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CircuttMaker Version 6 and TraxMaker Version 3 give you the features of professional, high-end
software at a fraction of the cost. Plus, with exceptional ease-of-use you'll spend less time learning
to use the software and more time designing. Both applications are compatible with your existing
software, and feature outstanding technical support. Call now for your free functional demo.

CircuitMaker 6 is a powerful schematic
design and simulation program featuring:

* Professional schematic features including printout
borders, title block and barred pin names

¢ Symbol editor and Macro feature for custom devices

* Fast, accurate SPICE3f5/XSPICE-based simulation

* Complete array of analysis types, including Fourier, AC, DC,
Parameter sweep, Transient and more

* Virtual instruments including a digital oscilloscope,
multimeter, Bode plotter, curve tracer and more

* Extensive library of over 4,000 models

* Tight integration with TraxMaker® for quick PCB layout

* Qutput PCB netlists in Protel®, Tango® and TraxMaker®
formats for use in a variety of PCB layout programs

* Windows 3.1, 95 and NT

TraxMaker 3 is a powerful printed circuit
board layout program featuring:

* Over 2,000 component footprints in a fully-documented, in-
dexed library. Documentation shows footprints actual size

¢ Built-in autorouter and Design Rules Check

 Supports up to 6 signal layers plus power and ground
planes, silk screen overlays and solder and paste masks

* Board sizes up to 32" x 32", with no pin limitations

* Intelligent manual routing with unroute capabilities

* Import any PCB netlist in CircuitMaker®, Protel® or Tango
format

* QOutput RS274X Gerber files, Excellon N/C drill files and Bill
of Materials

¢ Print to any Windows-compatible printer or plotter

* Windows 3.1, 95 and NT

MICRO {(ODE For free demo software, or to order, call 1-800-419-4242

ENGINEERING

I N € 927 West Center Street » Orem, UT 84057 e Phone (801) 226-4470 e Fax (801) 226-6532 * www.microcode.com

©1998 MiaoCode Engineenng, Inc. Al rights reserved, CircuitMakey, TraxMaker, SimCode and MicoCode are registered trademarks of MigoCode Engineering, Inc. All other brand and product names are trademarks or registered trademarks of their respective companies.
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Editorial

Really Doing it Yourself

Sweeping changes are happening here at Popular Electronics. As
part of our new direction—to include more hands-on and cutting-edge
material—we are introducing a new column and devoting this month’s
issue to building test gear.

First, about the new column, Peak Computing. While there are plenty
of computer magazines out there dealing with what PC to buy and so
on, there’s very little practical material available on how to keep the
computer you have in peak shape. In our new column, you'll learn in
clear, step-by-step language how to upgrade, fine-tune, and enhance
your system. White computers are undoubtedly a part of electronics,
shopping for a new system every month shouldn’t be—check out Peak
Computing on the very next page. It and all computer-oriented columns
will now sport a new look.

Our collection of construction features this month focuses on test gear
that will help you troubleshoot and identify components, as well as
check if a certain important device is working. While these are some-
what advanced projects, and require patience to build, we felt many of
our readers could use home-built, yet sophisticated test devices ...
hence this special issue.

Our Semiconductor Tester lets you determine if transistors and diodes
you’re about to use in a project are up to the task. Learn how to buiid
this oscilloscope add-on by turning to page 31.

It you've got a bunch of large-value capacitors sitting around and want
to verify if any are just right for your next circuit, use the Electrolytic
Meter. Find out how to build the accurate device on page 42.

Is your video monitor acting up? Whether it's an MGA, EGA, VGA, or
even composite-video unit, your CRT can be given a great exam with
our PC Monitor Checker. The story begins on page 47.

Next month, and in the issues following, we’ll be balancing complexity
levels by running some simpler gadgets. Coming soon are circuits that
let you take control of your home, experiment with high voitage, and
even reach out to the stars! Despite the amount of mail we might get on
that last statement, you’ll just have to wait and see what it means....

Until next time, we hope you enjoy the new direction of our old friend.

Konstantinos Karagiannis
Editor

WWW akherieaniadiahictary com
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ANDREW T. ANGELOPOULOS

Time for A New Video Card?

s your computer system beginning to

feel a little sad? Do you find yourself
turning off clouds, terrain, tex-
tures, and everything else in
your favorite game to keep
the frame rate up? Even
when your system meets or
exceeds the minimum and
recommended require-
ments? Are you tired of look-
ing at low-resolution presen-
tations and multimedia
effects because it's the only
way to get 16-bit color?

All these problems might
not be your processor or
memory. It might just mean
that a new video card could
solve your problem.

Whether you have a 90-
MHz Pentium with MMX or a
450-MHz Pentium Il power-
house, adding a new video
card for optimal system performance is
not as hard, or as expensive, as it
sounds. It's quite easy—all you need
are a small Philips- and a flat-head
screwdriver—and cost effective, with
new video cards costing $100-$200.

TYPES OF CARDS

There are two types of video-card
interfaces available: the Accelerated
Graphics Port (AGP) and Peripheral
Component Interface (PCI). Most, but
not all, Pentium Il and AMD K6-2 sys-
tems use AGP, a dedicated video path-
way, for their video needs. All other
Pentium-class machines get a PC! port.

There are important differences
here. AGP and PCI cards are notinter-
changeable. AGP connectors, intro-
duced a little over a year ago, are
video dedicated. PCI slots share the
PCl infrastructure with modems,
sound cards, and almost anything else

you have installed, thereby sharing PC
resources in a less than desirable
fashion. Think of the plumbing in your

Attention. gamers! Diamond Mulimedia's Monster Fusion card has all the
power you need. fueled by 3DfX"s Voodoo Banshee chip. In both PCland 1X
AGP models. the 128-bit card supports Direct3D. Glide, and MiniGL; has
16MB of SDRAM on hoard: and handles refresh rates as high as 200 H:.

home; the more faucets turned on in a
house the less water each gets.

At their most basic, AGP cards are
plenty faster than PCIl cards. While
PCI limits video to 133 MB/sec of data
transfer, AGP 1X doubles that number
to 266 MB/sec. Faster versions of AGP
are also available, with 2X providing
533 MB/sec speed, and 4X a whop-
ping 1.07 GB/sec! This kind of video
data will blow a hole in the bottom of
the aforementioned sink.

Of course, you can only take advan-
tage of AGP if your system’s mother-
board supports the bus. The good news
is that either type of system—AGP or
PCl—can benefit from an upgrade.
Regardless of what the standards imply
about computer slots, the cards that go
into them are not equal. Compared to
the card that came with your system, a
new card will certainly handle data
more effectively, come with more mem-

" Seftwara

ory (which is directly related to color
depth and resolution—more memory
means more of both), and integrate the
latest standards (important
for gaming, especially).

In deciding on a video
card you have to be realistic
about your needs and sys-
tem. A 90-MHz Pentium will
not run a game that requires
a faster CPU (check a title’s
box), even with the best
video card. However, word-
processed documents,
browser pages, and multi-
media presentations will
draw faster and look great
with 16- or 24-bit color and
the resolution set to a sharp
1024 X 768 or better.

Modern video cards offer
combined 2D/3D solutions.
Game cards offer superior
3D, running Direct3D, Glide, or MiniGL
programming languages (essentially,
these make games that support them
look sharper and run smoother).
Business video cards are strong 2D per-
formers, offer a comfortable amount of
memory for high resolutions and color
depth, and have decent 3D perfor-
mance for multimedia needs. Both cate-
gories work well for users who use their
machines for both work and play.

FRTE INFIRIT
Hot 3D

SOME CARDS TO
START WITH

On the gamer’s front, Diamond
Mulimedia’s new Monster Fusion card
comes in both PCl and 1X AGP mod-
els. It is based on 3Dfx's Voodoo
Banshee chip and supports Direct3D,
Glide, and MiniGL. It offers 128-bit per-
formance, 16MB of SDRAM, and a
250-MHz DAC, and will support monitor
refresh rates as high as 200 Hz. The

WAL, ameroeaanadiehistary com
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Tel. 800-532-05E00

Web: www.harculas.com

4

AGP version comes with DVD MPEG-2
decoding ability. This card runs so fast
and hot that it comes with its own cool-
ing fan. It looks like it will be a solid
card. The PCI version requires a 90-
MHz Pentium. And at $149.95 for each
model, not too expensive either.

One of Number Nine Visual
Technology’s best, the Revolution IV 2X
AGP card also offers 128-bit perfor-
mance and comes with either 16MB or
32MB of SDRAM. While this card is
good for lunchtime combat, it's geared
more towards the serious business
user. It supports Direct3D, OpenGL
{under Windows NT only), and 3D
Studio Max. It has a 250-MHz DAC and
will support refresh rates as high as 150
Hz. The 16MB model sells for $169 and
the 32MB model for $219.

There is a third option for those who
feel that their current system is ade-
quate or could use a low-cost tweak:
add-on cards, like Diamond
Muiltimedia’s Monster 3D and Monster
3D II. They work with existing video
cards; you connect a cable from your
video card to the Monster and from the
Monster to your monitor. The cards
install just like other video or computer
cards.

The Monster 3D is based on 3Dfx’s
Voodoo chip and supports Direct3D,
Glide, and MiniGL. It has 4MB of EDO
DRAM—2MB dedicated to a frame
buffer and 2MB dedicated textures. It
lists for just $99 and will work with any
existing 2D (or 2D/3D card) card,
adding excellent 3D features.

The Monster 3D Il is an improvement
on the Monster 3D and is based on

wanna aaaricannadimhietary conm
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Matrox Graphics, Inc.

1055 St Regls Bivd
Corval, Quebhen

HAF 2T4 Canada

Tel. BO0-361-1408
Web: www matrox.com

Number Nine Visual Technology
Domestic Salas

18 Hartwell Avenie

Lexington, MA D2421

Tel. 800-GET-NIME

Wab: wwwnine.com

Real3D

12506 Lake Underhill Road, MP-811
Crlande, FL 32825

Tal. BOO-393-7730

Web: www.real3d.com j;

3Dfx’s Voodoo2 chip. The 12MB (4MB
frame/8MB texture) version goes for
$169 and the 8MB (4MB frame/4MB
texture) version for $149. The primary
card of this add-on must be a 2D/3D
video card. The Monster 3D and
Monster 3D I both require at least a 90-
MHz Pentium with MMX and an open
PCl slot.

So far we've been talking about
replacing video cards. What if you have
a system with integrated PCl or AGP
video? You should check to make sure
that you can install a new video card.
Integrated PCI systems may not have a
free PCI slot. Integrated AGP systems
may or may not even have an AGP slot
for a new card. There are three ways to
find out: check your manual, check with
your manufacturer (Web or phone), or
peek inside. Of course, non-integrated
video is not a problem. Pop out the old
card and pop the new one in its place.

A LITTLE RECON

Peeking inside your PC is a good
idea if you want to check on your com-
puter's video-card status; after all, you'll
have to open the case to install your
new video card. First, unplug the system
from the outlet and any external con-
nections. Then discharge yourself of
static by touching something metal and
grounded. An accidental discharge
inside the system can destroy it.

Remove the chassis cover of your
system. If you see a PC card located
where you connect your monitor,
you've found your video card.

If your video is integrated, then you'll

(contined on page 16)
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Portable MP% Music, Canon
Peripherals, aAnd MoRre

id you know that right now you can

download hi-fi digital audio from
the Internet? I'm not talking about .WAV
files—at CD-quality settings, they’re
tremendous. No, there’s a much more
compact file format out there— MP3—
and there are tons of audio files avail-
able in this form, which is a standard
that took shape on its own, with no help
from any standards organizations.
MPEG is an industry-standard method
for compressing video, and the same
technique that compresses the audio
that accompanies the video is used on
just audio in the case of MP3 or Layer-
3 audio.

There are good things about MP3
audio and bad things about it, depend-
ing on who you are and how you look at
it. A typical CD audio track is generally
about 50 megabytes worth of data,
where whole albums can consume 650
megabytes or more. Distributing songs
and entire albums of this nature over the
Internet is impractical to say the least.

MPEG Layer-3 audio compression
works by removing signals that are
recorded in a track but are canceled
out by one another when played so
that you don’t hear them anyway. Files
end up being compressed by about
10:1, so that 50-megabyte song is now
only 5 megabytes. Five megabytes, or
entire albums totaling 65 megabytes,
are easy to download if you have a fast
connection—a cable modem or T1 line
does nicely.

Now that we have a practical way of
distributing audio over the Internet,
there is a need for MP3 encoders,
players, search engines for media, and
so on. And wouldn’t you know it? All
those needs have been met. Do a
search on the web for MP3-related
material and you'll turn up a wealth of
sites that hand out the stuff for free.

WinAmp is a shareware player |'ve
used quite a bit (download a copy at
www.winamp.com).

Download an MP3 file, download a
player, and hi-fi audio plays on your
computer. Depending on how well the
original file was made—who did it, what
equipment was used, the compression
fevel applied, etc—and how good your
multimedia system is, .MP3 files can

—

BT Ay

Diamond Multimedia's Rio PMP300 is a hand-
held music player for compressed MP3 audio

files. MP3s can be obtained via the Internet or

can be made using software included with Rio.

sound as good as CD audio. But the
files are apparently stuck in your com-
puter—or are they? No, they are not!
Other shareware will convert .MP3
files to .WAV files. And then Adaptec’s
sophisticated Easy CD Creator soft-
ware can convert those .WAV files to
CD audio files for burning an audio

MARC SPIWAK
TECHNICAL EDITOR
COMPUTER RESELLER NEWS

CD. It's all very automated. I've made
a few CDs in this manner, and most of
them sound terrific in my car stereo.
So audio made its way to the Internet,
to my computer, to my CD recorder, to
my car. Because it's digital, sound
quality does not deteriorate.

WHO WANTS MP3 AND
WHO DOESN'T

Lots of individuals are in favor of
MP3, aside from the millions of
Internet users looking for free audio.
There are plenty of music artists that
will never be big enough to have their
CDs on store shelves. But their work
can now be distributed with little over-
head over the Internet. Even the major
recording labels can distribute sam-
ples and entire products via MP3 and
the Internet over secured ordering
connections. But the record compa-
nies also have a lot to lose, because
any knucklehead armed with a share-
ware MP3 encoder and some music
CDs can post digital audio illegally.

There are lots of battles going on
right now over how MP3 should be
used or if it should even be used at all.
But | see no way of stopping it, because
it started on its own. Everyone, includ-
ing the industry, will have to learn to live
with MP3. But it's actually the Internet
that we're all getting used to. It's a new
world now, one where | can create my
own custom CDs using free material off
the web and $1 blank discs, without
leaving my comfy chair.

DIAMOND RIO

One company that is at the head of
the curve when it comes to MP3 audio is
Diamond Muliimedia. Diamond’'s Rio
PMP300 portable MP3 player is an
ultra-small, ultra-cool device. It's a hand-
held headphone-equipped music player

WA akherieaniadiahictory com

solwou09|3 Jeindod ‘6661 A

(4}


www.americanradiohistory.com

Popular Electronics, May 1999

=]

that downloads MP3 files from a PC and
lets you play them in any order.
Diamond Multimedia’s Rio PMP300
portable music player is indeed the
Walkman-like gadget of the 215! cen-
tury. This unique device plays
MPEG Layer-3 audio files from
its internal memory through a
headphone jack. MP3s can be !
obtained via the Internet or can
be made using MusicMatch’s
Jukebox software, included
with Rio. ' i,
Rio contains no moving =
parts, so it’s immune to skipping
caused by jostling the device. it
includes 32 megabytes of inter-
nal memory, which is enough to
store about a half hour’s worth of
CD-quality MP3s. Rio also has a

and outgoing documents. Canon
Creative Pro helps you create and print
stationery, brochures, labels, and more.

The MultiPass C5500 does plain
paper faxing at up to 6 seconds per

i

ware, but it scans at 600 dpi, which

can be interpolated to 2400 dpi. I, too,

connects to the parallel port. The high-
er resolution unit costs $99.

I've also been playing with a rather

unique kind of photo printer from

% Canon. It's similar to Olympus’

4 P-300 photo printer that con-
nects directly to Olympus cam-
eras and prints beautiful color
prints without needing a com-
puter. Though I've raved about
the Olympus P-300, it can't
print from video sources. But
{ Canon’s CD-200 digital printer
can.

The CD-200 accepts digital
images from a CompactFlash
card and makes 4 X 6-inch
glossy photo prints with an

slot for accepting a SmarntMedia Canon's PowerShot AS digital camera fits in a shirt pocket und has  image area of 3.2 X 4.2 inches,
memory card, which can add amaxinum resolution of 1024 X 768. It comes with a rechargeable  without connecting to a PC. It
more storage to the device. You NiMH battery pack.

can buy these cards with as much
as 64 megabytes of memory.

Rio comes with all the software you
need to use it. The included software,
which runs on Windows 95/98 only, lets
you transfer MP3s from your PC,
through a parallel interface, directly into
the Rio's memory. The Rio is quite
small and fits easily into a shirt pocket.
it weighs a mere 2.4 ounces. The
device is powered by a single AA bat-
tery, which is good for about 12 hours of
continuous playback. It retails for $199.

CANON PERIPHERALS FIT
SMALL OFFICES

I recently received some really neat
peripherals from Canon Computer
Systems. One of them is an all-in-one
printer/scanner/copier that prints in
color. Canon’s MultiPass C5500 is a
multifunction unit that's perfect for the
small or home office with limited
space. Plus you can add color to all of
your work. Pop-in cartridges make this
device easy to use for anyone, plus it
comes with all the software you need.
What's best is that it can operate as a
color copier without a PC.

Canon’s Bubble Jet technology
delivers photo-realistic color printing.
An optional Photo Kit, with special ink,
offers true photo-quality printing. The
C5500 lets you receive crisp plain-
paper faxes and scan everything from
photos to text in color or black and
white. It even includes Canon’s
Desktop Manager 3.0 software, which
helps you keep track of all incoming

page, and it can store up to 42 pages
of incoming messages while the
machine is printing, copying, or scan-
ning. It prints photo-realistic output at
720 X 360 dots per inch (dpi). Print
speed is rated at 6.5 pages per minute
in monochrome or 2.5 pages per
minute in color. Optional photo inks
allow true photo-quality printing.

General copying in black and white
is done at 360 X 360 dpi, and it can
scan at 400 dpi when software-
enhanced with 256 levels of grayscale.
it does color scanning at 600-dpi, soft-
ware enhanced, in 24-bit color. The
TWAIN-compliant scanner measures
15.8 by 14.2 by 7.8 inches (WDH) and
weighs 13.2 pounds. It costs $449.

Canon is also manufacturing some
of the world's most affordable and
compact flatbed scanners. The
Canoscan FB 320P is easy to use—
just plug it into an outlet and your PC’s
parallel port, and it's ready to scan at
300 dpi in grayscale and color. The
output can be interpolated to 1200 X
1200 dpi. The FB 320P comes with all
the software you need to scan and
enhance images. Adobe PhotoDeluxe
lets you enhance and manipulate
images and TextBridge Plus OCR soft-
ware lets you import scanned text. The
FB 320P weighs only 4 pounds and
measures 10.1 by 14.7 by 2.5 inches
(WDH). It costs only $79.

The Canoscan FB 620P has the
same small size and weight as the FB
320P and comes with the same soft-

Ay aparicannadichietans cam

has a video output to view on a

TV images for printing. A
CompactFlash card is a memory mod-
ule commonly used in digital cameras.
You can pop a CompactFlash card out
of a camera and into the CD-200. Prints
are ready in 95 seconds.

Not only does the CD-200 print
from CompactFlash cards, it is also
Windows and Macintosh compatible
with its Centronics and RS-422 con-
nectors. But what's really cool is that
the CD-200 also has a video input so
you can capture and print still images
from TV programs, camcorders, and
other video sources. The CD-200 is a
dye-sublimation printer with a resolu-
tion of up to 288 dots-per-inch. lts
image quality can rival that of 35mm
prints, depending on the source
images. The CD-200 costs $499, and
refills containing a print ribbon and 50
sheets of glossy photo paper cost $30.

Canon’s PowerShot A5 is the per-
fect digital camera to use with the CD-
200 printer. Naturally the A5 uses
CompactFlash memory cards. The
camera has a sleek alloy body and it's
small enough to fit in a shirt pocket. It
has a maximum resolution of 1024 X
768 in 24-bit color. The camera is 4 by
2.7 by 1.3 inches (WHD) and weighs
only 8.1 ounces. An 8MB Compact-
Flash card comes with the camera.
The camera has its own 2-inch color
LCD monitor for composing images
and reviewing stored images—it aiso
has an optical viewfinder to save bat-
tery power. The camera comes with a
rechargeable NiMH battery pack and
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an AC adapter, all for $699.

While on the subject of digital cam-
eras and memory, | might as well men-
tion Lexar Media. Lexar is busy manu-
facturing CompactFiash cards that fit
cameras such as the Canon A5, and
SmartMedia cards, which are even
more compact cards used in Olympus
cameras. The SmartMedia also fits in
Diamond's Rio player. CompactFlash
and SmartMedia memory comes in
various capacities to suit your needs,
up to 64MB.

NEW SOFTWARE

New from Psygnosis comes O.D.T,
meaning you have to escape ... Or Die
Trying. O.D.T. takes place in the World
of Tonantzin where an epidemic is con-
suming the city. The only hope is to
use the magic powers of the green
pearl. Captain Lamat and his crew of
four people man the ship, the
Nautiflyius, which crashes in the for-
bidden zone. The group must fend off
endless attacks from hideous monster-
like enemies in the dark and unfamiliar
terrain. O.D.T. costs $44.99.

Lucas Arts’ Grim Fandango drags
you into the Land of Dead. Manny
Calavera is a travel agent for souls on
their journey to eternal rest. But a con-

The 1999 Grolier Multimedia Reference Suite
includes four titles on five CDs.

spiracy that threatens everything must
be solved. This adventure pays
homage to Mexican folklore with a
dead cast of 55 characters, hundreds
of puzzies, 90 exotic locations, and lots
of fun. Characters come to life as
skeletons depicted in a folk-art style.

This title costs about $40.
| recently came across an interesting
CD-ROM title from Synthonics that's
(continued on page 14)

Electronics CD ROMs

'Want to improve your design skills?

Then you should consider our range of COROMs by best-sefling author Mike Tooley.

