire to increase its focus on com-
munications and integrated electronic
systems while creating an opportuni-
ty for the company's Semiconductor
Products Sector (SPS) to exist as an
independent semiconductor compa-
ny with its own strategy. Motorola is
considering an initial public offering
(IPO) of a portion of SPS, followed by
a distribution of the remaining shares
to existing shareholders.

Motorola will retain its other divisions,
including the Personal
Communications Sector (cellular hand-
sets and related products), Global
Telecom Sector (cellular network prod-
ucts), Commercial, Government, and
Industrial Solutions Sector (integrat-
ed radio and information services for
public safety, government, and so
on), Integrated Electronic Systems
Sector (automotive electronics,
embedded computing systems, and
portable energy systems), and
BroadBand Communications Sector
(cable and broadband devices and
technology). MV
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Probes, Sensors & Attachments

Power Supplies

Communication Analyzers

By any test or measure,
weve got great deals.

Spectrum Analyzers

Multimeters

Oscilloscopes

For great deals on a wide range of test and measurement
equipment, look to eBay first. With thousands of listings

for new, used and professionally calibrated equipment, it easy
to find the tools and instrumentation solutions your business
needs. Whether buying or selling test and measurement
equipment, eBay is the right instrument to use.

WWW. ebaybusiness. com

© Copyright eBay rands are the property of thew
Circle #35 on the Reader Service Card.
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Selected Titles for the Electronics Hobbyist and Technician—

The Nuts & Voits Hobbyist Bookstore

Robotics

10 Cool LEGO Mindstorms: Dark
Side Robots, Transports, and Creatures
by Kevin Clague / Sgren Rolighed /
Miguel Agullo / Hideaki Yabukl

Okay, you bought the
%LEGO

kit for yourself or one
of your kids.You used

Mmdstorms
DaRrKk SIDE RoBoTs,

the instructions in the

box to build a robot

or two. Now what?

You may not be ready | TANSPORTS,AND CreatuRes
to design and build
your own robots, but
you don't want to
build the same robot
over again. This book is the perfect way to
build additional projects from the same kit,
and then improvise and design your own.
Ten cool projects — one hour each ... per-
fect! $24.95

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
times, their gentleness.
Delve into the robot's
"brains," and learn how
experienced robot design-
ers use control systems to L&
make their machines think. Much more
than an enumeration of parts, Anatomy of a
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

Applied Robotics Il
by Edwin Wise

Instructive illustrations,

schematics, part num-
bers, and sources are
also provided, making this
book a “must” for
advanced builders with a
keen interest in moving
from simple reflexes to
autonomous, Al-based
robots. Create larger and

ApPLIED RoBoTics NI

more useful mobile

robots! |deal for serious hobbyists, Applied
Robotics Il begins by discussing PMDC
motor operation and criteria for selecting
drive, arm, hand and neck motors
$41.95

WE ACCEPT VISA, MC, AMEX,
DISCOVER
Prices do not include shipping and
may be subject to change.

Ask about our 10% subscriber
discount on selected titles.

CNC Robotics

by Geoff Williams
CNC Robotics gives you  puupeseyy
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 desngned it.
Written by an accomplished workshop
bot designer/builder. $34.95

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 draw-
er? 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
instructions from the Junkbot masters 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, sal-
vaged electronic bits, and the occasional
dead toy, construct a solar-powered obsta-
cle-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

Junkbots, =
Bugbots

Wheels

Building Robot Drive Trains
by Dennis Clark / Michael megs
This essential title is just r 3F

what robotics hobbyists

need to build an effective

drive 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-

essary to build — and

understand — 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 Mounting

* Motor Control

* Electronics Interfacing

*Wheels and Treads

* Locomotion for Multipods

* Glossary of Terms/Tables, Formulas

$24.95

The Robot Builder’s Bonanza
by Gordon McComb

A major revision of the
bestselling "bible" of ama-
teur robotics building —
packed with the latest in
servo motor technology,
microcontrolled robots,
remote control, Lego
Mindstorms Kits, and other (S
commercial kits. $24.95 &

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 1,000 state-of-
the-art electronic and inte- R
grated circuit designs at
your fingertips. This collec-
tion 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

SO O &
YIS
ﬂﬂlTEﬂNlE

& ‘GIEUITS™
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Electronic Troubleshooting

by Daniel Tomal / Neal Widmer
If you work with elec-
tronics — either through
your profession or your
pastime — here’s one
resource you need handy
at all times: the updated,
Third Edition of
McGraw-Hill’s Electronic
Troubleshooting. Revamped
to include the latest elec-
trical and electronic devices and problem-
solving methods, this information-packed
volume provides a fundamental under-
standing of electronic troubleshooting the-
ory. $49.95

ELECTRONIE
Ih_HIIMI IIHHHNH_

Today's Technician: Automotive
Electricity & Electronics
by Barry Hollembeak / Jack Er]avec
The best-selling book/shop
manual package in our land-
mark Today's Technician
series, the third edition of
Automotive Electricity and
Electronics continues to
equip its readers with the
most in-depth discussion of
basic theory, safety, tools, and major automo-
tive electrical/electronic systems available
anywhere! And, perhaps most importantly,
we've added many all-new examples to guide
readers, step-by-step, to complete mastery
of all of the electrical/electronic knowledge
plus hands-on diagnostic and troubleshoot-
ing skills they need to become highly skilled
automotive technicians. $75.95
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Call 1-800-783-4624 today! or

order online at www.nutsvolts.com

Guide to

Electronic Surveillance Devices

by Carl Bergquist
Enjoy the peace of mind
that comes from know-
ing how to set up and
maintain an effective
surveillance system!
Perfect for do-it-your-
selfers, Electronic
Surveillance Devices con- -
tains all of the informa- [
tion needed to enhance the safety and
security of a home or office, from safe-
guarding against theft to monitoring
employee performance and preventing ille-
gal activities from occurring on site.
$35.95

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.
Weritten in a concise,
easy-to-read style, it
includes everything
from basic digital con-
cepts to an introduc-
tion to microproces-
sors/microcontrollers.
$99.95 for subscribers
$108.95 for non-subscribers

[

« Digital Electronics
\\ \ =

T

Electronic Gadgets for the Evil
Genius
by Robert lannini
The do-it-yourself hobby-
ist market, particularly in
the area of electronics, is
hotter than ever.This
books gives the “evil
genius” loads of projects
to delve into, from an
ultrasonic microphone, to
a body heat detector; and all the way to a
Star Wars Light Saber. This book makes cre-
ating these devices fun, inexpensive, and
easy. $24.95

Microcontrollers

Programming & Customizing
PICmicro Microcontrollers
2nd Edition
by Myke Predko
This book is a fully
updated and revised
compendium of PIC
programming
information.
Comprehensive coverage
of the PICMicro’s
hardware architecture
and software schemes
complement the host of
experiments and projects making this a
true, "learn as you go" tutorial. $49.95
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PICmicro
MICROCONTROLLERS

PIC Microcontroller Project Book
by John lovine

This project-oriented ‘b—‘ =]
guide gives you 12 com-
plete projects, including: P I C
using transistors to con- o T
trol DC and AC motors,
DTMF phone number log-
ger and distinct ring
detector and router ...
home automation using X-
10 communications ... digital oscilloscope ...
simulations of fuzzy logic and neural net-
works ...and many other applications.
$29.95

Programming and Customizing
the OOPic Microcontroller
by Dennis Clark

If you're a robotics pro- ;
fessional or hobbyist,
here’s the one book
you'll need to keep your
work on the leading edge
— Programming and
Customizing the OOPic
Microcontroller. This is the
official OOPic Handbook, ——
fully endorsed by Savage Innovations, the
world’s only manufacturer of OOPic
microcontrollers.As the first book of its
kind, this volume is destined to become
the standard against which all other OOPic
books will be judged. $39.95

Guide to PICMICRO
Microcontrollers
by Carl Bergquist
Aimed at both students
and seasoned users, this
book will take the reader
through the peripheral
interface controller (PIC)
like no other text.
Hardware and software
are also discussed in
detail. Topics include: physical appearance,
electrical structure, software requirements,
hardware requirements, prototype layout
boards, simple PIC programmers, PIC
instruction set, use of the Microchip tools
including MPLAB and Technical Library,
software applications, software codes, and
8-10 PIC projects. $45.95

nde to

ICMICRO

crocontrollers

PICmicro MCU C
by Nigel Gardner

This 2nd edition book is a
complete introduction to
programming Microchip
PICmicros in C with the
use of the CCS C compil-
er. The book overviews
the ease of using C and
the CCS compiler for
optimization of your pro- —
gramming. There are many examples to
get you started on while using the compil-
er. $29.95

The Nuts & Volts of BASIC
Stamps Volumes 1-3

$69.95

all 3 volumes

529 95

$49.95
Volume 3

Volumes 162

In 1995, Scott Edwards began authoring a
column 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 of BASIC Stamps
is a three-volume collection of over 90 of
these columns.

Volume 3 is new and contains

columns 76-92!

High Voltage

Homemade Lightning: Creative
Experiments in Electricity
by RA. Ford

Enter the wide-open
frontier of high-voltage
electrostatics with this
fascinating, experiment-
filled guide.You'll discover
how to make your own
equipment, how electrici-
ty is used in healing, and
the workings of many
experiments in high
potential physics! $24.95

Home Entertainment

Build Your Own PC Home
Entertainment 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 enjoy 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 your own home
entertainment center using an ordinary
PC.Watch and record TV shows and
movies, put your entire CD collection on
your hard drive, and listen to radio stations
from around the world. $24.99

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.




New Product News

PICOBYTES, INC., ANNOUNCES ‘ The accompanied comprehensive user and technical
ANOTHER FIRST — manual explains all aspects of operation with many BS2™ :
™ code examples. |
PICOPIC ‘ For more information, contact: |
ﬂ
PcoPicTM is a dedicated PICOBYTES, INC. ‘
serial R/C servo con- [0674 Chinon Cir, !
troller slave that is capable of San Diego, CA 92126 i
- controlling 20 R/C servos with Te: 858-361-7426 Fax 858-581-3375 ‘
S S 16-bit resolution and 256 speed set- Email: sales@picobytes.com U
tings at up to 2,300 commands/sec. Web: www.picobytes.com ‘
"
|

With current requirement of less than 14 mA, PicoPic | Circle #29 on the Reader Service Card.
is ideal for applications such as industrial control, ‘ |
animatronics, walking pods, mobile robots, and ROVs. 11
Other features such as light weight (0.480z [13.7 grams]) i HOW MUCH ELECTRICITY ARE i
and small size (1.35" x 2.37" [60.2 mm x 34.3 mm]), make | YOU
this controller the smallest and fastest in its class. ‘

Unlike other products, there are no complicated } USING?
languages to learn. All this power is available by sending Ca lculate
simple serial commands at rates of up to 115,200 bps, no the amount
matter what programming language you use. ‘ of  electricity

If you can send serial data through a computer or being con-
microcontroller, you can command a PicoPic. J sumed in the ‘

home or office [
with the new

A stackable asynchronous serial port allows up to 256
boards to be connected in a serial network. ;

EMBEDDED Linux|
mmﬂ KIT

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)

TRUE FRAME (
-Color & BW up to 640x480 ocem(1k)
-Serial/parallel:pic,avr,z80,pe $ 2 7
‘ -Full speed: to 30 frames/sec
-Simultaneous composite out eval kit(1)

-Use w/digital CMOS camera $9 5
-C, BASIC, Assembler source
val kit
o $25

B4k MIEGA- %

SINGLE CHIP COMPU

-ZERO external components! No xtal or external memory ICs.
‘ -RISC processor up to 16 times faster than original lo-cost IC.
-64x more BASIC space(flash),16x more ee,64x more variables.
-Up to 8 channels of hi-speed A to D Converter (8 and 10 bit).
magine running Embedded Linux on a Single ‘ -RS232 Assembler download in addition to BASIC download.

Board Computer (S BC) thatis 4.0" x 5.7" and -Calibrated, more stable, internal osc. Same price as 8K super!

\dd vision at low cost!
Perfect for inspection,
security,robotics. Full
frame buffer unlike sx,
pei,usb type. Industry i
std PC104 form factor. I

boots Linux from a Flask-Disk. No hard drives,
no fans, nothing to break. Now your hardware S ! __ i DRIVE' i
can be as reliable as Linux! If your application a ad ae
requires video output, the X-Windows upgrade e s, (1K)
option provides video output for a standard RS232 to ATA drive adapter for 27 l
»» | VGA monitor or LCD. Everything is included; ‘ s i o 1
I: Ready to Run Linux! WA g Cagacky eval kit(1) : i
-low power operation 5v 2ma A - i
O | rSince 1o85| m— e e $95 | = |
> T OVER = -S14 IDE & 521 ISA/104 versions : ;
o — || B |
i || yearsor ’ Inc. WWW.STAR.NET/PEOPLE/~MVS ‘
INGLE BOARD) MVS Box 803 Syr Limited Warranty |
1B | Bsorenons”] EQUIPMENT MONITOR AND CONTROL \ Nashua,NH m“E MVS| " Free shipping |
z Phone: (618) 529-4525 « Fax: (618) 457-0110 e www.emacinc.com | | (508) 792 9507 L= Mon-Fri 10-6 EST ‘
|
=1 i Circle #149 on the Reader Service Card. Circle #108 on the Reader Service Card. NDECEMBER 2003
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New Product News

Watts Up? PRO.

How much does it cost to run the refrigerator, air
conditioner, or any other appliance in your household or
office? Watts Up? uses sophisticated digital electronics to
precisely measure the power consumption of any 120V AV
appliance. Records minimum/maximum watts,
factor, cumulative cost, average monthly cost, and 12
other energy consumption parameters. Data stored can be
downloaded to your PC and turned into spreadsheets and
graphs. Includes Watts Up? device, software on CD-ROM,
serial port connector, and instructions. Prices run around
$149.95.

Write or call for new 100 page Scientifics catalog
featuring over 2,000 scientific and educational products
for hobbyists, science, and engineering enthusiasts.

For more information, contact:

SCIENTIFICS
Dept. A031-C999, 60 Pearce Ave.
Tonawanda, NY 14150
716-874-9091; 800-728-6999
Fax: 800-828-3299
Email: cons_order@edsci.com
Web: www.ScientificsOnline.com

Circle #85 on the Reader Service Card.

power &

TEXT-TO-SPEECH PLATFORM —
SPEECH-ENABLE
ANY PRODUCT

Grand Idea Studio introduces
the Emic Text-to-Speech
Platform — a simple way to
speech-enable any product.
The Emic Platform provides
high-quality speech synthesis

on a single module. The module
is an off-the-shelf solution aimed at engineers, hobbyists,
and product designers seeking a simple, low-cost method
for integrating text-to-speech into their mobile and con-
sumer designs.

The core of the Emic Platform is provided by
Winbond's WTS701 text-to-speech single chip solution.
The WTS701 creates a more natural human sounding
speech by converting text to speech using recorded
human speech samples. This ensures that the output is a
recognizable human voice — unlike computer-generated
synthesis solutions.

The Emic Platform can easily be interfaced to the PC,
BASIC Stamp®, Microchip PIC®, or other processor.

I-llgh Resolution PC Oscllloscopo

ur FREE Test & Measurement
re & Reference CD, or visit:

www.picotech.com/scope144

Tel: 585 425 3753 Fax: 585 425 3835 E-malil: sales@picotech.com

DECEMBER 2003
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‘New Product News

Highlights of the module include:

- Serial TTL interface (two-wire, 2400 baud)
+1.6"Lx 1.0" W x 0.256" max. H

+ Requires single +5VDC supply

+Internal 8 ohm, 23.5 mW speaker driver

+ Analog audio output pin for external amplification
+ Easy-to-use ASCII or hex command sequences

« Bi-color LED for visual indication of activity
+0.100-inch pin spacing for easy prototyping

The Emic Platform can provide text-to-speech for an
unlimited number of applications. Potential uses include
industrial and scientific (reading laboratory measurements
and results, industrial equipment warning and status
systems), educational and special needs (aids for reading
or language learning, personal communication systems),
telecom and mobile devices (SMS-to-voice, instant
messaging, Email and fax reading, information services,
webpage reading, traffic reports, news, weather forecasts),
multimedia (proof reader, translation tools, personal
assistant, talking/interactive characters), and automotive
(driving directions, navigational aids, on-board alert system,
on-board diagnostics, adaptive cruise control technology).

Emic Platform modules are available at an
introductory price of $79.00 USD each. Discount pricing is

\ offered for volume, OEM, and educational purchases. Data
sheets, application notes, and audio samples are available
on the Grand Idea Studio website.

‘ For more information, contact:

GRAND IDEA STUDIO, INC.

2907 Shelter Island Dr. Ste. 105-169

‘ San Diego, CA 92106
619-222-4100 Fax 619-222-1797
Email: info@grandideastudio.com

\ Web: www.grandideastudio.com

Circle #54 on the Reader Service Card.

ETHERNET WEB SERVER
' CAPABILITY FOR EMBEDDED
| CONTROLLERS

‘ Vesta Technology
i introduces an afford-
| able expansion capability
‘ for its family of compact, cost-
effective embedded controllers. 2
NetMedia’s SitePlayer (www.sitepla
yer.com) — billed as the world’s small-

Robot Building
Blocks

Motor Speed
Control

32

i
VMOTOR

PID Motor

UTs & Vours

Everything For Flectronics

Circle #130 on the Reader Service Card.

Blolilizi~o. . "

Position BT dnmmmnge
Control |

Solutions Cubed
Phone 530-891-8045
www.solutions-cubed.com
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New Product News

est Ethernet Web Server — is now supported as a web-
based graphical user interface for Vesta controllers. Vesta
controllers communicate with the SitePlayer via the serial
port, reading and writing to variables for display on the
web pages served by the SitePlayer.

The SitePlayer uses a standard 10 Mbit Ethernet
connection to provide simple web access using a standard
browser, giving users a convenient method of
communicating with their Vesta-based embedded systems
to remotely set system parameters, and monitor sensors or
system conditions. Ranging in price from $19.00 to
$259.00, Vesta’s embedded controllers can be expanded
with the SitePlayer module for under $30.00, providing
versatile, inexpensive embedded solutions for OEM
applications. Visit Vesta’s website for information and
pricing, and Vesta Basic programs that demonstrate the
ease of integrating SitePlayer with Vesta controllers.

For more information, contact:

VESTA TECHNOLOGY, INC.
| 1465 W. |-70 Frontage Rd. N.
Wheat Ridge, CO 80033
303-422-8088 Fax: 303-422-9800
Web: www.VestaTech.com

Circle #70 on the Reader Service Card.

CONTROL YOUR PG, IT SERVER,
OR HOME AUTOMATION UNIT
WITH ANY CELL PHONE OR PDA

Cellautomate is an applica-

tion that allows users to con- Celllutmate

trol their PC or server and thus a
home automation network with sl
email. This means that you can - ” i
tson Drec Command._|

interact with your PC or server -

with email from your cell phone, [ [ == e
PDA, Blackberry, office email, etc. Users email a command
from their phone to their home PC email account and the
command is received and executed by CellAutomate. The
results of the command are then captured and emailed back
to the user's mobile device. For people that have a PDA with
a web browser, our software generates a "Remote Control
File" that allows them to issue commands through a point
and click user friendly interface.

For more information, contact:

CELL AUTOMATE
Web: www.cellautomate.com

Circle #114 on the Reader Service Card.

RF MODULES

Great selection of...

Transmitters
Receivers
Transceivers
Antenna

RF subassemblies
Radio Modems
Evaluation Kits
Amplifiers

Data encoders
Data decoders

Typical Applications

RF remote control
Data communications
Wireless Audio

RF data acquisition
Wireless Security
Robotics

Remote Sensing
Remote Monitoring
Wireless Networking

.
.
o
o
.
.
.
.
.

www.abacom-tech.com

Tel: +1(416)236 3858
Free CD Catalog Fax: +1(416)236 8866
abacom@abacom-tech.com

Same Day Shipping—Visa, MasterCard, Amex, Diners Club cards welcome

ABACOM

Technologies
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RS232/RS422/RS485 Converters |

RS232 TO RS485

2 wire

* Makes your RS232 port an

RS485 port ‘
* Supports up to 40 RS485
‘ devices

CMC'’s low cost converters adapt * Automatically determines
any RS232 port for RS422 or RS485  data direction.
operation. These converters provide * Signal powered version
your RS232 device with all the available
advantages of RS422 or RS485 ADA485 (requires 9VDC) $79.00
including reliable high speed operation ADA485-1 for 110VAC 89.00 |
(up to 200 kbaud) and data ADA485L signal powered 84.00 |
transmission distances up to 5000 feet.
Two AD422s can be used to extend
any RS232 link up to 5000 feet.
Completely transparent to the system;
no software changes of any type are
necessary.

RS232 TO RS485 |

4 wire
* Converts an RS232 port for |
use with RS422 or RS485 ‘

RS232 TO RS422
» Converts bi-directionally

between RS232 and RS422
* Use as a short haul modem
* Plug in and go. No software

changes required

AD422 (Requires 9VDC) $79.00

| AD422-1 for 110VAC 89.00
AD422L signal powered 84.00

devices ‘
* Supports up to 40 RS485 or
RS422 multidrop devices
* Adds multidrop capability to
RS232 devices
* Automatically determines
data direction. |
ADA425 (requires 9VDC) $89.00
ADA425-1 for 110VAC 99.00

Mention this ad when you order and deduct 5%

Use Visa, Mastercard or company purchase order

|

‘ WWW.2CMC.COM

code
N95

Connecticut microComputer, Inc.
PO BOX 186, Brookfield,CT 06804

(203)740-9890 |
Fax:(203)775-4595 |
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This Month’s
Projects
Monochrome World . .38

Combination Lock .. 42

Variable Load ...... 48

The Fuzzball
Rating System

To find out the level
of difficulty for
each of these proj-
ects, tura to
Fuzzball for
the answers.

The scale is from
1-4, with four
Fuzzballs being
the more difficult
or advanced
projects. Just look
for the Fuzzballs in
the opening header.

You’ll also find
information included
in each article on
any special tools
or skills you’l
need to complete
the project.

L_et the
soldering begin!

|

Everything For £l

‘NUTs""'E":Z'Vorrs

i
-~}

by Dave Sweeney

Color In A

Monochrome Worlid

Investigate the Psychological Perception
of Color inYour Living Room!

olor, like beauty, is in the eye of the
‘ beholder. The color phenomenon
enhances life, from roses and yellow
striped bumblebees, to colorful sunsets, gour-

met food, and even the tone of someone's
skin. Colors often stimulate human emotion.

Color has the longest definition in the diction- |

ary, yet, color doesn't even exist. Our eyes
decode electromagnetic radiation, and our
brains imagine color.

You can prove that the brain only imag-
ines colors by fooling the brain into thinking
it's seeing color with an image that contains
none. You can generate the effect by spinning
a peculiar, monochrome image on a rotating
disc. The image is called a Fechner pattern,
and is shown in Figure 1.

The circular image is half-black and half-
white, with black arc segments within the
white portion. When it spins at the right
speed, the arc segments appear as color-hued
circles.

For best results, a computer prints the
black and white pattern, and a well-developed
demonstrator is used to spin the pattern. The
demonstrator includes a unique, low power

|
|
|

motor which spins at 240 RPM. (You may
download a PDF of the Fechner pattern from
the Nuts & Volts website at www.nutsvolts
.com).

As it spins, color rings will appear. Watch
the colors for a while, and then suddenly stop
the spinning. The colors are gone. Consider
the larger, philosophic aspects of this experi-
ence. You may look around the room and
realized that the objects that you see have no
color, unless you are looking at them!
Otherwise, they merely reflect electromagnet-
ic radiation.

The Eye and Color
Perception

The Fechner disc in Figure 1 is simply a
piece of paper containing a circular black and
white pattern. The pattern reflects room light
as it spins, and at four rotations per second, it
exhibits the colors.

Our eyes use a number of elements to
provide an image for our brains. Focused by
the lens with brightness limited by the pupil,
light stimulates the retina, which contains
photoreceptor cells called rods and cones,
and its the cones that specialize in color vision
... the brain defines the visual image.

The retina sends visual information along
the optic nerve. When receiving signals from
our specially designed, rotating black and
white pattern, the brain introduces color into
the processed image.

However, it's not clear if the cones are
involved. Signals sent along the optic nerve
from the rotating pattern may contain the
same frequency components as signals from
objects viewed as having color. The complete
mechanism is not totally understood, since
color is the human mind's interpretation of
electromagnetic radiation of a particular
frequency.
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A Monochrome World

Color perception can vary
among individuals and image percep-
tion can depend greatly on the sur-
rounding background.

It is interesting that a mono-
chrome videotape of a Fechner
image played back on monochrome
television — which uses a raster scan
— generates the same color effect as
viewing the disc "live." The result pro-
duces color on a black and white tel-
evision.

The rotating black imprint on a
piece of paper generates red, green,
and blue lines when it is viewed. This
phenomenon is named after Gustav
Fechner (1801-1887) who studied
mental perception and developed
early theories of psychophysics.

Born in Gross-Séchen, Prussia,
Fechner received a medical degree at
the University of Leipzig, then pur-
sued physics and mathematics. In
1834, he was appointed Professor of
Physics at Leipzig.

Although he was essentially a
physicist, he turned to the problems
of philosophy, and concentrated on
the entire spectrum of perception.
Considering the interaction of the

DECEMBER 2003

Figure 2

mind with matter, he developed his
theories of psychophysics, which
other scientists have examined and
written about.

More information about Fechner
can be found on the Internet as well
as your local library.

Desktop
Demonstration

Figure 2 shows the desktop
Fechner demonstrator. The lamp
energizes the solar cell, which con-
nects to the motor mounted under
the disk. Move the lamp to vary the
RPM and optimize the color effect.

A half inch, rubber disc from a
plumbing supply store is glued to the
Fechner disc and provides a base to
attach to the motor shaft. Note also
the toggle switch on the case and a
mini jack and plug.

As you will see in the schematic,
the switch reverses the polarity of the
power applied to the motor, thus
reversing the spin direction and
reversing the order of the color rings.
The jack and plug connect power
from the solar cell.

Order onlinef{ifsf available at
ww.testntools com
or fax your P.0. to 909.947.8802

Function Generator
0.5Hz~3MHz Sine, Square, Pulse,
Triangle, Ramp
b FG-22030 $120
FG-22032 $185 w/ built-in
60 MHz fregency counter
i eter
> pm-s061A $89.95
'”\\.ﬁ = (1 5~250 MHz)

& e é? Modulation:2KHz sinewave
A Crystal Oscillator: 1~15 MHz

e
.
;

Oscilloscope bargain
08-45010 (10MHz) $139.95

0S-45020 (20MHz) $259
08-22250 (25MHz) $315
0S-45040 (40MHz) $399.95
0S8-22400 (40MHz) $469.95
08-22600 (60MHz) $679
08-221000 (100MHz) $849.95

Oscilloscope Probe
HP-9060 (60MHz) $15

"'.// " HP-9100 (100 MHz) $20
7 HP-2100 (100 Miz) $20
HP-9258 (250MHz) $39

Audio Generator
m— 10Hz~1MHz, sine / square
= — | AG-2601A $119, analog display
. AG-2603AD $225 with built-in

r— 150MHz freq.counter, digital display

Signal Generator
(100k~150M Hz in 6 ranges
£ ”" RF output: 100m Vrms)

SG-4160B $119 (analog display)
SG-4162AD $224.95 wibuilt-in
150MHz freq. counter (digital display)

Triple Output Power Supply
—— PS-45303TE $214.95
— 30VDCx2 @ 3A, fixed SVDC @3A
) U420 ps.45305TE $235.95
ans ann e
30VDCx2 @ 5A, fixed 5VDC @3A

Modulation Meter

MM-476020 $1,595

RF input Freq. Range:
1.5MHz ~ 2GHz

FM Deviation Range:

1.5kHz ~ 100kHz in 8 ranges
AM Depth Range: 5% ~ 100% in 6 ranges

Output Signals: IN, AF, DC

AF Filter: Band Pass in 3 ranges

50Hz ~ 30kHz ;50Hz ~ 15kHz; 300Hz ~ 3kHz

Soldering Station

$8-31998 (15~60W) &

$S-31976 (50 W) $36

S$S-31010 (43w) $46

/',./ SDS-31916 (solder/desoldering) $255
p *optional replacement tips available
Soldering Pot spP-31014 $19. 95

Tin Pump TP-31817 $4.50

PLCC Extractor $4.50

IC Extractor $1.65 7 /
T@Ls PO Box 87903 Raleigh, NC 27624

*1 year warranty on parts and labor. 15-day money back guarantee
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Everytning For Electronics

‘NUTS & Vours

\

www.amazingi.com

Anti Gravity Projects
All new mini 35 kv 1.5 [
ma adjustable output
power supply with
instructions on making
a simple craft.
GRAMK Kif-cooiitesicmmassoremians $59.95
GRA10 Assembled ............ $99.95

Green Lasers Pointers
with Coliminator

10,000 feet plus - Full 5 mw. Areal
beauty!!
LAPNGRS5 Ready to use...$129.95

r - . ™
Amazing Devices

Fechner Demonstrator: Schematic

Fechner Disc

Assembling
the
Demonstrator

Mount the motor and

O\

| S1

«o.’»

30 Inch Spark

Tesla Coil
Light weight table top unit
is only 35 Ibs with air
cooled two point spark || &
gap.For1100r220

operation. TN
BTC4KKit ....................... $899.95
BTC40Assmbld.............. $1199.95

BTC3K Kit 10inch spark .. $349.95

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.

PPPIK Kit .....cceeverreennn $49.95
PPP10 Assembled............. $79.95

Burning Laser Ray Gun

Uses our sealed
CO, 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

Class IV

Figure 3 shows the schematic of
the apparatus used to control the disc,
as well as the parts list for the neces-
sary materials. The motor, specially
designed to run at 200-300 RPM under
solar cell power, turns with 3 VDC
applied.

A power supply or batteries with
some kind of speed control could sup-
ply the 3 VDC, but the solar cell and
lamp are simpler and add to the mirth
when demonstrating the phenome-
non. (The audience suspects there's
something sneaky about the lamp. Its
fun watching them look for the
"trick.")

Throw the switch and the motor
changes direction. In one direction,
the colors are ordered red-green-blue,
with the outside rings being red. Spin
the motor the other way and the order
of colors reverses to blue-green-red.

Motor

DPDT switch in a suitable
equipment case. Wire the
solar cell and the motor
as shown in Figure 2.

Due to the pattern's
need for precisely posi-
tioned, perfectly circular
arcs as well as the pat-
tern's lack of symmetry,
please download the PDF
pattern from the website
as mentioned earlier.

By changing the PDF
image size, you can cre-
ate a disc of any practical
size as well as explore the relation-
ship between image segments and
color effects. You may want to
explore the way that perceived colors
vary with line segment length and
width, and with changes to the black
field.

Assemble the demonstrator by
cutting out the disc pattern. Use a pin
to punch a small hole through the
pattern's center, and then glue the
faucet disc with a hole in its center
matched to the hole in the paper.
Next, press the disc on the shaft of
the electric motor.

When you see the colors, invite
friends and family for a demonstra-
tion of something important. Ask
them to observe the colors. Mention
the rings and point out the locations
of the red, green and blue.

When they agree that they see

PARTS LIST

the colors, have them
focus on the disc as

SC - Solar Cell Edmund Scientific, #T737,334 |

you move the lamp
away and the disc

115vacfor lab use. Motor Edmund Scientific, #37590 | Stops rotating. Presto -
LABURN1 Plans ................ $20.00 | there's no more color!
(all parts available) Sl DPDT toggle switch | Your audience might
3 T C e 1 be heard to mutter,
Information Unlimited Fechner Disc Shown |<r; Figure 1, 55 e—r
OX , Amherst, N en you can as
Box 716, Amherst, NH 03031 USA ks i e Th k
Ordars: 100211 798 Enclosure RadioShack, #270-23 | them a question: If a
Fax: 1-603-672-5406 light bulb glows and no
Email: riannini@metro2000.net Misc. Rubber mount for disc, one is there to see it, is
Y Catalog $2.00 mini phone jack and plug there light? NV
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Reader Feedback

Continued from Page 6

Without getting long-winded, “The
Ben Clock” has been one of the most
fun projects | have ever built and is
mostly due to John’s sincerity and
support of the project. | had a little
goof in my project and John was able
to help me work it out. His response
time has been staggering, getting
replies to my Emails — in most cases
— the same day. | have been a long
time reader since the old days of
Popular Electronics and this has been
one of the most enjoyable and
educational projects | have ever done.
It's a pleasure to see top quality
articles and work with the people who
write them.

