"For Design Engineers
Facing Real-World Problems

Just For Starters
For Those Just Getting

Started In Electronics

WEHIROIler oo e

A Broad Range Of Topics

|C_Base >
Electronicy¢ g\

®
Dice Il

us. $5 AUTORSDIGT 543
+ 0304 220
OV T ORITZ
424 WILSON AVE
GREEN BAY WI| 54303-4116




Commanp-LiNe C

as"‘° CCS C COMPILER COMPILERS START AT

Just $125

For P|C®MICROCONTROLLERS

Buit-In Fuuq'nons ExampLE PROGRAMS

® COMPLETE *© ¢ POWERFUL

Embedded C Language
Development Kit for the
PICmicro® MCU

CCS now has a complete ready to use development kit with a fully
integrated debugger. This kit, complete with step by step
exercise booklet, makes programming in C a breeze.

The kit includes:

CD with C compiler & full IDE Exercise booklet

ICD-S debugger unit Mini prototyping board
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dreams come true.
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Light-emitting diodes have been around since the mid-[960s.
But you may be surprised by some of their rarely-discussed
qualities and applications. by Gerard Fonte
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This month, look at $200.00-and-up robot kits.

STAMP APPLICATIONS 78

PBASIC Gets A Make-Over.The new PBASIC editor from Parallax
makes the BASIC Stamp seem like a brand-new microcontroller.
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Reader Feedback

Dear Nuts & Volts:

I am a college professor whose
research area is the neural control of
locomotion (walking), and | am also
becoming interested in Robotics as a
research tool, and as a hobby. | have
finally gotten a chance to look through
your Robotics Supplement #1, which I
somehow received even though I'm not
currently subscribed to Nuts & Volts. |
found it very informative and enjoyable;
the best robotics magazine for robotics
beginners (like me) that | have seen.

Carl Spirito, Ph.D.
Portland, ME

Dear Nuts & Volts:

Wow! | subscribed at just the right
time. For the past few years, | have
begged, borrowed, or stolen copies of your
magazine. But a month or so ago, I finally
broke down and ordered a multi-year
subscription. What a nice magazine.

I would like to take a minute and
comment on an article in the Nov. 2002
issue called "A MIDI Christmas." This
thing has more potential than an atomic
bomb! | never thought | would see such a
power-packed, practical project in any
subscription magazine. | deal with show
controllers a lot that cost in excess of
$3,000.00 each and here you come with
one that is practically free. | contacted the
author by email and have really been
treated well as they are eager to help and
promote their project. | am in the process
of ordering some prototype controller
boards now and plan to incorporate this
design into museum displays. | just
wanted to say thank you for having the
insight to run an article on a very practical
project and hats off to the designers for
being willing to share it with us.

Tim Driver
via Internet

Dear Nuts & Volts:

| am writing this letter to commend
Nuts & Volts magazine and Bob Vun
Kannon. 1 have all my Nuts & Volts
magazines stacked on a shelf dated back
to mid 1995, and | am sure | have older
ones in the garage. Your magazine is
great!

I have used the MicroLab BASIC
compiler and PIC 1684 for many years
and | love it. However, the PIC chips are
just too pricey for simple circuits. The
Atmel family of chips are less money, and

I really wanted to use them instead of the
MicroChip 16F84. Most of my projects are
from simple to medium in complexity. |
did a couple of projects in assembler, but
BASIC just makes it so much easier,
simpler, and quicker, so it was always the
PIC:

Bob Vun Kannon's articles on the
RVKBasic compiler was the key to move
me over. | had a slow start since it is a little
different than the MicroLab compiler | was
used to, but | mailed the author and he
was nice enough to point me in the right
direction. Once | was rolling, | have been
hooked on it ever since. | have done many
switch and relay circuits and | am now
working on an MP3 keyboard for our boat
to control the PC in the cabin. My electric
drill loves its new four-hour timer circuit
and relay since [ like to leave it plugged in
and it gets a bit warm.

Please continue the support of the
RVKBASIC in the future, the articles
helped me get started, but it would be nice
to see more AT90S1200 and 2313
projects. | love the PIC, but the price is too
high and the 1200 with the internal OSC
makes it attractive for simple projects at
$2.00 and no XTAL and picofarad caps
required. Thanks again and keep up the
great work.

Mike Ramos
Us Internet Technologies, Inc.

Dear Nuts & Volts:

Please consider changing to a
"normal" size magazine layout. Oversize
mags such as yours and EETimes have
less value since they're too annoying to
archive or even keep in a stack of “to be
read” issues. | scan each issue of N & V,
rip out articles, and dispose of the rest
immediately.

If the mag was a standard size, | might
be a little friendlier to it. I seriously
questioned my last renewal — partly due
to weak content and partly due to the
annoying size.

Jim Boyd
via Internet

Editor’s Note: Well Jim ... ask and you
shall receive! Beginning with this issue,
Nuts & Volts will now be a regular size
magazine. Plus, we’ve added three new
columns, put together a new projects
section complete with skill-level ratings,
and added other new features, as well.
Check it out and enjoy!
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Polaris Industries - The

MICRO-COMPACT CONE-LENS CAM

The LP-700C Color Lipstick Camera is our 4.3 pin-hole

camera that offers 78 degrees of viewing angle. The image

device is a Sony 1/3” Super HAD CCD. This color camera

comes complete with stand, video and power cables. The
unique cone lens provides for easy covert
instaliation. The LP-700B offers you the
same great features in black & white with
420 TVL.

LP-700C $149.95

LP-700B $89.95

Solution To Your 2003 Security Needs!
DIGITAL MONITORING & RECORDING SYSTEM

Twiass

The PV-140 Series turns your PC into a commercial grade digital
security system in a few minutes. This incredible series integrates a
color quad processor, multi-zone video motion detector, multiplexer,
and a real time digital video recorder (DVR). By ordering additional
cards, you can increase your surveillance up to 16 different cameras.

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

Iincluded!!!
PV-140 PACK

4 Pieces/One Pack
$1099.95

Real-Time Video Digital Recorder

4-CHANNEL 2.4 GHz WIRELESS CAM

1/3” COLOR IR DOME CAMERA WITH PTZ

- 1st Wireless Camera Designed For Extended
Operation on Battery (15 hours!!!)

- Four Channels with Audio

- Four LED Channel Indicators

- Built-in High Gain Antenna

- Ultra Compact Design (Smaller Than a 9 Volt Battery)

- Excellent Choice For Your Covert Applications

N
8

K
E.

The SSD-DM1 Dome Camera, measuring in at 109 mm x 89 mm, is the smallest
PTZ camera available on the market today. This Speed Dome Camera can pan
355 degrees, tilt 85 degrees, and has a 3X digital zoom. A built-in microphone
adds more functionality for one-way audio monitoring. The SSD-DM1
System utilizes a 1/3" Sony CCD chip, which provides 470 TVL of
high resolution with a 3.8 mm lens.

SSD-DM1 $399.95
Complete Package Pictured Here!

1/3” HIGH RESOLUTION COLOR CAMERA

The ILC-600 Color Lipstick Infrared Camera is our highest resolution
Lipstick Camera currently available. Along with its incredibly high resolution
(480 TVL), it is rated with a 0 Lux. The ILC-600 measures 1.63"

x 1.63" x 3.93", making it one of our smallest lipsticks! If you

want a Lipstick Camera that is compact, high resolution, and

can see in total darkness, this is the camera for you.

ILC-600 $199.95

[]

2.5” COLOR TFT-LCD MODULE

WIRELESS INTERNET CAMERA

This small, but versatile TFT has Composite
Video and separate RGB video inputs.

Perfect for Wireless
Video Servers
&
Hand-Held
Equipment!

TFT-M25 $139.95

Driver Board Not Shown

Specifications:
Video

Resolution 640 x 480 pixels

Sensor 1/3” Color CMOS
Shutter Electronics 1/60 ~ 1/15000 sec
Image

Image Compression
Frame Rate
Compression Rate Selection
Video Resolution
System Hardware
LAN Connector

Remote/Local Monitoring
Still Image Capture
Video Recording
Event Trigger Email

JPEG

o Introductory Special

160x120, 320x240, 640x480 WIC-10 5499_95

One RJ-45 port to connect to
10/100Mbps Ethernet, auto-sensed

BOARD CAMERAS
20 Different
Models Available

MB-780U
B/W BOARD CAMERA

Supports OS
Win 98
Win 98 SE
Win 2000
Win Me

IP View Applications:

Wireless LAN Built-in 802,11b wireless LAN module
(Wi-Fi compliant)

Input Port x 2 & Output Port x 2
Power Supply DC 5V/2.4A, switching type; 6.5 Watt
Antenna Connector 2 connectors
Communication Support

10/100TX Ethernet Only

10/100TX Ethernet & 802.11b Wireless LAN
802.11b Wireless LAN Only

Encryption: 64 bit, 128 bit or OFF

Generic I/0 Port

Package Content:

Wireless Internet Camera

Wireless Antenna (two)

Camera Stand Accessory (one)

Power Adapter (one)

CD-Rom - User’s Guide
Xplug Control (ActiveX module)
IPView Application Software

Quick Installation Guide

Communication Protocol: HTTP, FTP,
TCP/IP, UDP, ARP, ICMP, BOOTP,
RARP, DHCP, PPPoE

System Requirements for IP View
CPU - Pentium lll, 450 MHz or above
Memory - 28 MB (256 MB recommended)
VGA Card - 800 x 600 or above

POLARISUSA.COM 800-308-6456

Circle #73 on the Reader Service Card.
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Ancient Technique
Transforms Modern

Medical Imaging

Events, Advances, and News From
The Electronics World

This image of a human cranium was
created by converting computerized
tomography (CT) scan data into dots.

" “housands of years ago, cave
dwellers and other primitive
artists used the process of "stippling"
to create drawings on walls, eating
utensils, and so on. In the modern ver-
sion — generally known as "pointil-
lism" — an artist (often equally primi-
tive) uses essentially the same tech-
nique by applying dots of paint or ink
to simulate light and dark gradations
to form an image.

In an interesting digital adapta-
tion of the process, engineers at
Purdue University
(www.purdue.edu) have come up
with software that applies stippling to
3-D images generated by technologies
such as computerized tomography

(CT) and magnetic resonance imag-

8

This picture of a human foot was creat-
ed by applying a stippling effect to data
from CT scans. Courtesy of Purdue

University School of Electrical and
Computer Engineering.

ing (MRI).

The software allows the techni-
cian to rotate the 3-D image, zoom in
or out, and otherwise manipulate it to
focus on specific portions, thereby
obtaining a highly valuable preview in
a very short time. Afterward, a more
time-consuming process can be
applied to obtain a higher quality
image.

According to David Ebert, an
associate professor at Purdue, "More
conventional imaging methods of,
say, a CT scan of a person's head
require slower processing techniques,
which means either you have to do a
lot of processing or it takes a while to
generate an image. We can have a CT
rendering of a person's internal
organs in real time, where the organs
are represented as a series of small
points."

The software is not yet available

as a commercial product, but it
should be ready for commercializa-
tion soon.

Atomic Clock
Accuracy Improved

Il clocks operate by counting
- _the frequency of some sort of
event (the swing of a pendulum, the
AC powerline frequency, the move-
ment of the sun, and so on). Atomic
clocks are the most accurate, being
based on the transition time of atoms
as they move back and forth between
two energy levels. This works because
every isolated atom of a particular ele-
ment is exactly the same as every
other atom of that element, no matter
where you go in the universe.
However, even atomic clocks have not
been totally free of timing errors.

Because the atoms they count
traditionally have been contained
within a glass vacuum chamber, and
because the atoms occasionally col-
lide with the chamber walls, the inter-
nal "ticking" of atomic clocks is not
absolutely consistent. But a team of
physicists and engineers at NASA's
Jet Propulsion Laboratory
(www.jpl.nasa.gov) have come up
with a solution.

In a new version of the atomic
clock, the atoms (mercury ions, actu-
ally) are contained not by a glass wall,
but by an applied electric force field
(called an ion trap), thus reducing the
error factor to approximately 10,000
times less than existing devices.

The result is a clock that should
provide accuracy to within one minute
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EMBEDDED LINUX
STARTER KIT

per 10 billion years. The good news is media and life sciences. |

that this increased accuracy will be
helpful for interplanetary space travel,
where tiny timing disparities can dra-
matically affect spacecraft navigation.
The bad news is that you will have even
less of an excuse for being late to
work.

New |28-Processor Server

Software engineer Daria Dooling exam-
ines a wafer of IBM Power4 chips. Each

chip contains 174 million transistors and
contains two high-speed processors, a
system switch, memory, and I/O func-
tions. Information flows between the
memory and processor at nearly 125
GB/second, which is the equivalent of
transferring 25 full-length DVD movies

per second.

Photo courtesy of International Business

Machines Corporation. Unauthorized
use not permitted.

f you recall the legendary chess

match between the IBM "Deep Blue"
supercomputer and Garry Kasparov,
you may find it interesting that IBM
(www.ibm.com) has released an
upgraded version of the famous
machine for general consumption.
IBM's eServer p655, powered by 128 of
the company's POWER4™ processors
per frame, offers peak processing
power of 0.5 trillion operations per sec-
ond in each frame. Versions are avail-
able with four or eight processor build-
ing blocks.

The UNIX-based p655 is designed
for scientific and technical computing,
high-level business applications, and
massively parallel processing in digital

According to IBM, a single p655
rack takes up less space than the
six racks used by a Hewlett-
Packard rx5670 system with the
same number of processors. The
entry-level price for the p655 is |
$72,899.00. ?

In recent times, IBM appears
to have regained its leadership
position in supercomputing.
Among the various machines
included in the "Top 500 List of
Supercomputers," IBM has a total
of 93,074 TFLOPS of power
online, which accounts for about
31% of the total processing power
on the list. Hewlett-Packard, by
the way, is second, with 64,827

FEATURES INCLUDE:

« Linux 2.4 Kernel

« 486-133MHz SBC

« 10 Base-T Ethernet

« 8MB DOC Flash Disk
«16MB RAM

« Power Supply

« Carrying Case

« Starting at $399.00

« X-Windows (option)

« RealTime Linux (option)

magine running Embedded Linux on a Single

Board Computer(SBC) that is 4.0" x 5.7" 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!

Since 1985

YEARS OF
ISINGLE BOARD)
SOLUTIONS

OVER

17

EITIAC inc.

EQuiPMENT MONITOR AND CONTROL

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

TFLOPS.

Circle #78 on the Reader Service Card.

"TOP500" List of

Supercomputers

Released 4
ince 1993, the Top 500
Supercomputer Sites

(TOP500) organization has been
compiling a list of the world's 500
fastest supercomputer installa-
tions "to provide a reliable basis
for tracking and detecting trends
in high-performance computing."
Twice a year, a list of the sites
operating the 500 most powerful
computer systems is assembled
and released. According to the
latest version, released last
November, NEC's "Earth
Simulator," located in Japan, is
the unchallenged king of the
heap, at 35,870 TFLOPS, fol-
lowed by two segments of the
ASCI Q machine operated by Los

www.micromint.com

Tools for the Imagination
L v Micro Modules 0 _\

2 .

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.

g’ ZN\TNg
Micromint

(800) 635-3355

Alamos Labs, with >7 TFLOPS

Circle #79 on the Reader Service Card.

each. For a look at the complete list,
visit aww.top500.0rg/list/2002/11/.

Defense Against Pop-Ups

f you do a significant amount of
Internet surfing, you are certain to
be increasingly annoyed by pop-up
windows aimed at selling you unwant-
ed junk, steering you to other URLs,
and otherwise intruding on your WWW

experience. If so, you may want to try
WebWasher®, a utility that can be set
to filter out your choice of pop-ups,
scripts, advertising banners, cookies,
and other items that you would rather
not encounter. The product, distributed
by WebWasher.com AG, originated in
the Siemens Computer Systems
Development Division, based on an
idea put forward during an internal
innovation workshop.

9
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The WebWasher Content Security
Management (CSM) suite — created
for enterprise-wide use — is billed as
the first security solution that allows
central administration and filtering of
all web, email, and FTP traffic at the
Internet gateway. The suite includes
Internet access management, web
content filtering, virus and malicious
code protection, email filtering, and
reporting functions to eliminate securi-
ty risks deriving from the Internet. The
price for this deluxe version starts at
$29.00 per license for a single user
and drops to $19.00 per license for 25
or more users. Potential buyers can
download a 30-day trial version at no
cost.

The WebWasher Client version for
use on individual computers is avail-
able at no charge for home and educa-
tional use, and the company claims
that it is already in use by five million
individuals worldwide. It is available for
Windows 95/98/2000/NT, Mac OS
8.1, and later, and Linux operating sys-
tems, making it highly versatile. To try
it out, log onto www.webwasher
.com/en/products/wwash/down
load.htm and follow the directions.
(There is also a German-language
page accessible from www.webwash-
er.com, if that is more convenient for

you.)

Math Learning Tool
Introduced

or students who need to improve
their math skills (or perhaps just

cheat more effectively), Casio
Computer Corp. (www.casio.com) is
introducing the new ClassPad 300. The
device allows the user to input and dis-
play expressions as they appear in a
textbook. Factorization of expressions,
calculation of limit values of functions,
and other operations can be per-
formed, with the results shown on a
160 x 240 dot LCD touch screen. The
device includes tools for 3-D graphing
and drawing geometric figures, and
the user interface operates via a pull-
down menu aimed at simplifying com-
plex operations. The ClassPad 300
also supports drag and drop, copy and
paste, and other pen-based operations
that help to minimize keystrokes.

Main features include Casio's
"computer algebra system" (CAS) nat-
ural display that allows input of frac-
tions, differentials, integrals, ? calcula-
tions, lim calculations, and other
expressions in the same format as that
used in mathematics texts; a function
conversion operation; and presenta-
tion software that allows screen shots
to be played back in slide show format.
Hardware includes a flash ROM (500
kB user area, 4 MB add-in area) and a
USB cable for data transfer. It weighs
only about 10 oz. (280 g) and operates
on four AAA batteries. No price infor-
mation was available.

Ethernet-Compatible
Motion Controllers

- “he DMC-21x2 and DMC-21x3
Ethernet motion controllers, from

Galil Motion Controls

TechKnowledgey 2003
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Ethernet-compatible motion controllers

drive steppers and servo motors in up
to eight axes.
Photo courtesy of Galil Motion
Controls.

(www.galilmc.com), are intended to
be used in cost-sensitive and space-
sensitive applications. The units are
available in one-axis through eight-axis
versions and can be configured for
control of step or servo motors to
address any combination of axes.

The card-level controller measures
just 4.25 x 7.0 inches (10.8 x 17.8 cm)
for one-axis through four-axis models,
and 4.25 x 10.75 inches (10.8 x 27.3
cm) for five-axis through eight-axis
operation. Any mode of motion can be
programmed, including linear and cir-
cular interpolation, contouring, elec-
tronic gearing, and ecam.
Programming the DMC-21x2 is via
two-letter, intuitive commands and a
set of software tools such as WSDK for
servo tuning and analysis, and the
ActiveX Tool Kit for Visual Basic users.

The DMC-21x2 uses a 100-pin
high-density connector for each set of
four axes and requires Galil's Cable-

super bright leds and

super bright led products

www.frontpanelexpress.com

Front Panels?

Download the free >Front Panel Designer:
to design your front panels in minutes

rder your front panels online
and receive them just in time

Circle #80 on the Reader Service Card.



100 between the controller and ICM-
2900 interconnect module. The DMC-
21x3 uses a 96-pin DIN connector and
does not require a cable between the
controller and associated interconnect
boards.

Special interconnect boards
mount directly on top of the DMC-21x3
and are available with on-board drives
for stepper motors, servo motors, or D-
type connectors for interface to other
motors and drives. Technical features
include 10Base-T connectivity, an
RS232 port (up to 19.2 kb), Modus
protocol support, up to 12 MHz
encoder frequencies for servos and 3
MHz for steppers, multitasking for up
to eight application programs, sinu-
soidal commutation for brushless
servo motors, and many other capabil-
ities. The units run $795.00 to
$1,595.00 in single units, with substan-
tial discounts in quantities of 100+.

TechKnowledgey 2003

Software Piracy
Prosecutions Continue

onvicted software pirate Lisa

Chen was recently sentenced to
nine years in prison for her crime and
ordered to pay $11 million in restitu-
tion to Microsoft and Symantec. This
concluded a case that began in
November 2001 when Chen and sever-
al associates were arrested in Los
Angeles County, CA, with nearly $100
million worth of bootleg software in
their possession. The contraband
included more than 600,000 copies of
Microsoft's Office 2000 application
software, the Windows XP operating
system, and Symantec's Norton
AntiVirus software. The packages,
which apparently were smuggled in
from Taiwan, were nearly exact dupli-
cates of the real thing, down to the
printed manuals, license agreements,
bar codes, and shrink-wrap packaging.

Reportedly, the arrest came after an |

18-month undercover investigation by

the US Customs Service and California
officials.

Telecommunications
Anniversary

n case no one has already brought

it to your attention, this year marks
the 80th anniversary of the invention
of the television camera. It was the cre-
ation of Vladimir Zvorkyn, a Russian-
born US citizen, who called his 1923
invention the Iconoscope. Vacuum
tube technology was the rage at the
time, and this was something of a nat-
ural extension of advancements occur-
ring in radio tube applications.
Broadcast television appeared a few
years later, with the first transmissions
made in England in 1927. The phe-
nomenon spread to the US in 1930. In
his defense, we must acknowledge that
Zvorkyn could not have predicted that
his technology would eventually
degenerate into the cultural wasteland
that we now call television.

DC Motor Interface Module

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 #81 on the Reader Service Card.
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by James L. Antonakos

Electronic Theories and Applications From A to Z

Operational Amplifiers:
Examining the Basic Configurations

~ his month, I am beginning
a series of technical arti-
cles on a wide range of

. topics, from analog and
dlgltal electronics, to microproces-
sors and microcontrollers, computer
arithmetic, networking, and comput-
er science theory. Some of the future
topics | will be examining are:

+ A fiber-optic data communica-
tion system.

+ Intel protected-mode architecture.

+ Image analysis and recognition.

« A/D and D/A converter tech-
niques and operation.

+ Oscillator configurations.

+ The 12C Bus.

These articles are intended to
"whet the appetite" for a particular
topic by examining its theory and
actual application. The material will
vary from basic to advanced, hope-
fully in a straightforward manner. |
am beginning the series with an
examination of several typical opera-
tional amplifier circuits.

Basic Operational
Amplifier
Configurations

There are five basic operational
amplifier configurations. They are:

1. The buffer.

2. The non-inverting amplifier.

3. The inverting amplifier.

4. The adder (or mixer) amplifier.

5. The subtractor (or difference)
amplifier.

Figure 1 shows the schematic of
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the buffer amplifier. This is the sim-
plest amplifier configuration, as it
requires no external components,
just a direct short between the out-
put and inverting input of the ampli-
fier. The voltage gain of the amplifier,
defined as the ratio of Vout over Vin,
is exactly 1.0 for the buffer amplifier.
The output voltage is the same as
the input voltage.

What is the purpose of an ampli-
fier whose gain is 1.0? Although
there is no increase in signal voltage,
the buffer provides impedance isola-
tion between the input and the out-
put. This means that the input sees a
high impedance (the input resist-
ance of the operational amplifier,
which is typically 10s or 100s of mil-
lions of ohms) and the output sees a
low resistance (around 50 ohms).
Impedance isolation is useful when
you want to eliminate the loading
effects of one component or circuit
on another. This is illustrated in
Figure 2.

The two-resistor voltage divider
shown in Figure 2(a) will produce
eight volts across the 4K resistor
when there is no load attached, but
only 5.71 volts when the 2K load
resistor is connected in parallel with
the 4K resistor. This is because the
parallel combination of the 4K and
2K resistors produces an equivalent
resistance of 1,333 ohms. So, the 10-
volt supply voltage is not dividing
between 1K and 4K, but between 1K
and 1,333 ohms, which is why we get
slightly more than five volts, instead
of the eight volts expected. The 2K
resistor loads the circuit and
changes its operation.

In Figure 2(b), the voltage

across the 4K resistor is eight volts,
as expected, and the voltage across
the 2K load resistor on the output of
the buffer is also eight volts. The
buffer isolates the 2K load resistance
from the 4K circuit resistor.

The high input impedance of the
buffer does not resistively load the
4K resistor, allowing the voltage to
divide properly. Then, as long as the
load resistance on the buffer (2K in
this case) is reasonable and the
buffer can supply the required cur-
rent, the load resistor will have the
same voltage across it as the 4K
resistor does. Using a load resistance
that is too small will draw excessive
current from the buffer and cause
the output voltage to become unsta-
ble.

Figure 3 shows the other typical
operational amplifier configurations.
Note that all four configurations
employ negative feedback (a resistor
between the inverting input of the
operational amplifier and the out-
put). We make amplifiers using neg-
ative feedback and oscillators using
positive feedback. Each configura-
tion has some visual clues that help
identify it. Consider the following:

« The input signal is applied to
the non-inverting input in the non-

YOUT
VIN

VOUT = VIN

Figure |: Buffer amplifier
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‘62 PCBs

And our layout software is FREE!

inverting amplifier.

- The input signal is applied to the inverting input
(through a resistor) in the inverting amplifier.

- All input signals are applied to the inverting input
(through resistors) in the adder amplifier. This is like hav-
ing two inverting amplifiers rolled into one. More than two
input signals may be added or mixed together. Each signal
requires its own input resistor.

- The input signals affect both inputs on the subtrac-
tor. The voltage controlling the inverting input is subtract-
ed from the voltage controlling the non-inverting input.

The voltage gain, which is typically determined by the
ratio of the feedback resistor to an input resistor, applies to
both DC and AC signals.

Where Do The Equations
Come From?

Download our FREE layout software
Design your two-sided plated-through PCB

, The equations relating Vin and Vout in Figures 1 and Send us your design with just a click

3 were derived using simple DC circuit analysis techniques Receive your boards in a few business days
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1. The inputs do not draw any current. expreSSPCb'com

2. The differential input voltage is zero when negative
feedback is used.
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VIN b vouT RF W
i3 VIN M
. AN & /\/\/\/ VOUT
§RI
i b
— VOUT =VIN (- RF/RI)
VOUT =VIN (I + RF/RI) o
R2
MV
V2 R2 RF RI
| A VAVAVS V2
iz vOouT
Vi RI RI is
VOUT Vi
VOUT =R2 (v . v2)
Ri
R2
VOUT = VI (- RFRI)
+V2 (- RFIR2) c e d
|

Figure 3: Basic operational amplifier configurations: a) Non-inverting amplifier; b) Inverting amplifier;

(c) Adder (or Mixer) amplifier; and (d) Subtractor (or Difference) amplifier:

(10s or 100s of millions of ohms),
that we can typically ignore the
nano-ampere or pico-ampere current
that may leak into the operational
amplifier. So, we say the inputs do
not draw any current, and that helps
us apply Kirchhoff's current law dur-
ing the analysis.

Second, when there is negative
feedback, the operational amplifier
will push or pull enough current
(within  reasonable conditions)
through its output and feedback
resistor to make the voltages at each
input identical. This leads to a differ-
ential input voltage of zero. Another
way of looking at this is to remember
that the voltage on each input
(inverting and non-inverting) must
be identical when there is negative
feedback.

So, let us see how the voltage
gain of the non-inverting amplifier
can be derived. Examine the circuit
and analysis presented in Figure 4.
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Step 1: The current through R1
will equal Vin divided by R1. Why does
Vin appear across R1? Because the
differential input voltage must be zero.
The non-inverting input voltage is
Vin, which means the voltage on the
inverting input must be equal to Vin.

Step 2: Based on the direction
of the currents chosen for analysis,
together with Kirchhoff's voltage law,
we have Vout equal to the sum of Vin
and the voltage across the feedback
resistor Rf.

Step 3: Because the inputs of
the operational amplifier do not draw
any current, Kirchhoff's current law
allows us to say that the feedback
current (If) equals I1.

Step 4: Substituting the equa-

tion for I1 into the Vout equation, we
now have an equation containing
only Vin and the circuit resistors on
the input side.

Similar methods are used to
derive the gain equations for the
other configurations. Here are some
hints in case you want to try the der-
ivations yourself:

- Inverting amplifier: The cur-
rent through R1 is the same as the
current through Rf. The voltage at the
inverting input of the operational
amplifier is zero, what we call a virtu-
al ground. Thinking about the differ-
ential input voltage should help you
here.

James Antonakos is a Professor in the Departments of Electrical Engineering Technology
and Telecommunications Technology at Broome Community College, with over 26 years of
experience designing digital and analog circuitry and developing software. He is also the
author of numerous textbooks on microprocessors, programming, and microcomputer

systems. He can be reached at 615-513-9200.

antonakos_j@sunybroome.edu * www.sunybroome.edu/~antonakos j
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- Adder: Another virtual ground
is present. The current in the feed-
back resistor is the sum of the individ-
ual input resistor currents.

- Subtractor: Label the voltage
at each input of the operational ampli-
fier Vx. Write two equations for Vx.
One equation must use V1, R1, and
R2. The other equation must use V2,
R1, R2, and Vout.

Combining The
Pieces

Figure 5 shows an operational
amplifier circuit composed of each of
the five basic configurations. I use
this example with my students to
help them recognize the basic config-
urations when they appear in a larger
circuit. Let us work our way through
the circuit, keeping track of voltages
and equations as we go. Sample volt-
ages have been assigned to assist
with the analysis.

We begin with input Va (one
volt), which is applied to the input of
an inverting amplifier with a gain of

-4. The output voltage is thus -4
volts. In general, the output voltage
equals -4Va.

The -4 volt output is applied to
one input of an adder. The gain asso-
ciated with the -4 volt input is -2. This
contributes eight volts to the output.
The second input — Vb (two volts) —
sees a gain of -5 and adds -10 volts to
the output. The overall output volt-
age becomes -2 volts. In general, the
output voltage equals 8Va - 5Vb.

The Ve (-1 volt) signal drives a
non-inverting amplifier with a gain of
five. The output voltage is thus -5
volts, or 5Vc in general. This voltage
is applied to a voltage divider com-
posed of a 4K resistor and a 6K resis-
tor. The voltage across the 6K resis-
tor is taken as the output voltage,
which will equal 0.6 times the input
voltage.

This gives an output voltage of -
3 volts, or 3Vc in general. This volt-
age is buffered and applied to the
lower input of a subtractor with a
gain of five. The upper input of the
subtractor is the adder output. The

subtractor output voltage VIN
is five times the difference | g-—_14 VOuT
of -3 volts and -2 volts, or -+ |
-5 volts. In general, the
output voltage is 5(3Vc - i 4= RE
[8Va - 5Vb]), or 5(-8Va ¢ ’\\//V\'+
+5Vb +3Vc). L *  NBF

s VIN B I. Tl =VIN/RI
A Little o 2. VOIEI;F\)/RF\;-”XIIN

-~ +

Thought- ! 3 IF=1I
Provoking q 4. VOUT = (VIN/RI) RF + VIN
Silliness e =VIN (I + RF/RI)

After | have covered
the circuit from Figure 5, |
like to ask a few questions to see if
the students can apply the rules of
operational amplifier analysis to an
actual circuit.

For example, how would the
operation of the circuit change if
there was no buffer amplifier between
the non-inverting amplifier and the
lower input of the mixer? Or, what are
the largest voltages allowed on each
input?

With no buffer following the 6K
resistor, the resistors on the subtrac-
tor's non-inverting input will load the
6K resistor, changing the voltage
divider ratio (it becomes smaller).
This affects the contribution made by
Vc to the output of the circuit.

The largest voltage possible on
any input depends on the gain asso-
ciated with the input and the voltage
used to power the operational ampli-
fier.

Figure 4: Deriving the voltage gain for the

non-inverting amplifier:

For example, if the device is pow-
ered with +10 volts and the gain of
the circuit is 50, the largest input volt-
age possible is 0.2 volts before the
output will clip by hitting a power
supply rail.

Conclusion

There are many other opera-
tional amplifier configurations, such
as log amplifiers, absolute-value, inte-
grator, and differentiator circuits,
active filters, and oscillators. Every
one of these circuits obey the same
rules of analysis as the basic circuits
presented here.

However, many of them require
the use of complex numbers (real
and imaginary numbers), so it is a
good idea to brush up on your alge-
bra before attempting an analysis.

4Q VB (2V) 2kQ

& AAN—
VA (1V) 1kQ e

10kQ2

5k€
1kQ

YOUT

Sk

ve g e
2 . ANA——
4O
6kQ
IkQ

Figure 5: Combining the basic configurations.
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ORDERS. 800.810.4070
Tech 603.668.2499

( NEW, 2 WATT, 2.4GHz, Video and Audio TRANSMITTER, includes

EXTERNAL ANTENNA RECEIVER, FOUR user selectable channels.
Simply connect ANY standard NTSC compatible VIDEO SOURCE o the completely self

contained, TWO WATT, 6" x 3" x 1.5" transmitter. Omnidirectional patch antenna included
inside fransmitter housing. Now you can transmit even further than ever. Uses the same
external antenna receiver described below. The transmitter is powered by 9VDC @ 750mA.
{all AC power supplies and cables included). Choose your choice of a 14dB YAGI antenna or
a 24dB Parabolic antenna. [see antennas at WWW.RESUNLTD4U.COM) This is a complete
system, nothing extra to buy. Perfect for Radio Control video systems. Don't miss out.

AST-2WATT-YAGL.....$399 set. AST-2WATT-PARABOLIC.....$445 set.

NEW, ULTRA LONG RANGE, 2.4GHz 500mW Video/Audio MINI-
TRANSMITTER with EXTERNAL ANTENNA RECEIVER,
Provides FOUR user selectable channels as well!

YAGI or PARABOLIC ANTENNA INCLUDED!
Simply connect ANY standard NTSC compatible VIDEO SOURCE to the completely self

contained, 500mW, mini (3' x 2.5" x 0.75") transmitter. Omnidirectional patch antenna
included inside transmitter housing. Now you can
transmit up to several miles clear line of sight! Using
the companion, external
antenna receiver is simply a
matter of connection the
antenna o the attached 36"
long cable, terminated in a
male N connector. The 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

Mooo

Parabolic antenna. (see antennas at WWW.RESUNLTD4U.COM)

fower supplies and cables included). Choose your choice of a 14dB YAGI antenna or a 24dB

AST-LR-YAGI........c...... $329 set. AST-LR-PARABOLIC....... $369 set.

%ONY 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 @ 0.8
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 mig. 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 confrolled. C-mount lens not included. We have the
best price available for the 12VIE-EX CAMERA. VERY LIMITED QUANTITY
AVAILABLE. DON'T BE LEFT OUT, THIS IS THE REAL DEAL!

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

“BUDGET ASTRONOMICAL” PERFORMANCE, 600 Lines
Resolution. NEW! 0.0001 Lux, Black & White, NIGHT
VISION CAMERA! state of the Art Video, Our GMV-6K, Takes the Prize
For covert, military & scientfific applications, this is it. Unbelievable 0.0001Lux @
f0.8 performance is enhanced through low speed electronic shuttering, digital
frame integration and advanced
DSP. Did we mention 600 Line
resolution? Auto sensitivity mode
starts as it becomes dark. 24 hour
surveillance is possible with the
optional f1.2 auto iris lens shown
i | below. Seven Gain/Shutter modes are
user selectable. Normal, X4, X8, X16, X24, X32,
X64 X128. These provide frame rates of 60, 15, 8, 4, 3,
| 2,1and 0.5 per second. Auto/off BLC, S/N >52dB, Mirror on/
off, Gain on/off, auto electronic shutter 1760 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 via 4 pin DIN. Std. NTSC video out on BNC. Size:
51mm x 51mm x115mm long. Regulated power supply incl. All functions
externally conirolled. Lens not included
GMV-6K...$449ea. Super auto iris lens, 12mm, §1.4..$129

)

NEW! 0.005 Lux, COLOR NIGHT VISION CAMERA!
UNBELIEVABLE LOW LIGHT PERFORMANCE.
State of the Art Video, Exclusive ON SCREEN, menu driven
setup of all camera parameters! For covert, military & scientific
applications that must be color, this is it. Unbelievable 0.005Lux @ f1.2
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 These provide frame
rates of 60, 15, 8, 4, 3, 2,1and 0.5
per second. Auto/Man. white
balance 3200° to 10000°K, auto/
man 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, 470 Lines, 12VDC +1V@200mA,
S-VIDEO out via 4 pin DIN connector. Std. NTSC video out on BNC.
Size: 51mm x 5Imm x115mm long. Regulated power adapter included. All
functions can be externally controlled. c-mount lens not included.

GMV-3K-OSD......$449¢a. Auto Iris lens, 12mm, f1.4....$129

) (NEW & IMPROVED, SONY EX-VIEW, 0.003Lux,)

WEATHERPRO OF or UNDERWATER,
B&W CAMERA, 16X MORE SENSITIVE.

Now with 10 INTERNAL, INFRA-RED LEDs!

A Sleek black anodized, BRASS,
housing. O-Ring sealed &
WATERPROOF down to 60feet
| Adjustabe mount included

Specs: 1/3" CCD, 400 Lines
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 areq, pipe or ductwork inspection
camera. Excelient for general covert outdoor use

JANUARY SPECIAL, GM-300KX-10........ $169

tHONEY, I SHRUNK the AD!!

BRAND NEW, VIDEO MOTION SENSOR.

$0: :slee @ [ ]
The model VM-10 connect to any standard video signal
and you've got an electronic “watchman” diligently
watching the entire scene. Or any adjustable sized area
within the scene. Such as a doorway or even a drawer or
cabinet. A state of the art security aid. The unit will close a
contact when it senses a change. Auto or manual reset.
Internal buzzer with volume control and adjustable on
time. VCR record and VCR stop output. (use with time lapse
VCR.) 1NOVAC powered. Adjustable sensitivity. Video loop
through. VM10....$179%a.

SPECIAL, DAY/NIGHT TECHNOLOGY,
OPTIMIZED COLOR / IR OPTICS

DSP technology and 10 Automatic LED’s.
Weather Tight gM450K-IR Makes it Happen
Features include:
Interactive infrared
illuminator with 10 high
power, wide angle LEDs
@ 880nm . See objects
60 feet away during total
darkness. A super quality
5 element, glass lens,
specially coated with a
100 layer optical coating. For perfect focus with white light
and a crisp image under infrared. Normally impossible due
to the different focal point for IR and visible light. Sofid state
infrared optical switch provides day fime IR cut filter for
excellent color. At night infrared filter will turn off to allow
infrared fo pass. Also, night ime IR LEDs will gradually turn
on with proper amount of illumination. You can also see color
images such as lights and signs at night. Fog free cover
glass. Specs: 0.5 lux color sensitivity. 60dB S/n ratio typical.
12" 1/0 cable with BNC video and DC barrel jack. 120 dB
smear rejection ratio. Adjustable mount and power adapter
included. JANUARY SPECIAL,

GM450K-IR..$199ea. NOW $169 )

NOW, EVEN MORE, POWER to SPARE! )

FANTASTIC, 12 VOLT, 28 Amp Hour,
PANASONIC LC-X1228P
SEALED 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 about
$90ea.Type LC-X1228P is
your chance to perk up
those heavy duty power
projects. Perfect for
powering battle bots,
telescopes and as part of a solar power system. Even
your fish finder, underwater camera or smaller trolling
motor. The list is endless. Don't be left out of this
opportunity. The size is @ manageable 6.5"W x 6.9"H x
4.9"D, weight is 22 |bs. Heavy duty, lead post type
connections with émm bolt holes. Use two in parallel for

56Ah! PANA-1228P.....$3%ea. 2 for $59

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, A
Heavy duty, Brand
new, 2deg. per step,
six wire steppers.
Superior, dual sealed
ball bearings for
heavy loads and long -
life. Marked for 4.5V ™ -
@ 1.4Amps. We do X
not know the official torque
spec. We believe it o be 150 to
200 oz/in If you know, please let us

A
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 fo offer than the usual nema 23's.

(o 2 RO 3 motors for $5%ea.

A VIDEO MICROSCOPE in the PALM of your
HAND! NEW, MAGCAM, VIDEO INSPECTOR,
OFFERS HIGH POWER and LOW COST. Two
optical magnifications at the flick of a lever.
Choose either 40X or 140X. A high quality, digital,
color CCD camera, with dual optical
magnification settings and built
in object illumination via two
ultra bright, white LED's. Entire
system is fully integrated into
arugged and ergonomically
designed, hand held unit only
2.7"W x 3"H x and 1.8"D Video
output is standard NTSC via a
RCA jack. 12VDC powered
CCD provides 380 lines of
resolution and 0.8lux
sensitivity. Complete with power supply

and 3 foot RCA cable. A fantastic and useful device for
inspection, diagnostics and observation of small objects.
Perfect for SMT inspection. JANUARY SPECIAL,

1 GM- MAGCAM....$18%ea.)

Circle #74 on the Reader Service Card.
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World’'s Smallest Video Cameras ¢« Wireless Video

SUPERCIRCUITS

l'IOT VALUE CAMERA

World’s Best
Video Camera
Value!

¢ Tiny .95” Square
® 86 Degree FO.V.
v - 240 Line Res, 0.5 Lux
¢ Latest Gen CMOS Imager
. Auto Shutter, Gain, Backlight
¢ Low Smear & Blooming Suppression
* Draws Only 20 mA At 12 Volts DC
¢ Plug And Play Cables
* | Year Warranty And 30 Day MBG

PC166XS B/W Video Camera ..... $19.95
0.0003 LUX!

Here's a tiny 1” square camera featuring
Sony’s incredible new Ex-View CCD
chipset. Low light ability is a phenomenal
0.0003 lux! This camera sees in virtual
darkness. Resolution is a razor sharp 420
lines. Built-in 1/60-1/100,000 second
electronic shutter ensures great video in
any lighting condition.

MICRO AUDIO
SYSTEM

Super [
High Gain
Preamplifier!

e Built-in preamp for low noise, high
gain and auto level adjustment by the
on-board IC

¢ The weight is under 1/2 ounce

¢ Qutput is line level

¢ Runs on 6-15 volts DC at 20 mA

* Comes with 6 ft. power/audio
cables and a 30 day MBG

PA3 Micro Audio System

SEES IN VIRTUAL DARKNESS!

New super pinhole lens makes covert
installations easy!

Super tough metal housings-- the style
preferred by police departments for tough
undercover ops!

* 1/3” Sony Ex-view Chipset

® 420 Lines of Resolution

¢ 0.0003 Low Light Rating

¢ 12 Volts DC, 100mA

¢ 3.6mm Micro Lens, PCI180XS

¢ 3.7mm Pinhole Lens, PCI180XP

* 4 3mm Super Pinhole Lens, PC180XP2

PC180XS Ex-view B/W Microvideo Camera

¢ 30 Day MBG/1 Year Warranty
$119.95

PC-100 SERIES
MICROVIDEO CAMERAS

PC-100XS (right and
cut-away view below) uses a
precision 5 element
microlens. Both PC-100XP
(above) and PC-100XS
feature Samsung video
chipset with 250,920 pixels.

Precision 5 Element Microlens
High Performance CCD

On-Board Advanced
Signal Processor

* High 410 Lines Res.

¢ Low Light Ability- .5 Lux
® Samsung Chipset

¢ Plug and Play Cables

® | Year Warranty

¢ 30 Day MBG

* Excellent Value

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

PC-100XP Pinhole Microvideo Camera

PC180XP Ex-view B/W Microvideo Camera
PC-100XS Microvideo Camera

PC180XP2 Ex-view B/W Microvideo Camera ...

NANPBUG WIRELESS ATV
VIDEO CAMERA This securlty VCR

lets you record up

b  to 960 hours on
a T-160 videotape
--That's a whole
month!

incredible tiny
size- weighs
less than an
ounce!

* Selectable Modes 2 Hours Through 960 Hours

¢ Easy-To-Use On Screen Programming

¢ Alarm, Panic, Repeat and Timer Options

¢ Diamond Like Carbon Coated Head For Super Durability

¢ 24 Hour Real Time Recording Mode
* Endless Loop Recording--Set It And Forget It

Comes with easy connection instructions and a one year manufacturers warranty.
VCR960-5 960 Hour Time Lapse VCR

WIRELESS VIDEO SHATTER PROOF "he'_
700 Foot Range, DOME CAMERAS

Under $110!

@

e FCC Part 15 Approved

¢ Transmits Video And Audio

¢ Transmitter Is 2.5” x 3.2" x .65"

¢ Four Channel Operation

® Both Units Operate With The
Included 12 Volt Power Supplies

* | year warranty/30 day MBG

Under
$300!

e Size is a amazing .88" X .57" X .92"
e Latest 1/4” B/W CMOS imager

¢ Transmitting frequency is 900MHz
* Range is up to 750 feet

* Runs on 9 volts at 75 mA

® | year warranty/30 day MBG
AVX900-S4 Wireless Camera

COVERT SPRINKLER CAM

$249.95

This camera
withstood our
“leep test.”

e Overhead Location Gives A
Commanding View Of Offices,
Warehouses & Retail Stores

® Pinhole Camera Mounted In Base
At Angle For View Over Large Area A

* 3.6MM Microlens With 80 Degree FOV

e Color Lux Is 1.5, B/W Is 0.5 Lux

* Color Res Is 380 Lines, B/W 410 Lines _fl}

e | Year Warranty And 30 Day MBG =~ =%

PC-158 B/W Sprinkler Camera
PC-159 Color Sprinkler Camera

e Survives Extreme Impacts

¢ 4” Dome With 420 Line, 0.1
lux B/W or 330 Line, 1.0 lux Color

¢ Tough Metal Base & Shatterproof Dome--
Perfect For Vandal & Damage Prone Areas

* Plug & Play Cables e

e 12 Volts, 130 mA, 180mA with IR “’"‘ﬁ

e | Year Warranty/30 Day MBG @

$194.95

MD6 B/W Shatterproof Dome Cam

MVLI10 Wireless Link ... $109.95 § CDé6 Color Shatterproof Dome Cam ....

Circle #59 on the Reader Service Card.