Electronic Circuits and Components provides a sound introduction fo the principles
and applications of the most common types of electronic components and how they are
used to form complete circuits. Sections an the disc include: fundomental electronic
theory, adive ¢ s, passive ¢ s, analog dircuits and digitel dircuits.
Includes circuit s and assignments for Electronics Workbench.

| The Parts Gallery has been designed fo overcome the problem of companent and

symbol recognition. The (D ROM will help students recognize common electronic
| componentsand their corresponding symboks incircuit diagrams. Quizzes areincluded.
| The Parts Gallery is free with Electronic Greuits and Components.

Digite! Electronics details the principles and pradfice of digital electronics, including
logic gates, combinational and sequential logic circuits, dlocks, counters, shift registers,

| and disploys. The CD ROM olso provides an introduction fo microprocessor-based
systems. Includes circuit s and assignments for Electronics Workbench.

{
Analog Electronics is o complete learming resource for this mast difficult subject. The
CDROM includes the usual wealth of virtual laboratories cs well os an electronic circuit
simubator with aver 50 pre-designed analog circuifs, which gives you the ultimate
{earning tool. The (D ROM provides comprehensive coveroge of onalog fundamentals,
Transistor circuit design, op-amps, fillers, oscillators, and other analog systems.

“...hammers home the concepts in a way

that no textbook ever could.” . .
Electronics Austratia

Interested in programming PIC micros?

| We hove the perfed solufion:

Our PiCtutor D ROM can teach you how to write assembly language programs for the

PIC series of microcontrollers. The (D ROM's 39 tulorial sections will guide you from

basic PIC architecture, commands, und programming techniques up to odvanced

concepts such as watchdog fimers, interrupts, sleep modes, and EEPROM data memory

use. Over 80 exercises and challenges are provided to fest your understanding, and the
| unique Yirtual PIC oflows you to write and test progroms on -screen.

| The complementary development kit includes o reprogrammable PICI6C84, which you
| can program via your printer port. The instifution version {designed for use in schoos,
| colleges and industry} includes a quad 7-segment LED display and alphonumeric LD

display. The development kit provides an excellent platform for bath learning PIC
| programming and for further project/development work. Assembler and send (via
| printer port} software isincluded on the (D ROM.

developmen hoord {imstity.ion version)

below und send it to us. Pleose ollow 4 - & weeks for defivery.
| Name . —

Address. _ -

Digitat Electronics

written by
ohn Bocker

. L]
Prices and Versions
Institution versions are suitable for use in schools, colleges and indusiry.
Student versions ace for student/home use.

student
version

Electronic Circuits & Components $56

$75

Analog Electronics $75

PiCtutor (CD and development board) $179
Shipping costs o Cancda an additional $5. Overseas orders please contact
CLAGGK inc. for shipping costs.

Zip: = Telephone

t have enclosed my check for $:
Signature:

praoduced by:

i

matrix

multimedia

institution
version

$159
$189
$189
$350

see http://www.MatrixMultimedia.co.uk for full specs and demos
Please circle the produdts you would like o buy on the table above right, calculate the total cost, fillin the form

Order Form

| Please char credit card for $:
e charge my card ; Number

Note that the delivery address and the address at which
| thecardis registered must be the same

Cardtype. —
| Mastercard, Visa, or Discover only

INNRRRERINEREINEED
Expire date: D:D]

CLo2

Claggk Inc., PO Box 4099, Farmingdale, NY 11735-0792

Tel: 516-293-3751

WAL AKherieaniadimhictary com

email claggk@poptronix.com
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Help for Newbies and
the Experienced

hether you're new to the world of

the Internet or have been search-
ing its terabytes of data for years, you've
probably figured out that you have to
learn to make the most of your time
online. It really is a “big”
place, and it’s far too easy to

ANETWELCOME SAYS

That’s what the following sites provide.

First we checked out NetWelcome,
a really simple site with some useful
information and plenty of links.
Reading the page only takes a minute

5 WELCOME NF'FIIFl Hicros

i |nbeonet Cuplorer FEEEY

some of the basics.

The next site we accessed also
keeps visitors from getting overloaded.
Newbie dot Org presents less informa-
tion on each screen (NetWelcome is
one long page), but overall it
lets you click from useful

lose track of the hours you [k b=t & feee fe oo oo I fact to fact. Each link con-
spend pointing and clicking = = =0+ ;ft: e L o4 e o B tains clear and concise data.

your way through it.

While many of the sites
we've covered may save
some of our readers time
(e.g. one-stop online
shops), this month we'’re
going to shift our focus to
address two types of users:
beginners who need to learn
more about the Net and
experienced users who want
to get quality information
faster.

First we'll deal with three
sites that can make the
Internet a more user-friendly
place. Visiting these spots
will help beginners get the most out of
the Net in the least amount of time.
Our second feature this month is a
new type of search site that grants you
access to real, human experts instead
of just a crawler engine. No more com-
pletely irrelevant hits ... finally!

.p'ln.w'

NetWelcome was designed to take newbies by the hand and show them rhe
basics of the Internet. The site features links to dozens of useful. free docu-

nments.

FOR NEWBIES ONLY

New Net users or “newbies” are
sometimes intimidated by the scope of
what they have to explore online. In
addition to feeling as if they click and
click and don't get anywhere, many
newbies have the extra frustration of
encountering enough acronyms to
make them think they're reading Top
Secret government project files.
Getting online isn’t enough for most
people—sometimes guidance is nice.

,_..d| }p\c.-:. |1. rmp;/wvmmmmcmm hm

NetWelcome Says, "Welcome,
Newbie!"

s e

or two and gets beginners on the right
track. What we found most helpful,
though, is that each brief section
(Netiquette, Browsing the Web,
Getting in Touch, and Talk the Talk)
either has links to software you can
download for tasks such as browsing,
e-mail, and newsgroup use or links to
more detailed documents describing

HOT SITES
Mining Company
www.miningco.com

NetWeicome
www.netwelcome.com

Newbie dot Org
www.newbie.org

New Users
www.newusers.com

Newbie dot Org contains
three main classes: Newbie
101, Newbie 201, and
Newbie 301. The first of
these deals with basics like
settings that you need to
know about your account and
preparations you need to get
your browser ready to surf
and print what you find.
Newbie 201 explores plugins,
newsgroups, e-mail, and
searching. The last, Newbie
301, teaches the basics of
creating Web pages and writ-
ing HTML. You'll also learn
how to recover from crashes
and shop safely online.

Finally, we visited a site called New
Users. It's mainly composed of text like
the other sites, but New Users is proba-
bly the most complete of all of them (i.e.
be prepared to spend a little more time
reading through the pages here). One of
the best features is the Where to Start
booklet, which includes dozens of tips
and even an Acronym Dictionary. Do
you know what IITYWTMWYBMAD
stands for? Visit the site and find out.
Incidentally, it's the longest acronym list-
ed at the site (most have three letters).

Another great feature of New Users
is a listing of Internet Service
Providers. This list could come in
handy if you're browsing for the first
time on a friend’s machine and want to
set up your own account at home.

ks

WWW_ akhrerieaniadiahistary com
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A Newhie dot Org - Microsoft Internet Explorer
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Visiting Newbic dot Org can expand a beginner’s knowledge of the Net in munes. Concise and

accurare. it's a great starting poini

TRUSTING THE EXPERTS
One of the first sites you should point
your browser to after you're done read-
ing this magazine is the Mining
Company’s terrific offering. Whether
you've just started using the Net or have
been punching in search queries for
eons, you'll appreciate the one factor
about Mining Co. that separates it from
all those other search sites on the Web.

‘2 The Mining Co. - Professional expert gquidance from hundreds of G

Rather than rely on software engines,
Mining Co. has 500 expert guides who
“mine” the Net to find valuable informa-
tion about thousands of topizs.

Ever use a search engine and get
back some results that don't make
sense? We typed in a search for a
semiconductor once and got back info
on a sale for silverware! Or perhaps
you've simply gotten back a list of

uides for thousands.. IEIEY

Fls Edt VYiew Go Fgvordes Heo ' “
e . » .9 @ a w9 ¥ A B I3
| Back Stop Bafiesh  Hoens Seamch Favorles Hitoy Channels | Fullscreen  Mal Perd Edt
AGAress [87 e /A mrwngco coms vl Link

- - iy :_‘
& miningco.conr oy
wo mine the net 50 you don't have to '.l 3
s B 1 TS 75 1 DO - I Fy
vy 2008 T
. __email newsletters | “‘v..w"'
ravine s Gukdes
are pesy .
iy
people | chagity
|m | Euto-Snoogs: search ""'“Q‘!
¥ | Foreign cops set L e e
[t | to histen i Guids FAg) EXPpers 3
JD Tucoile B¢ '?Gu!des mining the not
reports. oca thousands of topics
RO arts/entertainment family newsfissues
Heinz . baoks. music humar. kirds, parenting. history. politce...

Tschebascheron business health sports

legisiative efforts. financial. industy medicne, ftness pro. recrestional

careers/education hobbies/gamesiravel

PLUS: Chvil War in Sierrg education, coliege.. cratts, games.. destnstions,

RATRIEY computingjscienceliving vacetons.

Aol El ; online, software. foad, relatonships...

You? culturesfbeliefs local wv'-g", b

religion. languagss.. us cities coastto coast gathering
best links =l

;!lj } @ Intemet zoms
Rather than using a crawler program to gather data. Mining Co. relies on experis in various fields
to set up links ro sites that they feel are of interest and that ave actually still up and rinning—no

more dead links!

WWAW. akhrerieaabadiahistaory com

dead links? Say goodbye to all these
problems if you use Mining Co.

The site can be used in one of two
main ways. First, you can type in a
search query and let the system check
its database for appropriate subject
matches. We typed in “Star Wars” and
got a list of great, still functional, Web
sites, as well as a listing of categories
at Mining Co. where more or relevant
information about the saga might be
lurking (for example, the Games sec-
tion has info on SWtitles). Why did we
search for Star Wars? Come on, with
the new Episode | movie coming out
on May 21, do you really need to ask?

The other way to search, which
eventually takes you to the same types
of screens, is by clicking on subjects
and browsing them. Examples of these
include Arts/Entertainment, which has
selections on books, music, and
humor; and Computing/Science, which
helps you with online info, software,
physics, and a variety of techie sub-
jects. Each of the main subject group-
ings has so many subcategories that
you'll be hard pressed to find some-
thing missing.

Whichever search method you use,
you eventually end up at a subcatego-
ry of interest. At the top of the screen
will be a picture and e-mail address of
the Mining Co. guide in charge of gath-
ering site links related to the subject.
Above the top of the main window will
be a frame bar that shows, from left to
right, the hierarchical structure of the
subcategory (e.g. Computing/Science
/ Science / Archaeology). If you click
on one of the recommended sites on
the page, you never really leave
Mining Co. The bar will stay at the top,
allowing you to go to another part of
the hierarchy (e.g. you can click
“Science” from our last example)
even though your screen’s main win-
dow shows the site to which you
‘moved.”

Newbies who didn'’t visit one of our
earlier mentioned sites might want to
check out Mining Co.’s excellent Net
Basics link (right on the main page).
It's got handy tips on Netiquette, basic
HTML and Web publishing, connectiv-
ity, computing basics, and more.

As usual, you can send questions
or comments via snail-mail to Net
Watch, Popular Electronics, 500 Bi-
County Blvd., Farmingdale. NY 11735,
or e-mail to netwatch@gernsback.
com. i
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NOT EASILY DISMISSED

Regarding the Computer Bits col-
umn: “Mass Storage for the
Millennium” (Popular Electronics,
March 1999), | must take issue with
Mr. Holtzman’s critique of the Imation
LS-120 SuperDisk Drive. To wit: Mr.
Holtzman didn't do his homework
regarding these drives, as he only
reviewed the parallel-port version of
the LS-120 SuperDisk drive. To be
thorough in his research, he needed to
work with the internal ATAP! version,
which is far superior to the parallel-port
version in speed and throughput per-
formance.

I personally have an internal ATAPI
LS-120 drive, distributed through
Digital Research Technologies (www.
dr-tech.com). | can say this drive has a
raw throughput and access speed
comparable to a Maxtor 7120AT hard
drive (which | had installed in a 286
machine). True, the LS-120 drive has
an initial delay when starting up, but
once it's spinning, you'd swear you
were dealing with a hard drive, rather
than a “SuperFloppy.” As for the drive
making a racket while operating, the
internal ATAPI drive is no more noisy
than a regular floppy. In fact, the start-
up noise when a disk is inserted tells
me that it's properly read the type of
disk and is ready to use.

However, in all fairness, | do have
three criticisms of the LS-120 drive:

First, it's occasionally finicky, some-
times failing to properly read an insert-
ed disk. However, simply ejecting the
disk and reinstalling it usually takes
care of that problem. In rare situations,
| need to reboot my machine to clear
the fault.

Second, the drive can be a pain to
install. Which motherboard, chipset,
and BIOS vintage you have has a big
impact on the ease of installation, as
does the wversion of Windows.
Thankfully, Mitsubishi's Web site—
www.mitsubishi.com—has lots of infor-
mation on the LS-120 drive, since they
manufacture the drive mechanism.
Ultimately, a little time and patience
result in a fairly dependable drive

10 installation.

LeTTERS

Finally, because the LS-120 can
also read and write standard 3.5-inch
floppies, we're back to the dilemma
that occurred with writing/formatting
5.25-inch, 360K floppies in 1.2MB,
5.25-inch drives: potential data-read
errors. Thankfully, the LS-120 docu-
mentation specifically cautions against
formatting 720K or 1.44MB floppies in
the LS-120. In fact, the manual strong-
ly advises using pre-formatted disks to
ensure readability of LS-120-written
standard floppies in standard drives.

| hope this letter clears up any mis-
information and  misconceptions
regarding the LS-120 SuperDisk drive.
While it's true the lomega Zip drive

KEEP IN TOUCH

We appreciate letters from our
readers. Comments, suggestions,
questions, bouquets, or brickbats ...
we want to hear from you and find
out what you like and what you dis-
like. If there are projects you want to
see or articles you want to submit—
we want to hear from you. And now
there are more ways than ever to
contact us at Popular Electronics.

You can write via snail mail to:

Letters

Popular Electronics
500 Bi-County Blvd.
Farmingdale, NY 11735

Please note the above address is
the snail-mail way to get the quickest
response. Some readers send letters
to our subscription address, and
although the mail is forwarded to our
editorial offices, it does increase the
time it takes to answer or publish
your letters.

Send e-mail to:

peeditor@gernsback.com

Of course e-mail is fast.

Check the end of your favorite
columns, too. Many of them list indi-
vidual e-mail addresses for their
respective authors.

And don’t forget to visit our Web
site: www.gernsback.com.

WWW akherieaniadiahictary com

came first and has a larger installed
base than the LS-120, the latter is not
a drive to be *“easily dismissed.”
Because it has the ability to read/write
standard floppies (unlike the Zip drive),
it's best suited to be “the only floppy
drive needed” in computers today.
K.S.

Auburn, WA

MASS STORAGE
APPROVAL

Thanks for  publishing  Jeff

Holtzman’s Computer Bits column. His
March column on mass storage was
especially timely for those of us
preparing to buy a CD-RW drive. 'l
miss Jeff's columns and hope to see
occasional contributions from him in
future issues.

Incidentally, in his final column, Jeff
observed that HP claims the life of its
new CD-RW disks is about 30 years
and that of its CD-R disks is about 100
years. While these are impressive
numbers for this technology, consider
the competition. Read/write manu-
scripts on acid-free paper and parch-
ment have lasted thousands of years.
Read-only manuscripts on clay tablets
have lasted much longer. The situation
is reminiscent of photography, a field in
which 100-year-old black-and-white
prints look as good today as when they
were printed. But today’s color prints
can fade after several years. Maybe a
PE reader will someday invent a form
of mass storage that will begin to
match the storage life of these much
older media.

FM.M. i}
via e-mail

OUT OF BUSINESS

it has come to our attention that
Checkpoint Laser Tools, whose Sound
Alignment System was covered in
Gizmo in the March 1999 issue, is no
longer in business.
—Editor

ADVICE WANTED
How come | never see any articles
about CD recorders? I'm about to pur-
(continued on page 64)
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Buyers’ Budget Books Better Buys

BP294-A Con-

cise Introduction
to  Microsoft Works
$6.99. in the shortest
and most effective
way, you can use the
word processor to ad-
vantage to type, edit,
print and save docu-
ments. It goes on to
explain how Works can
be used to build up sim-
ple spreadsheet exam-
ples, edit them, save
them, print them and
retrieve them. it informs you how to create simple
macros, and enables you to simplify long repetitive
tasks and to customize the program to your own needs.

A Concise
introduction to
Microsoft Works

" KANTARISS 6.8 U OUVER.

Mcr( _fsoit

BP349-Practical Opto-Electronic  Projects

$6.99. 1f you shun opto-electronic projects for
lack of knowledge, this is the book for you. A bit
of introductory theory comes first and then a
number of practical projects which utilize a range
of opto devices, from a filament bulb to modern
infrared sensors and emitters.

BP350-Electronic Board Games $6.99.

Twenty novel efectronic board games that
you can build from the plans in this book.
Whether you are interested in motor racing,
searching for buried treasure on a barren island
or for gold in Fort Knox, spinning the wheel of
fortune, or doing a musical quiz—there is
something for you to build and enjoy!

BP378-45-Simple Electronic Terminal Block

Projects $6.99. Contains 45 easy-to-build elec-
tronic projects trhat can be built by an absolute begin-
ner. Projects are assembled on terminal blocks using
only a screwdriver and other simple hand tools. No
soldering is required.

BP432-Simple Sensor Terminai Block Projects

$6.99. This book is the next logical step from 45
Simple Electronic Terminal Block Projects {BP378), by
the same author. The former describes. an easy
method of constructing transistor circuits without the
need for soldering. It is an open sesame to the practi-
cal world of electronics for youngsters or beginners.

BP367-Electronic Projects for the Garden

$6.99. Electronics enters the Garden! New excit-
ing book points. out how gardeners can build simple
gadgets to promote success where the elements work
against you. Some of the projects are: over/under tem-
perature monitoring, dusk/dawn switching, automatic
plant watering, warming cables, etc.

BP368-Practical Electronics Musical Effect Units

$6.99. There is a constant huliabaloo for musical
effects projects by the hobbyist community. This book
provides practical circuits for several projects that
range in complexity and are sure to work. All the circuits
are easy to build and use readily-available parts.

BP385-Easy PC Interfacing $6.99. The built-in

ports in your PC provide an easy and hassle-free
way of interfacing your circuits. This book provides
useful PC add-on circuits including the following:
Digital input/output ports; analog-to-digital and digital-
to-analog converters; voltage and current measure-
ment circuits; resistance and capacitance meters, tem-
perature measurement interface, biofeedback monitor,
and many other useful interfaces.

BP316-Practical Electric Design Data $7.99. A

builder's bargain book-a comprehensive ready-
reference manual for electronic enthusiasts with over
150 practical circuits. It covers the main kinds of com-
ponents (Irom pig-tail leads to surface mount), pin-
outs, specs and type selection. Basic units are defined
and most used formulae explained. five additional sec-
tions are devoted to circuit design, covering analog,
digital, display, radio and power supply Circuits.

BP396-Electronic Hobbyists Data Book $7.99.

This book provides a wide range of data. If, for
example, you require details of a modern five-band
resistor code or an old color code for a ceramic
capacitor, the formula for parallel resistance, or basic
data on an NE5S534AN operational amplifier, it is con-
tained within these pages. The subjects covered are
numerous and widespread to cover all hobbyist
interests.

BP343-A Concise Introduction to Microsoft

Works for Windows $7.99. The book explains
and details: How the Works for Windows package fits
into the general Microsoft Windows environment; how
to use the word processor to advantage; how to use
Microsoft Draw to create and edit graphics and place
them in your documents; how to build up simple
spreadsheet examples; and how single, and muitiple
charts, or graphs, of different types can be generated.
And there's much more!

BP282-Understanding PC Specifications $5.99.

This book explains PC specifications in detail, and
the subjects covered include the following: Differences
between types of PC (XT, AT, 80386, 80486, Pentium
efc.); math co-processors; input devices (keyboards,
mice, and digitizers); memory, including both expand-
ed (EMS) and extended RAM; RAM disks and disk
caches; floppy disk drive formats and compatibility;
hard disk drives; and display adapters (CGA, Hercules,
super VGA, etc.).

BP298-Concise Intro to the Macintosh System

and Finder $5.99. Although the Mac's WIMP user
interface is designed to be easy to use, much of it only
becomes clear when it is. explained in simple terms.
The book explains: The System and Finder, what they
are and what they do; how to use the System and
Finder to manipulate disks, files and folders; configur-
ing and printing files from the Finder; getting the most
from the system utility programs; and running
Multifinder.

BP88-How To Use OP Amps $5.99. The

Operationat Amplifier is the most adaptable circuit
module available to the circuit designer. it is possible
to purchase a low-cost integrated circuit with several
hundred components, very-high gain and predictable
performance. This book has been written as a design-
er's guide for most Operational Amplifiers, serving
both as a source book of circuits and a reference book
for design calculations.

BP346-Programming in Visual Basic for Win-

dows $7.99. This book is a guide to program-
ming. The reader is not expected to have any familiar-
ity with the language as both the environment and
statements are introduced and explained with the help
of simple programs. The user is encouraged to build
these, save them, and keep improving them as more
complex language statements and commands are
encountered.

BP345-Getting Started In Practical Electronics
$6.99. If you are looking into launching an exciting
hobby activity, this text provides basic essentials for the
builder and 30 easy-to-build fun projects with which
every experimenter should toy. Printed-circuit designs
are included to give your project the professional touch.

BP451-Troubleshooting Your PC Printer $8.99.

Explains the different printer types, their suitabili-
ty for different tasks, the-costs of running them, how
to connect them and get the driver software running
and, of course, what is most likely to go wrong and
what you can do for yourself. Most important of all, it
warns you of what you should quite definitely NOT try
to do for yourself.

PCP112-Digital Electronics Projects $10.99.

Contains 12 digital electronics projects suitable
for the beginner to build with the minimum of equip-
ment — from instrumentation to home security, and a
few “fun” projects too. With one exception, all projects
are battery powered, and therefore, are compietely
safe for the beginner or young constructor.

PCP107-Digital Logic Gates and Flip-Flops

$10.99. Intended for enthusiasts, students and
technicians, this book seeks to establish a firm foun-
dation in digital electronics. It is for the user who
wants to design and troubleshoot digital circuitry with
full understanding of the principles. No background
other than a basic knowledge of electronics is
assumed.