Willie Jones
Indianapolis, IN

Dear Nuts & Volts:

| received a complimentary
September issue, but what prompted
me to request it, was a strange large
size issue that | received back in
August 2002, but frankly didn't pay
much attention to. It seemed to be just
one more of the many such
commercial advertisement magazines
I receive at work. However, after
reading the very interesting article by
Ray Green and other authors of that
issue, | said to myself ... finally, a
magazine that's not all about the latest
and fastest PC to come out, or what's
wrong with Windows.

Moreover, your magazine still
believes that there is a need to teach
basic electronics, with articles such as
those by Ray Marston and others. Way
back when | started in electronics, [ got
more practical information and
product ideas from magazines like
Radio Electronics than the stack of
college textbooks | had gone through.
Keep up the good work.

Frank S. Giannone
via Internet

Dear Nuts & Volts:

[ just read your Nov. 2003 “Micro
Memories” and did not see the
company that I think did a lot for the
micros of the 70 and 80s mentioned.
This was OSI (Ohio Scientific
Instruments). They had a small system
that used a 6502 that was a very good
system for its time. They also had a
small business system that had two
eight-inch drives and three
microcontrollers. These were a 6502,
6800, and an 8080 so you could run

DECEMBER 2003

CPM software. The computer came
with very good software and you could
run any of the micros to start with
(6502), and change at some point in
the program to the 6800 or the 8080.
We don't have that today. This system
had paged memory and you could run
16 of the 6502 systems into it. If you
had a lot of money, you could get a 76
meg hard drive. The first system that |
had was a Trash 80, and when | bought
the OSI, | was sure that this was the
best thing since sliced bread. The
company got a big head though, and

people dropped them so fast that, in
less than a year, they were gone.

R.W. Eisnaugle

via Internet

Dear Nuts & Volts:

Thanks very much for your
entertaining and informative series,
the “Bipolar Transistor Cookbook.” |
especially appreciated November's
offering on oscillators. Please keep this

series alive.
Jim Wood
Brea, CA
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Project

by Josh Bensadon

Digital
Combination
I_QCK (With a Twist)

\ ere is a digital twist to an old idea. Locks have

H been around since at least the twelfth century
‘ B.C., and have been mentioned frequently in the
Old Testament. A good history lesson about locks can be
found at www.nokey.com/ankeymus.html

Digital combination locks have also been in existence
| for a long time. They are a popular circuit for beginners.
1 One of my first projects back in 1977 used discrete push
button switches and a staged flip-flop circuit.

The combination buttons were hard wired to clock
the next flip-flop from the previous flip-flop (if set), while
other dummy buttons reset the flip-flops and canceled the
| sequence. The construction took many hours and the
button wiring was messy. Microcontrollers simplified the
circuit and enhanced the operation. Matrix keyboards
reduced the wiring. Easy to change combinations made
them more secure. This type of circuit has been so suc-
cessful that many security manufacturers build them as
commercial units known as "stand alone keypads." The
stand alone keypad looks professional and impressive
when mounted at the entrance to a building. But, they
look out of place when mounted on smaller lockable
objects such as a filing cabinet. | bet the keys to my sec-
ond hand filing cabinet were probably lost within months
by the original owner. As a true do-it- yourself kind of per-
son, | decided to make my own type of combination lock.

Matrix keypads are difficult to mount, look awkward,
and require seven wires. A different kind of input device
was needed. Potentiometers are easier to mount (only
one hole to drill), look better, and only require three wires.
By assigning numbers to various potentiometer positions,
a unique combination can be entered or "dialed" in. The
different positions will produce a corresponding voltage
when the potentiometer is connected as a voltage divider

(%]

': | (Table 1). These voltages can be decoded using an
© | Analog to Digital Converter (ADC). The ADC has become
? a popular feature embedded in many microcontrollers.
§°3 Thanks to this, the digital twist combination lock requires
gl"_’ | very few components.

§= \ Another bonus is the reduction of microcontroller [/O
z | pins required. It could boil down to two I/O pins: one for

l
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the potentiometer input and the other one for the unlock
output.

The PIC12CE674 has six I/O lines, and to not waste
any, four additional functions were added — two inputs for
setup programming and manual unlocking, and two out-
puts for re-locking and an audible sounder. The sounder
output is needed for programming to provide an audible
feedback. It is also convenient when dialing in the combi-
nation, but can be disconnected via jumper JP2.

Features

Up to twelve definable positions exist for the dial dig-
its. The software supports a three to six digit combina-
tion. Separate unlock and re-lock outputs provided to
allow a motor type lock device with up to 500 mA of cur-
rent drive. The programmable unlock times as shown in
Table 2. Re-lock on change allows the system to remain
unlocked until the dial is moved. A manual unlock input
available. Finally, the combination is stored in non-volatile
memory (EEPROM).

Operation

On power up, jumper JP1 determines if program-
ming mode is entered (pins 1-2 shorted) or normal
operation (pins 2-3 shorted).

TABLE |

Values Measured for Nine
Defined Positions

Position Voltage ADC Input

1 0.00 V 0

2 0.16 V 8

3 091V 46
4 1.70V 87
5 245V 125
6 323V 165
7 4.00 V 204
8 469V 239
9 5.00 V 255
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Programming Mode

Phase | — Calibrating the dial

Install jumper JP1 on pins 1-2.
Set the dial to first digit and apply
power. Listen for a long steady tone
heard followed by a chirp. This indi-
cates the position was recorded.

Now, set dial to next digit. A
steady tone will be heard while the
dial is moving. Wait for the chirp, and
then continue to set all digit inputs
(up to 12 maximum). If less than 12
digits are to be entered, wait six sec-
onds after the last digit.

Phase 2 - Setting the combination

A double beep will sound to mark
the entry of the combination. Turn
the dial to first digit of the combina-
tion and wait for a chirp. Then, set
dial to next combination digit. Beeps
will be heard as you pass "through"
the digits. Wait for the chirp, and then
continue to enter all combination dig-
its (up to six maximum). If less than
six digits are to be entered, wait six
seconds after the last digit.

Phase 3 - Setting the unlock time

Use the dial digits (the first digit
is zero, second digit is one, etc.) to
enter the unlock time. Set the dial to
the first digit of the unlock time and
wait for a chirp. After a short delay,

Digital Combination Lock

the next unlock digit will be entered.
Note, if less than 10 dial digits were
defined then you will not be able to
enter all unlock times (e.g., 009).
Once all three phases are completed,
the configuration data is written to the
EEPROM. Normal operation will
begin when JP1 is moved back to
pins 2-3.

Normal Operation

The dial positions, combination,
and unlock time are all read from the
EEPROM. A long chirp will sound,
and a re-lock will occur. Short beeps
will sound as you move the dial to any
digit. To unlock, set the dial to any
digit other than the first combination
digit and wait one second. This will
reset the combination sequence.

Next, set the dial to the first digit
and wait one second. Continue to dial
each digit of the combination, waiting
one second after each combination
digit. Do not stop the dial on an incor-
rect digit for more than one half of a
second, or else the

as programmed in Table 2. The re-
lock output is fixed as a four second
pulse (preceded by a two second
delay).

Construction

Since the circuit is small, it can
easily be made in about an hour
using an unclad PC board and some
small hook- up wire. See Figure 2 for
a suggested layout of the parts. The
leads of some of the parts can be
used to make the connections — just
bend them in the direction needed. A
small drop of crazy glue will hold the
pin headers securely. The emphasis
here is on making the unit simpler by
using fewer parts.

Before inserting U1/U2, apply
power and ensure you have +5 VDC
between U1 pin 1 (+) and U1l pin 8
(-). Disconnect the power and insert U2
and the programmed PIC (U1). R3 is
mounted vertically to save space. The
use of R3/J2 is optional — you may
simply short U1 pin 6 to +5 V to omit

sequence will need
to be restarted.
When the

TABLE 2

Unlock Time Operation

combination has

000
been entered cor- |451003
rectly, the unlock |gpg.055

output will activate

Unlock indefinitely, re-lock on change only
Unlock 2 to 6 seconds, re-lock on change

Unlock 8 to 510 seconds, auto re-lock
]

ANALOG

DIGITAL
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NUT$Z Vours

a logarithmic taper

(audio taper). Since it is
SRg used as a voltage
oW divider, the value is not
critical, anything from
9 500 ohms to 25K will
J1 +5V JP1 1 work. Most pots will have
+{ il 2 78UL?E]5 o *—9 - 2 1 3| +12Vv an effective rotation of
-3 3 j5-Ir2 2| ®| Re-Lock 300 degrees like the part
12VDC T ciF | R 3 pIciacEe74 S ULN2003 d]re-toc e e
4.7K Unl ock | listed, but there are
800mA 0.1uF 23 14 143
= % some with only 180
Ja4

!

al 11 Unlock
R4E :
10K ~|

fJ3 Potentiometer

Input

these parts. The use of R1/R2 is based on the output con-
figuration you require — I list some options at the end of
this article. In my installation, | omitted J3 by soldering
the leads of the potentiometer directly onto the board to
support/mount the board (Photo 2).

The parts listed are just to make this project com-
plete. | suggest a visit to your local surplus store, they will
most likely have potentiometers, knobs, transformers and
some type of geared motors. Almost all of the parts |
used came out of my junk box and are not exactly the
parts listed. The two most critical parts are the motor and
the potentiometer knob, especially when combing
through surplus shops.

The potentiometer must have a linear taper, and not

!

Figure 2. Example of

construction

o} o} o
Ji parts placement for
o] o=2
o] Oo+1
o o
o o
u3
o o
o [e] (o]
o (e} (o}
o o o
o] o [e]
o o
o o o
o O
o e} o]
o o o
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degrees (though rare).
The first few degrees do
not count. Notice in
Table 1, the voltage dif-
o e im0
lock schematic
much less than the other
adjacent positions.

The geared motor to unlock and re-lock is mostly
dependent on what you are unlocking. | used a surplus
motor from a camera lens. A small linkage using a coat
hanger wire was added by drilling a hole into the gear
(Photo 3). The geared motor listed provides a starting
force of 60 oz-in. (0.42 NM) at 1 RPM. If your surplus shop
doesn't have something useful, try visiting your local
automotive junkyard — door lock motors have a lot of
kick! My guess is these motors will demand three to nine
amps of inrush current so you will need to replace R1/R2
with relays to handle the high current. Finally, choose
your power supply accordingly.

Alternative Endings

Some movies have them, so why
not this project? Figure 3 shows some
alternative outputs. U2 can directly
drive most small commercial electric
door strikes (omit R1/R2 and don't for-
get to add the diode.) The output as
shown in Figure 1 uses two resistors
(R1/R2) which allows a low current
motor to be used. When the open col-
lector drives one output low, the motor
will use the other resistor to source the
current. R1/R2 are slightly under rated
at 2 W. The voltage across the driven
output is 12 V (ignoring the voltage
drop by U2). The power generated will
be 12 X 12 / 56 = 2.6 Watts. If the
unlock time is kept short, the resistor
will not burn out. You can use 3 W
resistors but the 2 W make the board
smaller. With the motor | have used,
the source resistor will drop about 2 V.
A full H bridge circuit can be used to
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maximize the motor voltage. If higher current or voltage
is needed, two relays can be used as shown.

Alternative Inputs

Figure 4 shows how a standard common bus and
matrix keyboard can be used instead of the dial pot.
Connect the resistors directly to the keyboard to reduce
keyboard wiring to only two wires. Different resistor val-
ues for Rk will produce unique voltages when in a series
with resistor Rs. The first key doesn't need a resistor since
0 V is a definable value for a digit. When using a matrix
keyboard, select Rc2 and Re3 to be much larger than Rr4.
They should act like a multiplier. For example, try 1K and
2K for the column resistors with 100, 200 and 300 for the
row resistors. The matrix will add these resistances
together to produce unique voltages with the series resis-
tor. I will leave it up to you to calculate or experiment with
different values. Keep the total resistance under 40K to
comply with the recommended PIC 10K input imped-
ance. The software for the PIC was written to ignore volt-
ages that are not close to a defined digit, so the open cir-
cuit voltage (5 V) will not count as an input digit when you
release a key.

Software Operation

Phase 1 of the programming creates a table of num-
bers (ADC values) as selected for each digit on the dial.
During normal operation, the ADC input is compared to
its previous sample to determine if the dial has been
turned. When turned, the new input is then compared to
every number in the table of digits. If it's within the
"DigitRange" to the closest number in the list, then that
becomes the new dial digit and a short beep sounds. If it
remains on this digit for more
than one half of a second,
then it is considered to be the
digit that the user intended to

register. This registered digit is - 3

+ev

i : Locking
the.n compared to tbe combi ULN2oo3 1152 ’=§ o
nation sequence. If incorrect, 14 1 Solenoid
then the sequence resets. If IN4007 PIC12CE674

J4

correct, the sequence

advances until the full combi-
+2Vv

Digital Combination Lock

PARTS LIST

Part Description

Ul PIC12CE674 microcontroller, OTP or
EPROM version

U2 ULN2003AN 500 mA open collector driver

U3 LM78L05 5V 100 mA voltage regulator

JI1-J4,JP1-2 40 pin header, break away

RI,R2 56 Q2W

R3 47K Q 118 W

R4 10K € linear taper pot

Cl 0.1 uF

Misc.

Unclad PC board

8 pin socket

16 pin socket

Geared motor, about one RPM
Knob with numbers

Mini jumpers

Piezo buzzer (quiet, 70 db)

Piezo buzzer (loud, 85 db)
12VDC 800 mA wall transformer

Electric Strike Operation

documented in the readme.TXT file.

Software Construction

The program is written in assembly code. Special
thanks to MicroChip for their assembler (MPASM), tem-
plate code and EEPROM routines (which were simplified

Q1-5 2N4401 "Q6-7 2N4402)

nation has been registered.
When that happens, the

unlock mechanism allows you

Y}" 12V Relays ’j"
|

Full H Bridge Output

access to that well guarded
treasure! ULN2003

The complete source 14
code and compiled HEX pro-
gram files are available at the
Nuts & Volts website at

ue

High Current
or Voltage

www.nutsvolts.com The

. ; Power Supply
PIC configuration fuses are
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Connect using 2 wires:ﬁ Input

for the 4 MHz operation and then
appended to the template file.) The
rest of the code was first planned
using BASIC to create the logic, then
implemented in assembler. Some
instructions were redefined as simple
words.

For example, "BTFSS Status, Z"
was redefined as "SkiplfZero" to
make the code more readable.
Instructions that refer to the I/O pins

J3 Potentiometer

Digital Combination Lock

Figure 4. Alternative
)):)/O} )/d )/Cf inputs to a linear pot

))3’0’ /Cf ,)O/d w2
& p & d 4
#2121 ]
A

Rcag Rc3 P

Because I had th=
PIC12CE674 in my inventory
chose this microcontroller w

2 K of program memorv
program will 50 fF the
PIC12CE673 d«vice, which
has only 1 K of space.
According to Digi-Key pricing,
tlicse two PICs are the same
when bought in unit quantities,
so | use the 2 K device for the
same cost.

A "One Time
Programmable" (OTP) PIC can
save you even more money.
Another very attractive PIC

Using a matrix
keyboard

are also defined so that different [/O
pins can be easily assigned. The use
of the piezo buzzer made debugging
easier by using beeps at various mile-
stones.

Chip Selection

MicroChip makes many micro-
controllers. Atmel also makes a very
nice eight pin device (TinyAVR).

o — £J3 Pot
Connect using 2 wires Input
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device is the new PIC12F675.

Using Flash technology, the

device can be reprogrammed

without erasing via UV light. At

a glance, the program provid-

ed would need minor alter-
ations to registers ADCON1 and
ADCON2 (ANSEL in PIC12F675)
and patching in new EEPROM rou-
tines for this device.

Final Word

By using extended temperature
parts, this lock can be used outside.
A small O-ring can make the poten-
tiometer water-resistant. Another idea
is to put the potentiometer and a bat-
tery in a hand held unit. Use a short
cable with a three pin connector to
connect it to the lock circuit mounted
on the secure side.

This system can provide high
security for anything your imagina-
tion can think of!

ABOUT THE
AUTHOR

Josh Bensadon has been an electronics
technologist since 1987 and an active elec-
tronic hobbyist ever since he could use a
soldering iron. He used to assist his father in
repairing old black and white TVs when he
was nine years old.

Currently, Josh works for ADT Security
Systems, in the field of CCTV and Card
Access. He can be reached for questions or

comments at jBensadon@hotmail.com
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Now you can design and
order custom parts online!

Easy, convenient, hew service

Click to
order

Download
FREE software

calls, faxes, and emails. The
eMachineShop intelligent
software tells you if your design
can be machined - at the click of
a button. Your total project time
is reduced up to 90%.

Low cost - emachineshop
uses a revolutionary combination
of the internet, software, and
automated machines. Since the

Design
your part

the click of a button - without
waiting hours or even days for a
machinist to review your job.

Try eMachineShop today.
Try emachineshop once and
you'll never want to work any
other way.

For more information, or to get

The first true Internet machine
shop, eMachineShop gives you:

Electronic enclosures, front panels, robot parts, ‘
electro-mechanical devices, special heat sinks,
optic holders, brackets, inventions, and more!

®Desktop convenience
®Low cost
®|nstant pricing

®|nstant expert feedback
®|nstant ordering

Machine your parts by milling,
turning, punching, laser cutting,
extruding, bending, tapping,
thermo-forming, finishing, and
more.

Why waste time with shop visits,

software is so smart and
ordering is electronic, labor is
minimized whether you order
one part or one million. The cost
savings are passed on to you.

Instant pricing - get exact
pricing in seconds - no
cumbersome quotations
involved. And you can get as
many "what if" prices as you like.

Expert feedback - with the
intelligent software you'll know if
your design can be machined at

eMachineShop.

the Internet Machine Shop

started, please go to
www.emachineshop.com and
discover cyber machining!

eMachineShop.com
666 Godwin Ave.
Midland Park, NJ 07432

Beta release

DECEMBER 2003 47!

|




Variable Resistive Load

Reduce the Number of Power

Resistors in Your Toolbox
with this Project!

| was going to have a need for extensive use of a variable
Iload to check power supplies of up to 50 volts and up ‘
to 10 amps, so | decided to investigate magazine adver- ‘
tisements and the Internet for second-user units and found,
to my dismay, that even one with inferior parameters was ‘
‘ $300.00. This was more than enough pressure to explore
the possibilities of designing my own. Surely, it need be lit- ‘
‘ tle more than the electronic equivalent of a very large, very
high wattage rheostat? \
‘ Put like that, what immediately came to mind was an
’ N-channel, enhancement-type MOSFET. This type of tran-
| sistor can control large currents by varying small voltages
‘ to the gate pin. In other words, it can be made to perform
as a variable resistance. And power MOSFETS are widely |
‘ available in high wattage packages. Figure 1 shows a prac- |
‘ tical reality of this simple idea. The load consists of the
MOSFET QI1, with R7 as a current limiting resistor. The
‘ supply being tested is connected between the MOSFET's
drain and the ground line. With zero volts on Q1's gate, the
| transistor exhibits virtually infinite resistance between drain
| and source, and consequently no current passes. However,
| as the voltage on the gate is gradually increased, the effec-
| tive resistance of the MOSFET reduces and current flows |

out of the
supply being tested.
Components shown to the left
of Q1 provide a controllable and stable
low voltage to the gate of the MOSFET.

D1 is a constant voltage diode with R1 as its current limit-
ing resistor. The ZXRE125 component recommended pro-
duces a pretty constant 1.223 volts, but the exact value
does not matter and there are many different kinds of sim-
ilar diodes which may be used. S1A is the first pole of a
four-way switch. Switched as shown, the 1.223 volts
appears across the series combination of R2 (560K) and
VR1 (50K). Therefore, the voltage at the pole is given by
50/(560+50) x 1.223, or about 0.1 volts. The same voltage
appears with the switch in its second position. But in its
third and fourth positions, the series combination of R3
(11K) with VR1 (50K) results in about 1 volt at the pole.
Hence, switch S1A allows the selection of either 0.1 volt or
1.0 volt at the "A" end of VR1. Via R4, the wiper of VR1 pro-
vides a proportion of one of these as a reference voltage at
the non-inverting input of IC1. The potential at the "north"
end of R7 due to whatever current is flowing, is fed back via
R6 to the inverting input of IC1. In this configuration, the

| |10 - 15volts
bl

>
|
i Frgurle ". Bis
‘ 220uf The circuit Lo
10y diagram of pin gin
. ]
\ the variable
load. [N . N _{§
\ = i 7
®
|
| &l
@ | " 8
h 10k 5 volts
=] L
h, VR2
° Z " 200k
> | multi
3
| |
§ ‘ (pin 1 no
Em connection)
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:
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primary aim of the op-amp will be to try and maintain the
same voltage level at both its inputs. Consequently, IC1 will
drive the MOSFET just hard enough for the current flow
through the transistor and R7 to be no more than just suffi-
cient for stability. Hence, the switch S1A in positions 1 and
2, together with the 10-turn potentiometer VR1, allows the
selection of the voltage at IC1 pin 3 to be in the range of 0
to 0.1 volts, resulting in a current flow through the MOSFET
and R7 of 0 to 1 amp; alternatively, with the switch in its third
and fourth positions, the voltage at IC1 pin 3 can be varied
from O to 1 volt when the current flow will be adjustable from
0 to10 amps. The MAX480 is particularly suitable for use in
this circuit. It is a precision op-amp which can be powered
asymmetrically while still allowing its inputs and output to
include ground. That is all there is to the variable load.
However, in use, it is much more convenient if the same unit
can also display both load current and input voltage. By
designing the variable load circuit with a 0.1 ohm value for
resistor R7, a simple and non-invasive way of "measuring"
the current flow is possible.

Every millivolt dropped across R7 represents a current
flow of 10 milliamps. So a digital multimeter used on either
its 200 mV or 2 volt range can determine the current flow.
However, it can be confusing to interpret a meter reading of
010.0 on the 200 mV range as a current of 100 mA, or 0.456
on the 2 V scale as 4.56 A. A bespoke digital voltmeter hav-

Variable Load

The almost complete, piggy-backed
DVM.

ing a fundamental range from O to 1 volt full scale would pro-
vide more meaningful readings. Using such a DVM to dis-
play current flow in the 10 amp range is easy, since the volt-
age at the "north" end of R7 goes from 0 to 1 volt as the cur-
rent flow varies from 0.00 to 9.99 amps. So with S1B
switched to pin 5, the "north" end of R7 is connected via R11
to the DVM. Measuring current flow in the O to 1 amp range
is not quite so simple, although just using the same direct
connection would provide useful, but more limited readings,
since voltages on R7 going from 0 to 0.099 would display as

LabJack
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($99 qty 10+)
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Close-up of the top surface of the display PCB.
The ends of all protruding wires have been filed flat.

0.00 to 0.99. This, of course, fails to take advantage of the
full potential of a three-digit DVM. Consequently, a DC
amplifier, built around IC2, is included. The gain of this sub-
circuit is given by:

(VR3 + R10)
RO + 1

By suitable adjustment of the potentiometer, (VR3 +
R10) can be set precisely at 90K ohms when the gain will
be exactly 10. So, with S1B switched to pin 1, the DVM is
connected to the output of the x10 DC amplifier and a volt-
age of, say, 567 mV across R7 can be read as 567 mA on
the DVM. VR4 in this sub-circuit allows correction for off-set
nulling, ensuring that the op-amp outputs zero for zero
input. Finally, we need to be able to measure the full value
of the test voltage being applied. This is an important
parameter, particularly when testing batteries under dis-
charge. Having set the discharge current, the DVM can be
switched to the voltage range where the battery's potential
can be monitored under load. Scaling resistors R8 and VR2
provide this facility. Suppose that the input is 50 volts — the
maximum planned for. Then as before, the voltage at the
R8/VR2 junction will be given by 200K/(10M+200K) x 50,
or about 0.98 volts. Hence, by adjusting VR2 to more or
less its center position, the voltage on the wiper can be set
at 0.5 volts, which can be displayed on the DVM as 50.0.

This voltage scale needs to be the same for both current
ranges and this is achieved when S1B is switched to either
pin 2 or pin 4. In summary, when S1 is in its first position,
as shown in Figure 1, the maximum current through the
load can be adjusted up to 1 amp with the DVM displaying
the input voltage. In position 2, the current scale is the
same, but the DVM now shows the load current in mil-
liamps. In position 3, the current through the load can be
set to a maximum of 10 amps, and this will be displayed on
the DVM as 9.99. Finally, in the fourth position, the load
current remains adjustable up to 10 amps, but the DVM will
again display the test voltage.

S1A and S1B could be separate switches, but a third
pole is certainly necessary in order to control the position
of the decimal point on the DVM's display. Consequently, a
better solution is to use the analog switches incorporated in
the CMOS 4052 integrated circuit. This IC contains two
1P4W switches which now take the place of S1A and S1B
and whose actions are both controlled by the binary code

on pins 9 and 10. To operate the 4052 used in this circuit,
a mechanical 3P4W switch is still required, but as can be
seen for the three poles shown in the top right hand corner
of Figure 1, the only signal switched is ground. In the posi-
tion of S2 shown in the diagram, S2A connects the second
decimal point to ground (displaying as 00.0) while S2B and
S2C are open, leaving IC3 with the code on both pins 9 and
10 as high via pull-up resistors R12 and R13. With that
code, pins 3 and 4, and 13 and 11 are joined within the
4052. This means that on the DVM we are reading the test
voltage, while VR1 is controlling the load current in the
scale O to 1 amp. That connection [ am calling V1.
Operating S2 one position clockwise results in no dec-
imal point being connected (we are reading the current flow
in milliamps within the low current range) while the code on
pins 9 and 10 is low/low. In IC3, this joins the pairs of pins
3,1 and 13,12. That connection | shall call I1. In the third
position of S2, the first decimal point is lit (0.00), pin 9 is
low, pin10 is high, thus joining pin pairs 3,5 and 13,14 in
the IC; we are reading the current flow in the 10-amp range
(I10). Finally, in the fourth position of S2, the second deci-
mal point is again lit (00.0), pin 9 is high, pin 10 is low

resulting in the joining of pin pairs 3,2 and 13,15 — we are

10-15 volts 7805
-

again reading the test voltage
(V10). For proper operation of

e e My

al | el
ica

220uf 1uf 1
6V

0 270n
8 14 12

IC3, power pin 16 must be
connected to +V and pins 6, 7,
and 8 must be grounded. In
Figure 1, the only compo-

3x2N3906 A
4_[:]5 2 Q2 Q3 Q4 nents not mentioned so far are
Y d WL the de-coupling capacitors C1,
9 3% [ p g p
Figure 2. The VR |CANOR e s = = s cz, a“g a3, adndcztlheTiomlpo-
circuit diagram @—n 15— ic6 12 | ] = A nents R11 an . is last
of the 0-1 volt, 1V 1—14 g L $| i=lmi=im 7seg,CA| pair is rather important. Op-
bespoke DVM. o 2 |;21 190? ] — [ — | dsplas | amp IC2 provides the poten-
L e 8 tial for high gain coupled with
I

gVRs iy e i very high input impedance.

10k one (8 3 & ki
® This is a sure-fire combination

for picking up stray noise. To
avoid this, and since we are

w1
o
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ground

el Figure 7.
Wiring
diagram

Sl for 3P4W
switch.

only interested in using IC2 as a DC amplifier, R11 with C4
form a very low frequency, low-pass filter which carries
changes in the DC component of the op-amp's output while
by-passing any spurious noise signals. The circuit of Figure
1 can be operated from any voltage from about 10 to 15.
Figure 2 is the circuit diagram of the bespoke DVM used
in this project. There are many off-the-shelf DVM modules
which could be used, but those which are easily and cheap-
ly available invariably have a 199 mV full scale reading
(which is no real disadvantage), but all require a completely

Variable Load

independent power supply (which is). The DVM circuit pro-
posed here will not only operate from the same power
source as that used for the Variable Load PCB, but will do so
using common ground. In addition, it displays 999 (1 volt) at
full scale so it is particularly appropriate for use in this
design. However, the 10-15 volt supply must be reduced to a
well regulated five volts, and that is the reason for IC4 and its
decoupling components C5, C6, and C7.

Little extra needs to be said about this DVM circuit
design, which is well documented in Intersil data sheet
FN1080.3. VR5 is adjusted to provide a 000 display for zero
input, and VR6 controls the gain. In general R14, R15, and
R16 can be connected to ground to light whichever decimal
points are needed. In this design, only R14 and R15 are used.

Building the Variable Load Board

There should be few problems in building this project.
All the components are readily obtainable from the usual
suppliers. Consider the MOSFET first. This transistor will get
warm even carrying relatively small currents (1/2 A).
Consequently, it is not included on the PCB, but must be
attached to as large a heatsink, as is reasonable. When the
project is completed, the thermal efficiency of this coupling
must be carefully checked under heavy load conditions.
Even then, if you are planning to run this circuit at 10 amps

/ System RAM
User EEPROM
iction Per Second
Hardware Timers
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Analog-to-Digital converter

Buffered Serial Port

Built in hardware

32 x 32 Bit Math

Floating Point Math
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Both PCB:s fitted intg
controls moun

standard hook-up wire.

All the integrated circuits
used in this design are prone to
damage from static discharge
and should be handled with
care. They should be fitted into
sockets rather than soldered
directly onto the board. VR1 is a
10-turn, front panel-mounted
component which should be
connected to the PCB with twin
screened cable — the screen
being soldered to the ground
plane at point B on the board.
VR2, VR3, and VR4 are multi-
turn, trim potentiometers.

Before these are fitted, they
should be adjusted to their mid-
positions so that at set-up you

he case, and the
the front face.

for hours at a time, the MOSFET and heatsink will almost
certainly need forced air cooling from a substantial fan. A
wide variety of N-channel, enhancement power MOSFETs
will function in this circuit, including those with rather mod-
est "on" resistances. However, the recommended types (in
order of preference) are the somewhat expensive
BUZ900D, which is a 250 watt, TO3 type, and the more
modest TO220-packaged IRL540N. The latter is cheaper,
but limited to a maximum of 94 watts. Whichever type you
use, it will need to be insulated from the heatsink to which
it is attached. Note that in general, MOSFETs are very sen-
sitive to static electricity and should be handled as little as
possible.

The PCB design for this project is single-sided, but no
part of its copper surface should be used for load-carrying.
All high-current connections from ground to the earthy side
of R7, from the other side of R7 to the source pin on the
MOSFET, and between the FET's drain pin and the positive
binding post, must be made with heavy-duty single wire
such as that in high-current, house-wiring mains cable.
They should all be as short as possible. The connection
between the gate of the MOSFET and the main PCB can be

can be sure where their wipers
are. Most of the board space allowed for resistors will
require them to be fitted "standing up" rather than across
the board. Power for this project can be via the usual trans-
former and 7812 voltage regulator or a regulated 13.5 volts
from a wall-wart. The maximum current requirement is no
more than 300 mA.

Fabricating the DVM Board

For convenience, the DVM PCB starts life as one, sin-
gle-sided board with only the left-hand section carrying a fill
ground plane (download Figures 5 and 6 from the Nuts &
Volts website at www.nutsvolts.com) IC5 and IC6 are
both static sensitive and should be handled with care before
being fitted into sockets on the board. The multi-turn trim-
pots VR5 and VR6 should also be set to their center posi-
tions before being soldered in. Take care that the three dis-
plays are the correct way round (decimal point in the bot-
tom right corner) before they are soldered. Then, on the
copper side of the board, solder R14 and R15 from pins 5
of both Displays 1 and 2 to their un-drilled pads. R16 does
not need to be fitted.

Resistors Capacitors ICé CA3le6l
RI,R9,RI2,R13 10K CLES 220 uF 16V

R2 560K CrEl 0.1 uF Displays

R3 11K C3,C4,C6 | uF, tantalum Displays|-3 7-segment LED,
R4,R5,R 1K (@] 70 nF, polyester film common anode
R7 0.1Q, 25W

R8 10M Diodes Switch

RI0 82K DI ZXRE|25, constant S2 3P4W

RII 270K voltage

RI14,RI5 150Q2 Transistors Miscellaneous

Variable Resistors

VRI 50K, 10 turn, panel
mountVR2 200K, multiturn, trim
VR3 20K, multiturn, trim
VR4 100K, multiturn, trim
VR5 50K, multiturn, trim
VRé 10K, multiturn, trim

52

IC5

QI MOSFET BUZ900D, IRL540N,
etc.

