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Time Versus Money 
In this month's Letters Column, reader Tom Gordon raises some serious disagree- 
ments with some of my earlier comments about the Internet (see the letter entitled 
"Editorial Comment" on page 12). In particular, he argues that the Internet is 

nothing more than another mass -communications media, and one that is expensive 
and supplies nothing that could not be obtained elsewhere. He is, of course, cor- 
rect. He is also dead wrong. Let me explain. 

Yes, the information on the Internet is largely advertising driven. Many sites exist 
to promote those that set them up, turn to advertising banners and the like to "pay 
the freight," or do both. This is not in and of itself a bad thing, and it is certainly 
not new. As most recognize, the magazine you are reading now would flat out not 
exist were it not for our advertisers. The same is true for virtually any source of 
news or information: radio, TV, newspapers, professional journals, consumer mag- 
azines, etc., etc. 

And while reader Gordon contends that little current content is available for free, 
that is actually far from the truth. Yes, many media and other informational sites 
are available only by subscription or offer limited editorial content, but many oth- 
ers offer the full text of their current editions for free, with only the annoyance of 
an advertising banner to "spoil" things. What's more, many media sites provide 
more in -depth coverage than can be accommodated in their native format, with 
most of that available for the asking. There are also many sites on the Internet that 
offer information that is available nowhere else. Those range from Net -only mag- 
azines such as the recently re -born Byte magazine (www.byte.com) to hobbyist 
labor -of -love sites like our own Sam Goldwasser's www.repairfaq.org, a compendi- 
um of practical information for those seeking to service all sorts of electronics 
equipment. 

And yes, there is a cost involved in using the Internet, but access costs are dropping 
steadily and now there are even some practical alternatives that cost exactly zero. 
For example, NetZero (www.netzero.com) offers free Web and e -mail access 
nationwide. There is no set -up fee, the software is free for download, and there are 
no monthly connect charges. The catch is that the service is advertising driven, 
which means that you have to keep a small 1- by 3 -inch or so advertising window 
open on your desktop while on -line. Still, free is free. 

Anyway, in my mind, the real issue is not cost, but timeliness and accessibility. Can 
most of the information found on the Internet also be obtained from a library? Of 
course it can. But how many have a library on their desktop? Can we get much of 
the information via brochures, bulletins, etc.? Of course we can. But how many 
times is it far more useful to get that information today instead of tomorrow, or a 

week from tomorrow? 

It all comes down to a question of value, or more accurately, time versus money, 
and that is a question only you can answer for yourself. 

Carl Laron 
Editor 
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READERS' QUESTIONS, EDITORS' ANSWERS 

CONDUCTED BY MICHAEL A. COVINGTON, N4TMI 

ER...That Was A Joke! 
Our April Fools' Day joke, "The 

EC909 -12 Analog Microprocessor," 
apparently fooled a number of people 
too well -we've received a flood of mail 
about it. 

Note that Ecraf is farce spelled back- 
ward, no address is given for any person 
or company involved, the claims are out- 
landish (such as emission of huge 
amounts of light- enough to light a 

city-at tiny currents), and the last para- 
graph of the article says it's due for 
release on April 1, our national day of 
tomfoolery. 

Two items in "Prototype" (the DVD 
rewinder and the WIG -WOM) were 
also put -ons and also specifically men- 
tioned April 1. But the equally improba- 
ble- sounding quantum tunneling tran- 
sistor (pp. 42 -43, 50) is real; see www. 

sandia.gov /media/quantran.htm for more 
information. 

April Fool's jokes are a decades -old 
tradition at Electronics Now; our 
founder, Hugo Gernsback, published 
facetious articles under the name of 
Mohammed Ulysses Fips. Interestingly, 
though improbable at the time, some of 
the concepts in those articles -such as 

an optical audio disc -were uncannily 
predictive of the future. And that's the 
problem -one person's fiction can easily 
be another person's invention. 

Ultrasonic Listener 
Where can I find plans or a kit for a cir- 
cuit to allow me to hear ultrasonic sounds 

irh as bats' squeaks ? -L. S., Newton, MA 

Al'in not aware of a complete, pub - 
lished project or kit, but Fig. 1 shows 

a circuit you can experiment with. I used 
it successfully to listen to the squeaks of 
a domesticated rat. 

The principle involved is heterodyning 
(mixing), a process that gives you the 
sum and difference of the original fre- 
quencies. For example, if you mix a 25- 
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A TO 
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AUDIO OUT 
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FIG. 1- HERE'S A GOOD STARTING POINT for an ultrasonic -listening circuit. The NE602 

mixes 25 -kHz ultrasound with a 20 -kHz oscillator signal, yielding 5 -kHz audio. If you can't 

find the now- discontinued NE602, the SA602 (still being made) is a direct replacement. 

kHz incoming signal with the output of 
a 20 -kHz oscillator, you get additional 
signals at 25 + 20 = 45 kHz and 25 20 
= 5 kHz; the latter is audible. 

