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Copyright (c) 1994, 1995, 1996, 1997, 1998
All Rights Reserved

Reproduction of this document in whole or in part is permitted if both of the following
conditions are satisfied:

1. This notice is included in its entirety at the beginning.
2. There is no charge except to cover the costs of copying.

Chapter 2) Introduction

2.1) Monitors, monitors, and more monitors

In the early days of small conputers, a 110 baud tel etype with a persona
paper tape reader was the 'preferred' input-output device (nmeaning that
this was a great inprovenent over punched cards and having to deal with
the bozos in the conputer room Small here, also nmeant sonething that
woul d confortably fit into a couple of 6 foot electronics racks!)

The earliest personal conputers didn't come with a display - you connected
themto the fanmily TV. You and your kids shared the single TV and the
Flintstones often won out. The Conmpdore 64 woul d never have been as
successful as it was if an expensive nonitor were required rather than

an option.

However, as conputer performance inproved, it quickly becanme clear that
a dedi cated display was essential. Even for sinple text, a TV can only
di spl ay 40 characters across the screen with any degree of clarity.

VWen the | BM PC was introduced, it cane with a nice 80x25 green nmonochrone
text display. It was bright, crisp, and stable. Mo graphics (MGA or NDA)
was added at 720x350, CGA at a range of resolutions from 160x200 to 640x200
at 2 to 16 colors, and EGA extended this up to a spectacul ar resol uti on of
640x350. This was really fine until the introduction of Wndows (well, at

| east once W ndows stayed up | ong enough for you to care).

Al'l of these displays used digital video - TTL signals which coded for a
specific discrete nunmber of possible colors and intensities. Both the video
adapter and the nonitor were limted to 2, 4, or 16 col ors depending on the
graphi cs standard. The video signals were logic bits - 0s and 1s.

Wth the introduction of the VGA standard, personal computer graphics
becane 'real'. VGA and its successors - PGA, XGA, and all of the SVGA
(non) standards use anal og video - each of the R G and B signals is

a continuous voltage which can represent a continuous range of intensities
for each color. In principle, an analog nmonitor is capable of an unlinited
nunber of possible colors and intensities. (ln practice, unavoi dable noise
and limtations of the CRT restricts the actual number to order of 64-256
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di stingui shable intensities for each channel.)

Note that anal og video was only new to the PC world. TVs and other video
equi prent, workstations, and i mage anal ysis systens had utilized anal og
signals for many years prior to the PC s 'discovery' of this approach. In
all fairness, both the display adapter and nonitor are nore expensive SO
it is not surprising that early PCs did not use anal og video.

Most of the information in the docunment applies to col or conmputer video
nonitors and TV studio nonitors as well as the display portions of television
sets. Black and white, gray scale, and nobnochrone nonitors use a subset

of the circuitry (and generally at | ower power levels) in color nonitors so
much of it applies to these as well

For nmost descriptions of synptons, testing, diagnosis, and repair, an

aut o-scan PC SVGA nonitor is assuned. For a fixed frequency workstation
noni tor, studio video nonitor, or closed circuit TV nonitor, only a subset
of the possible faults and procedures will apply.

Note: we use the term'auto-scan' to describe a nonitor which accepts a wide
(and possibly continuous) range of scan rates. Usually, this refers nostly
to the horizontal frequency as the vertical refresh rate is quite flexible on
many nonitors of all types. Fixed scan or fixed frequency nonitors are
designed to work with a single scan rate (though a 5% or so variation may
actually be accepted). Milti-scan nobnitors sync at two or nore distinct

scan rates. \While not very common anynore, multi-scan nonitors may stil

be found in sonme specific applications.

2.2) Related Information

See the manual s on "Troubl eshooting and Repair of Small Switchnpode Power
Suppl i es" and "Troubl eshooti ng and Repair of Television Sets" for additiona
useful pointers. Since a nonitor nust performa subset of the functions

of a TV, many of the problems and solutions are similar. For power related
problenms the info on SMPSs may be useful as well. |[|f you are considering
purchasi ng a nonitor or have one that you would like to eval uate, see

t he conpani on docunent: "Performance Testing of Conputer and Video Monitors".

2.3) Monitor fundamentals

Not e: throughout this docunent, we use the term'raster' to refer to the
entire extent of the scanned portion of the screen and the terns 'picture'
"image' . or 'display', to refer to the actual presentation content.

Moni tors designed for PCs, workstations, and studio video have many
characteristics in common. Mdern conputer nonitors share nmany
simlarities with TVs but the auto-scan and high scan rate deflection
circuitry and nore sophisticated power supplies conplicates their servicing.

Currently, nost conmputer nonitors are still based on the Cathode

Ray Tube (CRT) as the display device. However, handheld equi pnent,

| apt op conmputers, and the screens inside video projectors now use fl at
panel technol ogy, nostly Liquid Crystal Displays - LCDs. These are
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a lot less bulky than CRTs, use |ess power, and have better geonetry - but
suffer fromcertain flaws.

First, the picture quality in terms of gray scale and color is generally
inferior to a decent anal og nonitor. The nunber of distinct shades of
gray or distinct colors is a lot nore |limted. They are generally not as
responsi ve as CRTs when it cones to real-tinme video which is becom ng
increasingly inmportant with nultimedia conputers. Brightness is generally
not as good as a decent CRT display. And |ast but not |east, the cost

is still much rmuch higher due both to the increased conplexity of flat
panel technol ogy and | ower production volumes (though this is certainly
increasing dramatically). It is really hard to beat the sinplicity of the

shadow mask CRT. For exanple, a decent quality active matrix color LCD
panel may add $1000 to the cost of a notebook conputer conmpared to $200
for a VGA nonitor. More of these panels go into the dunpster than make it
to product due to manufacturing inperfections.

However, a variety of technol ogies are currently conpeting for use in

the flat panel displays of the future. Anpong these are advanced LCD

pl asma di scharge, and field em ssion displays. Only time will tell which, if
any survives to becone **the** picture-on-the-wall or notepad display - at
reasonabl e cost.

Projection - large screen - TVs and nonitors, on the other hand, nmay be able
to take advantage of a novel devel opment in integrated mcromachining - the
Texas Instruments Inc. Digital Mcromirror Device (DMD). This is basically
an integrated circuit with a tiltable mcromrror for each pixel fabricated
on top of a static menory - RAM - cell. This technol ogy woul d

permt nearly any size projection display to be produced and woul d

therefore be applicable to high resolution conputer nonitors as well as HDTV.
Since it is a reflective device, the light source can be as bright as needed.
This is still not a conmercial product but stay on |ine.

2.4) Monitor characteristics

The foll owi ng describe the capabilities which characterize a display:

1. Resolution - the nunber of resolvable pixels on each line and the
nunber of scanning lines. Bandwi dth of the video source, cable, and
noni tor video anplifiers as well as CRT focus spot size are all critical
However, maxi numresolution on a color CRT is linmited by the dot/slot/line
pitch of the CRT shadow sl ot mask or aperture grille.

2. Refresh rate - the nunber of conplete images 'painted on the screen
each second. Non-interlaced or progressive scanning posts the entire
frame during each sweep fromtop to bottom |Interlaced scanning posts
1/2 of the frame called a field - first the even field and then the
odd field. This interleaving reduces the apparent flicker for a given
di spl ay bandwi dt h when di spl ayi ng snooth i magery such as for TV. It is
usual |y not acceptable for conputer graphics, however, as thin horizonta
lines tend to flicker at 1/2 the vertical scan rate. Refresh rate is the
predom nant factor that affects the flicker of the display though the
persi stence of the CRT phosphors are al so a consideration. Long persistence
phosphors decrease flicker at the expense of smearing when the picture
changes or noves. Vertical scan rate is equal to the refresh rate for
non-interlaced nonitors but is the twice the refresh rate for interlaced
nonitors (1 frane equals 2 fields). Non-interlaced vertical refresh rates
of 70-75 Hz are considered desirable for conputer displays. Television
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uses 25 or 30 Hz (frame rate) interlaced scanning in nost countries.

Hori zontal scan rate - the frequency at which the el ectron bean(s) nove
across the screen. The horizontal scan rate is often the limting factor
in supporting high refresh rate high resolution displays. It is what nmay
cause failure if scan rate speed limts are exceeded due to the conponent
stress levels in high performance defl ecti on systens.

Col or or nonochronme - a color nmonitor has a CRT with three el ectron
guns each associated with a primary color - red, green, or blue.
Nearly all visible colors can be created froma mix of primaries
with suitable spectral characteristics using this additive col or
system

A monochrome nonitor has a CRT with a single electron gun. However
the actual color of the display may be white, amber, green, or whatever
single color is desired as determ ned by the phosphor of the CRT sel ected.

Digital or analog signal - a digital input can only assunme a discrete
nunber of states depending on how many bits are provided. A single bit
i nput can only produce two |levels - usually black or white (or amnber,
green, etc.). Four bit EGA can display up to 16 colors (with a col or
nonitor) or 16 shades of gray (with a nonochrome nmonitor).

Anal og inputs allow for a theoretically unlimted nunmber of possible gray
| evel s or colors. However, the actual storage and digital-to-anal og
convertors in any display adapter or frame store and/or unavoi dabl e

noi se and other characteristics of the CRT - and ultimately, limtations
in the psychovisual eye-brain systemw |l limt this to a practica

maxi mum of 64-256 discernible levels for a gray scale display or for

each col or channel

However, very high performance digital video sources may have RAMDACs (D/ A
convertors with video | ookup tables) of up to 10 or nore bits of intensity
resolution. Wiile it is not possible to perceive this many distinct gray

| evel s or colors (per color channel), this does permt nore accurate tone
scale ('gamm') correction to be applied (via a | ookup table in the RAMDAC)
to conpensate for the unavoidable non-linearity of the CRT phosphor
response curve or to match specific photonetric requirenents.

2.5) Types of monitors

Moni tors can be classified into three general categories:

1

Studio video monitors - Fixed scanning rate for the TV standards
in the country in which they are used. High quality, often high
cost, utilitarian case (read: ugly), underscan option. Snmall
closed circuit TV nonitors fall into the class. Input is usually
conposite (i.e., NTSC or PAL) although RGB types are avail abl e.

Fi xed frequency RGB - High resolution, fixed scan rate. High quality,
hi gh cost, very stable display. Inputs are anal og RGB using either
separate BNC connectors or a 13WB (Sun) connector. These often have
mul tiple sync options. The BNC variety permt nultiple nonitors to

be driven off of the sane source by dai sychaining. Generally used
under scanned for conmputer workstation (e.g., X-w ndows) applications

so that entire frame buffer is visible. There are also fixed frequency
nonochronme monitors which nay be digital or anal og i nput using a BNC

http://www.repairfag.org/REPAIR/F_monfag.html
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13WB8, or special connector.

3. Multi-scan or auto-scan - Support multiple resolutions and scan rates
or multiple ranges of resolutions and scan rates. The quality and
cost of these nonitors ranges all over the map. Wile cost is not
a strict nmeasure of picture quality and reliability, there is a

strong correlation. |Input is npost often anal og RGB but sone ol der
nmonitors of this type (e.g., Mtsubishi AUML381) support a variety
of digital (TTL) npdes as well. A full conpl enent of user controls

perm ts adjustnment of brightness, contrast, position, size, etc. to
taste. Circuitry in the nmonitor identifies the video scan rate
automatically and sets up the appropriate circuitry. Wth nore

sophi sticated (and expensive) designs, the nonitor automatically

sets the appropriate parameters for user preferences fromnenory as well
The DB15 hi gh density VGA connector is nost common though BNCs may be
used or may be present as an auxiliary (and better quality) input.

2.6) Why auto-scan?

Thank IBM Since the PC has evol ved over a period of 15 years, display
adapters have changed and i nmproved a nunber of tines. Wth an open system
vendors with nmore vision (and willing to take nore risks) than | BM were
continuously conming up with inproved higher resolution display adapters.
Wth workstations and the Apple Maclntosh, the prinmary vendor can contro
nost aspects of the hardware and software of the conmputer system Not so
with PCs. New inproved hardware adapters were being introduced regularly
whi ch were not follow ng any standards for the high resoluti on nodes (but
attenpted to be backward conpatible with the original VGA as well as EGA
and CGA (at least in terns of software)). Vast nunbers of prograns were
witten that were designed to directly control the CGA, EGA, and VGA
hardware. Adapter cards could be designed to enul ate these ol der

nodes on a fixed frequency high resolution nonitor (and these exist to
permt high quality fixed scan rate workstation nmonitors to be used on PCs)
However, these would be (and are) nmuch nore expensive than basic display
adapters that sinply switch scan rates based on nmode. Thus, auto-scan

noni tors evol ved to accommpdate the nultiple resolutions that different
prograns required.

Note: we will use the generic term'auto-scan' to refer to a nonitor which
automatically senses the input video scan rate and sel ects the appropriate
hori zontal and vertical deflection circuitry and power supply voltages to

di splay this video. Milti-scan nmonitors, while sinpler than true auto-scan

monitors, will still have nuch of the sane scan rate detection and sel ection
circuitry. Mnufacturers use various buzz words to describe their versions
of these nmonitors including 'multisync', 'autosync','panasync', 'omisync'

as well as 'autoscan' and 'multiscan'.

Utimately, the fixed scan rate nmonitor may reappear for PCs. Consider
one sinmple fact: it is becom ng cheaper to design and manufacture conpl ex
di gital processing hardware than to produce the reliable high quality
anal og and power el ectronics needed for an auto-scan nmonitor. This is
bei ng done in the specialty market now. Eventually, the devel opnent

of accel erated chipsets for graphics node enul ati on may be forced by

the increasing popularity of flat panel displays - which are basically
simlar to fixed scan rate nonitors in terms of their interfacing
requirenents.
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2.7) Analog vs. digital monitors

There are two aspects of nonitor design that can be described in terns
of analog or digital characteristics:

1. The video inputs. Early PC nonitors, video display termina
noni tors, and nmono workstation nonitors use digital input signals
which are usually TTL but some very high resolution nonitors may
use ECL instead.

2. The nonitor control and user interface. Oiginally, nonitors al
used knobs - sonetinmes quite a number of them- to control al
functions like brightness, contrast, position, size, linearity,
pi ncushi on, convergence, etc. However, as the costs of digita
circuitry canme down - and the need to renmenber settings for multiple
scan rates and resolutions arose, digital - microprocessor
control - becanme an attractive alternative in terns of design
manuf acturing costs, and user convenience. Now, npst better quality
nonitors use digital controls - buttons and nenus - for al nost al
adj ustments except possibly brightness and contrast where knobs are
still nore convenient.

Since nmonitors with digital signal inputs are al nobst extinct today except for
speci al i zed applications, it is usually safe to assume that 'digital' nonitor
refers to the user interface and m croprocessor control

2.8) Interlacing

VWhet her a monitor runs interlaced or non-interlaced is al nost al ways
strictly a function of the video source timng. The vertical sync

pul se is offset an ambunt equal to 1/2 the line time on alternate fields
(vertical scans - two fields make up a frame when interlaced scanning is
used) .

Generally, a monitor that runs at a given resolution non-interlaced can run
at a resolution with roughly twi ce the nunber of pixels interlaced at the
same horizontal scan rate. For exanple, a nonitor that will run 1024x768
non-interlaced at 70 Hz will run 1280x1024 interlaced at a 40 Hz frane rate.
Vet her the image is usable at the higher resolution of course al so depends
on many other factors including the dot pitch of the CRT and video bandw dth
of the video card and nmonitor video anplifiers, as well as cable quality

and term nation. The flicker of fine horizontal |ines may al so be

obj ecti onabl e.

2.9) Monitor performance

The ultimate perceived quality of your display is influenced by nany aspects
of the total video source/conputer-cable-nonitor system Anpbng them are
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1. Resolution of the video source. For a conputer display, this is detern ned
by the nunmber of pixels on each visible scan |line and the nunber of visible
scan lines on the entire picture.

2. The pitch of the shadow mask or aperture grille of the CRT. The small est
color elenment on the face of the CRT is determined by the spacing of the
groups of R, G and B col ors phosphors. The actual conversion from
dot or line pitch to resolution differs slightly anong dot or slot nmask
and aperture grille CRTs but in general, the finer, the better - and
nore expensi ve.

Typical television CRTs are rather coarse - .75 nmnight be a reasonable
specification for a 20 inch set. High resolution conmputer nonitors
may have dot pitches as small as .22 mmfor a similar size screen

A rough indication of the nmaxi mum possible resolution of the CRT can be
found by determ ning how many conpl ete phosphor dot groups can fit across
the visible part of the screen.

Running at too high a resolution for a given CRT may result in Mire - an
interference pattern that will nmanifest itself as contour lines in snmooth

bright areas of the picture. However, nmany factors influence to what

extent this may be a problem See the section: "Contour lines on high resolution

3. Bandwi dth of the video source or display card - use of high perfornmance
video amplifiers or digital to anal og convertors.

4. Signal quality of the video source or display card - properly designed
circuitry with adequate power supply filtering and high quality conponents.

5. High quality cables with correct term nation and of mninmal acceptable
 ength without extensions or switch boxes unless designed specifically
for high bandw dth vi deo.

6. Sharpness of focus - even if the CRT dot pitch is very fine, a fuzzy
scanning beamw |l result in a poor quality picture.

7. Stability of the nonitor electronics - well regul ated power supplies
and | ow noi se shiel ded el ectronics contribute to a rock solid inmage.

2.10) Performance testing of monitors

WARNI NG No nmonitor is perfect. Running conprehensive tests on your

noni tor or one you are considering may nake you aware of deficiencies you
never realized were even possible. You may never be happy with any nonitor
for the rest of your life!

Note: the intent of these tests is **not** to evaluate or calibrate a nonitor
for photonetric accuracy. Rather they are for functional testing of the
noni tor's performance

Qobviously, the ideal situation is to be able to performthese sorts of
tests before purchase. Wth a small customer oriented store, this may
be possible. However, the best that can be done when ordering by mail
is to examine a simlar nmodel in a store for gross characteristics and
then do a thorough test when your nonitor arrives. The follow ng should
be eval uat ed:
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Screen size and general appearance.
Bri ght ness and screen uniformty, purity and col or saturation.
Stability.

Conver gence.

Edge geonetry.

Li nearity.

Tilt.

Si ze and position control range.
Ghosting or trailing streaks.

Shar pness.

Moi re.

Scan rate switching.

Acousti ¢ noi se.

L I SR . T T B R

The conpani on docunent: "Performance Testing of Conputer and Video Mnitors
provi des detail ed procedures for the evaluation of each of these criteria.

CAUTI ON: since there is no risk free way of evaluating the actual scan

rate limts of a monitor, this is not an objective of these tests. It

is assunmed that the specifications of both the video source/card and the
noni tor are known and that supported scan rates are not exceeded. Sone
nmonitors will operate perfectly happily at well beyond the specified range
or will shut down without danage. Ohers will sinply blow up instantly and
requi re expensive repairs.

2.11) Monitor repair

Unl i ke PC system boards where any disasters are likely to only affect

your pocketbook, monitors can be very dangerous. Read, understand, and
follow the set of safety guidelines provided |later in this docunent
whenever working on TVs, nonitors, or other sinilar high voltage equipnent.

If you do go inside, beware: line voltage (on |large caps) and high voltage
(on CRT) for long after the plug is pulled. There is the added danger of
CRT inplosion for carelessly dropped tools and often sharp sheet net al
shi el ds which can injure if you should have a reflex reaction upon touching
somet hing you should not touch. 1In inside of a TV or nmonitor is no place
for the carel ess or naive.

Havi ng said that, a basic know edge of how a nonitor works and what can

go wong can be of great value even if you do not attenpt the repair yourself.
It will enable you to intelligently deal with the service technician. You
will be nore likely to be able to recognize if you are being taken for a ride
by a di shonest or just plain inconpetent repair center. For exanple, a
faulty picture tube CANNOT be the cause of a color nonitor only displaying

in black-and-white (this is probably a software or conpatibility problem.

The majority of consumers - and conmputer professionals - may not know even
this simple fact.

This docunent will provide you with the knowl edge to deal with a | arge
percentage of the problems you are likely to encounter with your nonitors.

It will enable you to diagnose problens and in nany cases, correct them

as well. Wth nminor exceptions, specific manufacturers and nodel s

will not be covered as there are so many variations that such a treatnment woul d
require a huge and very detailed text. Rather, the nbpst comon probl ens

wi Il be addressed and enough basic principles of operation will be provided

to enabl e you to narrow the problem down and |ikely determ ne a course of
action for repair. |In many cases, you will be able to do what is required
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for a fraction of the cost that would be charged by a repair center

Shoul d you still not be able to find a solution, you will have | earned a great
deal and be able to ask appropriate questions and supply relevant information
if you decide to post to sci.electronics.repair. It will also be easier to do
further research using a repair text such as the ones listed at the end of
this docunent. In any case, you will have the satisfaction of know ng you

did as nuch as you could before taking it in for professional repair

Wth your new found know edge, you will have the upper hand and will not
easily be snowed by a di shonest or inconpetent technician

2.12) Most Common Problems

The foll owi ng probably account for 95% or nore of the conmon nonitor ail nments:

* Intermttent changes in color, brightness, size, or position - bad
connections inside the nonitor or at the cable connection to the conputer
or or video source.

* Ghosts, shadows, or streaks adjacent to vertical edges in the picture -
problems with input signal termnation including use of cable extensions,
excessively long cables, cheap or inproperly nmade video cabl es, inproper
dai sychai ning of nonitors, or problens in the video source or nonitor
circuitry.

* Magnetization of CRT causing col or blotches or other color or distortion
problenms - |ocate and elimnate sources of magnetic fields if rel evant
and degauss the CRT.

* El ectromagnetic Interference (EM) - nearby equi pnent (including and
especially other nonitors), power lines, or electrical wring behind walls,
may produce el ectromagnetic fields strong enough to cause noticeable
wiggling, rippling, or other effects. Relocate the nonitor or offending
equi pment. Shielding is difficult and expensive.

* Wring transnmitted interference - noisy AC power possibly due to other
equi prent using electric notors (e.g., vacuum cl eaners), |anp di mers or
not or speed controls (shop tools), fluorescent |anps, and other high power
devices, may result in a variety of effects. The source is likely local - in
your house - but could be several mles away. Synptons mi ght include bars of
noi se moving up or down the screen or diagonally. The effects may be barely
visible as a couple of jiggling scan lines or be broad bars of salt and
pepper noise, snow, or distorted video. Plugging the nonitor into another
outlet or the use of aline filter may help. |If possible, replace or repair
t he of fendi ng devi ce.

* Monitor not |ocking on one or nore video scan ranges - settings of
vi deo adapter are incorrect. Use software setup programto set these.
This could also be a fault in the video source or nonitor dealing with
t he sync signals.

* Adjustments needed for background brightness or focus - aging CRT reduces
bri ghtness. Oher conponents may affect focus. Easy internal (or sometines
ext ernal ) adj ustnents.

* Dead nmonitor due to power supply problems - very often the causes are
si mpl e such as bad connections, blown fuse or other conponent.
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2.13) Repair or replace

If you need to send or take the nobnitor to a service center, the repair
could easily exceed half the cost of a new nobnitor. Service centers

may charge up to $50 or nore for providing an initial estimate of repair
costs but this will usually be credited toward the total cost of the repair
(of course, they may just jack this up to conpensate for their bench tinme).

Sone places offer attractive flat rates for repairs invol ving anything but
the CRT, yoke, and flyback. Such offers are attractive if the repair center
is reputable. However, if by mail, you will be stuck with a tough decision
if they find that one of these expensive conmponents is actually bad.

Monitors become obsolete at a sonewhat slower rate than nost other electronic
equi pment. Therefore, unless you need the higher resolution and scan rates
that newer nonitors provide, repairing an ol der one may nake sense as |ong as
the CRT is in good condition (adequate brightness, no burn marks, good focus).
However, it may just be a good excuse to upgrade.

If you can do the repairs yourself, the equation changes dramatically as
your parts costs will be 1/2 to 1/4 of what a professional wll charge

and of course your tinme is free. The educational aspects may al so be
appealing. You will learn a lot in the process. Thus, it my make sense
to repair that old clunker for your 2nd PC (or your 3rd or your 4th or....).

Chapter 3) Monitors 101

3.1) Subsystems of a monitor

A computer or video nonitor includes the follow ng functional bl ocks:

1. Low voltage power supply (some may al so be part of (2)). Mst of the | ower
vol tages used in the TV may be derived fromthe horizontal deflection
circuits, a separate switching power supply, or a conbination of the two.
Rectifier/filter capacitor/regulator fromAC |line provides the B+ to the
swi tching power supply or horizontal deflection system Auto-scan
nonitors may have nultiple outputs fromthe | ow voltage power supply
which are selectively switched or enabl ed depending on the scan rate.

Degauss operates off of the |ine whenever power is turned on (after
havi ng been off for a few mnutes) to demagnetize the CRT. Better

nonitors will have a degauss button which activates this circuitry

as well since even rotating the nmonitor on its tilt-swi vel base can
requi re degauss.

2. Horizontal deflection. These circuits provide the waveforns needed to
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sweep the electron beamin the CRT across and back at anywhere from
15 KHz to over 100 KHz dependi ng on scan rate and resolution. The
hori zontal sync pulse fromthe sync separator or the horizontal sync
i nput | ocks the horizontal deflection to the video signal. Auto-scan
noni tors have sophisticated circuitry to pernmit scanning range of

hori zontal deflection to be automatically varied over a w de range.

3. Vertical deflection. These circuits provide the wavefornms needed to
sweep the electron beamin the CRT fromtop to bottom and back at
anywhere from50 - 120 or nore tines per second. The vertical sync
pul se fromthe sync separator or vertical sync input |ocks the vertica
deflection to the video signal. Auto-scan nonitors have additiona
circuitry to lock to a wide range of vertical scan rates.

4. CRT high voltage (also part of (2)). A nodern color CRT requires
up to 30 KV for a crisp bright picture. Rather than having a totally
separate power supply, nost nmonitors derive the high voltage (as wel
as many ot her voltages) fromthe horizontal deflection using a specia
transformer called a 'flyback' or 'Line QutPut Transformer (LOPT) for
t hose of you on the other side of the I ake. Sonme high perfornmance
nonitors use a separate high voltage board or nodule which is a self
cont ai ned high frequency inverter

5. Video anplifiers. These buffer the low level inputs fromthe conputer
or video source. On monitors with TTL inputs (M3A, CGA, EGA), a resistor
network al so conbines the intensity and color signals in a kind of poor
man's D/A.  Analog video anplifiers will usually also include DC restore
(black level retention, back porch clanmping) circuitry stabilize the
bl ack | evel on AC coupl ed video systens.

6. Video drivers (RGB). These are alnost always located on a little
circuit board plugged directly onto the neck of the CRT. They boost
the output of the video anplifiers to the hundred volts or so needed
to drive the cathodes (usually) of the CRT.

7. Sync separator. Where input is conposite rather than separate H and
V syncs, this circuit extracts the individual sync signals. OQutput is
hori zontal and vertical sync pulses to control the deflection circuits.
This is not needed on a nonitor that only uses separate sync inputs.

8. Systemcontrol. Most higher quality nonitors use a mcrocontroller
to performall user interface and control functions fromthe front pane
(and sonetinmes even froma renote control). So called "digital nmonitors
meani ng digital controls not digital inputs, use buttons for everything
except possibly user brightness and contrast. Settings for horizonta
and vertical size and position, pincushion, and col or bal ance for each
scan rate may be stored in non-volatile nenmory. The m croprocessor
al so anal yzes the input video timng and sel ects the appropriate scan
range and conponents for the detected resolution. While these circuits
rarely fail, if they do, debugging can be quite a treat.

Most problems occur in the horizontal deflection and power supply sections.
These run at relatively high power |evels and sone conponents run hot.

This results in both wear and tear on the conmponents as well as increased
I'i keli hood of bad connections devel oping fromrepeated thermal cycles.

The high voltage section is prone to breakdown and arcing as a result

of hairline cracks, humdity, dirt, etc.

The video circuitry is generally quite reliable. However, it seens that
even after 15+ years, manufacturers still cannot reliably turn out circuit
boards that are free of bad sol der connections or that do not devel op them
with time and use.
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3.2) For more information on monitor technology

The books listed in the section: "Suggested references" include additiona
i nformati on on the theory and inplenmentation of the technol ogy of nmonitors
and TV sets.

For an on line introduction to technol ogy, check out the
Magnavox Technical Library WEB site.

For an on line introduction to TV and nonitor technol ogy, check out the
Phi | i ps/ Magnhavox
El ectroni cs Reference WEB site.

There you will find links to a nunmber of articles on the basic principles of
operation of CD players, |aserdisc and optical drives, TVs, VCRs, cancorders,
| oudspeakers, satellite receivers, and other consumer A/'V equi pnment.

Specifically, see the article on the TV set operating principles since a
monitor is a high quality subset of a television receiver

3.3) On-line tech-tips databases

A nunber of organizations have conpil ed dat abases covering thousands of common
problems with VCRs, TVs, conputer nonitors, and other electronics equi pnment.
Most charge for their information but a few, accessible via the Internet, are
either free or have a very minimal nonthly or per-case fee. In other cases, a
l[imted but still useful subset of the for-fee database is freely avail able.

A tech-tips database is a collection of problens and sol uti ons accumul ated by
t he organi zation providing the information or other sources based on actua
repai r experiences and case histories. Since the identical failures often
occur at some point in a |large percentage of a given nodel or product |ine,
checking out a tech-tips database may quickly identify your problem and

sol uti on.

In that case, you can greatly sinplify your troubl eshooting or at |east
confirm a di agnosis before ordering parts. M only reservation with respect
to tech-tips databases in general - this has nothing to do with any one in
particular - is that synptons can sonetinmes be deceiving and a solution that
works in one instance may not apply to your specific problem Therefore,

an understandi ng of the hows and whys of the equi prent along with some good
ol d fashioned testing is highly desirable to mninize the risk of replacing
parts that turn out not to be bad.

The ot her di sadvantage - at |east fromone point of view - is that you do not
| earn much by just follow ng a procedure devel oped by others. There is no
expl anati on of how the original diagnosis was determ ned or what may have
caused the failure in the first place. Nor is there likely to be any |ist

of other conponents that may have been affected by overstress and may f ai

in the future. Replacing Q701 and C725 may get your equi prent going again
but this will not help you to repair a different nodel in the future.

Having said that, here are three tech-tips sites for conputer nonitors, TVs,
and VCRs:
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http: //ww. anat ekcor p. com' t echf orum ht m (Free).
http://ww. repai rworld. com ($8/ mont h) .
* http://el mswood. guer nsey. net/ (Free, somewhat |inited).

The following is just for nonitors. Sonme portions are free but others require
a $5 charge. However, this may include a personal reply froma technician
experienced with your nmonitor so it could be well worth it.

* http://ww. netis.com menbers/bcollins/nonitor. htm
Sone free nonitor repair tips:

http://ww. knrtech. comt
* http://ww. nmetrosites. comanr/nonitor_repair_tips.htm

Tech-tips of the nonth and 'ask a wi zard' options:

http://menmbers. tripod. com ~ADCC/ (Home page)
* http://nmenbers.tripod. com ~ADCC/ ti ps. htm (Tech-tips of the nonth)

The Resol ve Monitor Tech-Ti ps database is a diskette that is priced out of
the reach of nost hobbyists. However, a reduced shareware version may be
downl oaded from a nunber of web sites. Go to http://www.filez.com and | ook
for reslésw. zip.

Chapter 4) CRT Basics

Note: Most of the information on TV and nmonitor CRT construction, operation
i nterference and ot her problenms. has been noved to the docunent: "TV and Mnitor CRT
introduction with instructions on degaussing.

4.1) Color CRTs - shadow masks and aperture grills

Al'l color CRTs utilize a shadow mask or aperture grill a fraction of an inch
(1/2" typical) behind the phosphor screen to direct the el ectron beans
for the red, green, and blue video signals to the proper phosphor dots.
Since the electron beans for the R, G and B phosphors originate from
slightly different positions (individual electron guns for each)

and thus arrive at slightly different angles, only the proper phosphors
are excited when the purity is properly adjusted and the necessary
magnetic field free region is nmaintained inside the CRT. Note that
purity determ nes that the correct video signal excites the

proper color while convergence determ nes the geonetric

alignment of the 3 colors. Both are affected by nagnetic fields.

Bad purity results in nottled or incorrect colors. Bad convergence
results in color fringing at edges of characters or graphics.

The shadow mask consists of a thin steel or InVar (a ferrous all oy)
with a fine array of holes - one for each trio of phosphor

dots - positioned about 1/2 inch behind the surface of the phosphor
screen. Wth some CRTs, the phosphors are arranged in triangular
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formations called triads with each of the color dots at the apex
of the triangle. Wth many TVs and sone nonitors, they are
arranged as vertical slots with the phosphors for the 3 colors
next to one anot her

An aperture grille, used exclusively in Sony Trinitrons (and now

their clones as well), replaces the shadow nask with an array of finely
tensi oned vertical wires. Along with other characteristics of the
aperture grille approach, this pernmts a somewhat hi gher possible

bri ghtness to be achieved and is nore inmune to other problens |ike
line induced noire and purity changes due to | ocal heating causing

di stortion of the shadow mask.

However, there are sone di sadvantages of the aperture grille design:

* weight - a heavy support structure nust be provided for the tensioned
wires (like a piano frame).

* price (proportional to weight).

* always a cylindrical screen (this may be considered an advant age
dependi ng on your preference.

* visible stabilizing wires which may be objectionable or unacceptable
for certain applications.

Apparently, there is no known way around the need to keep the fine
wires fromvibrating or changing position due to mechanical shock
in high resolution tubes and thus all Trinitron nonitors require
1, 2, or 3 stabilizing wires (depending on tube size) across the
screen which can be see as very fine lines on bright imges. Sone
people find these wires to be objectionable and for sone critica
applications, they may be unacceptable (e.g., nedical diagnosis).

4.2) Degaussing (demagnetizing) a CRT

Degaussing may be required if there are color purity problems with the
di splay. On rare occasions, there may be geonetric distortion caused
by magnetic fields as well wi thout col or problens. The CRT can get
magnet i zed:

* if the TV or nmonitor is noved or even just rotated.

* if there has been a lightning strike nearby. A friend of mne
had a lightning strike near his house which produced all of the
effects of the EMP from a nucl ear bonb.

* | f a permanent nagnet was brought near the screen (e.g., kid's
magnet or negawatt stereo speakers).

* | f some piece of electrical or electronic equipnment with unshiel ded
magnetic fields is in the vicinity of the TV or nonitor.

Degaussi ng should be the first thing attenpted whenever col or

purity problens are detected. As noted below, first try the

i nternal degauss circuits of the TV or nonitor by power cycling a few
times (on for a minute, off for 30 mnutes, on for a mnute, etc.)

If this does not help or does not conpletely cure the problem
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then you can try manual |y degaussi ng.

Conmer ci al CRT Degaussers are avail able fromparts distributors

like MCM El ectronics and consist of a hundred or so turns of magnet wire
in a 6-12 inch coil. They include a Iline cord and monmentary swi tch. You
flip on the switch, and bring the coil to within several inches of the
screen face. Then you slowy draw the center of the coil toward one edge
of the screen and trace the perinmeter of the screen face. Then return to
the original position of the coil being flat against the center of the
screen. Next, slowy decrease the field to zero by backing straight up
across the roomas you hold the coil. Wen you are farther than 5 feet
away you can release the line switch

The key word here is ** slow **. Go too fast and you will freeze the
i nstantaneous intensity of the 50/60 Hz AC magnetic field variation
into the ferrous conmponents of the CRT and nmay nake the probl em worse.

It looks really cool to do this while the CRT is powered. The kids will
| ove the col or effects.

Bul k tape erasers, tape head degaussers, open frane transfornmers, and the
"ass-end" of a weller soldering gun can be used as CRT demmgnetizers but
it just takes a little longer. (Be careful not to scratch the screen

face with anything sharp.) It is inperative to have the CRT running when
usi ng these whi npi er approaches, so that you can see where there are
still impurities. Never release the power switch until you're 4 or 5

feet away fromthe screen or you'll have to start over

|'ve never known of anything bei ng danaged by excess manual degaussing
t hough I woul d recomrend keeping really powerful bulk tape erasers turned
degaussers a couple of inches fromthe CRT.

I f an AC degaussing coil or substitute is unavailable, | have even done
degaussed with a pernmanent magnet but this is not reconmended since it is nore
likely to nmake the probl em worse than better. However, if the display

is unusable as is, then using a small magnet can do no harm (Don't use

a 20 pound speaker or magnetron magnet as you nmay rip the shadow mask ri ght
out of the CRT - well at least distort it beyond repair. Wat | have in

mnd is sonething about as powerful as a refrigerator magnet.)

Keep degaussing fields away from magnetic nedia. It is a good idea to
avoi d degaussing in a roomwi th floppies or back-up tapes. Wen renoving
media froma room renenber to check desk drawers and nmanual s for stray
fl oppi es, too.

It is unlikely that you could actually affect magnetic nedia but better
safe than sorry. O the devices nmentioned above, only a bul k eraser or
strong permanent magnet are likely to have any effect - and then only when
at extrenely close range (direct contact with nedia container).

Al'l color CRTs include a built-in degaussing coil wapped around the
perimeter of the CRT face. These are activated each time the CRT is
powered up cold by a 3 ternminal therm ster device or other contro
circuitry. This is why it is often suggested that color purity problens
may go away "in a few days". It isn't a matter of time; it's the nunber
of cold power ups that causes it. It takes about 15 minutes of the power
being of f for each cool down cycle. These built-in coils with thernmnal
control are never as effective as external coils.

See the docunent: " TV and Monitor CRT (Picture Tube) Information" for
some additional discussion of degaussing tools, techniques, and cautions.

http://www.repairfag.org/REPAIR/F_monfag.html
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4.3) How often to degauss

Sone monitor manufacturers specifically warn about excessive use of degauss,
nost likely as a result of overstressing conponents in the degauss circuitry
whi ch are designed (cheaply) for only infrequent use. In particular

there is often a therm ster that dissipates significant power for the second
or two that the degauss is active. Also, the large coil around the CRT

is not rated for continuous operation and may overheat.

If one or two activations of the degauss button do not clear up the col or
probl ems, manual degaussi ng using an external coil may be needed

or the nonitor may need internal purity/color adjustments. O, you may have
just installed your negawatt stereo speakers next to the nonitor!

You should only need to degauss if you see color purity problens
on your CRT. Oherwise it is unnecessary. The reasons it only works the
first time is that the degauss timng is controlled by a term ster

whi ch heats up and cuts off the current. |If you push the button
twice in arow that thermister is still hot and so little happens.
One word of clarification: |In order for the degauss operation to be

effective, the AC current in the coil nust approach zero before the
circuit cuts out. The circuit to acconplish this often involves a

thermi ster to gradually decrease the current (over a matter of severa
seconds), and in better nonitors, a relay to totally cut off the current
after a certain delay. |If the current was turned off suddenly, you would
likely be left with a nore magnetized CRT. There are tinme delay el enents
i nvol ved whi ch prevent nultiple degauss operations in succession. \Wether
this is by design or accident, it does prevent the degauss coil - which is
usual |y grossly undersized for continuous operation - to cool

4.4) Why are there fine lines across my Trinitron monitor
or TV?

