|ROBOTICS MICROCONTROLLERS COMPUTER CONTROL LASERS .

Everything For Electronics

eter;Modu

Build The GE:MOSFEI
AlidiojAmplilErPari

e Gadgee0tma 202
2nd Plece Winner!

AnUItraslfow,
POWEr
Radiation
Monitor

Builld The
Water Flow
- Meter and

= rent Timer




Probes, Sensors & Attachments

Communication Analyzers

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

Spectrum Analyzers

Multimeters

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

Jfor new, used and proféssionally calibrated equipment, it'’s 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 2003 eBay Inc. Al rights reserved. sBay and the eBay logo are registered trademarks of eBay Inc. Designated trademarks and brands are the praperty of their respective owners. Al items subject 1o avaiabilty
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12VDC Fan Deal!

412VDC @ 0.06A 4

4 Nidec ‘Beta SL’, Mod. No. DO8A-12TL
480 x 25mm (3.125" x 1.0)

4 Common PC power supply fan.

HSC# 80153 ccn $1.95
HSC# 19422 cases0$99.00

Pixie2 QRPp Xcvr!!

4 TINY!...take it anywhere! 200-300mW.
4 Kit incl all board-mounted parts

4 You supply crystal, conn.} \
case...efc. ]

¢ Use ‘walkman’ headphones % Y

4 Components for 80 & 40 m. supplied
4 We have some crystals, call us!

HSC# pixie2 59.95!
Rack Mount Cabinet

41U (1-3/4") high 19" quality-made

4 15-5/8"W x 16"D - outside dimensions
4 Reversable mounting flange

4 Pulls from working svc. some scratches

HSC#19437 $19.95!
Adaptec ISA SCSI Cntir.

¢ AHA-1535/1535A - SCSI1/SCSI2 conn.
# Special!! - $17.50 with any SCSI HD!
# New units, OEM pkg, 90-day warranty

HSC#19397 $24.95!
Electric Field Meter!

4 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.
4 New, 90-day warranty

HSC# ZAPCKR $89.95

500W Transformer!
4 110VAC input, 0-130VAC output @ 5A
47" dia. (8.5" w/ext) 6.5” high.

4 Large knob & scale settings ‘

4 Meter shows output level '.‘
4 llluminated power switch #

4 New - 90-day warranty F{

HSC# AEEC590 $45.00

H S Electronic
Supply

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

AN W

\\\\\ w

Disk Drive Deals!
4.3 GB SCSI 1/2 HEIGHT

¢ ST15150N hard drive

4 21 Hds, 11 Disks, 3,711 Cyl.
4 7,200 RPM, 9.0 mS avg. seek
4 HSC 90-day warranty

HSC# 18412
$14.95!

9.1GB ULTRA SCSI
4 Seagate ST19171WC, 80-pin
¢ 7200RPM, 4.6mS av. latency
4 Wide to std. SCSI adapters - $7.50!!
4 HSC 90-day warranty

HSC# 18753
$19.95!

3.25MB Laptop Drive

4 Fujitsu MHA2032AT, 3.25GB

46 Heads, 6372 cyl, to 8.92MB/sec xfer.
4 Avg. pos: 13ms., latency: 7.5ms.

4 OEM pack, 90-day warranty

HSC# 80693 $37.50!
SCA to SCSI 1 Adptr

4 Converts SCSI1 to SCA wide

4 Standard 4-pin power connector

4 Jumpers for LED,SYN,DLY,MTF,ID0-3
4 Jumpers & config sheet incl.

4 New,90-day warranty

w/any SCSI H. Drive

HSC#SCS3700 $12.50!
SmartCard Reader

4 Fits in PCMICA slot

4 For sensitive files/databases

4 Personal access security system

4 Restricts unauthorized access

4 Comes with 2 cards, diskette, manual
4 New, retail-boxed, 90-day warranty

HSC# 19433 $19.95
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

# Can co-exist with 3 more (180 drives!)
4 Pulls, online support info

HSC# 19427 $29.50

POWERWARE 3115 UPS

‘Series 3’ Power Protection!

Protect yourself from power failures,

surges and sags...

Power Management Software included

for LAN monitoring & shutdown

capabilities.
User-replaceable batteries!
User-selectable voltage ranges

prevent unnecessary battery drain

Economical power protection for
PCs, workstations, point-of-sale
systems, network nodes...more!

¢ Input: 88 - 142 VAC

¢ Output: 420VA/252W
¢ Weight: 11.5lbs.

¢ 6.1"Hx 3.4"W x 12.7"D

Visit us on the web at:

New, boxed, HSC’s 90-day warranty http://www.halted.com

HSC# 19622
50 Watt Woofer

4 ‘MG Electronics’ Model No. 6020SH
4 50 Watts RMS, 100 Watts peak

4 40-8000Hz, Free Air: 55Hz

490dB SPL, 8 Ohms, 6.5” dia.

4 Aluminum voice coil, 20 oz.
ceramic magnet
4 New, boxed, w/hole-cutting template

HSC# 19623 $14.95!
PCI to SCSI Host

4 DTC ‘31308’ - Plug ‘n Play adapter

4 SCSI-1, SCSI-2 and Fast SCSI-2

4 50-pin low & high density conn.

4 133mB/s(host bus),10mB/s(sync burst)

4 Multi-platform compatibility

4 New, 90-day warranty » o
HSC#19434 $24.95
12X SCSI-2 CD Drive

4 Sony CDU415

4 Up to 1800KB (P-CAV) rate
4 Plays 11 CD types

4 Brand new drive

4 OEM packed

4 90-day HSC warranty

HSC#19463 $17.50!
Compact Keyboard!

4 88/89 enhanced key layout

4 Finger glide mouse function

# Space Saving design

40Only 85" x 11.28"

4 Free PS/2 connector adapters!

4 New, w/mouse driver diskette and

manual
HSC# 19328 $14.95!

Since 1963!...

$37.50!!
16MB AGP Video!

4 'Voodo3' video accelerator

4 128-bit 16MB SDRAM -
#16.7M colors at 1600x1200

4 300MHz RAMDAC, refresh to 160Hz

4 Multi-filtering...LOTS MORE!

4 OEM pk, CD, manual, 90-day warranty

HSC#19626 $19.50!
PCMCIA to ATAPI!

4 Promise ‘Duet Station Traveler Kit'
4 For PC w/Type 2 or 3 PCMCIA slot
4 |d's as a std IDE/ESDI HD controller
4 New, boxed, w/driver/app diskette
4 90-day warranty

HSC# 19627 $29.50!
Call Recorder

@ Store 1000s of calls on your hard drive
4 Replay, sort, email, copy & transfer calls
# Adapter goes btw phone & PC <@
4 Win95/98/ME/XP/NT ready

4 Retail boxed, w/CD, manual, cables

4 Factory refurb. FIVE YEAR warranty!

HSC# 80649 $49.50
PCMCIA Card Reader

4 SSP Argus 2000 ISA-type reader/writer
4 Dual PCMCIA Type /I, or one Type lll
4 DOS/W3.1 driver diskette included
4 Win95/98/NT ready =
4 New, w/interface, manual -

"

& cables o
HSC# 19410 $24.95

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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« Videos Provided Show Analogies for Electronic Components.
« Calculators that Eliminate Mathematics on Every Experiment.
« Oscilloscope and Spectrum Analyzer.

« Over 500 Experiments Provided on CD.

Over 150 Parts Included & e Money Back Guarantee‘ Trainer & Parts
for More Than 500 8399 00
Experiments! s ftwa-
0! re
“ime g é: Introductory Offer
i & TOTAL
1
v $399,%
a =
+ Tax & Shipping Charges ;
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42 BUILD THE CF-MOSFET AUDIO
AMPLIFIER — PART 2

This month, construction and implementation of the
CF-MOSFET design are detailed. by G. Randy Slone

48 WATER FLOW METER AND
EVENT TIMER

Keep track of your water usage plus control your sprinklers
with one system. by Colin Barnard

52 BUILD THE FRAT CHIME

You won't miss a beat — or bong — at that next lodge
meeting with this automated chime. by T} Byers

COLUMNS

82
Discover a simple printf() program that will be a powerful addition
to your next design.

AMATEUR ROBOTICS

ELECTRONICS Q & A 16
What'’s Up: Plenty of stuff to get the novice hobbyist started.

How to program digitally-controlled devices without a PC

using parts from a junk box. | IW stereo amp for $5.00,and a

new twist on the 555. Find an OEM using the FCC ID number.

IN THE TRENCHES 91
For Design Engineers facing real-world problems. This month:
Design for Production.

JUST FOR STARTERS 80
Basics for beginners. This month: Random Thoughts.
LASER INSIGHT 78

Get the scoop on how the Michelson interferometer came to be.

LETS GET TECHNICAL 28
Inside Protected Mode — Part |. Memory Segmentation and
Paging.

MICRO MEMORIES 8
Happy Birthday, Internet!

ROBOTICS RESOURCES 22
Hunting the surplus electronics store.
STAMP APPLICATIONS 86

Mo’ MIDI. Use the BASIC Stamp as a sensor interface to send
note-on and note-off commands.

TECHKNOWLEDGEY 2003 10
Artificial retina may restore sight; New motor offers flat
configuration; Discarded computers yield many secrets; Is your
web site a patent violation?; Projection keyboard targets mobile
and wireless devices; Headphones for serious audiophiles;
Alternative energy not a great alternative; and IBM, Hitachi form
new company.
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Learn what you can do to improve the
performance of your voltmeter.
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Better watch that speed! Police cars
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t NUTs & Vours

Reader Feedback

Dear Nuts & Volts:

Kudos to Lou Frenzel for the “Open 1
Broadband |
‘ article. It is an |
| extremely well-written article and covered |
| all of the key points
| progression.

Communication Part 3:

in a

Mike |

via Internet

Dear Nuts & Volts:

Gerard Fonte seems to have missed
the point that junction capacitance does
not stop varying when an LED is back
biased — it continues to be inversely
related to the virtual gap between the
capacitor plates.

William Vonwicklen
Oxnard, CA

Response from Gerard Fonte:

Mr. Vonwicklen is correct in stating
that a reversed-biased LED will vary in
capacitance. The table | have shows
that an IR LED will vary from about 100
pF to 50 pF going from O to minus eight
volts. However, that was not my point.

My points were to show that a very
large capacitance change occurs with a
forward voltage change. In this case,
from about 100 pF to 400 pF going from
0 to plus 1.2 volts (the threshold
voltage). This was also to suggest that
an LED might be used to replace the
365 pF tuning capacitor in old AM
radios. The second point is related. That
is the positive voltage is applied to the
anode rather than the cathode (as with
variable capacitance diodes) for such a
change. Thanks for the opportunity to
respond. | always appreciate feedback
from readers.

Gerard Fonte

Dear Nuts & Volts:

Thanks for G. Randy Slone's excellent
article in Feb. 2003 Nuts & Volts about
the 100W audio power amplifier. I don't
think | have ever read a more thorough
description of a circuit. The article made
me uncomfortably aware of large gaps in

logical |

my knowledge of solid-state electronics,
but Mr. Slone has a way of explaining
things that kept my attention long enough
so that some new understanding actually
soaked in. Very interesting and
educational reading.
Max Carter
Wheatland, WY

Dear Nuts & Volts:

Although the MITS Altair 8800
computer had a tremendous impact on
the development of hobby computers, let's
give predecessors their due. Ed Driscoll's
history (Jan. 2003, pg. 26) misstates that
the Jan. 1975 cover of Popular
Electronics launched an industry.
Actually, the July 1974 issue of Radio-
Electronics magazine featured the Mark-8,
a hobby computer based on Intel's first
eight-bit processor, the 8008.

If any magazine cover launched a
revolution in computing, that one should
get the title. Also, let's give credit to lesser-
known computers such as the Scelbi and
computer groups such as the American
Computer Society. Just because people
can't remember or have no knowledge of
these historic efforts, they still played
important roles in getting us to where we
are today.

Jon Titus
via Internet

Dear Nuts & Volts:

| am a technician with Digi-Key Corp.
and | had a customer point out an error in
one of TJ Byers articles. The article
appeared in Oct. 2002, page 38, titled
"Fixing Broken Keypads."

TJ Byers states in the article that the
rubber keypad repair kit CW2605 contains
3.3 oz. of repair material and CW2610
contains 11 oz. of repair material. This is
wrong, the CW2605 contains 3.3 grams or
0.12 oz. of repair material and the
CW2610 contains 11.1 grams or 0.39 oz.
of repair material.

Bruce Olson
Technical Support
Digi-Key Corp.

publisher.

The End of An Era
* Poptronics Ceases Publication: Poptronics magazine — which evolved from the former
Popular Electronics and Electronics Now magazines — ceased publication with the January
2003 edition (Vol. 4, No ). "After 94 years of publishing electronics magazines Gernsback
Publications is no longer in operation," said Larry Steckler, Poptronics' editor-in-chief and

As many of you may already know, Nuts & Volts has agreed to complete existing
subscriptions to Poptronics.VWe welcome our new readers and hope you enjoy Nuts & Volts!
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SELECT FROM OVER 800 PRODUCTS ON-LINE *

MICRO-COMPACT CONE-LENS CAMERA 1/3” COLOR IR DOME CAMERA WITH PAN/'I'ILT/ZOOM 1

- 4.3 Pin-Hole Color Camera - Speed Dome Camera |
- 78 Degrees of Viewing Angle - Smallest Pan/Tilt/Zoom Camera Available |
- 1/3” Sony Super HAD CCD - Pans 3555, Tilts 855 3X Digital Zoom j
- Unique Cone Lens - Built-in Microphone for one-way monitoring

- High Resolution, 420 TVL - 1/3" Sony CCD Chip

- 3.8 mm Lens provides 470 TVL “ 9

SSD-DM1 $399.95 ./

Complete Package Pictured Here!

LP-700C $149.95

& L e 0.5 4-CHANNEL 2.4 GHz WIRELESS CAMERA

- First Wireless Camera Designed For Extended

> i "
DIGITAL MONITORING & RECORDING SYSTEM SIpSSRE i chi v Eadbey (18 hotmlll) IN ;
- Four Channels with Audio
- Your Own Commercial Grade Digital Security System Software - Four LED Channel Indicators STOCK

- Multi-Zone Video Motion Detector
- Real-Time Digital Video Recorder (DVR)
- Can View Up to 16 Individual Cameras
- PV-140 Pack Discount - $1099.00

PV-140A/B/C/D $299.95

/$\

- Built-in High Gain Antenna NOW!

A7 Included!!! - Ultra Compact Design
B R - Excellent Choice For Your ‘
= Covert Applications l
: MWC-01 $189.95-

2.4 GHz AUDIO/VIDEO

2.4 GHz WIRELESS RECHARGEABLE COLOR CAMERA

IR OBSERRVATION SYSTEM - 2.4 GHz 4 Channel Camera
- Wireless Portability 3 |
- B/W Camera w/ IR and Patch Antenna - Desktop or Wall Mount SUPER MINI
- Power Supplies, Cables, Stand Included - Our Smallest System Yet! . 3
- Multi-Channel Switching Features - Rechargeable NiMH Battery B
- Audio/Video Real Time Transmission - AC Adapter Included
- Battery Compartment for Portable Use Com pl ete Packa ge ‘
WS-IR100 $149.95 i — ‘
INFRARED! SMWS-01 $189.95 3

BOARD CAMEI-'IAS WIRELESS IR TX/RX PACKAGE

- 2.4 GHz A/V Sender & IR Repeater

- 4 Channel Selectable Frequency Range Allows
for Multiple Transmitters on Single Receiver

- Infrared Capabilities Allow Repeating of IR Signal
at Receiver (VCR/TV Remote)
AC Adapter Included ( %

w/COLOR CAMERA
WM-RCO01 $319.95

- Receiver Equipped with
echargeable v (3 Auto-Switching Xb ‘
i MB-780U Capabilities
B/W BOARD CAMERA  SAV-2000 $69.95 f
$29.95
Z 20 Different
43 Models Available

- 2.4 GHz Wireless Camera

- 3.6 Lens offering 330 TVL

- Rechargeable Internal NiMH Battery for Monitor

- 6 LEDs allow for Incredible Night Vision

g - 4 Channel Usability

- Receiver Equipped with Auto-Switching Capabilities

SINGLE CHANNEL DIGITAL VIDEO RECORDER

‘Ouj ‘saisSnpuj s|iejo

- Single Channel DVR - Direct VCR/TLR Replacement |
- Designed to your specifications - Front Panel Navigation Panel |
- Fully Upgradeable Internal HDD - 40 GB to 200GB Available Storage ‘
- Hot-Swappable IDE HDD Bay - Compatible w/Multiplexers & Quads 4 |
DVR-150-06B  $399.95 DVR-150-40GB  $459.95 |INDOOR/OUTDOOR COLOR CAMERA SYSTEM "
DVR-150-80GB  $489.95 DVR-150-160GB $649.95 - Complete 4 Color Camera Monitoring System
DVR-150-200GB $759.95 - Centralized Switcher Equipped with Auto Sequencing

- Each Camera Equipped with Microphones for Audio Monitoring
- Sees in Extreme Low Light (0.5 lux)
- Built-in Infrared lllumination in Each Camera

- Perfect for Your Home or Business LPD-400S $319'95

80o-308-6456 WWW.POLARISUSA.COM 3500-308-6456 \
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Micro Memories

Happy Birthday Internet!

n January 1, 2003, while you
and | were celebrating a new
year, the Internet was quietly
enjoying a milestone date of its own:
The 20th anniversary of its switchover
to the TCP/IP networking standard,
which radically transformed it from a
network that connected military and
university mainframes to the sprawling
"information superhighway" that
reaches into hundreds of millions of
homes, businesses, and schools, and
has radically transformed the lives of
its users.

The original Arpanet first went
online on October 1, 1969. As we've
written about in past columns of Micro
Memories, the first computers were
created immediately after World War
II. By the 1960s, serious science fic-
tion writers like Arthur C. Clarke,
visionaries like Marshall McLuhan, and
futurists like Alvin Toffler were writing
both about the future of computers
and the ongoing effects that technolo-
gy was having on everyday lives.

One thing was apparent to all of
them: computers had the potential to

940

&

#3
360 4@
@—— Sigma 7 l
uc

1969 FOUR-NODE MAP.
Courtesy of the Computer History Museum.

shrink the size of the planet, especial-
ly if they were joined together via
some kind of interconnected network.
McLuhan wrote about "a global vil-
lage" in the mid-1960s; the Internet
sealed the deal when Mosaic — the
first graphical browser — became
available in 1993.

Arpanet: The
Internet’'s Ancestor

What none of those late 1960’s
writers realized was that the US gov-
ernment was thinking similar
thoughts. The government's concern,
however, was not with creating some
sort of global village, but surviving a
nuclear war. In 1998, | interviewed
Louis Rossetto, the founder, then CEO
and executive editor of Wired maga-
zine — in his office in San Francisco —
and asked him how the Internet
began.

"It was set up by Arpa, which was
a research arm of the defense depart-
ment, to connect researchers together
in an atomic bomb-proof network. So
instead of having direct landlines, they
had a distributed network that passed
messages along. So that if you took a
node out of the network, the messages
could route around that node, in the
event of a nuclear attack. So if one
computer went down, it didn't screw
up the whole system.

It gradually became popular in the
academic community. People used it
to communicate with each other, and
then, in effect, to publish on it. And
then gradually more and more people
got interested in using it for communi-
cations and ultimately for publishing,
and now for commerce."

Arpa stands for the Advanced
Research Projects Agency, and it was
founded in 1958. The original name

by Ed Driscoll, Jr.

Vinton G. Cerf

3 Courtesy of the
Computer History
Museum.

changed in 1972 to Defense Advanced
Research Projects Agency, to reflect
its assimilation into the Defense
Department. Arpanet — established in
1969 — was the first wide-area com-
puter network and the direct precursor
to the Internet. Arpa built it as a
research-sharing tool. By the 1980s,
Arpanet was overshadowed by the
National Science Foundation's high-
speed NSFNet backbone and the
regional networks connected to it.
Around this time, people began to
think of this interconnected collection
of networks as an Internet.

"l Survived the
TCP/IP Transition!”

What made that change from a
military and collegiate networking
scheme to a network open to virtually
anyone (and eventually everyone) was
the changeover in 1983 from NCP
(network control protocols) — the orig-
inal networking standard that Arpanet
ran on, which dated back to its begin-
nings — to its now familiar TCP/IP
(short for transmission control proto-
col/internet protocol) format on
January 1, 1983. Prior to that, the
number of computers connected to
what was then known as Arpanet was
below 1,000 and the number of
Internet hosts was at about 200. It's
not a coincidence that in 1984, the
number of hosts cracked 1,000. As of
2002, there were 172 million host
computers supporting some 600 mil-
lion subscribers!

TCP (Transfer Control Protocol),
outlined in a 1974 paper by Vinton
Cerf and Robert Kahn, was originally
introduced in 1977 for cross-network
connections, and it slowly began to
replace  NCP within the original
Arpanet. TCP was faster, easier to use,
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Micro Memories

and less expensive to implement than
NCP. In 1978, IP (Internet Protocol) was
added to TCP and took over the routing
of messages.

Someone once said that "the great
thing about you Americans is that you
have so many standards to choose
from." But it was obvious to the original
users of Arpanet that a single set of
standards would speed the growth and
acceptance of the network. TCP/IP was
chosen to provide a bridge for small
networks to connect to the Internet
much more readily than they could
with NCP. The links branched in every
direction, hugely increasing the num-
ber of people connected within a sin-
gle, broad system of information and
communication.

Some sites were given a grace
period of a few months, but by the
spring of 1983, any system that had
not converted to TCP/IP was bumped
off the network. Six months after the
switchover, Arpanet was split into the
two subnets, Arpanet and Milnet, which
became the side of the network that
represents the military side of the orig-
inal Arpanet, carrying non-classified
US military traffic.

Bob Braden — another Internet pio-
neer who was active in the Arpanet
Network Working Group in the 1970s
and contributed to the design of the
FTP protocol — recently told Australia's
Sydney Morning Herald that "there
may still be a few remaining T-shirts
that read, "l Survived the TCP/IP
Transition."

People sometimes question that
any geeks would have been in machine
rooms on January 1. Believe it! Some
geeks got very little sleep for a few
days (and that was before the word
"geek" was invented, | believe)."

The other gradual advantage of
TCP/IP is that it opened up the Internet
for non-academic or defense users.
Prior to 1983, most early adopters who
had connected their PCs to modems
(see the Nov. 2001 Micro Memories)
weren't visiting the Internet. They were
either connected to small regional bul-
letin boards, or proprietary services
such as CompuServe or The Source.

But a seemingly minor change set
in motion the Internet we know today.
So Happy Birthday, TCP/IP! And
Happy Birthday, Internet! ™V
MARCH 2003

Ivex Complete Electronic CAD
for Windows sets the stage for
your next big idea!

CAD Symbols

Ivex Complete Basic 650 has over 26,000

electronic symbols rea

your own libraries.

Support on/:the Web

Ivex supports you with 24 hour technical

support available wj

dist: all);
ANUEL
brawsing the knowledge of our
support staff from hundreds of

questions asked by real
customers.

Ivex Design International, Inc.
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Beaverton, OR 97007 USA
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ifiers, Connectors,
vices, and SO o much more. Plus, you
can create your own symbols and store them in
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Events, Advances, and News From

The Electronics World

Advanced
Technologies

New Motor Offers Flat
Configuration

ith support from the Defense
Advanced Research Projects
Agency (DARPA), engineers at Penn
State University (www.psu.edu) have
developed an interesting flat motor for
use in limited spaces. The prototype
runs at an unloaded speed of 760 RPM
and provides torque of 0.4 newton-
meters (0.3 foot-pounds). The inven-
tors believe that the patented motor
can be used to drive changes in the
camber of airplane wings or fins, essen-
tially shape-shifting the curvature of
the wing or fin surface. In alternative
formats, the motor could work in tight-
ly integrated spaces, for example, as
the drive element in thinner, lighter lap-
top computers or in manufacturing
equipment that processes things by
moving or shaking them.

The motor works by converting
the bending motion of a "smart" mate-
rial into the turning of a shaft. The
material in this case is PZT (lead zir-
conate titanate), an inexpensive, com-
monly-available piezoelectric that elon-
gates when an electric field is applied

to it. By bonding PZT to both sides of a

Driven shaft

Rotary roller clutch

Central hub

4in.

End mass

Bimarph beam

tiny, flexible, metallic strip, one obtains
an "arm" that can bend to the left or
right in response to an electric field.

In the motor, 12 such arms are
arranged in a starfish configuration
around a central shaft. When the arms
are electrically stimulated, they all bend
in the same direction. A mechanical
clamping system then holds the ends
of the arms in place so that, when the
electrical field is removed, the shaft
turns like a ratchet. Repeated stimula-
tions generate the rotary motion.
Components for the prototype cost
less than $150.00 off-the-shelf. It is esti-
mated that an optimized version of the
flat motor might cost as little as $10.00
in mass production.

Artificial Retina May
Restore Sight

“here presently is no cure for
degenerative retinal diseases that
have caused hundreds of thousands of
people to lose their sight. However,
researchers at the US Department of
Energy's Argonne National Laboratory
(www.anl.gov) — in collaboration with
four other national laboratories, two
universities, and a private company —
are moving a step closer to developing
an artificial retina that may restore
sight to people who have been blinded
by these diseases.

The goal of this consortium is to
work together to create an artificial reti-
na that would effectively replace the
destroyed rods and cones in the eye
with a light receptor and optical signal
converter. The concept is based on a
tiny camera and RF transmitter
(mounted on a patient's glasses) that
capture images and transmit the infor-
mation to a microchip. The image is
then transmitted as electrical pulses to
the retina via an array of implanted

!

electrodes. From there, the information
is processed and passed along to the
brain.

Argonne's role in the project
relates to development of the electrode
implants, which are based on a patent-
ed ultrananocrystalline diamond tech-
nology developed at Argonne for the
packaging of implantable electronics
and as electrode material. According to
material’s scientist Orlando Auciello,
ultrananocrystalline diamond has a
unique combination of properties
including the highest hardness of any
diamond film, an extremely low-friction
coefficient and surface adhesion, very
high electron emission, chemical inert-
ness, extremely high conductivity when
doped with nitrogen, biocompatibility,
and surface functionalization. All these

Argonne material scientists Orlando
Auciello (right) and John A. Carlisle work
with a new microwave plasma system that
grows the diamond films used in artificial

retina research. Courtesy of Argonne

National Laboratory.
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properties are the result of the unique
microstructure of ultrananocrystalline
diamond, characterized by grains that
are just two to five nanometers in size.

The project is funded for four years,
and a functional artificial retina is still a
long way from a reality. But as summed
up by Auciello, "The artificial retina is
very appealing to scientists because it
contributes to improving the way of life
for people. Having the ability to see is
something too many people take for
granted."

Computers and
Networking

Discarded Computers Yield
Many Secrets

e

/7, recent study conducted by two
£ students at the Laboratory for
Computer Science of the Massachusetts
Institute of Technology (www.mit.edu)
indicates that we need to be a little more
careful about how we discard comput-
ers and disk drives. Scavenging through
the data left on 158 used drives, the stu-
dents found more than 5,000 credit
card numbers, detailed personal and
corporate financial records, numerous
medical records, and many gigabytes of
personal email and pornography. They
bought the drives for less than
$1,000.00 from eBay and other sources
of used hardware.