BP76~-Power Supply Projects $3.99. Presents a

number of power-supply designs including sim-
pled unbiased types, fixed voltage-regulated types and
variable voltage stabilized designs. All are low-voltage
types intended for use with semiconductor circuits.
Apart from presenting a variety of designs that will sat-
isfy most applications, the data in this book should
help the reader to design his own power supplies. An
essential addition to the experimenters electronics
library.
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New Producrs

AC AMMETER

The miniature AD15 DMM can take
measurements in even the tightest
spaces. Its size (2.1 by 6.1 by 0.8 inch-
es) and its digital display make it ideal
for the electrical contractor and the
handyman to use anywhere for light
commercial and residential applications.

Features of the AD15 include two
measuring ranges (20A and 200A), a
data hold function for taking measure-
ments in difficult-to-read places, and a
slip-proof grip on the side. The ammeter
comes with batteries and a wrist strap.

The AD15 DMM has a suggested
retail price of $49.95. For more infor-
mation, contact Wavetek Corp., 9045
Balboa Ave., San Diego, CA 92123;
Tel. 619-279-2200; Fax: 619-565-
9553; Web: www.wavetek.com.

CIRCLE 80 ON FREE
INFORMATION CARD

LIGHTNING PROTECTION

The Model 22-64 Lightning Sponge is
designed for use on 64-Kbps communi-
cations circuits. This device accommo-
dates lightning strikes and safely diverts
them to a low-impedance path to earth
ground before they can damage any

12 network equipment and computers.

It uses three stages to limit high-
voltage transients—gas tubes and two
stages of semiconductor avalanche
diodes. The Model 22-64 includes four
circuits whose data rate does not
exceed 64 Kbps.

The Model 22-64 selis for $72 in sin-
gle quantity, and $57.60 each in quanti-
ties of 100. For more information,
contact Telebyte Technology, Corp., 270
Pulaski Road, Greenlawn, NY 11740;
Tel. 800-835-3298; Fax: 516-385-8848;
Web: www.telebyteusa.com.

CIRCLE 81 ON FREE
INFORMATION CARD

GRAPHICAL PROGRAMMING
SOFTWARE

Students can use the LabVIEW
Student Edition to design their own
experiments, acquire data, perform
analysis, test hypotheses, and perform
simulations. Included with the student
edition is Learning with LabVIEW, writ-

WWW akhrerieaniadiahistary com

ten by Dr. Robert Bishop.

The software contains many exam-
ples, exercises, and solutions that are
presented in the book. There are also
tools for displaying data over the
Iinternet and for performing interactive
data visualization and numerical
analysis.

The LabVIEW Student Edition has
a suggested retail price of $60. For
more information, contact National
Instruments, 11500 N. Mopac
Expressway, Austin, TX 78759-3504,
Tel. 800-258-7022 or 512-794-0100;
Fax: 512-794-8411; Web: www.natinst.

com.
CIRCLE 82 ON FREE
INFORMATION CARD

BENCHTOP SIGNAL
GENERATOR

Designed for test, simulation, and
characterization of telephony, and for
COTS and DT testing, this function
and arbitrary waveform generator, the
BNC Model 625A SmartARB allows
users to sweep through ranges without

skipped points. It provides function,
arbitrary waveform, and pulse-genera-
tion capabilities.

Modes include not only the standard
sine, square, ramp, triangle, and random
waveform, but also AM, FM, PM, SSB,
FSK, BPSK signal modulation, DTMF
detect, voltage and power measure-
ment, and data and word generation. All
operating parameters are presented on
a single display. Values can be entered
via the numeric keypad or rapidly
changed with a rotary knob. Modes are
clearly labeled on and selected by the
keypad in a single operation.

(continued on page 68)
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of our readers have comput-

I t is without a doubt that many
ers. True, more people are

CLAGGK PICtutor CD-
ROM/Trainer Board

Learn how to get the most out of Programmable
Integrated Circuits with this comprebensive bundle.

grams, text, drawings, and so on.
The PIC trainer board works off a

info computers as a hobby = @
than electronics, but there are i

lots of computer owners who
want to learn more about elec-
fronics. A great place to start
doing so on a PC is with various
CD-ROM fitles. 3

One of the most fascinating, §
but littfle-understood compo-
nents used in electronics today
is the PIC, or Programmable }
Infegrated Circuit. PICs are
found in all types of circuitry,
and understanding how they
operate and how they are pro-
grammed is an important part
of being a good technician or
engineer heading into the 215! cen-
fury.

The PiCtutor CD-ROM is an inter-
active computer-based multimedia
laboratory/textbook that teaches
the basics behind PICs in electron-
ics—the theory, circuits, parts, and so
on. The CD-ROM is bundled with a
circuit board that contains a work-
ing PIC, and the board connects 1o
a PC for programming.

Quite a Bundle. PICtutor is useful
for students, technicians, engineers,
teachers, and so on. Not much of a
PC is required, so finding an ade-
quate system on which to run the
disc shouldn’'t be a problem.
System reqguirements include an
IBM-compatible 486/25-MHz PC,
Windows 3.1 or 95 (or 98), a mouse,
CD-ROM drive, VGA graphics with
256 colors, 8MB of RAM, and about
10MB of hard disk space. You do
not need a sound card.

The software is easy to install.
Menus and sub-menus take the
user through different sections of
the disc. Each section includes dia-
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DC power supply and connects to
the parallel port of a PC. Together,
the software and frainer board
help the user gain a good under-
standing of how PICs operate.
While playing with a CD-ROM and
trainer board is no substitute for a
college degree or hands-on expe-
rience in the field, the package is a
good resource for anyone involved
in electronics.

The PiCtutor CD-ROM is intend-
ed to teach users of all levels how
fo write machine code programs
for PIC microcontrollers. The CD-
ROM contains 39 tutorial sections
that guide the user through PIC
architecture, commands, and pro-
gramming. included are advanced
programming techniques with dis-
cussion, and examples of watch-
dog timers, interrupts, sleep modes,
and more.

The CD-ROM includes over 80
exercises with tests for the user. An
onscreen “virtual PIC” lets you write
and test programs without ever
leaving your PC. Over 30 working
example programs are included,

WWAAL ameraaaradieohisgtary com
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along with a shareware assembler.
The PIC frainer board is designed
for use with or without the CD-
ROM. This fully populated board
2 contains a programmable
2 PIC16C84 microcontroller plus
associated switches, LEDs, and
various support circuitry. The
frainer board helps teach users
how to program PIC microcon-
trollers and is also useful in devel-
oping one’s own PIC projects.
To connect the PIC board to
a PC parallel port, you use a
1 standard Centronics  printer
5 cable. An assembler and down-

Part of the PIClulor package Is th( unnp:ehum\( load software are included. The

CD-ROM with an casv-to-master interface.

board can be upgraded t1o

drive a guad 7-segment display

and infelligent alphanumeric
display. The board requires a 12- to
14-volt DC power supply. A battery
holder for eight AA cells is provided
with the development board.

You use a word processor or text
editor when editing or creating
ASM files for assembly through
TASM, the shareware assembler
included with the CD-ROM/trainer
board bundle. The PICtutor CD-
ROM contains the PIC program-
ming software and TASM docu-
mentation, plus all the demonstra-
tion files used in the tutorials. All the
demo files are supplied as ASCI
text files with a .ASM extension and
as assembled object code files with
a .OBJ extension—these demos are
suitable for direct downloading to
the PIC on the trainer board. The
demo files were also written using
the TASM programming software.

During the tutorials you are
asked to modify some of the .ASM
fles and to write your own com-
mand sefts. If you make an error in
your typed command line, a mes-
sage will appear. Other messages
appear depending on the nature
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of the error.

The CD-ROM/trainer board bun-
dle is a valuable learning aid for
PIC theory and use. You should
consider investing in this bundie if
you have a general interest in
learning more about PIC usage, or
even if you are already using PICs
in your own circuit designs.

Here's the trainer board that lets you actu-
ally get some hands-on experience with
PICs.

Testing out your own circuit the-
ories on the trainer, before imple-
menting a working circuit, can save
you a lot of time at the prototyping
bench. Besides, it's just a matter of
fime before you have to spend
some time froubleshooting a PIC-
bearing circuit. And the more you
understand about PICs now, the
better off you'll be with your future
PIC encounter.

The PICtutor CD-ROM/PIC frain-
er circuit board bundle is available
for $179. Contact CLAGGK, Inc., PO
Box 4099, Farmingdale, NY 11735;
Tel. 516-293-3751; or circle 50 on the
Free Information Card. |

MULTIMEDIA WATCH

{continued from page 7)

perfect for science and history buffs.
The Smithsonian Museumn Collection is
an overview of all 16 Smithsonian
museums and the National Zoo. It con-
tains 670 images of historic artifacts
featured in Smithsonian museums. The
CD-ROM is a virtual museum in itself,
containing accurate 3D digital replicas
of many artifacts. Artifacts are present-
ed such that you can examine them in
ways not possible in museums. This
title costs $24.95.

A new book from Jamsa Press is a
good reference piece for beginners
and novices alike when it comes to
using Windows 98. 1001 Windows 98
Tips by Kris Jamsa is loaded with

WHERE TO GET IT

Activision
3100 Ocean Park Boulevard
Santa Monica, CA 90405
Tel. 310-255-2000
Web: www.activision.com
. CIRCLE 60 ON FREE
INFORMATION CARD

Canon Computer Systems, Inc.

2995 Redhill Avenue

Costa Mesa, CA 92626

Tel. 800-385-2155

Web: www.ccsi.canon.com
CIRCLE 61 ON FREE
INFORMATION CARD

Diamond Multimedia Systems, Inc.

2880 Junction Avenue

San Jose, CA 95134

Tel. 408-325-7000

Web: www.diamondmm.com
CIRCLE 62 ON FREE
INFORMATION CARD

Grolier Interactive, Inc.

90 Sherman Turnpike

Danbury, CT 06816

Tel. 800-480-7633

Web: www.grolier.com
CIRCLE 63 ON FREE
INFORMATION CARD

Jamsa Press

3301 Allen Parkway

Houston, TX 77019

Tel. 713-525-4673

Web: www.jamsa.com
CIRCLE 64 ON FREE
INFORMATION CARD

pointers to help speed up productivity.
Learn about the Start menu, Taskbar,
the World Wide Web, and more.
Discover undocumented features and
put them to good use. 1007 Windows
98 Tips costs $39.95.

Grolier Interactive is always at i,
updating its wonderful CD-ROM refer-
ence material. The latest product is the
1999 Grolier Multimedia Reference
Suite, a set of discs that puts almost
any bit of information in the world at
your fingentips. The suite’s made up of
1999 Grolier Multimedia Encyclopedia
Deluxe Edition, Hammond Atlas of the
World, Bartlett's Familiar Quotations
Expanded Multimedia Edition Version
2, and the Wall Street Journal
Almanac. This valuable set of CD-
ROMs costs only $89.99.

Cyber Strike 2 from 989 Studios is
a shoot-em-up game loaded with bat-
tling robots and spaceships. It takes
place in a futuristic world of 3D graph-
ics filled with explosive action. There
are 50 single-player missions and net-
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Lexar Media, Inc.

47421 Bayside Parkway

Fremont, CA 94538

Tel. 510-413-1200

Web: www.lexarmedia.com
CIRCLE 65 ON FREE
INFORMATION CARD

MetaCreations

6303 Carpenteria Avenue

Carpenteria, CA 93013

Tel. 805-566-6200

Web: www.metacreations.com
CIRCLE 66 ON FREE
INFORMATION CARD

989 Studios

989 E. Hillsdale Boulevard

Foster City, CA 94404

Tel. 650-655-8000

Web: www.989studios.com
CIRCLE 67 ON FREE
INFORMATION CARD

Psygnosis

989 East Hillside Blvd.

Foster City, CA 94404

Tel. 800-438-7794

Web: www.psygnosis.com
CIRCLE 68 ON FREE
INFORMATION CARD

Synthonics

31324 Via Colinas 3106

Westlake Village, CA 91362

Tel. 800-582-6642

Web: www.synthonics.com
CIRCLE 69 ON FREE
INFORMATION CARD

work battles with up to 32 players.
Check out Cyber Strike 2 if the mood
to strike out at cyborg enemies should
strike you. It costs around $20.
MetaCreations’ Dance Studio
makes for good family fun by letting
you create your own custom, cartoon-
like music videos on a PC. You pick
one of several different male or female
characters, a dance style, an environ-
ment, and a favorite music CD, .WAV
file, or MIDI file—Dance Studio does
the rest. It makes the chosen character
dance around to your favorite music.
The product is geared more toward
kids than adults. It costs $49.95.
Activision’s interactive game, Sin
lets players explore the chaotic 21St
century where crime runs rampant and
vices are plentiful. Sin is a violent title
that is powered by id software’'s Quake
/I engine, so smooth action is guaran-
teed. You're searching for the source
and distribution channels of a highly
addictive drug called U4. But ridding
the streets of U4 will be dangerous—
that's a sure bet. Sin costs $49.95. W


www.americanradiohistory.com

SCANNER SCENE
InFlight Listening

few months ago | flew on a com-

mercial airliner. But when | took
out my scanner and earphone, the flight
attendant politely advised me that it was
against the airline’s regulations for pas-
sengers to use scanners. When | asked
why, | was given some double talk about
how scanners cause interference to the
aircraft's so-called delicate navigational
instruments. Fact is, | later came to
learn from a pilot, that many airlines sim-
ply don't want passengers listening to
the aircraft's captain (pilot) communicat-
ing on their operational frequencies (in
the 128.85-t0 132.0-and 136.625- to
136.975-MHz bands).

In the past, readers had mentioned
problems like this to me, but it's the
first time | had ever attempted using
my scanner on an airline.

The airline company operational fre-
quencies are where, among other
things, captains report writeups, that is,
things they've discovered that are
wrong with their plane. These include
things like flashing warning lights, panel
gauges that provide incorrect readings,
malfunctioning radars, non-working
headphones, cracked windshields, and
worse. Or maybe the drinking water
tastes bad, the lavatories are long over-
due for service, several seats won't
recline, there’s a strange foul odor in
the aircraft, or they need security per-
sonnel to show up at the gate in order
to deal with a rowdy passenger.
Whatever the problems might be, many
airlines prefer their passengers don't
hear such revelations about the aircraft
in which they are flying. Hence, their
ban on scanners.

BE HAPPY, GET SNEAKY!

A couple of weeks ago, | flew again,
but this time | was smart. | was able to
eavesdrop on everything, and with the
full blessings of the airline. | had
picked up a small, harmless-looking,
tunable AM/FM pocket radio that just
happened to also include the entire
VHF aeronautical band. First, |
showed it to the flight attendant and
asked if there would be any problem if

| listened to FM music through an ear-
phone. No problem at all, she said,
happy to accommodate me. | spent
the entire trip monitoring the plane's
captain yakking on the company fre-
quency. Not that it overjoyed me to
learn he was getting an incorrect read-
ing showing the aircraft's flaps were
partially down and that he had com-
plained about it previously.

RadioShack's Jetstream is « small. tunable
AMIFM pocket radio that just happens to also
inclide the entive VHE aeronantical band.

The little pocket receiver | used was
a RadioShack Jetstream (catalog #
12-615), which cost less than $25! It
did a great job.

However, | find it much more reas-
suring and enjoyable to monitor these
exciting frequencies from my base sta-
tion. Because of VHF's line-of-sight
characteristics, high altitude airliners
can be monitored while they're more
than several hundred miles distant. At
any given moment, numerous airliners
are within air/ground monitoring range.
After allowing my scanner to search
these bands, | was able to compile a
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listing of the most active frequencies in
my area. Then | programmed each into
my scanner’s memory. Never a dull
moment.

SCANNER DX

Most scanner enthusiasts don’t
think of themselves as DX chasers, but
it's rather an exciting aspect of the
hobby. When conditions are right, the
NOAA's 162-MHz weather channels
occasionally provide some unusual
ground/ground DX. Rare temperature
inversions (when the high altitude air is
warmer than the air below) are most
often what's responsible for DX in the
VHF high-frequency band. You might
hear NOAA and other VHF stations
from hundreds of miles away.

lonospheric skip is responsible for
DX on HF and the scanner lowband.
This type of DX peaks in an 11-year
cycle, and we are now emerging from
one of the DX valleys and heading
towards the next peak. You'll probably
find low-band (30-50 MHz) stations
from extreme distances can be heard at
various times.

One interesting frequency to moni-
tor is 28.20 MHz, between 0000-0300
UTC (2000-2300 EDT). That's where
and when specific amateur radio CW
beacons from all around the world are
coordinated to take 10-minute turns
transmitting. During its assigned slot,
each station sends its call letters fol-
lowed by a series of dashes, at the
same time reducing its power from 100
watts to less than 1 watt in distinctive
steps.

The stations in the order of their 10-
minute transmissions: CS3B/Madeira;
LU4AA/Argentina; OA4B/Peru; YV5B/
Venezuela; 4U1UN/New York; VE8BAT/
NWT (Northwest Territories, Canada);
W6eWX/California; KH6WO/Hawaii;
ZL6B/New Zealand; VK6RBP/
Australia; JA2IGY/Japan; 4S7B/Sri
Lanka; 5Z4B/Kenya; 4X6TU/Israel;
OH2B/Finland. Note there are no
transmissions presently operational
between 0150-0210 UTC, which are
the two slots reserved for Russia and
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China.

Assuming you have a standard
scanner, monitor the frequency in AM
mode. Of course, if you have a more
formidable piece of equipment, then
place it in CW mode.

FORBIDDEN FRUIT

Ron C., of Idaho, wonders whether
full-coverage 800-MHz scanners are
sold in nations beyond the borders of
the United States. That is, whether
manufacturers block certain 800-MHz
frequencies from all of their equip-
ment, worldwide, or only from those
sets made for sale in the U.S.

My impression is that our nation is a
pioneer in the area of federal restric-
tions requiring blocked frequencies in
its citizens’ consumer-grade receivers.
Freedom of speech seems somehow
diminished without the guarantee of
freedom to listen. Other nations still
have full-frequency scanners avail-
able, however.

While snooping around on the Web,
| came across a communications deal-
er outside of the U.S. who states he
ships “around the world.” The dealer
carried a full line of handheld scan-
ners, all of which have full unblocked
coverage of the 800-MHz band. | have
no idea what the service or warranty
ramifications might be with regard to
obtaining equipment from any of the
dealers in Europe and Canada selling
unblocked scanners. It occurred to me
that it would be one way of someone
obtaining a full-frequency scanner.
But, inasmuch as Americans aren’t
allowed to import such equipment
here, | wonder if any of these compa-
nies would ship the stuff. Not that any-
one here would order it. Just thinking
out loud.

You might want to look over a few
Web sites of dealers outside of the
U.S. that carry full-frequency scan-
ners, anyway. Check out: www.inter-
log.com/~ahr/scan.htm,
www.durhamradio.com, and www.
waters-and-stanton.co.uk. Searching
will probably reveal many other similar
dealers.

Let us hear from you! Please share
with us your thoughts, ideas, frequen-
cies, and column ideas. Our direct e-
mail address is Sigintt@aol.com. By
snail mail, we can be reached at
Scanner Scene, Popular Electronics,
500 Bi-County Blvd. Farmingdale, NY
11735. |

PEAK COMPUTING

(continued from page 4)

have to look around a bit inside. You'll
notice several slots towards the back of
the case, where the serial, video, and
input connectors are. There are three
possible types of slots: ISA, PCI, and
AGP. The ISA slots are distinguished by
their length and are the longest slots in
your system. PCI slots are about half as
long. These two kinds of slots rest side-
by-side, evenly spaced in a row, and are
on the edge of your motherboard
closest to the case’s rear panel. An
AGP slot, if available, is as short as =~
a PCl slot but is offset from the PCI  ~
and ISA slots.

If you know that you have inte-
grated graphics and don’t see an AGP
slot, you can still use the add-on-card
option mentioned earlier. Even the
best PCI video card is no match for
integrated AGP video. Another option
is to check with your PC manufacturer
to see if it's possible to install addition-
al video memory to boost video perfor-
mance. Then hop in the car and buy
your new video card.

INSTALLING THE CARD

Read the instructions that came
with your card before you begin your
installation. Certain cards have special
considerations (for example, jumpers
that need to be set).

Handle your new card by its edges.
Don’t touch any of the circuits or con-
nectors to keep from accidentally dam-
aging it. If you haven't done so aiready,
remove your PC’s case and identify
your old card or a free slot (if you had
integrated video). In either instance,
you'll notice that the card or the case’s
slot cover is held in place with a small
screw. Remove the screw and then
firmly, but gingerly, remove the old
video card or cover and put it aside.
Hold your new card by the edges and
line it up with the slot into which you
wish to insert it. Slide the end opposite
the VGA monitor connector in first,
slightly, and work your way towards
the other end of the card. Then press
down firmly till it softly clicks into place.
If the video card shakes or the mother-
board bends you are pressing too
hard. Pull it out and try again. There is
a small tab on the video card’s external
faceplate that must rest inside a catch
on your case. Make sure that it slips in.
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Once the card’s inserted, you can
replace the screw, tighten it, and put
the whole kit-and-caboodle back
together again.

When everything has been reat-
tached, it's time to power up. Turn on
your monitor, CPU, and wait. The
Plug-and-Play feature of Windows 95
and 98 identifies the card and prompts
you for the driver disk or CD-ROM.
Follow the prompts and

Is it possible to get a video hoost on a budget?
Rather than replacing your system's card alto-
gether, consider getting a 3D add-on card that
“takes over” whenever your PC needs to
process game graphics.

then install any additional software that
came with your card. The procedure
doesn’t change for integrated video.
There is nothing to “turn off,” as it
were.

There are instances where you may
have to do more. If your video doesn't
work, remove and re-seat the video
card. Also, sometimes Windows
accepts your card but doesn’'t ask for
the manufacturer’s driver disk. Instead,
it installs the standard Windows display
drivers. Generally, clicking on the Setup
icon on the driver CD-ROM or disk will
take care of this. If not, go to your
Control Panel, click on Display, then
Settings, then Advanced Properties.
There, under the Adapter tab, click on
Change. Insert the manufacturer’s disk
and then choose the Have Disk option.
You'’re done. Enjoy the new video. W
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“Hey, Dad, the hatteries are dead in the remote.
How do | turn on the TV?”


www.americanradiohistory.com

With NRI training in Computer Programming, you

Build a top-paying career €3 JWt
W|th up. q.the.mmute ey} : Pe%l&ug\é’ I
programming skills i

By 2008, computer-related employment will jump by an
estimated 60% nationwide for trained programmers —
with as many as 400,000 NEW jobs opening up!