These are not a defect - they are a 'feature’

All Trinitron (or clone) CRTs - tubes that use an aperture grille - require
1, 2, or 3 very fine wires across the screen to stabilize the array of
vertical wires in the aperture grille. Wthout these, the display would

be very sensitive to any shock or vibration and result in visible shimering
or rippling. (In fact, even with these stabilizing wires, you can usually
see this shimering if you whack a Trinitron nonitor.) The lines you see
are the shadows cast by these fine wres.

The nunber of wires depends on the size of the screen. Below 15" there
is usually a single wire; between 15" and 21" there are usually 2 wires;
above 21" there may be 3 wires.

Only you can decide if this deficiency is serious enough to avoid the

use of a Trinitron based nmonitor. Some people never get used to the fine
lines but many really like the generally high quality of Trinitron based
di spl ays and eventually totally ignore them
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Chapter 5) Monitor Placement and
Preventive Maintenance

5.1) General monitor placement considerations

Proper care of a nonitor does not require much. Follow ng the recomendations
bel ow wi Il assure long life and m nim ze repairs:

* Subdued lighting is preferred for best view ng conditions. Avoid direct
overhead light falling on the screen or conming from behind the nonitor
i f possible.

* Locate the nmonitor away fromextremes of hot and cold. Avoid danp or dusty
| ocations if possible. (Right you say, keep dreaming!) This will help
keep your PC happy as well

* Al l ow adequate ventilation - nonitors use a fair amount of power - from
60 watts for a 12 inch nonochrone nonitor to over 200 Wfor a 21 inch
hi gh resolution color nonitor. Heat is one nmmjor enemy of electronics.

* Do not put anything on top of the nonitor that might block the ventilation
grill in the rear or top of the cover. This is the major avenue for
t he convection needed to cool internal conmponents.

* Do not place two nobnitors close to one another. The magnetic fields
may cause either or both to suffer fromw ggling or shinmering inmages.
Li kewi se, do not place a nmonitor next to a TV if possible.

* Locate | oudspeakers and ot her sources of magnetic fields at |east a couple
of feet fromthe nonitor. This will mininmze the possibility of color purity
or geonetry problenms. The exception is with respect to good quality shiel ded
mul ti nedi a speakers which are designed to avoid magnetic interference
probl ens.

O her devices which nay cause interference include anything with power
transformers including audi o equi prent, AC or DC wall adapters, and |aptop
power supplies; fluorescent |anps with nagnetic ballasts; and notorized

or heavy duty appliances.

* Situate nonitors away from power lines - even electric wiring behind
or on the other side of walls - and heavy equi pment which may cause
noti ceable interference like rippling, wggling, or sw mmng of the
picture. Shielding is difficult and expensive.

* Make sure all video connections are secure (tighten the thunbscrews)
to minimze the possibility of intermttent or noisy colors. Keep the
cabl es as short as possible. Do not add extension cables if at al
possi bl e as these al nbst always result in a reduction in inmage crispness
and introduce ghosting, snearing, and other term nation problens.
If you nmust add an extension, use proper high quality cable only |ong
enough to make connections conveniently. Follow the term nation
recomrendati ons el sewhere in this docunent.

24 of 223 09/07/98 3:16 PM



Sci.Electronics.Repair FAQ: Notes o...pair of Computer and Video Monitors http://www.repairfag.org/REPAIR/F_monfag.html

* Finally, store nmagnetic nedia well away fromall electronic equi pnment
i ncluding and especially nmonitors and | oudspeakers. Heat and nagnetic

fields will rapidly turn your diskettes and tapes into so nmuch trash. The
operation of the nonitor depends on nagnetic fields for beam defl ection
Enough sai d.

5.2) Non-standard monitor mounting considerations

Monitors normally are positioned horizontally or via the limts of their tilt
swi vel bases out in the open on a table or desktop. However, for use in
exhibits or for custominstallations, it nmay be desirable to nount a nonitor
in a non-standard position and/or inside an encl osure.

(From Bob Myers (nyers@c. hp.com)).

Your mileage may vary, but (and pl ease take the following for what it is, a
very general answer)...

There are basically two potential problens here; one is cooling, and the other
is the fact that the nonitor has no doubt been set up by the factory assum ng
standard nagnetic conditions, which probably DIDN T involve the nonitor
tilting at much of an angle. If you're happy with the inage quality when it's
installed in the cabinet, that |eaves just the first concern. THAT one can be
addressed by sinply naking sure the cabinet provides adequate ventilation (and
preferably adding a fan for a bit of forced-air cooling), and naking sure that
the whole installation isn't going to be exposed to high anbient tenperatures.
(Most monitors are speced to a 40 deg. C anbient in their normal orientation

adding forced-air cooling will usually let you keep that rating in positions
somewhat beyond the normal.) Under no circunstances shoul d you bl ock the
cabinet's vents, and - depending on the installation - it may be preferable to

renove the rear case parts of the nonitor (but NOT the netal covers beneath
the plastic skin) in order to inprove air circulation

Your best bet is to sinply contact the service/support people of the nonitor
manuf acturer, and get their input on the installation. Failing to get the
manuf acturer's bl essing on sonething like this npst often voids the warranty,
and can probably lead to some liability problens. (Note - I'mnot a | awer,
and |'mnot about to start playing one on the net.)

5.3) Preventive maintenance - care and cleaning

Preventive maintenance for a nmonitor is pretty sinple - just keep the case
clean and free of obstructions. Clean the CRT screen with a soft cloth just
danpened with water and mld detergent or isopropyl alcohol. This wll

avoi d damage to normal as well as antireflection coated glass. DO NOT use
anything so wet that liquid may seep inside of the nonitor around the edge
of the CRT. You could end up with a very expensive repair bill when the
liquid decides to short out the main circuit board |urking just bel ow
Then dry thoroughly. Use the CRT sprays sold in conputer stores if you

i ke but again, make sure none can seep inside. |If you have not cleaned
the screen for quite a while, you will be anazed at the ampunt of bl ack
grime that collects due to the static buildup fromthe CRT high voltage
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suppl y.

In really dusty situations, periodically vacuumi ng inside the case and the use
of contact cleaner for the controls might be a good idea but realistically,
you will not do this so don't worry about it.

(From Tom Watson (tsw@ ohana.com)).

If you are nmaintaining a site, consider periodic cleaning of the nonitors.

Dependi ng on the location, they can accunulate quite a bit of dust. |In nornal
operation there is a electrostatic charge on the face of the crt (larger
screens have bigger charges) which act as 'dust nagnets'. If the operator

snokes (thankfully decreasing), it is even worse. At one site | hel ped out

wi th, nost of the operators snoked, and the screens slowy got covered with a
filmof both dust and snoke particles. A little bit of glass cleaner applied
wi th reasonabl e caution and the decree of "adjustnments" to nmake the screen
better (these were character nonochronme terminals), and | o and behol d, "what
an inprovenent!". Yes, even in ny dusty house, the TVs get a coating of
filmgoo which needs to be cleaned, and the picture quality (BayWatch vi ewers
beware) inproves quite a bit. Try this on your hone TV to see what cones off,
t hen show everyone else. You will be surprised what a little bit of cleaning
does.

(From Bob Myers (nyers@c. hp.com)).

1. Don't block the vents; nake sure the nonitor has adequate ventilation
and don't operate it nore than necessary at high anbi ent tenperatures.

2. If the nonitor is used in particularly dusty environments, it's probably
a good idea to have a qualified service tech open it up every so often
(perhaps once a year, or nore often depending on just how dirty it gets)
and cl ean out the dust.

3. The usual sorts of common-sense things - don't subject the nonitor to
mechani cal shock and vibration, clean up spills, etc., pronptly, and
so forth. And if you're having repeated power-supply problenms with your
equi pment, it may be tine to get suspicious of the quality of your AC
power (are you getting noise on the |ine, sags, surges, spikes, brownouts,
that sort of thing?).

And nost i nmportantly:

4. Turn the nmonitor OFF when it's not going to be used for an extended
peri od (such as overnight, or if you'll be away from your desk for the
afternoon, etc.). Heat is the enemy of all electronic conponents, and
screen-savers do NOTHING in this regard. Many screen-savers don't even
do a particularly good job of going easy on the CRT. Wth nodern
power - management software, there's really no reason to be leaving a
nonitor up and running all the tinme.

These won't guarantee long life, of course - nothing can do that, as there

will always be the possibility of the random conponent failure. But these
are the best that the user can do to nmeke sure the nonitor goes as |long as
it can.

5.4) Monitor tuneup?

(From Bob Myers (nyers@c. hp.com)).
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Most manufacturers will quote an MIBF (Mean Time Before Failure) of
somewhere in the 30,000 to 60,000 hour range, EXCLUSIVE OF the CRT. The
typi cal CRT, without an extended-life cathode, is usually good for

10,000 to 15,000 hours before it reaches half of its initial brightness.
Note that, if you | eave your nonitor on all the time, a year is just about
8, 000 hours.

The only "tuneup" that a nonitor should need, exclusive of adjustnments

needed followi ng replacement of a failed conmponent, would be video anplifier
and/ or CRT biasing adjustnents to conpensate for the aging of the tube.

These are usually done only if you're using the thing in an application where
exact color/brightness matching is inportant. Regular degaussing of the

unit may be needed, of course, but I'mnot considering that a "tuneup" or

adj ust ment .

Chapter 6) Monitor Troubleshooting

6.1) SAFETY

TVs and conmputer or video nonitors are anong the nore dangerous of consuner
el ectroni cs equi pnent when it comes to servicing. (Mcrowave ovens are
probably the npst hazardous due to high voltage at flesh frying and cardi ac
arresting high power.)

There are two areas which have particularly nasty electrical dangers: the
non-i sol ated |ine power supply and the CRT high voltage.

Maj or parts of nearly all nodern TVs and many conputer nonitors are directly
connected to the ACline - there is no power transformer to provide the
essential barrier for safety and to mnimze the risk of equi prent danmage.
In the majority of designs, the live parts of the TV or nonitor are linmted
to the ACinput and line filter, degauss circuit, bridge rectifier and main
filter capacitor(s), low voltage (B+) regulator (if any), horizontal output
transistor and primary side of the flyback (LOPT) transformer, and parts

of the startup circuit and standby power supply. The flyback generates nost
of the other voltages used in the unit and provides an isolation barrier so
that the signal circuits are not |ine connected and safer

Since a bridge rectifier is generally used in the power supply, both
directions of the polarized plug result in dangerous conditions and an
isolation transforner really should be used - to protect you, your test
equi prent, and the TV, from serious damage. Some TVs do not have any

i solation barrier whatsoever - the entire chassis is live. These are
particularly nasty.

The high voltage to the CRT, while 200 tinmes greater than the |ine input,
is not nearly as dangerous for several reasons. First, it is present in a
very limted area of the TV or nonitor - fromthe output of the flyback

to the CRT anode via the fat red wire and suction cup connector. If you
don't need to renove the mai nboard or replace the flyback or CRT, then
leave it alone and it should not bite. Furthernore, while the shock from
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the HV can be quite painful due to the capacitance of the CRT envel ope, it
is not nearly as likely to be lethal since the current available fromthe
[ ine connected power supply is nuch greater

6.2) Safety Guidelines

These guidelines are to protect you frompotentially deadly electrical shock
hazards as well as the equi pnent from acci dental danmage.

Note that the danger to you is not only in your body providing a conducting
path, particularly through your heart. Any involuntary nuscle contractions
caused by a shock, while perhaps harnless in thensel ves, nay cause collatera
damage - there are many sharp edges inside this type of equiprment as well as
other electrically live parts you may contact accidentally.

The purpose of this set of guidelines is not to frighten you but rather to
make you aware of the appropriate precautions. Repair of TVs, nonitors,

m crowave ovens, and other consumer and industrial equipment can be both
rewar di ng and economical. Just be sure that it is also safe!

* Don't work alone - in the event of an emergency another person's presence
may be essenti al

* Al ways keep one hand in your pocket when anywhere around a powered
i ne-connected or high voltage system

* Wear rubber bottom shoes or sneakers.

* Don't wear any jewelry or other articles that could accidentally contact
circuitry and conduct current, or get caught in noving parts.

* Set up your work area away from possible grounds that you may accidentally
cont act .

* Know your equi pnent: TVs and nonitors nmay use parts of the netal chassis
as ground return yet the chassis nmay be electrically live with respect to the
earth ground of the ACline. M crowave ovens use the chassis as ground
return for the high voltage. |In addition, do not assume that the chassis
is a suitable ground for your test equipnent!

* |f circuit boards need to be renmoved fromtheir nountings, put insulating
mat eri al between the boards and anything they may short to. Hold themin
place with string or electrical tape. Prop themup with insulation sticks -
pl astic or wood.

* | f you need to probe, solder, or otherwi se touch circuits with power off,
di scharge (across) large power supply filter capacitors with a 2 Wor greater
resistor of 100 to 500 ohms/V approxi mate value (e.g., for a 200 V capacitor
use a 20K to 100K ohmresistor). Mnitor while discharging and verify that
there is no residual charge with a suitable voltneter. 1In a TV or nonitor,
if you are renoving the high voltage connection to the CRT (to replace the
flyback transformer for exanple) first discharge the CRT contact (under the
insulating cup at the end of the fat red wire). Use a 1IMto 10M ohm 5 W or
greater wattage (for its voltage hol doff capability, not power dissipation)
resistor on the end of an insulating stick or the probe of a high voltage
nmeter. Discharge to the metal frame which is connected to the outside of
t he CRT.
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* For TVs and nonitors in particular, there is the additional danger of
CRT inmplosion - take care not to bang the CRT envel ope with your tools.
An inmplosion will scatter shards of glass at high velocity in every
direction. There are several tons of force attenpting to crush the typica
CRT. VWhile inmplosion is not really likely even with nodest abuse, why take
chances? However, the CRT neck is relatively thin and fragile and breaking
it would be very enbarrassing and costly. Al ways wear eye protecti on when
wor ki ng around the back side of a CRT.

* Connect/di sconnect any test |eads with the equi pnent unpowered and
unpl ugged. Use clip | eads or solder tenmporary wires to reach cranped
| ocations or difficult to access |ocations.

* | f you nust probe live, put electrical tape over all but the last 1/16"
of the test probes to avoid the possibility of an accidental short which
coul d cause damage to various conmponents. Cip the reference end of the
nmeter or scope to the appropriate ground return so that you need to only
probe with one hand.

* Performas many tests as possible with power off and the equi pnent unpl ugged.
For exanple, the semiconductors in the power supply section of a TV or
nmonitor can be tested for short circuits with an ohmeter.

* Use an isolation transforner if there is any chance of contacting line
connected circuits. A Variac(tnm) is not an isolation transforner!
The use of a GFCl (Ground Fault Circuit Interrupter) protected outlet is a
good idea but will not protect you from shock frommny points in a |line
connected TV or nmonitor, or the high voltage side of a mcrowave oven, for
exanpl e. (Note however, that, a G-Cl nmay nui sanse trip at power-on or at
ot her randomtines due to | eakage paths (like your scope probe ground) or
the highly capacitive or inductive input characteristics of |line powered
equi pment.) A fuse or circuit breaker is too slow and insensitive to provide
any protection for you or in many cases, your equipnent. However, these
devi ces may save your scope probe ground wire should you accidentally connect
it to a live chassis.

* Don't attenpt repair work when you are tired. Not only will you be nore
carel ess, but your primary diagnostic tool - deductive reasoning - wll
not be operating at full capacity.

* Finally, never assume anything w thout checking it out for yourself!
Don't take shortcuts!

6.3) Troubleshooting tips

Many probl enms have sinple solutions. Don't imrediately assune that

your problemis sone conbination of esoteric conplex convol uted

failures. For a nobnitor, it may just be a bad connection or bl own fuse.
Renenmber that the problems with the npst catastrophic inpact on operation
like a dead nmonitor usually have the sinplest solutions. The kind of
problems we would like to avoid at all costs are the ones that are
intermttent or difficult to reproduce: the occasional jitter or a nonitor
that blows its horizontal output transistor every six nonths.

If you get stuck, sleep on it. Sonetimes, just letting the problem
bounce around in your head will lead to a different nore successfu
approach or solution. Don't work when you are really tired - it is both
dangerous (especially with respect to nonitors) and nostly non-productive
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(or possibly destructive).

VWhenever wor ki ng on conpl ex equi prent, nake copi ous notes and di agrans.

You will be eternally grateful when the time conmes to reassenble the unit.
Mbst connectors are keyed agai nst incorrect insertion or interchange

of cables, but not always. Apparently identical screws may be of differing
| engths or have slightly different thread types. Little parts may fit in
nore than one place or orientation. Etc. Etc.

Pill bottles, filmcanisters, and plastic ice cube trays cone in handy for
sorting and storing screws and other small parts after disassenbly. This
is particularly true if you have repairs on nultiple pieces of equi pnent
under way simultaneously.

Sel ect a work area which is w de open, well |ighted, and where dropped
parts can be located - not on a deep pile shag rug. The best location will
al so be relatively dust free and allow you to suspend your troubl eshooting
to eat or sleep or think without having to pile everything into a cardboard
box for storage.

Anot her consideration is ESD - Electro-Static Discharge. Some components
(like 1Cs) in a TV are vulnerable to ESD. There is no need to go overboard
but taking reasonabl e precautions such as getting into the habit of touching
a **safe** ground point first.

WARNI NG even with an isolation transforner, a live chassis should **not** be
consi dered a safe ground point. Wen the nmonitor is unplugged, the shields
or other signal ground points should be safe and effective.

A basic set of precision hand tools will be all you need to di sassenble
a nonitor and perform nost adjustnents. These do not need to be really
expensi ve but poor quality tools are worse than usel ess and can cause
damage. Needed tools include a selection of Philips and straight bl ade
screwdrivers, socket drivers, needlenose pliers, wire cutters, tweezers,
and dental picks. For adjustnments, a mniature (1/16" blade) screwdriver
with a non-netallic tip is desirable both to prevent the presence of
metal fromaltering the electrical properties of the circuit and to

m nimze the possibility of shorting sonething from acci dental contact
with the circuitry. A set of plastic alignment tools will be useful for
maki ng adj ustnents to coils (though you can forgo these until the (rare)
need ari ses.

A low power (e.g., 25 W fine tip soldering iron and fine rosin core sol der

will be needed if you should need to di sconnect any sol dered wires (on purpose
or by accident) or replace sol dered conponents. A higher power iron or small
sol dering gun will be needed for dealing with [ arger conmponents. Never use

acid core solder or the type used for sweating copper pipes!

See the docunent: "Troubl eshooting and Repair of Consuner Electronics Equi pnent" for

For thermal or warnup problens, a can of 'cold spray' or 'circuit chiller'
(they are the same) and a heat gun or blow dryer come in handy to identify
conponents whose characteristics may be drifting with tenperature. Using the
ext ensi on tube of the spray can or making a cardboard nozzle for the heat

gun can provide very precise control of which conponents you are affecting.

For info on useful chenicals, adhesives, and |ubricants, see "Repair Briefs,
an Introduction" as well as other docunents available at this site.

6.4) Test equipment
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Don't start with the electronic test equi pnent, start with sonme anal ytica
t hi nking. Your powers of observation (and a little experience) will nake
a good start. Your built in senses and that stuff between

your ears represents the nost inportant test equi pnent you have.

However, some test equi prment will be needed:

*
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Multitester (DMMor VOV - This is essential for checking of power supply
vol tages and vol tages on the pins of ICs or other conmponents - service
literature |like the SAMs Photofacts described el sewhere in this docunent

i ncl ude vol tage neasurenents at nearly every circuit tie point for properly
functioning equi pnent. The multitester will also be used to check
conponents like transistors, resistors, and capacitors for correct val ue
and for shorts or opens. You do not need a fancy instrument. A basic

DMM - as long as it is reliable - will suffice for nost troubl eshooting.

If you want one that will last for many years, go with a Fluke. However
even the md range DMVs from Radi o Shack have proven to be reliable and

of acceptable accuracy. For some kinds of neasurenents - to deduce trends
for example - an analog VOMis preferred (though some DMV have a bar graph
scal e which al nbst as good).

Cscill oscope - Wiile many problens can be dealt with using just a multineter,

a 'scope will be essential as you get nore into advanced troubl eshooti ng.
Basi ¢ requirenents are: dual trace, 10-20 MHz m ni mum vertical bandwi dth,
del ayed sweep desirable but not essential. A good set of proper 10x/1x

probes. Higher vertical bandwidth is desirable but npst consuner electronics
work can be done with a 10 MHz scope. A storage scope or digital scope

m ght be desirable for certain tasks but is by no neans essential for basic

t roubl eshoot i ng.

| would recommend a good used Tektronix or HP scope over a new

scope of alnost any other brand. You will usually get nore scope

for your nobney and these things |ast alnost forever. M 'good' scope
is the mlitarized version (AN USM 281A) of the HP180 | ab scope. This
has a dual channel 50 MHz vertical plugin and a del ayed sweep horizonta
plugin. | have seen these going for under $300 from surplus outfits.
For a little nmore noney, you can get a Tek 465 100 Mhz scope ($400-700)
which will suffice for all but the nost demanding (read: RF or high
speed digital) repairs.

A video signal source - depending on what type of nobnitor you are repairing,
you may need both conmputer and tel evision signals.

Conputer Mnitors - a test PCis useful as a video source. O course,
it will need to support whatever scan rates and video types the
nmonitor is designed to accept. Software prograns are available to

di splay purity, convergence, focus, color, and other test patterns.

O create your own test patterns using a programlike W ndows Paint.
See the section: "Using a PC as a nonitor test pattern generator".

Studi o nonitors - a baseband video source |like a VCR or cancorder

is useful in lieu of a test pattern generator. These will allow you to
you to control the programmaterial. |In fact, naking some test tapes
using a cancorder or video camera to record static test patterns wll
all ow you full control of what is being displayed and for how | ong.

Col or bar/dot/crosshatch signal generator. This is a useful piece

of equipment if you are doing a lot of TV or studio nonitor repair and

need to perform CRT convergence and chroma adjustnents. However, there
are alternatives that are al nbst as good: a VHS recording of these

test patterns will work for TVs. A PC programred to output a suitable

set of test patterns will be fine for nonitors (and TVs if you can set
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up the video card to produce an NTSC/ PAL signal. This can be put
through a VCR to generate the RF (Channel 3/4) input to your TV if
it does not have direct video inputs (RCA jacks).

Sophi sticated (and expensive) universal test pattern generators are avail able
that will handl e any possible nonitor scan rate.

6.5) Incredibly handy widgets

These are the little gadgets and honenade testers that are useful for many
repair situations. Here are just a few of the nopst basic:

* Series light bulb for current limting during the testing of TVs,
noni tors, sw tching power supplies, audio power anplifiers, etc. | built
a dual outlet box with the outlets wired in series so that a |lanp
can be plugged into one outlet and the device under test into the other

For added versatility, add a regular outlet and "kill' switch using a
guad box instead. The use of a series load will prevent your expensive
repl acement part like a horizontal output transistor fromblowi ng if
there is still sone fault in the circuit you have failed to | ocate.

* A Variac. It doesn't need to be large - a 2 A Variac nounted with
a switch, outlet and fuse will suffice for nobst tasks. However
a5 amp or larger Variac is desirable. |If you will be troubl eshooting

220 VAC equipment in the US, there are Variacs that will output 0-240 VAC
froma 115 VAC line (just make sure you don't forget that this can easily
fry your 115 VAC equipnent.) By varying the line voltage, not only can
you bring up a newmy repaired nmonitor gradually to make sure there are no
probl ems; you can al so eval uate behavior at |ow and high |ine voltage.
This can greatly aid in troubl eshooti ng power supply problens. Warning:
a Variac is not an isolation transformer and does not help with respect
to safety. You need an isolation transformer as well

* |solation transformer. This is very inportant for safely working on
live chassis equipnent. Since nearly all nodern nonitors utilize |line
connected switchnode power supply or line connected deflection circuits,

it is essential. You can build one froma pair of simlar
power transformers back-to-back (with their highest rated secondaries
connected together. | built mine froma couple of simlar old

tube type TV power transforners nounted on a board with an outlet box
including a fuse. Their high voltage w ndings were connected together
The unused | ow vol tage wi ndings can be put in series with the primary
or output w ndings to adjust voltage. Alternatively, comrercial |ine
isolation transforners suitable for TV troubl eshooting are avail abl e
for less than $100 - well worth every penny.

* Variable isolation transformer. You don't need to buy a fancy conbination
unit. A Variac can be followed by a normal isolation transformer. (The
opposite order also works. There may be sone subtle differences in
| oad capacity.).

* Degaussing coil. Make or buy. The internal degaussing coil salvaged
froma defunct color TV or nonitor doubled over to half it original dianeter
to increase its strength in series with a 200 Wlight bulb for current

[imting will work just fine. O, buy one froma place |like MCM El ectronics
for about $15-$30 that will be suitable for all but the largest TVs and
noni tors. Al so, see the section: "Degaussing (demagnetizing) a CRT".
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6.6) Safe discharging of capacitors in TVs and video
monitors

It is essential - for your safety and to prevent damage to the device under

test as well as your test equipnment - that large or high voltage capacitors

be fully discharged before neasurenents are nade, soldering is attenpted,

or the circuitry is touched in any way. Sonme of the large filter capacitors
conmmonly found in |ine operated equi pnment store a potentially |ethal charge.

This doesn't mean that every one of the 250 capacitors in your TV need to be
di scharged every time you power off and want to make a nmeasurenment. However
the large main filter capacitors and other capacitors in the power supplies
shoul d be checked and di scharged if any significant voltage is found after
powering off (or before any testing - sonme capacitors (like the high voltage
of the CRT in a TV or video nonitor) will retain a dangerous or at | east

pai nful charge for days or |onger!)

The technique | recomrend is to use a high wattage resistor of about
100 ohns/V of the working voltage of the capacitor. This wll

prevent the arc-wel ding associated with screwdriver discharge but wll
have a short enough tinme constant so that the capacitor will drop to
a low voltage in at nost a few seconds (dependent of course on the

RC tine constant and its original voltage).

Then check with a voltneter to be double sure. Better yet, nonitor
whi | e di scharging (not needed for the CRT - discharge is nearly
i nst ant aneous even with multi-M ohmresistor).

Oobvi ously, make sure that you are well insul ated!

* For the mamin capacitors in a switching power supply which nmight be
100 uF at 350 V this would nean a 5K 10Wresistor. RC=.5 second.
5RC=2.5 seconds. A |lower wattage resistor can be used since the tota
energy in not that great. If you want to be nmore high tech, you can
build the capacitor discharge circuit outlined in the conpanion
docunent: "Testing capacitors with a nmultinmeter and safe di scharge"
This provides a visible indication of remaining charge and polarity.

* For the CRT, use a high wattage (not for power but to hold off the high
vol tage which could junp across a tiny 1/4 watt job) resistor of a few
M ohms di scharged to the chassis ground connected to the outside of the
CRT - NOT SI GNAL GROUND ON THE MAI N BOARD as you may danmmge sensitive
circuitry. The time constant is very short - a ms or so. However, repeat
a fewtimes to be sure. (Using a shorting clip lead may not be a bad idea
as well while working on the equi pment - there have been too many stories
of painful experiences from charge devel opi ng for whatever reasons ready
to bite when the HV lead is reconnected.) Note that if you are touching the
little board on the neck of the CRT, you may want to discharge the HV
even if you are not disconnecting the fat red wire - the focus and screen
(&) voltages on that board are derived fromthe CRT HV

WARNI NG Most conmon resistors - even 5 Wjobs - are rated for only a few
hundred volts and are not suitable for the 25KV or nore found in nodern

TVs and nmonitors. Alternatives to a long string of regular resistors are

a high voltage probe or a known good focus/screen divider network. However
note that the discharge tine constant with these may be a few seconds. Also
see the section: "Additional information on discharging CRTs".
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If you are not going to be renoving the CRT anode connection, replacing
the flyback, or going near the conponents on the little board on the neck
of the CRT, | would just stay away fromthe fat red wire and what it is
connected to including the focus and screen wires. Repeatedly shoving

a screwdriver under the anode cap risks scratching the CRT envel ope which
is sonething you really do not want to do.

Agai n, al ways doubl e check with a reliable voltneter!

Reasons to use a resistor and not a screwdriver to discharge capacitors:

1. It will not destroy screwdrivers and capacitor termnals.
2. It will not damage the capacitor (due to the current pulse).
3. It will reduce your spouse's stress level in not having to hear those

scary snaps and crackl es.

6.7) Additional information on discharging CRTs

You may hear that it is only safe to discharge fromthe Utor to the Dag.
So, what the @$% are they tal king about? :-).

(From Asinov (m ke.ross@ uxta. met. pubnix.ten)).

'"Dag' is short for Aquadag. It is a type of paint made of a graphite pignent
which is conductive. It is painted onto the inside and outside of picture
tubes to formthe 2 plates of a high voltage filter capacitor using the glass
in between as dielectric. This capacitor is between .005uF and .OluF in
value. This seens like very little capacity but it can store a substantia
charge with 25,000 volts appli ed.

The outside "dag" is always connected to the circuit chassis ground via a
series of springs, clips, and wires around the picture tube. The high voltage
or "Utor" term nal nust be discharged to chassis ground before working on the
circuit especially with older TV's which didn't use a voltage divider to
derive the focus potential or newer TV's with a defective open divider

For nmore details, see the document: "TV and Mnitor CRT (Picture Tube)
I nformati on.

6.8) The series light bulb trick

VWhen powering up a nonitor (or any other nodern el ectronic devices with
expensi ve power sem conductors) that has had work done on any power circuits,
it is desirable to minimze the chance of blow ng your newly installed parts
should there still be a fault. There are two ways of doing this: use of a
Variac to bring up the AC |line voltage gradually and the use of a series |oad
to limt current to power sem conductors.

Actually using a series load - a light bulb is just a readily avail able
cheap load - is better than a Variac (well both m ght be better still) since
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it will Iimt current to (hopefully) non-destructive |evels.

VWhat you want to do is limit current to the critical parts - usually the
hori zontal output transistor (HOT). Most of the tinme you will get away with
putting it in series with the ACline. However, sonetines, putting a |ight
bulb directly in the B+ circuit will provide better protection as it wll
[imt the current out of the main filter capacitors to the HOT. Actually,
an actual power resistor is probably better as its resistance is constant

as opposed to a light bulb which will vary by 1:10 fromcold to hot. The
Iight bulb, however, provides a nice visual indication of the current drawn
by the circuit under test. For exanple:

* Full brightness: short circuit or extremely heavy load - a fault probably
is still present.

* |nitially bright but then settles at reduced brightness: filter capacitors
charge, then |lower current to rest of circuit. This is what is expected
when the equi prent is operating normally. There could still be a problem
with the power circuits but it will probably not result in an i nmedi ate
catastrophic failure.

* Pul sating: power supply is trying to come up but shutting down due to
overcurrent or overvoltage condition. This could be due to a continuing
fault or the light bulb may be too small for the equi prent.

Note: for a TV or nonitor, it may be necessary (and desirable) to unplug the
degauss coil as this represents a heavy initial |oad which nay prevent the unit
fromstarting up with the light bulb in the circuit.
The foll owi ng are suggested starting wattages:

40 Whbul b for VCR or |aptop conputer swtching power supplies.

100 Whbulb for small (i.e., B/Wor 13 inch color) monitors or TVs.
* 150-200 Whbulb for large color nonitors or projection TVs.

A 50/100/150 W(or simlar) 3-way bulb in an appropriate socket cones in
handy for this but mark the switch so that you know which setting is which

Dependi ng on the power rating of the equi pnent, these wattages may need to be

increased. | have had to go to a 300 Wlight bulb for sone conputer nonitors.
However, start low If the bulb lights at full brightness, you know there is
still a major fault. If it flickers or the TV (or other device) does not quite
cone fully up, then it should be safe to go to a larger bulb. Resist the
tenmptation to i mediately renmove the bulb at this point - | have been screwed
by doing this. Try a larger one first. The behavior should inprove. If it
does not, there is still a fault present.

Note that some TVs and nonitors sinply will not power up at all with any kind

of series load - at least not with one small enough (in terns of wattage) to
provide any real protection. The nicrocontroller apparently senses the drop
in voltage and shuts the unit down or continuously cycles power. Fortunately,
these seemto be the exceptions.

6.9) Getting inside a monitor

You will void the warranty - at least in principle. There are usually no
warranty seals on a nonitor so unless you cause visible danage or nangle the
screws or plastic, it is unlikely that this would be detected. You need to
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decide. A nmonitor still under warranty shoul d probably be returned for
warranty service for any covered problens except those with the npst obvious
and easy sol utions. Another advantage of using warranty service is that
shoul d your problem actually be covered by a design change, this will be
performed free of charge. And, you cannot generally fix a problem which

is due to poor design!

Getting into a nonitor is usually quite sinple requiring the renoval of 2-10
Philips or 1/4" hex head screws - npst around the edge of the cabinet or
underneath, a couple perhaps in the rear. Disconnect the input and power
cables first as it they stay with catch on the rear cover you are detaching.
Reconnect whatever is needed for testing after the cover is renpbved. Set
the screws aside and make notes if they are not all of the sane length

and thread type - putting a too long screw in the wong place can short out
a circuit board or break something else, for exanple. A screwthat is

too short may not be secure.

Once all visible screws are out, try to remove the cover. There stil

may be hi dden catches or snaps around the edges or seam or hidden beneath
little plastic or rubber cosnetic covers. Sonetines, the tilt-swi vel base
will need to be renmpbved first. |If no snaps or catches are in evidence,
the cover may just need a bit of persuasion in the formof a carefully

pl aced screwdriver blade (but be careful not to damage the soft plastic).
A 'splitting' tool is actually sold for this purpose.

As you pull the cover straight back (usually) and off, nake sure that no

other wires are still attached. Oten, the main circuit board rests on

the bottom of the cover in some slots. Go slow as this circuit board may

try to cone along with the back. Once the back is off, you may need to prop
the circuit board up with a block of wood to prevent stress damage and contact
with the work surface.

Mbst - but not all - nonitors can be safely and stably positioned either
still on the tilt-swi vel base or on the bottomof the frane. However, sone
will require care as the circuit board will be vul nerable.

Larger nmonitors are quite heavy and bul ky. Get soneone to hel p and take
precautions if yours is one of the unstable variety. |If need be, the nonitor
can usually safely be positioned on the CRT face if it is supported by
foam or a fol ded bl anket.

Once the cover is off, you will find anywhere fromnone to a frustratingly

| arge nunber of sheetnetal (perforated or solid) shields. Depending on which
circuit boards need to be accessed, one or nore of these shields may need

to be removed. Make notes of which screws go where and store in a safe

pl ace. However, manufacturers often place holes at strategic |ocations

in order to access adjustnments - check for these before going to a | ot

of unnecessary bother. Note: sheetnetal usually has sharp edges. Take care.

Reassenble in reverse order. Getting the circuit board to slide snmoothly
into its slots may take a couple of attenpts but otherw se there should
be no surprises.

6.10) Specific considerations before poking around
inside a TV or monitor

Both el ectrical and mechani cal dangers |urk:
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* Main filter capacitor(s). This is the nost dangerous (not the HV as you

woul d expect). Fortunately, these capacitors will normally discharge in
a few mnutes or less especially if the unit is basically working as the
load will normally discharge the capacitors nearly fully as power is

turned off. Wth TVs, the main filter capacitor is nearly always on the
mai nboard. Monitors are nore likely to have a separate power supply
nodul e.

However, you should check across this capacitor - usually only one and by
far the largest in the unit - with a voltmeter and di scharge as suggested
in the section: "Safe discharging of capacitors in TVs and vi deo nonitors"
if it holds nmore than a few volts (or wait |onger) before touching anything.

Sone of these are as large as 1,000 uF charged to 160 V - about 13 ws or
a simlar amount of energy as that stored in an electronic flash. This is
enough to be potentially |ethal under the wong circumstances.

* H gh Voltage capacitor formed by the envel ope of the CRT. It is connected
to the flyback transformer by the fat (usually red) wire at the suction cup
(well, it looks like one anyhow) attached to the CRT. This capacitor can

hold a charge for quite a while - weeks in the case of an old tube type TV

If you want to be doubly sure, discharge this also. However, unless you
are going to be removing the HV connector/flyback, it should not bother you.

The energy stored is about 1 ws but if you touch it or cone near to an
exposed termnal, due to the high voltage, you will likely be handed *all*
the energy and you *will* feel it. The danger is probably nore in the
col l ateral damage when you junp ripping flesh and smashi ng your head agai nst
the ceiling.

Sone people calibrate their junp based on voltage - about 1 inch/V. :-).

There will be some HV on the back of the circuit board on the neck of the
CRT but although you might receive a tingle but accidentally touching the
focus or screen (&) pins, it is not likely to be dangerous.

* CRT inmplosion risk. Don't hammer on it. However, it is nmore likely that
you wi Il break the neck off the tube since the neck is relatively weak. This
will ruin your whole day and the TV or nonitor but will likely not result in
flying gl ass everywhere. Just, don't go out of your way to find out.

* Sharp sheet netal and so forth. This is not in itself dangerous but
a reflex reaction can send your flesh into it with nasty consequences.

6.11) Dusting out the inside of a monitor

The first thing you will notice when you renove the cover is how super
dusty everything is. Conplenents to the naid. You never dreaned there
was that much dust, dirt, and grime, in the entire house or office building!

Use a soft brush (like a new paintbrush) and a vacuum cl eaner to carefully

renove the built up dust. Blowing off the dust will likely not hurt the unit
unless it gets redeposited inside various controls or switches but wll
be bad for your lungs - and will spread dirt all over the room Don't turn

anything - many critical adjustments masquerade as screws that just beg to
be tightened. Resist the inmpulse for being neat and tidy until you know

37 of 223 09/07/98 3:16 PM



Sci.Electronics.Repair FAQ: Notes o...pair of Computer and Video Monitors

38 of 223

exactly what you are doing. Be especially careful around the conponents on
the neck of the CRT - picture tube - as some of these are easily shifted

in position and control the npost dreaded of adjustments - for color purity
and convergence. |In particular, there will be a series of adjustable ring
magnets. It is a good idea to mark their position in any case with

some white paint, "white out', or a Magic Marker so that if they do get
noved - or you nove them deliberately, you will know where you started.

6.12) Troubleshooting a monitor with the mainboard
disconnected

There are times when it is desirable to remove the chassis or mmi nboard and
work on it in a convenient |ocation without having to worry about the
attachments to the CRT and cabinet circuitry.

My approach is usually to do as much work as possible wi thout renmoving the
mai n board and not attenpt to power it up when di sconnected since there are
too many unknowns. Professionals will plug the chassis into a piece of

equi pment which will sinulate the critical functions but this is rarely

an option for the doit-yourselfer

Note that if you have a failure of the power supply - blown fuse, startup
etc., then it should be fine to disconnect the CRT since these probl ens
are usually totally unrelated. Tests should be valid.

However, if you really want to do live testing with the main board renoved
here are some considerations. There are usually several connections to the
CRT and cabi net:

* Deflection yoke - since the horizontal coils are part of the horizonta
flyback circuit, there could be problens running without a yoke. This
could be anything fromit appearing totally dead to an overheating or
bl own horizontal output transistor. There may be no problems. Vertica
and any convergence coils may or nmay not be problens as well

* CRT video Driver board - pulling this should not usually affect anything
except possibly video output and bias voltages.