Heterodyning takes place when one 
signal is multiplied by the other; that is, 

when the amplification of one signal is 

proportional to the signal level of the 
other. Any nonlinear amplifier will do 
this, but the NE602 chip shown in the 
circuit uses a sophisticated mixer called a 

Gilbert cell whose advantage is that not 
much of the original signal appears at 
the output. 

The NE602 was designed for radio 

receiver front -ends, and it works with 
low -level signals, so the microphone 
connects directly to its input. As shown, 
the microphone is connected differen- 
tially across pins 1 and 2. If one side of 
the microphone is grounded, you can 
connect the ungrounded microphone 
lead to C2 and add a capacitor, equal to 
C2, from pin 2 to circuit ground. 
Although the NE602 provides some 
amplification, the output signal is still 
microphone -level. 

The design of the oscillator is up to 
you; its frequency should be adjustable 
so you can tune it near the ultrasonic 
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signal you want to hear. From R2 it goes 
directly into the base of a transistor. 
Logic -level (5 -volt) oscillators work 
well; I used a signal generator for exper- 
iments, but a 555 chip would be a good 
choice when building a self -contained 
unit. 

Note that the NE602 is no longer 
being manufactured, but should still be 
available from a number of sources. If 
you can't locate one, the SA602, which is 

still nude, is a drop -in replacement. 

Protective Resistor? 
OIn your September 1998 column, the 

ans -wer and Fig. 1 (Fig. 2 here) should 

specify a "build -out" resistance on any exter- 
nal connections to PC printer port pins other 
than ground. Failure to do so is inviting an 
expensiz e repair to the parallel port if for 
instance in this case, QI were to develop a 
defect and apply +12 volts to pin DO. For the 

IRF510, a resistor between 10,000 and 
100,000 ohms would provide the needed 
protection. I hope you have already received 

at least a dozen comments about printer port 
protection. -J. C. H., Winston - Salem, NC 

ANo, actually, yours was the only one. 
Your basic point is a good one; a few 

strategic resistors can help make inter- 
connections safer. However, whether to 
put this resistor in is a judgment call; in 
general, we want to present the simplest 
circuit that works reliably, and the sce- 
nario that you describe is quite uncom- 
mon. Because of the way they're built, 
MOSFETs are much more likely to 
short from drain to substrate than from 
drain to gate. Even if the worst hap- 
pened, it's not clear that applying +12V 
would actually damage a modern paral- 
lel port, which includes some protective 
resistance of its own; higher voltages 
certainly would, of course. 

Because this circuit drives a relay, sig- 
nal speed is not an issue, but in general, 
adding relays will slow down the charg- 
ing of cable capacitance and gate capac- 
itance. This can be good or bad. Small 
series resistors (on the order of 330 
ohms) often make a long data cable work 
more reliably by reducing crosstalk. A 

resistor as large as 10,000 ohms, though, 
should be placed close to Q1, not at the 
PC, in order not to weaken the signal 
going into the cable. 

Bucket- Brigade Devices 
Back in the 1970s, there were audio delay 

4 chips called bucket- brigade analog delays. 

Are they still being made? Are books about 
them available ? -C. K. S., Waymart, PA 

A Bucket -brigade delay devices are still 
made by Panasonic (Matsushita) and 

are available from Panasonic distribu- 
tors, one of whom is Digi -Key, 701 

Brooks Ave. S., Thief River Falls, MN 
56701; Tel: 800 -344 -4539; Web: 
www.digikey.com. Digi -Key also sells 
the data book. Data sheets can be viewed 
online at www.mec.panasonic.co.jp /e- 
index.html (you're connecting to Japan 
when you do this, so it may be a little 
slow). You can also request data from 
Panasonic Electronic Components, 
1600 McCandless Drive, Milpitas, CA 
95035; Tel: 408 -946 -4311. One part 
number to look at is the MN3008. 

A bucket -brigade device is an IC that 
passes the signal from one internal 
capacitor to another in succession, just 
like people passing buckets along, and 
can delay an audio signal as much as 0.4 
second. Using feedback, bucket -brigade 
devices can generate echoes and rever- 
beration effects. 