Now, with NRI ¥
training, you can get the — A witcow
in-demand skills you need ———— z
to build a top-paying career
— or business of your own

I;} 1

T
\

— in this high-growth,
high-opportunity field!
gh-opp yu Neise
INavigd®
. - S
“Those with up-to-the-minute T Wncicune

g BIANCENOY |
skills can almost name A

their price.”
— The Washington Post —
In as little as a year, you can become the ~ Train with a Pentium® II 400 processor-based multimedia PC, featuring...

highly skilled computer programmer ® MMX" technology m 64 meg RAM @ § gigabyte hard drive ® Super VGA color monitor
today’s companies seek — and see your 2 32X CD-ROM drive with sound card ® 56K baud fax/modem ® Windows 98
NRI training literally pay off! In fact, m Netscape Navigator™ Web browser @ And more!

according to The Washington Post, annual  With NRI's new PC Options Plan, you can keep uf with late-breaking advances in technology
starting salaries range from $32,000 all by upgrading your computer tsiystem at special student rates. You'll get all the details shortly
the way up to $47,000 in some cities for before your computer is scheduled for shipment. It's NRI's state-of-the-art guarantee!

those with expertise in the top program-
ming languages! e ol
3
Master today’s hottest languages!

Learn to tap the power of the Internet Send today for your FREE catalog

Now your course includes bonus training  If the coupcn is missing, write to us at
in PC Communications and the Internet.  the NRI School of Programming, 4401

NRI's step-by-step lessons and hands-on  Using the Netscape Navigator™ Web Connecticut Ave., NW, Washington, DC
program}r}mgg projects help YOUdeTSt browser we provide, you can effortlessly ~ 20008. Or...

master the design concepts used every move from one site to another as you

day by successful PC programmers. You  explore the vast resources of the Internet CALL 1-800-321-4634,
quickly move on to learn how to design,  and World Wide Web. Ext. 3664

code, run, debug, and document pro-

grams in one of three of today’s hottest SEND TODAY FOR FREE NRI CATALOG!

generate fully functioning ¥ Copnples & e
Windows 98 programs. o= v| Check one FREE career catalog only

languages — Visual Basic, C++ - e
I 4401 Connecticut Avenue, NW
@ ' a
or Java — plus you learn to - = ”ﬁ’Schools Washington, DC 2008 ! =z
. www.nrischools.com

- ©

; i ’ _1 COMPUTER PROGRAMMING BQ

And Y(f)ul (11)0 1t.all %Sllln A%Ot(?e f ] Networking With Windows NT O Bockkeeping and Accounting L] ‘_‘:

POWCIHERECHURD: i a _I PC Servicing O Industriel Electronics ]

computer system included o _] Multimedia Programming O Mastering Microsoft Office :E

1n your course. B wero” s &8

‘ m

And our new i' —"— .nBasiG "z

Online Connection lets \ £ ﬁ‘: s = P g

you send e-mail to your = b2

instructor, attend virtual ™ Address - &
discussion groups, C =
5\ f G-H’ [ ] City/State/Zip - [ ]

downloaq supplemental ‘ W’J L] A Division of The McGraw-Hill Comparties : Accredited Men ber, Distance Education and Training Council 5413-0599 l19
information, and more! § . s
S S EEEEEEEESEE EENEEEESESSESEEEEEEESEEEEEEEES

WWAA aknerieaniadiahictary. com


www.americanradiohistory.com

Popular Electronics, May 1999

[
(=]

GIZMO

The View From Vegas

The 1999 International Consumer
Electronics Show, held in January in
Las Vegas, has come and gone, leaving
in ifs wake a host of new industry
buzzwords, emerging technologics,
and some exciting new products
(much of it last year’s vaporware,
finally available to consumers). In this
month’s Gizmo, we'll fill you in on all
of that. But first, we'll take a look at
some products that took home
Innovations awards from the Design &
Engineering Honors Program of the
Consumer Electronics Manufacturer’s
Association  (CEMA; Web: www.
cemacity. org).

Audio On Demand

The RCA CA-1000
Thomson Consumer Elec-
tronics will deliver to
consumers Command
Audio’s personalized
audio-on-demand ser-
vice, which lets the user
choose his own pro-
gramming from hun-
dreds of local and
hational programs that
are selected from both
print and broadcast
media. Along with
continuously updated
local traffic, weather,
news, sports, business,
and finance reports,
Command Audio will
feature programs on
topics such as home
improvement and
investing. Program
sources include
National Public Radio,
ABC news, Time maga-
zine, People magazine,
and Sports IHlustrated.
Well-known radio per-

from
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Raynsford reacts with disbelief when Bobby asks for a court
| & a hospital to parform a "heart-swap” operation.
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Ally McBeal

News
Magazines

Spielberg

Michael
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sonalities such as Dr. Laura, Art Bell,
Jim Rome, and Bob Edwards, and tele-
vision’s Ted Koppel and Jim
Lehrer will be broadcast.
The service is aimed pri-
marily at commuters
whose favorite radio pro-
grams don’t always coin-
cide with their drive times.
The Command Audio scr-

vice lets  commuters
quickly check the latest
traffic  and  weather

updates, and then spend
the rest of the trip listen-
ing to things that truly
interest them.
The pocket-sized CA-
1000 reccives wireless
program transmissions
from Command Audio.
No computer or Internet
connection is required
to receive, select, or play
back audio. Sc¢lections
play wirclessly through
the car radio; other lis-
tening options include
headphones or the unit’s
built-in speaker. The user can
skip from program to program,
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aulting "happy pecple" with a paddie.

pause, scan by subject, or save shows
for later listening, An ‘“eyes frec”
interface makes it casy to use cven
when driving.

Available later this year, the CA-
1000 will have a suggested retail
price of $199. The subscription-
based audio-on-demand service will
cost §15 a month.

Video On Demand

Replay Networks, Inc. introduces a
similar on-demand concept for video,
allowing you to arrange TV program-
ming around your schedule, instead
of the other way around. With
ReplayTV, however, you’re not limit-
ed to someone else’s programming
choices. The ReplayTV device is a sct-
top box that finds your favorite pro-
grams and stores them digitally for
playback when you want it. The
onscreen program guide and free
Replay Network Service allow you to

Glizmo® fs published by Gernsback Publications,
Inc., 500 Bi-County Blvd., Farmingdale, NY
11735, Senior Writers: Christopher Scoti and
Teri Scaduto. Copyright 1999 by Gernshack
Publications, Inc. Gizmo® s a registered trade-
mark. All rights reserved.
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create personalized channels using a
remote control. You might want to
designate an all-Jeopardy channel,
for instance, or one that stores every
episode of every generation of Star
Trek that airs.

ReplayTV, which picked up the Best
of Show award in the video category,
allows one-touch recording, storing
shows digitally on a hard drive. That
means there are no tapes to rewind,
and recorded shows are casy to find
and access. Using random-access stor-
age, the device can record and play two
different sections of a show simultane-~
ously, allowing you to pause, rewind,
and fast-forward live TV shows when
your viewing is interrupted by a phone
call, for instance. Finally, the ReplayTV
is 4 learning device. Tell it to search for
and record shows based on certain cri-
teria—perhaps your favorite actor’s
name  or  “home-improvement
shows”—and the device will create a
Replay Channel in which those shows
are stored. Tell it to record ER every
week, and each episode will go into the
ER Replay Channel. The continuously
updated program guide, which covers
broadcast, cable, and/or satellite sta-
tions, is loaded each night via the tele-
phone line. Up to six hours of
programming, can be stored in the base
model. A future expansion module,
which will connect to an IEEE-1394
port, will provide yet more storage.

Product roll-out begins in the first
quarter of 1999 in selected markets.
The base ReplayTV box costs $699;
there is no subscription fee.

Parental Guidance
Simplified
Providing a less sophisticated
method of controlling your family’s
video viewing, Principle Solutions’
TVGuardian Foul Language Filter is
a set-top box that removes curses
and other offensive words and
phrases from television shows and
videotapes. It works by carefully
monitoring the closed captioning,
checking cach word against an
internal  dictionary. When it
encounters an offensive word,
TVGuardian mutes the audio and
replaces the closed-caption with a

more socially acceptable
word. Unlike the V-chip,
TVGuardian doesn’t block
out portions of the film. You
and your kids can watch the
entire program, without
being, exposed to any offen
sive language.

The device offers three
modes. In Tolerant Mode,
curses and
harsh
phrases are
removed.
The Strict
mode also
eliminates mild expletives and ref-
erences to God and Jesus Christ
(taking the Lord’s name in vain).
The off mode allows programming
to be heard in its original form.

The TV Guardian, a threc-award
Innovations winner, costs $149.95.

TV/PC Network

Audio-on-demand, video-on-
demand, ... do we sense a trend here?
Philips Electronics and ShareWave
snagged a Best of Show award for yet
another in the take-control-of-your-
electronics-through-new-ekctronics
category with Ambi, a digital wireless
PC peripheral that transmits PC func-
tions, from software applications to
Internet access, to any television set.
By allowing different applications to
be run at both locations simultane-

wannn amaricanrcadiobietarn, com
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ously, it effectively doubles the func-
tionality of the PC.

Designed for one-computer/many-
user households, Ambi uses “advanced
concurrent technology to create multi-
ple desktops.” Translation: You can
prepare a report or spreadsheet while
your kids play their favorite PC games
(or vice versa). Both applications reside
cn 4 single PC. Ambi also allows multi-
ple uscrs to share printers and scan-
ners and permits double Internet
aceess over one phone line with one ISP
account.

Ambi uses a high-speed (4-Mbps)
radio combined with wavelet com-
pression technology to transmit mul-
timedia data (text, audio, video, and
graphics) at an effective rate of 120
Mbps, delivering full-motion video
across the wireless communication
chanrel. Display-enhancers ensure
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that images look as good ten feet from
a TV screen as they do two feet from
a computer monitor.

Ambi will come with PC antenna,
TV terminal, PCI card, and infrared
keyboard. It should be available by
the time you read this in key markets,
priced between $500 and $700.

Digital Home-~Control
Network

Not content to take digital control
of just your AVC (audio/video/com-
puter) products? Want to master the
rest of your domain?

Axlon Electronics’ PalmPal—anoth-
er Best of Show winner—is an inte-
grated home system based on a
900-MHz digital wireless platform.
Dubbed DWKTS for Digital Wireless
Key Telephone System, the PalmpPal
system allows three telephone lines to
be shared by up to 16 wireless hand-
sets and a wired door phone. Each
handset has its own extension and
voice mail, and an LCD) screen that dis-
plays Caller ID), time, speed dial, and
message information. Each phone also

has five programmable smart keys that
can be used to dim the lights, activate a
security system, or mute the stereo.

PalmPal can be used within the
home or from remote locations.
Answer the front door from the back-
yard. On your way home from work,
turn on the air conditioner, lights,
and your favorite CD. The system
monitors sensor devices and phone-
line status, directs messages to appro-
priate users where and when they
need the information, and can react
to certain situations—warning of an
intruder, for instance.

Pricing depends upon configura-
tion. PalmPal is distributed by
Phast Corporation.

DTV Set-Top
Converter

Thomson made news at CES—and
took home a Best of Show
Innovations award—for breaking the
DTV price barrier with its $649 RCA
DTC100 digital set~top box. The
multi-platform  digital receiver/
decoder connects to any television to
provide enhanced picture perfor-
mance from analog NTSC broadcasts.

Morcover, it performs double duty
by serving as a DirecTV satellite

recciver (when used with a three-foot
elliptical dish), as well as picking up
terrestrial broadcasts (when used
with a standard off-air antenna). It
also contains a built-in Dolby Digital
decoder.

The RCA DTC 100 can handle all 18

Advanced Television Systems
Committee (ATSC) digital formats,
automatically converting the signals
into significantly improved analog pic-
tures and sound on today’s TV sets.
When connected to a high-resolution
monitor, it can deliver the increased
resolution of HDTV programming. The
built-in onscreen programming guide
lists available programs, lets you create
customized favorite-channel listings,
and provides one-~touch VCR recording
and one-touch tuning,

Rabbit Ears Redux

An offshoot of the DSS explosion is
the renewed popularity of outdoor
television antennas, needed to pick up
the local broadcasts that satellite
providers are not allowed to transmit
in most areas. Terk Technologies’

iy aaaricanradiobhiatarn: cnm

TV4Z amplified outdoor antenna,
winner of the Best of Show award in
the accessories category, is designed
to clip right on to the DSS dish. It is

¥ 4

quick and easy to install, requires no
extra wiring or special tools, and is
completely unobtrusive. Patented
clips hold the antenna to the back of
the dish, neatly out of sight.

The TV42, designed for use with
dual-LNB satellite dishes, has a built-in
diplexer to combine local-antenna and
satellite signals, eliminating the nced
for extra wiring from the dish to the
home. Its highly tuned, efficient receiv-
ing element is said to provide superior
reception of local programming, and a
built-in amplifier ensures against sig-
nal loss in the cabling running from
the dish mount to the TV, a common
problem with long wire runs.

The TV42 will be available carly
this year at a suggested retail price of
$79.95.

Portable Two-Way
Voice Mail

The Best of Show award winner in
the mobile-office category was
Maxon America’s Responder, which
“combines the reply capability of e-
mail with the tone and inflection of
voice.”

Responder is a pager-sized two-
way voice mail system that reccives
and stores voice messages sent over
the cellular network. You can play
messages at your convenience and
reply to a message by pressing a but-
ton and speaking into the handset.
Responder can be called from any
phonie and can send a reply to any
phorne, and users are guaranteed to
get every message.

You can create and send voice
messages to other Responder users or
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groups of users, directly from the
handset. As many as 25 voice mes-
sages and/or memos can be stored in
the Responder. The device is also
capable of placing a live telephone
call to an emergency service number
or to a limited list of key personal
numbers.

Responder will be available later
this year. Prices not available.

Dual-Deck CD
Recorder
CD-recording decks have given

consumers the ability to dub their
own discs. Philips won a Best of Show

Award for the CDR765 Audio CD-
Recorder, the first dual-deck CD
recorder, which combines the ease of
use and versatility of a dual cassette

deck with the digital sound and con-
venience of the CD format.

The CDR765 lets you transfer
complete CDs and individual songs
from the play deck to the record deck
at double the standard playback
speed, halving the time needed to cre-
ate a new CD. With no need to con-
nect a stand-alone CD player to serve
as the source, the recording process is
streamlined and simplified.

The CDR765 carries a suggested
retail price of $649 and is currently
available. (By the way, Philips
announced at CES that it was signifi-
cantly dropping its prices on CD-R
and CD-RW blank media, reducing
74-minute CD-R discs from $5.99 to
$3.99 and halving the industry-aver-
age $29.99 price for CD-RW discs.)

CES 1999 Show
Roundup

“Consumer electronics” is a broad
heading that encompasses dozens of
diverse categories, hundreds of estab-
lished and emerging technologies, and
thousands of different products rang-
ing from pocket calculators to HDTV
sets.  Likewise, the Consumer
Electronics Show 1is actually several
shows rolled up into one.

At the Las Vegas Convention
Center, and at several off-premise
sites, exhibits are generally grouped
by product category: Mobile
Electronics, Home Office, High-End
Audio, Home Theater, Antennas,
Telephony, and the like. The main
floor of the center is home to the
major manufacturers, each

displaying its whole line of

products. CES also hosted
several “Technology Pavilions”:
Habitech Institute ‘99, which show-
cased integrated home systems; the
CEMA DTV Center; the Antenna
Pavilion; and the 1394 Pavilion,
demonstrating IEEE-1394 standard
interconnectivity.

Of course, the primary purpose of a
trade show such as CES is to sell prod-
ucts to retailers, which means present-
ing those products in exciting
(generally noisy and flashy) ways on
the show floor. But for retailers to suc-
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cessfully sell complex pieces of elec-
tronic equipment to the public, they
first must have an understanding of
what that product does, how it works,
and what it offers to the consumer. So
the secondary goal of CES is to educate
retailers (and the press) about new
technologies. Complementing the man-
ufacturer exhibits and technology
pavilions were a series of educational
seminars to help attendees make sense
of some of the new products, terminol-
ogy, and technologies being present-
ed—and that’s exactly what we’ll try to
do here.

Our Digital Destiny

Despite the size and diversity of
the show, there was one common
thread running throughout: digital
technology. In and of itself, that does-
n’t sound too exciting. After all, most
of us use CD players and computers
on a daily basis, and millions of us are
watching digital video from digital
satellite TV systems or on DVD.

But that overwhelming level of
acceptance of things digital is big
news, perhaps not in and of itself, but
for what it heralds. Combine it with
the arrival of digital television—
which we’ll all be accepting within
the next decadel—and the founda-
tion is laid for the integration of digi-
tal technologies within the home. You
can call it convergence, or home inte-
gration, or interconnectivity, or home
networking, The name isn’t as impor-
tant as the concept that, in the not-
too-distant future, all of your
electronics gear will be able to com-
municate, coordinate, and cooperate.
Imagine, soon one remote control will
be able to operate everything from
your home theater to your home-
security system.

And at the center of that digital
conglomerate will be your big, new
digital television set. The user-inter-
face—remote control and on-screen
menus—is comforting in its familiar-
ity. The peripherals—DVD, DVD-
Audio, CD recorders—surely will
change and evolve, but all of them
will be digital, and capable of being
controlled by a single, integrated
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on a DTV.

Here (in excerpts from his opening
keynote address) is how Sony
Chairman and CEO, Howard Stringer,
envisions it: “Your digital television
will become the centerpiece, at
the nerve center of the home of
the future ... a home which will
be as connected as any office
might be today. Whether wired or
wireless, your home network will
be the platform for dozens of con-
sumer devices co-existing within the
home ... set-top boxes, smart phones,
a whole new class of devices designed
for what Sony calls the coming era of
intimate computing. These devices
will have to be simpler to use ...
devices intelligent enough to recog-
nize one another, to anticipate user
choices, and to perform as expected
without cumbersome commands and
menus.

Philips displayed at CES its 64-inch, rear-pro-
Jection HDTYV set, currently available in major
markets at a suggested retail price of $9990.

“The digital home must offer
needed relief to a people weary and
oppressed by vexatious VCRs and
unruly remote controls. Every prod-
uct and distribution system should be
responsive ... to the most technopho-
bic of customers.”

Of course, such grandiose digital

24 dreams are just that, unless the vari-

ous industry players (manufacturers,
broadcasters, content providers, and
the FCC, to name a few) can learn to

Zenith displayed its Model IQADTV IW Digital
HDTV receiver/decoder set-top box.

communicate, coordinate, and coop-
erate as well as they expect their
home networks to dol We’d love to
report that everyone is in agreement
on formats and standards. But, hey!
We're talking consumer electronics
here. When was the last time you can
remember everyone being in com-
plete agreement on anything?

Let’s take a look at some of the
emerging technologies, while we try
to wade through the morass of con-
flicting formats and confusing jargon
that will be thrown your way in the
coming months and years of digital
transition.

DTV Debuts

You probably don’t have one, you
might not even have seen one (we
have), but digital televisions are here.
We gave you a pretty thorough run-
down of the who, what, when,
where, and why of DTV in February’s
Gizmo News. Of course, things have
changed since that column was
penned last fall, particularly in light
of announcements and new product
introductions at CES.

A quick recap: DTV is a collection
of 18 different formats of varying
resolutions (all of which offer
improved picture quality and sound
when compared with NTSC), ranging
from Standard Definition TV (SDTV),
which delivers DVD-quality 300,000
pixels per frame, to High Definition
TV (HDTV), with 2-million pixels per
frame. Digital broadcasts began last
November on a very limited (in terms
of times and markets) basis.
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At CES, there were almost two
dozen separate exhibits featuring over-
the-air HDTV broadcasts. The show
came close on the heels of the
November 1998 DTV launch, but
preliminary sales figures were
¢ announced during a DTV
| “SuperSession” seminar. By early
January, the industry had sold more
than 13,000 DTV sets to dealers.
Are those sets moving out of the
showrooms and into some living
rooms? Perhaps not as quickly as man-
ufacturers (and retailers) would like to
see.

Quipped Sony’s Howard Stringer,
“With the commencement of digital
TV sales in your stores—at least sales
in theory if not so much in actual

Thomson’s first entry in the direct-view HDTV
market is this 38-inch (“the world’s largest
direct-view HDTV color TV picture tube”)
ProScan sct, expected to be available by year’s
end.

practice—the transition from analog
to digital took a significant leap for-
ward. Now that the holiday sales
results are in, one might be inclined
to view this occasion as one very
small step for the consumer electron-
ics business and one giant leap for
digital hype.”

That’s not to say sales are non-exis-
tent. In fact, one of the SuperSession
panelists, Tom Campbell of Dow
Stereo/Video, noted that the chain had
already sold 100 DTV sets—and that’s
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Tel. 650-429-5500
Web: www.opentv.com
CIRCLE 111 ON FREE
INFORMATION CARD

Phast Corporation

79 W. 4800 S. Building 14

Salt Lake City, UT 84107

Tel. 800-979-9637

Web: www.phast.com
CIRCLE 112 ON FREE
INFORMATION CARD

Philips Consumer Electronics Co.
64 Perimeter Center East
Atlanta, GA 30346-6401
Tel. 770-821-2400
Web: www.philips.com
CIRCLE 113 ON FREE
INFORMATION CARD

Pioneer Electronics

2265 E. 220th Street

Long Beach, CA 90810

Tel. 310-952-2218

Web: www.pioneer-usa.com
CIRCLE 114 ON FREE
INFORMATION CARD

Principle Solutions

3708 Lehman Court

Rogers, AR 72758

Tel. 501-936-8443

Web: www.tvguardian.com
CIRCLE 115 ON FREE
INFORMATION CARD
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Replay Networks, Inc.

1003 Elwell Court

Paio Alto, CA 94303

Tel. 650-968-9912

Web: www.replay.com
CIRCLE 116 ON FREE
INFORMATION CARD

Sanyo Fisher Company

21605 Plummer Street

Chatsworth, CA 91311-4131

Tel. 818-998-7322

Web: www.audvidfisher.com
CIRCLE 117 ON FREE
INFORMATION CARD

Sharewave, inc.