* CRT 2nd anode - without the CRT, there will be no capacitor to filter
t he high voltage and you woul d certaily want to insulate the HV connector
**real** well. | do not know whether there are cases where damage to
flyback could result fromrunning in thie manner, however

* Front panel controls - disconnecting these may result in inability to
even turn the unit on, erratic operation, and other unexpected behavi or

* Degauss - you just won't have this function when di sconnected. But who
cares - you are not going to be |ooking at the screen anyhow

* Renpte sensor - no renpte control but | doubt that the floating
signals will cause problens.

* Speakers - there will be no audio but this should not cause damage.
I f you do disconnect everything, make sure to |abel any connectors whose

| ocation or orientation may be ambi guous. Most of the tine, these will
only fit one way but not always.
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Chapter 7) Monitor Adjustments

7.1) User picture adjustment

For general view ng, subdued lighting is preferred. Avoid backlighting
and direct overhead lighting if possible.

Display an image with a variety of colors and the full range of brightness
from deep shadows to strong highlights. For PCs, a Wndows desktop is
general ly satisfactory. An outdoor scene on a sunny day is excellent for
studio monitors. Alternatively, use a test pattern specially designed

for this purpose.

Turn the BRI GHTNESS and CONTRAST controls (or use the buttons) all the way
down.

I ncrease the BRIGHTNESS until a raster is just visible in the darkest
(shadow) areas of the picture

I ncrease the CONTRAST until the desired intensity of highlights is obtained.

Si nce BRI GHTNESS and CONTRAST are not al ways independent, go back and forth
until you get the best picture.

On nonitors with a col or bal ance adjustnment, you may want to set this but
unl ess you are doing photorealistic work, using the manufacturer's defaults
will be fine unless you need to match the characteristics of nultiple

noni tors | ocated side-by-side.

7.2) Focus adjustment

One of the nost comon conplaints is that the nonitor is not as crisp as
it used to be - or just not as sharp as expected.

Assumi ng that the focus has just been gradually getting worse over tine,
tweaking the internal focus control may be all that is needed.

Sone nmonitors have the focus adjustment accessible through a (possibly
unmarked) hole in the side or rear of the case. |If there is a single

hole, it is alnost certainly for overall focus. |If there are two hol es,
one may be the screen (& - master brightness) or the two adjustnents may
be for different aspects of focus (e.g., horizontal and vertical). Just
careful | y observe what happens when each adjustment is noved a little so
that you can return it to its original setting if you turned the wong one.
Use a thin insulated screwdriver - preferably with a plastic blade. As
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a extra precaution, determne of the screwdriver will mate easily with the
adjustrment with the nonitor **off** (don't turn anything, however).

VWere there are two adjustnment knobs on the flyback transformer, the top one
is generally for focus and the bottomone is for G.

Mbst i nexpensive nonitors have only what is known as static focus - a constant
vol tage derived fromthe HV power supply is applied to the focus grid of the
CRT. This does not allow for optimal focus across the screen and any setting
is just a conmprom se between central and edge sharpness.

Better nmonitors will have (in addition) H and V focus controls. These are

for dynami c focus adjustnents. There nmay be sone interaction between the
static and dynam c adjustments. |f either of these controls has no effect or
i nsufficient range, then there nmay be a fault in the circuitry for that
particular adjustrment - a fault with the driver, waveform source, power
supply, etc. The nost sophisticated schemes use a nicroprocessor (or at |east
digital logic) to specify the waveform for each section of the screen with a
map of correction values stored in non-volatile memory. It would be virtually
i mpossi bl e to troubl eshoot these systens without detailed service information
and an oscilloscope - and even then you m ght need a custom adapter cable and
PC software to adjust val ues!

Al so see the section: "About the quality of nmonitor focus".

If you need to go inside to tweak focus pots:

Safety: as long as you do not go near anything else inside the nonitor while
it is on AND keep one hand in you pocket, you should be able to do this without
a shocki ng experience.

Plug it in, turnit on and let it warmup for a half hour or so. Set your
PC (or other video source) to display in the resolution you use nost often
First turn the user brightness and contrast fully countercl ockwi se. Turn
bri ghtness up until the raster lines in a totally black area appear, then
back a hair until they disappear. Then, turn the contrast control up unti
you get a fairly bright picture. Fullly clockw se is probably ok. Adjust
FOCUS for generally best focus. You will not be able to get it razor sharp
all over the screen - start at the center and then try to get the

edges and corners as good as you can wi thout messing up the center too much.
Doubl e check that the focus is ok at your normal settings of brightness and
contrast and at other resolutions that you nornally use.

The focus pot is usually located on the flyback transfornmer or on an
auxiliary panel nearby. The focus wire usually conmes fromthe flyback or
the general area or froma terninal on a voltage the nultiplier nodule
(if used). It is usually a wire by itself going to the little board

on the neck of the CRT.

The SCREEN control adjusts background brightness. |If the two controls are
not marked, you will not do any danage by turning the wong one - it wll

be i medi ately obvious as the brightness will change rather than focus

and you can then return it to its original position (or refer to the section
on brightness adjustnents to optimze its setting).

On a decent nonitor, you should be able to nmake out the individual scanning
lines at all resolutions though it will be toughest at the highest scan rates.
If they lines are fuzzy, especially in bright areas, then focus may need

to be adjusted or there may be an actual fault in the focus circuitry or

a defective or just margi nal CRT.

http://www.repairfag.org/REPAIR/F_monfag.html
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7.3) Brightness and color balance adjustment

A monitor which has a picture that is very dark and cannot be adequately

set with the user brightness and contrast controls nay need

i nternal adjustnent of the SCREEN (the term screen, here refers to a
particul ar el ectrode inside the CRT, not really the brightness of the screen
you see, though it applies here), MASTER BRI GHTNESS, or BACKGROUND | eve
controls. As conponents age, including the CRT, the brightness will

change, usually decrease. The follow ng procedure will not rejuvenate
an old CRT but may get just enough brightness back to provide usefu
functionality for a few nonths or longer. |If the problemis not with the age

of the CRT, then it may return the nmonitor to full brightness. The assunption
here is that there is a picture but the dark areas are totally black and

the Iight areas are not bright enough even with the user brightness contro
turned all the way up.

Note that circuit problems can al so cause simlar synptons. These are
particularly likely if the brightness descresed suddenly - CRT em ssion
problems will result in a gradual decrease in brightness over tinme.

In nost cases, the cover will need to be rempved. The controls we

are looking for may be located in various places. Rarely, there wl]l

be access holes on the back or side. However, if there are unnarked

hol es, then the FOCUS and SCREEN controls are the nost likely possibilities.

The controls may be | ocated on the:

* Flyback (LOPT) transformer. Usually there is a nmaster screen contro
along with a focus control on the flyback transformer.

* Alittle board on the neck of the CRT. There nay be a master screen
control. a master brightness control, a master background |evel control

or individual controls for red, green, and blue background level. O her
variations are possible. There may al so be individual gain/contrast
control s.

* Main video board is | ess comopn, but the background | evel controls nmay
be | ocated here.

Display a picture at the video resolution you consider npst inportant
whi ch includes both totally black and full white areas which al so
i ncl udes sharp vertical edges.

Set the user brightness control to its mdpoint and the user contrast
control as lowas it will go - countercl ockw se

Let the nonitor warmup for at |east 15 minutes so that conponents can
stabilize.

If there is a MASTER BRI GHTNESS or BACKGROUND | evel control, use this to
make the bl ack areas of the picture just barely disappear. Them increase
it until the raster lines just appear. (They should be a neutral gray.

If there is a color tint, then the individual col or background controls wll
need to be adjusted to obtain a neutral gray.) |If there is no

such control, use the naster screen control on the flyback. If it is unmarked,
then try both of the controls on the flyback - one will be the screen contro
and the other will be focus - the effects will be obvious. |f you did touch

focus, set it for best overall focus and then get back to the section on focus
once you are done here.

If there are individual controls for each color, you may use these but be
careful as you will be effecting the col or balance. Adjust so that the
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raster lines in a black area are just visible and dark neutral gray.

If there is a '"service switch' you may prefer to nmake the adjustnent
with this in the service position. The raster will collapse to a single
hori zontal line and the video input will be disabled and forced to bl ack
The BACKGROUND or SCREEN control can then be adjusted as above.

Now for the gain controls. On the little board on the neck of the CRT

or on the video or main board there will be controls for RR, G and B DRI VE
(al so may be called GAIN, or CONTRAST - they are the same). The knobs or
slots may even be col or coded as to which primary (R G B) it affects.

If there are only two then the third color is fixed and if the col or bal ance
in the highlights of the picture was ok, then there is nothing nore you can
do here.

Set the user contrast control as high as it will go - clockw se.

Now adj ust each internal color DRIVE control as high as you can without
that particular color 'bloom ng' at very bright vertical edges. Bloom ng
nmeans that the focus deteriorates for that color and you get a big blotch
of color trailing off to the right of the edge. You may need to go back
and forth anmong the 3 DRI VE controls since the color that bloons first
will limt the anpbunt that you can increase the contrast settings. Set
them so that you get the brightest neutral whites possible wthout any
singl e col or bl oom ng.

Note that this is ignoring the effects of any beam current or brightness
[imter circuitry. Any recomendations in the service nanual shoul d be
followed to mnimze the chance of excess X-ray enissions as well as to
avoid burn-in of the phosphor screen.

Now check out the range of the user controls and adjust the appropriate
internal controls where necessary. You may need to touch up the background
| evel s or other settings. Check at the other resolutions and refresh rates
that you normal ly use.

I f none of this provides acceptable brightness, then either your CRT
isinits twilight years or there is sonething actually broken in the
nmonitor. |If the decrease in brightness has been a gradual process over the
course of years, then it is nost likely the CRT. As a last resort you can
try increasing the filament current to the CRT the way CRT boosters that
used to be sold for TVs worked. See the section: "Brightening an old CRT".

7.4) Optimal procedure for setting
brightness/background and screen adjustments

For slight tweaks, the following is not necessary. However, if someone
turned all the internal controls, if you are making significant changes
that affect & (screen), or you are setting up a new or replacenment CRT for
the first time, then follow ng the procedure below is desirable to achieve
best performance and maxim ze life of the CRT.

The typical user controls - brightness and contrast can, of course, be set
arbitrarily, depending on video content and anbient |ighting conditions.

Set the user brightness and contrast controls in the mddle for the follow ng
adjustments and let the nmonitor warmup for 20 minutes or so.
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(From Jeroen Stessen (Jeroen. Stessen@hv. ce. philips.com).

Now t he screen control, that's another matter. It sets the voltage
on the second grid of the electron guns, typically between +500 and
+1000 V. You will want to use a well-isolated screwdriver for that
if it is a naked potentionmeter. In the old days there used to be 3
separate potentioneters for 3 &s, now there is generally only one.

Its purpose is to set the cutoff voltage for the guns, i.e. the
vol t age between K and Gl at which the beamis just off. The higher
you set the V&, the higher VK - VGl nust be to cut off the beam

If you set V& too |ow then your picture will be dark. You can
conpensate for that with the brightness control, which in effect wll
| ower the VKs. A disadvantage is that you will not get optinmm

sharpness and peak brightness from your picture tube.

If you set V& too high then your picture will be bright. You can
conpensate for that with the brightness control, which in effect wll
rai se the VKs. You might even get retrace |ines which can usually

not be made to di sappear with the brightness control. Another

di sadvantage is that you will not get optinmm LIFETI ME from your
picture tube. Wth a too high cutoff voltage the cathode (el ectron
emtting surface) will wear out too soon

You will need to see the picture tube specifications (or possibly

the service manual for the nonitor --- sam in order to find the correct
setting for the cutoff voltage. This is neasured as VK - VGl (for each
channel RGB) and is typically 130-160 V max. There will be spread between
the 3 channels, typically the highest of the 3 nmeasured values will be set
agai nst the upper limt.

The usual adjustment procedure is as foll ows:

* Use any |lowlevel adjustnments to set a black picture with all 3
cat hode voltages at the specified |level (e.g. 130 V) above
the VGL voltage (may be 0 V or 12 V or 20 V ?). (These are typically
call ed RGB brightness, bias, or background | evel and are often on the
little board on the neck of the CRT but not always --- san).

* Adjust V@& (screen) until one colour just starts too |light up
turn it back down until the screen is just black again.

* Now adjust 2 of the 3 lowlevel black controls until the
other 2 colours just light up, and then back to bl ack again.

* Select a white picture and use 2 lowlevel white (RGB drive or gain, also
generally on the neck board --- sam) controls to set the proper col our
tenmperature for white to your own taste

* Check your black calibration again, may have to iterate a bit.

7.5) Position, size, and linearity adjustment

Position and size are usually user controls on conputer and vi deo nmonitors
but not on TVs. On nonitors with digital controls, they may usually be set
for each resolution and (automatically) stored in non-volatile menory so they
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will be retained when the nmonitor is turned off. On cheaper nonitors, there
may be a knobs on the front or back panel and may need to readjusted whenever
the scan rate/resolution is changed. Sonetinmes, there are |located internally.
There may be separate adjustments for each scan range and may or may not be
accessi bl e through holes in the back panel

There may al so be an adjustnent called 'horizontal phase' which controls the

relative timng of the horizontal sync pulse with respect to retrace. |Its
effect is subtly different than horizontal position which actually noves the
raster. |f possible, center the raster and then use H Phase to center the
pi cture.

I n nonochrone nmonitors (nostly), position nmay be set via a pair of rings on the
neck of the CRT.

Si ze can be set to your preference for each scan rate (if they are

i ndependent). For conputer work, slight underscan is often preferred as
all of the frame buffer is visible. However, any slight geometric problens
with the raster will be all too visible when conpared with the straight

si des of the CRT bezel

Note that resolutions |like 640 x 480, 800 x 600, and 1024 x 768 all have a
4:3 aspect ratio. The edge of the image will line up with the bezel on nost
if not all monitors since CRTs are made to a 4:3 aspect ratio. However
resolutions like 1280 x 1024 and 1600 x 1280 have a 5:4 aspect ratio. Wth
these, in order to get (highly desireably) square pixels, the horizontal size
nmust be adjusted slightly smaller than that required to fill the screen

For normal view ng of video (television) nmonitors, raster size should be set
so that there is about 10-15 percent overscan all around. This will allow
ample margin for power |line voltage fluctuations, conmponent aging, and the
reduction in raster size that may occur with sonme VCR special effects (CUE and
REV) nodes. However, for studio use, underscan is often preferred or at |east
an option to pernit the entire raster to be inspected.

Modern col or nonitors may not have any horizontal linearity control but you
may find this on older nodels. There may be an internal vertical linearity
adjustrment. | amnot aware of any that have user accessible linearity
control s. If there are internal pots or coils, you will need to go back
and forth between size and linearity as these adjustments are usually not

i ndependent .

O course, paraneters controlling your video card also affect position and
size. There is no best approach to reconciling the effects of nonitor and
video card position adjustnments. But, in general, start with the nonitor
controls centered within their range or use the nenory defaults as
appropriate. Then, use the video card setup programto optinize the
settings. Only if these do not have enough range should you use the
nonitor controls.

7.6) Pincushion adjustments

Hori zontal pincushion refers to any bowing in or out on the vertical sides of
the raster. There is not usually any explicit vertical pincushion adjustnment.
Adj ust nent usual ly uses two controls - anplitude and phase. Pincushion
anplitude as its name inplies, controls the size of the correction. Pincushion
phase affects where on the sides it is applied. Don't expect perfection
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If the controls have no effect, there is probably a fault in the pincushion
correction circuitry.

It is best to make these adjustments with a crosshatch or dot test pattern

7.7) Geometry adjustment

This refers to inperfections in the shape of the picture not handl ed

by the pincushion and size adjustments. These types of defects include a
trapezoi dal or keystone shaped raster and jogs or wiggles around the periphery
of the raster. Unfortunately, one way these are handled at the factory is to
glue little nagnets to strategic locations on the CRT and/or rotate little
magnet s nounted on the yoke frane. Unless you really cannot live with the

way it is (assuming there isn't sonething actually broken), |eave these

al one! You can end up with worse problems. |In any case, carefully mark the
position AND orientation of every magnet so that if this happens, you can
get back to where you started. |If the magnets are on little sw vels, sone

experimenting with themone at a tinme may result in sone inmprovenent. Of
course it is best to obtain a service nanual and follow its instructions.
However, this may not be possible at reasonable cost or at all for nmany
conput er nonitors.

7.8) Why is the convergence on my monitor bad near the
edges

Very sinple - nothing is quite perfect. Perfect convergence is not

even necessarily possible in theory with the set of adjustnments avail able

on a typical monitor. It is all a matter of conprom ses. Consider what

you are trying to do: get three el ectron beanms which originate from

different electron guns to nmeet at a single point within a fraction

of a mm everywhere on the screen. This while the beams are scanning

at an typical effective witing rate of 50,000 nph across the face of a 17"
CRT (assuned resolution: 1024x768 at 75 Hz) in a variable magnetic environnment
manuf actured at a price you can afford wi thout a second nortgage!

The specifications for misconvergence have two parts: a center error and a
corner error. The acceptable center error is always the smaller of the
two - possibly .1-.2 mm conpared to .3-.5 nmin the corners. Very often
you will find that what you are conplaining about is well within this
speci fication.

7.9) CRT purity and convergence problems

Purity assures that each of the beans for the 3 primary colors - R G B, -
red, green, and blue - strikes only the proper phosphor for that color. A
totally red scene will appear pure red and so forth. Synptons of poor purity
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are bl otches of discoloration on the screen. Objects will change shades of
col or when the nove fromone part of the screen to another. There nay even be
excess non-uniformty of pure white or gray inmages.

Convergence refers to the control of the instantaneous positions of the red,
green, and blue spots as they scan across the face of the CRT so that they are
as nearly coincident as possible. Synptons of poor convergence are col ored
borders on solid objects or visible separate R, G and B i mages of fine lines
or inmmges,

Note: It is probably best to face the nonitor East-Wst (front-to-back) when
perform ng any purity and convergence adjustnents. Since you probably do not
know what orientation will eventually be used, this is the best conpronise as
the earth's magnetic field will be aligned npstly across the CRT. This will
m nimze the possible rotation of the picture when the unit is noved to its
final position but there may be a position shift. Neither of these is that
significant so it probably doesn't really matter that much unless you are
super fussy. O course, if you know the final orientation of the nonitor use
that instead. O, plan to do the final tilt and position adjustnents after
the nonitor is in position - but this will probably require access to the

i nsi de!

First, make sure no sources of strong magnetic fields are in the vicinity of
the nonitor - |oudspeakers, refrigerator magnets, MRl scanners, etc. A nearby
lightning strike or EMP from a nucl ear expl osion can also affect purity

so try to avoid these

Cycle power a couple of times to degauss the CRT (1 minute on, 20 mnutes
of f) - see the section: "Degaussing (demagnetizing) a CRT". If the built

i n degaussing circuits have no effect, use an external manual degaussing coi
to be sure that your problens are not sinply due to residual nagnetism

Assuming this doesn't help, you will need to set the internal purity
and/ or convergence adjustnents on the CRT.

First, mark the positions of all adjustnents - use white paint, 'Wite out',
or a Magic Marker on the ring magnets on the neck of the CRT, the position
and tilt of the deflection yoke, and any other controls that you may touch
del i berately or by accident.

Note: if your monitor is still of the type with a drawer or panel of knobs
for these adjustments, don't even think about doing anything without a
service manual and follow it to the letter unless the functions of al

the knobs is clearly marked (some manufacturers actually do a pretty good
job of this).

7.10) CRT purity adjustment

Purity on nodern CRTs is usually set by a conbination of a set of ring
magnet s just behind the defl ection yoke on the neck of the CRT and the
position of the yoke fore-aft. As always, mark the starting position of
all the rings and make sure you are adjusting the correct set if rings!

Use the followi ng purity adjustnent procedure as a general guide only.
Dependi ng on the particul ar nodel nonitor, your procedure may substitute

green for red depending on the arrangenent of guns in the CRT. The procedures
for dot-mask, slot mask, and Trinitron (aperture grille) CRTs will vary
slightly. See you service nanual!
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htain a white raster (sonetinmes there is a test point that can be grounded
to force this). Then, turn down the bias controls for blue and green so
that you have a pure red raster. Let the nmonitor warmup for a m ni mum of
15 m nutes.

Loosen the defl ection yoke clanp and nove the yoke as far back as it will go,
Adj ust the purity magnets to center the red vertical raster on the screen.

Now, nove the yoke forward until you have the best overall red purity.
Tighten the clanmp securely and reinstall the rubber wedges (if your CRT
has these) to stabilize the yoke position. Reset the video adjustnments
you touched to get a red raster

7.11) CRT convergence adjustment

In the good old days when nonitors were nonitors (and not just a nass
produced commdity item) there were literally drawers or panels full of
knobs for setting convergence. One could spend hours and still end up
with a less than satisfactory picture. As the technol ogy progressed,

t he nunber of el ectronic adjustments went down drastically so that today
there are very fewif any. However, sonme high end nonitors do have user
accessi ble controls for minor adjustnent of static (center) convergence.

Unl ess you want a lot of frustration, | would recomrend not nessing with
convergence. You could end up a lot worse. | have no idea what is used
for convergence on your set but convergence adjustnents are never

qui te i ndependent of one another. You could find an adjustnent that
fixes the problemyou think you have only to di scover sone other area

of the screen is totally screwed. |In addition, there are adjustnents
for geometry and purity and maybe others that you may accidentally nove
wi t hout even knowing it until you have buttoned up the set.

Warni ng: Accurately mark the original positions - sonmetinmes you will change
sonmet hing that will not have an obvious effect but will be noticeable

later on. So it is extrenmely inportant to be able to get back to where

you started. |If only red/green vertical lines are offset, then it is
likely that only a single ring needs to be noved - and by just a hair

But, you may accidentally nove sonething el se!

If you really cannot live with it, make sure you mark everything very
carefully so you can get back to your current state. A service manual is
essenti al !

Convergence is set using a white crosshatch or dot test pattern. For PCs
(a simlar approach applies to workstations) If you do not have a test
pattern generator, use a programlike Wndows Paint to create a facsimle
of a crosshatch pattern and use this for your convergence adjustnents.

For a studio video nmonitor, any static scene (froma cancorder

or previously recorded tape, for exanple) with a lot of fine detail wll
suffice.

Static convergence sets the beanms to be coincident in the exact center of
the screen. This is done using a set of ring magnets behind the purity
magnets on the CRT neck. (Set any user convergence controls to their
center position).
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Adj ust the center set of magnets on the CRT neck to converge blue to green
at the center of the screen. Adjust the rear set of magnets to converge

red to green at the center of the screen.” Your nonitor may have a slightly
di fferent procedure.

Dynam ¢ convergence adjusts for coincidence at the edges and corners.

On old tube, hybrid, and early solid state nonitors, dynanic convergence was
acconpl i shed with el ectronic adjustments of which there may have been

a dozen or nore that were not independent. Wth nodern nonitors, convergence
is done with nagnet rings on the neck of the CRT, magnets glued to the CRT,
and by tilting the deflection yoke. The clanp in conjunction w th rubber
wedges or set screws assures that the yoke remains in position.

Renove the rubber wedges.

Loosen the deflection yoke clanp just enough so that it can be tilted but
will remain in the position you leave it. Rock the yoke up and down to
converge the right and left sides of the screen. Rock the yoke from side
to side to converge the top and bottom of the screen. The rubber wedges
can be used as pivots to mnimze the interaction between the two axes but
you may need to go back and forth to optim ze convergence on all sides.
Reinstall the wedges firmy and tape themto the CRT securely. Tighten the
yoke clanp enough to prevent accidental novenent.

Sone monitors may use a plastic frame and set screws instead of just a clanp
and rubber wedges but the procedure is simlar

Refer to your service manual. (ls this beginning to sound repetitious?)

For additional comments on convergence adjustments, see the section: "Tony's notes o

7.12) Tilted picture

You have just noticed that the picture on your fancy (or cheap) nonitor is not

quite horizontal - not aligned with the front bezel. Note that often there is
some keystoning or other geonmetric distortion as well where the top and bottom
or left and right edges of the picture are not quite parallel - which you may

never have noticed until now. Since this may not be correctable (at |east,
not without a lot of hassle), adjusting tilt may represent a conprom se at
best between top/bottomor left/right alignment of the picture edges. You
may never sl eep again knowi ng that your nmonitor picture is not perfect! BTW
| can synpathize with your unhappiness. Few things are nore annoying than a
just noticeable inmperfection such as this.

This is probably one reason why ol der nonitors tended not to be able to expand

the picture to totally fill the screen - it is easier to overlook inperfect
picture geometry if there is black space between the edges of the picture and
the bezel

There are several possible causes for a tilted picture:

1. Monitor orientation. The horizontal conponent of the earth's nagnetic field
affects this slightly. Therefore, if you rotate the unit you nay be able
to correct the tilt. O course, it will probably want to face the wall!

O her external magnetic fields can sonmetines cause a rotation w thout any
ot her obvious effects - have you changed the TV's location? Did an MR
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scanner nove in next door?

2. Need for degaussing. Mst of the time, nmagnetization of the CRT wll

result in color problens which will be far nore obvious than a slight
rotation. However, internal or external shields or other nmetal parts in

t he nonitor coul d becone magnetized resulting a tilt. Mre extensive
treatment than provided by the built-in degaussing coil may be needed.

Even, the normal manual degaussing procedure may not be enough to get close
enough to all the affected parts.

3. You just becanme aware of it but nothing has changed. Don't dismiss this

of fhand. It is amazing how nuch we ignore unless it is brought to our
attention. Are you a perfectionist? Did your friend just visit boasting
about his P8-1000 screaner and point the tilt out to you?

4. There is an external tilt control which may be m sadjusted. Newer Sony
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nonitors have this (don't know about TVs) - a nost wonderful addition
Too bad about the stabilizing wires on Trinitron CRTs. A digital contro
may have lost its nenory accidentally. The circuitry could have a problem

For exanple, on the Sony CPD1730, you press the left arrow button and bl ue
"+ button at the sane tine. Then adjust the tilt with the red buttons.

5. There is an internal tilt control that is msadjusted or not functioning.
The existence of such a control is becom ng nore common.

6. The deflection yoke on the CRT has gotten rotated or was not oriented
correctly at the time of the set's manufacture. Sonetines, the entire yoke
is glued in place in addition to being clanped addi ng anot her conplication

If the nonitor was recently bunmped or handl ed roughly, the yoke may have
been knocked out of position. But in nost cases, the anount of abuse
required to do this with the yoke firmy clanped and/or glued woul d have
totally destroyed it in the process.

There is a risk (in addition to the risk of frying yourself on the various
vol t ages present inside as operating TV) of messing up the convergence

or purity when fiddling with the yoke or anything around it since the yoke
position on the neck of the tube and its tilt may affect purity and
convergence. Tape any rubber wedges under the yoke securely in place

as these will maintain the proper position and tilt of the yoke while you
are nessing with it. (Don't assune the existing tape will hold - the
adhesive is probably dry and brittle).

7. The CRT may have rotated slightly with respect to the front bezel
Irrespective of the cause of the tilt, sometines it is possible to
| oosen the 4 (typical) CRT nounting screws and correct the tilt by

slightly rotating the CRT. This may be easier than rotating the yoke.
Just meke sure to take proper safety precautions when reaching inside!

7.13) Monchrome monitor size, position, and geometry
adjustments

These tend to be a lot sinpler and less critical than for color nonitors
or TV sets.

On a nmonochrome (B/W nonitor you will probably see sone of the follow ng
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adj ust ment s:

1. Position - a pair of rings with tabs on the neck of the CRT.
There may be el ectronic position adjustenents as well

2. Wdth and height (possibly linearity as well) controls. There may be
some interaction between size and linearity - a crosshatch test pattern
is best for this. Vertical adjustnents are al nost always pots while
hori zontal (if they exist) may be pots and/or coils. \Were desired,
set sizes for 5-10% overscan to account for |ine voltage fluctuations and
conponent drift. Confirmaspect ratio with test pattern which includes
squar e boxes.

3. Ceonetry - sone little magnets either on swivels around the yoke or
glued to the CRT. |If these shifted, the the edges nay have gotten
messed up - wiggles, dips, concave or convex shapes. There may be
a doxen or nore each nostly affecting a region around the edge of the
raster. However, they will not be totally independent.

Check at extremes of brightness/contrast as there may be sone slight
changes in size and position due to inperfect HV regul ation.

There may be others as well but wi thout a service nmanual, there is no
way of knowi ng for sure.

Just mark everything carefully before changing - then you will be able to
get back where you started.

Chapter 8) Low Voltage Power Supply
Problems

8.1) Low voltage power supply fundamentals

Monitors require a variety of voltages (at various power |evels) to function.

The function of the | ow voltage power supply is to take the AC |line input
of either 115 VAC 60 Hz (220 VAC 50 Hz or other AC power in Europe and

el sewhere) and produce sone of these DC voltages. |In all cases, the power
to the horizontal output transistor of the horizontal deflection system (B+)
is obtained directly fromthe | ow voltage power supply. In some cases,

a variety of other DC voltages are derived directly fromthe AC |line by
rectification, filtering, and regulation. |In other designs, however, nost
of the | ow voltages are derived from secondary w ndings on the flyback
(LOPT) transforner of the horizontal deflection system In still other

designs, there is a separate switchnmode power supply that provides sonme or
all of these voltages. There are also various (and sonetimes convol uted)
conbi nati ons of any or all of the above.

Note: we will often use the term'B+' to denote the nain DC voltage that
powers the horizontal deflection system of nost nonitors.
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The following are a couple of the typical arrangements found in color nonitors:

1. Al low voltages except for the B+ to the horizontal output transistor
(HOT) are derived fromthe horizontal deflection (flyback). This
is the scheme used in the majority of TVs. Some kind of startup circuit
gets the HOT booted but then all internal |ogic and video anplifier
power is obtained fromvarious w ndings on the flyback transformer.
The B+ of anywhere from 60 to 130 V (higher for countries using 220 VAC
line voltage) is likely to be regulated and its val ue sel ected based
on the scan rate detected. High voltage is obtained fromthe flyback

2. Some or all of the I ow voltages are provided by a sw tchnode power supply
(SMPS) i ndependent of the horizontal deflection. Additional voltages may
be provided fromflyback windings as in (1). Sonmetines, this SMPS is
a self contained and easily tested, swapped, and repaired unit. In
other cases, it is built onto the mai nboard making it nore difficult
to trace the circuit and troubl eshoot. High voltage nay be obtained
fromthe flyback or a separate HV nodul e.

For auto-scan nonitors, the | ow voltage power supplies can get to be
quite conplex as varying voltages are required for at |east the horizonta
defl ecti on based on scan range. Separate regulators may be used for each
range which are switched by the microprocessor or a single regulator

may be progranmed for the required voltages. This is one area where

a typical PC nmonitor departs significantly in design conpared to a TV

or fixed scan rate studio or workstation nonitor.

There will always be:
1. A power switch, relay, or triac to enable main power.

2. A set of rectifiers - usually in a bridge configuration - to turn the
AC into DC. Small ceramc capacitors are nornally placed across the
di odes to reduce RF interference.

3. One or nore large filter capacitors to smooth the unregulated DC. In
the U S., this is nost often a voltage around 150-160 V DC. In countries
with 220 VAC power, it will typically be around 300-320 V DC

4. A discrete, hybrid, or I1Cregulator to provide stable DC to the horizonta
defl ection system Sonetinmes feedback froma secondary output of the
flyback or even the high voltage is used. This regulator may be either
a linear or switching type. |In some cases, there is no regul ator
Alternatively, an entire switchnode power supply may be used to provide
one or nore stable voltages to the horizontal deflection and other
circuitry.

Itens (1) to (4) may be part of a separate | ow voltage power supply nodul e
or |ocated on the nminboard.

5. Zero or nore voltage dividers and/or regul ators to produce additiona
voltages directly fromthe |ine power. This relatively rare except for
startup circuits. These voltages will not be isolated fromthe |ine.

6. A degauss control circuit usually including a therm stor or Posistor
(a conbination of a heater disk and Positive Tenperature Coefficient (PTC)
thermi stor in a single package). When power is turned on, a relatively
high AC current is applied to the degauss coil wapped around the periphery
of the CRT. The PTC therm ster heats up, increases in resistance, and
snoot hly decreases the current to nearly zero over a couple of seconds.
Al ternative schenes including RC del ays and relays are often used in
noni tors whi ch have degaussi ng buttons.

7. A startup circuit for booting the horizontal deflection if various voltages
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to run the nonitor are derived fromthe flyback. This may be an IC or
di screte nultivibrator or sonething else running off a non-isolated
vol tage or the standby power supply. Sone nonitors sinply take the
video input and use this via sonme sinple logic or anplifier circuitry
to drive the HOT. Wth these, there will be no action of any kind if
there is no input signal. (Renenber the old IBM PC nonitors? Unplug
the video cable and the raster collapsed to a vertical |line and then
di sappeared.)

8. A standby power supply for the microcontroller and rempte sensor. Usually,
this is a separate | ow voltage power supply using a small power transforner

for Iine isolation. |If the nmonitor does not have digital controls and/or
has a hard on/off switch (not s soft touch button), this section is not
neeeded.

Al ways use an isolation transforner when working on a nonitor but this is
especially inportant - for your safety - when dealing with the non-isol ated

line operated power supply section. Read and follow the safety guidelines.

Al so see the docunment: "Notes on the Troubl eshooting and Repair of Small Switchnode
and testing sw tchnode power supplies.

8.2) Monitor deflection derived power supply faults

Monitors use a variety of switching supply techniques and it would be
difficult to cover every possibility but here are sonme conments for
t hose that use deflection derived approaches:

Hori zontal output transistor (usually a TO3 netal or TOP3 plastic case
shorts out. This will usually blow a fuse or fusable resistor as well

Hori zontal drive chain - horizontal oscillator, driver, or driver transforner.
Newer monitors may use an IC for the oscillator and this can fail

Startup - There may be sone kind of startup circuit which gets the whole
thing going until the auxiliary voltages are available. This could be
as sinmple as a nultivibrator or transistor regulator to provide

initial voltage to the horizontal oscillator chip or circuit.

Qut put rectifier diodes can fail shorted and | oad down the outputs to
the point of shutting down.

Sone | oad coul d be shorted or a capacitor could be shorted | eading to
overl oad and shut down.

Fl yback transformer can have shorted w ndings which | oad down the output.
These (primary shorts in particular) my cause the horizontal output
transistor to fail as well. Comon problemw th ol der Maclntosh conmputers
and video termnals. Sonme secondary faults may not be instantly destructive
but result in little or no high voltage and overheati ng.

Al so, look for cold solder joints - nmonitors tend to have these as a
result of tenperature cycling and bad manufacturing. (ls this sounding
repetitive yet?)

Sonetimes there is a series regulator after the filter cap and this could
be bad as well.

Wthout a schematic, | would attenpt to trace the circuit fromthe main
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filter cap or output of the line operated sw tchnode power supply assum ng
that has the proper (approx. 60-120 VDC dependi ng on scan range) voltage.

If you can locate the horizontal output transistor, see if there is voltage

on its collector, should be the same. |If there is, then there is probably
a drive problem If you have an ECG or sinmilar sem cross reference,
that will help you identify the ICs and transistors and | ocate the rel evant

portions of the circuitry.

If there is no voltage at the horizontal output transistor, then there
is probably a blown fuse or bad connection somewhere or a fault in the
line operated SMPS if there is one. However, the fuse nmay have bl own
due to a fault in the SMPS or horizontal deflection

8.3) Power button on monitor is flakey

If the on/off (or other button) on the nonitor itself behaves erratically
then the nost |ikely cause is the obvious - the button or switch is dirty
or worn. On a nonentary pushbutton, if you can get at it, some contact

cl eaner may hel p.

If power is controlled by a hard switch - a mechanical push-push |atching
switch and this has becone erratic due to worn contacts or just plain broken,
repl acenents may be avail able but often only directly fromthe origina

manuf acturer to physically fit. As an alternative, consider nmounting a snall
toggle switch on the side of the cabinet to substitute for the defective one.
This will alnpost certainly be easier and cheaper - and quite possibly, nore
reliable.

8.4) Monitor blows fuse

If the fuse really blows absolutely instantly with no indication that the
circuits are functioning (no high pitched horizontal deflection whine (if
your dog hi des under the couch whenever the nonitor is turned on, deflection
is probably working)), then this points to a short somewhere quite near

the AC power input. The npst common places woul d be:

Degauss Posistor - very likely.

MOV or ot her surge suppressor.

Hori zontal output transistor (if deflection derived power supply)
Power supply regulator if there is one.

Swi t chrode power transistor if there is a line operated SMPS.

Di ode(s) in main bridge

Main filter capacitor(s).

* % 3k X F %k ok

You should be able to elimnate these one by one.
Unpl ug the degauss coil as this will show up as a | ow resi stance.
First, nmeasure across the input to the nmain power rectifiers - it

should not be that low. A reading of only a few ohns may nmean a
shorted rectifier or two, a shorted Posistor, or a fried MOV.
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* Test the rectifiers individually or renove and retest the resistance.

* Sonme monitors use a Posistor for degauss control. This is a little cubica
(about 1/2" x 3/4" x 1") conponent with 3 legs. It includes a |line
operated heater disk (which often shorts out) and a PTC thermister to
control current to the degauss coil. Renove the posistor and try power.

If the nonitor now works, obtain a replacenent but in the neantinme you
just won't have the automatic degauss.

If these test good, use an ohnmmeter with the nonitor unplugged to neasure
t he horizontal output transistor or SMPS switchnode transistor. Even
better to renpve it and neasure it

* C-E should be high in at |east one direction. (Both directions should be
high if the transistor does not have an internal danper diode).

* B-E should be high in one direction and not shorted in the other or around
50 ohms in both directions (typical for transistors with internal danper
di odes) but shoul d not be near O.

I f any readings are under 5 or 10 ohns, the transistor is bad. The parts
sources listed at the end of this document will have suitable replacenents.

If this tests bad, try powering the nmonitor first with your light bulb and if
it just flashes once when the capacitor is charging, put a proper fuse in
and try it. The fuse should not blow with the transistor renoved.

O course, not nuch else will work either

Install a new transistor and power the nmonitor using your series light bulb
If the bulb now flashes once and then settles down to a | ow brightness |evel
the nonitor may be fine. See if there is an indication of deflection and

HV - look for the glow of the CRT filaments and turn up the brightness to
see if there is any indication of a raster. Wth the Iight bulb, not
everything will be normal but sonme life would be a good sign. Even a

pul sating |light bulb may just nmean that the light bulb is too small for

t he nonitor power requirements. It may be safe to try a higher wattage bulb

If the bulb glows at close to full brightness, there is probably still sone
fault el sewhere. Don't be tenpted to renove the light bulb just yet.

There could be problems with the driving circuits, flyback, secondary | oads,
or with the feedback fromthe voltages derived fromthe horizontal not
regul ati ng properly.