Q2-Q4 2N3906 (or equivalent)

Integrated Circuits

ICl,I1C2 MAX480

IC3 4052, CMOS

IC4 7805 voltage regulator
CA3162

Dual in line, IC sockets -
8 pin 2
16 pin 3

13.5 volt (regulated) wall transformer

I3 amp connecting wire

PCB connecting pins

Two, |4mm, M3 spacers, and four bolts

Heatsink

Case
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Variable Load

Setting Up

It is probably easier to set up the DVM board first. To
check that this circuit is functioning correctly, solder tempo-
rary wire links from the collector pads of Q2, Q3, and Q4 to
their respective anode pads on the three displays (Q2 to
MSD — most significant digit, Q3 to the middle digit and Q4
to LSD — least significant digit). Power-up this PCB with a
suitable supply. If all is well, the three displays will light with
some small, random number. Link the one volt input pad to
the ground plane so that the DVM has a zero input. Adjust
VR5 until the display reads 000. For

wrong way. Assuming all is well, adjust VR4 until the on-
board DVM displays 000. Now set the multimeter to its 2 V
range and connect it across R7. It should read 0.000. Switch
S2 to its third position — the DVM should show 0.00. Slowly
advance the 50K pot when both meters should start to dis-
play low readings. Continue to wind up the 50K pot until the
bench supply is providing close to its highest current output,
assuming this to be no greater than 10 amps. The current
flow can be read from the multimeter where, for example,
0.234 will indicate 2.34 amps. Now adjust VR6 until the DVM

the moment, leave VR6 at its center
setting. Remove the three temporary
transistor-collector/display-anode links
and carefully cut the board in half
along the central line. Use 5/8-inch
spacers and bolts to piggyback the
two boards together with their copper
tracks facing each other. Now the ‘
PCBs must be connected across with
links joining corresponding pads
together. Take time and care over this,
as shorts between tracks from solder
splashes may be difficult to correct
after this stage. When all 10 links have
been completed, cut off and file flat
the surplus wires protruding from the
top face of the display PCB. If the
completed DVM is to be fitted into a
metal case, pieces of insulation tape
should be used to cover the filed down
wires so that they cannot be shorted
by direct contact with the metal case.
Note that the photographs show the

Complete instructions for making complex PCB’s
in minutes along with
our 6 new “techniques”

Note: Some “techniques”
require additional supplies

prototype of my DVM, while the unit
described in the text is an updated ver-
sion. The DVM and Variable Load
PCBs can now be wired together.
Connect the DVM pin on the Variable
Load board to the one volt input pin on
the DVM PCB. Use Figure 7 to as a
guide to wire the pins on the 3P4W
switch to S2B, S2C, and ground on the
main PCB and to the free-end pads of |
R14 and R15 on the DVM board.

Now the final adjustments can be
made. You will need a multimeter and
a bench DC power supply to be your
"source-under-test." Turn the 50K
panel potentiometer right back to zero,

switch S2 to its second position, power
up, and set the bench supply to about
30 volts. Connect it to the binding
posts. The piggybacked DVM should
display a small reading with no deci-
mal point. If it reads "EEE" (over-

www.pulsar.gs
Phone (727) 524-1500

Attention Dealers! Put “TTS” on your counter top today!

$14.2

10 sheets ® 8-1/2"x11"

range) or a high value, then you have
probably got the A and B connections
to the 50K potentiometer round the
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Call for your free dealer evaluation kit and pricing.
Pulsar c2003

» 1947 Sandalwood Place * Clearwater, FL 33760-1713
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reads 2.34. That sets up the high current scale.

Now wind the 50K potentiometer back to zero, return
switch S2 to the second position, and the multimeter to its
200.0 mV scale. This should read 000.0. If the DVM does
not now read 000, VR4 should be tweaked until it does.

Variable Load

Adjust VR2 until the same reading is displayed on the DVM.
Check that when S2 is switched to its fourth position, the
same voltage is shown. That completes the setting up
process. If any readjustments have to be made, they should
be carried out from the top and in the same order. The final

Advance the 50K potentiometer until the multimeter reads J set-up is best made when the unit is thoroughly warmed up

099.0 and adjust VR3 until the DVM reads 990. This sets
the low current scale. Finally, wind the 50K potentiometer
back to zero and set S2 to its first position. Use the multi-
meter to measure the voltage across the binding posts.

| .

From Hand to Bench, We've Got You Covered!

Discover Protek's
New Bendi DMM with Trend Plof

B4100
Programmable Digital Multimeter

$545

» 51/2 Digit Programmable Multimeter

» 0.05% DC Accuracy

» True RMS

» Trend Plot

» Selectable Count Resolufion: 2k, 20k, 200k
» Autoranging =

» RS-232 Interface (GPIB Optionall

PIOLEK §0100 Arrgrammcten D Wi

Other Protek Bench DMM's
B845 4 1/2 Digit Bench DMM $275

'B940 3 3/4 Digit Bench DMM  $149

Protek Bench DMM's offer exceptional features in small, lightweight
packages, and deliver an unbeatable combination of high
performance and ease-of-use at affordable prices.

WWW. p rote ktest .com

40 Boroline Road

Allendale, NJ 07401

TEL: 201.760.9898

FAX: 201.760.9888

E-mail: sales@protektest.com

Protek
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after, say, 10 minutes or so of a one or two amp flow. When
switching S2 through its positions during this process, wait
a few seconds after each switching action to allow capaci-
tors to reach their new charge levels. Some other checks of

the system can now be tried.
Experiment with a number of set-
tings of the 50K pot to test the cur-
rent limits of your bench DC supply.
If this has the facility of current-limit-
ing, you can check the accuracy of
the point at which this operates. If it
is not current-limited, be careful not
to adjust the 50K potentiometer past
the point where it exceeds the sup-
ply's maximum current output.
Special care must be exercised in
using switch S2. When in positions 3
and 4, the current demands of the
Variable Load are multiplied by a
factor of 10 over positions 1 and 2.
Consequently, before making any
connections to the binding posts, it
is always good practice to turn the
50K potentiometer right back to
zero and check that S2 is on the one
amp range (i.e., positions 1 or 2).

Finally, a warning about power
dissipation. Although this Variable
Load will test supplies up to 50 volts
and at 10 amps, it will not do both at
the same time. Power in watts is the
product of volts and amps. If you
have elected to use the BUZ900D
MOSFET, it has a maximum power
rating of 250 watts. This means that
if you are testing a 50-volt supply,
the current limit is five amps maxi-
mum, and even at those values the
heatsink will quickly get too hot to
handle.

Similarly, if you want to test 10
amp supplies, then you are limited
to voltages below 25. The situation is
even tighter if you use the IRL540N
which has a maximum power rating
of 94 watts — 50 volt supplies will be
limited to less than two amps, and
10 amp tests will be restricted to an
applied voltage of less than 10.
These '"rule-of-thumb" calculations
are somewhat conservative as they
ignore the power dissipated in R7.
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Compact, rugged, black aluminum flashlight
provides a high-intensity light that can be seen
over a mile. Light is provided by four low-cur-
rent, high-brightness white LEDs, 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 $ 1 2
3 AA batteries. CAT# FL-4 each
Also available with ultra-bright RED leds. ldeal

where light pollution or interference with night-
vision is undesirable, i.e. dark rooms, astrono

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

| 16 Character X 4 Line LCD |

Optrex # DMC 16433
Module Size:

3.42" X 2.36" X 0.42"
Viewing Area: 2.43" X 1”
Character Size:

4.75 mm X 2.95 mm

5 X 8 dot format. $ 1

Includes hook-up dtagram

CAT # LCD-87 eaCh

Incredible Price! 12 Vdc 120mm
Cooling Fan w/ 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. Thermoplasuc
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, CE. Large

each

quantity available. 90 for $3.00 each

CAT# CF-153 | 450 for $2.25 each

$ 00 990 for $1.50 each
~each 1980 for $1.30 each

Shop ON-LINE

MAIL ORDERS TO:
ALL ELECTRONICS CORP.

States - ALL OTHERS including Alaska, Hawaii, P.R. and

P.0. BOX 567 - VAN NUYS, CA 91408-0567

NO MINIMUM ORDER - All Orders Can Be Charged to Visa, Mastercard, American Express or Discover « Checks and Money Orders Accepted by Mail «
Orders Delivered in the State of California must include California State Sales Tax + NO C.O.D + Shipping and Handling $6.00 for the 48 Continental United
Prices Subject to change without notice.

Labtec # LT-820

Deluxe, full size headphones
with excellent sound quality
at an incrediable price. Ideal
for home stereo or portable
audio use. 40mm mylar
speakers with powerful
anisotropic magnets. 32 ohms
20 Hz - 20 Khz. Comfortable
leatherette ear pads and padded
adjustable metal headband. 9 foot
cord with 3.5mm

stereo phone plug.
CAT # HP-820 $7
each

-
QUALITY Parts or Etayy :‘ F:x
e or
FAST Shipping F ree 96 Pa
DISCOUNT CATALOG, ge
PI’IC’ng OUtSIde the U. SA
Send $3.0¢ postage.
4 LED Flashlight LABTEC STEREO DSL Filter
HEADPHONES Cisco Systems EZDSL g

In-line Microfilter. RJ-11
jacks both sides. Includes
3" mod phone cord. DSL
filters eliminate interference ;
between your DSL line and =
analog telephone lines. The result is =
clear, clean lines for your telephones,

fax machines, answering machines, caller
ID, and analog modems. Installs between
wall jack and telephone. UL, CSA. Complies
with FCC part 68. CAT # FTR-100

$1 each

10 for $1.35 each
100 for $1.00 each

| 2 PHASE STEPPER MOTOR |

| Miniature DC Motor |

Oriental Motor Co.
Vexta # PH265-04-C9
2-phase, 1.8 degree
per step. 5 VDC 1 Amp.
2.22" diameter x 2" long.
2.3" square mounting
flange with 4 holes on
1.85" centers.

0.25" diameter x

0.75" long shaft.

6 color-coded wires.

CAT # SMT-67 $ 1

|7.2v 1200 mAh Li-lon Battery Pack|

Qualcomm #TABAT0001.
Rechargeable 7.2 Volt, 1200 mAh
battery pack for Sprint PCS phone,
model #CM-D600S. Great for use in
any applications requiring recharge-
able power. Lithium-ion batteries
have no "memory-effect" and do not
need to be discharged before

recharging. 2.77" x 1.5" x 0.78." $ 50

Qualcomm #TADTCO0003. Desk-top, drop-in
charger for lithium-ion battery pack, LBAT-35.
Includes 12Vdc, 300 mA 50
wall power supply. $ a4
CAT# BC-9 each

each

www.allelectronics.com

ORDER TOLL FREE 1-800-826-5432

FAX (818) 781-2653 -
E-MAIL allcorp@allcorp.com

Canada Must Pay Full Shipping + Quantities Limited *

Mabuchi # FF-N20PN.
Miniature 1.5 to 3 Volt DC motor.
Ideal for models and radio control
applications where small size is
important. No load rating:

15,800 RPM @ 2.4 V, 96 mA. Length
(excluding shaft), 0.654" long x 0.47" x
0.39". 0.039" (1mm) diameter x 0.13" long
shaft. Solder-loop terminals.

Large quantity available.
CAT# DCM-166

2. $150

| 256 CD Portfolio |

256 soft pockets with transparent
sleeves for CD’s, DVD'’s
computer software
and video games.
Bound in a black
nylon zippered
case with
adjustable carry strap.
Zippered outer pocket and

webed inner pockets $ 1

150 for 60¢ each
600 for 50¢ each
1500 for 35¢ each

for extra storage.
CAT # CD-256

INFO (818) 904-0524

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

DECEMBER 2003

Circle #52 on the Reader Service Card.




»

who have-jt nll.

A Yheir brains with N
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QUALITY ROBOT PARTS

MMC/SD card interface
.roguerobotics.com
VISA/MC/Money Order/PaypalPO

Ph: (416) 707-3745

The Pocket Programmer

The portable programmer that uses the

printer port instead of a internal card,

with easy to use Windows software that

programs E(E)prom, Flash & Dallas Ram.
Intronics, Inc. * Tel. (913) 422-2094

Box 12723 / 612 Newton / Edwardsville, KS 66111

Add $8.00 COD
WWW.IN-KS.COM Visa/MC/Amex/Disc

SERIAL GRAPHIC LCD

PICL-2464 $99.00

Sharp LM24014 240 x 64 LCD
E.L. Backlight

5" x 1 5/16” Viewable Area
PIC 16F877 Re-Programmable
Switches, A/D & I/O Bits

LCD MoNITOR KIT
-

A Complete 12.1
TFT LCD Kit With
Controller and 180
Nit 16.7M Color
XGA Panel- Just
Plug Into VGA port
and add 12 volts
= D.C.

SK-2005R $299

12.1” LCD MONITOR

Rugged Metal Case
On Screen Display
Free Z-Mount
Resistive & Capacitive
Touch Screen Options
Available. 1024 x 768
16.7 Million Colors
VGA and SVGA

MTR-EVUE-12 $399.00

EARTH: i i

.--.cCOM
“The World Wide LCD Source”

32701 Calle Perfecto - San Juan Capistrano, CA 92675
Ph: (949) 248-2333 Fax: (949) 248-2392

See the World's Largest Collection of LCD'’s and LCD
Products at http:/www.EarthLCD.com

CANAKIT.COM

High Quality Electronic Kits and Modules
Nuts & Volts Readers: receive a 10%
discount using coupon code “NV11”

FM Transmitters
Timers

Power Supplies

Audio Amplifiers

RFID Proximity Readers
Signal Generators
Educational Kits

1-888-540 KITS
www.canakit.com

* EXPIRES DEC. 31, 2003

Don't toss suspect memory - check it!

est and identify:
- PC133/100/66 SDRAM

CHECK Il LT Plus memory tester is
ipopular 168-pin PC133/100/66 SDRAM,
, as well as 72-pin SIMM modules.
fest sockets. 30-day guarantee and
5 + shipping. See website for more.

www.innoventions.com 1-281-879-6226

Olectronice Showeasge

Wireless A/V nsmﬁgr{ﬁgpeiver Kits

Sale Price $129/set Call for Custom Frequency

1.2/1.7/2.4 GHz, 50 mW,

4-8 Channel

- Standard Transmit Range
800 ft

- 12 Channel Available

- 1000 mW Booster Optional
$129/ea

ASK-9004TR
$99/set

900 MHz, 50 mW,
4 Channel

Embedded Control Experts Since 1979

MORE POWER!

amr Gadgets are
up to 2,000 times

faster than a stamp. ‘
Higher performance, ‘
lower price. Free ‘

development s/w,
Forth, Basic and
assembler runs interactively or untethered.

Finally, technology as good as your ideas.

Soldering and
Desoldering Tools
Now in Stock!

Bits, Pieces,
Sensors & Parts!
See our website!

HVW Technologies Inc. =

Tel(403)730-8603 oy . IBavEalk

Fax:1403)730-8903
www.HVWTech.com

*Expire: 003.

Add an Altera® Cyclone™ FPGA
to Your Project!

ezFPGA - Add a powerful Cyclone gate
array to your prototype or home
project with minimal design overhead.
Altera’s Quartus |l web-pack provides
HDL or schematic design entry.
ezFPGA makes it EASY!

SOCkit - Explore and evaluate
System On a Chip using Altera’s
Nios embedded processor core
and web-pack/C design tool-set.
Kit includes LCD, RS232, LVDS,
cables, and reference design files.

199.00-299.00

Dallaslopic  www.dallaslogiccom  972.359.2953

CD Juke Box

Photo Viewer -

Point of Sale
(Quickbooks)
System Development Kit
(Linux or Windows)

See our Web Site 4 Applications
www.autotime.com




ﬂ pattern of coronal mass ejections from | storm caused by X17 incapacitated the
=d the Sun in recent days. CMEs routinely | Japanese satellite, Kodoma, an
g explode from the surface of our nearest | experimental communications relay
¢ o star at speeds over 5 million MPH, and | satellite owned by the Japanese
§°8 produce strong solar radiation storms | Aerospace Exploration  Agency
!"' when they impact the ionosphere of our | (JAXA). Tsuguhiko Katagi, JAXA's |
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ActiveWire®USB
Slmple USB Interface!

SERNERY

+ Works with MacOS 8/9, Win88/2K/ME/XP
FreeBSD and Linux!

+ 24Mhz CPU core with USB

+ Firmware downlcadable via USB

*+ 16 bit paraliel Input/Output

+ See web-site for add-on boards

* All drivers, manuals, demos are on our
web-site for immadiate download!

ActiveWire, Inc.
www.activewireinc.com
ph +1.650.465.4000 fax +1.209.391.5060

$59

plus shipping

O

n

Why Reinvent the Wheel?

We have Hundreds of Electronic Circuits and
Kits that can integrate directly into your projects

* Timers

* Amplifiers
* Solar

* Wind

* Hydrogen
* Robots

* Motor Contollers
* Remote Control

* Relay Boards

* Data Acquisition
* Temp Contoller

* Test Equipment

And much more

ElectronicKits.com

Carl's Electronics Inc. sales@ElectronicKits.com

€
USB rogrammer Connec
* to USB or serial port . Free
softwale Dozens of PICs
orted including 12C508,
84, 16F628. ZIF socket
v not incl. CPSl49 kit $29.95

and then ﬂabh the-H_EDx in Mg :
5 ways. CPS160 kit $9.95 i
oll Free: 1-888-549- 3749
el: (330) 549-3726.
ww.electronics123.com

Theremin N 9505K Kit_~
The PAIA Theremax uses X% $89.75
the same heterodyne principles % ]
as the original turn of the century >
instrument for classic tone and adds I

features made Possmle by modern ICs -

Shown with optional lectern case.

FatMan Analog MIDI Synth

A complete music synthesizer

> with all the 018 bottom ana phat
1 sound that makes analog famous.
20 knobs and controls for real-time

9308K Kit_~
$154.00 ~

sound sculpting. Compatible with standard
MIDI sources like keyboards or computers.
Desktop case or rack panel available.

Chetk out http://Paia.com for schemah(s,
tech details,
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SONAR UNITS

VISION SYSTEMS

MOTOR DRIVERS

OPTICS
MICROPROCESSORS
ARITIFICIAL INTELLIGENCE *
WEB CONTROLS

Zagros Robotics
PO Box 460342, St. Louis, MO 63146
(314) 768-1328 - info@zagrosrobotics.com

www.zagrosrobotics.com

Special products and services

News Bytes

Extreme Solar Activity
Pounds Earth, Space

hat started out as an isolated
occurrence on October 28th —

the eruption of a powerful X17-category |
solar flare — has turned into a repeating

physically and
they produce

planet. Although
electrically violent,

beautiful in the northern
latitudes.

Most CMEs cause very little effect
on the Earth, the huge power grids can
couple to the energies in flux, causing
voltage spikes and disruptions. "It's like
the Earth is looking right down the
barrel of a giant gun pointed at us by
the Sun ... and it's taken two big shots
at us," said John Kohl of the Harvard-
Smithsonian Center for Astrophysics in
Massachusetts.

Communication satellites are also
| vulnerable to these huge "charge
| storms" — the G5 level geomagnetic

auroras

associate executive director, expressed
optimism that the satellite ultimately

can resume operations. But Japanese
officials also raised the possibility that

Kodama has suffered permanent
damage.
Attack of the Clones
Unclonable
COntent copy
protection is
popping up all

around us; DVDs
employ CSS and

digital music is
turning to multiple
digital right

management
schemes — some
are even natively
implemented in
computer operating systems. So it's no
wonder that uncopyable paper now
exists, as well.
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Battery rebuildi service

Dead Batteries ? Don't toss them.
Send them to us - our rebuilds are
better than original specifications.

Radios
APELCO
UNIDEN
G.E. ICOM
KENWOOD
MOTOROLA
MIDLAND

Electronics
Bar Code
Scanners
Surveying
Printers
Laptops

Photography

Tools
Hilti  Skil
Milwaukee
Panasonic

B&D DeWalt MAXON

Makita All YAESU

2-36 Volts ALINCO

Visit www.primecell.com for important details
24 Hr Secure recorder tel-fax (814) 623 7000
Quotes email: info @ primecell.com
Cunard Assoc. Inc. 9343 US RT 220 Bedford PA 156522

kA

Uniden
BC 2500 1800 mAh

B 0
PLASTIC PARTS

Mold manufacturing.

Production of injection

molded parts. No order

too small or too big. Very

competitive on high labor

parts. For very small orders we can inject your
parts on manual low pressure machines

IMETAL SBTAMPING
We manufacture
our own tooling

Site: www.vandvmachy.com
email: victor@vandvmachy.com

for the ele

missing

something?

You can order back issues
of Nuts & Volts at
www.nutsvolts.com

or call us at
800-783-4624

Stock up today!

Enter Verify First (www.verify
first.com) with their offerings of anti-
copy paper. Cleverly designed and not
entirely disclosed for reasons of
security, they have leveraged physics
to contain information after it leaves
the digital domain. Currently, they
offer two products of interest, as
explained by anti-fraud consultant
Noal Philips:

"The first is what we call a "copy
evident" stock that shows a message

DECEMBER 2003

QKITS.COM

NEW PRODUCTS!
40 MHz Handheld

Osﬂllosco e
tlcallxﬂlsolated RS232 output for
Hz sa tKlm rate, 12MHz
analog bandwid arrying case
and insulated probe included. |

Proximity Card Access Controller Kits
KLO42 can accept up to 42 cards

KL204 can accept up to 204 cards for access
All lélts come with Antenna and 2 Access
Cards

1-888-GO 4 KITS
GREAT PRICES, GREAT SHIPPING RATES
49 McMichael St., Kingston, ON, K7TM 1M8, CANADA

PRINTED CIRCUIT BOARDS

QUALITY PRODUCT
FAST DELIVERY
COMPETITIVE PRICING
* UL approved

* Single & Double sided
* Multilayers to 8 layer
* SMOBC, LPI mask

* Reverse Engineering

* Through hole or SMT
* Nickel & Gold Plating
* Routing or scoring

* Electrical Testing

* Artwork or CAD data
* Fast quotes

10 pcs (3 days)
| or 2 layers $249
10 pcs (5 days)

4 layers $695
(up to 30 sq. in. ea.)
includes tooling, artwork,
LPI mask & legend

GHt
= ““:u\
"“OT(QD\‘C“O

PULSAR, INC

9901 W. Pacific Ave.
Franklin Park, IL 60131
Phone 847.233.0012
Fax 847.233.0013
Modem 847.233.0014

We will beat any
competitor s prices!!!

yogii@flash.net - flash.net/~yogii

ONE PASSlrcustTM 7

835-337—3754
- wWww. onepasmc.com

such as "VOID" or "Unofficial Copy"

| once copied in color copiers. The

background includes microtext and an
algorithm that is visible through a
magnifying glass. The stock is also
layered with a heat sensitive ink that
disappears when you apply warmth to
it, usually by rubbing or breathing on
it, and in most cases, the warmth
emitted from the copier."

"The second is what we consider a
"non-copyable" stock, which has a

H2 STEALTH WALKER!

The all new Pan & Tilt
gives the H2 sight!

Period!

www.lynxmotion.com

It's clear to see the H2 has no equal...

SMT PROTOTYPING ADAPTERS

Snap-Apart” PCB's with .100" pin strips
Dozens of assorted adapters on each PCB.
A variety of PCB's with patterns front & back

SOIC PLCC SSOP QFP DPAK SOT23 MSOP QSOP SC30 D2PAK
TSSOP SOT89 D3PAK SOT143 TSOP SC70 SOT88 and many more. |§

echnical Professional -

tronice enthusiast.

USode for 8 Bucks

Preprogrammed USB chip for $8ea. 86 in I‘l\\qf
16 bit I/O (multiplex to 64bit), 12C,

Requires only 4 external pats

Add USB to your next project

Demo Board
$49.00s2

USB Visual Signal Indicators

One, 3 & 5 Color LED Indicators

4.6 & 8 Digit Numeric LED Displays
elf powered. Internal Buzzer & Switc

Win98 ME 2K XP & MAC OSX
Driver, DLL, Sample Code
in VB,C & CVI on the web

(914) 934-5170
(914) 934-5171 Fax

glneerlng
WWW.DELCOM-ENG.COM --%

highly reflective surface and is
camouflaged with a white titanium
oxide ink over it. The benefit of this
stock is that you can't scan or copy it.
It makes any image or text that is
printed on it completely illegible on the
copy."

So where aren't the clones?
LucasFilm's Star Wars: Episode II
used Verify First's product to maintain
a fixed inventory of scripts during

| production.
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PART 6

Ray Marston describes a variety of practical transistor
multivibrator waveform generator circuits in this

month'’s edition of an eight-part series.

‘ NUTs & Vours

The two most widely used types of transistor wave-
form generator circuits are the oscillator types that
produce sine waves and use transistors as linear
amplifying elements, and the multivibrator types that gen-
erate square or rectangular waveforms and use transistors
as digital switching elements. Last month’s installment
described practical circuits of the oscillator type. This

month, we describe ways of using bipolars to make practi-
cal multivibrator types of waveform generator circuits.

MULTIVIBRATOR CIRCUIT
TYPES

Multivibrators are two-state (output high or output low)
circuits that can be switched between one state and the
other via a suitable trigger signal, which may be generated
either internally or externally. There are four basic types of
multivibrator (multi) circuits, and they are all useful in
waveform generating applications. Of these four, the
astable has two quasi-stable states and is useful as a free-
running square wave generator. The monostable has one
stable and one
quasi-stable state
and is useful as a

Ve = 1V5 10 9VO

Schmitt has two stable input-voltage-sensitive states and is
useful as a sine-to-square waveform converter or threshold
switch.

ASTABLE MULTIVIBRATOR
BASICS

Figure 1 shows the circuit and generated waveforms of
a simple 1 kHz astable multivibrator, in which the two tran-
sistors are cross-coupled (from collector to base) via timer
networks C1-R1 and C2-R2. The basic circuit action is such
that, at the moment that power is initially switched to the
circuit, inevitable differences in the precise characteristics
of Q1 and Q2 make one transistor turn on slightly faster
than the other, and the cross-coupling then causes a
regenerative switching action to take place in which one
transistor switches abruptly on and the other switches
abruptly off.

After a delay determined by the C1-R1 or C2-R2 time
constant, the off transistor starts to turn on again, and the
cross-coupling then causes another regenerative action in
which the two transistors abruptly change state again. The
whole process then repeats add infinitum. Thus, the basic
Figure 1 circuit acts as a self-oscillating regenerative switch

1 R3 §R1 %Rz R4 triggered pulse gen- | in which the on and off periods are controlled by the C1-R1
T 1%2 8% ’6821 18 erator. The bistable and C2-R2 time constants. If these time constants are
out 1 Hn A 10n out2 | has two stable | equal (C1=C2=C, and R1=R2=R), the circuit acts as a
——]}— l | states and is useful square wave generator and operates at a frequency of
‘ as a triggered about 1/(1.4CR). The frequency can be decreased by rais-
Q1 Q2 stop/go or high/low ing the C or R values, or increased by reducing the C or R
2N3904 N304 waveform genera- | values, or can —
‘ ' oV ' ' tor. Lastly, the | be made vari- +3V0 to +20V f
+V,
Q1 e ‘ ‘ w R2 R4 ’
collector f [ Vou | | +3V0 to 420V | 68k %m |
T ; T : ov | c1 :
e [Tlwi™ W 5. %z 5 @
collector sa c2 —
Cor Vi ov 10n C1 J—-L D3 U
I 0 L oy Out 1 {— 1n | oz | 1N4148
Q1 N H [ |
base v ‘ 5 ‘
V “Yee ‘ | a1 Q2
== === OV o D1 D2 Q2 | 2N3004 [ iNgids  INA1As | 2N3904 |
Q2 | | 2N3904 1N4148 1N4148 2N3%04 | | ~
base | ' ‘ : ’ : 7770V

i

‘ i - 7770V
Figure I. Circuit and waveforms of Figure 2. Wide-supply-voltage example
a basic | kHz astable multivibrator. of a | kHz astable multivibrator. ‘
= [ ==l

Figure 3. High-stability version of the
basic Figure 2 | kHz astable
multivibrator circuit.

|
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+3V0to +18V

R3g % R1 % R2 %R4
1k8 , 680k < 680k 1k8

C2
ot —J—p— G, [owz | P
1 1 @1

R1
68k

+5V0 to +9V0 T T +3V0t0+9V0
R2 RS R3g =C3 by R4
%681( 38 1k8 >1N9348 1000, 4148 S 1k8
fo
Out2 | Outf

C2 <Rt

10n <68k 68k 10

2N3904 2N3904 t=~1s/uS } at
Q2 Q4 e

2N3904 e 2N3804 = 2N3904
o 77110V oV |
B Fi -Deri = Figure 5. | kHz astable with waveform Figure 6. | kHz astable with ‘

j i e baiod s R e o correction via steering diodes * sure-start facility.

T, =i DI and D2. = — |
able by using twin-gang variable resis- mpeEm L s
tors (in series with 10K limiting resistors) +3V0 to +9V0 |

in place of R1 and R2.
Outputs can be taken from either 1k8
collector, and the two outputs are in anti-

phase. The Figure 1 circuit's operating = Qut1 c2 Out2 |

frequency is almost independent of sup- 10n 1%1n

ply-rail values in the range 1.5V to 9.0 V; {4

the upper voltage limit is set by the fact \

that, as the transistors change state at Qi Q2 i ‘:’14

the end of each half-cycle, the base-emit- 2N3904 2N3904 = 1N4148 Q2

ter junction of the off one is reverse
biased by an amount almost equal to the
supply voltage and will zener (and upset

oV \

Figure 7. Basic 1,100 Hz variable ;
mark/space ratio generator.

7170V ‘
Figure 8. 1,100 Hz variable mark/space

the timing action) if this voltage exceeds
the junction’s reverse breakdown voltage value (which is typ-
ically about 10 V).

This problem can be overcome by wiring a silicon diode
in series with the input of each transistor, to raise its effec-
tive zener value to that of the diode, as shown in Figure 2.
This protected circuit can be used with any supply in the
range 3 V to 20 V, and gives a frequency variation of only
2% when the supply is varied from 6 V to 18 V. This varia-
tion can be reduced to a mere 0.5% by wiring an additional
compensation diode in series with the collector of each tran-
sistor, as shown in the circuit of Figure 3.

ASTABLE CIRCUIT VARIATIONS

The basic Figure 1 astable circuit can be usefully mod-
ified in several ways, either to improve its performance or to
alter the type of output waveform that it generates. Some of
the most popular of these variations are shown in Figures 4
through 9.

One weakness of the basic Figure 1 circuit is that the
leading edges of its output waveforms are slightly rounded
— the larger the values of timing resistors R1-R2 relative to
collector load resistors R3-R4, the squarer the edges
become. The maximum usable R1-R2 values are, in fact,
limited to h;, x R3 (or R4), and one obvious way of improv-
ing the waveforms is to replace Q1 and Q2 with Darlington
connected pairs of transistors and then use very large R1
and R2 values, as in the Figure 4 circuit, in which R1 and R2
can have values up to 12M, and the circuit can use any sup-
ply from 3 Vto 18 V.

With the R1-R2 values shown, the circuit gives a total
period or cycling time of about one second per pF when C1
DECEMBER 2003

ratio generator with waveform
correction and sure-start facility.

and C2 have
equal values,
and gives an excellent square wave output. The leading-
edge rounding of the Figure 1 circuit can be eliminated by
using the modifications of Figure 5, in which steering or
waveform-correction diodes D1 and D2 automatically dis-
connect their respective timing capacitors from the transis-
tor collectors at the moment of transistor switching. The cir-
cuit’s main time constants are set by C1-R1 and C2-R2, but
the effective collector loads of Q1 and Q2 are equal to the
parallel resistances of R3-R4 or R5-R6.

A minor weakness of the basic Figure 1 circuit is that if
its supply is slowly raised from zero to its normal value, both
transistors may turn on simultaneously, and the oscillator
will not start. This snag can be overcome by using the sure-
start circuit of Figure 6, in which the timing resistors are
connected to the transistor collectors in such a way that
only one transistor can be on at a time.