Dueling Transmitters 
QWe use a simple transmitter with an FM 
radio and outdoor speaker to monitor 

activity on the internal phone line of the coal 

mine where 1 work. Teenagers in the area 
have started a community FM- broadcast 
station which interferes with our reception 

no matter where we tune the transmitter 
and radio. Can our transmitter be modified 
to tune somewhere in the 30 -50 MHz range 
so we can use a scanner to monitor the activ- 
ity in the mine ? -D. B., Jesse, WV 

AProbably, but let's solve the real 
problem instead. What you're experi- 

encing is a conflict between two unli- 
censed transmitters, yours and theirs. 
Unlicensed transmitters are not allowed 
to interfere with licensed ones, so if the 
teenagers are keeping you from receiv- 
ing FM broadcast stations (not just your 
own transmitter), you have a clear case 
against them. Contact the teenagers, 
explain the problem, and explain that 
you will report them to the FCC if 
they don't clean up their signal. Or, 
if you prefer, contact the Federal 
Communications Commission, Tel: 
888 -225 -5322 and report the problem 
directly. 

However, I believe that safety- critical 
communications should never rely on an 
unlicensed transmitter; you just have no 
assurance that your signals will not be 
interfered with. Consider relaying the 

PC PRINTER PORT 
(25 -PIN SOCKET) 

9 4- 
8 

D5 
7 4-- 
6 4 D4 

- - -- 
5 D3 - - -- 

D2 
4 4-- 
3D1 

DO 
2 

+12V 

D1 

1N4001 

25 tGNDI 1 
R1 

??? 

RELAY 

Q1 
I R F510 

FIG. 2- ADDING A RESISTOR between the printer port and any external circuit connect- 

ed to it could add protection in case of a failure, but is it really needed? See text. 



signal by wire rather than by radio. 
If you want to put your transmitter in 

the 49 -MHz cordless -phone band, dou- 
ble the inductance of the tuning coil and 
double the capacitors in the tuned dr- 
cuit (10 pF instead of 5 pF). However, 
you'll then be running a risk that your 
third harmonic (around 150 MHz) will 
interfere with police or public -safety 
communications. Go a little lower (120 
MHz), and you'll interfere with aircraft 
communications instead. A low -pass fil- 
ter and/or tuned antenna will be neces- 
sary to prevent these problems. 

Dueling VCRs 
OW I record a program on my 

Magnavox VCR and play it back on my 
Zenith VCR, I get a picture but no sound. 
I'm feeding RF into my TV, so it im't a bro- 
ken audio cable. My Zenith VCR has no 

problem playing back pre- recorded tapes. 

What's wrong? A. E., Glendora, CA 

A Obviously, one of the VCRs is slight- 
ly out of specification, but without a 

third VCR to break the tie, it's hard to 
say which. It's possible both of them are 

out of adjustment in opposite directions, 
so they're incompatible with each other 
even though they both play pre- record- 
ed tapes. There are several electronic 
adjustments on a VCR that may need 
tweaking; if it were me, I'd take the 
Zenith unit in for a checkup first. 

Shielded Car Speakers 
My car stereo speakers create such a 

strong stray magnetic field that it is 

impossible to use a compass anywhere in the 

car. Is it possible to put some kind of mag- 
netic shield around the speakers that will 
allow the compass to work undisturbed ? -G. 
K, Euclid, OH 

AThose must be fairly big speakers, 
since most car stereos do not inter- 

fere with compasses. Steel or iron 
shields may help a little, but the best tac- 
tic is probably to try to balance out the 
magnetic field using more magnets. 

You indicate that you've already tried 
relocating the compass; have you also 
tried adjusting its compensation? Many 
compasses include tiny magnets that can 
be adjusted to counteract an ambient 

magnetic field. Some stereo speakers, 
designed for use around computers, also 
include compensating magnets to 
reduce the total field strength outside 
the speaker enclosure. 

We'd like to hear from readers who 
have addressed this problem. 

Preventing Acoustic 

Feedback 
QI have a hearing problem and want to 

amplify the faint "beep- beep" from an 
electronic timer. Everything I build oscillates 

because of feedback from the microphone. 
Can you help ? -J. B. W, Detroit, MI 

A As you know, feedback squeals result 
when the same sound wave gets 

amplified over and over -it goes in the 
microphone, out the speaker, in the 
microphone again, and so on. 

The best solution is to get rid of the 
microphone by making a direct electri- 
cal connection from the sounder in the 
timer to the input of your amplifier. 
Second best is to put the timer in a 

closed box with the microphone inside. 

HOW TO GET INFORMATION ABOUT ELECTRONICS 

On the Internet: See our Web site at http: / /www.gernsback.com for 
information and files relating to our magazines (Electronics Now 
and Popular Electronics) and links to other useful sites. 