See if you can locate any other |arge power transistors in netal (TO3) cans
or large plastic (TOP3) cases. There may be a separate power transistor
that does the |ow voltage regulation or a separate regulator IC or hybrid.
As noted, sonme nonitors have a sw tchnode power supply that runs off

a different transistor than the HOT. There is a chance that one of these
may be bad.

If it is a sinple transistor, the same ohmeter check shoul d be performed.

I f none of this proves fruitful, it my be tinme to try to |locate a schemati c.
A blown fuse is a very common type of fault due to poor design very often
triggered by power surges due to outages or lightning storns. However

the nost likely parts to short are easily tested, usually in-circuit, with
an ohmreter and then easily renmoved to confirm

Qccasionally, fuses sinply tire of life and just replacing the fuse wll
be all that is needed.

Even if it is nore involved than this, if you find the problem and repair
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it yourself, the cost is likely to be under $25.

8.5) Internal fuse blew during lightning storm (or
elephant hit power pole)

Power surges or nearby lightning strikes can destroy el ectronic equiprent.
However, nost of the tine, damage is mininmal or at |east easily repaired.
Wth a direct hit, you may not recognize what is left of it!

| deal |y, el ectronic equi pment should be unplugged (both AC |line and phone
line!) during electrical storms if possible. Mdern TVs, VCRs, m crowave
ovens, and even stereo equi pnent is particularly susceptible to |lightning and
surge damage because sonme parts of the circuitry are always alive and therefore
have a connection to the AC line. Tel ephones, nodens, and faxes are directly
connected to the phone lines. Better designs include filtering and surge
suppressi on conponents built in. Wth a near-mss, the only thing that may
happen is for the internal fuse to blow or for the microcontroller to go
bonkers and just require power cycling. There is no possible protection
against a direct strike. However, devices with power switches that totally
break the |ine connection are nore robust since it takes nuch nore voltage

to junp the gap in the switch than to fry electronic parts. Mnitors and

TVs may al so have their CRTs magnetized due to the el ectronmagnetic fields
associated with a lightning strike - simlar but on a smaller scale to

the EMP of a nucl ear detonation

Was the nonitor operating or on standby at the time? |If it was switched
of f using an actual power switch (not a |ogic pushbutton), then either

a conponent in front of the switch has bl own, the surge was enough to
junp the gap between the switch contacts, or it was just a

coi nci dence (yeh, right).

If it was operating or on standby or has no actual power switch, then
a nunber of parts could be fried.

Moni tors usually have their own internal surge protection devices |ike MO/s
(Metal Oxide Varistors) after the fuse. So it is possible that all that is
wong is that the line fuse has blown. Renove the case (unplug it first!) and
start at the line connector. |If you find a blown fuse, renobve it and neasure
across the in-board side of fuse holder and the other (should be the neutral)
side of the line. The ohmreter reading should be fairly high - nore than 100
ohns in at |least one direction. You may need to unplug the degaussing coi

to get a reasonable reading as its resistance may be |l ess than 30 ohms. |If

the reading is really low, there are other problems. |If the resistance checks

out, replace the fuse and try powering the nonitor. There will be three
possibilities:

1. It will work fine, problem solved.

2. It will inmrediately blow the fuse. This neans there is at |east one
conponent shorted - possibilities include an MOV, line rectifiers, main
filter cap, regulator transistor, horizontal output transistor, etc. You
will need to check with your ohmeter for shorted sem conductors. Renpve

any that are suspect and see of the fuse now survives (use the series
light bulb to cut your |losses - see the section: "The series light bulb trick".

3. It will not work properly or appear dead. This could nean there are
open fusable resistors other defective parts in the power supply or
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el sewhere. In this case further testing will be required and at sone
poi nt you may need the schematic.

If the reading is very low or the fuse bl ows again, see the section
“"Monitor blows fuse".

8.6) Fuse replaced but monitor clicks with power-on but
no other action

The click probably neans that the power relay is working, though there could
be bad contacts.

Since the fuse doesn't blow now (you did replace it with one of the sane
ratings, right?), you need to check for

* Ot her blown fuses - occasionally there are nore than one in a TV.
Repl ace with one of exactly the same ratings.

* (pen fusable resistors. These sonetinmes blow at the same tinme or in
pl ace of the fuses. They are usually |low values like 2 ohns and are in
bi g rectangul ar ceram c power resistor cases or snaller blue or gray
colored cylindrical power resistors. They are supposed to protect
expensi ve parts like the HOT but often blow at the same time (or the
pricey HOT sacrifices itself to save the resistor.)

If any of these are bad, they will need to be replaced wi th flaneproof
resistors of the same ratings (though you can substitute an ordinary
resistor for testing purposes). Before applying power, check: Rectifier
di odes, horizontal output transistor, regul ator pass or chopper transistor
(if present), and main filter capacitor for shorts.

An initial test with an ohmmeter can be done while in-circuit. The

resi stance across each diode and the collector to enmitter of the
transistors should be relatively high - a few hundred ohns at |est -

in at least one direction (in-circuit). |If there is a question, unsolder
one side of each diode and check - should be in the Megohns or higher in
one direction. Renoved fromthe circuit, the collector-enitter resistance
shoul d be very high in one direction at |east. Depending on the type,

the base-enmitter resistance may be high in one direction or around 50 ohns.
If any reading on a sem conductor device is under 10 ohns - then the device
nost |ikely bad. Assuming that you do not have a schematic, you should

be able to locate the rectifiers near where the line cord is connected and
trace the circuit. The transistors will be either in a TO3 |arge netal can
or a TOP3 plastic package - on heat sinks. The filter capacitor should
eventual |y measure high in one direction (it will take a while to charge
from your ohnmeter). It could still be failing at full voltage, however

If you find one bad part, still check everything el se as nore than one part
may fail and just replacing one may cause it to fail again.

Assuming nothing tests faulty so far, clip a voltrmeter set on its 500 V or
hi gher scal e across the horizontal output transistor and turn the power on.
WArni ng - never neasure this point if the horizontal deflection is operating.

It is ok now since the nmonitor is dead. |If the voltage here is 100-150, then
there is a problemin the drive to the horizontal output circuit. If it
is lowor O, then there are still problens in the power supply or with the
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wi ndi ng on the flyback transforner or one of its outputs.

O her possible problens: bad hybrid voltage regul ator, bad startup circuit,
bad rel ay contacts as nmentioned above.

8.7) Power-on tick-tick-tick or click-click-click but no
other action

A variety of power supply or startup problenms can result in this or
simlar behavior. Possibilities include:

* Lack of startup horizontal drive (see the section: "Startup problenms - nothing hap
cycling on overvoltage due to | ack of | oad.

* Excessive load or faulty power supply cycling on its overcurrent
protection circuit.

* HV shutdown, or some other system detecting an out of regulation condition.
However, in this case, there should be sone indication that the deflection
and HV is attenpting to come up like nmomentary high pitched defl ection whine,
static on the screen, etc.

* Adried up main filter capacitor or other filter capacitor in the | ow
vol t age power supply that is producing an out-of-regulation condition
A bad filter capacitor on the output of a series regulator may al so
result in excessive voltage and shut down.

* A problemwith the mcrocontroller, relay or its driver, or standby
power supply.

One possible test would be to vary the |line voltage and observe the
set's behavior. It may work fine at one extreme (usually low) or the
other. This might give clues as to what is wong.

Al so see the section: "Dead nonitor with periodic tweet-tweet-tweet, flub-flub-flub

8.8) No picture but indications of power

The screen is blank with no raster at all. There are indications that the
power is alive - the status LEDs are lit and you can hear the nornal

relay clicking sounds when you change video nodes. This indicates that sone
of the | ow voltages are present but these nmay be derived fromthe standby

suppl y.

Assuming there is no deflection and no HV, you either have a | ow
vol t age power supply problem bad startup circuit, or bad horizonta
out put transistor (HOT)/bad parts in the horizontal deflection.
Check for bad fuses.

(I'f you have HV as indicated by static electricity on the front of the
screen and you hear the high pitched whine of the horizontal deflection
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1. Use an ohmeter to test the HOT for shorts. |If it is bad, |look for
open fusable resistors or other fuses you did not catch.

2. Assunming it is good, nmeasure the voltage on the collector-emtter
of the HOT (this is safe if there is no deflection). You should see
the B+ of between 60 and 150 V (typical) depending on node (for a
aut o- scan nonitor).

3. If there is no voltage, you have a | ow vol tage power supply problem
and/ or you have not found all the bad/open parts. The flyback primary
wi ndi ng may be open as wel |

4. If there is voltage and no defl ection, you probably have a startup
problem - all TVs need some kind of circuit to kick start the horizonta
deflection until the auxiliary power outputs of the flyback are avail able.
Sone designs use a sinple multivibrator for this - a couple of transistors.

O hers power the horizontal oscillator I1C froma special |ine-derived
vol t age.
Look for pulses at the HOT base. |If there are none, trace back to the

driver and oscillator. Most likely: the power for startup is nissing.

Test the transistors if it is that type with an ohmeter. |If one is
shorted, you have a problem The usual way a TV service person woul d
test for startup problens is to inject a signal to the base of the HOT
of about 15.75 KHz. If the TV then starts and runs once this signa

is renoved, the diagnosis is confirmed. This is very risky for nonitors
and | would not reconmend it - you can all too easily blowthings up if
not careful (including yourself).

I f you hear the high pitched whine of the deflection (probably not for

wor kst ation or SVGA conputer nonitors unless you are a bat) and/or fee

some static on the scree, confirmthat the horizontal deflection and high

vol tage are working by adjusting the SCREEN control (probably on the flyback).
If you can get a raster then your problemis probably in the video (or chromm)
circuits, not the deflection or high voltage.

8.9) Monitor mostly dead, possible whine from power
supply

Note that this may be perfectly normal for your nonitor if there is no video
input - confirmthat there is a signal that is conpatible with the nonitor's
scan rate(s) and sync. Make sure the sync selection is set appropriately

as wel |

This may indicate an overl oaded | ow voltage switchi ng power supply.
The whine is caused by the sw tching power supply's chopper frequency
dr oppi ng down due to the overl oad.

Test the B+ to the horizontal deflection circuits (B+ input to the flyback).

If it is near zero, test the HOT for shorts and replace but continue
testing with a series light bulb and/or Variac. There may be sonething
causing the HOT to go bad |ike a shorted flyback or bad danper diode or
snubber cap.

http://www.repairfag.org/REPAIR/F_monfag.html
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If the voltage is not zero but is low (e.g., it should be 120 V but is
only 60 V), there may be a problemwith:

1. Defective |ow voltage power supply. Test with a substitute load |ike
a 40 Wlight bulb or power resistor. |If the supply now outputs ful
voltage, it is probably fine. For a power resistor, select a value such
that the | oad at the expected voltage will be about 1/2 to 2/3 of the
nanepl ate power rating of the nmonitor. Make sure the resistor can handle
this power dissipation!

2. Flyback (LOPT) transformer - shorted wi ndings. See the section
"Testing of Flyback (LOPT) Transforners".

3. Deflection yoke - shorted turns in the horizontal or geonetry correction
wi ndi ngs. Unplug the yoke if possible and very slowy bring up the
nmonitor on a Variac. Be careful - if you now get high voltage, you
may get a very bright spot in the center of the screen which wll
quickly turn to a very dark spot in the center of the screen - turn
the screen (&) control down and don't run in this state for nore than a
few seconds. The problem may not be in the yoke but in the circuitry
around it. Quickly test the B+. It will probably now be normal.

Wth the yoke connected, use an oscilloscope to nonitor the collector
of the HOT using a Variac to bring up the voltage slowy. This is safe
since you will not be going to full B+ - just enough to | ook at the
signal shape (don't let the collector signal go over a couple hundred
volts). The waveform should be a clean pul se during retrace and nearly

zero during active video. Ildeally it will look like a sinusoidal positive
hal f cycle. |If there are dips, serious ringing, or other uglies, then
there is likely a fault in the flyback, horizontal deflection coils, or
associated circuitry. Pull off the yoke connector and repeat. |If it is

now cl ean, suspect the yoke or other conponents directly connected to it
(geonetry correction coils, caps, etc.).

I f you suspect the yoke performa 'ring test'. See the section: "Testing of Flyb

4. Excess | oad on one of the flyback's secondaries. Disconnect all secondary
output pins fromthe flyback if possible and see if your B+ returns to

normal . O course, nuch of the nonitor will not work w thout these
power supplies. You will then need to test the conponents in each of
t hese supplies and/ or reconnected them one by one.

5. Inproper drive to HOT. Inspect with an oscilloscope. The drive should
match the video input - its frequency should match the horizontal rate
with a high time equal to the active video - typically 75-85% of the
total line time. |If it is on for too long, or of incorrect frequency,
the output will not be correct and there nmay be excessive |oad on the

| ow vol t age power supply.

8.10) Reduced width picture and/or hum bars in picture

The nost likely cause is a dried up main filter capacitor. Once the

ef fective capacitance drops | ow enough, 120 Hz (or 100 Hz in countries with
50 Hz power) ripple will nake its way into the regul ated DC supply
(assuming full wave rectification).

Anot her |ikely cause of simlar synptons is a defective |ow voltage
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regul ator allow ng excessive ripple. The regulator I1C could be bad
or filter capacitor following the IC could be dried up

Ei ther of these faults nmay cause:

1. A pair of wiggles and/or humbars in the picture which will float up
the screen. For NTSC where the power line is 60 Hz but the frane rate
is 59.94 Hz, it will take about 8 seconds for each bar to pass a given

point on the screen. (On sone sets, a half wave recitifier is used
resulting in a single wggle or hum bar).

For high scan rate conputer nonitors, the this may result in horizonta
hum bars, wiggles, or other distortions that will drift up or down

the screen based on the difference frequency between the power line
and video refresh rate being supplied by the PC or workstation. A
confirmati on can be obtained by varying the scan rate and seeing if
the rate of drift changes predictably.

2. Possible regulation problens resulting in HY or total shutdown or power
cycling on and off.

The best approach to testing the capacitors is to clip a good capacitor of
approximately the sane uF rating and at |east the same voltage rating across
t he suspect capacitor (with the power off). A capacitor nmeter can al so

be used but the capacitor nay need to be renmoved fromthe circuit.

Once the capacitors have been confirnmed to be good, voltage nmeasurenents
on the regul ator should be able to narrow down the problemto a bad IC
or other conponent.

8.11) Dead monitor with periodic tweet-tweet-tweet,
flub-flub-flub, low-low voltage

A rmonitor which appears to be dead except for a once a second or so tweet or
flub usually indicates an overload fault in the power supply or a short in one
of its load circuits. 1In sone cases, the |ow voltage (including B+) will just
be reduced to a fraction of their normal value as a result of an overload on
one of the outputs - usually the main B+.

Shorted rectifiers in the switching supply or secondary supplies running off
the flyback common. The HFR854s (one popul ar type in nmonitors) or other high
speed high efficiency rectifiers in the output side of the swtching power
supply or flyback seemto like to turn into short circuits. (I had a couple
of DOA nonitors where this was the problem so nmuch for quality control!)

After unplugging the nonitor and waiting a few mnutes for the filter
capacitors to discharge (check with a voltmeter but stay away fromthe

CRT HV connector as it may retain a dangerous and pai nful charge for a |ong
time), use an ohmmeter across the various diodes in the power supply.

These appear commonly as bl ack cylinders about 3/8" long by 1/4 di aneter.
(Kind of like 1N400Xs on steroids). The resistance of the diodes

in at |east one direction should be greater than 100 ohns.

I[f it is much less (like 0 or 5 ohns), then the diode is probably bad.

Unsol der and check again - it should test infinite (greater than 1M ohns) in
one direction. If it now tests good, there may be sonething el se that
i s shorted.
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Repl acements are avail able for about $.25 from places |ike MCM El ectronics.

Check ot her power sem conductors as well, in particular, the horizonta
out put transistor.

Sonetimes this is an indication of an *overvoltage shutdown* due to a faulty
regul ator or open | oad.

Sunmary of possible causes:

Bad sol der connecti ons.

O her shorted conponents |ike capacitors.

O her problens in the power supply or its controller |ike bad caps.
Bad flyback

Short or excessive |load on secondary supplies fed from fl yback
Short in horizontal yoke w ndings.

Problemwith startup drive (cycling on overvoltage).

L .

8.12) Monitor power cycling on and off

The power light may be flashing or if you are runing with a series light bulb
it may be cycling on and off continuously. There may be a chirping or clicking
sound frominside the set. (Note: using too small a light bulb for the size of
the nonitor may also result in this condition.)

If there is a | ow voltage regul ator or separate switching supply, it could be
cycling on and off if the horizontal output, flyback, or one of its secondary
| oads were defective.

Does this nonitor have a separate | ow voltage regul ator and/or swi tching power
supply or is it all part of the flyback circuit? For the follow ng, | assunme
it is all in one.

Sone sinple things to try first:

Verify that the main filter capacitor is doing its job. Excessive ripple
on the rectified line voltage bus can cause various fornms of shutdown
behavior. An easy test is to junper across the capacitor with one of

at |least equal voltage rating and simlar capacitance (make connections
with power off!).

Use a Variac, if possible, to bring up the input voltage slowy and see if

the nonitor works at any point without shutting down. |If it does, this
could be an indication of X-ray protection circuit kicking in, though this
will usually latch and keep the set shut off if excessive HV were detected.

Since the nmonitor is not totally dead - there are some signs of life - the
once a second or so tweet or flup - this often nmeans that the sw tching
power supply has a short in one of its load circuits, very often a shorted
rectifier. It could also be the flyback, but check the the | oads first.
Wait a few nminutes for the filter caps to discharge (but stay away fromthe
CRT HV connector as it may retain a dangerous and pai nful charge for a |ong
time), use an ohmmeter across the various diodes in the power supply.

Using an ohmreter on the rectifier diodes, the resistance in at |east one
direction should be greater than 100 ohms. If it is much less (like O or 5
ohns), then the diode is probably bad. Unsolder and check again - it should
test infinite (greater than 1M ohns) in one direction
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O her possi bl e causes:

Bad sol der connecti ons.

O her shorted conponents |ike capacitors.

O her problens in the power supply.

Bad flyback

Short or excessive |load on secondary supplies fed from fl yback
Problemwith startup drive (cycling on overvoltage).

* % 3k X X X

8.13) Shorted Components

A failure of the horizontal output transistor or power supply sw tchnode
transistor will blow a fuse or fusable resistor

Look for blown fuses and test for open fusable resistors in the power circuits.
If you find one, then test the HOT and/or sw tchnode transistor for shorts.

O her possibilities: rectifier diodes or main filter capacitor
VWile you are at it, check for bad connections - prod the circuit board with an

i nsul ated stick when the problemreoccurs - as these can cause parts to
fail.

8.14) Startup problems - nothing happens, click, or
tick-tick-tick sound

TVs and monitors usually incorporate some kind of startup circuit to provide
drive to the horizontal output transistor (HOT) until the flyback power supply
is running. Yes, TVs and nonitors boot just |ike conputers.

There are two typical kinds of synptonms: power on click but nothing el se
happens or a tick-tick-tick sound indicating cycling of the | ow voltage
(line regul ator) but lack of startup horizontal drive.

Check the voltage on the horizontal output transistor (HOT). |If no voltage
is present, there may be a bl own fuse or open fusable resistor - and
probably a shorted HOT.

However, if the voltage is normal (or high) - usually 60-150 V dependi ng

on scan rate (for an auto-scan nonitor), then there is likely a problemwth
the startup circuit not providing initial base drive to the HOT.

The startup circuits may take several fornmns:

1. Discrete multivibrator or other sinple transistor circuit to provide
base drive to the HOT.

2. ICwhich is part of deflection chain powered off of a voltage divider
or transforner.

3. Oher type of circuit which operates off of the |line which provides
sone kind of drive to the HOT.
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The startup circuit may operate off of the standby power supply or

vol tage derived fromnon-isolated input. Be careful - of course, use

an isolation transformer whenever working on TVs and especially for power
supply probl ens.

Not e that one comon way of verifying that this is a startup problemis

to inject a 15 KHz signal directly into the HOT base or driver circuit
(just for a second or two). |If the TV then starts up and continues to run
you know that it is a startup problem

Caution: be careful if you do this. The HOT circuit may be |ine-connected
and it is possible to destroy the HOT and rel ated conmponents if this is not
done properly. | once managed to kill not only the HOT but the chopper
transistor as well while working in this area. An expensive |esson

| have al so seen startup circuits that were designed to fail. Turning
the TV on and off multiple times would exceed the power ratings of the
conponents in the startup circuit. Sone Zenith nodels have this 'feature'

When this situation exists, it could be that the circuit is not providing
the proper drive or that due to some other circuit condition, the drive
is not always sufficient to get the secondary supplies going to the point
that the normal circuits take over

| would still check for bad connections - prod the circuit board with an
i nsul ated stick when the problemreoccurs.

8.15) Monitor turns off after warming up

If you can turn it back on with the s nmonentary key or power button

When it shuts off, do you need to push the power button once or twice
to get it back on? Also, does anything el se about the picture or sound
change as it warnms up?

1. If once, then the controller is shutting the TV down either as a result of
a (thermally induced) fault in the controller or it sensing sone other
problem Mnitoring the voltage on the relay coil (assum ng these
is one) could help determ ne what is happening. The controller thinks
it is in charge

2. If twice, then the power supply is shutting down as the controller stil
thinks it is on and you are resetting it. A couple of possibilities
here woul d be | ow voltage or high voltage regulation error (excessive
hi gh voltage is sensed and causes shutdown to prevent dangerous X-ray
em ssion). A partially dried up main filter capacitor could al so cause a
shutdown but there m ght be other synptons |ike humbars in the picture just
before this happened. Cipping a good capacitor across the suspect (with
power off!) would confirmor elimnate this possibility.

If it uses a hard on/off switch, then this may be like pulling the plug
and woul d reset any abnormal condition.
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8.16) Monitor doesn't power up immediately

The nonitor may do nothing, cycle on and off for a while, power up and then
shutdown in an endless cycle - or at least for a while. Then it cones
on and operates normally until it is turned off.

A coupl e of possibilities:

1. The main filter capacitor or other filter capacitors in the | ow voltage
power supply is dried up and this can cause all kinds of regulation
probl ens.

2. The power supply regulator is defective (or marginal) allow ng excessive
voltage on its output and then the X-ray protection circuitry shuts
you down.

If you can get access to a Variac, it would be worth bringing up the input
voltage slowy and seeing if there is sone point at which it would stay on

If there is, then if the picture has serious humbars in it the main filter
cap could be bad. |If nore or less a decent picture with mnor hum bars then
it could be the regul ator.

8.17) Old monitor requires warmup period

So, what else is new? 1In the old days, a TV or nonitor was expected to take
a fewmnutes (at least) to warmup. W are all spoiled today. O course
you usually maintained a full tine technician or engineer to fiddle with the
conver gence adj ustnents!

If it just takes a while for the picture to become as bright as you |iKke,
this is probably just a result of an old tired CRT (see the section: Mnitor
life and the care and feeding of CRTs" and "Brightening an old CRT". |If,
however, nothing happens for a few minutes, then some conponent needs to be
powered for a while before it starts cooperatings. This is probably a dried
up capacitor in the power supply since that is drifting with tenperature and
needs to be located with cold spray or a heat gun

8.18) Monitor shuts down with bright picture or when
brightness is turned up

This is probably a protection circuit kicking in especially if turning power
off or pulling the plug is required to restore operation.

The detection circuit could be in the power supply or horizontal deflection

output circuit. It nay be defective or the current may be too high for sone
ot her reason. A couple of tests can be perforned to confirmthat it is due

to beam current:
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* Determine if behavior is simlar when adjusting the user brightness contro

and the screen (&) pot (on the flyback) or master brightness control. |If
the nonitor quits at about the same brightness |level, overcurrent protection
is likely.

* Disconnect the filaments to the CRT (unsolder a pin on the CRT socket) and
see if it still shuts down under the same conditions. |If it is overcurrent
protection, shut down should now *not* take place since there is no beam
current.

8.19) Power supply interactions

Thi s describes problenms |ike turning up the brightness causes a | oss
of sync or adjusting height also affects w dth.

These may be caused by poor regulation in one or nore | ow voltage power
supplies or and interaction between the high voltage and | ow vol t age

power supplies - possibly a dried up capacitor if it is relatively old,

bad connections, or another faulty conmponent. Measure the B+ to the

hori zontal deflection (to the flyback, not the horizontal output transistor).
If it is changing with the problem then a regulation problemis confirned.
If this voltage is solid, you will need to check the others to see which

one is actually changing.

8.20) Relays in the Power Circuitry of monitors

What exactly is the purpose of such a relay ... i.e., why doesn't the power
switch on the nonitor just apply power directly instead of through a relay?

On a TV, the usual reason for a relay instead of a knob switch is to permt

a renote control to turn power on and off. |If your TV does not have a renote,
then it is sinply the sane chassis mnus 24 cents worth of circuitry to do the
renote function. Isn't marketing wonderful ?

On a nmonitor without any renote control, there can be two likely reasons:

1. Reduce the needed capacity of the on/off switch. H gh resolution
nonitors do consunme a fair anmpbunt of power. A soft touch button nmay
be nmore el egant or cheaper

2. Allow for automatic power saving 'green' operation

When replacing a relay, only unknown is the coil voltage. It is probably
somewhere in the 6-12 volt range. You should be able to nmeasure this on
the coil termnals in operation. It will be a DC coil

However, the relay controls the 125 VAC (or 220) which you should treat
with respect - it is a lot nore dangerous than the 25KV+ on the CRT!

Al nmost certainly, the relay will have 4 connections - 2 for power and 2
for the coil. If it is not marked then, it should be pretty easy to

| ocate the power connection. One end will go to stuff near the AC line
and the other end will go to the rectifier or naybe a fusable resistor
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or something like that. These will likely be beefier than the coi
connections which will go between a transistor and G\ND or sone |ow voltage
or maybe directly into a big microcontroller chip

O course, the best thing would be to get the schematic but with nmonitors
this may not be easy.

Once you are sure of the AC connections - nmeasure across themwhile it is
off and also while it is on. Wile off, you should get 110-125 VAC

VWi le on and working - 0. While on and not working either 110-125 VAC

if the relay is not pulling inor O if it is and the problemis el sewhere.
We can deal with the latter case if needed later on. Note the even if the
relay contacts are not working, the problemcould still be in the contro
circuitry not providing the correct coil voltage/current, though not likely.

It may be expensive and/or difficult to obtain an exact replacenent, but
these are pretty vanilla flavored as relays go. Any good el ectronics

di stributor should be able to supply a suitable electrical replacenent

t hough you may need to be creative in nmounting it.

8.21) What is a posistor?

A posistor is a conbination of a PTC (positive tenperature coefficient)
resi stor and another resistor-element to heat it up and keep it hot.

Sonetimes, these will go by the name posister or thermister. The heater
is a disk shaped resistor across the power line and the them ster
is a disk shaped device in series with the degauss coil. They are in

cl anped together to be in close contact thermally. You can pry off the
lid and see for yourself.

The nobst comon failure node is for the part to short across the line.

Its function is to control degauss, so the only thing you | ose when you
renove one of these is the degauss function on power-on. Wen you turn
the TV or nonitor on, the PTC resistor is cold and | ow resistance. When
heated, it becones very high resistance and turns off the degauss coi

but gradually - the current ranps down to zero rather than being abruptly

cut off..
Conput er Component Source stocks a wide variety, | believe but it may be
cheaper to go direct to the manufacturer if they will sell you one.

8.22) Flameproof Resistors

Fl amepr oof Resistor or Fusable Resistor are often designated by the
synmbol 'FR . They are the sane.

You may see these in the switchnode power supplies used in TVs and nonitors.
They will look |ike power resistors but will be colored blue or gray, or may
be rectangul ar ceram c bl ocks. They should only be replaced with flameproof
resistors with identical ratings. They serve a very inportant safety function

These usually serve as fuses in addition to any other fuses that may be
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present (and in addition to their function as a resistor, though this isn't

al ways needed). Since your FR has bl own, you probably have shorted
sem conductors that will need to be replaced as well. | would check
all the transistors and diodes in the power supply with an ohmmeter.
You may find that the nmain switch node transi stor has decided to turn into
a bl ob of solder - dead short. Check everything out even if you find one
bad part - many conponents can fail or cause other components to fai

if you don't locate themall. Check resistors as well, even if they | ook ok

Since they function as fuses, flaneproof resistors should not be replaced
wi th higher wattage types unless specifically allowed by the manufacturer
These woul d not blow at the sane | evel of overload possibly resulting in
danmage to other parts of the circuitry and increasing the risk of fire.

Then, with a load on the output of the power supply use a Variac to bring
up the voltage slowy and observe what happens. At 50 VAC or |ess, the
swi tcher should kick in and produce sone output though correct regulation
may not occur until 80 VAC or nore. The outputs voltages may even be
greater than spec'd with a small | oad before regulation is correct.

Chapter 9) Deflection Problems

9.1) Deflection fundamentals

http://www.repairfag.org/REPAIR/F_monfag.html

Note: the following is just a brief introduction. For nore detailed deflection
system theory of operationo and sanple circuits, see the docunent: "TV and Monitor D

The el ectron beanms in the CRT need to be scanned horizontally and vertically

in a very precise manner to produce a raster - and a picture.

For NTSC and PAL, the horizontal scan rates are 15,734 and 15, 625 Hz
respectively, the vertical scan rates are 60 and 50 Hz (approxi mately)
respectively.

For PCs and workstation nmonitors, a wi de range of scan rates are used.

For exanpl e:

St andard Hori zontal, KHz Vertical, Hz
VDA 18. 43 50
CGA 15. 75 60
EGA 15. 75-21. 85 60
VGA 31.4 60-70
SVGA (800x600) 35-40 50- 75+
SVGA (1024x768) 43-52+ 43- 75+
SVGA (1280x1024) 64-72+ 60- 75+
Wor kst at i ons 64- 102+ 60- 76+

Even in high resolution fixed frequency nonitors, these high horizonta
(in particular) scan rates necessitate sone fancy circuit design. Al
conponents are runni ng under stressful conditions and it is amazing that
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failures are not nore common.

Wth auto-scan nonitors, the conplexity of the circuits increases dramatically
to accommpdate the wi de range of horizontal scan rates. Relays or electronic
swi tches are used to sel ect power supply voltages, tuning conponents, and

to make other alternations in the deflection circuits to handl e DOS VGA

one m nute and Autocad 1280x1024 the next. It comes as no surprise that

the nost stressful time for a nobnitor is when switching scan rates.

Unfortunately, successfully diagnosing problenms dealing with the scan
switching logic and circuitry is virtually inmpossible wthout a schematic.

The defl ection yoke includes sets of coils for horizontal and vertica
scanning oriented at 90 degrees with respect to each other. Additiona
coils are needed to correct for pincushion and other geonetric defects.

The defl ection circuits must be synchronized and phase | ocked to the
i ncom ng vi deo signal

Therefore, we have the follow ng functions:

1. Sync separator to obtain horizontal and vertical synchronization pul ses
for nonitors with conposite video or sync inputs. Input sync detectors
and auto polarity switching circuits as needed for separate horizonta
and vertical sync inputs.

2. Horizontal oscillator which | ocks to horizontal sync pul ses.

3. Horizontal drive followed by horizontal output which feeds deflection
yoke (and flyback for HV and other voltages), Yoke requires a sawtooth
current waveform for |inear horizontal deflection. Horizontal output
in all but the smaller TVs or nonitors is a |arge discrete power
transi stor, nost often an NPN bi pol ar type.

4. Vertical oscillator which locks to vertical sync pulses. Yoke requires
sawmt oot h waveform for |inear vertical deflection

5. Vertical drive/output which feeds vertical deflection yoke. Newer TVs
and nonitors use ICs for vertical drive and out put.

6. Various additional deflection signals to correct for the inperfections
in the geonetry of |arge angle deflection CRTs. These may be fed into
the normal deflection coils and/or there may be separate coils nmounted
on the neck of the CRT.

7. Auto-scan deflection control and selection circuitry (auto-scan nonitors
only), probably controlled by a mcroprocessor which stores scan
paranmeters for each scan rate and automatically detects the appropriate
settings to use by analyzing the input video. For horizontal deflection,
t he usual way of size constant regardl ess of scan rate is to scale the
B+ to the HOT with horizontal frequency. Thus, VGA resol ution may us
60 V B+ while 1280x1024 at 75 Hz may require 150 V. Various other
conponents may need to be selected based on scan rate. Relays are often
used for this selection since they are easy to control and can handle the
vol tages and currents in the various deflection circuits reliably.

9.2) Monitor display is off-center

http://www.repairfag.org/REPAIR/F_monfag.html
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These sorts of problenms usually relate to the picture shifting when switching
bet ween applications or between DOS and W ndows.

A couple things to check if you have a setup program for your video card
(1-3 are software adjustments in the DOS setup program:

1. Make sure you are running well withing the accepted scan rates for each
resol ution.

2. Toggle sync polarity and see if this makes any difference.
3. Adjust H position or phase and see what this does.

4. Make sure your cables are secure. Wiile a bad connection would Iikely
messed things up worse, it won't hurt to check

Your nonitor may have a problemthough it is not likely to be mgjor (in
arelative way). |If you still like the nmonitor, repair may be worth the
noney. However, not doing anything now may | ead to nore serious (and
costly nonitor danmage.

9.3) Gross problems in size or position at certain scan
rates

First, make sure you are not specifying incorrect scan rate for your nonitor.
Check your video card setup and/or nonitor selection in Wn95.

Assumi ng you are not violating the scan rate specifications but have a

picture that is twice the height of the screen and one half the wi dth,

for example, this could indicate a failure in the scan rate swi tching
circuitry of an auto-scan monitor. Either the logic is faulty and ordering
the wrong sel ections for power supply voltage and tuning conponents or the
relays or the relevant parts are faulty. This could be due to bad connections
as well - quite likely in fact. Also, try to reset the afflicted paraneters
using the digital controls (if relevant) and confirmthat your video card

is putting out the correct scan rate - try another nmonitor or exanine the
video signals with an oscill oscope.

Try prodding the circuit boards with an insulated stick - this may identify
bad connections or unstick a sticky relay.

A schematics will likely be needed to proceed further with these sorts of
probl ens.

9.4) Reduced width

Conpl ai nts about the picture not filling the screen with conputer nonitors
are comon but nmay not indicate problens (except with your expectations).
O der monitors, in particular, often did not allow a full screen display
at certain resolutions. There may be underscan nodes/sw tches as well
Keep in mnd that advertizing a |arge diagonal CRT does not necessarily
inmply that you can fill it!
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However, if this problemjust happened with no changes to your conputer system
(video card, scan rates, OS), then the following are possibilities:

* The B+ to the horizontal output is |lower than normal. The way width contro
functions is that as you increase the horizontal scan rate, the B+ to the
HOT must increase to keep the width constant. It could be that yours is

low to start with and not tracking scan rate changes either

* A bad capacitor might also result in reduced width but I woul d expect
non-linearity as well

* As noted in the section: "Gross problens in size or position at certain scan rates
sel ecting incorrect conponents for certain scan rates.

* There m ght be a bad (low value or high ESR) decoupling capacitor
Scope the rail after the | owval ue decoupling R for Hrate stuff.
There shouldn't be anything significant. |If there is, the ESR of the
decoupling capacitor is too high or its value is too low. Seen it
often where it al so cooks the decoupling R because the efficiency of
the H out becones poor. (gwoods@l bany.net (Gary Wods)).

* A nore unlikely possibility is a open yoke wi nding. The horizonta
defl ecti on yoke consists of nultiple windings in parallel so it is
theoretically possible for one or nore of these to open up. | don't
know what effects the associated detuning of the horizontal output
circuit would have in this case

9.5) Can incorrect or missing video damage my monitor?

The short answer is - quite possibly. Don't push your |uck

Mostly, there are problems at scan rates which exceed the nmonitor's
speci fications. However, some poorly designed nmonitors or just a
particul ar conbinati on of events can blow a nonitor with too |l ow a

scan rate or an absent or corrupted signal input. There was one case
where a very expensive high performance nonitor woul d consistently bl ow
its horizontal deflection circuits when driven by a particul ar ATI

video card. It turned out that during the power-on self test of the ATI
BIOS, just the wong video timng was being generated for a fraction of
a second - but that was enough.

As far as scan rate limts, there is no way of knowing - it really al
depends on the quality of the design of your nonitor. Sone wll happily
run continuously at 25% above specifications. Oher will blow out totally

at the first excuse.

The specification that is likely to be nore critical is the horizontal rate
as it probably puts nore stress on the conponents than the vertical rate.

| have found that as you approach the upper linmits, there is a good chance
that the geonmetric accuracy of the raster near the top of the screen may
start to deteriorate due to lock in problenms as well. However, it would be
fool hardy to depend on this sort of behavior as an indication of going over
t he edge.

It will be nuch too |late when you find out. |If the manual says 75 Hz V and

64 KHz H, stay bel ow **both** of these. |If you exceed the safe ratings and
the design isn't really good, there is the possibility of blow ng components
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in the horizontal deflection and high voltage sections which will result in
expensive repair bills. You will likely get no warning of inpending failure.
In addition, even if the nmonitor does not imrediately turn into a pile

of snoking silicon and plastic, components may be under nore stress and
runni ng at higher |evels of power dissipation. Total failure my be just
around the corner. Mre subtle degradation in performance nmay occur over
tinme as well

You won't see the difference anyhow beyond 75 Hz and your prograns may
run slightly faster at |lower refresh rates since the video is not using

as much bandwi dt h (however, the difference here may be very slight or
non- exi st ent dependi ng on your board, conputer, applications, etc.

9.6) Picture squeezed in then died

You were happily playing 'Doom when the sides of the picture squeezed in two

i nches or so when the entire nmonitor went dead - has remnined |ike this since.

Sound is fine, but no activity at all fromthe tube. Has it died? How
much time, effort, and expense to fix?

No, it's not dead, at least it certainly is not the picture tube.
Your probably shot the nonitor instead of the bad guys!

Is there any indication of Iight on the screen? Any indication of the
hori zontal deflection running at all as evidenced by static on the screen?

In any case, there is a problemin the horizontal deflection and you probably
have no high voltage as well assuming no |light on the screen.

The fact that it squeezed in first indicates that a partial short or other
fault may have devel oped in the horizontal deflection circuits - possibly

t he defl ection yoke or flyback transformer. It could also have been a bad
connection letting loose. Once it failed conpletely, the horizontal output
transi stor may have bought the farmor blown a fuse.

9.7) Horizontal deflection shutting down

Confirmthat the horizontal deflection is shutting down (along with the
hi gh voltage since it is derived fromhorizontal deflection: listen

for the high pitched deflection whine (NTSC/ PAL/ C&), test for static on
the screen, see if the CRT filaments are lit, turn up the brightness and/or
screen control to see if you can get a raster) and then why:

1) Power is failing to the horizontal output transistor - this could be
due to a |l ow vol tage power supply problem bad connection, etc.

2) Base drive to the horizontal output transistor is failing - could be a
fault in the horizontal oscillator or bad connection.

3) Problemwith the flyback transforner or its secondary |oads (flyback
may provi de ot her power voltages).
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4. X-ray protection is activating - either due to excess HV or due to a
fault in the X-ray protection circuitry.