Data had been properly removed
from only 12 of the units. Considering
that more than 150 million disk drives
were retired from service in 2002, it
becomes apparent that a great deal of
confidential information is floating
around and is easily obtainable. The les-
son is that, before disposing of a disk
drive, you need to run a utility that over-
writes every data block; simply deleting
the data is not sufficient, as it can be
recovered with a common "undelete"
program or by reading individual data
blocks using special tools.

Is Your Web Site a Patent
Violation?

you operate a web site that employs
I frames (that is, if clicking on an icon
causes part, but not all, of the display to
change), a company called SBC
Intellectual Property soon may come
knocking on your door to ask for

MARCH 2003

money. Apparently, this division of
SBC  Communications, Inc.
(www.sbc.com) now owns a
patent that was granted to
Ameritech Corp., in May 1996
(patent no. 5,933,841), plus
another related patent
(6,442,574). The patents cover a
"structured document browser,"
and SBC claims that it includes
not only the browser, but all web
sites that enable such browsing to
occur.

In case you don't recognize
the company, SBC Communica-
tions is the second largest local

EMBEDDED LMUX
STARTER KIT

FEATURES INCLUDE:
o 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)

llmagine running Embedded Linux on a Single
Board Computer(SBC) thatis 4.0" x §.7" and
boots Linux from a Flask-Disk. No hard drives,
no fans, nothing to break. Now your hardware
can be as reliable as Linux! If your application
requires video output, the X-Windows upgrade
option provides video output for a standard
VGA monitor or LCD. Everything is included;
Ready to Run Linux!

telephone company in the US,
with 60 million phone lines in 13
states. It also operates Cingular
Wireless, which has 22 million
subscribers in 38 states. SBC has

Since 1983
OVER

YEARS OF
ISINGLE BOARD)
SOLUTIONS

El'l'lAi.'.‘ inc.

EQuiPMENT MONITOR AND CONTROL

Phone: {(618) 528-4525 « Fax: (618) 457-0110 « www.emacinc.com

reported annual revenues exceed-

Circle #32 on the Reader Service Card.

ing $40 billion.

In its initial attempt to collect
royalties, SBC appears to have tar-
geted a relatively small and
defenseless entity — The Museum
Tour Catalog (www.museum-
tour.com) — which sells "quality,
educational toys and museum
gifts that stimulate curiosity, pro-
vide aesthetic pleasure, and
enhance the joy of learning." The
items come from 22 national sci-
ence centers, zoos, and aquari-
ums.

In a letter sent to Museum
Tour, SBC included a table of
approximate royalty payments it
expects to receive. If you qualify
for the preferred rate and have
annual revenues of $100,000.00,
you have a choice of paying
$527.00 per year or a flat fee of
$1,581.00. But if you don't qualify,
you face the base rate of

( Spedial

Tools for the Imagmatlon

( RTC Processor Boards
With dozens of embedded
controllers and countless
configurations, we can help
you turn your imagination into reality.

For a complete look at our product line,
visit our website at www.micromint.com.

VSN
Micromint

www.micromint.com (800) 635-3355

$5,270.00 per year or a flat fee of
$15,811.00. Apparently, SBC also

Circle #33 on the Reader Service Card.

has its eye on the upper end of the eco-
nomic scale. According to the table, if
your company grosses $10 billion and
does not qualify for the preferred rate,
you'll have to cough up either
$16,666,667.00 per year or a one-time
payment of $50 million.

The Internet community has react-
ed to SBC's claims with a combination
of fear, loathing, and disbelief. An exem-
plary statement appears on the
Larkware web site (Larkware.com),

which says, "This is so staggeringly stu-
pid that it's difficult to know where to
start, other than with the obvious obser-
vation that the US Patent and
Trademark Office has no business
granting this sort of junk patent." Can
this affect millions of web sites, includ-
ing yours? Could be, but the dynamics
may change when SBC starts sending
invoices to Microsoft, IBM, General
Motors, and other large corporations
that have the resources to fight back.
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Circuits and De
Projection Keyboard
Targets Mobile and
Wireless Devices

n interesting concept from
“.Canesta, Inc., is a projection key-
board for mobile and wireless devices
such as smartphones, PDAs, tablet
PCs, and cell phones. Using the
Canesta chipset, original equipment
manufacturers (OEMs) will be able to
incorporate a full-sized keyboard and
mouse that exist as projected beams of
light rather than hardware. The key-
board is projected onto a flat surface in
front of the mobile device, so you will
have to drop back to the built-in keys if
you don't have a flat surface available.
The keyboard is implemented by
means of a three-dimensional sensor
that tracks moving objects in the vicin-
ity of the sensor chip. The packaged
sensor — a module about the size of a
pea — resolves a user's finger move-
ments within the projected image of a
keyboard, translates those movements
into "keystrokes" on specific projected
keys, and processes the movements
into a stream of serial keystroke data.

The sensor module works with two
other miniature components: a pattern
projector and a small infrared light
source. The pattern projector uses an
internal laser to project the keyboard
image. The keyboard may be the stan-
dard QWERTY English keyboard, any
non-English layout, or even non-Roman
character set, and custom keypads can
be created for specific applications.

As of this writing, the device is not
available in any commercial products,
but NEC is evaluating the technology
for use in its product line. Companies

Canesta's chipset will allow full-size pro-
jection keyboards to be incorporated in
mobile devices. Courtesy of Canesta, Inc.

that are interested in employing the
technology can buy an OEM Toolkit
that provides the basics. A data sheet
describing the complete details of the
OEM toolkit is available online at
www.canesta.com/downloads/tool
kit.pdf.

Headphones For
Serious Audiophiles

7 ;_’alling into the category of "sexy
products for people who have too
much money" is Sennheiser's Orpheus
headphone system (www.s
ennheiserusa.com). The hand-made
apparatus combines a vacuum tube
amplifier with electrostatic headphones
and features a 1 pm, gold-plated
diaphragm and an on-board dedicated
bitstream digital-to-analog converter.
Specifications for the headphone
section include distortion of <0.01 per-
cent, nominal sensitivity > =98 dB at 1
kHz, and frequency response from 7 to
100,000 Hz (-10 dB). The latter seems
like a bit of overkill, considering that
your ear is most sensitive in the band
from about 2,000 to 5,000 Hz and
probably can't detect much over
20,000 Hz. But if you put the head-
phones on your dog, he should really
appreciate the high frequencies. And
let's admit it. If you buy the Orpheus,
your main goal is not a more realistic
rendering of Julio Iglesias' latest CD. It
is to impress your friends with the satin-
lined, hardwood storage box, the gaudy
wood-and-chrome amplifier, and the list
price of $14,900.00.

Alternative Energy Not a
Great Alternative

_ f you have been looking forward to
. the day when renewable energy
sources provide a clean alternative to
fossil fuels, a recent analysis generated
at Cornell University (www.cornell
.edu) will not be good news.
According to Prof. David Pimental and
associates, even if implemented to the
highest practical extent, renewable
energy sources can replace only about
half the US consumption of oil, natural
gas, and coal. Furthermore, the analy-
sis states that fully developed alterna-

tive energy systems (including hydro-
electric power, solar and wind power,
and biofuels) would occupy up to one-
sixth of the country's land area, caus-
ing a whole new set of environmental
problems.

The ecologists reviewed 10 alter-
native energy sources, but deemed two
of these (geothermal systems and bio-
fuels) not truly renewable and sustain-
able. The other eight alternative energy
systems reviewed in the analysis includ-
ed hydroelectric power, biomass ener-
gy, wind power, solar thermal conver-
sion, photovoltaic systems, hydrogen
and fuel cells, and passive heating and
cooling of buildings. Although empha-
sizing various disadvantages to most of
these energy sources, the report was
particularly upbeat about biogas gener-
ation, whereby burnable methane is
produced in "digesters" by microbes
that eat animal dung. If your family has
at least 50 cows in the back yard, you
can install a digester for less than
$1,000.00 and produce biogas at an
electricity price equivalent of $.06 per
kilowatt hour. If you have moved off the
farm, however, you're just going to have
to cut back on everything.

IBM, Hitachi Form New
Company

- BM (www.ibm.com) has complet-
. ed an agreement to combine its hard
disk drive operations with Hitachi's,
forming a new company called Hitachi
Global Storage Technologies. Under
the agreement, Hitachi bought the
majority of IBM's HDD-related assets
for $2.05 billion. Hitachi paid 70 per-
cent of the purchase price to IBM
immediately and will pay the remainder
over the next three years. The new
company will be located in San Jose,
CA. NV

Sennheiser's Orpheus headphones provide
premium performance — at a price. Photo

courtesy of Sennheiser Electronic Corp.
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Magnets

Boreal Digital SKope Features USB “Plug & Play”
Computer Connection.
(,‘apture Still Images or Video Clips!

The USB computer
connection allows
you to view a large,
full color video of the
specimen directly
onto your computer
s0 an entire class
can see. Mounted
on our best Boreal
SKope, the built-in
CCD camera pro-
vides clear, sharp
images up to 316,000 pixels. User-friendly Motic 2000 Images soft-
ware (on CD-ROM) allows you to capture a single image or a series
of images to create “time lapse” overview of specimen develop-
ment, growth and movement; save images or video clips to your
hard drive. Images can be manipulated and printed. Recommended
optional mechanical stage allows for easier viewing of specimens at
higher magnifications. Boreal Digital SKope PA30001-00 $549.00

Optional Mechanical Stage PA30001-01 $49.95

Illuminate Objects Up To 80 Feet Away With The
EternalLight™ Flashlight... And
It’s Visible For Over 3 Miles!

i The most technologically advanced personal

o lighting instrument on the market. The

EternalLight™ flashlight has three subsur-

face buttons control four independent solid

state white LED bulbs (each rated at over

50,000 hours of continuous use), to pro-

duce seven light modes including timer,

dimmer, flasher, strobe, dazzle, SOS and the

exclusive nghlseacon"" mode that illumi-

nates the body for easy locating in the dark. On-board computer
controls power utilization expanding the life of 3 “AA” batteries (incl.)
to over 700 hours. Water resistant to 100 ft. Ideal for camping, cav-
ing and emergencies in your home, car or boat. PA31131-00 $49.95

Remote Control UFO Vectron Blackhawk Can Hover,
Dive And Cllmb Using U.S. Air Force Technology!

The Vectron Blackhawk is a remote

control UFQ that hovers, dives and

climbs. The Blackhawk uses the lat-

est in U.S. Air Force technology. If's

tethered by a line to a control box that sends
} power and commands to it. The line can be threaded
| through the docking station giving you more control

over the Blackhawk’s flight Epzmern A surrounding

ing features a LED display that can be

programmed with up to 4 separate 40-

character messages. A training mode

steps in to prevent crashes making

learning to fly the Blackhawk safe and easy.

There's a turbo mode for precise control and an auto-pilot mode.
Approximately 14" diameter. PA30554-36 $99.95

Brunton Sherpa - An Atmospheric Data
Center Fits In The Palm Of Your Hand!

Dynamic atmospheric digital data center is an
altimeter, barometer and thermometer all-in-one
The altimeter features a 3 ft./im resolution up to
30,000 t./10,000m. Barometer displays trends within
the past 16 hours. Measures windspeed in knots,
mph, beaufort, km/h and m/s. Measures tempera-
ture in °C and °F. Calculates windchill and cur-
rent, peak and average wind speed. /f even
floats! Battery and lanyard included. Size:
3.9"x15'x7" Wt: 1.5 0z. PA30826-14 $168.95

Cell Sensor™ — The EMF Detective!

Cell Sensor™ is an accurate, easy-to-use and
affordable Gaussmeter developed to allow you to
perform your own EMF home or school survey.
It detects and measures both EMFs (electromag-
netic fields) and RFs (radio frequency) produced
by electrical currents found in and around the
home, or in the work place. Features: Easy to
read analog meter (registering mW/cm? for
RF and milliGuass for EMF), flashing LED
and audio alarm make it quick and simple
to identify emissions from cell phones,
computer monitors, TVs, power lines,
electric blankets, etc. Includes shock
resistant sensor unit, remote probe and
instructions. Reqmres 9V battery (notincl.).  PA30816-04 $39.95

IT’S EASY TO ORDER WITH OUR FRIENDLY SERVICE

WE ACCEPT CREDIT CARDS [|SC

Phone: 1-800-728-6999

Mon.-Fri. 8AM-8PM; Sat. 8:30AM-4PM (EST)

Fax: 1-800-828-3299

E-mail: cons_order@edsci.com
Web:

www. ScientificsOnline.com

Edmund Scientific's

Radar Gun Is Sensational For Sports.

Clock a pitched baseball or kicked
soccer ball. Record the
speed of runners or downhill
skiers. Check the speed of
vehicles on your street. This
inexpensive radar gun uses
Doppler radar to measure
speed in MPH or KPH with
5% accuracy. Excellent for
gauging sports performances. 6 ‘A

required (not included). PA3I]537 67 399 95

Hand-Held Portable Geiger Counter Instantly
Detects Harmful Radiation.
This low cost, portable radiation monitor instantly
measures levels of harmful beta, gamma and X-
ray radiation on its dual scale meter. Features a
halogen-quenched stainless steel detector,
Cesium-137 beta shielded calibration source,
and a range of 0-100 uSv/Hr and 0-10 mR/Hr
(logarithmic). Af levels in excess of the
meter scale, the unit will emit a beeps at
a rate that increases as the radiation
level increases. Operates on a 9V baﬂery
included). Measures 6"x 3" x 1.37".
Five year warranty. PA31023-00 3239 95

Hand-Held NOCC3 Cyclops Compact™
Night Vision Monocular Is
Powerful And Portable.
Camera-Quality 3.1X Lens

This high performance

monocular is one of the

most affordable, small-

est, powerful, and light-

weight full-featured
night vision instruments
available. Produces a surprising 15,000X light amplification with
the press of a button. The camera-quality 3-lens element system
yields higher resolution with minimized distortion. It weighs less
than a pound and fits in your palm, boasts 3.1X magnification and
a buwilt-in infrared illuminator for viewing in total darkness.
Requires 2 “AA" batteries (not included). Weight: 15 oz.

Night Owl Cyclops Compact™ Monocular PA30818-28 $199.95

Make 75,000 Volts Of Static Electricity With
The Wlmshutst Electrostatic Generator.

TV, This quality generator demonstrates scientific
principles, ideal for use in many chemistry,
electricity and physics experiments. Unit
consists of two 99" dia. circular plates
which are rotated in opposite direction
by a drive belt mechanism. As the
plastic discs revolve, a high voltage spark
1 will jump between the electrodes as they
are gradually brought together. Static elec-
tricity in the Leyden Jar condenser until
discharged. Two swinging arm dis-
charges with insulated handles are
built-in and unit is mounted on a wooden
base. Height: 15”. Instructions included.
WARNING: HIGH VOLTAGE DANGER (Adult Supervision Required).

Black Wheel Model PA30700-70 $119.95

Hand-Held Portable Ohaus Scales.

Ohaus delivers the performance you expect with
the features you need: large display, full range
tare, display indicators for low battery, over-
load/underload conditions, rugged construction
providing overload protection up to 150% of
capacity, auto-shutoff, protective cover and rub-
berized tactile keypad... all in a unique design.
320g model has a backlit display, user calibra-
tion and additional weighing units.

=

One year warranty
on both models.

120g Scale PA30823-36 $139.95
320g Scale PA30823-37 $169.95

Build Your Own 2000° Solar Furnace With This
Fresnel Lensz 5arness The Sun’s Rays!

—Use this precision lens as a solar cooker
for heating food, as a kiln for pottery —
4 and even to melt metal or for other solar
£4 > and optical experiments. Lens has an

8'/2" focal length, 50 lines per inch, mea-
sures approx. 11" square and "s" thick. Unmounted
lens comes with instructions on how to build the 360°
stand and frame shown. Caution: Adult supervision
required. PA30528-33 $24.95

SCIENTIFICS

Visa, MasterCard, Discover and American Express

Be sure to indicate credit card, card number and expiration
date (MasterCard please include bank name & ID number).

Add Appropriate Sales Tax: AR, CA, NC, NY, SC, WA
Shipping and handling charges are additional.

Dept. D033-C800
60 Pearce Avenue
Tonawanda, NY 14150-6711

The Amazing Happy Bird 7 (7 --~
Never Stops Drinking! A
Our Most Popular .*

Science Toy! ;\)V
It's fascinating Z7==
to watch, the
amazing Drmklng
Bird never stops
drinking. Simply dunk
the bird's head and
release it, the Drinking
Bird will bob back and
forth while periodically taking a drink. May be
used as a relative humidity indicator. Learn the
science behind it! The liquid in the drinking bird's
body is colored with blue or red dye that can stain
if broken. Leg supports and hat are plastic.
'ackage of Two PA30536-17 $7.95;
2 or More Packages $7..! 50 Eanh

Kick Dis™ Power Puck Hovers

On A Cushion Of Air... C/

It Never Touches
The Ground!

The Kick Dis™ Power
Puck is one of
those too cool to
be believed prod-
ucts. It's a big
puck that hovers
on a cushion of air
generated by the high-speed electric motor inside
it. Never touching the ground as it glides across
the surface! Play air hockey, hover soccer or UFO
keep-away Tough rubber bumper for protection.

batteryincl.  PA30335-40 $49.95

AROBOT™ —Mobile Robot Features
All-Metal Construction... Ideal For
Experimenters & _

Educators. -

Learn and use

concepls such as

computer programming,

motion control, sensors, path

planning and nh/ecl avoidance.

Easily assembled in a few hours using common
hand tools (no soldering required). Connect
AROBOT™ to a MS/Windows-based personal
computer and begin programming Basic Stamp I
controller in the simple but powerful PBasic
Language. Great for maze solving, robot con-
tests, science projects, museum exhibits, security
and artificial life experiments. lllustrated assem-
bly and programming guide includes easy-to-fol-
low instructions, example programs and technical
information. Add a digital compass, light sensors,
sonar range finder and speech using the Internet
AROBOT™ project database. Comes with robot
kit, Stamp || controller and programming book.
Assembled Size: 10"x10°x5”. Weight: 2'/ Ibs.
Requires 8 "AA” batteries (not included ).

Skill Level lll PA30822-95 $329.95

Build
Your
Own
Robot
Kit!

Learn about the history of robots, and even build a
real working robot! Includes all materials. When

your robot will around its
environment until it encounters an obstacle. It will
then back away from the obstacle and continue on
its way. 32 page booklet, robotic sorting machine
template, model robug templates, robot templates,

components included. PA30819-61 $16.95

Motors - Telescopes - Magnifiers - Binoculars - Robofs

500-In-One Electronic Science Lab... It's The
Most Complete Electronic Teaching Kit Available!

Perform and learn the fundamentals of ==
electronic circuitry as you complete over éﬁ\
500 experiments covering a wide range of s
topics, such as analog and digital circuitry
and software design. Complete with 8
EDs, LCD, a speaker and an earphone,
plus light sensitive elements (phototran-
sistors & CDS). By entering programs
on the keyboard, you will master 5
programming skills from the
most basic level. Step-by-step
instruction manual included.
hard-shell carrying case doubles as
electronic board. Requires 6 “AA” batteries (not included). For
ages 12 and up. PA30810-15 $219.95

Hand-Held Gamma-Scout Geiger Counter
. Measures Alpha, Beta & Gamma Rays.
Gamma-Scout is the latest in hand-held radiation
monitors. Features an accurate and reliable Geiger-
| Miller tube detector and extra large easy-to-read
j LCD display mounted in a ergonomic, nlgyed

impact-resistant Novodur housing. Gamma-Scout,
measures alpha, beta and gamma rays to 4 MeV, 0. 2
MeV and 0.02 MeV respectively. The on-board
memory and integrated serial data transfer port
makes it ideal for field measurement and data log-
ing applications. Ultra long Ilfskg) year battery incl.

823-06 $369.95
Motors By The Bag For Hobbyists & Modelmﬁkers
22 Our inexpensive
o molors can make
\‘ wheels go round,
propellers turn.

Unlimited applications,

Adding motion to your science projects,

demonstrations and experiments with

this SPECIAL BUY of 12 assorted mini =

battery-powered motors of varying types. .

Motors, Prisms, Optical Components, Lenses or Magnels Grab Bag!
Some prisms, lenses and magnets may have chips or cracks.

Bag of 12 Hobby Motors of Various Types PA30822-64 $5.95

Bag of 5 Prisms of Various Sizes and Types PA30824-64 $9.95

Bag of Optical Components 25 Different Types PA30824-63 $9.95

Bag of 20 Lenses of 5 Different Types PA30822-72 $9.95

Bag of 30 Magnets of Various Types PA30822-65 $5.95

Buy 5 or More Bags & SAVE $1.00 per Bag! (Sorry, no returns an bags)

With And Test GPS Technology.
This Global Positioning System GPS)
development kit is the easiest wag
experiment with and test
N technology. Contains every-
thing you’ll need to start
receiving GPS data
e right out of the box!
PA31199-00 $165.95

Chlldren Can Explore And Learn Digital Microscopy
With The D|g|3cupe 300 And

Motic Play

Software!

DigiScope 300 will take your

children on a journey of micro-
scopic discovery reveallng worlds of wonder sure to amaze them.
Using the same advanced digital microscopy technology in our high
end digital microscopes, but designed to be totally kid-friendly, the
DigiScope is a LED field microscope with CCD digital camera and 20x
to 100x manual zoom lens that can be detached and used as a hand-
held magnifier. Camera plugs into your PC via the supplied USB
cable that's permanently attached to the camera to prevent loss. CD-
ROM Motic Play software lets kids capture images of specimens that
can be saved in an album, printed, rotated, flipped, painted and
stamped with fun images. LEDs powered by 3 ‘AAA’ batt. not incl.

DigiScope 300 Including Motic Play Software PA30706-26 $159.00

Cdemand Scentlic

Circle #34 on the Reader Service Card.

cheerfully refund your money in full.
QOur 30 day unconditional guarantee means you take no
risk on any product you buy from us.

Explore a world of science with over 2000 scientific,
educational and optical products for science fair projects in
our new 100 page ‘SCIENTIFICS®’ color catalog.
Write, call, fax, e-mail or visit us on the web at

Money Back Guarantee - You Must Be Pleased!
If you are not completely satisfied with your purchase,
return the merchandise in its original package and we will

We Back Our Products!
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World’'s Smallest Video Cameras « Wireless Video

SU PERCIRCUITS EEE=E00

I-IOT VALUE CAMERA MICRO AUDIO
World’s Best SYSTEM

Video Camera || Super

Value! High Gain

* Tiny .95" square Preamplifier!
* 86 degree FO.V.

SO0 linees 0 5 ux e Built-in preamp for low noise, high

e Latest gen CMOS imager gil_%gggjialéto level adjustment by the PC-100XS (right and

: : cut-away view )) US
* Auto shutterblgam,'backl]ght : o Tl weie ht fs e deutice @ purgcyl(m;;usfzgllg:”l’é([ esa
* Low smear & blooming suppression e Output is line level At microlens. Both PC-100XP
¢ Draws only 20 mA at 12 volts DC e Runs on 6-15 volts DC at 20 mA (abow)'and PC-100XS
* Plug and play cables * Comes with 6 ft. power/audio feature Samsung video
e | year warranty and 30 day MBG cables and a 30 day MBG chipset with 250,920 pixels.

PC166XS B/W Video Camera $19.95 §| PA3 Micro Audio System ) .
Precision 5 Element Microlens

DAY AND NIGHT COLOR INFRARED CAMERAS High Performance CCD

See up to 50 feet in total On-Board Advanced
darkness! Signal Processor

» Weatherproof case : )

e Photocell LED activation * High 410 lines res.

« 400 lines of resolution e Low light ability- .5 Lux

¢ 0 lux rating ¢ Samsung chipset

¢ 1/3” color Sony ¢ Plug and play cables
Super HAD CCD e | year warranty

e 70° field of view wm « 30 Day MBG

¢ 12 volts DC, 500mA e Excellent value

e | year warranty e R K

s k 3 Comes with easy connection instructions, pre-installed plug
Comes with easy instructions, 1 year warranty and 30 day money-back satisfaction guarantee. and play video and power cables, 1 year warranty and 30 day

PC177IR-1 Color Day/Night Video Camera with 12 Foot IR Range ; money-back satisfaction guarantee.
PC177IR-2 Color Day/Night Video Camera with 35 Foot IR Range .. ! PC-100XP Pinhole Microvideo Camera
PC177IR-3 Color Day/Night Video Camera with 50 Foot IR Range ......... y PC-100XS Microvideo Camera

ONLY $299 95
VIDEO CAMERA — This security VCR

Im_:redible- tiny e lets you record up
size- weighs ' S to 960 hours on
less than an e T-160 videotape--

ounce, runs on a : That's a whole

9 volt battery! month!

: Eizte if ?/2m§/z\;\/n%§gsx 27" X .92 * Selectable modes 2 hours through 960 hours )
e el llmagﬁr | e Easy-to-use on screen programming der
& che'\éi\s,[.\\//' ﬁo ]UStI 5§ Sie ar'gr}evy e Alarm, panic, repeat and timer options Un
Ol s RIS P ROR, 2V S MR « Diamond like carbon coated head for super durability 300"
* Transmitting frequency is 434MHz ( e 24 hour real time recording mode
* Range is up to 1500 feet ¢ Endless loop recording--set it and forget it

e Runs on 9 volts at 50 mA i Y \
e | year warranty/30 day MBG Comes with easy connection instructions and a one year manufacturers warranty.

AVX434-S1 Wireless Camera ;) VCR960-5 960 Hour Time Lapse VCR $299.95

COVERT BINDER WIRELESS VIDEO 1" MINI MONITOR

VIDEO CAMERAS 700 Foot Range, Perfect for set-up and alignment §
New! Great for offices! Under $110! of cameras in the field

* 410 lines res B/W, 380 lines color : « Black and white display

e Amazing .5 lux B/W, 1 lux color e 76,800 pixels

e Wide angle view for commanding e 320 X 240 resolution
view of most rooms . e Solid state LEDs

* Wireless frequency is 2.4 GHz e Runs on 2 AA

e Range is up to 700 feet Rattasiae
¢ 90 day warranty/30 day MBG e FCC Part 15 approved 44X 17X 13"

Comes wuh dummy binder camera/transmitter, microwave : $ransm!§ts w?e;) ;nd gaggl)(o 65" e | year warranty

receiver, power supplies, connecting cables and 90 day ransrr;]l a5 IS aroaed : ¢ 30 day MBG

manufacturer's warranty. * Four channel operation

CVL56 Covert Blnder Cainéti $249.95 * Both units operate with the Comes with easy connection instructions, 30 day
CVL57 Covert Color Binder Camera ¢ included 12 volt power supplies B 5,0y pack guarantee and 1 year manufacturer's
CVL56-W Wired Binder Camera ; * | year warranty/30 day MBG warranty. Batteries not included.

CVL57-W Wired Color Binder Camera $199.95 | MVLI10 Wireless Link ... $109.95 | MON-1 Mini Monitor $119.95

Circle #59 on the Reader Service Card.




Complete Video Security + Amazing Covert Video

4 CAMERA B/W VIDEO
SECURITY SYSTEM

Gives You Complete
Surveillance and

A Protection For
Under $500!

WIRELESS COVER'I' VIDEO CAMERA SYSTEMS
Great for homes, offices, warehouses & factories!