Complete Video Security - Amazing Covert Video

4 CAMERA B/W VIDEO
SECURITY SYSTEM

Gives You Complete
corvaioner~ 2|  WIRELESS COVERT VIDEO CAMERA SYSTEMS
- Great for homes, offices, warehouses & factories!
Protection For These high quality wireless covert video cameras give you the
Under $500! _ 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 synthesized
performance and a wide range of concealment options combine to
make these among the best covert video values in the lndustry
Available in both color and monochrome versxonls They give you
‘ the peace of mind of knowing what happens while you are awa
: X:,Z\?/egyiéncjgsrﬁist?gq%rsgricer:ten 'g:. Com[e)s with easy connection instructions, matching 2.4 GHz receiver, 90 ay
e Custom lenses and cable lengths LT , warranty (1 year for briefcase), and 30 day MBG. Lens not included.
to fit your installation ; o CVL6-V Wireless Covert Wall Clock Camera $269.95
o 2 year warranty on cameras and quad CVL7-V Wireless Color Covert Wall Clock Camera $369.95
i o free tochical siippott CVL8-V Wireless Smoke Detector Camera .. $249.95
y PP CVL9-V Wireless Color Smoke Detector Camera .. $349.95
Comes with 4 of our PC-152C video cameras and lenses, CVL28-V Wireless Covert Pencil Sharpener Camera .. $269.95
a realtime quad processor, a high resolution 12" monitor, CVL29-V Wireless Color Covert Pencil Sharpener Camera .... .. $369.95
and much more. CVL30 Wireless Covert Briefcase Camera .. $439.95
VSS1-HG 4 Cam BEW Video System ... $499.95 § CVL31 Wireless Color Briefcase Camera .. $639.95

VIR LOW LIGHT CANwEIaes $49.95 Complete!

nnouncing a 5

breakthrough camera Our _Lcwes't Priced
that virtually sees Wireless Ever!

in the dark! W
% Because of the PC-164Cs incredible low light abilities it has been 2.4 GHZ VIDEO/AUDIO
widely used in amateur astronomy. The super low 0.0003 lux TRANSMITTER SYSTEM

Actual PC-164C  rating means that it can see objects at least two magnitudes ] _
images of Saturn  fainter than the super sensitive 0.04 lux PC-23C. In addition, a * Only 2.5" Wide X 1.6" High X 4
and |upiter's moon number of deep sky objects can now be observed in real time with | ® 2.4 GHz Transmits Up To 300 Feet Line Of Sight
shot through a moderate to large aperture scopes. This new camera has quickly ® FCC Part 15 Approved For License Free Operation
telescope by lames  been embraced by amateurs, particularly those doing planetary, « 3 Channel With Auto Switching Capability
Ferreira of Livermore, lunar, and asteroid imaging. Resolution is an excellent 420 lines » Standard Video And Audio Inputs/Outputs
California. and color has 350 lines of resolution. « 12 Volts DC With Included AC Adapters

Comes with easy connection instructions, | year warranty, and 30 day MBG. Lens not included. : =
PC164C B/WyEx-Vlew Camera = RE y P ; ¢ | Year Warranty & 30 Day Satisfaction Guarantee

PC165C Color Ex-View Camera . ; MVL19 2.4 GHz TX/RX System

PC-152C VIDEO CAMERA SPECIAL INTEREST CORNER: UNDERWATER VIDEO
Our | t
il Sl UNDERWATER VIDEO CAMERA SYSTEM
aedl st Waterproof See underwater up to
carrying case 25 feet in total darkness!

C-mount has built-in .3 H iac!
camera iyt Built-in monitor and ‘batterles.

ever! batteries.

e < _ Drone design makes
¢ |/3” Samsung CCD e 10-14 Volts DC Power underwater maneuvering easy.
* 380 Lines Of Res  Lens Not Included . 4 Overall length is 21.5 inches.
* 0.5 Low Lux Proformance e 30 Day MBG This new underwater camera system is perfect for
® C/CS Lens Compatable * 2 Year Warranty sport fishing, search and rescue, treasure hunting,

Comes with easy connection instructions. Lens not included. ; 3 tawi
marine research and recreational viewing. The
PC-152C C-Mount B/W 12 Volt Video Camera ... $49.95 PC134UW-1 is a complete system, including a

portable 5” monochrome TV. The system includes =

camera, monitor, monitor viewing hood, 110 volt
U P E R IRCU ITS AC adapter, 12 volt adapter, Y-power cable, 150
foot multi-core braided cable with stainless steel . 3
Buy Online At www.supercircuits.com shield, Teflon sheathing, and a « 420 Lines of Resolution
waterproof carrying case. Also comes e Portable 5" Monochrome TV

1 -800-335-9 ? 7 7 with all necessary connectors for e 150 Foot of Multi-Core Cable
powering system from internal monitor e Rated to 400 Foot Depth

e r ; batteries, 12 volt external battery or e 85° Field of View
One Supercircuits Plaza, Liberty Hill, TX 78642 boat power, or 110 volt AC power. « Operation Temperature of -4°

Phone 1-512-778-6950 Fax 1-866-267-9777 Comes with instructions, 150 foot steel mesh to 122°F
video/power cables, outdoor viewing shade, * 6 Month Warranty

Prices, specifications and availability are subject to rechargeable batteries, charger, and case. * 30 Day MBG
change without notice. Published Terms & Conditions PCI34UW-1 Underwater Microvideo Camera
Apply. Copyright 2002 Supercircuits, Inc.
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In this column, | answer ques-
tions about all aspects of
electronics, including comput-
er hardware, software, cir-
cuits, electronic theory, trou-
bleshooting, and anything else
of interest to the hobbyist.

Feel free to participate
with your questions, as well
as comments and sugges-
tions.

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

What's Up:

Battery power, load, and
monitoring. The LM386
explained, an IC fix,and a
true current-limiting
power supply. Finally, a
Geiger Counter built
around an NE2 neon

lamp.

LTS
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Electronic Loads

“.. I'm working with 36-volt battery
“wi chargers, and would like to test
them out with some kind of variable
load. I've tried old batteries, light
bulbs, and resistors, but | want some-
thing more high-tech with variable
control of the charging current, like
maybe a transistor. It seems that
power pass transistors should be
capable of handling a load of 15 to 25
amps. Now throw in a potentiometer
to vary that load, and that's what |
have in mind. This design would also
be useful for testing power supplies.
Any suggestions?
R. Goff
via Internet

. . What you are describing is
"Ucalled an electronic load. There
are two types: static and dynamic. In
the static version, the load 'resist-
ance" is fixed, and the current is
allowed to seek its own level accord-
ing to Ohm's Law. A dynamic elec-
tronic load, on the other hand, sets
the load at a constant current by
varying the load resistance in
response to varying load voltage.
Both designs use a transistor for the

with T] Byers

resistance element.

The static design, Figure 1, uses
three bipolar transistors wired in par-
allel. The base of the transistors is
driven by a current source that's con-
trolled by the 1k potentiometer,
which sets the load current as moni-
tored by the 30-amp panel meter
(catalog PMD-30A, All Electronics,
800-826-5432; www.allelectron
ics.com).

Maximum current of this circuit is
25 amps.

The dynamic tester, Figure 2,
uses a MOSFET operating as a con-
stant-current source. The MOSFET is
controlled by an LT1575 linear volt-
age regulator. In a typical voltage reg-
ulator design, a capacitor is hooked
between the source of the transistor
and ground. Using a feedback loop,
the LT1575 maintains a constant volt-
age across the capacitor by turning
the MOSFET on and off as needed.
By replacing the capacitor with a
fixed resistor (.08 ohms, in our case),
the circuit becomes a current regula-
tor.

Again, the LT1575 uses feedback
to maintain a constant voltage across
the resistor, which translates into a
constant current. The current is con-
trolled by an offset

voltage which is sup-

Current
Adjust

|1TIP 142

O plied by  the

78L05/LM336 combi-
nation. Calibrate the
LM336 using the 10k
pot for a value of 2.6
Test volts. The 1k pot now
controls the load cur-
rent: 0 volts is 30
amps and 2.4 volts is
zero amps. You can
monitor the current

using a voltmeter




across the .08-ohm resistor using the for-
mula [ = 1.24E, or you can measure the
current directly using the panel meter
mentioned above.

Last, but certainly not least, the tran-
sistors MUST be very heavily heat-sinked.
You see, the energy you are expending on
the test is converted to heat — heat that
would quickly melt the transistor(s) and
anything around it.

Let's say you are testing 36 volts at 20
amps, that works out to be 720 watts of
power — enough energy to run a toaster!
(Lightly browned with butter, please.) Well,
that heat has to be dissipated. As a rule,
this requires forced air (or liquid cooling, in
extreme cases). Before you start sending
those cards and letters, I'm aware of the
ratings of the transistors recommended,
but they are rated using conventional con-
vection cooling methods. Which means
you need to use extra cooling measures —
like forced air — or lower your current
expectations.

Current Limitations

Here is a schematic that shows how

to increase the output current of an
LM317 voltage regulator by adding a pass
transistor. The circuit also adds (my addi-
tion) an adjustable current regulator, again

Electronics Q&A

using an LM317, to the voltage regulator.
My question is: Can a pass transistor be
added to the current regulator to increase
its current handling capacity in the same
way one was added to the voltage regula-
tor section? Or is there a better way to
increase both and, at the same time, keep
it a simple circuit?
A.).Anzevino
Wappingers Falls, NY

The circuit you sent is exactly as you
described — a voltage regulator fol-
lowed by a current regulator.
Unfortunately, it won't do as you expect.
The last stage is a current regulator, which
means it will attempt to maintain the set
current flow regardless of which voltage
you set the LM317 at. For example, if you
set the regulated voltage at five volts and
the regulated current at one amp, one amp
will flow through the load. Now if you
increase the voltage regulator to 12 volts,
the load will still see one amp, because the
current regulator says so.

What you really want is a voltage reg-
ulator with adjustable current limiting. In
this scenario, you maintain a constant volt-
age until the current reaches a threshold
limit (that you set), after which the voltage
drops off to prevent further current
increase. Such a circuit is shown in Figure 3.

+12V
[ Q Circuit
f Breaker
LT1575
|
s |2
IPOS  VIN
4 comMmp 6
‘ GATE
‘ 240 llsp re |4
—r—
\ 220pF —— INEG _GND
\ 7 3 10k
.0l 0.08 ohms
— e = — 3w
78L05
IN OuT I Adiusit == |
| COM to 2.6V ‘
e LM336 10k
0.33 ‘ 0l 10k
Current Adj
Ik oV =30A
. Figure 2 2.4V = 0A
| P

DMOS
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LINEARSYSTEMS

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

[INEAR_SYSTEE]

FullService 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
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o Blue LEDS
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¢ Relays
e GCapacitors
o Semiconductors
¢ Robot Items

e Kits
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e Solar Items
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o Web Specials/Sales
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In this circuit, the Q1 pass tran- |

sistor increases the output current
from 1.5 amps to 5 amps, as your
design did. But that's the only thing

that remains the same. Unlike your |
design, the current is allowed to fol- |

low the voltage, which is set by the
Voltage Adjust pot — up to a point.
That point is set by the Current
Adjust pot. If the output current
exceeds your current limit, the volt-
age drops accordingly. This is unlike
a fuse or circuit breaker, which dis-
connects the load. The voltage sim-
ply tapers to zero volts as the con-
stant-current function kicks in. As
the load lightens, the voltage will pro-
portionally return.

The difference between your
approach and this one is the inclu-
sion of an op-amp. The op-amp is
operated in an open-loop feedback
path. As long as the voltage across
the 0.2-ohm current sensing resistor
remains below the level set by the
Current Adjust pot, the op-amp is
out of the loop. But let that voltage
exceed your preset level, and the op-
amp starts to adjust the output volt-
age of the LM317 by forcing its COM
pin to ground. When this happens,
the LED will light, indicating an over-
current condition. Sorry, but this is
as simple as | can make it. I'm open
to other solutions from our readers.

Fuse Monitor

It is my understanding that
transistors are like NO relays in
that a small current on one side will
allow a large current on the other.
Are there any transistors that can act
as an NC relay so that the absence
of current will allow a current on the
other? [ want a transistor and LED to
let me know when | blow a fuse in
my car (the lack of voltage after the
fuse will indicate a blown fuse and
will light the LED).
Adam Huber
via Internet

If all you want is to indicate a
“blown fuse in your car using an
LED, | have something simpler,

22

shown in Figure 4 under the head- |
ings of Steady Glow and Blinking.
Okay, let's say your heart is set on
using a transistor solution (because
you want a single sense line), then
use the configuration on the right |
(Transistor Version).

Repair An IC?
Sometimes, Yes.

w | have a number of systems
that uses a UN 101 integrated
circuit, with the following pinout

(Figuer 5). Unfortunately, several of ‘
them are defective, and finding

Electronics Q&A

replacement parts is next to impossi-
ble. In all cases, the failure is that
pins 13, 14, and 15 are shorted.
What I'd like to do is cut off these
pins and replace them with an
appropriate discrete device. Is this
possible?
Mr. Resistor
Fort Lauderdale, FL

In all cases? Sounds like a
design failure, like perhaps the
part was stressed beyond its limits —
or you happened to be unlucky
enough to acquire a batch of bad
chips. Whichever, you are in luck in

Ql Current ’
TIP 125 A Adjust
l— 250k 0.2 ohms
10 T __12V-30V
+357 O— ©0.-5a
1.
10uF ,
: s
|
I LM74! = w
2.7k = IN4148  LED
12W 6V 330k 240
220
@+ ,f
= |
[+ | +o¥ Voltage L
8 10uF Adjust 5k 10uF
: i I
J: ICL7660 | 5 —8 -
62V A 10uF ——L——| 6V
4 T |0uF
| R
\ L, 2
; = = Figure 3
+12V +12V +12V . \
I Figure 4
Ik
6.2V
Ik
Auto Fuse Auto 7 LED
i RadioShack
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pEe 7276-036
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T T
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that you can replace the defective section
with a VN2106 MOSFET. Here is the fix
(Figure 6), with your voltages included.

| was able to do this because you sent
enough of the schematic for me to deci-
pher the part's function. Basically, the UN
101 is a hex bilateral analog switch identi-
cal in operation and performance to the
4066 quad bilateral analog switch — effec-
tively a solid-state SPST relay. In your
application, these "relays" are used to
switch a 12-volt source to selected circuits,

Electronics Q&A

something a MOSFET transistor does
quite well. For it to work, though, the gate
voltage must be at least 2.5 volts higher
than the source voltage.

BTW, while researching this answer I
happened to run across an interesting
device from Texas Instruments: A single
bilateral analog switch with a switching
speed of 200 MHz (the 4066 has a switch-
ing speed of 6 MHz) that's suitable for use
in high-frequency designs.

LM386 Unveiled

[ just received the Dec. 2002 issue,

and on page 25 there's a diagram for

an Audio Power Oscillator 1'd like to build.

But [ don't know if I should connect the

LM386's gain pin with the bypass pin. In

fact, I've seen other LM386 designs where

sometimes the pins are connected and

other times not connected. I'm getting con-

fused about connecting the LM386. Can

you please describe LM386 pin-for-pin con-
nections within this diagram?

Marcel

via Internet

I'll do you one better. I'll describe in
““Udetail each pin of the LM386.
Normally [ wouldn't do this, but | use this
chip so often — as do many others — that
it merits looking at. I'd keep a clip of this
answer and tape it to my workshop wall so
that the next time a question arises, the
answer will be in front of you. First, the
overview. (Figure 7)

The LM386 is a power amplifier
designed for use in low-voltage applica-
tions. The gain is internally set to 20. That
is, with no other pins involved, you have a
very simple 20x audio power amplifier with
about a 1/2W output. This involves just the
pins of 2, 3, and 5 (of course, you need

PICmicro MCU
Development Tools

EPIC Plus
PICmicro MCU
Programmer

$59.95

Assembled

e 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
and development.

LAB-X1 - $199.95 §
LAB-X2 - $69.9
LAB-X3 - $119.95

o

PICProto
Prototyping
Boards

selection from
$8.95 to $19.95

microSngineering Sats; She

Phone: (719) 5205323 1
T Fax: (719) 520-1867
Box 60039, Colorado Springs, CO 80960

Complete product information and online

ordering at: WWW.melabs.com
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Amplifier with Gain = 20
Minimum Parts

Figure 7 = =

Amplifier with Gain = 50

Amplifier with Gain = 200

10F

NITEMAX ULTRA
DIGITAL NIGHT
VISION VIEWER

iteMax Ultra Digital Night

Vision Viewer turns night
into day. Utilizing state-of-the-art
technology, the NiteMax can dig-
itally produce a bright and clear
high-resolution picture in the
darkest environments. NiteMax
provides all these high-quality
features at an affordable cost of
$595.00. For more info, contact:

AMERICAN INNOVATIONS
1-845-371-3333
www.spysite.com

e

Congratulations
to our December
Prize Winners:

Richard Brohmer
Warsaw, MN

Jerry Kienitz
Camarillo, CA
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pins 4 and 6 to power the chip). That
all by itself makes it a staple in any
experimenter's junk box. Those extra
pins you ask about? Well, that's what
makes the LM386 special.

Let's talk about the gain first.
Buried deep inside the LM386 is a
1.35k feedback resistor that's con-
nected between pins 1 and 8. Refer
to Fig. LM386.TK. If a capacitor is
placed across pins 1 and 8, it shunts
the 1.35k resistor and increases the
gain from 20 to 200. If you place a
resistor in series with that capacitor,
the gain falls somewhere between 20
and 200, depending on the value of
the resistor. Typically, a series resis-
tor of 1.2k will result in a gain of 50.

Additional components can be
placed between pins 1 and 5 (out-
put) to tailor the gain and frequency
response for individual applications.
For example, you can boost speaker
bass response by shaping the feed-
back path using resistors and capac-
itors.

Speaking of the output pin, you
should hang a 10-ohm/.05uF, resis-
tor/capacitor combination from the
output (pin 5) to ground to prevent
parasitic oscillation. While it's not
required, it's generally considered
good engineering practice. As for pin
7, it too is available only to squelch
parasitic oscillations. In other words,
if you have an unstable circuit, plac-
ing a .01 uF capacitor between pin 7
and ground may tame it — no guar-
antee.

Cool Web Sites!

The Nanotube Site: A page of links to
nanotube information, research efforts,
events, jobs in nanotube technology, and
more.
www.pa.msu.edu/cmp/csc/na
notube.html

Ever wondered what all those different
Ethernet flavors mean? Webopedia's
quick reference chart helps you sort
them all out. Find out here.

www.webopedia.com/quick_r
ef/EthernetDesignations.asp
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My VCR Ate My
Homework, Really!

My VCR "ate" my son's most
“w_prized tape. The crinkle is at the
beginning, just after the clear leader.
I'm sure [ can repair it by cutting off
the damaged tape and re-attaching it
to the leader. However, a search of
the Internet for a supplier of video
splices found nothing but people
who are willing to do it for a fee, but
no supply companies. Can you help?
John Fitzgerald

via Internet

In your case, yes. In fact, in
most cases the answer is yes to
repairing a broken VCR or Beta tape.
If the plastic cassette was broken
from being dropped, the tape can be
transferred into a new housing. If the
tape itself was damaged or broken,
the tape can usually be saved using
a splice, or patch.

However, there are mixed opin-
ions about tape splicing. One camp
says that putting a patch over the
tape ends to mend the break is okay
and permanent. Others, however,
contend that unless the splice is
located at the very beginning or end
of a tape where it attaches to the
clear leader, the patch is just a
"Band-Aid" fix. If the splice is any-
where in the middle of the tape, the
fix should be considered strictly tem-
porary and the tape should be imme-
diately duplicated. The reasoning
here is that the splice is made with
an adhesive splicing tape and adhe-
sives, by nature, will fail in one way
or another over time and use. When
the splice passes over the video
heads, which are spinning at a very
high speed, a splice that is starting to
separate will usually destroy the frag-
ile, and very expensive, video heads.
Of course, you need to decide. As for
companies that supply splicing sup-
plies, here are a few.

Family Safe Media

www.familysafemedia.com/
home_movie_editorhtml

Electronics Q&A

TAC
www.bgsales.com/video/splice.asp

TekMedia
www.rtico.com/tekmedia/ | _3.html

Crossing
Over The Line

Can you suggest a good book

for designing active and passive

crossovers? I've looked on Amazon,
but the reviews for each are mixed.

Al Lovecky

via Internet

I couldn't find a definitive book
on the subject. The closest |
could come was Introduction To
Loudspeaker Design by John L.
Murphy. However, | did run across
some very good articles, most
notably a two-part series, "An
Overview of Crossovers" located at
www.trueaudio.com/st_mr1l.htm,
written by John Murphy and Jim
Ford that was originally published in
Modern Recording & Music maga-
zine, August 1980.

The article details virtually every
aspect of designing and implement-
ing passive crossovers. Although the
article is targeted at the audiophile,
specifically for speaker design, the
information is applicable to most
electronic designs.

Located on the LalLena web site
(www.lalena.com/audio/faq/xov
er/) is a detailed discussion and
example of how to design a three-
way crossover system. The site also
includes a free crossover calculator
that does the math for you for a wide
range of filter types, ranging from
first order Butterworth to fourth order
Bessel to sixth order Linkwitz-Riley,
and everything in between. Another
good web site with a similar free cal-
culator is at www.thel2volt.com

/caraudio/cross.asp.
An excellent treatment on active
filters can be found in Don

Lancaster's book Active Filter
Cookbook, which is in its sixth print-
ing and is available from
Amazon.com, or Simplified Design




of Filter Circuits available from the
Nuts & Volts On-Line Store
(www.nutsvolts.com).

Keeping Up
With The Times

Regarding the Oct. 2002 col-
umn about the Solar Powered
regulator, you used an LF355 op-
amp. | located one of these at Digi-
Key, but it is listed as obsolete. Is it
possible to substitute an LM741 (or
some other more current IC) for this
circuit, or is there some obscure rea-
son that the LF355 JFET is more
desirable. Also | assume that a
1N4735 zener can be substituted for
the 1N753 since both are rated at 6.2
volts. When you get a chance, | would
appreciate your comments.
Jack Mickelson
via Internet

No, use an LF356 instead:; it has
basically replaced the LM355.
Another replacement for the LF355 is
one-half an LF353. Essentially, this
design requires a high-impedance
input with little drift. In my defense,
let me say that 500 semiconductors
become obsolete everyday, and a
matching number are announced as
new products. It's kinda like keeping
up with a kid on a fast skateboard. |
do my best, but often my hands are
tied because most hobbyists prefer
DIP footprints over the newer SO-
types. Hence, | specify older parts still
in production (and | do check for
availability). You'll notice, though,
that I'm using more and more SO-23
footprints and their cousins in my
answers. That's the trend, and | would
be delinquent in my duties not to
address it.

I'm not sure about the zener
diode substitute. The 1N753 is rated
at 20mA and the 1N4735 is rated at
41mA. One of the reasons | picked a
6.2-volt zener is that they are
extremely stable when operated in
their range. Replacing a 0.5W zener
with a 1W zener may make the
design more temperature-sensitive
given the current | specified.

MAILBAG

Dear TJ:

It's good to see CP/M mentioned.
Just for the record, please note that
CP/M was written by Gary Kildall
(AKA, Digital Research) for the Intel
8080, not the Zilog Z80. It would run
on a Z80, of course. | rewrote both the
kernel and the shell of CP/M 2.2 and
my version, called RP/M, also ran on
either an 8080 or a Z80. My brother
Jim wrote a Z80 emulation package for
the IBM PC and we ported RP/M to the
PC using his Z80 emulator. By the time
we got to market, though, DOS had
pretty well taken over and so it all kind
of faded away.

If Orio Hudson is interested, I
could send him a 360K IBM floppy that
will boot ZR/PM on a PC. It includes

Editor's Choice

n these trying times of increased
world tension, the possibility of a
nuclear incident is more than a pass-
ing concern for many. So much so
that about a year ago | answered a
reader's letter describing a cheap
Geiger Counter using a $30.00 Miller
tube. So | was really delighted when |
ran across this "Ideas for Design" in a
recent issue of Electronics Design
magazine, which replaces the Miller
tube with a cheap neon glow lamp.
[The contributor passed along the
idea from his German-written book
about experiments with radiation
sources, Experimente mit
Strahlenquellen in Haushalt
(www.peterlay.de).]
Unfortunately, the original design
had the monitor plugged into a stan-
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most of the utilities that a CP/M user

expects to find. Anyhow, them was the
days!

Jack Dennon

jdennon@seasurf.com

Dear TJ:

| finally downloaded Musicmatch
and thought we were ready to put our
old LPs on CD. MusicMatch is a great
program, but the free download version
does not give you the ability to record
from outside sources. You have to buy
the Plus version. However, at $20.00, it
is a bargain. My brother-in-law has it
and he is very happy with it. My wife
and | will be ordering it today. You
might want to mention the Plus version

as a P.S. to the November column.
Tom Grabowski
via Internet

dard wall outlet. As with all circuits
that connect directly to the AC line,
there is the risk of electric shock. I've
modified this circuit slightly to make
it safer and more portable by convert-
ing it to battery power.

The power source is simply 10,
nine-volt batteries wired in series, and
stabilized by a zener diode (NTE
5049A, or equivalent). Set the poten-
tiometer so that the voltage across
the lamp is at the ignition threshold —
that is, just below the point where the
lamp lights. When a radioactive parti-
cle passes through the lamp, the gas
ionizes and current flows. The value
of R1 is selected so that it won't sus-
tain conductance, so the lamp
returns to its inactive state. Each time
the lamp fires, current also flows
through the speaker and produces a
clicking sound.

RI
220k

(see text)

NE2

8 ohms
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Column

'l never forget the day I
saw my first personal
computer. | was about
10 years old, attending a
small New Jersey school,
when [ walked into the class-
room where it was kept. It
was an Altair 8800, which my
school had acquired in 1976.
Seeing that machine for the
first time, it was a bit like all
of my dreams from watching
Star Trek and Hal from 2001: A Space
Odyssey had come true.

The Altair — as it was initially
sold — was little more than an

incredibly difficult to assemble com- |

puter kit — basically a computer
case with some circuit boards and a
processor. It also initially had next
to nothing in the way of peripherals.
Unlike today's PCs, not even a key-
board was bundled with it. And a
mouse? Fogetaboutit, as they say
back in New Jersey. So my school's
Altair was hooked up to a converted
Western Union teletypewriter, which
was being used as its keyboard and
print-out device. The monitor — a
converted television set — would
come a little later. Programs were
entered in and saved to paper tape,
which the machine punched, a bit
like a player piano.

While there had been one or
two personal computer kits that had
sold in small quantities, the Altair
was the first to be manufactured in
what then seemed like large num-
bers — about 10,000 were ultimate-
ly sold. It was powered by an Intel
8080 processor, and shipped with
256 bytes of RAM (that's bytes, not
kilobytes). But we're getting ahead
of ourselves. By early 1974, Ed
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Roberts was an Albuquerque, NM
businessman with a venture he
dubbed Micro Instrumentation and
Telemetry Systems, or MITS for
short. It was hardly the roll-off-your-
tongue business name that would
later distinguish such personal com-

puter heavyweights as Apple,
Commodore, and Dell, and in the
classic marketing book,
Positioning by Al Ries and Jack
Trout, the authors argued that the
combination of both poor business
and product names contributed to
the eventual death for the Altair —
once a company whose products
had a friendlier (not to mention
catchier) name came along. (In
other words: Apple.)

The Magazine Cover
That Launched an
Industry

At the time, Roberts' company
— which had made its money selling
electronic kits and pocket calcula-
tors — was a quarter million dollars
in debt. But Roberts was fortunate
to have the ear of Les Soloman, the
technical editor of Popular
Electronics magazine. At the time,
using a computer meant timeshar-

by Ed Driscoll, Jr.

ing a mainframe, and
Soloman knew there was
intense interest among elec-
tronic hobbyists in building
a small personal computer,
one that could be used any-
time, rather than waiting in
line. By 1974, Soloman was
receiving a regular supply
of plans, diagrams, and arti-
cles on the subject of how to
build a personal computer,
but he worried that most of the
plans weren't up to snuff. He con-
tacted Roberts, whom he had
known from previous articles he
had submitted. Roberts suggested
designing a computer around the
then — brand-new Intel 8080 chip.
That chip was the key to the Altair
— and also a big part of its hype.
Intel normally sold its chip for
$360.00 each, a price that they cre-
ated to spoof IBM's 360 main-
frames, which sold for millions of
dollars each. But Roberts was able
to keep the final retail price of his
Altair kit at only slightly more than
the 8080 chip itself, by buying cos-
metically-damaged "seconds" in
quantity from Intel at $75.00 a chip.

The Trek Connection

The famous story of how the
Altair got its name is that Roberts
asked his young daughter for some
suggestions, and she came up with
the idea of naming it after a planet
the USS Enterprise was visiting on
Star Trek that week — Altair. (At the
risk of outing myself as a proto-
Trekkie, this was probably the
"Amok Time" episode, where Kirk
and crew were scheduled to visit
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Altair, but end up at Spock's
home planet, Vulcan.) The
Altair name has some addi-
tional science fiction reso-
nance — it was also the
planet where Leslie Nielson
and crew met Robby the
Robot in Forbidden Planet.
Robbie's capabilities would
run rings around the Altair
8800, but they'd probably
still find some common kin-
ship.

PROJECT BREAKTHROUSH:
World's First Minicomputer Kit
10 Rival Commercial Models...

"AUTAIR S50G™  save over 51008

Enter Bill Gates and Paul Alien

Roberts had hoped his Altair kit would sell a couple
of hundred units, while he looked for other, more lucra-
tive projects. Little did he know that he'd be taking 200
phone orders a day for the computers, or that people
would actually drive out to Albuquerque and camp out
overnight waiting to pick up their kits. (Roberts sold
1,500 Altairs in its first year of sales.) Or that he'd be
launching his eventual successor as king of the personal
computer world: Microsoft.

Roberts was painfully aware that his computer
lacked the software necessary to do anything useful.
Fortunately, help arrived in the mail, in the form of a let-
ter from two equally experienced veterans of 1970s com-
puting: Bill Gates and Paul Allen (Yes, that Bill Gates and
Paul Allen). At the time of the Altair's announcement in
Popular Electronics, Paul Allen was a programmer
employed by Honeywell, where Gates had worked during
summers, and Bill Gates was a sophomore at Harvard. In
an eerie foreshadowing of how the IBM PC came to have
a Microsoft operating system, Gates and Allen were in
the right place at the right time: the Altair desperately
needed a pre-written operating system to make it more
than just a plug-in doorstop, and Gates and Allen got
there first by modifying an existing operating system.
The BASIC language was originally created in 1964 at
Dartmouth, and was used on numerous mainframes as
an easy-to-learn computer language, perfect for begin-
ners. Gates and Allen worked in marathon 24-hour ses-
sions to adopt the language to the peculiarities of the
Altair, and then licensed the result to MITS.

Soon thereafter, Allen accepted a position with MITS
as director of Software Development, where he stayed
until the end of 1976, when he and Gates resumed their
nascent Micro-Soft business, complete with hyphen.

The Altair Begets a Clone

Just as the first IBM PC would eventually begat
numerous clones, the Altair had a clone of its own: the
Imsai 8080. Many users of both computers actually con-

68HC11 & 68HC12
Microcontroller Modules!

Unique design-- just plug them right into your solderless breadboard!

M‘!iv(zﬁyxsl.!?ashrasgf‘!lyrwule from $49 A:?’:?’g:‘;§3'%c‘1§-?4mlly
MicroCore-11" Adapi?12™ Family
e compact 2-inch x YZh—l:m:h SBHCI: module from $68 . g::‘c;“ B32, D60, DG128
Adspi-11  Family MicroBIMP1Z™

e 68HC11 modules with lots of I/0 lines from $63 & lowest-cost BD!

* only $79!
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www.technologicalarts.com

Sola CVS 2000 Watt Constant Voltage
Transformer provides a very well regu-
lated sinusoidal waveform that is iso-
lated from variations and disturbances
in the input voltage. Also provides
isolation and step-up/step-down to
allow for various input/output voitages.
S Input 95-130/175-235/190-260/380-520
B 60Hz. Output 120/240VAC 60Hz
2000VA. 17.8x11.4x9.6, 115 Ibs sh. Unused, $250 ea, 2/$450

WHEATSTONE BRIDGE
ZM-4 Wheatstone Bridge used
to measure DC resistance. .
Resistance measurement
range 1 ohm to 1,011 M ohms
+/-0.15%; As a resistance sub-

8

ohms. The current limit of the
resistors is 16-500ma depend-
ing on setting. Galvanometer indicates balance in test
circuit. Requires three “D” batteries. Also 22.5 to 200
VDC for more accurate readings above 1000 ohms.
5.8x7.3x8.8, 12 Ibs sh. Used Reparable, $34.50
Used Checked, $49.50; Manual repro, $12.00
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FAIR RADIO SALES

WEBSITE: fairradio.com
E-MAIL: fairradio @fairradio.com
PHONE: 419-227-6573
FAX: 419-227-1313
2395 St Johns RD - Box 1105
Lima, OH 45802

VISA, MASTERCARD, DISCOVER

Address Dept. NV

stitution box it is adjustable in
1 ohm steps from 0-10110

- saqny
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sider the Imsai to be a much better design, given its high-
er specification power supply, an anodized aluminum
chassis, and a more functional front panel design. All for
the same $439.00 as a kit, or $621.00 assembled price
of the Altair, only slightly more than what the Altair ini-
tially cost. Upgraders could insert Imsai cards into an
Altair, and via Imsai's "Memory Sharing Facility," an
Altair and Imsai processor could co-exist in the same
platform for parallel computing. The Altair's sales even-
tually topped 10,000.

While Altairs served on the front lines of personal
computer usage for the rest of the 1970s, their time was
gradually numbered. Roberts sold the MITS name to
Pertec, a manufacturer of tapes and disk drives for main-
frames. By then, the Apple II, the TRS-80, and other per-
sonal computers had entered the market and began to
cut drastically into the Altair's sales. Pertec eliminated
the model within a couple of years of their acquisition.
But the Altair had served its initial role well: the personal
computer revolution was set to go, and just needed a
spark.
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Dealer Directory

STORE CHAINS
Bames & Noble
Books-a-Million

Borders Books

Frys Electronics

Hastings

Tower Books, Records & Video
Universal News

ALABAMA

Little Professor Book Center

2717 S. 18th St.
Birmingham 35209

ARIZONA

Elliott Electronic Supply
1251 S. Tyndall Ave.

Tucson 85713

AUSTRALIA
DonTronics

P.O. Box 595

29 Ellesmere Cres.
Tullamarine 3043
www.dontronics.com

CALIFORNIA
Abletronics

9155 Archibald Ave. Unit E
Cucamonga 91730

All Electronics
905 S. Vermont Ave.
Los Angeles 90006
14928 Oxnard St.
Van Nuys 9141 |

Builders Booksource

900 N. Point Ghirardelli Square
San Francisco 94109
Centerfold International
716 N. Fairfax Ave.

Los Angeles 90046
Copperfield’s Books

140 Kentucky St.

Petaluma 94952

Electro Mavin

2985 E. Harcourt St.

Rancho Dominguez 9022 |
Green Apple Books

506 Clement St.

San Francisco 94118

HSC Electronic Supply
4837 Amber Ln.

Sacramento 95841

3500 Ryder St.

Santa Clara 9505 |

5681 Redwood Dr.

Rohnert Park 94928

JK Electronics

6395 Westminster Ave.
Westminster 92683
Lion Electronic Labs
4948 E. Townsend Ave.
Fresno 93727

Kepler’s

1010 El Camino Real
Menlo Park 94025

Mar Vac Electronics
2001 Harbor Bivd.

Costa Mesa 92627

12453 Washington Bivd.
Los Angeles 90066

4747 Holt Blvd.
Montclair 91763

B

2000 Outlet Center Dr.
Ste. 150

Oxnard 93030

1759 Colorado Blvd.
Pasadena 91106

5184 Hollister Blvd.
Santa Barbara 9311 |

OPAMP Technical Books
1033 N. Sycamore Ave
Los Angeles 90038
Sawyers News, Inc.
733 4th St.

Santa Rosa 95404
Sav-On Electronics
13225 Harbor Blvd.
Garden Grove 92643
Video Electronics
3829 University Ave.
San Diego 92105

CANADA
Emma Marion Ltd.
2677 E. Hastings St.
Vancouver, BC V5K 1Z5

Muir Communications Ltd.

3214 Douglas St.
Victoria, BC V8Z 3Ké

COLORADO

Centennial Electronics, Inc.

2324 E. Bijou
Colorado Springs 80909

CONNECTICUT
Archway News

64 Bank St.

New Milford 06776

FLORIDA

Alfa Electronic Supply
6444 Pembroke Rd.
Miramar 33023

Astro Too

6949 W. Nasa Blvd.

West Melbourne 32904
Clarks Out of Town News
303 S. Andrews Ave.

Fort Lauderdale 33301
Mike's Electronic
Distributing Co.

1001 N.W. 52nd St.

Fort Lauderdale 33309

HAWAI
SolarWorks!

525 Lotus Blossom Ln.
Ocean View 96737

IDAHO

Boise Food Co-op
888 W. Fort St.

Boise 83702
Current Source
454 N, Phillippi St.
Boise 83706

INDIANA

Surplus Bargain Center
2611 W. Michigan St.
Indianapolis 46222

ITALY
Robot Italy
Via Valenzani, 12
0004 Frascati
Roma, ltaly

KANSAS
Hollywood At Home
9063 Metcalf Ave.
Overland Park 66212

LOUISIANA
Lakeside News
3323 Severn Ave.
Metairie 70002

MICHIGAN

Little Professors Book Center
22174 Michigan Ave,

Dearborn 48124

Purchase Radio Supply, Inc.
327 E. Hoover Ave.

Ann Arbor 48104

Spectrum Electronics, Inc.
1226 Bridge St NW.

Grand Rapids 49504

MINNESOTA
Radio City, Inc.
2633 County Road |
Mounds View 55112

MISSOURI
Electronics Exchange
8644 St. Charles Rock Rd.
St. Louis 631 14

NEVADA

Amateur Electronic Supply
4640 Polaris

Las Vegas 89103

Radio World

1656 Nevada Hwy.

Boulder City 89005

Sandy’s Electronic Parts
96| Matley Ln. #100

Reno 89502

NEW YORK
Duerston’s Cigar Store
515 W. Genesee St.

Syracuse 13204

Hirsch Sales Corporation
219 Califomnia Dr.

Williamsville 14221

NORTH CAROLINA
United Electronic Supply
920 Central Ave.

Charlotte 28204

OHIO

Hosfelt Electronics, Inc.
2700 Sunset Blvd.
Steubenville 43952
Keyways, Inc.

204 S. 3rd St.

Miamisburg 45342

OKLAHOMA
Taylor News & Books
133 W. Main, Ste. 102
Oklahoma City 73102

OREGON
News & Smokes
1060 S.E. M St.
Grants Pass 97526

Norvac Electronics

7940 S.W. Nimbus Ave. Bldg. 8
Beaverton 97005

960 Conger

Eugene 97402

1545 N. Commercial N.E.
Salem 97303

Powell’s

8725 S.\W. Cascade Ave.
Beaverton 97008

Powell’s Technical Books
33 N.W. Park Ave.

Portland 97209

Rich’s Cigar Store
820 S.W. Adler St.
Portland 97205

Rich’s Cigar Store #2
706 N\W. 23rd

Portland 97210

TEXAS

Electronic Parts Outlet
3753-B Fondren Rd.
Houston 77063

Mouser Electronics

958 N. Main St.

Mansfield 76063

Tanner Electronics

| 100 Valwood Pkwy # 100
Carroliton 75006

WASHINGTON

A-B-C Communications, Inc.

17541 15th Ave. N.E.
Seattle 98155

Dimple’s-505 Union Gifts &

Sundries

505 5th Ave. S, Suite #190
Seattle 98104

Eastside Daily Planet
15600 N.E. 8th

Bellevue 98008

First & Pike News

93 Pike St.

Seattle 98101

In The News

717 Fourth Ave.

Seattle 98104

Island Books

3014 78th St. Island Square
Mercer Island 98040

) & S Broadway News
7204 Broadway E.

Seattle 98102

)} & S Fremont News
3416 Fremont Ave. N.
Seattle 98103

King Street Kafe

414 2nd Ave. S.

Seattle 98104
Newstand

I'1'l E. Magnolia
Bellingham 98225

Port Book & News
104 E. Ist St

Port Angeles 98362
Supertronix

16550 W. Valley Hwy.
Seattle 98188

U Bookstore-Downtown
1225 Fourth Ave.

Seattle 98101

U Bookstore-Seattle
74326 University Way N.E.
Seattle 98105
WISCONSIN
Amateur Electronic
Supply, Inc.

5710 W. Good Hope Rd.
Milwaukee 53223

WYOMING
Western Test Systems
2701 Westland Ct. #B
Cheyenne 82001




Technology has finally caught up with you.
Don’t let it roll by!

Introducing the ERI™ }
Personal Robot System. T i1

The Ultimate Robot Platform ===}
for the Technology Enthusiast.

The ER1 oﬁers. o Here’s What ER1 Owners
Are Doing With Their ER1s:
e 1. Phone home and tele-operate the ER1
An Open, Sophisticated
Softv?:re, Sys':elm : using VoiceXML commands
* Professional Robotics Software System 2. Build an obstacle course and race
e Simple Graphical User Interface (GUI) other ER1 robots
i :bgﬁtmam;r;:ol_g;?: mArEilntg I:ﬁ;ﬁ;@’;’gh 3. Use the ER1 for front-door surveillance
NS Ee ; — the ER1 can detect anyone who
{a/?:J;nggcwzhr:ggdmg G+, Java, comes to the door, take a picture, and
3 email it to
e SDKs for Python and C++ on Windows : ‘. iy )
e Powerful Vision System capable of 4. Teach it to recognize CD covers and
capturing and recognizing 100's of play MP3s on sight ,
images 5. Attach your own motherboard and lose  Don’t delay, get your ER1
the laptop

Learn more about ER1’s sophisticated
software system at www.evolution.com 6. Build a wagon and let the ER1 deliver
pizza around the office

today. There’s never been a

better way to indulge your

:lelts:::i‘igz:r?;l:'l‘-ldardware 7. Use the Vision Control System to
launch rockets at targets (just for fun of i

e Carries up to 20Ibs. of payload C;:‘rse')foc ets at targets (ust for fun of  gJasjre for new technology
* Easy-to-assemble aluminum frame A ’
* Sophisticated Electronics and Pre- 8. Create a VB control to read yourown  than with the ER1 Personal

assembled Drive System board, and share your invention with

. others Robot System. It’s the latest

SOy Shini ) S Guslaniel 9. Mount ultrasonic sensors to the
hardware at www.evolution.com s rrakd obstamlan techn ology has to offer.
Optional Equipment 10. Hook the ER1 into your X10
* Gripper Arm surveillance system to control lighting
* Robot Expansion Kit in your home The ER1 starts at on Iy

Extra Power Module

IR Sensor Pack

Also compatible with existing
3rd Party Materials

499.99, so get yours today
at www.evolution.com!

Learn more about ER1’s optional
equipment at www.evolution.com

Customer Service: 1-866-ROBO4ME

Find out what ER1 owners and robot
enthusiasts are doing with their ER1s at
www.evolution.com/community

evolution
robotics..

©2002 Evolution Robotics, Inc. All rights reserved.
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Robo

ast month, we looked at a
gaggle of under-$200.00
ready-to-go robot Kkits. These
kits provide all the necessary com-
ponents to build a basic robot, in
some cases, including a microcon-
troller or other electronics. Just
assemble, and you're off.
The under-$200.00 kits provide
a great deal of flexibility and power.
But if you're looking for something a
little more advanced, a few dollars
more will buy you sophisticated two-,
four-, and six-legged walking robots,
heavy-duty robot platforms,
enhanced sensory abilities, and
more. The field of $200.00+ robots is
a large one, with far too many prod-
ucts to cover in one sitting. So for
this month, we'll discuss 10 major
producers of high-end robot Kits,
and catch the others in future
columns. Ready ... set ... we're off!

Parallax

www.parallaxinc.com/

You know Parallax as the mak-
ers of the ever-popular BASIC
Stamp family of microcontrollers.
But they also manufacture several

worthy robot kits. First in line is the |
BOE Bot ($219.00) — BOE stands |

for Board of Education (no, not
Bored of Education, thank you). The
kit comes with everything you need
to begin your robotics hobby: metal
robot chassis, two pre-modified R/C
servo motors, wheels, BOE experi-
menter's board, BASIC Stamp, soft-
ware CD, AC adapter, and PC inter-
face cables. A slick robotics how-to
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“Where It Is and How to Get It |

@

$200.00-and-up Robot Kits

g W

book comes with the kit, and it pro-
vides full construction plans, theory
of operation, initial set-up, and
beginner's experiments.

The BOE Bot is resold by
numerous Parallax dealers. Rather
than list them all (and probably miss
some), just check out the Parallax
web site, as noted above and click
on the Distributors link.

A similar product is the GrowBot |

($219.00). It's like the BOE Bot, but

designed with a different experi- ‘

menter's board. It doesn't offer the
solderless breadboard area, and it
requires more assembly time.

A relatively new addition to the
Parallax product line is the Toddler
($299.00), an intriguing two-legged
walking robot.

by Gordon McComb

Figure |

The Parallax Toddler is a two-
legged walking robot made from

machined aluminum pieces.

Lynxmotion

www.lynxmotion.com/

No one has a wider variety of
robot kits than Lynxmotion.
Products include stationary arms
and grippers, two- and four-wheeled
rolling robots, and four- and six-
legged walking robots. Much of the

The Toddler
uses a pair of
unmodified
R/C Servo
motors to pro-
pel the robot
forward and in
turns. The
structural
components
of the kit are
machined
from anodized
aluminum; you |
have your
choice of gold |
or blue. A \

X

BASIC Stamp : '
2 and experi- Figure 2

menter's board
come with the
kit.

Among Lynxmotion's yellow robot kits is the
Hexapod 2, which sports 2 DOF movement per leg.
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product is laser-cut acrylic plastic, and many kits are avail-
able with just the plastic parts, hardware, and motors (typ-
ically R/C servo motors, modified and unmodified). You
can add your own control electronics, or opt for
Lynxmotion's FirstStep or NextStep controller carrier
boards. Both are designed to be used with the BASIC
Stamp microcontroller (included with the FirstStep, extra
on the NextStep).

Perhaps the best known (at least most seen) of
Lynxmotion's distinctive yellow robots is their Hexapod
walker. They offer several variations:

* The Hexapod | combo kit ($232.00) comes with all
parts (but not a controller) to construct a three-motor, six-
legged walking robot. Two of the servos control the front
and back legs on either side, and the third servo controls
the middle legs.