If the problem comes and goes erratically it sounds |like a bad connection
especially if whacking has an effect. |If it comes and goes periodically,
then a conponent could be heating up and failing, then cooling, etc.

9.8) Horizontal squashed

A very narrow picture may indicate problenms with the power supply to the
hori zontal deflection circuits, incorrect scan rate selection or defective
conponents, faulty deflection yoke, or bad connections.

If the size is erratic and/or gently whacking the nonitor nakes the wi dth
change, bad connections are likely. See the section: "Mnitor manufacturing quality

Confirmthat your video card is running at the proper scan rate - particularly
that it is not violating the nmonitor's specifications. An excessive horizonta
scan rate is a conmon cause of a reduced width raster. Try its software

setup adjustnments as these nmay have been | ost.

Beyond this, a schematic will probably be needed to isolate the fault.

9.9) Monitor non-linearity

Most nodern nmonitors are nearly perfect with respect to non-linearity.
There al nost never any user adjustments and there nmay not even be an
i nternal adjustnents. See the section: "Position, size, and linearity adjustnent".

A sudden change in linearity or a nonitor that requires a warmup period
before linearity becones acceptable nmay have a bad conponent - probably
a capacitor in the horizontal deflection circuits. For the latter, try
some cold spray or a heatgun to see if you can |locate the bad part.

(From helio (mtcann@sa. pi peline.com).

You should likely begin in the area i medi ately around the HOT, perhaps
there m ght be a high frequency NP (non pol arized) electrolytic just
starting to go. Sone |arger nmonochrome nonitors actually have working H1lin
adjustment coils (believe it or not) especially if they are ol der ones. But

nost are glued/ potted down or fixed value. If you locate it (the coil) the
probl em shoul d be near by.

9.10) Picture squeezed on both left and right side of
screen
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“"I"'mtrying to repair a Target DN-1564 nmonitor with a problemin the
hori zontal deflection: on both the left and right side of the screen
the picture gets squeezed together, regardl ess of H-w dth and ot her
settings. |'ve checked nost seniconductors in this part, but | can't
find anything wong there."

This sounds |ike an S-correction capacitor nmay have too small a val ue or
fail ed open. Check the capacitors in the vicinity of the deflection yoke
connector and HOT. It could be due to bad connections as well

S-correction is needed to linearize the horizontal scan (and vertical as wel
scan but that is a separate circuit). Wthout S-correction, the scan current
woul d be nearly linear. This would result in greater coverage in a given
time near the edges of high deflection angle CRTs. The picture would appear
stretched near the edges |In this case, the correction appears excessive.

(From David Henni ker (david.henni ker @abl ei net. co. uk)).

| had a simlar problemw th a nmonitor (here in Edinburgh Scotl and).

The S-correction cap was open-circuit altogether. Qther caps in paralle
all owed the distorted scan. If it had been a TV there woul dn't have been
other caps in parallel and the result would have been no |ine scan, maybe
a vertical line (line collapse) or nothing at all

9.11) Vertical squashed

This neans the vertical size is reduced with or without distortion

Before attacking the circuitry, make sure your vertical scan rate is within
the nonitor's capabilities and that the user vertical size control is adjusted
properly. If there is no distortion, this is likely as many (but not all)
circuit problems would result in non-linearity or cutoff of the top or bottom
portions of the picture. All you may need to do is change your conmputer's
video settings! Swap the nonitor or conputer to be sure it is not a problem
with the video card.

However, if failure happened suddenly and the vertical is squashed at all scan
rates, this is likely a vertical deflection problem- possibly a bad capacitor
bad connection, bad flyback/punmpup di ode, or other conmponent. None of these
shoul d be very expensive (in a relative sort of way).

If the synmptons change - particularly if they becone | ess severe - as the unit
warns up, a dried up electrolytic capacitor is nost likely. |If they get
worse, it could be a bad sem conductor. Freeze spray or a heat gun may be
useful in identifying the defective conponent.

It is often easiest to substitute a good capacitor for each electrolytic in
the vertical output circuit. Look for bad connections (particularly to the
defl ecti on yoke), then consider replacing the vertical output |IC or
transistor(s).

A defective deflection yoke is also possible or in rare cases, a bad yoke
danping resistor (e.g., 500 ohns, may be nounted on the yoke assenbly itself).

The following are NOT possible: CRT or flyback. | amjust trying to think of
really expensive parts that cannot possibly be at fault :-).

http://www.repairfag.org/REPAIR/F_monfag.html
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9.12) Keystone shaped picture

This nmeans that the size of the picture is not constant fromtop to bottom

(wi dth changes) or left to right (height changes). Note that some slight
amount of this is probably just within the manufacturing tol erance of the

defl ection yoke and factory setup (geonetry magnet placenent, if any). Wth

a monitor, such defects are nore noticeable than with a TV since nmuch of the
di splay is of rectangul ar boxes - i.e., wi ndows, |ines of text, graphics, etc.
Furthernmore, the nmonitor is usually run just barely underscanned to nmaxim ze
the viewing area without cutting anything off. Any deviations fromperfection
show up in relation to the CRT bezel

However, a sudden increase may indicate a problemw th the defl ection yoke.

An open or short in a winding (or any associ ated conmponents nounted on the yoke
assenbly) will result in the beam being deflected |less strongly on the side
where that winding is |ocated. However, with a high scan rate nonitor, there
may be many individual w ndings connected in parallel in the yoke so the effect
of only one opening up may not be as dramatic as with a TV where there may only
be a single pair of wi ndings for the horizontal and another for the vertical

A sinmple test of the yoke in this case can be performed by sinply swapping

t he connections to the yoke for the affected direction (i.e., if the width
changes fromtop to bottom interchange the connections to the vertica
wi ndi ngs) .

* | f the keystone shape remains the same (but of course the picture flips),
it is likely the yoke.

* | f the keystone shape flips, it is a circuit problem (see bel ow).

See the section: "Deflection yoke testing".

If the nonitor has been dropped off a 20 story building, the yoke nmay have
shifted its position on the neck, of the CRT resulting in all sorts of
geonetry and convergence problems (at the very |least).

(From Janmes Poore (awl33@afn.org)).

| have seen the 'reverse keystoning' in several nmonitors and the fix is
usually the same. |In the horizontal |eg of the pincushion transformer are 1
or nore electrolytics to ground. The caps have + going to transforner and -
to ground. Anyway when they start |oosing capacitance and/or becone |eaky the
reverse keystoning effects becone nore pronounced.

9.13) Picture size changing

If the picture area is expanding or contracting w thout any changes to your
video card settings or other software. then there is a problemw th the power
supplies in the monitor. This would be confirnmed if the change is (1) gradua
over the course of say, an hour, and/or (2) gently whacking the nonitor has
some effect indicating bad internal connections. Software problens woul d not
result in either of these characteristics.
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Note that if the change is very small - say, less than 1 or 2% then it may
simply be normal for your nonitor due to poor design or the use of inferior
conponents - sone parts associated with power supply regulati on may be
changi ng val ue as the nonitors warns up.

A way to confirmthat sonething is drifting due to thermal problems would
be the nmonitor from another conputer and see if the same thing happens.

Just powering the nonitor by itself (but not in any power saving node) m ght
also work for this test.

One possible cause could be that the high voltage is drifting gradually

due to a faulty conmponent - increasing and nmaking the beam'stiffer' or
vice-versa. |If this is the case there nmight also be a gradual change in
brightness as well (decreasing inmage size -> increase in brightness).

Al ternatively, the HV may be stable but the power to both H and V deflection
i s gradual | y changi ng.

Excess high voltage can increase the X-ray enissions and any kind of power
supply problenms may ultimtely result in total failure and an expensive
repair. Therefore, these synptonms should not be ignored. See the sections
on | ow vol tage and high voltage power supply problens.

9.14) Monitor will not sync

For nmonitors using BNC cables, first make sure that the cable connections
are correct - interchange of H and V sync or Gwith one of the other video
signals (sync-on-gree setups) can result in all kinds of weird sync probl ens.

There are a wide variety of causes for a nmonitor that will not display
a stable or properly configured inage. Anpbng the synptons are:

* Lack of sync horizontal - drifts smoothly horizontally. This nay nean
that the horizontal sync signal is mssing due to a bent, pushed in,
or broken connector pin (pin 13) or other bad connection or a fault
in the sync processing circuitry.

* | ncorrect lock horizontal - torn picture (like a TV with the horizonta
hold control nisadjusted - if you renenber these). This neans that the
sync signal is reaching the nmonitor but that it is having probleml ocking
toit. Check the rate specifications - you may be exceedi ng them

* Lack of sync vertical - rolls smoothly vertically. This may nean
that the vertical sync signal is mssing due to a bent, pushed in,
or broken connector pin (pin 14) or other bad connection or a fault
in the sync processing circuitry.

* Lock not stable vertical - junps or vibrates vertically. This may be
due to scan rate problens or a fault in the vertical sync circuitry of
the nonitor.

* Multiple or repeated i mages horizontally or vertically. There may be
mul tiple i nages side-by-side, on top of each other, or interleaved.
Most |ikely cause is driving the nmonitor with an incorrect scan rate.
However, faulty circuitry could also be to bl ane.

Addi ti onal comrents on sonme of these problems followin the next few
secti ons.
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9.15) Horizontal lock lost

A monitor which | oses horizontal |ock when changi ng resolutions, nomentarily
| osing the signal, or switching i nputs nay have a horizontal oscillator

that is way out of adjustment or has drifted in frequency due to aging
conponents. Alternatively, you may be running at scan rates that are not

supported by your nmonitor. Check its user nmanual (yeh, right, like you
have it!). Use the setup programthat came with your video card to adjust
the default scan rates to match the nmonitor. Not only will it |ock better,

you are less likely to damage the nonitor by feeding it inproper scan rates.

Note that the characteristics of this are distinctly different than

for total loss of sync. 1In the latter case, the picture will drift sideways
and/ or up and down while with an off frequency oscillator, the torn up
picture will try at least to remain stationary.

Assumi ng you are have your video card set up properly - double check anyhow -
this could be a capacitor or other simlar part. O, the oscillator
frequency may just need to be tweaked (particularly with ol der nonitors).
There may be an internal horizontal frequency adjustnment - either a pot

or a coil - which may need a slight tweak. |If a coil, use a plastic
alignment tool, not netal to avoid cracking the fragile core. There may

be several adjustments for auto-scan nmonitors - one for each major scan

range.
A schematic will be useful to |locate the adjustnent if any or to identify
possi bl e defective parts. |If it is a heat related problemtry cold spray

or a heat gun in an effort localize the offending part.

9.16) Insufficient width (without hum bars)

If there are humbars or wiggles in the picture, see the section: "Reduced width pic

If both width and height are affected, the cause is likely sonething common:
| ow, | ow voltage power supply voltages or excessive high voltage (resulting
ina 'stiffer' bean).

(From Jerry G (jerryg@otal.net)).

Lack of width is usually caused by defective power supply, |ow horizonta
drive to the yoke and flyback, defective circuits in the pincushioning

anplifier section, excessive high-voltage caused by defective voltage
regul ati on, and or excessive |l oading on the secondary side of the flyback

9.17) Loss of horizontal sync (also applies to vertical)
after warmup
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The problemlies either in the horizontal oscillator or in the sync system
If it really is a problemw th sync pul ses not reaching the oscillator

the picture will nove around horizontally and can be brought to hold
nonentarily with the hold control. If the picture breaks up into strips,
there is a problemin the horizontal oscillator. |If there is an accessible
hold control try rotating it: if the frequency is too far off, the picture
will not settle into place at any adjustment of the hold control. Look
around the horizontal oscillator circuit: all of the oscillator parts wll
be right there, or check on the horizontal oscillator nmodule. If only

one resolution on a auto-scan nmonitor is affected, the there could be a
separate oscillator circuit for each range.

9.18) Replicated or offset multiple images

Mul tiple inmages on the screen horizontally or vertically indicate that
the scan rate is way off (by a factor equal to the nunber of conplete
pictures.) This could be a fault in the nonitor or you could be running
way outside of the nonitor's specifications. Even slightly exceeding
these for the horizontal or vertical may confuse the scan rate sel ection
logic and result in the nmonitor setting itself with incorrect scan rate
settings.

A situation where successive sweeps alternate position slightly resulting
in double or triple inmages may be caused by a incorrect or out of range
video timng, a bad conponent, or inproper sync signals.

Check the settings of the video card and any sync term nation or selection
on the nonitor. Beyond this, a schematic will be required.

9.19) Part of picture cut off

The following applies if the part of the picture is mssing but not
ot herwi se squashed or distorted. For exanple, 85%is nissing but the
portion still visible is normal size.

Ww That's an interesting one, nore so than the typical run-of-the-mll
"my TV just up and died on me". O, "ny pet orangutan just put a hole
in the CRT, what should | do"?

Wth a nonitor, this is nore likely than a TV. But the cause is probably

not in the monitor (though not inpossible). Check that your video paraneters
are set up correctly (particularly if you have full control of themas with
Li nux). You may have set the active too short or blanking too |ong.

If your video is confirmed to be ok (looking at it with an oscill oscope woul d
be best), then with the size of the picture fragment correct but 85% ni ssing,
check waveforms going into the vertical output stage. The supply voltage is
probably correct since that often determines the size. It alnpst sounds |ike
the waveformrather than being nostly on (active video) and off for the short
bl anki ng period is sonehow only on during the last part of the active video
thus giving you just the bottomof the picture. If there is a vertical output
IC, it may be defective or the blanking input to it may be corrupted. The

http://www.repairfag.org/REPAIR/F_monfag.html
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probl em may be as far back as the sync separator. Then again who knows,
schemati cs woul d be really handy.

9.20) Bright or dark bars on edge of picture (horizontal or
vertical)

These may be sharp-edged or blurry. The latter could result when a portion
of the active video is unblanked during retrace.

* Where the entire picture is present, the problemis one of the video
bl anki ng not occurring properly beyond the picture boundary.

* Where part of the picture is cut off with a bright horizontal or vertica
line at that point, it is either a video timng problemor a fault in the
deflection circuitry preventing the beam from being where it is supposed to
scan in enough tine.

You may be seeing part of the active video during retrace or as the beam
reverses direction at the start or end of retrace. Horizontal timng
probl ems woul d produce vertical bars on the right or |left edge; vertica
tim ng probl enms woul d produce horizontal bars at the top or bottom edge.

* | f your video card permts control of video timng paraneters, try reducing
the relevant active tine relative to the blanking period. The relevant
software settings might be horizontal position, phase, size, and sync
polarity. |If this does not work, your video card may be inconpatible with
the nonitor.

* | f the problem just happened w thout any changes to the video source, the
noni tor may have a probl em

- Deflection circuits - coil or capacitor, a power supply fault, position or
size settings or control, or deflection yoke.

- Video anplifier or drive (CRT neck board), or blanking circuits - chip
decoupling capacitors or filter capacitors in scan derived power supplies.
If the bars are significantly colored - not just shades of gray - then
a video problemis likely.

An oscill oscope would help greatly in identifying the source of the problem

9.21) Single Vertical Line

CAUTI ON: To prevent damage to the CRT phosphors, imediately turn down the
brightness so the line is just barely visible. |f the user controls do not
have enough range, you will have to |ocate and adjust the master brightness or
screen/ & pots.

Si nce you have high voltage, the horizontal deflection circuits are al nost
certainly working (unless there is a separate high voltage power supply -
al nost unheard of in nodern TVs and very uncomon in all but the nost
expensi ve nonitors).
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Check for bad sol der connections between the main board and the deflection
yoke. Could also be a bad horizontal coil in the yoke, linearity coil, etc.
There is not that nmuch to go bad based on these synptons assuning the high
vol tage and the horizontal deflection use the sane flyback. It is al nost
certainly not an IC or transistor that is bad.

9.22) Single Horizontal Line

CAUTI ON: To prevent damage to the CRT phosphors, imediately turn down the
brightness so the line is just barely visible. |f the user controls do not
have enough range, you will have to |ocate and adjust the master brightness or
screen/ & pots.

A single horizontal line nmeans that you have | ost vertical deflection.
Hi gh voltage is nost likely fine since there is sonmething on the screen

This could be due to:

1. Dirty service switch contacts. There is often a small switch on the
| ocated inside on the main board or perhaps accessible fromthe back. This
is used during setup to set the col or background |l evels. Wen flipped
to the '"service' position, it kills vertical deflection and video to the

CRT. |If the switch sonehow changed position or got dirty or corroded
contacts, you will have this symptom Flip the switch back and forth
a couple of times. |If there is some change, then replace, clean, resol der

or even bypass it as appropriate.

2. Bad connection to deflection yoke or other parts in vertical output
circuit. Bad connections are common in TVs and nmonitors. Check
around the pins of |arge conponents |like transforners, power transistors
and resistors, or connectors for hairline cracks in the solder. Reseat
i nternal connectors. Check particularly around the connector to the
defl ecti on yoke on the CRT.

3. Bad vertical deflection IC or transistor. You will probably need
the service manual for this and the follow ng. However, if the
vertical deflection is done with an IC, the ECG Sem conduct or
Mast er Substitution guide nay have its pinout which nay be enough to
test it with a scope.

4. Other bad parts in vertical deflection circuit though there are not
that many parts that would kill the deflection entirely.

5. Loss of power to vertical deflection circuits. Check for bl own
fusabl e resistors/fuses and bad connections.

6. Loss of vertical oscillator or vertical drive signals.
The nost likely possibilities are in the deflection output stage or
bad connections to the yoke. To locate the vertical output circuitry w thout

a service manual, trace back fromthe deflection yoke connector. The vertica
coils will be the ones with the higher resistance if they are not marked.
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9.23) Intermittent jumping or jittering of picture or other
random behavior

This has all the classic synptons of a | oose connection internal to the

TV or nonitor - probably where the deflection yoke plugs into the nmain PCB or
at the base of the flyback transforner. TVs and nonitors are notorious for
both poor quality soldering and bad connections near high wattage conmponents
whi ch just develop over tinme fromtenperature cycling.

The following is not very scientific, but it works: Have you tried whacking
the TV when this happened and did it have any effect? |If yes, this would
be further confirmation of |oose connections.

VWhat you need to do is exam ne the sol der connections on the PCBs in the
nonitor, particularly in the area of the deflection circuits and power supply.
Look for hairline cracks between the solder and the conponent pins - nostly
the fat pins of transforners, connectors, and high wattage resistors. Any
that are found will need to be reflowed with a nmedi um wattage (like 40W or
tenmperature controlled soldering iron.

It could al so be a conponent nomentarily breaking down in the power supply
or deflection circuits.

Anot her possibility is that there is arcing or corona as a result of humd
weat her. This could trigger the power supply to shut down perhaps

with a squeak, but there would probably be additional synptons including
possi bly partial loss of brightness or focus before it shut down. You may
al so hear a sizzling sound acconpani ed by noise or snow in the picture,
static in the sounds, and/or a snell of ozone.

I f your AC power fluctuates, an inexpensive nonitor may not be well enough
regul ated and may pass the fluctuations on as jitter. The video card is

unlikely to be the cause of this jitter unless it correlates with conputer
(software) activity.

9.24) Horizontal output transistors keep blowing (or
excessively hot)

Unfortunately, these sorts of problens are often difficult to definitively
di agnose and repair and will often involve expensive conmponent swappi ng.

You have just replaced an obviously blown (shorted) horizontal output
transistor (HOT) and an hour (or a minute) |ater the sanme synptons
appear. O, you notice that the new HOT is hotter than expected:

Woul d the next logical step be a new flyback (LOPT)? Not necessarily.

If the nmonitor perforned normally until it died, there are other possible
causes. However, it could be the flyback failing under |oad or when it
warns up. | would expect some warning though - like the picture shrinks

for a few seconds before the poof.

O her possi bl e causes:
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1. Inproper drive to horizontal output transistor (HOT). A weak drive night
cause the HOT to turn on or (nore likely) shut off too slowmy (greatly
i ncreasi ng heat dissipation. Check driver and HOT base circuit conmponents.
Dried up capacitors, open resistors or chokes, bad connections, or a driver
transformer with shorted w ndings can all affect drive waveforns.

2. Excessive voltage on HOT collector - check LV regulator (and |ine
voltage if this is a field repair), if any.

3. Defective safety capacitors or danper diode around HOT. (Though
this usually results in instant destruction with little heating).

4. New transistor not nounted properly to heat sink - probably needs nica
washer and heat sink conpound.

5. Repl acenent transistor not correct or inferior cross reference.
Sonetimes, the horizontal deflection is designed based on the quirks
of a particular transistor. Substitutes nay not work reliably.

The HOT should not run hot if properly nmounted to the heat sink (using

heat si nk compound). It should not be too hot to touch (CAREFUL - don't
touch with power on - it is at over a hundred volts with nasty nultihundred
volt spikes and |line connected - di scharge power supply filter caps first
after unplugging). |If it is scorching hot after a few m nutes, then you

need to check the other possibilities.

It is also possible that a defective flyback - perhaps one shorted turn - would
not cause an imediate failure and only affect the picture slightly. This
woul d be unusual, however. See the section: "Testing of Flyback (LOPT) Transforners

Note that running the nmonitor with a series |ight bulb may allow the HOT
to survive |l ong enough for you to gather sone of the information needed
to identify the bad conponent.

9.25) Horizontal output transistors blowing at random
intervals

The HOT may | ast a few mi nutes, days, nonths or years but then bl ow again.

These are anong the hardest problenms to locate. It could even be some peculiar
conbi nati on of user cockpit error - custoner abuse - that you will never
identify. Yes, this should not happen with a properly designed nonitor.
However, a conbinati on of nbpde switching, [oss of sync during bootup, running
on the edge of acceptable scan rates, and frequent power cycles, could test
the nonitor in ways never dreaned of by the designers. It may take only one
scan line that is too long to bl ow the HOT.

9.26) Vertical foldover

The picture is squashed vertically and a part of it may be flipped over and
di storted.
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This usually indicates a fault in the vertical output circuit. |If it uses
an I C for this, then the chip could be bad. It could also be a bad capacitor
or other conponent in this circuit. It is probably caused by a fault in

the flyback portion of the vertical deflection circuit - a charge punp that
generates a high voltage spike to return the beamto the top of the screen

Test components in the vertical output stage or substitute for good ones.

9.27) Excessive width/pincushioning problems

This would nean that the left and right sides of the picture are 'bowed' and
the screen | ooks sonething |ike the diagram bel ow (or the opposite - barre
di stortion).

However, the obvious synptons may just be excess width as the curved sides may
be cut off by the CRT bezel

In particular, this sounds |ike a pincushion problem- to correct for

pi ncushion, a signal fromthe vertical deflection that |ooks sonething

like a rectified sinewave is used to nodify wi dth based on vertical position
There is usually a control to adjust the magnitude of this signal and al so
often, its phase. It would seemthat this circuit has ceased to function

If you have the schematics, check them for 'pincushion' adjustments and
check signals and voltages. |If not, try to find the 'pincushion' magnitude
and phase adjustnments and | ook for bad parts or bad connections in in the
general area. Even if there are no adjustnment pots, there may still be

pi ncushion correction circuitry.

If the internal controls have absolutely no effect, then the circuit
is faulty. Wth nodern digital setup adjustnents, then it is even tougher
to diagnose since these control a D/ A sonewhere |inked via a m croprocessor

Pi ncushi on adjustment adds a signal to the horizontal deflection

to conpensate for the geonetry of the CRT/deflection yoke. |I|f you have
knobs, then tracing the circuitry nmay be possible. Wth luck, you have
a bad part that can be identified with an ohmreter - shorted or open

For exanple, if the pincushion correction driver transistor is shorted,

it will have no effect and the picture will be too wide and distorted as
shown above.
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However, without a schematic even this will be difficult. |If the adjustnments
are digital this is especially difficult to diagnose since you don't even
have any idea of where the circuitry would be | ocated.

Faulty capacitors in the horizontal deflection power supplies often cause
a simlar set of synptons.

9.28) Uncorrectable pincushion distortion with new
monitor

"I just bought a new Sony 200SX 17" nonitor and | just can't get the
pi n-cushion control to work right. If | get the outer edges straight
then any wi ndow an inch or so fromthe edge will curve like crazy. The
only way around this is to shrink my screen size so |I'll have 3/4 in or
so of black space. This is very irritating since | amnot getting the
15. 9" viewabl e size as advertised. Is this normal ?"

(From Jeroen H. Stessen (Jeroen. Stessen@hv. ce.philips.com).

The distortion that you describe is called 'inside pincushion'. Normally it
can be corrected by a dynamic S-correction circuit. Mybe Sony didn't do a
too good job on this, or none at all. It may also be that the correction is

optim zed for certain horizontal scan frequencies only, as dynamc S-correction
is a resonant circuit. You might want to test at another frequency.

(From markntf @arthlink.net)).

You may have a nmonitor that is at the edge of the acceptance tol erance, (which
is a defined acceptable variation for cost and production yield reasons). A
typi cal worse case tolerance may be up to 3nm of a deviation froma straight
line for the edges. This applies for all nmonitors and all manufacturers. O
course sone conpanies actually control the variation better than others, (and
some just say they do).

For reference; try using the "Recall" function which will set the adjustnments
to the original factory settings. (This assumes that your video timng matches
the preset timng used in the factory). Check the infanmous user manual .

9.29) Deflection yoke testing

A faulty deflection yoke can affect the geonmetry (size and shape) of the
raster, result in insufficient high voltage and/or other auxiliary power
probl ems, and bl ow vari ous conponents in the | ow voltage power supply or
el sewhere

* Asinple test to determine if the yoke is at fault for a nmjor geonetry
problem (e.g., a keystone shaped picture) is to interchange the connections
to the yoke for the axis that is not affected (i.e., the vertical coils if
the width is varying fromtop to botton). |If the raster/picture flips
(i ndicating that you swapped the proper connections) but the shape of the
raster remains the sane - the geonetry is unchanged, the problemis al npst
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certainly in the deflection yoke.

* Where high voltage (and other flyback derived voltages) are reduced and
ot her probl ens have been rul ed out, unplugging the deflection yoke (assum ng
no interlock) may reveal whether it is likely at fault. |If this results in
hi gh voltage and a relatively clean deflection waveformor returns the power
supply or deflection chip load to sonething reasonable, a defective yoke is
qui te possible.

CAUTI ON: powering a TV or nmonitor with a di sconnected yoke nust be done with
care for several reasons:

- The CRT electron bean(s) will not be deflected. |If it turns out that the
yoke is the problem this may result in a very bright spot in the center

of the screen (which will turn into a very dark pernmanent spot quite
quickly) :-(. Disconnecting only the winding that is suspect is better
Then, the other direction will still scan resulting in a very bright |ine
i nstead of a super bright spot. |In any case, make sure the brightness is
turned all the way down (using the screen/& control on the flyback if
necessary). Keep an eye on the front of the screen ready to kill power at

the first sign of a spot or line. Disconnecting the CRT heater as an
added precauti on woul d be even better unless you need to deternine if
there is a beam

- Renoving the yoke (which is effectively in parallel with the flyback)
i ncreases the inductance and the peak flyback voltage on the HOT. |In the
extreme, this may blow the HOT if run at full |ine voltage/normal B+. It
is better to performthese tests using a Variac at reduced line voltage if
possi bl e.

- The deflection systemw ||l be detuned since the yoke inductance plays a
very significant role in setting the resonance point in nost designs.
Don't expect to see totally normal behavior with respect to high voltage.
However, it should be rmuch better than with the faulty yoke.

* | f possible, conpare all neasurements with a known good identical deflection
yoke. O course, if you have one, swapping is the fastest surest test of
all! In mny cases, even a not quite identical yoke will be close enough to
provi de useful information for testing. However, it nmust be froma simlar
pi ece of equipment with sinilar specifications - size and scan range. Don't
expect a color TV yoke to work in a high performance SVGA nonitor!

Note: the substitute yoke doesn't have to be mounted on the CRT which would
di sturb purity and convergence adjustnments but see the caution above about
drilling holes in the CRT face plate!

The defl ection yoke consists of the horizontal coils and vertical coils (wound
on a ferrite core), and nmounting structure. Little magnets or rubber/ferrite
strips may be glued in strategic |ocations. DO NOT disturb them In rare

i nstances, there may be additional coils or other conponents nounted on the
same assenbly. The following deals only with the actual deflection coils

t henmsel ves - the other conponents (if any) can be tested in a sinilar manner.

VWere the test procedure bel ow requires renoval of the yoke, see the section
"Renovi ng and repl acing the deflection yoke" first.

* Horizontal - the horizontal section consists of an even nunmber of wi ndings
hooked up in parallel/interleaved with half of the w ndings on each of the
two ferrite core pieces.

The horizontal windings will be oriented with the coil's axis vertical and

nmounted on the inside of the yoke (against the CRT neck/funnel). It may be
wound with thicker wire than that used for the vertical w ndings.
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- Resistance check - This may be possible w thout renmoving the yoke from
the CRT if the terminal block is accessible. Disconnect the individua
wi ndi ngs from each another and determine if the resistances are nearly
equal . Check for shorts between wi ndings and between the horizontal and
vertical w ndings as well

Typi cal resistance of the intact windings (at the yoke connector assum ng
no ot her components): TV or NTSC/ PAL monitor - a few ohns (3 ohns typical),
SVGA nmonitor - less than an ohm (.5 ohns typical).

- Inspection - Look for charring or other evidence of insulation breakdown
due to arcing or overheating. For the horizontal w ndings, this wll
require renoving the yoke fromthe CRT since little if any of the w ndings
are visible fromthe outside. However, even then, nost of the wi ndings
are hidden under |ayers of wire or behind the ferrite core.

- Ring test. See the document "Testing of Flyback (LOPT) Transforners".
This deals with flyback transforners but the principles are the sane.
Di sconnecting the windings may help isolate the location of a fault.
However, for w ndings wound on the same core, the inductive coupling
will result in a short anywhere on that core reducing the Q

* Vertical - The vertical section is usually nmanufactured as a pair of w ndings
wired in parallel (or maybe in series) though for high vertical scan rate
nmonitors, nultiple parallel/interl eaved w ndings are al so possible.

The vertical windings will be oriented with the coil's axis horizontal and
wound on the outside of the yoke. The wire used for the vertical w nding
may be thinner than that used for the horizontal wi ndings.

- Resistance check - This may be possible w thout renmoving the yoke from
the CRT if the terminal block is accessible. Disconnect the individua
wi ndi ngs from each other and determine if the resistances are nearly
equal . Check for shorts between wi ndings and between the horizonta
and vertical w ndings as well

Typi cal resistance of the intact windings (at the yoke connector assum ng
no ot her components): TV or NTSC/ PAL nmonitor - nore than 10 ohns (15 ohns
typical), SVGA nonitor - at |least a few ohns (5 ohns typical).

- Inspection - Look for charring or other evidence of insulation breakdown
due to arcing or overheating. The accessible portions of the vertica
wi ndi ngs are nostly visible without removing the yoke fromthe CRT.
However, nost of the w ndings are hidden under |ayers of wire or behind
the ferrite core

- Ring test - Since the vertical w ndings have significant resistance and
very low Q a ring test may be of limted val ue

9.30) Deflection yoke repair

So you found a big black charred area in/on one of the yoke w ndings. What
can be done? |Is it possible to repair it? Wat about using it for testing
to confirmthat there are no other problens before ordering a new yoke?

If the damage is minor - only a fewwi res are involved, it may be possible to

separate them from each other and the rest of the wi nding, thoroughly clean
the area, and then insulate the wires with high tenperature varnish. Then
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check the resistances of each of the parallel/interleaved wi ndings to make
sure that you caught all the damage.

Sinple plastic electrical tape can probably be used for as insulation for

testing purposes - it has worked for ne - but would not likely survive very
| ong as a pernmanent repair due to the possible high tenperatures involved.
A new yoke will alnpst certainly be needed.

9.31) Testing of flyback (LOPT) transformers

How and why do flyback transforners fail?
Fl ybacks fail in several ways:

1. Overheating leading to cracks in the plastic and external arcing. These
can often be fixed by cleaning and coating with multiple [ayers of high
vol t age seal er, corona dope, or even plastic electrical tape (as a
tenmporary repair in a pinch).

2. Cracked or otherwi se damaged core will effect the flyback characteristics
to the point where it nay not work correctly or even bl ow the horizonta
out put transistor.

3. Internal shorts in the FOCUS/ SCREEN di vi der network, if present. One sign
of this may be arcover of the FOCUS or SCREEN sparkgaps on the PCB on the
neck of the CRT.

4. Internal short circuits in the w ndings.

5. Open wi ndi ngs.

More than one of these may apply in any given case.

First, performa careful visual inspection with power off. Look for cracks,

bul ging or nmelted plastic, and discoloration, Look for bad sol der connections

at the pins of the flyback as well. |If the TV or nonitor can be powered
safely, check for arcing or corona around the flyback and in its vicinity,

Next, perform ohmreter tests for obvious short circuits between wi ndings,
much reduced wi ndi ng resistances, and open wi ndi ngs.

For the | ow voltage wi ndings, service manuals may provide the expected

DC resi stance (SAMs PhotoFact, for exanple). Sonetines, this will change
enough to be detected - if you have an ohnmeter with a | ow enough scal e.
These are usually a fraction of an ohm It is difficult or inpossible to

nmeasure the DC resistance of the HV winding since the rectifiers are usually
built in. The value is not published either

Caution: make sure you have the TV or nonitor unplugged and confirmthat

the main filter capacitor is discharged before touching anything! If you
are going to renove or touch the CRT HV, focus, or screen wires, discharge
the HV first using a well insulated high value resistor (e.g., severa

M ohms, 5 W to the CRT ground strap (NOT signal ground. See the section
"Saf e discharging of capacitors in TVs and video nonitors".

Partially short circuited w ndings (perhaps, just a couple of turns)
and sometinmes shorts in the focus/screen divider will drastically |ower
the Q and increase the |load the flyback puts on its driving source with
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no out puts connected. Commercial flyback testers nmeasure the Q by

noni toring the decay tine of a resonant circuit formed by a capacitor and
a winding on the flyback under test after it is excited by a pul se
waveform It is possible to easily construct testers that performa

well. See the conpani on docunent "Testing of Flyback (LOPT) Transforners"
for further information.

9.32) Picture size suddenly becomes larger (or smaller)

You are playing your favorite gane (read: addiction) and suddenly, the
picture size increases by 20% and the bri ghtness may have changed as
well. What part should | replace? | only used ny phasers on the #3
setting!

Unfortunately, | do not have a crystal ball. There are a nunber of parts
that could be faulty and no way of know for your nonitor and your synptons
which it is. Sorry, you will alnost certainly have to have it professionally
repai red or repl aced.

VWhat it sounds like is happening is that the circuitry that selects interna
conponents dependi ng on scan rate have failed in sonme way. They could be
maki ng an incorrect selection or the power supply could be faulty and applying
an incorrect voltage to the horizontal and vertical deflection circuits. The
bri ght ness changes since it is not conpensated for properly.

9.33) Burning up of various size or centering resistors

Check the capacitors that couple the yoke to to ground. |f they becone
reduced in value or develop a high ESR, the current will be diverted to other
conponents with unfortunate and rapid consequences.

9.34) Picture shifted horizontally

The first thing to determine is if this is a position or phase problem

* Afault with horizontal position neans that the entire raster is shifted
left or right. This is alnpst certainly a nmonitor problem |f you turn
up the brightness control, the edges of the scan lines will probably be
vi sibl e on one side.

- Assuming the position or centering controls do not work at or or have
i nsufficient range, check for a defective centering pot and bad centering
di odes and ot her components in their vicinity. |If digitally controll ed,
you wi Il probably need a schematic to find the cause.

- If the nonitor was dropped, the yoke or other assenbly on the CRT neck
may have shifted (though there woul d probably be other synptons as well).
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Monochrome monitors have centering rings on the CRT neck which may have
be knocked out of adjustment. Color nmonitors adjust the centering

el ectronically since magnetic rings would nmess up the purity and/or
conver gence.

* Afault with horizontal phase neans that the raster is still centered on
the screen but the picture itself is shifted (and may have sone wrap-around)
within the raster. This could be a fault in the nonitor or video card or
incorrect settings in the software setup for the video card.

If this happened while trying out this monitor on a different or nodified
conputer, just after you have done a software upgrade, or just after
sonet hi ng strange happened (like your PC s CMOS settings got corrupted -
noni tor settings are generally not in the CMOS setup but may have been
affected at the same tine), reset the nonitor's controls to their default
or middle position and then use the software setup or install programthat
cane with your video card to set scan rates, size, position, and sync

pol arity.

Sone nonitors have a user accessible horizontal phase control in addition
to horizontal position. This adjusts the delay in the sync circuits so
check that area of the electronics if the control doesn't work or have
enough range.

* There could also be a problemw th base drive to the HOT. This may result
in position, phase, size, and linearity errors as the scan being initiated
too soon or too |ate.
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Weak drive to the HOT due to faulty conmponents in the base circuit or
driver stage might result in the HOT com ng out of saturation early. The
picture woul d be shifted to the right and the HOT mi ght run excessively
hot and bl ow.

WARNI NG The case of the HOT has >1,000 V spi kes and B+ when off - don't
touch with power on or until you confirmno voltage is present after

pul I'i ng pl ug.

If marginal, a drift of position, phase, size, and linearity wth warnmup
is also likely. Check for dried up electrolytic capacitors and use cold
spray to isolate other bad conponents. |If the drive becones too weak
the HOT may bl ow after after being on for a while.

Chapter 10) High Voltage Power Supply
Problems

10.1) HV power supply fundamentals

Most, monitors derive the high voltage for the CRT second anode ( THE high
vol tage, focus, and (sonetines) screen (&) fromthe horizontal deflection
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system This technique was devel oped quite early in the history of comrercia
TV and has stuck for a very sinple reason - 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 voltage dies as well
O course, if the vertical deflection dies....

Sone high end nonitors utilize a separate high voltage supply. One reason
for this approach is to decouple the horizontal deflection fromthe HV
in auto-scan nonitors thus sinplifying the design

Usually it is a self contained inverter nodule. It if can be opened, then
repair may be possible. Wth a separate HV supply, there is no need for a
HV flyback transformer on the mai nboard. Sone designs may use a separate HV
supply including a flyback which is part of the nmainboard but is self
cont ai ned and i ndependent of the horizontal deflection system

Most TV and rmonitor (flyback) high voltage supplies operate as foll ows:

1. Horizontal output transistor (HOT) turns on during scan. Current increases
linearly in primary of flyback transforner since it appears as an
i nductor. Magnetic field also increases linearly. Note: flyback is
constructed with air gap in core. This makes it behave nore |ike an
i nductor than transformer as far as the primary drive is concerned.

2. HOT shuts off at end of scan. Current decreases rapidly. Mgnetic field
col | apses inductively coupling to secondary and generates HV pul se.
I nduct ance and capaci tance of flyback, snubber capacitors, and parasitic
capaci tance of circuitry and yoke forma resonant circuit. Ideally,
vol t age waveform across HOT during flyback (retrace) period will be a
single half cycle and is clanmped by danper di ode across HOT to prevent
under shoot .

3. Secondary of flyback is either a single large HY winding with HV rectifiers
built in (npst often) or an intermediate voltage wi nding and a voltage
multiplier (see the section: "What is a tripler?"). The output will be
DC HV pul ses.