5175 Hillsdale Circle

El Dorado Hills, CA 95762

Tel. 916-939-9400

Web: www.sharewave.com
CIRCLE 118 ON FREE
INFORMATION CARD

Sony Electronics, Inc.

One Sony Drive

Park Ridge, NJ 07656

Tel. 201-930-1000

Web: www.sony.com
CIRCLE 119 ON FREE
INFORMATION CARD

Terk Technologies Corp.

63 Mall Drive

Commack, NY 11725

Tel. 516-543-1900

Web: www.terk.com
CIRCLE 120 ON FREE
INFORMATION CARD

Thomson Consumer Electronics

10330 North Meridian Street

INH-310

Indianapolis, IN 46290

Tel. 317-587-3000

Web: www.rec-electronics.com
CIRCLE 121 ON FREE
INFORMATION CARD

TiVo, inc.

894 Ross Drive

Sunnyvale, CA 94089

Tel. 708-747-5080

Web: www.tivo.com
CIRCLE 122 ON FREE
INFORMATION CARD

Zenith Electronics Corp.

Commercial Products

1000 Milwaukee Ave.

Glenview, IL 60025

Tel. 847-391-7000

Web: www.zenith.com
CIRCLE 123 ON FREE
INFORMATION CARD

GIZMO®
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in an area in which DTV broadcasts
have not yet begun. The buyers
(including a young Navy couple who
took out a second mortgage to cover
the cost of a set) are hooked when they
see how the sets improve the quality of
NTSC reception and want to be pre-
pared for when digital broadcasts com-
mence.

Optimism  of manufacturers,
broadcasters, and retailers—as well
as those early adopters—was bol-
stered by HBO’s announced plans to
begin DTV broadcasts this spring.
DIRECTV announced that it will join
with New Line Cinema to distribute
HDTV pay-per-view movies in May.
Initial titles include American History
X, Living Out Loud, and Pleasantville.
EchoStar said it plans to deliver HDTV
programming via its Dish Network,
but offered no specifics.

The cable industry, on the other
hand, is still dragging its collective
heels over the switch to DTV. And con-
tent providers, concerned about digital
piracy, are waiting for a digital copy-
right protection scheme to be adopted
before they are willing to wholeheart-
edly embrace digital TV.

Copy protection is an area in which
battle lines have been drawn between
opposing camps. The two major pro-
posals (outlined in last month’s Gizmo
News) are 5C, backed by Sony, Hitachi,
Intel, Matsushita, and Toshiba; and
Extended Conditional Access (XCA),
favored by Thomson and Zenith. At
the Consumer Flectronics Show, how-
ever, Thomson surprised everyone
with a demonstration of a Divx-ready
HDTV DVD player, in which the Divx
encryption system provided copy pro-
tection.

So, what if you decide you
absolutely must be the first one on
your block to own a DTV? The good
news is there are plenty of choices
out there, and you won’t necessarily
have to take out a second mortgage.
(But you’d better stop throwing out
those “You’re pre-approved” credit-
card offers that come in the mail each
day!) By far the cheapest DTV solu-
tion is Thomson’s $649 set-top con-
verter box. It won’t let you see HDTV
on your analog set, but DTV should
significantly enhance the picture.

Nine other manufacturers are offer-
ing set-top boxes, in prices ranging
from $1500 to $5000.

Add to those an HD-ready televi-
sion, and you can view anything right
up to HDTV. At least a dozen manu-
facturers are selling such sets, and
most offer more than onec model.
Prices range from $2799 for a 36-
inch direct-view set from Hitachi, up
to a whopping $69,995 for a front-
projection unit from Ampro.

hopes will be by the end of the year.
The working prototype provides up to
1.5 hours of recording on a 4.7GB
disc at full DVD resolution. The actual
product is expected to have a full two
hours recording time. DVD/RW discs
won’t be playable on today’s DVD
decks, but future decks should be com-
patible with DVD-Video, DVD/RW,
CD-RW, and DVD-Audio discs.
DVD-A offers artists and producers
a variety of linear PCM (pulse code

o B

JVC is showing its XV-D701BK ($599.95)VD player, complete with Dolby Digital decoder
and 5.1-channel analog output, as well as the XV-DX1BK ($699.95), which adds a Divx

decoder/modent,

Or you can go for an integrated set.
There are less than a dozen models
currently available, and almost all are
rear-projection units, with prices
ranging from $7000 to $10,000. Sony
has the only direct-view HDTV set to
date, the $8999 34-inch FD Trinitron
Wegd. Sanyo plans to market a 32-inch
direct-view integrated set by the end of
this year, and Thomson’s 38-inch
ProScan direct-view set will arrive in
“late 1999.” Almost all of the integrat-
ed sets offer NTSC line doubling and a
built-in Dolby Digital decoder.

DVD Branches Qut

DVD had an impressive first year,
with over a million units sold, and it’s
predicted that sales figure will double
this year. That’s despite thc conflict
between DV and Divx; both types of
deck are selling well.

Two new DVD technologies are
poised for market introduction:
once some issues are resolved, that is.
First (watch out, VHSI) there’s
DVD/RW: recordable digital video
discs. Then there’s DVD-Audio, or
DVD-A.

Pioneer demonstrated a prototype
DVD/RW unit that it planned to have
on the market six months after copy-
protection issues are ironed out by the
DVD Forum, which the company

WWW amernaaaradiohisgtary com

modulation) modes and allows them to
select the number of channels, quanti-
zations, and sampling frequencies.
Whereas most of the storage space on
a DVD-Video disc is used for video,
DVD-Audio discs are devoted almost
entirely to multi-channel sound. It’s
expected, however, that many record
labels will release high-resolution (96-
kHz, 24-bit) two-channel discs for the
audiophile market. The discs have
cnough storage space for liner notes,
still images, and even full-motion
video.

Several  companies, including
Pioneer, JVC, and Kenwood, showed
prototype DVD-A players, some of
which also can play DVD-video discs.
Meridian demonstrated a DVD-Video
player that can be upgraded to include
DVD-A.

The DVD Forum’s audio group
hoped to announce final specifications
at the show, but said instead that the
final version 1.0 DVD-Audio format is
expected to be finished early this
spring. Once again, copy-protection
issucs are holding things back.

Pulling It All Together

DTV, HDTV, SDTV, DVD, Divx,
DVD-A, €D, CD-R, DVD/RW-—not
to mention digital camcorders and
still cameras, PCs and handheld “dig-
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ital assistants,” computer peripherals,
and whatever other digital devices the
future holds in store—will all be
interfaced in home networks ... some-
day. The vision is broad and ambi-
tious. The goal is to simplify and
enhance the lives of consumers by
providing one standard network that
will easily control a plethora of digi-
tal devices. Once again, the industry
is striving to come up with a univer-
sal standard—this time, one that will
allow any consumer electronics
product, from any manufacturer, to
interconnect with those from other
manufacturers.

The CES seminar “Home Networks:
Ready to Come Home?” made it woe-
fully clear that the answer is “Nol”
Representatives from Microsoft, Intel,
Compagq, Sony, and Pioneer did their
best (within the limited time frame of a
two-hour seminar) to outline the vari-
ous options and state their company’s
positions. Although they did not man-
age to convey a clear sense of the state
of the home network, some trends did
cmerge.

The computer manufacturers agree
that, in the words of Microsoft’s public
networks product group manager,
Joseph Mouhanna, “The Swiss Army
knife of networks does not exist.” He
sces a slow path toward consumer
acceptance, the need for compelling
applications to be created, and the co-
existence of two or more networks
within each home.

Sony and Pioneer are both backing
the 1EEE-1394 interface as the basis
for any future home networks. The
interface allows products to send and
receive streams of digital audio,
video, and control data at speeds up
to 400 Mbps. Both companies also see
Cable Lab’s Open Cable digital inter-
face with copy protection as being an
integral component. Pioneer New
Media Technologies’ senior VP of
sales and marketing for optical prod-
ucts, Paul Dempsey, envisions a digi-
tal media receiver as command
central for the home network.

Qut on the show floor, virtually
every major company was displaying
its idea of home networking, with its
own catchy moniker. Sony’s is the
“VAIO World.” PFhilips is touting

“Personal TV,” Pioneer calls it “Digital
Networked Entertainment.” You get the
picture—but not yet!

Interactive TV

Actually, there are a few current
(or soon-to-become-available) prod-
ucts that foreshadow the intercon-
nected future of home entertainment.
Their scope is not broad enough to
place them in the “networked” cate-
gory. Instead, we’d have to call them
convergence products, even though
that concept has met with consumer
resistance.

Not surprisingly, the folks who
brought you digital satellite TV are
now ready to offer other digital ser-
vices via your TV.

EchoStar’s Dish Network is taking
two approaches to interactive televi-
sion. First, the company announced a
joint venture with Microsoft’s WebTV
network in which some Dish Network
set-top boxes will house a WebTV-Flus

TiVo is the ingredient that brings Philip.
Personal TV to life.

terminal. WebTV-Flus offers an inter-
active onscreen programming guide
(which will replace EchoStar’s own
guide), giving viewers access to online
banking, shopping, game-playing, and
e-mail via their television sets. Viewers
will be able to surf the web while
watching TV in a small window inset.
The WebStar set-top box, expected to
cost between $300 and $400, will also
offer Video Pause, a feature that allows
viewers to store live programming to a
hard drive (when the phone rings dur-
ing a favorite show, for instance), and
then resume watching at their conve-
nience. (Philips, by the way, is also
offering WebTV-Plus, in a set-top box
that’s currently available for $199.)
EchoStar also will offer a Dish
Network PCI receiver card that will

wwWww ameraoaradiohisetary com
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allow PC users to access Dish TV pro-
gramming on their computers.
Second, EchoStar is partnering
with OpenTV to offer interactive tele-
vision in its new generation of satel-
lite receivers. The OpenTV platform
will provide e-mail, electronic bank-
ing, e-commerce, and data-enhanced
TV programming. OpenTV will be
included as a standard feature on

[ Exit | Hew City

Wink interactive services, to be available
through DirecTv, will offer in-depth addition-
al program information to TV viewers.

basic-level Dish Network units, with
WebStar considered the next step up
in interactivity.

Meanwhile, DIRECTV plans to
offer Wink analog interactive services
in its set-top boxes later this year.
Wink-enhanced broadcasting will
provide DIRECTV subscribers with
access to in-depth information on
programming (and commercials) and
with the ability to participate in polls,
conduct e-commerce, and get in on
special DIRECTV promotions.

DIRECTV also announced its
alliance with Philips, which will offer
DirecTv satellite receivers that incorpo-
rate TiVo’s personalized “push” service.
An integral part of Philip’s first
Personal TV product, TiVo offers an
intelligent program guide with the abil-
ity to “learn” a viewer’s preferences so
that it can automatically locate and
record to a hard drive those programs
it determines the viewer would like.

The first Philips-brand, TiVo-
equipped DIRECTV unit should be
available later this year. Plans are in the
works for a second-generation unit,
expected to be available in the first half
of next year, which will include an
ATSC receiver, “adding the benefits of
digital television picture quality and
programming.”
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ElecTronics Library

LASER: LIGHT OF A
MILLION USES
by Jeff Hecht and Dick Teresi

In clear, jargon-free language, the
authors explain what lasers are, how
they work, and their rapidly increasing
uses—from checkout counter scan-
ners to CDs to fiber-optical systems. In
medicine, lasers have revolutionized
surgery. The military is using them in
the production of sophisticated
weapons, while new uses for lasers
are being found in many other areas,
from holography to manufacturing,
entertainment, and more.

This authoritative, user-friendly vol-
ume satisfies the curiosity of anyone
interested in this field. It includes a
new preface on the latest laser tech-
nology, a discussion of the future of
lasers, and an appendix on laser safe-
ty, as well as 44 illustrations.

Laser: Light of A Million Uses costs
$8.95 and is published by Dover
Publications, Inc., 31 E. 29 st,
Mineola, NY 11501; Tel. 516-294-
7000; Fax: 516-742-5049.

CIRCLE 90 ON FREE
INFORMATION CARD

FUN PROJECTS FOR THE
EXPERIMENTER
by Newton C. Braga

As electronics continues to become
more involved in chemistry, biology,
and physics, the need to understand
its basic principles grows. Aimed at

students, hobbyists, and experi-
menters, this collection contains fifty
fun and easy-to-build projects that give
the electronics enthusiast practical
experience in the application of elec-
tronics theory.

Newton . Braga W
1 Gl : 44

With this book, hobbyists can
learn to build everything from LED
flashers and electronic fishing lures
to wireless beepers and signal trac-
ers. These are primarily stand-alone,
low-cost projects, with few compo-
nents, intended for one night of work.
The components for each project are
listed, and schematics are provided.
Hints and questions about the circuits
are included to stimulate ideas about
possible modifications and alterna-
tive uses.

Fun Projects for the Experimenter
costs $24.95 and is published by
Prompt Publications, Howard W. Sams
& Company, 2647 Waterfront Parkway,
East Drive, Suite 300, Indianapolis, IN
46314-2041; Tel. 800-428-7267; Web:
www.hwsams.com.

CIRCLE 91 ON FREE
INFORMATION CARD

BEBOP BYTES BACK: AN
UNCONVENTIONAL GUIDE TO
COMPUTERS

by Clive “Max” Maxfield and Alvin
Brown

Providing an in-depth introduction to the
way computers work, the book
describes the design of a simple micro-
computer, starting with the AND gate;
continues through the design of the
arithmetic/logic unit (ALU); adds the
CPU; and discusses the external com-
ponents required for a complete system.

WWW akmerieaniadiahistary com

Accompanying the book is a CD-
ROM containing the fully functional,
Internet-ready  Beboputer  Virtual
Computer. It is a simple microproces-
sor-based computer with an easily
understood instruction set, but imple-
mented as a virtual machine in soft-
ware.

The book also documents a series
of step-by-step interactive labs to be
performed on the Beboputer, from run-
ning a simple 9-byte program to
designing an assembly language.

Bebop Bytes Back costs $49.95
and is published by Doone
Publications, 7950 Hwy. 72W, #G 106,
Madison, AL 35758; Tel. 800-311-3753
or 205-837-0580; Fax: 205-837-0580;
Web: www.doone.com.

CIRCLE 92 ON FREE
INFORMATION CARD

TROUBLESHOOTING, MAIN-
TAINING & REPAIRING PER-
SONAL COMPUTERS

by Stephen Bigelow

This hands-on reference for techni-
cians provides efficient, cost-effective
troubleshooting and repair techniques.
There are nearly 400 problems com-
pletely explained, as well as hundreds
of POST and diagnostic codes to help
identify and cure even the most difficult

—_.BD_E#TS%W To order books

in this maga-
zine or, any book in print. Please call
anytime day or night: (800) BOOKS-
NOW (266-5766) or (801) 261-1187 ask
for ext. 1456 or visit on the web at
http://www.BooksNow.com/popular-
electronics.htm.

Free catalogs are not available.
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problems. Supplementing the written
material is one of the largest available
collections of ready-to-use diagnostic
freeware, shareware, and utilities on
the included disc.

[

| Troubleshooting,
Maintaining,

& Repairing
Personal

Computers

& TLERBINIAN

STRENER J. DIELLAN

Three handy sections help readers

get fast answers. Section | is a techni--

cian’s primer; Section Il discusses sys-
tem data and troubleshooting, offering
an extensive array of documented ser-
vice procedures; and Section lli is filled
with real-world advice and procedures
for maintenance and support. The nine
appendices offer resource and refer-
ence information, useful forms, a sam-
ple certification test, and more.
Troubleshooting, Maintaining, &

Repairing Personal Computers costs
$44.95 and is published by
McGraw-Hill, 1221 Avenue of the
Americas, New York, NY 10020; Tel.
800-2MCGRAW; Web:
www.ee.mcgraw-hill.com.

CIRCLE 93 ON FREE

INFORMATION CARD

THE ARRL HANDBOOK
FOR RADIO AMATEURS:
1999 EDITION

edited by R. Dean Straw, N6BV

Over the past 75 years, this handbook
has been an essential resource for
projects for all levels of building expe-
rience and an invaluable source of ref-
erence material. The 76! edition of
the handbook continues this tradition,
providing a thorough foundation of
electronics and communications theo-
ry for hams, students, engineers, and
technicians.

The new projects in this edition
include a 13.8 V/40 A switching power
supply, a legal limit Svetlana
4CX1600B amplifier, and a voice
keyer, as well as an enhancement to
the high-power antenna tuner intro-
duced last time. In response to read-

er's comments, this volume includes
PC templates for the weekerd pro-
jects. The larger more ccmplex tem-
plates are on the ARRL Web site. In
addition, the software for the book can
be downloaded from the Web site or
from its Hiram BBS, or it can be
ordered for a nominal cosi.

HANDBOOK

The ARRL Handbook far Radio
Amateurs: 1999 Edition costs $32 and is
published by American Radio Relay
League, 225 Main Street, Newington,
CT 06111-1494; Tel. §00-243-7767;
Fax: 860-594-0303; Web, www.arrl.org.

CIRCLE 94 ON FREE
INFORMATION CARD

1999 CATALOG
from Antique Electronic Supply

Offering all types of tube gear, includ-
ing vacuum tubes, transformers,
capacitors, parts, supplies, and litera-
ture, this 72-page catalog contains

many new products. Among them are
ferrite rods, inductor coils, gift items, a
line of Hammond classic 300 series
power transformers, and many other
products.

Another new product line is high

WAL e raaaradiehisetary. com

quality, beautifully made, and reason-
ably priced telegraph keys. Imported
from Spain, they have gold-plated
brass keys on an olive wood base, and
teakwood handles and knobs. Three
types of keys are available: straight
key, iambic paddie, and a dual straight
key and iambic paddle.

The 1999 Catalog is free upon
request from Antique Electronic
Supply, 6221 South Maple Avenue,
Tempe, AZ 85283; Tel. 602-820-5411;
Fax: 800-706-6789 or 602-820-4643;
Web: www.tubesandmore.com.

CIRCLE 95 ON FREE
INFORMATION CARD

RIDE THE AIRWAVES
WITH ALPHA AND
ZULU

by John Abbott, K6YB

In cartoon format, this manual leads
the novice step-by-step through the
basics required to pass the novice and
no-code technician amateur-radio
license exams. Each lesson is accom-
panied with a short quiz on the materi-
al covered.

From getting on the air to every-
thing a beginner needs to know about
antennas to an introduction to Morse
Code—all are covered in a clear and
easy style. The second section contin-
ues in the same manner for the mater-
ial students need to know for the more
advanced technician exam.

BooksNow T o books

in this maga-
zine or, any book in print. Please call
anytime day or night: (800) BOOKS-
NOW (266-5766) or (801) 261-1187 ask
for ext. 1456 or visit on the web at
http://www.BooksNow.com/popular-
electronics.htm.

Free catalogs are not available.
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Books that@@«Brldge

Theory i& Practice

Many electronics enthusiasts discovered that the bridge from
classroom theory books to hands-on project building is difficult
to span at times without a handy pocket guide. Even the equipment
manual to operate a gadget often makes things murkier rather than
clearer. A compact text authored by a seasoned expert with hands-on
knowledge and a knack of writing in an easy-to-understand style is
many times more valuable than the price of ponderous theory and
equipment manuals or the parts for a project that could be damaged.

Here's a sampler of some titles you may want to own!
ELECTRONIC HOBBYIST DATA BOOK—The info you need to transport you

from the schematic diagram to project parts. Pin-outs, color codes, truth
tables. parts parameters, etc. Order BP396— $10.99 Includes S & H

PRACTICAL INTRODUCTION TO SURFACE MOUNT DEVICES—A technolo-
gy that spun off the automated assembly line into the grasp of experimenters
and project builders. Order BP411- $9.99 Includes S & H

THE INTERNET AND THE WORLD WIDE WEB—The most difficult part of the
Internet is its mystery. Erase the mystery and you'll become the super surfer
with a little help from this book. Order BP403- $10.99 Includes S & H

PRACTICAL OSCILLATOR CIRCUITS—If your budding project requires an
oscillator, you can design it and build it from the many types described here
in a hobbyist-friendly style. Order BP393— $9.99 Includes S & H

EASY PC INTERFACING-—Hot shot Pentium computers to the lowly XT slow poke
can interconnect to the outside world to sense and/or control events governed by simple

writeable softwarc and simple home-brew projects. Order BP385—  $9.99 Includes
S&H
— G T _— e e
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BP411

BP403

BP393

Sorry, no orders accepted outside the USA and Canada. All payments must be in US
0 funds! NY state residents must include local sales tax. Allow 6-8 weeks for delivery.

[P IC I e ICE e e B e IE e A e e IEE I e IS e I e e e e e e I e e e S Y e e = |
1 1
H Electronics Technology Today Inc. Number of books ordered I:I !
: P.O. Box 240 |
' Massapequa, NY 11762-0240 Amount enclosed $ !
| Please send me the following book(s) that I checked: i
i O BP396— Electronic Hobbyist Data Book— $10.99 i
! O BP411- Practical Introduction to Surface Mount Devices— $9.99 |
| 00 BP403— The Internet and the World Wide Web— $10.99 |
i O BP393- Practical Oscillator Circuits— $9.99 |
i O BP385- Easy PC Interfacing— $9.99 d
: All above prices inciude shipping and handiing. ETOS :

1
E Name/Company H
i Address Apt. E
| City State ZIP H
: :
' ;

wisL aspariean iadiahigsiory.com

=Bor To order books
in this maga-
zine or, any book in print. Please call
anytime day or night: (800) BOOKS-
NOW (266-5766) or (801) 261-1187 ask
for ext. 1456 or visit on the web at
http://www.BooksNow.com/popular-
electronics.htm.
Free catalogs are not available.

Ride the Airwaves with Alpha and
Zulu costs $14.95 and is published by
Abtronix, PO. Box 220066, Newhall,
CA 91322-0066; Tel. 805-222-7384;
Fax: 805-222-7384; Web: http.//
home.earthlink.net/~abtronix.

CIRCLE 96 ON FREE
INFORMATION CARD

BUYING A USED SHORTWAVE
RECEIVER: FOURTH EDITION
by Fred Ostermann

This book provides all the information
you need to intelligently select the right
used SW receiver at the right price.
Features to consider are coverage,
specifications, ratings, price when
new, size, and weight.