¢ The Hexapod 2 (parts/motor kit: $375.00; full kit
$685.00) uses 12 servos; two per leg (for two degrees of
freedom, or 2 DOF, per leg). Each leg is individually-con-
trollable, so this robot is capable of performing numerous
styles of walking gaits.

e For 3 DOF, Lynxmotion offers the Hexapod 3
($682.00), which comes with 20 servos, 18 of which are
used for locomotion.

¢ The Quadrapod 2 ($569.00) and Quadrapod 2S
($404.00, no electronics) are four-legged walkers. Both
provide 2 DOF per leg.

Other Lynxmotion kits include several variations of
wheeled Carpet Rover robots, a number of Japanese-class
Sumo kits, and the Mobile Arm Kit ($250.00).

Living Machines/Diversified
Electronics

www.robotalive.com/

Diversified Electronics — now Living Machines —
makes and sells the popular Descartes (pronounced day-
kart) autonomous robot. This $229.00 kit measures six
inches in diameter, and uses its main circuit board as the
chassis. A pair of small motors and wheels are attached to
the circuit board and provide motive power; the board also
houses four CdS light cells, left and right mechanical
bumper switches, speaker, and two wheel encoders (for
distance-of-travel odometry).

Descartes uses the BASIC Stamp 2 as the main micro-
controller, which can be programmed with your own code,
plus a non-reprogrammable PIC microcontroller for numer-
ous co-processor functions.

Also available from Living Machines is the Pocket Bot
($379.00), a miniature robot small enough to fit in the
palm of your hand, and a 12-inch diameter PVC plastic
general-purpose base ($350.00), which comes with modi-
fied R/C servo motors, rubber tires, dual motor encoders,
and twin support casters.

Embedded Control

WITH ETHERNET CONNVE(TIVITY

Starter

Single-Board Computers (ZYRPRR Everythingyou need to begin
R development, including board,

FROM
$ 2 99 software, and hardware tools.

Operator Interfaces

From $39 From $199
(qty.1) (qty. 1)

SIMPLIFY YOUR NEXT EMBEDDED DESIGN PROJECT
Our low-cost starter packages include everthing needed to complete
your application—board of your choice, industry-proven Dynamic C°,
and hardware tools. Z*World's hardware and software integration
substantially reduces your development time and costs.

2900 Spafford Street - Davis, CA 95616 - 1: 530.757.3737 + ¢: 530.757.3792 - &: zworld@zworld.com

arosnounce WWW.ZWoOrld.com
or call toll-free 888.362,3387
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- FREE ZIF SOCKET

PROGRAMMER

LOWEST COST, FASTEST, EASIEST TO USE!
FLASH, EE, NVRAM, EPROM to 8meg. Adapters for micros.
Super small! Stand alone or drive bay mounting kits available.
WINDOWS & DOS software. Script files to simplify operation.
High yield and faster program than others. 'Gang Bang' option.

SERIAL MINI-TERMINAL

RS232 terminal for Stamp, PC, Z80, AVR etc.
-super low-current, powers from serial line
-LED backlit LCD, visible in all conditions
-115.2kbps, DB9Y conn, simple commands
-specify 20 customizable or 16 tactile keys
eval(1) $75,0em(1k) $21.30,w/BASIC cpu $27

LO COST MINI-PC

with DOS, NV mem, ADC, RAM, RTC, ISA/104 bus
Built-in serial, parallel, LCD, keyboard ports
Program in Turbo C, BASIC, MASM, etc.
Complete! no costly development kits required
Lowest power lowest cost pe compatible available
XT:0em(1k)S27 eval(1)$95 AT:oem S55 eval $195
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MVS Box 803 Syr Limited Warranty
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Mekatronix

www.metkatronix.com/

Mekatronix manufactures a
small line of wheeled and legged
robots. Sales are through distribu-
tors; for the United States, the
Mekatronix product line is available
through Mr. Robot
(www.mrrobot.com/). Most of the
kits are available pre-cut in either
five-ply aircraft plywood, or black
ABS plastic. In most cases, you can
buy the body only, or full kits with all
parts and electronics. The prices
below are for the full kits.

Leading the pack is the Talrik
line of small wheeled autonomous
robots. All use modified R/C servo

inches in diameter, and is the entry-
level kit of the group. There's also
Talrik Jr. Pro ($339.00), and Talrik II
($639.00), at 10 inches in diameter.

The company's Robobug is a
hexapod walker with 2 DOF per leg.

servos, and hardware — is $499.00.
A microcontroller is extra.

' Arrick Robotics

www.robotics.com/

The ARobot from Arrick
Robotics is an all-purpose metal
robotic  platform. Unlike most
wheeled robots that use a pair of
drive motors, the ARobot uses just
one drive motor, along with a sepa-
| rate R/C servo motor for steering.
: The drive motor propels a single
| wheel in the front, and the steering
| motor controls a pair of rotatable
wheels in the rear. These two wheels
are linked to the one steering motor
by a push rod.

Included with the $235.00
ARobot kit is a pre-cut aluminum
base, motors, wheels, and other

| controller brain. The controller board
| is designed for use with the BASIC
! Stamp 2, which means you can use
| the Stamp or a pin-compatible alter-
J native, such as the BasicX-24, Basic
Micro Atom, or OOPic C.

32

NUTS & VoiTs

motors. Talrik Jr. ($239.00) is seven |

Price for the full kit — wood parts, 12 |

|
| parts, controller board, but no micro- |

Another unique aspect of the

ARobot is its included wheel odome- |

ter, which allows it to track distances
traveled.

AK Peters

www.akpeters.com/

Known mainly as a book pub-
lisher, AK Peters is also a distributor
of the Rug Warrior line of education-
al robots. The Rug Warrior is
described in Mobile Robots:
Inspiration to Implementation,
which the company publishes. The
Rug Warrior kits are not cheap, but

are well thought out, and are com- |
mon finds in college- and university- |

level mechatronics labs.

The Rug Warrior Pro ($599.00)
provides a complete kit of parts to
build a fully-functional autonomous
robot based on the Motorola
MC68HC11 microcontroller.
Included is the chassis, wheels,
motors, main electronics board with
microcontroller and other support
components (including a two-line
LCD display and dual H-bridge motor

driver), dual shaft encoders, light |

sensors, and speaker.

The Rug Warrior kit comes with
Interactive C, a special multitasking
version of C designed for the
Motorola controllers, and is used
heavily at the MIT robotics lab.

Rug Warrior is available in vari-
ous "sub" kits, should you already

have the mechanical base or elec- |

Robotics Resources

(www.acroname.com/).

Robodyssey Systems

www.robodyssey.com

The robot kits from Robodyssey
are aimed squarely at the education-
al market. The company's Mouse
($206.00) uses twin modified R/C
servo motors, mounted on a small
circular aluminum chassis. The
Roach ($259.00) is a sixlegged
walking robot using three unmodi-
fied servos for a 'linked" walking
gait.

Both kits are provided with a
central control board, but not a
microcontroller. The control board is
designed for use with the BASIC
Stamp 2 or pin-compatible micro-
controller, such as the BasicX-24. A
nice feature of this control board is
its 24-pin zero-insertion force (ZIF)
socket. This allows you to more eas-
ily remove and install the microcon-
troller without damaging the pins, or
unnecessarily expanding the spring
contacts in the socket.

Zagros Robotics

www.zagrosrobotics.com/

Zagros is a manufacturer of
"rover size" robot bases and Kkits.
Almost all of the kits discussed so far
are desktop robots, and small
enough to fit on one. The fare from
Zagros is designed for DIY educa-
tional and industrial applications,

tronics. The Brains
kit (microcontroller
and support elec-
tronics) retails for
$359.00; the Brawn

kit (chassis,
motors, wheels,
etc.) retails for

$240.00. Unlike AK
Peters' books, the
Rug Warrior kits
are not available at
bookstores; rather,
they can be pur-
chased from online Th
distributors, such
as Acroname

e ARobot, from Arrick Robotics, incorporates
a single drive wheel, and dual steering wheels.
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and are suitable for tasks where the robot must carry 25-
35 pounds or more of weight.

As an example, the Max '99 kit ($229.00) is a dual-
deck 12-inch diameter base, complete with heavy-duty
motors, wheels, and support casters. Additional decks and
risers can be purchased if you require more mounting
space for electronics. Even larger is the Round Max '96,
($249.00) at 16-inches in diameter. The Zagros bases are
constructed from black plastic.

Though Zagros specializes in bases, they also offer
optional components, including motor drivers, ultrasonic
sensors, and microcontroller boards. Zagros provides
more of a "mix and match" approach to constructing a
robot to your specifications, rather than theirs.

PPRK: Palm Pilot Robot Kit

www-2.cs.cmu.edu/~reshko/PILOT/

The PPRK — Palm Pilot Robot Kit — was developed by
the Carnegie Mellon Robotics Institute. As its name
implies, PPRK is designed to be used with a Palm Pilot as
the main brain; you provide the Pilot. The kit includes a

Seetron Serial LCDs

Interface a sharp LCD display to your BASIC Stamp® or other
micro-controller project with ease. No-solder wiring harnesses
and easy mounting kits available too. See www.seetron.com today.

® 3.2x 1.4 in. supertwist LCD  $45
* 2400/9600 baud serial

® Low (=2mA) current draw

« Great with BASIC Stamps®

BPI216N M

¢ 3.2 x 2 in. backlit LCD
® 1200-9600 baud serial
¢ Advanced protocol, 4 switch inputs
* EEPROM for configuration settings
e Favorite for OEM applications

$99

SGX-120L &

$49

ILM-216L

¢ 3.2 x 1.4 in. graphics LCD
* 2400/9600 baud serial

¢ Font and 15 screens in EEPROM
¢ Easily draw points, lines, screens

$119

TRM-425L

® 3 x 2 in. supertwist LCD
® 1200-9600 baud serial
¢ ESD-protected, 4x4 keypad input
e Store up to 95 screens in EEPROM

Scott Edwards Electronics, Inc.

1939 S. Frontage Rd. #F, Sierra Vista, AZ 85635 More displayﬁ available,
phone 520-459-4802 « fix 520-459-0623 mcludmg bnght VFDs.
www.seetron.com * sales @seetron.com

See www.seetron.com

chassis, a trio of modified R/C servo motors and omni-
directional wheels, and support electronics.

Besides using the Palm Pilot as a microcontroller, the
PPRK is unusual in that it uses a three-wheel drive, rather |
than the more typical two wheels, with one or two undriv-
en support casters. The three drive wheels are spaced 120
degrees apart from one another around the circumference
of the robot's chassis. To make this odd configuration
work, the wheels used with the PPRK are omnidirectional
— they allow forward movement, as well as movement side-
to-side. The base design is known as holonomic, and the
PPRK is one of a small group of robots that can move in
any direction.

Carnegie Mellon won't sell you the kit, but you can pur-
chase it from Acroname, www.acroname.com/. Prices
start at $265.00, and the kit is available in several versions.
The Carnegie Mellon web site also provides full details if
you want to build your own from scratch. Acroname — [
among others — sells the individual parts, including the
omnidirectional wheels.

Circle #49 on the Reader Service Card.

Remote Control/Command « MIDI - RS-232

Data Links e

Keyless Entry °* Serial

Robix/Advanced Design

www.robix.com/

EASILY MAKE YOUR
NEXT PROJECT WIRELESS!

RFEDIGITAL

www.rfdigital.com

(818) 541-7622

Systems

Robix is more of a general construction set than a kit
to build a specific robot. I'm including it here because of its
unique ability to create all kinds of interesting robots,
including walkers, grippers, and arms. The Robix Kit
includes machined metal links, six specially altered Hitec
servos, and assorted hardware. The servos and links are |
connected very much like an Erector set, where parts can
be joined to create a variety of joints and limbs.

The product is intended mainly for classroom instruc-
tion, though it's also great for garage-shop inventing.
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Only
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C&S SALES

Secure On-line Ordering @ cs-sales.com
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FOR OUR

FREE

64 PAGE CATALOG!
(800) 445-3201

- Digital Multimeters

|| Capacitance Meter|

Deluxe Soldering Stations

Elenco Model M-1740

519,55

safety specs.

Elenco Model LCR-1810

389.95

* Cap. 0.1pF to 20uF

* 3 1/2 Digit Display

11 Functions: « Inductance 14H to LCD
* Freq. to 20MHz 204 « Autoranging Freq.
« Cap. 10 204F * Resistance 0.010 1o 4MHz
10.2,000M0 « Cap. to 400uF
« AC/DC Voltage « Temperature -20°C Dt
* AC/DC Current to 750°C i -
B « DC Voits 0 - 20V + Res. 10 4,000MQ
per s -
« Freq. up to 15MHz Logic Test
* Diode Test « Diode/Audible + Diode & Transistor
» Transistor Test Continuity Test Test
* Meets UL-1244 * Signal Output + Audible Continuity
Function Test

Elenco Model LCM-1950

65

* Large 1" 3 3/4 Digit

Elenco Model CM-1555

+ Compact size with
it stand and
hoister

Test Equipment

Elenco Four Functions in One Instrument
Model MX-9300B

*450

Features:
* One instrument with four test
and measuring systems:
- 1.3GHz Frequency
Counter

- 2MHz Sweep Function
Generator
- Digital Multimeter
- Digital Triple Power
Supply
Elenco Multi-Network Cable Tester
Model TCT-255 2

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

+ Open or Short Testing

Elenco Handheld
Universal Counter
1MHz - 2.8GHz
Model F-2800

g9

Sensitivity:
*<1.5mV @ 100MHz
+<5mV @ 250MHz
*<5mV @ 1GHz
*<100mV @ 2.4GHz

Features 10 digit display, 16 segment and
RF signal strength bargraph

Includes antenna, NiCad battery, and AC
adapter.

C-2800 Case w/ Belt Clip......ccuvas $14.95

Elenco Quad Power Supply
Model XP-581

4 Fully Regulated Power Supplies in 1 Unit

) S75

4 DC Voltages: 3 fixed; +5V @ 3A, +12V @ 1A,
1 variable; 2.5 - 20V @ 2A s Fully Regulated &
Short Protected * Voltage & Current Meters « All
Metal Case

Elenco Power Supply
Model XP-603

* 0-30VDC @ 3A Output

* 3A Fused Current Protection

« Current Limiting Short Protection
* 0.025Q Output Impedance

* Low Battery Indicator
* Auto Power-Off Function (30 5.)

are installed
Soft Vinyl Zippered Case (Model C-90) included!

+ Mapping Function
- =
TCT-255K - Mui-Network Cable Tester Kit - $39.95

« Tests cables before or after their installation.
* Cable Identification (straight or reverse)
20MHz Sweep / Function Generator
with Frequency Counter Model 4040A

+ Pair Identification (straight or reverse)
e R

* 0.2Hz to 20MHz

* AM & FM Modulation

* Burst Operation

* External Frequency Counter
to 30MHz

* Linear and Log Sweep

10MHz Model 4017A $325 $445
5MHz Model 4011A $259
2MHz Model 4010A $225 [CZEEERA

Elenco RF Generator
with Counter (100kHz - 150MHz)
Model SG-9500

Features internal AM mod. of 1kHz, RF
output 100MV - 35MHz. Audio output 1kHz @
1V RMS

SG-9000 (analog, w/o counter) $135

Elenco 3MHz Sweep Function
Generator w/ built-in 60MHz
Frequency Counter
Model GF-8046

R i

| Bt 80008
ey |

Generates square, lriangle, and sine waveforms,

and TTL, CMOS pulse 51 99.95

GF-8025 - Without Counter $139.95

Discounts
_Available

Elenco SL-5 Series
Electronically controlled, ideal for professionals, students, and
hobbyists. Available in kit form or assembled.
As Low As

$22.95

Features:

* Cushion Grip Handle
Soldering Iron (optional) with
Grounded Tip for Soldering
Static-Sensitive Devices.
Easily Replaceable. Uses
Long-Life, Plated Conical Tip.

* Heavy Steel, Non-Slip Base.

& If6t*Holder Funnel -
Reversible, left or right side.

« Steel Fray for Sponge Pad.
«.Sponge Pad.

Works w/ any
iron! Turn any
soldering iron
into a variable

Ordering Information:

Model SL-5 - No iron.
(Kit SL-5K)

$22.95
$27-95

Weller® Low Cost Soldering Iron
Model WLC100
* Variable power control
produces 5-40 watts.

Model SL-5-40 - Includes 40W UL iron.
(Kit SL-5K-40)

* |deal for hobbyists, DIYers
and students.

* Complete with 40W iron.

$32_95

Elenco Oscilloscopes
Free Dust Cover and x1, x2 Probes
2 year Warranty
25MHz Delayed Sweep
40MHz  Dual Trace
40MHz

$-1330
$-1340
$-1345
$-1360 60MHz $725
S$-1390 100MHz Delayed Sweep  $895
DIGITAL SCOPE SUPER SPECIALS
DS-203 20MH2/10Ms/s Analog/Digital $695
DS-303 40MH2z/20Ms/s Analog/Digital $850
DS-603 60MH2/20Ms/s Analog/Digital $950

$439
$475
Delayed Sweep  $569

Delayed Sweep

T

25MHZ

T

51325

@

Elenco Snap Circui

ts™ |

[Elenco Educational Kits|

|  Electronic Science Lab |

SC-300 - 300
SC-100 - 100
much more. You can even play electronic games with your friends. All

modules and snap together with ease. Enjoy hours of educational fun wi
You can even create your own experiments! No tools required.

Guaranteed Lowest Prices

UPS SHIPPING: 48 STATES 5% (Minimum $5.00)
OTHERS CALL FOR DETAILS
IL Residents add 8.25% Sales Tax

SEE US ON THE WEB

-
Elenco’s new Snap Circuits™ make leaming electronics a “snap”. Just follow the colorful pictures in
out manual and build over 300 projects, such as AM radios, burglar alarms, flash lights, doorbells, and

Model MX-901SW
Short Wave Radio Kit

Model AM-780K
Two IC Radio Kit

==y

J Flashing Neon Lights
-4/ Great School Project

Model AK-700 Model RCC-7K
Pulse/Tone Radio Control Car Kit
Telephone Kit 527 95 4

* 7 Functions

3 « Transmitter
$1 4 95 Included
experiments  %49.95 . AK-870 (non-soldering) - $27.95
Model M-1006K Model K4001
; s

experiments 29.95 DMM Kit 7W Amplifier
* 18 Ranges $ 95
* 3 1/2 Digit LCD 12-

| parts are mounted on plastic * Transistor Test '
* Diode Test %

hile learning about electronics

K2637 - 2.5W Audio Ampiifier - $10.50

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!

* Includes built-in breadboard and an LCD.

* Explore amplifiers, analog and digital
circuits plus how to read schematic
diagrams.

* Includes 11 parts.
* Lab-style manual included.
* Requires 6 “AA” batteries.

MX-908 - 300-in-1 Lab
MX-907 - 200-in-1 Lab
MX-906 - 130-in-1 Lab
EP-50 - 50-in-1 Lab

15 DAY MONEY BACK GUARANTEE
2 YEAR FACTORY WARRANTY
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$59.95
$44.95
$29.95
$18.95
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Get 2 One-Year Subs for ONLY $30!

Use the attached card to send a friend or loved one a special gift this holiday season
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Subscriptions to Nuts & Volts for only $30! (US only).

Save 40% off the regular subscription rate for each sub!
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Texas Instruments and Nuts & Volts

% 2002 MSP430 Ultra-low Power
@3 Flash MCU Design Contest

WINNERS!!

FIRST PLACE: MULTI-FUNCTIONAL ACCELEROMETER
Jingxi Zhang, Yang Zhang, and Huifang Ni ¢ Foster City, CA

he object of this project is to utilize Texas Instruments' ultra-low power, |6-bit

RISC microcontrollers MSP430 to interface a MEMS (Micro-Electro-Mechanical
System) dual-axis accelerometer sensor to build a handheld, user-selectable, multi-
purpose accelerometer device.The accelerometer sensor outputs a duty cycle modu-
lated (DCM) signal on each axis. The MSP430 captures the signals and converts the sig-
L | nal duty cycle percentage back into acceleration information. Because the input signal
L: b E D ’ contains both static and dynamic acceleration, multiple functions can be generated by

d properly conditioning (filtering) and manipulating the data.

The following functions are provided with a simple click on the mode selection

button:

CONTINUITY

- Accurate tilt-angle meter (inclinometer) ranged from -180 to +180° with a
resolution of 0.1°.

* Electronic two-axis bubble level with nine directional indicators.

* Motion alarm to detect tiny movements or shakes.

- Pedometer to detect and record a user's walk/run steps.

- Countdown timer to beep when the preset time expires.

- Stopwatch to record time laps precisely in fractions of seconds.

SECOND PLACE: ROBUST REMOTE NUCLEAR RADIATION MONITOR
¥ WITH INTELLIGENT POWER MANAGEMENT
enry Chan * New York, NY

ln today's increasingly violent world, the threat of nuclear disaster becomes more
real as terrorists go to great lengths to endanger the lives of numerous civilians in
addition to their own. Nuclear attacks from the use of "dirty bombs" or even the use
of nuclear weapons has caused society to think the unthinkable. The project present-
ed here illustrates a robust early notification solution should there be any dangerous
levels of radiation whether it be from a terrorist attack or simply leakage of radioac-
tive waste. The Robust Remote Nuclear Radiation Monitor with Intelligent Power
Management (NRM) allows a monitoring agency to quickly determine the levels of
radiation in an area through a wireless radio link. The device uses the ultra-low power
MSP430-1121 from Texas Instruments as the microcontroller, a silicon photodiode-
based sensor,an LCD and two buttons for user interaction, an amorphous silicon solar
panel and battery for power, and super-capacitors for energy storage. Thanks to the
intelligent power management, the device can be used outdoors, as well as indoors in low-light levels, even without a battery.
Low Power Mode 3 (LPM3) is used extensively in conjunction with a 32 kHz watch crystal as the source of timing interrupts.
A sigma-delta ADC is implemented for accurate voltage measurements. The NRM calculates instantaneous counts per minute
(CPM), as well as a moving average CPM.The highest level of radiation detected in the last 24 hours is also stored.The radio
link using the TI TRF4400 ISM single chip 430 MHz transmitter allows quick notification of a possible danger.To provide con-
firmation of proper operation, the NRM transmits a heartbeat signal after every user-determinable time period. For survey
use, the NRM can be configured to produce an audible click for every detected particle, as well as an audible alarm.This device
provides the early warning necessary for the rapid evacuation of the affected area in the case of an emergency.
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THIRD PLACE: EVENT RECORDER

Sean K. Barry * Burnsville, MN

ur ER8XX device continuously records and monitors cardiac electrocardiogram

(ECG) analog data, coming from electrodes and leads attached to a patient's
chest.When the patient wearing the device feels a cardiac symptom (angina/chest pain,
shortness of breath, palpitation, sweating, etc.), they can press an "EVENT Record"
button on the front face of the device and it will record their ECG for one to three
minutes. The ER8XX continuously acquires ECG data, so the recorded "ECG Event"
spans a period of time both preceding and following the time at which the button

was pressed.

Once "ECG Event(s)" have been recorded and stored in NV FLASH memory, the
patient can press the "SEND Event(s)" button on the device and transmit recorded
ECG data to a health professional monitoring them at a receiving station. This is done

via an audio signal, which is output through a speaker into a common telephone receiver. Optional program selections allow
the ER8XX to change the durations and types of recorded "ECG Events," to transmit at alternate speeds, and even to mon-
itor the ECG signal continuously and "automatically" in Arrhythmia Detection mode (AD mode).Two key requirements of the
ER8XX design require functions found only in a microcontroller from the Texas Instruments MSP430 family. First, the Low-
Power Management functions and, secondly, the Clocking/Timer(s) functions of the Tl MSP430. Together, they make possible
solutions that aren't allowed by selecting any other microcontroller. Several other microcontrollers were examined as candi-
dates for the ER8XX design. But, the MSP430 part has specific novel features, which make it perfect for the ER8XX design.

Honorable Mention:

GNOMES
Jeremy Patrick Frantz ¢ Houston, TX

he design

goal of the
Generalized
Network Of
Miniature
Environmental
Sensors
(GNOMES) is
to create a
system of low-
cost sensor nodes that are self-organizing and can work
in a collaborative manner to solve a given problem. Cost
and power consumption constitute the two overriding
design constraints for this development effort. These
constraints were based on the following assumption:
traditional macro sensor devices are bulky and expen-
sive, but extremely accurate. Because of the high cost
per sensor, a single high-precision device is also not
generally fault tolerant. Therefore, by flooding an
application area with many small cheap devices, one can
overcome the weaknesses that are inherent in this kind
of system. Data collected from multiple sensors can be
combined to improve the accuracy through the use of
advanced DSP algorithms (e.g., creating a high-resolution
image by combining multiple low-resolution images).
The system is inherently fault tolerant because of the
many nodes that are in use. If a few nodes become
inactive, overall system performance should not suffer
much.

Honorable Mention:

RC CARTRACKTIMER
David Johnston * Westford, MA

his system is to
be used with
RC Cars, Radio
Controlled Scaled
Racing. Set up at a
racetrack, the sys-
O tem can monitor
; B T T et LAP timing and
determine finishing order automatically with precision
down to one millisecond. The system design has three
basic components, the Track Gate (TG), Track Monitor
(TM), and the Car Monitor (CM). Each of these three
components has a single TI MSP430F| Ix| microcon-
troller. Communication and synchronization between
these three parts is done via standard consumer infrared
(IR) components, remote control type. A CM resides in
each RC racecar. It gets power from the car’s battery, as
well as monitoring the battery voltage. It receives IR sig-
nals from the TG to synchronize to the system, as well as
detecting the Start/Finish line crossing. Once it crosses, it
sends the crossing time and battery voltage to the TM via
a Time Division Multiplexed (TDM) IR signal. The syn-
chronization and TDM nature of this system allows up to
16 CMs to be active at a given time with each CM pro-
grammed to a different interval number. Even if multiple
CM cross at the same time, they will transmit their true
crossing time in an ordered fashion to the TM.There may
be upwards of a half-second before a CM sends this data
to the TM, but sends the true finish time with millisecond
accuracy.

o



About the judges ...

Dan Danknick works as an embedded-
systems engineer specializing in high-
speed communication firmware. He holds
nine US patents for his work in industry
which has included Canon, Walt Disney
Imagineering, and Celerity. In his spare time, he works in the
competition robotics industry as a supplier and TV technical
commentator. He also volunteers yearly as a technical-support
engineer for Dean Kamen's FIRST robotics competition.

trick Campbell (BSME Cal Poly
1993, San Luis Obispo and MSME
Stanford University 1995) has been a
product manager for a line of embedded-
microcontroller products for Mosaic
=) Industries. Currently, he works for Pace
Technologies developing specialized lighting and camera equip-
ment for the entertainment industry. For the past two years,
he has been developing a 3D HDTV camera system that has
been taken down to the Titanic and Bismarck wrecks. He has
also been competing with fighting robots since 1994. Patrick
can be reached at patrick@tmz.com.

TI/Nuts & Voits MSP430 Gadget-O-Rama Contest

teve "Mouse" Silverstein is Sr. Animation

Programming Systems Developer at Walt
Disney Imagineering. During his nearly two
decades as an "Imagineer" at Disney, Mouse
has worked on innumerable projects at Disney
theme parks around the world, including: the
"Carousel of Progress" at Walt Disney World
Magic Kingdom, "Body Wars," and the Norway Pavilion's
"Maelstrom" attractions at EPCOT in Walt Disney World, the
Pan Galactic Pizza Port," and "Splash Mountain" attractions at
Tokyo Disneyland, and "Star Tours" at Disneyland Paris. His
main responsibilities are in the design, development, and sup-
port of the proprietary hardware and software tools used in
the programming and animation of Disney's Audio-
Animatronics® figures and attractions. Most notably, his pro-
gramming tools were used extensively for animating the hun-
dreds of Audio-Animatronics figures at Disneyland Paris and
the new Tokyo Disney Seas theme park in Japan.

odd Mendenhall — Age 38 —

Hometown is Rancho Palos Verdes,
CA. Education: BSME Cal Poly SLO 1987
and UCLA 1999. Occupation: Aerospace
Engineer specializing in altitude control
(15 years). Projects: OMS-EP (NASA ozone
mapping probe), KOMPSAT (Korean high-resolution
imager). Other items: Four International patents, two US
patents; Heavyweight Combat Robot Panzer has four event
championships.

Everything For Electronics

'NUTS & VoiTs

CD-ROMs,

Tutorials,

"The only way to truly protect yourself from computer hackers, is to become one yourself."

- Andy Hooda, President

BY LEARNING TO HACK

PROTECT YOURSELF...

Computers hackers are everywhere, whether you want to admit it or not.
What you do is up to you, either sit around and hope they never bother you...
or learn what they know, and protect your systems.

Many commercial tools claim to protect you from hackers, but by learning to hack
yourself, you will know exactly how things are done, and ways to protect yourself.

"Who else but a hacker himself would know how to best secure a system?" “recioes

Hacking Books, Computer Virus Information, Passwords
Cable TV, Satellite Information, Cellular Phone Secrets

PROTECT YOURSELF Now!

BE A HACKER.COM
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New Product News

UNIQUE, LOW-COST, SELF-
POWERED, PANEL-MOUNTED
LED MINIMETERS

Fnel—mounted LED minime-
ters replace fragile “analog-
mechanical” and “expensive dig-
ital” panel meters that display
current and volts in AC line
applications. CUL Certified.

Model LMI15: Integral
display and current transformer, housed in
a rugged water-clear polycarbonate shell less
* than one-inch square, provides display of AC
_ load currents up to 15 amperes for either 50
@ or 60 Hz service. Five amp (LM5) and 20
amp (LM20) models are also available.

The display is self-powered so no
= additional or external components are
required. No batteries or power supplies are
needed to activate the display as it
transforms a tiny portion of the load current
to illuminate the display's colorful LEDs.

LED segments may have custom-
configured colors for volume orders.

The LM15 is C-UL listed/double

insulated and available with CE marks to
meet all safety requirements worldwide.
. Patent(s) pending.
" A companion model VM120 provides a
display of line voltage from 50 to 150 VAC.
\ (3 All minimeters can be installed without
St "‘“““::r . tools. Electrical connections are made by
MIniMEE" quick-connect blade terminals and panel
mounting uses a single brass spring retainer with an anti-
slip feature for secure mounting.

Panel cut-out required is the standard square opening
(0.97") as used for utility AC sockets. Any panel thickness
from 1/32 to over 1/4 inch can be accommodated.

Intended to replace fragile analog mechanical meters
and more expensive digital meters, these minimeter
products provide rugged, accurate, low-cost alternatives
(low-volume price $20.00, 10K pricing under $15.00) in a
smaller package well-suited for these applications.

Tzt

+ Power Distribution Units (PDUs)

+ Industrial Control Panels

+ Service Panels

+ Marine and Automotive Dashboard Displays
+ OEM Product Panel Metering

For more information, contact:

Avatar Engineering Corp.

301 Newbury St. #200, Dept. NV
Danvers, MA 01923
978-590-7060 Fax 978-887-6275
Email: avatar | @avatarengineer.com
Web: www.avatarengineer.com/
minimeters/

‘ NUTs & Voii's
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WAVE CORRECTOR
-— TRANSFER
VINYL RECORDS
AND CASSETTE
TAPES TO CD

Ganymede Test & Measurement announces a new
release of Wave Corrector. This popular software
package processes analog recordings from vinyl or
tape/cassette sources for transfer to CD recordable
media. The program integrates wave editing and noise
reduction functions and runs on the Microsoft Windows
95/98/ME/NT/2000/XP platforms.

The new release incorporates many additions to
enhance the usability of the program. Improved track
editing features have been implemented together with
new search facilities and display options.

Wave Corrector incorporates an advanced music
restoration function which is designed to remove clicks
and background noise while maintaining the musicality of
the original sound. Damaged recordings are rejuvenated
using a novel combination of analytic and heuristic
procedures. By this approach, the program avoids many
of the unpleasant processing artefacts common with
competing systems.

A graphical overlay is provided that allows the user to
compare the waveform before and after restoration.
Interactive features provide the ability to audition and
modify corrections, if necessary.

Wave Corrector also automatically finds track
changes and assembles separate wave files representing
each track of an album. Tracks can be easily split or
merged and track boundaries can be customized to suit
the user’s requirements.

Visit the Wave Corrector website
(www.wavecor.co.uk) for a full description of the
program and to download a trial version.

Single-user licenses cost $45.00 US and include
unlimited upgrades.

For more information, contact:

Ganymede Test & Measurement
Holly Croft, Barrack Hill, Dept. NV
Coleshill, Amersham HP7 OLW
United Kingdom
Tel: +44 1494 724362
Fax: +44 1494 723093
Email: derek@wavecor.co.uk
Web: www.wavecor.co.uk

UWDT UNIVERSAL STAND-
ALONE WATCHDOG TIMER

T’.e Industrologic UWDT is a stand-alone watchdog
timer circuit that can be triggered with logic level or
open-collector digital outputs from a microcontroller or
single board computer, or with RS-232 serial data from
any communication protocol. It can be used to increase




New Product News

the reliability of nearly any
microcontroller or single
board computer system by
monitoring a signal, and

activating a reset circuit or

cycling the system power if

the signal is no longer pres-
ent.

The UWDT features are: §
Convenient screw terminal :
block connections for relay 4
and digital trigger signals; ;
DBY9F and DB9M pin-to-pin §
connections provide pass-
through for RS-232 signals;
Jumper selectable monitoring of either RS-232
transmit or receive signal; Can be triggered by RS-232 data
of any baud rate; 10 amp Form “C” relay with connections
to all contacts; LED indicators for trigger and relay
activation; Adjustable time periods for both trigger
frequency and relay on time; On-board power supply for all
circuitry; and pin-type power connector for easy
connection to wall block power supplies.

The UWDT is shipped complete with all items
necessary to begin using it immediately: The UWDT circuit
board; a serial port cable for connection to a PC-
compatible computer; a wall-block power supply; and a
hardware reference manual.

For more information, contact:

Industrologic, Inc.
3201 Highgate Ln., Dept. NV
St. Charles, MO 63301
636-723-4000
Email: info@industrologic.com
VWeb: www.industrologic.com

TINYIR TRAINABLE IR REMOTE
CONTROL RECEIVER

A:ding IR remote control to your
ext project or to an existing
one, just got a whole lot easier.

With TinyIR, just apply
power, train the chip to «
recognize the codes you
want to use, and
you're ready to go. .~
Code patterns are
safely stored in
internal non-
volatile EEPROM. The chip can be re-trained many times,
if needed.

Features: Trainable — use it with a remote you already
have; Control signals are usable directly — four or eight
pulse or level outputs available; LED indicator — flashes
when a valid command is received; Small size; and IR
sensor can be mounted remotely, for more flexibility

By installing one or two external passive components,

you can configure 0, 1, 2, 3, or all four of the outputs as
momentary, and the rest as toggle. Momentary outputs
pulse high for approximately 100 mSec when their code is
recognized. Toggle outputs change state when their code
is recognized.

If you need more than four outputs, add an expansion
chip (a standard 74HC259) to get eight outputs. You can
configure 0, 1, 2, 3, 4, 5, 6, or all eight outputs as
momentary, and the rest as toggle.

Based on an eight-pin Microchip® PIC 12CE519
CMOS microcontroller with EEPROM, this device has been
developed to work with most modern IR remote controls. It
supports bi-phase, pulse width, and pulse position
encoding techniques. All four or eight codes must be in the
same "family," such as a number of different keys on the
same remote would be.

For more information, contact:

TauntonTek
609-953-5519
Email: grieb@pics.com
Web: www.pics.com/~grieb/IR.htm

raphic Interiace With Touch Scroen

GTC300 GTC301 ~

GTC100

GTC200 GTC600 L
128x64 LED 256x128 CCF 320x240 CCF 320x240 LED 640x200 CCF
Graphic display Priced From
Touch screen (optional) or 12x12 input matrix 5“‘%"{(}?““"
Serial communication (RS-232C) r Inte rface
Eprom or Flash for screen storage asy Opera

n
Only +5VDC power required (or 9-26VDC) E]rough serial co"nectio
Includes graphic controller board
Easy to use development software
gowerful frlendlg Irl;sé:ructiog Int:rpreter

reate screens by PC paintbrus

Holds 100’s of “canned” graphic screens ;'f.g? g‘}.‘.ﬂ%‘{
Simple to place touch buttons software 2001 3 Blug ISiang Ave.
Easy interface with PC/104, 8051, 68HC11, PIC hone ?312-243—4700
\Embedded Computer Controller Also Avallable 1;%,’;%&5&;’ &

Circle #81 on the Reader Service Card.

New Timer and Counter Kits

These kits all use a microcontroller and crystal for accurate, low-cost timing and counting,
4 Digit LED multiplexed output displays are used. Complete documentation on each kit is
available from our website. Shipping and Handling: USA $5.95, Canada $8.95 Other $12 95.

Multi Mode Timer Kit Up/Down Counter Kit ..
Seven different timing Count range is from 0000,1,2 &
modes! Modes and ... 10 9999. It can also count -
delay ranges are set by down. Maximum count rate of §
DIP switches. Timing about 30 counts per second.

delays range between 255sec (1sec steps) | Two counters can be connected together to
and 42.5h(10min steps) PCB size 1.9”x3.8” | make an 8 digit counter. PCB size 27x2.5”
12VDC Order Code: CPS141 $15.95 9-15VDC Order Code: CPS129 $16.95

4-digit Timing Module KJt Presettable Down Counter Kit
6 Types of firmware available. iy Starting count can be set. The
The included firmware is a # | counter has four modes to con-
programmable down timer of @ | trol how the output behaves
10,000 sec. PCB size 2”x2.6” £ | when it reaches zero. Max count
Timing accuracy: 0.04% | rate of 30/sec or 30,000/sec.
9-12VDC Current: 50mA PCB size 27x2.5” 9-12VDC
Order Code: CPS148 $9.95 Order Code: CPS154 $16.95

Tel: (330) 549-3726. Request a FREE catalog or visit us at
www.electronics123.com for more products.

Amazon Electronics, Box 21 Columbiana OH 44408 USA.
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Electronic Dice

The High-Roller — PIC-based

by Steve Russell

Stack the odds in your
favor with this
MCU-based project

Introduction

aving been professionally involved in
circuit design many years ago, |
recently found myself longing for the

unique odor of smoking flux and the burnt fin-
gertips gained while soldering a small compo-
nent into a circuit. A quick scout around the
web showed that many people are now using
microcontrollers (MCUs) to implement logic,
and that the development tools needed are
often free or relatively cheap. Since [ also
enjoy low-level programming, this was too
good to pass up, and | resolved to dip my toe
back in the water with a small MCU-based
project.

MPLAB assembler/simulator environment, all
available at no cost from their website. If
you've not used a Microchip MCU before, writ-
ing code for them is very easy. Devices such
as the PIC16F84A are used in countless proj-
ects that can be found all over the web. A user
forum called the PICList (www.piclist.com)
is another useful resource if you need some
guidance or help.

Not wanting to create yet another elec-
tronic thermometer, | decided to design an
electronic dice roller, which [ call the High-
Roller. Nostalgia played a part in this decision,
since a 7400-series-based die was one of the
projects | built when first getting involved in

or advanced After further research, | decided to use a electronics. While choosing an MCU, | was
projects. Just look | Microchip (www.microchip.com) PIC MCU. | particularly attracted to the PIC12C508A,
for the Fuzzballs These are very popular, and the company pro- because it packs a lot in a very small chip.
in the opening vides lots of information and tools such as the The '508A is an eight-pin MCU with 512
header. words of program memory,
: 1 seven control registers, and
You’ll also find e ekl 25 registers for program
information included S it use. Its instruction set com- ‘
with each article on 2 ¥ prises just 33 different op- 3
any special tools - codes. Six of the '508A's r
or skills you’ |l A " i - pins can be configured as 1*
need to complete == 1 330R U e 330R 1/O lines if your design is |
the project. w¥ e | oW LED1 | g LEDT able to use the chip's inter- wJ
c1 c2 nal 4MHz oscillator instead |
L.,?f’ fhe i tuF T° | T 1000F of a more stable external ‘
soldering begin! : - Re 1 crystal or resonator. This {
¥ Lo S30R allowed me to keep the cir- ‘
H %) L ¥ %Y LED3 cuitry very simple (see i
b SFiLas: . 9FR Figure 1), and focus on |
O ST RNESRGIN 5 becoming familiar with the f'
> GP2/TOCKI . |
‘ programming of the MCd. .
2 GP4/0SC2
o8 Fi | One drawback of the
H SPST GND| 11 igure
%‘I’-. PIC12C508A : Ciredit '508A is that it is a one-time
= B % gg{baseé’ D'C‘i s ; programmable (OTP) chip, l
4 f o schematic rather than being flashable 1
42 i




Electronic Dice

Photograp

e

like the 'F84A. If there's a bug in your pro-
gram, you need a new chip! For develop-
ment purposes, therefore, Microchip offers
a UV-erasable part, which | used to debug

the High-Roller, switching to an

h of prototype

for each value to be displayed.

After displaying all of the dice,
the LEDs are flashed between "2"
and "reverse 2" and the dice are
displayed again. Unless the button
is pressed again, the High-Roller
switches off after five such display
sequences. This puts the '508A
into its sleep mode, with all LEDs
extinguished. Almost no current is
drawn while asleep, so no power
switch is required. You wake the
High-Roller up by pressing the but-
ton, which displays the results of
the last roll again. This means that there
should be no arguments about what was
rolled!

Set-up mode — The final interface

OTP part for final construction.

Two other important limita-
tions of the '508A are limited stack
size (two words), and no support
for interrupts, but [ saw these as a
challenge!

User interface

For output, | decided to use
the time-honored seven-LED way

Figure 3 - Block
Start diagram of code

of representing numbers on a die,

shown in the prototype in Figure 2.
By switching on the appropriate
LEDs, the dot pattern for each
value from one to six is displayed.
My project from all those years ago
rolled a single die, but a program-
mable design can easily be made
to roll multiple dice. The High-
Roller allows up to seven dice to be
rolled simultaneously.

You press the single button to
roll the dice, indicated by flashing
the display between "3" and
"reverse 3." The device has to be
responsive, that is, the dice should
roll as soon as you press the but-

Initialize
y
Clear
timer
1 INNER LOOP
No_~"Rolling ~Yes
dice?
Y
:::;g:g Roll next
to switch e
T
Update
LEDs
No 16ms
assed?
Yes

ton, and this is covered in some
detail in the code description. After
rolling, the results are displayed by
showing the values for individual
dice sequentially. Note that two
consecutive dice with the same
value have to be easy to discern.
This is achieved by fading the
LEDs up from off to full brightness

Tests for
setup, sleep, @
flash

Update

value for
LEDs

Tools for

Construction

onstruction is  straight-
forward, just make sure you get
the polarized components the
right way round. Putting the
LEDs in backwards will not
cause a component failure, they
just won't light up. Getting the
tantalum capacitor reversed may
cause it to fail, and putting the
PIC in backwards will almost
certainly blow it, and render it
useless.

Note that you will need a
device programmer to program
the PICI2C508A. A quick
Google search found many sites
from which you can purchase
relatively cheap programmers
(<$100.00, some much less). My
own programmer is a Galep-4
from www.conitec.com,
which is not cheap (at about
$300.00), but it programs a
whole variety of other devices in
addition to the smaller PIC
MCUs. Its software is included in
the purchase price, and is regu-
larly updated to add new devices
(currently about 2,000 are sup-
ported). | have no connection
with Conitec other than as a
satisfied customer.

Tools for Debu§

o special tools are needed for
debug.A multimeter is useful for
checking voltages, but an oscillo-
scope is not needed (it is fun to
watch the pulse width modula-
tion used to control the bright-
ness of the LEDs, though!). If the
device doesn't work after you
have built it, there are three
main possible causes:

1. Power not applied.
When you first apply power, you
should see the initial "double-|"
roll. If not, check that the PIC is
receiving the correct voltage on
its power and ground pins. (You
did insert it the correct way
round, didn't you?)

2. A fault in construction
or a faulty component.
Check that all connections are
correct and look out for short-
circuits and open-circuits. Check
component polarity (polarized
capacitors, LEDs, PIC), and that
the switch pulls the PIC input
pin to ground when depressed.

3. A faulty PICI2C508A.
Use the verify function of your
programmer to make sure the
device is correctly programmed.
Make sure you double-check the
polarity of the power supply
before inserting the chip in the
circuit. You may want to use a
socket to make this easy to do. If
you bought your PIC from me, it
was verified and checked for
correct operation before being
shipped to you. Use proper anti-
static handling techniques before
touching the device.
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Project

Example 1

sEkEFE KK A KR AEA KK
i

; INNER LOOP

This main loop is repeated over and over for about 1l6éms. Loop execution
time creates latency in detecting the end of the 16éms period, so keep
it as short as possible. TMRO is clocked each 128us, so the path MUST

be shorter than this to avoid missing timer comparisons.
Cycle counts:

1. Longest path through loop code is 88us.
2. Shortest path through loop code is 24us.

Worst case timing error in exiting loop is therefore 88/16384,
or about 0.5%.

i
Kk ok ok ok ok ok ok ok

loop

btfsc
gotorolldie
call switch

; [79a max] YES: Roll die (skip switch testing)
; [50b max] NO: Poll the switch

sk kKKK kK
;

; Test if it's time to turn the LEDs on
display

movfontime,w ; [+1] Get the time the LEDs should go on

subwf TMRO, w ; [+2] Subtract w from timer

movliw LEDOFF ; [+3] Assume we're switching the LEDs off
btfsc STATUS,C ; [+4/+5] Carry flag=l if ontime=<timer
movf ledval,w ; [+5} ...so time to switch LEDs on, get value

movwf GPIO ; [+6] Switch LEDs on/off as reqd.

o ke ok ok Kok kok ok Kk ok ok ok
;

; End of inner loop
loopend

TMRO, 7 ; [+7/48] bit7=1 after 128 counts

btfss
e =sf8= o0b 284928 asP> 6

Ppr x 1

‘ NUTS & Voirs

decision was to allow the user to select how many dice are
rolled. Holding the button pressed for about two seconds
puts the High-Roller into set-up mode. In this mode, the
number of dice is indicated by flashing that number of
LEDs. Subsequent presses of the button let you select
from one to seven dice. When the button remains
unpressed for about two seconds, set-up mode is exited
and the new number of dice are rolled and displayed.