All astable circuits shown so far give symmetrical out-
put waveforms, with a 1:1 mark/space ratio. A non-symmet-
rical waveform can be obtained by making one set of
astable time constants larger than the other. Figure 7 shows
a fixed-frequency (1,100 Hz) generator in which the
mark/space ratio is variable from 1:10 to 10:1 via RV1. The
leading edges of the output waveforms of the above circuit
may be objectionably rounded when the mark-space con-
trol is set to its extreme positions. Also, the circuit may not
start if its supply is applied too slowly. Both of these snags
are overcome in the circuit of Figure 8, which is fitted with
both sure-start and waveform-correction diodes.

Finally, Figure 9 shows a basic astable circuit modified
so that its frequency is variable over a 2:1 range (from 20 kHz
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1“,28 - — — 20kHz
Out 1 R3 R4 (set )
L | «700F %sex eek% c2 == <10kHz |
L 470pF LF input
" p
\ (for FM
output)

oy ' -
‘ Figure 9. Astable with variable-frequency and FM facility. W

down to 10 kHz) via a single pot, and so that its generated
waveform can be frequency modulated via an external low-
frequency signal. Timing resistors R3 and R4 have their top
ends taken to RV1 pot and the frequency is greatest when
the pot is at the positive supply line. Frequency modulation
is obtained by feeding the low-frequency signal to the tops of
R3-R4 via C4; C3 presents a low impedance to the carrier sig-
nal, but a high impedance to the modulating one.

MONOSTABLE BASICS

Monostable multivibrators are pulse generators, and
may be triggered either electronically or manually. Figure
10 shows a circuit of the latter type, which is triggered by
feeding a positive pulse to Q2 base via S1 and R6. This cir-
cuit operates as follows. Normally, Q1 is driven to satura-
tion via R5, so the output (Q1 collector) is low. Q2 (which
derives its base-bias from Q1 collector via
R3) is cut off under this condition, so C1

+6Vto +15V

applied to Q2 base via S1, Q2 is driven on and its collec-
tor goes low, reverse biasing Q1 base via C1 and thus initi-
ating a regenerative switching action in which Q1 is turned
off (and its output switches high) via C1’s negative charge,
and Q2 is driven on via R1-R3 after S1 is released. As soon
as the switching is complete, C1 starts to discharge via R5,
until its charge falls to such a low value that Q1 starts to
turn on again, thus initiating another regenerative action in
which the transistors revert to their original states and the
output pulse terminates, completing the action.

Thus, a positive pulse is developed at the Q1 output
each time an input trigger signal is applied via S1. The
pulse period (P) is determined by the R5-C1 values, and
approximates 0.7 x R5 x C1, where P is in mS, C is in uF,
and R is in kilohms, and equals about 50mS/uF in the
example shown. In practice, the Figure 10 circuit can be
triggered either by applying a negative pulse to Q1 base or
a positive one to Q2 base (as shown). Note that the base-
emitter junction of Q1 is reverse biased by a peak amount
equal to Vg ppy during the operating cycle, thus limiting
the maximum usable supply voltage to about 9 V. Greater
supply voltages can be used by wiring a silicon diode in
series with Q1 base, as shown by D1 in the diagram, to
give the same frequency correction action as described
earlier for the astable circuit.

LONG DELAYS

The value of timing resistor R5 must be large relative
to R2, but must be less than the product of R1 and Q1’s h,
value. Very long timing periods can be obtained by using a
Darlington or Super-Alpha pair of
transistors in place of Ql, thus

is fully charged. When a start signal is

R3

+3V to +9V
10k

Out

M2

o181
% I(stan) %szs
’ ng
10k

enabling large R5 values to be used,
as shown in the Figure 11 circuit,
which gives a pulse period of about
100 seconds with the component val-

R1
1k8

RS st
ssé (start)
R6
10k

-\

R3 c1

100

| @
| 2N3904

Q1 Q3
2N3904 1%:% 2N3904

ues shown.

An important point to note is that
the basic Figure 10 circuit actually
triggers at the moment of application
(via S1 and R6) of a positive-going

Q2
2N3904

ov
Note: Delay (p) = 50mS/uS
= 5sec with C1 value shown

Figure I1. Long-period (100 second)
monostable circuit.

pulse to the base of Q2. If this pulse
is removed before the monostable
completes its natural timing period,
the pulse will end regeneratively in

the way already described, but if

7oV

62

collector l

i !
collector
| Figure 10. Basic manually-triggered
monostable pulse generator.

—p —>

S1ﬂ li

Q1

Q1
base

+V

———-0ov

. 49V the trigger pulse is not removed
R1 RS c1 R2 (via S1) at this time, the mono-
1k8 68k 2n2 1k8 stable period will end non-regen-
I —it eratively and will have a longer
NV - .
Out R3 1N31 = 2cn22 period and fall-time than nor-
P =110u8)] 10k ) mal. This problem can be elimi-
'_1 nated by using electronic (rather
] R6 I'—l than manual) triggering, as
Q2
at  R4< aNseos 10k 2 i described in the next section.
2N3904 |
| o - ELECTRONIC
Figure 12. Electronically triggered TRIGGERING
monostable.
R e e Figures 12 and 13 show
DECEMBER 2003




alternative of

+9V

way's

applying electronic trig- 5
. R1 RS cC1 R2
gering to the monostable 1k8% RS % 8 20 % k8 1k8
pulse generator. In each 10k { (
case, the circuit is trig- o——y— VMV
| Out i o
gered by a square wave (p=110pS) {%30 A i |
input with a short rise ’ 220p Q2
time. This waveform is |—T 2N3904 2N3904
i i ., < Q2 Q3 SR6 | S1 S2
differentiated b-y C? R6, o 1%'4( N394 23904 ok In Set TI 'TReset
to produce a brief trigger 2N3904 ! ~
' 7770V

pulse. In the Figure 12 +—
circuit, the differentiated 17770V
input signal is discrimi-

Figure I3. Monostable with gate-input triggering. j

nated by D1, to provide a
positive trigger pulse on Q2 base

each time an external trigger sig-
nal is applied. In the Figure 13
circuit, the differentiated signal is
fed to @3, which enables the trig-
ger signal to be quite independ-
ent of Q2. Note in the latter cir-
cuit that speed up capacitor C3
is wired across feedback resistor
R3 to help improve the shape of
the circuit’s output pulse.

The Figure 12 and 13 cir-
cuits each give an output pulse
period of about 110 mS with the

Figure 15. Improved manually-triggered
R-S bistable multivibrator with
switch-low triggering.

Figure 16. Manually-triggered

R-S bistable with switch-high triggering.

component values shown. The
period can be varied from a fraction of a millisecond to
many seconds by choice of the C1-R5 values. The circuits
can be triggered by sine or other non-rectangular wave-
forms by feeding them to the monostable input via a
Schmitt trigger or similar sine/square converter circuit (see
Figure 20).

BISTABLE CIRCUITS

Bistable multivibrators make good stop/go waveform
generators, and Figure 14 shows a basic manually-triggered
version of such a circuit, which is also known as an R-S
(Reset-Set) flip-flop. Its output can be set to the high state
by briefly closing S1 (or by applying a negative pulse to Q1
base via a current-limiting resistor), thus turning Q1 off (and
simultaneously turning Q2 on via the R3 cross-coupling),
and the circuit then latches into this state until it is reset to
the low state by briefly closing S2 (or by applying a nega-
tive current-limited pulse to Q2 base), thus turning Q2 off
and therefore turning Q1 on via the R4 cross coupling. The
circuit then latches into this new state until it is set again via
S1, and so on.

The latching action of the basic Figure 14 circuit relies
on the fact that the saturation voltage (typically 200 mV) of
the ON transistor is significantly lower than the base-biasing
voltage (typically 600 mV) of the opposing device. In prac-
tice, these ideal conditions may not be met if the transistor
is not a good-quality silicon type, or if it operates at an
excessive temperature or with a low-value collector load. In
cases of doubt, the circuit’s reliability can be greatly
enhanced by using the modifications shown in the improved
circuit of Figure 15, in which resistors R5 and R6 act as sim-
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ple potential dividers with R3 and R4, respectively, thus
reducing the undesirable effects of high saturation voltages,
etc.

The circuits of Figures 14 and 15 both give a switch-low
triggering action, in which the circuit changes state when an
ON transistor is turned OFF by pulling its base low via a
switch or by applying a negative pulse to its base.

Figure 16 shows an alternative version of the basic
manually-triggered bistable, in which the circuit gives a
switch-high action in which the circuit changes state when
an OFF transistor is turned ON by pulling its base high via
a switch or by applying a positive current-limited pulse to its
base. i

Note that when power is initially applied to the basic
Figure 14 to 16 circuits, the output initially settles into a ran-
domly-determined state that depends on the relative charac-
teristics of the two transistors and their associated passive
components.

If desired, the basic circuit can be made to automatical-
ly switch into a desired initial power up state by automatical-
ly feeding a suitable switch-on trigger pulse to the base of
one or the other of the two transistors, as shown in Figure i
17, which shows the basic Figure 15 circuit modified (via
R7-C1 and current-limiting resistor R8) so that the circuit
automatically switches into the set (Q1 output high) state at
power-up.

One of the most useful applications of the basic
bistable multivibrator is as a push-button-controlled timer
circuit, in which the output automatically goes high at
power-up or on the closure of a push-button start switch, but
goes low again automatically after a pre-set delay. Figure 18
shows the basic Figure 17 circuit modified to give such
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Figure 7. Basic Figure |15 circuit modified
to give SET action at initial power-up.

Figure 19. Divide-by-two bistable circuit.

v+ ) in which it changes state
each time a negative-going
R2 trigger pulse is applied. The

1k8
s circuit generates a pair of
2N3904 anti-phase outputs, known
+ as Q and not-Q (denoted by
a bar over the Q sign in the
Adjustable i i i
Out| elayertpuise dla.gram). In prac.tlce, grea‘t
generalor §10 | ) ly improved versions of this
l StanT TS“’D counting type of circuit are
B B Fo oY readily available in CMOS

or TTL digital IC form.

THE SCHMITT
TRIGGER

The final member of
the multivibrator family is
the Schmitt trigger. This is
a voltage-sensitive bistable
switching circuit that
changes its output state
when the input goes above
or below pre-set upper and
lower threshold levels; to
complete this month’s dis-
cussion, Figure 20 shows a
simple Schmitt trigger cir-
cuit used as a sine-to-
square waveform converter
that gives a good performance up to a
few hundred kHz and needs a sine

Figure 18. Basic circuit of a manually-
triggered bistable multivibrator with
timed auto-reset action.

Figure 20. Schmitt sine/square converter.

of the desired delay period,
thereby completing the circuit’s

action. Here, the Q1 output automati-
cally goes high (via R7-C1 and R8) at
the moment of initial power-up, there-
by activating (via emitter follower Q3)
an adjustable delayed-pulse generator,
which automatically feeds a reset
pulse to Q1 base via D1-R9 at the end

operating cycle.

Finally, before leaving the basic
bistable multivibrator circuit, note that
it can, by connecting two steering
diodes and associated components as
shown in Figure 19, be modified to
give a divide-by-two or counting action

wave input signal amplitude of at least
0.5V RMS. The output signal symme-
try varies with input signal amplitude;
RV1 should be adjusted to give best
results. Next month, we'll describe a
variety of audio power amplifier circuits
and associated gadgets. ™
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Positioning

System

, ~ (GPS) technology is a
’great boon to anyone who has the
need to navigate either great or
small distances. This wonderful
navigation technology was

actually first available

for government

use back in the
, late 1970s.

&>~ NAVSTAR GPS satellite, courtesy of The Boeing Company.
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'__ n the past 10 or so years, GPS has been made available to the general public
in the form of handheld receivers that use this satellite technology provided
by the US government. Through the use of these handheld receivers, one can

navigate back to a starting point or other predetermined locations without the
use of maps or any other equipment.

GPS is a satellite based navigation system developed and operated by the US
Department of Defense. The idea behind GPS is to transmit spread spectrum
radio signals that allow a range measurement from an unknown satellite
location. With knowledge of the transmitter location and the distance to the
satellite, the receiver can locate itself on a sphere whose radius is of the distance
measured. After receiving signals and making range measurements on other
satellites, the receiver can calculate its position based on the intersection of

several spheres.

It is a worldwide radio-navigation system, formed from a constellation of 24
satellites and their ground stations. GPS uses these "man-made stars" as refer-
ence points to calculate positions accurate to a matter of meters. The US Military
launched the first GPS satellite in February 1978, and civilian use began in the
early 1990s. Since then receivers have decreased rapidly in price and are now as
little as $145.00. They are increasingly found in domestic vehicles for navigation,

and used by geographers and others to record spatial information. With
advanced forms of GPS, you can make measurements to better than a centime-
ter! In a sense, it's like giving every square meter on the planet a unique address.

GPS receivers have been miniaturized to just a few integrated circuits and are
becoming very economical. And that makes the technology accessible to
virtually everyone. These days, GPS is finding its way into cars, boats, planes,
construction equipment, movie-making gear, farm machinery, and even laptop
computers. Soon GPS will become almost as basic as the telephone. GPS
permits users to determine their 3-D position, velocity, and time. This service
is available for military and commercial users around the clock, in all weather,
anywhere in the world.

GPS uses NAVSTAR (NAVigation Satellite Timing And Ranging) satellites.
The constellation consists of 21 operational satellites and three active spares.
This provides a GPS receiver with 4 to 12 usable satellites 'in view' at any time.
A minimum of four satellites allows the GPS card to compute latitude, longitude,
altitude and GPS system time. The NAVSTAR satellites orbit the Earth at an alti-
tude of 10,898 nautical miles in six 55-degree orbital planes — with four satellites

|__i_n each plane. The orbital period of each satellite is approximately 12 hours. ‘J




o GRS Works

In order to understand how the
GPS system works, we're going to
jump into a bit of simple algebra.
Remember echolocation from high
school physics? If we send out a
pulse of sound or radio waves and
wait for them to bounce off some-
thing and come back, we can deter-
mine the distance to the object by
dividing the time it took for the reply
by the speed of sound or light:

Distance = Speed * Time
Time = Distance / Speed

GPS works on much the same
principle, except that unlike
RADAR/SONAR where the transmit-
ter is also the receiver of the signal,
GPS satellites only transmit the tim-
ing data pulses; GPS receiver units
only receive.

Imagine you and a friend have
precision-synchronized watches and
were standing in a cricket stadium. If
he shouted, "I'm at the far right cor-
ner end and it's now 5:00 and 0.0000
seconds!" and you heard this mes-
sage at 5:00 and 0.333 seconds, you
could determine how far away he was
by the timing delay of 0.333 seconds.
Estimating the speed of sound at
around 300 meters per second, you
can guess he's about 100 meters away
from you (or that you're 100 meters

Figure I. Constellation
of NAVSTAR satellites.

away from the far right corner end).

Suppose you had another friend
at the far left corner end and he
shouted the same message at the
same time and you calculated him to
be 150 meters away. Could you tell
where you were? Pretty much. You
know that you're 100 meters away
from your first friend, so you could take
a diagram of the field and draw a circle
with a 100-meter radius around his
known position. Then you could draw a
circle with a 150-meter radius around
your second friend's known position.
The two circles should intersect at two
points — one of which should be your
real position The Global Positioning
System works on this principle,
although it uses much more precise
clocks and the speed of light.

The total GPS configuration is
comprised of three distinct
segments:

:
=
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Circle #118 on the Reader Service Card.

» The Space Segment — Satellites
orbiting the earth

» The Control Segment — Stations
positioned on the earth's equator to
control the satellites

» The User Segment — Anybody that
receives and uses the GPS signal

The Space Segment of the sys-
tem consists of the GPS satellites.
These space vehicles (SVs) send
radio signals from space. The nomi-
nal GPS Operational Constellation
consists of 24 satellites that orbit the
Earth in 12 hours. There are often
more than 24 operational satellites as
new ones are launched to replace
older satellites. The satellite orbits
repeat almost the same ground track
(as the earth turns beneath them)
once each day. The orbit altitude is
such that the satellites repeat the
same track and configuration over
any point approximately each 24
hours (four minutes earlier each
day).

There are six orbital planes (with
nominally four SVs in each), equally
spaced (60 degrees apart), and
inclined at about 55 degrees with
respect to the equatorial plane. This
constellation provides the user with
between five and eight SVs visible
from any point on the Earth.

The GPS satellite signal contains
information to identify the satellite, as
well as provide positioning, timing,
ranging data and satellite status.
Space vehicle number or the pseudo
random code number identifies the
satellites. The satellites transmit on
two L-band frequencies: 1.57542
GHz (L1) and 1.22760 GHz (L2). The
L1 signal has a sequence encoded
on the carrier frequency by a modu-
lation technique, which contains two
codes: a precision (P) code and a
course/acquisition (C/A) code. The
L2 code contains only P code, which
is encrypted for military and author-
ized commercial users.

The control segment of the sys-
tem consists of the worldwide system
of tracking and monitoring stations.
The monitor stations measure sig-
nals from the GPS satellites and relay
the information they collect to the
Master Control Station located at
Colorado Springs, CO. The station
uses this data to compute precise
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orbital models for the entire GPS con-
stellation. This information is then
formatted into updated navigational
messages for each satellite.

The user segment consists of the
GPS receivers, processors and anten-
nas utilized for the positioning and
timing by the military and communi-
ty. Users figure their position on
Earth by measuring their distance to
a group of satellites. Each GPS satel-
lite transmits an accurate position
and time signal. The user's receiver
measures the time delay for the sig-
nal to reach the receiver. By knowing
the distance to four points in space,
the receiver is able to triangulate a
three-dimensional position.

The GPS User Segment consists
of the GPS receivers and the user
community. GPS receivers convert
SV signals into position, velocity, and
time estimates. Four satellites are
required to compute the four dimen-
sions of X, Y, Z (position) and time.
GPS receivers are used for naviga-
tion, positioning, time dissemination,
and other research.

Navigation in three dimensions is
the primary function of GPS.
Navigation receivers are made for air-
craft, ships, ground vehicles, and for
hand carrying by individuals. Precise
positioning is possible using GPS
receivers at reference locations, pro-
viding corrections and relative posi-
tioning data for remote receivers.
Surveying, geodetic control, and
plate tectonic studies are examples.

Time and frequency dissemina-
tion — based on the precise clocks
on board the SVs and controlled by
the monitor stations — is another use
for GPS. Astronomical observatories,
telecommunications facilities, and
laboratory standards can be set to
precise time signals or controlled to
accurate frequencies by special pur-
pose GPS receivers. GPS works in
five logical steps:

#1. The basis of GPS is "triangula-
tion" from satellites.

#2. To triangulate, a GPS receiver
measures distance using the travel
time of radio signals.

#3. To measure travel time, GPS
needs very accurate timing, which it
achieves with some tricks.

#4. Along with distance, you need to
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Figure 2. The components of GPS.

know exactly where the satellites are
in space. High orbits and careful
monitoring are the secret.

#5. Finally you must correct for any
delays the signal experiences as it
travels through the atmosphere.

The 24 satellites that make up
the GPS space segment are orbiting
the Earth about 12,000 miles above
us. They are constantly moving,
making two complete orbits in less
than 24 hours. These satellites are
traveling at speeds of roughly 7,000
miles an hour. GPS satellites are pow-
ered by solar energy. They have
backup batteries onboard to keep
them running in the event of a solar
eclipse, when there's no solar power.
Small rocket boosters on each satel-
lite keep them flying in the correct
path. Here are some other interesting

facts about the GPS satellites:

- The first GPS satellite was launched
in 1978.

«A full constellation of 24 satellites
was achieved in 1994.

-Each satellite is built to last about
10 years. Replacements are constant-
ly being built and launched into orbit.

+ A GPS satellite weighs approximate-
ly 2,000 pounds and is about 17 feet
across with the solar panels extend-
ed.

- Transmitter power is only 50 watts
or less.

Psandorandomm
Coda

The PseudoRandom Code (PRC)
is a fundamental part of GPS.
Physically, it's just a very complicat-
ed digital code, or in other words, a
complicated sequence of "on" and
"off" pulses. The signal is so compli-
cated that it almost looks like ran-
dom electrical noise. Hence the
name "pseudorandom." The complex
patterns help make sure that the
receiver doesn't accidentally sync up
to some other signal. The patterns
are so complex that it's highly unlike-
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|9 cm wavelength
1575.42 MHz
C/A Code

Navigation

24 cm wavelength

1227.6 MHz
P Code

Navigation Message

TABLE |. GPS carrier waves.

ly that a stray signal will have exactly
the same shape.

Since each satellite has its own
unique pseudorandom code, this
complexity also guarantees that the
receiver won't accidentally pick up
another satellite's signal. So all the
satellites can use the same frequen-
cy without jamming each other. And
it makes it more difficult for a hostile
force to jam the system. In fact, the
PRC gives the DoD a way to control
access to the system.

But there's another reason for
the complexity of the PRC, a reason
that's crucial to making GPS eco-
nomical. The codes make it possible
to use 'information theory" to
"amplify" the GPS signal. And that's
why GPS receivers don't need big
satellite dishes to receive the GPS
signals.

GPS satellites broadcast on
three different frequencies, and each
frequency (or carrier wave) has
some information or codes on it.
You can think of it as three different
radio stations broadcasting several
different programs. Table 1 lists the

signals and the contents.

« P Code: Reserved for direct
use only by the military.

+C/A Code: Used for rougher
positioning.

-For Single frquency, only the L1
carrier is used.

*For Double frequency, the
L1/L2/L3 carriers are used.

- The navigation message (usually
referred to as the ephemeris) tells us
where the satellites are located, in a
special coordinate system called
WGS-84. If you know where the
satellites are at any given time, then
you can compute your location here
on earth.

DEPS =

Frerancial GPS

[os'y

i
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Satellites send a continuous
stream of signals to the Earth,
enabling a GPS unit to determine
their position, using various calcula-
tions. Such systems give an accura-
cy of about 100 meters. This uncer-
tainty is due to several types of
errors, which are inherent in the sys-
tem. For some uses, like mining and
high accuracy navigation (for exam-
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ple, a car through city streets)
required higher accuracy than this.
DGPS is a system, which provides up
to sub-meter accuracy.

Differential GPS carries the trian-
gulation principles one step further,
with a second receiver at a known
reference point. To further facilitate
determination of a point's position —
relative to the known Earth surface
point — this configuration demands
collection of an error-correcting mes-
sage from the reference receiver.

Differential-mode  positioning
relies upon an established control
point. The reference station is placed
on the control point, which is a trian-
gulated position, the control point
coordinate. This allows for a correc-
tion factor to be calculated and
applied to other roving GPS units
used in the same area and in the
same time series. Inaccuracies in the
control point's coordinate are direct-
ly additive to errors inherent in the
satellite positioning process.

Error corrections derived by the
reference station vary rapidly, as the
factors propagating position errors
are not static over time. This error
correction allows for a considerable
amount of error to be negated —
potentially as much as 90 percent.
There are two methods of DGPS:

-Post Processing requires differen-
tial information to be stored in the
unit and used to calculate the posi-
tion. This information has to be
updated from time to time, and the
accuracy is lost as soon as you leave
the area for which the differential
information was calculated, or if the
differential information is old.

+Real Time DGPS gets past this by
transmitting differential information
continually from a known location. It
is this system that is suited for RDS
(Radio Data Systems). Real Time
DGPS works by placing a DGPS sta-
tion at a location which is known to a
high level of accuracy, and then com-
paring this known location with the
location computed using the GPS sys-
tem. The difference is then calculated,
and this difference is then transmitted
to special DGPS systems in the field,
which can then use this to calculate a
highly accurate position.
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Factors that can degrade the
GPS signal and thus affect accuracy
include the following:

Ionosphere Error — The ionosphere
is a band of charged particles in the
atmosphere over 80 miles up.
Because the radio waves travel at the
speed of light, and most of the dis-
tance is in a vacuum, the speed of
light in a vacuum is assumed to cal-
culate the range to the satellite. When
the radio waves pass through the ion-
osphere, the charged particles slow
down the waves. Because the signals
actually travel slower than the receiv-
er assumes in a short distance, the
calculation is slightly inaccurate.

HDOP — Horizontal Dilution of
Precision, or HDOP, is caused by
satellite geometry. If the GPS receiver
is using satellites which are close
together, as opposed to spread across
the sky, the area of where you are

results by a few feet.

Ephemeris Error — GPS satellites
are inserted into very precise orbits
when launched. The Department of
Defense monitors these orbits close-
ly, and informs the satellite if there is
any variation. GPS receivers can then
pick up this data, so that they use the
correct position of the satellite to tri-
angulate the receiver's co-ordinates.

Selective Availability (SA)

Because location information is of
major strategic importance (which is
why the system was created in the
first place), the Department of
Defense limits the accuracy of the
signals available to civilian receivers.
This is intended to stop enemies from
making use of the system for target-
ing or navigation Even when stand-
ing still, your location reading can
vary from your true position.
Introducing a random distortion,
Selective Availability (SA), of the sig-
nals sent by each satellite, purposely
creates this error. Because the intent
is to limit the accuracy of GPS sig-

DIFFERENTIAL GPS POSITIONING

a 'true' location will be available as
long as the receiver is stationary for
the full period. This 'true' location will
be subject to variations in physical
factors, as listed in Table 2.

Satellite and Receiver Clock
Errors — Even though the clocks in
the satellite are very accurate (to
about 3 nanoseconds), they do
sometimes drift slightly and cause
small errors, affecting the accuracy
of the position.

Multipath Errors — Multipath

occurs when the receiver antenna is
positioned close to a large reflecting
surface such as a lake or building. The
satellite signal does not travel directly

probably located gets long and thin,
instead of being circular. Even though

nals, not destroy their utility,
certain rules are followed:

both have the same area, a long thin lonosphere 5.0 meters 0.4 meters
> “ . % - - ? 2 tars
area gives you a higher uncertainty. - Signals have a stated accu- fropospliere S meads Ntihaces
0, Ephemeris data 2.5 meters 0 meters
racy of +100 meters 95% of i :

2 E : i Satellite clock drift 1.5 meters 0 meters
RGC?IVEI' rror — Sometimes the the time. Multipath 0.6 meters 0.6 meters
receiver will round numbers or per- Measurement noise 0.3 meters 0.3 meters
form incorrect calculations due to Over a period of 24 hours, Total ~ 15 meters ~ 10 meters

electromagnetic interference. These
small inconsistencies can change the

the effect of the randomly

1 TABLE 2. Error sources and magnitudes.
| introduced errors cancel out so
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to the antenna but hits the nearby
object first and is reflected into the
antenna creating a false measure-
ment. Multipath can be reduced by
use of special GPS antennas that
incorporate a ground plane (a circu-
lar, metallic disk about 50cm (2 feet)
in diameter) that prevent low eleva-
tion signals reaching the antenna.

ATCUracy of GPS
I

i
Revieuwed
There are four basic levels of
accuracy — or types of solutions —
you can obtain with your realtime
GPS system as shown in Table 3.
The accuracy that can be

achieved using GPS depends on the

Differential GPS
(DGPS)

Real-Time Kinematic Accuracy

Fixed (RTK Fixed)

TABLE 3. GPS solutions and their accuracy.

Accuracy of 0.5 - 5 meters

of | - 5ecm

type of equipment used, the time of
observation, and the positions of the
satellites being used to compute posi-
tions. In general, recreational and
mapping grade receivers using C/A
code without differential correction
are accurate to between 10 and 15
meters.

In purchasing a GPS system the
user should define what their GPS
needs will be for the next few years.
(When considering the accuracies of
GPS receivers a user should realize
that in almost all cases, more than
one receiver is needed.) When one
receiver is tracking satellites and
obtaining position data, the informa-
tion received has traveled over
12,000 miles and has been distorted
by numerous atmospheric factors.
This results in accuracy of
about 25 meters. With SA
turned on, and one receiver
is used, the greatest accura-
cy a user can expect is £100
meters.

To improve the accura-
cy of GPS, differential or
Relative Positioning can be

employed. If two or more receivers
are used to track the same satellites,
and one is in a known position, many
of the errors of SA can be reduced,
and in some cases, eliminated.

Differential data can be accom-
plished using common code or carri-
er data (L1 or L2). The most accurate
systems use differential data from a
GPS base station that continually
tracks 12 satellites and transmits the
differential data to remote units, or
"rovers" using a radio link. With these
systems centimeter accuracy and
real-time navigation is possible.

In Part 2 of this article, I'll explain
more about methods of error correc-
tion, applications of GPS in industry
and recreation, and finally some
practical considerations to weigh
before purchasing a GPS receiver.
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l Defeating Bugs And Other
. Electronic Pests

|
5 by David Vine

he field of Technical
Surveillance Countermeas-
ures (TSCM) is both an art

and a science. There is an art to
understanding and second-guessing
the work of the eavesdropper. Actor
Gene Hackman seems to lead the
field in "artistic" portrayal of this
type of technician. Many years ago
in "The Conversation," he played
the part of a troubled surveillance
specialist whose conscience got the
best of him. More recently, in the
movie "Enemy of the State," his
ultra-low-profile curmudgeon-hero
character saved the life of an unwit-
ting lawyer who had stumbled into a
lethal intra-government conspiracy.

TSCM Defined

TSCM can be defined as a serv-
ice provided by qualified personnel
to detect the presence of technical
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surveillance devices and hazards,
and to identify technical security
weaknesses that could aid in the
conduct of a technical penetration of

a facility. A TSCM survey will provide
a professional evaluation of the facil-
ity's technical security posture, and
normally will consist of a thorough
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visual, electronic, and physical exam-
ination in and about the surveyed
facility.

Electronic surveillance is general-
ly illegal. Most states have some form
of law covering electronic eavesdrop-
ping but in many states "one party"
recording of telephone conversations
is lawful. For information about laws
in specific states, try a keyword
search at www.firstgov.gov and
restrict the search to the state in
which you are interested.

The Federal Crimes and Criminal
Procedure, USC Title 18, includes

Chapter 119 — where Wire
and Electronic Communications
Interception and Interception of Oral
Communications are outlined. There
is, in effect, legal electronic surveil-
lance. Department of Justice policy
on the use of electronic surveillance
is codified at 18 U.S.C. § 2510,
et seq.

Chapter 7 of the United States
Attorney's Manual contains the spe-
cific mechanisms, including applica-
ble approval requirements, for the
use of wiretaps, "bugs" (oral intercep-
tion devices), roving taps, video sur-
veillance, and the consensual moni-
toring of wire or oral communica-
tions, as well as emergency intercep-
tion procedures and restrictions on
the disclosure and evidentiary use of
information obtained through elec-
tronic surveillance.

Legal electronic surveillance is
performed by a variety of govern-
ment and military organizations,
while illegal electronic surveillance is
performed by various individuals
ranging from jealous spouses to
corporate espionage specialists and
others.

Bugs and
Extermination

Bugs transmit information (not
necessarily intelligence) back to a
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| monitoring post via wired or wireless
| means. TSCM operators start with a

physical assessment of the premises
and then check for video cameras,
wired microphones, and radio trans-
mitters. [nnocent devices such as
wireless intercom systems that plug
into electrical outlets are sometimes
misused. Continuity testers and cur-
rent detectors are used to find these
types of bugs.

While it was easy to spot cam-
eras 20 years ago due to their large
size, this has become increasingly dif-
ficult during the Ilast decade.
Cameras have become much smaller
and consume a fraction of the power
they did 10 years ago.

Due to this, covert installation in
nearly any imaginable place is possi-
ble. Methods frequently used for hid-
ing cameras, as well as methods to
detect and locate covertly installed
cameras, are presented in a paper by
Marc Roessler available on the
Internet.

One expert has reported that
incandescent and fluorescent lights
can be modulated inside a room and
then the visible light demodulated
from outside via a window. Infrared
(IR) light also has been reported in
similar systems. Night vision viewers
or video cameras sensitive to IR (such
as Sony Handycam and most black
and white surveillance video cam-
eras) can detect IR hotspots. Many
Nuts & Volts advertisers sell suitable
equipment for IR detection. Faintly
flickering lights (when loud music is
playing in the room) can be a give-
away in detecting visual systems.

The Amazing Products catalog
contains information about a
"Remarkable Concept" allowing you
to listen to sounds picked up from a
reflecting surface illuminated by a
laser. This is accomplished by listen-
ing to these light reflections or scatter
with a sensitive optical receiver.
"Assembled laser and receiver mod-
ules may be placed on video tripods
and temporarily aligned for limited
performance demonstration systems.