Buying A Used
Shortwave Receiver

The 100 most sought-after receivers,
portable and tabletop models from the
last twenty years, are discussed. Among
the selected models covered in the book
are Allied, AOR, Drake, Grundig, lcom,
Kenwood, Panasonic, Sony, and Ten-
Tec units.

Buying A Used Shortwave
Receiver costs $5.95 and is pub-
lished by Universal Radio Research,
6830 Americana Parkway,
Reynoldsburg, OH 43068-4113; Tel.
800-431-3939 or 614-866-4627; Fax:
624-866-2339; Web: www.universal-
radio.com. [ |

CIRCLE 97 ON FREE
INFORMATION CARD
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o one will dispute that the

development of semicon-
ductor components has simplified
the manufacture of electronic
equipment. But in spite of all the
good the “new breed” of compo-
nents has wrought, it has also
spawned a new set of problems.
Chief among the difficulties
associated with semicon-
ductors is festing them for
adherence to manufactur-
er’s specs.

On the manufacturing
level, testing is accomplished
through specialized equip-
ment. But, what’s a hobbyist
to do when confronted with
a possible semiconductor
malfunction? In many cases,
the hobbyist is left to devise
unconventional testing
schemes that may or may
not revedl pertinent informa-
fion about the operability of
the component.

In this artficle, we’ll show
you how 1o build the
Semiconductor Tester—an
instfrument that allows you to
measure both the static and
dynamic characteristics of
semiconductor  transistors
under simulated operating
conditions. The tester is a
curve fracer adapter that
incorporates a collector sup-
ply and base-step genera-
tor, which together produce
voltage and current signals
that are applied to the
device-under-test (DUT). The
effects of the signals on the
DUT produces a family of
characteristic responses (curves)
that can then be displayed on an
oscilloscope and compared to
manufacturer’s specifications.

The tester can be used to mea-
sure and display a number of bipo-
lar-transistor parameters simultane-
ously—for example, it can be used

i ‘II HE i

fo plot the I vs. Vg characteris-
fics of a fransistor, determine satu-
ration voltage, calculate gain
(hgp). and look at the spacing-and
slope of hggp curves. The Semicon-
ductor Tester is not limited to bipo-

CHARLES HANSEN
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Build this curve-tracer adapter and
eliminate one of the most frustrating
dilemmas that electronics hobbyists face
in assembling homebrew and published

electronics civcuits.

lar transistors—it can also be used
to test JFETs, MOSFETs, SDs, rectifiers,
and Zener diodes.

The Big Picture. Figure 1 is a func-
fional block diagram of the tester,
with a bipolar NPN transistor con-
nected as the DUT. In this curve

WAALLY e tiaaarnadichistary. com

tracer adapter, collector-supply
and step-generator circuits pro-
duce signals that are applied to
the oscilloscope through J1 and J2.
The collectorsupply output is also
applied to the collector of the DUT
via J3, while the step generator
feeds current to the DUT's base
through J4. Base current is
stepped up in equal incre-
ments, starting from zero and
% increasing fo its maximum,

- then returning to zero once
the selected number of steps
is completed. Step incre-
. ments are controlled via S2.

Collector current flows
through an emitter resistor.
producing a voltage drop
that serves as the vertical (Y-
axis) signal (J1). The range of
collector current is controlled
by S7.

Circuit Description. A com-
plete schematic diagram of
the Semiconductor Tester is
4 shown in Fig. 2. The circuit is
comprised of six integrated
circuits, four fransistors, 17
diodes, a fullwave bridge rec-
fifier, an LED, two transformers,
and a goodly amount of sup-
port components.

The Semiconductor Tester
contains two supply circuits:
one supplying operational
power to the adapter and
the other (the collect supply
circuit) providing the
required collector and emit-
ter signals. The collector-sup-
ply circuit is comprised of T2
(a 12.6-volt, 1.2-amp step-
down transformer), BR1 (an 8-amp,
250-volt, fullwave bridge rectifier),
and $4 (a single-pole double-throw
switch), which allows the user fo
determine the voitage (6.3 or 12.6
volts) applied to BR1 for rectifica-
tion. The resulting DC output of BR1
is applied to S6-b and Sé6-c. Those
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Fig. 1. As illustrated by this functional block diagram, the Semiconductor Tester is com-
prised of several sub-assemblies that coalesce to produce scope displays that reveal the
“health status” of several two- or three-terminal semiconductor devices.

two sections of S6 (a 4P3T switch)
permit the user to select any one of
three sweep outputs (+NPN, —PNR OF
AC). while a third section of S6 (86-a)
is used to ground J4 when the cir-
cuit is set for the Ac mode.

The maximum amount of collec-
tor current applied to the DUT is
controlled through S7, which places
one of six resistors (R41-R46) in
series with the emitter of the DUT.
Placing S7 in the 50-mA position
produces a maximum collector
current of 0.63 amps. which should
be adequate for testing most smaill-
signal and medium-power bipolar
fransistors (up to TO-220 or TO-66
packages).

Note that a circuit breaker (CB1)
is connected in series with the out-
put of the collector-supply circuit in
order to protect it from overload
conditions.

The signal delivered to the DUT
through J3 is also applied to J2
through R47, whose presence in the
signal line sets the output imped-
ance to approximately 600 ohms. A
ferrite bead, FB1, connected in the
lead to J3, prevents the DUT from

breaking into oscillation.

Switch S5 lets the user reduce
the peak collector/emitter voltage
applied to the DUT to less than that
selected via S$4 by placing R0 (a
100-ohm resistor) in series with the
collector sweep signal. Placing S5in
the off position disrupts collector-
signal flow to the DUT (via J3) when
inserting or removing a transistor.

Both the collector and base cur-
rents are returned to a common
ground at J5. A ferrite bead, FB2,
connected in the lead to J5 helps
prevent DUT oscillation.

Since the polarity of the voltage
across R41-R46 is negative with
respect to ground, IC4-b inverts the
signal that’s applied to J1, produc-
ing a family of correctly oriented
curves when viewed on an oscillo-
scope. Resistors R37 and R38 set the
gain of IC4-b, while R39 ensures that
the input bias current at pins 5 and 6
are equal for best accuracy. Resistor
R40 sets the output impedance at J1
to approximately 600 ohms.

Voltage Step Generator. The step
generator portion of the circuit is

WWW.- ameraeaanadiehigtary. com

comprised of four major sub-
assemblies: a clock, a counter, a
step-level converter, and a step
amplifier. The step generator is
designed to supply discrete current
(or voltage) levels to the base (or
equivalent terminal) of the DUT for
each cycle of the collector-supply
sweep. The discrete levels are gen-
erated in ascending steps with a
fixed. 1-volt separation.

A signal plucked from the sec-
ondary winding of T1 and fed to a
clock circuit comprised of D1/D2
and Q1/Q2 determines the rate of
change in the step-generator’s
output. The AC voltage diverted
from the secondary of T1 is fullwave
rectified by D1 and D2 and applied
to the base of Q1 via R1. That caus-
es Q1 to saturate (fturn full on) dur-
ing each AC half-cycle, producing
a 120-Hz clock frequency. The out-
put of Q1 is applied across R2
(which supplies a negative bias
voltage that ensures that Q1 turns
off at zero crossing) to the base of
Q2. Transistor Q2 inverts the Q1 out-
put, producing a clock signal that is
applied to IC1—a 4017 decade
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counter/divider that is used as a
step-level converter—causing its
ten decoded outputs (@0-@9) to
sequentially go high. (Note: The a0
output of IC1 is not used and repre-
sents the zero-level base step.)

The outputs (@1-a@9) of IC1 are
fed through individual resistor/
diode pairs (comprised of R5-R13
and D3-D11) and S8, producing a
voltage across R14 that increases in
1-volt steps.

Potentiometer R14 is used to cal-
ibrate the step voltage. while
diodes D3-D11 block reverse-cur-
rent flow fo the outputs of IC1 when
they are low. When set to the HoLD
1v position, S8 provides a fixed 1-
volt reference to aid in checking
the base-step generator’'s output
stage during initial tests.

The summed output-voltage
steps of IC1 are buffered by IC2-a
(half of an LF412 dual op-amp),
which is configured as a unity-gain
voltage follower. The output of IC2-
a is monitored by IC4-a (which is
configured as a comparator).
When the output of IC4-a atf pin 3
reaches the level set by R18, IC4-a
pin 1 goes high, resetting IC1 to
zero, and the step count begins
over again. Diode D18 prevents the
—12-volt DC output of IC4-a from
damaging IC1. Resistors R16 and
R17 provide offsets so a single step
is produced at the minimum setting
of R18 and nine steps are pro-
duced at maximum rotation.

The negative-going voltage
steps are generated by inverting
op-amp IC2-b. Base-step polarity is
determined through S1, which lets
the user select between the output
of IC2-a and the output of IC2-b.
Switch S1 can also be used to
remove the step signal from J4
when inserting or removing a fran-
sistor. Resistors R23 and R24 set the
gain of 1C2-b, while R22 ensures
that the input bias current at pins 5
and 6 are equal for best accuracy.

The step signal from S1 drives
two circuits. The first is a voltage
divider, which provides the gate
voltage steps necessary to tfest
FETs. Resistors R32-R35 form a resis-
tive divider network, which provides
0.1-, 0.2-. 0.5-, and 1-volt stepped
outputs that can be selected
through the first four positions of S2.
The larger steps are required for

power MOSFETs.

The counter can be reset after 1
to 9 steps have been produced,
with the number of steps deter-
mined by the setting of R18.

Voltage-To-Current Converter. In
order to generate the base-current
steps required to test bipolar tran-
sistors, a voltage-to-current con-
verter is required. One way of
accomplishing that is by placing a
series resistor at the output of the
voltage-step generator in order to
produce current steps. The down
side to that approach is that an off-

set voltage is required for the first
step because it takes from 0.5 to
1.0 volts to forward-bias the base-
emitter junction. The base-emitter
voltage increases exponentially
and is not the same at all collector
currents. The base-emitter voltage
increases even more in the satura-
fion region, while also varying with
temperature, so the series resistor
method is hot a good solution for
accurate measurements.
Fortunately, there is an alterno-
tive—a bilateral current source buitt
around an op-amp-based, volt-
age-to-current converter. The op-
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Fig. 2. The Semiconductor Tester is comprised of six integrated circuits. four transistors,
17 diodes, a fullwave bridge rectifier, an LED, two transformers, and a goodly amount

of support components.

amp-based converter supplies a
current that is proportional to the
input voltage and, more important-
ly, drives a load referenced to any
voltage within the output-swing
capability of the op-amp. The voli-
age-to-current converter consists
of dual low-offset, low-drift JFET op-
amp IC3 along with. a current
amplifier that is composed of Q3
and 4.

The base voltage steps are
applied to IC3-a pin 2 via R25.
Resistor R49 provides a ground ref-
erence when S1 isin the oFF position

to park the current output at zero.
Negative feedback is taken from
the emitters of Q3 and Q4 through
R26.

Positive feedback is provided
through R27 and R28 via IC3-b. The
positive feedback increases the
output impedance to a very high
value, which is the characteristic of
a true constant-current source. The
input signal is amplified by IC3-q,
which, if you make all of the feed-
back resistors exactly equal
(R25 = R26 = R27 = R28), produces
an output current of;

WWW.-akhrerieaniadiahistary com
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Note that the voltage-to-current
converter produces an inverted
output. Thus, S1 selects negative
voltage steps to produce positive
current steps and vice-versa. Since
the voltage-step generator pro-
duces one volt steps, the current
steps can easily be selected by
changing a single resistor, R, ecrep:
Thus, the output current is deter-
mined by the value of the resistor
(R51-R58) selected via S2. The cur-
rent can be varied from 5 pA/step
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Fig. 3. The author’s unit includes several
test fixtures that are designed to plug
directly into J3-J5 of the Semiconductor
Tester—each containing several three-ter-
minal sockets to accommodate various
standard transistor-pin arrangements.
The one in A is intended for testing bipo-
lar transistors; the one in B is for JFETs;
a fixture for testing MOSFETs is shown in
C; and the final one shown in D is
designed for two-terminal devices, such as
rectifier and Zener diodes.

to 1 mA/step. Resistor RS9 provides
a ground return for the voltage-to-
current converter when S2 is in one
of the voltage-step modes.

The voltage-to-current converter
delivers the current set by the select-
ed resistance, independent of any
load resistance at J4. even if the
other side of the load is not sitting at
ground potential, such as when a
base-emitter junction is interposed
between J4 and J5. Under that con-
dition, positive feedback through
R27 and R28 tends to reduce accu-
racy. To prevent that occurrence,
IC3-b is configured as a unity-gain
buffer with an extremely high input

resistance to drive positive feedback
network R27 and R28. Since R25 =
R26 = R27 = R28, the output current

is independent of the feedback volt- -

age. The output resistance of the cir-
cuit is given by:

Rserecren X (R7AR)

where R is any one of the feedback
resistors (R25, R26. R27, or R28) and
AR is the change in the resistor
value due to component toler-
ances. Because of that, the feed-
back resistors should be selected to
be equal in value. In order to facili-
tate matching, 10k 1% metal fim
resistors are used, even where less
precision is required. That allows a
larger selection of resistors (14) from
which to match R25 through R28.

The circuit must be driven from a
source resistance that is low by
comparison to R25, since that resis-
tance also unbalances the circuit,
while affecting gain and output
current. The low output resistance
of IC2-a and IC2-b meets that
requirement.

The output of IC3-a is applied to
the base of Q3 and @4 through R2?
and R30, increasing the output drive
current to the level required for the
higher base-step current levels.

Once the collector supply and
the step generator outputs have
been applied to the DUT, measure-
ments of the voltages and currents
seen at the collector (or equiva-
lent) terminal of the device must
be displayed on the vertical and

horizontal axes of an externally
connected oscilloscope.

Collector current is measured on
the vertical X-axis of the oscillo-
scope. It is measured across one of
the resistors (R41-R46) between
ground and the current return to
the collector supply by measuring
the voltage developed across this
resistor. Switch S7 selects the current
sensing resistor, which varies the
deflection factor of the scope dis-
play between 1 mA/DIV and 50
mA/DIV. The resulting voltage s
inverted by 1IC4-b'and applied to J1
through R40.

Collector-emitter voltage is
sensed at J3 and sent via J2 to the
horizontal Y-axis of the scope.
Resistor R47 provides an output
impedance of about 600 ohms.

Power for the Semiconductor
Tester is provided by a convention-
al dualvoltage () supply circuit,
comprised of T1 (a 25.2-volt center
tapped transformer), and D13-D16
(four TN4002 1-amp, 100-PIV diodes
that form a fullwave bridge rectifi-
er). The resulting DC voltages are
applied to IC5 and IC6 to produce
positive and negative DC voltages,
respectively. The outputs of the reg-
ulators are filttered by C8 through
C11. An LED (LED1) connected
across the power supply output
serves as a power-on indicator,

Components IC2 and IC3 were
selected for precision and low input
offset voltage in order to ensure the
accuracy of the base-step voltage
and current; and they should not

TABLE 1—TEST CONNECTIONS

DEVICE COLLECTOR | STEP e
.| POLARITY POLARITY
BIPOLAR NPN +NPN 4
: PNP . . ° —PNP - ¢

JFET N-LChannel +NEN T+

P-Chanricl ~PNP . -
MOSFET MW hannel +HNPN +

P-Channel “PNP -

Scope Connections:

1. Horizontal input to main trigger or amp in

2. Time/division to amplifier (was 10 ms)
3.

Main trigger source to ext. + 10 (was int.)

Deflection Factors:
e Ext. X 1 =0.1V/Div
e Ext. X 10 = 10 mV/Div
e Ext. +~ 10 = 1V/Div
4. Vertical = 1V/Div

5. NPN = dot lower left, PNP = dot upper right
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Fig. 4. Shown here is the correct way to connect bipolar transistors to the test fixture.
The illustration in A shows how a bipolar NPN transistor is connected to the fixture; the
DUT's characteristic curves are also shown. The illustration in B shows the PNP termi-

nal connections and characteristic curves.

be replaced with less accurate FET
op-amps, such as the TLO72 or
LF353. Precision op-amps such as
the AD712JN or LT1057CN8 are
acceptable substitutes. The NE5532
op-amp (IC4) was selected for its
ability to drive the standard test
equipment 600-ohm output imped-
ance. Most other op-amps are only
rated for 1k or higher loads.

Construction. The Semiconductor
Tester was assembled on a fairly
large section of Vector board, with
point-to-point wiring techniques
then brought into play to complete
inter-component connections.
Because no printed-circuit pattern
is provided for this project, the cir-
cuit must be assembled according
to the Fig. 2 schematic diagram. Be
careful when assembling the cir-
cuit—this type of construction is
more prone to errors than the print-
ed-circuit method.

In keeping with good circuit-
board assembly practice, instail the

least sensitive passive components
(resistors, capacitors, inductive
devices, efc.) first, followed by the
semiconductors.

Sockets should be provided for
all DIP components. Install all of the
semiconductors except 1IC1-IC4.
When that's complete, double
check the orientation of all polar-
ized components—that includes all
electrolytic capacitors and semi-
conductors (diodes, fransistors, IC,
efc.).

Note: Many of the resistors associ-
ated with switches are not mounted
to the board, but are instead
mounted directly to the switch ter-
minals. For example, R32-R35 and
R50-R59 are mounted to S2; RO is
mounted to S5; R43-R46 are mount-
ed to S7. All the components associ-
ated with the collector supply are
mounted on the front panel
Resistors R41 and R42 are mounted
to 5-lug termindl strips that were cut
down to 3 lugs. Flat-head screws
were used to mount the 3-lug strips

waanar o rieasaradiaobiatar, ~am

and BR1 to the front panel.

A tapped turret-terminal caps
the mounting screw for BR1 and
serves as a grounding point for the
collector supply circuitry, power
supply, and base-step generator.
That ground point is then wired
directly to emitter jack J5. Another
turret terminal is used for R47 near
J2 on the rear panel. LED1 has its
own integral lens holder.

Since the base-step generator
processes very low voltages and
currents that are sensitive to noise,
the wiring associated with S2. Sé.
and J4 is twisted (2-3 turns perinch)
with another wire, forming a pseu-
do shield. The pseudo shield should
then be grounded at one end only.
Other than that, the circuit and
wiring layout is not critical.

The outputs of power transform-
ers can be connected to the cir-
cuit board through 0.062-inch
Molex crimp-terminal plugs and
receptacles. That allows easy
removal of the board for servicing
should the unit require it some-
where down the road.

Once the board (minus the off-
board components) has been
assembled, put the board to the
side for a moment and prepare the
enclosure that will house the unit.
Make sure when selecting an
enclosure that it has sufficient room
inside for the board and all of the
off-board-mounted components
(including the panel-mounted
parts).

Drill holes in the front panel of the
enclosure for the switches (51, S2,
and 54-88), jacks (J3-J5), LED1 (the
power “on” indicator), and poten-
tiometer (R18). Follow that by drilling
holes in the rear panei for the fuse
holder, $3, J1, J2, and a hole through
which to feed the unit’s line-cord to
the transformers. Next drill mounting
holes in the bottom of the enclosure
for the transformers.

Once the holes have all been
driled in the front and rear panels
of the enclosure, dry-transfer letter-
ing can be used to label the unit’s
panel-mounted control and jack
positions as to their functions. The
method used by the author for
labeling the unit involved making a
full-size copy of the front panel lay-
out on ftransparent, adhesive-
backed plastic appliqué fim
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Fig. 5. The test setup and characteristic curves for an N-channel JFET is shown in A,
while the test setup and characteristic curves for P-channel JFETs is shown in B.

(which is available from drafting
and art supply houses).

Initial Checkout. Af this point,
attach the Molex connector to T1,
plug in the unit, and check for the
presence of +12 and —12 volts at
the supply terminals of the sockets
for the four ICs not yet installed. If all
is well, power down the unit—allow-
ing sufficient time for the power-
supply capacitors to discharge—
and install the four ICs. Again apply
power to the circuit and check that
the clock and counter (IC1) are
working properly. Place S2 in the 1-
volt position and, with a scope con-
nected to J4 and J5, view the volt-
age step pattern. You should be
able to vary the number of steps in
1-volt increments from 1 to 9 by
adjusting R18.

Next, connect a 1000-ohm. 1%
metal-film resistor from J4 to J5. This
time set S2 to the 1-mA position
and again observe the scope dis-
play: you should be able to vary
the number of steps in 1-volt incre-

ments from 1 to 9. If the step gener-
ator is not working properly, you
can use S8 to hold a single 1-volt
step for froubleshooting.

Next, plug in the Molex connec-
tor for collector-supply transformer
T2. View the waveform of the col-
lector supply from J3 to J5. Select
each polarity and verify that the
10- and 20-volt peak taps of T2
work properly.

Test Fixtures. The author’s unit
includes a ftest fixture that's
designed to plug directly into J3-J5
of the tester. The test fixture—which
contains three-terminal sockets to
accommodate various standard
pin arrangements (T10-3, TO-66, TO-
220, TO-5, etc.)—provides a simple
method of connecting the device
under test to the Semiconductor
Tester.

Figure 3A shows a fixture
designed to facilitate the testing of
bipolar transistors. Note that the fix-
ture includes sockets to accommo-
date TO-3 and TO-66 transistor

wwnanar aparicannadinbioton, ~npa
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packages, as well as a pair of TO-
220 sockets, which are configured
to accommodate both "E-B-C”
and "B-C-E” pin arrangements. The
fixture in Fig. 3B is designed for the
testing of JFETs. Note that the drain
of a JFET corresponds to the collec-
tor terminal, the gate corresponds
to the base, and the source corre-
sponds to the emitter of a bipolar
fransistor. A MOSFET test fixture is
shown in Fig. 3C. Note that the cor-
relation between the terminals of
bipolar transistors and JFETs is iden-
fical to that between bipolar and
MOSFETs. Notice that the MOSFET
fixture contains a 470-ohm gate
resistor, which is required to prevent
DUT oscillation during tests. A two-
pin fixture like the one shown in Fig.
3D (which includes alligator clip
leads) can be added to your col-
lection of fixtures and used to test
signal and Zener diodes. In that
case, the anode and cathode of
the DUT correspond to the collec-
tor and emitter, respectively, of the
bipolar transistor. When assembling
any of the fixtures, be sure that the
banana plugs are situated so that
the fixture does not interfere with
any of the front panel controls.