These high quality wireless covert video

cameras give you the range and performance of

2.4 gigahertz FM video transmission. A high

quality pinhole camera provides excellent video

in a nearly undetectable concealment. Range is up to 300

feet with the included receiver. Low cost, long range, FM

eo’ele ’ PO synthesized performance and a wide range of concealment

' i 0| °9R options combine to make these among the best covert

* View all 4 cameras on one screen \ "“ L. T B video values in the industry. Also available in color

* Professional quality equipment L & versions. They give you the peace of mind of knowing

e Custom lenses and cable lengths LA what happens while you are away

to fit your installation ; : .
e 2 year warranty on cameras and quad Comes with concealed camera/transmitter, matching receiver,

e Lifetime free technical support All models come 1 year warranty, and 30 day MBG. Lens not included.

Comes with 4 of our PC-152C video cameras and lenses, with matching CVL6-V Wireless Covert Wall Clock Camera $269.95
a realtime quad processor, a high resolution 12" monitor, 2.4 GHz CVL8-V Wireless Smoke Detector Camera $249.95
and much more. receiver. CVL28-V Wireless Covert Pencil Sharpener Cam $269.95
VSS1-HG 4 Cam B/W Video System .... $499.95 CVL30 Wireless Briefcase Camera $399.95

0.0003 LUX! SEES IN VIRTUAL DARKNESS! DIGITAL VIDEO RECORDER

This tough style is the #1 choice of law enforcement! Only $399.95! The easy high tech
replacement for time lapse VCR's!

New PC180XP2 e Single channel digital video recorder
super pinhole * 60 images per second
lens makes covert e Playback search
installations ® RS232 compatible
easy! e Alarm inputs

* Time/Date stamp
e 1/3" Sony Ex-View chipset ¢ 3.6mm micro lens, PC180XS e Password protection
® 420 lines of resolution ¢ 3.7mm pinhole lens, PC180XP e Video loss detection
* 0.0003 low light rating ¢ 4.3mm super pinhole lens, PC180XP2 ¢ Compatible with most quads
e Super tough copolymer housing ¢ 30 day MBG e Rack mountable
* 12 Volts DC, 100mA ¢ 1 year warranty Comes with easy connection instructions, and 1 year warranty.
PC180XS Ex-view B/W Microvideo Camera $119.95
PC180XP Ex-view B/W Microvideo Camera
PC180XP2 Ex-view B/W Microvideo Camera ....8119.95 BDVR7-160 DVR with 160GB Hard Drive .... $649.95

WORLD' SMIALLEST VIDEO CAMERA SPECIAL INTEREST CORNER: WILDLIFE VIDEO

Oy N At ¥ 8.005 STILL PHOTO SURVEILLANCE SYSTEM

Video Camera! Capture stunning images of wildlife

: : [
. Built-in flash ---or bad guys red handed! IR illuminators
-. - for niglﬁttivme fqr nighttime

viewing . - viewing
¢ Incredible 0.375" square X 0.625" =
* 380 lines horizontal resolution §
¢ 0.5 low lux rating
e Built-in 3.5MM pinhole lens
e Latest generation 1/7" CMOS
e |2 Volts DC at only 20mA
® One year warranty and a 30 day MBG
Comes with power cable, complete instructions, 1 year
manufacturer's warranty and 30 day money-back satisfaction
guarantee. » Weather resistant e Stores 64 images in memory

PC206XP 12 Volt Monochrome Video Camera .... $99.95 » Perfect for wildlife observation * Weatherproof case
e Great for law enforcement e Built-in IR lighting

remote covert surveillance * 0 lux rating up to 15 feet
SU P E RCI RCU I I S e Uses a motor driven, motion e Pixel resolution of 320 X 240
- & A activated Fuji 35MM camera ¢ PIR motion activated
Buy Online At www.supercircuits.com e Time/date stamp e Runs on12 volts DC or 6 AAs
or Call Us Today To Order e | year warranty/30 day MBG e | year warranty, 30 day MBG
or RequeSt A Free Catak)g Comes with security chain, magnetic ) )
1 800 335 9777 activation system, camouflage cover Comes with camera, video cable, 12 volt

= - - and 1 year warranty. Also available in power cord, mounting strap, 1 year

One Supercircuits Plaza, Liberty Hill, TX 78642 tree bark and vandal resistant. warranty and a 30 day MBG.

Phone 1-512-778-6950 Fax 1-866-267-9777 1
SPC-1 Still Photo Surveillance CVL46 Digital Flash Memory

Prices, specifications and availability are subject to
change without notice. Published terms & conditions Camera System $449.95 Camera System $319.95

apply. Copyright 2003 Supercircuits, Inc. FOR MORE INFORMATION, LOG ON TO OUR WEBSITE!




with T Byers

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:
TJBYERS@aol.com.

What's Up:

Plenty of stuff to get the
novice hobbyist started.
How to program
digitally-controlled
“devices without a PC
using parts from a junk
box. | IW stereo amp
for $5.00, and a new
twist on the 555. Find an
OEM using the FCC ID
number.

UTS & Vouts

Everything For Electronics
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A PC Interface
Without The PC

I'm wondering if you can provide
ny information regarding the
control of the LMI1971/LM1972/
LM1973 family of digitally-controlled
audio attenuators. The National
Semiconductor catalog shows a typi-
cal application. Unfortunately, no con-
trol circuit is given for an interface with
the three control pins of load, clock,
and serial input. [ realize this question
might be a little more than can be
answered in a single column, but if you
could direct me to a book or an article
that describes the digital control of
these ICs, it would be very helpful.

Al Lovecky
via Internet

. You might notice that in my intro

o this column, | state "l answer all
aspects of electronics ... and anything
else of interest to the hobbyist." At
first, | purposely sidestepped ques-
tions like this by providing a datasheet
— or other source — simply because
the majority of readers had little or no
interest in this field at the time.

Over the years, the components
have become increasingly more micro-
controller "friendly," and our readers
more computer savvy. And ['ve
increasingly been answering more of
these kinds of questions. While what
you ask takes it up a notch, I feel obli-

gated to answer it in terms that both
the novice and experienced reader can
understand. Here goes.

Nowadays, most microcontroller
interfaces are of the serial variety. That
is, the control and data bits are parad-
ed in one after the other like the box
cars of a train, rather than loaded in
via individual inputs like cars entering
the toll booths of a highway. There is
more than one serial interface. The
LM197x series uses a protocol (way of
doing things) called uPot that requires
two bytes (a byte is eight bits). One
byte addresses (selects) the "poten-
tiometer," AKA attenuator, being con-
trolled (the LM1971 has one pot, the
LM1972 has two, and the LM1973 has
three). The following byte specifies
how much attenuation each pot should
insert into the circuit. The timing
sequence looks like this (Figure 1).

First, the Load pin is pulled low.
Although a microcontroller is normally
used to set this pin low, you can do the
same thing using a RadioShack SPST
switch. Next, the binary code used to
set the attenuation of the LM1971 is
entered via the Data pin using 16
clicks of the clock. Once the code is
loaded, the Load line is returned high,
and the LM1971 proceeds to process
your command. Hey, that's not such a
big deal! It just sounds complicated
when the word microcontroller is men-
tioned.

Figure 2 shows how to program

LOAD

R

Figure |

—

CLOCK

DATA
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the LM197x without a microcontroller. With
S1 open, the Attenuation Code and
Attenuator Address switch are set to repre-
sent the code you wish to send to the
LM197x chip. Close S1 and press the Clock
button 16 times. Open S1 and you're done.
That's it. Of course, the circuit is very rudi-
mentary and can be improved upon vastly
with a programmed clock and display, but
you get the idea.

Bottom line is that computer interfaces
shouldn't scare you. By knowing what the
device expects in the way of voltages and
sequence of events, you can "program" any
computer-dependent chip using parts you
probably have in your junk box.

New Columns Ring In
The New Year

[ have been a subscriber of Nuts &
Volts for almost a year now, and have a
basic knowledge of electronics. | find the
magazine most interesting, but have to
admit that | don't know much of anything
regarding these so-called BASIC Stamps or
other controlling devices. So where does a
guy like me begin to learn about these
devices and build the various projects that
are featured each month?

Jake
via Internet

Your timing couldn't have been better.
»Starting with the Jan. 2003 issue, the
NE&EV editors added three new columns, two
of which are targeted directly at you. "Just
For Starters" builds a good platform in the
basics as you begin your journey into the
MARCH 2003

world of electronics, including topics like
how to solder and where to buy. "Let's Get
Technical" is designed to whet your appetite
in the more advanced subjects — like analog
and digital, microcontrollers, computer
arithmetic, and networking — while examin-
ing theories and applications.

Two other recently added columns are
devoted to "Robotic Sources,”" which shows
you where to get information, kits, and
parts, and "In The Trenches," devoted to
design engineers facing real-world problems
and solutions. As you can see, when we say
"Everything For Electronics" we mean it.
Glad to have you aboard.

Cheap Audio Chip
Boasts Premium Sounds

My 70-watt Adcom power amplifier
as been working fine for many years
and [ expect it will go on for a long time. But
I don't like it that loud, and would like to try
something with less power. Do you have any
circuits for a one-transistor, single-ended
power amplifier of about 2 to 10 watts?
Something with negative feedback, a high
dampening factor, and low distortion using
an easy-to-get transistor, like a 2N3055.
Also, a design which has thermal runaway
protection. A power supply diagram isn't
needed — | know how to do that.

Charles Wolf
San Francisco, CA

I can do better than that. National
emiconductor makes the LM4752 — a
stereo 11-watt power amplifier housed in a
TO-220 plastic package that's smaller than

IDLYION
&
JEETS

&

MOSFETS
&

TRANSISTORS
@

LINEARSYSTEMS

Second Source Replacments
for Interfet, Motorola
National, Siliconix
+ Custom Screening
+ Die, SMT, Thru-Hole

[INEAR_SYSTEMS]

Full Service U.S. Manufacturer
of Specialty Linear Products

4042 Clipper Court
Fremont, CA94538

(TEL)510-490-9160
(FAX)510-353-0261
JFETS@LINEARSYSTEMS.COM
WWW.LINEARSYSTEMS.COM

Circle #55 on the R/S Card.

PICmicro MCU
Development Tools

EPIC Plus
PICmicro MCU
Programmer

$59.95

Assembled
EPIC Bundle with
cable, AC adapter, and
40-pin ZIF - $99.95

BASIC Compilers
for PICmicro MCUs

PicBasic Compiler - $99.95
PicBasic Pro Compiler - $249.95

LAB-X Experimenter Boards

Pre-assembled
hardware for testing i
and development.

LAB-X1 - $199.95
LAB-X2 - $69.95
LAB-X3 - $119.95

PICProto
Prototyping
Boards

selection from
$8.95 to $19.95

micro S mgineering ats; Shc

& Phone: (719) 520-5323
e Fax: (719) 520-1867
Box 60039, Colorado Springs, CO 80960

Complete product information and online
ordering at: WWW.melabs.com
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the TO-3 metal case of a single
2N3055. Better yet, you can buy it

from  Digi-Key (800-344-45309;
www.digikey.com) for just $2.67.
Toss in a handful of passive compo-
nents, and you have a far better ampli-
fier than a single 2N3055 can make —
thermal protection included — for
under $5.00 (Figure 3).

The LM4752 datasheet, which
you can download from the National
Semiconductor web site
(www.national.com/pf/LM/LM475
2.html), includes a printed circuit
board foil pattern and parts place-
ment guide that simplifies the fabrica-
tion of a high-quality stereo amp.

New Twist On 555
Controller Charges
Battery

. A while ago, perhaps in the Nov.
pr Dec. 2001 issue, you answered
a question about the construction of a
battery maintenance charger. The cir-
cuit is excellent, and [ built one myself
as a 12-volt motorcycle battery charg-
er. | recently inherited an antique auto-
mobile with a six-volt system. Would it
be possible to make changes to this
circuit so that it can be used as a
maintenance charger for a six-volt
lead-acid battery?

On a similar note, | would be
interested in constructing a controller
that senses a low-battery voltage and
triggers a solid-state relay, which
would switch on the AC power to an
off-the-shelf battery charger, like they

sell at most auto parts stores. When
the battery reaches a full charge, the
SSR would turn off and remain that
way until another low-voltage condi-
tion is detected.
Bob Hempe
via Internet

. The answer to your first ques-
on, described in the Dec. 2001
issue, is to change the 5.6k resistor to
2.2k and substitute the 78L06 with an
LM2931Z-5.0. This will properly main-
tain a six-volt lead-acid or gel-cell bat-
tery.

As for your second request, |
found it most interesting because it
gives me yet another way to exploit
the features of the 555 chip. The 555
has two inputs, labeled Trigger (pin 2)
and Threshold (pin 6), that toggle the
Output (pin 3). When the Trigger goes
below 1/3 Vcc, the Output goes high;
when the Threshold voltage exceeds
2/3 Vcc, the Output goes low.
Typically, a capacitor is inserted
between these two inputs and through
charging and discharging cycles pro-
duces an output waveform.

If the capacitor is removed and a
voltage divider is substituted in its
place, the 555 becomes a special kind
of window voltage comparator (Figure
4). Using the resistance values listed,
the relay turns on when the battery
needs charging and off when it's fully
charged. Unlike a true window com-
parator — which immediately turns on
when the voltage drops below the
upper threshold limit — the relay

remains off until another low-battery
voltage is detected. This circuit can
also be used to monitor the level of a
water tank or any other device that
needs the same on/off profile. Of
course, you have to make sure the
relay — be it solid-state or mechanical
— can handle your load. The relay
input is five volts at 200 mA or less.

A Call To Arms ...
Err, Books

. For some time now [ have been
trying to find software to use with
a Dinsmore 1525 compass module
interfaced to a microcontroller — like a
16F84 or 16F876 — with an LED dis-
play. The 1525 seems to be popular
and yet no one seems to have a pro-
gram for its use. Any ideas?

Ed Cannady
via Internet

% . There was a similar design pub-
#*Wlished in the PICstart Design
Contest Application Brief Notebook
(DS30229B) published in 1993 by
Microchip, Inc. Unfortunately, all | can
find is a portion of the original publi-
cation, which is now available on the
Nuts &  Volts  website as
PICstart_1525.PDF. A call to
Microchip revealed that nothing exists
but an archive (not currently avail-
able) for this publication. But I'm sure
there are still some copies out there in
the hands of hobbyists. Let's hope this
response will turn up one.

; +24v 78L05
Figure 3 ? From o—¢ s—IN OUT—#
12V B
L N B o
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L | LM4752 27 L . N
T 555 SSR SCP ol |
ol 3 = 1000uF ~ _ —— Contro
Left In 2
10k o Relay pull in
2 i 5 _|_i i 27 e | J_S = 3t 1 1.0 volts;
e ¥ 100uF . rops out at
T = Figure 4 ol 13.2 volts.
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To Power Or Shut
Down. Which Is
Better?

. Are computers better off being
left running all the time or shut off

each time after use? | would imagine

there is a controversy, depending on
which camp you're affiliated with.

Lee

via Internet

. Ten years ago, yes the camps

ere divided. But with recent

advances in semiconductor technolo-

gy and trends in PC hardware, the two

camps now break bread together. That

is, in and of itself, the question isn't an
issue of concern.

Most PC failures are a result of
heat, and not wear and tear on the
mechanical devices. In fact, most dam-
age is done when a device is tempera-
ture cycled between hot and cold, not
when it's running at a constant temper-
ature. So much so that the DoD
(Department of Defense) has an envi-
ronmental test routine for testing
accelerate life aging of components by
subjecting them to alternating cycles
of hot and cold (Mil. Spec. 883B).
Considering that the Pentium chip
runs hot enough to require its own
cooling fan (now that's hot!), you don't
have to guess what happens to its
internal temperature if it were to be
constantly turned on and off.

Heat build-up is further reduced by
powering down the PC when it's not in
use. If you look carefully, you'll see a
section in your BIOS chip (yes, all PCs
have one and they can be accessed
when power is first applied to the PC)
under the heading of Power
Management. Here you can tell your
system when to shut down devices
after specified periods of inactivity. As
a rule, the monitor should be turned
off after one hour (saving power and
wear and tear on the CRT), and the
hard disk after about 30 minutes.
Don't worry, all it takes to reactivate
these devices is a mouse or keyboard
input — or a nudge from an Internet
interface. For example, my system
MARCH 2003

reduces its power down to 5% of its
operating total after about an hour of
my stepping away from the keyboard.
Less power means less heat, and it's
done gradually without the shock of
on/off power cycling.

The recent proliferation of fluid-
dynamic bearings in disk drives has
further reduced the heating and fric-
tion problems. Hard disks are amaz-
ingly reliable these days, with Mean
Time Between Failures (MTBF) of
500,000 to 1,000,000 hours. That
means that, on average, half of all
drives from the same lot fail after the
specified number of hours, 57 years
for 500,000 hours, with half of the
drives lasting more than that half the
MTBF.

On the other hand, if you expect to
be away for any period of time (possi-
bly a vacation to Paris, lucky you) or
there is a lightning storm looming on
the horizon, it would be a good idea to
turn the PC off and unplug it to prevent
power surges. Don't count on your
surge protector to save the day.

Wire Those Walls
Before You Plaster

. I am in the process of wiring TV
.and telephone service for my new

home and would appreciate the follow-
ing information. | require TV outlets in
six rooms, and knowing there is a dB
loss in each coupler, which of the fol-

lowing options would be best?
Obtaining a six-outlet coupler or split-
ting the runs into two lines, one for the
top and one for the bottom. I'm think-
ing of doing the bottom three rooms
on one four-output coupler with the
forth output going to a second two-out-
let coupler. Minimum loss of signal is
the main objective, even if it's a little
pricey.
Long-Time Subscriber
via Internet

. That depends on how long the
able runs are and where you split
the signal. Like you say, the name of
the game is minimal signal loss. Each
splice and cable length takes a toll. For
practical purposes, the loss of a two-
way splitter may be assumed to be 4
dB, a four-way splitter loss can be 7.5
to 8 dB, and an eight-way splitter can
be from 11 to 12 dB insertion loss to
each port. Add 100 feet of RG59/U
cable, and subtract another 9 dB.
Table 1, on the next page, lists the loss
for various components.
Now, which is the optimum topolo-
gy for minimal loss? That depends on

6-Port Splitter 4-Port Splitter
]-10dB -8dB
100' RG59/U

- 100' RG59/U 0dB QdB

[ e { ]-19dB
0dB [ -9dB

] Distribution

Amplifier
:] 21dB
n +18dB =4
0dB 100' RG59/U |
-9dB ‘
2-Port Splitter
-4dB
0dB ] 4
50' RG59/U 8.5dB +5dB
50' RG59/U -13dB
50' RG59/U
-4.5dB
Figure 5
-17.5dB
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Table |

Device Signal Loss

Two-port splitter 4 dB
Four-port splitter 8 dB
Six-port splitter 10 dB
Eight-port splitter 12 dB
100 feet RG59/U 9 dB

where in the walls your outlets land.
You can pick one or mix the choices
in Figure 5. What I'd do is install a
CATV distribution amplifier, like the
Winegard DA-1018, at the head-in
(where the cable comes into your
house) and divide the lines down
using two-port splitters at the end of
the run.

Editor's Choice

Remember "programmed learn-
ing" (circa 1960) where you learned at
your own pace through branched
answers? | recently ran across such a
method for learning electronics at
Twisted Pair (www.twysted-
pair.com); click on Free Stuff for an
excellent introduction to DC basics.
You have a good choice of topics to
choose from, including Ohm's and
Kirchoff's Laws. | recommend starting
with Download Learn Electronics
Lesson One. It includes a very thor-
ough hands-on tutorial of electron
flow, Ohm's Law, and advanced DC

alone. (Figure 6.)

MAILBAG

Dear TJ:

This is in reply to your comment
about power line frequency inaccura-
cy many times in the past. While it's
true that the short time accuracy of
the power line frequency is as bad as
you say and clocks that are based on
it can be off by several seconds or
more at any given time, this is not the
whole story. The fact is, the long term
accuracy of the power line frequency
is dead on. Over a period of months
and years, you just can't get a more
accurate frequency source. Not crys-
tals, not crystals in temperature-con-
trolled ovens, not even atomic clocks
... nothing.

MicroStamp11

The Worid’'s Smallest
88HC11 Microcontrolier

Got a brilliant idea for a
Handheld X-ray Imager?

cimicro spy satellite?

How about a
COLONY OF RCBOTIC ANTS?
Or maybe you just want to
FLASH SOME LIiGHTS.

Whatever your application...
“MicroStamp” it!

toll-free USA and GCanada

1-877-963-8996 WWW_technologicalarts.com

* RS232 Docking Module, serial cable, manual, and software disk included in Starter Packages

- 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 breadboard [with
included adapter), so you can try out your ideas fast!
« re-programmable in-circuil 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 medule

« demo of powerful new KPad visual programming
environment included with Starter Package!

- Starter Packages’ from $49
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Why? Because the power compa-
nies monitor WWV which is adjusted
by monitoring the heavens. They
adjust the frequency/phase of their
generators to bring the clocks back
into sync with WWV and hence, with
the universe. They may be off by sec-
onds or even tens of seconds in the
short run, but in the long run, they are
dead accurate.

[ know that power-line 60 Hz may
not be suitable for all purposes, the
choice should be made with all the
facts and not a distorted view. If the
reader wants long-time clock accura-
cy, you can't do any better. For short
term stability go crystal; for more
accuracy than 0.4% try a PLL.

E. Paul Alciatore, llI
Chief Engineer
hawthorne direct, inc.
Fairfield, IA

Cool Web Sites

A problem | hear often about
Windows Internet Explorer (IE) is its
inability to remember that most peo-
ple want it to launch as a maximized
window. The best solution? IE New
Window Maximizer 2.2, a free utility
that does just that, as well as han-
dling a few other things like stopping
pop-up windows. You can download
a copy at:

www.jiisoft.com/iemaximizer/
index.htm

Need to find a schematic or
manual for a piece of electronic
equipment with no model number or
manufacturer tag? Every item that
emits a radio frequency can be
traced back to its source via its FCC
ID number.

www.fcc.gov/oet/fccid
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Everything For Electronics

NUTS & Vours

-

Robotics Resources

by Gordon McComb

“Where [t Is and How to Get It”

Robotics Resources

Hunting the Surplus Electronics Store

‘urplus is a loaded word. To
some, it means junk that just
fills up the garage, like musty
canvas tents, or funky fold-up shovels
once used by the Army in the 1950s.
To the true robot buff, surplus has a
totally different meaning: affordable
components to help stretch the robot-
building dollar.

Surplus just means that the origi-
nal maker or buyer of the goods does-
n't need it any more. Surplus is simply
excess stock for resale. In the case of
electronics, surplus seldom means
"used" as it may for other surplus
components, such as motors or
mechanical devices. Except for spe-
cial components — like older amateur
radio gear — surplus electronics are
typically brand new, and much of it
may still be in active manufacture.

The main benefit of shopping the
surplus electronics retailer is cost:
even for new components, prices are
generally lower than from general
electronics retailers. On the down-
side, selection may be limited to what-
ever components the store was able to
purchase. Don't expect every value
and size of resistor or capacitor.

This month, we look at almost
three dozen electronics retailers that
regularly stock surplus components
commonly used in amateur robot build-
ing. Today, many surplus stores are
local businesses that also sell on the
Internet, either through a shopping cart
or through eBay. When the resource
offers online sales it is noted, along with
the availability of a shopping cart or
some other "online catalog."

This time around, we'll concen-
trate on surplus resources within the
United States only, and cover Canada,
the UK, and other countries in a future
installment. And for the sake of space,
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we'll skip the surplus companies that
primarily deal with used PC parts, and
concentrate just on electronic and
electromechanical components of use
to robot builders.

A-2-Z Solutions, Inc.
PO. Box 740756

Boynton Beach, FL 33474-0756
www.a2z-solutions.com

New and surplus electronics. Mostly
computer equipment (PCs, monitors,
scanners, and so forth). Online sales
with web catalog.

AE Associates, Inc.
7733 Densmore Ave. #5

Van Nuys, CA 91406
www.ae4electronicparts.com

New and used electronics, including
switches, connectors, electronic com-
ponents (resistors, capacitors, diodes,
transistors, etc.), and test equipment.
Searchable database. Also sells a
small number of compact black &
white and color video cameras. Local
store in Van Nuys, CA; online sales
with web catalog.

All Electronics Corp.

PO. Box 567
Van Nuys, CA 91408-0567
www.allcorp.com

All Electronics is one of the primary
sources in the US for new and used
robotics components. Prices and selec-
tion are good. Walk-in stores in the Los
Angeles area. Product line includes
motors, switches, discrete compo-
nents, semiconductors, LEDs, infrared
and CdS sensors, batteries, LCDs, Kits,
and much more. Specification sheets
for many products are available at the
web site. Online store, web catalog,
and printed catalog.

Alltronics

PO. Box 730

Morgan Hill, CA 95038-0730
www.alltronics.com

New and surplus merchandise. Among
their product line useful in robotics are
DC and stepper motors, stepper motor
controllers, power MOSFETs, small
CCD video cameras, and tools. Online
sales with web catalog.

American Science &

Surplus
3605 Howard St.
Skokie, IL 60076
www.sciplus.com

ASES sells surplus of all types, includ-
ing some you'd normally find in an
Army/Navy surplus store. But they
also carry motors, gears, batteries,
switches, and some electronics.

APEX Electronics

8909 San Fernando Rd.

Sun Valley, CA 91352
www.apexelectronic.com

Military and industrial surplus, with a
major emphasis on wire of all types
and sizes. Huge selection, but the
retail store is not well organized, and
little is priced. Limited online sales
(only some components listed on
the site).

Apex Jr.

3045 Orange Ave.

La Crescenta, CA 91214
www.apexjr.com

Surplus electronics and mechanicals.
General electronics, transformers, and
"movie props." Online store with web
catalog.

Ax-Man Surplus
1639 University Ave.
St. Paul, MN 55104
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www.ax-man.com
Local (St. Paul, Fridley, and St. Louis
Park, MN) electronic and mechanical
surplus.

B.G. Micro

555 N. 5th St,, Suite #125
Garland, TX 75040
www.bgmicro.com

A haven for the electronics tinkerer
and robotics enthusiast. Much of the
stock is surplus, so it comes and goes,
but while it's being offered, it has a
good price attached to it. Online sales
through web catalog, printed catalog
available.

BCD Electro, Inc.
2525 West Commerce

Dallas, TX 75212
www.bcdelectro.com

Surplus electronics: active and passive
electronics, motors, relays, switches,
etc. Online sales.

BMI Surplus

brigarelectronics.com

Handy selection of electronic compo-
nents, including unique sensors, con-
struction hardware, and motors, along
with the usual transistors, resistors,
etc. Online sales with web catalog.

C & H Sales
2176 E. Colorado Blvd.
Pasadena, CA 91107
www.candhsales.com

C & H is primarily a source for
mechanical surplus, but they also
stock various passive components, as
well as switches, relays, and motors.
Online sales through web catalog,
printed catalog, and walk-in store in
Pasadena, CA.

CTR Surplus

202 West Livingston Ave.
Crestline, OH 44827
www.ctrsurplus.com

Surplus electrical, including motors,
test equipment, and power supplies.

Online sales with web catalog.

ElIO.com

PO. Box 3148

Redondo Beach, CA 90277
www.eio.com

Surplus sales of all major electronics
components, plus links and resources.
Online sales with web catalog.

Electro Mavin

2985 E. Harcourt St.

Compton, CA 90221

www.mavin.com

Electronic components, motors,
batteries, optics, and test equipment.
Online sales with web catalog; retail
store in Los Angeles area.