When power is first applied, the High-Roller is initial-
ized to roll two dice, both of which are set to "1."

dicestat,S ROLL ; [1/2] Test if we're rolling the dice

Electronic Dice

Code description

A high-level block diagram of the code is shown
in Figure 3. Let's take a look at the overall flow,
examining the main areas in a little more detail as
we go. Along with the excerpts included here, the
full code is available from the Nuts & Volts FTP
Library. As timing is crucial, many of the source
code comments contain a number in square brack-
ets, indicating cycle counts, which I used for calcu-
lating execution times.

When a reset occurs — due to either power
being applied or a button press waking the device
up — a '508A status bit informs you which of these
it was, so you can tailor the code to handle the
needs of each situation. Much of the initialization is
common, and — most importantly — the code sets
some configuration options using the OPTION reg-
ister of the MCU.

In particular, weak pull-ups are applied to all
inputs — this allowed me to leave GP5 floating, and
avoids the need for a resistor to pull up the switch
connected to GP3. The MCUd is also set to wake up
when an input pin changes state; its internal 4MHz
clock is selected, and a 1:128 prescaler assigned to
the timer, TMRO. The 4MHz clock means the MCU
runs with a nominal 1us cycle time, since one cycle
takes four clocks. A 1:128 prescaler for the timer
sets the TMRO register to increment every 128us,
setting bit 7 of TMRO after a little more than 16ms, which,
as you will see later, is an important part of the design.

The inner loop — After clearing TMRO, the code
enters the inner loop, which is the heart of the program
(see Example 1).

It is responsible for updating the display and check-
ing for changes in the switch, and has to do so often
enough that the user perceives that responses to the but-
ton are instantaneous. The '508A does not support inter-
rupts, so the switch has to be polled.

Things to note about
the PICI2C508A and
other comments

® An individual oscillator calibration
value is stored at address Ox|FF in each
'508A during manufacture. If you wish,
you can (as in the High-Roller) load this
value into the OSCCAL register to
ensure reasonable accuracy of the inter-
nal clock. For OTP parts, check your
programmer information carefully to
make sure you don't overwrite this
| | value when programming. For UV-
EPROM parts, be sure to read out the
calibration value before erasing, as you

will need to program this value back in
each time you re-program the device.

* Due to the way subroutine calls are
implemented, subroutines must be
located in the first 256 words of the 512
word program memory. This is why
most programs you will see (including
this one), jump to a location following
the subroutines almost immediately
after the start address of 0x00.

* |f you want the '508A to wake from
sleep on a pin change, Microchip says
you have to read the inputs before going
to sleep, otherwise this function may
not work as expected. See Example 3.

* While developing the High-Roller, |
wanted to be able to adjust the bright-

ness of the flashing LEDs (during a roll
and at the end of a display sequence)
without having to carefully check all
through the code. A simple macro
(Example 4) made this possible.

® To take the picture shown in Figure
2, | removed the light-proof cover from
the window of the '508A (a thick piece
of sticky card) so you can see the UV
window. Interestingly, the flashgun
caused the device to reset itself — you
can see the first "|" being displayed.
Microchip recommends that you cover
the window, since light can clear internal
registers, leading to unpredictable
results and great difficulty in debugging
your application.
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Example 2

A status byte (dicestat in the COde) CONLAINS  cxsrrmmsssrrsrssssmnrshkirkbskn bkt dhhrhkdrkh ki hkkdkk &k bk kb hbhkkkkkk
flags that control program operation. One of these  LESR
flags (S—'ROLL) indicates whether or not the dice are - This subroutine uses a 16-bit linear feedback shift register to
being rolled. If they are, execution is transferred to generate a pseudo-random sequence of bits. The feedback has been

. E : : lected to gi imal length nce.
the rolldie subroutine (see Example 2) using a goto RaEe e S s

to help avoid stack problems and to allow the code INPUT: FSR points to a register which will receive the next
to skip the call to switch by using goto display when ' e

returning from rolldie. Switch presses can safely be :  oureur: The register pointed to by FSR is shifted left. Bit7
ignored while the dice are being rolled. While using ‘ ~  tre0 Lato the C lagy Dit0 el W D

gotos is often frowned upon in programming circles, ; Effect on shiftreg:

they are sometimes necessary’ and can be efficient ; new bitl5 = old bitl5 XOR old bitl4 XOR old bitl2 XOR oldbit3
; new bitl4:0 = old bitl5:1

when used carefully.

Rolldie rolls just one die each time it is called, ¢  Cycle count: 18 (inc 2 for call)
making three calls to a linear feedback Shift TEGISLET | cxssusrssrssonsssomssionnsonss o snn ko bt dbonk bk dh & ko ok kA 5 ok ko
(a]so in Example 2) to generate a pseudo_random 1fsr clrf feedback ; [1] Initialise feedback bit
moviw 1 ; [2] Bit 0 of W used to XOR
number between 0 and 7. LFSRs have the advantage S sr hi,7 ; [3/4] xor in bitls
of being quicker to execute than many other com- xorwf feedback, £ GuEL
d b Val 0th h 5 btfsc sr hi,6 ; [5/6] xor in bitl4

mon random number generators. Values O throug = i L . 6]
represent die values of 1 through 6, so values of 6 btfsc sr hi,4 ; [7/8] xor in bitl2

d7 di ded dth die 35 tolled , xorwf feedback, £ ; [8]
an are discarded an e same die is rolled again i G103 7 (9/10] xor in bit3
next time around the inner loop. xorwf feedback, £ i 110]

. . rrf feedback, £ ; [11] Feedback bit to C flag, bit 7 is x

.Succes'sful thr9w§ are saved in 'Fhe approprliate eif o it e 1 | 4| st it into the high byte
variable using the indirect (FSR) register, and point- rrf sr lo,£ ; [13] ...and the low byte
ers are updated to roll the next die when rolldie is e Wi Shl_ftu%p PLE Hito BRR-rdices e
called again. When rolldie detects that the currently-
Selected number Of dice have all been ro”ed’ ,:*;;;;;;;*************************************************‘k****
S_ROLL in dicestat is cleared to return to normal dis-
p]ay mode. H Rolls a die pointed to by FSR.

TeSting the switch — If the dice are not being & To roll a die, this routine calls lfsr three times to generate a number
rolled, then the High-Rol[er is going through the nor- ; between 0 and 7. If a 6 or 7 is rolled, the FSR reg and rollctr are
% p £ < not adjusted, so that the same die is rolled next time. If the roll is

mal dlsplay sequence, and a call to switch is made. ; good, then FSR is increased to point at the next die, and the roll
Switch is quite complicated since it has a lot to do. : counter (rollctr) is decreased. If rollctr gets to zero, all dice have

It 3 letisiotest h . he butt 7 been rolled, so we clear the S ROLL flag and set variables for the
s main role Is to test for changes in the button sta- . next display sequence.

tus. If the user presses or releases the button, the

5 a INPUT: FSR points to the die being rolled
code reads the value of TMRO and saves it for later. H rollctr has to be set to the total number of dice to roll
On subsequent calls to switch, the button is tested
; OUTPUT : FSR->die receives a number between 0 and 7

for furt.her changes. Each time a change is detected, ; | 5, opveseniing dice throws of 1 e ¢
TMRO is again read and saved. ;

: s ; Cycle counts (inc 2 for call):
- If no change is detec.ted, TMRO is checke.d tosee ' L DU e e & LELr
if 10ms has elapsed (defined as DEBTIME) sincethe ; 2. Roll 0-5, last die 78 cycles
last transition. In this case, the new state of the @& 2. It the zelliis a6 or a7 62 cycles

;

switch is recorded in dicestat (S_PRESS flag). NOLE  ;sssssssnnsssnssnshsonsns s stsoh ok ok kobxodb ko ok ok ok k%4 Ak k% ok

that all four possible transitions are decoded: *olidie ‘ ,
clrf INDF ; [1] Clear the die register

released-released, released-pressed, pressed- eoli ey ; [19] Shift in the first bit
released, and pressed-pressed. This avoids any prob- = s 7 371 ...andiione Sccontg s
. calllfsr ; [55] ...and the third bit
lems due to switch bounce, very fast button presses, Tl 6 + f56] Masiimm value we alen - v
or transitions while S_ROLL is set, and also simpli- subwf INDF,w  ; [57] ...so subtract 6 and test if -ve
btfsc STATUS, C ; [58/59] Test carry flag

fies the Wake_from_SIeep code. gotodisplay ; [60] If set, rolled 6 or 7 so go round again
Action is only taken for released-pressed transi-  Roll was good, so move to next die

- . 1 incf FSR, £ ; [60] Rolled 0-5 so bump FSR
tions, all others are discarded. When the High-Roller HhEss Yolletr £ 1617/67] Set vollcte—olictid
is in set-up mode, each press cycles the number of gotodisplay ; [63] Done? NO: Go round again if not done
. k. FRRKE KKK KK
: dice to be thrown frorp 1to7 ar?d rgund again. More [fiost sl vl e e L 20 IR
‘ often, however, the High-Roller is displaying the pre- bef dicestat,S ROLL  ; [63] YES: Clear the roll flag
| . : : call setdice ; [72] Reset pointer and counters
vious th_row and the dice are ro.lled. Rolling even o SLEEBGNT ¢ [13] Get the mmber of display cyeles
seven dice takes place very quickly, usually less movwE dispctr ; [74] ...before sleep and set dispctr
than a millisecond or so — exactly how long depends gerndianies & G
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; YES: We have displayed SLEEPCNT times....
; We want LEDs to be switched off while asleep
; ...S0 set outputs to switch them off

time to sleep

LEDOFF

GPIO

; Read port before sleeping (as per Microchip)
. and goodbye!

movlw
movwf
movf GPIO, w
sleep

Example 4

3 R e ke ke ek ok ko ok ke ke ek ok ok ke ok ok ok ok e ok ke ok ok ke ok ok e ke ok ok ok sk ok Sk ke ok ok ek ke ok ek

; MACROS

pRERFK KA K KK H KKK KKKk Ak kkokkh ke ok hrk ek khokk sk hkkkk ko drxkkkkrrkhkkkrkhdk

mSET_ONTIME

macro val

if val = 0

clrxfontime

else

val
ontime

movlw
movwf

endif

endm

Everything For Electronics
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on how many invalid throws are generated. To give the
user an indication that a roll has occurred, switch also
sets S_FLASH to trigger the roll flash sequence, which
lasts for about a second, after which the new results are
displayed.

Driving the LEDs — The final part of the inner loop
is the code to drive the LEDs. A variable (ontime) is test-
ed against the current value of TMRO. While the timer is
less than ontime, the LEDs are kept switched off. When
the timer reaches a value greater than or equal to
ontime, the LEDs are switched on by setting the GPIO
port to the value held in ledval. Ledval and ontime are set
in various places to control what is displayed on the
LEDs. A subroutine (getgpio) is available to convert dice
values to their corresponding port drive values.

The end of the inner loop has a test to see if bit 7 of
TMRO is set, which occurs some 16.4ms after the timer
was cleared. If you recall, TMRO is clocked every 128us,
which is therefore the limit of the longest path through
the inner loop code to avoid missing TMRO values. The
longest path is actually 88us (see Example 1), so the
design has a comfortable margin.

Out of the loop — After about 16ms, execution
leaves the inner loop and a series of tests are performed
to determine whether:

* Two seconds have passed, and so a change to the
set-up status is needed. If set-up mode is entered, ledval
is set to the number of dice, and ontime and flashtmr are
used to make the LEDs flash this value.

® The device is flashing the LEDs to indicate a roll or
end-of-display sequence. If so, ontime sets the bright-
ness, and flashtmr controls the period and duration of
the flash sequence.

* To continue displaying the same die, ontime must
be moved earlier to make the LEDs a little brighter the
next time through the inner loop. The LEDs are kept off
the first time through the loop, then ontime is reduced by
about 0.25ms each iteration, until the LEDs are on for the
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whole 16ms of the loop. This means that the LEDs
display each die value for approximately
(16/0.25)*16ms, or a little over one second.

* Maximum brightness has been reached. If so,
it is time to display the next die.

¢ Five display cycles have occurred and it is
therefore time to switch off the High-Roller. If so, the
LEDs are switched off and the sleep command puts
the '508A into low-power standby mode. As | men-
tioned earlier, the High-Roller configures the chip to
wake up when the button is pressed. Other triggers
— such as a watchdog timer — are available, but not
used in this design.

The tests are performed in this order, so that,
for example, going into set-up mode takes prece-
dence above all else. Depending upon the out-

come of these tests, the values of status bits in dicestat,
and setuptmr, ledval, flashtmr, ontime and other vari-
ables are set as necessary for the next pass through the
inner loop.

At the end of this section of code, control returns
back to the top, where the timer is reset and the inner
loop is executed once again.

Debugging and design changes

Debugging a design based on the '508A is a chal-
lenge, particularly since | don't have access to any
sophisticated hardware aids, such as an in-circuit debug-
ger. However, careful use of the MPLAB simulator, cou-
pled with close observation of the behavior of the buggy
code, was sufficient to enable effective debug.

When | started this project, | had no feel for how
much code would be required in the inner loop, so the
TMRO prescaler was initially set to 1:256. When [ found |
could perform the necessary function in less than 128us,
| was able to change the prescaler to 1:128, which also
reduced the total loop time from 32ms to 16ms.

Parts List

The parts are all very easily sourced from vendors such as
Digi-Key, Newark Electronics, and Future Electronics. For devel-
opment purposes, the UV-erasable (JW) version of the
PICI12C508A is harder to find in stock, but both Digi-Key and
Newark Electronics carry it.

RI-R7 — 330 ohm, I/8W resistors, or use a seven-resistor
R-pack

LEDI-LED7 — General-purpose LEDs. | used 3mm, green
LEDs

IC1 — PICI2C508A microcontroller

C| — [OuF tantalum capacitor

C2 — |00nF capacitor

SPST — Single-pole, single-throw push to close switch
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This also improved the display quality by eliminating
a pronounced flicker. Making this change turned out to be
fairly straightforward, and | believe this was primarily
because | resisted the temptation to use numeric con-
stants. Instead, | defined symbolic constants and vari-
ables. These, coupled with a logical structure, made the
change simple to implement.

The last change | made was to put in an additional call
to Ifsr at the top of the outer loop, just before clearing the
timer. While debugging, it was useful to have a repeatable
series of "random" numbers following a power-on reset.
Once the code was working, however, | wanted to elimi-
nate this way of generating a repeatable series of rolls.
Calling Ifsr every 16ms makes the numbers generated
depend on exactly when the button is pressed, which is
essentially random when done by a human!

Conclusion

To be satisfied that the High-Roller was giving a fair
roll to its dice, in the guise of an exercise in statistics, |
convinced my children to tally some 1,200 rolls of the
dice. The results were as follows (1-6): 202, 178, 205, 234,
180, 201. A colleague of mine did some analysis which
indicated that the dice do, indeed, appear to be fair.

To make the High-Roller usable, | packaged the elec-
tronics and a battery-holder for three AAA cells in a small
candy container, and designed a suitable graphic to go on
the front of the unit. You can see the finished device in
Figure 4 — the push button is between the two words on
the graphic.

I had great fun designing and debugging the High-
Roller, and learned a lot about the MCU. Now I have to
think up a new project (I'm determined not to design a
thermometer!). | hope you enjoy either making your own
High-Roller or get interested enough to design your own
devices, too. NV

About the author
Steve Russell started out his working life as a hardware
design engineer. Somewhere along the way, he was seduced by
computers, and began designing subsystems of various types
for them, working for a multi-national computer company.
Much later, after a spell in development management, he decid-
ed that salespeople needed his help and so he moved into
technical marketing. He still misses the baleful green glow of an
oscilloscope in a darkened lab, late at night ...
Contact Steve at pic.projects@ntiworid.com
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AC Voltage
Tester

Non-contact test. Volt-
age Sensitivity: 100 ~
240VAC. Detection Dis-
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AC110VD
25W HiFI
Audio
Amp Kit
All the es- T
sential components to
build a hifi amplifier
module using the
LM1875 IC. Heatsink,
speakers and cables
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cluded for use as power
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Brand
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1-Ib spool of 60/40 rosin
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96U010 12/$5.00
Cavro Stepper
Motor Driver

Will drive two bipolar
stepper motors up to 2A
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board with DB-15M
connector. Sorry, no

docs.
99C001 $14.95
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T51 $49

RIO-8-LL and RIO-8-OC $59
Eight 10 amp relays for your micro.
Logic level or open-collector drive.

Can be split into two 4 relay boards!

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

IndusTroLogic’

3201 Highgate St. Charles, MO 63301 USA
(636) 723-4000 (800) 435-1975

www.industrologic.com

SBC-1 $199

The Industrologic Advantage:
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,
real time clock, 50 digital /O, industrial
1/0 connectors, on-board Tiny Basic.

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

boards or as standalone
industrial controllers!

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

Complete control
systems for the
price of an SBC.

RC51 $129
Atmel 89C2051, serial EEPROM,
eight 10 amp relays, 4 digital 1/0,

Tiny Machine Basic - a complete
relay control system.

TC51 $129
Atmel 89C4051, serial EEPROM, two 12
bit A/D, four digital I/O, four 10 amp
relays, plus on-board Tiny Machine
Basic with LCD support - a full
featured control system.
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by Danny R. Graves

Modifying a Tridon EP35 Turn
Signal/Hazard Light Flasher to
Flash Your Brake Lights

All 1t takes is a little knowledge, minimal sweat equity,
and a few dollars’ worth of electronic components ...

any people flash their brake lights by manually

pulsing their brake pedal, in order to get more

attention from the driver of the 10,000 pound
SUV approaching them from behind.

There are several companies offering aftermarket
electronic modules to automatically flash brake lights.
Some of these modules flash the brake lights as long as
the brake pedal is pressed while others flash for a few sec-
onds then stay on continuously. These modules typically
cost anywhere from $30.00 to $50.00.

By modifying the electronics of a Tridon EP35 turn
signal/hazard light flasher, you can get the same function
for less than half the cost. In addition, you will be able to
tailor the function to your liking.

How do the EP35 and other
flashers work?

The EP35 flasher has three pins: battery, ground, and
load. Battery and ground connections are obvious. The
load pin is connected to the lamps. The connections are
usually labeled as E for ground, B for battery, and L for
load on the flasher base.

Federal Motor Vehicle Safety Standard (FMVSS) 108
S5.5.6 requires that failure of one or more turn signal
lamps be indicated, except on various large vehicles 80 or
more inches in overall width which use variable load flash-
ers. It simply requires a significant change in flash rate
when a bulb is defective. FMVSS108 does not require
detection of lamp outage for hazard function.

Some flasher designs accomplish this indication by a
fast flash of approximately 200 flashes per minute (FPM)
while others do it by a constant-on (100% duty cycle)
mode. Typically, electronic flashers indicate bulb failure
by fast flash, while thermal flashers indicate the failure by
constant-on. The normal (no bulbs defective) flash rate
and duty cycle is 60 to 120 FPM and 30% to 75%, respec-
tively. Unfortunately, most people don't know what it
means when their turn signal starts flashing too fast or
changes to a constant-on mode. Some mechanics even
think the flasher module is defective when a bulb is out.

The type of flasher determines the method of detect-

ing a defective bulb. There are several different types of
flashers. There are thermal, mechanical, electromechani-
cal, and electronic. The mechanical and electromechani-
cal types are typically used on variable load vehicles,
which means — per FMVSS108 — they do not have to
detect a defective lamp. Thermal and electronic flashers
are the types that have to detect a defective lamp.

Thermal flashers, which use a bi-metallic strip to
open and close the flashing circuit, indicate a defective
bulb by switching to 100% duty cycle. This is the natural
way the thermal flashers behave. When a bulb is defec-
tive, there is not enough current flowing through the bi-
metallic strip to heat up the metal sufficiently to cause the
circuit to open. Therefore, when a bulb is defective, the
other bulb just stays constant-on (when the turn signal
switch is closed).

Detecting a defective lamp with electronic flashers is
more complicated than with thermal flashers. Like all
types of flashers, electronic flashers are typically very
compact yet have to dissipate several watts of power.

Figure 1 shows an example of a Tridon EP35 elec-
tronic flasher. Electronic flashers have an integrated cir-
cuit (IC), which controls the function. Some typical man-
ufacturers of these inte-

grated circuits are
Atmel, Motorola, and
ST. The method of

detection of a defective
lamp (lamp outage) is
similar for all the manu-
facturers. The integrated
circuit that is used in a
large number of flashers
is the Atmel U643B. An
examination of the lamp
outage methodology of
an Atmel U643B-based
flasher module will serve
as a good example for
all flashers with similar
integrated circuits.

The Atmel U643B

automotive, turn signal/
hazard flasher module.




Brake Light Flasher

All you need is the basic flasher, the extra electronic compo-
nents, copperclad board, a soldering iron, solder, and a Dremel
tool or similar to break a trace on the printed circuit board. A
multimeter would be helpful in order to check continuity in the
circuit (especially to check discontinuity after a printed circuit
board trace is broken), but is not really required. An oscilloscope
is not required, but might be helpful to watch the charging and
discharging of the capacitors. Programming is not required since
the standard flasher ASIC is used.

The electronics are pretty simple.The only reason it is a "2"
instead of a "|" is because of the mechanics of having to tap into
the existing circuit and then figure out a way to piggyback the
"add on" electronics (on the copperclad board) to the flasher
without electrically shorting anything out.

IC requires a shunt resistor in series with the load and con-
nected between pin 6 and pin 7 of the IC. The voltage drop
across this shunt resistor is compared with the control sig-
nal threshold of the IC. Pins 4 and 5 are the timing compo-
nent (resistor, capacitor) connection points, pins 2 and 6
are the battery voltage connections, pin 3 is the oscillating
output to the relay, and pin 8 is the start signal input. When
the IC detects that a bulb load is connected — via pin 8 —
the IC starts to operate the relay. See Figure 2 for the IC
pin-out.

At 12V, the nominal control signal threshold is 81 mV.
This means that when enough load current is present to
keep the voltage drop across the shunt resistor greater
than 81 mV, the flash rate will be normal. However, when
the voltage drop across the shunt resistor drops below 81
mV, the flash rate will approximately double. The U643B
flashing frequency is set by an external capacitor and
resistor. Most applications require the flash rate to be set
around 90 FPM. The duty cycle is not adjustable by exter-
nal components. The duty cycle range is 47% to 53%.
However, in reality, most U643Bs have a 53% duty cycle.

Flasher applications are typically 2/4 or 3/6. This
means two turn signals and four hazard bulbs or three turn
signals and six hazard bulbs. The shunt resistor value must
be selected depending on the type of application. The
flasher may have to detect when one out of two bulbs is
defective or one out of three bulbs is defective. For a 2/4
application using a U643B IC, a typical shunt resistor value

N,

BATTERY | 2

g | START
SIGNAL
SHUNT
7 | sense
RELAY | 3 6 | BATTERY
5 | OSCILLATOR 1

OSCILLATOR
Figure 2 ‘

Atmel U643B IC.

Atmel
U643B

Great selection of...

Transmitters
Receivers
Transceivers
Antenna

RF subassemblies
Radio Modems
Evaluation Kits
Amplifiers

Data encoders
Data decoders

Typical Applications

RF remote control
Data communications
Wireless Audio

RF data acquisition
Wireless Security
Robotics

Remote Sensing
Remote Monitoring
Wireless Networking

ABACOM

Technologies

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

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

RIGrunner

The 12 Volt DC intelligent power panel utilizing
Anderson Power Poles and standard auto fuses
3 models for RV’s, Vehicles, Hamshacks, RCer’s

RIGrunner 4005 $49.95

RIGrunner 4008C $89.95

includes pwr cable and 24 power poles

RIGrunner 4012C $109.95

includes pwr cable and 24 power poles 4008
RIGrunners

RIGblaster

The digital sound card interface which links any amateur radio
with your computer to enable Virtually all digital modes including:
SSTV, Pactor, AMTOR, Packet, PSK31, Echo Link, WSJT

standard, M8
3 Models: R

RIGblaster Nomic $59.95
RIGblaster M8 $109.95
RIGblaster Plus $139.95

RIGblaster Models

All units include everything you need: pwr supply, all cables
software (over 60 programs), instruction booklet

Southwest Radio Products

a division of Inkjet Southwest

www.inkjetsw.com/radio
1-800-447-3469
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Project Brake Light Flasher

BATTERY 14 | the brakes have
TERMINAL ~~ - e not been applied
gy for 30 seconds or
[ more. The flasher
flashes at 220

RELAY ® TEMIC

CONTACTS / U643B § 91K OHM flashes per
C}____O il | minute due to the
OUTPUT TO J bulb current caus-

ing a shunt resis-
tor voltage drop

';' 0K OHM|
BULBS 'f : : |

l; BELAY [ ; ' less than the IC

gUR. gEREE | control signal

G)—l—‘ threshold.

GROUND : Actually, in the
TERMINAL Figure 4 Y

brake light flasher
Stock Tridon EP35 schematic. application,  the
shunt resistor can
is 30 mW. For a 3/6 application, a typical shunt resistor be replaced with a solid wire of the largest gauge that will
value is 15 mW. Figure 3 shows several examples of | fit into the shunt resistor printed circuit board holes. This

shunt resistors used in automotive turn signal hazard | is advantageous in order to reduce the heat generation
flashers. | inside the flasher.
The stock EP35 schematic is shown in Figure 4. The | If the brakes have not been applied for five seconds
4.7 uF capacitor and the 91k resistor control the normal | or less, the brake lights will not flash, but will come on
mode (no bulb out) flash rate. Increasing either the resis- | solid. If the brakes have not been applied for between 5
tor or the capacitor will cause the flash rate to decrease. and 30 seconds, the brake lights will flash between one
Decreasing either the capacitor or resistor will cause the and eight times, then turn on solid.
flash rate to increase. The circuit works by turning on the relay coil continu-
‘ | ously after an amount of time that is set by R1 and C1. C1
ModlfYIHg the EP35 is charged by the oscillating signal coming from the IC.

This oscillating signal is what causes the relay coil to turn
on/off flashing the lights. When C1 charges sufficiently,

You can install an EP35 turn signal/hazard flasher to | the Q1 transistor turns on. When Q1 turns on, this turns
flash brake lights without any modifications to the elec- | on Q2 and applies the positive battery connection to the
tronics. However, the brake lights will flash continuously | relay coil. When the positive battery connection is applied
as long as the brake pedal is pressed. This may get the | to the coil by Q2, the relay stops oscillating and stays on.
attention of the police and result in a

to flash brake lights

ticket. This is especially true if you in it o ben. 0K JouR e o bt e
flash all the brake lights on your vehi- S bt I T R TN N
cle. Flashing of the main brake lights times 2t & e of 220 e and sy ol when the brakes and 8
is probably illegal in most states. :‘A’;_ST*;E(:‘( when the brakes are applie :
It is my personal opinion that You TerMINAL & I I A
should only flash the cargo high 5“°.‘,""kb° con?e%gd N . 6
mount Stop llght (CHMSL) The (t)? har?ngsgeda 5 s y Note that the shunt resistor can be replaced
GHMEES Sab o ikt ity ts Bhacrse | TEMC R AL e T
mounted in your back window. This U6438B 9IKOHM  ieq 3 ot of heat during flasher usage.
will get the attention of drivers behind O——=* 4
you, but will not allow your vehicle to Fo '—8‘_?_’;‘5? . 5
be confused with emergency vehicles. TERMINAL 3 I
i@ | Also, if the brake light flasher fails, Should be connected I
Eh S o to CHMSL side 470 OHM
iy | only your CHMSL light will be affected of harness.
© | and not the main brake lights. e oo A X s cooielhe
> The EP35 modifications, shown in " cams more fashes.
GROUND _ =3 "
d Fi . . ke ligh Dlis to protect the controls reset time
igure 5, will result in the brake 1d ts TERMINAL transistors from the (amount of time the brakes
?E flashing approximately elght times at Figure 5 relay coil reverse voltage spike. must be off before flashing starts again).
a rate of 220 flashes per minute, then ; :
. . . S 1O ‘l’r"-" riaon -P35 cin ) as DIrakK oN1sS
2 | turn on solid. This is true as long as s to the Tridon EP35 circuit to flash brake lights.
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The relay remaining on causes the bulbs to stay on solid.

To add D2, the printed circuit board trace from the IC
pin 3 to the relay coil positive side must be broken. This can
be done with a Dremel tool or a similar device. The solder
mask coating can then be scraped off the broken trace
ends with a razor blade. The D2 diode leads can then be
soldered between the broken trace ends. The D2 diode
blocks the positive voltage — supplied by Q2 — from being
shorted to ground by the IC.

The R3 resistor can be adjusted to change the amount
of time the brakes must be off before flashing resumes. R1
can be adjusted to control the number of flashes.
Increasing R1 results in more flashes since this increases
the time it takes for the capacitor to charge.

D1 is to protect the transistors from the reverse voltage
spike generated by the relay coil. The integrated circuit has
built-in protection so the diode is not required in the stock
EP35 circuit.

The cost of the Tridon EP35 flasher is around $10.00
at an automotive supply store. Even if you buy low quanti-
ties from Digi-Key, the cost of the additional electronic com-
ponents required to modify the EP35 circuit is only about
$2.50 (there may be minimum order requirements).
Therefore, the total cost of the brake light flasher is around
$12.50. This is less than half the cost of most commercial-
ly available brake light flashers.

The system connection is shown in Figure 6. Basically,
you just install the brake light flasher between the brake
pedal switch and the CHMSL.

Conclusion

Brake Light Flasher

1 l\ Figure 6
‘ .—— BATTERY
| BRAKE
PEOAL MODIFIED
EP35 OUTPUT
GROUND CHMSL
| BULB OR
| LEDS
System connection of the brake light

(modified EP35) fl

as TGI

Danny R. Graves is a technical consultant that specializes in electronics.
He is owner of Graves and Associates, Inc.
He can be reached at 615-513-9200.
email: info@gravesandassociates.com
www.gravesandassociates.com.
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How To Craft A
Small-Wart

nyone who has ever tried to power a piece of high-gain
audio gear with an ordinary department-store power
upply — called a "wall-wart" — knows that the results
are usually awful. Because wall-warts are designed to be sold as
cheaply as possible, they contain only the barest minimum of
filtering. The ripple current that gets through shows up in an
audio output as hum — unpleasant at best, and often intolera-
ble. The solution for powering many portable audio devices is a
power supply that is wellfiltered and tightly regulated — a
Small-Wart.

This Small-Wart is designed to supply 7.5 to 9 volts of DC,
at up to 60 mA. That's as close in smoothness to battery power
as you are likely to need. While it can be used with many con-
sumer audio products, | have incorporated design features that
recommend it specifically to electric guitar players who need to
power a variety of sound effect pedals ("stompboxes") in a stage
environment.

Specifically, | have made it very physically rugged, and with
a detachable AC power cable for easy storage in a gig bag. There
is a "dead-battery" output for powering some types of distortions,
and the outputs are physically isolated from the chassis. This
last feature is important so that different grounding requirements
can be accommodated easily. It is also inexpensive, so that
building more than one to power a board full of pedals is quite
feasible.

Because it is powered from the AC line, the Small-Wart is not
suitable as a first project for a complete novice. In particular, cor-
rectly making the connections to the primary of the transformer
and insulating them carefully takes some skill. You should also
have some experience with tooling and painting a metal case. If
you have built a couple of simpler projects successfully and now
want a line-operated power supply for them, the Small-Wart may
be the ticket.

Tooling The Case

[ built the Small-Wart into a cast-aluminum box that is com-
monly available by mail order. It has a screw-on lid, and its sides

by Steve Daniels
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Small-Wart

The Small-Wart isn't a complex circuit, but it is a power supply
meant for road use; the builder has to be really anal about
mounting, insulating, and fastening down. No test equipment is
needed other than a DVM, but a good set of hand tools and some
skill with crafting a metal chassis are musts.

are ribbed; this construction makes it both extremely
strong and provides slots for mounting small printed circuit
or perfboard assemblies. As you can see in Figure 1, [ used
the slots to hold a piece of perfboard on which the trans-
former is mounted. The board is secured with a few drops
of epoxy cement, and the resulting assembly will take con-
siderable abuse if it's built carefully.

Here is how I prepared the case: First, the ribs on
both ends of the case have to be ground down for mount-
ing the AC inlet and the DC output jacks. While this can be
done with files, it's an awful lot of work; if you don't have a
Dremel or similar rotary hand tool, | strongly suggest either
borrowing one or using this project as a reason to give
yourself a present. The drum-sander attachment shown in
Figure 2 does this job in minutes.

The next step is to make the oval-shaped hole for the
AC inlet. Cutting this accurately is essential, both for
safety and esthetics, so | have specified a particular part for
the inlet and created an actual-size drilling template. You
can photocopy Figure 3 or download the JPEG from my
web site.

Cut out the template, and tape it carefully to one end
of the box. Drill two 1/4" starter holes, as shown in Figure
4. It is possible to do the rest of the cutting with files, but
again, a rotary tool with a high-speed cutter (Figure 5)
does it much more efficiently.

The power inlet should fit snugly into the cutout, and
you can then drill the two holes for the screws that secure
it (Figure 6).

Figure 7 is an actual-size drilling template for the holes
for the output jacks. If you use the ones | have specified,
three jacks will fit on the end panel. Fasten this template in
place, drill out the holes with a 1/4" drill, and ream them to
size. The holes are actually larger in diameter than the
jacks, and you'll see why in a moment.

| created an insulated "platform" for mounting the
jacks by back-filling the holes with fiberglass auto-body
filler (Bondo is a common brand) and then re-drilling the
appropriate-sized holes. To manage this, first prepare the
end of the box by sanding it thoroughly on both sides and
cleaning up with acetone. Then seal off the fronts of the
holes with transparent tape as shown in Figure 8. Mix a
small amount of Bondo according to the directions on the
can and, as shown in Figure 9, spread it over the entire
area. It must fill the holes and also cover the back to a
depth of about 1/16". Let it cure overnight and then sand
smooth.

Using a 1/8" drill and then a reamer, create the new
holes for the jacks (Figure 10). Make sure that the jacks fit
snugly. Sand the rear surface thin enough so that the bush-
ings show, and you can screw on the washers and retaining
nuts (Figure 11). Use an ohmmeter to make sure that there

Events Calendar

Conventions/
Hamfests

February 1-2,2003

Tropical Hamboree® 2003. Fair
Expo Center, 10901 SW 24th St.
(Coral Way), Miami, FL. Dade
Radio Club of Miami,
Inc., Evelyn Gauzens, w4wyr
@gzinc.com,  305-642-4139.
John Hall,  wd4sfg@bell
south.net, 305-226-5346.
www.hamboree.org

February 7-9,2003
HamCation 2003. Central
Florida Fairgrounds, 4603 V.
Colonial Dr.,, Orlando, FL.
Orlando ARC, Hal Prosse, 407-
923-8699, kkIb@arrl.net.
www.oarc.org/lhamcat/html

March 29-30, 2003

Greater Baltimore Hamboree
and Computerfest. Maryland
State Fairgrounds, Timonium,
MD. BARC, 410-HAM-FEST
(426-3378). General Info:
info@gbhc.org.
www.gbhc.org/

May 2-3,2003
Trenton Computer Festival™.
NJ Convention Center, Raritan

Center. Edison, NJ. KGP
Productions, 1-800-631-0062.
www.tcfshow.com/

May 16-18, 2003

Dayton Hamvention®. Hara
Arena Complex. Dayton, OH.
www.hamvention.org/main
.html

June 13-15,2003

SeaPac  Ham  Convention.
Seaside, OR. Jim Schaeffer, 503-
245-2518. www.seapac.org
linform.htm

Robot
Competitions

February 21-23, 2003
Motorama Robot Conflict.
Harrisburg, PA.
emccarron@robotconflict.com
www.robotconflict.com

April 13,2003

Trinity College Fire Fighting
Home Robot Contest. Hartford,
€T Jake Mendelssohn,
jmendel 4] @aol.com. www.
trincoll.edu/events/robot/

Competition List:

tircfaq.html

FIRST Robotics
Competition

Regional competitions
begin March 6-8, 2003.

FIRST Regionals

March 6-8,2003

BAE SYSTEMS Granite State
Regional. Verizon Wireless
Arena. Manchester, NH.

March 6-8,2003
Buckeye Regional. CSU
Convocation Center.
Cleveland, OH.

March 6-8,2003
St. Louis Regional. St. Charles
Family Arena. St. Charles, MO.

March 6-8,2003
Virginia Regional. VCU Siegel
Center. Richmond,VA.

March 13-15,2003
Arizona Regional. Arizona
Veteran’s Coliseum. Phoenix,
AZ.

March 13-15,2003
Chesapeake Regional. US
Naval Academy. Annapolis,
MD.

March 13-15,2003

UTC New England Regional.
Meadows Music Theatre.
Hartford, CT.

March 20-22, 2003

Central Florida Regional.
University of Central Florida.
Orlando. FL.

March 20-22, 2003

Great Lakes Regional. Eastern
Michigan University. Ypsilanti,
MI.

March 20-22, 2003

SBPLI Long Island Regional.
Suffolk County Community
College. Long Island, NY.

March 27-29, 2003
Canadian Regional. Hershey
Center. Mississauga, ON
Canada.

March 27-29, 2003
Midwest Regional.
Northwestern University.
Evanston, IL.

See www.usfirst.org/ for
more information.

Visit our on—line BPookstore
www. nutsvolts. com
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is no continuity between the metal bushing of the jack and
the box.

The last penetration of the case that is needed is the hole for
the on-off switch. To locate this hole, screw the AC inlet temporar-
ily in place. As shown in Figure 12, visualize a vertical line con-
necting the second rib on top and the second rib on the bottom.
With a marking pen, mark a point at the center of this line, direct-
ly in front of the inlet connections.

Use a center punch or scratch awl to mark the center of the
hole, and drill it. | have specified a subminiature switch that
requires a 3/16" hole, and I strongly suggest using this particular
one to conserve space. Make sure that the switch fits the hole
snugly. Most people will want a pilot LED to indicate when the
Small-Wart is on, so you should drill the hole for whatever bezel or
LED holder you want to use. | located this on one side of the
screw-on lid near the output jacks. The chrome bezel shown
requires a 1/4" hole.

At this point — with all hardware removed — the case can be
painted. | usually do it by sanding and cleaning up with solvent,
applying a primer and then a couple coats of spray enamel, and
baking in a small toaster oven that | keep for the purpose. You can
find detailed "recipes" for finishing metal in many on-line DIY
references.

Putting It Together

The AC inlet goes in first. It is absolutely essential that this fix-
ture be held rock-solidly in place and not have any "play" that
would permit it to work its way loose when the power cord is
inserted or removed. If you have a riveting tool, this is a good
application for it. [ didn't, so I created the equivalent of rivets by
using solder to lock the threads of the two 4-40 mounting screws.

[ have a 35-watt iron, and | heated each screw thoroughly with
it before applying solder and let it melt into the crevices between
the threads. When [ was done, | used a cutoff wheel on my Dremel
tool to shorten the screw ends and an abrasive stone to remove
sharp edges. Wear goggles for this! The pieces can and do fly like
bullets! Figure 13 shows the soldering process.

Carefully fasten a rubber foot at each corner of the bottom of
the case. Install the switch, put your goggles back on, and use the
cutoff wheel to shorten the shaft and an abrasive stone to remove
sharp edges. The case should be able to stand on its feet now with
the power switch in either position. Figure 14 shows what the
result looks like.

The piece of perfboard that holds the transformer can be cut
with a sharp scissor. | cut it 23 holes long and 11 wide. Figure 15
shows where | drilled the mounting holes and the holes for feed-
ing the leads.

| prepared the transformer leads by splicing and soldering a
3-1/2" length of #24 wire to each bare lead and insulating each
one with 1/16" heat shrink. Note that the center-tap wire on the
secondary is not used, so it is cut off close to the body. To con-
form the heat shrink to the wire, | used a butane lighter that | keep
available just for this purpose. Figure 16 shows the last splice
before the heat shrink goes on.

The insulated transformer leads feed neatly through the holes
in the board. As I did with the mounting screws for the AC inlet, [
sealed the nuts to the screws by soldering them (Figure 17).

wrap
leads

around
each
otherl




Wiring It Up | Figure 23 it ivoie 1
| soldered a short length of wire to O #0000 O
one contact of the switch, covered it PN K& VRDOO e LED ANODE
with heat shrink, and made the connec- ]
tion to one side of the AC inlet. Then I FROH’:%ZTCASE ﬂman\ [;.;l o “DEAD BATTERY"
added an extra piece of heat shrink to ANODE AC IN - o J Oc+— +7.5TO9VOLTS
one of the transformer primary leads | | . # 3 Oo
before soldering the connection to the @ C(]J?D —lo o) 1 0
other switch contact (Figure 18). aojust [ ineut =)@ |<— GROUND
The heat shrink slips over the LEDI 0.0 o°° o
switch contact and is conformed, heat il R1
shrink is added to the other primary O @ O

lead and it is wired to the AC inlet. |
Before slipping the transformer assem-
bly into place between the third and
fourth ribs, 1 sanded in that area on
each side and cleaned up with a Q-tip
wetted with solvent. Then | inserted the
transformer assembly and locked it in
place by applying a few drops of
epoxy cement on each mounting slot
(Figure 19).

The rest of the construction is a lot easi-
er, because it's on the low-voltage side. | built
the circuitry on a standard piece of perf-
board, which | located just forward of the
transformer. | marked the locations of the
mounting holes with a scribe as shown in
Figure 20.

The circuit board is held in place by four
threaded aluminum studs that are secured to
the bottom of the box with epoxy cement. To
get good adhesion, | prepared the locations
where the studs mount by sanding lightly and
cleaning up with solvent. Then | screwed the
studs to the board as shown in Figure 21.

| cleaned the bottoms with sandpaper and
solvent, applied a drop of epoxy cement to the
bottom of each one, and gently set the assem-
bly in place. When the adhesive had cured, |
was able to remove the screws and reinforce
the studs with more epoxy. The result looked
like Figure 22.

Next, | built the circuit board. Figure 23,
(on next page), shows — in x-ray view — the
layout that | used. | suggest that you stick with
this arrangement, because it puts the inputs
and outputs where they need to be and gets
all the components connected without
jumpering.

Figure 24 and Figure 25 show the top and
bottom of the board.

When you wire point-to-point in this way
on perfboard, do not wrap connecting wires
around components; it wastes space and can
cause shorts. Butt a connecting lead against
the point to which you are soldering, hold it in

+7.5 TO 9 VOLTS
—> “DEAD BATTERY”

place with locking tweezers or some other
"third hand," and then solder. The points at
which leads connect to off-board components
are terminated with "flea" clips or other tie
points. When done, the board is screwed down
in the box and is ready for wiring and testing.

Testing

| did this before wiring the outputs. With
the transformer secondary leads soldered in
place, | connected a voltmeter between the
+7.5- to 9-volt pin and ground. Then | plugged
in the line cord and turned on the power.
Rotating R1 with a screwdriver gave me the
proper voltage range. | also checked for nine
volts at the "dead battery" pin and made sure
that I got illumination from an LED connected
from the LED contact to ground.

| Center Poa'(o—-
e e Figure 26

\ Lt

LM337T OUTIPUT Figure 28
FRONT OF CASE
O
—19
' «—LED CATHODE
ADJUST I I IOUTPUT
INPUT AC IN — -7.5 TO 9 VOLTS
r— “DEAD BATTERY
—o
é" @ «—— GROUND
CATHODE
LEDI




Everything For Electronics

NUTs & Voiis

Project

Wiring The Outputs

This will vary some with your application. The socket
that | specified has three contacts, because it includes a
normally-closed switch. When the socket is used in a bat-
tery-powered device, the switch disconnects the battery
when a power plug is inserted. We are using the socket as
an unswitched output, so only two contacts are used
(Figure 26).

For most applications, the center contact will be the
common nedative. Since | intended to use the Small-Wart
to power guitar stompboxes, | wired the +7.5- to 9-volt out-
put to the positive contact on two of the sockets. Figure 27
shows the wiring just after I started.

And Figure 1 was taken when [ finished. All of the cen-
ter posts are wired in parallel and connected to the com-
mon negative, and the "Dead Battery" output is wired to the
positive contact of the third socket.

Uses And Possibilities

To anticipate a question: Yes, you can drop the out-
put voltage to the six-volt range; just reduce R2 to 680
ohms. This lowers the voltage range to about 4.8 to 7.5
volts — making the Small-Wart useful for powering many
devices that would normally require four of those always-
getting-weaker AA penlights.

Many guitar players will want to create a positive-
ground version of the Small-Wart for powering certain mod-
els of distortions, in particular, germanium Fuzz Faces and
Tone Benders. To anticipate another question: You can't

Parts List — The Small-Wart

Al fixed resistors 1/4 watt Suggested Mfr. Part
5% tolerance Numbers

RI - 500 ohm trimmer potentiometer Mouser 72-T20YP-500
R2 - |.1K

R3 - 240 ohms

R4 - IK to 18K (see text)

RS - 200 ohm trimmer potentiometer

Cl - 1000 mFd 35-volt radial electrolytic
C2,C3 - |10 mFd |6-volt axial electrolytic [

BRI - 50 PIV bridge rectifier module Mouser 625-W005G
VR - LM317T adjustable voltage regulator

Tl - transformer, | |7V to |2VCT 60 mA
LEDI - see text

S| - SPST toggle switch
DC power putput jacks, 2.| mm center
DC power plugs, 2.1 mm center

Mouser 72-T20YP-200

Mouser 4| PG006
Mouser

Mouser # 10TC405
Mouser |63-4304
Mouser 1710-2131

Case Pro's Kit #125B (Jameco,
[ Webtronics)
[/4" high x 4-40 threaded spacers Mouser 534-1450A or Jameco
p/n 143360

Square rubber feet Mouser 517-5)-5023
LED holder or bezel

AC power inlet

AC power cable

Pad-per-hole perfboard

Perfboard for transformer support

Flea clips

Heat shrink tubing - 1/16", 3/32", 1/8", 3/8"
#22 gauge zip cord

Hook-up wire

Qualtek, Mouser 562-77001
Mouser 173-21101
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Small-Wart

| power both a positive and a negative ground pedal from the

same Small-Wart; that would short the output. So I do rec-
ommend that you build a second Small-Wart if you use a
mix of pedals with different grounding schemes. Yes, since
the outputs are isolated, you can use the standard version
for powering positive ground pedals by reversing the output
leads. However, sooner or later, you are likely to want sepa-
rate, dedicated units. The positive-ground version of the
Small-Wart is built in exactly the same fashion, except:

+ The polarities of the bridge rectifier and the elec-
trolytic capacitors are reversed.