To discuss electronics with your fellow enthusiasts, visit the news- 
groups sci. elec tronics.repair, sci.electronics.components, sci.elec- 
tronics.design, and rec.radio. amateur.homebrew. "For sale" mes- 

. sages are permitted only in rec.radio.swap and misc.industry.elec - 
tronics.marketplace. 

Many electronic component manufacturers have Web pages; 
see the directory at http: / /www.hitex.com /chipdir /, or try addresses 
such as http: / /www.ti.com and http: / /www. motorola.com (substitut- 
ing any company's name or abbreviation as appropriate). Many IC 

data sheets can be viewed online. www.questlink.com features IC 
data sheets and gives you the ability to buy many of the ICs in 
small quantities using a credit card. You can also get detailed IC 

information from www.icmaster.com, which is now free of charge 
although it formerly required a subscr ption.Extensive information 
about how to repair consumer electronic devices and computers 
can be found at www.repairfaq.org 

Books: Several good introductory electronics books are available at 
RadioShack, including one on building power supplies. 

An excellent general electronics textbook is The Art of 
Electronics, by Paul Horowitz and Winfield Hill, available from the 
publisher (Cambridge University Press, 1- 800 -872 -7423) or on spe- 
cial order through any bookstore. Its 1125 pages are full of informa- 
tion on how to build working circuits, with a minimum of mathemat- 
ics. 

Also indispensable is The ARRL Handbook for Radio Amateurs, 
comprising 1000 pages of theory, radio circuits, and ready -to -build 
projects, available from the American Radio Relay League, 
Newington, CT 06111, and from ham -radio equipment dealers. 

Copies of past articles: Copies of past articles in Electronics 
Now and Popular Electronics (post 1994 only) are available from 

our Claggk, Inc., Reprint Department, P.O Box 4099, Farmingdale, 
NY 11735; Tel: 516- 293 -3751. 

Electronics Now and many other magazines are indexed in the 
Reader's Guide to Periodical Literature, available at your public 
library. Copies of articles in other magazines can be obtained 
through your public library's interlibrary loan service; expect to pay 
about 30 cents a page. 

Service manuals: Manuals for radios, TVs, VCRs, audio equip- 
ment, and some computers are available from Howard W. Sams & 

Co., Indianapolis, IN 46214 (1- 800 -428 -7267). The free Sams cata- 
log also lists addresses of manufacturers and parts dealers. Even if 

an item isn't listed in the catalog, it pays to call Sams; they may have 
a schematic on file which they can copy for you. 

Manuals for older test equipment and ham radio gear are avail- 
able from Hi Manuals, PO Box 802, Council Bluffs, IA 51502, and 
Manuals Plus, PO Box 549, Tooele, UT 84074. 

Replacement semiconductors: Replacement transistors, ICs, 
and other semiconductors, marketed by Philips ECG, NTE, and 
Thomson (SK), are available through most parts dealers (including 
RadioShack on special order). The ECG, NTE, and SK lines con- 
tain a few hundred parts that substitute for many thousands of oth- 
ers; a directory (supplied as a large book and on diskette) tells you 
which one to use. NTE numbers usually match ECG; SK numbers 
are different. 

Remember that the "2S" in a Japanese type number is usually 
omitted; a transistor marked D945 is actually a 2SD945. 

Hamfests (swap meets) and local organizations: These can be 
located by writing to the American Radio Relay League, Newington, 
CT 06111; (http: / /www.arrl.org). A hamfest is an excellent place to 
pick up used test equipment, older parts, and other items at bargain 
prices, as well as to meet your fellow electronics enthusiasts both 
amateur and professional. 
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Reusing Exercise Bike 

Electronics 
QI just threw out my home exercise bike, 

but I kept the digital readout that was 
attached. Is there any way 1 can use it on my 
workbench? It used to indicate mode, dis- 
tance, calories, time, and speed, and had a 2- 
wire cable and 3 -volt batteries. -P. C., New 
York, NY 

A That sounds like an interesting pro- 
ject; at the very least, you should be 

able to trick the timer into starting when 
you press a button. Readers? 

Salvaged CD Drive 
I recently salvaged the CD -ROM drive 
from an old computer. It has an audio 

headphone jack as well as an audio output on 

the back, but I can't get it to play a CD. Am 
I missing something obvious, or is it neces- 

sary to have the CPU and software wired in 
to make it work ? -J. K, U. S. Air Force 

Unless the drive has a "play" button 
on the front, you're right, it requires 

commands from the CPU. An interest- 
ing project would be for somebody to 
reverse -engineer these commands and 
program a microcontroller to generate 
them so that you could attach a simple 

one -chip circuit to the ATAPI (IDE) 
interface and turn an older CD -ROM 
drive into a CD player. 