They may also be enclosed as
shown in the instructions for use as a
field-worthy device with a potential
range of up to 500 feet."
Eavesdroppers using such devices
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can be countered by the acoustic
countermeasures given above. In
some cases, night vision devices can
detect the infrared beam that may be
emitted by the laser.

Wired microphones (as well as
video cameras) can be installed in a
variety of ways using existing but
unused telephone or computer net-
work wiring, hair-thin wires or even a
single wire and earth ground.
Telephone set microphones or ear-
pieces can be used, as well as radio
or stereo speakers wired to a monitor-
ing post. Physical inspections and
connection of suspect wiring to volt-
meters (first), ohmmeters (second)
and audio amplifiers (third) can be
used to detect these devices.

According to Research
Electronics International, LLC (REI),
"Most people that are not familiar
with spying technology think of bug-
ging devices as mainly transmitters.
However, 'spies' will use many elec-
tronic devices that do not utilize radio
frequency transmissions. This is the
forte of the non-linear junction detec-
tor, which will detect and locate any
electronic device regardless of
whether or not the device is powered.

REI markets the ORION Non-
Linear Junction Evaluator. It can be
used to locate electronic devices
whether in furniture, walls, ceiling fix-
tures or elsewhere. Since the ORION
is detecting semiconductor junctions
— not receiving transmitted signals
from a surveillance device — it works
even when the bug is turned off.

According to REI, "When doing a
countersurveillance investigation, it is
important to analyze all of the wiring
in the environment to ensure that
building wiring is not being utilized to
transport audio or video information.
This wiring may include, but is not
limited to, telephone wiring, LAN
wiring, security system or access
control wiring, intercom speaker
wiring, heating and cooling wiring,
etc. The main reason for analyzing
suspect wiring is that a microphone
that is well shielded is very difficult to
detect with an ORION.

REl's CMA-100 is a high gain
audio amplifier that is used to detect
and identify certain types of surveil-
lance devices connected to building
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wiring including telephone wiring,
LAN, server systems, de-energized
AC power, left-over wiring that is no
longer being used, etc. This multi-
functional amplifier has a built in
AC/DC digital voltmeter, selectable
audio filters, and an extremely wide
dynamic range. The CMA-100 is an
ideal tool to analyze miscellaneous
wiring for audio content. Some prob-
lem scenarios that can be discovered
with a CMA are:

1. An unused pair of telephone
or LAN wires are used to connect
directly to a shielded microphone in
the suspect environment.

2. A phone set with a hot micro-
phone or hot earpiece is used as a
microphone.

3. Microphones can easily be
installed in miscellaneous wiring such
as motion detectors, intercom speak-
ers, etc.

4. Many digital phone systems
have audio leakage that occurs on
the lines due to cross talk within the
phone set. A CMA can be used to
expose this type of vulnerability.

5. Conference call mics are
sometimes kept active without the
user knowing it. The CMA-100 can be
connected to wiring (assuming that
the AC voltage does not exceed 40
VAC or 250 VDC) and the audio con-
tent can be accessed. Furthermore, if

there is video content on the wiring,
the video synchronization pulses can
be heard and identified through the
CMA.

Telephone Bugs

One of the pioneers in the TSCM
field is semi-retired Martin L. Kaiser —
portrayed by Gene Hackman in the
movie "Enemy of the State."
According to Kaiser, "The telephone
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represents a genuine threat simply
because it contains too many micro-
phones to leave unattended in a
room. The mouthpiece, earpiece and
speaker portion of the speaker-phone
all are effective microphones. Anyone
who even leaves a telephone in a
secure area should be questioned as
to their intent! Do not take this instru-
ment too lightly."

"Thanks to the breakup of AT&T
there is now a proliferation of tele-
phones and telephone systems — far
too many to describe in individual
detail.

A common thread usually runs
throughout any telephone system.
The first is that all the telephones in
the system are like peas in a pod. The
insides of one telephone will look just
like another. For this reason it is best
to have on hand a spare telephone
that can be placed besides the one
being inspected for comparison.

Look carefully for add-on circuits
or evidence of tampering with the cir-
cuit boards i.e. jumpers, external
components, etc. Make a log which
contains as much detail as possible
about each telephone and keep it for
future reference. Once a thorough
physical inspection is made, proceed
with the electronic testing."

A source of high-quality tele-
phone tap detection equipment is
Information Security Associates
(ISA). ISA's products to detect tele-
phone taps include: the ETA-1, the
ETA-2, the ETA-3A and the LIT-1. The
ETA series of telephone analyzers are
designed to detect major types of
electronic surveillance devices used
on phone lines or in telephone instru-
ments. The analyzers are engineered
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to be used on regular telephone lines
as found in residential installations,
and also on business telephone sys-
tems and instruments.

Digital telephone systems and
fiber optic cabling are other mediums
for eavesdroppers. Physical inspec-
tion of telephone sets, wiring and out-
going lines (right up to the pole) is
critical.

Various types of wire and cable
anomalies can be detected with a
Time Domain Reflectometer (TDR).
According to test equipment maker
Riser Bond Instruments, "There are
two ways a TDR can display the infor-
mation it receives. The first and more
traditional method is to display the
actual waveform or 'signature' of the
cable." The display, which is either a
CRT or an LCD, will display the outgo-
ing (transmitted) pulse generated by
the TDR and any reflections which
are caused by impedance changes
along the length of the cable.

"The second type of display is
simply a numeric readout which indi-
cates the distance in feet or meters to
the first major reflection caused by a
fault along the cable." Some instru-
ments also indicate if the fault is an
open or a short, indicating a high
impedance change or a low imped-
ance change respectively, or if power
is detected on the cable. A bridged
tap is a component within a tele-
phone system that can be one of the
easiest things to locate and "see" with
a TDR.

Indoor wireless and cell phones
have proliferated and questions often
arise about information security
when using them. First generation
cellular phones used frequencies
under 1,000 MHz with analog trans-
mission that could be easily moni-
tored with simple receivers. Today,
most people use digital phones that
are nearly impossible to decipher
without specialized equipment and
"inside" knowledge of digital formats
and decoding procedures.

Bug Hunts and
Barriers
Pursuant to the provisions of

Section 102 of the National Security
Act of 1947 and Executive Order

12333, physical security standards
for sensitive compartmented infor-
mation facilities (SCIFs) were estab-
lished. Aggressors have historically
used a wide range of offensive strate-
gies reflecting their capabilities and
objectives. These offensive strategies
are categorized into tactics that allow
facility planners and physical-securi-
ty personnel to define threats in stan-
dardized terms usable as a basis for
facility and security-system design.

Among 15 aggressor tactics are
some that are often of concern to the
TSCM professional. They are:

Covert entry — The aggressor
attempts to enter a facility or a por-
tion of a facility by using false creden-
tials or stealth.

Insider compromise — A per-
son authorized access to a facility
(an insider) attempts to compromise
assets by taking advantage of that
accessibility.

Visual surveillance — The
aggressor uses ocular and photo-
graphic devices (such as binoculars
and cameras with telephoto lenses)
to monitor facility or installation oper-
ations or to see assets.

Acoustic eavesdropping —
The aggressor uses listening devices
to monitor voice communications or
other audibly transmitted informa-
tion.

Electronic-emanations eaves-
dropping — The aggressor uses elec-
tronic-emanation surveillance equip-
ment from outside a facility.

There are many other considera-
tions in physical security, including
"sound insulation." Sound
Transmission Class (STC) is a system
for the measurement of sound insula-
tion properties of partitions between
rooms or buildings, particularly in the
case of speech or office noise interfer-
ence. Various partitions can be rank
ordered on the basis of this measure-
ment, which uses the transmission
loss of sound in the frequency range
of 125 to 4,000 Hz.

Sound vibrates surfaces such as
walls, glass, and doors. A contact
microphone can pick up these vibra-
tions and transmit the information
along wires or modulate it onto radio
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waves to be received by an unwanted
listener residing outside the room.
Laser and microwave beams reflect-
ed off these surfaces are modulated
with the information and pose the
same threat. Vibrations caused from
talking in a room can be transferred
along air ducts, plumbing, walls and
ceilings.

Various low-tech devices can be
used to mask conversations. Such
sound-generating relaxation devices
that emit sounds of rain, surf, water-
falls and generic sound masking
audio frequencies can be employed
with varying degrees of success. Also
effective is the transducer speaker
system that attaches to surfaces like
windows to create a loudspeaker
using the surface as the diaphragm.

Radio Frequency
Devices

Martin L. Kaiser, Inc., manufac-
tures a number of products of various
types and purposes. This includes
radio frequency (RF) surveillance
transmitter detectors/demodulators,
several varieties of electronic stetho-
scopes and bomb  detection
equipment, telephone line analyzers
and accessories. In addition to these
highly specialized devices, consumer
equipment has evolved to the point of
being very useful in the RF realm.

During the 1990s, a variety of
wide range compact frequency-scan-
ning receivers were developed with
such brand names as Alinco, AOR,
ICOM, and several others. Some of
these could be connected to a second
device (most of which were portable
units manufactured by Optoelectron-
ics in Florida) to "flash tune" a radio
to nearby ambient signals. Alinco has
combined the two functions into a
single scanner radio.

DJ-X2000 can receive signals
from 0.1 to 2,149.99995 MHz. Their
DJ-X3 (a smaller and lower cost
model) can receive signals from 0.1
to 1,299.995 MHz. Both models are
blocked from receiving cellular tele-
phone frequencies. Unblocked mod-
els are available for authorized pur-
chasers. A Transweeper™ function is
used to detect a wireless microphone
or similar device using analog voice
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modulation. Transweeper will assist
you in locating the place where it is
installed. Frequency scanning can be
performed three ways. VFO mode
starts scanning from a certain fre-
quency up or down. MR mode scans
a specified set of programmed fre-
quencies. PMS mode performs scan-
ning within a programmed scanning
range. If the existence of a transmitter
is detected the DJ-X2000 LCD display
is activated and displays frequency,

as well as an approximate, relative
direction and distance. The effective
range is approximately one to five
meters.

In addition to the Transweeper
function, the DJ-X2000 automatically
tunes to a detected radio frequency
without any outboard devices. The
radio itself has circuitry that allows it
to instantaneously tune and receive
transmissions on frequencies from 50
to 1,300 MHz. In addition to flash

Web Resources

The Association of Counterintelligence
Professionals
www.acipnet.org/main.html

Audiotel International is a manufacturer of
electronic countermeasures equipment
and other secure communications
products. They offer a complete range of
electronic sweep equipment.
www.audiotel-int.com

California POST
Investigation course
www.post.ca.gov/catalog/3316.htm

certified Wiretap

Enemy of the State pictures and other
details
http://movieweb.com/movie/enemy
state

Federation of American Scientists
maintains an extensive website and
information archive on security and
intelligence related matters.
www.fas.org/index.html

National Counterintelligence Executive
(NCIX), formerly the National
Counterintelligence Center (NACIC), has
created an Internet presence to alert and
inform readers about new and updated
information.

WWW.ncix.gov

Office of Law Enforcement Technology
Commercialization (OLETC), a program
of the National Institute of Justice's Office
of Science and Technology
www.oletc.org

The Office of the Deputy Chief of Staff for
Intelligence Counterintelligence/Human
Intelligence and Security is responsible for

policy formulation, planning, program-
ming, oversight, and representation for
counterintelligence (CI), human intelli-
gence (HUMINT), and security counter-
measures (SCM) activities of the DCSINT
and the Army. Executes DCSINT
ARSTAFF responsibility for the overall
coordination of CI, HUMINT, and SCM
activities within the Army, DoD, and the
interagency process.
www.dami.army.pentagon.mil/offices
/dami-ch

Ramsey Electronics sells RF, microwave
communications, and test equipment.
www.ramseyelectronics.com/te/
default.asp

Signal Intelligence offers a family of soft-
ware tools that allow radio receivers to be
operated by a personal computer running
Windows. Individual tools are provided for
maintaining frequency databases, auto-
mated statistics gathering, data logging,
interactive monitoring and spectrum
analysis.

www.scanstar.com

SWS Security manufactures audio, video,
and RF electronic surveillance, intelligence
gathering, and radio communications
systems and has an interesting section on
its website devoted to sale of used,
overstock, or obsolete equipment.
WWW.Swssec.com

Technical Security Branch, a Canadian
company, provides good basic details and
information.
www.ipg-protect.com/doc068.htm

The Conversation movie review and more
www.filmsite.org/conv.html
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tune, the radio
itself can serve
as a frequency
counter to dis-
play a frequency
it senses.
Receiver sensitivi-
ty varies slightly
(from 0.1 to 4
uV) depending
upon the type of
signal being
transmitted.
One expert
provides good
suggestions for

the efficient use

of frequency counters (sold by several Nuts & Volts adver-
tisers). Among his points were the following:

First, it helps considerably if you know a bit about the
signal you're trying to measure. A quarter-wave antenna
for a two-meter and 70 centimeter ham radio is approxi-
mately 19 inches and six inches, respectively. A quarter-
wave cell phone antenna is a scant three inches in length.

"If you don't want to carry around several antennas
with you, it might be wise to invest in a collapsible anten-
na with a BNC connector (which is the style of connector

Now get ISO-9002 Quality

PCB Prototypes
for the best Prices

2 layers 4 layers
5 day tum Parfact for: 5 day tum
$13 ovyiss  $33
each Students each

_ Engineers ,

6 layers : 8 layers
5 dayy turn  Robotics g dayy kel
$4'8 PCB Designers $73
each each

No extra diarg&s for tooling, mask & legend

FREE GIFT with every order
Order Online at:

www.PCBFABEXxpress.com
PC

High Quality PCBs @ Low Impact Prices

E-mail: support@pcbfabexpress.com Tel: (408) 857 0039

78 Circle #150 on the Reader Service Card.

found on most counters). To calculate how far to extend
the antenna, divide the target transmitter's frequency (in
MHz) into 2,808 and the result is the approximate best
antenna length in inches. For example, if you were trying
to capture a business radio in the 460 MHz range,
2,808/460 would yield 6.1, or approximately six inches.
Now, with your antenna adjusted to that length, you stand
a much better chance of success!

Another trick of the trade is to employ a filter, which is
inserted between the counter and the antenna, to help iso-
late the target frequency. A filter basically attenuates
unwanted signals while allowing those in the target range
to pass through to the counter. Subsequently, the counter
does not have to contend with as many conflicting signals
as it attempts to lock onto the target.

Advanced Bug Detection

OSCOR (Omni Spectral Correlator) from REI is said to
be the most technologically advanced countersurveillance
detection system on the market today. OSCOR provides an
automatic, reliable, and cost effective means of protecting
a business environment 24 hours a day. OSCOR is
designed to detect all major types of audio and video RF
transmitters including carrier current and infrared.

Portable and programmable, it is a complete package
of test equipment that continuously scans all bands and
silently detects eavesdropping equipment. Its high sensitiv-
ity digital synthesized receiver scans the RF spectrum
from 10 kHz to 3 GHz. The unit also detects devices in the
portion of the electromagnetic spectrum (infrared 850-
1,070 nm), or below the frequency of visible light.

Its Audio Analyze Mode demodulates a received signal
to audio and provides an RF signal lock to support corre-
lation. The Acoustic Correlator utilizes passive sound pat-
tern matching to automatically detect a listening device.
OSCOR's strip chart plotter provides a "hard copy" of spec-
trum profiles for future comparisons.

The OSCOR PC Interface software can store signal
database information from the OSCOR for later retrieval.
Using the PC as a permanent storage device for OSCOR
information, records of previous sweeps from various loca-
tions can be created, manipulated, and compared. After an
accurate signal database is established for a specific envi-
ronment, it may be used as a reference database and will
save significant time in performing future sweeps.

Conclusion

lllegal eavesdropping is undertaken by a variety of
people ranging from paranoid spouses to international ter-
rorists. This article presents various aspects of counter-
measures that can be employed to thwart the threat.
Raising awareness and providing basic techniques, as well
as providing sources for advanced expertise can con-
tribute to personal privacy and, perhaps most importantly,
may be used to defeat eavesdropping by those who would
harm others in the name of their "cause."
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ARobot Kit from Arrick
Robotics uses the Basic Stamp
II. Quality metal construction.

Easy to assemble and
very expandable.
$235.00

www.robotics.com/arcbot

anbotics.com

Educati

Affordable Robotics
Training Courses in:

Basic Electronics
Digital Electronics
Relay Control
Servo Controllers
PLC Systems
Hydraulic Systems

From Basic to Advanced!
WWW.UCANDO-CORP.COM
1-800-678-6113
FREE SHIPPING!

UCANDO VCR Educational Products Co
(Est. 1988)

Software Development Kits
Include full IDE Compiler and
In-Circuit Debugger/Programmer

Everything you need to get
storted in C--all in one box!

Embedded C Language Development Kit

[ Jo R Student Version only $1351
PCWH Full Version $499
PCW Full Version $424
Hardware only $99

Other Proto Board Options:
18F452 18F6720 18F8720 12F675

Also Available:
CAN Bus Development Kit
USB Development Kit
Embedded Internet Demo Kit

262-797-0455 Please Use
www.ccsinfo.com/picc Code CJ3

P‘( ® and PICmicro® ore registered trodemarks of Microchip

Inc_ in the USA and other countries.

Subscribe ft

WA, nutsyolts, com
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Discover the Future!

| Discover Muscle Wires Motorless Motion
| They actually shorten in length when powered and
lift thousands of fimes their own weight!
o Strong  Silent ® Low Voltage ® 11 sizes @

Project Book & Deluxe Kit (#3-168) just $59.95

Muscle-Wires.com ® Mondo-tronics, Inc.
Order Toll Free 800-374-4764

CONTROLLERS

PIC and OOPic controller
boards, multi-servo
controllers. Chips, kits,
and assembled.
www.oricomtech.com

DC MOTOR CONTROLLERS:
12V-48V, 50A & |00A versions,
PWM controllers in either
unidirectional or H-bridge
designs. Microcontroller based
inputs accept pot, R/C servo, or
computer signals for 0-100%
speed control of DC motors.
Kwan Motorsystems
408-929-27717.
info@kwanms.com
www.kwanms.com

Dual Stepper Motor
Controller Boards
« Prices start at $40.00
+ One or Two motors
controlled at a time
« Bipolar and Unipolar
« Serial and TTL control
« Microstepping supported
« Custom design available
Ton Free: 877-230-5270
www.stepperboard.com
Peter Norberg Consuiting, Inc.

3 Axis XYZ Table

- High speed servo controlled precision

- Step resolution capability to .0001”

- Ideal for routing, plasma or laser applications

+ Includes CAM software for multi axis 3D cutting
- Cost effective with high reliability

www.NextWaveAutomation.com

Batteries/Chargers

12 Volt DC, 13 Amp
Power Supply $19.00 cach.
g FREE SHIPPING

For details: www.ramboy.com

Programmers

Designed for the BASIC Stamp 25X:
128K EEPROM, date/time, serial,
digital temp, LCD, expansion port,
power regulator, A/D, relay control.
Bareboard, kits, add-ons for caller ID,
video overlay, relay matrix, more.
For details visit our website at:
www.logicboards.com

® Great for the speaker building novice.

@ Finished system sounds and looks great.
® Easy2hourassembly.

® in-depth instr

FREE CATALOG

1569083620931

www.partsexpress.com

‘SOURCE CODE: NVM1

Satellite TV

\ &Skyvision

C  FREE SATELLITE
- TV Buyer’s Guide.
BIG Dishes-BIG
Deals! Get the MOST free and
subscription channels with C-
band digital upgrade! Get high
speed Internet on your big dish!
SKYVISION 800-334-6455.
Int’'l 218-739-523
www.skyvision.com

UPGRADE YOUR
C/KU-BAND
SATELLITE SYSTEMS

I can help you.
John Horvath @ Minaret Radio
PH: 909-943-3676
FAX: 909-943-2606

www.matco.com

VGA to Video Converter
ULT-2000
-Use TVas PC
display
- Capture PC
images on
. i video tape
Video to VGA Converter
VGA-801
- Convert PC VGA
monitor to a high
resolution CCTV
monitor
- Works with or
without PC
- 24bit, 16.7
million colors.
(800)719-9605 sales@matco.com
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Security

Connectors

ire/Cable

WWWw.matco.com y 1 and Al (Teflan PVC I
- nmmsmgat::rfom Ulirn Soneiti g Ao Amphﬁer Kit The RF Connection MlL—Spg Cv4>‘< A/m‘ab\g (;e?ooc;;! V (_‘HA\)
jj - - lﬁ: 213 N. Frederick Ave., Ste. | INV New Product: Be\f}en 9913F 9913 with
‘ 1,4 CMOS 380 TVL A-230AU Gaithersburg, MD USA 20877 H|}gh Density PE Foam dielectric,
3 Lux/2.0, 3.6/5.5mm Lens pe ‘ http://www.therfc.com/ stranded center cond. and Duobond
| Size:Lens : 16 X 16 X 27 mm m\ 9 Vi $10/ea III Jacket $0.80/ft or $76.00/100ft

Pinhole: 16 X 16 X 18 mm
BW: $29/ea Color: $39/ea (with Aud
Wireless CMOS

Listen to the conversation through walls
or a block away 9VDCIbaﬁery powered
Dimension:1.2 W) x 0.6" (H

(800 )7194;605 salos@matco&:om

= 25x35x15mm

SQQJsex
(800)719-9605 sales@matco.com

[onestartek.nef

Unique  Original | Customized | Special
Needs Special Projects Devices
Electronics, secu e? enerﬂly
phones, cars, biom

sound, light, mind control lmprov...

Card-Acecass

| Controller

3.5"x 25"

Card-

| Reader (
1 ' 4
|

‘-qty1,me

'www.kadtronix.com

Hi-Tech Survival Offers!
Electromcs,secumy,ener
computers, Net, phones medlca
legal, ﬁnancl 'I,welrd Cat.$1

Antique Electronics

Ch|ldhoodRadlos

The resource for collectors of
vintage (50s & 60s) electronics:

*Parts *Supplies *How-to Videos ‘

*Tools *Batteries *Adapters *Service ‘
Documents *Message Board,

*Links to Collectors, & More ‘

FOR HISTORICAL MUSEUM
pre-1980 microcomputers,
magazines, and sales literature.
Floyd,VA 24091-0341.
540-763-3311  540-745-2322
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www.métco.com
| BX-123LC/PC $69/ca
SONY 1/3" CCD, A
3.6 mm Lens
Size: 0.9" X 0.9" X 0.5"
BX-200LC/BX-200PC
SONY 1/3" CCD,
¢ 0.5 Lux/f2.0,
$109/ea (witf 3.6 mm Lens,
BX-130LC-HR
SONY 1/3" CCD,
0.4 Lux/f2.0,
$180/ea 3.6 mm Lens

Color Mini Pinhole Camera
380 TVL, 0.1 Lux/f2.0,
Color Lens/Pinhole Box Camera
380 TVL,
Super Hi-Res Cvo;or Lens Box Camera
470 TVL,
(800)719-9605 _ sales@matco.com

PZEF Company
www.pzef.net

252-249-3393

| sinstrumentation and Control
* Hardware and Software
+ Analog and Digital Design
* PCB Layout
+68HCI12 Boards
« Noritake VFD
+OPTO 22 Systems
* FORTH

+RF ﬂlicadom

Complete Selection of MIL-Spec Coax,

RF Connectors and Relays
| UG-21B/U N Male for RG- 214
[ UG-21D/U N Male for R
N Co 3

Reducer RG-58/58A, $0.25
or 5/$1.00

| Silver Teflon PL-259/Gold Pin, $1.00

i or 10/$9.00

UG-175J

Also New: 9092, RG8X with Type Il Jacket.
Intro Price . $23.00/100ft

Call for Speclals of the Month |

Connectors for Icom,

$
$
$2.75
$1.00
$1.50
nclude Shipping
Orders 800 783 2666
Info 301-840-5477
FAX 301-869-3680

! ANAHEIM WIRE PRODUCTS

electrical and electronic wire
and cable since 1973.
ITEMS AVAILABLE FROM OUR STOCK:
Hook up wire, Shrink tubing,
Cable ties, Connectors.
Wire cut & strip to specs.
If interested, please call
1-800-626-7540
FAX:714-563-8309
See us on the Internet:
www.anaheimwire.com or
email: inffo@anaheimwire.com
Visa/MC/Amex.

Manufacturer and distributor of
[

Phones/Recorders

\ 12-HR TELE-RECORDER

* Fully automatic

| TLC-1 * Amazing sound
| * 2-Year warranty
! Only $69

: St Call Vakis at:

1 905-820-8020

|

* Circult board |ayouts
*Prototype assemblies

WWW.OSPREYELECTRONICS.COM

Convert-your sketch or print into a quality
peb for'a reasonable price. Visit us on
the web or call Osprey,Electronics at

(208) 665 1688 (USA)

Your Idea
on a budget

Product Development
Electrical Design - Firmware
Far East Manufacturing - Prototyping
Element Products, inc. - www wirz.com - 303-466-2750

M——' *
orthStar

COMMUNICATIONS INC.
6340 S Rural Rd #118-143, Tempe, AZ 85283
TELEPHONE VOICE CHANGER KIT|
v/ Totally disguise the sound of your voice
v/ Voice remains easily understandable
w/DlgnaIIy shifts voice up or down

v/ Works with most telephones

V' 16 Levels of change

XVC2005
Kit

$59.95

Plus $4.95 S&H
Check, MO, CDD
Call or FAX:
480-777-5567
Visit our website and order the XVYC2005

Also checkout our other products!
www.northstar-comm.com

Components

FREE 120 Pg CATALOG

Electronic components, kits,
test 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.
Ocean State Electronics
| www.oselectronics.com

| RF Transistors, Door Knob €aps,
Power Supplies, Tubes, €oax,
Teflon Wire

2502879 25(2290 3-500I 4CX2508

See our website for other products
www.westgateparts.com
Westgate 1-800-213-4563

Wisp628 in-circuit Flash PIC
programmer kit $ 24.36
PICs from $ 1.94
LCDs from $5.79
TSOP IR receivers from $ 1.1
LEDs from $ 0.26 / 10

Voti

webshop

www.voti.nl

PayPal accepted - S/H worldwide $ 8.77
also for custom programming and ekctronics
engineering
free stuff: starting with PICmicro controllers, Jal
compiler. bink-s-lked examples, bootloaders, PIC FAQ

=\

eXperience XBOB

turn serial data into video text

"n“ Decape ENGINEERING

503-743-3194 Turner, OR USA
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Amateur Radio

www.litexpo.com
LED Moving Sign

-Programmable via PC
RS-232 or IR Remote
\>  Controller [
| u -Indoor/Outdoor/Window |

- A 16M CF card for
50 slides included

(800)719-9605 ules@htexpo com |

NKrsions ausiaiss Wireless Phon.o Ja;ks - RC930 - $24.99
-Red/Blue/White Mono ] Compatible with 56k modems.
and Multi-Color | Add extensions as needed. Works with PC's, TV
aslowas _Byiltin Graphics ‘ internet boxes, internal or external modems,
$169/ea  _25.41 Display Options corded phones, cordless phones, answering
POP VIDEO PLAYER [ machines, and fax machines
MMV-80 Wireless Headphones - $24.99
- Portable slide show $139/ea Wireless Speakers - $24.99
& presentation tool > = Visa/MC/Disc/Amex
- Replay MPG Video \.W | 626-617-9501 30 Day Warranty
JPG pix on any TV > | | | www.marvelelectronics.col
- Built-in USB port for | = 4 ‘ ‘ L
PC Copy/Paste l 5 f

- Spare Time Gizmos .

ZAP CHECKER MODEL 270

WIRELESS INSTALLATION METER

= smmazzessees sew =

Build Your Own PDP-8 Replica!

+Detects & locates RFI

\\\\‘“‘ > =+ Discovers hot & cold spots FU"Y funct!onal 'nCIUd"?g
\\\m\\\“\. “MessuresBaseo R lovs all front panel lights and switches.
it +Identifies hacker-site locations 7 i
\s\ i +Optimize network hub placement Cgrggastlb'eﬂv\zith a"
- re.
SENSITIVITY « VERY HIGH s
Measures to ambient, baseline RF levels Uses any standard IDE/ATA

BROADBAND - 10 MHz - 4.5 GHz
Ideal for 2.4, 1.8, 1.2, 0.9, 0.45 GHz installations

3 DETECTION MODES

LINEAR - For detection from a distance

LOG - To view baseline to high signal leveis
MID - To sort through multiple signal sources

disk drive for mass storage.
Small enough to be framed
and hung on the wall.
Complete or partial kits available.

METER+LED DISPLAYS, VIBRATE MODE Tmm
Dt ightin, e doacon www.Spare com
orders@SpareTimeGizmos.com

SELECTABLE ANTENNA OPTIONS \

* SMA COAXIAL INPUT - For antenna pointing & positioning
and for measuring Xmtr/Rcvr signal strengths.
* 2 FIXED INTERNAL ANTENNAS - No adjustments needed

ALANBROADEAND G0, 3320

SIARCHST, REDHODCITY CAOKR?
(Yl v —
FAX: (650) 369-3788 (+$7 S8H. CA Residents add 8.25% tax)

WWW.ZAPCHECKER.COM | |

Cable TV

~ CONVERTERS ~

8590, 8600, DPV7, DPBB,
CFT2014, $15 each.

Raw, no R/M.All units are power-
up, excellent shape, minimum 10
lot, no descramblers. Converter
parts, accessories, data crystals,

i call for others not listed.

1-866-601-1238

[ T
ABE Wholesalers, Inc.
Importers & Distributors of the
MULTITECH 4500 & 5000 series
125 ch. new basic converter.
55%5 s‘iﬁi
RO PIN
' G ON LSG

Computer

Hardware Wanted

DEC EQUIPMENT
WANTED!!!

Digital Equipment Corp.
and compatibles.

Buy - Sell - Trade \ ‘

CALL KeywAys 937-847-2300 |

or email buyer@keyways.com

Back issues of |
Nuts & Volts §

SA 8580 $19 ea. - SA 8600 $25 ea.
JerDPV 7212 $15ea - JerrBB 7312 $25 ea
Jer. CFT 2014 $25 ea. - Jer: 2254 - Pio 6310

e i plecse cll o pricng.
Se Habla
OLL FREE |1-800-510-1924 TOLL FREE

are available at
W, nutsyolts,com
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ValueCAN

The High EXEEED
Value 4 E:E)Ln\:v;;}:s for
custom

Tool applications
For ° ngtlwar:e
Controller s

Area
Network

® PCisolated
from CAN

©100%
bandwidth
at 500Kb

Only

www.valuecan.com

Used Medical
Equipment 7, ¢
\|

OVER 4,300 ITEMS IN STOCK
Surplus & Refurbished
Electronic Equipment
Parts & Accessories

Audio, C: C &

Video Equipment. Repair Parts & Service Manuals.

¥=  sMcELECTRONICS
U www.smcelectronics.com

Test Equipment

Miscellaneous Electronics For Sale

RS485/422/232/TT

ASC24T $45 - Converters

* Repeaters

+ Fiber Optics

* Digital O

* Multidrop RS232
+ Custom Units

* Auto TX Enable

Extensive Interface Product Line
RS232 “Extension Cords”

Up to 115.2 Kbps, 4000 ft. ++
Large Multidrop Networks.
Isolated Units. Smart Units

Remote Relay “Extension Cords”

Call the RS485 Wizards at
(513) 874-4796

e RE:
RES"— Smith

www.rs485.com

Printer Supplies

Inkjet Southwest

Inkjet Cartridges

Laser Cartridges

Inkjet Refill kits (not universal)
Copier Supplies

Thermal Fax Rolls

Save 30 - 90% over OEM
All Products Guaranteed
If it prints, call us !
1-800-447-3469

www.inkjetsw.com

FOR
TEKTRONIX™ TM-SERIES
MODULAR INSTRUMENTS

CALIBRATION AND REPAIR

equal to or better than the former Tektronix
extender cable.
If you use, calibrate or repair TM-series
modules, you need one of these!

Fully warranteed for quality of materials and
craftsmanship, satisfaction guaranteed.

| LINEAR RESEARCH ASSOCIATES, INC.
V: 607-387-3411
F: 607-387-7806

www.linres.com

Electrically and mechanically, this cable is [

Hard-to-find
pm.m Ri66ons

,l
AT DISCOUNT

Write for price list or
check out our web page

H.T. Orr - Computer Supplies
1A
870-2216
1-800-377-2023
14-528-9822
714:993-6216

email: Htorr@aolicom
http://usersiadelphia.net/~htorr

Placent

TOLL F




(%]
3
>

Ecsn
Z

In The renches

into practical problems with
prototyping and develop-
ment tasks. This article will provide an
assortment of practical approaches to
some of these common problems.