+ An LM337T negative adjustable regulator is used.

The layout, shown in Figure 28, is slightly different,
because the input and output pins are reversed on the
LM337T.

Patch Cords

You will want to have a few of these available, usually
about three-feet long. The specified plug has a 2.1 mm
diameter inside, and it mates correctly with the output jack
shown on the Small-Wart side. Depending on what you are
powering, you may need a different type of plug on the
equipment side. Since | use 2.1 mm power jacks on all my
gear, | use the specified plugs and wire them shell-to-shell
and center-to-center. The cable is a #22 zip cord that is
commonly sold for connecting miniature speakers. Some
brands ID the conductors with a stripe on one of the leads,
while others have one tinned lead and one bare copper.
Musicians will want to ID the plug barrels for easy tracing in
stage environments, and this can be arranged either with
colored heat shrink tubing or a liquid plastic/rubber coat-
ing such as is used to put handles on metal tools.

1 | used 1/4" heat shrink as an inner "jacket" and 3/8"
material as an outer cover over the barrel. In order to pass
the 1/4" material through the rear hole of the barrel, | had
to ream it out slightly.

To use the liquid coating, | slipped a 1" length of heat
shrink over the strain relief of a plug. Then | assembled it

| (pulling the heat shrink out the end with chain-nose pliers),
cleaned it with a little alcohol, dipped and hung it accord-
ing to the manufacturer's instructions, and let it harden
overnight. Cut off the closed end, and you have a profes-
sional, close-fitting result. NV

| Acknowledgements and References
To R. G. Keen, for inspiring the project and suggesting the use of the
rubber coating on the plugs. His article at www.geofex.com explains

the theory behind the "dead battery" output. To Mark Hammer for looking |

number of
www.diy

| over the original prototype and suggesting a
valuable design ideas, and to the «crew at
stompboxes.com for their support and interest.

A complete kit containing all of the listed parts (including assorted
colored heat shrink, wire, and plugs for three patch cords) is available for
$44.95 plus $5.00 shipping in the US. Checks or money orders to:
Small Bear Electronics
123 Seventh Avenue # 156, Brooklyn, NY [ 1215
Or PayPal to smallbearelec@ix.netcom.com. Rates for
overseas shipping and prices of individual parts can be found on-line at
www.smallbearelec.com.




Selected Titles for the Electronics Hobbyist and Technician—

The Nuts & Voits Hobbyist Bookstore

Robotics

The Robot Builder’s Bonanza
by Gordon McComb

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

Microcontrollers

Programming & Customizing the
HCI 1 Microcontroller
by Tom Fox

Applications bazaar for the
68HCI | microcontroller.
Squeeze every drop of
power out of Motorola’s
wildly popular family of
68HCI | true 8-bit single
chip computers! From
basics to complete
applications. $39.95

Programming & Customizing
PICmicro Microcontrollers
2nd Edition by Myke Predko

This book is a fully
updated and revised
compendium of PIC pro-
gramming

information.
Comprehensive coverage
of the PICMicro’s
hardware architecture
and software schemes
complement the host of
experiments and projects
making this a true, "learn
as you go" tutorial. $49.95

PR MING

AND CUSTOMIZING
PICmicro
MICROCONTROLLERS

Programming & Customizing the

BASIC Stamp Computer

by Scott Edwards

This edition moves -
you briskly from
electronic foundations
through BASIC Stamp
"Boot Camps” and an
intelligent traffic signal
simulation to build a
robotic bug with whisker
sensors, a time/tempera-
ture display, and a data-
logging thermometer. $39.95

3 a
PROGRAMMING
AND CUSTOMIZING
THE BASIC STAMP
OMBUTER

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

Ask about our 10% subscriber
discount on selected titles.

Call 1-800-783-4624 today! or

order online at www.nutsvolts.com

PIC Microcontroller Project Book
by John lovine

This project-oriented guide gives you 12
complete projects, including: using transis-
tors to control DC and AC motors, DTMF
phone number logger and
distinct ring detector and
router ... home automa-
tion using X-10 commu-
nications ... digital oscillo-
scope ... simulations of
fuzzy logic and neural
networks ...and many
other applications.
$29.95

The Nuts & Volts of BASIC
StampsVol. | & 2
In 1995, Scott
Edwards began
authoring a
column on BASIC
Stamp projects in

Nuts & Volts :
Magazine. The col- $49.95 |
umn quickly both volumes

became a favorite
of Nuts & Volts readers and continues today
with Jon Williams at the helm. The Nuts and
Volts of BASIC Stamps is a collection of
about 75 of these columns.

Radio & RF

Secrets of RF Circuit Design
by Joe Carr

3rd Edition
This revised and
updated guide gives
you the best ways to
design, build, and test
today's radio frequen-
cy circuits. It's filled
with projects and
experiments that make
it easy to apply RF
principles to real-life
applications. $39.95 s

JOSEPW J. CARR

Electronics

Encyclopedia of Electronic
Circuits Vol. 7
by Rudy Graff
Designed for quick & .
reference and on-the-job MBEN
use, the Encyclopedia of |
Electronic Circuits,
Volume 7, puts over
1,000 state-of-the-art

electronic and integrated m%ﬂ?,"s &
circuit designs at your fin- ¥ M ¢
gertips. This collection PR

includes the latest designs &

from industry giants such as Advanced
Micro Devices, Motorola, Teledyne, GE, and
others, as well as your favorite publica- ’

tions, including Nuts & Volts! $39.95

Understanding Automotive
Electronics Fifth Edition
by William B. Ribbens

This edition of Understanding Automotive
Electronics covers the most
recent technological
advances in operation and
troubleshooting of electronic
systems and components.
This is a practical text,
suitable for the automotive
technician, student or enthu- &
siast. It includes low-emission
standards, on-board diagnostics and
communications, digital instrumentation, and
digital engine control. $34.99

UNDERSI \\||.[\4,
Automotive
Electronics

Guide To Understanding
Electricity & Electronics
by Randy Slone

For the true beginner, there's gy
no better introduction to
electricity and electronics.
You'll also find 25 complete
projects that enhance your
electricity/electronics mas-
tery, including 15 new to this §
edition, and appendices
packed with commonly used
equations, symbols, and sup-
ply sources. $24.95

High Voltage

Homemade Lightning: Creative
Experiments in Electricity
by RA. Ford

Enter the wide-open fron-
tier of high-voltage elec-
trostatics with this fasci-
nating, experiment-filled
guide.You'll discover how
to make your own equip-
ment, how electricity is
used in healing, and the
workings of many experi-
ments in high potential
physics! $24.95

Miscellaneous

The Hacker Diaries: Confessions of

Teenage Hackers

by Dan Verton

Through fascinating inter-
views with FBI agents,
criminal psychologists, law-
enforcement officials—as
well as current and former g
hackers—you'll get a {
glimpse inside the mind of | ..
today’s teenage hacker.
Learn how they think and
understand the internal
and external pressures
that pushed them deeper and deeper into
the hacker underground. $24.99

ELECTRICITY
AND ELECTRONICS
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Special products and
 senwices for the
electronics enthusiagt.

Lowest Price in
the market for

sigle sided PCB.

MONEY:

<100
cyuRE 1N WERIC

Surface mount
and/or though-hole.

Enter option code
NVM-M1338B when
ordering and receive

a 5% Discount.*
TECHN

Lots of Micros!
Basic Atomn,
BASIC Stamp,

O0Pic, PIC, HC11...

RF MobuLEs
Go Wireless!

Rosorics
Kits, motors, contrals,
sensors, parts...

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

LTS

HVW Technologies Inc.
Tel: (4D3)730-8603
Fax: (4D3)730-8903

www.HVWTech.com
“Does not apply to shipping charges. Expires Jan. 31, 2003.
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Mold manufacturing.

Production of injection

molded parts. No order

too small or too big. Very

competitive on high labor

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

We manufacture
our own tooling

ActiveWire®*USB
Simple USB Interface!
T FUE

i

=

+ Works with MacOS 8/9, Win98/2K/ME
FreeBSD and Linux!

* 24Mhz CPU core with USB

+ Firmware downloadable via USB

« 16 bit parallel Input/Output

« See web-site for add-on boards

« Al drivers, manuals, demos are on our
web-site for immediate download!

ActiveWire, Inc.
www.activewireinc.com
ph +1.650.493.8700 x203

$59

plus shipping

fax +1.650.493.2200

Dozens of assorted adapters on each PCB.
A variety of PCB's with patterns front & back.

[SOIC PLCC SSOP QFP DPAK SOT23 MSOP QSOP SCS0 D2PAK
TSSOP SOT89 D3PAK SOT143 TSOP SC70 SOT88 and many more.

[BELUIN DYNAMIC SYSTEMS INC
(714) 630-8024 www.beldynsys.com

- Rapid Development Solutions for the Technical Professional -

ElectronicKits.Com
THE NAME SAYS IT ALL!

Surveillance Kits
Camera Kits

Timer Kits
Amplifier Kits

Solar Kits

Learn to Solder Kits
Microcontroller Kits

Robot Kits

Motor Control Kits
RF Remote Kits

IR Remote Kits

FM Transmitter Kits
Radio Kits
Multimeter Kits

= 900 MHz
433 MHz Avaitable
January 2002
High Speed Wireless Data Transceiver
Physical Dimensions: 33 mm x 23 mm x 4 mm

= Data rates up to 160 kbps

« RX sensitivity -100dBm

= Usable range up to 200m

= SAW controlled FM transmitter

* 3V and 5V versions

= Low power requirements

= TX power 10mW @ 5V

» Fully screened

= Double conversion Superhet receiver

= Plug in replacement for BiM-433-F

www.lemosint.com

LEMOS

INTERNATIONAL
Microwave and RF Specialists

48 Sword Street
Auburn, MA 01501
Tel: (508) 798-5004
Fax: (508) 798-4782
Email: Sales@lemosint.com

Your circuit board solution...

PCBexpress- the leading Internet supplier of circuit boards

J vecumcaL J  asoutus uNKs PROJECTS

SR

Prototypes up to

20~-pcs

2 layers
$11 each

(see Website for
details)

Fast deliveries
No tooling charges!

T MOLAEAvER T

4 layers
$19 each

(see Website for
details)

3

3 Oay Lead

4 Day Lead
4-Layer PTH -
No Mask 2-Mask
No Legend
ReflowedT/L oBC
Routed Edges

Routed Edges

(oroEr {oroen )

...starts at www.pcbexpress.com




SERIAL GRAPHIC LCD

PICL-2464 $99.00

Sharp LM24014 240 x 64 LCD
E.L. Backlight

5" x 1 5/16" Viewable Area

PIC 16F877 Re-Programmable
Switches, A/D & I/O Bits

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

SK-2005R $299

1” LCD MONITOR

Rugged Metal Case
On Screen Display
Free Z-Mount
Resistive & Capacitive
Touch Screen Options

= Available. 1024 x 768
16.7 Million Colors
VGA and SVGA

$399.00

EARTH: i
“The World Wide LCD Source”

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

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

Theremin ———— | 9505K Kit
The PAIA Theremax uses = “NG2N\ 589.75 /
the same heterodyne principles F2 J

as the original turn of the century
instrument for classic tone and adds
features made possible by modern ICs.
Shown with optional lectern case.

FatMan Analog MIDI Synth
$154.00 /0 < A com%Iete music synthesizer
“,

9308K Kit

y with all t
;y sound that makes analog famous.
2 20 knobs and controls for Teal-time
v sound sculpting. Compatible with standard
MID! sources like keyboards or computers.

Desktop case or rack panel available.

e big bottom and phat

Tube PreAmps, and dozens of other kits for

Check out http://Paia.com for schematics,
tech details, firmware source files and more...

EMERGING TECHNOLOGIES

32 Segment Serial LCD Controller (32SSLCD)
Easily Control Digits or Individual Segments

$34.95 (Controller Ony) * Single line serial interface

> & * Two hardware selectable
e drive modes - Standard or
32 Segment

Eight hardware selectable
addresses (0-7)

Use stand alone or with other
Emerging Technologies
Short Stack™ Products

Use multiple units on a single
serial line

Visit www.emergingtech-lic.com & click on “Products” link for more info

SPECIALISTS IN CUSTOM EMBEDDED AND SOFTWARE INTERFACES

Emerging Technologies, LLC.  (920) 684-0216  www.emergingtech-llc.com

QKITS.COM

PC Function Generator Kits ©
PC Oscilloscope Kits * Amplifier Kits
VU Meter Kits * FM Transmitter Kits ©
Programmer Kits * Intelligent Multimeters
* Mechanical Motorized Wooden Kits ¢
Xmas Kits * Mini Robot Kits * 433MHz Trx
& Rx Modules ¢ PIR Sensors

GREAT PRICES, GREAT SHIPPING RATES

49 McMichael St., Kingston, ON
K7M 1M8, CANADA

Visit us online at www.pcb123.com. 1

Download the FREE soffware. f}
Design what you want. é

Small quantity circuit boards at
low prices and quick delivery.

Providing the complete
gircuit board solution, design fhrough order.

Learn the fundamentals of oscilloscope operation
expertly presented by a college professor!

Our videotape and training manual gets you on
track to effectively using a scope fast.

< esez Includes certification exam!

Introductory Price:
$24.95 + $5.00 SHH (US)

| To order your vhs tape

‘ and training manual,

‘ send check or M/O to:

| SYSPEC INC.
PO Box 2546

‘ Syracuse, NY

In this program, you Il learn how to:

- operate basic scope controls |

- set the trigger level

- read the graticule

- take accurate measurements

- analyze waveforms 13220-2546

- select the correct probe 1-877-SYSPEC1
...and much more! | WWW.SySpec.com

- | PRINTED CIRCUIT BOARDS

QUALITY PRODUCT
FAST DELIVERY
COMPETITIVE PRICING
* UL approved

* Single & Double sided

10 pcs (3 days)
| or 2 layers $249
10 pcs (5 days)
4 layers $695
(up to 30 sq. in. ea.)
includes tooling, artwork,

* Multilayers to 8 layer
* SMOBC, LPI mask

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

* Electrical Testing

* Artwork or CAD data
* Fast quotes

We will beat any
competitor s prices!!!

LPI mask & legend

oW
ROUGY
OVYPE
Vku\::(m“c“o“

PULSAR, INC

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

Synthesizer Modules, Guitar Effects, Mixers, EQs,

00 Teakwood Lan ond, 0K 73013
405.340.6378 * email:info@paia.com

ELECTRONIC MUSICIANS

Free Catalog Available yogii@flash.net - flash.net/~yogii

405.340.6300

learn What it is — Where to - Wk R vy \
get it — How to get started i §

by Gordon McComb 4 Bkl ANrSocis
authoyr of Robot Builder’s Bonanza W . EV{' ;"'5 ég‘.ﬁ g 41
‘ ES-8960 329 [l www.matco.c
e ;
e On-Line Or

“’\% y
e OEM Sect

KX-880 s89 Micini

Kx-880-c * Moni

(color)$129 e Law Er
¢ Discre

ble on the subject?
Clueless as to locating specific information on robotics?
Want the contact information of comp
supply the exact part, plan, kit, building mz
programming language, operating system,
system, or publication you've been searching
to Robot Builder's Sourcebook — a unique cl
house of information that will open 2500+
and spark as many new ideas.
. . WR-700
Call 1-800-783-4624 or order online at Weather Resistant

www.nutsvolts.com - Fax: 84 =303~ i $99
Price does not include shipping — We accept Visa, MC, Amex
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An exciting look at the latest in what X-10 has to offer

X-10 Has Gone Wireless

by Dennis Shepard

s an electrical contractor and licensed X-10 Pro
Alnstaller, I get to work with X-10 extensively. As

the owner of Shepard Engineering Concepts,
I've designed several X-10 interfaces including the X-10
Voice Recognition Control System in the Dec. 2000 issue
of Nuts & Volts (which is available on the 'chalkboard'
section of their website), and a Visual Basic computer
interface which is located on my website @ http://
home.att.net/~dennis.shepard.

As you might imagine, my home is fairly well-auto-
mated with X-10 and Voice Recognition technology. One
of the nicest features, though, is the ability to do wireless
X-10 including motion detectors, 2.4 GHz color video
cameras, and VCR Commanders to record the action
once the motion detector triggers it! So, let's get started
with the basics and we'll go from there.

Wireless Transceiver '
Interface

X-10's model #TM751 (Figure 1) isa 3" x 2" x
1" device which plugs into a wall outlet and lists for
$12.99 on X-10's website @ http://
www.x10.com. Located on the front is a
16-position rotary switch for the 16 differ-
ent House Codes A-P. Also located on the
front of the unit is an ON-OFF push-button
switch which switches up to a 15-amp load
using a two-prong socket located on the
bottom. On the right-hand side is a small - I
telescoping antenna.

This device will receive wireless signals
from the different devices and send the appro-
priate X-10 commands over the power wiring. \

The devices it will receive from include keychain
remotes, motion detectors, slimline switches, and many
others. This means it will send all X-10 commands such
as Channel #, On, Off, Brighten, Dim, All Lights On, and
Everything Off for whatever House Code it is set for!

The TM751 will also respond directly from any wire-
less device set to Channel 1 and its House Code. This
means that anything plugged into its two-prong socket
can be controlled on Channel 1 of any wireless device
with the same House Code. This transceiver and another
wireless device may be all you need. Now ... let's take a
look at a few of those wireless devices which are available
from X-10.

60

Wireless Field
Devices

@ :
There's much to choose from here! To start
with, X-10 makes a SlimFIRE Keychain
Pocket Remote model #KR19A (Figure 2)
for $19.99. It attaches to your keys and slips
into your pocket or purse. It has two consec-
utive channels for ON-OFF control and has Brighten and

Dimming functions, as well.

It can be set for any House Code and Channel #, the
only restriction being that Channel 2 is automatically and
always one number above Channel 1. In other words, if
Channel 1 is set for 4 ... Channel 2 is automatically set for
5. That's not much of a restriction and seems to work out
quite well. This would be a good place to recommend a
practical application for this device.

Simply replace your light switch in your garage with
an X-10 lamp module, install your TM751 in a convenient
location, and you can use the keychain remote to light
your garage at your convenience. Garage door openers
are nice, but sometimes you need a lot more time or a lot
more light. I've got four 100-watt incandescent lamps in
my garage because sometimes | need that much light.
However, not at 5:00 AM when [ take my
kids to daycare. That's when the Dimmer =
function really comes in handy! i

Next on the list is the SlimLine Wall
Switch model #SS13A (Figure 3), also
for $19.99. It consists of a standard- )
sized switchplate that controls three 3 == |
channels, as well as Brighten and | |
Dimmer functions. It 'sticks' to the wall ,[ 1
with two self-adhesive pads located on
the back of the unit. And it's only about 1/4" 3
thick and uses a 'large calculator style' battery
which slips in the bottom! Did you ever want a light switch
on the wall next to yer' bed? Well, here's your
chance! It's programmable as well for different
House Codes and Channel #'s.

X-10 even makes what many consider to be
the ultimate remote control unit, the 8-IN-1
Learning SuperRemote model #UR24A (Figure
4) for only $24.99. This is one of their best
bargains in my opinion since it incorpo-
rates remote control of TV, VCR, Cable,

Aux 1, Aux 2, CD, Digital Satellite




Systems, and X-10 controls. They've got a pretty fair listing
of the 'codes' for various devices, so programming is easy!
Once again, all these wireless devices require the TM751
to receive their signals and control the various X-10
devices in your system. 5

Let's Get Into Motion ia

X-10 has two different models of their t/‘“ |
'Hawkeye' series motion detectors. There's | e 8
an indoor unit model #MS13A (Figure 5) for — =
$19.99 and a weather resistant outdoor |
model #MS14A (Figure 6) for $24.99. The [ #===
indoor unit is white and the outdoor unit is
a charcoal grey color. Both units are iden-
tical in appearance and function except
for their environmental ratings.

A red LED is located at the top of each
unit and a green LED is located inside the
translucent 'window' which uses 'passive 6
infrared detection' to operate. Unlike ultrasonic
motion detectors, these units don't emit any signals and
therefore can't be detected beforehand! That's kinda'
important if you're using them for security purposes. More
on that later in the article.

Inside each unit is a compartment for two 'AAA' bat-
teries and two small push-button switches labeled as
HOUSE/ON and UNIT/OFF. These switches will allow you
to program all the features you want. The default setting is
House Code 'A' and Channel 1. The unit also contains a
photocell to allow detection 24 hours/day or dawn/dusk.

The default setting is to detect motion all the time. It
can also be set to control using the photocell only. And it

has a programmable time delay for 1-256 minutes after it |

stops detecting motion before it sends an OFF command.
Like | said before, all the programming features you want!

And you can even replace your keychain remote for your |

garage, if you so desire.

On With The Show

Miniature surveillance cam-
eras are nothing new to electronic
enthusiasts. However,
what's new are the fea-

has got to have some of
the most visionary engineers,
because everytime | look at their
website, they've come up with
another good idea!

The 2.4 GHz Instant On Color
Camera model :
#XC18A (Figure 7)
with programmable
power supply is
available for
$69.99. However, there
are lots of 'package’ deals 8
available. One of my

orders included the camera, pan-n-tilt base, motion detec-
tor, and receiver for only $79.99.

There are two different receivers available for the X-10
cameras. The small Video Only Receiver is model #VR36A
(Figure 8) and sells for $49.99. It produces a composite
video signal on a standard RCA phono jack.
The Audio/Video Receiver model
#VR31A (Figure 9) outputs both
composite video and a modulated
RF signal for Channel 3 or 4. It also
outputs a monaural audio output
signal. Oh, by the way, did I forget to
mention the cameras have built-in
microphones, as well! Sorry about
that!

This would be a good time for another application sce-
nario. The motion detectors can be programmed to turn
on the power supply for the video
cameras. And they can also be
used to turn on the VCR
Commander model #UX23A
(Figure 10) which sells for
$49.99. This unit accepts wireless
signals directly from your motion
detector and controls your VCR to
enable it to record the action.

The unit itself has a small antenna on the back with
connections for signal output and line power. It also oper-
ates on batteries. There's an LED on the back, as well, and
is used to 'train' the unit to accept the PLAY, RECORD, and
STOP functions from your VCR's remote. The top of the
unit has push buttons for PWR, REC, PLAY, and STOP, as
well as a red 'status' LED.

Basically, you select the function from one of the pro-
gramming buttons on top of the unit, and program the
Commander for that function by pressing the button on
your VCR remote. It's
stored in memory and is
output to the VCR via an
adhesive-mounted LED.
The LED is 'stuck' to the
front of your VCR's s
detector window (Figure 11), so it essentially mimics your
VCR's remote via X-10 control.

Now, if you've got multiple cameras, X-10 has got
something else for you, as well. The Camera Control
System Remote Control model #CR12A
(Figure 12), which came with a camera
package, works in conjunction with the
programmable power supplies for your
cameras. Up to four cameras at
a time can be controlled by
the unit. And they can be
scanned automatically, as |
well.

Essentially, the unit is set §
up to program your cameras
as Channelsl-4. You simply &
select the Channel # you want and the unit will turn on the
one selected and turn the other three OFF. You can also

l
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program your cameras as Channels 5-8, 9-12, and 13-16
to use them in a separate scan sequence.

Ninja Pan-n-Tilt

The Ninja Pan-n-Tilt Camera Base model #VK74A
(Figure 13) for $79.99 is just
about the coolest thing you've

ever seen! It's an accurate servo-

controlled positioning system for
mounting to an X-10 camera. It will
rotate 240 degrees and will tilt up
and down 130 degrees. It comes
with the Pan-n-Tilt Remote Control
model #CR14A (Figure 14) which
lets you control the system.
I You can use the four blue buttons
to manually select the view, or you
can actually program it to go to specif-

ic positions and scan to those positions

automatically. You can do so much

with this unit, that I'm not even going to
try to describe all its features. Suffice it
to say ... you won't be disappointed.

Software And
Systems

At this point, just about anything you
might imagine can be done with X-10
devices. The PC Video/USB Adapter Kit
model #VA11A sells for $69.95 It's used with the Pan
TiltPRO, WebView, MultiView, and Xray Vision software
packages. It simply plugs in between your receiver and
USB port of your computer.

The Pan TiltPRO software package goes for $49.95
and includes a model #CM19A PC Transceiver as part of
the system. They offer a package deal which includes the
PC/USB Video Adapter for $99.99. This system allows
you to access up to four cameras and use the Ninja Pan-
n-Tilt system over the Internet. It even allows virtual
ZOOM with 100-400% scaling and requires a 10-digit
code AND password to view, so it's pretty well encrypted.

The MultiView software goes for $99.99 and includes
features like monitoring four cameras simultaneously and
full screen zooming of any camera. And you can set it up
with motion detection to record images every two sec-
onds for 20 seconds, for example. Complete with time
and date stamp! Hardware requirements also include a
TM 751 Transceiver module and a Firecracker PC
Interface model #CM17A.

The WebView software is an upgrade to the MultiView
and sells for $79.99. As its name states, it's an Internet
version of the package. You can also send commands to
your other X-10 devices in your home over the Internet.
It's quite a sophisticated package for the money.

The Firecracker PC Interface model #CM17A sells for
$49.95 and includes a Palmpad Remote, PC Interface, a
lamp module, and a Wireless Link Module. You can con-
trol everything from the Palmpad or your PC. Additional
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software is the MacroRecorder which lets you issue a
series of commands, record them, and play them back as
a single command. Pretty neat stuff!

And last but not least, the X-Ray Vision software for
$69.99. It lets you view a single camera in real time over
the Internet. But it's expandable to view up to 16 cameras
by turning on and off the programmable power supplies.
And the images can be updated every 10 seconds of real
time. That's pretty fast over the Internet.

But this is only the beginning. Build your own system
and before you know it, you'll be ready to have the
automation of your dreams in your own home. And that's
something to dream about! ™%

Next month, look for Michael Gardi’s article on
adding a web interface to your XI0-based home
control system.

Win a Free Copy of Final Cut Pro 4.0

= r. RawStock has launched a contest to give away Apple Final

“*" Cut Pro 4.0 upgrades. "We thought it would be fun to launch
a contest where the prize was a yet-to-be-announced piece of
software — Final Cut Pro 4.0 — which has been shrouded in
secrecy and hidden away in the vaults in Cupertino, CA. We'll
give five lucky people a complete 4.0 upgrade when it becomes
available. Our contest is simple; guess the date when you think
Final Cut Pro 4.0 will be announced. The first five people to guess
the actual date or closest to the date will win," said Lowell Kay, Dr.
RawStock's President.

The Contest

Enter the contest on the company's website: www.dr
rawstock.com.The contest will continue until February 28,2003.
Complete contest rules are available on the entry form.

new real-time navigation product
by Mapopolis.Com, Inc., could
virtually eliminate time spent waiting
in traffic jams for its users. The new
product actively searches for acci-

Never Get
Stuck in
Traffic With

dents, slow downs, and construction
New Real-' on the user's route and re-routes
Time Traffic themif necessary to avoid it. The new
product will be available to consumers
PI'Oduct in the first quarter of 2003 ($19.95 per

month). It is a turn-key, PDA-based
solution including real-time traffic and navigation for all major US
metropolitan areas.

"You may never have to wait in traffic again," said
Mapopolis.Com, Inc., Vice President, Jeremy Straub, "while the
product can't predict — or prevent — traffic problems, as long as
the accident has been there for a few minutes, you most likely
won't have to wait for it."

The software doesn't just avoid accidents though, it deter-
mines the best way to get you there — be it navigating around the
accident, or waiting for it. The software incorporates proprietary
new routing technology developed by Mapopolis. When an
accident is detected, the software alerts the user and, depending
on user-configurable parameters, will either present alternative
routes or begin automatically providing new instructions.

The new product builds on the existing Mapopolis Navigator
for Pocket PC and Platinum +GPS products currently available
from the company, and includes complete US map coverage along
with the real-time traffic data.




WEAK SIGN
ON VHF/U
MICROW

By Gordon West

Explore the long-range voice
and data capabilites in the
weak signal portion of the
radio bands.

am operators who have passed "only" the
Technician class no-code license are discover-
ing there is a lot more excitement out there
than just yakking back and forth over an FM

|

repeater. Someone has told them there are all sorts of long- |

range voice and data capabilities in the "weak-signal portion

of the bands." You know, the very bottom of the six-meter

band, the two-meter band, the 222 MHz band, the 430 MHz
band, and even excitement at the top of the 1.2 GHz band.
No repeaters and definitely no FM!

The bottom of the VHF, UHF, and microwave ham
bands is where weak-signal operators congregate and pull
off some exciting long-range contacts. Instead of frequency
modulation that is plagued with phase distortion over diffi-
cult paths and takes up a minimum of 10 kHz of bandwidth,
weak-signal voice operation uses exclusively upper side-
band. Typical bandwidth of a properly-modulated upper
sideband signal is under 2.8 kHz, so noise is cut by 66 per-
cent and your transmitter only puts out power on the sylla-
bles you modulate with your microphone. And to further
reduce electrical interference from power lines and spark-
plug noise from automobiles, weak-signal operators using

Auroras in Alaska provide
weak-signal operators in
the lower 48 plenty of six-
meter skywave contacts.

upper sideband all employ horizontally-polarized antennas.
For mobile operation, VHF and UHF loops are an effective
way of radiating an omnidirectional signal, but polarized
horizontally. For home station use, beam antennas are sim-
ply switched 90 degrees so their elements are parallel to the
ground below.

One of the biggest boosts to the Technician class oper-
ator working upper sideband and data on the weak-signal
portions of their bands is new multi-mode equipment from
big name ham radio manufacturers:

+ Alinco — HF + 6m

+ ICOM America — HF + 6m + 2m +
430 MHz

+ Kenwood Communications — HF +
6m + 2m + 430 MHz + 1.2 GHz

+ Ten-Tec — 2m multi-mode

+ Yaesu Vertex — HF + 6m + 2m +
430 MHz

Most of these manufacturers produce a 100-watt, high-
frequency transceiver, and include multi-mode capabilities
on six meters, two meters, and 430 MHz. The bigger units
might also take a separate 1.2 GHz band unit, too. But what
has probably attracted the most new hams to the VHF and
UHF weak-signal portions of the band is the unbelievable
low pricing of this gear, fostered by Yaesu Vertex and ICOM
America waging a wonderful price war with the Yaesu FT-
100 and the ICOM IC-706 MK IIG priced around $800.00
with included monthly free accessory deals. In years past,

-
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' $800.00 would only buy a two-meter/440 MHz weak signal
and satellite radio. Now this price buys you 100 watts on all
of the worldwide ham bands, plus more power than you
need for the VHF and UHF bands, too, all in one nice, neat
package. Lately, Yaesu is even adding more excitement by
taking their HF + 6m + 2m + 430 MHz equipment and offer-

| ing it with self-contained batteries for absolutely portable
| weak-signal work! Yaesu's latest HF + 6m + 2m + 430 MHz
| transceiver — the FT-897 — has capabilities of eight-amp
| hours of internal battery power, swell for backpacking and
taking your comms with you.

On the six-meter band, weak-signal, upper-sideband
voice is centered on 50.125 MHz calling frequency. During
the winter and summer, six meters regularly experiences
skywave refraction from the ionosphere, and weak-signal
operators are easily able to communicate for hours over
distances beyond 1,500 miles. Sometimes, double-hop
skywaves will lead to no-code Technician class operators
speaking halfway around the world for hours on end down
at the weak-signal portion of the six-meter band.

6 Meters — A Guide To The Magic Band — a book
authored by Ken Neubeck WB2AMU — explains all!
(Worldradio Books, P.O. Box 189490, Sacramento, CA

AT HAARP

ln Alaska, scientists beam megawatts
into the ionosphere and measure the
results in microvolts at their receiving sta-
tions. HAARP stands for High Frequency
Active Aurora Research Program.

"The HAARP is committed to devel-
oping a world-class ionospheric research
facility, consisting of a high-power trans-
mitter system operating in the high-fre-
quency range, and diagnostic instru-
ments that will be used to observe the
physical process that occurs in the iono-
sphere," comments Michelle
Engebretson, a HAARP site coordinator.
She is an employee of Advanced Power
Technologies, Inc., a non-governmental

ment at 80 feet.

MEGAWATTS TO MICROVOLTS

both HF, as well as harmonic prod-
ucts on VHF and UHF.

There are acres of phased-array
antenna systems that conduct steer-
able radio beams to search the iono-
sphere. The antenna system is a rec-
tangular Planar array of 180 ele-
ments, arranged in 15 columns by
12 rows, spacing between each ele-

Each of the 48 elements are
crossed dipole antennas, oriented
north and south, east and west.
There are separate crossed dipoles
for the low-frequency 2.8 MHz to 8
MHz bands, and smaller dipoles for 7

95818; $12.00.) Weak-signal operators who really get seri-
ous about six meters may put up giant quad antennas and
regularly work the world via daytime and evening ionos-
pheric E-layer and F-layer refraction band openings.

On two meters, upper-sideband weak-signal work is
found around the calling frequency 144.200. Many nets
are found on 144.240 and 144.250, and all operators are
exclusively horizontally polarized.

The excitement of two-meter weak-signal work might
be the short-lived sporadic-E skywave contact over 1,500
miles. But these are rare occurrences, and they only last
for a few minutes. But two-meter long-range excitement
that is quite common throughout all of the United States is
tropospheric ducting and weather front long-range con-
tacts. As our atmosphere stratifies from a high-pressure,
warm-air subsidence inversion, two-meter signals may get
caught up in the tropospheric duct and travel for hundreds
of miles. Approaching cold fronts mixing with moist warm
air coming up from the south collide and may sometimes
trigger two-meter paths that extend well beyond 1,000
miles!

And for those of you who live close to the Canadian
border, ionospheric auroras will sometimes create powerful

agency which was running the operation
during my Alaska visit. When you enter
the HAARP facility, you don't get the
appearance that there's anything govern-
mentally secret going on here — no fin-
gerprint checks, no background checks,
no metal detector checks. Just drive up
to the locked gate and ask for a visit.
High-frequency transmitter racks
produce up to 3.6 million watts of power
between 2.8 MHz to 10 MHz. Fire-hose-
sized coax cables go out to the antenna
network directly above the transmitters.
Huge racks of filters attenuate har-
monics and spurious signals by at least
80 dB, and any spurious or harmonic sig-
nals above 45 MHz must be attenuated by
at least 120 dB. Signals from 88 MHz to
200 MHz must be attenuated by 150 dB.
The HAARP facility is keenly sensitive
that the massive amount of transmitter
power must not interfere with ongoing
communications by other radio users on
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MHz to 10 MHz.

The phased array allows an
antenna pattern with a beam width
of 9-30 degrees, beam steering of 30
degrees from vertical. Computers in the
main building allow technicians to steer
the transmitted signal anywhere in the
sky. | asked whether or not they actually
could create an aurora, and they said that
there was absolutely no way man can do
what only nature does best.

The skybound signals are partially
absorbed at an altitude between 100 to
400 kilometers, depending on what fre-
quency they are operating on. The inten-
sity of the high-frequency signal in the
ionosphere is less than three microwatts
per centimeter squared. This is tens of
thousands of times less than the sun's
natural electromagnetic radiation reach-
ing the earth, and hundreds of times less
than even normal random variations in
intensity of the sun's natural ultraviolet

energy. In other words, when the HAARP
facility is transmitting, reflections from
the ionosphere won't be cooking your
body or lighting up your living room.

During my visit to the HAARP facili-
ty, they were exploring the 80-kilometer
level of the E-layer where Sporadic-E
clouds may form. It was also indicated
that a few months before my visit they
were bouncing signals off of the iono-
sphere and could even detect abandoned
mines throughout the state of Alaska. But
again, | was assured this was more for
meteorological and geological explo-
ration, as opposed to any secret military
over-the-horizon radar operation.

The visit to HAARP was an unbeliev-
able experience of looking at the largest
antenna system | have ever seen, aimed
straight up!




six-meter and two-meter band openings that may last for
hours over hundreds of miles of distance. But if you're in
Alaska and the aurora is overhead, you might as well turn
off the rig and go out and enjoy the sights.

On the 70 cm ham band, weak-signal operators using
upper sideband and the horizontal polarization hang out at
432.100 MHz — the calling frequency. Again, everyone is
horizontal so you wouldn't hear much with a vertical anten-
na. A simple horizontal loop for home use will pull in sta-
tions hundreds of miles away. Plenty of tropospheric duct-
ing on 432.1 MHz and, like two meters, local meteor show-
ers and meteor storms will raise a tremendous amount of
activity that may last for several seconds during the meteor
"burn." The recent Leonides meteor storm last November
brought in some record-breaking contacts on the 440 MHz
band using CW, data, and upper sideband.

On the 23 cm, 1.2 GHz band, the weak-signal hangout
is not at the bottom of the band, but rather near the top and
1296.1 MHz. This is the calling frequency, and again the
mode is upper sideband and polarization is exclusively hor-
izontal.

Even though you might have a multi-mode transceiver
capable of listening to 1296.1 MHz USB, you won't hear
squat on a vertical antenna because everyone else transmit-
ting is horizontally polarized. But when you do hear stations
talking on 1296.1 MHz, you will discover the weak-signal
excitement of this band by listening to operators bouncing
their signals off of nearby buildings, distant mountains, and
even banking signals around small hills and into valleys.
Ground reflections make operating 1.2 GHz fun and exciting
for weak-signal work.

The 222 MHz band and the other ham bands above 1.2
GHz all require a transverter to bring these frequencies into
the range of what you pick up with your HF + 6m +2m + 430
MHz mobile or base trans-

Two-meter horizontal beam reached out over 400
miles during some mountain topping tropo event.

the United States, log onto the Western States Weak Signal
Society web page at www.wswss.org, or write them at
WSWSS, P.O. Box 5594, Sherman Oaks, CA 91413-5594.

Finally, licensed hams who work weak-signal operation
regularly contribute many breakthroughs in exploring our
airwaves and the ionosphere. My recent tour of Alaska saw
ham operators at HIPAS beaming megawatts of energy into
the ionosphere, developing their own mini-aurora. Same
thing with the experiments at HAARP several hundreds of
miles way — experiments from high frequency to
microwaves to better understand all that the ionosphere is
above us. There is usually a licensed ham operator behind
every satellite and space experiment!

If you are a ham, listen in on VHF and UHF weak-signal
operation and join in.

ceiver. There is a modest
amount of activity of weak-

signal work on the 222 MHz
band, and microwave
enthusiasts have gone to
all-time highs to explore
point-to-point weak-signal,
upper-sideband, and CW
operation at 10,000 MHz
and 24,000 MHz. Imagine
yakking across town on fre-
quencies many bands high-
er than your microwave
oven!

Do YOU want to be heard? OF
COURSE! Then use the SGC

between your HF transceiver
and antenna. Matching at the

at the antenna is better. SGC
Smartuners are designed to do
just that. They operate com-

Smart Choice! Smartuner!

Smartuner™ - the Essential link

transceiver is good, but matching

The weak-signal net
control operators encour-
age everyone with one of
those HF + 6m + 2m + 430
MHz transceivers to try to
tune into their Sunday night
and Monday night nets just
above the calling frequen-
cies. For a list of nets, as
well as companion weak-
signal groups throughout

pletely independently to provide
the best match between the feed
line and the antenna, eliminating
SWR problems completely.

o e e—

No Compromise Communications -

$G-230

Visit www.sgeworld.com for more information on the entire line of Smartuners

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- 2L
tween feed line and antenna in —_ L
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.

rtion from the original SGC Marine SSI Factbook, 1974

s

Once you’ve
learned how the
Smartuner works,
you won’t want
anything else!
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SGC Inc. 13737 SE 26th St. Bellevue, WA 98005 USA Tel: 425-746-6310 Fax: 425-746-6384

sge@sgeworld.com www.sgeworld.com
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Dty Using LEDs

Light-Emitting Diodes (LEDs) have been around
since the mid-1960s.They have nearly replaced
incandescent lights as indicators and in digital
displays. They're even making inroads into AC
line-operated lights. In particular, traffic stop-
lights are now often made with LEDs. However,
LEDs are not incandescent lamps. They have
many qudlities of their own, some quite surpris-
ing. This article will discuss the general character-
istics of LEDs, practical applications, and some
of the more unusual applications. The emphasis
will be on nformation that may be fundamental,
but is rarely discussed.

Basic Stuff

It's important to remember that an LED is a quantum
device. That is, is works because of quantum characteris-
tics of the particular atoms/molecules that make up the
LED. This makes it much more efficient that an incandes-
cent lamp. It also means that its operation is completely
different. LEDs have a threshold voltage below which it
simply won't operate. This forward voltage is directly
dependent on the color of the LED (given the same semi-
conductor material). The redder the LED, the lower the for-
ward voltage. Infra-red (IR) LEDs have the lowest forward
voltage of about 1.2 volts. Blue LEDs have the highest at
about 5.5 volts. But, there is variation depending on cur-
rent and temperature.

LEDs have a maximum current rating and require cur-
rent limiting or else they can be destroyed. The simplest
method is to use a resistor to limit the current. In almost all
cases, this is a perfectly good choice. However, certain
LED driver chips have constant current circuits to provide
improved performance. The brightness of LEDs is general-
ly linear with the current; the greater the current, the

Figure 1. Using a

1.7 VOLTS Vld single current
limiting resistor
doesn’t work
because the LED
6 VOLTS RED with the lowest
— forward voltage
—_ A will pull the
voltage down to
that level.

NEEDS 2.2 VOLTS
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by Gerard Fonte

brighter the display. However, there are a number of points
to consider.

LED Brightness, Current, and
Lifetime

First of all, LEDs do have a finite lifetime (generally
defined as a 50% reduction in brightness). Typically, this is
in excess of 100,000 hours or about 11 years of continu-
ous duty. Obviously, this is generally not a great concern
for hobbyists. However, this means that after five years,
there will be a measurable reduction in brightness. This is
a concern for items like clock displays and a serious con-
cern for embedded LEDs in opto-isolators.

However, by reducing the current, the lifetime can be
extended. LED lifetime is exponential with current. So, if
the current is reduced by 50%, the lifetime can be
increased by up to a factor of about 50 (while the bright-
ness is reduced by about 50%). Conversely, it shows that
running an LED at twice the rated current will reduce the
lifetime from 100,000 hours to about 2,000 hours or about
83 days.

Obviously, everyone wants bright displays, so they
push the current limits. Generally, this is not a good choice
for several reasons. The first is subtle. The human eye is
not all that good at discriminating brightness. A 50%
reduction in brightness is not all that noticeable. (Try it.
See for yourself. Use a 1K and a 2K series resistor.) The
second reason is that it takes more power. This is always a
concern for battery-operated devices. Additionally, more

3.9 VOLTS //4 2.2 \Q:S //
6 VOLTS ' , M
RED GREEN
NEEDS 1.7 VOLTS NEEDS 2.2 VOLTS

Figure 2. You can use a single resistor

if you put the LEDs in series. The total

forward voltage is just the sum of the
individual forward voltages.
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power means more radiated RF energy (from

multiplexed drivers, etc.) during switching. This |
is called EMI (electromagnetic interference)
and is not a good thing. Finally, if the current is
even slightly above the rating, the lifetime is
drastically reduced. In short, use only the cur-
rent needed for an adequate brightness.
Generally, | use 2-3 mA. (Lower LED current
slows the response, so if you need the speed,
run at high current.)

By the way, LED brightness is based on a
model of the human eye (commonly called the
CIE Curve). So, LEDs that have the same
brightness rating, but different colors, will
appear to be of equal brightness. | have seen

LED
DRIVER
CIRCUIT

some green LEDs advertised as being easier to
see because the eye is much more sensitive to |
green than red. This is misleading. The mcd |
(milli-candela) rating is what determines appar-

ent brightness. i

i

# G sesonne
OV \\ i |
7 /i Il
A —— —{>‘—I/\/\Aﬂ
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Voo

Lot d

FIGURE 3B

FIGURE 3A

V

Figure 3. Although electrically identical, the subtle drawing
change in Figure 3B allows the use of SIP resistor packs.
This can significantly decrease production costs due by reducing

labor and using less PCB area.

Duty Cycle and Multiplexed
Displays

LEDs can be pulsed with a higher duty cycle than the
rated current. Typically, pulses can be up to 10 times the
rated current. Sometimes much more, if the LED is
designed for that. Check the data sheet for details. The aver-
age current is the working factor. So, if the data sheet says
that the DC current should be 10 mA maximum, then a 25%
duty cycle pulse can be up to 40 mA. Of course, the pulses
must be short enough to prevent heating and LED degrada-
tion. Typically, 10 mS is the maximum pulse length permis-
sible. For really high currents, a 1 uS pulse and a 0.1% duty
cycle may be needed. Again, check the data sheet.

The brightness of multiplexed/pulsed displays is gener-
ally brighter than expected when measuring the average
power. This is because the human eye tends to respond to
peak brightness.

Contrast Ratio

The ability to see a display clearly is more dependent
on the contrast ratio than the actual brightness. Increasing
the brightness of LEDs helps, but decreasing the back-
ground helps just as much. There are three easy ways to
reduce the background light.

The first approach is to use a flat black background.
This is good for discrete LEDs,
but doesn't work that well for dis-
plays. This is because discrete

Current test 3.3V
LEDs are almost point sources See Figure 4 zener
while displays are clearly area ik st 25326
sources, but the background 0K series 1.8507
color always is a factor. 100K series 1.3511
The second method is a %Omeg series 82;2;
. el meg series A
light sl'?leld or hood. [nstea‘d of Voltage change  1.8393
mounting the LED flush with a % change -72.6%

panel, recess it (say 1/4" to

1/2"). This blocks ambient light - 2% 10 VoIt

and increases the contrast ratio. The deeper the LED is
recessed, the better. Of course, this cuts down on the view-
ing angle, but for portable instruments that need to work
outdoors, this is a very good choice. The third technique is
to place an optical filter in front of the LED. This allows the
LED light to pass while blocking ambient light. This can be
an extremely effective way to increase the visibility /readabil-
ity of LEDs. Obviously, the filter color must match the LED
color. Also, without getting into too much optical discus-
sion, red LEDs work best with this approach. Ordinary red
or green "plexiglass" will usually work perfectly well for red
or green LEDs. If you need to be technical, the proper red is
"2423" plexiglass and the green is "38168."