Electronic
Dimensions

424 Puyallup Ave.
Tacoma, WA 9842 |
www.el-dim.com

PO. Box 652
Hanover, MA 02339
www.bmius.com

Electronic surplus, much of
it high-end industrial or sci-
entific; opticals, laser. Online
sales with web catalog.

Boeing Surplus

Store

20651 84th Ave. S.

Kent, WA 98032
www.boeing.com/assocprod
ucts/surplus

All sorts of surplus, from
small plastic parts to large
machine tools — but no air-
craft parts. My guess is that
Boeing buys this stuff, puts
it in a warehouse some-
where for a few years, then
sells it at their surplus store
at great prices! Local only in
Seattle, WA with a satellite
office in Los Angeles, CA.

Brigar

Electronics
7-9 Alice St.
Binghampton, NY 13904

MARCH 2003

QUICK and PAINLESS

Programmable Robotics!

Have Your Robot
Walk AND Chew Gum
AT THE SAME TIME!

Our Co-Processor adds
SUPER NEW FEATURES to
the best of the usual ones.

Really Steps UP a Stamp.
See how far our Products
take YOU!

Blue Bell Design Inc.

www.bluebelldesign.com

Circle #114 on the

Reader Service Card.

POLYDROIDS"

Ant-Class Sumo Bases
3-Wheel Bases With Domes
Powerful Treaded Bases

Autonomous Robot Kits
Stackable Electronic Boards
Infrared Range Sensors

Dual H-Bridge Motor Controllers
Use with Basic Stamp or 68HC11

Quick and Easy Assembly !

www.polydroids.com

Circle #116 on the Reader Service Card.
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Military and industrial surplus, elec-
tronics, radio receivers, transmitters
and parts, electron tubes, test equip-
ment, and ham gear. Retail store in
Washington state, and online sales
with web catalog.

Electronic Goldmine
PO. Box 5408

Scottsdale, AZ 85261
www.goldmine-elec.com

New and used electronic components
(LEDs, potentiometers, resistors,
heatsinks, transistors, etc.), robot
items, electronic project Kkits, and
more. Online sales with web catalog.

Electronic Surplus,

inc.

5363 Broadway Ave.

Cleveland, OH 44127
www.electronicsurplus.com

Wide selection of test equipment and

electronics parts.

Electronics Plus

10302 Southard Dr.

Beltsville, MD 20705
www.electronics-plus.com

Product lines include batteries and
battery accessories; cable and wire;
capacitors and resistors; chemicals;
circuit boards and accessories; coils,
chokes, inductors, and more. Local
retail store and online sales with web
catalog.

Electronix Express
365 Blair Rd.

Avenel, NJ 07001

www.elexp.com

New and surplus electronics, includ-
ing passive components, motors,
relays, and more. Online sales with
web catalog.

Excess Solutions

430 E. Brokaw Rd.

San Jose, CA 95112
www.excess-solutions.com

Surplus electronics. Local store and
online sales.

Fair Radio Sales
PO. Box | 105
Lima, OH 45802
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www.fairradio.com

Though specializing in surplus for
ham radio, Fair Radio also offers plen-
ty of general electronics and test
equipment. Online sales with web cat-
alog. A printed catalog is available.

Gateway Electronics,

inc.

8123 Page Blvd.

St. Louis, MO 63130
www.gatewayelex.com

Electronic surplus stores in St. Louis,
MO, San Diego, CA, and Denver, CO.
Online sales are limited.

HSC Electronic

Supply (Halted
BSOO'F,RypderySt.( )
Santa Clara, CA 95051
www.halted.com

Online mail order sales, with walk-in
retail stores in Santa Clara,
Sacramento, and Santa Rosa, CA.
Halted offers a mix of computer and
electronics surplus.

How to Buy
Mail Order

ou've probably bought mail order

before, so you know the drill. But for a
reminder’s sake, here's a list of do's and
don'ts when conducting business by mail.

Understand exactly what you are buy-
ing, when delivery will be made, and how
much you're paying before sending any
money. Sounds simple enough, but it's easy
to forget the small stuff when you're excit-
ed about finding goodies for your robot.

Favor those companies that provide a
mailing address and a working phone number
for voice contact (not just fax). Sellers with-
out one or the other aren't necessarily
crooks, but lack of contact information just
makes it harder to get hold of someone
should there be a problem.

Be wary of companies that advertise by
sending unsolicited "spam" via email. Spam is
basically free to send, so everyone can do it
— including the scamsters.

Verify shipping charges, handling
charges, and service fees before finalizing the
order.These costs can significantly add to the
price, especially for small orders.

Check out the company before sending
them a significant order ("significant” is up to
you; it might be anything over $500.00, or it
might be anything over $35.00). Check for a
poor rating with the Better Business Bureau
(or similar institution for those outside the

Mark Hannah
Surplus Electronics

822 N.W. Murray Blvd, PMB #250,
Portland, OR 97229
www.markhannahsurplus.com

Surplus electronics, tools. Online

sales with web catalog.

Marlin P. Jones &

Assoc., Inc.
PO. Box 530400

Lake Park, FL 33403
www.mpja.com

Wide assortment of

the printed catalog for browsing.

MECI — Mendelson

Electronics Co., Inc.
340 E. First St.

Dayton, OH 45402

www.meci.com

Surplus electronics, motors, and even
a special section for combat robot

US) in the company's home town; in the
appropriate newsgroups; or in online chat-
rooms or bulletin boards.
Determine added costs for duty, taxes,
and shipping when buying internationally.
Carefully examine your monthly credit
card statement for improper charges.

Don't:

Give your credit card number via email,
or on a web page order form, unless you
know the communications link is secure.

Buy from a source unless you feel very
comfortable you can trust your money with
them.

Use a credit card to pay for goods from
a company you have not yet dealt with, send-
ing a check or money order is just as easy.
This limits the exposure of your credit card
accounts to possible Internet fraud.

Send money to foreign companies
unless you're positive they are safe bets.
While you're checking them out, be sure
they will ship to your country.

Should you have trouble with a mail
order merchant (and you or the business is
in the US), the following two organizations
might be able to help you resolve the matter.

Better Business Bureau System
www.bbb.org/

National Mail Order Association
www.nmoa.org/
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parts — large motors, batteries, that sort of thing. Online

sales with web catalog.

Skg'craft Parts & Surplus, Inc.
PO. Bo

0. Box 536186

Orlando, FL 32853-6186
www.skycraftsurplus.com
"Surplus mall" offering
power supplies, transistors,
relays, ICs, wire, cable, heat

shrink, transformers,
motors, fiber optics, test
equipment, resistors,

diodes, and more. Local
store in Florida, plus online
sales with web catalog.

Surplus Sales

of Nebraska
1502 Jones St.

Omaha, NE 68102
www.surplussales.com
Surplus electronic parts,
including connectors, pas-
sive and active compo-
nents, electronics hardware,
relays and solenoids, chem-
icals, and antique radio
parts (to build antique
robots, of course). Online
sales with web catalog.

Timeline, Inc.
2539 W. 237th St, Bldg. F
Torrance, CA 90505
www.timeline-inc.com
Surplus of all kinds: elec-
tronic, computer peripheral,
laser, motors, LCDs, and
more. Online sales with web
catalog.

Unicorn

Electronics

[ 142 State Route 18
Aliquippa, PA 1500
www.unicornelectronics.com

Large selection of electronic
components, including pas-
sives, transistors, logic ICs,
relays, and more. Online
sales with web catalog.

Weird Stuff

Warehouse
384 West Caribbean Dr.

MARCH 2003

Sunnyvale, CA 94089

| www.weirdstuff.com
Weird Stuff Warehouse sells surplus, including electronics.

Retail store in Sunnyvale, CA.

Gordon McComb can be reached at
robots@robotoid.com or visit his website at

www.budgetrobotics.com/.
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35 WATT LPFM STEREO TRANSMITTER

v 35W RF output, VSWR protected
g v Automatic audio & power controls
v Digital synthesized PLL
B v Full front panel control
v 110/220VAC, 12VDC operation
Whether your application is export or LPFM, the PX1 has you covered. From the
over-rated continuous duty power supply & power amplifier to the 2 line vacuum
fluorescent display, your station will be the easiest to setup and the most reliable
for continuous operation. Full microprocessor controls provide a “virtual engj-
neer”. Check out www.highpowerfm for full details.
PX1 35W Professional FM Stereo Transmitter ~ $1,795.00

ELECTROCARDIOGRAM HEART MONITOR

s « Visible and audible display of your heart thythm
% v Re-usable sensors included; just like visiting the hospital!
v Bright LED “beat” indicator
v Monitor output for oscilloscope display
Enjoy learning about the inner workings of the heart while cov-
ering the stage by stage electronic circuit theory of ECG/EKG
systems. Be heart smart and leam at the same time! Simple
and safe 9V Battery operation.
ECG1 Electrocardiogram Heart Monitor Kit $39.95
CECG Matching Case & Knob Set $14.95
ECGP10 Replacement Reusable Probe Patches (10-Pack) $7.95

PLASMA GENERATOR

€/ Generate 2" sparks to a hand held screwdriver!

v Build your own plasma balls!
v/ 25KV at 20 KHz from a solid state source!
Generate really impressive sparks, build your own plasma
ball, light fluorescent tubes without wires! From a solid
state source, generate over 25KV at 20KHz for the most
dazzling displays!

Plasma Generator Kit $64.95

14VAC Output Power Supply $19.95

ION GENERATOR

v Generates negative ions with a blast of fresh air!

v 7.5KV DC negative, 400uA - that's a lot of ions!

v Steady state DC voltage, constant current, not pulsed!

Leam the basics of ion repulsion by building this ion generator!
Creates a continuous blast of fresh air charged with a ton of
fons. Perfect for pollution and air freshening; just smell those

3 ions! Solid state wind generation; you'll be amazed!

1G7 lon Generator Kit $64.95
AC125 110 VAC Power Adapter $9.95

HAND HELD SPEED RADAR GUN

v Measures speed from 10 to 110 MPH!
v Switchable US or Metric!
B Now YOU can clock that cop car! Uses the same doppler radar
'P‘J technology as their radar guns use. We took it out on the road
\ b} and set off a LOT of radar detectors and the traffic slowed right
down! Requires six AAA batteries not included.
Hand Held Speed Radar Gun, Assembled!

AND...OUR FAMOUS MINI-KITS!

These are easy to build kits that can be used either stand-
. alone or as building blocks for more complex projects.
Tickle-Stick Shocker $12.95
Super Snoop Amplifier Kit $9.95
LED Blinky Kit $7.95
Tone Encoder/Decoder Kit $9.95
Touch Tone Decoder Kit $24.95
Code Practice Oscillator Kit $14.95
Universal Timer Kit $9.95

e

SRG20 $89.95

T

RAMSEY ELECTRONICS, INC.

793 Canning Parkway

Victor, NY 14564
RAMSEY s:ss2-ss60

sales@ramseykits.com

=S

GET THE NEW CATALOG TODAY!}
Neat New Kits, And A Lot Of Cool Stuff!,

Ccs2

v Build It!
v Learn It!
v Achieve It!

Leam how AM, FM, and Shortwave radios work! Go back in time, and leam the
theory how to use a crystal diode to convert AM radio to audio you can hear!
Learn the basics of bells and motors, and actually watch them work! Start a great
hobby in electronics with our 130 in 1 Electronic Lab, and build a radio, radio
broadcaster, electronic organ, kitchen timer, logic circuits, and much, much
more! All kits are solderless, using spring-coil connections, making it safe and
easy for anyone to build. Detailed step-by-step instructions are included to guide
you through the entire project. Learn about electronics and study the wonders of
science today!
AM Radio Kit $14.95
AMFM7 AM/FM Radio Kit $19.95
SR3 Shortwave AM Radio Kit $19.95
Cs2 Crystal Radio Kit $9.95
Bell Action Kit $8.95
Motor Action Kit $8.95
130 In One Electronic Lab Kit $39.95

PROFESSIONAL FM STEREO RADIO STATION

v Synthesized 88 to 108 MHz with no drift !
¥ Built-in mixer - 2 line inputs, one micro-
phone input, line level monitor output!

v High power module available for export use
v All new design for 2002!

Introducing the FM100B, the all new design of
our very popular FM100! Designed new from
the ground up, including SMT technology for

th e"best performance ever! Frequency synthesized PLL assures drift-free opera-

tion with simple front panel frequency selection. Built-in audio mixer features
LED bargraph meters to make setting audio a breeze. The kit includes metal case,
whip antenna and built-in 110 volt AC power supply.

FM100B Super-Pro FM Stereo Radio Station Kit $269.95
FM100BEX 1 Watt, Export Version, Kit $349.95
FM100BWT 1 Watt, Export Version, Wired & Tested $429.95

SYNTHESIZED FM STEREO TRANSMITTER

v All new design & features for 2002 5 ‘k'
v Fully adjustable RF output '[/ﬂ’!
Our #1 kit for years has just gotten better for 2002!
Totally redesigned, the FM25B has all the features
you've asked for. From variable RF output, F con-
nector RF output jack, line input, loop output, and

more. Includes case, power supply, whip antenna, audio cables.

FM25B  Synthesized FM Stereo Transmitter Kit $139.95

FM RADIO STATION BROADCASTER

v Get on the air for less than $40!
v Operates on 5 to 15 VDC
You'll be amazed at the exceptional audio quality of
the FM10A! Tunable from 88MHz to 108 MHz, the
FM10A features line level stereo inputs with RCA
phono jacks for easy operation. Order yours today,
and get on the air!
FM10A  Tunable FM Stereo Transmitter Kit $39.95
CFM Matching Case & Knob Set for FM10A $14.95

Order Today! 800-446-2295
www.ramseykits.com
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Electro-Net Go to www.nutsvolts.com — click electronics links

Amazing Devices from the Future
See on www.amazing1.com

Build and use spectacular and fascinating devices from novelty
products to electronic weapons including lasers, ultrasonic, electroki-
netic, antigravity Tesla, high voltage, plasma, surveillance and
hundreds more. Plans, kits assembled. Many in live video clips.
Information Unlimited Amherst NH. 03031 Tel# 1 603 673 4730

www.gatewayelex.com

(Electronically Speaking, Gateway’s Got It!)

MAIL ORDERS CALL TOLL-FREE-1-800-669-5810

saldercng weeds

www.howardelectronics.com

C Compiler for PIC MCUs
262-797-0455
Ext. 35

www.ccsinfo.com/picc

World's Smallest
Ethernet Web
Server

www.netmedia.com

ONE PASSircuit™

w=s From only

www.onepasinc.com

www.Jlonestartek.net

Everything For Electronies

Electronics, Optics,
Surveillance
www.resunitd4u.com

Smart Battery Charger &
More Ham Radio Accessories

www.a-aengineering.com

Repair Data for TV,VCR,
Monitors, Audio & More
www.repairworld.com

Tools for the Imagination
Embedded Controllers
www.micromint.com

Single & Dual Axis
Solar Tracker Controls

www.theanalogguy.com

Battery Rebuild Service
Don’t Pitch 'Em — Save $$

www.primecell.com

Robots For When You're
Tired of Playing With Toys
www.lynxmotion.com

Save up to 90% on
Inkjet Inks

www.inkjetsw.com

‘NUTS & VoLrs

Cwririnweb-tronies.com)

OVER 8,000 ELECTRONIC ITEMS ONLINE
DEALS YOU WON’T BELIEVE!

C & S SALES

WWW.CS-SALES.COM

Digital Multimeters, Soldering Stations, Test
Equipment, Snap Circuits, Educational Kits

Your BASIC Stamp Headquarters 3
www.parallax.com

www.robotikitsdirect.com

See our fantastic line-up
of state-of-the-art
robot kits

EARTHL. .7 com
Largest Collection
of LCDs and LCD

Products

' www.zworld.com ﬂ
‘ Embedded Control

with Ethernet Connectivity
|

"‘v‘vl‘\));(LD

ELECTRO-NET
Website/Print Ads — 25,000
average visitors per month

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

WEe'll place your ad on the Electronics Links page of our
website with a hotlink directly to your website — Plus run
your ad in the new Electro-Net section of Nuts & Volts. All for
one low monthly price. Call for pricing today! (909) 371-8497

Electro-INet Go to www.nutsvolts.com — click electronics links




DC Motor Interface Module

HE N
1-40VDC Motors

12A Continuous/25A Peak

Over Current Fuse

Over Temperature Fuse
Serial of Direct Drive Mode
2.5” X 1.9” Footprint

Circle #136 on the Reader Service Card.

ORDERS. 800.810.4070
Tech 603.668.2499

(SONY EX-VIEW CCD for the best “ASTRONOMICAL” PERFORMANCE available in
an uncooled affordable camera! With 600 Lines Resolution. NEW! 0.00005 Lux,
Black and white, state of the Art Video, Our GMV-EX-6K, Takes the
Prize. For covert, military & scientific applications, this is it
Unbelievable 0.00005Lux @ f0.8 performance is enhanced through
low speed electronic shuttering, digital frame integration and
advanced DSP. Auto sensitivity mode starts as it becomes dark. 24
hour surveillance is possible with the optional f1.2 auto iris lens shown
below. Seven Gain/Shutter modes are user selectable. Normal, X4, X8, X16,
X24, X32, X64 X128. Frame rates of 60, 15, 8, 4, 3, 2,1 and 0.5 per second. Auto/off
BLC, S/N >52dB, Mirror on/off, Gain on/off, auto electronic shutter 1/60 to 1/120,000 sec.,
Alum. housing, dual 1/4x20 mtg. Specs: 1/2" CCD, 768(H) X 494(V), with 380K pixels, 12VDC
+1V@200mA, S-VIDEO on 4pin DIN connector. Std. video out on BNC. Size: 5Imm x 51mm x115mm long.
Regulated power supply incl. All functions externally controlled. C-mount lens not included

GMV-EX6K......$529 Super, 6mm, f1.2 Manual Iris Lens......$69

NEW, ULTRA LONG RANGE, 2.4GHz 500mW Video/Audio MINI-TRANSMITTER
with EXTERNAL ANTENNA RECEIVER, Provides FOUR user selectable channels.
YAGI or PARABOLIC ANTENNA INCLUDED! simply connect ANY standard
NTSC VIDEO to the self contained, 500mW, mini (3" x 2.5" x 0.75") transmitter
Omnidirectional patch antenna included inside transmitter. Now you can
transmit up to several miles clear line of sight! Using the companion, exwemol
antenna receiver is a simple connection to the attached 36" long cable, terminated in a male .

N connector. Receivers video output works with any TV or VCR. Receiver is powered by 12DC @300mA
Receiver size is: 6"L x 3"W x 1.5"H, The transmitter is powered by 5VDC @ 450mA. (all AC power supplies &
cables included). Choose your choice of a 14dB YAGI antenna or a 24dB Parabolic antenna. (see antennas at
WWW.RESUNLTD4U.COM

AST-LR-YAGI.....

$329 set. AST-LR-PARABOLIC.....$369 set. )

rNOW EVEN MORE, POWER to SPARE!
FANTASTIC, 12 VOLT, 28 Amp Hour,
PANASONIC LC-X1228P ZSEALED
RECHARGEABLE BATTERY.
We carefully removed these,
sealed lead acid batteries from
unused 4 battery “trays” intended
as part of a power backup
system. They are in mint condition
Regular price of this battery is
i about $90ea. Now is your chance
to perk up those heavy duty power
projects. Perfect for powering battle bots, telescopes or
as part of a solar power system. Even your fish finder,
underwater camera or smaller trolling motor. The size
is @ manageable 6.5"W x 6.9"H x 4.9"D, weight is 22
Ibs. Heavy duty, lead post type connections with 6mm
bolt holes. Use two in parallel for 56Ah! PANA-
1228P..$39%ea. 2 for $59

NEW & IMPROVED, SONY
EX-VIEW, 0.003Lux, WEATHER-
PROOF or UNDERWATER, B&W
CAMERA, 16X MORE SENSITIVE.

Now w:rh 10, INFRA-RED LEDs!
Sleek black anodized,
BRASS, housing. O-Ring
sealed & WATERPROOF
down to 60feet. Adjustable
Specs: 1/3" CCD, 400 Lines

mount included
res.,super 0.003 Lux sensitivity, AGC, Auto

Shutter. 12VDC @200mA, 4mm, 78° FOV
lens, A real glass lens. NTSC video out
Superior construction. SENSITIVE to IR. Ultra
small Size only: 1.25"diam. X 2" long. With
60 ft. cable. Perfect as a remote area, pipe
or ductwork inspection camera. Excellent for
general covert outdoor use.

SPECIAL, GM-300KX-10........ $169
\ J

(STEPPER MOTORS, NEMA 34,

HEAVY DUTY, NEW! STEP-SYN,
type 103-820-0241 Stepper Motor
from SANYO DENKI.

A three piece set of
Nema size 34 flange,
Heavy duty, Brand
new, 2deg. per step,
six wire steppers.
Superior, dual sealed ball ™% g
bearings for heavy loads ond )

long life. Marked for 4.5V @ 1.4Amps. We do
not know the official torque spec. We believe
it to be 150 to 200 oz/in If you know, please
let us know. Overall size is: 3.4" Diam. x 2.5"
Deep with a 0.375"D shaft that is 1.1°L. Weigh
2.5 Ibs. each. A very nice DIY stepper with a
lot more to offer than the usual nema 23's

SANYO-3........ 3 motors for $59
L

(A VIDEO MICROSCOPE in the PALM of |
your HAND! NEW, VIDEO INSPECTOR,
OFFERS HIGH POWER and LOW COST.
Two optical magnifications at the flick of
a lever. Select 40X or 140X. A high quality,
digital, color CCD camera, with dual _
optical magnification settings &
built in object illumination via
two ultra bright, white LED's
Entire system is fully integrated
info a rugged and ergonomi-
cally designed, hand held unit
2.7"W x 3"H x and 1.8"D Video
output is standard NTSC via a RCA

jack. CCD provides 380 lines of resolution. Complete
with 12VDC power supply & 3 foot RCA cable. A
fantastic & useful device for inspection, diagnostics
and observation of small objects. Perfect for SMT
inspection GM- MAGCAM....$18%ea.

S
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Let’s Get

by James L. Antonakos

Electronic Theories and Applications From A to Z

Inside Protected Mode — Part |
Memory Segmentation and Paging

'his month, | begin a two-part
examination of protected-mode
architecture — the powerful
behind-the-scenes arbiter of all that
goes on behind the Windows desktop
or Linux kernel, deep inside the
Pentium (or equivalent) CPU. This
topic is a mixture of hardware and soft-

ware, each affecting the other.

Iintroduction

The architecture of the Pentium's
protected mode is significantly different
from that of real mode. Real-mode oper-
ation refers to the original 8086 (or

12 S 4 3 219

31 30 29 18 16 e

NIE[TJEIMIP} cro
E|T|S|M|P|E

| cri

-
o

Page fault linear addrgss

@]
=
(&7

Page directory base

| cr3

~
-

Figure |:Additional protected-mode registers:
(a) control registers, (b) debug registers.
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8088) architecture, which provided four
16-bit segment registers (CS, DS, ES,
and SS) and a 20-bit address bus. In
real mode, addresses are generated by
shifting 16-bit segment registers to the
left, and adding a 16-bit offset to create
a 20-bit physical address. The 20-bit
address supports a 1MB real-mode
addressing space. As we will see, in pro-
tected-mode, memory addresses are
generated in a totally different way.

Segment registers are now called
segment selectors, and point to a struc-
ture called a segment descriptor. The
segment descriptor contains address-
ing and control information which is
used to control how a 32-bit linear
address is generated. These addresses
may then be further translated by a
paging mechanism before emerging as
a physical address somewhere in the
Pentium's 4GB addressing space.
Beginning with the 80386 CPU, the fea-
tures of protected mode enabled oper-
ating system designers to manage and
protect memory and user tasks, using
built-in protected-mode hardware and
software. A number of additional regis-
ters are available in protected mode.
These registers are shown in Figure 1.
The five control registers in Figure 1(a)
control how memory and cache are
used and how the FPU (Floating Point
Unit) is handled, and provide informa-
tion on the current execution state.

CRO contains many important
control and status bits. Their functions
are as follows:

PG: Paging. Enables paging when set.
CD: Cache Disable. Disables cache
writes when set.
NW: Not Writethrough. Disables cache
writethrough operations when set.
AM: Alignment Mask. Allows align-
ment checking when set.

WP: Write Protect. Enforces supervisor-
level write protection when set.

NE: Numeric Error. Allows floating-
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point errors to be reported when set. LAR: Load access rights 15 8- 2 AN
ET: Extension Type. Reserved. LGDT: Load global descrip-
TS: Task Switch. Set when a task switch tor table register T

Index (13-bit) RPL

occurs.

EM: Emulation. Indicates the presence
of a coprocessor. Should be zero on
the Pentium, which has an internal
FPd.

MP: Monitor Coprocessor. Must be set
to run 80286 and 80386 programs
on the Pentium.

CR2: Contains the 32-bit linear address

LIDT: Load interrupt descrip-
tor table register

LLDT: Load local descriptor
table register

LMSW: Load machine sta-
tus word

LSL: Load segment limit

LTR: Load task register

MOV: Move data to/from con-

Table indicator
0-GDT
I-LDT

Requestor privilege level
. 00 — Highest
Figure 2: o1

Segment 10

11 - Lowest

selector.

that generated the most recent page
fault.

CR3: Contains the base address of the
current Page Directory, which is used
to support paging.

CR4: Has six bits whose operation is as
follows:

VME: Virtual-8086 Mode Extensions.
When set, enables emulation of a
virtual interrupt flag.

PVI: Protected Mode Virtual Interrupts.
When set, allows a virtual interrupt
flag to be maintained in protected
mode.

TSD: Time Stamp Disable. Used to
make the RDTSC instruction privi-
leged.

DE: Debugging Extensions. Enables I/O
breakpoints when set.

PSE: Allows 4MB pages when set.

MCE: Enables the machine check
exception.

Figure 1(b) shows the eight debug
registers. These registers are used to
support program debugging by indicat-
ing the address at which a program
breakpoint was generated, as well as the
size of the breakpoint data or instruc-
tion, whether it was a read or write
request, and what kind of bus cycle
(instruction fetch, data, or I/O access)
to generate breakpoints on. Both con-
trol and debug registers may be loaded
or saved using the MOV instruction.

Additional protected-mode registers
are used to support interrupts and
tasks, and these will be covered as well,
including the GDTR (Global Descriptor
Table Register), LDTR (Local Descriptor
Table Register), IDTR (Interrupt
Descriptor Table Register), and TR
(Task Register). Privileged instructions
that operate on these new registers are
present in protected mode, and these
will be examined also. Briefly, these new
instructions are as follows:

ARPL: Adjust requested privilege level
CLTS: Clear task switched flag
CPUID: CPd identification
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trol register

RDTSC: Read from time
stamp counter

SGDT: Store global descriptor table
register

SIDT: Store interrupt descriptor table
register

SLDT: Store local descriptor table register

SMSW: Store machine status word

STR: Store task register

VERR: Verify segment for reading

VERW: Verify segment for writing

Segmentation

Segmented memory is utilized by
protected mode to allow tasks to have
their own separate memory spaces,
which are protected from access by
other tasks. In this section, we will
examine the operation of segmented
memory.

Selectors — As previously men-
tioned, the segment registers we are
familiar with from real mode have a dif-
ferent function in protected mode.
Figure 2 shows the format of a segment
selector.