4, The capacitance of the CRT envel ope provides the needed filtering to
adequately snooth the HV pulses into a DC voltage. Sonetinmes there is
a separate HV capacitor as well

5, A high resistance voltage divider provides the several KV focus voltage
and sonetimes the several hundred volt screen (&) voltage as well
Oten, the adjustnents for these voltages are built into the flyback
The focus and screen are generally the top and bottom knobs, respectively.
Sonetimes they are nmounted separately. This or a simlar divider may
al so provide feedback to control high voltage regul ation.

10.2) What is a tripler?

In some TVs and nonitors, the flyback transformer only generates about 6-10 KV
AC which is then boosted by a capacitor-di ode | adder to the 18-30 KV needed
for nodern color CRTs. The unit that does this is comonly called a tripler
since it nultiplies the flyback output by about 3 times. Some TVs use a
quadrupl er instead. However, nmany TVs and nonitors generate the required

HV directly with a winding with the required nunber of turns inside the
flyback transformer.
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Triplers use a diode-capacitor ladder to multiply the 6-10 KV AC to 18-30 KV
DC. Many triplers are separate units, roughly cubical, and are not repairable.

Sone triplers are built into the flyback - it is probably cheaper to
manuf acture the HV di odes and capacitors than to wind a direct high voltage
secondary on the flyback core. |In either case, failure requires repl acenent

of the entire unit.
For external nultipliers, the termnals are typically marked:

IN - fromflyback (6-10 KV AC).

OQUT - HV to CRT (20-30 KV DC).

F - focus to CRT (2-8 KV).

CTL - focus pot (many negohmto ground).
G GN\D, or COM - ground.

* %k 3k 3k *

Synptoms of tripler failure are: lack of high voltage or insufficient high
vol tage, arcing at focus protection spark gap, incorrect focus voltage, other
arcing, overload of HOT and/or flyback, or focus adjustnment affecting
bri ght ness (screen) setting or vice-versa.

10.3) High voltage shutdown due to X-ray protection
circuits

A monitor that runs for a while or starts to cone on but then shuts down nay
have a problemwi th the X-ray protection circuitry correctly or incorrectly
determ ning that the high voltage (HV) is too great (risking excessive

X-ray em ssion) and shutting everything down.

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

I's there anything el se unusual about the picture lately that woul d indicate
an actual problemw th the HV? For exanple, has it suddenly gotten brighter
than normal or has the size decreased? If this is the case, then there may be
some problemwith the HV regulation. |If not, the shutdown circuit may

be overly sensitive or one of its conponents may be defective - a bad
connection of |eaky cap (or zener).

If the horizontal frequency is not correct (probably Iow) due to a faulty

hori zontal oscillator or sync circuit or bad horizontal hold control (should
one exist!), HV may increase and trigger shutdowm. O course, the picture
won't be worth much either! Wth a multiscan nonitor, this could happen if the
node switching is faulty resulting in incorrect conmponent settings for a

given scan rate. A synptom night be HV shutdown when switching into scan
ranges.

The HV shutdown circuit usually nonitors a winding off of the flyback
for voltage exceeding sone reference and then sets a flip flop shutting
the horizontal drive off.

On some Sony nodels, a HV resistive divider perfornms this function and these
do fail - quite often. The red block called a 'HV capacitor' is a conmmon
cause of inmmedi ate or delayed shutdown on certain Sony nmonitors and TVs.

See the section: "Apple/Sony nonitor dies after variable Iength of tine".
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10.4) Low or no high voltage

Most of these problems are due to faults in the horizontal deflection
system - shorted HOT, shorted windings or HV rectifiers in the flyback
defective tripler, or other bad parts on the primary side of the flyback

In addition, with auto-scan nonitors, the incorrect voltage or other
conponent coul d be selected due to a logic fault or a problemw th the
sel ection relay or other circuitry.

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

In nost cases, these sorts of faults will put an excessive |oad on the

hori zontal output circuits so there may be excessive heating of the HOT

or other conponents. You may hear an audible arcing or sizzling sound from
internal shorts in the flyback or tripler. Either of these may bet hot,
crack, bulge, or exhibit visible damage if left on with the fault present.

Many nodern nmonitors do not regulate HV directly but rather set it via
control of the | ow voltage power supply to the HOT (B+), by snubber
capacitors across the HOT, and the turns ratio of the flyback. The

HV is directly related to the B+ so if this is low, the H/ will be | ow

as well. Faulty snubber capacitors will generally do the opposite - increase
the HV and the X-ray protection circuits may kick in. However, |ow HV

is also a possibility. The only way the turns ratio of the flyback can
change is froma short which will manifest its presence in other ways as

wel | - excessive heating and | oad on the horizontal output circuits.

VWil e a shorted second anode connection to the CRT is theoretically
possible, this is quite unlikely (except, as noted, due to dirt).

10.5) Excessive high voltage

Any significant increase in HV should cause the X-ray protection circuits
to kick in and either shut down the set or nodify the deflection in such
a way as to render it harm ess.

Synptonms i nclude arcing/sparking of HV, snaller than normal picture, and
under certain scenarios, possible excessive brightness.

Causes of the HV being too high are:

1. Excess B+ voltage to the HOT. The likely cause is to a | ow voltage
regul ator failure.

2. Open snubber capacitors across the HOT. These are under a |ot of
stress and are | ocated near hot conmponents so failure is possible.

3. Incorrect excessively long scan drive to HOT caused by failure of
hori zontal oscillator/sync circuits. However, other things like the
HOT will probably blow up first. The picture will definitely be
messed up. This is nore likely with auto-scan nonitors than TVs
since what is too long for one scan range may be correct for another
and the selection circuitry is confused or broken.
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4. Failure of HV regulator. Actual HV regulators are uncomopn today but
the HV may controlled by a feedback voltage froma divider (focus or
screen, or its own) or a secondary wi nding on the flyback setting the
B+ or drive timing. This may result in an underscanned (smaller than
normal) picture if only the HV and not the deflection voltages as wel
are derived fromthe sane supply.

In one exanple of (4), a arcing of the HV in a Conrac studio nmonitor resulted
in the destruction of the HV switchnode inverter transistor (this used

a separate HV supply) and a fusable resistor. The cause was an open HV
feedback resistor divider allowing the HY to increase drastically.

10.6) Snaps, crackles, and other HV breakdown

Various problens can result in occasional or sustained sparking or arcing
sounds frominside the nmonitor. Note that a static electricity buil dup

is conmon on the front of the screen. It is harmess and there iss nothing
you can do about it anyhow.

The following may result in occasional or sustained sounds not comonly
associated with a properly working TV or nonitor. There may or nay not be
fl ashes or bl anking of the screen at the sane tine as the audi bl e noise.
See the sane-naned sections that follow for details.

* Arcing, sparking, or corona from CRT HV anode (red wi re/suction cup).
* Arcing at CRT sparkgaps.

* Arcing fromflyback or vicinity.

* Arcing due to bad connections to or disconnected CRT return.

* Fl ashovers inside the CRT.

10.7) Arcing, sparking, or corona from CRT HV anode
(red wire/suction cup)

Synptonms could include a sizzling corona or nore |likely, an occasiona

or rapid series of sharp snaps - possibly quite loud and quite visible - from
t he 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

resi stance | eakage through the air without total breakdown. The snapping

i s caused by the sudden and nearly conplete di scharge of the CRT anode

capaci tance through a | ow resistance ionized path simlar to |ightning.

There are two |ikely causes:

1. Dirt, dust, grine, around and under the suction cup on the CRT are
providing a discharge path. This may be nore severe in hum d weat her
Safely di scharge the HV and then renove and thoroughly clean the HV
suction cup and the area under it and on the CRT for several inches
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around the HV connection. WMake sure there are no | oose wires or other
possi bl e 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 sections: "High voltage shutdown due to X-

10.8) Arcing at spark gaps and gas discharge tubes on
CRT neck board or elsewhere

These are protective devices intended to breakdown and divert excessive voltage
away fromthe CRT (usually).

This is rarely due to a defective sparkgap or gas discharge tube but rather is
a safety mechanismlike a fuse designed to protect the internal electrodes of
the CRT if the focus or screen voltage should becone excessive. The sparkgap
breaks down first and prevents internal arcing in the CRT. These sparkgaps
may be built into the CRT socket as well

Arcing at a sparkgap or a glowi ng or flashing discharge tube may be acconpani ed
by total |oss of picture or bad focus, brightness or focus fluctuations, or

any of a nunmber of similar synptons. A commpn cause is a breakdown inside the
focus divider (usually part of the flyback or tripler) but could also be due to
excessi ve 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 seem ngly no insides,
part of the CRT socket, or printed on the circuit board itself.

* Gas discharge tubes look |ike small neon | anps (e.g., NE2) but could be
filled with sone other gas mixture to provide a controlled higher breakdown
vol t age.

Therefore, like a fuse, don't just replace or disable these devices, |ocate and
correct underlying problem The CRT nmakes an expensive fuse!

10.9) Arcing from flyback or vicinity

Arcing may be visible or audible and result in readily detectable |evels
of ozone. Note that very slight traces of ozone may not indicate anything
significant but if the TV snells like an office copier, there is probably
some di scharge taking place.

WARNING: It is possible for arcing to develop as a result of excessive high
vol tage. Synptonms m ght be a smaller than normal excessively bright picture
but this may not be able to be confirmed until the flyback is repaired or
repl aced. See the section: "Excessive high voltage".

* On the HV output, it will probably be a | oud snapping sound (due to the
capaci tance of the CRT) with associ ated blue/white sparks up to an inch or
nore in length. |If the arc length is short enough, this may turn into a
nearly continuous sizzling sound with yell ow orange arc and nel ting/burning
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pl astic.

* Prior to the HV rectifier, it will likely be a continuous sizzle with
orange/yel l ow white arc and nelting/burning plastic or circuit board
mat eri al

* Internal arcing in the flyback may be audible and eventually result in
a bul ging and/or cracked case (if sonme other conmponent doesn't fail first
as this would take sonme tinme to devel op).

* A corona discharge without actual sparks or a visible well defined arc
is also possible. This may be visible in a totally dark room possibly
nore |ikely when the humdity is high. A thorough cleaning to renove al
dust and grine may be all that is needed in this case.

* |f the arc is coming froma specific point on the flyback - a crack or
pi nhole - this may be patched well enough to confirmthat the rest of the
nonitor is operational and a new flyback is worth the noney. O herw se,
there is no way of knowing if the arcing may have damaged other circuitry
until a replacenent flyback - possibly noney wasted - arrives.

To attenpt a repair, scrape off any dirt or carbon that is present along the
path of the arcing and its vicinity. Then, clean the area thoroughly with

al cohol and dry conmpletely. Oherwise, the dirt and carbon will just act as
a good conductor and the arcing will continue under your repair! Severa

| ayers of plastic electrical tape nay be adequate for testing. Miltiple
coats of high voltage sealer or non-corroding RTV silicone (if it snells |ike
viniger - acetic acid - as it cures, this may get in and affect the w ndings)
woul d be better if the objective is an actual repair. This may prove to be
a permanent fix although starting the search for a source for a new fl yback
woul d not hurt just in case. The arc nost likely did damage the insulation
internally which may or may not be a problemin the future.

Al so see the section: "Dave's conplete procedure for repair of an arcing flyback

* | n some cases, the pinhole or crack is an indication of a nore serious
probl em - overheating due to shorted windings in the flyback or excessive
secondary | oad.

* |f the arc is fromone of the sparkgaps around the CRT or the CRT socket,
this could al so be a flyback problemindicating internal shorts in the
focus/ screen network

* |f the arcing is inside the CRT, this could indicate a bad CRT or a problem
with the flyback focus/screen network and no or inadequate sparkgap
protection.

VWere repair seens possible, first, clean the areas around the arc thoroughly
and then try several layers of plastic electrical tape. |If the TV works
normal ly for say, an hour, then there is probably nothing el se wong and you
can try for a proper sealing job or hope that tape holds out (put a few nore
| ayers on - each is good for about 8-10 KV theoretically).

Once | had a TV where the main problemwas a cracked flyback arcing

but this took out one of the fusable resistors for the power supply to
the *vertical* output so the synptons included a single horizontal I|ine.
Don't ask ne to explain - replacing that resistor and the flyback (the
flyback tested good, but this was for soneone else) fixed the TV.

I n anot her case, a pinhole developed in the flyback casing probably
due to poor plastic nolding at the time of manufacture. This resulted in
a nost spectacul ar case of sparking to a nearby bracket. A few |ayers of
electrical tape was all that was needed to affect a permanent repair
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However, replacement is really the best long termsolution both for reliability
as well as fire risk.

(From Bert Christensen (rosewood@ nterlog.com).

It may well last a long tinme. The insulation breakdown was probably in the
area of the rectifier section rather than the flyback section. | have repaired
several units in the same way but | have generally replaced the flyback before
sendi ng back to the customer. | amworried that the repair will not hold and
that a fire could start. | have no desire whatsoever to be sued by sone fire

i nsurance conpany.

| am al ways rem nded by the experience that Zenith had with its System 3
chassis a few years ago. They burned and caused many house fires including
one in the governor's mansion in Texas. Zenith spent mega bucks on that one.
They al so spent mega-bucks on their 'safety capacitor' nmess a few years
before that.

10.10) Dave's complete procedure for repair of an arcing
flyback

(From Dave Moore (pengui n@lat astar. net).

First | clean the afflicted area with El ectronotive spray from Autozone. It's
for cleaning alternators. On Z-line | renmove the focus control and wash with
the alternator cleaner and a tooth brush until all dirt and carbon deposits
are renmoved. Then | take an xacto knife and carve out the carbonized hole
where the arcing broke through. Then take your soldering iron and cl ose the
hol e by nelting adjacent plastic into it. (clean any solder off your iron with
sol der-wick first). Then cut sonme plastic off of sone other part off the
flyback where it wont be needed and use this to plastic weld (with your iron)
a hunp of a patch into and over the arc hole. Smooth and seal with iron. Next
apply as thick a layer of silicone rubber as you can and |l et dry overnight.

10.11) Spark gaps and gas discharge bulbs on CRT neck
board or elsewhere

These are protective devices intended to breakdown and divert excessive voltage
away fromthe CRT (usually).

* Spark gaps may be actual two or three pin devices with seemingly no insides
or printed on the circuit board itself.

* Gas discharge bulbs | ook |ike small neon | anps (e.g., NE2) but could be
filled with sone other gas mi xture to provide a controlled higher breakdown
vol t age.

Arcing at a spark gap or a flashing or glow ng gas discharge tube may indicate
excessi ve high voltage, a short in the focus/screen divider network of the
flyback, a short in the CRT, or some other fault resulting in abnormally high
voltage on its termnals.
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10.12) Arcing due to bad connections to or disconnected
CRT return

The Aquadag coating on the outside of the CRT is the negative plate of the HV
filter capacitor. |If this is not solidly connected to the HV return, you will
have your 25 KV+ trying to go where it should not be. There should be a wire
solidly attached to the CRT neck board or chassis. Wthout this, voltage wll
build up until it is able to take sone other path - possibly resulting in
damage to sensitive solid state components in the process. Therefore, is is

i mportant to rectify the situation.

Warning: If you find this disconnected, don't just attach it anywhere. You
may instantly kill 1Cs or other solid state components. It nust be connected
to the proper return point on the CRT neck board or chassis.

10.13) Flashovers inside the CRT

Due to sharp edges on the el ectron gun el ectrodes, inpurities, and other
manuf acturing defects, there can be occasional arcing internal to the
CRT. Properly designed HV, deflection, and power supply circuits can
deal with these without failing but not all nonitors are designed well

There is nothing you can do about flashovers assunming your HV is not
excessive (see the section: "Excessive high voltage". |f these persist
and/ or beconme nore frequent, a new CRT or new nonitor will be needed.

10.14) Ozone smell and/or smoke from monitor

Smoking is just as bad for nonitors as for people and usually nore quickly
termnal (no pun....).

VWhite acrid snoke may indicate a failed electrolytic capacitor in the
power supply probably in conjunction with a shorted rectifier. Needless to
say, pull the plug at once.

A visual inspection should be able to easily confirmthe bad capacitor as it
wi || probably be bul ging and have condensed resi due nearby. Check the
rectifier diodes or bridge rectifier with an ohnmeter. Resistance across
any pair of |eads should be nore than a few ohns in at |east one direction.
Renove fromthe circuit to confirm Both the faulty diode(s) and capacitor
shoul d be replaced (though the capacitor may work well enough to test

wi th new di ode(s).

If a visual inspection fails to identify the snmoking part, you can probably
plug the nmonitor in for a few seconds until the source of the snoke is obvious
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but be prepared to pull the plug in a real hurry.

If the snell/snmoke is coning fromthe flyback, then it has probably gone
belly up. You may be able to see a crack or bulge in the case. Wile

the flyback will definitely need to be replaced, it is likely that nothing
else is wong. However, it night be prudent to use a Variac when performng
initial testing with the replacement just in case there is a secondary

short circuit or excess HV problem

10.15) X-ray and other EM emission from my monitor?

X-ray radiation is produced when a high velocity el ectron beam strikes
a target containing heavy netals. In a nodern nmonitor, this can only
take place at the shadow mask/aperture grille and phosphor screen of the CRT.

For X-rays, the amount of radiation (if any) will be proportional to
bri ghtness. The energy (determined by the CRT high voltage, called KVP
in the nmedical imaging field) is not affected. This is one reason nany
nonitors and TVs are designed with brightness linmting circuits.

In any case, there will be virtually no X-ray em ssions fromthe front of
the CRT as the glass is greater than an inch thick and probably contains
some | ead for added shielding. Also see the section: "Should | be worried about X-r

El ectromagnetic radiation (EM is produced nostly fromthe defl ection yoke
and to a |l esser extent from sone of the other nagnetic conponents |ike
transformers and i nductors. Depending on nonitor design (sonme are
specifically designed to reduce this), EMenissions can vary quite a bit.
Frequenci es range fromthe 50/60 Hz of the power line or vertical scan rate
to several hundred KHz in the AM broadcast band. The intensity and spectra
di stribution will vary depending on horizontal and vertical scan rate.

A totally black screen will reduce X-ray em ssion to zero. It will not
affect EM emissions significantly as nost of this comes fromthe magnetic
parts, particularly the deflection yoke.

There is no neasurable mcrowave, IR or UV radiation.

| refuse to get into the discussion of what, if any, health problens result
fromlow |l evel EMem ssions. There is sinply not enough data.

10.16) Should | be worried about X-ray exposure while
servicing a TV or monitor?

The only source of X-rays in a nodern TV or nonitor is fromthe CRT. X-rays
are generated when a high velocity electron beam strikes a heavy netal target.
For anything you are likely to encounter, this can only happen in a vacuum -
thus inside the CRT. The higher the voltage, the greater the velocity and
potential danger. Really old TVs (prior to around 1975) may still have HV
rectifier and regul ator tubes - other sources of X-rays. However, nodern TVs
and nonitors inplement these functions with solid state conmponents.
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The thick front CRT faceplate protects users adequately but there nmay be sone
em ssion fromthe thinner sides. At 25-30 KV (quite low as X-ray energi es go)
X-rays will be stopped by al nost any netal so what you have to worry about

is where there are no shields. |In addition, the CRT glass usually contains
some | ead conpounds to bl ock X-ray eni ssions.

However, realistically, there is very little danger. | would not worry about
exposure unless you plan to be sitting for hours on the sides, behind, or
under the TV or monitor - with a picture (there will be none if the screen is
bl ack) .

It is interesting that even those 1.5" Watchman and .5" cantorder viewfinder
CRTs have X-ray warning |abels even though the high voltage used with these
isn't anywhere near high enough to be of any concern!

10.17) Flyback got wet

You put your can of Coke where????
VWo says these FAQ cannot be funny?

Needl ess to say, unplug the nonitor imrediately. |Inspect around the target
area for obviously blown or damaged conponents. Test fuses and fusable
resistors. Renove all traces of liquid - especially sugary or corrosive
liquid. Use water first and then al cohol to pronote drying.

Repai r burnt sol der connections and circuit board traces.

Once the nonitor is entirely dried out, power it up - preferably through a
series light bulb and/or Variac until you are sure nothing else wl]l

| et loose. Look, listen, and snell for any unusual behavior. If it

now wor ks, then consider yourself lucky. |If not, there may be danmge

to transistors, |Cs, or other conponents.

Anot her cause of this is using spray cleaner or a too wet rag on the front
of the CRT (other parts of the nmonitor, for that matter). Any liquid

which drips inside (all too likely) may short out circuitry on the mai nboard
with very expensive consequences.

10.18) Blooming or breathing problems

There are several synptons that are basically simlar

* Blooming is defined as an expansion of the raster or horizontal sections of
the raster with bright material. For exanple, swi tching between dark and
[ight picture causes the size of the picture to expand by 10% A slight
change in size is unavoidable but if it is greater than 1 or 2 percent from
atotally black image to a full white one, this is either an indication of a
defective nonitor or one that is badly designed. The cause is poor |ow or
hi gh vol tage regul ation.

Check the B+ to the horizontal deflection. This is usually well regul ated.
If it is varying in synmpathy to the size changes, trace back to determ ne
why the |ow voltage regulator is not doing its job. The reason for the size
change is that the high voltage is dropping and reducing the stiffness of
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the el ectron beam

* Expansion of the raster width in areas of bright imagery is an indication
of short termregul ati on problens. The video drive may be interacting
with the other power supplies. Check for ripple - this would be
at the vertical scan rate - in the various regul ated power supplies.

The cause may be a dried up electrolytic capacitor - once you |locate the
of fendi ng voltage, test or substitute capacitors in that supply.

In both these cases, if this just started after sone work was done to the
nonitor, the brightness linmter and/or video drive may sinply be set so
hi gh that the nonitor cannot supply enough current to the high voltage.

If the brightness is acceptable with these turned down slightly and stil
have acceptabl e brightness, then there nmay be nothi ng w ong.

* Breathing is defined as a periodic change in the size of the raster which
may be independent of what is displayed or its severity or frequency may
be related to the brightness or darkness of the inmage. This is another type
of regul ation problem and may be caused by bad el ectrolytic capacitors or
ot her components in the | ow voltage power supplies.

If the nonitor uses a switchnode power supply or |ow voltage regul ator
separate fromthe horizontal deflection, first check its output(s) for a
variation in voltage at the breathing rate. Test with a light bulb or
resistor load to confirmthat the problemis here and not the deflection
or remai nder of the nonitor.

* A condition with somewhat sinilar synptonms is bad focus - fuzzy picture - but
only with bright (high beamcurrent) scenes. This could be just a matter of
adjusting the focus control but may al so indicate sub-optimal filanment
vol tage due to bad connections or conmponents in the filanent circuit, or a
tired worn CRT. You won't get high beam current w thout some serious spot
bl oomi ng (a fat beam because too much cathode area is used) and you will get
cat hode ' poi soning' after prol onged use.

Visual ly inspect the neck of the CRT for the normal orange gl ow of the
filaments and check for bad connections and bad parts.

10.19) Erratic focus or screen (G2) voltage and/or
controls on flyback

Synptonms may include fluctuating focus or brightness. |n extreme cases,
the result may be a too bright or dark picture or other behavior caused
by breakdown in the Focus/Screen(Q&) divider network

Usually, this will require flyback replacenent to repair reliably. Sonetines,
the section with the controls can be snapped apart and cleaned but this is not
conmon.

First, just try rotating the screen (&) control back and forth a few tinmes.
This may clean up the contacts and elim nate the erratic behavior. Possibly,
positioning it a bit to one side of the original location will help. Then,
use the individual or other master background/bias adjustnents to conpensate
for the inproper brightness.

If this doesn't help, here is a "well it's going in the dunpster anyhow
procedure to try:

99 of 223 09/07/98 3:17 PM



Sci.Electronics.Repair FAQ: Notes o...pair of Computer and Video Monitors http://www.repairfag.org/REPAIR/F_monfag.html

After discharging the CRT (so you don't get zapped) drill a tiny hole in

the plastic cover near the bad control. Be careful you don't danmage anything
inside - you just want access to the contacts of the controls. Use a hand
drill with, say, a 1/16" bit. Don't drill nore than about 1/8" deep which
shoul d enter the airspace. Then spray some contact cleaner through the

hol e and work the controls. Wit sufficient tine for the everything to dry
COVWPLETELY and see if behavi or changes (or it works at all).

This is a 'you have got to be kidding' type of repair so no guarantees :-).

If by sone niracle it does work, fill the hole with a drop of RTV or just
put a couple of layers of electrical tape over it.

10.20) Focus/Screen divider bypass surgery

This is kludge nunber 41256 but may be the difference between a bit nore life
and the dunpster.

If the previous extrene neasures don't help, then it may be possible to sinply
substitute a good divider network externally.

Note that if there is evidence of internal breakdown in the divider of the
original flyback (hissing, cracks, overheating, bulging case, etc.), this wll
not work unl ess you can disconnect it fromits HV connection.

There are two issues:

1. Is this a stable situation? Even if you provide an external substitute,
the parts inside the flyback may continue to deteriorate eventually
resulting in other nore total failure of the flyback or worse.

2. |If you provide an external focus/screen divider, it nmust be done is such a
manner (i ncluding proper nmounting and super insulation) such that it cannot
be called into question should there be a fire where the nonitor is even
the slightest bit suspect.

Various size external focus/screen divider networks can be purchased but
whether this is truly a cost effective solution is not obvious.

(From Larry Sabo (sabo@tormca)).

| just ordered a 'bleeder resistor' fromData Display Ltd (Canadi an sub of

CCS) to use as a cure for flybacks with flaky focus/screen pots. It contains
focus and screen pots, and costs Cdn$ 16.99, which is a lot less than a
conplete flyback, that's for sure. | expect it will be conmpatible with quite a
wi de range of flybacks.

| have used bl eeder resistor assenblies fromduff flybacks a couple of tines
wi th good success. You connect the HV lead into the HV cap of the origina
flyback, ground all pins of the sub flyback, and use the focus and screen

| eads fromthe sub bl eeder assenbly in place of the originals.

Looks like hell but works fine. Munting (and securing) the substitute is a
chal l enge given the |imted space available. | only use this approach on what
woul d ot herwi se be uneconomical to repair, and al ways advi se the owner or
customer of the cobbling job. It also enables you to verify whether it is
the flyback that needs replacenent, versus the CRT.
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10.21) Decaying or erratic focus or screen (G2) voltages

The followi ng applies to both CRT focus voltage (which should be a few KV)
and screen or G voltage (which should be several hundred V).

"The screen voltage will come up to normal after sitting over night, 400 V or
so. After approximately 5 minutes or slightly longer, | hear a slight arcing.
Fromthat point on, the screen voltage will wander anywhere from75 V up to
maybe 150 V. Adjustnment of the screen control on the flyback has only a snmall
effect and is not permanent. Renoving the CRT pcb results in the screen
vol tage returning to normal."

This is very likely a short between el ectrodes inside the CRT unless there
is sonething on the neck board that is breaking down as a result of sone
connection to the CRT. The flyback should | argely not know the difference
with the socket plugged into the CRT.

One possibility is that glue used to hold conmponents down on sonme circuit
boards has deteriorated and turned conductive. Check for tan to brown
stuff shorting traces on the CRT neck board. |If this is present on the
focus or screen traces or wires, it may just be your problem Scrape off
all of the old glue and then clean thoroughly. Repair any danmaged traces.

VWhat happens to the HY? A HV breakdown possibly inside the CRT would result
in all the voltages being dragged down.

VWhat happens to the picture?

I f you connect a charged HV capacitor (guessing a couple hundred volts,
a couple mcrofarads) between G and Gl or focus, you **will** know if
tapping the neck results in a nonentary short! | cannot predict whether
this will be a tenporary cure or permanent killer. See the section
"Rescuing a shorted CRT".

Here is another thing to try: put a 100 M ohm or so resistor between SCREEN
and the CRT socket. This should not affect the behavior nuch until the
failure occurs. Then, check the voltage on both sides with a high inpedance

voltnmeter (1000 M. If the CRT is arcing, it will be much | ower on the CRT
side and will probably fluctuate. You can play simlar games with focus
vol t age.

10.22) Disconnecting focus wire from CRT driver board

In some cases, the focus wire - the not-so-fat wire fromthe flyback or focus
divider - may termnate directly in the CRT socket with no obvious neans of
freeing it should flyback replacenent be needed.

One alternative is sinply to cut the wire in a location that is well away from
any place to short out, solder, and then do a nost excellent job of insulating
the splice.

However, you may find that the cap on the CRT socket snaps off using a thin
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knife blade or screwdriver. The wire may be soldered or just pressed in place
in such a way that pulling it out is difficult or inpossible wthout renoving
the cover.

(From Raynond Carlsen (rrcc@. washington. edu)).

The last one | worked on puzzled me for a few nonents. See if you can see a
space between the little cup (where the wire enters the socket) and the socket
itself. Pry up on the cap with a knife and it should pop right off. The wire
is soldered to a pin under it. Don't apply heat for very long... you may nelt
t he socket.

10.23) Focus or screen voltage drifts after warmup only
when CRT is connected

“I have a 3-5 yr old nonitor that |oses screen voltage. | believe that the
problemis specific to the CRT or the flyback, either one is a guess |I'd
rather be sure of prior to ordering a part.

The screen voltage will conme up to nornmal after sitting over night, 400 V or
so. After approximately 5 minutes or slightly longer, | hear a slight arcing.
Fromthat point on, the screen voltage will wander anywhere from75 V up to
maybe 150 V. Adjustnment of the screen control on the flyback has only a
smal | effect and is not pernmanent. Renoving the CRT pcb results in the screen
vol tage returning to nornal.

| cannot find the source of the arcing, as it happens quickly and | have

al ways been on the other side of the set when it happens. | have replaced

the crt socket, thinking the spark gap was arcing. | have checked the CRT

for Gl and HK shorts on a sencore crt checker, it checks good, but | am aware
that since it is an intermttent problem that the checker probably will not
catch it."

This sounds |ike a CRT short unless there is sonmething on the neck board
that is breaking down. The Sencore may not provide the sane high voltages
as normal screen (several hundred volts) or focus (several thousand volts).
The flyback should | argely not know the difference whether the screen or
focus el ectrode of the CRT is connected or not. The current should be
negligi bl e.

One possibility is that glue used to hold conmponents down on sonme circuit
boards has deteriorated and turned conductive. Check for tan to brown
stuff shorting traces on the CRT neck board. |If this is present on the
focus or screen traces or wires, it may just be your problem Scrape off
all of the old glue and then clean thoroughly. Repair any danmaged traces.

VWhat happens to the HY? A HV breakdown possibly inside the CRT would result
in all the voltages being dragged down.

VWhat happens to the picture?

I f you connect a charged HV capacitor (guessing a couple hundred volts,
a couple mcrofarads) between G and Gl or focus, you **will** know if
tappi ng the neck results in a nonentary short! | cannot predict whether
this will be a tenporary cure or permanent killer

Here is another thing to try: put a 100 M ohm or so resistor between SCREEN
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(or FOCUS) and the CRT socket. This should not affect the behavi or much
until the failure occurs. Then, check the voltage on both sides with a high
i npedance voltnmeter (>1000 M. |If the CRT is arcing, it will be nuch | ower
on the CRT side.

Chapter 11) Raster, Color, and Video
Problems

11.1) Blank picture, power light on, digital controls (if
any) active

Does 'blank picture' neans a totally black screen with the brightness and
contrast controls having no effect whatsoever? O, is there is no picture
but there is a raster - light on the screen? The direction in which

t roubl eshooti ng shoul d proceed differ significantly dependi ng the answer.

Verify that you conputer has not sinply entered power saving node and
bl anked the screen or shut off the nonitor video and power circuits
entirely.

Confirmthat the video source is not defective or blank - try another one.
Here are some questions:

1. Is there any light on the screen at any settings of the brightness
and contrast controls, and/or when swi tching channels. Can you see any
raster scanning |lines?

2. Can you obtain a raster of any kind by adjusting the screen (&) contro
(probably on the flyback) or master background or brightness?

3. Looking in the back of the nobnitor, can you see the gl ow of the CRT
filament?

4. Do you get that static on the front of the tube that would indicate that
there is high voltage? Any cracking or other normal or abnornmal sounds
or smells?

If the answer to all of these is 'no', then you have a power supply and/or
deflection problem Refer the the section: "No picture but indications of power

Possi bl e causes of no raster:

* No or low high voltage (low voltage, deflection, or high voltage power
supply failure).

* Fault with other voltages |like GL or screen (&) to CRI.

* Filament to CRT not getting powered.
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* Drive to CRT bad/shut off as a result of fault el sewhere. For exanple,
failure of the vertical deflection nay disable HV or blank the screemto

protect the CRT fromburn-in due to the very bright horizontal |ine that
would result. Wth some nmonitors, it is possible that the X-ray protection
circuitry will blank the screen.

Possi bl e causes of no video: problemin video input, video anplifiers, video
out put, cutoff due to other fault.

It could be as sinple as a bad connection - try gently proddi ng the boards
with an insulated stick while watching the screen. Check for |oose connectors
and reseat all internal connectors.

11.2) Brightness control has no effect

The foll owi ng assunmes that the picture is fine but the brightness is
fixed - probably at too high a level. However, there could be severa
interrelated problenms if a common supply voltage were m ssing, for exanple.

If it is a knob, then it should be varying the control grid (Gl) voltages
relative to the cathodes (K) of the CRT. This is not likely to be a very
conplex circuit. |If you do not have a schematic, | would start by tracing
fromthe control, check continuity and sol der connections. Check the
control itself for proper operation with an ohnmeter. A power supply going
to one side of the control (negative probably) may be mssing. Tbe contro
grid voltage will end up on the little board on the neck of the CRT - check
there as well for bad sol der connections or open resistors.

If brightness is a digital control, then you will need a schematic unl ess
there is an obvi ous bad connecti on.

11.3) No color - black and white picture

Thi s means absolutely no color - equivalent to a black and white picture.
Not even a hint of color.

If you are using a conposite video input, troubleshoot the chroma circuitry
like you would a TV - see the docunent: "Notes on the Troubl eshooting and Repair of

This is an extrenely unlikely failure node for a conputer nonitor

unl ess you are using a conposite video input. It is nost likely to

a software driver or program problem Sonetimes, the PC will think that

t he nonitor you have connected is not capable of color and certain prograns
will then display in BfWno matter what.

In some cases this is due to an initialization problem- possibly a race
condition during the boot process - especially likely if you are using an
ol der video card with a new fast processor

First, confirmthat the source is actually in color - try the nonitor on
anot her conputer or vice-versa.
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Check the settings of any node switches - in rare cases there is a col or/ nmono
switch or button.

Note that to the average person, the obvious question beconmes: is my color

pi cture tube bad? The answer is a definitive NO It is virtually inpossible
for a defective CRT to cause a total |oss of color. A defective CRT can
cause a lack of a primary color - R G or, B which will ness up the color

but is not likely to result in a black and white picture.

11.4) One color is too weak or too strong

If the problemis slight and/or has gradually gotten worse, this may just
require an adjustment of the color brightness/background/ bias and/or col or
gai n/drive controls inside the nmonitor. See the section: "Brightness and col or bala

Even if it appears as though there is an excess, this may actually be a
reduction in one of the primary colors. For exanple, a magenta tinge is
represents a reduction in the strength of the green signal

* Too high an intensity for one of the color channels will result in a tint of
one of the primaries: red, green or blue.

* Too low an intensity for one of the color channels will result in a tint of
t he conpl ement of one of the primaries: yellow, cyan, or magenta.

* Problems mainly in the shadows or dark areas of the picture usually represent
a fault with brightness/bias/background.

* Problems mainly in the highlights or bright areas of the picture usually
represent a fault with the gain/drive

A color that that is now suddenly brighter or darker than normal resulting in
i ncorrect color balance or a tint in the background could be due to a number
of causes:

* Bad cable or pin bent on cable connector

* Bad connections or bad conponent in video anplifier or on CRT neck board for
that col or.

* Weak gun in CRT (reduced color).

*

Bad video card or incorrect software color map settings.

* For nonitors with sync-on-green capability, the nmonitor may think you are
usi ng sync-on-green when in fact you have separate sync. |In particular
this may result in a problemw th excessive green

(From Bob Myers (nyers@c. hp.com)).

Sone nonitors provide a user-sel ectable setup option for "sync-on-green"
VS. separate syncs. Sonetines, this doesn't really change where the

sync itself is conming from |In those cases, it's automatically detected
but *does* change where the reference level for the video is expected

to be. You might try checking this setting, if you have it, and changi ng
it back and forth to check the effect. It's not likely to be the problem
in a separate-sync systemlike a PC, but weirder things have happened

and it's easy and cheap to check out.
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11.5) Psychodelic color

The neans colors that are not normal and that adjustnment of the user
controls is not able to correct it so that all colors of the picture
are properly displayed at the same tinme. For exanple, you are unable
to get any yellows or blues in picture that should have these col ors.

* | f you are using a conposite video input, troubl eshoot the chroma circuitry
as you would a TV - see the docunment: "Notes on the Troubl eshooting and Repair of

* Confirmthat the input is not a weird color video - try another software
program or video source. W have a draftsperson who al ways sets up his
W ndows col or schene in this nanner - we keep wishing it is the nonitor
as **that** could be fixed!

* Verify that this is not a mssing color problem- one of the primary R, G
or B, has disappeared. |If so, refer to the section: "Internmittent, flickering, or

* |f this is a monitor with BNC connectors and you are using them nmake sure
you had the video term nation switches set correctly (75 ohnms if this is
the only nonitor or the last nonitor in a daisychain, HZ if an internediate
nmonitor in a daisychain.) A very common cause of unbal anced or bl oom ng
colors assuming the nonitor itself is good is incorrect settings of the
term nation.

* A bad connection, bad conmponent, or short circuit in the video circuitry
or CRT neck board could also result in strange col ors.

11.6) Monitor manufacturing quality and cold solder
joints

Any intermttent problenms with nmonitors that cause random sudden changes in
the picture brightness, color, size, or position are often a result of
bad connecti ons.

Bad sol der joints are very conmmon in nonitors due both to poor quality
manuf acturing as well as to deterioration of the solder bond after numerous
thermal cycles and conmponents running at high tenperature. Wthout know ng
anyt hing about the circuitry, it is usually possible to cure these problens
by | ocating all bad sol der connections and cl eaning and reseating interna
connectors. The term'cold solder joint' strictly refers to a sol der
connection that was either not heated enough during manufacturing, was

cool ed too quickly, or where part pins were noved before the sol der had

a chance to solidify. A simlar situation can develop over tine with
thermal cycling where parts are not properly fastened and are essentially
being held in by the solder alone. Both situations are nost comon with
the pins of |arge components |ike transformers, power transistors and

power resistors, and | arge connectors. The pins of the conmponents have

a large thermal mass and may not get hot enough during manufacturing. Also,
they are relatively massive and may flex the connection due to vibration

or thermal expansion and contraction.
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These problens are particularly common with TVs and nonitors - especially
cheaper nonitors.

To locate cold solder joints, use a strong |ight and magnifier and exam ne
the pins of |arge components for hairline cracks in the solder around the
pin. Gently wiggle the conponent if possible (with the power off). Any
det ect abl e novenent at the joint indicates a problem Wth the power on
gently prod the circuit board and suspect conponents with an insul ated
tool to see if the problemcan be effected.