Telescope -Drive Parts 

Found 
William Braell, of Harvard University, 

tells us that the TTD62103P chip 
that reader T.Q. needed (April 1999, p. 
3) is probably a Toshiba TD62103P 
Darlington transistor array. (The Toshiba 
logo looks like another T preceding the 
part number.) Readily available substi- 
tutes are the NTE2013 or ECG2013. 
However, this chip was probably not 
damaged by accidental application of 30 
volts. 

Frank L. Scheder e-mails to tell us 
that the PMM8713 chip, needed by the 
same reader, is a rather old stepping - 
motor controller. We confirmed that it 
is still available for $27.50 from B &D 
Enterprises, Main and Liberty St., 
Russell, PA 16345; Tel: 814 -757 -8300; 
Fax 814 -757 -5400; Web: www.bdent.com. 

Still More Pinball 

Wizardry 
Staci Steddum, of Wichita, KS, 

writes again to tell us that the best 

source of information on pinball 
machines is Star Tech Journal, P.O. Box 
35, Medford, NJ 08055; Tel: 609 -654- 
5544; Web: www.startechjournal.com. 
They run a magazine, an online discus- 
sion forum, and a manual -reprint service 
covering coin- operated game machines 
of all ages. 

Writing to Q&A 
As always, we welcome your ques- 

tions. The most interesting ones are 
answered in print. Please be sure to: 

(1) include plenty of background 
information (we'll shorten your letter 
for publication); 

(2) give your full name and address 
on your letter (not just the envelope); 

(3) type your letter if possible, or 
write very neatly; and 

(4) if you are asking about a circuit, 
include a complete diagram. 

Questions can be sent to Q &A, 
Electronics Now Magazine, 500 Bi- 
County Blvd., Farmingdale, NY 11735, 
or e- mailed to q &a@gernsback.com, but 
please do not expect an immediate reply 
(because of our backlog) and please don't 
send graphics files larger than 100K. 
Due to the volume of mail, we regret 
that we cannot give personal replies. ECI 

68HC 1 1 Micro- Controllers 
MRC1164GP (kit/assm)* - Controller w/ 64k $77.95/$97.95 
MSCCI 1GP (kit/assm)* - Controller $27.95/$37.95 
*Uses any 68$HC11 Chip (sold separately) Al $5.95, E2 $9.95, etc. 

68HC1 1 Expansion Boards 
MEl 1GP (kit/assm) - 32k & I/O expansion board for the EVBU $46.95/$68.95 
MRSXGP (kit/assm)- Sensor & I/O expansion board for MRC 1164GP $59.95/$88.95 

Programmable Rutonomous Mobile Robot Kits 
ROBOBUGGP (kit/assm)* - serious six -legged robot $547.95/$788.95 
TAL2 (kit/assm)* -R &D robot vehicle $495.95/$798.95 
TALJR (kit/assm)* -expert robot vehicle $135.95/$215.95 

Communications Boards 
*First -time buyers of MekatronixTM brand products need 

the Com -Kit $19.95 OR the Com -Pack $27.95. 
The card plugs into the back of your PC's serial port/cable. 
You can then Program your robot or micro- controller in 
sBASIC, HC 11 Assembly, C (ICC 11), POGO, Forth or I.C. 

Servos 
MS455RGP -42 oz -in dual ball bearing servo $13.95 
MS455HGP -Servo modified/continuous rotation $19.95 

Software 
HSDLI IGP- MC68HC11 115.2 Kbps downloader $8.95/ W95 
ICCIIGP -v5 HC11 C- Compiler $89.50 Dos /$129.50 Win 
TGPPD01 -Program disk w/ collision avoid. progrm $8.95 
TGPPDOI - Program disk w/ line following progrm $19.95 
TGPPSD -Example robot programs & source code $28.95 
TJAIPDGP -TJ Artificial Intell. program $18.95 
REMRPDGP -IR reading module for IR TV remotes $38.95 
EDUPDOIGP -Software & Tutorial for Middle & High Schoolers 

i 
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A on Your Order, 

Sensors /Emitters 
GPIUYRGP32/40 $5.89/ $3.49 

32khz/40khz Infrared Digital Sensors 
GPI UYHGP32/40 $9.89/5.89 

32khz/40khz Infrared Analog Sensors 
MIR27ERGP $1.39 

Corresponding IR emitters 

MORE 
CCAMPALGP -Wireless color mini -camera spy $328.95 
BC12A500 -A/C adapter /robot battery charger $9.55 
AANCGP -6 AA Rechargeable NiCad batteries $13.55 
IRREMGP - Remote control module for Talrik Jr. $22.95 