Circuit Tips

You can't parallel multiple LEDs with a single current
limiting resistor (Figure 1). This is because the LED acts like
a zener diode. It will try to pull the voltage down to its for-
ward voltage (that's why the current must be limited). So, if
you have a red and green LED in parallel with a single resis-
tor, only the red one will light. This is because the voltage at
the resistor/LED node will be about 1.7 volts (the red LED
forward voltage) and the green LED needs about 2.2 volts
to light. It may be possible to parallel "identical" LEDs with
a single resistor, but this is generally not a good choice. This
is because LEDs are not perfectly identical. Minor variations

TABLE 1. Comparison of stability versus current* for various components.

5.1V 3 (series) Red Red Red Green
zener 1N4148 LED #1 LED #2 Led #3 LED
5.0526 2.2246 16184 1.6221 1.5810 2.0146
49966 1.8502 15134 1.5248 1.4884 1.7923
4.63** 1.4821 14063 1.4278 1.3808 1.6893
2% * " 1:1395 1.2884 1.3215 1.2632 1.5842
2.71** 0.7884 1.1665 1.2054 1.1436 1.4683
2.3426 1.4362 0.4519 0.4167 0.4374 0.5463
-46.0% -64.6% 27.9% -25.7% -27.71% -27.1%

** Last two digits were not stable.
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can cause fairly significant differences in current between
the LEDs. Generally, one LED will pull more current than
the rest. This can cause current overload in that LED and
shorten the life.

If you really want to save a resistor and light multiple
LEDs, put the LEDs in series (Figure 2). This guarantees
equal current through each LED. Of course, you need a
higher voltage to light them (sum the forward voltages of
the LEDs in series). But you can mix colors and the power
efficiency is usually better.

The efficiency rises because there is less voltage wast-
ed in the current limiting resistors. Obviously, 10 mA
through one resistor uses less power than 10 mA through
six resistors. Additionally, LED strings have forward volt-
ages that are usually closer to the supply voltage. So less
voltage is wasted. For example, in a five-volt system, each
red LED (with a forward voltage of 2.2V) will waste 2.8
volts or 56% of the power, but six red LEDs in series need
a forward voltage of 13.2 volts. If the supply is 15 volts,
then only 12% is wasted.

Finally, a subtle practical point concerning series resis-
tors. Figure 3A shows the generally-accepted method of
placing the resistor between the driving voltage and the
LED. I've seen it everywhere. In data books, construction
magazines, military systems, professional schematics, etc.
The resistor should be placed (as in Figure 3B) between
the LED and ground (or VCC in current-sinking applica-
tions). Electrically, the circuits are identical, but Figure 3B
allows the use of resistor packs with a common terminal.

Using these SIP (Single-Inline-Package) resistors can
reduce production costs significantly. Dropping in a single
component takes much less labor
that forming and then trimming

the leads of multiple resistors. It  vojtage test 3.3V
costs about 10-20 cents per resis- See Figure 5 zener
tor to erm and trim leads in a 8 Gl 14506
production house. Add to that the 75 yojts 1.2091
cost of extra PCB (Printed Circuit Voltage change 0.2415
Board) area needed for discrete % change -16.6%

resistors and it is clear that SIP
resistors are very cost-effective.
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Additionally, SIP resistors are generally are better matched
to each other than discrete resistors. And, SIP resistors are
on the same thermal substrate, so temperature tracking is
better. So, using SIP resistors improves reliability and per-
formance, as well.

Opto-isolators

Most people tend to run the LEDs in opto-isolators at
the maximum current in order to be sure it will work prop-
erly. This is generally not necessary or even desired. The
LED current rating is a MAXIMUM rating. There is usually
no minimum rating. I've run opto-isolators with a LED cur-
rent of 800 uA without any problems. The reason is that
most people overlook the key specification of opto-isola-
tors — the Current Transfer Ratio (CTR).

The opto-isolator can be thought of as an amoplifier.
The CTR specifies the gain (or amount of amplification).
For most "transistor-output" optos, the CTR is less than
one (typical minimum values are 20% to 40% or a gain of
0.2 to 0.4). That is, the opto output can source or sink less
current than that supplied to the LED. So, if you need 0.1
mA of output current for a logic gate, driving the LED with
1 mA will be fine.

However, "Darlington-output" optos have a CTR of
greater that one (typical minimum values are 200% to
400% or a gain of two to four.) This means that the opto
output will sink or source more than the current supplied
to the LED. So, if you need 0.1 mA to drive your logic gate,
then 0.1 mA into the LED will work. Note that the
Darlington output optos are slower than plain transistor
outputs. Darlingtons typically switch in 100s of uS, while
transistor outputs switch in less than 5 uS. There are spe-
cial high-speed optos available that switch in less than 50
nS. There is a big "gotcha" with the CTR. It has a huge vari-
ability, usually a factor of 10 or 1,000%. (Can you imagine
a resistor with a 1,000% tolerance?) That is why designers
always work with the minimum CTR. Normally, this isn't
too important in most designs. It means that the output
can source or sink more than expected. That's usually a
good thing, but it must be considered.

Special Opto-isolators

There are opto-isolators with Triac and SCR outputs.
With these, there is no CTR specified. Instead, they have a
minimum LED current needed to switch on the SCR or
Triac. Opto-isolators can be used with analog signals, but
there are problems. The first is the CTR variability noted
above. It can cause the analog output signal to be wildly

TABLE 2. Comparison of stability versus input voltage* for various components.

5.1V 3 (series) Red Red Red Green
zener 1N4148 LED #1 LED #2 Led #3 LED
48133 1.1568 1.4318 1.4492 1.3384 1.7144
3.9953 1.3597 1.3665 1.3898 1.4039 1.6496
0.8200 0.2021 0.0653 0.0594 0.0655 0.0618
-17.9%  -17.5% -4.56% -4.1% -4.89% -3.60%

* Current limiting resistor was 100K




variable from unit to unit. Some
sort of adjustable gain control is
usually needed. Additionally, the
simple transistor output suffers
from significant non-linearity (also
known as distortion).

However, there are some spe-
cial optos designed for analog use. They can have a linear-
ity of better than 1% and a CTR tolerance of less than 50%.
There are also FET output optos which act as a light-con-
trolled resistor. Finally, there are photovoltaic optos. These
generate power at the output. Admittedly, it's pretty small
(typically 10 uA at 8V with 10 mA LED input drive), but it
may be enough to power your isolated micro-computer with-
out batteries! Toshiba is one manufacturer of these.

See Figure 6
Voltage change

Unusual Applications and
Characteristics of LEDS

According to my antique (1985) General Instruments
optoelectric data book, LEDs have a couple interesting
characteristics. (All data books are important, old ones
often have lots of application notes and specifications not
included in new ones or on CD-ROMs.) The first is that LEDs
vary their junction capacitance with voltage. This is not sur-
prising. Nearly all semiconductors do. However, LED capac-
itance varies with the FORWARD voltage. Most other diodes
vary with the REVERSE voltage. Secondly, the capacitance
varies by a huge amount. Typically, at 0.0 volts, there is
about 100 pF at the junction for an IR LED. As the forward
voltage increases to about one volt, there is a roughly linear
increase of capacitance to about 200 pF, but going from 1
volt to about 1.2 volts (where it emits IR light), the capaci-
tance shoots up to 400 pF or more. Remember, this is just
a general statement, any particular LED may be different.

Secondly, some LEDs have a nearly perfect linear
response to heat. (Check the particular LED's data sheet for
details.) In particular, the relative luminous intensity
decreases with increasing temperature. Typically, at -35
degrees Celsius (-30 degrees F), the intensity is 155% of
normal (at O degrees C or 32 degrees F). At 70 degrees C
(158 degrees F), the intensity is about 60% of normal. Of
course, you'll need a linear responding photodetector — like
a photovoltaic cell — for measuring the relative intensity.
This may or may not be a practical idea, but it eliminates all
the non-linearities associated with thermistors.

Photodetectors

LEDs are also light detectors! Not only that, but they
respond best to the color that they emit (or very close to
it). So, for a few pennies, you can have a narrow-band color
detector with a built-in filter. It's not too sensitive (the active
area is tiny), but the price is right. They operate as a pho-
tovoltaic cell with the current increasing with the light
intensity.

Forrest Mims Il wrote the book on this. The original
idea appeared in the May 1977 issue of Popular Electronics.
The title of the article was "Using LEDs as Light Detectors."
Somewhat more recently, in the May 1997 issue of

Load test 3.3V
zener
-6 mV

TABLE 3. Comparison of stability versus output load* for various components.

5.1V 3 (series) Red Red Red Green
zener 1N4148 LED #1 LED #2 Led #3 LED
S5mV -4mV -1mV -1mV -1mV -1mV

* 10K series resistor @ 10V. No load versus 100K load

Scientific American, The Amateur Scientist column by
Shawn Carlson describes an extremely simple atmospheric
haze sensor that Mims designed (but the pin-out for the 741
op-amp is wrong). You can get this and more information at
www.concord.org/haze/.

Voltage Regulation and
Reference

About 10 years ago, | needed a low-current voltage to
bias an op-amp input. Simply using a resistor-divider to the
power supply was not acceptable because any power sup-
ply noise and voltage variation went directly into the op-
amp. The traditional method is to use a low-voltage zener or
string of forward-biased signal-type diodes. But when I used
a 3.3 volt zener at very low current (1 uA), the 3.3 volts |
expected was only 0.68 volts. Three 1N4148 provided 0.79
volts instead of the expected 2.1 volts. So | performed some
simple experiments with LEDs to see how they performed
when compared to these standard methods.

The first test (Figure 4 and Table 1) was to see how the
test device acted under a range of supply currents. | tested
seven different diodes: a 3.3 volt zener, a 5.1 volt zener,
three 1N4148 diodes in series, two different style red LEDs
from the same manufacturer, a red LED from a different
manufacturer, and a green LED. [ varied the current from 10
mA to 1 uA for a range of 10,000 to 1.

As you can see, the LEDs have less than 20% to 30%
the variation of the other diodes. More importantly, the vari-
ation between all three red LEDs was no more than about
5%. The second test (Figure 5 and Table 2) varied the input
voltage from 5 to 15 volts with a 100K current limiting resis-
tor. Again, the LEDs showed only 20% to 30% of the varia-
tion of the other diodes. _

Lastly, | tested the diodes for variation under load
(Figure 6 and table 3). The variation between no load and a
100K load was about 1 mV for the LEDs and 4-6 mV for the
other diodes. (I used a Fluke 8800A, 5.5 digit voltmeter with
1,000 megohm DC input resistance for all the tests.)

| didn't test temperature variation. But | would expect
good stability because of the quantum nature of the LED
designs. This is because the forward voltage varies with
color and the color changes only slightly with temperature.
| also didn't do noise tests or stability-overtime tests.
However, these tests are fairly straightforward. If anybody
wants to do these, I'd like to hear your results.

Conclusion

LEDs are versatile components. Using them properly is
important for reliable long-term performance. They also
have some hidden capabilities that allow them to be used in
a non-traditional manner.

o
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$50 Per Inch — No extra charge for color: (Limited time offer)
Classified ads must be paid in full prior to the closing date.
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ANTIQUE CABLE COMPUTER COMPUTER
ELECTRONICS EQUIPMENT WANTED HARDWARE
| ABC WHOLESALERS, INC. VGA TO COMPOSITE

FOR HISTORICAL MUSEUM
pre-1980 microcomputers,
magazines, and sales literature.
Floyd, VA 24091-0341.
540-763-3311 » 540-745-2322

AUDIO/VIDEO

?;ISIT WWW.BIBBTEK.COM?\ﬂ

Se habla espanol. 3:1 zoom control with many extras.
Wide selection of: 1-800-510-1924. $99 EA
* Audio recording ELECTRONIC COMPONENTS Matco, Inc., Schaumburg, IL
*Video production equipment kits, test equipment, books, ’ 1-800-719-9605

* Musical instruments
* Tubes and components
* 1950s tape archive
CONTACT
Tom@ mrbibbs@snip.net
or 856-222-0636 for a list.

h Credit Cards accepted J

HIGH-PERFORMANCE

Designed to drive sound card
line-in. TDL Technology, Inc.

www.zianet.com/tdl/ppage2.htm

mic preamp, stereo RIAA preamp.

505-382-3173 g
DIGITAL CABLETYV FILTER DOOR KNOB CAPS http://www.sxwiz.com
Just now available! Latest 2003 ‘25@879 25C2290  SD1446 ‘
AVIATION model technology, no leakage. |MRF454  2SCI969  2SC2166 e
| Wholesale prices. | |25B754  TA7222AP 78L05 —
ELECTRONICS ; Call for info or ﬂyer. 78L08 TA7222AP MRF247
‘ 412-833-0773 | MRF317 SAV7,etc. 3-500ZG ‘
| & = | 4CX250B 4CXI000A 4CXI1500B
KINGSLEY HOTSTAMP . *J [3CX3000 A7572B 811A,

foil machines for imprinting leather,
etc., and electrical wire marking.
Manual or automatic machines

G aMPLIT ER design, 555 designer,
BATTERIES HARDVV_ARE WANTED linear simulators.
ﬁ: OWERING YOUR BUY CABLE PARTS DEC EQUIPMENT WANTED MICROSOF
PORTABLE WORLD DIRECT WANTED!! 'WINDOWs, OFFICE,

All batteries for
all types of equipment.

Tel: 603-548-0125

Web: www.criticalbattery.com

| 125 channel new basic converter.

Importer & distributors of the
Multitech 4500 & 5000 series

Our monthly unmodified specials
in lots of 10 with new remote
~ Scientific Atlanta 8600 $25 ea.
~ SA 8580 $19.95 ea,,
~ |errold BB 7312 $25 ea.,
~ Jerrold DPV 7212 $19.95 ea.,
~ Jerrold CFT 2014 & 2254,
~ Pioneer 6310 $25 ea.
Large quantities please call for
wholesale dealers price.We have
all models replacement remotes.

GLOBE ELECTRONICS
Cable TV Dist.
Specializing in raw unmod cable
conv. Lots of 10 w/remotes.
SA 8600 $24 ea. SA 8570-8090 $19.
DPV-7 $19 ea. BB/CFT $24 ea. CFT
2200 series $34. Pio 6310 $24 ea.
Smaller, larger quantities available,
& different models.

Converter parts & accessories.
Toll free 1-800-851-9085.
Se habla Espanol.

FOR HISTORICAL MUSEUM

pre-1980 microcomputers,
magazines, and sales literature.
Floyd,VA 24091-0341.
540-763-3311 « 540-745-2322

COMPONENTS

tools, and supplies for hams,
hobbyists, and businesses.

Many hard-to-find items like
variable capacitors, vernier
dials and drives, coil forms,
magnet wire, toroids, more.

www.oselectronics.com

RF TRANSISTORS,
TUBES, SILVER MICA &
METAL MICA CAPS,

(NTSC) VIDEO
CONVERTER — ULT-2000

Handheld. Powered from keyboard
with S-video and RGB outputs, too.

sales@matco.com or order
on-line at www.matco.com

COMPUTER

SOFTWARE

SXWIZ BASIC COMPILER
for the Ubicom SX28
microprocessor
Extreme speed from a basic
program, using a $4 micro.
Up to 75 million instructions/sec.

SEE OUR CATALOG
FOR OTHER PRODUCTS

and type available. Westgate 1-800-213-4563.
Call 760-749-0239 For professional
bjnash@n2.net freeware and shareware.

T s

WWW.SCHEMATICA.COM

Active and passive filter

We manufacture circuit boards.
Guaranteed the lowest prices.

QCS, 1-866-203-4689
www.quickboard.us

Digital Equipment Corp.
and compatibles.
Buy - Sell - Trade
CaLL KEYwArs 937-847-2300
or email buyer@keyways.com

~ SERVER SOFTWARE.

 MANUALS, OR CDs OND
14-738-6830
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PLANS—KITS

SATELLITETV SCHEMATICS

Complete selection of
C & Ku band equipment

CONNECTORS WIRE/CABLE

MIL-Spec Coax Available (Teflon, PVC IIA)
New Product: Belden 9913F 9913 with
High Density PE Foam dielectric,
stranded center cond. and Duobond
Il Jacket $0.80/ft or $76.00/100ft
Also New: 9092, RG8X with Type Il Jacket.
Intro Price ..o $23.00/100ft
Call for Specials of the Month
Full Line of Audio Connectors for Icom,
Kenwood, and Yaesu

i c]The RF Connection
‘ RF I3 N. Frederick Ave., Ste. | INV
7|Gaithersburg, MD USA 20877
N http://www.therfc.com/
Complete Selection of MIL-Spec Coax,
RF Connectors and Relays
UG-21B/U N Male for RG-213/214 $5.00
UG-21D/U N Male for RG-213/214 .$3.25
N Connectors for 991 3/Flexi4XL/9096

| 4,100+ SCHEMATICS

| from reverse engineered devices
for sale.Audio to video.

Automotive to telephone. }

Computer to radio. Medical to

security and much more.

" Write for our list of catalogs,
or check our website.

WWW.DAVESWEBSHOP.COM

1/4 wave rubber duck antenna.

UG-21B/9913 ...$6.00 / Pins Only...$1.50 8 Pin Mike Female $2.50 Bomarc Services, Box |13, 5
UG-21D/9913 .$4.00 / Extra Gasket.$0.75 8 Pin Mike Male Panel $2.50 i Casper, WY 82602: i
Amphenol 83-15P-1050 PL-259 $0.90 13 Pin DIN for Kenwood $2.75 | bomarc.org * rollo@trib.com
UG-176/U Reducer RG-59/8X, $0.25 8 P?n DIN for Icom $1.00 2.4GHz & 1.2GHz ATV | 307-234-3488

or 5/$1.00 8 Pin DIN for Kenwood $150 e _ N—
UG- 175/U Reducer RG-58/58A, $0.25 Prices Do Not Include Shipping 8 channel transmitters & receivers.

or 5/$1.00 Orders 800-783-2666 35mW output power, | video —
Silver Teflon PL-259/Gold Pin, $1.00 Info 301-840-5477 channel, 2 audio. SMA connectors. '

or 10/$9.00 FAX 301-869-3680 NTSC/PAL compatible. Includes ROBOTICS

ANAHEIMWIRE PRODUCTS

Manufacturer and distributor of
electrical and electronic wire
and cable since 1973.
ITEMS AVAILABLE FROM OUR STOCK:
Hook up wire, Shrink tubing,
Cable ties, Connectors.
Wire cut & strip to specs.

If interested, please call
1-800-626-7540
FAX:714-563-8309
See us on the Internet:
www.anaheimwire.com or
email: info@anaheimwire.com
Visa/MC/Amex.

HAM GEAR

 EDUCATION

2.4GHz POWER amplifier with
power supply. 10-40 mWV input,

| (one) watt output with in-line SMA

connectors and built-in heat sink.
Approx. 2” x 2” x 5/8” size.
Frequency range 2.3GHz-2.5GHz.
$189/each. Compatible with all
ATV product lines.

See our website for more info
on accessories and transmitter
and receiver modules.
EzATV.Visit our web-site for dealers
or order on-line at www.4atv.com

Standard frequencies are:
2398, 2405, 2412, 2416, 2420, 2428,
2435, 2442 MHz.

Custom frequencies are available.
See ad in this section for
power amplifier. $79/each
for transmitter. $79/each
for receiver. EZATV.
Visit our web-site for dealers
or order on-line at
www.4atv.com.

~ MILITARY SURPLUS

SONAR COPROCESSOR

ISA DIGITAL/ANALOG BOARD

Great for experimenters, designers
& students. 27 digital I/O lines.
Eight 8-bit AD inputs, one w/mike
preamp. Two 8-bit DA outputs, one
w/audio power amp. Buffered data,
address & control lines, plus
3 spare selects for expansion.
Bare board only $20, kits &
assembled available.

More info, free tutorial & source
code at www.learn-c.com.

WANTED: ROCKWELL
Collins HF-80, KWM2A, and
S-Line equipment.

Also Collins literature.

Jim Stitzinger
661-259-201 I*Fax 661-259-3830
jstitz@pacbell.net

GRAPHITE-HIGH density,
slabs, blocks, plates, pieces.
Used for fuel cells, motor
bushings, melting metals,
crucibles, rocketry, science
projects, electronics.

Big |5 pound box assorted,
ONLY $99 SHIPPED.
Jim Sciuto, Box 128,

Methuen, MA 01844 or

603-645-4772 or see photo at
USMintquarters.com

Add SONAR to your project
with this easy to use eight
channel microcontroller.
SensorTrak™ connects to

| your serial port and supports up
| to eight high-performance range

finders, namely the Devantech
SRFO04 ultrasonic and Sharp
GP2D02 infrared sensors.
Available as a board or as
a complete kit with
eight SRF04 transducers.
Visit us at www.wehali.com
or email davee@wehali.com

SUPER HI
flat antenna with N or SMA
connector tuned for 2.3-2.5 GHz.
Use with 2.4GHz ATV 8 channel
transmitter or receiver. $179/ea
— SPECIAL PRICE! EzATV.
Visit our web-site for dealers
or order on-line at
www.4atv.com.

MISCELLANEOUS
ELECTRONICS

FOR SALE

SURPLUS & REFURBISHED
ELECTRONIC EQUIPMENT
Over 3,600 items in stock.
SMC ELECTRONICS

www.smcelectronics.com

NEED TO READ?
Check out the latest titles
available at the
Nuts & Volts Bookstore
on Page 57

BOTS

That Won't Bust the Bank!

Robot starter kits, complete with
wheels, quality servo gearmotors,
and all mechanical parts, for less
than $50; precision-cut pre-drilled
"do-it-yourself" bases for under
$10; affordable pre-cut plastic and
metal for robot frames, encoders,
wheels, casters, sensors, and more.
BUILDYOUR ROBOTS FOR LESS
Visit us at:

www.BudgetRobotics.com/
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DC MOTOR CONTROLLERS:
12V-48V, 50A & 100A versions,
PWM controllers in either
unidirectional or H-bridge
designs. Microcontroller based
inputs accept pot, R/C servo, or
computer signals for 0-100%
speed control of DC motors.
Kwan Motorsystems
408-929-27717.
info@kwanms.com
www.kwanms.com

P e e e em e e mm mmmm

! ROBOT BOOKS.COM |

Visit our web site for reviews
of robotics books, plus robot
kits, toys, movies, & magazines!

| www.robotbooks.com ;

B o - —— -l

SATELLITE

SATELLITE TV

Complete selection of
C & Ku band equipment.

WWW.DAVESWEBSHOP.COM

2.4GHz WIRELESS

-

transmitter/receiver kit. ASK-
2008-TR, 8 frequencies uP
controlled 2.300 to 2.481 MHz,
video NTSC/PAL with 2 channels
of audio for development testing.
12VDC/100 mA for both
transmitter and receiver. Includes
2 rubber duck antennas. $125.

Matco, Inc., Schaumburg, IL
1-800-719-9605
sales@matco.com or
visit/order on-line at
wWww.matco.com

: LI ) .
x &Skyvision
‘ i FREE SATELLITE
i & TV Buyer's Guide.
{j:} BIG Dishes-BIG
Deals! Get the MOST free and
subscription channels with C-
band digital upgrade! Get high
speed Internet on your big dish!
SKYVISION 800-334-6455.
Int'l 218-739-523
www.skyvision.com

9 VOLT IR sensitive B/W high
res 430 TVL camera with optional
black low-profile swivel adjustable
enclosure. Pin hole or Std. lens
type. 6, 8,and |2mm lens are
available. 1/3” CCD, 3.6mm/F2.0
lens included; works from 7.5-13
VDC, highest voltage range
in market. 0.08 lux,
1.27" x 1.27” x 0.5”'D pinhole
or |” deep standard.
$49 each. Enclosure: $8;
optional lens: $18.
DEALERS WELCOME.
Matco, Inc., Schaumburg, IL
1-800-719-9605,
sales@matco.com or
visit/order on-line at
www.matco.com

INFRARED CAMERA

For underwater or all-weather use,

AX-808 (B/W) or AX-808-C (color).
Designed for lake water to
depths of 85 feet. Enclosed LEDs
illuminates up to a distance of 20 feet.
12 volt operation.
COLOR $149 - B/W $99
Matco, Inc., Schaumburg, IL
1-800-719-9605
sales@matco.com or
visit/order on-line at
www.matco.com

40 DAYS and 40 NIGHTS
RECORDER

Time lapse, with remote, can be
activated by either contact
closure or continuous duty

operation with standard T-120
tape. ES-8960 at $339.
Matco, Inc., Schaumburg, IL
1-800-719-9605
sales@matco.com or visit/order
on-line at www.matco.com.

Low-Cost Video Cameras

* Home
* Hobby
* Robotics *
* Nanny Monitoring *

www.helltek.com

~LIVE DEMO

ECAMIT.COM
(602) 325-9215

CCTVDEPOT.COM

CORTERA LC, GLENDALE, AZ|

CAMERA DISTRIBUTION
Box, XF-250-DC/XF-250-AC.

Connect your cameras directly
to power source with screw
terminals or plug in using a 2.1
mm connector.

Special price: $59 (DC
version) and $49 (AC version)
Can use pre-molded 50 foot
video/power cable A-402-CA $15.
Matco, Inc., Schaumburg, IL
1-800-719-9605,
sales@matco.com or
visit/order on-line at
www.matco.com

WEATHER RESISTANT
OUTDOOR CAMERAS

WR-700 type,
high impact
tempered glass
with stand.
Black & white
(430 lines), or
color (420+
lines) available. Standard 3.6mm
lenses with optional lenses of 6,
8,and 12 mm at $20 extra.

BIW .....00000 $119/each.
Color .........$179/each.
Small compact size with sun shield.

Matco, Inc., Schaumburg, IL
1-800-719-9605,
sales@matco.com or
visit/order on-line at
www.matco.com

4 PORT video capture card
with remote internet access,
DVRC-4; $339. Remotely view
any 4 NTSC video cameras over
your internet connection.
Sophisticated motion sensing
option allows camera to be
activated by motion or time.
500 MHz or higher; 98/2000/XP,
NT compatible. Installation time
under 10 minutes.

16 channel unit is also available,
bundled with PC.
Matco, Inc., Schaumburg, IL
1-800-719-9605,
sales@matco.com or
visit/order on-line at
www.matco.com

WIRELESS COLOR

rechargeable 2.4GHz system,
ASK-7003-TR. |50 foot range.
Includes camera/transmitter,
receiver and built-in battery pack
with charging systems. Range 150
feet. High volume seller! $159
Matco, Inc., Schaumburg, IL
1-800-719-9605,
sales@matco.com or
visit/order on-line at
www.matco.com.

COLOR & B/W
BOARD CAMERAS

*Wi/cases, BX-120-LC
(350 lines color) $89
*BX-125-LC (380 lines color) $99
*Sub-miniature BX-123-AU
(420 lines B/W with audio) $69
Matco, Inc., Schaumburg, IL
1-800-719-9605
sales@matco.com or
visit/order on-line at
www.matco.com




16 CHANNEL
MULTIPLEXER MUX-1600

Display 4,8,and 16 video outputs
directly on a TV or security
monitor. This is the only device
which allows full screen display of
video onVCR playback (see 40 days
and 40 nights recorder). Plenty of
options including tilting, zoom,
individual gain adjustments, etc.
Reduced price! $799/ each.
Special 4 channel version,
MUX-400, $429/each.
Matco, Inc., Schaumburg, IL
1-800-719-9605,
sales@matco.com or
visit/order on-line at
www.matco.com.

NEW with warranty: Scopes,
power-supplies, DMMs.
BUY at below distributor cost.

FEITEK PROVIDES
Repair, calibration and traceable

certifications of test equipment.

LAST CALL
FOR OUR

Kenwood, B+K Precision and Free estimates SPECIAL
more. Visit US We buy, sell and trade all makes of . HOLIDAY
@ www.quabbirluele:tro.com test equipment W40 o GIFT SUB
FMAIL 4 s Visa and Mastercard accepted %;;1::; ;‘h OFFER
quabinelec@map.sam Check out our inventory and specials o
: at WWW.FEITEK.COM 2 ONE-YEAR SUBSCRIPTIONS
2752 Walton Road, FOR $30.00
s is, MO 63114
WA, nutsvolts. com o 3L:):_423_,770 Get all the details on Page 35

VACUUM TUBES

WANTED

To buy COMPLETE *vacuum tube
collections, ANY quantity. Will buy
new, new w/o boxes, and used. We buy
all types and will not cherry pick your
collection. Will travel to inspect and
pick up large hoards.

Paul, Sound Ideas, 3215 NW [3th
Street, Gainesville, FL 32601.
pwb@soundideasstereo.com
*please list tubes in the note line
of your email
352-371-1791
FAX #| 352-336-6821
FAX #2 352-378-0192
(10 am-7 pm EST M-F, 10 am-5 pm Sat)

TEST EQUIPMENT

A-COMM ELECTRONICS
http://www.a-comm.com

11891 E. 33rd Avenue,Aurora,
CO 80010.Tel: 303-341-2283
Fax 303-341-2293

WVE BUY AND SELL TEST EQUIPMENT

HP 8920A/B service monitors
from $2,900 Spectrum analyzers;
signal generators; cellular test
sets for CDMA, TDMA & GSM
and more
Ph 716-763-9104;
www.amtronix.com

GADGET-O-RAMA 2002
WINNERS ANNOUNCED
SEE PAGE 36!

or E-MAL
Free 9¢

Pa e
CATALOG.g

Outsij
s de the U.s.4,

end $3.09 Postage

10 compartments. Great for parts
storage or display of small items.
Outside dimensions 7" x 3.4" x 1.25".
Friction-lock lid with dual clasps. <

Each box individually wrapped in a cardboard sleeve.

CAT # SB-10 $ (m

[ Case of 36 for $30.60 (85¢ each) | each

] New Lower Pricing! |
SUPER BRIGHT RED 6,000 med T-1 3/4
CAT# LED-94 75¢ each

100 for $50.00 - 1,000 for $350.00

BLUE - water-clear 1,500 med T-1 3/4
CAT# LED-74 $1.75 each

100 for $115.00 » 1,000 for $950.00
WHITE - water-clear 3,000 med T-1 3/4
CAT# LED-75 $2.00 each

100 for $165.00 ¢ 1,000 for $1300.00

Special - Lighter Plug
on Heavy Duty Cord

Cigarette lighter plug on 30" AWG 14 black zip
cord. Stripped ends. Large quantity available.
CAT# CLP-60 85¢ each
100 for 65¢ each
500 for 55¢ each
1000 for 45¢ each

MAIL ORDERS TO:
ALL ELECTRONICS CORP.
P.O. BOX 567 « \AN NUYS, CA 91408-0567

Quantities Limited * Prices Subject to change without notice.

Incredible Price! 12 Vdc 120mm
Cooling Fan w/ Screen

JMC# 1225-12HBA

120 mm (4.72") square x 25 mm (1")
wide cooling fan. Dual ball bearing
fan provides reliable output of

88 CFM @ 2600 RPM. 12 Vdc @
0.6 Amps. 45 Dba max @ 1M.
Designed for 50,000 hours @

25 deg. C. Thermoplastic housing and
7 blade impeller. Three 7" pigtail leads with 3-pin con-
nector (0.1" cntrs). Third lead is for sensing rotation.
Prepped with metal finger guard. UL, CSA,CUL, CE.

Large quantity available.
90 for $3.00 each
CAT# CF-153 450 for $2.25 each
$ 00 990 for $1.50 each
each 1980 for $1.30 each

New Lower Price!
25 RPM Gearhead Motor w/ Brake

ORDER TOLL FREE T-800-826-5432

Shop ON-LINE www.allelectronics.com

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 SalesTax * NOC.O.D ¢ Shipping an d
Handling $6.00 for the 48 Continental United States - ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping *

Globe Motors # 409A582
Precision gearhead motor
equipped with an electric brake
and a tach or positioning sensor. |
Brake must be energized or J
disconnected to allow motor to 5

rotate. Motor rated at 12 Vdc, brake at 24 Vdc. No load
rating: 25 RPM @ 12 Vdc @ 130 mA. Motor functions
well up to 24 Vdc. Overall size, excluding shaft, 5.15”
long x 1.52" dia. 0.25” diameter x 0.9” long shaft

equipped with a press-fit gear.
CAT# DCM-177 $1 00
each

FAX (818) 781-2653 « INFO (818) 904-0524
E-MAIL allcorp@allcorp.com

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

Circle #58 on the Reader Service Card.
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Building an HC I | Serial Recorder

' n this article, I will show you
ow to build a serial recorder.
' “What is a serial recorder?” you
might be asking. Well, a serial
recorder is something that records
anything that comes through the
serial port and stores it in memory
for later viewing.

The serial recorder that you’ll
be building will be small, portable,
and can record up to 32,767 char-
acters (or more, if you get more
memory on your HC11).

“What can this be used for?”
might be another question. I'll
answer this by giving an example.
Say that you have a wall-following
robot that is having trouble with
one type of corner. Now an easy
way to debug the program is to
have the robot output the sensor
values and other variable values to
the serial port so that you can look
at them on your computer screen
using a terminal editor. However, in
order to do this, you have to have
your robot tethered to your com-
puter. But with a serial recorder,
you won't need to keep a cable
hooked up because the robot or
other device can carry the serial
recorder.

All you do is plug the recorder
into your computer, and run a ter-
minal editor. Run the serial
recorder (to do this put the HC11
into run mode) and press ‘T’ on
your computer’s keyboard. The
HC11 serial recorder will start to
record. Now whatever comes to the
serial port will be stored in RAM.
Next, plug the recorder into
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fhat You Need

All you need is an HC81 | E2 with 32Kb of RAM (can be battery-backed, but isn't required),
and a micro switch (a switch with three pins: Common, NO, and NC). On the software side,
you'll need WCCI |, MHM and, of course, the C program for the serial recorder (all these files
are available for free on my web site).You will also need PCBug| | (available at Karl Lunt's page)
and a terminal editor (if you don't have a terminal editor; you can use the one in PCBugl! | ...
simply type ‘term’ while in PCBug| | and a terminal editor will pop up).The C file that you will
need is at my web site and is called SCIRec.c. Also while you are at my web site, you will need

to download SCl.c.

Now before going on, | just want to tell you that this is not a tutorial on how to use and
build an HCI | system.This article assumes that you are familiar with the hardware and software

that we're using.

your robot and run the robot’s pro-
gram. When finished, you simply
plug the recorder back into your
computer so that you can view
whatever the robot said! Simple,
isn’t it? Read on to see how to
build, use, and modify this serial
recorder.

Building the
Recorder

Constructing the serial
recorder is easy. First, get your
HC11 system working. To do this,
you can buy a board (see some
links in the sidebar) or you can
build your own board. Just make
sure that you have the minimum
requirements listed above (of
course, you can have more that
32Kb external RAM).

Now construct the circuit as
shown in Figure 1. This circuit uses
the micro switch as a signal button
that remains LOW when the button
is not pressed, and HIGH when the
button is pressed.

Simply connect the NO pin of

the micro switch to +5V, the NC pin
to GND, and the COMMON to PEO
on the HC11. That’s all you have to
do! If you want to, you can put the
system in a plastic enclosure. Read
on to see what the ‘Note’ button in
Figure 1 will be used for ...

Modifying the
Software

You may need to make a few
modifications to the SCIRec.c C
file. The only line that you might
have to modify is the first line in the
main() procedure. The first line is
point = 0x8000;. This simply ini-
tializes the variable point to
0x8000. This variable is used to
point to the next free memory
address that can be used to record
the serial port. You must point this
to the start of your external RAM. If
your RAM starts at address
0x8000, then leave the line alone.
However, if your RAM starts at
address 0x0000, then change the
line to point = 0x2000;. Simply
point the variable to the start of




Amateur Robotics

your RAM, however, don’t go lower than 0x2000.

Compiling the Program

First, download and install all of the software | listed
previously. Now run MHM and give it the following info:

Header Name: SCIRec
Stack Beginning: ff

Program address: f800
WCC11 v.1.0? (y/n): n

That will make the main header that is needed to
compile SCIRec.c. Now run WCC11 and give it the fol-
lowing info:

File Name: SCIRec
Out File: SCIRec
Main Header SCIRec

That will compile SCIRec.c to SCIRec.asm. Now all
that you need to do is assemble the file. To do that, run
AS11 by typing in the following:

AS11 SCIRec.asm

That’s it! If you do a directory, then you should see
the file SCIRec.s19. If the file doesn’t exist, then you
must have missed a step above ... simply try it again. To
download the program, use PCBugll or any other
downloader that you normally use and download
SCIRec.s19 to the HC11’s internal EEPROM.

Testing the Program

Just to make sure everything is working, let’s run a
quick test. First, run a terminal editor on your comput-
er, and then plug the serial recorder into your COM port.
Now run the program by switching the HC11 into run
mode. You should see the message ‘SCI Recorder is
Running’ show up on your computer’s screen. If the
message didn’t show, then the program isn’t running
(make sure you compiled the program as described
above). Now, if the message did show up, then do the
following (I'll explain it all in a little bit ... just trust me for
now):

r0123456789 0123456789

Then press RESET on the HC11. The same mes-
sage (‘SCI Recorder is Running’) should show up. Now
type ‘1.’

You should see a ‘0’ show up. Now press any key
and a ‘1’ should show up. Again, if you press any key a
‘2’ should pop up. If you continue doing this the whole
message you recorded above (0123456789

Mobile Robotics

Used world wide for research!

Mobile Robots
Micro Controllers
Artificial Intelligence
Sonar Units
Optics
Vision Systems

Zagros Robotics
PO Box 460342
St. Louis. MO 63146-7342
Phone (314)768-1328 Fax (314)576-5568
http://www.zagrosrobotics.com

info@zagrosrobotics.com

Circle #41 on the
Reader Service Card.

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 #42 on the
Reader Service Card.

Ana| Out lodule - 4 outputs that span -10 to +10 volts using 12-bit
. are cahburgsd user s%?gclable POR defaults fogr eal
or Driver Directly drives a unipolar steppe
@ . Self- gengrated S-cu
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0 Figure I: The
PEO “Note” button.

0123456789) should show up.
When the serial recorder reaches
the last ‘9’ (this is the end of the
recording), the message ‘SCI
Recorder is Running” should show
up again. If all this happened, then
everything is working so far!

Recording Messages

Okay, now let’s take a closer

look at how to use the recorder. For |

this first part, you should simply
plug the recorder into your com-
puter’s serial port and run a termi-
nal editor.

After running a terminal editor,
run the HC11’s program. Again,
you should see the intro message.
Press ‘I’ on your computer’s key-
board. Now, if you were going to
record a robot’s serial port or other
serial port, this is where you would
unplug the recorder from the com-
puter and plug it into the other
device, however, just to show you
how the recorder works, keep the
recorder plugged into the comput-
er. Now type in a simple message
that you want to record (for this
example, type in ‘Hello World!’).
When you're finished, press
RESET. This is what you would do

when you are finished recording a :
serial port. Now, to play back the

message, press ‘I’ for list and press
a key on your computer’s keyboard
whenever you want to see the next
character. Go through all the char-
acters until the intro message is
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displayed again.

More Features

Now suppose you want to see
more than one character at a time.
Say, for example, that you want to
see a word at a time. To do this,
first reset the HC11. After the intro
message is displayed, press ‘w,’
and then ‘l.” You will notice that
‘Hello’ is displayed. Now press any
key on your computer’s keyboard
(just like you did before). Now you
should see the word ‘World!" dis-
played.

The recorder now shows words
instead of characters because you
typed in ‘W’ before ‘l.” There are
several commands that the serial
recorder understands. Here is a list
of them all:

r : Begin recording.

| : List the recording (runs the
List() procedure [List() is defined
in SCIRec.c]).

w : Tells List() to print a word
at a time.

c : Tells List() to print a char-
acter at a time (this is the default
option).

p : Tells List() to print a few
characters at a time.

n : Find next note (explained
later).

So basically, if you want to
have the recorder print a few char-
acters at a time, type ‘p’ and then
q

The ‘W’ command will read a
word at a time. Using the ‘w’ com-
mand tells the recorder to print out
a string of characters until a 0x20
is reached (0x20 is the ASCII char-
acter for SPACE). After a word is
printed, the serial recorder will wait
for an input from the user. The user
inputs data to the recorder via a
computer running a terminal edi-
tor. (Anytime | mention that an
input is needed to be given to the
HC11, [ mean that the input should
be given via a terminal editor run-
ning on a computer. There is only
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one input that is not input via the
serial port and that is the
microswitch ‘Note’ button.)

The ‘c’ command is the default
option. Using this command will
tell the recorder to print out a char-
acter and then wait for an input
from the user. Once an input is
received, the next character is
printed.

The ‘p’ command tells the
HC11 serial recorder to print out a
certain number of characters
before waiting. When you first
download SCIRec.c from my web
site, the ‘p’ command is set to print
20 characters at a time, however,
you can easily change this number.
First edit SCIRec.c and change the
line that says:

pauseMax = 20;

You will see this line right
under the start of the main() pro-
cedure. Change the 20 in the line
to the number of characters that
you want printed (changing it to 50
will have the ‘p’ command print 50
characters before waiting for an
input). After you modify the soft-
ware, you will need to recompile.

Those are all the basic modes
for the ‘I' command, however, there
is one more ... the ‘n’ command.

Taking Notes

There are advantages to using
this serial recorder instead of a
wireless link. For example, the sup-
port for taking notes.

A note is simply an event
where you want to place special
attention. Say that your wall-follow-
ing robot is having trouble at a cer-
tain spot ... take a note. That way,
you can see what the robot was
saying while there was trouble.

To take a note while recording
(after typing ‘r’), press the
microswitch button that you wired
to the HC11. This button is the note
button. Pressing it will cause the
HC11 to store an OxFF before the
character. OxFF is a blank to a ter-
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minal editor, however, you can have the HC11 scan the
memory for those 0xFFs to jump directly to that area.

To have the serial recorder find a note after record-
ing (to stop recording press RESET on the HC11), press
‘n.” That will tell the HC11 to find the nearest note (in
this case, the first one). Press ‘n’ again to find the sec-
ond note, and so on. Now after finding the note you
want, select your display mode (‘c,” ‘w,” or ‘p’) and press
‘' to list. However, now instead of starting at the begin-
ning of the recorded message, the HC11 will display the
recorded message after the note.

One Quick Example

Visit www.lynxmotion.com for more information!

Completely
Redesigned!
Assembles in
minutes using

hand tools!

Lynxmation, Inc

PO Box ¢

Pekin, IL 61 )818
www.lynxmotion.com

motion

Control using

Atom, Oopic,
or any device
capable of
serial comm.

Tel: 866-512-1024
Tel: 309 1816
Fax: 309 1254
sales @lynxmotion.com

AUTHORIZED SANYO DISTRIBUTOR

PART # TYPE SIZE mAh PRICE

2 i N-350AAC NICAD 2/3 AA 350 $2.00

! Here’s an exa.mple o'f how to use the serial rec:or'der. g 458 ey Mitas Sar Sen. . Eeus

First, run a terminal editor and plug the recorder into Rl pARH N 2aA So0n gg-gg
D ¥ i :

our computer’'s COM port. Run the recorder. You =3l N-700AAC NICAD  AA 700  $1.50

» E=8 HR-3U NiIMH  AA 1600  $2.00

should see the intro message printed. I8 KR-1400AE  NICAD A 1400 $3.25

L i i - HR-AUX NiMH A 2700 $4.25

l\‘low type ‘T’ to begin recording. All you need to do Foll CF 1500SCR NIGAD 1/2SUBC 1300 $8.75

now is unplug the recorder from the computer and plug E—fl CP-1700SCR NICAD 4/5SUBC 1700  $4.00

Wi < . > CP-2400SCR NICAD sSuB C 2400 $4.25

it into the serial port that you want to record. During =3l RC-2400 NICAD SUBC 2400  $6.00
. . £ iMH :

recording, you can press the note button at any time to = Y NN ShEc e &

CP-3600 NICAD C 3600 $6.00

take a note of a certain spot. When you're finished
recording, unplug the recorder and plug it back into
your computer (the computer should still be running a
terminal editor).

Now press RESET on the recorder. The intro mes-
sage should once againpop up. Select the list mode
(explained earlier in this article) and press ‘l.” You will
see the message printed out. When the message stops
printing (like at the end of a word if you're in ‘w’ mode,
or at the end of a character if you're in ‘c’ mode), then
simply press any key on your computer’s keyboard to
resume displaying the message.

When the message is finished, the serial recorder
will reset itself and you will see the intro message again.
Now you can record a new message or list the message
again. Also, at any time, you can press RESET on the
recorder to input a new list command or record another
message (if you record another message, the old one
will be deleted).

Conclusion

| find that this serial recorder has saved me tons of
debugging time. I'm sure it will also be able to help you.
Feel free to change and hack through the serial

You can download WCC11, MHM, and SCIRec.c here.

TNR Technical, Inc.

301 CENTRAL PARK DRIVE, SANFORD, FL 32771
CALL: (800) 346-0601 * FAX (407) 321-3208

ROBOTIC AND
COMPUTER BATTERY

SPECIALISTS

Circle #40 on the Reader Service Card.

Check Webl!! -- www.m2l.com

Fast - Programs 27C010 in 23 seconds
Portable - Connects to PC Parallel Port

Versatile -Programs 2716-080 plus EE
and flash (28, 29) to 32 pins

Inexpensive - Best for less than $200

@ Correct implementation of manufacturer
specified algorithms for fast, reliable
programming.

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

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

® Broad support for additional devices
using adapters listed below.

Available Adapters
EP-PIC(16C5x 61.62x.71,84) $48.85/ |
EP-PIC84 (16C62-572-4) $39.95
$30.95
$49.85

EP-PIC12 (12C50%)
EP-PIC17 (17C4x)

EP-Z8 (286E023.46.78) $38.85

EP-51  (8751,C51)
EP-11E (88HC11 E/A)
EP-11D (68HC711D3)
EP-18__ (16bit EPROMS)

$35.65
$50.95
$39.95
$49.95

EP-SEE2 (93x.24x.25x,85x) $30.95
EP-750 (87C750.1.2)
EP-PEEL (ICT22v10,18v8)  $59.95
EP-1051 (89C10512051)  $30.65
EP-PLCC (PLCC EPROMs) $49.95
EP-SOIC (SOIC EPROMs)  $49.95
EP-TSOP (TSOP EPROMS) $50.85
Many Other Adaplers Available

$50.95/

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

R - $169.95

EZ-EP DEVICE PROGRAMME

Circle #43 on the Reader Service Card.

www.frontiernet.net/ "wkrawec/page3.html. My page.

recorder. | hope this article has been helpful and if you
ever need help, just contact me through my webpage.
Good luck with your project, and have fun! NV

www.mrrobot.com. Mr.

systems that can be used with this project.