When in doubt, resol der any suspicious connections. Sone nonitors may

use doubl e sided circuit boards which do not have plated through hol es.

In these cases, solder both top and bottomto be sure that the connections
are solid. Use a |large enough soldering iron to assure that your sol der
connection is solid. Put a bit of new solder with flux on every connection
you touch up even if there was plenty of solder there before. However
renove any obvi ous excess. Inspect for sol der bridges, sliver, splashes,
etc. before applying power.

11.7) Why can't monitor manufacturers learn to solder
properly?

| can think of several potential reasons - all solvable but at higher
manuf act uri ng cost.

1. Mass of |arge conponent |eads (like shields) does not get adequately
heat ed during manufacture leading to |l atent cold solder joints. Wile
they may | ook ok, the solder never actually 'wetted' the heavy pins
and therefore did not forma good nmechanical or electrical bond.

2. Thermal cycles and differential thermal coefficients of circuit boards,
traces, and solder. While it is not easy to do anything about the
materi al properties, using plated through-holes or a simlar nmechanica
via woul d greatly increase the surface area of the joint and prevent
the formation of cracks.

3. Vibration. This is also directly related to the single sided circuit
boards wi thout plated through-holes to strengthen the joints.

4. Lack of adquate nechani cal support (single sided circuit boards w thout
pl at ed t hrough-hol es (vias).

| believe that the single npost significantinproverent woul d come about

by using plated trhough-holes but this would add to the cost and apparently
the consuner is not willing to pay nore for better quality and reliability!
Sone desi gns have used rivlets - nechanical vias instead of plated ones.
VWile this is good in principle, the execution has often been flawed where
cold solder joints resulted between the rivliets and the circuit board traces
due to | ack of adequate process control

Monitors, due to their generally higher cost conpared to TV sets, should
be better constructed but not al ways.
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11.8) Intermittent, flickering, or missing colors

This is a catch-all for some of the nobst common nonitor problenms. Most of
the causes boil down to bad connections of one formor another. However
defective conponents like bias resistors on the CRT driver board or in the
video circuitry could also be at fault.

* Does whacking the nmonitor have any effect? |f so, then bad connections
are confirmed. |If the color(s) come and go suddenly, then it is nost likely
*not* a CRT problem The bad connections could be at the VGA cable, video
driver board on the neck of the CRT, or el sewhere (see bel ow).

* |f the color fades in and out with a delay of about 10-15 seconds, it is
probably intermittent power to the CRT filament for that col or and probably
nmeans a bad CRT since the three filanents are wired in parallel inside the
CRT. One of the internal connections has come | oose.

Look in the neck of the CRT to nake sure all three filaments are gl ow ng
orange. |If one is out or goes on and off, toss the nmonitor. Replacing the
CRT is probably not worth it. However, if they all go on and off together
(all colors would be fading in and out though perhaps not quite in unison),
then bad connections for the CRT filaments on the CRT neck board are

i ndi cat ed.

Possi bl e causes of intermttent or missing colors:

* VGA or other video input cable. Sonetinmes these develop internittent
probl enms at the connector to the VGA board. These may be interna
to the cable in which case it will need to be replaced or if you are
handy and have infinite patience, you can replace just the VGA connector

Alternatively, the male pins of the cable nmay not be nmaki ng good contact
with the fenale VGA socket. First try contact cleaner. |If this does not
wor k, gently squishing the male pins with a pair of needl enose pliers may
provide tenporary or permanent relief if the pins are a tad too snall.
However, if you go too far, you can damage or break the pins or cause the
femal e socket to beconme enlarged and | oose fitting for any other nonitor
you mmy use

If this just happened after reconfiguring your system and reconnecting
the nonitor or installing a new nonitor, check your video connector - you
may have bent over or pushed in pins 1, 2, or 3 - the RR, G and B video
signal s respectively.

If you find a bent pin, ***carefully*** straighten it with a pair of
needl enose pliers. If it is pushed in, try to grab onto it and pull it
out - then put a drop of Epoxy or other adhesive at its base (don't get
any on the part of the pin that makes contact) to prevent it from being
pushed in again.

There may be cold solder joints on the VGA board itself at the VGA
connector. These can be resol dered.

* Printed circuit board on the CRT neck. This is a conmon |ocation for
cold solder joints. Check with a bright Iight and magnifying gl ass
for hairline cracks around the pins of larger parts. Prod and tap with
an insulated tool to see if the problemis effected. Resolder if necessary.

* Cold solder joints elsewhere in nmonitor usually around the pins of
| arge parts such as transfornmers, power transistors and resistors, and
i nternal connectors. |Inspect with a strong |ight and magnifier if
necessary.
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* I nternal connectors that need to be cl eaned and reseated. Renpbve,
clean with contact cleaner, burnish, and repl ace.

* Bad filament connections inside the CRT (gradual fade in and out or
one filament not lit). Replace CRT or nonitor.

To narrow down the problem

* Locate the output for the bad color on the video driver board on the
neck of the CRT. This will probably read a significantly higher
vol tage than the corresponding pins for the good colors. A circuit
problemis likely - probably on this board but it could be in other
parts of the video circuitry.

* Test conponents on this board for the good and bad col or channels. A
shorted transistor or open resistor can kill one channel. Swap parts
bet ween good and bad colors to confirm

* Gently pull the CRT neck board off of the CRT and replace it. This wll
tend to clean the contacts.

* Connect an output of the video circuit/chip that is working (i.e., a color
t hat appears on the screen) to *all* three color drivers on the CRT neck
boar d.

- If you now get a nore-or-less black and white picture (there may be a
noderate color tint as the relative intensities of R G B nay not be
bal anced), the problemis likely with the circuitry on the mai nboard.

Note: the picture will be the intensity of only one color channel so it
will not be quite *normal* in any case.
- If you still have nmissing or nmessed up colors, the problemis on the CRT

neck board or with the CRT.

11.9) Some commentary on monitor and TV whacking

Anytime that intermttent synptons are experienced, | recommend gently
whacki ng the patient to deternmine if nechanical shock or vibration affects
the behavior. Here are a couple of responses to this suggestion

(From Marc Gel fond (71363. 1700@onpuServe. COM ) :

| just love the bit about "whacking it". It brings to mind an

epi sode fromthe old Andy Giffith show, where a new fangl ed piece

of electronics gear, was broght into Enmets repair shop. After

many | ong hours of fruitless troubl eshooting, out of frustration

Emmet gave the thing a whack, and sure enough it fixed the problem

As we say in the Tel ephony business, it "COM" or Came Cl ear Wile Testing.
Anot her saying is that it "CCBFM' Cane Clear By F------ Magi c! !

(To which Gavin Adans (gaa@opi.con) conments):
In the video industry we had a saying concerning mal functioni ng gear

"I'f it's broke, hit it with a hamrer"
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“I'f that doesn't fix it, paint it and sell it"

My DEC 16" monitor is case in point. Evey once in a while it would

| ose sync, and smacking it would bring it back (sonetimes a few
smacks). Recently it gave up the ghost conpletely, and after the |oca
DEC office gave ne a quote of $900 to fix it (Bermuda), | ordered a
new Vi ewsoni ¢ 17" for the sanme price.

| ripped the guts out of the DEC beast, painted it with a marble finish,
put plants in it, and sold it! :>

11.10) Ghosts, shadows, or streaks in picture adjacent to
vertical edges

Conpl ai nts about these kinds of problens are very conmon especially as
the screen resolution and necessary video bandw dth keeps increasing.
Most are due to cable and video termination deficiencies and not actua
nmoni t or defects.

The video signals for red, green, and blue (or just a single signal for
nonochrone) are sent over cables which are generally 75 ohmtransni ssion
lines. These are coaxial cables that may be conbined inside a single

sheath for VGA, SVGA, MACs, and nmany wor kstations but may be separate coaxes
with BNC (or other) connectors for other video applications.

Wthout going into transmission line theory, suffice it to say that
to obtain good quality video, the follow ng conditions nmust be mnet:

1. A good quality of cable nmust be used. This neans one in which the
characteristic inpedance is close to the optimum 75 ohns, one which has

| ow | osses, and one which has good shi el di ng. For installations
usi ng BNC connectors, a good quality of 100% shi el ded RG9U i s often used.
The BNC connectors nust be properly installed or they will contribute

to m smatch probl ens.

2. Where nmultiple nmonitors are to be connected to a single video source,
all wiring is done in a daisy chain fashion. The only taps pernitted
are the mni num necessary to connect each nmonitor to the chain. This
usual |y means a BNC-T connector or a pair of connectors on the nonitor
for each video signal. T connections with cable nmust be avoi ded.

3. Only the last nonitor in the chain should be termnated in 75 ohns. Al
of the others nust be set to H-Z  Mnitors with BNC connectors wl|
usual |y have one switch or a switch for each color to select termnation

Moni tors for PCs, MACs, and workstations usually have built in

term nation and do not offer the choice of H-Z  This means that w thout
a video distribution anplifier, it is not possible to connect nultiple
nmonitors of this type to a single video source with any expectation of a
good quality display.

Failure to follow these rules will result in video ringing, ghosts, shadows,
and other unsightly blem shes in the picture. It is often not possible to
control all aspects of the video setup. The cable is often a part of the
noni tor and cannot easily be substituted for a better one. The nonitor

may not have properly designed circuitry such that it degrades the video
regardl ess of the cable and display board quality. The display card itself
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may not have proper drivers or source termnation

Ironically, the better the video card, the nore likely that there wll
be visible problens due to termination. This is due to the very high
bandwi dt h and associ ated signal edge rates.

Sone exanpl es of comon term nation problens:

* Qverly bright picture with trails follow ng vertical edges, perhaps with
periodic ringing. This is due to a mssing ternm nation. Check if the
monitor is set for Hi-Z instead of 75 ohns. |If there is no switch, then
the term nation may be faulty or the nonitor may need an external resistor
For BNC connectors, plug-on term nations are avail abl e.

* Bright ghost images adjacent to vertical lines. This may indicate that
the term nating resistor is greater than the inpedance of the cable.
You may be using Ethernet Thinnet cable by accident which is RG8 with
an i npedance of 50 ohns.

* Dark picture and ghost inmages adjacent to vertical lines. This may indicate
that the term nating resistor is too low - nultiple nonitors on a chain al
set for 75 ohnms instead of just the last one. O, an inproper type of cable
such as audi o patch cord.

* Fuzzy vertical edges. This nmay indicate a poor quality cable or a run
which is just too long. For high resolutions such as 1280x1024, the
maxi mum cabl e I ength may be as short as 25 feet or less for poor quality
cable. Better cable or fiber-optic repeaters nay be necessary.

* Other similar problens - check cables for defective or inproperly installed
connectors. This is especially applicable to cables with BNC or UHF type
connectors which require a kind of artistic talent to assenbly properly and
consi stently.

If only 1 or 2 colors (of the R G and B) are effected, then | ook for
i mproper switch settings or bad connections (bad cable connectors are really
conmon) on the problem col or cables.

11.11) General streaks or lines to the right of bright or
dark areas

The problemis that on a white background the various objects | eave a shadow
to their right. Not a duplicate image but nmore like horizontal dark streaks
on the white background. Also it seens that high intensity colors display
very bright but low intensity colors are overly dark (al nbost black). The
contrast and brightness adjustnents nmay make no difference.

This could be a nunmber of things but they are all in the video anplifier
and probably not the CRT driver board though this is possible. Dried
up filter capacitors could result in video dependent ripple on the power
supply lines. Bad coupling capacitors could result in sinmlar synptons
but probably for only one color, not all of them

Since all colors are effected, | ook for something common |ike a bad power
supply. Wth a scope, this would probably be rather easy even without
schematics. |If the brightness and contrast controls do nothing, this
woul d suggest sone fault in their general area or the IC or transistors
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they control in the video anps - and that this is not a CRT problem
Locate the video anp ICif it uses one and locate a pinout - this should
be enough to determ ne which signals are faulty.

First, do check carefully for bad connections and ot her obvious failures.
This could also be a synptom of a bad CRT but this would be unusua

with a not-ancient nonitor (and not if the brightness and contrast
controls have no effect).

11.12) Washed out picture

If you can obtain a full intensity raster by varying the brightness or screen
control, then your problemis nost likely in the video anplifiers or power
for the video amplifiers.

I f, however, the screen control varies the brightness but will not get
a bright raster, you probably have problens either with the HV power supply
or the filament supply for the CRT - is there the normal bright orange

glow at the base of the CRT? If it is dimor very reddish, there may
be a margi nal connection or bad conponent in the filament circuitry.

11.13) Retrace lines in picture

During the tine the electron beamis returning fromright to left at the end

of a line and bottomto top (over the course of nultiple lines), it is supposed
to be result in no visible light on the screen. However, a nunmber of faults
can result in visible retrace |ines.

The appearance will likely be a general reduction in contrast fromthe visible
hori zontal retrace on every scan line and two dozen or so diagonal lines |ines
(lower left to upper right) resulting fromthe vertical retrace.

The retrace lines may be either white or gray (possibly with a slight color
tint due to unequal settings of the color adjustnents) or a primary color -
red, green, or blue. Anything in between is also possible but less Iikely.

11.14) White/gray retrace lines

VWere all colors are involved - the lines are essentially white or gray (or
with a slight tint due to slight unequal settings of the col or adjustnents),
| ook for something conmon |ike an incorrectly adjusted screen (&) or naster
bri ght ness/ background/ bi as control or a problemin one of these circuits, a
defective power supply or a problemin the blanking circuitry:

* Screen (&) or master brightness/background/ bias control - mark setting and
then see if a slight adjustnent renoves the retrace lines. See the chapter
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“Monitor Adjustnents". O course, if this happened suddenly, the problemis
not due to a m sadjusted control though a dirty pot is possible - turn it
back and forth - this might clean it and restore nornmal operation

* Power supply or connection to CRT neck board - insufficient voltage wll
result in the CRT never totally blanking. Check (usually scan derived)
power supply conponents (from flyback).

* General power supply - check B+ for correct value and ripple. A main power
supply fault mght result in these synptons (and usually many ot hers).

* Blanking circuit - this may be a part of the video/chroma chip or separate.
Check waveforms to deternmine if the blanking pulses are making it to the
vi deo out put .

11.15) Red, green, or blue retrace lines

VWere only one color is showi ng, suspect an incorrectly adjusted individua
background/ bi as control or bad part on the CRT neck board for that color

* | ndividual brightness/background/bias control (s) - mark setting of pot for
the problem color and then see if a slight adjustment renoves the retrace
lines. See the chapter: "Mnitor Adjustnments". O course, if this happened
suddenly, the problemis not due to a nmisadjusted control though a dirty
pot is possible - turn it back and forth - this might clean it and restore
nor mal operation.

* Conponent or connection on CRT neck board - insufficient voltage to or
i ncorrect biasing of the video driver for this color can result in the
CRT never totally blanking. Conpare voltages and signals, and swap
conponents between good and bad channels to confirm

* Blanking circuit - this may be a part of the video/chroma chip or separate.
Check and conpare waveforns of good and bad colors to determine if the
bl anki ng pul ses are making it to the video output.

There is a slight possibility that a bad CRT may result in visible retrace
lines. To elimnate this possibility:

* Disconnect the filament - all evidence of a picture, raster, and retrace
i nes shoul d di sappear once the fil anents/cathodes have cool ed (15 seconds
or so. |If there are still visible retrace lines, the CRT is suffering
fromcold or field em ssion from sonepl ace (may not even be the cathode).

* Turn down the screen (&) control on the flyback (usually). [|f one color
remai ns no matter how you set the control, again there is sonme kind of
weird emi ssion fromthe CRT. However, if white/gray retrace |lines remain,
the problem may be in the screen supply.

See the section: "Bad CRT causing retrace lines".

11.16) Bad CRT causing retrace lines
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(From Jeroen H. Stessen (Jeroen. Stessen@hv. ce. philips.com).

The TV which | bought |ast started devel oping retrace lines after a nonth or

so of use. | took it back to the lab for warranty (special deal) and had it
exami ned by the real experts. They found that even with the filanent supply
di sconnected and V& at 0V the screen would still light up. They could even

see that the electrons weren't even comng fromthe cathode. That was with
only the picture tube in a test rig. So in this case the obvious concl usion
had to be that the tube was bad, and it was replaced (32" 16:9 SF, very $%).
It had something to do with processing probl ens during manufacturing of the
el ectron guns.

So even if this was a rare case, it *can* happen that retrace lines are due
to a bad picture tube. |It's nore usual to suspect the V& (screen voltage)
or a defect somewhere in the RGB video path.

11.17) Red, green, or blue full on - fog over picture

This could be a heater-cathode (H-K) short in the CRT or a failure
of a conponent in the chroma circuits or video output (driver board).

Don't panic - heater-cathode shorts in CRTs can often be worked around.

Note: before proceeding, it is a good idea to make sure that the screen is
degaussed - el se you could be attenpting to track down problenms with the wong
col or!

Sone sinple tests can confirmor rule out other possibilities.

* Conpare the voltages for the video drive signals to the CRT on the little
board on the neck of the CRT with the CRT both connected and unpl ugged.
A schematic will help greatly in |locating these signals.

- If there is a significant difference especially on the bad color, then the
CRT is a likely candidate. Try tapping the neck of the CRT GENTLY (with
it plugged in and while viewing a picture) to see if it is an intermttent
probl em

- If there is no significant difference, you may have a bad driver or a
problemin the chroma circuits.

* Look for bad connection/cold solder joints, probably on the little
board on the neck of the CRT. Use an insulated stick to gently prod
the board and its conmponents in an effort to induce/cure the problem
Look carefully for hairline cracks around the conponent | eads.

* You can swap conponents between two colors and/or test with an ohmreter
on that driver board to determine what is bad. The nice thing about
color nmonitors and TVs is that there three copies of each of these
conponents. Swappi ng and/or conparisons between these is an excellent
di agnosti c techni que.

* Another sinple test: Disconnect the cathode for the full-on color fromits

drive. If it is still full-on, there is probably an H-K short in the CRT
since the only way to get each color on the screen is via the cathode
connection to the CRT neck board. If it is renmoved and there is still that

color, the current must be taking another path inside the CRT.
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* Alternatively, interchange the outputs of the bad color with a good one
by junpering on the video driver board (on the CRT neck). |If the bad
col or changes, then the problemis in the circuitry and not the CRT.

Here is the procedure in nore detail (exanple for red full on):
(From J. K Enerine (jkemerine@ol.com).

To identify if the fault is in the crt or a control problemtry this (WTH
SET OFF):

On the CRT board, lift the output end of the green cathode final resistor
Do the same with the offending red cathode's resistor. Use short insulated
junpers to 'swap' drive signals - drive the red cathode with the green
drive and the green cathode with red drive. (Note that if this problem
only occurs after a warmup period, color at turn on will be - well - werd,
but it is just a test.)

- If the synptomreturns = 'goes red' the CRT is shorting. (See the section
"Providing isolation for a CRT HK short". --- san

- If instead the synptom becones 'goes green' then the red drive | eg has
the fault and the CRT is probably good. (In this case, there may be bad
connections or a bad conponent on the CRT drive board or further back
in the chroma circuitry. --- san

11.18) Totally white screen (probably with retrace lines)

There may or may not be any indication of a picture. This may be a problemin
t he high voltage power supply (SCREEN, &), |oss of power or a fault in the
vi deo output drivers, other video anp problens, or a bad (shorted) CRT.

Is focus still reasonably sharp? |If not, try adjusting it (usually on the

flyback or a separate little panel). |If changing focus affects brightness
significantly, there is a short between the two supplies - either in the

HV power supply or CRT. See the section: "Bad focus and adjustnent changes brightne

http://www.repairfag.org/REPAIR/F_monfag.html

al so affect focus or may not do anything.

Try adjusting SCREEN. |If it has no affect, a problemin its power supply

fromthe flyback is possible. |f you have a high i npedance voltneter (not
just a DWW the resistance of the voltage divider supplying SCREEN i s hundreds
of M ohns), check it while changing the SCREEN control. |If it does not change,

you have found a definite problem

Assunmi ng that adjusting FOCUS and SCREEN result in normal behavior and do

not strongly interact, the problemis likely in the video circuitry or output
drivers.

Check the power to the CRT video output drivers on the little board on the

neck of the CRT. |If this failed, all three video outputs will be full on
If you have a scope, look at the video outputs - they should be varying
bet ween over 100 V and a low value. |If they are m ssing or very |ow al

the tine, there is a problemfurther back in the video chain.

See the other sections relating to brightness and high vol tage probl ens
as wel |
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11.19) Shorts in a CRT

Cccasionally, small conductive flakes or whiskers present since the day of
manuf acture manage to nmeke their way into a |ocation where they short out
adj acent elenents in the CRT electron guns. Synptons nmay be intermttent or
only show up when the TV or nonitor is cold or warm or in-between. Sone
possi bl e locations are |isted bel ow

* Heater to cathode (H-K). The cathode for the affected gun will be pulled
to the heater (filanent) bias voltage - nost often 0 V (signal ground). In
this case, one color will be full on with retrace Iines. Were the heater
is biased at sone other voltage, other synptons are possible like reduced
bri ght ness and/or contrast for that color. This is probably the nost
comon |ocation for a short to occur

* Cathode to control grid (K-Gl). Since the Gl electrodes for all the guns
are connected together, this will affect not only the color of the guilty
cat hode but the others as well. The result may be a very bright overl oaded
*negative* picture with little, none, or messed up col ors.

* Control grid to screen (GlL-Q&). Depending on circuitry can result in any
degree of washed out or dark picture.

* Screen to focus (&-F). Screen (&) and focus voltage will be the sane and
the controls on the flyback will interact. Result will be a fuzzy white
raster with retrace lines and little or very |ow contrast picture. Synptons
will be simlar to those of a flyback with breakdown in the focus/screen
di vi der networKk.

* Focus to high voltage (F-HV). High voltage will be pulled down - probably
arcing at the focus spark gaps/other protective devices. Line fuse and/or
HOT may bl ow.

* Other locations between electron gun elenents as feed wres.

Repl aci ng the CRT nmay be required but there are a variety of 'techniques' that
can often be used to salvage a TV that woul d otherwi se end up in the dunp
since replacing a CRT is rarely cost effective:

1. Isolation - this will usually work for HK shorts as |long as only one gun
is invol ved.

2. Blowing out the short with a capacitor - depending on what is causing the
short, this may be successful but will require some experinentation

3. Placing the CRT (TV or nmonitor) face down on a soft blanket and *gentl y*
tappi ng the neck to di sl odge the contam nati on. Depending on the |ocation
of the short, one side or the other night be better as well. Sonetines,
this can be done in-place while watching the picture.

A conbination of (2) and (3) may be required for intermttent shorts which
don't appear until under power. See the sections below for additiona
details. However, for shorts involving the focus and hi gh voltage el enents,
even a sharp edge can result in arcing even if there is no actual short.
There is no renedy for these types of faults.
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11.20) Providing isolation for a CRT H-K short

This procedure will substitute a winding of your own for the one that is
built in to the flyback to isolate the shorted filament fromthe ground

or voltage reference. Note that if you have a schematic and can determ ne
where to di sconnect the ground or voltage reference connection to the
filament winding, try this instead.

The flyback is the thing with the fat red wire comi ng out of it (and perhaps
a couple of others going to the CRT board or it is near this conmponent

if your set has a separate tripler) and may have a couple of controls for
focus and screen. It should have sonme exposed parts with a ferrite core
about 1/2-3/4" dianeter.

The filament of the CRT is the internal heater for each gun - it is what

gl ows orange when the set is on. Wat has happened is that a part of the
fine wire of the bad color's filament (assunming this is indeed your problen
has shorted to the cathode - the part that actually enmits the el ectrons.
Normal |y, the heater circuit is grounded or tied to a reference voltage

so when it shorts to the cathode, the cathode voltage level is pulled to
ground or this reference.

You will need some well insulated wire, fairly thick (say #18-22). Find a
spot on the flyback where you can stick this around the core. Wap two
turns around the core and solder to the CRT filanent pins after cutting the
connections to the original filament source (scribe the traces on the board
to break them). Make sure you do not accidentally di sconnect anything el se.

Thi s wi ndi ng should cause the filaments to gl ow about the sanme brightness as
bef ore but now isolated fromground. |f they are too dim put another turn
on the flyback to boost the voltage as this will result in | ow em ssion

bl oom ng, and possi bl e damage to the cat hodes after awhile. (Don't go
overboard as you may blow the filament totally if you put too many turns on
the core - you then toss the nonitor.)

Route the wires so that there is no chance of them getting near the high
vol tage or any sharp nmetal edges etc. Your picture quality may be a tad
lower than it was before because of the added stray capacitance of the
filament wiring being attached to the the (formerly bad) video signal, but
hey, something is better than nothing.

11.21) Rescuing a shorted CRT

If the short is filament-cathode (H-K), you don't want to use the follow ng
approach since you may blow out the filament in the process. |If this is the
case, you may be able to float the filament and live with the short (see the
section on: "Red, green, or blue full on - fog over picture"

Shorts in the CRT that are between directly accessible el ectrodes can
be dealt with in a nore direct way than for HK shorts. At this point
you have nothing to loose. A shorted CRT is not terribly useful

If the short is between two directly accessible electrodes |ike cathode-grid,
then as a last resort, you mght try zapping it with a charged capacitor

Unpl ug the CRT socket!
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Start with a relatively small capacitor - say a few uF at a couple hundred
volts. Check to see if the short is blown after each zap - few may be needed.
I ncrease the capacitance if you feel lucky but have had little success with
the smal | capacitor.

If the fault is intermttent, you will, of course, need to catch the CRT
with the socket disconnected and the short still present. Try some gentle
tapping if necessary. |If you do this with the charged capacitor across

t he suspect el ectrode, you **will** know when the short occurs!

11.22) Dark picture

A rmonitor with a picture that is too dark may have a fault or the CRT may
just be near the end of its useful life.

First, confirmthat your video source - conputer, canera, etc. - is producing
a proper signal

Is the brightness at all erratic? Does whacking the nonitor have any effect?
If so, then you nmay have bad connections on the CRT driver card or el sewhere.
If the brightness tends to fade in and out over a 10 to 20 second peri od,

a bad filament connection is likely. Check for the normal orange gl ow of

the filaments in the neck of the CRT. There should be 3 orange glows. |If
they are excessively reddish, very dim or fade in and out, you have | ocated
a problem See the section: "Picture fades in and out".

Conmon causes of brightness problens:

0. Dirty CRT faceplate or safety glass. Don't laugh. It sounds obvious, but
have you tried cleaning the screen with suitable screen cleaner? It is
amazing how dirty screens can get after a few years - especially around
snoker s!

(From A R Duell (ardl2@ng.cam ac.uk)).

"I once spent a norning battling with a DEC VT105 terminal with a very
di m and washed out picture, and only after checking everything on the
video board did | w pe over the screen. That cured it. It's amazing
how dirty screens can get after a few years use."

Wpe gently with a slightly danmpened cloth - not soaking or you may end
up with real problenms when the water drips down inside and hits the
el ectronics!

1. Od CRT. The brightness of the CRT deteriorates with filanment on-tine.
It doesn't matter much what you are doing or if you use a screen saver

An indication of a weak CRT would be that turning up the SCREEN (&) or

mast er brightness control only results in a not terribly bright gray raster
before the retrace |lines show up. There may be indications of poor focus

and silvery highlights as well. A CRT brightener may help. See the

sections: "Brightening a old CRT" and "Monitor life, energy conservation, and |laz

2. Bad conponent in filament circuit or bad connection reducing fil ament
voltage. This should be easy to check - there are only a few parts
involved. If it is erratic, bad connections are likely.
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Brightness control faulty - bad pot, bad connections, or problemwth its
power supply. Depending on specific problem control may or may not have
any effect. |If digitally adjusted, there could be a problemw th the
logic or control chip. |If the button or nenu itemhas no effect at all
then a logic or control problemis Iikely.

| mproperly set SCREEN (&) voltage (usually on flyback) or faulty divider
network. See the section: "Brightness and col or bal ance adj ustnent”.

| mproperly set video bias (background) levels or fault in video drive

http://www.repairfag.org/REPAIR/F_monfag.html

circuitry. See the sections starting with: "Optinmal procedure for setting bright

Fault in video amplifiers. Wth all three color affected equally, this
woul d nost |ikely be a power supply problem A video anplifier problem
is likely if turning up the SCREEN (&) or master brightness contro
results in a very bright raster before the retrace |lines appear. Cheack
signals out of the video/chroma(lC.

Fault in beamor brightness limter. Many TVs and nonitors neasure the
beam current (possibly indirectly) and Iimt the maximumto a safe val ue.
The purpose of this may be to protect the CRT phosphors, and/or to assure
that the power supply does not go out of regulation, and/or to limt X-ray
em ssion. If this circuit screws up, a dark picture may result. Checking
the signals and voltages at the CRT socket should determine if this is the
probl em

Hi gh voltage is low. However, this would likely result in other synptons
as well with focus, size, and geonetry.

11.23) Brightening an old CRT

If perform ng adjustnments of the internal background and/or screen
controls still results in a dark picture even after a | ong warnup period
(and the controls are having an effect - they are not faulty), the CRT may
sinmply be near the end of its useful life. |In the old days of TVs with
short |ived CRTs, the CRT brightener was a common item (sold in every
corner drugstore, it seened!).

First confirmthat the filaments are running at the correct voltage - there
could be a marginal connection or bad resistor or capacitor in the filanment
power supply. Since this is usually derived fromthe flyback, it may not

be possible to neasure the (pul sed high frequency) voltage with a DVM but

a service manual will probably have a waveform or other test. A visua
examination is not a bad way to determine if the filaments are hot enough
They should be a fairly bright orange to yellow color. A dimred or al npst
dark filanment is probably not getting its quota of electrons. It is not be
the CRT since all three filaments are wired in parallel and for all three to
be defective is very unlikely.

If possible, confirmthat the video output |evels are correct. For cathode
driven CRTs, too high a bias voltage will result in a darker than nornal
pi cture.

CRT brighteners are available fromparts suppliers |like MCM El ectronics.
Sone of these are designed as isolation transforners as well to deal with
heat er -t o- cat hode shorts.

You can try a naking a brightener. Caution: this may shorten the |life of
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the CRT - possibly quite dramatically (like it will blowin a couple of
seconds or mnutes). However, if the nonitor or TV is otherw se destined
for the scrap heap, it is worth a try.

The approach is sinple: you are going to increase the voltage to the
filaments of the electron guns making themrun hotter. Hopefully, just
hotter enough to increase the brightness w thout blow ng them out.

Vol tage for the CRT filanent is usually obtained froma couple of turns

on the flyback transformer. Adding an extra turn will increase the voltage
and thus the current making the filaments run hotter. This will also
shorten the CRT life - perhaps rather drastically. However, if the nonitor
was headed for the dunpster anyhow, you have nothing to |lose. You can just
add a turn to an existing winding or make your own separate filanent wi nding
as outlined in the section: "Providing isolation for a CRT H K short".

In some nonitors, there is a separate filanent supply on the mainboard - this
shoul d be obvi ous once you trace the filament wires fromthe video driver
board). In this case, it still may be possible to increase this output or
substitute another supply but a schematic will be required.

There are al so conmercial CRT rejuvenators that supposedly zap the
cat hodes of the electron guns. A TV or nonitor service center may be
able to provide this service, though it is, at best, a short termfix.

11.24) Color balance changes across screen from left to
right

The characteristics are that a solid white screen will tend to be blue tinted
on one side and red tinted on the other. This is usually a subtle effect and
may be unavoi dabl e with sone designs.

There are several possibilities:

1. Purity - this means the beans are | anding on the wong phosphor dots.
This is what would be affected by noving fromone |l ocation to another
or even rotating the TV on its base w thout degaussing. |If the problem
j ust appeared, degaussing nay be needed.

VWhat do you have near the TV or nonitor? Loudspeakers or other devices
whi ch generate magnetic fields can easily cause all sorts of color purity
problems. Relocate the of fending device(s) or the TV or nonitor and then
degauss it.

See the section: "Degaussing (denmagnetizing) a CRT".

If the problemstill persists, purity adjustnment may be needed. However
this isn't likely to have changed so | ook for other causes before tackling
t hese adj ustnents.

2. Unequal electron gun to shadownask/screen distance - the el ectron beans for
the red and blue video travel slightly different distances on the left and
right sides of the screen so their intensity (due to focus not being optinal
and other factors) in each case may differ slightly affecting col or bal ance.

3. Domng - This would only happen in very bright areas and causes the
shadow mask to expand and distort. (Donming should not be a problemwth
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Trinitron CRTs which use tensioned wires in their aperture grill.) This
woul d al so not really affect left-right color balance in particular

| don't really know how nuch of a problem (2) is in practice or whether sone
manuf acturers conpensate for it.

11.25) Bleeding highlights

On very bright areas of the picture, one or nore colors may bleed to
the right resulting in a trail of those colors. The difference between
this problemand the section: "Trailing lines in one or nore colors" is
that in this case, only highlights are affected.

One cause of this is that the color gain, contrast, or intensity controls
(whatever they are called on your nonitor) are set too high. See the section
on: "Brightness and col or bal ance adjustnment". Check the settings of any
brightness Iimter controls as well

11.26) Trailing lines in one or more colors

Assunming this is not a formof ghosting resulting from cabling and/or use
of switchboxes, etc, then it could be any of the foll ow ng:

* Poor decoupling in the power supplies for the video drive circuits - probably
on the CRT neck board. Check for bad (|l ow uF or high ESR) filter capacitors
(electrolytic nostly) on this board or the power supplies feeding it.

* |nsufficient CRT filament voltage. This could be a result of bad connections
or a bad component in the filanent power supply (probably fromthe flyback).
Check to see if the filaments are gl owi ng bright orange and check the voltage
if possible (though this can be tricky since it is often fed froma w ndi ng
on the flyback and is a pul se waveform not DC or a sinusoid. The service

manual will probably have info and waveforns.

* Bad CRT (nore likely if only one color is affected). A weak electron gun can
result in this behavior. Swap it with one that work properly. [|f the sane
color is still bad, that CRT gun is weak. The CRT will need rejuvenation or
need to be replaced (nore likely, the entire monitor will be tossed into the
dunpster).

11.27) Purity problems with bright pictures

Setting the brightness excessively high may result in enough heating

of the shadow mask to distort it. |F severe enough, the positions of the
holes will shift enough to result in visible purity problenms. This is
| ess of a problemw th tubes using an InVar shadow sl ot mask. It should

al so be less of a problemfor Trinitron aperture grille CRTs.
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The only solution is to reduce the brightness.

11.28) Why does the intensity appear so non-uniform in
bright areas?

Actually, the intensity variation is likely to be even worse than you m ght

think - possibly as much as 2:1 fromthe center to the corners. |n nost cases
you do not notice it. Wth large deflection angle tubes, fewer el ectrons make
it to phosphor dots near the edge of the screen. It is sinple geonetry.

(From Bob Myers (nyers@c. hp.com)).

It is extrenely difficult for any CRT display to maintain perfect brightness
and color uniformity across the entire imge. Just the geonetry of the

thing - the change distance fromthe gun to the screen as the beamis scanned,
t he changi ng spot size and shape, etc. - makes this nearly inpossible, and
there can al so be variations in the phosphor screen, the thickness of the
faceplate, etc.. Typical brightness-unifornity specs are that the brightness
won't drop to |l ess than 70% or so of the center value (usually the brightest
spot on the screen).

On col or tubes, the lack of perfect brightness uniformty is aggravated
by the lack of perfect COLOR uniformity and purity. What appear to be
"dark spots" on a solid gray i mage may actually be beam m sl andi ng (col or
purity) problens, which may to some degree be renmedi ed by degaussing

the nonitor.

Agai n, *some* variation is normal; if you think you're seeing too nuch, you
can try degaussing the thing and seeing if that helps. |If it doesn't,

then the question is whether or not the product neets its published specs,
and that 's sonmething you'll have to discuss with the manufacturer or

di stri butor.

11.29) Brightness changes from left-to-right across
screen

Slight variations in brightness across the face of the CRT are not unusual
In fact, if you used a photoneter to actually measure the brightness, you
m ght be anazed at the actual variance even with the best TV - you just
don't notice it. However, a major variation - usually a decay fromleft to
right but could be the other way indicate a conponent failure. O course,
make sure the face of the screen is clean

* Afault in the power supplies to the video anplifier and/or video output
circuits. Most likely, an electrolytic capacitor has dried up and is not
adequately filtering the power derived fromthe flyback which then has
ripple at the horizontal scan rate and thus |ocked to the screen. The
vol t age decays fromleft-to-right between horizontal flyback pul ses.

The nost likely location for these capacitors is in the vicinity of the
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flyback transformer on the mainboard or on the CRT neck board. Check the
capacitors with capacitor tester or ESR nmeter and/or take a | ook at the
power right at the video anplifier and video output drivers.

* Horizontal linearity is bad - this may actually be a horizontal geonetry
probl em and not a brightness problem

See if objects on left side of the screen are stretched conpared to those on
the right (or vice-versa). |If they are, the problemis in the horizonta
deflection circuits - possibly a bad (or in the case of a multiscan nonitor,
correctly selected) S correction capacitor or linearity coil

* | noperative degauss circuit, nmonitor noved or rotated w thout degaussing, or
magnetic field fromsonme other device (like a permanent magnet) is affecting
CRT - slight ambunts of magnetization may reduce brightness (by noving the
beams into the bl ack space between phosphor dots) before affecting color
purity (where the beans | and on the wong phosphor dots).

See if the degauss button, if present, does anything. Try deguassing
manual ly. See the section: "Degaussing (denmagnetizing) a CRT".

11.30) Picture fades in and out

If the picture faded away on the order of 10-20 seconds (and if it conmes

back, also cones up to full brightness in sane tine frane - possibly

with the persuasion of some careful whacking) AND with NO ot her

signi ficant changes such as size, focus, etc., then take a ook in the back of
the tube for the filament to be lit - the orange gl ow near the CRT socket. |If
there is none, then you probably have a bad sol der connection on the circuit
board on the neck of the CRT. Look for fine cracks around pins on that board.
Try prodding it with an insulating stick to see if the picture comes back
Resol der if necessary. It is probably not a bad CRT as the filanents

are usually wired in parallel and all would not go bad at the sane tinme.

However, if only a single color fades in and out, then a bad connection

inside the CRT is a distinct possibility - look for only one of the
filament's glow to be com ng and going. This is probably not worth fixing
since it will require CRT repl acenment.

If the picture faded away with other synptons, then there is probably
a fault in the video anplifier/output one of its power supplies -
still probably a | oose connection if you are able to get it back by
whacki ng.

11.31) Occasional brightness flashes

These may last only a fraction of a scan |line or nmuch much | onger
Make sure it is not the video source - try another one.

This could nean an intermttent fault in a variety of places including
the video circuitry and SCREEN power supply:
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* Brightness circuitry - SCREEN, master background or its power supply.
Could be in or around flyback or focus/screen divider. Could perhaps
be in the CRT, but probably less likely.

* Video anp before or at chroma denodul ator (if conposite input) - since
after this point, you would nost |ikely get colored flashes since only
one of the RGB signals would likely be effected. However, a bad power
connection to the video circuitry could cause all the colors to be
af f ect ed.