Segment selectors contain a 13-bit
index field that is used to select one of
8,192 segment descriptors that reside
either in the global descriptor table
(GDT) or the local descriptor table
(LDT). There is only one GDT in pro-
tected mode. Protected-mode tasks,

LDTR, which is initialized through use of
the LLDT (load local descriptor table
register) instruction. LLDT requires a
word-size register or memory operand,
which represents the index of the LDT
in the GDT. To obtain a copy of the cur-
rent GDTR or LDTR, use the SGDT
(store global descriptor table register)
or SLDT (store local descriptor table
register) instructions. SGDT requires a
six-byte destination operand in memory.
The destination for SLDT is a word-size
register or memory operand.

Two requestor privilege level (RPL)
bits are used in protection checks to
determine if access to the segment is
allowed. Selectors may be loaded into
any of the six segment registers (CS,
DS, ES, FS, GS, and SS). A selector that
has an index value of zero and points to
the GDT is called a null selector. This
selector value is reserved to provide a
method of initializing segment registers,
since any access using a null selector
generates an exception.

Segment Descriptors — A selec-
tor points to one of 8,192 segment
descriptors stored in the GDT or LDT.
The structure of a segment descriptor is
shown in Figure 3. The segment
descriptor contains a 32-bit base
address that specifies the beginning of
the segment of memory controlled by

however, may each have Toe  Descrintion
their own LDT. The Tl bitin | 5 e Table [:Segment
s 0 Read-only descriptor types.

the segment selector picks | Read-only, accessed
the appropriate descriptor 2 Read/write
table during translation. 3 Read/write, accessed Data Descriptors
The GDT is located in 4 Read-only, expand down
memory through use of ) Read-on!y, expand down, accessed
he GDTR. The GDTR is ini 6 Read/write, expand down
t. e HERE G 15301 7 Read/write, expand down, accessed
tialized with the LGDT
(load global descriptor % 8 Execute-only
table register) instruction. 9 Execute-only, accessed :
LGDT loads six bytes of A Execute/read Code Deseopns
data from a source memo- - Execute/read, accessed

di he GDTR C Execute-only, conforming
ry operand into the ; D Execute-only, conforming, accessed

Local descriptor tables E Execute/read-only, conforming

are referenced through the F Execute/read-only, conforming, accessed
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the descriptor. The size of the segment
is indicated by a 20-bit limit field and the
state of the G (granularity) bit. When G
is clear, the limit bits represent a seg-
ment size up to 4KB.

Any attempt to access a memory
location outside the limit generates an
exception.

When the granularity bit is set, the
limit bits represent the number of 4KB
pages contained in the segment. This
allows the size of a segment to be from
4KB to 4GB!

Two descriptor privilege level (DPL)
bits specify the privilege level required
to access the segment. An attempt by a
less privileged task to use the segment

Figure 3: Segment descriptor format.

results in an exception. The remaining
bits are defined as follows:

P: Indicates whether the segment is
present in memory. A segment-not-
present exception is generated if this
bit is clear when the segment descrip-
tor is accessed.

8: When set, indicates that the seg-
ment is a system segment. When
clear, the s segment is a code or data
segment.

D/B: For code segments, D/B controls
the default operand and address size
(16 bits when D/B is clear versus 32
bits when set). For data segments, D/B
controls how the stack is manipulated

Logical address

i
: I 16-bit selector l
i

Global or local
descriptor

(via SP or ESP with 16- or
32-bit pushes/pops).
AVL: Available to the pro-
grammer.

———— Type: This four-bit field

determines what kind of
segment descriptor is
being used.

13-bit index table

0 OH

1 8H

2 Segment
descriptor

3 18H

8191 FFFS§H

Figure 4: Segment translation.

10H _ 32-bit < +>
base address
L 32-bit linear address I

Table 1 shows the
various types of segment
descriptors that may be
used by applications.
Table 2 shows the differ-
ent system segments that
are available.

Generating a
Linear Address — When
a valid descriptor is in
place in the GDT or LDT,

the linear address associ-
ated with it is generated
by the process shown in

Page
translation
(if enabled)

32-bit physical address

Figure 4. The 13-bit index
from the segment selec-
tor points to a segment
descriptor in the GDT or

30

descriptor types.

15 12 11 8 7 0 Type Description LDT. The 32-bit base
i ) : address from the segment
il : T | 0 Reserved is added to the 32-bit offset
: SRR ) : | Available 16-bit TSS to create the linear address.
i i ! 2 LDT : This address is compared
i | : 3 QB | 6abit T35 with the limit information to
: : ' 4 | 6-bit call gate .
Word | : Base uddrcis ©-15) : 5 Task gate check for lllegal Memory
; ; : 6 |6-bit interrupt gate | references.
! 7 16-bit trap gate The segment limit of a
: 8 Reserved selector can be examined
word2 | P | DPL | S Type Base address (16— 23) 'Z ’&;:2?5';32"3“ TSS with the LSL (load segment
! B Busy 32-bit TSS limit) 1-nsFructlon. The seg-
= 32-bit call gate ment limit of the segment
D A sinan, D Reserved specified by the source
Word 3 Base address (24 - 31) G|l/|ofv Timit E 32-bit interrupt gate operand is loaded into a
B . inagl) F 32-bit trap gate destination register. If pag-
Table 2: System segment ing is not used, the 32-bit

linear address is the same
as the 32-bit physical
address output on the address lines.
Otherwise, the paging hardware con-
verts the linear address into a physical
address.

Privilege Levels — The RPL and
DPL bits found in the segment selector
and descriptor are used to perform pro-
tection checks each time an address is
generated. These protection checks are
based on a four-level privilege hierar-
chy, with level O being the highest level
of privilege, and level 3 the lowest.
Programs execute with a particular
level of privilege, and therefore make
memory requests (and other types of
requests, such as interrupt and subrou-
tine re-quests, or task switches) based
on their privilege level. The privilege
level of the currently-executing pro-
gram is called the current privilege level
(CPL). The lower two bits of the CS reg-
ister specify the CPL of the program.
The CPL is compared with the RPL and
DPL during address generation to
enforce protection.

In general, a less privileged pro-
gram may not access higher privileged
segments. Intel refers to the four privi-
lege levels as rings of protection. As
shown in Figure 5, a typical operating
system might use privilege level O (the
highest) for private OS functions, level
1 for OS services available to applica-
tions, level 2 for device drivers, and
level 3 for application programs. This
allows the operating system to have
control over what code and data struc-
tures are available to software running
on the system. Any protection violation
will cause an exception that may be
serviced by the operating system. So,
programs will not be able to get away
with illegal memory references (over-
writing important operating system
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data tables) or function calls (like call-
ing a function that changes privilege
levels).A number of instructions are pro-
vided to manipulate and examine pro-
tections. These are:

ARPL: Adjust requested privilege level
LAR: Load access rights

VERR: Verify segment for reading
VERW: Verify segment for writing

ARPL is used to adjust the privilege
level of a selector by comparing privi-
lege levels of source and destination
operands. LAR loads a copy of the
access rights of a selector containing a
source operand into a destination regis-
ter. VERR and VERW both compare the
current privilege level with that of the
source operand selector. If read or write
access is allowed, the zero flag is set.

Paging

The Pentium supports translation
of virtual (linear) addresses into physi-
cal addresses through the use of special
tables that map portions of the virtual
address into actual physical memory
locations. Figure 6 illustrates the gener-
al process.

Physical memory is divided into
fixed-size page frames of 4KB each; 32-
bit virtual (linear) addresses generated
by a running task select entries in the
systems page directory and page table,
which translate the upper 20 bits of the
virtual address into the actual physical
address where a page frame is located.
The lower 12 bits of the virtual address
are not translated and point to one of
4,096 byte locations within a page
frame. Page translation allows the phys-
ical memory used by a system to be
much smaller than the linear addressing
space. For instance, the Pentium's 4GB
linear addressing space may be
mapped to a physical memory of only
128MB. This does not pose a problem —
as evidenced by Windows and Linux,
which run quite nicely with 128MB of
RAM.

As Figure 6 shows, the pages used
by a program do not need to be stored
consecutively. A program's code and
data may be spread out all over physical
memory, and even moved around (with
help from the hard disk) while the pro-
gram is executing! This helps to explain
why the linear addresses are also called
virtual addresses, since they have no
relation to the actual physical memory
address used, except for the lower 12
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bits. Paging is enabled when
the PG bit in CRO is set. This
is a requirement for running
multiple tasks in virtual-8086
mode. In addition, many
operating systems employ a
memory management tech-
nique called demand paging,
which requires the kind of
address translation
described here.

Page Directories and
Page Tables — Figure 7
shows how a 32-bit virtual
address is translated into a
physical address. The upper
10 bits of the virtual address
select one of 1,024 entries in
the page directory. The base
address of the page directory
is stored in the page directo-
ry base register (PDBR). Each entry in
the page directory is four bytes wide
and contains the base address of a page
table. The next 10 bits from the virtual
address select one of 1,024 entries in
the page table pointed to by the page
directory entry. This entry is also four
bytes wide and contains the base
address of the actual physical memory
page frame. This address is combined
with the lower 12 bits of the virtual
address to access the desired location
in memory.

Note that the page directory and
page table are themselves also 4KB
page frames stored in memory. Let us
examine an actual virtual-to-physical
address translation. Figure 8 outlines
the translation process. The virtual
address 801C3400H is broken up into
three parts. The upper 10 bits contain the
value of 200H (when reinterpreted). This
is the offset of the page directory entry.
The PDE contains the base address
OOOE4000H. This is the base address of
the page table. The next 10 bits of the vir-
tual address have a value of 1C3H, which
becomes the offset
into the page table.
The address stored
in the PTE

Figure 6:Virtual (linear)
to physical mapping.

Privilege
level

Most
privileged

Least
privileged

Figure 5: Rings of protection.

Translation Lookaside Buffers
— Since the page directory and page
table are 4KB pages themselves, it
would be very inefficient to have to
access them every time an address
requires translation, since two memory
reads are needed to read the entries
from each table.

To improve performance, the inter-
nal instruction and data caches of the
Pentium contain small, special caches
called translation lookaside buffers
(TLBs) that automatically translate the
upper 20 bits of the virtual address into
the upper 20 physical memory address
bits. The TLBs are needed because the
cache must be accessed with physical,
not virtual, addresses.

The TLB can translate the virtual
address and access the cache with it in
a single clock cycle. Since the TLBs are
small, they contain only the addresses
of a few of the most recently-used
pages. If the required translation infor-
mation is not found in the TLB, the
processor accesses the page directory
and page table entries stored in RAM.

Physical
memory

(00028000H) is the Page

e 3
Page Page 3

table

directory
base address of the

physical memory

Vinua!

address

page frame. This

Page 2
- 4KB

L]

address is com-
bined with the lower
12 bits of the virtual

frames

page

Page 4

address  (400H),
giving a physical
address of
00028400H.

Page |
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32-bit virtual (linear) address

l 10 I 10

Figure 7:
Translating page

addresses.

PDE

PTE

4KB page frame 200H

directory

Virtual address

/ 801C3400H \

1000000000
—————

[
‘ |
‘ Page

0111000011 010000000000
S et
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b 400H

Page
table

Physical

000E4000

memory
address

PDBR

PDBR - Page directory base register
PDE - Page directory entry
PTE - Page table entry

00028000

et

PDBR

The operating system is responsible for
loading the new translation information
into the TLB. Prior to doing this, it may
be necessary to invalidate the contents
of the TLBs, since they may contain
out-of-date information. The INVLPG
(invalidate TLB entry) instruction is
provided for this purpose, and may
only be executed in protected mode.

Page Directory Entry and Page
Table Entry Formats — Figure 9 indi-
cates the formats of page directory and
page table entries. The upper 20 bits of
each entry specify the base address of a
page frame. In the PDE, this address is
the base address of a page table. In the
PTE, this address is the base address of
the physical memory page frame. Three
bits are available for the programmer to
use for any purpose, such as counting
the number of times the entry is
accessed. The remaining bits in each
entry are defined as follows:

D: Dirty. This bit is set if a write has
been performed to the page pointed
to by the PTE. Dirty bits are used to
determine if the page should be writ-
ten back to the hard disk when the
page is swapped out (to make room
for a new page coming in).

A: Accessed. This bit is set if a read or
write was performed to the page
selected by the PDE and PTE. This
bit is used by the operating system to

help choose a victim
page to swap out when
all pages are in use and a new page
must be loaded into RAM. A page
that has been accessed is less likely
to be swapped out than a page that
has not been accessed.

PCD: Cache Disable. This bit deter-
mines whether the current memory
access is cached.

PWT: Writethrough. This bit enables
writethrough operations between the
cache and memory.

{: User. This bit is used when perform-
ing protection checks on the current
memory address.

W: Writeable. This bit determines
whether the page may be written to
and is also used in protection checks.

P: Present. This bit indicates whether
the page is actually stored in memory.

In a demand-paging system, when
a new page is needed, one of two con-
ditions may be true:

+ There is a free page frame available.
+ No page frames are available.

If a page frame is available, the
new page is simply copied into memo-
ry at the appropriate address, the TLBs
are updated, and the P-bit is set to indi-
cate that the page is in memory. If no
free pages exist, a victim page must be

31

12 11 3 &~ F O 5 4 3 2 i 0

PDE Page frame address (12 - 31)

ta)

P
Avail. | O JOJOJAJCIW]JU|W}P
D|T

3 12 11 9 8 T 6808 F 2, 1.0
PP

PTE Page frame address (12 - 31) Avail. |O | O] DJAJCIW]U]|W]P
D|T

(b)

Figure 9: Format of (a) page directory entry; (b) page table entry.

Figure 8:Actual virtual-to-

Physical address —————I»
00028400H

physical address mapping.

chosen to make room for the new
page. The P-bit of the victim's PTE is
cleared, to show that the page has
been swapped out. The page may be
copied back to the hard disk (as
required by the dirty bit) before the new
page is read in.

The Pentium uses the P-bit to gen-
erate a page fault when attempting to
access a page that is not in memory.
One characteristic of a demand-paging
system is that pages are only brought
into memory when needed. Page faults
are used to load a page into memory
the first time it is needed, and to reload
it if it has been swapped out.

It is interesting to note that, using
demand-paged virtual memory man-
agement, all or part of many different
programs may be stored in many differ-
ent locations in physical memory. Page
faults are used to bring in other parts
(pages) of the programs, as needed.
Performance depends on how many
pages a program is allowed to have in
memory at one time.

More to Come

In Part 2, I'll examine some addi-
tional protected-mode features, includ-
ing protection, multitasking, interrupts,
protected-mode input/output opera-
tions, and Virtual-8086 mode. An actu-
al protected-mode assembly language
program will also be presented. ™ ¥

You may reach James Antonakos at i
607-778-5122 or }
antonakos_j@sunybroome.edu "
or visit his web site at
www.sunybroome.edu/~antonakos_j. ’
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400 for $3.00 each : i h
$ oo | 1000or s2.00each | ||A/B Phone Switch or Project Box| Designid o loskc: ffe kY

2000 for $1.70 each AB switch for switching between passed through the

s e two phone lines. Three RJ-11

12 Vdc 1.25 AMP Power Supply || modular jacks on back, 1-in, ‘ .
3 2-out, or vice versa. Two-
position rotary switch on it off. It is loud enough,
front. This inexpensive 110 dB, and annoying
all-metal chassis would enough to scare away children

trigger guards of -
several guns. Once set, @
any slight motion will set

DVE # DSA-0151-12
2.1mm |.D. coax power plug.
Center positive. UL, CSA.

CAT # PS-1215 = make good project enclosure. When the parts or others who might tamper with it. There is an
25 > are removed, there are few holes and a 3.5” x 8 to 10 second delay before the alarm goes off
$ == y" 5.84” x 2.15” interior area. Rubber feet. to allow user to unlock the cable without being
each Individually boxed. 50 exposed to the loud siren. Could be used to
I 10 for $6.95 each * 100 for $6.50 each | CAT# FNS-2 $ Tk protect cabinets, bicycles or machinery. Not
designed for outdoor use. Includes two keys.
. . CAT # SW-625
£ tiane Fiter 24 Character X 2 Line LCD 95 T T
Excelsus Technologies, Inc. # Z-200SM with LED Backlight $ “each |Case of 54 pcs $6.45 each
Z-Blocker® filter effectively filters
single-line phone devices Ortrax# Bt I 8’ Retractable Phone Cord l
(standard or cordless 0.21"high = ) g - S

phones, fax machines, |3 char- The phone cord for laptop users!
answering machines, acters. The body houses 8 feet of ultra
etc.) Isolates DSL and home phone line net- 5 X 8 dot format. thin telephone wire with an RJ-11
working signals from voice signal for peak data | LED backlight. connector at each end. Extend
performance. Ideal for blocking RF interference | 0.63" x 3.7" viewing area. 1.53" x 4.7" module as much or as little wire as
from cordless phones for uninterrupted video size. Removed in good condition, from new necessary, and when it is time
/audio streaming. Easy installation. UL, CSA equipment. Prepped with 4" wire leads termi- to go, it can be retracted in
listed. Complies with FCC part 68 regulations. | hated with 15 pin socket connector (0.075" cen- | ... -+« CAT # MT-27
CAT# FTR-200 ters). Includes hook-up diagram. 50 ’

$ 25 CAT # LCD-74 $Q=24 $ 00 [0 rtors7.50 | ¢

each each ‘each |100 for $55.00

ORDER TOLL FREE T1-800-826-5432

Shop ON-LINE www.allelectronics.com

MAIL ORDERS TO:
ALL ELECTRONICS CORP.

P.0. BOX 567 » VAN NUYS, CA 91408-0567 E-MAIL allcorp@allcorp.com @8

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

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
States - ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping *+ Quantities Limited + Prices Subject to change without notice.

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

Circle #52 on the Reader Service Card. 33



Everything For Electronics

NUTs & Vours

Front Panels?

Download the free sFront Panel Desig
to design your front panels in minutes

www.frontpanelexpress.com
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Packs & Charger for YAESU FT-50R / 40R / 10R:
FNB40xh simnmi 7.2V 650mAh  $41.95
FNB-47xh rum) 7.2v 1800mAh $49.95
FNB41xh (swnim)  9.6v__1000mAh $49.95

For YAESU FT-51R/41R/ 11R:

FNB-38 pack (5W) 9.6v__700mAh $39.95

For YAESU FT-530/416/816/76/ 26:

FNB-26 pack (nim+) 7.2v 1500mAh $32.95
FNB-27s swnms)  12.0v1000mAh  $45.95

For YAESU FT-411/470/73/33/23:

FNB-11 pack (5w) 12.0v  600mAh $24.95
FBA-10 6-Cell AA case $14.95

SPRING SPECIALS!

ForICOM IC-2SAT / W2A/3SAT / 4SAT efc:

BP-83 pack 7.2v__600mAh $23.95
For ICOM 02AT etc & Radio Shack HTX-202 /404:
BP-8h pack 8.4v 1400mAh $32.95
BP-2025 pack (x-202) 7.2v__1400mAh $29.95
For KENWOOD TH-79A / 42A / 22A:

PB-32xh pack (NMH) 6.0v 1000mAh $29.95
PB-34xh pack swnims)  9.6v_1000mAh  $39.95
For KENWOOD TH-78/48/28/27:

PB-13 (original sizet) 7.2v__700mAh $26.95
For KENWOOD TH-77, 75, 55, 46, 45, 26, 25:
PB-6X (i wichgpiugy  7.2v__1200mAh _ $34.95

Packs for ALINCO DJ-580 / 582 / 180 radios:
EBP-20ns pack 7.2v 1500mAh $29.95
EBP-22nhpk (5w) 12.0v 1000mAh $36.95
EDH-11 6-Cell AA case $14.95

ForICOM IC-Z1A / T22-42A/ W31- 32A/ T7A:
BP-180xh ok m+)  7.2v 1000mAh  $39.95
BP-173 pack (5w) 9.6v__700mAh $49.95

ForICOM IC-W21A / 2GXAT / V21AT :(8lack or Gray)

BP-132s (sw i) 12.0v_1500mAh $49.95

Mail, phone, & Fax orders welcome! Pay with
Mastercard / VISA / DISCOVER / American Express

Call 608-831-3443 / Fax 608-831-1082
Mr. NiCd - E. H. Yost & Company
2211-D Parview Road, Middleton, WI 53562

CALL OR WRITE FOR OUR FREE CATALOG!

Cellular / Laptop / Videocam / Commercial & Aviation packs too!
E-mail: ehyost@midplains.net

EZ-EP DEVICE PROGRAMMER - $ 1 69 95

Check Webl! -- www.m2l.com | Available Adapters
EP-PIC(16C5x 61, 62x,71,84) $49.05

Fast - Programs 27C010 in 23 seconds EP-PICB4 (16C62-572-4) $39.95
EP-PIC12 (12C50x) $39.95

Portable - Connects to PC Parallel Port | e picyy (17c4x

s EPET T (8751,851)

Versatile -Programs 2716-080 plus EE |gp.y1e (ssmc11 B4y :
EP-11D (88HCT11D3) sa09s| | MY

and flash (28, 29) to 32 pins | ML ELECTRONICS
EP-16 (|6M EPROMSJ $49.95 2 don angeics, Laxsioon (I 4375418
5 1

Inexpensive - Best for less than $200 |57 zseeoa 3467

EP-SEE2 (03x24x25x 85x) $39.95

® Correct implementation of manufacturer | EP-750 (87C750.1.2) $59.05

specified algorithms for fast, reliable EPEEANCTIa0 I Sea

" £P-1051 (89C1051,2051)  $39.95

programming EP-PLCC (PLCC EPROMs) $49.95

EP-SOIC (SOIC EPROMs)  $49.95

EP-TSOP (TSOP EPROMs) $50.95
Many Other Adapters Available

“
2
K
®
&

® Easy to use menu based software has
binary editor, read, verify, copy, etc
Free updates via bbs or web

M?L Electronics
970/259-0555
Fax:870/259-0777
250 CR 218
Durango, CO 81301
CO orders please add 7%
sales tax
http:/www.m2l.com

® Full over current detection on ail
device power supplies protects against
bad chips and reverse insertion

® Broad support for additional devices
using adapters listed below
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® TechsChat live chat room.

® Automated email list server.

Do You Repair Electronics?

For only §9.95 a month, you'll receive a wealth of information:

Repair data for TV, VCR, monitor, audio, camcorder, & more.

Over 100,000 constantly updated problem/solutions plus...

® Private user discussion forums.

To access RepairWorld, direct your internet browser to http://www.repairworld.com

RepairWorld.com

¢ UL/FCC number lookup.
® Hot tips bulletin board.
® Manufacturer information.

Electronix Corp. 1 Herald Sq. Fairborn, OH 45324 (937) 878-9878
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And our layout software is FREE!

"'

Download our FREE layout software

Design your two-sided plated-through PCB
Send us your design with just a click
Receive your boards in a few business days

Select our MiniBoard service and get three top quality
2.5" x 3.8" PCBs for $62 — shipping included!

= expresspcb.com

RIO-8-LL and RIO-8-0C $59
Eight 10 amp relays for your micro.
Logic level or open-collector drive.
Can be split into two 4 relay boards!

T51 $49
Atmel 89C2051, 9 digital I/O, on-
board Tiny Machine Basic, serial
EEPROM, plus plug-in boards.

RS51-SPR $49
Microcontroller based
addressable and
chainable 10 amp
RS-232 relay.

3201 Highgate St. Charles, MO 63301 USA

IndustrOLOgic’

(636) 723-4000  (800) 435-1975
www.industrologic.com

The Industrologic Advantage:

SBC 1 $199

real time clock, 50 digital I/O, industrial

Featuring products that
can be used as RS-232
serial data acquisition

boards or as standalone
industrial controllers!

Power supply, cable, and software
included with most products - no
hidden charges for “accessories”!

(With 12 bit A/D - $219)
Intel 80C51, EEPROM, 8 bit A/D, RAM,

1/0 connectors, on-board Tiny Basic.

Complete control
systems for the
price of an SBC.

Peawe

RCS1 $129
Atmel 89C2051, serial EEPROM,
eight 10 amp relays, 4 digital 1/0,
Tiny Machine Basic - a complete
relay control system.

(ewssauntany i

TC51 $129
Atmel 89C4051, serial EEPROM, two 12
bit A/D, four digital I/0, four 10 amp
relays, plus on-board Tiny Machine
Basic with LCD support - a full
featured control system.
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{ Basie Aloms : Lo cexeanel Atom 24 -$49.95 _‘

The Basic Atom is a self contained microcontroller,
which includes everything needed to get started. The
Basic Atom is programmed in an easy to use
expanded BASIC and comes standard with our
exclusive debugging-feature.

Atom 28-$54.95

== Atom 40 - $69.95
Stop wasting time strategically planting debug
statements throughout your entire program. Bring your
projects to life quicker and easier with our exclusive
built-in  In-Circuit-Debugger (ICD). Monitor your
program variables, SFRs and RAM values on screen as
each line of code executes on the Basic Atom. The
Basic Atom ICD is so easy to use, even a first time user
can have it up and running in minutes!

- Basic Atom ¢ Pin compatible,
- * Built-in Analog- To Digital converter with the BS2p

* 32 Bit Integer & Floating Point Math
- * Lots of built-in hardware

* Includes easy to use O'Scope & ICD
- * Pin Compatible with the BS2p

* 368 Bytes of RAM

(room for over 300 variables)

Develop betier projects foday with the Basic Atom.

: Development Enclosures

= * Inexpensive and convenient

- * Fits several different case styles
- * Easy to wire LCD interface

- * Cases can be ordered precut

Development Enclosures “ Starting at $7.95
One Size Fits All, yeah righhhht. Project Boxes come in :

all sizes, but ours fits like a glove. When your project is
finished, put it in our new Development Board
Enclosure solution. Now you can build your project on
a board specifically designed to fit into a plastic
enclosure. : 3) Develop more

1) Develop quicker

2) Develop easier

Each part is also available separately - so you can
keep on developing.

Develop projects easier with the Basic Atom.

powerful products
today with
Basic Atoms!

T P A

JUTNTE NN NS RN,

: Starting at $59.95 :

'n-.---..--.---u---u

: Atom Super Development Board
Whether you are in a classroom or flying solo and
= building your newest invention - develop in a fraction
+ of the fime using Atom Development boards. With
. solderless prototyping these boards can be used again
and again.

Come and check-out
our full line of products

on our NEW website
From the power regulator to a DB? connector for .
programming the Basic Atom, all basic hardware is ;MlngupgraevelopmenfBoord
provided. Optional features include Servo connectors,  : : ug.ana Flay

* Wire your project up in seconds
r]ﬁ%rgmp Power regulator, Battery connectors and & Ml e asstiny herdhwiane Builln

* Easy Connectors for Servos much fime you can save
* Easy Battery Connectors/Reset Button ildi %
** Shown with optional Basic Afom Y R

[www.basicmicro.com],

and see for yourself how

Develop more efficiently with Basic Atoms.
T T T T T TNTTTTTYTYT BasiCA'Oms.

: Basic Atom Interpreter . : ;
! *Low Cast/ Very Flexible : Basic Atom Interprefer
: *Several Development boards available
: * Easy to design into products

: * Fully documented

: ** Shown with optional Interpreter Chips

: ** Available Assembled or as a Kit

- At the heart of the Basic Atom is our Basic Atom
- Interpreter Boards - combined with the interpreter chip
- you can prototype almost any solution extremely
: quickly. We offer these inferpreters as a low cost
- solution to incorporate the Basic Atom in your next
. project or even your next great product. We also offer

= easy to use prototyping boards that can make your
- projects easy to finish.