"White Board"
Prototyping

The general term most often used
for those white plastic prototyping
boards with all the holes is "white
board." Many engineers find these very
useful for prototyping circuits. These
white boards are excellent for quick
testing and circuit examination. But,
they have limitations. White boards
generally have thin plastic walls
between the strips of springy bus con-
tacts. This thin plastic can be damaged
by using thick wires or excessive force.
This causes two problems. The first is
that broken pieces of plastic can inter-
fere with making good contacts. This is
a relatively minor problem. However,
the second problem is of much greater
concern. There is a distinct probability
of a short circuit between adjacent bus
strips. Obviously, shorting out the
power supply is a bad thing.

A more subtle point is that there is
measurable capacitance between adja-
cent bus strips. Typically, this is about
2 to 3 pF. This may not seem like
much. And, for low frequency work, it
can usually be ignored. But, for high
frequency and/or high impedance
work, this capacitance can be a prob-
lem. For example, a high gain op-amp
circuit may use a 1 megohm feedback
resistor. Putting a 2 pF capacitor in
parallel with this can have effects down
to 500 Hz! Capacitance affects loading
and decreases slew rate.

Digital circuits may lose those few
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' any times, the engineer runs | critical nanoseconds needed to operate

properly. In particular, I've had prob-
lems getting a 32,768 Hz watch crystal
to oscillate. This factor does not mean
that white boards are not good things.
White boards are tremendously useful.
It's just that many engineers don't stop
and think about the effects of random-
ly hanging 2 pF capacitors throughout
their design. There is a way to improve
matters. The way to do this is to ground
every other bus strip. In this way, the
strips couple to ground rather than to
each other. This is like a ground plane.
Admittedly, most ground planes have
much less coupling to ground.
Nevertheless, significant improve-
ments in performance are possible. (I
designed a 50 MHz amplifier this way.)

The easiest method of doing this is
to use a strip of 0.1" header pins after
removing every other pin. (Header
strips with 0.2" spacing are available
from some sources.) Then simply sol-
der a wire across the top of the remain-
ing pins and run it to ground.
Obviously, this means that standard
DIP (Dual InLine) parts cannot be used
(since every other bus strip is ground-
ed). White boards also have a problem
with SMT (Surface Mount Technology)
parts. They simply don't fit. The solu-
tion to this is to use a converter socket.
Unfortunately, commercial converter
sockets are fairly expensive and not
always readily available. So, here's how
to make your own.

Use a DIP "component carrier".
This is a piece of flat plastic with 0.1"
pins in it that you can solder wires to. It
fits into a standard DIP socket.

For SMT parts, get a carrier with
the appropriate number of pins and
solder bare wires to each contact (I use
#30 wire-wrap wire). Then, using a very
fine tipped soldering iron, carefully sol-
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der the other end of the bare wire to the
appropriate SMT pin. Keep the leads
short and neat. You'll find that after the
first wire or two things will go fairly
quickly. There are a couple of points to
note. Always solder to the carrier first
and use a fair amount of solder to act
as a heatsink. Otherwise, when you sol-
der the other end of the wire, the heat
will conduct through the wire and it will
become un-soldered. Secondly, the
plastic used for the component carrier
is usually a thermoplastic. This means
that it melts very easily. So, be quick
with the iron. Of course, there is a tip
for this, as well. Press the component
carrier into the white board before sol-
dering. This holds it in place, keeps the
pins aligned, and acts as a heatsink.
(Use a screw driver to gently remove it,
if necessary.)

If the white board circuit is going to
be more than just a quick circuit test,
do a neat job. This means trimming the
wires to the proper length and dressing
them so that they lie flat. Don't forget
to label the inputs, outputs, and power,
and document the circuit. If this is done
properly, the white board circuit can be
used for a long time. I've actually seen
white boards embedded in prototype
products.

Prototyping Labeling
and Documentation

If you're a regular reader of this
column, you already know I'm a stick-
ler for labels and documentation. With
today's automated test gear and com-
puterized design tools, it's easier than
ever. With the complexity of today's cir-
cuits, it's more important than ever, as
well. First, label important points on
the prototype circuit board itself. I use
"correction tape" or "whiteout tape."
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This is narrow (1/6") white adhesive
tape that is easy to write on. You can
find it at most any office supply store.
It's great to identify connections to
power, ground, outputs, chip identifica-
tions, software revisions, and anything
else. Once you start using this, you'll
like it. Don't forget that you can label
the bottom of the board with informa-
tion like chip number, pin number, etc.
(Note, similarly, adding comments and
notes to the silkscreen layer of produc-
tion Printed Circuit Boards [PCB] is a
good idea. It doesn't cost extra and can
be extremely helpful during assembly,
test, and repair.) With the advent of
inexpensive digital cameras, every
oscilloscope is a storage 'scope. Even
the cheap and low resolution "web
cams" can be used for this. They're
great for documenting assembly proce-
dures, too. Pictures add so much to
understanding how something works ...
or doesn't. There's really no excuse not
to have photographic documentation
nowadays. Just remember to label
them with the instrument settings or
other pertinent information.

Prototype Front
Panel Fabrication

There are generally two problems
with in-house fabrication of front pan-
els. The first is the proper positioning
of all the holes. It's not always easy to
be sure everything is properly regis-
tered to the PCB that attaches to it. The
second problem is making it look nice.
Both problems are solved with a good
printer and some tape. Laying out hole
and cut-out positions on the front panel
can be greatly simplified by printing
the layout at actual size on plain paper.
Then, use doublesided adhesive tape to
attach the printout to the front panel.

Now, you only have to align one
piece of paper rather than dozens of
individual holes. Drill and cut right
through the paper. When you're done,
just peel off. The template remains.
There are a couple of things to watch
out for, though. First, you can try to
use ordinary, singlesided adhesive tape
around the edges, instead of dou-
blesided tape. However, it tends to allow
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a fair amount of movement.
Doublesided tape is clearly better. The
second thing is that some printers do
not print exactly at a 1:1 scale. Be sure
to check that the holes that are the far-
thest apart are accurate. Otherwise,
your PCB mounting holes may be mis-
aligned. You can use a similar method
to create a near production quality
front panel artwork. Use the computer
to print out your front panel artwork at
actual size. Again use doublesided tape
to attach it to the front panel.

Now, use wide, transparent cello-
phane tape to cover and protect the
paper. If you are careful, the tape and
seams are virtually invisible. (I use the
2" wide packaging tape available at
office supply stores.) Trim with a razor
knife. Voila! You now have a "custom"
plastic laminated front panel. No
money is spent on tooling and no time
is spent waiting for your vendor.

Soldering Aluminum
and Stainless Steel

Making any reliable electrical con-
nection to aluminum is always difficult.
This is because aluminum forms an
oxide film nearly instantly when
exposed to air. This oxide is a good
insulator and ruins electrical conduc-
tion. (This is why aluminum is general-
ly banned for all house electrical
wiring. It causes fires.)

The only really reliable and practi-
cal method of making good electrical
connections to aluminum is welding
(that I know of). But, welding is not
usually available for quick prototype
work. Soldering is possible. But, it is
difficult and takes time. It is not practi-
cal for production on a large number of
connections. Here's how you do it. Use
rosinless solder.

You can get this at places that sell
welding supplies. (Common solder for
plumbing no longer contains lead. |
haven't tried this approach with that
type of solder.) Prepare the aluminum
by vigorously cleaning with steel wool.
The surface must be shiny and
absolutely clean. Use plenty of heat. (I
use my old 100/140 watt soldering
gun.) Remember that aluminum is a

good conductor of heat and will be dif-
ficult to keep hot. This means that it
may be impossible to solder to a
heatsink. The area to be soldered must
be kept above the melting point of the
solder. Get a blob of solder onto the
area.

Then, use the point of the iron to
scrape at the aluminum under the sol-
der. This breaks up the oxide layer and
the solder above it keeps the oxygen
away. Keep it up. It will take a few min-
utes to scrape enough oxide away to
allow the solder to wet the aluminum.
When you get an area large enough to
suit your needs, tap the aluminum to
remove excess solder that, by now, is
too oxidized to use. You should have a
tinned aluminum spot. It should solder
easily. Stainless steel is also difficult
and also takes patience. Use a paste
acid flux that’s available at the plumb-
ing department. Clean and roughen
the metal with sandpaper or a file. Steel
wool doesn't touch stainless steel.

Again, use a lot of heat. You may
have to apply additional flux. Once you
get the solder to wet the stainless steel,
remove the excess. Like aluminum, the
first objective is only to tin the object.

Once that is done, it's easy to
make a good solder connection. Be
careful of flux fumes. Check the label
for warnings. You may need to have
ventilation for this.

Working with Plastic

There are generally three basic
types of plastics in common use for
electronics. The first is polyvinyl which
is a colored, opaque thermoplastic
used for project boxes and the like. It's
easy to work with and | won't discuss it
further. The second is polystyrene and
it is used for pill bottles and inexpen-
sive hinge-type boxes.

This type is a clear or clear-colored
thermoplastic and is very brittle. It's dif-
ficult to work with because it cracks
easily. The only way I've found to work
with this type of plastic is to melt it. If
you do this, get lots of ventilation. The
decomposition products are dangerous
and have been linked to cancer.
Generally, | don't consider this suitable
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for anything unless | can use it in the
exact form it's already in.

The last plastic is the polyacrylic
type and it's also clear or clear-colored.
It's more commonly called "Plexiglas"
or "Lucite." Note that [ include "Lexan"
in this class. It is basically the same
except it is quite a bit harder and much
more scratch resistant. These plastics
usually come in flat sheets, with thick-
nesses from 1/16" to 1/4" being most
common. This plastic is common for
front panels and other electronic pack-
aging uses. Here's how to work with it.

Generally, the ideal approach for
cutting polyacrylic is the score and
snap method. That is, you use a sharp
tool to score the plastic along the line
you want, and then bend it until it
breaks along that line. It's a little more
complicated than that, though. (This
plastic usually comes with a protective
covering of paper or plastic film.
Usually, you work the material with the
covering in place. You remove it only
when the work is completed.) You can
sand the edges when you're done, if
desired. The scoring should be done on
both sides. The depth of the scoring
should be a fair amount of the thick-
ness, say 10% on each side. (There are
inexpensive scoring tools for this.) The

scoring is being done correctly when
you hear a squeal and a thin ribbon of
material is formed.

A razor does not work well for this,
although a razor knife can work reason-
ably well if the back of the blade is
used. An awl, scribe, or a narrow edged
screw driver can sometimes work.

Snapping the work should be done
quickly and sharply. This means that
the work has to be held properly.
Boards and clamps work. I have found
that a drawer works well, too. Slide the
plastic into the area above the drawer
and close it until just snug. Position the
score mark at the edge of the drawer
and then snap down. This works well
for fairly large pieces. (Be careful. The
plastic can easily scratch the finish on
the furniture.) A vise works well for
small pieces. Use paper or wood to pro-
tect the plastic from the vise jaws. For
curves or very large pieces, you will
have to cut it with a saw. However, there
is a big problem.

If the saw blade heats up too much,
the plastic melts and sticks to the side
of the blade. This causes binding.
Oiling the blade helps by cooling it and
reducing the amount of material build-
up. Obviously, it's messy. A saber saw
with a fine tooth blade will work for
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small cuts. With long cuts, the plastic
can melt and re-form behind the blade
resulting in no cut at alll A band saw
(with fine teeth) works quite well
because the band is so big it doesn't
usually get too hot. | have actually used
a circular saw to cut very large sheets
(1/4" thick, 5' by 8').

The work must be well supported
at all points. Use a large blade, with a
shallow cut and very fine teeth. Go
slowly and oil the blade. In theory, a
table saw could be used, but | haven't
tried that. Drilling this type of plastic is
also a challenge. A drill press is the
best tool. A hand drill is just too difficult
to control with enough precision.

Always use a wood backing to sup-
port the work and always hold the work
down. As the drill penetrates the plastic,
it will try to climb up the drill bit. This is
what causes the most problems. Drill a
small hole first, and then enlarge it. If
the back of the plastic splinters with the
small hole, the larger hole will usually
remove the cracks. Drill slowly and use
a shallow angle bit. (Bits for wood have
a sharp angle. Bits for metal have a
more shallow angle. There are special
plastic bits that have a proper angle.)

Dull bits actually work better than
sharp ones. If possible, after drilling the
small hole, drill halfway through with
the larger bit, and then turn the work
over and finish the hole from the other
side. Again, holding the work firmly
down is very important.

Oscilloscope Tips

One of the most useful and least
used accessories for an analog oscillo-
scope is the "hood." (Digital oscillo-
scopes don't need one.)

This is a simple opaque fixture that
attaches to the front of the scope to
shield it from ambient light. (Football
referees use a hood to view "coach's
challenges" on a TV monitor on the
field.) You can buy one. [ think mine
cost $25.00. Most 'scopes have a metal
bar with a channel above the CRT for
the hood. If yours doesn't, or you are
too frugal, you can easily make one. It's
basically a square tube that connects
your face to the 'scope without letting
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in outside light. Why is a hood useful? It
allows you to see things that are other-
wise washed out by the outside light.
It's basically the same reason why you
can't see the stars during the day.
Additionally, the outside light slightly
activates the phosphor on the screen.
This reduces the available contrast and
further reduces the ability to see dim
signals. Your eyes are more sensitive at
low light levels, too. The hood greatly
extends your oscilloscope's ability to
communicate to you. You can also see
nanosecond events that occur only
once a second or so. You can identify
missing pulses or see triggering signals
that were previously invisible. It's truly
amazing what a hood can allow you to
see. It really is like the difference
between night and day.

I use my oscilloscope for both
hardware and software. But, | work on
hardware at one spot on the bench and
software at another spot. So, | put my
'scope on a Lazy Susan. A gentle tug
on the test probes and the 'scope faces
me wherever | am. I'd hate to say how
many years I've used this trick. Let's
just say that the first 'scope had a round
CRT. Obviously, be sure the Lazy
Susan is big enough and strong
enough. You don't want your 'scope to
take a dive off the bench.

Also, never yank on the probes. It
can ruin expensive leads or cause the
oscilloscope to fall. Just be careful and

use common sense. | also have lots of |

leads that look the same but go to dif-
ferent places. Typically, there are three
or four 'scope leads and just as many
clip leads to test equipment. | color
code these. | use a ring of different col-
ored paint at each end or connector.
This makes it easy to know what goes
where. There's nothing more annoying
than triggering on Channel 1 while
using Channel 2's probe — unless it's
wondering why my DMM isn't reading
properly because I'm actually connect-
ed to my distortion analyzer.

Conclusion

That's all I've got room for in this
installment. I'll do another on this topic
in a while. Hopefully, you've found a tip
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Exp oring and Exper/ment ing W/th Lasers and The/r Propent

Now That You Have It

he past few columns have

been devoted to the building

of a Cr:Ruby laser. Last
month, we looked at the capacitor
charging and trigger circuits, and
wrapped up the construction of the
system. This month, we'll look at
ways of quantifying the laser we
built, and see if we can come up with
a way to measure the energy output.

' Cavity Length and
Gain
If you are a regular reader of this
column, you'll remember that some
time ago, we covered beam quality
and how it is defined. We also dis-
cussed how important good beam
quality is when holograms are con-
sidered. When used for drilling or
welding, beam quality is not such a
great concern, as the primary goal is
to concentrate as much energy into
the workpiece as possible in a single

Figure 31-1. Beam quality
control cayity length.

Rear
.mirror

86

TL 4

Short cavity

&

The laser described in this issue contains a
power supply that could be lethal if not built
and tested properly. Follow all instructions in
this article, and use common sense when test-
ing and operating it. The capacitors contained
within the supply can retain a high voltage for

a long time, and must be discharged complete-

ly before working on, or adjusting anything
inside the power supply cabinet. In keeping
with this caution, anyone using the laser
should be wearing eye protection suitable for
the wavelength involved.

pulse. In applications such as these,
close coupling is required between
the rod and mirrors in order to get
the highest gain, and therefore the
greatest yield of energy in each
pulse. Mirror spacing is reduced as
far as possible to get the highest
energy pulse.

With short mirror spacing and
high gain, there are drawbacks, of
course. After all, what would life be
like if there were no challenges? As |

Beam diameter due

to divergence

Cool Ways to Use It

mentioned in a previous column, the
mirror spacing relative to the laser
rod has great influence on the diver-
gence of the output beam. The clos-
er the mirror spacing, the greater the
divergence.

Consider the simplified laser res-
onators in Figure 31-1. In the short
cavity example, the possible internal
beam paths are shown in red, while
the ideal beam path is shown in
black. All of the internal rays are
reflected back into the rod by the
end mirrors. Note the difference in
the long cavity. The possible beam
paths conform more closely to the
ideal path, and the beam divergence
is considerably less. The peripheral
rays are not reflected back by the
mirrors, and therefore do not con-
tribute to the cavity gain.

From this simple illustration, it is
clear that the high gain/high energy
situation means greater divergence
and poor beam quality, while low

Target

Surface
e

= ol S Long cavity = =

Beam diameter due

to divergence
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gain/low energy means a less diver-
gent and better beam quality output.
The black lines representing the target
surfaces are equidistant from the out-
put mirror, and the difference in diver-
gence (beam spread) can be seen.

While the number of possible
beam paths through the laser rod in
Figure 31-1 is infinite, only the rays
that pass through the center of the
rod are considered. Regardless of the
length or configuration of the laser
cavity, it is convenient to think that
the infinity of beam paths in the short
cavity is greater than the infinity of
beam paths in the long cavity. Figure
31-2 illustrates the premise behind
this statement. (I haven't discussed
the cavity configuration up to this
point, but it determines if the res-
onator is stable or unstable, depend-
ing on the mirror surfaces, but I'll save
this discussion for another article.)

If you consider a very short rod
and closely-spaced mirrors, it is easy
to visualize more possible beam
paths between the extremes in the
short cavity, simply because of the
greater acceptance angle of the rays
through the rod. In the longer cavity,
the rays illustrated in red do not get
returned to the rod because they
don't even hit the mirror. Only the
blue rays are returned, contributing to
the gain of the cavity.

You will notice in Figure 31-1 that
the paths in the longer cavity are
more nearly parallel than those in the
short cavity. The paths in both cases
are bound by the constraints of the
rod, but since the mirrors in the short
cavity are closer to the ends of the
rod, more of the boundary rays are
able to get back into the rod, increas-
ing the pump volume (the name
given to the volume of the rod where
stimulated emission can take place,
i.e., where reflected rays pass through
the medium), and therefore increas-
ing the gain.

So, the reason the gain is lower
and the output energy is lower in the
longer cavity is easy to see. The rays
close to the edges of the rod do not
get returned within the periphery of the
rod and are lost, therefore they cannot
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Figure 31-2.

Comparing infinities

contribute to the gain. The outside rays
of light just graze the edges of the rod,
rather than going cleanly down it.

In addition, because of the
greater path length, the pulse width
tends to stretch out in proportion to
the cavity length. (Remember, light
has a finite speed of about 11-3/8
inches per nanosecond in a vacuum.
In a laser rod, the speed is reduced
according to the refractive index of
the rod material.) On the millisecond
scale, a few nanoseconds (more or
less) won't be noticeable, but it does
make a difference to the number of
transits of the beam through the laser
rod. Fewer transits equals lower gain.

On the plus side, a longer cavity
does ensure that more energy is
packed into the center of the beam,
dropping off quickly away from the
center. (In a pure single mode opera-
tion, the beam energy profile falls off
as a Gaussian distribution.)

Energy Distribution
and Divergence

To look at the energy distribution
in the laser beam, you need some
way of capturing the energy burst and
retaining it for analysis. There are
commercial instruments available for
doing just this, but they are very expen-
sive, and are typically bought by labo-
ratories that have absolute need of the
energy profile for their experiments.

For a cheaper alternative, we turn
again to our friends at Kentek
(www.kentek-laser.com). They

have a paper product ("Zap-it") that is
used as a quick means of recording
the beam profile from a pulsed laser.
The laser beam is simply fired onto
the paper at a short distance, and an
accurate beam profile can be record-
ed. The paper burns quickly and can
respond to pulses down in the
picosecond regime.

With care, it can also be used for
CW laser systems. You can then see
at a glance if the beam is round, how
the energy is distributed within the
beam, and the diameter of the beam.
Also, if the beam is multimode, you
see approximately where the hot spots
are. If the pulse is short enough, you
can actually see the instantaneous
spatial modes, too, but the pulse needs
to be in the nanoseconds to see them.

This paper can also be used to
measure the divergence of the laser
beam. We covered divergence and
how it is measured some time ago,
but in case you don't have that infor-
mation, I'll go over it again.

Figure 31-3 shows the basic set-
up for measuring beam divergence.
The laser is fired at a piece of Zap-it
paper in the far field, and then the
paper is moved a given distance clos-
er to the laser. The laser is then fired
again. You now have two spots from
the laser at the same energy level and
same pulse width. The only variable
is the distance between the shots.
Given this information, you can calcu-
late how much the beam is diverging
(in radians) by using the following
simple equation:
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df = farfield diameter - near-field diameter
D
where df is the full angle divergence,
and D is the distance between the
two laser firings.

For example, if you have a far
field diameter spot, let's say 5 mm in
diameter, and a near field spot 3 mm
in diameter, and the distance
between them was two meters (all
the units should be the same), then
the full angle divergence is:

B3
2000 =0.001 radian or 1 milliradian

(one milliradian is typical for this
type and size of laser)

When you take shots like this,
try to keep the nearfield burn at least
12 inches from the front mirror.
When the paper is hit, the surface

layers will explode, throwing pieces of |

film outward toward the mirror. The
pieces may be ejected fast enough to
become stuck to the mirror surface,
degrading the output. Keeping a safe
distance away will prevent this.

Measuring the
Energy Output

The output from this laser is
pulsed. The pulse amplitude is high
(several KWatts), while the duration
is fairly short (about 1-2 mS or less,
depending on your PFN). Measuring
such a short, high intensity pulse
calls for some rather specialized

equipment. For instance, you cannot ‘

Figure 31-3.
Divergence measurement

12 inches
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o .
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hope to measure the temperature
rise of a small quantity of water, say,
over a one minute interval.

While such measurements are
feasible and give quite accurate
results in slow environments, mak-
ing similar measurements in the sub
millisecond regime gets tricky and
calls for much greater precision in
the instruments used to measure the
temperature difference.

When | worked on the high-
power CO, lasers some years ago,
we used a water-cooled calorimeter
to continuously measure the laser
output power. This device consisted
of a machined copper cone with a
spiral path running down the outside.
The cone was placed inside a Plexiglas
block that had a cone-shaped hole cut
into it, such that the high points of the
copper spiral formed a water path
around the outside of the cone.

A number of thermocouples were
then distributed in an additive/sub-
tractive fashion, to get an average
temperature rise as the water flowed
through the assembly. The laser
beam was then shot into the inside of
the cone, and the thermocouples
measured the temperature rise, giv-
ing the output as a voltage propor-
tional to the rise.

For our application, this method
would give insufficient output volt-
age because of the pulsed nature of
the beam, and the fast-flowing water
would remove the heat so quickly
that there would be no discernible
output from the device. However, we

)

Far-field spot

Near-field spot

can adapt the idea to develop a
device that does give a reasonable
output voltage, even though we're
only looking at pulses. The idea is
shown in Figure 31-4.

Here, the laser beam is directed
at a cone that is coated on the inside
for maximum absorption. The ener-
gy in the beam is absorbed by the
cone and is sufficient to cause a
small change in output voltage from
the sensor attached to the back side
of the cone.

Silicon diodes are used to pro-
vide both the reference voltage and
the voltage produced by the change
in temperature in the cone. The two
voltages are then compared and the
result read out on a moving coil type
meter. [ don't have space in this issue
to give any circuit details, so I'll save
that for next time.

I mentioned last month that I
would also discuss the requirements
for a double-pulsed holographic set-
up. To convert this laser to a double-
pulse system, you will need to spend
some serious cash, unfortunately, so
it's not something you're likely to
rush into until you have a good feel
for what you will be doing with the
laser. Not to dampen your spirits
though, I will say that you can some-
times pick up some of these items at
places like Laser Resale (www.laser
resale.com), Laser Surplus (www.
lasersurplus.com), and MWK lasers
(www.mwkindustries.com).

Since the devices are quite sensi-
tive, it is possible that they may
require some attention before they
are useable. | found a good link to
many laser surplus dealers while
researching this column. The URL is:
http://home.earthlink.net/~ sky
wise711/LasersOptics/UsedSurp
lus/lasersurplus.html

You'll find links to the three men-
tioned above, plus a whole slew of
other dealers.

You will need a polarizer (at least
one) for this wavelength (694.3 nM),
that will be able to take a couple of
megawatts peak power, a double
pulse generator (the item just
referred to above), and a Pockels
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cell, also coated for this wavelength.
As you may remember, we discussed
the Pockels cell briefly. It is the elec-
tro-optical device that can be made to
switch polarization under the influ-
ence of an electric field. The double-
pulse generator is the control box
that generates the high voltage, dou-
ble-pulse signal that causes the
Pockels cell to switch, and the laser to
emit a double Q-switched pulse.

In the next issue, I'll present the
schematic and construction details
for the laser energy meter in Figure
31-4, and discuss in more detail how
double-pulsing works. ‘

Judging from the amount of |
email | receive, it seems that a lot of
readers like the way | present my writ-
ing. I'd like to thank everyone who
writes to me for their input and
encouraging comments. It gives me
great pleasure to present these arti-
cles to you each month, and | wel-
come any suggestions or comments |

Figure 31-4. Energy meter
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you have regarding current columns
or ideas for future columns. I like to
present articles that the usual run of
magazines skip over, or don't try to
explain. | try not to be too technical,
as you see, and putting my own spin
on some of the theories and accepted
ideas presents an easily visualized
view (I hope) of what is happening
inside the laser.

Don't be discouraged if you don't

understand some of my babbling.

| Each month | get Emails from people
that don't quite grasp an idea | pre-
sented. Some of you even take the
trouble to actually write a letter, which
is a refreshing change in itself, these
days. Just drop me a line and I'll write
back as soon as I can.

‘ Contact me as always, at stan
ley_york@peoplepc.com, or through

| this magazine. N
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’ NUTs & Vorrs

Putting the Spotlight on BASIC Stamp Projects, Hints, and Tips

by Jon Williams

-

The BS1 Is Back, Baby!

It couldn't get you to the moon, but it did

open a universe of ideas among hobbyists.

id I ever tell you about my first BASIC Stamp?
No? Okay, then, the story goes like this: | was
scheduled for surgery on my skull (not my brain
as many have claimed would have been a better use of the
doctors' time ...) and decided to take a couple weeks off
work while | recovered. The thing is, I'm a fidgety guy and
don't like sitting still for very long, so | decided to find
something to occupy myself with during the recovery.

| had been seeing the advertisements for the BASIC
Stamp on the back of Nuts & Volts for a few months, but
kept thinking to myself, "It's too good to be true ..." In the
end, though, I decided that I could spend $100.00 on the
BS1 Starter Kit — if it wasn't any good then, oh well, |
tossed away $100.00.

A few days later, the box arrived from Parallax. I
opened it up, checked it out, hooked it up, and started
playing. It was about 6:00 or 7:00 in the evening when I
started. | didn't get to bed until 5:00 AM the next day (I
called in sick). That was almost 10 years ago, and | think it
is safe to say that I've worked with or played with BASIC
Stamps every day since.

Figure |
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On my trip out to the California office in October, I
was handed a gift — a small gift — but one with big prom-
ise: the BS1 serial port adapter. | connected it to my shiny
new laptop computer (running XP Pro), started up the
new editor, and downloaded a program to an old BS1 Rev.
D module — the very same module that | had purchased
and worked with all those years ago. Dare | say the same
goofy smile | had way back when crossed my face that day
in the office.

Parallel? Serial? Huh?

Okay, | know what a few of you Stamp old-timers are
thinking ... "Wait a minute there, buddy, the BS1 programs
through the parallel port — so what's the story with a SERI-
AL adapter?" The truth is the BS1 actually programs serial-
ly at 4800 baud. What happens is that the DOS BS1 editor
bit-bangs serial data through a couple of lines on the paral-
lel port. Why? Because the parallel port works at TTL (5V)
levels so that simplifies the design of the module. If you look
at the BS1 schematic, you'll find there is a direct connection
between the programming port and the PIC interpreter.

The serial adapter takes care of the RS-232 to TTL
level conversion required by the BS1. But here's the trick:
Laptop computers usually don't come anywhere near the
RS-232 limits, in fact, they frequently fall very short
(though within the specification). The engineering staff at
Parallax came up with a very simple circuit that will handle
swings through the entire RS-232 range, making the
adapter work with virtually any PC serial port. Yeah baby,
the BS1 is back!

The photo in Figure 1 shows the adapter — literally
putting BS1 programming through Windows in the palm
of your hand. If you're adventurous and want to build your
own, feel free to download the schematic from the Parallax
website (www.parallax.com).

What Can You Do with Eight
Pins?

Way back in the early days — when | was really get-
ting into the BS1 — | can remember one of my technical
buddies asking me what | could do with an eight-pin
microcontroller (technically, the BS1 has more than eight
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pins, just eight 1/O). In his mind, it just wasn't enough.
Interesting how things change, isn't it? It seems like every
major microcontroller manufacturer in the world offers an
eight-pin micro — and two of those pins get used for the
power supply! And to answer the question at the head of
this section, we can do quite a lot with just eight pins. Also,
remember that with a bit of code and some standard /O
chips — like the 74HC595 and 74HC165 — we can create
as much I/O as we need.

What we're going to do this month is create a little seri-
al slave device using a BS1. Now to be perfectly honest,
this isn't an especially practical project. I've never claimed
that everything | present in my column is practical — my
purpose is teaching and inspiring.

Because of the BS1's limited [/O structure, serial
devices became very popular. | believe it's fair to say that
Scott Edwards started the serial device (for micros) move-
ment with his "Stamp Stretcher." In my book, he started a
whole cottage industry (and is still a leader in it). So, as a
tribute to Scott, we'll create a serial display — albeit a very
simple one. Our project will be a serial seven-segment
digit. Okay, okay, after you pick yourself up and stop
laughing, give it a read through. I told you this wasn't going
to be terribly practical; the goal is to show you how to make
your own serial accessory device.

Device on a Wire

One of the first things | noticed about those big ads
that ran on the back of Nuts & Volts was that the BS1
could do serial input or output on any pin. This is a very
cool feature for talking to other Stamps, or even a PC.
Better yet, the BS1 could do different serial baud rates and
modes. It's the latter part we're interested in here — the var-
ious modes.

Of particular interest are the "open" baud modes.
When using one of these modes, the Stamp only drives the
serial line in one direction — either to ground in True mode
or to Vdd in Inverted mode. The other state of the serial line
is controlled by a pull-up or pull-down resistor; the Stamp
"opens" the pin [makes it an input] to let the resistor set
the state of the serial line.

This comes into play when we want to drop more than
one slave device on the serial line and expect that they can
talk back to the master. Since the master and slaves can
only drive the serial line in one direction (the same direc-
tion for all), there is no possibility of an electrical conflict.
Of course, this is not new or strange to most of you. This
strategy is used on the Dallas/Maxim 1-Wire® bus (a spe-
cialized serial bus) and the Philips [2C™bus (a synchronous
serial bus).

So that our project is compatible with Parallax
AppMod accessory modules, we will use an open-drain
setup: the serial bus will be pulled high through a 4.7K
resistor. The master and slaves will pull the bus line low for
a "1" bit. Figure 2 shows the schematic for our BS1 slave.
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BS1 in Review

Before we smash through the code, let's look back at
the BS1 since it differs quite a lot from the Stamp 2, espe-
cially lately with the release of PBASIC 2.5.