For comparison testing, you can
develop a dual-socket test fixture
with a DPDT center-off switch to

PARTS LIST FOR TEST FIXTURES
TO-3 socket (Mouser $34-4601) ]
TO-a6 socket (Mouser 5344611
TO-220 socket (Digi-Key WM2Z350-ND)
TO-5 socket (Mouser 151-TOS320G) -
Rl-—-470-0hm Y4-watt, 5% carbon film
resistor (MOSFET fixture arly)
Panel-mount banana plugs (Digi-Key
JI4E-ND), 4375 % 2437 % 125
inch enclosure (Radio Shack 270-
221), wire solder. hardware, ezc. .

alternately test two like devices. in
such an arrangement, the
unswitched emitter terminals can
be connected together.

Jacks J3-J5 also accept lead
wires, spade lugs or banana plugs
(spaced at a standard 3/~inch) so
that almost any device can be
connected to the Semiconductor
Tester without requiring a specific
test fixture.

Operation. The BNC connectors, J1
and J2, (which are mounted to the

]
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Fig. 6. Here we have the test setup and characteristic curves for MOSFETs: The draw-
ing in A is for N-channel MOSFETs, while the one in B is for P-channel units.

rear panel of the unit) are used to
connect the tester to your oscillo-
scope. Both the X and Y channels
must be DC-coupled, but don't
need a wide bandwidth on any of
the channels. The scope’s vertical

input should be set to the 0.1

volt/DIV scale to provide proper
coliector current readings as indi-
cated by the scale of §7. The
scope’s horizontal input should be
set to the 1 volt/DIV scale to pro-
vide proper collector-emitter volt-.
age readings.

If using a single channel scope,
turn the time-base switch to the X
or external position. A two-channel
scope with an XY time-base switch
position can use one channel as
the X channel and the other chan-
nel as the Y channel.

Table 1 gives the scope connec-
tions and polarities for bipolar and
field-effect devices; that table can
be modified as required (to match
your scope) and attached to the
top of the tester as a reference, as
was done in the prototype.

The step polarity and the collec-
tor voltage polarity switches should
be set for the DUT. CAUTION: A num-
ber of the Semiconductor Tester’s
controls, if set too high, could cause
damage to the DUT. The adapter’s
base-current capability is high
enough to drive most power transis-
tors to maximum collector current.
When the tester is set to the high
collector-supply-voltage range
and the 50-mA/DIV range at the
same time, the connected transis-
tor can heat up rapidly. If you acci-
dentally reverse-bias the base-
emitter junction of a transistor, it
may permanently increase the
device’s noise figure. Therefore, be
sure to always double-check the
pinout of all devices and make sure
that the correct collectorvoltage
polarity and base-step polarity is
applied to the DUT.

Let’'s make the first test with a
small signal NPN transistor (2N2222,
2N3904, efc.). Set the front panel
controls as follows: S6 to the +NPN
mode, $4 to 10 volts peak, S7 to 1

WAAM asnerieaniadiahictary . com

mA/DIV, §56 to off, 52 to § pA. R18 for
2 or 3 steps, S1 to off, move the cur-
sor dot to the bottom left-hand cor-
ner of the display grid, connect the
NPN fransistor to the E-B-C terminals
using the correct device pinout, set
S5 to zero, and set S1 to + steps.

Connect a bipolar transistor to
the test fixture as shown in Fig. 4.
Figure 4A shows how an NPN tran-
sistor is connected to the fixture
along with the DUT's characteristic
curves, while Fig. 4B illustrates PNP
terminal connections and charac-
teristic curves. The scope display
should show two or three curves
similar to those shown in Fig. 4. Note
that the curves in Fig. 4A are the
exact opposite of those in Fig. 4B.

Move the bottom curve to the
bottom left-hand corner of the dis-
play grid. That establishes the zero
reference from which all the other
voltage and current measurements
are taken. The vertical-coliector-
current deflection depends on the
transistor gain. It may be necessary
to increase the base current (via
§2) to get the traces shown in Fig. 4.
You can also vary sensitivity via §7
for tests at collector currents other
than 10 mA/div.

To caiculate gain, select one of
the horizontal curves, let’s say from
the third base current step. In Fig.
4A, that lies on vertical grid 3.1,
which represents 3.1 mA (1 mA/ver-
fical division). We know the third
base step is 10 pA (5 pA/step. with
the first step equal to zero).
Therefore the gain is:

heE = o/l OF 3.1 MA/10 pA = 310

You can also find saturation volt-
age, the vertical region of each
characteristic curve.

Device Test Setups. When testing
a device with unknown character-
istics, set 2 to 5 pA/step for bipolar
transistors or 0.1 V/step for FETs. Set
$4 to 10V and §7 to 10 mA/div. Set
R18 for 2 or 3 steps. That limits the
dissipation to a safe level for any
device.

Some of the characteristic curves
displayed may consist of loops (as
shown on the second step in Fig. 4A)
rather than well-defined lines. That
effect is known as looping and is
noticeable at very low or very high
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current levels. Looping is a phase
shift caused by device capacitance
and stray capacitance within the
adapter, which allow collector cur-
rent to bypass the DUT itself. It may
also be caused by heating of the
DUT. While lab-grade curve tracers
use elaborate capacitance-cancel-
lation circuitry, that is beyond the
scope of this article. The best approx-
imation of the actual characteristics
curve when looping is present is an
imaginary straight line drawn down
the middle of the loop.

Refer to the test setup and char-

PARTS LIST FOR THE SEMICONDUCTOR

SEMICONDUCTORS

IC1—CD4017 decade counter/divider,
integrated circuit (Jameco 12749)

IC2, IC3—LF412CN dual, low-offset,
FET-input. op-amp integrated circuit
(Newark LF412CN)

IC4—NES5532 dual, low-noise. op-amp,
integrated circuit (Jameco 27385)

IC5—7812T fixed. positive 12-volt
regulator integrated circuit (Jameco
51334)

IC6—7912T fixed. negative 12-volt
regulator, integrated circuit (Jameco
51481)

Q1. Q2—2N2222A general-purpose
NPN silicon transistor (Jameco 38236)

Q3—2N2219A general-purpose PNP
silicon transistor (Jameco 38228)

Q4—2N2905A general-purpose NPN
silicon transistor (Jameco 38279)

BR1—8A. 250-PIV fullwave bridge
rectifier (RadioShack 276-1181)

DI-DI12. D17—I1N4148 general-
purpose, small-signal, silicon diode
(Jameco 36038)

D13-D16—1N4002 1-amp, 100-PIV,
silicon rectifier diode (Jameco 76961)

LEDI—Red light-emitting diode with
holder (RadioShack 276-011)

RESISTORS

(All fixed resistors are '/« watt, 1%
metal-film. units, unless otherwise
noted.)

R1—22,000-ohm, Y%-watt, 5%,
carbon-film

R2—470,000-ohm. Y4-watt, 5%,
carbon-film

R3, R4, R19. R21, R23, R24, R37, R38.
R49, R55—10,000-ohm

RS. R58—100,000-ohm

R6—45,300-ohm

R7—26,700-ohm

R8—17.400-ohm

R9—12,100-ohm

R10—8250-ohm

R11—5760-ohm

R12—3740-ohm

acteristic curves for a PNP transistor
shown in Fig. 4B. Note that for P
polarity devices, the initial cursor
dot position is in the upper right
corner of the scope grid, and the
collector voltage and the step
polarity are reversed. The deflec-
tion now will run from right to left,
and from top to bottom, with the
curves displayed "upside down.”
Similarly. Fig. 5 shows JFET drain
current vs. drain-to-source voltage
for various steps of gate voltage. To
calculate transconductance (gm).
select one of the horizontal curves.

R13—2210-ohm

R14—5000-ohm 15-turn, cermet,
trimmer potentiometer. (Mouser
323-4290W-5K)

R15—7500-ohm

R16. RI7—1800-ohm, V4-walt, 5%,
carbon-film

R18—10.000-ohm linear, conductive-
plastic, potentiometer (Digi-Key
RV4N103-ND)

R20—560.000-ohm, Va-watt, 5%,
carbon-film

R22, R32, R54—4990-ohm

R25-R28—10,000-ohm (see text)

R29. R30—10-ohm, Y4-watt, 5%,
carbon-film

R31—221-ohm

R33. R53—3010-ohm

R34, R35. R52—1000-ohm

R36—2700-ohm, YA-watt, 5%.
carbon-film

R39—4199-ohm

R40. R47—560-ohm, Y4-watt, 5%,
carbon-film

R41—20-ohm. 10-watt, 1%, wire-wound
(RS-10, Newark 13F136-20)

R42—50-ohm, 5-watt, 1%, wire-wound
(RS-5, Newark 13F143-50)
R43, R60—100-ohm, S-watt, 1%, wire-
wound (RS-5. Newark 13F143-100)
R44—200-ohm. 3-watt. 1%, wire-wound
(RS-2B, Newark 13F142-200)

R45—500-ohm, 3-watt, 1%, wire-wound
(RS-2B, Newark [3F142-500)

R46, R51-—1000-ohm, Y:-watt, 1%.
metal-film (Mouser 29MF500-1K)

R48—102,000-0ohm

R50—49.9-ohm

R56—30.100-ohm

R57—49,900-ohm

R59—1-megohm

CAPACITORS
C1.C2,C4-C7,C12—0.1-pF. ceramic-
disc (Mouser 140-CD50Q9-104Z)

C3, C13—27-pF, NPO, ceramic-disc
(Mouser 141-100NS-0271)
C8, CY9—370-pnF. 50-WVDC, aluminum

WWW. amernazaradiehisetary com

Since gm = |/Vs that parameter
can be found for any step of gate
voltage.

Figure 5A shows fest setup and
characteristic curves for an N-
channel JFET. For JFETs, the drain is
connected to J3 and the source is
connected fo J5. The JFET gate
(connected fo J4) is driven from
the volts/step portion of S2. JFETs
are different from bipolar fransistors
in that they conduct maximum cur-
rent with zero gate voltage, so the
step polarity must be opposite that
of the collector supply polarity. The

TESTER

electrolytic (Mouser 140-
XAL50V470)

C10. CHI—4.7-puF 35-WVDC,
aluminum electrolytic (Mouser 140-
XRL35V4T)

ADDITIONAL PARTS

AND MATERIALS

T1—-25.2-volt, center-tapped 0.45-amp
rransformer (RadioShack 273-1366)

T2—12.6-volt, |.2-amp. center-tapped
transtormer (RadioShack 273-1505)

CB1—'f-amp circuit breaker (All
Elccironics CB-05)

Fl—'A-amp fuse

FBI1, FB2—Ferrile bead (All Electronics
TOR-3)

S1. S5—DPDT center-oft mini toggle
switch (Jameco 21952)

S2—S8PI12T shorting-type, rotary switch
(Mouser 10WW112)

S3—DPST. 3-amp. 250-volt AC slide
switch (Digi-Key CKC5105-NDy)

S4—DPDT miniature toggle switch
(Jameco 21979)

S6—4P3T non-shorting, rotary switch
(Mouser 10YX043)

S7—2P6T non-shorting. rotary switch
(Mouser 10YX026)

S8—SPDT miniature PCB slide switch
(Jameco 109170)

J1, J2—BNC receptacle UG- 1094A
(Mouser 532-31-221-RFX1)

J3—Red banana jack (Newark 39F1546)

J4—White banana jack (Newark
39F1545)

J5—Black banana jack (Newark
39F1547)

Pl, P2—Molex connectors, optional,
see text

Experimenter’s circuit board, enclosure.
T-49 wire-wrap pins, wire-wrap 1C
sockets. S-lug terminal strips, fuse
holder. hardware, spacers, solder,
hookup wire, rubber feet, power cord,
grommelt, erc.
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Fig. 7. The test setup und characteristic curves for an SCR are shown here.
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Fig. 8. The test setup and curve for a diode is shown here.
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Fig. 9. Shown here is the test setup and curve for a Zener diode.

first step curve is on top: additional
steps reduce drain-to-source cur-
rent, producing additional curves
below the first one. Figure 5B shows
a test setup and characteristic
curves for a P-channel JFET.

Figure 6A shows tfest setup and
characteristic curves of an N-chan-
nel MOSFET. JFETs and MOSFETs
have a tendency to oscillate on any

curve tracer, producing “fuzz” in the
scope display. To guard against
oscillation, the tester and MOSFET
test fixture have built-in resistors in
series with the gate, and the tester
has ferrite beads at the collector
and emitter jacks. Figure 6B shows a
test setup and characteristic curves
of a P-channel MOSFET.

Figure 7 shows the test setup and

waanar yaricasnradiaohistar, ~am

characteristic curves for an SCR.
Note the similarity to the diode
curve (Fig. 8) once forward con-
duction is achieved.

Figure 9 shows the test setup and
curve for a Zener diode. Note that
the initial position of the cursor dot
is in the center of the scope grid. If
more vertical resolution is required,
the cursor dot can be positioned in
the lower left cormner and positive
collector polarity can be used to
view only the reverse breakdown
voltage portion of the curve. ]

ELECTRONIC GAMES

BP69—A number of interest-
ing electronic game projects
using IC's are presented. In-
cludes 19 different projects
ranging from a simple coin flip-
per, to a competitive reaction
game, to electronic roulette, a
combination lock game. a
game timer and more. To
order BP9 send $4.99 clear-
ance (includes s&h) in the
US and Canada to Electronic
Technology Today Inc., P.O. Box 240, Mass-
apequa Park, NY 11762-0240. US funds only.
Use US bank check or International Money
Order. Allow 6-8 weeks for delivery. MAO7
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Eiecroymic Meres

Build a troubleshooting aid that
can go a long way to determining
the condition of the electrolytic
capacitors commonly found in the

EUGENE W. VAHLE JR.

power-supply circuits of computers, TV, and other electronics equipment.

f you do any type of electronics

testing, troubleshooting, or
repair, you're probably well aware
of how useful a decent capaci-
tance meter can be. In most cases,
the capacitance function of your
DVM—which can normally handle
capacitances of up to about 470
wF—will do. But what do you do
when you need to check out the
large capacitors that are found in
TVs, VCRs, and computers?

Needing to measure capaci-
tfances of up to about 300,000 pF af
voltages as low as 55 volts, the
author developed the Electrolytic
Meter.

Features. Many capacitor testers
rely on frequency to measure
capacitance, but the Electrolytic
Meter is based on the RC time-con-
stant method. That allows the
unknown capacitor to be linearly
charged from 0-4.4 volts. The graph
in Fig. 1 illustrates the difference
between series-resistor charging and
the constant-current charging (t = R
x C, where R is the value of the
selected range resistor, and C is the
value of the unknown capacitor).
An important feature of the
Electrolytic Meter—which has an
accuracy of better than 5% (=1 of
the least significant digit)—is its abil-
ity to discharge capacitors before
and affer the testing with the flip of
a switch o prevent the destruction
of the meter. Most electrolytic
capacitors have large tolerances,
ranging from —20% to +80%, mean-
ing that a capacitor specified at
1000 pF might have an actual
capacitance of as little as 800 wpF
(—20%) to as much as 1800 pF

(+80%). Other capacitors have a
lower tolerance (*10%). For capac-
itors with series resistance (such as
those used in memory backups),
the formulas provided can be used
to find the actual capacitance
and series resistance.

The display portion of the circuit is
comprised of four 7-segment com-
mon-cathode display modules (of
your choice), allowing the
Electrolytic Meter to count and dis-
play any value up to 9999. That
allows large capacitors to be test-
ed on lower ranges.

About The Circuit. A schemafic
diagram of the Electrolytic Meter is
shown in Fig. 2. The circuit is com-
prised of four integrated circuits—
IC1, a 7805 positive 5-volt, 1-amp,
fixed, voltage regulator; 1C2, a
74C925 4-digit counter/multiplexed
7-segment display driver; IC3, a 7555
CMOC oscillator/timer; and 1C4, a
79L05 negative 5-volt, 100-mA, fixed-
voltage, low-power regulator—ten
transistors (Q1-Q10), a fullwave-
bridge rectifier (BR1), two light-emit-
fing diodes (LED1 and LED2), four
common-cathode seven-segment
LED displays (DISP1-DiSP4), and sev-
eral support components.

The Power Supply. The Electrolytic
Meter is powered from the 117-volt
AC line. The AC voltage is applied
to T1, a 12.6-volt, 1.2-amp step-
down transformer, whose output is
rectified by BR1 (a 1-amp. 50-PIV
fullwave bridge rectifier) and fi-
tered by C1 (a 470-uF capacitor),
producing a voltage of between
16 and 19 volts DC. That voltage is
applied along two circuit paths.
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In one path, the oufput of BR1 is
applied to IC1 (a 7805 positive 5-volt
regulator), which produces a rela-
tively ripple-free 5-volt output. In the
other path, the output of BR1 is fed to
a second regulator (that's set up, as
explained later, in an unconvention-
al configuration), a range-select net-
work, and fransistor 10, which
together form a constant-current
source circuit.

Reference Voltage. The reference
voltage (+4.5 volfs) is provided by a
voltage-divider network that’s com-
prised of R16 and R17.The reference
voltage is used to clamp the voltage
across the test capacitor at 5 volts
through Q10. The reference voli-
age—in conjunction with a two-tran-
sistor comparator comprised of Q5
and Q6—is also used fo halt the
count when the voltage across the
test capacitor reaches 4 volts.

Two-Transistor Comparator. When
S2 is in the discharge position, +5
volts is fed through R156 to the base
of Q6, turning it off, which, in turn,
sends Q5 into cutoff. With Q6 turned
off, pin & of IC2 is pulled low through
R14, latching the count into 1C2
and transmitting the latched data
fo the display. At the same time,
with Q5 cutoff, pin 12 of IC2 goes
high. resetting 1C2's internat
counter to 0000 (resetting the
counter has no effect on the
latched data).

When 52 is set to the 1esT position,
the base of Q6 is pulled low
(through the unknown capacitor,
which initially acts as a short), turn-
ing it on. That forces pin & of IC2
high, turning the latch off. At the
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same time, a low is applied to pin12
of IC2, resetting the counter.

At that point, the charge on the
unknown capacitor begins to rise.
When the charge reaches about 4
volts, Q6 turns off again, latching
the final count to the display and
resetting the counter again. In the
meantime, the charge on the
unknown capacitor continues to
increase until it reaches a level
that’s sufficient to forward-bias
Q10, clamping the voltage to
about § volts. Note: Capacitor C9 is
included in the circuit to keep the
two-transistor comparator (Q5/Q6)
from false triggering. while C5
injects a delay between latching
and resetting operations. When §2
is returned to the DISCHARGE position,
the unknown capacitor discharges
through R18.

DC Amp. As the unknown capaci-
tor discharges. the voltage devel-
oped across R18 is amplified by Q7
and Q8. While that’'s happening.
LED2 (oiscHARGE) lights to indicate
the condition of the circuit. When
the voltage across R18 drops to 0.4
volt, LED2 extinguishes, indicating
that the unknown capacitor has
been safely discharged. Note: If
you plan to test a capacitor more
than once. be sure to allow enough
time between doing so for it to
completely discharge.

Clock/Display-Driver. The counter/
display driver (IC2) requires a clock-
ing signal, which is generated by a
7555 CMOS oscillator/timer (IC3).
The reason that the CMOS version
of the 555 was chosen was
because it has a cleaner output
than the standard 555. The clock is
configured to produce an output
frequency of 105 Hz. A 10k poten-
tiometer, R11 (FREQ. ADJUST) is includ-
ed in the clock circuit, allowing the
output of IC3 to be fine tuned.

The 105-Hz clock output of IC3 is
fed to pin 11 of IC2. When IC2’s
reset terminal is pulled low, the
value latched into the counter is
output to DISP1-DISP4 (four com-
mon-cathode 7-segment LED dis-
play modules with right-hand deci-
mal points). The decimal points are
controlled through a section of S3
(the ranGE switch). When S3 is in the
X1 position, DISP4's decimal point

|
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Fig. 1. This graph illustrates the difference between series-resistor charging and con-

stant-current charging.

turns on. When S3 is in the X.1 posi-
tion, DISP3’'s decimal point lights.
The other two positions of S3 do not
need a decimal point.

The digit drivers of IC2 (pins 6, 7.9,
and 10) scan the display modules,
sequentially  activating  them
through driver transistors (Q1-Q4)
at a rate determined by IC2’s inter-
nal clock. While that’s going on,
IC2's segment-driver outputs (pins
1-4 and 13-15) activate the appro-
priate segments of DISP1-DISP4.

Resistors R2-R8 (43-ohm units),
which are connected in series with
IC2's segment-driver outputs, serve
as currentlimiting resistors.

Constant-Current Source. You've
no doubt noticed the unusual con-
figuration of IC4 (a 79L05 negative
5-volt regulator). In that configura-
fion, the IC4’s input is grounded,
while the common (ground) termi-
nal is tied to the positive supply rail.
Because under that condition,
ground is negative with respect to
the positive supply rail, IC4 outputs
aregulated -5 volt signal. That volt-
age is dropped across the base-
emitter junction of Q9 and the
range resistor selected by S3.
Subtracting the average 0.6 volt
dropped across the base-emitter
junction of Q9, the voltage drop
across the selected range resistor is
approximately 4.4 volts.

Current through the selected
range resistor equals 4.4 volts divid-
ed by the range resistor value—44
rA for the x0.1 range, 440 pA for
the X1 range, 4.4 mA for the x10
range, and 44 mA for the %100
range. Note: When the Electrolytic
Meter is operated on the 44-mA

WAAM-Adaekieaniadimahiestans,. com

range, Q9 starts to warm up, slowly
increasing the voltage across the
range resistor until it stabilizes.
Therefore, you have to wait a cou-
ple of minutes before testing an
unknown capacitor on that range.

Capacitor C10 is included in the
circuit to filter the output of IC4,
while R22 places a slight load on
IC4's output. That’s done because
on the 44-pA range, the current
needed for Q9 is very small (in the
order of 0.4 pA). Capacitor C11 is
included in the circuit to help pre-
vent false triggering of the com-
parator. Resistor R27 controls the
current to the decimal point select-
ed through S3.