Robot also sells several

HE11

www.seanet.com/ " karllunt. Karl Lunt’s page. He knows a
lot about the HC11, and you can also download PCBugl1
here.

www.rdrop.com/users/marvin/. Marvin Green sells the
BotBoards. The BotBoard2 can be used to build the serial
recorder.

www.technologicalarts.com. Technological Arts sell
several HC11 boards that can be used for this serial recorder.

Just a quick note: Those three links above are only a few of
the many companies that sell HC11s. Look around on the
web, I'm sure you can find one that you like.

L
:
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PBASIC Gets A Make-Over

The phrase "something
old, something new ... " is
usually associated with wed-
ding ceremonies, but is a
perfect description of the
BASIC Stamp and the
Version 2.0 editor combina-
tion: The same "old" (I write
that lovingly) BASIC Stamp
— that has been working
reliably for years — com-
bined with a brand new edi-
tor that includes some fan-
tastic updates to the PBA-
SIC programming language.

've been programming BASIC
' Stamps for almost nine years
now and | can say without hesi-
tation that the last couple of months
have been the most fun. The new
PBASIC editor actually makes the
BASIC Stamp seem like a brand new
microcontroller. Have you ever
owned an old car that you loved so
much that you had it painted instead
of trading it in and suddenly, that old
car seems like it was brand new?
That's how the BASIC Stamp feels
now — even the stock BS2— using
the new editor. It genuinely feels like
a brand-new machine. The best part
is that this "new" feeling comes
absolutely free!

So what, exactly, is new? In a
nutshell, PBASIC has been "normal-
ized" to include BASIC language syn-
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tax that most programmers consider
standard. Things like IF-THEN-
ELSE, DO-LOOP, and SELECT-
CASE. The editor also includes color
syntax highlighting that makes edit-

ing and debugging PBASIC pro- |

grams a lot easier.

What Took You Guys
So Long?

Now, critics will [rightfully] ask:
"What took you guys so long? People

have been doing this stuff for years |

..." The criticism is not entirely unfair
and there is no excuse for the delay;
especially since customers have
asked for these updates for quite
some time. There is a valid reason,

though.

Keep in mind that the BASIC
Stamp was developed in the early
90s, back when the Intel '386 was
the king of the microprocessor hill
and PC speeds were measured in the
low tens of MegaHertz. Chip Gracey
— the BASIC Stamp designer —
decided to write the original develop-
ment tools using Intel 80x86 assem-
bly-language to get the best perform-
ance on the machines of the time.

Even though he's considered
one of the world's best assembly-lan-
guage programmers, Chip will freely
admit that the BS2 tokenizer (the
code that converts PBASIC to the
EEPROM image that is actually
downloaded into the Stamp) was a

' Reset the IR Buddy s
' buffer and prepping to switch modes

IR _Buddy_Reset:

Do
SEROUT IRbSIO, IRbBaud, [IRbRcSRx, 10]
SERIN IRbSIO, IRbBaud. [STR buffer\8\255]

GOSUB Process_Commands
PAUSE 500
LOOP

END

' start RC-S RX
' get data

' give IR Buddy time to work

' Subroutines

Process_Commands :

FOR idx = 0 TO 6 STEP 2
sysCode = buffer(idx)

IF (sysCode = System) THEN
cmdCode = buffer(idx + 1)
SELECT cmdCode

CASE 1 TO 4
TOGGLE (cmdCode — 1)

CASE Mute

Ports = ALlOff
ENDSELECT

This code i

' extrac
' systenm
' extn
' compar h

' numbers 1 B

' "Mute" button

tem code
d, check command

useful for clearing data from the RX
Timing specific; do not change

' signal reset
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significant challenge — and a good |
reason why there are a few BASIC
Stamp kind-of-work-alike products,
but no actual third-party BASIC
Stamp clone that works with the
Parallax editor/compiler. You see, the
is more than a
compiler; it actually compresses the
tokens so that the 2K EEPROM on

Parallax tokenizer

the BS2 can hold more
than 2K worth of instruc-
tions and data. It's more
than a bit tricky, to say the
least.

Once it was all work-
ing, you can imagine that
no one was anxious to tear
into the tokenizer for more
than updates as were
required to support new
BASIC Stamps. When
Parallax decided to create
tools for Windows, the
assembly-language tok-
enizer was simply linked to
the Windows editor, which
worked because Windows
and the tokenizer were writ-
ten for Intel platforms.
dltimately, however, the
popularity of non-Wintel
operating systems and
platfomms and many BASIC
Stamp users' desires to
have native tools for these
platforms won out.

So, a little over a year
ago, Jeff Martin of Parallax
began the arduous process
of converting the assem-
bly-language tokenizer to C
(for portability to virtually
any OS). Testing the new
tokenizer took nearly as
long as writing it. And test-
ing is something that
Parallax is very cautious
about, especially when it
comes to anything that
affects the millions of
BASIC Stamps that have
already been sold. This
process took quite a while
because literally thousands
of BASIC Stamp programs
were compiled and the out-

assembly-language tokenizer

put was compared with the existing |
to the tokenizer much easier to update,
ensure a perfect byte-for-byte match.
Once the new tokenizer was fully test-
ed and approved, it was folded into
the editor and has been there since
version 1.32. The tokenizer is also
available — pre-compiled only — for
Windows, Mac, and Linux developers.

And now for the good stuff. With

making changes to it and the way it
handles PBASIC language parsing
becomes simpler to implement and
to test. And that's what gets us to
where we are today. Based on cus-
tomer requests and using other ver-
sions of BASIC as models, PBASIC

GET THE NEW CATALOG TODAY

RAMSEY

35 WATT LPFM STEREO TRANSMITTER

v 35W RF output, VSWR protected
g v Automatic audio & power controls
v Digital synthesized PLL
W 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 engi-
neer”. Check out www.highpowerfm for full details.
PX1 35W Professional FM Stereo Transmitter ~ $1,795.00

ELECTROCARDIOGRAM HEART MONITOR

i n# v Visible and audible display of your heart rhythm
{‘”' - 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-
4 ering the stage by stage electronic circuit theory of ECG/EKG
o systems. Be heart smart and leamn 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
P bal, light fluorescent tubes without wires! From a solid
state source, generate over 25KV at 20KHz for the most
dazzling displays!
PG13 Plasma Generator Kit $64.95
PS12 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!
Learn the basics of ion repulsion by building this ion generator!
Creates a continuous blast of fresh air charged with a ton of
ions. Perfect for pollution and air freshening; just smell those
ions! Solid state wind generation; you'll be amazed!
IG7 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!

Now YOU can clock that cop car! Uses the same doppler radar

technology as their radar guns use. We took it out on the road

and set off a LOT of radar detectors and the traffic slowed right

down! Requires six AAA batteries not included.
SRG20 Hand Held Speed Radar Gun, Assembled! $89.95

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.
TS4  Tickle-Stick Shocker $12.95
BN9  Super Snoop Amplifier Kit $9.95
BL1  LED Blinky Kit $7.95
TD1  Tone Encoder/Decoder Kit $9.95
TT7  Touch Tone Decoder Kit $24.95
CPO3 Code Practice Oscillator Kit $14.95

Universal Timer Kit $9.95

RAMSEY ELECTRONICS, INC.
793 Canning Parkway
Victor, NY 14564
585-924-4560
sales@ramseykits.com

=S

Neat New Kits, And A Lot Of Cool Stuff!

www.ramseykits.com

5

Cs2

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

@ 130

Learn 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!

AM2 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
BA1 Bell Action Kit

MA1 Motor Action Kit

PL130 130 In One Electronic Lab Kit

STEREO

v Synthesized 88 to 108 MHz with no d
 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
N the ground up, including SMT technology for
the 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! /]
v Fully adjustable RF output I!Ia
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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has been updated. The nice thing is that if you do nothing
with your old code, it will compile in the new editor as-is.
If you choose to use the new language features, you just
tell the editor that's what you're doing and away you go.

PBASIC 2.5

Since the language update affects only the BS2 fam-
ily, it is being labeled PBASIC 2.5. To tell the editor that
you're writing using this syntax, you'll add a compiler
switch at the beginning of your code:

' {$PBASIC 2.5}

This is similar in format to the $Stamp directive used
to identify your target hardware and must be on its own
line. There's also a new toolbar button that will drop this
switch in for you.

Probably the most requested update to PBASIC has
been the inclusion of IF-THEN-ELSE. In classic PBASIC,
the IF-THEN construct is identical to the assembly code
that it calls and takes this syntax:

IF (condition) THEN label

This syntax is still valid and does work under PBASIC
2.5. But what BASIC Stamp customers have long asked
for and now they can use is this:

IF (condition) THEN
' statement(s)
ELSE

' gtatement(s)
ENDIF

For those with a background in other versions of
BASIC, this looks quite normal — with the possible excep-
tion of the ENDIF keyword. ENDIF was selected over
"END IF" (as in Visual BASIC) to simplify the tokenizer
parser and keep things efficient.

There is a bit of short-cutting the programmer can

Stamp Applications

do, depending on the complexity of your code. For exam-
ple:

IF (condition) THEN
GOSUB label
ENDIF

can be simplified to:
IF (condition) THEN GOSUB label

While not frequently used, PBASIC does allow multi-
ple statements on the same line. | don't generally advo-
cate using more than one statement per line, the example
above being an exception that [ do use in my own code.
If you have just one statement per block, you can put IF-
THEN-ELSE on a single line like this:

IF (condition) THEN statement ELSE statement

Note that ENDIF is not used when IF-THEN-ELSE is
on a single line. Finally, while not recommended, you can
put multiple statements per block on one line by separat-
ing the statements with colons.

IF (condition) THEN statementl : statement? ELSE statement

[ tend not to use this syntax style because it leads to
long lines that can become error-prone when editing.

And while we're on the subject of long lines, another
frequent request by BASIC Stamp users is the ability to
split a single long line across two or more shorter lines.
This is now possible — so long as you've got a list on the
line that is separated by commas. If this is the case, you
can separate the long line at the comma character. Here's
an example:

BRANCH value, [Targetl, Target?, Target3,
Target4, Target5, Target6]

Do You Repair Electronics?

NUTS & VoiTs

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...
® TechsChat live chat room. ® UL/FCC number lookup.
® Private user discussion forums. @ Hot tips bulletin board.
® Automated email list server. ® Manufacturer information.

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

RepairWorld.com

Electronix Corp. 1 Herald Sq. Fairborn, OH 45324 (937) 878-9878

—
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[@ WINTER SPECIALS!

Packs & Charger for YAESU FT-50R / 40R / 10R:
FNB40xh simhmi ~ 7.2v 650mAh  $41.95
FNB47xh rwmH) 7.2v 1800mAh $49.95
FNB-41xh (5w nimH 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 im) 7.2v 1500mAh $32.95
FNB-27s swhmey  12.0v_1000mAh $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

Packs for ALINCO DJ-580 / 582 / 180 radios:
EBP-20ns pack 7.2v 1500mAh $29.95
EBP-22nh pk(5w) 12.0v 1000mAh $36.95
EDH-11 6-Cell AA case $14.95
For ICOM IC-Z1A/ T22-42A / W31- 32A/ T7A
BP-180xh o« ) 7.2v 1000mAh  $39.95
BP-173 pack (5w) 9.6v___700mAh $49.95
For ICOM IC-W21A / 2GXAT / V21AT (8iack or Gray)

CEC— e
THE BEST BATTERIES
INAMERICAL

ForICOM /C-2SAT / W2A / 3SAT / 4SAT elc:
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 rx-202) 7.2V 1400mAh $29.95
For KENWOOD TH-79A/42A / 22A
PB-32xh pack am) 6.0v 1000mAh $29.95
PB-34xh pack swhimesy  9.6v__1000mAh  $39.95
For KENWOOD TH-78/48/28/27.
PB-13 (originai size!) 7.2v__700mAh_$26.95
For KENWOOD TH-77, 75, 55, 46, 45, 26, 25.
PB-6X pumt wicngowgn  7.2v__1200mAh _$34.95
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

BP-132s (swnim 12.0v_1500mAh _$49.95
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Breaking lines at commas also works with DEBUG,
SERIN, SEROUT, LOOKUP, LOOKDOWN — anywhere DO
you have a comma-separated list of items. idx =idx + 1
IF (idx >= 10) THEN EXIT
Back to language updates. | never asked Chip, but I'm LOOP
pretty sure that BRANCH was inspired by the old GWBA-

SIC/BASICA syntax: Note that EXIT will cause the program to jump to the
line that follows LOOP. While valid, another — arguably
ON value GOTO Targetl, Target?, Target3, ... better — way to write this loop is like this:

For those of you that have used those "older" PC ver- DO
sions of BASIC, you'll also remember this: idx =idx + 1
LOOP UNTIL (idx >= 10)
ON value GOSUB Subl, Sub®, Sub3, ...
If we look at the first two examples, the value of idx is
Good news: Both now exist in PBASIC. The latter is incremented before testing and the loop code runs at least
particularly useful in the style that I like to write programs once. We can check the limit before running the loop code
for robotics. My preference is to have a main control loop if we rewrite it like this:
that calls small routines and can change the order that
these routines run based on current conditions (sensor DO WHILE (idx <= 10)
input, etc.). In the past | used BRANCH, but this meant idx =idx + 1
that all of my code blocks had to have a GOTO back to a LOOP
single location; a location that could change, which meant
multiple edits. By changing BRANCH to ON value Another thing that [ should point out is that UNTIL
GOSUB, this is no longer a requirement as the RETURN and WHILE can generally be interchanged, though most
at the end of my subroutines will handle getting them back programmers will use them as ['ve demonstrated above.
to the right place and also makes them call-able from other The last major language update is the addition of
locations in the program. SELECT-CASE. In PBASIC, its implementation is like this:
This is really good stuff. Let's keep going!
Another new language feature for PBASIC is DO- SELECT expression

LOOP. Its general form is defined a couple of ways. Here's CASE condition(s)
the first: ' statement(s)
DO CASE condition(s)
' statement(s) ' statement(s)
LOOP
CASE ELSE
This form is an infinite loop that will run until a GOTO ' statement(s)
or EXIT (new keyword) breaks us out. ENDSELECT
| (-

SUPPORTS
DEVICES TO

EPROM+

A device programming system
complete info at www.arlabs.com
+ EXCEPTIONAL POWER FOR THE PRO
+ EASY-TO-USE FOR THE NOVICE

Here’s what you get: ged, portable programming unit including the power pack and printer port
cable both of whichstore inside th A'real printed user and technical manual which includes schematic diagrams

MPU and PLD/FPGA Tools

for the programming unit plus diagrams cf f s*. Comprehensive, easy-to-use software
Prof which is specifically designed to run under Winde 8, ME and DOS on any speed machine. The software has
- mtyplngrwls/m . 2 = PAK COW | Ocalurcs which let you READ, PROGRAM, COPY APARE plus much more. p\ ou ha:g full access to your
»F logic p kits » 32-bit fioating point math (PAK-II) ‘ system’s disk including LOADING and SAVING chip data plus automatic processing of INTEL HEX, MOTOROLA
(Xilinx and Altera) » 8 channels of PWM/Pulse 1/0 (PAK-V, VIl, VIIl) SRECORD and BINARY Hilcs. For detailed work thé system Software provides a full sereen buffer editor including a
» RS-232 prototype boards » Read PS/2 keyboards or mice (PAK Vl') ¥ | comprehensive bit and byte tool kit with more than 20 functions.
; 4 ; p i Broad device support: inciuding FIRST GENERATION EPROMS (2708, TMS27
» Power supply kits » Floating point A/D (PAK-IX) SECOND GENERATION E[:Ro\is( 2716-27C080)(8 MEG), 40 and 42 PI\ EPROMS® (27C1024-2
P> MPU/Internet gateway software » Data sheets and projects online EEPROMS (2816-28C010) PLUS ER5901, FLASH EPROMS (28F 29C,29EE.29F)(32 MEG), NVRAM
8 PIN SERIAL EEPROMS® (24 25 85, 93, 95, 80011A) PLUS ER1400,
T Check out our tools and PAK coprocessors for Basic BIPOLAR PROMS* (74S 7;9(;85(5111\1_ FPGA CONFIGURATORS (17C
MICROS* (874X 5X, 89C) AT MICROS*(89S,90SAVR)
310 Ivy Glen Stamp, PIC, AVR, 805x, 68HC11, or any MPU. Our PIC MICROS* §, 18, 28, 40 PIN (XX, 16C (.8X PLUS FLASH & 17C)
League City, TX 77573 in | i MOTOROLA \IICROS mx 0: 7 9/J2/P9, 68HC11 all families)
AT | poovang s o e e st || [ e i St
signs. u 1YE AR WAR DAY MONEY BACK GUARANTEE i
(281) 7644462 (fax) Y *REQUIRES SNAP-IN ADAPTER (ORDER FACTORY DIRECT OR BUILD YOURSELF) ¥ 1A M'“\STERCARD . AMEX

ow forfree tutorials, tools, jects!
Wi v e Diiiwinie, Tonis, AN phojects ANDROMEDA RESEARCH, PO. BOX 222, MILFORD, OHIO 45150

—willi (513) 831-9708 FAX (513) 831-7562
Www'al WI"Iams.Com/awce \websitc - www.arlabs.com email - arlabs@worldnet.att.net MADE IN THE U.S.AJ
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The expression portion is a variable, constant, or
expression. The condition part of each CASE statement
is very flexible, as in other versions of BASIC — but with
some of the additional flexibility that we're accustomed to
in Parallax BASIC.

Here's how the CASE syntax works:

CASE conditional_op expression

Where conditional_op can be = (implied), <>, <, >, >=,
or <=, Multiple conditions within the same CASE can be
separated by commas. If, for example, you wanted to run
a CASE block based on a value being less than five or
greater than 10, the syntax would look like this:

CASE <5,>10
Here's another way to implement CASE:
CASE valuel TO value?

In this use, the valid range is from valuel to value2,
inclusive. Let's take a look at a bit of actual working code.
This subroutine is lifted from an update of the device con-
troller example using the Parallax IR Buddy. In this code,
one of four outputs will be toggled if the corresponding
numeric key is pressed on a compatible TV remote. If the
Mute button is pressed, all outputs are turned off.

Process_Commands:
FOR idx = 0 TO 6 STEP 2
sysCode = buffer(idx)
IF (sysCode = System) THEN
cmdCode = buffer(idx + 1)
SELECT cmdCode
CASE 1 TO 4
TOGGLE (cmdCode - 1)

CASE Mute
Ports = AlIOff
ENDSELECT
ENDIF
NEXT
RETURN

Notice the use of CASE 1 TO 4 for the decoding of
numeric keys from the remote and the implied equality
when handling the Mute button value.

For those that come from a C or Java background,
you know that in those languages the statements in
CASE block fall through to the next CASE block unless
the keyword break is encountered. In BASIC, the code
under an executed CASE block jumps to after ENDSE-
LECT. In PBASIC 2.5, we have the option to make it drop
through to the next CASE block for condition testing, if
we choose.
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In order to make CASE code drop through to the
next CASE block, we will change the subsequent CASE
to TCASE (through CASE). After execution of the state-
ments within the TCASE block, the program jumps to
after ENDSELECT, unless followed by another TCASE.

A New PBASIC, A New Type

A big part of the BASIC Stamp's success is due to the
variable type flexibility: Bit, Nibble, Byte, and Word — I'm
often wishing the PC versions of BASIC (and other lan-
guages) allowed bit and nibble variables. With the new
language comes a new type definition: PIN. The reason
for the PIN type is that some elements of PBASIC expect
an /O pin value in the form of a constant, while other ele-
ments require a variable (i.e., InO or Out13). By using PIN
instead of CON, we no longer have to concern ourselves
with syntax; the editor adjusts automatically.

Let's look at an example from the IR Buddy. In clas-
sic PBASIC, the serial pin was defined like this:

IRbSIO CON 18

.. which works fine for SEROUT and SERIN. But
one of the features of the IR Buddy is that it will indicate
that it's busy transmitting by pulling the serial line low. In
order to monitor the serial line, we had to write code in

this style to use the previously-defined pin constant:

TX_Wait:
IF (Ins.LowBit(IRbSIO) = 0) THEN TX_Wait

Works, but is a bit clunky. In PBASIC 2.5, we change
the serial pin definition to:

IRbSIO PIN 15

... which has no affect on SEROUT and SERIN, yet
greatly simplifies the busy check.

TX_Wait:
DO WHILE (IRbSIO = 0) : LOOP

The editor is intelligent in its analysis and evaluates
the code as:

DO WHILE (In15 = 0) : LOOP
If, on the other hand, we had written:
IRbSIO = 1
The editor would evaluate this statement as:

Outls =1
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; In the end, the PIN type lets us think about I/O pins |
as I/O pins and the editor correctly handles the syntax Resources S, R
details. As with the other improvements, it just makes S
PBASIC easier and, dare | say, more joyful to use. lOI‘I Williams

Okay, I'm almost out of space, but | want to share jwilliams@parallax.com
just one more update. This will really be welcomed by
Jthose who use the BASIC Stamp's EEPROM as data stor- | Parallax, Inc.
age or table space. WRITE and READ have now been www.parallax.com

| updated to work with 16-bit variables. To make this hap-

‘*‘ pen, you put that modifier —

Word in the code. Like

this:

WRITE address, Word value
READ address, Word value

The approach used is
Little-Endian; the low-byte
of value is stored at or
read from address and the
‘ high-byte at or from
address+1. Keep this in
mind when writing data
storage programs that
expect 16-bit values in
‘ consecutive locations. If
| you're storing or reading
w Words, you'll need to
| increment your EEPROM
address pointer by two for |

Virtal Systern-Mac

your next access. If you Develop and test complete micro-controller designs without building a physical
| leave out the Word modifi- prototype. PROTEUS VSM simulates the CPU and any additional electronics used in
| er, WRITE and READ will | yourdesigns. And it does so in real time.*
| work with Bytes as in clas-
,j sic PBASIC. » Eireal
! The new editor with | e . ' or |3 : 2 Eﬁ?’?’ip

| aye i 5 mwm %

PBASIC 2.5 is scheduled
for release toward the mid-
dle of this month, so be
sure to check the [also
new and improved]
Parallax web site for
details. Let me stress one
} more time that this is just |
an editor upgrade — you
do NOT need to return
i your BASIC Stamps for
| reprogramming. How
| often does that happen ...
| a new BASIC Stamp with-

“ out updating or buying a LabCenter products distributed in the USA, Canada and Mexico by R4 Systems Inc.
BASIC St ? N 2 23
:he::.s sl o OW I GDCEHCEP Write, phone or fax for your free demo CD - or emailinfo@résystems.com.
' ‘ : Tel: 905.898.0605, Fax: 305.896.0683 Web: wwwlabcenter-electronics.com.
Happy New Year! And E-l @ o tir o ni c.&
until next time, Happy

; Stamping.
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Column

1 NUTs & Voiis

by Gerard Fonte

The Business of Electronics Through Practical Design and Lessons Learned

In The

'rencl

Project versus Product

Introduction

This is the first in a series of
columns that looks at the business
perspective of electronics. This is
about the things learned from
experience, rather than from a text-
book. This is about practical elec-
tronic design direct from the
trenches. Hence the title. The idea
is to show how to design better with
real-world examples and from les-
sons learned the hard way.

Project vs. Product

As an independent product
designer, I am regularly
approached by people with an idea
that they want to produce.
Typically, they have a "working
prototype." All that is needed, they
think, is a little tweaking to really
make it great. Unfortunately, most
of the time, their "working proto-
type" can never be tweaked into a
product. Rather, the whole
approach must be discarded and
the idea completely redesigned.
This is because their "working pro-
totype" is a project rather than a
product. Please note: Their idea
may be great, it's the implementa-
tion that | am discussing.

The fundamental misconcep-
tion is that a piece of working hard-
ware is a product. It isn't. A product
is something that is reliable, manu-
facturable, profitable, and saleable.
A project is something that is self-
made for enjoyment, education, or
to prove a concept. Again note: A
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project is certainly a probable step
in creating a product. But, it is not
a product.

Don’'t Force-Fit the
Design

The first step in the design of a
product is the most important. This
is the technique you choose to
design with. Analog? Digital? ASIC
(Application Specific Integrated
Circuit)? Software intensive?
Hardware intensive? CMOS?
Bipolar? Do you know the trade-
offs between these techniques?

Often | hear: "l did it that way
because that's the only way | knew
how." This is a fine answer for a
project, but not for a product.
Since there are always many ways
to approach a problem, that "only
way" is not likely to be the best
way. The result is a force-fit design.

For example ... One client
manufactured a product that meas-
ured the temperature of animals
internally. The client chose an ana-
log approach. He used a thermistor
coupled to an oscillator as a tem-
perature-to-frequency converter.
Then he used this signal to create
constant length pulses which he
rectified and then filtered to get a
DC signal proportional to the tem-
perature, and scaled that to inter-
face with his control system.
Clearly, this approach will work.
Also, clearly, it is awkward.

Not surprisingly, the client had
problems  with repeatability
between units. So he added trim-

mers for adjustment. Since the bat-
tery voltage affected the oscillator,
he added a voltage regulator. He
wanted this circuit to run for 60
days on a small battery. But, con-
tinuous operation drained the bat-
teries in five days. So, he added a
timer-switch that turned off the cir-
cuit for 90% of the time. As you
can see, he forced the design
approach and it became overly
complex and unreliable. How
would you approach this design?
Why is your approach better?

Read and Learn,
Forever

Naturally, no one can know
everything. But, it is very important
to be familiar with many tech-
niques. This requires you to read,
read, read. Read trade journals,
magazines, application notes, data-
books, advertisements, and go to
manufacturers' seminars and trade
shows. Before you start drawing
the schematic, stop and consider
the best approach. The easiest,
most familiar way may not be the
best.

And don't be afraid to learn.
That's something engineers are
supposed to be good at. A smart
engineer's education never stops.
Besides, learning a new technique
means that you have a good rea-
son to get that new software simu-
lator, hardware development sys-
tem, or test instrument that you've
wanted. Also, form a network of
designers. In this way you can help
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each other out. Your strengths will benefit everyone in
the group. Conversely, their strengths can help you
choose the best approach and design a better product.

Design Factors

The next step is refining the design approach for

your product. Is surface
mount appropriate? Is
reliability more impor-
tant than cost? Is size a
factor? How easy will it
be to manufacture? Is
the production quantity
going to be large or
small? These are the
"design-for" factors and
each is the subject of
many books (Design
for Quality, Design for
Production, Design for
Testing, etc.).

Don't blindly
choose the hottest or
newest technique.

Choose the best tech-
nique. It may be fun to
try out the latest multi-
layer PCB design soft-
ware and create a six-
layer board that's state-
of-the-art. But is that
level of technology nec-
essary?

Remember, a prod-
uct costs money to
design, produce, and
support. The most cost-
effective approach is
rarely the most techno-
logically advanced. The
reason for that state-
ment is because most
products are not that
technologically
advanced. Use the
most appropriate tech-
nology for the product.

For example, a
client needed a simple
transmitter to signal a
relay to close. He had
heard about spread-
spectrum transmitters
and wanted to design
with that approach. It

was new and sounded very sexy for his product. He
thought it would be a nice selling point. In those areas,
he was probably correct. However, his technical require-
ments — very low power, very small size, simple receiv-
er, low cost, and no external transmitter antenna —
made the spread-spectrum approach impractical. What
approach would you use? Why? How would you con-

INTRONICS, |
Edwardsviila XS S
inc

/772.ackes RIOgiane:

The portable programmer that uses the printer port
instead of a internal card. Now with easy to use
Windows software that programs E(E)prom, Flash &
Dallas Ram. 25/27/28 & 29 series from 16K to 8
Megabit with a 32 pin socket. Adapters available for
MCU'’s 874X, 875X, Pic, Atmel, 40-Pin X16, Serial
Eprom'’s, PLCC, Bi-Prom's, Eprom Emulator to 32K X 8

and More....  Only $149.95

Same Name, Address & Phone # for 20 Years....
Isn’t it Amazing ?

Intronics, Inc.
Box 12723 / 612 Newton St.

Tel. (913) 422-2094 Add $7.00 COD
Fax (913) 441-1623 Add $6.00 Shipping
WWW.IN-KS.COM Visa/MC/Amex/Disc

LabJack

u12
$99

* Built-in screw terminals

* Easy-to-use USB

* Everything included

* Use with C, VB, LabVIEW

* Windows 98SE/ME/2000/XP

* 12-bit analog inputs
* 10-bit analog outputs
* 20 digital I/0

* 32-bit counter

* Watchdog function

A\

LabJack Corporation
info@labjack.com
(303) 942-0228

REFILL INKS FOR

{1 _INKJET PRINTERS
| Refill your old cartridge and

'| save. All refill kits come
with instructions and need-
ed materials for refilling
inkjet cartridges. Available
for Canon, Epson, Hewlett Packard, Apple,
Compagq, and Lexmark printers.

HARD-TO-GET W}

PRINTER RIBBONS

Gorilla Banana, Commodore, Texas Instruments,
Centronics, Riteman, Apple, Printronix, Star

Over 300 different ribbons in stock.
All ribbons new, not re-inked.

Check our web page or write for complete price list.

H.T. ORR Computer Supplies

249 Juanita Way, Placentia, CA 92870-2216
714-528-9822 - FAX 714-993-6216

Toll Free 1-800-377-2023
e-mail: Htorr@aol.com
http://home.adelphia.net/~htorr
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“ PRIMECELL §

IF YOU NEED NEW BATTERIES FOR YOUR ELECTRONIC EQUIPMENT
DON'T PITCH EM' - SEND THEM FOR REBUILDING ! - SAVE § §
WE INSTALL NEW NL-CAD OR Ni-MH BATTERIES INTO YOUR CASE.
WE IMPROVE PERFORMANCE TO BETTER THAN ORIGINAL
WE FIX WHAT CAN'T BE FOUND. ( OR AFFORDED )
WE PROVIDE QUICK SERVICE. / EXTEND LIFE OF OLDER EQUIPMENT
WE OFFER FREE QUOTES. / FREE RETURN IF QUOTE IS REFUSED.
WE PROPERLY DISPOSE OF YOUR OLD CELLS BY RECYCLING.
WE GIVE YOU A 12 MONTH WARRANTY.
WE WILL BE HERE WHEN YOU NEED US / EST. 1986
WE SAVE YOU ™ MONEY ** §55§
WE SERVICE RECHARGEABLE BATTERY ASSEMBLIES FOR ALL TYPES OF ELECTRONICS.

RADIOS, SCANNERS, CORDLESS TOOLS, BAR CODE READERS, GPS, SCIENTIFIC, SURVEILLANCE

GENERAL ELECTRIC UNIDEN RADIO SHACK
MPD PLS MPA 4850P §34.50 APX6501050 110553250 HTX 202/404 §22.50
MPD PLS MPA 4860P §39.50 101010701100 $3250 NEW NiMh HTX pack
MPR MPS MPX 763777 § 39.50 11201200 Series $3250 8.4V 1660mAh $ 39.50
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vince your customer/boss that
your approach was better without
upsetting him/her? People skills
are important in design, too.

Reliability

A big difference between a
project and a product is reliability.
A product must be reliable (yes,
even software!). It's okay if you
have to make continual adjust-
ments on your home-made receiv-
er. But, a customer expects a prod-
uct to work the first time and every
time. Would you settle for a radio
that kept drifting off-station every
five minutes?

Give your product to others
and listen to all of their comments
(this is called "marketing"). Look
closely and fix the weak points in
your design. You can be sure that
these weak points will cause prob-
lems. Fix them before you start
production. They will not go
away by themselves! It's always
easier to re-design a product before
sales have been made.

Some people are in a hurry to
get a product out, so it's sold with
known defects. The idea is to get
some money and then re-design
the product. This is both short-
sighted and of questionable ethics.
Selling unreliable products will give
you a bad reputation. So, even if
you fix your product, you have lost
customers. Lost customers are not
likely to buy anything from you
again. Your customers give you
money. Cherish them.

Know Your Market

Probably the hardest part of
any product design is the market-
ing. This is not advertising or sell-
ing. Marketing is listening to the

customer base. Advertising is talk- |

ing to the customer base. A prod- |

uct should be in your area of
expertise. Partly because you can
design it well. But mostly, because
you will have an understanding of
what your customers want. That is,
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you know the market. A product
must have a market. A project has
no market.

For example, it would make
perfect sense for an engineer to
develop a new type of test instru-
ment that fellow engineers would
like to use and buy. That person
knows what is currently available
and has some idea of how the new
product compares. This is vitally
important information. This tells
you how the market will react to
your product. That is, if there is a
demand for your product.

It makes less sense for an engi-
neer to develop a new eating uten-
sil. The combination spoon-fork

may seem like a great idea. But |

how much do you know about
other eating utensils? Are there
other "sporks" available? Have they
been tried before? If so, why aren't
they generally available? How
much effort are you going to spend
learning about flatware? Probably
not much. Because, if you were
that interested, you'd probably be
working for a company that
designed them. Without a solid
understanding of the
(which does take a lot of effort), it's
virtually impossible to sell a prod-
uct profitably.

Pricing Your Product

A project is rarely cost-effec-
tive. Most often there is an inordi-
nate amount of labor that must be
expended. Most often, this labor

market |

cost immediately makes the "prod- |

uct" impossible to manufacture
profitably. |1 have found that few
newcomers to business have a feel
for how much it costs to manufac-
ture a product.

Briefly, you must plan on

$25.00 to $35.00 per hour for |

labor. This is what is called a
"loaded labor cost." It includes

salary, benefits, taxes, rent, equip- |

ment, and everything else. So, if it

takes two hours to assemble your ‘

product, with $35.00 worth of parts
(don't forget the costs of the PCB),

the basic production costs will be
about $100.00. This makes your
selling price at least $200.00. This
covers your profit, taxes, advertise-
ments, development costs, and so
on. Sometimes a person will build
and sell the product as an individ-
ual. In this way, the costs are kept
low. However, this creates a prob-
lem. Suppose, in the above exam-
ple, you personally assembled the
product and paid yourself
$10.00/hr. Since you have your
own equipment, home, etc., your
overhead is low. So you manufac-
ture your product for $55.00 and
then sell it for $80.00. This seems
good. You are getting $25.00 profit
per unit.

Now suppose you get an order
for 1,000 units. Sounds great! A
$25,000.00 profit! But, in reality,
this is a disaster! One thousand
units will take 2,000 hours to
assemble. This is 50 weeks at 40
hours per week. No one will wait a
year for delivery. So, you need to
get outside help. This will force the
cost of your product up beyond the
price you are selling them for, to
about $100.00. You will lose
$20.00 per unit, or $20,000.00!

This is because your "product”
was a "project." You were spending
your time at an unreasonable cost.
With a project, time spent has little
meaning. With a product, the labor
time is usually the greatest factor in
pricing. This is why many products
are assembled overseas. The labor
costs can be reduced substantially.
(But the quantities and lead times
are large.)

Product Design
Philosophy

A successful product is not
simply a piece of hardware or soft-
ware. Rather, it is a combination of
many factors and considerations
that must be addressed from the
start. With a project, these factors
are not important. So you can now
see why it's often difficult to con-
vert a project to a product. | follow




the KISS (Keep It Simple, Stupid) approach for all my
designs. This results in reliable, cost-effective products.
I will often use a single, more expensive, part to replace

a number of lesser expensive parts. This reduces labor |

costs which usually more than offsets the increased
parts cost. Additionally, fewer parts means a simpler,

In The Trenches

in many areas, common sense and attention to detail
are the most important requirements. This has been a
very brief look at what a product is. In future columns,
we'll look at other aspects of "engineering as a busi-
ness." Hopefully, it will help you avoid the errors that
others have made. ™"

smaller PCB which fur-
ther reduces cost and
increases reliability.

A few words concern-
ing PCB design. First,
there is rarely a true need
for more than a two-layer
board (standard double-
sided board). In fact, vir-
tually all analog boards
can be single-sided (but I
often use the second side
as a ground plane for
improved performance).

Secondly, | have yet
to find a PCB autorouter
that is worth using. This
is because the PCB layout
is a critical factor in prod-
uct performance and reli-
ability. The low-end
routers don't know the dif-
ference between a high-
current output trace and
a sensitive sensor input
trace. Naturally, this caus-
es degraded performance
and some strange and
very difficult-to-find fail-
ures.

Finally, these routers
tend to use small trace
widths because it's easier
to route thin lines. This
further reduces reliability
because thin traces (and
spaces) are more easily
damaged and are harder
to manufacture. (I typical-
ly use 0.020 inch traces
and 0.015 inch spaces.)

Conclusion

Product development
is fun and interesting.
But, it requires a balance
between many factors.
So, it's not as simple as it
first appears. However, as
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ast month, we took a quick
look at some different photo-
sensors and their relative use-
fulness when applied to the detec-
tion of high-speed optical pulses.
Some of the disadvantages with
light-dependent resistors (LDRs) and
photovoltaic-type = semiconductor

sensors were pointed out. The photo- |

conductive-type diodes are generally
accepted as being probably the best
(in terms of speed, anyway) among
the laser industry. Photoconductive
diodes can be made very small, and
the size really determines how fast
the diode can respond to a given
optical stimulus. A small diode junc-
tion means lower junction capaci-
tance and consequently a faster
charge (or discharge) rate.

Usually, anyone in the laser
industry would use an optical ener-
gy meter to measure the actual
energy in the laser beam. This
device most often uses a thermopile
and blackbody absorber to convert
the light energy into heat, and then

process the information from the
thermopile to display the energy in
Joules (after James Prescott Joule,
the British scientist and inventor
who did much to quantify the rela-
tionship between work, energy, and
heat). Unfortunately, the laser power
meter is another instrument that is
rather specialized, and thus quite
expensive. If you're lucky, you may
come across one at Laser Resale
(Sudbury, MA). Their web site is
www.laserresale.com and they
always have a wide variety of laser
systems and accessories, although
there is a high demand for surplus
laser equipment and some of the
stuff disappears fairly quickly, so
you have to pay attention. An ener-
gy meter, however, only tells you the
amount of energy in a laser pulse. It
gives no indication of beam or pulse
quality, and this is where the photo-
diode comes in. Later in this series,
we will be looking at holograms, and
you'll see then how important the
beam and pulse quality are. This

by Stanley York

Exploring and Experimenting W/th Lasers and Their Properties

Building a Battery-operated Optical Pulse Detector

month though, we're going to use
some of the information from last
month to build a battery-operated
optical pulse detector. With this unit,
it will be possible to adjust the mir-
rors of a pulsed laser to get the high-
est energy and best pulse form out
of the laser. I'll explain how to do this
later in the article. A word of warn-
ing though, before we start. Under
no circumstances shoot a laser
beam directly into the photodi-
ode. A chopped HeNe or diode
laser perhaps won't do any damage,
but any kind of pulsed laser will
almost certainly destroy the diode.

Generating
the bias voltage

In order to use a photodiode for
high-speed optical pulse detection,
we have to provide a high-voltage
reverse bias to the diode. To do this,
we're not going to use a mains-driv-
en power supply, but rather use a
battery and voltage multiplier circuit
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Figure 20-1: Schematic for the photodetector bias voltage generator.
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for safety and portability. Since we don't require very high
voltage and the diode doesn't draw any current, a nine-volt
battery should last quite a long time. Turning to Figure 20-
1, you'll see that there is really nothing complicated about
the circuit for generating the bias voltage. We're using a
nine-volt battery and an LM555 wired in astable mode in a
diode pump circuit to boost the terminal voltage on the
diode to about 35-40 volts. A resistor in series with the diode
limits the available current to a safe level for the diode. In
this circuit, the 555 timer generates a

broken VCRs that people gave to me for parts, and they
worked very well in this application. So, if you have an old
VCR that you can't find time to fix, make it do something
else. There are several opto-coupled set-ups in a VCR that
you could separate and try in this unit.

Construction

As always, you can use whatever construction

free running pulse waveform that
feeds nine-volt pulses to the diode
pump circuit consisting of diodes D1-
D9, and capacitors C3-C12. The
diodes and capacitors form a voltage
multiplier that boosts the nine-volt
pulse train to about 35-40 volts or so
DC at the output terminal. This volt-
age is then applied as a reverse bias to
the photodiode via R3 and R4. The
output signal is taken from across R4,
and is a positive-going signal.

Make sure you use a carbon resis-
tor for R4. A spiral track etched in a
carbon film resistor may have some
small inductance that could influence
the output during fast transitions, and
possibly give false 'ringing.' You will
notice that there is no gain stage
(amplifier) included with this circuit.
The reason for this is simple. Any gain
stage introduces propagation delays
and bandwidth limitations. To be more
effective as a high-speed photodetec-

(*333)

__ COMPLETE KIT
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Providing virtually matching perfor-
mance at only 1/3-1/5 the price.

Info, orders, softwr : 619-702-4420

@ info, downloads: www.conitec.net

tor, it follows that any gain stage will
alter the overall pulse waveform due to
these effects, so the output will not be
a true representation of the optical
waveform. A gain stage could be
added, but it would be a special design
with critical components and circuit
layout, in order to follow the high-
speed transitions of the diode. Most
op-amps have a limited bandwidth
that is too low for the sort of rise times
you may expect to find in pulsed
lasers. In any case, the signal output
will likely be large enough for most sit-
uations.

A word on the photodetector. In
my unit, | used a photodetector from
an IR communications set-up. It was a
Motorola device, although the part
number was abraded to the point |
couldn't read it. However, [ tried sever-
al small photodiodes from some

prototyping.
Works with

above

ments

Design circuits
instantly while choo:
ing from a complete
list of active and pas-}
sive components

Create and
Analyze Circuits

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

Windows"95 and

Low Cost - $49.95

SOFTWARE

Analyze circuits using
built-in test instru-

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

Windows®95 is a U.S. registered trademark of Microsoft Corporation.
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Rear wheel

Front whee/

Laser beam

method you feel most comfortable
with. The circuit is very simple, and
layout is not important. Try to keep
everything compact and you'll get it
all to fit inside a small metal or plas-
tic box. Just make sure that nothing
can short out, and keep jumper
wires or links as short as possible.
The photodiode should be mounted
in the end of a piece of dark plastic
tubing, or perhaps some other tube
painted black. There is no need for a
focusing lens in this device, as was
used in the rev counter a few
months ago.

Calibration
and testing

Since this is a relative-reading
device, it will not be possible to
make any absolute value measure-
ments, except for time duration. You
can only compare amplitude results
with other light stimuli. However, you
can make some general assump-
tions and get good approximations.
You will find that the results you get
will depend on the power (energy)
of the laser, the relative reflectivity
of the target, and the orientation of
the photodiode relative to the laser
target. Remember, this photodiode
is mainly useful for a pulsed laser,
and pulsed lasers generally have
brief, but very high intensity light
pulses. It can be used with a CW
laser too, but the beam will have to
be modulated in some way, so that

90

Figure 20-2: Principle of the chopper wheel.
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| Chopper wheel ot slight
angle relative to leser beam

the relative amplitude can be
assessed. One method of modulat-
ing a CW beam is to use a chopper
wheel, and there are a few compa-
nies that make them (Coherent,
Spectra-Physics), but they are not
cheap.

The chopper wheel consists of a
circular pair of plates that have seg-
ments cut in them at regular inter-
vals. The plates are adjustable, so
that the amount of light passing
through can be increased or
decreased, according to the needs.
The plate assembly is spun at a fair-
ly high speed using a synchronous
motor, and placed in the beam path.
The rotating blades interrupt the
laser beam at regular intervals,
causing a reduction in the average
light output, as well as interrupting
the laser beam and causing the
beam to pulsate.

At the time of writing this article,
| had just received my new Edmund
Scientific catalog, and on page 183,
there is an optical chopper wheel of
this type. Instead of varying the
spacing between the blades, the
Edmund device uses separate, inter-
changeable wheels. It comes with a
variable speed drive controller and
sells for $950.00. Chopping frequen-
cy is variable from 5Hz to 20kHz.
With high-power lasers, the portion
of the beam that hits the rotating
plates naturally causes them to heat
up. However, the plates will dissipate
a lot of the absorbed heat to the air

Laser Insight

as they rotate. In addition, part of
the incident beam is scattered by
the plates and further absorbed by
the housing of the chopper wheel.
The inside of the chopper box is
usually finished matt black to better
absorb this scattered energy. The
output beam from the chopper is
thus made into a rapid series of
pulses, each pulse amplitude is at
the CW laser power level. Figure 20-
2 illustrates the principle of the
chopper wheel. Here, a six-segment
wheel is shown. Actual devices vary
according to the manufacturer.

In use, the photodetector is nor-
mally used in conjunction with an
oscilloscope to view the laser pulse
in real time. For accuracy, the pho-
todiode must not be allowed to satu-
rate. If it does, then the relative
amplitude readings will not be pre-
cise. To prevent saturation, the light
reaching the photodiode junction
must be limited, and this can be
done in a number of different ways:

1. Point the diode in the oppo-
site direction to the laser target, and
allow multiple reflections from walls
or the ceiling to energize the diode.