- The BS1 has only 14 total bytes of variable space

+The BS1 uses three variable types: Bit, Byte, and Word

- Bit-level access is only allowed on variables BO and B1 (WO0)
+The programmer assigns variable location by aliasing
internal variables

+PBASIC 1.0 is very terse — not as flexible or feature-rich
as PBASIC 2.5

Now, don't let that last point throw you — the BS1 is a
very capable little beast (it started a microcontroller revo-
lution after all), and with a bit of practice and planning, you
will be surprised at what you can pull off. The key is to let
go of any smug suppositions of what BASIC should be.
Remember that there aren't a lot of resources within the
BS1, so the language is deliberately lean, and in many
cases, the high-level part of the language is very close to
the machine code.

The biggest bit of grief that people have is the lack of
IF-THEN-ELSE. | have news for you: IF-THEN-ELSE does-
n't exist in assembly language [without macros] either.
Most microcontrollers have compare-and-branch type
instructions. The PBASIC 1.0 IF-THEN uses this structure,
so the code after THEN is an implied GOTO followed by a
program label [address]. If you're new to Stamps, it will take
just a bit of time to get used to the idea, but trust me, the lack
of IF-THEN-ELSE hasn't stopped tens of thousands of hob-
byists and engineers from succeeding with the BS1.

i



NUTS'E Vors

Alright, let's get into it. Since we haven't dealt with the
BS1 in a very long time and the code for our slave seven-
segment display is very simple, we'll go through it all,
even the declarations.

SYMBOL Sio =57

SYMBOL: Segs = PINS
SYMBOL Baud = 072400
SYMBOL Off = %00000000

SYMBOL MaxDig SF

SYMBOL cmd = B2
SYMBOL value ="RB3

Notice that everything in PBASIC 1.0 is a SYMBOL,;
be it a constant or a variable, PBASIC 1.0 calls it a SYM-
BOL. The compiler will actually reconcile some of these
things for us. PINS, for example, is the internal name for
the I/O structure. Reading from PINS is the equivalent of
reading INL on the BS2. Conversely, writing to PINS is the
equivalent of writing to OUTL on the BS2. The BS1 also
has internal names for each of the individual pins (PINO-
PIN7). Some commands in PBASIC 1.0 require constant
values for pin numbers and the compiler doesn't reconcile
them. We're going to use SERIN which requires a con-
stant value, so the SYMBOL for Sio is 7; P7 is where our
serial connection will be.

Since the BS1 has a fixed number of possible baud
settings, they have internal names. For this program,
we're going to use OT2400, for Open-True-2400 baud.
Strictly speaking, we don't have to define an open mode
for a receiver (because SERIN makes the pin an input),
but we're going to have a command that causes our slave
module to send data back to the master. Remember that
when using an open baud mode, the serial line needs to
be pulled up (for True) or pulled down (for Inverted).

Okay, let's talk about variables. If you've only ever
used a BS2, you're accustomed to the compiler automat-
ically assigning variables in the Stamp's RAM by type.
The BS1 compiler doesn't do this. The way that we give
variables useful names (aliasing) is to assign a name to a
given internal variable. For bytes, we can have BO through
B13. Before | go on, look at the listing and note how the
first variable assigned is B2. The reason for this is habit,
mostly, but a good one. You see, the only variables that
allow bit-level access are BO and B1 (bits can be
addressed as Bit0-Bit15), so reserving these bytes for bits
that we might want to add later is a good idea.

Finally, don't get lazy and use the internal variable
names. Now read that last sentence again. You'll get away
with this for a little while, but ultimately the programming
demons will catch up to you and you will end up with a
misbehaving program because of an assignment error.
Take a few minutes to give your variables meaningful
names. Trust me, it's worth it. Let's move on.

To create our own EEPROM-base tables, we'll use the
EEPROM statement (similar to the DATA statement in
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PBASIC 2.x). Here's a short table that holds the segment
maps for decimal digits:

.gfedcba
%00111111)
200000110)
01011011)
£01001111)
%01100110)

Digitss | ¢
E (
(
(
(
(
1 (%01101101)
(
(
(
(

ROM

o

%01111101)
%00000111)
%01111111)
%01100111)

EEPROM
EEPROM

As you can see, it's about the same as using a DATA
statement on the BS2. Just be aware that we need to
track the starting addresses of multiple EEPROM tables
manually — we can't use a program label as an address
constant. This is usually not a problem since we're dealing
with such a small micro and multiple tables are a rarity.

Okay, the definitions are done, it's time to initialize
and start the program. We generally start with the 1/O
pins. In this case, we need to make the segment-driving
pins outputs. Simple: A "1" in the associated bit of the
DIRS register makes the pin an output.

Set

(

UL
e
IR

Off
%01111111

oW i s
i nu

T Q)

o wn

No sweat there, right? Now we can get into the main
program loop. The first thing we're going to do is wait for
a serial command. For our slave, we want to wait on a spe-
cific header so that we know that the master is talking to
us. When that header arrives, we'll save the next two bytes
that follow. The first byte will be our command, the sec-
ond will be a value for that command.

Main:

SERIN Sio, Baud, ("!SS0"), cmd, value

In the BS1, the header string to wait on is placed in
parenthesis ahead of the input data variables. For this
module, the header is "ISS0." If we want to add more than
one of these slaves to the same serial connect, we simply
change the unit digit in the header.

Another strategy would be to accept the ID byte as a
variable after the header. By doing this, we could check to
see if a command was specified for us, or was a global
command that all slave units act on. In that case, the seri-
al input might look something like this:

SERIN Sio, Baud, ("!SS"), id, amd, value

If you decide to adopt the latter method, just be sure
that slaves don't send anything out the serial line as a
result of a global command. If they do, the master won't
understand anyone as they'll all try to talk at once. For the
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time being, let's keep things simple and keep the ID byte
in the header.

Once we get a valid header and the command and value
bytes, we can act on them. Now you'll see the BS1 IF-THEN
construct in action and the cleanest way to deal with it. The
first valid command that we'll check for is "I" (identification).

Check_1ID:
IF cmd <> "I" THEN Check_Bits
PAUSE 1
SERQUT Sio, Baud, ("1.0")
GOTO Main

The purpose of this routine is to allow the master to
see that the slave is connected and working. Notice that if
the command byte is not "[," we will skip to the next check,
otherwise, we will run the code for identification. Yes, this
seems inverted but it works, and once you get used to it,
you won't have to think twice. In this case, we will PAUSE
briefly so the master can set up to receive our data, then
we'll send the identification string. This can be used by the
master to see that we're available and even check what
capabilities we have by looking at the ID data.

The next valid command is "B" (for bits). This com-
mand lets the master decide which bits (segments) to con-
trol on the display. The bit pattern is sent in the value
parameter. As you'll see when we hook up a BS2 master,
this can be useful for simple animated indicators.

Check_Bits:
IF cmd <>
Segs = value & %01111111
GOTO Main

Numeric

"B" THEN Check !

The final valid command is "N" for numeric. This com-
mand will cause the slave to place the digit passed in the
value byte on the display, and works for all hexadecimal
digits (O-F). This section of code makes use of the EEP-
ROM table that we defined earlier.

IF cmd <> "N"
IF value > MaxDig THEN Main
READ value, Segs

GOTO Main

As you can see, it also checks the range (defined by
the MaxDig constant) so that we don't read invalid EEP-
ROM locations and put garbage on the display.

Before we wrap up our slave and move on to the mas-
ter demo, I'm sure a few of you advanced Stamp program-
mers are wondering why we did all the IF-THEN jumping
around instead of using a LOOKDOWN table for the com-
mand. In fact, both work, but it turns out that with small
command sets, the IF-THEN route actually uses less EEP-
ROM space for the compiled program. If we were building
a slave that was processing a lot of commands, I think the
opposite would be true, and certainly more convenient. In
case you're curious, here's what that would look like:
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— : X As soon as the command is sent,
,p,{s‘qq o e i --u“s‘;;:m1 se ANK MPELA AKAR & we will wait on the input. If it doesn't
om s =| arrive within a second, the program will
“’g’mmm 3 jump to No_Slave. In the demo, this just
é% ;3 tells us there was no response and
3% ;z loops back to try again. In other sys-
Bavew T30 tems, we may need to take some cor-
o | 2 rective action or modify the program
= i 23 behavior if we don't have the slave
asipaicas o ot device.
“ et Let's say it's connected. The slave
E; . sends three ASCII characters as its ID
i ot so we can use the STR maodifier to col-
§§ lect them in an array. And since they
L PR ) s T are ASCII, we can again use the STR
| e R modifier to spit them right back out
o onto the DEBUG window. When you
" Eaon create slave modules that have variable
Rp| Brw tveuousiy capabilities, you'll want to check the ID
gz mvhon (01101301 data and deal with it accordingly.
- e The next test is the "bits" mode
o i et ,*| where the master defines which LEDs
on the seven-segment display are lit.
Check_Cmd:
LOOKDOWN cmd, ("IBN"), cmd DEBUG CLS, "Bits Mode"
IF cmd > 2 THEN Main FOR idxl = 1 70 10
BRANCH cmd, (Show_ID, Show_Bits, Show_Dig) FOR 1dd = 0105

If the command is valid the LOOKDOWN table will
convert cmd to a value from zero to two which can be
used by BRANCH. If not in the table, cmd will fall through
unchanged and IF-THEN will send the program back to
Main. Again, if we were processing a lot of possible com-
mands, this would probably be a better way to go.

The reason | know it takes more memory is that with
the BS1 integration in the Windows Stamp compiler, we
finally have a memory map (yippee!!!). Figure 3 shows a
screen shot from my system with the memory map of our
slave program. Okay, let's test this dude. To test the slave
seven-segment display, we're going to connect a BS2
(any in the series) and run a simple program.

The first thing to do is check the ID as this lets us
know that the slave is connected (remember, this is now
BS2 code so the syntax is slightly different).

DEBUG CLS, "Serial Seven ID = "
SEROUT Sio, Baud, ["1ss0", "I", wvalue]
SERIN Sio, Baud, 1000, No_Slave, [STR id\3]

DEBUG STR id\3

The code sends a message to the DEBUG window
then sends the "I'" command to the slave. Notice that a
value is also being sent. To keep the slave simple, it has
a fixed-format command structure so even when we don't
need it, we will send the value parameter. In this case, it
will just get ignored so it doesn't matter what we send in
value.
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READ (Bug + idx2), value

SEROUT Sio, Baud, ["!SS0", "B", value]
PAUSE 50
NEXT
NEXT
SEROUT Sio, Baud, ["!SS0", "B", 0]

This code uses two loops. The outer loop runs the
inner loop 10 times. The purpose of the inner loop is to
animate the segments on the display. In this case, the
segments value is read from a DATA table and will be the
outer LEDs on the display. When the demo runs, the
LEDs will "chase" in a clockwise manner 10 times. This is
a great indication for waiting, or to show that a program
is busy. Note that at the end of the loops we are sure to
clear the display by using the bits command again with a
segments value of zero. The final test is the numeric
mode where we pass a single-digit value to display:

DEBUG CLS, "Numeric Mode"

FOR value = $0 TO SF
SEROUT Sio, Baud, ["L1SSB", "N, ‘alve]
PAUSE 500

NEXT

SERQUT Sio, Baud, ["!s8s0", "B", 0]

PAUSE 10

GOTO Main

There's no mystery here — this is easy stuff. | just
want to make one note. Since the BS1 doesn't have a
timeout facility on its SERIN function, you have to make
sure it's ready before you start sending information to it.
Putting a small PAUSE after each command sent to the
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BS1 slave gives the slave plenty of time to receive, decode,
and act on the command before getting ready for the next.

That's a Wrap

Well, I'd say that's about enough for this month and
look at that, we've made it through another year! | hope
those of you that have BS1 modules will get them out and
rediscover how much fun they are, and those of you that
took advantage of the Parallax special pricing on the older
model Rev. D modules really have reason to celebrate. The
BS1 is a great training tool for kids of all ages. With the pop-
ularity of the BS2 HomeWork board, Parallax has created a inexpensively. In closing, I'd like to say thanks again for all
similar product using the BS1. Figure 4 shows the new BS1 your kind notes and the exchanges that we've had this past
Project Board that has the built-in serial adapter and a power year. Please keep them coming — | do my best to write this
switch. You can add a solderless breadboard if you like, or column for your needs so | love hearing from you. And [ do
| take advantage of the trace layout and add connectors for hope that this holiday season brings joy and peace to you
servos, LCDs, and other accessories. And yes, it will mount and yours. God bless you and peace be with you. Happy
on a BOE-Bot chassis so you can get into robotics very Stamping and have a very Happy New Year!
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ETHERNET — PART |:Wired Local Area Networks

“. efore the year is over, | want
. to say congratulations and
(w¥ thanks to Robert M.
Metcalfe. Who is Bob Metcalfe and
why am [ saying this? Metcalfe is the
inventor of the planet's more widely
used local area networking (LAN)
technology called Ethernet. And as
of May 22, 2003 Ethernet was 30
years old. No kidding. It is pretty
amazing for any technology to last
that long, much less become the
dominant technology with over 80%
... some say over 90% ... of all LANs
in the world using it. That's a pretty
big deal.

Bob Metcalfe invented Ethernet
while he was working at Xerox's Palo

FIGURE |I. Tranceivers are connected to a common
two wire bus, so they must take turns transmitting and |

receiving. Transformers in each interface provide DC
isolation and impedance matching.

Alto Research Center back in 1973.
His first version used large (RG-8/U)
coax cable and interconnected up to
100 computers together to commu-
nicate with one another and to share
various resources. The system trans-
mitted data in packets at a rate of
2.94 Mb/s. That is pretty slow by
today's standards, but an amazing
feat back then.

Anyway, Ethernet was patented
in 1977. In the early 1980s, Metcalfe
went on to be the founder of 3Com
Corporation —one of the first compa-
nies producing Ethernet interface
products for personal computers. In
1983, the Institute of Electrical and
Electronic Engineers (IEEE) made
Ethernet a standard desig-
nated 802.3. Over the
years, Ethernet has not
only grown in usage with
over a billion ports world-

PC

wide, but it has also
PC evolved from its coax roots
into a high-speed data

communications system
using either unshielded

Twisted pair bus

twisted pair (UTP) cable or

PC

| 2

Ethernet
Transceiver

Personal
Computer
(PC)

fiber optic cable with data
rates to 10 Gb/s.

Since Ethernet is so
ubiquitous, it is worth
knowing about. If you work
in an organization with PCs
connected by a LAN, you

are most likely using
i Ethernet. If you use any
kind of high-speed broad-
band internet access at
home on your PC, you are
using Ethernet. With its
usage continuing to grow,

Ethernet will eventually have its
affect on everyone. You just may
want to find out a bit more about it.
In this column, | will give a quick
tutorial overview on wired Ethernet.
In the next column, | will cover wire-
less Ethernet, which is continuing to
expand the influence of this amaz-
ingly flexible technology.

Versions of Ethernet

The first standard versions of
Ethernet transmitted at a 10 Mb/s
and many Ethernet LANs still oper-
ate at that speed. The first transmis-
sion medium was coax cable — the
large RG-8 type initially, and desig-
nated 10BASE-5 where 10 means 10
Mb/s data rate, BASE means base-
band data transmission with the data
pulses applied directly to the cable,
and the 5 meaning a 500 meter max-
imum length. The 10BASE-2 version
used the smaller RG-58 coax cable
and had a maximum range of 200
meters. The cable was configured as
a bus that multiple computers
tapped into and shared. Coax is
expensive and difficult to work with
but soon a newer version of Ethernet
was developed using UTP cable.

This type of cable is standard-
ized by the American National
Standards Institute (ANSI), the
Electronic Industries Association
(EIA), and the Telecommunications
Industry Association (TIA), and is
designated under the 568A/568B
specifications. There are several ver-
sions used, but the most common
for LANs is category 5 (CAT5) that
contains four pairs and can handle a
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data rate of up to 100 Mb/s. New
LANs are wired with CAT5E (155
Mb/s) or CAT6 (200-250 Mb/s). A
modular connector called an RJ-45 is
used to terminate the cable. It is sim-
ilar to the smaller RJ-11 modular con-
nectors used on most telephones,
only larger. Twisted pair is much less
expensive and easier to work with
than coax, making it cheaper and
easier to build a LAN anywhere. It is
hard to find a building or office com-
plex that is not wired for Ethernet
today. Even new homes are routinely
wired with CAT5 or better, making
home networking easy to implement.

As computers got faster, so did
the need for a faster LAN. IBM, who
developed a competing LAN technol-
ogy called Token Ring, upgraded
their original 4 Mb/s ring topology
LAN to 16 Mb/s. That set off a speed
race that Ethernet won with their 100
Mb/s 100BASE-TX standard. Known
as Fast Ethernet, it achieves 100
Mb/s on CAT5 UTP at a range of up to
100 meters. Most LANs quickly
upgraded their systems to the faster
version right about the time the
Internet was growing like crazy in the
mid to late 1990s.

But that's not all. One of the main
reasons that Ethernet has not only
survived, but also grown, is that it
scales well. That means that speed
improvements are relatively fast and
easy to make. Just add in the neces-
sary interfaces and ... voila' ... the
same wiring produces 10 times the
speed. What's not to like?

In the late 1990s, the IEEE rati-
fied the final version of the standard
that took Ethernet to the next decade
speed bump of 1,000 Mb/s or 1 Gb/s.
Known as Gigabit Ethernet (1 GE) or
1000BASE-T, or by its IEEE standard
designation 802.3z, this version
defines both twisted pair and fiber
optical cable transmission media.
How do you transmit one billion bits
per second on a twisted pair? Well, it
isn't easy. What this standard does is
to break the 1 Gb/s data stream into

Open Communication

each symbol is a different voltage
level. This puts the data rate on each
of the four twisted pairs at 125 Mbaud
— well within the UTP’s capability.
(Remember that the baud rate is the
symbol rate, not the bit rate.)

With this arrangement, a rate of
1,000 Mb/s is achieved at a range of
up to 100 meters. Again, no change
in wiring was needed to jump to
another factor of ten speed increase.
No wonder it was an instant success
with many LANs already converted to
handle it and most new PCs incorpo-
rating the 1 Gb/s interfaces.

The fiber optic versions of 1 GE
are primarily for transmitting over
longer distances. They make a good
backbone for larger corporate or
campus LANs. And it is also being
incorporated into the new storage
area network (SAN) systems that
connect corporate network and
Internet servers to large disk arrays
for mass storage. It is also finding use
in some metropolitan area networks
(MANs). These so-called metro net-
works are used in cities to intercon-
nect LANs to wide area networks
(WANSs), which carry data to the
Internet backbones.

The 1000BASE-LX version of 1
GE uses single mode fiber (SMF)

only 9 um in diameter. (A um is a
micron or one millionth of a meter.)
The laser driver creating the digital
pulses operates at an infrared light
wavelength of 1,310 nanometers
(nm). It has a reach of 10 kilometers
(km). If the larger, less expensive
multimode fiber (MMF) is used, the
range decreases to 500 meters. The
1000BASE-SX version is even less
expensive. It uses MMF and a 780 nm
laser for a range of about 500 meters.

And believe it or not, it does not
end there. The IEEE recently blessed
the 10 gigabit version of Ethernet (10
E). Also called by its standard desig-
nation 802.3ae, this truly is a fiber
optic version since it is even more dif-
ficult to transmit 10 Gb/s over UTP.
One version of the 10 Gb/s standard
does specify a method that achieves
10 Gb/s on a pair of coax cables up to
15 feet long. A twisted pair version is
also under development.

There are five different optical
fiber versions of 10 GE. Three of
them use purely serial transmission.
One uses a 850 nm laser over 50 um
MMF to get a range of up to 65
meters. Using 9 um SMF and a 1310
nm laser nets a maximum range of
10 km. Going to a longer wavelength,
a 1,550 nm laser on the 9 ym SMF

four 250 Mb/s streams. It then uses a
line coding scheme that transmits |
two bits per coding symbol where |
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| Sequence |

yet to be widely adopted.

achieves a reach of 40 km at 10
Gb/s.

The two versions of 10 GE use
what is called wavelength division
multiplexing (WDM). This a tech-
nique like frequency division multi-
plexing used in cable TV systems.
Each TV signal is modulated onto a
different carrier frequency, and all of
them are simply added together and
put on the cable at the same time.
The cable box sorts them out. In
WDM, different serial bit streams
pulse modulate lasers on different
infrared light wavelengths (A). These
methods are also referred to as wide
wavelength division multiplexing
(WWDM) or coarse wavelength divi-
sion multiplexing (CDWM). Both ver-
sions split the 10 Gb/s bit stream
into four slower streams and put
each on a different wavelength laser.
All of the signals are transmitted
down the fiber at the same time and
filters at the receiving end separate
them. The bit streams are recom-
bined at the receiving end into a sin-
gle 10 Gb/s stream. One version of
WWDM uses 62.5 um MMF with
lasers in the 1,310 nm range to

FIGURE 2. The Ethernet frame. Data is transmitted in
packets where the data is bracketed by other bytes that
assist in the transmission. Note: One byte is eight bits.

But it will no doubt be
adopted in the larger
LANs as the demand for
more speed and capacity
grows. 10 GE will also find its way
into SANs and metro networks. Most
metro networks use a well estab-
lished technology known as Sonet,
for synchronous optical network.
This is primarily a fast fiber optic dig-
ital telecommunications system
developed for telephones. It easily
achieves speeds of 2.5 Gb/s and 10
Gb/s, but it is expensive and com-
plex. Some say that 10 GE will give
Sonet a run for the money because it
is cheaper and because the empha-
sis has shifted from voice to data as
far as telecom traffic is concerned.
We shall see.

What's next for Ethernet? Is a
jump to 100 Gb/s inevitable? That's
not too likely in the near future since
that speed is well beyond the capabil-
ities of most transistors, integrated
circuits, or other semiconductor
devices. However, one possibility is a
jump to 40 Gb/s. Sonet defines a 40
Gb/s version called OC-768. Some
circuits are available already.

These are not made with plain
old silicon like most other ICs, but
with more exotic semiconductor
materials like silicon-germanium
(SiGe), gallium arsenide (GaAs), or
indium phosphide (InP). The eco-
nomic downturn slowed develop-
ment in this area, but as the econo-
my returns, we can expect to see
development grow. It wouldn't sur-
prise me to see 40 Gb/s Ethernet in
a few more years.

FIGURE 3. A typical Ethernet transceiver. This IC is
the heart of all Ethernet interfaces. This MY 100! by
Mysticom is designed to handle 10/100/1,000 Mb/s

versions of Ethernet and can achieve a maximum
range of 140 meters on UTP. Courtesy of Mysticom.

www.Mysticom.com

l

Ethernet Operation

Ethernet is a baseband signaling
method that connects the binary
pulses directly to the transmission
line. This works fine, but can cause
problems depending upon the pulse
format. Ethernet uses a form of line
coding called Manchester coding
that converts the binary 1 and O volt-
age levels into double frequency
pulses where the high-to-low or low-
to-high transitions mark the center of
the binary value. The value of this
method is that the clock signal can
be easily derived from the transmit-
ted data. The clock signal is regener-
ated at the receiver from the data
and it is used to manipulate the
received data in the interface.

A key feature of Ethernet is the
access method it uses. Access
method explains how multiple users
can share and access a single com-
munications bus. Figure 1 shows an
Ethernet bus shared by four person-
al computers (PCs). Any PC can talk
to any other PC. Obviously, they
have to take turns transmitting and
receiving. And there has to be a way
for them to know when it is safe to
transmit and not interfere with a
transmission already in progress.
Ethernet uses a method known as
carrier sense multiple access/colli-
sion detection, or CSMA/CD.

All PCs on the bus continuously
monitor the bus signal which is
called the carrier. If some PC is trans-
mitting, all other PCs know it by this
carrier presence. Once the carrier
disappears, any PC can transmit. It
effectively broadcasts the signal to
all connected PCs. If two or more
PCs try to send at the same time, a
"collision" occurs. This collision is
detected by all of the interfaces so all
transmissions are stopped. The
transmitting PCs then wait a random
amount of time — different for each
PC — then they try again to
transmit. Statistically, one PC
will capture the bus first,
transmit its data and then
stop.

The data is put on the
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bus for all to see. Each computer decodes the message to
see if the message is for it. The receiving PCs capture the
data while all the other PCs ignore the data.

This access method works pretty well, but you can
imagine that the greater the number of users on a bus and
the greater their need to communicate, the slower things
become. All that contention for the bus takes time away
from the actual data transmission.

The data to be transmitted is assembled into frames or

Open Communication

face. On older PCs, you had to buy a network interface
card (NIC) that plugged into the PC bus. That card con-
nected via CAT5 cable to the LAN bus. That's basically all
there was to it. If you have an older PC, this is still the way
it is. However, because Ethernet is so widely used, almost
every new PC or laptop has an Ethernet port built in. Just
look on the back for the RJ-45 connector. The Ethernet
interface today is simply one large IC and a handful of dis-
crete components. A typical Ethernet transceiver chip is

packets in the format shown in
Figure 2. What you see here is a long
stream of binary bits making up all of
the information to be transmitted.
The preamble and the start frame
delimiter are eight bytes that are
alternating 1s and Os transmitted first
so that the receiving interface can get
ready for the data and synchronize its
clock. The next two or six bytes are
the destination address. A unique
address code is assigned to each PC
on the network. The next two or six
bytes are the source address — the
address of the sending PC. Next is a
byte that tells how many bytes of data
are being transmitted. Finally, the
data is transmitted. The length of the
data field is 46 to 1,500 bytes. The
frame ends with the frame check
sequence which is a four byte error
detection code. Ethernet uses what is
called the cyclical redundancy check
(CRC). The CRC process is essential-
ly that of binary division. The entire
data block is considered to be one
big binary word. It is mathematically
divided by a special code. The result
is a quotient and the remainder. The
quotient is discarded and the remain-
der becomes the CRC. This 32-bit
code is transmitted last.

At the receiving end, the PC rec-
ognizes its address and takes in the

data. The CRC is regenerated and the |

received and generated CRCs are
compared to see if any errors
occurred. The interface chip looks at
all the data fields and sorts every-
thing out putting the data itself into
memory.

The Hardware of
Ethernet

The only thing a PC needs to con-
nect to an Ethernet LAN is an inter-
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Ethernet ports. Between the PCs and the
servers are a variety of other devices that help
connect and consolidate everything. The main
devices are hubs and switches.

‘ A hub is simply a central connecting point

. for two or more PCs. You can recognize a hub
by its low, flat enclosure and multiple RJ-45
connectors on the front into which plugs the
CAT5 from the various PCs. A typical hub is
shown in Figure 4. The hub, more or less, cre-

Courtesy 3Com Corp. www.3com.com

shown in Figure 3. This one implements a 10/100/1,000
port which, of course, defines the speeds in Mb/s at which
the interface will operate. In a business environment, the
PC hooks to the LAN with UTP cable. At home, the PC con-
nects to any high speed Internet device like a cable TV
modem, a DSL modem, or some other broadband router
or gateway via the Ethernet port.

At the other end of the LAN is usually one or more
servers — larger, faster versions of PCs that handle the net-
work software, the data bases that users may access or
control to access the Internet. The servers also have

FIGURE 4. A typical Ethernet hub.This 24-port SuperStacker 3 Baseline hub by
3Com can be stacked and daisychained with others to build even larger LANS.

ates what we call a physical star connection
where the hub is the center and all the PCs and
their wiring are the points of the star. However,
the logical topology of the LAN is still basical-

| ly a bus.

[
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The bus is just collapsed so that it is all contained with-
in the hub. Referring back to Figure 1, picture all of the
connections on the bus to be in one box. Note that a trans-
former is used in the interface to connect the Ethernet
transceiver chip to the bus. The hub also contains signal
amplifiers and regenerative circuits to reshape weak sig-
nals from PCs at the ends of long cables. You can get hubs
with 4, 8, 12, 16, 24, 32, and 48 ports. If more ports are
needed, you just daisy chain one hub to another and so on.
The hub connects to the server.

Another hub-like device is the Ethernet switch. It basi-
cally looks like a hub and serves the same purpose, but it
also does something else. It can switch selected portions
of the network off and on as needed. What this does is min-
imize interference between sending PCs and results in an
overall faster transmission of data. As more PCs are added
to a bus, the cables get longer and slow the data down. The
greater the number of PCs, the greater the competition for
using the bus so all the negotiation with the access method
really slows things down.

What a switch does to solve this problem is divide the
LAN into smaller sections. If a section is not being used, it
is switched off so as not to load the network. The switch
looks at the destination address of a transmitting packet
and then switches on the segment containing the destina-
tion PC. Most Ethernet LANs use switches as they produce
a remarkable increase in performance.

Ethernet is everywhere and its use continues to grow.
It is now becoming the network of choice for industrial
applications in factories and plants to interconnect control
computers, sensors, and other devices. And a modified
version of Ethernet could end up being the protocol of
choice for the fiber optic cable replacements for the cur-
rent twisted pair telephone lines generally known as the
plain old telephone service (POTS) local loop.

An IEEE committee is on the verge of approving
802.3ah — a standard for passive optical networks (PONs)
that will eventually connect your home to telephones,
Internet access, and cable TV via fiber. And then, of
course, there is wireless. | will cover wireless Ethernet in
my next column. NV
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QUESTIONS

Can someone tell me what the
difference is between an S-video input
and the plain old video input on a
television set?
#12031 Ron Rosien

Los Angeles, CA

Does anyone have plans for a
portable ultrasonic leak detector that
operates in the 20-100 kHz range?
#12032 James Dinsdale

Alomogordo, NM

My 13-year-old son is heavily into
electronics and was given a Lewis
Lektronix scrolling LED sign, model
1000/RS232, for his birthday.
Unfortunately, it is without the

manual, keyboard, and software for
programming. I've called the phone
number on the sign and scoured the
Internet, only to learn that the
company has apparently gone out of
business.

Does anyone know where we can
find hardware and/or software to
make this sign work?
#12033 Matt Loiselle

via Internet

I am considering building a CNC
milling machine for PCB prototyping.
I have most of the necessary
mechanical and electrical
components accumulated, and now |
need the software to drive the XY,
and Z axes. Where can | find a
shareware or low-cost Windows based
program that will accept HPGL or

This is a READER-TO-READER Column. All
Nuts & Volts readers and are intended to

assistance for solving problems of a technical
nature. All questions submitted are subject to
editing and will be published on a space
available basis if deemed suitable to the
publisher All answers are submitted by readers
and NO GUARANTEES WHATSOEVER are

any answer printed in this column may require
varying degrees of technical experience and
should only be attempted by qualified
individuals. Always use common sense and
good judgement!

Send all material to Nuts & Volts Magazine, 430
Princeland Court, Corona, CA 92879, OR fax
to (909) 371-3052, OR email to
forum@nutsvolts.com

ANSWER INFO

* Include the question number that appears
directly below the question you are responding
to.

is printed. Be sure to include your mailing
address if responding by email or we can not
send payment.

* Your name, city, and state, will be printed in

you want your email address printed also,

questions AND answers will be provided by

promote the exchange of ideas and .provide

made by the publisher. The implementation of

* Payment of $25.00 will be sent if your answer

the magazine, unless you notify us otherwise. If

indicate to that effect.

» Comments regarding answers printed in this
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
the following:

1) Circuit Design

2) Electronic Theory

3) Problem Solving

4) Other Similar Topics

Information/Restrictions

* No questions will be accepted that offer
equipment for sale or equipment wanted to
buy.

* Selected questions will be printed one time
on a space available basis.

* Questions may be subject to editing.
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If no one knows what you're asking, you won't
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be published with the question, but we may
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Gerber files as input, and output

motion control code?

#12034 Stan Grupinski K2OTN
Wimberley, TX

Is it possible to set up a remote
video monitoring system using my
home PC (with a cable modem ISP)
as my base, to monitor my cabin 80
miles away? The PC at the cabin only
has plain telephone service (as well
as the two cameras).

Are there other options that |
should consider?
#12035 Anonymous
via Internet

I'm a student and I'm building a
three axis robot arm using stepper
motors, controlled through the
parallel port of a PC. I'm having
difficulty building the stepper motor
controller board, and writing the
software to run it.

Can anyone point me to any
good information regarding basic
control of stepper motors?

#12036 Le Quoc Huy
Vietnam

Does anyone know of a reference

book on electronic component
footprints?
#12037 Stephen Ory
via Internet
ANSWERS

[08033 - August 2003]

The PLL system of my Kenwood
R-5000 SW receiver went out and |
discovered that Kenwood OEM PLL
boards are dreadfully expensive.

| have a factory manual and
have access to an oscilloscope,
VOM, etc., but have no idea how to
begin debugging the circular
system. It does not look like the
Kenwood website will help.