Orders: Toll Free: 1- 888 -Mr -Robot 
E -mail: sales @mrrobot.com 

Full Web Catalog: 
http: / /www.mrrobot.com/ 
or if above is busy try http: / /users.aol.com/novasoftll 

For Technical Questions & other inquiries: 
$28.95 novasoftll @aol.com or 804 -272 -5752 



SERVICE CLINIC 

Monitor High -Vollage Problems 

IN ADDITION TO THE OBVIOUS "MONITOR SCREEN IS AS BLACK 

AS A COAL MINE" SYMPTOM, PROBLEMS IN THE HIGH -VOLT- 

AGE POWER SUPPLY CAN RESULT IN A VARIETY OF BRIGHTNESS, 

RASTER GEOMETRY, AND OTHER PICTURE PROBLEMS AS WELL AS 

arcing corona, or other sights, sounds, 
and smells not normally associated with 
a properly functioning monitor. This 
month we will deal with some of these 
symptoms. Other video- related prob- 
lems will be dealt with next time. 

HV Power -Supply 
Fundamentals 

Most monitors derive the high volt- 
age for the CRT second anode (THE 
high voltage -called EHV by some), 
focus, and (sometimes) screen (G2) from 
the horizontal -deflection system (see 
Fig. 1). That technique was developed 
quite early in the history of commercial 
TV and has stuck for a very simple rea- 
son-it is very cost effective. A side 
effect is that if the horizontal deflection 
fails and threatens to burn a vertical line 
into the CRT phosphors, the high volt- 
age dies as well. Of course, if the vertical 
deflection dies.... 

Some auto -scan monitors use a sepa- 
rate high -voltage supply. One reason for 
that approach is to decouple the hori- 
zontal deflection from the HV in auto - 
scan monitors, thus simplifying the design. 

Usually that supply is a self -con- 
tained inverter module. It if can be 
opened, then repair may be possible. 
With a separate HV supply, there is no 
need for a HV flyback transformer on 
the mainboard. Some designs may use a 

separate HV supply including a flyback, 
which is part of the mainboard but is self 
contained and independent of the hori- 

zontal- deflection system. 
Most TV and monitor (flyback) 

high -voltage supplies operate as follows: 
1. The horizontal -output transistor 

(HOT) turns on during scan. The cur- 
rent increases linearly in the primary of 
the flyback transformer since it appears 
as an inductor. The magnetic field also 
increases linearly. Note: the flyback is 

constructed with an air gap in the core, 
which makes it behave more like an 
inductor than transformer as far as the 
primary drive is concerned. 

2. The HOT shuts off at the end of 
the scan. The current decreases rapidly. 
The magnetic field collapses, inductive- 
ly coupling to the secondary and gener- 
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ating a HV pulse. The inductance and 
capacitance of the flyback, snubber 
capacitors, and parasitic capacitance of 
circuitry and yoke form a resonant cir- 
cuit. Ideally, the voltage waveform 
across the HOT during the flyback 
(retrace) period will be a single half 
cycle, and it is clamped by a damper 
diode across the HOT to prevent under- 
shoot. 

3. The secondary of the flyback is 

either a single large HV winding with 
HV rectifiers built in (most often) or an 
intermediate voltage winding and a volt- 
age multiplier (see the section: "What is 

a tripler ?" that follows). The output will 
be DC HV pulses. 

4. The capacitance of the CRT enve- 
lope provides the needed filtering to 
adequately smooth the HV pulses into a 

DC voltage. Sometimes there is a sepa- 
rate HV capacitor as well. 

5. A high- resistance voltage divider 
provides the several kV focus voltage 
and sometimes the several- hundred volt 
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FIG. 2 -THE FLYBACK TRANSFORMER only 

boosted by a capacitor -diode ladder (called a 

color CRTs. 

screen (G2) voltage as well. Often, the 
adjustments for these voltages are built 
into the flyback. The focus and screen 
are generally the top and bottom knobs, 
respectively. Sometimes they are mount- 
ed separately. This or a similar divider 
may also provide feedback to control 
high -voltage regulation. 

The operation of the deflection sys- 
tem was discussed in great detail in a 

pair of previous "Service Clinic" articles. 

What Is A Tripler? 
In some TVs and monitors, the fly- 

back transformer only generates about 
6 -10 kV AC, which is then boosted by a 

capacitor -diode ladder to the 18 -30 kV 
needed for modern color CRTs. The 
unit that does this is commonly called a 

tripler since it multiplies the flyback out- 
put by about three times (though some 
may actually do it four times) and an 
example circuit is shown in Fig. 2. 

However, many TVs and monitors gen- 
erate the required HV directly with a 

winding with the required number of 
turns inside the flyback transformer. 