2. Cover the photodiode with
multiple layers of semi-opaque
material to filter out the light.

3. Use neutral-density filters in
front of the photo-diode.

4. Use an iris in front of the
diode.

5. Use a chopper wheel (for CW
lasers).

6. Reduce the output from the
laser.

Sometimes — as in the case of a
high-power laser — it may be neces-
sary to use a combination of the
above  methods. = Commercial
devices usually have some means of
attaching an iris to the front of the
photodetector, or perhaps a neutral-
density filter (this is just a piece of
varying density dark glass that, the-
oretically, has a constant attenua-
tion factor regardless of the wave-
length of the light, i.e., it is not wave-
length selective). Figure 20-3 shows
a typical output from this type of
photosensor. In this case, the pulse

|

|
!



is a single pulse from an Nd:YAG laser. The pulse energy |
was 300 mJoule aimed at a wall, with the photodetector |

‘Laser Insight

controls are a series of high-speed pulses that form a
code to tell the TV or VCR what to do.

pointed at the ceiling. Figure 20-4 shows a series of puls- —

es, this time from a HeNe laser. The laser was fired
through a home-made chopper wheel at a white sheet of |
paper, and the photodiode angle adjusted to face the \
paper a little off-axis from the target spot, so that it picked
up a secondary reflection from off the wall of the tube
surrounding the diode. The rounded edges of the pulses
are due to the light being uncovered by the edge of the |
chopper as it rotates, and shows a gradual change in ‘
intensity before rapidly going full on or full off. In my
chopper wheel, | used a cardboard disk with narrow slots
cut into it. | then mounted this disk to a small DC motor
running at about 2,000 RPM. The HeNe beam was then |
passed through the rotating disk about halfway from the
center. If you don't have a HeNe laser or chopper wheel
to test this device, you can always use your TV remote
control. These devices normally use an IR light-emitting
diode as the light source and make an excellent substitute
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Figure 20-3: Typical output from the photodetector

for testing. In fact the photodiode is also a good device to

use to check your remote controls. The output from these LASERS & ACCESSORIES
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axis and repeat for a
couple of shots to see

a chopper.

Using the device

As always when using any kind
of laser, think safety first and always
wear protective eyewear, especially
so with pulsed lasers. With a CW
laser, your natural "blink response"
will be quick enough to avert your
eyes from the bright light. In a
pulsed laser, the flash is several
orders of magnitude brighter, and
many times faster than your eye,
and damage can be done before
you realize it. To use the photodiode
to align a laser, the laser must first
be producing an output. The photo-
diode can then be used to "tweak"
the mirrors for best pulse form or
highest peak power. If you are using
this device in conjunction with a
pulsed laser, then the beam should
be aimed at an energy-absorbing,
diffusely-reflecting target (some-
thing that will absorb the energy of
the beam and not allow sharp reflec-
tions from the surface). Depending
on the laser power, you may use
heavy card, matt black anodized
aluminum, or any other suitable
material. (I have used cinder blocks
and house bricks when adjusting
high-power CO, lasers, but that's
another story!) Make sure that when
you have a satisfactory set-up, that
neither the target nor the photode-
tector can move. If anything starts
to move, the photodetector can start
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Figure 20-4: Output from the detector using

if the amplitude
increases or decreas-
es. Stop adjusting
when the peak inten-
sity is reached. Then go on and adjust

| the other mirror axis, and again

repeat the test shots. By observing

| the oscilloscope trace (better if you

have a storage scope), you will be
able to tune your laser for sharpest
peak or maximum energy fairly
quickly after making a few test firings.
If you are adjusting a CW laser, you
will need to buy or make a chopper
wheel, as suggested earlier. A single
plate with a few slots cut in it will suf-
fice, and will attenuate the incident
beam enough to allow you to use per-

| haps a discarded ceramic tile (use the

rough, back side) as the target mate-
rial. Place the chopper wheel at a
slight angle to the laser beam, so that

| there is no possibility of reflections

from the wheel going back into the
laser. See Figure 20-5 for a typical set-
up. Pay careful attention to the reflect-
ed beam from the incident side of the

| everyone
| even though it sometimes takes

Laser Insight

| chopper wheel — that energy is going
| to go somewhere! Stand a brick or a

second ceramic tile alongside the
chopper to prevent those reflections
damaging anything, and as always,
keep your younger audience away.
Remember, you only get one set of
eyes! Begin by aiming the laser
through the chopper wheel and onto
the target tile, and aim the photodi-
ode directly at the spot where the
beam hits the tile. If you get a high-
amplitude pulse train on the scope,

| turn the diode slightly so that it is

aimed off to one side of the target
spot. The amplitude of the pulse
should then decrease, and you should
be able to adjust the laser mirrors for
maximum output.

In this case, you will try to get the
highest amplitude pulse. If you find
you reach diode saturation, but are

| not sure that you have reached the

real mirror peak, simply reduce the
output power of the laser until you see
the pulse amplitude go down. A lower
power output from the laser is okay,
because the alignment of the mirrors
does not depend on the laser output,
but rather the other way around.
Peaking the mirrors can be done at
any power level and will not change
as the laser output power is
increased. As always, if you have any
questions regarding lasers or optics in
general, or if you have any sugges-

| tions for future columns, please send

me some email. | always answer
who contacts me,
a while. My email address is:
stanley.york@att.net.
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Figure 20-5: Using the
photodetector and

chopper wheel.

—



by George Whitaker

Basics For Beginners

just for Starters

A Close-up Look at Soldering

950, my father gave me a
riplett VOM and showed me
some of the basics of using it. This
was the starting point for a learning
experience that continues today.
Every experimenter, hobbyist, or
professional has to start somewhere.
And, that is what this series of arti-
cles is all about. For the next several
months, we will be looking at some
of the basics of electronics. If you are
a novice, you may find that you
already know some of the material
we will be covering. On the other
hand, you might find something that
will open up a whole new world of
understanding. It has been my expe-
rience that the understanding of one
concept oftentimes makes plain a
variety of other concepts. Now that
we have established what this is all
about, we need to consider another
point. If you don't put it together
properly, it isn't going to work.
Therefore, in this first column, we are
going to look at soldering.

Soldering is an art that, | will
admit, | have been unable to master.
A solder joint should be "pretty," as
well as functional. | have been able to
make them function, but personally,
my talents are such that | have never
been able to make them esthetically
pleasing. However, making them
functional is the purpose here and
maybe you will be a little more artis-
tic than me.

In soldering, the important thing
is to get the solder to blend with the
two items being fastened together.
This action is a function of heat. If
the heat is not adequately applied,
you will have the solder sticking to
itself and surrounding the item, but
not actually blending with the item.

yomewhere around 1949 or |

With a little practice,
you will be able to see
when this blending
occurs. Remember
that you have to have
both surfaces hot at
the same time. Make
sure the tip of the iron
is touching the foil on the board and
the wire at the same time. See Figure
1 for the correct placement of the tip.
As you begin heating a wire with the
soldering iron and apply a bit of sol-
der, you will see the solder sitting on
the outside of the wire in blobs.
When the proper temperature is
reached, the solder will suddenly
turn shiny and spread to a thin layer
on the outside and, on twisted wire,
will actually go inside the twists. On
a printed circuit board, you will see
the solder become shiny and, instead
of blobs, you will have a single mass
that flows. The key word here is
shiny. A good solder joint will have a
shiny surface. If the heat is not ade-
quately applied, it may appear to be
holding, but will have a dull finish. A
cold solder joint like this will turn
loose and/or build up corrosion over
a period of time and will come back
to haunt you. Soldering, like any
other art, should be practiced. I sug-
gest you take a wire and strip the
insulation back about 3/8 inch. Put
your soldering iron on it and then
touch a bit of solder to the tip of the
iron at the point where it makes con-
tact with the wire. The solder will
stick to the iron, not the wire. Then,
watch what happens. As you contin-
ue to apply heat, the solder will sud-
denly permeate the wire and, at the
same time, will become very shiny.
Until this action occurs, you might
have some solder stuck on the wire,

Figure |. Iron should be placed

where the tip touches the wire
and the foil on the board at the
same time.

but it will not actually hold and it will
corrode. Cut off the end and do it
again several times until you can do
it quickly and easily.

What we have just done is "tin" a
wire. Tinning a wire before actually
fastening it will almost always make
the soldering job easier and faster.
There are a few cases where tinning
might not be the best course of
action. The addition of the solder
might make the wire too big to go
through a hole in a printed circuit
board, or the stiffness it gives the
wire might make it difficult to attach.
However, in most cases, it is advised.
Experience will show you when and
when not to tin the wire. A brand new
soldering tip must also be tinned
before it is used. With a new tip, you
should first bring it up to full heat
and then apply solder until the tip is
completely covered and is shiny.
Next, wipe off the excess solder on a
wet sponge. The tip should be
smooth and shiny. Any time you
have solder build up on the tip, you
should use a wet sponge to clean it
so that it again appears smooth and
shiny. When a tip begins to age and
gets pitted and black, you should
file off the old surface with a fine
tooth file and repeat the tinning
process. Desoldering to remove
parts or wires is much more difficult
and problematic than soldering them
on. In the next issue, we will get into
desoldering.
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QUESTIONS

I'm interested in building an
interface for the basic controls of a
camcorder with an "i.LINK"
(IEEE1394) connection. And/or
maybe the spec I'm looking for has
something to do with OHCI. Are
these specifications out in the open
and where can | find them?

All [ really want to control would
be zoom, focus, and maybe
exposure settings.

[ know lots of camcorders come
with a remote, but they're really hard
to use while shooting. Maybe |
should be thinking about hacking
the remote?

#1031 Bob Winningham

via Internet

Specifically, how is PPl (plan
position indicator) radar data
translated from the standard real-
time display into a digitized format
for viewing on a computer screen? A
"how to" approach to this problem
would be much appreciated;
technical literacy is not lacking at our
end. Thanks!
#1032 Mark Ciancone

via Internet

ANSWERS

[12023 - DEC. 2003]

| want to bolt two computer
tower cabinets together to have
space for more drives. | want the
power supply in the second
cabinet to supply the power to the
second cabinet's drives, but how

| displacement

This is a READER-TO-READER Column.
All questions AND answers will be
provided by Nuts & Volts readers and are
intended to promote the exchange of
ideas and provide assistance for solving
problems of a technical nature. All
questions submitted are subject to editing
and will be published on a space available
basis if deemed suitable to the publisher.
All answers are submitted by readers and
NO GUARANTEES WHATSOEVER are
made by the publisher The
implementation of any answer printed in
this column may require varying degrees
of technical experience and should only
be attempted by qualified individuals.
Always use common sense and good
judgement!

Send all material to Nuts & Volts
Magazine, 430 Princeland Court, Corona,
CA 92879, OR fax to (909) 371-3052,
OR email to forum@nutsvolts.com

ANSWER INFO

* Include the question number that
appears directly below the question you
are responding to.

* Payment of $25.00 will be sent if your
answer is printed. Be sure to include your
mailing address if responding by email or
we can not send payment.

« Your name, city, and state, will be printed
in the magazine, unless you notify us
otherwise. If you want your email address
printed also, indicate to that effect.

e The question number and a short

summary of the original question will be
printed above the answer.

* Unanswered questions from a past
issue may still be responded to.

* Comments regarding answers printed
in this column may be printed in the
Reader Feedback section if space allows.

QUESTION INFO

To be considered

All questions should relate to one or
more of the following:

1) Circuit Design

2) Electronic Theory

3) Problem Solving

4) Other Similar Topics

Information/Restrictions

* No questions will be accepted that
offer equipment for sale or equipment
wanted to buy.

» Selected questions will be printed one
time on a space available basis.

* Questions may be subject to editing.

Helpful Hints

* Be brief but include all pertinent
information. If no one knows what you're
asking, you won't get any response (and
we probably won't print it either).

* Write legibly (or type). If we can't read
it, we'll throw it away.

* Include your Name, Address, Phone
Number, and Email. Only your name, city,
and state will be published with the
question, but we may need to contact
you.
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| do I get the power supply in the

second cabinet to "turn on"
without being connected to a
motherboard?

Is there anything else | need to
know in order to do this?

On an ATX power supply, pin 14
is used to turn on the power supply.

| You need to get this signal from the

main supply to the slave.

Automotive-type
connectors
work well in this application.

You need to tie the ground from
one supply to the other (pins 3, 5, 7,
13, 15, 16, and 17).

It is also a good idea to provide a
10% minimum load on the unused
voltages (3.3V, 5V, 12V).

Walter ). Heissenberger
Hancock, NH

insulation
should

[12022 - DEC. 2003]

I am trying to build a battery
pack condition meter using an
LM3914 chip to drive an array of
LEDs. The problem is the max
voltage of the LM3914 is less than
the nominal charge voltage of the
lead-acid battery pack.

#1 To use an LM3914 to represent
a larger voltage than it can safely
accept on its input, use a voltage-
divider circuit to reduce the voltage
sent to the input of the chip.

Simply use the voltage-divider
formula to determine how much
voltage you want to reach the
LM3914, then scale the output
accordingly.

For instance, if the chip could
only handle 10 volts on its input and
the voltage you want to measure is
20 volts full-scale, set up the divider
circuit to divide the input voltage in
half by placing resistors of equal
value on the top and bottom of the
network. To give one-third the input
voltage at the output, make the
resistor on top twice as large as the
bottom. Use the formula on the
diagram (Figure 1) to scale it for
your application. Keep the resistor
values in the 10s of Kohms range to




keep the current draw and the power |
dissipated in the divider network low.
VOLTAGE IN

Figure |
R1
VOLTAGE OUT
R2 VOLTAGE DIVIDER FORMULA

VOLTAGE OUT = i x VOLTAGE IN
R1+R2

Jeff Burger
via Internet

#2 Use a zener diode in series with
the power to the LM3914 to drop the
voltage to its operating range. The
battery pack is essentially dead when
the voltage drops by 20%, so set the
reference voltage to 20% of the full
charge voltage and use another zener
to bring the input voltage down to
20% of the full charge voltage. The
LEDs will all go out when the battery
is dead.

Russell Kincaid
via Internet

#3 Since the LM3914N is rated at
25 volts, | assume you want to test a
battery of greater than 24 volts.

The circuit shown (Figure 2) for
the LM3914N can be adapted to
nearly any voltage with the change of
some of the component values.

The ratio of R1 to R2 samples the
battery voltage to give an indication

on the LEDs connected to the IC. R2
is 2K ohms 1/4 watt 5%. To
determine the value of R1, subtract 1
from the number of cells. For
example, a 24-volt battery has 12
cells. So the ratio of R1 to R2 is 11:1.
Now multiply the value of R2 (2K) by
11 to get 22K. D12 is a zener diode. |
recommend a one-watt, 12-volt such
as the 1N4742A. The value of R7 is
calculated to drop the full charge
voltage of the battery to the zener
voltage at 25 mA. For a 24-volt
battery, the full charge voltage is
close to 29 volts. R7 = (29-12)/.025
or 680 ohms. Power rating = .025 x
.025 x 680 or 0.425 watts. For good
practice, use a one-watt resistor.

The other components are:

C1 — 10uF electrolytic at higher than
maximum charge voltage

C2 — 2.2uF tantalum

D1 through D10 — LEDs

D11 — 1N4007 diode

D12 — 1N4742A

R2, R3, R4 — 2K 1/4W 5%

R5 — 750 ohm 1/4W 5%

R6 — 1K trimpot

a1l — LM3914N

As shown, the LM3914 is set up
for the dot mode to conserve power.

R6, the trimpot is adjusted so
that either the cutoff voltage or the
full charge voltage is shown. DI
shows the lowest voltage, while D10
shows the highest voltage. Adjusting
R6 (1K) moves both the reference Lo
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and reference Hi slightly. Adjusting
the pot so that D1 is illuminated to
the cutoff voltage (number of cells x
1.9) tells when the battery needs to
be recharged. Adjusting R6 when
D10 is illuminated shows the battery
is fully charged (number of cells x
2.4).

The current drawn from the
reference out pin 7, determines the
LED current. In this case, the LED
current is about 8 mA. If for some
chance the battery voltage is less
than 24, then R7, D12, and C1 can be
eliminated, and R1 value is calculated
as before. No LED current resistors
are required as the LM3914N
provides constant current to the
individual LEDs.

Ned Stevens
Grantsville, UT

[12021 - DEC. 2003]

I need ideas on how best to
convert a logic analyzer that uses
the CP/M operating system to one
that will run under Windows or
DOS. The original logic analyzer (a
Kontron KLA-64, 64 ch., 100MHz) is
run by an 8085-based CPU/control
board that affects all control
functions through parallel 1/0
ports. | propose to replace the
dated 8085-based CPU/control
board with a newer embedded
processor board and run it under
DOS or Windows.

#1 Although DOS was based on
CP/M and the 8085 and 80x86
processors share common roots,
CP/M programs will not run under
DOS and CP/M will not run on an
80x86 platform. The best solution is
to use a CP/M emulator, which will
run CP/M programs in a DOS
window, and a disk driver to read
CP/M under DOS. A 5.25" low-density
drive will be necessary, also.

A popular CP/M emulator was
UniForm, and its companion disk
driver was UniDOS. Both programs
are apparently discontinued, but they
show up on eBay frequently.

A current emulator and disk
driver are available at reasonable

?
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prices from DYNACOMP, Inc., 4768

Route 89, Romulus, NY 14541. Email:

info@DynacompSoftware.com.
Phone/fax 315-549-7118.

Joe D'Airo

West Islip, NY

#2 This would be a big project. You
could run the CP/M software on a
Windows machine only by using
software emulation. That would give
you only the same functionality you
have now, but faster.

There are open source CP/M
emulators for Windows, but you
would have to modify the emulator to
add the custom hardware ports built
into the analyzer, then write
DOS/Windows device drivers to talk
to custom hardware that you build.

The display would also be a
problem. There are no standards for
graphic displays on CP/M, so you
would have to emulate that, too.

With much less effort, you might
be able to speed up the existing
processor board. Most 2MHz CP/M
machines will run at 4 or 6 MHz with
faster memory, a new CPU chip, and
replacement of a few key 74LS-type
chips with 74S equivalents.

Do you have a schematic? You
can usually borrow a faster clock
pulse from the clock divider.

Mike Ingle
Camarillo, CA

[12026 - DEC. 2003]

| have a Bullet Camera that |
intend to install in the back of my
car for a rear-view display.

How can I mirror or reverse the
camera output horizontally so that
“left” on the screen is “left” in the
car?

#1 The circuitry required to
mirror a video signal is a bit
complicated. It would require a scan
converter-type design with lots of
video memory and a means to grab a
frame and sequence it out
"backwards." However, there are
easier ways to do this.

If your display is a standard CRT,
then you can reverse the horizontal
deflection yoke connections. This is a
simple modification and involves a
little bit of soldering.

If it is a TFT/LCD type display,
then many of the automotive models
have a image reversal feature. It is
usually a jumper or switch and is
used in applications just like yours.
Not all displays have the feature, so
check the display's specs before you
buy it.

T. Black
Folsom, CA

#2 Here's a relatively low-tech
solution for your problem. Simply use
a piece of (first-surface mirror

| SURFACE ~ ,;’r/

(commonly used in laser
experiments) in a periscope-type
arrangement.

Point the bullet cam upward with
the top of the camera toward your
subject (toward the rear window of
the vehicle).
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Mount the mirror above the
camera angled so that the camera
“looks” out the rear window. Since
the camera “sees” a reflection, the
image will appear to be reversed.

Mount the mirror with the
reflective side toward the camera to
avoid any ghost images from the
mirror’s glass.

The mirror and camera mounting
scheme is up to you ... it could be
wood, plastic or metal. The mirror
mount itself could also be adjustable
or fixed. Keep in mind that if it's
adjustable, it may need to be adjusted
periodically, however. Also, try not to
touch the reflective side of the mirror,
since it scratches easily.

Jeff Burger
via Internet

Do you remember the nights you
laid awake asking yourself
“What ever happened to the CueCats?” LW

it’s Simple

We

Got’EM!!

CueWho?? CueCat a Simple

Low Cost Barcode Scanner
Keyboard or USB Interface

Electro Mavin 42 years of Bargains,
Quality, and Customer Satisfaction
800-421-2442 or FAX 310-632-9867
E-Mail john@mavin.com
http:// www.mavin.com
We Buy New Unused Technical Product,
Military and RF Connectors Our Specialty

3

&
Ny
'%cum*"

3‘“’““’% HAMBOREE® 2003

Southeast’s Top Choice for

Communications ® Electronics ® Computers

February 1-2, 2003
i Fair Expo Center, Miami, Florida
|

Manufacturers, Dealers, Swap Tables,
License Exams, Fox Hunts, Awards

www.hamboree.org
wddsfg@bellsouth.net or wdwyr@arrl.net

TEL: 305-226-5346 or 305-642-4139
Details via mail: Evelyn Gauzens, W4WYR, 2780 N.W. 3rd St, Miami, FL 33125

FLORIDA STATE CONVENTION




Advertiser’s Index

Abacom Technologies ... Cunard Associate

ActiveWire, Inc. ......
All Electronics Corp.
Alltronics ............
Amazon Electroni
Andromeda Research ....
AWC
Basic Micro, Inc

E.H. Yost & Co. ..
Electro Mavin ......
Electronic Design Sp

Electronic Goldmine .....
Electronix Corp. ..

Be a hacker.com 8 EMAC, Inc. .........
Bellin Dynamic S 8  Emerging Technol
Blue Bell Design, Inc. . 5  Evolution Robotics
C & S Sales, Inc. ... ExpressPCB ..
Carl’s Electronics, Inc. 8  Fair Radio Sale:

2

9

CCS (Custom Computer Services)
Global Specialtie:

Designtech Engineering Co. ................
Earth Computer Technologies ..

Front Panel Express, LLC.

Matco, Inc. ..
Meredith Inst
microEngineering Lab:
Micromint.....

59 R4 Systems,

Circuit Specialists, Inc. ...

Conitec DataSystems.... Halted Specualtles Co. .

AMATEUR RADIO & TV

Alltronics
Hamsey Electronics,

BATTERIES/CHARGERS

BIEIASSOCIAtES . il s esisss sinsassassnoics
E.H. Yost & Co. ..
MENIC Lo s
TNR Technical, Inc.

BUYING ELECTRONIC
SURPLUS

Earth Computer Technologie:
Rogers Systems Specialist .

CCD CAMERASNIDEO

Circuit Specialists, INC. .....ccccovvvereecerirennee 98-99
Matco, Inc. .............. ...59
POIAFS INGUSHIES .o 7

Ramsey Electronics, Inc.
BeSotrCes Un-Ltd N il 17
Supercircuits

CIRCUIT BOARDS

UNARLASSOCIBE o .. .o oveencaseorasenassased

ExpressPCB s

PCB123-.....,.. ...59
PCBexpress . 98
Pulsar, Inc. ...... 59

R4 Systems, Inc
V & V Machinery & Equipment, Inc.

COMPONENTS

Bellin Dynamic Systems, Inc. .....
Front Panel Express, LLC.
Linear Systems ............. .‘.21
PCBexpress ....
Pulsar, Inc. ......
Solutions Cubed .....

superbrightleds.com ......

COMPUTER

Hardware

T o [ S e T e S|
T T A I e e e e 2
Earth Computer Technologies 59
Electro Mavin ................ ...96

Electronix Corp. ......... -
Halted Specialties Co. ........ccccccovevirrerreenrirunraenens 3
Rogers Systems Specialis

Z WOt e e = = S o
Software
T e S e | 2

Evolution Robotics ..
Global Specialties ...

Pioneer Hill Software . .13
el o [T e e R R 83
Microcontrollers — I/O Boards

Abacom Technologies.........c.ccceveereeriruerneinrinnens 49
Amazon Electronics .41

Basic Micro, Inc....
Conitec DataSystems.

EMAC,; Ing. ... 9
g =09
industrelogiciIne, Libai i s in ol e 47

Mr. NiCd

microEngineering Labs ............cococvniceunnriccinnee 23
Micromint .................. <9
M

Parallax, Inc. .........

Prairie:Digital; InC, Tannii s i i et 58
Scott Edwards Electronics, Inc. . S k]
Square 1 Electronics .............. 91
Technological Arts ... T
Weeder Technologies il O

Z-World, Inc. ....cc......
Printers/Printer Supplies

H.T. Orr Computer Supplies .........c.coouerrinnvenenens 85
InkletSolthwesti-l o srl B Sin i sl 2has 49
DESIGN/ENGINEERING
SERVICES
Emerging Technologies, LLC ..........cccccovevinnuenns 59

EXpressPOB .l a it oy
Front Panel Express, LLC -
Prairie Digital, Inc. ........
Pulsar, Inc. ........ ....b9
Solutions Cube
V & V Machinery & Equipment, Inc.
Weeder Technologies

EDUCATION

EMAC, Inc. ...............
R4 Systems, Inc.

EVENTS/SHOWS

Designtech Engineering Co. .....
Tropical Hamboree

KITS

Alltronics
Amazon Electroni

C & S Sales, Inc. ...... ....34
Carl’s Electronics, Inc. ..... DD
Earth Computer Technologies =bJ
Electronic Goldmine................. 21

EMAE. NG ... i
HVW Technologies, Inc.
Information Unlimited ...
Inkjet Southwest ...
PAIA Electronics..
Quality Kits ............
Ramsey Electronics, Inc. ........
Scott Edwards Electronics, Inc
superbrightleds.com ...............
Z-World, Inc. .......

LASERS

Information Unlimited .............cccoovcveeverecrennnns
Meredith Instruments ... 3
Resources Un-Ltd.

superbrightleds. com .

MISC./SURPLUS

All Electronics COrp. ......cccovveruruene
Designtech Engineering Co.
Electronic Goldmine..........
Fair Radio Sales Co. ....
Front Panel Express, LLC
Halted Specialties Co. .....
Linear Systems ..
Resources Un-Ltd. ....
www.SMDRework.Com ........cccoeeevivenenes

91  Ramsey Electron
Resources Un-Ltd.
RF Digital .......
Rogers Systems Specialist...

H.T. Orr Computer Supplies 85 MVS Scott Edwards Electronics, Inc. ........... 33
HVW Technologie: 58 NetMedia SGC

Industrologic, Inc. .......... PAIA Electronics Solutions Cubed
Information Unlimited 51 Parallax, Inc. ......... Square 1 Electronics ...
Inkjet Southwest . PCB123 superbrightleds.com
Intronics, Inc. ....... PCBexpress Supercircuits

LabJack Pioneer Hill Software... Syspec

Lemos Interational... Polaris Industries ... Technological Arts
Linear Systems Prairie Digital, Inc. . TNR Te cr?n\ e
Lynxmotion, Inc. Pulsar, Inc. Tropical H bo s
M2L Electronics Quality Kits TODIEH TARENDS

V & V Machinery & Equipment, Inc.
Weeder Technologies ......
www.SMDRework.com
Z-World, Inc. .......
Zagros Robotics ..

PROGRAMMERS

AMBAZON ElOCIIONICS ... .ii5 eveesssarasnsenss bssmaniamaoss
Andromeda Research ..

Basic Micro, Inc. ...... ...4
S e
Conitec DataSystems... .89
HVW Technologies, Inc. . .58
IRronics; INC. i..reesisetens .85

M2L Electronics ...........
microEngineering Labs

PUBLICATIONS

Square 1 Electronics

RF TRANSMITTERS/
RECEIVERS

Abacom Technologies
Lemos International Co.,
MaleO; INC. i i st 5

5
ROBOTICS
5

Blue Bell Design; INC. .......cccciicidieismsmarisssssuns 7
Evolution Robotics .......
HVW Technologies, Inc. .
R Yo S
Lemos International Co., Inc
Lynxmotion, Inc............. 77
Net Media.......
Solutions Cubed.
Zagros'RoDONGS . ... v e e r T

SECURITY

Information Unlimited ............cccocvviviiiiiinneinnnnnn.
Lemos International Co.,

METCO NG T s e :59

Polaris Industries ... ks SRR

Supercircuits 18- 19
STEPPER MOTORS

AR OIS . e e e e T

TEST EQUIPMENT

Bellin Dynamic Systems, INC.......c.cccceevevvernrnnnnne.
C & S Sales, Inc. ................ .

Circuit Spemallsts Inc.
Conitec DataSystems
Electronic Design Specialists
Electronix Corp. ........c.coeecvveerruenens
Designtech Engineering Co
intronies Inc ... 5

EabJapk: ... e
Pioneer Hill Software
Prairie Digital, Inc. ....
Syspec

C & S Sales, Inc. ...... e
=T s 1 A 67 ¢ o IRGNSISRIRIGIEE JE o iR ) 80

WIRE/CABLE & CONNECTORS

Rogers Systems Specialist ...........cccceevuriicinnns

WIRELESS PRODUCTS

R B e R s e




www.web-tronics.com

femovable Hard Drive Rack ‘BEST

High Tech Video system w Audio
ALUMINUM FRAME & CARRIER! CHOICE! |
% bl

Includes TWO B/W Cameras w sound & I.R. (night vision) ONE 5.5 B/W
Monitor with Built-In adjustable Switching(from 2 to 20 seconds)& two 60
| St pre-wired cables. Everything you need to set up a high tech video
monitoring system at home, uﬁt( restawrant warehouse or use it as a baby
monitor. Easily hooks into VCR for Video

Recording also item # Dual View
. . ' more help with heat dissipation. Includes
Fantastic Price! key Iocl.(!. LED a;tivity |.gh:.IA$m,elgEhrml_§A
: A
$119.00 ea 24-960 Hour Time DMK 66301133 & mi viera wide SCS1 version.

3 COOLING FANS !

AUTO-CLOSE FRONT DOOR!

OUR NEW “BEST CHOICE" Hard Drive
Rack features aluminum frome & carrier
for ru; performance & heat disippation.
Also, 3 internal cooling fans provide even

($109.00 ea. qty 4) LapseVCR s AMR-3F (IDE Ultra DMA)....c.c.....17.

C s 12VD and SC SCSI)..$22.95
view extensive details@ web site T f(} s AMR/UWSCSI (ultra wide SCSI).$22.9
Auto-Temp Solder CTRL-D only $319.00! Triple Output Bench Power Suppl
Station with ' Details @ web site under with four 3 1/2 digit LCD Dlsplav
Ceramic Eleme miniature camera section Output : 0-30VDC x 2 @ 2 AMPS

*

& 1 ea. fixed output @ SVDC

With Ceramic Heating
Source Effect: <0.02% +1mV

Element for More Accurate

Temp Adjustment 3 Load Effect: <0.01% +5mV
* 3 Conductor Grounded Ripple & Noise: <lmVrms
. ;?&ec'fé’éi’c (470°F 900°F), : > CSI3002D-3..$169.00 Dimensions: 365 x 265 x 164 mm
i s . RO (i ol B b A Ly

Available. See Web! :
C & More Info See www.web-tronics.com )

‘ CCD B&W Board Cameras
* ASIC CCD Area Image Sensor
*+ Extremely Low Power Consumption
* 0.5 Lux Min Illlumination
* Built-In Electronic Auto Iris for Auto;
Light Compensation

Mini CCDs (B/W & Color)
Sensational NEW Design for Small
Observation Cameras. Smaller and Better!
* Ultra Miniature Design
Black & White Verslons Only 25mm x 25mm
* Color \ i Only 3 x 3
* Available in Standard Lens or Pinhole Lens
* All Include Pre-Wired Cable Harness for

»

Detailed Spec:
on the Web

Video & Power :
VM1030PA-B 30mmx30mmx25mm, Pinhole lens, 12V *39. any qty. ] * 12V Regulated Power Supply Requlrod SPGCS on
VM1030A 30mmx30mmx26mm, Standard lens, 12V 39.” any qty. In Business, (120mAt the Web

VM1035A 42mmx42mmx25mm, Standard lens, 12V with back light compensation *49."any aty.  Since 1971 > gg;x:f::g;m;;:gf{:::&m T s

VM1036A 32mmx32mmx25mm, Standard lens |2V, reverse mirror image feature *49." any qty. Back Light Compensation Circuit

VMCB21 44mmx38.5mmx28mm, with 6 infra-red LEDs, 12V %49.” any qty. * Built-In Electronic Auto Iris Lens

VMCW-H11A 32mmx32mmx30mm, Color CCD with standard lens, pre-
wired cabling for video/audio, 12V DC Power *109.” / *99.°5 or more
VMCW-H12A 32mmx32mmx|9mm, Color CCD with pinhole lens, pre-
wired cabling for video/audio, 12V DC Power Input *109."/%99."5 or more

B&W, Color & Powerful Night Vision Bullet CCD

Mod VMPS-718A 25mmx25mmx30mm, B/W CCD with standard lens, pre-
* Smart R-wfed Metal Housing ~ Detailed Specs o wired cabling for video/audio, 12V DC Power Input *49.%/ %45.%5 or
* Extrememly Low Power Consumption the Web VMPS-250A 25mmx25mmx|5mm, B/W CCD with pinhole lens, pre-
b ézcg‘z:aa = B Lon Life wired cabling for video/audio, 12V DC Power Input *49."/ 45,5 or
* Built-In Electronic Auto Itis for = Light Compensation e O
" 01 Min L iiumination (B&W), 1 Lux Min Lux llumination (col [.5
e (emingtion (TR T ka0 Min Lux o fcolor) neW Bench Digital Multimeter $99.00 !
VMBLT1020 B&W, 2 mm(D)x55mm(L) *49." any qty. ! P *Digital & Analog Display, 3999 counts & et -
VMBLT1020W B&W Weatherproof , 2Imm(D)x58.5mm(L) *69." any qty. 42 segment bar graph. w RS232C
*Autorange & Manualrange
VMBLTJC19BW COLOR!Weatherproof , | 7mm(D)x88mm(L) *109." any qty. *DATA HOLD, Min/Max Relative Measurement
> &g c1E < = *Storage Data DISPLAY/RECALL
WDB-5007S Powerful night vision camera(56 IR LEDS) $159.00 (5139.00/ 5+) *True RMS fAC voltage & current [eomi#
*Back Light
- *ADP Measurement:400mV+/-3% CSI9803R Lo =
Hand-Held 3.0GHz Universal Counter item # ECoutilpy LS Dibe et See detail b it
*10 digit LCD Display with Field Strength gecnllooz *Power Source: AC or DC €€ aetauls @ WwebD site
*High speed 300MHz direct counter w 0.1Hz =
resolution Measurement ¢159 (0 Super Economy DMM
*50 ohm input for full range 1IMHz to 3.0GHZ Includes: 1999 counts LCD Display, 1 1 0 50
coverage *extendable/retractable whip antenna 15mm digit height :
*Ultra sensitive synchronous detector 16 segment *Internal 444 Nicad batt pack HfE DATA HOLD $9.99 $7.99 $6.99
bargraph display of RF signal strength (600mAH) Audible Continuity *Eg zo:ts ggg;g‘/)%wzowzoowsoov
* . % olts:
+4 selectable gate speeds *9VDC, 500mA wall plug-in charger Rubber Boot “DC Current; 200/ 2m/20mA/10A
hold switch locks display Included 300/2K /20K /200K/2M
*low power consumption (6 hr nicadoperation) Tachadk *Sm' e
Extensive Details @ www.web-tronics.com test leads CSI 830

Digital Read Out 3Amp Bench Power Supplies

Protek 40 MHz & 60MHz Oscilloscopes

Our Best

Brand New SCOPE DEALS ) Available in 0-30 volt & 0-50 volt versions
2 Channel AMAZING Not Refurbished! !
Dual Trace includes 2 scope probes igh stability digital read-out bench power supplies

6 Internal Grid ~ AL UE S !

ALTMAG
‘ ALTTRIG 40MHz only $319.00 !

Tvsyne  60MHz only $399.00 ! G
| (Limited Time Offer) lab and educational use.
| See all Details @ web-tronics.com under Test Equlpment Line Regulation: 2x10 +Ima
LED Accuracy: Voltage +1% +2 digits ] |

Current =1.5% +2 digits New !
Wave Line Noise: <Imvrms Lower Prices

featuring constant voltage and current outputs. Short-
circuit protection and current limiting protection is
provided. Highly accurate LED accuracy and stable line

regulation make the 3000 series the perfect choice w

Our Most Sog isticated DMM We Sold Over 800 Last Year!
with RS-232 Interface & re, 3-3/4 Digit, 4000 Count, Auto-Ranging with Analog

{ Bargraph Dimensions: 29Imm x 158mm x |36mm

* True RMS Mod: * K Type Temperature Probe Included 3

‘ IB“P‘THI Freque:cy Counter * Pulse Signalpfzr ic & Audible Test C513003 :0-30v/0-3am 1-4/$89.00 5+/ 585

* Time Mode with Alarm, Clock, - Contnuiy/Diode Tet 1 . pl- . 3 B

d Stop Watch * Logic Test 5 1. s
| : :D}aLJ Di':PIayM 3 gf:d onov;elr OF(F/"_IEheeV{,I ON" r;:g: CSI5003 +0-50v/0-3amps 1-4 / $109.00 5+ / $9¢
i 5 nput wi arnin, -

‘ . gin.E::ng'vg and Ralative Mode " Bk HgTE/RP i ¢ Bookmark our WEB Site!Many morePower
| ecibel Measurement * Data Hold/Run Mode

* Cap and Ind. Measurement ¢ Safety Design UL|244 & VDE-041| Supplies are Available. Look Under Test Equipmen

* Temperature Mode (C/F) * Protective Holster

] * Silicon Test Leads $129.

CIRCUIT SPECIALISTS, INC. 220 s. Country Club Dr., Mesa, AZ 85210

Circle #145 on th? !!eader Service Card 800‘528’141 7/ 0‘464'2485/ Ax 480'464'5824




*gjtal Storage Oscilloscope Module 2 AMP 0-18V Bench ;’7/ SoftTube Heatshrink

Convert any PC with USB : }’(E)B?r[;“l:_[ﬂ:\ G 2| shrink ratio
interface to a high performing 1 ISPy p Sold in 4 ft lengths

= Digital Storage Oscilloscope. input voltage: 110VAC > Sqld Bu:k‘ :n Sp];)ql
This is a sophisticated PC output: 0-18VDC - Ei‘;.r.?:ﬁa’me?;s ;:coesW
based scope adaptor providing 1 Current: 0-2A s e éolofs PRICES!
performance compatible to - Source Effect:<0.02%+1mV S
mid/high level stand alone . Load Effect:<0.01% +5mV PLEASE VISIT OUR WEB SITE

ducts costing much more!Ships Ri ise: FOR SELECTION & PRICES
o i ? IR e Dt LAt www.WEB-TRONICS.com

with two probes. 1 5+
Campedeals Lot 55995 58295 NowDC P 1
i test equipment. item # CSI 1802D
Jeust 200DSO$869 ' 0 O UL/Ball Bearing Sleeve/ 3 wire

Intelligent DMM withPC Interface Intelligent Auto-Ranging DMM item # 1 10 25 100+
| —

* Auto-Ranging Our Most Sophigﬁcmed MM Ever! 40mm 12V (PLA2BI2H).S595 425 3.95 3.28

| *Dual Display Large 4 Dig backlit 8000 count dual e - R

*Conforms to IEC1010 display & Analog Bargraph 80mm 12V (PLSOBIZH) $595 425 395
*3999 counts & 38segment RS23 Infrared Interface/sofiware/cable..  Bomm 24V (PLAOB24ID 5595 435 395
bar graph display 4 display modes, True RMS value & 92mm 12V(PL92BI2H) $5.95 425 4.00

_— :EC voltage(autorangiqg) Freq. of Min/Max values: Temperature g:‘m"‘ r::;;%lﬂzzizfz}g)ss%?s z-?,g ;g
item# CSI345 | C voltage (auto ranging) in F/C; relative quantity & error % of  jy0rt 00 i) $798 6.75 569 559
I *Temperature measurement m24V/( 95 6.75 S

Ships with Rubbe i(e—ws .o oo (auto ranging) relative value at the same time... More In forma tion @

Boot, RS-232 cable, * i MUCH MORE DATA @ WEB SIT, .
Software $44.50 ,*g?ggg‘::;‘tfsg item# CSI 8203........ {1‘%}9 06 www.web-tronics.com
& Test Leads & = **transister check .
wiviccnimity | OPTASCOpe (NEW., | REFild Strength Analyzcr,
bt 3 i Field Strength Anal ith wide band 1699.
Details & Software Download @ our web site ]?All%{:g‘l)rl}sﬁle Elslgedgifﬂ"oscoi)e relgegticl;rnerrlagrtlgingaﬁﬁrlv(;(l)mv;ltg &
Intelligent Multi-function Digital Counter 2060MHz. The 3

4 . 01 is a compact &
s . . oscilloscope for students & hobbyists lightweight portable analyzer & is a must
An intelligent multi-function sy 1o/c Max Sample Rate for RF Technicians. Ideal for testing,
counter controlledby an 8-bit : 3 p 9 installing & maintenance of Mobile
: Gt ! 8 Bit Vertical Resolution Telephone Comm systems, Cellular
micro-controlles with * Phones,Cordless phones, paging systems,
eight-digit high bright LED 2 Channel cable &Satellite TV as well as antenna

display. Four measuring *Ext Trig EXTENSIVE DETAILS @  installations.May also be used to locate

functions (frequency,period, www.WEB-TRONICS.com hidden cameras using RFtransmissions
total mode & self-check). . < Extensive Tech Details & a Special Offer

" item? 6100 Also.a 10MHz OSC.OUT. - At Our Web Site (www.web-tronics.com)

Frequency Measurements: (e S — =
CHA,Range 10to 100Mhz _ $149.00 !! Circuit Specialists now carries
FLUKE FLUKE TEST EQUIPMENT

CHB, Range 100Mhz to 1.3GHz >

DETAILS AT OUR NEW $169.00

WEB SITE under TEST EQUIPMENT item# SCOPE 81M
Visit our web site & view

LED s/Megabright Blue, White, GREAT PRICES!  our extensive offering of new

_ FLUKE TEST EQUIPMENT.
- intensity @ Just go to our home page &
B 2omA 1 10+ 100+  gelectTEST EQUIPMENT.

Megabright Blue Smm  (L7113PBC/G) 1400  $1.95 $1.50 $1.25 We%?got,great deals
Megabright Blue 3mm (L7104PBC/G) 600  $1.95 $1.50 $1.25 EW
Megabright White Smm (L7114PWC/G) 600 $2.15 $1.59 $135 FLUKE COLOR SCOPES

more technical details @ our web site under SEMICONDUCTORS MultiTurn Cermet Potentiometers

FLASHING red 3mm (L36BHD) as low as $.28 ea! PRICED TO SELL! (WIW1012series)
22 TURN RECTANGULAR

= (5 OURNEWSELF-LOCKING CABLE TIES  Single Turn Y {stumitncd yuimes Thou. 100 oMt 2 mmeg)

SQ. Cermet Pots USSR ()29 5079  $0.55 $0.49

: : . X (Horiz. & Vertical)” | 26 TURN 3/ T 3
UL approved Nylon 6§. ‘94\/-2.. white col‘or,amdproot. alkalxp.roof. good - d (st:?nd}:rdr:a%uses ?r%m 10 :djutsotl -
insulation & long lasting Sold in Bags of 100 pcs, Buy at prices usually valuesfrom 100 ohm 1 10+ 100+ 500+

%1 Meg $1.09 $0.99  $0.75  $0.65 w
GL3 series = 2.5 m.m. width/ GL4 series = 3.5 m.m. width/GLS series N (WIW3296 serjes)
=4.8m.m. widthGL8 series = 7.0 m.m. width/ GL10 series = 9.0 m.m (WIW1036 series) 0+ 100+ 500+

1 1
width/ GL12series =12 m.m.width.........100 pcs per bag H $0.79 $0.69 $0.55 $0.45
item Iength rice item length price Cermet Prices shown are per value/ More Details @ www.WEB-TRONICS.com
4 inch

GL3-100 $35/bag  GL5-400 16inch $2.49/bag MM /Y
GLA.150 6inch S49%bas GL8.200 Sinch SI99/bagindustry _Standard SMM & 3 MorIeJED D.Sl ged/%ffmm?,lclggm

GL4-200 8inch $.79bag  GL8-300 12inch $2.79/bag Best E
GL4-250 10inch SI.1Sbag GL8-400 16inch $399bag . = o Fie = ' S 1 s‘gg slgg+
GL4-300 12inch S$1.29bag GL10-400 16inch $5.49/bagPricing! Red-Diffused Smm (L53HD) ; :
GL5-200 8inch S$.99bag  GL10-500 20inch $6.15/b Green-Diffused Smm (L53GD 3.09  $.06
. ¢ g e 25 DB Yellow-Diffused 5Smm (L53YD) $.10  $.07
GL5-250 10inch $1.39/bag  GL10-600 23.5 inch $9.29/bag _Di
2 . Red-Diffused 3mm (L934HD) $.08  $.05
GL5-300 12inch S1.69/bag GL10-800 31.5inch $13.99/bag Green-Diffused 3mm (L934GD) $.10 $.07
GL5-350 14inch $229/bag GLI12-650 25.5inch $12.49/bag Yellow-Diffused 3mm (L934YD) S $.08

v Ppes e
b
RN

Visit our website for a complete listing of our offers. We have over 8,000 electronic items on line @ www.web-tronics.com. PC
based data acquisition, industrial computers, loads of test equipment, optics, I.C s, transistors, diodes, resistors, potentiometers,
motion control products, capacitors,miniature observation cameras, panel meters, chemicals for electronics, do it yourself printed
circuit supplies for PCb fabrication, educational D.I.Y.kits, cooling fans, heat shrink, cable ties & other wire handleing items, hand
tools for electronics, breadboards, trainers, programmers & much much more ! Some Deals you won t believe !

CIRCUIT SPECIALISTS, INC. 220 s. Country Club Dr., Mesa, AZ 85210
800-528-141 7/480.464.2485/FAX: 480.464.5824 Circle #145 on the Reader Service Card.




The 6\/0101!/] §v]€+cm

Easy hi-directional serial IR
| y  communication hetween BASIC Stamps.

Parallax's new Infrared Buddy is a handy
little communication companion for your
BASIC Stamp@® projects. The Infrared Buddy
lets you send and receive data and remote
control commands from a single BASIC
Stamp pin. The Infrared Buddy's on-chip
8-byte buffer holds data and remote
control commands so your program doesn't
have to wait around for them to arrive.
With high-power bursts the Infrared Buddy
works up to 50 feet! Size: 0.875" x 0.5".

Some of the app“oaﬁongz

- Create a customized entertainment
center controller using the IR Buddy's
built-in RC-5 protocol encoding.

- Build an alarm system to discretely start
your Philips® VCR.

- Design beam-break detector to connect
to your alarm system.

\/ - Enable point-to-point serial i
communication between BASIC Stamps
without wires.

Order online at www.parallax.com, or call our sales

department toll-free 888-512-1024. To use the Infrared Buddy in a project you
will need two BASIC Stamp 2 modules and

In addition to our great products like the BASIC Stamp two programming/carrier boards.

and the Infrared Buddy, our website offers a wide

variety of free documentation and software downloads

as well as project ideas. We make it easy for you to get ; 5\“’[ d PE:NV Of M]CVZ)VCOI

started with BASIC Stamps. Bvolol o 760,/ onl $§9
BASIC Stamp is a registered trademark of Parallax, Inc. ‘ OVd@V Pay—f—- #;2_80" é

Philips is a registered trademark of Koninklijke Philips Electronics N.V.

Circle #154 on the Reader Service Card.