Here are some suggestions:

1. A possible answer may be
available at www.qth.net Once
there, from the 'select list,’ choose
Kenwood and search through the
archives. Possibly, you may find the
answer. If not, sign on to the Kenwood
list and post the question. Many

101




NUTs & Vours

Tech Forum

times, someone within the group will
have the information. The Kenwood
TS 440 had a generic VCO problem.
With time, the 'goop' that held some
components  together  became
conductive. The solution was to
remove the goop and replace some
components.

2. Kenwood may have a service
bulletin on this subject. Go to
www.kenwood.net, jump to service
bulletins and search.

3. If both of the above fail, look at
the PLL board for 'cream color' hard
goop (hard synthetic rubber)
covering  several components.
Determine the circuit associated with
this area and check in the service
manual if it is a VCO. If indeed there
is such a situation, this is probably
the number one suspect.

The cream colored goop must be
removed, and associated parts
replaced. Kenwood Service Bulletin
SB 973 and 974 describe the
procedure for the TS 440. Use the
details in Bulletin 973 on how to clean
the goop.

Parts may be hard to find. A good
source is: East Coast Transistor Parts,
Inc., www.eastcoasttransistor.
com; (516) 483-5742.

| hope this helps.

Mort Arditti
Los Angeles, CA

[09033 - September 2003]
I would like to control a process
| that requires a time and temperature
sequence. | need a temperature span
‘ from 90° F to 170° F and time
periods from 15 to 120 minutes in
duration. What would be the easiest
and least expensive way to
accomplish this task?

‘ This appears to be an ideal
application for control by an
inexpensive MCU. Since minimal I/O
ports are required, an eight pin
PIC12F675 would serve very well,
taking analog temperature input from

‘ a Dallas 18B20 sensor. The nature of
the heater is not specified, but in
almost any case it can be controlled
by a suitable relay activated by a PIC
output, probably through a transistor

‘ since the coil will likely draw more
than 20 mA.

Because of the long time periods
involved, the 12F675 might
conveniently run on a slow (e.g., 32
kHz) external oscillator, although for
minimum cost the internal 4 MHz
oscillator can be used, with a lot of
delay counting. Since the MCU is
doing nothing most of the time
anyway, lots of counting is probably
appropriate. The cost of parts, less
power supply (5 V) and heater relay,
is far less than $10.00. The

|

88HC11 Microcontrolier

Got a brilliant idea for a
Handheld X-ray Imagerxr?

timicro spy satellite

How about a

COLONY OF ROBOTIC ANTS?
Or maybe you just want to
FLASH SOME LIGHTS.
Whatever your application...
“MicroStamp” it!
toll-free USA and Canada

- harness the power of the world's most popular 8-bit
microcontroller in your own projects!

- gasy-to-use Windows interface for fast loading via
your PC’s serial port

- control LEDs, speakers, lights, relays, motors, LCDs,
servos, and much more with your own easy-to-write
programs

« “plug right in” to any solderless breadhoard [(with
included adapter), So you can try out your ideas fast!
- re-programmable in-circuit thousands of times!

- your program stays inside MicroStamp11™ until you
replace it- even with no power applied!

- runs on standard alkaline or NiCd hatteries for hours,
or use a DC adapter

« tiny stamp-size 1.4 inch x 1.0 inch module

- demo of powerful new XPad visual programming
environment included with Starter Package!

- Starter Packages’ from $49

1-87 7 -963-8996 WWW_technologicalarts.com

* RS232 Docking Module, serial cable, manual, and software disk included in Starter Packages
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programming is trivial, and can be

altered (the 12F675 is flash

programmable) to meet modified
heating requirements.

Ed Grens

via Internet

[10031] - October 2003]

After the big blackout, my
Panasonic VCR, model PV-8662, no
longer works at all. | 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.

#1 The transistor you found with
the problem is probably Q1001, a
2SC4533. It should exhibit a short
between the emitter and collector. At
the shop | work at part time, we have
had a few of the Panasonic PV line of
VCRs with the same problem after a
lightning storm or a power
interruption. Besides replacing the
transistor and the 1.6 amp fuse, you
should also look at all the capacitors
in the output of the SMPS. Pay
particular close attention to C15, C16,
C17, and C19. Even if they check
good, replace them. You can replace
them with a higher DC voltage than
what they are. They should currently
be 6.3 VDCs and 16 VDCs. Replace
them with higher working voltages
(whatever will fit in their confined
spaces, go with it). Really, replacing
ALL of the caps in the output of the
supply isn't a bad idea while you have
the supply out of the VCR; it will save
you time and effort when another one
of them should let go. For the sake of
a few extra pennies, it will save you
headaches down the road. Most of the
power-supply-caused problems in the
PV line of VCRs can be traced down to
these few capacitors, so get them all
at one time and avoid the Christmas
rush. The transistor, if it is a 2SC4533,
crosses to a NTE2339 and it is an
NPN. You should be able to pick it up
through an NTE distributor. If you
can't locate one, then try an online
source such as Electronix
(www.electronix.com), they carry it
in stock at a reasonable price.

Ralph J. Kurtz
Old Forge, PA
#2 | have never had any problem
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getting  service manuals for
Panasonic equipment. At
www.panasonic.com, they give you
the toll-free number for the national
parts warehouse, where service
manuals can be ordered. | generally
order through a distributor, which is
the only way you can get parts or
service manuals from many
manufacturers. At www.fox-
international.com they can order
your manual for $19.30 plus $4.00
for shipping.

Considering your luck finding a
manual, maybe you should take it in
for repair.

Dave Deleersnyder
Kansas City, MO

[10033 - October 2003]

| am 13,000 feet from the
phone company office and can
only get 768K download and 128K
upload on the Internet. Yet, if [ was
11,000 feet away, | could get
1500K/256K.

It seems to me that all | need is

a bi-directional amplifier with low
noise to increase my speeds. Is this
true?

#1 If it were so easy to increase
DSL range and bit rate, the phone
companies would already have done
it. They would like nothing better
than to make their product more
competitive with cable modems,
which are usually faster than DSL.

Unfortunately, the problem you’re
having is not due to receiver noise
and signal levels; it’s primarily due to
interference between twisted-pair
lines (originally intended for audio
frequencies), which increases with
their length. If you amplified the
received signal, you would also
amplify the interference, and if you
amplify the transmitted signal, you
would interfere with the signals on
your neighbors’ lines.

Therefore, a simple amplification
will not help. What will help eventually
are more sophisticated modulation
methods as the technology improves

and the chips get cheaper. There are
some higher speed versions of DSL
available today to businesses (e.g.,
SDSL), but these are expensive and
not generally available to consumers.
Larry Russell

Atlantic Highlands, NJ

#2 Yes, a bi-directional amplifier
and data re-former would help, but
only if you placed it in the middle of
the run, which the phone company is
unlikely to do. The problem with
distance in a DSL connection is not
signal strength or noise, but the
length of the wire run itself, so any
devices at the ends won't help. The
long wires have enough capacitance
to cause data bits to spread out a little
bit. If they spread out too much, they
start to overlap, and the data is
corrupted. At higher data speeds, the
bits are smaller, and so can tolerate
less spreading. Unfortunately, there is
little you can do to get a higher DSL
data rate, short of moving closer to
the phone office. A 768 Kb download

Fully programmable in Basic
e 2x16 serial backlit LCD

A 2 powerful servo drive motors
2 IR obstacle detector

{;} Speaker for sound effects

Assembled with processor and ready to go $249.9

NetMedia Inc. 10940 N
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rate isn't all that bad.
Don Rotolo N2IRZ
River Vale, NJ

[10034 - October 2003]

I am looking for a speed sensor
that would work with a
microcontroller such as
Motorola 68HCI1. | also need an
ultrasonic distance sensor that is
reliable up to 60 feet.

Since you are looking for a
sensor to be wused in harsh
environments, | recommend a
magnetic type with a Hall Effect
sensor. These types work well in dirty
or moist environments. Allegro and
Melexis offer semiconductor sensors
and have extensive information on
their websites with unique sensors.
Melexis also offers a designer Kkit,
which includes several sensors,
design samples, and a linear type to
measure magnetic flux for a low
price, which will be useful for your
design. These sensors can be
incorporated into your design and
produce pulse signals which can be
easily measured with a
microcontroller. It is also easy to add
quadrature for direction and an index
signal, if required.

Senix makes excellent ultrasonic
distance sensors, however they are
limited to 37 feet.

Walter Heissenberger
Hancock, NH

[10035 - October 2003]

I need a simple frequency
allocation chart for terrestrial
American digital radio (DAB-T)
and television (DVB-T).

The following file on the Internet
www.ntia.doc.gov/osmhome/allo
chrt.pdf provides a complete United
States frequency allocation chart
from 3 kHz to 300 GHz.

Additionally, this page
www.jneuhaus.com/fccindex/ind
ex.html#Freq_chart provides links
to a large number of Iless
comprehensive, but more detailed
frequency allocation tables and
charts, including at least one to an
FCC table of TV channels and an
FCC table of FM radio broadcast
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the ‘

channels.

As | recall, terrestrial digital
broadcasts will have to be provided
within these same allocations. In any
event, this site www.100000watts
.com claims to list, among other
things, 1,643 digital TV stations.

Tom Tillander
Bay Village, OH

[10036 - October 2003]

I am looking for a circuit that is
a laser light activated switch. It
should be activated by a standard
red laser pointer and also be
immune to ambient light. The
output from the switch would give
a pulse to activate a timer.

I wrote an article in the July
1999 issue of CQ-VHF, discussing an
experimental laser data transmitter
and receiver. In this case, you would
use only the receiver portion, shown
in Figure 1. Q1 can be a
phototransistor as shown, but in this
case, you might be better off using a
regular red LED, one with a red lens.
The LED has plenty of sensitivity to
red light and some immunity to other
colors. If possible, mount it in a tube
(like a paper towel tube) to reduce
ambient light, put a red filter over the
tube to further decrease sensitivity to
other light, and use a simple lens to
make the aiming of the pointer
easier. Locate the 'chip' of the LED
right at the focus of the lens, and
hitting anywhere on the lens will
illuminate the LED. Use VRI to
adjust the sensitivity, so the output
(labeled 'Data to TNC') only goes
high when there is laser light shining
on the LED or

volts. Review the 78L05 spec sheet

(widely available on the Internet) for

details on that simple circuit. All the

parts are available at RadioShack
and other electronic supply shops.

Don Rotolo,N2IRZ

River Vale, N}

[10037 - October 2003]

I am building a down counter
using the ICM7216 four-digit
up/down counter and cascade
them to create an eight digit
counter. The only way ['ve found
to load the counters with numbers
is using expensive BCD switches. |
need a way to use a keypad
instead, possibly the 74C922. If
this is possible, how do I do it since
the 7216 strobes each of the BCD
switches to get its input?

You want to load one counter at
a time. First digit needs a holding
register (four bit latch), then the
second holding register loads with
the first into the first counter. Reuse
that holding register for the next two
digits, into the next counter. A four-
bit "ring counter" can provide the
sequencing, using two bits to provide
the latch strobe. (A and not B type
gates, or similar?) The counter
should be stopped while loading.
The more expensive route would
be to set up a chain of eight, four-bit
latches, each loaded from the
previous, on each digit. Then you
can parallel load the counters from
that chain. (This is logically how it
would likely be done in software.)
) DD Arbaugh
Pearblossom, CA

phototransistor.
This output can
easily trigger a 555
or small relay
directly, or you can
use a 2N3904
transistor to trigger
a large relay, or
something else.
For the power
supply, use a 12
volt DC wall wart
and a 78L05
voltage regulator to
drop it down to 5

DECEMBER 2003



Abacom Technologies ..
ActiveWire, Inc. ..........
All Electronics Corp.
Amazon Electronics
AM Research, Inc.
| Animated nghtmg
‘ Autotime Corp
Autotrax EDA
‘ Basic Micro, In:

Cunard Associates

Delcom Engineerin

Elec%ro Mavin
Electronic Desf

Bellin Dynamic Sy 59 eMachineShop.com
BltScoge Designs 43 EMAC, Inc. .
C & S Sales, Inc 65 Eptsoft Limite

Cana Kit Corporati
Carl’s Electronics, Inc.
| Circuit SJ)emaIlsts Inc.
‘Clevelan |
\ Command Productions ...........

57 ExpressPCB
58 Front Panel Exp
Global Specialties ..

Conitec DataSystems
Connecticut microComputer, Inc. gg Imagine Tools .............

DallasLogic ...........

Earth Computer Tec! n
Eba

106-107
nstitute of Electronics .. 10 Grand Idea Studio, inc.
Halted Specialties Co. .

HVW Technologies, Inc.

Information Unlimited .. ONE PA
Innoventions, Inc.

Intronics, Inc.
IVEX

.99 Lemos International Co., Inc.
47  Linx Technologies
.34 Lynxmotion, Inc.
.18 2L Electronics
.89 Matco, Inc
.68 Maxstream .
.30 microEngine
.95 Mouser Electronics .
MVS

Net Media

PAIA Electronics..
Parallax, Inc.

PCBexpress .
PCB Fab Ex|
Pico Technolos
Pioneer Hill Sof

Polaris Industries

Resources Un-Ltd..
Robotikits Direct ..
Rogers Systems Sp
Rogue Robotics 57
Scott Edwards Electronics, Inc.. 95

Solutions Cubed .
Square 1 Electronic:
35 Surplus Sales of Neb
89 Syspec, Inc.

15 Technologica
99 TestNTools .

54 Trace System
53  Trilogy Design
59 Tropical Hambore
59 V&V Machinery & Equipme
..8-9  Zagros Robotics

Ltd.
are

AMATEUR RADIO & TV

Cana Klt Corporation ..
PUISAY. .. ihatrrmssaisarass
Ramsey Electronics, Inc.

Surplus Sales of Nebraska .

BATTERIES/CHARGERS

7
.53
9
il
19

CURBIG ABSOCIAaS . o il v ikinsssnamsansnorssnss

BUYING ELECTRONIC
SURPLUS

Earth Computer Technologies.
Rogers Systems Specialist

CCD CAMERASNIDEO

Autotime Corp.
Circuit Specuahsts Inc. .
Matco, Inc. .............
Polaris Industries ..

Ramsey Electronics, inc.
Resources Un-Ltd.

CIRCUIT BOARDS

Animated Llihtmg
Autotrax EDA .....
Cunard Associates
DallasLogic ..
ExpressPCB
IVEX

Maxstream

PCBPro ...

PCBexpress

PCB Fab Express ..

Pulsar .

Pulsar, Ini

Vav Machlnery & Equipment, Inc.

COMPONENTS

Bellin Dynamic Systems, Inc...
Cana Kit Corporation........
Front Panel Express LLC.
Lemos International Co., Inc
Linx Technologies .

Maxstream .. 26
PCBexpress .. .20
PCB Fab Express .78
Pulsar, Inc. .........

Solutions Cubed .

COMPUTER

Hardware

ActiveWire, Inc.
Animated Lighting .
Autotime Corp. ......
Connecticut microComputer, Inc
Delcom Engineering .....
Earth Computer Technolog
Halted Specialties Co. ........
Rogers Systems Specialist
Surplus Sales of Nebraska

Software
Animated Lighting .
Eptsoft Limited ...
VX ol e,

Pioneer Hill Software .
Trilogy Design

Microcontrollers / I/O Boards
Abacom Technologies...
Amazon Electronics
AM Research, Inc
Basic Micro, Inc......
Conitec DataSystems.
Delcom Engineering

DECEMBER 2003

EMAC, Inc.
Grand Idea Studio, Inc.
Innoventions, Inc. ......
microEngineering Labs
MVS ...

Net Medi

New Micros, Inc. .

Parallax, Inc. ...

Scott Edwards Electronics, Inc
Square 1 Electronics ....
Technological Arts .

Trace Systems, Inc.

DESIGN/ENGINEERING/
REPAIR SERVICES

DallasLogic .........

Delcom Engineering .

eMachineS op com
ExpressPCB .......

Front Panel Express LLC

ONE PAS,

Pulsar, Inc. -

Solutions Cubed .

Trace Systems, Inc.

V&V Machinery & Equipment, Inc.

EDUCATION

BitScope Designs
Cleveland Insmute of Electronics .
Command Productions .

EMAC, Inc. ..

Eptsoft Limited

Global Specialties

Imagine Tools ..

Innoventions, Inc.

PCB Fab Express

Protek ..

Syspec, inc

EVENTS/SHOWS

Global Specialties
Tropical Hambore

KITS

Amazon Electronics
Autotime Corp. .

C & S Sales, Inc.
Cana Kit Corporation .

Carl’'s Electronics, Inc.

Earth Computer Technologles
EMAC, Inc. ......

HVW Technologles, Inc.
Imagine Tools ..

Information Unhmlted

Ramseynél-éét'romcs Inc
Robotikits Direct .....
Scott Edwards Electronics, Inc

LASERS

Information Unlimited
Resources Un-Ltd.

All Electronics Corp.
Electro Mavin ............
Front Panel Express LLC..
Halted Specialties Co.
Resources Un-Ltd.
Surplus Sales of Nebraska

PROGRAMMERS

Amazon Electromcs
Basic Micro, Inc. .....
Conitec DataSystems.

HVW Technologies,
Intronics, Inc. ....
M2L Electronics ..
microEngineering L.
TestNTools

PUBLICATIONS

Mouser Electronics ..
Square 1 Electronics .

RF TRANSMITTERS/
RECEIVERS

Abacom Technologies
Linx Technologies ..
Matco, Inc. .......

ROBOTICS

BitScope Designs

eMachineShop.com ..

HVW Technologies, Inc. 57
Imagine Tools ......... 21
Kronos Robotics & Electronics 12
e 49
Lemos International Co., Inc. ...20
Lynxmotion, Inc. .26, 59
Pulsar . 3599
Net Media .. 2,103
New Micros, Inc. .. .46
Robotikits Direct .. 13
Rogue Robotics 57
Solutions Cubed

Zagros Robotics

RE. ...

SATELLITE

Lemos International Co., INC. ........ccoevemriveriscnieerisnnrennnns

SECURITY

Information Unlimited .
Linx Technologies ..
Matco, Inc. ...........
Polaris Industries .

...41

Bellin Dynamic Systems Inc..
BnScoge Designs ..

C &S Sales, Inc

Circuit Specialists, Inc.
Conitec DataSystems .
Connecticut microComputer, Inc.
T N e

Electronic Design Specialists.
Global Specialties

Pioneer Hill Software
Protek .....

Syspec, Inc.
TestNTools

Trace Syste

WIRE/CABLE
& CONNECTORS

Rogers Systems Specialist




CircuitSpecialists.com

NEW LOWER PRICES ON As Low As :
1N4000 SERIES DIODES $6.00/Thousand!

10 Turn Precision Pots
1/4” Shaft

1.9 10-99 100-999 1000+ 1 Watt
IN4001.....80.10  $0.07 $0.025 $0.006 - -
1N4002.....80.10  $0.07 $0.025 $0.006 new! %
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Activated Carbon
Filter Pad (replaceable)
helps reduce

harmful fumes

stocking standard values
from 100 ohms to 25K ohms

CTRL-D
to bookmark

this site

while soldering.
Item#

csuse $27.99

Personal Fume Filter for Soldering
("For More Info see CircuitSpecialists.com )

Circuit Specialists Soldering Station
w/Ceramic Element & -
Seperate Solder Stand
*Ceramic heating element for more accurate
temp control
*Temp control knob in F(392° to 896°) &
C(200° to 489°)
*3-prong grounded power cord/static safe tip
*Seperate heavy duty iron stand
*Replaceable iron/easy disconnect
*Extra tips etc. shown at web site

Item#

CSI-STATION1 Rapid Heat Up!

*Easy to Navigate

*Includes a Search Engine That
Really Works

*New Items Added Constantly

In Business
Since 1971

Also Available w/Digital Display
& MicroProcessor Controller
Item#
CSI-STATION2

$49.95

Details at Web Site

SMD Hot Tweezer
Adaptor Fits CSI
Stations 1 & 2, and
also CSI906

Item#
CSITWZ-STATION

$29.00

Hand-Held 3.0GHz Universal Counter

*10 digit LCD Display

*High speed 300MHz direct counter w/0.1Hz resolution Strength
*50 Ohm input for full range 1MHz to 3.0GHz coverage

*Ultra sensitive synchronous detector w/16 segment
bargraph display of RF signal strength

*4 selectable gate speeds
*Hold switch locks display Now On'ly
*Low power consumption $99.00!

Extensive Details at: www.CircuitSpecialists.com

Protek 60 & 100MHz Realtime Scopes

IChamel Dol Tce. L dmazivi Breod New Incredible Low Digital Read Out 3 Amp Bench Power Supplies [AST oW As
6” Internal Grid Values $ Not Refurbished! Prices! Available in 0-30 volt & 0-50 volt versions ’ $85.00!
ALTMAG s Includes 2 scope probes High stability digital read-out bench power supplies fea- —
ALTTRIG - 60MHz only §469.00 turing constant voltage and current outputs. Short-circuit
TV Sync r 100MHz only $699.00 and current limiting protection is provided. Highl LED

! (Limited Time Offer) accuracy and stable line regulation make the 3000 series

Extensive Details at: www.CircuitSpecialists.com

B&W High Performance Night Vision Camera nf’wf}

We've found more expensive units with more LEDs but

the performance of this unit is superior. Ideal for outdoor
or indoor nighttime monitoring. Heavy Duty metal casing
is weatherproof for protection from rain or snow. $149.00

WDB-5007S

Regulated Power Supply WDADP-12..§14.95
Details at Web Site

Circuit Specialists; Inc:

Circle #145 on the Reader Service Card.

Item#
FC1002

With Field

Measurement
INCLUDES:

*removable telescoping antenna
*Internal 4AA Nicad battery pack
*9VDC, 500mA wall charger
*Pocket Sized Tester

*Line Regulation: 2x1 04+1ma

*Wave Line Noise:<Imvrms

CircuitSpecialists.com

the perfect choice for lab and educational use.
*LED Accuracy: Voltage+1%+2 digits
Current: +1.5% +2 digits

*Dimensions: 291mm x 158mm x 136mm

CSI3003: 0-30v/0-3amp/1-4..$89.00/5+..985.00
CSI5003: 0-50v/0-3amp/1-4..899.00/5+..895.00

CircuitSpecialists.com

Digital Laser Tachometer
*5 digit, 6” LCD Display

#2.5-99,999 RPM
$49.00!

test range
Item#

* Auto-Ranging

*2” to 80 test range

*memory function DT-6234C
Technical Details at Web Site

Triple Output Bench Power Supply
with four 3-1/2” digit LCD Displays
Output: 0-30VDC x 2 @ 2 AMPS
& lea. fixed output @ SVDC
— Source Effect: <0.02% +1mV
iafio Load Effect: <0.01% +5mV
Ripple & Noise: <ImVrms

(www.ClrcmtSpeclallsts.com) CSI3002D-3..$169.00 Dimensions: 365x265x164mm
Input Voltage: 110VAC +/-10%
Details at Web Site

(qty 5+..8159.00)

Item# CSI825A++
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VALUE!!

MicroProcessor
Controlled !

Includes 4 Nozzles ! *! >

Onl
$199.00!

; ®
SMD RE-WORK SYSTEM
w/Vacuum Pick-up tool.
Details at Web Site

SMD RE-WORK SYSTEM w/Solder Iron
Item# CSI1906
Includes 4 Nozzles !

Incredible
Deal! only
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Details at web site
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1999 count LCD Display 1 10 50+

I5mm digit height ~ §9.99  §7.99  $6.99
HfE DATAHOLD «p vo1t5:200m/2V/20V/200V/600V
Audible Continuity s volts: 200/600
Rubber Boot & - +p Current: 2000/2m/20mA/10A
Test Leads *Resistance:200/2K/20K/200K/2M
Included *Size: 138 x 69 x 31mm

New!..Lower Prices

Many more Power
Supplies available
on our Web Site:
Look Under Test
Equipment

220 S. Counitry; Club) Dr.;-IVMe's a, AZ: 85210,
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Personal UV EPROM

ERASER

2 AMP 0-18V
Bench Power Supply
LCD Display

~ -

new! 3 E3

[tem#
D-ERASE

ﬁ $49.95

Erase Up to 4 Chips at a time
Adjustable Tlmer4to 24 minutes

Convert any PC with USB interface
to a high performance Digital
Storage Oscilloscope. This is a
sophisticated PC basedscope adaptor
providing performance compatible
to mid/high level stand alone prod-
ucts costing much more! Comes
with two probes.

S Ripple & Noise: <ImVrms
Complete details & software
download at our Web Site under 1 5+

Test Equipment $59.95 $52.95 Purcbase
OnLine!

Item# CSI 1802D

input voltage: 110VAC
output: 0-18VDC

Current: 0-2A

Source Effect:<0.02%+1mV
Load Effect:<0.01% +5mV

PC based Digital Storage
Oscilloscope, 200MHz 5GS/s
equiv. sampling USB interface

item# 200DSO $859.00
SMHz Dual Channel Digital Scope Meter

*DC - Details at Web Site
DC to SMHz
*Dual Channel Item# S2405

*Sampleing Time:50Ms.S
*Auto Triggering
*Auto Calibration $2 99.00 !
*Roll & single shot mode
*16 shot reference wave-
form & set-up memory
*Built in autoranging True RMS
Digital Multimeter
*Includes RS-232 LF. software,
RS232 cable & Rubber Boot

Innovative 5 in 1 DMM

Integrated SOUND/ g
LIGHT/HUMIDITY |
SENSORS [
CSI8209
*Alt-Mag sweep
*1mV/Div vertical
sensitivity
*Alternate trigger
*XS5 sweep magnification

$49.00 !

Circuit Specialists 20MHz Dual Trace Scope

*20Mhz Bandwidth Item# CSI6502

*Alt-Mag sweep

*1mV/Div vertical
sensitivity

*Alternate trigger

*X5 sweep magnification

*Large 6”CRT/autofocus

*Comes w/2 (x1 & x10) probes)

More Details at Web Site

SEe— Oi.h 6 e;
$26900 ! Details at
CircuitSpecialists.com

RF Field Strength Analyzer $1499.

The 3201 is a high quality hand-held RF (Limited Offer)

Field Strength Analyzer with wide band

reception ranging from 100kHz to

2060MHz.The 3201 is a compact &

lightweight portable analyzer & is a

must for RF Technicians. Ideal for test-

ing, installing & maintenance of Mobile

Telephone Comm systems, Cellular

Phones,Cordless phones, paging sys-

tems, cable &Satellite TV as well as

antenna installations.May also be used

to locate hidden cameras using RF

transmissions
Extensive Tech Details & a Special Offer
At Our Web Site

Intelligent Auto-Ranging DMM
Our Most Sophlmcatea’ DMM Ever!

Large 4 Dig backlit 8000 count
dual display & Analog
Bargraph. RS232 [.R.interface
/software /cable 4 display
modes, True RMS

value & Freq. of Min/Max
values: Temperaturein F/C;
relative quantity & error % of
relative value at the same time.

More Details at Web Site
CSI 8203....$489-00

Non-Contact Infrared Thermometer

*Non-contact Infrared w/laser pointer measures
-*50°C to 500°C/-58°F to 932°F

*Measure temperature of hot or moving objects
from a safe distance Details at Web Site

*  *Narrow 8:1 field of view

. *Fast Sampling Time
*Switchable C° to F° and Auto Power Off
*Large 3-1/2 Digit (1999 count) backlit LCD

— - with Data Hold Onl

new! % Item# DT-8812 $79.0

,,-

Sale!
$129.00

Circuit Specialists now carries

100+ FLUKE TEST EQUIPMENT

$1.25
$1.25
$1.35

Visit our web site & view
our extensive offering of new
FLUKE TEST EQUIPMENT.
Just go to our home page & select TEST EQUIPMENT.
We've got great deals ! New !

FLUKE COLOR SCOPES

LED’s/Megabright Blue, White, GREAT PRICES!
Ly 1 10+
*EA Megabright Blue Smm  (L7113PBC/G)  $1.95 $1.50
= . Megabright Blue 3mm (L7104PBC/G)  $1.95 $1.50
Megabright White Smm (L7114PWC/G) $2.15 $1.59
more technical details @ our web site under SEMICONDUCTORS

FLASHING Red 3mm (L36BHD) as low as $.28 ea!
Variable Temperature Heat Gun Kit
*Temperature knob adjusts temperature up to 1050°F
new! % *3 stage airflow switch: cool (140°), low air, high air

PROGRAMMABLE DC POWER SUPPLY

~ " .

"‘-

new!‘%

RS

*Stores up to 10 settmgs for fast & accurate recall N\ fanual PDF available at

,)’

*Powerful 1400 watt output
Item# SV803K $59.00 !

BAG of LEDs DEAL

*Ergonomic handle with comfortable soft grip

Made in Germany

<&

Details at Web Site

100 LEDs for $1.50 !!

Normal brightness leds now available

*Backlit LCD display CircuitSpecialists.com ¥
*High Resolution (1mV) in RED or EN in 3mm or 5Smm size.

*PC compatible (with optional RS-232 adaptor module) Your choice. Each bag of 100 costs $1.50 !
*Easy programming w numeric keypad or fast rotary code switch = (ltggtosf %hi e ng) ach bag Gontains
*Power shut down memory function sty Details at Web Site BAG-RED 5mm....$1.50 BAG-GREEN 5mm..$1.50
BAG-RED 3mm.....$1.50 BAG-GREEN 3mm..$1.50

Visit our website for a complete listing of our offers. We have over 8,000 electronic items on line @ www.CircuitSpecialists.com. PC based data
acquisition, industrial computers, loads of test equipment, optics, I.C’s, transistors, diodes, resistors, potentiometers, motion control products, capac-
itors,miniature observation cameras, panel meters, chemicals for electronics, do it yourself printed circuit supplies for PCb fabrication, educational
D.LYkits, cooling fans, heat shrink, cable ties & other wire handleing items, hand tools for electronics, breadboards, trainers, programmers & much
much more ! Some Deals you won’t believe !

CircuitiSpecialists, Inc. 220 S. Counitry Club) Dr., Mesa, AZ 85210
8000-5218-11417 /| 480-464-2485 |/ FAX: 480-464-5824 cirele #145 on the Reader Service Card.




207 OFF

ROBOTS from
il

OFFER EXPIRES 12/18/03 (-

SumoBot Robot
Kit; #27400; y/ f o - . ~ .
regularly $189, \ | : s
now $149 \ - % ~ =

Toddler Robot Kit; Goid

#27310; Blue #27311;
regularly $249, now $199

Just in time for the winter holidays, we're

e ‘ rolling/pushing/walking out a very special offer.

e ~  From now through December 18, 2003, you will save at least 20%
- when you order a Robot Kit from Paraliax.

_/-f Choose from-the following Paralldx Robot Kits: 2

- . = The highly versatile Boe-Bot; the best entry =
s = ~ — levelrobot on the market.

S = 0' The strong SumoBot; enfer autonomous —

R ~ Mini-Sume.robot competitions
: D Challenge yourself with the: Toddler blpedal

w M
> ~ walking robot;-learn complex programming #28132; regularly 522’“

C ,_ng ‘fechnnques fo comrol 34 movements ; ; ~—— s s g S
,,‘,' & 5. “~Our robo#s are- controlted by a BASIC Stamp, making v 5 Sy e e <
- ~  them easytouse. All kits include documentation;

s software, Sensors, and all hardware needed to

- ~-assemble ond program the robot in-RBASIC. You
e ,« SUppPIy: aPCr running Windows and batteries. For more

Z Lee ’/’5'» - mcfarmohm on our Robof Kits, including'a comparison
s -—,*,,- Cﬁcrtfwsut the ROBOTlCS section at-www.parallax.com.
-

i~ s

_—~This ‘offer excludes fh€HexCrawIer Robot Kit. =~ — -
ke ~ _Order online at www.pgarallax.com or call | eur sales B Sp el :

RN 5 Parallax Robot Kits make great g
- -, T depawirient Tolifies (in the U.S.) §88—5’TZ 1024 o I e Siestonally pe S
s /Nﬁ)ﬁdoy ~Fndoy 7 am. TO 5pmy; /jﬁ'_C,,SandOrd Time. i g Sorry, gift wroppngnot«dvd'Kabi/

' /:‘W PARZ
. frﬂﬂ?}vigmms a ﬁ;s%éé&aﬁ;@eé”?ﬂ%oﬂ’mﬂox,lﬁgﬂ ;

i