Starting at $8.95

- Pssst - our proto-boards are cheap enough that they
- can even be used for your commercial products.

- Develop projects cheaper with Basic Atoms.

The Basic Atom is a

registered trademark of Basic Micro Inc. BASICMICRO

BasicSt i istered # k of Parallax Inc.
s WioRE K tegered) Radwmerkof Vargliex: Ine Circle #61 on the Reader Service Card.
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)Ultra-low Power

by Henry Chan

Radiation Monitor

W ave you ever wondered how much radiation the stars

Wl are showering on earth? Worried about radon con-
tamination in your environment? Or just curious about
radiation in general? This article describes a simple radi-
ation detector based on Texas Instrument's
MSP430F1121 ultra-low power microcontroller.

Radiation 101

Radioactive decay is the natural process of conver-
sion from one radioactive isotope into another. Decay
causes four different types of radioactive emission: alpha,
beta, gamma, and neutron. Depending on the isotope, dif-
ferent types of radiation will be emitted.

Alpha particles consist of two protons and two neu-
trons, carrying a charge of +2. Beta particles are elec-
trons with a charge of -1. Neutrons have no charge.
Gamma rays are high-energy electromagnetic waves at
the upper end of the electromagnetic spectrum. These
types of radiation are known as ionizing radiation. You
may be surprised to know that some common household
items can emit radiation. They include ionizing smoke
detectors (Americium-241), old luminescent radium
clock dials, lantern mantles with traces of thorium, and
radon gas.

There are several main types of radiation detectors in
use today: gas ionization, solid-state, and scintillation
detectors. Gas ionization detectors such as the Geiger
Muller (GM) tube rely on the principle that ionizing radia-
tion causes a gas to reach a plasma state, becoming
momentarily conductive. A GM tube, basically, consists of
a thin wire suspended in the middle of a foil cylinder,

JP1  Front End Connector

| = Pulse Output
= bl Ve

3

enclosed in a halogen quenched tube. The tube is
charged to a voltage just below the ionization voltage of
the gas inside, usually about 600 volts. Radioactive parti-
cles entering the tube ionize some of the gas molecules,
resulting in charged ions. The electric field set up by the
high voltage accelerates the electrons through the gas
and, in the process, bump into other molecules, thus ion-
izing them as well. The chain-reaction results in a very
large response for a small incoming particle, allowing
easy detection. This ease of detection makes GM tubes a
popular option.

Other detectors include solid-state detectors which
can use PIN photodiodes to detect radiation, converting
the energy from the radiation directly to electron move-
ment. Scintillation detectors use light-emitting materials
when exposed to radiation, along with a method to meas-
ure the emitted light. Such detectors can consist of a scin-
tillation crystal coupled to the input of a photomultiplier
tube (PMT) or photodiode. The output can be used to
drive a counter, or may be integrated to produce a voltage
proportional to the sensed radiation levels.

Front-end Design

The detector used in this device can be anything that
provides a pulse for every detected radiation event. The
front-end consists of a detector based on one of the "ldeas
for Design," submitted by Peter Lay, in the March 18,
2002 issue of Electronic Design. A cheap neon bulb was
used in place of a GM tube in a simple Geiger counter cir-
cuit. The design was also featured in the Jan. 2003 issue
of Nuts & Volts, where 10 nine-volt batteries were substi-
tuted for the AC power-line sup-
ply. (Visit www.elecdesign.

Figure 1
com and look under "ldeas for

4 0= gu
s

R6
M, 10 tum

Fast Recovery TiP49

Design.") The detector is insen-
sitive to alpha particles since
they are larger and cannot pen-
etrate the glass. The bulb is

680k*

RS8

LAMPI1
NEON

— cs
470pF, 1kV

T
0.1uF, 1kV -

C3 T
470pF

good for detecting beta parti-
cles and gamma rays, though
the sensitivity will depend on
your bulb's construction.

..”.,

In the circuit, the voltage to
the neon bulb is adjusted to a
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level just below the point of

Lcp.

Figure 2
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a 1.5-volt battery as the  iiimmas < o CD4066 )
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power source. (See Figure ™™™ = u s Bachighe

1.) The power supply is

based on a CMOS 555
timer, which draws very lit-
tle quiescent current at
operating voltages down to
one volt. The timer gener-
ates a squarewave which charges and discharges an induc-
tor. The voltage spikes generated by inductor L1 from inter-
ruption of current are directed via a fast-recovery diode D1
to a 0.1 uF capacitor to obtain high-voltage DC. Use of a
standard, run-of-the-mill, non-fast-recovery diode will result
in significantly reduced output voltage. Please note that
the transistor must be able to withstand the high voltage
produced by the inductor without being destroyed, which
the TIP49 can do. The current flowing through the zener
diode regulator also flows through a transistor, which is
used to temporarily disable the inverter when the voltage is
high enough. This saves power and allows the inverter to
be used at higher voltages while drawing less current.

All components in the detector circuit labeled with an
asterisk (*) need to be customized for your particular bulb.
The given values will work with RadioShack part number
272-1100B. Current-limiting resistor R8 in the detector cir-
cuit needs to be chosen such that the neon bulb extin-
guishes immediately after ionization, allowing the detector
to reset itself. Regulating diode D2 is a 100-volt zener
diode, but depending on your neon bulb, may need to be
changed. | have seen bulbs that light at 75 volts to bulbs
that don't light even at 100. Capacitor C5 allows the bulb
to conduct with more current, giving a nice output pulse.
The output is taken across the 33k resistor, and can be rel-
atively high in amplitude. A 3.3-volt zener diode across this
resistor will clamp the output signal down to a safe level for
logic circuitry.

Microcontroller and Firmware

The heart of the "counter" for the radiation monitor is
the ultra-low power MSP430F1121 from Texas
Instruments. This microcontroller has multiple sleep
modes that can reduce power consumption from 160 uA
MARCH 2003

R8 RIO RI2
R7 R9 RII *

Notes: All labels with same name are connected.

The custom MSP430-FET connector is just a 26 pin ribbon cable

= connected to the evaluation board. The pin numbers are translated
= accordingly. You may choose to connect the FET in a different !
manner. Just make sure that pin 2.1 corresponds to 2.1 on the
schematic, and that 2.2 to 2.2, and so on.

(1 MHz, run mode) down to 0.1 uA (off mode, RAM reten-
tion) making it ideal for battery-powered applications.

Interfacing the microcontroller to the detector is rela-
tively simple. The output of the detector front-end is con-
nected to pin 4 on port 1 (P1.4), which is configured to
generate an interrupt for every input pulse. The interrupt
service routine simply increments a variable representing
the number of pulses counted in the past minute, exits,
and lets the microcontroller go back to sleep. (See Listing
1 (available on our website at www.nutsvolts.com) and
Figure 2.)

One of the unique architectural features of the
MSP430 series of microcontrollers is the ability to use mul-
tiple clock sources of different frequencies for the many
peripherals. In low-power microcontroller design, it is often
desirable to use a low clock speed to save power. However,
use of a slow clock would result in slow response times to
interrupts. With the MSP430, it is possible to have a clock
for program execution and a different clock for Timer_A
for measuring time intervals. While the controller is in
sleep mode awaiting interrupts, a low-power 32kHz watch
crystal is used to keep track of time. When an interrupt
does occur, the controller awakens from sleep and uses
the faster built-in RC clock for quick service. This enables
a fast response without compromising on power use.

In order to make the user interface responsive, the dis-
play is updated every second with a running average of the
counts detected per minute. In software, this is implement-
ed using a circular array of 60 elements each containing
the number of counts detected in one second. The num-
bers are updated once a second such that the newest
count overwrites the oldest count. This running average
method allows you to see the levels change without wait-
ing long periods of time for display updates. For even
quicker results, an instantaneous CPM is provided so that
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( Power up ) Figure 3
y
Initialize
y
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Battery Low? >—Yes Bl e
No
Sleep for 1 second
—»  while awaiing
interrupts.
Interrupt Routine
Yes 5
Interrupt Received
N Perform
9 calculations and
print results.
Increment Counter

A 4
( Exit from interrupt. }

the user can see the level change within a second without
waiting for the running average to settle. (See Listing 2 on
our website and Figure 3.) If an alarm feature is desired,
a buzzer could be connected to the microcontroller which
would be activated whenever the counts per minute rose
above a certain level.

LCD Interface

l used a 16-character by two-row display module with
a built-in Hitachi 44780 LCD controller, available from
electronics surplus suppliers. However, these require five
volts to operate, and the digital interface won't be happy
with the 3.3-volt logic levels from the MSP430. | attempt-
ed to find some low-power voltage-level translation chips
that consume very small amounts of power, but it was dif-
ficult to find something that drew less quiescent current
than the microcontroller itself in sleep mode. So | came
up with another idea — why not use the CD4066 quad-
bilateral analog switch? It has a quiescent current drain of
0.01 uA (that's right, 10 nanoamps) and can easily oper-

38

ate in the MHz range. That way, the microcontroller can
"toggle" five volts into the input of the five-volt logic
device, at extremely low-power consumption and cost (35
cents per chip). See Figure 4.

The LCD provides either an eight- or four-bit parallel
interface. There are preprogrammed chips available that
can be used to interface the LCD to the microcontroller in
serial mode. However, to reduce cost, the LCD is directly
interfaced in four-bit parallel mode to the MSP430F1121.

Analog-to-Digital Converter

Since the microcontroller is operated from batteries,
it should be aware of the condition of its power source.
However, the MSP430F1121 does not have a flash ADC,
so analog-to-digital conversion has to be done in software.
With the help of an internal comparator, a sigma-delta-
type ADC (as described in the TI application note
SLAA104: "An MSP430F11x1 Sigma-Delta type Millivolt
Meter") is implemented to read analog voltages.

The output of a one-bit DAC (the R/C combination) is
seen at the inverting input of the comparator. The other
input is connected to the voltage in question. The ADC
assembly routine operates by increasing the pulse width
of the output, thus raising the average voltage across the
capacitor. When the capacitor voltage is higher than the
input voltage, the comparator switches, thus signifying to
the routine that the DAC voltage matches the input volt-
age. The final value of the pulse width is proportional to
the input voltage measured, allowing the actual voltage to
the calculated. Use of this ADC can theoretically yield
arbitrarily high precision since the resolution is deter-
mined by the number of steps divided into the full pulse
width. The drawback to higher precision is a longer time
required for sampling, making the method more suitable
for slowly changing signals. See Figure 5.

Normally, the voltage output from the port pin would
be VCC, or 3.3 volts in this case. However, the voltage that
powers the microcontroller may vary due to the condition
of the batteries if a regulator is not used. This fluctuation
causes the use of VCC as a reference to be unreliable. A
cheap and effective solution is to use a 1.8-volt zener
diode across the capacitor. As long as the breakdown
voltage of the zener is less than the minimum voltage that
VCC will reach, the output of the charge voltage across

i Figure 4

¥a CD4066

input /.

output

5V logic out 5

From 3.3V
logic
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the capacitor will be constant.

In the more complex prototype, voltage sam-
pling is necessary to get a good idea of how much
power is being used by the device. In the event that
the power source is running low, the microcontroller
can shut off peripherals to save power. You could
imagine how that could be implemented using say, a
MOSFET to control the power to the inverter for the
detector. Or the microcontroller could raise a "bat-
tery low" signal. You could easily connect other sen-
sors to the input, such as a temperature sensor or a
light sensor. What you can do with the measurement
information is entirely up to your imagination.

Implementation Notes

The inverter/detector front-end was built on a separate
circuit board to physically separate the high voltages (90-
150 volts) from the low voltages used in the logic circuitry.
The neon bulb is attached to wires so that it can easily be
located anywhere in a project case for maximum exposure
to the radiation source. Please note that the detector's resis-
tor settings need to be determined experimentally before
making a permanent version. Not all neon bulbs are built
alike — I've encountered bulbs with 75, 99, or even higher
ionization voltages. Depending on what you find in your
junk box, the zener diode's breakdown voltage should be
above that of your neon. Potentiometer R6 is set such that
the voltage across the neon is just below the ionization volt-
age. See Figure 6 for a picture of the radiation monitor in
its more complex form.

The microcontroller can be used as part of the evalua-
tion board from TI, connected through a header, or as a
stand-alone integrated circuit, with a watch crystal attached.
I used the evaluation board for ease of programming and
chip replacement. The evaluation board is connected
through a 26-pin ribbon cable to a header on the radiation
monitor. Ensure that the pin translations are done properly
when using the chip directly. The C compiler and binary file
downloader can be obtained from TI's website
(www.ti.com/msp430) along with the datasheets and
application notes. Note that the neon bulb can actually be
triggered by ambient light if not shielded
properly. You can use a layer of electri-
cal tape or some other opaque material Figure 6
to block the light while still allowing beta
and gamma radiation to pass through.

You can use three fresh 1.5-volt bat-
teries in series to get about five volts for
the LCD module, and use the suggested
ultra-low quiescent current linear regu-
lator for the microcontroller. Or you
could use a single cell DC-DC converter
to obtain five volts from a single 1.5-volt
battery to save space. (The DC-DC
converter is not used in this article to
keep things simple and costs low.) Or
simply use a "wall-wart" and an LM7805
regulator to get a cheap and clean five
volts.

MARCH 2003

Figure 5
MSP430F1121

1-bit DAC

top
Signa

Input Voltage

Conclusion

It is easy to add more features to the existing radiation
monitor such as an external relay triggered by the alarm sig-
nal. The modularity of the design allows other detectors to
be used — like an actual Geiger tube and its associated 600-
volt power supply. You could also just use pieces of this
project for other purposes, such as building an electronic
light meter. Or you could use the inverter alone as a small
DC-DC converter for another project. There are numerous
sources from journals and on the Internet on radiation
detectors and experiments. Firing up your browser and aim-
ing it at www.google.com would be a great way to start.

As with any project involving high voltages, care must
be taken to insulate the wires well, preventing low-voltage
wires from touching the high-voltage ones. Though the
inverter's current output is small, you could still get a nasty
shock if you accidentally touch the high-voltage wires while
it is in operation! In addition, care must be taken when
using any radioactive sources. Though alpha sources are
relatively harmless in terms of penetrating ability — if
ingested — the radioactivity may cause serious damage to
the internal organs. A good understanding of the possible
effects of radiation exposure is imperative before experi-
menting with radiation. With these precautions in mind,
happy experimenting!
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New Product News

NEW FUEL CELL CAR AND
EXPERIMENT KIT

In addition to building a state-of-the-art
Fue‘ CC“g fuel cell car, this kit contains 30 experi-
ments that allow you to explore the many
real-world applications of this emerging
new technology. The kit includes fuel cell,
gear motor, car chassis, gas collector,
solar panel with support digital multime-

ter, goggles, 96-page lab manual, and
more.

Build a car that runs on water! Fuel Cell Car and
Experiment Kit #30812-87 $129.95.

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

For more information, contact:

SCIENTIFICS®
Dept. A033-C800, 60 Pearce Ave.
Tonawanda, NY [4150-671 |
Tel: 716-874-9091; 800-728-6999
Fax: 800-828=3299
Email: cons_order@edsci.com
Web: www.scientificsonline.com

NEW TECHNOLOGY
' REVOLUTIONIZES SMALL
CIRCUIT DESIGN TOOLS

The patent(s) pending ONE
PASSystem™ is a "com-
plete circuit" approach to small
circuit design. While bread-
boards offer an area to experi-
. ment with ICs, they lack any
Z efficient way to support

countless other active and passive
components needed to complete a working circuit. A
number of products such as carrier/development boards
are application specific solutions and therefore expensive
and limited in use. The new ONE PASStructure™ — an
asymmetrical open circuit socket technology — is a uni-
versal solution that is inexpensive and extremely flexible
regardless of application.

ONE PASSircuit™ PCBs combine this new
technology with a standard breadboard pattern to create
a user-friendly environment where ICs, active and passive
components of all types can coexist in a very small
space. Landing pads for passive devices are organized in
a patent pending array, resulting in various sizes of both
powered and isolated two, three, and four-pin sockets,
allowing the user to quickly and easily build power
supplies, voltage dividers, feedback loops, RC, LC, crystal
and transistor circuits, even use pots and IF transformers
without loss of IC space! These amazing new boards
cover a wide range of complex analog and digital uses
including microprocessors, robotics, and motor
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controllers.

The OP840B, only $6.95 with 840 tie points can hold
six 14-pin or five 18-pin ICs and up to 14 transistors. The
OP1170B, only $8.95 with 1170 tie points can hold nine
14-pin or seven 18-pin ICs and up to 20 transistors. The
OP1210B, only $8.95 with 1210 tie points can hold six 14-
pin or five 18-pin ICs and up to 28 transistors. To support
your circuit's connectors, controls, and displays, while
giving your project that finished look and feel, all ONE
PASSircuit PCBs fit directly into ABS plastic cases that
include both plastic and aluminum covers from
RadioShack®.

For more information, contact:

ONE PAS, INC.

PO. Box 108, Dept. NV
Woodstock, IL 60098-0108
815-337-3754
Email: sales@onepasinc.com
Web: www.onepasinc.com

CONTROL ANY SERIAL DEVICE
VIA THE INTERNET

SerialHost will let you customize any

serial string and send it remotely to

a device connected to the server. Send

commands directly out the RS232 port

on your computer from any web brows-
er.

SerialHost includes source code for
a sample plug-in, and documentation
on how to compile and load your
custom device plug-in. Remote control
your server by hosting interactive "web
pages" or simply by accepting an URL
request or Java applet command from a
remote page on the Net. Essentially, publish any device
connected to your computer's RS232 port to the Internet.

SerialHost offers two modes of communication
between your browser or applet and a specific device
plug-in.

Direct Mode: A user's [/O is passed on to the plug-
in for communication. At this point, the user has no direct
access to the DAP server and is 'logged in" to a specific
device control plug-in.

Indirect Mode: A user will be able to map /O to the
plug-in of choice. This allows more complex client
applications to communicate with multiple plug-ins
without needing multiple connections.

Another feature lets you create serial commands and
list them as an (<a href=) link, making it possible to create
a simple "URL hotlink" on a graphic and send a
command to your plug-in device. Example: A room on a
floor plan image for instance, selected as a link can send
a command to your serial device. Have a serial-controlled
video switching device switch to the camera in that room.
Use one video card and have a 16-channel input device or
control pan and tilt servos.

SerialHost Server Software, Plug-in Manager, and web
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control components will sell as a package for $75.00.
For more information, contact:

SERIALHOST
Jon Farhat, President: jon@serialhost.net
Steve McFarlin, Head of Development:
steve@serialhost.net
Emalil sales: info@serialhost.net
Emalil tech support: support@serialhost.net
818-567-0373

TINY LOW-POWER COMPUTER
OFFERS COMPACTFLASH oS

Persnstor Instruments
announces the Persistor®
CF2 — a 25" x 2.0" x 0.7" sin-
& gle-board computer offering
features desirable to developers
of remote or portable equip-
ment for data logging or con-
trol applications. Both OEM
designers and researchers will
find the CF2's small size, low power,

removable memory, and comprehensive program-
ming libraries ideal for rapid and reliable product or proj-
ect development.

The CF2 combines a 3.3V 16MHz Motorola 68332 with

a Texas Instruments MSP430 to offer several ways to
achieve very low-power consumption. Its programmable
clock speed allows operation down to 5mA, stop modes at
250uA, and a suspend mode below 10uA. Sleeping
systems can wake from external interrupts, RS-232
activity, or timers maintained by the MSP430 functioning
as the real-time clock and power manager.

The CF2's PicoDOS® operating system and
configurable command shell lets users manage files and
directories on removable CompactFlash (CF) cards using
familiar DOS-like commands. Additional commands
permit access to CF2 hardware parameters such as the
real-time clock, RS-232 settings, virtual EEPROM
variables, and optional hard drives.

The tiny CF2 is packed with 1IMB of onboard flash,
512KB of RAM, a 3.3-volt linear regulator, a dual RS-232
driver, and battery backing circuitry.

The Persistor CF2 is available now, priced from
$395.00 for one to $295.00 in large OEM quantities.
Developer's kits are available starting at $495.00.

For more information, contact:

PERSISTOR INSTRUMENTS
254-) Shore Rd. Dept. NV
Bourne, MA 02532-4104

508-759-6434
Email: atinfo@persistor.com
Web: www.persistor.com
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VIDEO CAPTURE'

-Color & BW up to 640x480 cem(1k) Add vision at low cost!
-Serial/parallel:pic,avr,z80,pe $ 2 7 Perfect for inspection,
-Full speed: to 30 frames/sec security,robotics. Full
-Simultaneous composite out eval kit(1) frame buffer unlike sx,
-Use w/digital CMOS camera $9 5 pei,usb type. Industry
-C, BASIC, Assembler source std PC104 form factor.

64k MEGA -
SINGLE CHIP COMPUTER

-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).
-RS232 Assembler download in addition to BASIC download.
-Calibrated, more stable, internal osc. Same price as 8K super!

STAMP DRIVE!!

Read / Write PC compatible hard oem(1 k)

disk, PCMCIA, & Compact Flash.
RS232 to ATA drive adapter for “.G
Stamp, 8051, AVR, PIC, Z80, x86 \
eval kit(1)
-baud rates up to 115.2kbps $ 9 5
-S$14 IDE & $21 [SA/104 versions

WWW.STAR.NET/PEOPLE/~MVS

-up to 4 gigabyte capacity
MVS Box 803 m Syr Limited Warranty
-

-simple software commands
(508) 792 9507 Mon-Fri 10-6 EST
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-low power operation 5v 2ma
Nashua,NH 03060 Free Shipping
Circle #81 on the Reader Service Card.
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The Fuzzball
Rating System

To find out the level
of difficulty for each
of these projects,
turn 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
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need to complete
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Let the
soldering begin!

Build the CF-MOSFET
Audio Power Amplifier

by G. Randy Slone

Everything For Electronics
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An audiophile-quality amplifier of several configurations,
many applications, and surprisingly low cost.

ast month, we examined a

Ldetailed description of the theory
and operation of the CF-MOSFET
audio power amplifiers. In this final arti-
cle, the construction and implementa-
tion of the CF-MOSFET design will be

detailed, along with application informa- 1

tion, and a variety of options. [

\

\

|

Amplifier
Construction

As with most audio power ampli-
fiers, the actual construction of the CF-

MOSFET amplifier is relatively easy |
(much easier than the physics and the-
ory involving its operation!). A double-
sided PC board is not required, the print-
ed circuit artwork is larger and easier to
reproduce, the components are larger, and
component spacing is not overly-critical. A
"reflected" illustration of the artwork is provid-
ed in Figure 1, which can be lifted and used to
etch your own PC board, or a pre-etched/pre-
drilled PC board can be purchased from the
supplier referenced in the parts list.

The "top-view" component layout is illus-
trated in Figure 2, and the "top-view" compo-
nent layout showing the PC board artwork is
illustrated in Figure 3. By examining the parts
list together with the top-view layout illustra-
tions, | believe the construction is somewhat
self-explanatory, but there are a few details
that need to be touched on.

Figure 2 illustrates the four component-
side jumpers that must be installed. These
should be fabricated from solid-conductor 20-
AWQG insulated wire. | used commonly-avail-
able "sil-pad" insulators in mounting the medi-
um-power transistors to the smaller heatsinks,
and also in mounting the L-MOSFETs to the
large heatsink. Mica insulators coated with
heatsink compound can be substituted, but
they are more "messy." Note that an insulator
is not required between the mounting face of
Q11 and the front face of Q14. The output
inductor, L1, is fabricated by winding 18 turns
of #14-AWG magnet wire around a 1/2" diam-

PHOTO I: Top view of completed CF-MOSFET

amplifier module. Note this unit utilizes the
“professional” type main heatsink.

eter form (such as a piece of scrap wooden
dowel). TB1 through TB5 are two-position ter-
minal blocks, even though only one connec-
tion is needed for TB1, TB3, TB4, and TB5
(TB2 utilizes both terminals — one for the line-
level input signal and the other for the shield
ground). | chose this technique primarily
because single-position terminal blocks are
difficult to find. However, the two-positions can
come in handy in some installation situations.

Before installing Q1 and Q2 into the PC
board, physically tie them together with a
small tie wrap, and then bend the leads out to
fit into the PC board. This provides a greater
degree of temperature tracking between the
two devices. Follow the same procedure when
installing @3 and Q4. Q3 and Q4 must be beta
matched to within 10% of each other. If you
don't have a meter or transistor tester than can
measure beta for matching purposes, you
should purchase Q3 and Q4 as a "matched
pair' from an electronics dealership.

Photo 1 illustrates a top-view of a finished
CF-MOSFET amplifier, showing most of the
construction details discussed in this section.

Power Output Options

The overall component specifications and
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CF-MOSFET Amplifier

Tools that will be helpful, but not absolutely necessary:

|.Audio Signal Generator
2. Oscilloscope
3. Good working knowledge of analog circuits

design of the CF-MOSFET amplifier topology is capable of
accommodating dual-polarity power supply voltages up to
60 volts DC. This equates to a maximum output power
capability of about 160-watts RMS into typical eight-ohm
speaker loads (assuming normal power supply droop
under heavy loading). | designed the CF-MOSFET ampli-
fiers to utilize two separate types of L-MOSFET output
devices, depending upon the power requirements. For a
maximum output power capability of up to 100-watts RMS,
the Hitachi 2SK1058/2SJ162 complementary pairs, or the
Semelab BWUZ900P/BUZ905P complementary pairs,
should be installed. For higher output power capabilities,
up to about 160-watts RMS, the Semelab
BUZ900DP/BUZ905DP "double-die" L-MOSFETs should be
installed.

The standard 100-watt version of the CF-MOSFET
amp will require a main heatsink with a thermal resistance

FIGURE 1. Bottom view (reflected) copper artwork
illustration (shown at 50%).

rating of approximately 0.5 degrees C/watt. Note that the |
PC board assembly mounts to the heatsink with two com- |

mon 1" L-brackets, as illustrated in Photo 1. If you want to
save some money and use up some old heatsinks that are

probably collecting dust in your junk box, you can con- |
struct your own custom heatsink. Photo 2 illustrates how |

this can be accomplished. For my heatsink, | utilized 10
common-style TO-3 type heatsinks mounted to an alu-
minum plate, measuring approximately 11" wide by 4" high
by 1/8" thick. Note that the TO-3 heatsinks are simply
mounted back-to-back, with the aluminum plate sand-
wiched between them.

ate ratings are available from SEAL Electronics (contact
information is provided in the parts list), and they are often
available from surplus electronic dealerships.

Amplifier Connections

Figure 4 illustrates the correct method of wiring one
CF-MOSFET amplifier module to an appropriate power
supply. Power transformer T1 should have a 70-volt center-
tapped secondary rated at three amps (i.e., 210 VA). This
will provide approximately 105-watts RMS of output power
into an eight-ohm speaker load. The line fuse (F1) should

| discovered this home-built heatsink design to
be adequate for continuous power output levels of
70-watts RMS but, as you can see from the photo, I
could have made more efficient use of the available
space on the aluminum plate and mounted more
smaller heatsinks for improved dissipation capabili-
ties. Nevertheless, my design should provide you
with a basic "feel" for the heatsink you might like to
construct, depending on your needs and junk box
materials. Also, keep in mind that the enclosure you
decide to mount the finished amplifier(s) into could
take the place of the aluminum plate. For example,
the output devices could be mounted to the rear
panel of an appropriate enclosure, with the smaller
TO-3 heatsinks mounted to the inside and outside |
surfaces of the rear panel (in fact, this is very similar
to the method used in the classic "Tigersaurus" |
power amplifiers of the 70s).