Where external to the flyback, the 
terminals are typically marked: 

IN -from flyback (6 -10 kV AC). 
OUT -HV to CRT (20 -30 kV 
DC). 
F -focus to CRT (2 -8 kV). 
CTL -focus pot (many megohms 
to ground). 
G, GND, or COM- ground. 

Symptoms of tripler failure are: lack 

8 of high voltage or insufficient high volt- 

generates about 6 -10 kV AC, which is then 

tripler) to the 18 -30 kV needed for modern 

age, arcing at focus -protection spark 
gap, incorrect focus voltage, other arc- 
ing, overload of HOT and /or flyback, or 
focus adjustment affecting brightness 
(screen) setting or vice- versa. 

High -Voltage Shutdown 
A monitor that runs for a while or 

starts to come on but then shuts down 
may have a problem with the X -ray pro- 
tection circuitry correctly or incorrectly 
determining that the high voltage (HV) 
is too great (risking excessive X -ray 
emission) and shutting everything down. 

A side effect of activation of this cir- 
cuitry is that resetting may require 
pulling the plug or turning off the real 
(hard) power switch. 

Was there anything else unusual 
about the picture lately that would indi- 
cate an actual problem with the HV? 
For example, has it suddenly gotten 
brighter than normal or has the size 
decreased? If this is the case, then there 
may be some problem with the HV reg- 
ulation. If not, the shutdown circuit may 
be overly sensitive or one of its compo- 
nents may be defective -a bad connec- 
tion, leaky cap, or faulty Zener. 

If the horizontal frequency is not 
correct (probably low) due to a faulty 
horizontal -oscillator or -sync circuit, or 
a bad horizontal -hold control (should 
one exist!), HV may increase and trigger 
shutdown. Of course, the picture won't 
be worth much either! With a multiscan 
monitor, that could happen if the mode 
switching is faulty resulting in incorrect 
component settings for a given scan rate. 
A symptom might be HV shutdown 

when switching scan ranges. 
The HV shutdown circuit usually 

monitors a winding off of the flyback for 
a voltage that exceeds some reference 
and then sets a flip flop shutting the hor- 
izontal drive off. On some Sony models, 
a HV- resistive divider performs that 
function and these do fail -quite often. 
The red block called the "HSTAT mod- 
ule" or just that "big red capacitor 
thing" is a common cause of immediate 
or delayed shutdown on certain Sony 
monitors and TVs. 

Low or No High Voltage 
Most of these problems are due to 

faults in the horizontal deflection sys- 
tem- shorted HOT, shorted windings 
or HV rectifiers in the flyback, defective 
tripler, or other bad parts on the prima- 
ry side of the flyback. In addition, with 
auto -scan monitors, the incorrect volt- 
age or other component could be select- 
ed due to a logic fault or a problem with 
the selection relay or other circuitry. 

However, if you discover an inch - 
deep layer of filth inside the monitor, 
the HV could simply be shorting out - 
clean it first. 

In most cases, these sorts of faults 
will put an excessive load on the hori- 
zontal- output circuits so there may be 
excessive heating of the HOT or other 
components. You may hear an audible 
arcing or sizzling sound from internal 
shorts in the flyback or tripler. Either of 
those might get hot, crack, bulge, or 
exhibit visible damage if left on with the 
fault present. 

Many modern monitors do not regu- 
late HV directly but rather set it via con- 
trol of the low- voltage power supply to 
the HOT (B +) via snubber capacitors 
across the HOT and the turns ratio of 
the flyback. The HV is directly related 
to the B+ so if that is low, the HV will be 
low as well. Faulty snubber capacitors 
will generally do the opposite- increase 
the HV and the X -ray protection circuits 
may kick in. However, low HV is also a 

possibility. The only way the turns ratio 
of the flyback can change is from a short, 
which will manifest its presence in other 
ways as well- excessive heating and load 
on the horizontal -output circuits. 

While a shorted second anode con- 
nection to the CRT is theoretically pos- 
sible, this is quite unlikely (except, as 
noted, due to dirt). 

Excessive High Voltage 
Any significant increase in HV 



should cause the X -ray protection cir- 
cuits to kick in and either shut down the 
set or modify the deflection in such a 

way as to render it harmless. Symptoms 
include arcing /sparking of HV, smaller 
than normal picture, and under certain 
scenarios, possible excessive brightness. 

The causes of the HV being too high 
are: 

1. Excess B+ voltage to the HOT 
The likely cause is a low -voltage regula- 
tor failure. 

2. Open snubber capacitors across 
the HOT These are under a lot of stress 
and are located near hot components so 
failure is possible. 