Construction. There is nothing very
critical about the assembly of the
Electrolytic Meter circuit, which was
assembled in four sections—the dis-
play board, the power supply. the
main board (which contains the
comparator, the DC amp, the volt-
age reference, and the constant-
current-source), and the counter/
display driver board (which
includes the clock circuitry)—on
individual perfboards with inter-
component and inter- board con-
nections accomplished through 30-
gauge (awg.30) wire-wrap wire (for
the most part) and point-to-point
wiring tfechnigues. A heavier gauge
wire (awg. 22) was used for the
power-supply connections. Since
the readout is the least complicat-
ed of all of the subassemblies, let’s
begin construction of the meter by
starting with the dispiay board.

The Display Board. The size of the
board depends on which displays
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common-cathode seven-segment LED displays (DISP1-DISP4), and sev-

Joiu

’

Fig. 2. The Electrolytic Meter is comprised of four integrated circuits (IC1-1C4), ten transistors (Q1-Q10), a fullwave-bridge rectifi-

er (BRI}, two light-emitting diodes (LED1 and LED2)

44 eral support components.
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are used. That’s because no partic-
ular display modules are specified.
Any common-cathode 7-segment
modules with right-hand decimal
points will do. The perfboard select-
ed for the display should be large
enough so that mounting holes
can be drilled in the corners of the
board without interfering with the
display modules. Irregardiess of the
display modules /selec’red, you'll
need a pinout diagram of the
modules for this operation.

Place and solder the four 7-seg-
ment display modules to the board
(horizontally), and then wire like-
segment (all "a” segments, all "b”
segments, efc.) terminals together
in a bus configuration. Upon com-
pletion of that task, attach lengths
of hook-up wire to each of the
seven strings of segment terminals
and label them “a,” "b,” “c,” efc.
Next connect four lengths of hook-
up wire to the common-cathode
(CC) terminals, and label them 1-4.
The leffmost module (DISP1) con-
nects to the “A” driver output of IC2;
DISP2 connects to "B,” and so on.
Attach lengths of hook-up wire to
the decimal-point terminals of
DISP3 and DISP4. When done, you
should have seven wires for the
seven segments, four common
wires (one for each dispiay), and
two wires for the two decimal
points (total of thirteen wires). Once
that's done, check your work for
the usual construction errors.

If all is well, place the board to
the side for the time being, and
move on to the next phase of con-
struction—the power-supply board.

Power Supply. All of the compo-
nents for the power supply (except
T1 and IC4) were mounted to a smalll
section of perfboard.The transformer
was mounted to the inside-left rear
corner of the enclosure with the
power-supply board mounted to the
right of the transformer.

Place and solder BR1, C1,R1, and
C2 to the component side of the
board. Mount IC1 to the bottom of
the enclosure using appropriate
non-conductive spacers and
heatsink compound. Mount the
power LED1 and S1 to the front
panel of the enclosure. Solder
everything together using the
schematic as a guide. Since this is

TABLE 1—USING THE ELECTROLYTIC METER

ACTUAL READINGS
WITHIN
HIGH LOowW 10% OF CAPACITOR CONDITION
RANGE RANGE EACH
OTHER?
Low Low Yes Has low capacitance; use high-range
reading for correct capacitance.
Low High Yes Slightly low capacitance; use high range
reafing for correct capacitance.
High Low Yes Not possible unless the checker is not
functioning properly.
High High Yes Has some leakage but capacitor is usually
OK. Use high-range reading.
Low Low No Has some serics resistance. Use low range
reading for corfect capacitance.
May have both leakage and series
Low High No resistance. Measure leakage with
ohmmeter. If OK, use lower range reading.
Tius sume leakage; use ohmmeter to test.
High High No Use high-range reading for capacitance
If tesser continues counting non-stop on Capacitor has serious leakage or internal
either range. short.
= APPROXIMATION FORMULAS
ESR = Equivalent series resistance EPR = Equivalent paraliel resistance
HR = Capacitance measured on x 10 range HR = Capacitance measured on x1 range
LR = Capacitange measured on x1Q0 range LR = Capacitance measured on x 10 range
ESR = HR - LR/0.011 X HR EPR =6321.2 X HR/(HR — LR)

Actual capacitance if series resistance is
present (e.g., memory backup capacitors

HR = capacitance measured on X 10 range
LR = capacitance measured on X100
range

C=(11 X HR) - LR/10

the power supply, it’s is wise to use
heavier gauge wire (Qwg. 22) in this
section of the circuit. The fuse will
be added later.

Main Board. Mount all the parts for
the comparator, DC amp, +4.5-volt
reference. and the constant-cur-
rent source to the perfboard. The
main board was mounted to the
right side of the enclosure. Mount
53, S2, and LED?2 to the front panel
of the enclosure, and then solder
the range resistors (R23-R26) and
R27 directly to S3. Solder everything
together according to the
schematic. Next, connect lengths
of wire to the B+, regulated +5-volt,
and ground points on the power
supply board. In addition, connect
two wires to $3 (B+ and center tap
of range resistors). Three wires must
go to the clock/display driver
board (latch, reset and ground.).
Two wires go to LED2. Three wires go
to $2 and two wires go to the test
clips outside the enclosure for test-
ing capacitors (fotal of fifteen
wires). Attach B+ (on S3) to the

WAL ametiaaaradiohietary. com.

range resistors and R27.
Clock/ Display Driver. The other
PC board in the Parts List is for the
CMOS clock and display driver (IC2
and IC3). This board should be
mounted in front by the display. You
should now mount the display
board to the front of the enclosure
(I cut the rectangular hole with a
Dremel drill and cutoff wheel). The
black display cover was an old
cover | found in the junkbox. It
made the project a little more pro-
fessional, but isn't needed if you
don’t have one. Solder the parts of
the clock and display driver to the
board. Be sure C7 (470 uF) is close
to IC2. Solder a couple of fuse clips
to the left of the board for F1. One
fuse clip is connected to S1 and
the other to 117 volts AC. Keep the
fuse and its solder joints well away
from the other parts and connec-
tions on the board! You can use a
panel-mount fuse holder instead, if
you wish.,

Solder everything together
according to the schematic dia-
gram. You'll need +5 volts and
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PARTS LIST FOR THE ELECTROLYTIC METER

SEMICONDUCTORS

IC1—7805 positive 5-volt, 1-amp,
fixed, voltage regulator, integrated
circuit

1C2—74C925 4-digit counter/multi-
plexed 7-segment display driver,
integrated circuit

1C3—7555 CMOC oscillator/timer,
integrated circuit

IC4—79L05 negative 5-volt, 100-mA,
low-power, fixed, voltage. regulator,
integrated circuit

Q1-Q4—PN2222 general-purpose NPN
transistor

Q5. Q8-—~2N3904 general-purpose NPN
transistor

Q6, Q7—2N3906 general-purpose PNP
transistor

Q9. Q10—PN2907 general-purpose
PNP transistor

BR1—1-amp, 50-PIV, fullwave bridge
rectifier

DISP1-DISP4—Common-cathode,
seven-segment LED display with
right-hand decimal point (RHDP)

LED1—Green light-emitting diode
T1-3/4

LED2-—Red light-emitting diode
T1-3/4

RESISTORS

(All resistors are Y4-watt, 5% units,

unless otherwise noted.)

R 1-—1000-ohm

R2-R8—43-ohm

R9—47,000-ohm

R 10—39,000-ohm

R11—20,000-ohm, PC-mount
potentiometer

R12—15,000-ohm

R13, R14—I-megohm

ground from the power supply.
Connect the three wires from the
comparator board. Aftach the thir-
teen wires from the display (four go
to Q1-Q4, and seven go to R2-R8).
Connect the other two wires from
the display decimal points to their
appropriate places on S3. Note; S3
is a 3P4T switch. You only need two
of the three poiles. (It's hard to find
2P4T switches.) The extra pole was
used to tie the range resistors
together.

Calibration. First, test the B+ and
+5-volt supplies for the correct volt-
ages. Check ripple, if you can, on
the B+ line. It should be no greater
than 5 volts peak-peak (= 1.78 volts
rms). If the ripple voltage exceeds 5
volts peak-peak, replace C1 with

R15—2.2-megohm
R16—220-ohm

R 17—2000-ohm
R18—100-ohm, %-watt, 5%
R19—4700-ohm
R20—20,000-ohm
R21—150-ohm
R22—2200-ohm
R23—100-ohm. .-watt, 1%
R24—1000-ohm, Y4-watt, 1%
R25—10,000-ohm, Y4-watt, 1%
R26—100,000-ohm, 'Y4-watt, 1%
R27—360-ohm, %-watt, 5%

CAPACITORS

C1—470-wF, 35-WVDC, electrolytic

C2—10-uF, 10-WVDC, electrolytic

C3—0.1-p.F, metal-film

C4, C9—0.01-pn.F, ceramic-disc

C5—0.1-pF, ceramic-disc

C6, C8—100-pF, 10-WVDC,
electrolytic

C7—470-pF, 10-WVDC, electrolytic

C10, C11—1-uF, 16-WVDC,
electrolytic

ADDITIONAL PARTS

AND MATERIALS

T1—12.6-volt, 1.2-amp transformer

PL1—117-volt AC line cord with
molded plug

F1—0.25-amp slow-blow fuse

S1—SPST toggle switch

S$2—SPDT momentary switch

S3—3P4T rotary switch

Perfboard materials, 8- (W) X 6- (D) X
2- (H) inch metal enclosure, heatsink
and heatsink insulators, heatsink
compound, test clips, LED holders,
power cord, fuse-holder, knob, IC
sockets, strain relief, wire, solder,
hardware, efc.

1000-wF capacitor. Next, check the
current of each range by connect-
ing a DMM (set as-an ammeter)
across the two test clips. Don’t
worry, doing so won’t hurt anything.
The approximate currents should
be: X.1 range = 44 pA. X1 range =
440 pA, X10 range = 4.4 mA, X100
range = 44 mA. Note: The current
will rise on the x100 range from
about 43 mA to 44 mA until it stabi-
lizes. To improve accuracy, each of
the range resistors can be
replaced by parallel combinations
of resistors in order to generate
more precise test currents.

If you have a known good elec-
frolytic (say, 10,000 wF or more), con-
nect it across the test clips. Test the
capacitor (on the X 10 range). Adjust
R11 as required until the display

shows the correct capacitance.
Keep tfesting and adjusting until the
display matches the value of the
known capacitor. If you don’t have
a known capacitor, then get several
capacitors of the same value (say
10,000 pF or more). Test each one to
find the one that you think is the cor-
rect value. Set R11 as described for
the known capacitor, using the
value of the one you chose. Note:
Overall accuracy is better on the
X 10 range.

Using the Meter. When festing
unknown capacitors, it is not unusu-
al to get readings that differ from
the unit’s specified value. When
that happens, Table 1 can help you
to figure out the reason for various
readings. Normally, a quick check is
all that is needed to find a bad
capacitor. There will be times when
the meter won't stop counting. As
illustrated by Table 1, that may be
an indication that the capacitor
has excessive leakage or an inter-
nal short.

When using the X100 range (44
mA), you should let the meter warm
up for a couple of minutes to allow
the circuit to stabilize. That's
because Q9’'s base-emifter junc-
fion voltage tends to vary as Q9
warms up. Although that does not
pose a major problem, It can
decrease accuracy until the circuit
stabilizes. Also, remember the last
digit may be off by *+1.

Computer-grade capacitors are
designed to have a low equivalent
series resistance (ESR) while memo-
ry backup capacitors have a fairly
high ESR. When testing a capacitor
that has a high ESR, use the formu-
las in Table 1 to find the correct
capacitance and ESR. The formulas
are not perfect, but they’'ll get you
close enough. Power supplies hate
capacitors with high ESR! When
making a power supply, it’s better
to use a couple of capacitors in
parallel than to have a single
capacitor with oo much ESR. The
voltage drop across the unit’s inter-
nal series resistance develops as
current—not a good condition for
capacitors used in power-supply
applications.

The meter can be allowed to roll
over (count to 9999 and continue)

(continued on page 52)
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PC MONITOR
CHECKER

You stare at the blank display
and it stares right back, as you
wonder: *Is the display broken or is
it the video card?” If it's simply the
video card, there might be a cou-
ple of hours of work involved in get-
ting the system up and running

The Checker is comprised of three
primary sections: an oscillator
(OSC1) with decoders for horizon-
tal- and vertical-sync frequency
generation, a sync-retrace section,
and an output section. Power is

derived from a 9-volt battery

Circuit Description. A complete
schematic diagram of the PC
Monitor Checker is shown in Fig. 1.

C.C. ROHER

again. Simply buy another cir-
cuit card, install it, and away
you go. On the other hand, if
the monitor is sick, you might
be looking at a lot more than
just a few hours of down
time—not to mention, lighten-
ing your wallet by at least a
couple hundred dollars.

If you are like me, then you
do your own repairs regard-
less of how much hair pulling it
might entail. In order to keep
your sanity (and reduce your
hair loss), you need effective
diagnostic tools. A decent
video source for testing the dis-
play is a good first step in the
right direction.

The PC Monitor Checker pre-
sented in this article doesn’t
generate numerous NTSC color
signal patterns, nor does it pos-
sess the special functions found
on commercial-grade video
testers; however, it also doesn’t
cost upwards of $300 dollars as
do most of the off-the-shelf units.
The PC Monitor Checker is
designed to test EGA, VGA, and
Hercules MGA (monochrome)
displays, as well as composite-
video monitors. With the addition
of an RF modulator, it can also
be used to test the video por-
tions of a television set—ranging
from the tuner through the
deflection circuit. On top of that,
the PC Monitor Checker is inex-
pensive to build (between $25
and $35); it's battery operated,
and can be assembiled in about
ten hours.

\

ay l@mm&

"Jﬂmma

Whether you’re an avid do-it-
yourselfer or a professional com-
puter vepair technician, this eval-
uation civcuit is surve to come in
bandy when trying to ascevtain
why your PC monitor—be it
EGA, VGA, composite video, or
Hercules MGA video displays—
has suddenly gone dark.

wwW e naaaradiehistary com

(B1), which is connected to a &-
volt regulator (IC12) through
power switch S1.The maximum
current drain from the fully
loaded unit is between 30 and
40 mA, so the battery should
last 2 to 3 hours. Most of the
current drawn is used by IC7,
an LM556 dual oscillator/timer.
The dual oscillator/timer can
be replaced by a CMOS unit,
such as the 75561PD, thereby
significantly reducing current
consumption.

Oscillator/Sync Frequencies.
The circuit uses a crystal oscilla-
tor (OSC1) to generate a 2-MHz
squarewave signal. The output of
OSClisfedtoIC1(a 4013 dual D-
type flip-flop). The 4013 divides
the oscillator frequency to pro-
duce 1-MHz and 500-kHz square-
wave signals, which are used to
generate three horizontal-sync
frequencies and a 60-Hz, vertical-
sync pulse.The 1-MHz signal is fur-
ther divided and decoded by IC8
and IC11, and used to develop
the various video pulses.

Horizontal and Vertical Sync.
The sync section is divided into
two sub-assemblies: one of
which develops the horizontal-
sweep frequencies, while the
other produces the vertical sync.
Most common monitors use hori-
zontal sweep frequencies in the
15-kHz to 32-kHz range. The 60-Hz
AC line frequency is most often
used for the vertical sync.

The 1-MHz squarewave output
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Checker—which is designed to test EGA, VGA, and Hercules MGA monitors, as well

as composite-video displavs—is comprised of three primary sections: an oscillator (OSC1) with decoders for

Monitor

Fig. 1. The PC

horizontal- and vertical-sync frequency generation, a sync-retrace section, and an output section.
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PARTS LIST FOR THE PC
MONITOR CHECKER

SEMICONDUCTORS

IC1—CD4013 CMOS dual D-type
flip-flop, integrated circuit

1C2—CD4024 CMOS 7-stage ripple-
carry binary counter/divider,
integrated circuit

IC3—CD4011 CMOS quad 2-input
NAND gate, integrated circuit

1C4, 1C9—CD4012 CMOS dual 4-input
NAND gate, integrated circuit

1C3, IC10-—CD4069 CMOS hex invert-
er, integrated circuit

IC6—CD4020 CMOS 14-stage ripple-
carry binary counter/divider,
integrated circuit

IC7—1.M556 dual oscillator/timer,
integrated circuit

IC8, IC11—CD4017 CMOS decade
counter/divider, integrated circuit

1C12—1.M7805 5-volt, 1-amp, fixed
voltage regulator, integrated circuit

Q1-Q5—2N2222A, 2N3904, or similar
general-purpose NPN silicon
transistor

D1—1N91i4, IN4148, or similar
general-purpose, small-signal,
switching diode

RESISTORS
(All fixed resistors are 's watt,
5% units.)
R1—1000-ohm, 10--15-turn
potentiometer
R2, R8, R10, R12, R17—10,000-ohm
R3—100,000-ohm
R4—15,000-ohm
R5—22,000-ohm
R6, R9, R11, R13, R18—4700-0hm
R7, R14, R15, R16—82-ohm
R19—100-ohm
R20, R21—330-ohm

CAPACITORS

C1—10-pF, 16-WVDC, tantalum
C2, C3—0.1-pF, ceramic-disc
C4, C6—0.02-pF, ceramic-disc
C5, C7—0.002-p.F, ceramic-disc

ADDITIONAL PARTS
AND MATERIALS
0OSC1-—2.000-MHz crystal oscillator
S1—SPST miniature toggle
$2—SP3T non-shorting, miniature
rotary switch,
J1, J5—9-pin, D-type connector
J2—15-pin, D-type connector
J3—RCA phone jack
J4—BNC jack
B1—9-volt transistor-radio battery
Perfboard materials, 6 %4- (L) X 3 % (W)
X 1% (D) inch enclosure
(RadioShack 270-627), wire-wrap IC
sockets, 0.8-inch threaded spacers,
push-in flea terminals, headers, 9-volt
battery holder and connector, wire,
solder, hardware, etc.

As shown in this internal shot, the author used perforcted construction board and point-to-point and
wire-wrapping ussembly techniques in the PC Monitor Checier.

of IC1 is fed to IC2 (a 4024 CMQOS 7-
stage ripple-carry binary counter).
The output of IC2 is applied to IC3-
a, IC4-a, and IC9-b, wnere the sig-
nal is decoded to provide three
selectable (via 52) signals: 15 kHz,
20 kHz, and 32 kHz. The selected
output is fed back through IC5-¢c (/s
of a 4069 hex inverter) to the reset
input of IC2 at pin 2, causing it to
generate a fast negative-going
pulse that is applied to IC7-a (/. of
the LM556 oscillator/timer) and
used to generate the horizontal
retrace signals. Givernn OSC1's fre-
quency and the fact that the
counter and decoders do integer
division only, it should be obvious
that precise frequencies are gener-
ated by the circuit. For example,
the 15-kHz sweep freguency is real-
ly 15,180 Hz. That's not a problem.
Adjusting the horizontal sweep on
older monitors produces a good
lock. In VGA monitors. the sweep is
automatically/internally adjusted,
within certain limits.

The horizontal retrace signal is
another story: Every monitor that
was  tested or  researched

WWWL ameraaaradiehisetary com

cppecred to have different retrace
time periods that range from 5 to
20 microseconds, with most hover-
ing at the greater time period. The
retrace time cetermines how much
picture is displayed horizontally.
Fotentfiometer R1 can be adjusted
1o produce retrace widths of about
10 to 25 microseconds.

The 500-kHz output of ICT at pin
13 is fed to ICé (a 4020 14-stage rip-
ple-ccrry binary counter) at pin 10.
The binary counter then produces
several cutput signals that are
applied to IC4-b (half of a 4012
dual four-input NanD gate). That
NAND gate decodes the signals, pro-
ducing a positive pulse through
IC5-d that is fed back to the reset
input of IC6 at pin 11. At the same
time, a fast negative-going pulse
output by IC&-f is fed to pin 8 of IC7-
b, causing it to generate a 220-ps
wide, fixed wertfical-retrace pulse.
ke the horizontal-retrace pulse,
the \ertical-retrace pulse widths
seem o be unique for every moni-
tor researched or tested and
ranged from 75 ps fo 1 ms. In some
of the monitors tested (MGA and

soluo4108|3 Jeindod ‘6661 A
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composite types). a dark horizontal
space appeared at the top and
bottom portions of the screen. With
the newer VGA types, however, the
vertical size of the picture is
adjustable and the spaces could
be eliminated.

Monitor Outputs. The checker pro-
duces several different “species” of
monitor video: MGA, EGA, VGA,
and composite. Many of the older
model monitors and a very, very
few of the newer models use the
composite format. The composite
format consists of a serial . signal
composed of video, vertical sync,
and horizontal sync. The video sig-
nal *rides” on top of the peak sync-
signal level in between the retrace
pulses. The entire signal is approxi-
mately 1-volt peak-to-peak with
the sync level being about 0.2 volts
and the video ranging between 0.5
and 1 volt. The video ampilitude
determines the infensity of the dis-
played picture.

In the checker. composite
video/sync is generated by AnDIng
the video signal from IC8. the hori-
zontal-retrace signal from IC5-q,
and the vertical retrace signal from
IC5-b at the base of Q1 through a
voltage-divider network comprised
of R4-R6. Transistor Q1, which is con-
figured as an emitter follower, pro-
vides composite video/sync to
both J3 (an RCA jack) and J4 (a
BNC jack).

Although there aren’t many
monitors out there that use this for-
mat, the checker provides a mono-
chrome graphics adapter (MGA)
output at J1. All of the MGA-format
outputs are TTL compatible except
intensity. The intensity output mimics
the video output, but at a maxi-
mum level of 0.7 volts. As with the
composite video level, the greater
the amplitude of the intensity sig-
nal, the brighter the picture.

Currently, the VGA video format is
the one of choice for monitor man-
ufacturers and buyers. The VGA sig-
nal is made available through J2 (a
15-pin D-type connector). A 4017
decade counter/divider (IC11)
divides the 1-MHz squarewave into
three separate video signals: PRI.
RED. PRI. GREEN, and PRI. BLUE. In
the VGA format, video-color intensi-
ty is determined by an analog rep-

resentation of the signal level, with
0.7-volt representing the brightest
ilumination.

The outputs of IC11 are fed to a
series of resistive voltage dividers—
R8/R9, R10/R11, and R12/R13—to
produce red, green, and blue drive
signals, which are buffered by Q2,
Q3. and @4, respectively. Buffering is
required because the mandated
VGA video source impedance
should be approximately 75 ohmes.
The sync signals are TTL/CMOS logic
levels and are as-marked on the
schematic.

The EGA output at J5 was the
only one that we were unable to
vadlidate with an operational moni-
tor. Apparently, EGA monitors are
fair