If you decide to construct the "high-power" ver-
sion of the CF-MOSFET amplifier, besides installing
the double-die L-MOSFETs, you will need to increase
the current rating of F1 and F2 to five amps, and
increase the size of the main heatsink to a unit pro-
viding a thermal resistance of approximately 0.35-
degrees C/watt. Commercial heatsinks of appropri-
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= component layout.
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PHOTO 2:The
CF-MOSFET
amplifier utilizing
a “home-built”
main heatsink.

be a two-amp "slow-blow" unit. The illustrated "X capaci-
tor" is incorporated to reduce high-frequency rectification
noise that could be fed back into the AC power line, and it
also serves to filter out many types of RF noise that could
be introduced into the amplifier from the AC line. The X
capacitor should have an AC voltage rating of at least 250
volts for domestic 120 VAC residential power. BR1 is any
common type 25-amp, 200-volt bridge rectifier. C1 and C2
are the power supply's reservoir capacitors; these are both
10,000 uF units rated for 63 VDC. C3 and C4 help to
remove RF rectification noise. They should be ceramic
types and rated for at least 100 volts. R1 and R2 are
"bleeder" resistors, incorporated to bleed off any danger-
ous charges on the reservoir capacitors in the event that
one (or both) of the amplifier's rail fuses blow. R1 and R2
can be 10 Kohm, half-watt devices, but the actual resist-
ance value is not critical, as long as their rated power dis-
sipation is not exceeded.

The line-level audio input signal is applied to inputs
TB2-1 and TB2-2. It is best to use a good grade of shield-
ed cable for the input signal wiring, with the shield wire
connected to TB2-2 as illustrated. The remainder of the
wiring connections shown in Figure 4 should be made
with a good-quality stranded, insulated "hook-up" wire,
with @ minimum gauge of #20 AWG. The positive polarity
from the power supply is connected to TB1 and the neg-
ative polarity is connected to TB5.

In high-gain, high-power audio amplifier construction,
it is always necessary to establish a high-quality ground
(HQG) connection point (sometimes called the star
ground point). This technique eliminates annoying "hum"
problems created by ground loop and signal injection
problems. The HQG point is typically a conductive bolt
mounted through the enclosure chassis and placed in a
convenient location. All ground (or circuit common) con-
nections are made to this central HQG point, thus making
it impossible for AC interference signals superimposed on
"one" ground line to be mixed with others. If you refer
back to the schematic diagram in Figure 4 of Part 1, you'll
note that the input signal and negative feedback circuits
have their own independent ground line, which is the input
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signal "shield" connection point (TB2-2). As Figure 4 illus-
trates, a dedicated ground wire must be connected from
TB2-2 to the HQG point, and this keeps the high-gain sig-
nal and feedback grounds from being contaminated by
AC components from the amplifier's decoupling circuits
or any other source of signal injection.

The output to the speaker system is taken from TB4
and the circuit ground. Normally, the TB4 output is
labeled "+" (although there isn't any real polarity associat-
ed with it), and it is typically connected to the "red" speak-
er connection at the rear of the amplifier enclosure. The
negative (-) side of the speaker output is connected to the
HQG point, and typically connected to the "black" speak-
er connection at the rear of the amplifier enclosure.

Since the 120 VAC mains power is isolated through
the action of T1, it is not mandatory to provide for an
earth ground connection, but it is certainly a good idea.
The earth ground wire from the AC power cord can be
connected to any location on the chassis that provides
continuity to the HQG point.

Power Supply Tips and Options

The design of the CF-MOSFET amplifiers is such that
they will stabilize and operate properly with power supply
rail voltages as low as 24 VDC, which equates to an out-
put power level of approximately 25-watts RMS into eight-
ohm speaker loads. Obviously, this means that a very
wide range of dual-polarity unregulated DC power supplies
can be incorporated for operational power, depending on
the application needs.

If you desire to construct the high-powered version of
the CF-MOSFET amplifier, T1 of Figure 4 will need to have
a center-tapped secondary rating of 84 volts at five amps.
Such a transformer will provide dual-polarity voltage rails
of approximately 60 volts DC. In addition, reservoir capac-
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= FIGURE 3. Top view layout
Z showing corresponding
copper artwork.
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itors C1 and C2 will need to be rated
for at least 75 WVDC, and F1 should
be a three-amp, slow-blow type.

Dual-polarity "raw" DC power sup-
plies, as the type illustrated in Figure
4, will draw a significantly large surge
current to charge the reservoir capac-
itors when the AC mains power is first
applied. Therefore, for maximum reli-
ability, it is desirable for the power
switch (S1) to have a fairly high cur-
rent rating — a 15 amp to 25 amp rat-
ing would be a good choice. When
installing the power supply compo-
nents and amplifier module into an
appropriate enclosure, it is best to
keep the physical location of the
power transformer as far away as pos-
sible from the sensitive, high-gain
areas of the amplifier circuitry (i.e.,
the input stage area of the PC board).

Such a technique will minimize
undesirable hum pick-up from the
radiated EMI field of the power trans-
former. Toroidal and shielded trans-
formers are preferred for the mini-
mum EMI radiation, but even these
transformer types can induce some
hum if placed too close to sensitive
circuitry. If it is impossible to achieve
reasonable spacing of such compo-
nents (due to inadequate enclosure
size), the power transformer can be
placed in a small ferrous cage (such
as used in computer switch-mode
power supplies) to minimize EMI
leakage.

Figure 5 illustrates a method of
constructing an appropriate "low-
cost" power supply for the CF-MOS-
FET series amplifiers that will not
compromise performance, albeit the
maximum output power of the ampli-
fier will be reduced to approximately
60-watts RMS into eight-ohm loads
(approximately 90-watts RMS into
four-ohm loads). The power trans-
former can be fabricated from two
commonly-available (and inexpen-
sive) power transformers with sec-
ondary ratings of 25.2 volts at three
amps. The transformer secondaries
are placed in series (as illustrated),
with the common connection point
becoming the "center-tap" for the fab-
ricated transformer. Such a configu-
ration will provide approximately 40-
volt dual-polarity rails. Also, if this
power supply design is chosen, the
MARCH 2003
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voltage ratings of C1 and C2 can be
safely reduced to 50 VDC. Such
capacitors are less expensive and
commonly available through
Jameco. The Figure 5 power supply
design will match very well with the
previously discussed "home-built"
main heatsink design. Therefore, if
you would like to construct a true
"audiophile-quality" power amplifier
at minimum expense, you could
choose to build your own main
heatsink and utilize the "fabricated
transformer" design in Figure 5.

Some audiophiles prefer to con-
struct audio power amplifiers in
monoblock (or monaural) configura-
tions, with each amplifier channel
operating from its own dedicated
power supply. Other audiophiles pre-
fer to construct amplifiers with multi-
ple channels operating from a com-
mon power supply. With either
option, the performance of the CF-
MOSFET amplifiers will not be signif-
icantly affected, due to the high PSRR
characteristic of the design. However,
if you desire to operate multiple
amplifier channels from a single
power supply, the power transformer
current ratings and the total reservoir
capacitance will have to be increased
accordingly.

Final Testing and
Adjustment

After the CF-MOSFET
amplifier(s) are installed in an enclo-
sure and connected to an appropriate
power supply, the proper operation
can be tested in several ways,
depending on the available test equip-
ment. Begin by adjusting the Vbias
potentiometer (P1) to its "center"
position. Using a few clip leads, tem-
porarily connect a voltmeter from the
drain of Q16 to the drain of Q17. If
the voltmeter is not an autoranging
type, set it to the 20-volt range. Do
not connect a speaker load or input
signal at this time. Set the power
switch (S1) to the "ON" position.

If you have a "Variac" (i.e., a vari-
able AC power source), plug the line
cord of the amplifier into the Variac
and slowly adjust the Variac up to
about 60 volts AC, while monitoring
the voltmeter. If the voltmeter reading
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SUNquﬂpm High Quality Equipment Provider since 1988
Web Site: www.sunequipco.com
Phone: 1-800-870-1955, Fax: 1-919-870-5720
15-day money back satisfaction and lowest
price guarantee. Distributors wanted. OEM
welcomed. Bids accepted. Free catalog.
Before you purchase from someone else,
check our web site for unbeatable prices.
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/ﬁff Replacement tips fit almost any soldering iron

Ra’a  SL-10: 300~840°F, $38; SL-20: 300-790°F, $45
SL-30: 320~900°F. $70; SR-998: 15-60W, $27
SL-916: Soldering/Desoldering Station, $249

SL-928: Desoldering Station, $195
SR-979: Hot Air SMD Rework Station, $445
LCD Modules
Over 47 low cost, high qualityjg =
icharacter/ graphic LCD modules for selection. Standard
reflective mode with black/blue dots on yellow green background.
(Optional black & white retardation film, anti-glare surface with
ive layer. Detailed specs in pdf format available on our
b site. Contact us for quantity orders or special requirements
IC/ (EP)ROM Programmers
is 16 characters in one line
Average search time: 0.8 sec
14 ~ 24 pins (DIC-17001, Digital $209.95)
8 ~16 pins (LIC-17002, Analog $579.95)
EPROM Programmer: EDP-17003. $249.95
Stand-alone mode, and PC based mode
Operations: type/ check/ read/ verify/ disk/ help/ process
ROM Programmer: UDP-17010, $659.95
Supported Devices: (E)EPROM. PAL, Serial EEPROM
GAL. BPROM, PEEL, EPLD, EEPLD, MACH, ROM
MAX, ISPLSI, IX 74/54. COMS 40/ 45, DRAM, SRAM
EPROM Eraser: ERE-17121A. $119.95
Capacity: 12 pes:
U-V tube: GL-4;

oldering/ Desoldering Stations

ength: 2537°A
Digital 3 172 digit LCD, Data Hold,

T y, Frequency counter (10 MHz),

FE. Resistance: 10M Q, DCV/ACV: 1000/750V
DCA/ACA: 10A; Test leads & Protective Holster
. K type Temp. probes{DMM1250) are included.
DMM-1220: $44.95. Battery test. ===
DMM-1230: $54.95. Capacitance test
DMM-1240: $64.95. Bat. Cap. Logic
DMM-1250: $84.95. Bat. Cap. Temp. ==

000

LCR/ Capacitance Meters

LCR-03063: $59.95: LCR-01130: $134.95;
LCR-01131: $189.00: DCM-01128: $114.95;

(LCR-03063) (LCR-01130) (LCR-
Inductance: 2mH-~20H  200pH~200H  ImH~10kH
Capacitance: 2nF~ 200uF 200pF~2000uF 1000pF~10mF
Resistance: 200Q2-20MQ  20Q~20MQ 10Q2~ 10MQ
DCM-01128: Capacitance Meter, $114.95, 500 pF ~ 50mF

Earth Resistance Testers

DER-13520(Digital): $ 179.95
" Resistance: 20/ 200/ 2000 Q
Accuracy: 2% rdg + 2 dgts
Voltage: 0 ~ 200 V
Accuracy: 1 % rdg + 2dgts
AER-13505(Analog): $169.95

Resistance: 10/ 100/ 1000 ©, within 3% of full scale
Voltage: 30V AC within 3% of full scale.

HP-2060: $15.00.
(10:1) 60MHz, (1:1) 15MHz
HP-9060: $15.00
), (10:1) 60MHz, (1:1) 6MHz
\/ HP-9258: $39.00 (100:1) 250MHz
HP-2100: $20.00,
(10:1) 100Mhz, (1:1) 15MHz
HP-9100: $20.00
i (10:1) 10MHz, (1:1) 6MHz

HP-9250: $29.00, (10:1) 250Mhz, (1:1)6MHz
LP-02050: Logic Probe, $22.95, Max Input Freq S0MHz
TTL. DTL, CMOS, MOS tests.
LR-02002: Logic Pulser, $26.95. ==
Max Input Freq: S0MHz. Pulse width: 10us Q <
LPR-02001: Logic Probe & Pulser, $33.95 [

Grid Dip Meter: DM-4061, $89.95 =
1.5 ~ 250 MHz: 6 bands: 6 plug-in coils: One diode =
& 2 transistors: Crystal oscillator: 1~15MHz E

Modulation: 2 KHz sinewave.

4A
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Project

POSITIVE RAIL . . .
FIGURE 4. Wiring diagram for one
CF-MOSFET amplifier module.
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begins to approach a one-volt level, you have a fault that
needs to be corrected before proceeding. Typically, this
voltage should be a few hundred millivolts, or less. While ‘
leaving the Variac set to a 60-volt level, adjust P1 for a
voltage reading of 20 millivolts. Turn off the Variac and
disconnect the voltmeter. Connect the voltmeter from the
speaker output terminal (TB4) to the HQG point and re-
apply power to the Variac (still leaving it set at about 60
volts AC). This DC offset voltage should be about 10 mil-
livolts, or less.

Adjust the Variac up to the nominal 120 VAC line volt-
age while monitoring the voltmeter. The DC offset voltage
may increase up to about 20 millivolts to 30 millivolts,
depending on how well matched the differential input
transistors (Q1 and Q2) happen to be. The actual value
of this offset voltage is unimportant, as long as it is not in |
excess of 50 millivolts (the polarity may be in either direc- |
tion). Turn off the Variac and re-connect the voltmeter
between the Q16 and Q17 drains once again. Re-apply
power to the Variac, leaving it set to the nominal 120 VAC
line voltage. Adjust P1 for a drain-to-drain bias voltage of
20 millivolts. Turn off all operational power to the amplifi-
er and Variac. With the aforementioned procedures com-
pleted, the CF-MOSFET amplifier is properly tested,
adjusted, and ready for use.

If you do not have a Variac, the following alternate

procedure can be followed. Temporarily wire a standard
100-watt incandescent light bulb in parallel with the power
switch (S1), and set S1 to its "OFF" position. Connect a
voltmeter between the Q16 and Q17 drains as described
in the previous discussion. Plug the amplifier line cord
into a 120 VAC outlet, and carefully observe the action of
the light bulb and the reading of the voltmeter. The light
bulb should illuminate briefly, and then go dim as the ini-
tial surge current diminishes. If the light bulb stays bright-
ly illuminated, there is a problem in the amplifier that
needs to be corrected before proceeding.

If the light bulb dims properly, check the voltmeter
reading to insure that it is not in excess of a few hundred
millivolts. Adjust P1 for a voltmeter reading of approxi-
mately 20 millivolts. Unplug the amplifier line cord and
disconnect the voltmeter. Connect the voltmeter from the
speaker output terminal (TB4) to the HQG point and plug
the line cord back into the AC outlet. The DC output off-
set should be in the 20 millivolt to 30 millivolt range.
Unplug the line cord and disconnect the light bulb. Re-
connect the voltmeter between the Q16 and Q17 drains,
as before, and plug the line cord back into the AC outlet.
Set the power switch (S1) to the "ON" position, and adjust
P1 for a voltmeter reading of 20 millivolts (it will probably
still read 20 millivolts from the previous setting).
Disconnect all operational power. The CF-MOSFET

POWER F1

|
|‘ 1120V AC MAINS —— X CAP ‘ B

POSITIVE RAIL
| { l :
i b | 1 'BR1 =) o c3 (\'f R1
o 2 >
* -
| |

HQG POINT

T1=T2 =25.2-VOLT @ 3-AMP SECONDARY (OR) 28-VOLT @ 3-AMP SECONDARY

FIGURE 5. Alternate method of constructing the amplifier’s power supply utilizing two inexpensive power transformers.
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amplifier is now tested, adjusted, and ready for use.

Final Comments

The CF-MOSFET series audio power amplifiers are
intended for the serious hobbyist or professional desiring a

no-compromise design for a wide variety of audio applica-
tions. The incorporation of L-MOSFETs and the increased
circuit complexity force the construction cost to be a little
higher than many generic designs, but the sonic purity and
long-term reliability will be well-worth the cost difference to
most audiophiles.

MODULES

RESISTORS (All fixe

otherwise noted.)
R1 — 100 Kohm
R2 — 220 ohm

R13, R15 — 330 ohm
R19 — 15 ohm
R20 — 680 ohm

I R23 — 150 ohm

R31, R34 — 15 Kohm
R32, R33 — 120 ohm
R43 — 1.2 Kohm
R44 — 820 ohm
R39, R40 — 0.22 ohm
R41, R42 — 8.2 ohm,

CAPACITORS
C3 — 68 pF, 100 volt,
C4, C6,C8,C14 — 22

ceramic

| electrolytic

PARTS LIST FOR THE
CF-MOSFET AUDIO
POWER AMPLIFIER

d resistors are

1/2-watt, 1% metal film units, unless

R3, R11, R12, R14 — 10 Kohm

R8, R9, R18 — 68 ohm
R10, R16, R17, R25, R26 — 1 Kohm

R21, R22, R35, R36 — 270 ohm

, 5 watt
5 watt

C1, C2 — 47 uF, 25 volt, tantalum

ceramic
0 uF, 100 volt,

aluminum electrolytic
C5, €7, C15, C16 — 0.01 uF, 100 volt,

C9 — 5 pF, 100 volt, ceramic
; C10, C13 — 47 uF, 100 volt, aluminum

C11 — 1000 pF, 100 volt, ceramic

C12 — 100 pF, 100 volt, ceramic
C17, C18, C19 — 0.1 uF, 100 volt, mylar

SEMICONDUCTORS

Ql, Q2, @5, @6, Q13 — 2N5401 PNP
transistor

Q3, Q4, Q10, Q12 — 2N5551 NPN
transistor

Q7, Q15 — 2SB649 PNP transistor

Q8, Q9, Q11, Q14 — 2SD669 NPN
transistor

Q16 — 2SJ162 (or) BUZ905P
P-channel lateral MOSFET

LR Q17 — 2SK1058 (or) BUZ90OP
52 35) N-channel lateral MOSFET
R5 — 3.3 Kohm -channel latera

Q16 (high-power version) — BUZ905DP
"double-die" P-channel L-MOSFET
Q17 (high-power version) — BUZ900DP
"double-die" N-channel L-MOSFET

D1, D2, D3, D4 — 1N4148 silicon diode
D5, D6 — 1N5060 silicon diode

DZ1, DZ2 — 3.9 volt, 1/2 watt zener

R24 — 6.8 Kohm diode
R27 — 22 ohm
R30 — 10 ohm MISCELLANEOUS

F1, F2 — Three-amp GMA fast-blow fuses

GMA fuse clips (four needed) — Jameco
#102859

L1 — 2 uH air core inductor (see text)

P1 — 1 Kohm, 8 mm "horizontal mount"
trim pot. RadioShack #900-7442

TB1, TB2, TB3, TB4, TB5 — Two-position
terminal blocks. Jameco #160784

TO-220 heatsinks (five needed) —
Jameco #129242 or equivalent

1" L-brackets (two needed) — Most
hardware stores

PC board — See text and illustrations

Main heatsink — See text and illustrations

Misc. — Semiconductor insulators,
mounting hardware, hook-up wire,
solder, etc.

NOTE: The following items are available
from SEAL Electronics, P.O. Box 268,
Weeksbury, KY 41667; Tel. 606-452-
4135; email <sealelec@eastky.net>
URL www.sealelectronics.com.

Complete kit of all parts, including drilled
and etched PC board, and "professional-
style" main heatsink:

(100-watt version) — $140.00, plus
$10.00 S&H (Canadian residents add
$16.00 S&H)

(160-watt version) — $165.00, plus
$10.00 S&H (Canadian residents add
$16.00 SEH)

* Assembled and tested units of either version
available for an additional $25.00 cost.

Drilled and etched PC board for one
CF-MOSFET module — $32.00

Professional-style main heatsink
(undrilled) — $35.00

Semiconductor devices, including
L-MOSFETs, and a complete line of
power supply components, are available
by visiting our website. Mr. Slone
welcomes questions or comments via
the contact information provided.

* Kentucky residents please add 6% local
sales tax on all purchases.

Additional sources: All of the semicon-
ductor devices are available through
MCM Electronics or Parts Express
(MCM carries the Hitachi 2SK1058/
28J162 L-MOSFET devices). The "BUZ"
L-MOSFET devices are available from
SemelLab through their "Magna-Tec"
website. (SEAL Electronics carries all
three L-MOSFET device types.)

LAPTOP DISPLAYS

ALITCYTINVEE:

MONITOR DISPLAYS
FOR DETAILS:

[ | ]

‘ Control using

\ PC, BS2, Atom,
3 ‘ Oopic, Isopod

Kiosk DiISPLAYS
WWW.REPAIRLCD.coMm

Fast, Accurate,
LCD FLQT SCREEN REPAIRS Repeatable
~79.00 r and Reliable

+ PARTS —

—
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capable of
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ALITCYTIVEE
Phone: (503) 452-8577

- 6605 SW Macadam Ave. - Portland, OR 97239
e-mail: info@autotime.com
Custom mounting and video walls at www.slim-screen.com

Fax: (503) 452-8495

Lynxmotion, Inc.
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Water Flow Meter and

Event Timer

Keep track of your water usage plus control your sprinklers with the same system.

With the current concerns about domestic water usage
and conservation, | thought it would be worthwhile
to design an electronic project that showed how much
water | was using, and how much each quarter | owed the
water authority. As a bonus, a seven-day, seven-event timer
— primarily intended for sprinkler control — was added.

The Design

The brains behind this project is a PIC 16F873 micro-
controller [1], a 16 x 2 LCD display and a ready-made
flow sensor [2] and solenoid [2]. The software was writ-
ten in 'C' [3].

The flow sensor is the most expensive part of this
design, so this project can be built either as a combined
unit or as a flow meter or event timer. The PCB has been
designed so that all unused pins are available for future
expansion or experimentation.

The maximum amount of water used is 999.999 in
gallons or kiloliters, the maximum price per gallon or kilo-
liter is $(£)9.99, and the total price that can be shown is
$(£)999.99. The onchip EEPROM is used to store the cost
per unit and, after each sprinkling event, the water used
and its cost is calculated and stored for future information.

The Circuit

As can be seen from Figure 1, the circuit consists of
nothing more than the microcontroller, flow sensor, and
solenoid (located off board), and a few ancillary compo-
nents. The flow sensor's signal is connected to pin 5 of
DIL connector JP3 and is read by the PIC's RCO pin which
counts the number of pulses from the sensor. The water
solenoid (if used) is connected to pins 1 and 3 of JP3 and
is switched via T1, a
2N2222A or equiva-
lent. D2 is the flyback
diode to prevent dam-
age to the transistor
and PIC when the
solenoid switches off.
Push buttons S2 and
S3 are used for set-
ting the day, current
time, cost per gal-
lon/Klt of water and,

Photo |I.
Solenoid.

of course, the timer on and duration times. S1 moves
through the various menus (see Table 1).

Connector JP1 is for in-circuit programming and is
laid out in the same order as the Microchip ICSP protocol.
Diode D1 is to isolate the rest of the circuit from the high-
level programming voltage required on the MCLR pin at
programming time.

While not implemented here, if a reset button is
required, then it should be hardwired between D1 anode
and ground. The LED serves two purposes: an indication
that the sprinkler is running (in timed or override mode),
and to flash at approximately every half second to show a
power failure has occurred. IC3 is not currently used, but
see the software explanation for further details.

The power supply is standard; either a 9V AC or reg-
ulated 12V power pack at 600mA can be connected to the
bridge rectifier. C3 is slightly larger than normal in value
mainly to avoid any powerdips that may occur when
switching the solenoid. It was found that the prototype cir-
cuit was sensitive to lights being switched on and off, and
was causing the circuit to reset. This resolved itself with
the higher-value capacitor. The regulator chip IC2 is a
standard 78 series TO220 case. Port B is used for the LCD
display which is used in standard four-bit mode.
Connectors JP4 and JP5 bring the unused pins out for fur-
ther expansion or experimentation. JP4 is connected to
the RC6/7 pins of the PIC and these serve the dual pur-
pose of connecting to the onchip UART, if required.

The Sensor and Solenoid

The solenoid (see Photo 1) used is specially designed
for controlling water flow and is available in two models.
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Water Meter / Timer

No special skills required.
For those who want to do their own programming ...
a PIC programmer

The one selected here requires the water pressure to be a
minimum of 0.2 bar with a flow rate of 1.32 US gallons
(5lt)/minute when the fluid temperature is below 77° F
and the ambient temperature is below 140° F. The sole-
noid is rated at 4W and can be driven by 12V DC (max
13.5V) or 24V AC.

It may be possible to use a standard 24V AC water
solenoid from gardening centers, but this hasn't been tried.
The coil resistance of the solenoid specified is a nominal
53 ohms and appropriate alterations to the circuit of T1
would need to be made if a relay or other solenoid was
used. The inlet and outlet ports on the solenoid have 1/2"
BSP threads.

The flow sensor in Figure 2 has an LED that emits light
towards a detector diode; the force of water turns a wheel
that interrupts the beam of light from the LED. Internally,
the turbine is reminiscent of a miniature hamster wheel
with electronics! The fluctuating LED light causes a
change in output voltage from the detector diode. This
voltage is amplified by the onboard amplifier, squared up
by a Schmitt trigger, and arrives at the flow sensor’s out-
put transistor. The flow sensor has an onboard voltage reg-
ulator for the diodes and amplifier, and the output transis-
tor is connected via an internal 10K ohm resistor to the

— >  Flow Direction

Inlet Outlet

il

Figure 2.
Flow sensor
connector,
view from top.

supply voltage. The emitter diode requires an external
resistor R8. Because the internal resistor connects to 5V,
we get a squarewave with a maximum amplitude of 5V.
Just perfect for a microcontroller's input pins.

This particular sensor produces a nominal 1,200 puls-
es per one liter of water or 4542 pulse/1 US gallon. These
are the pulses that are counted by the PIC's RCO input in
compare mode. When 1200 has passed, the counter is
reset and the liters variable is incremented by one. This is
the value which is marked in the software file that will need
to be altered if a different sensor is used.

The sensor comes in two flavors and the one used

+5V

BACKLIGHT

g 5
g MCIR wcn 48
+5V 0 e
© oy 25
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+5 ov JP1
MENU _ UNITS _ DECIMAL VR1
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o - 5 - & 26 Ic1 8 p—
s\ obY o : = —
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RA1/ANA RrB5 |2 a1 65 Spare
RA2/AN2 RB4 25 e
RAJ/AN3 PGMRB3 [24 R v O
RA4/TOCKI RB2 22 = 35 [ —
RAS/AN RB1 [22_sas |25 mo 1 45
INTRBO f21 sm0 15 [ —
OSCA/CLKIN L] s
0SC2/CLKOUT Re7 |18 & JrP2 e
RCE
RCOT10S0 SDORC5 |1&—8cs P4 JES
RC1/T108I sDIRc4 15— 1o 12V
2—;] RC2/CCP1 20
RC3/SCK A
Sensor Connector "sv
+5V JP3
D o2
SOLENOID 30 04 FLOW_SENSOR
1N4001 5 OS ED
Across Solenoid Pins ©

R6
10K
R7
10K

SOLENOID R4 1.8K
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Figure |. Flow meter schematic.
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s

here has a flow rate of
1.5-30 liters/minute.