3. Incorrect excessively long scan 
drive to the HOT caused by failure of 
the horizontal- oscillator / -sync circuits. 
However, other things like the HOT 
will probably blow up first. The picture 
will definitely be messed up. This is 
more likely with auto -scan monitors 
than TVs since what is too long for one 
scan range may be correct for another 
and the selection circuitry is confused or 
broken. 

4. The failure of the HV regulator. 
Actual HV regulators are uncommon 
today but the HV may be controlled by 
a feedback voltage from a divider (focus 
or screen, or its own), or a secondary 
winding on the flyback is used to set the 
B+ or drive timing. That could result in 
a picture that is underscanned (smaller 
than normal) and likely excessively 
bright as well. 

Snaps, Crackles, and Other HV 
Breakdowns 

Various problems can result in occa- 
sional or sustained sparking or arcing 
sounds from inside the monitor. Note 
that a static -electricity buildup is com- 
mon on the front of the screen. It is 
harmless and there is nothing you can do 
about it anyhow. 

The following sections deal with 
problems that could result in occasional 
or sustained sounds that are not com- 
monly associated with a properly work- 
ing TV or monitor. There may or may 
not be flashes or blanking of the screen 
at the same time as the audible noise. 

Arcing, Sparking, or Corona 
From CRT HV Anode 

The CRT HV anode usually appears 
as a red wire/suction cup. Symptoms 
could include a sizzling corona or more 
likely, an occasional or rapid series of 
sharp snaps -possibly quite loud and 

quite visible -from the anode cap on the 
CRT to the grounded coating on the 
outside of the CRT or a chassis ground 
point (or any other conductor nearby). 
Corona is a high resistance leakage 
through the air without total break- 
down. The snapping is caused by the 
sudden and nearly complete discharge of 
the CRT anode capacitance through a 

low resistance ionized path similar to 
lightning. There are two likely causes 
for this: 

1. Dirt, dust, and grime around and 
under the suction cup on the CRT are 
providing a discharge path. This may be 
more severe in humid weather. Safely 
discharge the HV and then remove and 
thoroughly clean the HV suction cup 
and the area under it and on the CRT 
for several inches around the HV con- 
nection. Make sure there are no loose 
wires or other possible places for the 
HV to discharge to in the vicinity. 

2. The high voltage has gone 
through the roof. Usually, the X -ray 
protection circuitry should kick in, but it 
can fail. If cleaning does not help, this is 

a likely possibility. See the "High 
Voltage Shutdown" and "Excessive High 
Voltage" sections earlier in this column 
for more. 

Arcing at CRT Spark Gaps or 
Gas -Discharge Tubes 

Spark gaps (see Fig. 3) and gas -dis- 
charge tubes are protective devices 
intended to break down and divert 
excessive voltage away from the CRT 
(usually). Arcing there is rarely due to a 

defective spark gap or gas discharge tube 
but rather is a safety mechanism like a 

fuse designed to protect the internal 
electrodes of the CRT if the focus or 
screen voltage should become excessive. 
The spark gap breaks down first and 
prevents internal arcing in the CRT 

Arcing at a spark gap or a glowing or 
a flashing discharge tube may be accom- 
panied by total loss 'of picture or bad 
focus or brightness, focus fluctuations, 
or any of a number of similar symptoms. 
A common cause is a breakdown inside 
the focus divider (usually part of the fly- 
back or tripler) but could also be due to 
excessive uncontrolled high voltage due 
to a failure of the B+ regulator or HOT 
snubber capacitor, or (ironically) even a 

short inside the CRT 
Spark gaps may be actual two- or 

three -pin devices with seemingly no 
insides and could be part of the CRT 
socket or printed on the circuit board 
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FIG. 3 -SPARK GAPS are protective 
devices intended to break down and divert 
excessive voltage away from the CRT. If you 

see arcing within one, don't replace it -find 
out why. 

itself. Gas discharge tubes look like 
small neon lamps (e.g., NE2) but could 
be filled with some other gas mixture to 
provide a controlled higher breakdown 
voltage. Since these are protective 
devices, like a fuse, don't just replace or 
disable them- locate and correct the 
underlying problem. The CRT makes 
an expensive fuse! 

Arcing From Flyback or Vicinity 
Arcing may be visible or audible and 

result in readily detectable levels of 
ozone. Note that very slight traces of 
ozone may not indicate anything signif- 
icant, but if the TV smells like an office 
copier, there is probably some discharge 
taking place. 

WARNING: It is possible for arcing 
to develop as a result of excessive high 
voltage. Symptoms might be a smaller 
than normal, excessively bright picture, 
but this may not be able to be confirmed 
until the flyback is repaired or replaced. 9 