588

00600 oodecosse o0

The PCB in Figure 3
is double-sided and is

Copuright Colin Barnard 2082

o > "
5| | Electronics
|  Construction

= quite straightforward to

LIO o Y populate. 'All the com-
__.../ & . ponents with the excep-
o Ny e g @ S tion of the LCD, D2, and

. S — R8 fit on the PCB. Start
with the smallest com-

Figure 3a. Figure 3b. N z
PCB tracks @ | PCB tracks (/@j ponents first. A narrow
upper side. 3.68” x 3.2” uower side. T 3.68” x 3.2” | 28-pin socket is

required for IC1 or use

MM 08 @% | snap-off socket strips. The headers are snap-off SIL pin
— i & headers normally in strips of 25 or so. The push buttons
i M can be soldered either to the PCB or be panel-mounted
o
H and have trailing wires attached to the PCB. The layout is
BAAA0ABRARNRGRAE 8| s not critical, so prototype perfboard could be used instead.
§| fRUPE 3€. | 1 de DDls. Atted direetl the solenoid terminal
e s T 4| Component iode is fitted directly across the solenoid terminals.
B/ layout, top JP3 is connected to the outside world via an eight-pin DIN
2| of board. socket.
£on > It is suggested that eight core data cable is used for
P the external data connections.

The sensor requires R8 to be wired between its supply
pin and the anode of the LED (pin 5 of the sensor). To
connect the wiring to the sensor, the white cap needs to
be pried off the sensor and a piece of 0.1" veroboard 4 x
9 holes can be placed neatly over the terminals and R8,
and the wiring soldered to this.

Sprinkler_metric.Hex Hex file for consumption in Liters When the board has been completed — but before IC1 1
ook plinates Hex e for consumpton nUS Galons | and the display have been fitted — check for shorts and
Sprinklerh Main header file for project solder splashes. If all seems okay, connect to the power
ButtonPress.h Header file for button routines

LCD_shiftouth Header file for display routine supply and check that 5V appears at the output of IC2
E‘;Q‘_"}‘_'f“ EIS'S f;'iip.a, file The.s’e ’ﬂles are and at pin 20 of IC1. If all is well, disconnect the power

inkler.fpd Front panel desi available at i i s
;grr'i’;k;;gr . ir IEF;?)'E e I iy T and insert the PIC and connect the display — now we are

ready to set up.

. Setting Up

Depending on the rise time of your programmer or
power supply, the unit may start up in power disrupt
mode. If so, just press the Menu key and the set-up menu

will appear. The menu defaults to the setting of the current
. & day, the next press of the Menu key will allow the current
7, time to be entered — for accuracy, enter the minutes last
h as the seconds revert to zero at the release of button 3.
S Legend Button
2 e - Sources
E“ 1 Fower Meﬂu - [1] Pre-programmed 16F873 US $8.65, PCB US $13.70 postage included available from
§_‘n The Display in Event Setting Mode. Event No. | is shown with the C°""_3?;?&;‘;"ﬁﬁdgr@bar"iﬂaﬁﬁiﬂi‘L‘;’Ean ot o by
§= Event Minutes having just been set to 15 minutes, and the event [2] RS Components www.rs-components.com, Rapid Electronics
F will happen at 9:15 every Monday morning. www.rapidelectronics.co.uk.
[3] Wiz-C compiler www.fored.co. uk/ www.dontronics.com.
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Water Meter / Timer

Button 3 (S3) Action on Press
No Action

Override Timer Event/Manual

water on or off

See Table 1 for the complete ngv"el:, g;;:t;:séfl)

button action list. On the proto- Menu 0
type with the solenoid and LED

Button 2 (S2) Action on Press
No Action
View Cost and Usage information

off, current consumption was Menu | Increment
28mA rising to 240mA with the s T Nk ot o
solenoid switched on. | Event On Hour Next sub menu #2
2 Event On Minute Next sub menu #3
. 3 Hour Duration (max 4 hours) Next sub menu #4
Plumblng 4 MinsDuration (15 min Next sub menu #5 -
g 5 intervals) Return to sub menu
conStruCtlon Menu 2 Next Event (Max 7)
No Action
The flow sensor and sole- Menu3 Set Current Day :
: 5 . Set Current Minutes
noid have flow direction arrows  Meny 4 Set Curcent Hobrs
marked on their bodies. The Set Cents/Pence cost per unit
Menu 5 Set Dollars/£ cost per unit

actual plumbing required will,
of course, vary depending on
individual requirements.

Reset Current Value Total
Reset Gallons/Kliters

Table |

In the prototype, a standard hose tap adapter was con-
nected to the solenoid which, in turn, was connected to a
1/2" to 1/2" female plastic adapter as the joiner to the flow
sensor. From the flow sensor, a connector similar to a
washing machine connector attaches to the hose pipe and
is secured with a Jubilee clip. Don't forget to use plumbing
tape on the threads to prevent leakages and — if possible
— use brass fittings, as the plastic threads will stretch over
time in hot weather! Naturally, the completed electronics
shouldn't be allowed to come anywhere near water. A plas-
tic case is necessary for the electronics and silicon sealant
should be applied across the solenoid terminals and the
exit hole for the flow sensor cable.

The Software

events past eight unless one of the newer 18F252s or a
step up to the 16F876 part is used, in which case, the 'C"'
file will need to be recompiled.

If the project is only built as a usage meter or a more
frequent write access is required, then an 12C EEPROM
can be fitted with the required change to the software.
Incidentally, there are 128 bytes of EEPROM space avail-
able and only nine bytes are presently used.

Special attention should be taken of the real-time
clock (RTC) routine, which uses a rarely-used Bresenham
algorithm for accuracy, no matter what crystal clock speed
is chosen. Again, this is commented on in the file listing
available for download at www.nutsvolts.com. ™MV

View of

As mentioned previously, the software has been writ- the button and
ten in 'C.' This will be easy to convert to other versions of B,
'C' cross compilers for PICs. The files are well commented, The ISP
and it will be easy to see where the alterations should be connector is
made for flow sensors with a different pulse count and visible a} tEe
changing the maximum and minimum on times and dura- o l:?oatrde. !
tions. It is not recommended to increase the number of
Resistors (1/4W, 5%) Capacitors (all except C8 2.5mm
RI,R2,R3 - 5.1K lead spacing)
R4 - 1.8K Cl,C2 - 22pF
R5,R6,R7 - 10K C3 - 220uF/25V 8.5mm lead spacing
R8 - 180 ohm (off board) C4 - 22uF/10V
R9 - 330 C5, C6-0.1uF
VRI-10K Linear Preset

Miscellaneous Vi f th

Semiconductors S1, S2, S3 Push-button switches | 'edeo s
DI IN4148 momentary contact s;; ff hod (5op) e
D2 Diode Bridge W04G DIL 8-pin IC socket (optional) (f;tto"n:; el
D3 LED3MM DIL 28-pin IC socket (narrow or IC strip) The flyback diod o &

T1 2N2222A or equivalent

ICI PIC 16F873/20MHz

I1C2 7805 500mA TO220

XI 10MHz

LCD 2 x 16 with backlight

Flow Sensor part# RS 257-133

Solenoid part# RS 342-023
(From RS Components UK)

MARCH 2003

JP1,2,4,5 Strip of pin headers
JP3 2 x 3 Strip of dual pin headers
X2 PCB mounting 2-way terminal block
DIN Socket 8-way or equivalent
DIN Plug 8-way or equivalent
Plastic Case 6 x 4 x 2" minimum
Cable 8 core capable of 0.4A min
e.g., 7.0mm x 0.2mm conductors
Circuit Board

board can just

be seen in the
background.
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Build The Frat Chime

Construct this automated
chime for your lodge
or fraternity

here's a stillness in the air. Fixed eyes focus on a

I handsomely-crafted wall clock, some strain at
dimly-lit wristwatches. The minute hand ticks ever

closer to that Witching hour. Boing ... boing ... boing ... Let
the ritual begin. Several "fraternal organizations" — like the
Elks and Moose Lodge — use a chime, relating to a clock
time, in various parts of their rituals. Traditionally, the
chime was a small gong or bell tuned to a resonant fre-
quency with pleasing overtones that rang out when struck

by a wooden mallet. An assigned member of the fraterni- |

ty was in charge of both timekeeping and the striking of
the chime.

Each fraternity has a different day and a different hour |

for these rituals — a requirement that inspired this project

— which | fondly call the Frat Chime. Press the Start but- |
ton, and the Frat Chime produces a train of metered puls- |

es that "sound" the chime for the number of times set by
a selector switch. These pulses close a relay that actuates
an electric chime or other announcer device.

How It Works

The circuit consists of three sections. Refer to Figure

1. The first and main section is a 4516 binary up/down
counter (U1). This chip will either count up to a preset
value, or count down from a preset value. | opted to use
the count down mode simply because it kept things easi-
er. Using this method, the numbers shown on the face of
S2 equal the number of times the chime rings. If you set
S2 to six, the chime will sound six times. The starting
number is loaded into the counter when you push the
Press To Start (S1) button.

This causes the carry output (pin 7) to go high and
start a 1/2-Hz clock — one pulse every two seconds —
made up of U2A and U2B. Each tick of the clock sub-

tracts one from the total

+6V

entered into the 4516 (this
is done by consecutive puls-

Press To _I o
Start (?

Lo}
BN

es on CP, pin 15), until it
reaches zero, at which time
the carry out goes low and
the clock ceases to tock.

u2C u2D

Jopeifony

What this means is that if
you enter the number 7 into
the presets, then press S1,

the clock will tick exactly
seven times and then stop.

While all this is taking
place, U2C and U2D — con-
figured as a non-inverting

FIGURE |. The Frat Chime consists
D2 of three sections: A programmable
binary down counter made up of Ul

and S2, a gated squarewave generator
(U2A and U2B), and a monostable
= multivibrator (U3).
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Parts List

S1 — Normally-open push-button

S2 — Hexdec rotary switch (Digi-
Key SW217-ND or equivalent)

5V ' SPST, NO relay
(Hamlin 3321A0400 or equiva-

Battery holder — four 'AA' cells
6VDC wall-wart (optional)

An etched and drilled circuit
board is available for $9.00 from
Futurlec, 1133 Broadway, Suite
706, New York, NY 10010
(www.futurlec.com). A kit of
the above parts is also available
for $18.00 and includes an
etched and drilled printed circuit
board, batteries not included. Add

Misc.
Resistors
R1,R2,R3,R4,R5,R9 — 10k switch
R6 — 1 Meg
R7 — 150k
R8 — 100k RL1 —
R10 — 1k
lent)
Capacitors
C1 —4.7uF
C2 — 0.1uF
C3 — 1uF
C4 — .01uF
C5 — .01uF
Semiconductors
D1 — 1N4148
D2 — LED
a1l — 4516
a2 — 4011
a3 — 555

$3.00 for shipping and handling.

buffer — follow in sync and provide pulses
to D2, a light-emitting diode, and U3 (via
coupling capacitor C4). U3 is a mono-
stable oscillator. Each time the input (pin
2) goes low, the 555 output (pin 3) will go
high, which causes RL1 relay contacts to
close for about one-half second. Resistor
R8 and capacitor C3 determine the length
of time the relay stays closed using the
formula: t = 1.1RC, where R is in ohms
and C is in farads.

| know this calculates to be longer
than one-half second "on" time, but you
have to remember that a relay is a
mechanical device. That is, it takes time
for the contacts to make contact. So while
the metal arms are swinging into position,
the 555's meter is running. When you add
these numbers up, it means that the

\

GONG

2002

@
| al e
[ o| yz|e
o o
3 e
o |o
o o
oJUMPER o
sielE
RS
o Jen °
o yi (@ v 4
° o ©
of- |o
o o
e o
o e °
3ol _lo
pUUPER o

FIGURE 2. This is the foil
pattern for the Frat Chime.
An etched and drilled circuit
board is available from Futurlec
for $9.00. See the Parts List
for details.

All the reader needs
is a soldering iron
and soldering skills.

FIGURE 3. When placing the
parts on the circuit board,

observe IC orientation and
capacitor polarity. Note that
three jumpers are required.

actual time the contacts are closed is
the 555 time-out time minus the
amount of time it takes for the relay
contacts to engage. | point this out
because if you substitute a different
relay for the one specified, or replace
it with an opto-coupler, you'll need |
to adjust the values of R8 and C3 ‘
accordingly.

Want a longer time between
chimes? Increasing C1's value stretch-
es it out, and decreasing it makes the
strikes closer together.

Construction

Because there are so many differ-

FIGURE 4. Only three
external components are
required. The chime can be
any electrically-actuated
device, such as a doorbell

chime with an appropriate
transformer. The 'AA’
battery pack can be

replaced with a RadioShack
273-1758 wall-wart.

4'A8" Cells

—mr—‘

Press To
Start

)
_l?m

Battery

E
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ent ways the Frat Chime can be used, | purposely limited
the construction to a printed circuit board. One that con-
tains all the ins-and-outs needed to adapt the design to
almost any application. | leave the enclosure up to you.
A foil pattern of the circuit board is shown in Figure
2. An etched and drilled circuit board can be purchased

from Futurlec for $9.00 (see Parts List). However, the
circuit board isn't a must. The project can be constructed
using any method you wish, including perfboard and
wirewrap.
A parts placement guide is shown in Figure 3. Layout
isn't critical, but you have to pay attention to the position

Smart Choice! Smartuner!
M AN )OU

Do YOU want to be heard? OF
COURSE! Then use the SGC
Smartuner™ - the Essential link
between your HF transceiver
and antenna. Matching at the
transceiver is good, but matching
at the antenna is better. SGC
Smartuners are designed to do
just that. They operate com-
pletely independently to provide
the best match between the feed
line and the antenna, eliminating
SWR problems completely.

e v e—
No Compromise Communications

Visit www.sgecworld.com for more information on the entire line of Smartuners

S$G-230

SGC Smartuners are designed
to work with any transceiver
(including the ICOM 802) and
any antenna. They are fully
automated, intelligent enough
to select the best match be-
tween feed line and antenna in
seconds and remember it so it
can recall that match in milli-
seconds. The Smartuner sets
the standard. It is the original
and still the best.

=N

Once you’ve
learned how the
Smartuner works,
you won’t want
anything else!

SGC Inc. 13737 SE 26th St. Bellevue, WA 98005 USA Tel: 425-746-6310 Fax: 425-746-6384
sge@sgeworld.com www.sgeworld.com

Circle #123 on the Reader Service Card.

AMAZING oevices

LASER BOUNCE LISTENER

Powerful listening system, yet simple in operation. You shine a laser
ata window and intercept the reflected beam with our ultrasensitive
filtered optical receiver. Vibrations on the window frominternal
sounds and voices are now clearly heard. Range can be up to several

hundred meters depending on laser power and optics used.

NVENEVEN2003

Kits, Parts and Accessories
Duplicates effect in the motion
picture epic of the century!

PLASMA FIRE SABERS

Specify blue, g, pur, redor yel.
Moving light appears to evaporate into space

LWBS Plans for 3 Laser Window Bounce Systems................. .$20.00

LWB6K Kit of 100’ visible red for Science Project ...................§129.95

High performance modules require housing and simple alignment to
make a field worthy LASER WINDOW BOUNCE unit. Shows test
tone circuitry , optics and our lab method of a completed assembly
LWB90 Assembled receiver, 10mw IR laser, collimator ..$449.95

PAIN FIELD PISTOL
Caution! Do not aim at people!
Blast out rodents with high
power ultrasonics.

Handheld and battery
operated with all controls.
Rental units available.

PPP1Plans..........
PPP1KKit/Plans....
PPP10 Ready to Use.

as it travels up the Jacobs

« Adjustable arc control

« Full 20" ladder length
....58.00 + 110/220 vac 150 watts
...$49.95

JACK3K Kit

Y JACOB’S LADDER

A 1/2" arc expands 1o over 4"
Ladder evaporating in space.
* Uses safe high frequency

« Safety shock shut down

$149.95

JACK30 Readyto Use szas.ss

Blades screw into handle for easy replacement

We stock all size and color blades, mauleradapters, tubes
digital drivers, and parts for authentic designs. Wireless
interactive sound modules change tone with motion
SAB15 Assbled with 15" Blade..$39.95
SAB24 Assbled with 24" Blade..$79.95 SAB24K Kit ...§59.95
SAB36 Assbled with 36'Blade.$149.95 SAB36K Kit..§129.95

30” SPARK
TESLA COIL

Create a spectacular
display of nature’s own
lightning. Many amazing
experiments possible.

See coil in action on our(™
web site!! ”
BTC4Plans....

BTC4K kit.... 5899 95
BTC40 Ready to use. $1199.95

ELECTRONIC HYPNOSIS
Take Control!!!
Circuitry places subject under your
control! Induces sonambulistic states.
HYP2 Plans...$10.00 HYP2K Kit...$49.
HYP20 Ready to Use....

$49.95!!!

Ronly........

1 800 221 1705 Orders Only!
Pay by MC, VISA, Cash, Check, MO. Add $5.00 S&H Overseas Contact for Proforma

NUTs & Vours

54

6 TRANSMITTER KITS

Long range up to 3 mi. Voice Xmtr, Tel
Xmitr Line Powered Tel Xmtr, Tracker and
Homing Xmtr, Vid/aud Repeater Xmitr, TV/
Radio Disrupter. COMBOX Al six kits

Information Unlimited PO Box 716 Amherst
Fax 1 603 672 5406

Smaller Version (8-10" Sparks)
BTC3Pians...$15.00 BTC3KK(...$349.95

$449.95

See and Order from Our“Action” Web
Site at www.amazing1.com

ANTI GRAVITY

Project lifts objects as seen

in video on our web site. Uses

electric forces that defy gravity

and providing a continous force.

Excellent science project as well

as fascinating research into a

very fertile field that eventually i
will effect all methods of travel. : i
With CDROM of invaluable data i i

GRA4 Plans and CDROM.
GRA4K Kitand CDROM...
GRA40 Power source and

ULTRASONIC RECEIVER

Hear an incredible world of sounds
never heard by the human ear!
Directional antd tunable device
allows you to hear and pin point P b

mechanical and electrical sounds Sl

such as leaking gases, air, 3
corona motor frictional noises N
etc..Hear bats, insects and other
sounds of mother nature - great
for hunting and tracking. Thisis an excel]=nl
science project and nature device.

HT9 Plans..$8.00 HT9K Kit........
HT90 Assembled with headsets....

$99.95
$199.95

|\ BTC30 Ready toUse
HOVER BOARD

Design notes and research data to build.
A HOVER Booki .00

N.H. US.A.
Information 1 603 673 4730

Circle #124 on the Reader Service Card.

Wl 7 KV HV MODULE(for hovercraft, plasma

guns, antigravity, pyrotechnics. 12vdc input.

MINIMAXS. $29.95

03031 E-mail <info1@wavewizard.com>
Free Catalog on web or send $2.00

of the ICs and SW2, and
the polarity of capacitors
C1 and C6. Also note that
the board includes three
jumper wires. [ did this so
that the circuit board can
be made using single-sided
clad, which is easier for the
hobbyist to duplicate than
a double-sided board.

| power my Frat Chime
with four AA-cell batteries,
but you can use a small
six-volt wall-wart, like the
RadioShack  273-1758.
Like 1 said, | leave the
mounting of the circuit
board up to you simply
because there are so many
options.

For example, you may
wish to install it into a proj-
ect box, along with the
chime, and run a pair of
wires out to S1, the Press
To Start button. Or maybe
in the base of a lamp that
flashes on and off to aid
those with impaired hear-
ing. The possibilities are
endless. See Figure 4 for a
typical example.

it's Time

After building the Frat
Chime, [ showed it to my
girlfriend who laughed out
loud at the idea — until she
saw a use for it in the
kitchen. She now uses it to
time and count the num-
ber of strokes for cake
mixes and other chores
that used to be done by
mumbling one Mississippi,
two Mississippi, three ...

Uh-oh ... the clock just
struck 13, which means
I'm out of here!
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CALL OR WRITE ;
FOR OUR ;
FREE

64 PAGE CA G!
(800) 445-3201

CALL TOLL-FREE
(800) 292-7711

C&S SALES

Secure On-line Ordering @ cs-sales.com

Orders Only

Se Habla Espanol

| [Capacitance Meter|

Elenco Model CM-1555

529.95

[ Deluxe Soldering Stations |

Elenco SL-5 Series
Electronically controlled, ideal for professionals, students, and
hobbyists. Available in kit form or assembled.
As Low As

$22.95

| Digital Multimeters

Elenco Model LCM-1950

65

* Large 1" 3 3/4 Digit

Elenco Model M-1740| Elenco Model LCR-1810

119, 89.%

* Cap. 0.1pF to 20uF

11 Functions: * Inductance 1uH to LcD
20H E
« Freq. to 20MHz + Autoranging Freq. . %
* Resistance 0.0102 o 2 Digit LCO o
«Cap. to 204F 10 2,000MQ i adout with unt any soldering Features:

+ Cap. to 4004F indicator iron into a « Cushion Grip Handle

* Zero control for test variable iron.

lead compensation

+ AC/DC Voltage
+ AC/DC Current

perature -20°C
50°C * Inductance to 40H

* DC Volts 0 - 20V * Res. to 4,000MQ

safety specs.

+ 3 1/2 Digit Display

Test

Test Equipment

Elenco Digital / Analog Trainer

Model XK-150 $89 95

(sine & square wave)

* Built-in Clock Generator

* Variable Power Supply

Elenco Multi-Network Cable Tester
Model TCT-255 -
Comn |

This tester is a convenient instrument for testing
different RJ-11 and RJ-45 connectors and coax
cables. Cables can be tested before and after they
are installed.
* Mapping Function
+ Tests cables before or after their instaliation.
+ Cable identification (straight or reverse)
* Pair Identfication (straight or reverse)
* Open or Short Testing
* Low Battery Indicator
* Auto Power-Off Function (30 s.)

Soft Vinyl Zippered Case (Model C-90) included!
TCT-255K - Multi-Network Cable Tester Kit - $39.95

20MHz Sweep / Function Generator
with Frequency Counter Model 4040A

s

* 0.2Hz to 20MHz

* AM & FM Modulation

* Burst Operation

« External Frequency Counter
to 30MHz

* Linear and Log Sweep

10MHz Model 4017A
5MHz Model 4011A
2MHz Model 4010A

e i

w5 S445

$225
—

Features 10 digit display, 16 segment and
RF signal strength bargraph

Includes antenna, NiCad battery, and AC
adapter.

C-2800 Case w/ Belt Clip

Elenco Handheld
Universal Counter

Elenco Quad Power Supply
Model XP-581

Short Protected ¢ Voltage & Current Meters « All
Metal Case
Elenco Power Supply
Model XP-603

Sensitivity:
*<1.5mV @ 100MHz
*<5mV @ 250MHz
*<5mV @ 1GHz

* <100mV @ 2.4GHz

*0-30VDC @ 3A Output

+ 3A Fused Current Protection

« Current Limiting Short Protection
* 0.025Q Output Impedance

$14.95

=" Quantity
Discounts
Available

|
Soldering Iron (optional) with
« Beeper « Freq. up 1o 15MHz B Feciound Grounded Tip for Soldering \
« Diode Test + Diode/Audible * Logic Test acil Msacn jck Stati¢e-Sensitive Devices. ‘
. Continuity Test « Diode & Transistor includex )
Transistor Test + Signal Output Test + Compact size| Easily Beplaceable. Uses
PSSR Function « Audible Corlinuity stand and Long-Life, Plated Conical Tip. |

e _Heavy Steel, Non-Slip Base.

Ordering Information:

« {ron Holder Funnel -
‘ Reversiblg, left or right side.

Stee| Tray for Sponge Pad.
« Sponge Pad.

Features: 1 MHZ . 28GHZ 4 Fully Regulated Power Supplies in 1 Unit

* 830-pin Breadboard P Model F-2800 Model SL-5 - No iron. $22 95

« 8 Data Switches e O (Kit SL-5K) "

+ 8 LED Buffered Readouts 8- > $ .

* Built-in Function Generator &« -~ 99 4DC Voltages: 3 fixed; +5V @ 3A, +12v @ 1A, | Model SL-5-40 - Includes 40W UL iron. 527 95
1 variable; 2.5 - 20V @ 2A « Fully Regulated & .

(Kit SL-5K-40)

Weller® Low Cost Soldering Iron
Model WLC100

Variable power control

produces 5-40 watts.

Ideal for hobbyists, DIYers
and students.

Complete with 40W iron.

with Counter (100kHz - 150MHz)

Features internal AM mod. of 1kHz, RF output
100MV - 35MHz. Audio output 1kHz @ 1V

ms.

S$G-9000 (analog, w/o counter) $135

Elenco RF Generator

Elenco 3MHz Sweep Function
Generator w/ built-in 60MHz
Frequency Counter
Model GF-8046

Model SG-9500

Generates square, triangle, and sine waveforms, and

TTL, CMOS pulse. 51 99.95

GF-8025 - Without Counter $139.95

=i $32,%

Elenco Oscilloscopes
Free Dust Cover and x1, x2 Probes

2 year Warranty
$-1330 25MHz Delayed Sweep $439
S-1340 40MHz Dual Trace $475
S-1345 40MHz Delayed Sweep $569
$-1360 60MHz Delayed Sweep $725
$-1390 100MHz Delayed Sweep $895

DIGITAL SCOPE SUPER SPECIALS
DS-203 20MHZ/10Ms/s Analog/Digital ~ $695
DS-303 40MHz/20Ms/s Analog/Digital ~ $850
DS-603 60MHz/20Ms/s Analog/Digital ~ $950

TTLL L ks
51325 25MHZ

|Elenco Educational Kits|

| Electronic Science Lab |

Guaranteed Lowest Prices

UPS SHIPPING: 48 STATES 6% (Minimum $6.00)
OTHERS CALL FOR DETAILS
IL Residents add 8.5% Sales Tax

SEE US ON THE WEB

b Elenco Snap Circuits™ |

Elenco’s new Snap Circuits™ make leaming electronics a “snap”. Just follow the colorful pictures in out

Model MX-901SW
Short Wave Radio Kit

Model AM-780K
Two IC Radio Kit

Model AK-700 Model RCC-7K
& Pulse/Tone Radio Control Car Kit * Includes built-in breadboard and an LCD.
o - Telephone Kit

Flashing Neon Lights | .

Great School Project | ,

g 51 4-95 AK-87:mon~sc«Jem‘g s27.95

" SC-300 - 300 experiments  $59.95 > ipkdea 11’ parts.
* Lab-style manual included
T E s Model M-1006K Model K4001
SC-100 - 100 experiments 29.95 7W Amplifier | * Requires 6 “AA” batteries

C&S SALES, INC.

150 W. CARPENTER AVENUE

WHEELING, IL 60090
FAX: (847) 541-9904 (847) 541-0710
http://www.cs-sales.com

Maxitronix 500-in-1 Electronic Project Lab Model MX-909

Everything you need to build 500 exciting electronic

projects:

* Learn the basics of electronics. 500
different electronic experiments, special
lighting effects, radio transmitter and
receivers, sound effects, cool games and
MORE!

* Explore amplifiers, analog and digital
circuits plus how to read schematic
diagrams.

95
manual and build over 300 projects, such as AM radios, burglar alarms, flash lights, doorbells, and much 51 2. MX-908 - 300-in-1 Lab $59.95
more. You canheven ;;Iay electronic %‘ames with your friends. All parts are mounted on plastic modules 3 MX-907 - 200-in-1 Lab $44.95 $
and snap together with ease. Enjoy hours of educational fun while leaming about electronics. You can 006 - 130-in-
even create your own experiments! No tools required K2637 - 25 \mpifier - $10.50 90813040 Laty $29.95
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