If you still get flashes, it should be quite easy to nonitor either
the video outputs or SCREEN supply (with a HV divider on your scope) for
noi se. Then trace back to power or noise source.

11.32) Occasional static, lines, spots, or other unsightly
blemishes

First, confirmthat these are not video source - PC - related. Try the
noni tor on another conputer. This may be a problemw th the hardware or
driver (software) for the video card, the S, or nmenory or bus speed.

If it is not computer related, then it could be arcing, corona, bad
connections, or some el ectronic conmponent breaking down. See the
appropriate sections for these probl ens.

Note that problems in absolutely fixed |ocations or with an extent rel ated
to pixel sizes in the video card are nearly al ways conputer/video card
rel ated and not due to a faulty nonitor.

11.33) Flickering monitor

First, make sure your scan rate is set high enough (but not beyond the
capabilities of the nonitor). A scan rate less than 60 Hz is likely to
result in annoying flicker especially at high brightness |evels.

See if the flickering correlates with any processor or disk activity indicating
a software driver or video card problem

Assumi ng neither of these applies and you are not doing your work by
candlelight, a flickering image is probably due to an intermttent arc
or short, probably in the high voltage section near or at the flyback
transformer. However, it is also possible that it is due to a sinple
bad connection el sewhere.

So the first thing to do will be to renpve the cover and wi t hout touching
anyt hing, carefully exam ne for any obvi ous signs of bad connections, arcing,
or burned areas. In particular |ook for

* hairline cracks around the pins of |arge conponents |ike power transistors,
power resistors, transformers, and connectors.

* any discol oration, cracking, other unusual signs on the flyback. The flyback
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al so provides, via a high resistance divider network, the several KV for
focus and several hundred V for the & (screen) CRT electrode. These are
the voltages that may be internmittently changing and resulting in flicker

Now, with the nmonitor powered in a darkened roomw th a normal picture
(use the highest resolution at which your nonitor will work as this should
put the nost stress on it, maybe).

* Look for any arcing or corona around the area of the flyback or the neck
of the CRT first, then just anywhere.

* Use a well insulated stick (wood or plastic) to gently prod the circuits
board, components, wires, etc. to see if you can induce the problem

There will probably be a pair of adjustnments on the flyback itself. One of
these is FOCUS and the other is SCREEN - essentially a master brightness.

* Now, with one hand in your back pocket, try turning each of these a fraction
of a turn in each direction. Don't worry, you cannot hurt anything by
doing this. The FOCUS should only change the sharpness of the picture.
The SCREEN shoul d only change the brightness. |In both cases, this should

be a smpoth effect. Sonetinmes, these controls will sinply get dirty and
cause the problens you have seen. In this case, just noving them back
and forth may clean them |If one affects the other - if turning focus

alters brightness or vice-versa, there is a short between the focus and
screen vol tages, probably inside the flyback but it could be el sewhere.

It is likely that all of the above tests will conme out negative as
you may have an intermttent short internal to the flyback which can only
be fixed by replacenment. However, elimnate the easy fixes first.

11.34) Excessive brightness and/or washed out picture

There are a nunber of possibilities including incorrect screen (&) or bias
(Gl) voltages, or a problemin the video or blanking circuitry. Any of these
could be the result of bad connections as well. A short in the CRT can al so
result in these synptomns.

* Excessive brightness/washed out picture is often an indication of a
problemw th the screen (&) supply to the CRT. My be a bad capacitor
or resistor divider often in the flyback transfornmer assenmbly or on
the board on the neck of the CRT.

* | f the excessive brightness just devel oped over tinme, then a sinple
adj ustment of the screen or background brightness controls nmay keep
it (and you) happy for a long tine.

When good, a typical value would be in the 200 to 600 VDC at the CRT. The
screen (it may al so be called master brightness, bias, or background) contro
should vary this voltage. However, it may be difficult to neasure as the
resistors in the voltage divider network may be quite |large - hundreds of M
ohns. If your unit has an external screen control (less likely these days)
and it has no effect, trace out the circuitry in the inmediate vicinity and
check the resistors and potentionmeter for opens, |ook for bad connections,
etc. If it is built into the flyback transforner and is sealed, the entire
flyback will need to be replaced unless the actual problemturns out to be a
bad connection or bad conmponent external to the flyback
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* Where the brightness control has no effect, suspect a nissing bias supply to
the Gl (control grid) electrodes of the CRT. This is usually derived from
the flyback with a sinple rectifier/filter capacitor power supply. Parts
may have failed (though not likely the flyback itself). Adjusting the user
bri ght ness control should vary this voltage over a typical range of 0 to -50
V with respect to signal ground.

* |t could also be a problemw th biasing of the video output transistors.
There may individual controls for background brightness on the little board
on the neck of the CRT. However, we are |ooking for a comon probl em since
all colors are wong in the sane way. This is likely to be a nissing voltage
froma secondary supply fromthe flyback

* A short between el ectrodes inside the CRT can result in brightness problens.
It may be possible to check this with an ohmreter with the power off and the
CRT socket renoved. Test between Gl, &, and F where all colors are
af fected though a short between F and G will result in the focus contro
changi ng brightness and vice-versa - a classic synptom

However, in sonme cases, it only shows up when operating and one nmust deduce
the presense and | ocation of the short fromits affect on voltages and bias
| evel s.

See the section: "Rescuing a shorted CRT" and other related topics.

First, check for bad connections/cold solder joints by gently prodding
with an insulating stick. Check voltages and bias |evels.

11.35) Focus problems

Slight deterioration in focus can be corrected by adjusting the focus
control usually located on the flyback transformer. Sonetines, this
is accessible externally but usually not. On nonochrome nonitors, the
focus control, if any, may be | ocated on the nmain board.

Don't expect to have perfect focus everywhere on the screen. Usually there
will be some degradation in the corners. A conpronise can generally be
struck between perfect focus in the center and acceptable focus in the
corners.

If the adjustnents have no effect, then there is probably a fault in the
focus power supply.

For nmost color TVs and nonitors, the correct focus voltage will be in the
4-8 KDC range so you will need a neter that can go that high or sone big
resistors to extend its range or a HV probe. You must use a high inpedance
meter as the current availability fromthe focus power supply is very |ow

The pots in the flyback are sonetimes accessible by renmoving their cover
whi ch may snap on. However, a typical focus circuit will have a |l arge
val ue resistor potted inside the flyback (like 200 Megohns).

Try to measure the focus in-circuit. |If the value you read is very |ow
(assum ng your neter has a high enough inpedance not to load the circuit
appreci ably), then disconnect the wire (fromthe PCB on the neck of the
CRT or wherever) and neasure again and observe any change in picture.

If still low, then alnpbst certainly there is a problemw th the pot or
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the flyback. See if you can open it enough to neasure and/or di sconnect

the pot. |If the problemis inside the potted part of the flyback, the

only alternative is a new flyback or an external divider if you are so

i nclined. However, once the focus network goes bad inside the flyback

there is an increased chance other parts will fail at sone point in the future.

If the voltages check out with the CRT disconnected, there is a chance of a
bad CRT or of a shorted conponent on the PCB on the neck of the CRT. Look
for shorted capacitors or burnt or damaged traces.

11.36) Bad focus (fuzzy picture)

Focus voltage on the CRT is usually in the range of 2-8 KV DC and shoul d
be controllable over a fairly wide range by the focus pot - usually |ocated
on the flyback or a little panel in its vicinity:

* | f adjusting the pot results in a position of acceptable focus, you may be
done. It is not unusual for the focus setting to drift a over tinme.

* |f the setting is already as good as possible but not really good enough
the CRT may be tired. Alternatively, the filanment voltage nmay be too | ow
Check for bad connections in the filament circuit.

* |f the optimal setting is out of range of the focus pot, the problemis
likely | eakage in the focus divider in the flyback or one of the components
on the CRT neck board.

Al so see the sections: "Focus adjustnment" and "Focus drifts wi th warnup".

The focus wire usually cones fromthe flyback or if the general area or froma
termnal on a voltage nultiplier nmodule in sone cases. It is usually a wire
by itself going to the little board on the neck of the CRT.

If a sparkgap (a little 2 term nal device with a 1/8" gap in the mddle)

is arcing with power on, then the resistive divider has shorted inside

the flyback, focus board, or HV nultiplier - whatever you TV has - and

the this unit will need to be replaced. Ditto if the SCREEN control affects
focus and/or vice-versa

Using a suitable high voltage nmeter (range at |east 10 KvVDC, 1000 M ohm or
greater input inpedance), you should be able to nmeasure it connected and

di sconnected. The ground return will be the outside coating of the CRT which
may or may not be the same as the netal chassis parts. |If the voltage is very
low (less than 2 KV) and the pot has little effect:

* When measured right off of the source disconnected fromthe CRT neck board,
then the problemis probably in the focus network in the flyback (or wherever
it originates). Sometines these can be di sassenbl ed and cl eaned or repaired
but usually requires replacenent of the entire flyback or voltage multiplier
Note: you may need to add a HV (10 KV) capacitor between the focus wire and
DAG ground to provide filtering so you get a DC |l evel for your neter.

* When nmeasured with the focus wire attached to the CRT neck board with the
CRT connected but reasonable with the CRT unplugged, there is probably a
short between the focus and another el ectrode inside the CRT. See the
section: "Rescuing a shorted CRT".

* When nmeasured with the focus wire attached to the CRT neck board with the
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CRT unplugged, there is likely a conponent on the CRT neck board that is
| eaky or breaki ng down. Also, check for decayed (tan or brown) glue which
may turn | eaky with age.

11.37) Focus drift with warmup

This could be due to a problemwith the focus voltage power supply, components
on the CRT neck board, or a tired worn CRT.

Focus is controlled by a voltage of 2-8 KV DC usually derived fromthe flyback
transformer and includes sone resistors and capacitors. One of these could

be changing value as it warnms up. (assuning nothing else changes significantly
as the unit warns up - e.g., the brightness does not decrease.)

Focus voltage is derived froma subset of the high voltage wi nding on the
flyback using a resistive voltage divider which includes the focus pot.
These are extrenmely high value resistors - 200 M ohmis comon - and so

| eakage of any kind can reduce or increase the focus voltage. All other
things being ok - i.e., the picture is otherwise fine - | would suspect this
type of failure rather than the CRT.

The connection to the CRT is usually a separate wire running fromthe flyback
or its neighborhood to the CRT neck board. Look for conponents in this
general area. Use cold spray or a heat gun to isolate the one that is

drifting. |If you have access to a high voltage nmeter, you should be able
to see the voltage change as the TV or nonitor warms up - and when you coo
the faulty part. If it is in the flyback, then sometines the part with the

adjustments clips off and can be repaired or cleaned. Most often, you wll
need to replace the flyback as a unit.

* | f the optimal adjustment point of the focus control doesn't change that
much but the best focus is sinply not as good as it should be, the CRT is
probably the problem However, if the optimal point produces acceptable
focus but it changes (and possibly noves of f of one end of the adjustnent
knob range) as the unit warnms up, the flyback or one of the conponents on
the CRT neck board are likely drifting.

* | f you have a high voltage nmeter, you can neasure the focus voltage to
determine if it is being changed by the focus pot and if it is in the
ball park (2-8 KV typical). Sonetinmes, the part of the flyback with the
focus pot can be snapped off and cl eaned or parts replaced but usually you
need to replace the whole unit. There nay a capacitor or two on the PCB on
the neck of the CRT that coul d have increased | eakage as well thus reducing
t he focus voltage.

* To deternmine if the CRT is the problem for sharp focus after the unit has
war med up. Power-off for an hour or so and carefully pull the CRT neck board
off of the CRT. Then, power up the unit. Let it run |ong enough such that
there woul d have been a detectable focus drift. Now, power-down, plug the
CRT neck board back in, and power-up. Watch the inmage as it appears on the
screen:

- If the focus starts out fuzzy and sharpens up as the i mage appears and
gradual | y becomes sharper as the CRT warms up the CRT is likely tired.

The only catch here is that plugging the CRT neck board into the CRT

results in an additional |load on the flyback due to the picture beam
current which heats it nore as well. Thus, if the problemtakes a few
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m nutes to appear, keep the brightness turned down except to check the
appearance of the picture fromtine to tine.

You can set the focus control for optinmum when warmed up and just turn
the nonitor on in advance of when you will be needing it or add a user
focus adjustment by drilling a hole in the plastic case for an *insul at ed*
screwdriver or flyback focus knob extender :-). The CRT may continue

to function for quite a while so this is not inpending doom

- If the focus is relatively stable as the i nage appears and increases
in brightness *and* is about as sharp as it would be with the nonitor
war med up, the problemis nost likely in the flyback. However, also
check for bad conponents or decayed (tan or brown) glue on the CRT neck
board. A drifting flyback will need to be replaced as it will probably
get worse and fail conpletely. Clean the surface of the circuit board and
CRT socket in the vicinity of the focus and screen term nals and traces.
Contam nation or just dirt and grime can easily cause problens especially
on hum d days since the resistance of these circuits is extrenely high
(100s of M ohns).

- If the focus is relatively stable as the i nage appears and increases
in brightness *and* is simlar to what it would be with the nonitor cold,
you have a very strange situation where sone |oad on the high voltage
power supply, perhaps, is causing a thermal problem This would be rare.

11.38) About the quality of monitor focus

Question: | have 2 identical nmonitors. One is razor sharp from edge to edge.
The other is blurred at the corners- not from convergence probl ens,

but just plain out of focus. |In this nonitor, the focus adjustnent on

the flyback can inprove the focus at the edges, but then the center of

the screen becomes worse..My question is : Is this a problemin the

el ectronics and presumably a fixable flaw or is it caused by variance

in the picture tube itself and not correctable ? O is it sonme other issue?

(From Bob Myers (nyers@c. hp.com)).

The adjustnment on the flyback sets the "static" focus voltage, which is

a DC voltage applied to the focus electrode in the CRT. However, a single
fixed focus voltage will not give you the best focus across the whole CRT
screen, for the sinple reason that the distance fromthe gun to the screen
is different at the screen center than it is in the corners. (The beam
SHAPE is basically different in the corners, too, since the beam strikes
the screen at an angle there, but that's another story.) To conpensate
for this, nmost monitors include at |east sone form of "dynam c" focus, which
varies the focus voltage as the image is scanned. The controls for the
dynam ¢ focus adjustnent will be |ocated el sewhere in the nonitor, and
wi || probably have at LEAST three adjustnents which may to sone degree
interact with one another. Your best bet, short of having a service

tech adjust it for you, would be to get the service manual for the unit

i n question.

It is also possible that the dynamic focus circuitry has failed, |eaving
only the static focus adjust.

As al ways, DO NOT attenpt any servicing of a CRT display unless you are

famliar with the correct procedures for SAFELY working on high-voltage
equi pment. The voltages in even the snmallest CRT nonitor can be |ethal
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11.39) Bad focus and adjustment changes brightness

This is the classic synptom of a short between the focus and screen
supplies - probably in focus/screen divider which is part of the flyback
or tripler. However, it could also be in the CRT. |If you have a high

vol tage meter, neasuring the focus voltage will showthat (1) it is |ow
and (2) it is affected by the SCREEN control Similarly, the SCREEN voltage
will be affected by the FOCUS control (which is what is changing the

bri ght ness.

To determine if the problemis in the CRT, neasure the FOCUS and SCREEN
voltage with a high voltage nmeter. |f they are identical pull the plug
on the CRT. |If they are now their normal values, then a shorted CRT is
a distinct possibility - see the section: "Rescuing a shorted CRT".

11.40) Charlie's comments on focus problems

(From Charles Godard (cgodard@ anerica.net)).

Most true focus problens that | have encountered (when the IHVT is ok) are
related to | eaks or resistance on the focus output. The dimng of the screen
when the focus pot is adjusted leads ne to think in terns of a | eaky socket.
I'd renove the ground fromthe crt socket to the tube dag and see if it
sparks. If so there may be a leak in the socket to ground. It could also be
| eaki ng to another pin, such as the screen grid. A rhetorical question: What
happens to the screen voltage when the focus pot is adjusted?

| have seen sockets that had no arching or other telltale signs, |eak through
the plastic housing to ground out the focus voltage.

Look closely at the screen. |If the blurring is in the formof small circles,
then you have an open or hi-resistance focus el ectrode inside the tube. The
circles may vary in visibility with brightness.

If you still haven't found the problem try to confirmthat this is truly a
focus problem Renove the crt socket and observe the hi-voltage. If it
clinmbs nore than about 1k, say all the way up to 25kv, then you may have a
beam current problemrather than a focus problem |In that case re-check al
crt board vol t ages.

If you have done all of the above and renoving the socket makes no change in
the hi-voltage, then try to determ ne why the hi-voltage is |ow.

Watch the screen as the brightness, contrast, or screen control are adjusted.
See if you can observe any signs of bloom ng. Wen the | HVT doesn't provide
enough current to satisfy the demands of the tube for current, the the picture
tends to appear to expand like a balloon. i.e., bloom This can be caused by
not enough drive to the IHVT. Carefully monitor the b+ to the horizontal drive
stages to see that is is stable and correct.
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11.41) Purple blob - or worse

Have you tried demagnetizing it? Try powering it off for a half hour, then
on. Repeat a couple of times. This should activate the internal degausser
See the section: "Degaussing (denmagnetizing) a CRT".

Is there any chance that soneone waved a magnet hear the tube? Renpve it
and/ or nove any itenms |ike nonster speakers away fromthe set.

Was your kid experinenting with nucl ear expl osives - an EMP woul d nagneti ze
the CRT. Nearby lightning strikes may have a simlar effect.

| f demagneti zing does not help, then it is possible that something shifted
on the CRT - there are a variety of little nagnets that are stuck on at the
time of manufacture to adjust purity. There are also service adjustnents
but it is unlikely (though not inpossible) that these would have shifted
suddenly. This may be a task for a service shop but you can try your

hand at it if you get the SAMs Photofact or service manual - don't attenpt
purity adjustnents w thout one.

If the nonitor was dropped, then it is even possible that the interna
shadow mask of the CRT has becone distorted and you now have a seventy-five

pound boat anchor. If the discoloration is slight, sone carefully placed
"refrigerator' magnets around the periphery of the tube m ght help. See the
section: "Magnet fix for purity problens - if duct tape works, use it!"

It is even possible that this is a 'feature' conplenments of the manufacturer
If certain conponents like transformers are of inferior design and/or are

| ocated too close to the CRT, they could have an effect on purity. Even if
you did not notice the probl emwhen the nmonitor was new, it m ght always have
been margi nal and now a di scoloration is visible due to slight changes or
novenent of conponents over tinme.

11.42) Color rings - bullseye pattern

Thi s probably neans the degaussing circuitry is term nating suddenly instead
of gradually as it should. The nost likely cause is a bad sol der connection
to the degauss therm stor or posistor or sonething feeding it.

You can confirmthis by manual |y degaussing the screen with the TV or nonitor
turned on. |If the problem di sappears, the above diagnosis is probably valid.

Check for bad sol der connections in the vicinity of the degauss conmponents
and AC |ine input.

11.43) Magnet fix for purity problems - if duct tape works,
use it!

The approach below will work for slight discoloration that cannot be elininated
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t hrough degaussi ng. However, perform ng the standard purity adjustnents
woul d be the preferred solution. On the other hand, the magnets may be quick
and easy. And, where CRT has suffered internal distortion or dislocation of
t he shadowrask, adjustnents may not be enough

In any case, first, relocate those megabl aster |oudspeakers and that M
scanner with the superconducti ng nagnets.

The addition of some noderate strength magnets carefully placed to reduce or
elimnate purity problens due to a distorted or dislocated shadowrask may be
enough to make the nmonitor usable - though it will probably not be perfect.
The type of magnets you want are sold as 'refrigerator magnets' and the |ike
for sticking up notes on steel surfaces. These will be nade of ferrite
material (w thout any steel) and will be disks or rectangles. Experinent

wi th placement using masking tape to hold themin place tenporarily. Degauss
periodically to evaluate the status of your efforts. Then, nmake the 'repair’
per manent using duct tape or silicone sealer or other household adhesive.

Dependi ng on the severity of the purity problem you may need quite a few
magnet s!  However, don't get carried away and use BI G speaker or nagnetron
magnets - you will make the probl ens worse.

Al so note that unless the magnets are placed near the front of the CRT, very
significant geonmetric distortion of the picture will occur - which may be a
cure worse than the di sease.

WARNI NG Don't get carried away while positioning the magnets - you will be
near some pretty nasty voltages!

(From M. Caldwell (jcal dwel @quest.net)).
| ended up with the old 'stuck on a desert island trick":

| duck taped 2 Radi o Shack nmagnets on the case, in such a way
as to pull the beam back.!!!!

A $2 solution to a $200 problem M friend is happy as heck

RCA sells magnets to correct corner convergence, they are shaped |ike chevrons
and you stick themin the '"right' spot on the rear of the CRT.

(From Tom Sedl emyer (wesvid@te.net)).
First set purity as best you can.

ot ai n sone pieces of refrigerator door magnet strips froman appliance
repair shop (they usually have some |ying around).

Cut the strips into 1 inch pieces. Place a strip as on the bell of the
picture tube as close to the yoke as possible and in line with the corner that
has the purity error. Rotate the magnet until you correct the purity error
and tape it in place. Multiple magnet strips can be used and you may
experiment with the size of the strips for best effect. It is very inportant
that the strips are positioned close to the yoke or the effect will not hold.
The only drawback to this method is some very slight distortion of the
geonetry of the raster, but it beats hell out of paying for a new CRT.

11.44) Color monitor only displays one color
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| assune that now you have no other colors at all - no picture and no
raster. Let us say it is red - R

It is probably not the CRT. Do you have a scope? Check for the R G
and B video signals at the CRT. You will probably find no signals
for the defective colors.

This is alnost certainly a chroma circuit problemas any failure of the
CRT or a video driver would cause it to lose a single color - the other
two woul d be ok. Therefore, it is probably NOT the CRT or a driver on

the little board on the neck of the CRT.

Try turning up the SCREEN control to see if you can get a G and B raster
just to confirmthat the CRT is ok.

Locate the video drive fromthe mai nboard for the good and a bad col or
I nterchange them and see if the problem noves. |If so, then there is
a video signal problem If not, it is on the little CRT board.

It could be a defective chroma IC or sonething else in the chrona decoder

11.45) Disappearing Red (or other color)

Problem | have been given an old colour TV. The reception is good, but very
of ten, when the contrast and brightness of the TV inage is low (e.g. when

a night scene is shown), the red colour slowy disappears, |eaving behind

the green and bl ue i mage and many red |ines.

The remaining red retrace are the giveaway that this is nost |ikely not
a CRT probl em

(If there were no red lines, it could be the filanment for the red gun
of the CRT going on and off due to a bad connection inside the CRT - bad
news. )

How is a black and white picture? (Turn down the color control).

If B/Wpicture is good, then the problemis somewhere back in the chroma
decoder circuitry.

Check the video input to the CRT video driver board and signals on that board.
If B/Wpicture is also bad, then you can conmpare red and green signals

to determ ne where they are beconming different. The red lines in your
description sounds like the red video output circuit is drifting and nmessing
up the background | evel, blanking, screen, or other setting. Could be a
capaci tor or other conponent.

11.46) Interference resulting in jiggling or wiggling

Note: similar synptonms can be the result of a nmonitor defect or running the
noni tor at scan rate beyonds its capabilities. However, magnetic interference
fromelectrical wiring, other equipnent is very comon and sonetinmes overl ooked
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when | ooki ng for a conpl ex, expensive, and obscure explanation for a
m sbehavi ng monitor (or TV).

11.47) Interference from electrical wiring

If the wiring of normal outlets is done correctly even without a safety
ground, the currents should be bal anced and you will not experience a problem
However, many circuits, particularly those involving setups |ike 3-way
switches or switched outlets and wiring in ol der buildings can have

unbal anced currents when active. If your nonitors are cl ose enough

to the wiring, there can be interference which will take the form of

a flickering or pulsating display.

O her than reconmendi ng noving the nonitors, there is no easy sol ution
They can be shielded with Mu Metal but that is expensive. O you could
run all displays at a 60 Hz vertical rate (or 50 Hz dependi ng on where
you live). However, this is inconvenient and will never be quite perfect.

If you have flexibility during construction or renovation, there are ways to
m ni m ze the chance of unexpected behavior |ater

Think of it this way: If the sumof the currents in the cable are zero, there
will be no magnetic field to worry about. This will be the case for nornal
110 VAC branch circuits.

Sone sources for magnetic interference:

* Three (or nore) way circuits - lanps or fixtures controlled fromnore than
one |l ocation which use a 'traveler'. |In this case, a single energized wire
runs between sw tches and/or the sw tches and the | oad.

* Circuits which do not have their return in the sane cable. For exanple,
ceiling fixtures controlled froma wall switch but where the Hot cones
from another location. O, a string of baseboard heaters fed from opposite
ends.

* Circuits which share a Neutral but where one or nore of the Hots are not in
the sane cable. This is nore likely to be found in old construction using
knob- and-tube wiring where circuits were just connected in the nost
conveni ent way.

* Loops in Neutral and Ground conductors. The way circuits are supposed to
be wired (U S. A at least) is nearly always in a star sort of configuration
where the Neutral and G ound conductors never connect at the ends of the
"star'. However, due to poor wiring practices, it is quite possible for
Neutrals to be connected to other Neutrals or Grounds to be connected to
other Grounds or for themto be cross connected at various locations - al
wi t hout any other synptons. This can even happen between buil dings. See
the section: "Interference fromcross-connected buildings". However, the
likelihood of this sort of fault isn't that great.

First confirmthat the problemis due to inside wiring - shut off all power to
the building (if possible) or at |least switch off each circuit in turn to see
if the problemdisappears (run the nonitor froma UPS or a renote outlet).

* | f the synptonms persist, check for external sources of interference

(al though there could still be a Ground-Neutral |oop formed by the connection
between G and N at the service panel or to other buildings. |In this case,
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the effect would Iikely be strongest near the service panel.). See the
section: "Interference from power |ines".

* |f the synptons are gone, try to narrow down the circuit or circuits that
are responsi bl e by swi tching each one on individually.

In all cases, running the Hots and Neutrals for the circuit in the sane cable
(or at least in close proximity) will avoid this problemas the total current
will sumto zero.

Realistically, you would have to be very unlucky to have a noticeabl e problem
in residential wiring except near the service panel or high power appliances
i ke baseboard heaters, equipment with large notors or transformers, etc.

11.48) Interference from power lines

Power lines (any size fromlocal distribution to |arge intercontinenta

transm ssion lines) nearby can result in noticeable effects to nonitors as a

result of the magnetic fields surrounding the individual wires - simlar to

that from unbal anced inside wiring (see the section: "lInterference fromelectrical w
will be running at a vertical rate alnpst the same as the power |ine

frequency).

The severity of the effects will vary depending on the |oad distribution on
the three (probably) phases, distance, orientation with respect to the
nonitor, etc. Myving the nonitor as far fromthe offending power |ines as
possi bl e, experimenting with its orientation, and seeing if you can live with
a vertical scan rate equal to the power line frequency, are the only realistic
options other than constructing an expensive nmu-metal box for it.

11.49) Interference from cross-connected buildings

Here is a rare case where the neighbor was really at fault (in a historica
sort of way).

(From Tuyen Tran (ttran@i plink.net)).

Get this: nmy house and ny nei ghbor's house were grounded together, so we
connected to the power conpany's neutral in two places. The way | understand
it, this caused a ground | oop between our two panels. My nei ghbors used to own
this place. When they built a small house next door, instead of digging a
separate well, they just ran a 3/4 inch copper pipe between ny water tank and
their new place. (This place used to be a dairy farm so it had plenty of
wat er capacity.) Wen they installed their panel, the electrician of course
bonded their water pipes to the panel, which then connected our two grounds
toget her. When they sold the place, they put in their own well, but nobody
bother to cut the original pipe |linking the two houses together. |It's been
like this for at least 40 years; |I'mthe third owner!

So | took a pipe cutter to the thing, and no nore interference.
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11.50) Interference from other equipment

Any type of equi pment which uses or generates strong magnetic fields can
interfere with a nmonitor. Oher conputer nonitors or TVs, equipment with
power transformers, and electric nmotors will cause a pulsating or flickering
di spl ay. Loudspeakers or other equipnment with static nagnetic fields wll
cause color purity and/or geonetric distortion problenms which degauss wil|
not cure.

The easiest way to confirmthat interference is your problemis to nove
t he nonitor or suspect equipment to a different location. The only rea
solution is to separate the nmonitor and interfering device.

Note that with scan rates that are not even near the power |ine frequency
any nore, a variety of synptons are possible including shimering, w ggling,
undul ati ng (how many nore adjectives can you cone up with?). The rate

of the novenent will be related to the difference between the nmonitor scan
rate and the frequency of interference.

11.51) My monitor is possessed!

Problenms are that all graphics applications fade to black, |ose their col or
on parts of the screen, and there are strange pincushion problens on the
right side of the nonitor? This all cane up suddenly, with no apparent
changes your ny part.

You tried changing video drivers, nodes, cleaning connections on
cabl es and video card, even pulled the card and cl eaned the edge
connect or.

After cleaning up, things seened to work (still had pincushion
problem, but next tine it was powered on, same weird probl ens.

Voodoo might be required but nore down-to-earth causes are likely:

Are you sure nothing changed in the building (like you installed a nmedica
MRl unit with a 2T magnet in the same room ?

Al monitors have a built in degauss circuit which operates when power

is turned on after being off for at |least 15 minutes or so. This could
have failed - it is switching off suddenly instead of ranping down as it
should - and is making the probl em worse or you could have a power supply
failure inside the nonitor.

Gradual variations in color or brightness on the screen or over tine
are al nost al ways nonitor problens, not video card, software, or cabl es.

It won't hurt to try nmanual degauss with the nonitor powered, see bel ow

If this clears it up - possibly until you turn the power off and on again, then
it may be the internal degauss circuitry.
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11.52) Shimmering image due to vibrations

I f your nonitor uses a Trinitron or clone CRT, then this may be normal.
Even with the 1-3 unsightly stabilizing wires running across the screen,
the vertical aperture grille wires in a Trinitron type CRT can wi ggle as
a result of nechanical shocks or vibration. Any noverment results in
nonentary changes in color purity, color balance, brightness. Gently tap
on the side of the nonitor and you may see the sane effect.

11.53) Wiring transmitted interference

The power that cones fromthe wall outlet is supposed to be a nice sinusoid

at 60 Hz (in the U S.) and it probably is conmi ng out of the power plant.
However, equi pnment using electric motors (e.g., vacuum cl eaners), fluorescent
| anps, lanp dimers or notor speed controls (shop tools), and other high power
devices, may result in a variety of effects.

VWi le nonitors normally include sone line filtering, the noise imunity varies.
Therefore, if the waveformis distorted enough, sonme effects nay show up even
on a high quality nonitor.

Synptoms m ght include bars of noise or distortion noving slowy or rapidly up
or down the screen or diagonally. This noise may be barely visible as a couple
of jiggling scan lines or be broad bars of salt and pepper noise, snhow, or

di storted video.

The source is probably local - in your house and probably on the same branch
circuit - but could also be several mles away.

* One way to deternmine if the problemis likely to be related to AC power
is to switch your vertical scan rate to match the power line frequency:
60 Hz in the U.S., 50 Hz in npost European countries, etc. |If the pattern
of noise or distortion is now stationary (or at nmost slowy drifting up
or down the screen), the interference is likely power line rel ated:

- A single bar would indicate interference at the power |ine frequency.

- A pair of bars would indicate interference at twice the power |ine
frequency.

Ei ther of these are possible.

* Try to locate the problemdevice by turning off all suspect equipment to see
if the probl em di sappears.

* The best solution is to replace or repair the offending device. 1In the
case of a light dimrer, for exanple, nodels are available that do a better
job of suppressing interference than the typical $3 hone center speci al
Appl i ances are supposed to include adequate noi se suppression but this is
not al ways the case.

If the source is in the next county, this option presents some significant
difficulties :-).

* Plugging the monitor into another outlet nmay isolate it fromthe of fendi ng
devi ce enough to elinm nate or greatly reduce the interference.
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* The use of a line filter may help. A surge suppressor is NOT a line filter

* Simlar synptonms could al so be produced by a defective power supply in the
nonitor or other fault. The surest way of elimnating this possibility is
to try the nonitor at another |ocation.

11.54) Jittering or flickering due to problems with AC
power

If you have elimnated other possibilities such as el ectronmagnetic
interference from nearby equi pment or electric wiring or a faulty video
card or cable - or software - then noisy or fluctuating AC power may be

a possibility. However, nodern nonitors usually have well regul ated power
supplies so this is |l ess comon than it used to be. Then again, your
nonitor may just be overly sensitive. It is also possible that sone

fault in its power supply regulator has resulted in it beconing nore
sensitive to mnor power line fluctuations that are unavoi dabl e.

One way to determine if the problemis likely to be related to AC power

is to run the nonitor on clean power in the same |ocation on the sane
conputer. For exanple, running it on an Uninterruptible Power Source
(UPS) with the line cord pulled fromthe wall socket would be an excell ent
test. The output of the UPS's inverter should be free of any power line
noise. |If the nonitor's inmage has now settled down:

1. Large appliances like air conditioners, refrigerator, or washi ng machi nes
on the sane circuit nmight cause significant power dips and spi kes as they
cycl e.

Plugging a table lanp into the sane outlet may pernmit you to see any obvious
fluctuations in power. \What else is on the same circuit? Depending on

how your house or apartnent is wired, the sane feed fromthe service pane
may be supplying power to wi dely separated areas.

2. For sone unfathomabl e reason, your nonitor nmay just be nore sensitive to
sonet hi ng about the power fromthe circuit in that room There may be
not hi ng actually wong, just different. \While unlikely, a light di mer
on the sane circuit could be producing |ine-conducted interference.

If you have a nmultineter, you could at |east conpare the voltages
bet ween the | ocation where it has problens and the one where it is
happy. Perhaps, the nonitor is sensitive to being on a slightly
different voltage. This nmight only be a problemif sonme circuitry
in the nmonitor is marginal in some respect to begin with, however

3. There could be a bad connection somewhere on the circuit. |If your house
has Alum numwiring, this is a definite possibility.

Try a table lanp since its brightness should fluctuate as well. This
shoul d be checked out by a conmpetent electrician as it represents a rea
fire hazard.

An el ectrician may be able to pinpoint the cause but nany do not have

the training or experience to deal with problens of this sort. Certainly,
if you find any power line fluctuations not accounted for by major
appliances, on the same circuit this should be checked by an el ectrician.
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11.55) My monitor has the shakes

You turn on your nonitor and 5-10 seconds later, the display is shaking or
vibrating for a second or so. It used to only occur when first turned on,
but now, the problemoccurs 3 times in 30 seconds. O course, many
variations on this general thene are possible.

Sone possibilities:

1. Defective degauss circuit - this would normally cause a shaking or
vi bration when you first turn it on but you normally do not notice it
since the CRT is not warnmed up. The degauss circuit may have devel oped
a mnd of its own.

2. Oher defective circuitry in nmonitor - power supply regul ation, deflection
or bad internal connections.

3. External interference - did you change anything or nobve your setup
recently? See the sections on: "Interference from other equipnent",
"Interference fromelectrical wiring", and "Interference frompower lines

4. Defective video cable (unlikely). Wggle the VGA cable to be see if
you can induce the problem

11.56) Fred's comments on monitor interference
problems

(From Fred Noble) Fred_Noble@rsn.con)).

Monitors are very susceptible to el ectromagnetic fields. If any of the
following is "yes" it nay point to an 'electrical' cause of the Monitor

probl em

* Do you have a ceiling fan in the same room turned on?

* Do you have a wirel ess tel ephone in the roonf

* Do you get simlar effects on your TV?

* Are you near a large transformer, substation, or high voltage overhead w res?
* |'s your conputer |located close to the neter on the other side of the wall?

* Do you have speakers next to the nonitor? Are they shiel ded?

* Do you have a phone or other device with a magnet in it near the nonitor?

* |s the cabling routed too near a printer cable?

*

Do you have a surge/power strip or UPS near your nonitor?

Reposition the nonitor or nove it to a different |location. Al so make sure that
you are turning the nmonitor on first and then the systemto ensure that the
video card is properly recognizing the nonitor.

Check cabl e connections (nake sure no other cables are crossing the nonitor

cable. If you have an extension on the nonitor output cable then renove it as
wel |
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Try swapping out the nmonitor to verify if it really is the nonitor or take
your nmonitor to another system and see how it responds there.

If you are plugging the nonitor into a surge strip, renmove it fromthere and
plug the nmonitor directly in the wall outlet.

Di scussi on
There m ght be an anbient RFI/EM electrical or nagnetic field present around
your conputer |location. Sone of the electrical field or the conducted RFI/EM
el ectrical "noise" causes are considered here.
Rough sunmary of excessive magnetic & electric fields:
* Cause: Electrical wiring errors.
Electrical wiring errors such as inappropriate or non-NEC code neutra
to ground bonds in the facility (not at the conmmon bus in the mains), and
ot her non-NEC Code wiring that results in the HOT wire fields not being
OFFSET by the neutral wire fields.

Incorrect wiring will be aggravated (and will be noticed first) on a circuit
where there is an Air Conditioner, copier, |aser printer

Correction: This is an electrical problemthat has resulted in a *net
current* flowing in the facility and is also a shock hazard.

Don't use devices that dump current onto the neutral |ine, and have an
electrician correct the wiring to NEC code.

* Cause: Mgnetic flux |inkages.

It is normal for transformers to use magnetic flux |inkages (to couple
primary to the secondary).

Correction: Keep transforner based equi pment away from sensitive equi pment.

There are other corrective neasures here that can be di scussed on the design
| evel and on the application |evel

If the transformer is used to power a "noisy" |oad (high harnonics) perhaps
a good harnonic filter can be used between the transformer and the | oad
(exanpl e a good UL 1283 noise filter or Surge suppressor with UL 1283
filter).

* Cause: Mdtors also use magnetic flux linkages in normal usage.

Correction: Keep large, active, notors away from sensitive equi pnent (and
try to keep themon a different circuit if possible).

The use of a good harmonic filter on that circuit will help reduce the
harmoni cs (for exanple, a good surge suppressor with a UL 1283 RFI/EM
filter, or a Line Conditioner).

* Cause: UPSs, especially when on inverter (during brownout or blackout)
create magnetic & electric fields.

Correction: Keep them away from sensitive | oads, and advi se manufacturer of
probl ems encountered with the UPS.

The UPS may have a faulty inverter circuit or part, or may be in need of a
re-design.
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11.57) Loss of color after warmup

If there is a general |oss of picture but there is light on the screen
if the brightness is turned all the way up, then this is a video input,
video amplifier, RGB driver, or power supply problem

If it recovers after being off for a while, then you need to try a cold
spray in the video/controller to identify the conponent that is failing.
Take appropriate safety precautions while working in there!

If it stays broken, then nost |ikely some component in the video circuitry,
controller, or its power supply as failed. There is a good chance that
it is a bad colder connection - the trick is to locate it!

Chapter 12) Miscellaneous Problems

12.1) Contour lines on high resolution monitors - Moire

These fall into the category of wavey lines, contour lines, or light and dark
bands even in areas of constant brightness. These nmay be al nost as fine

as the dot pitch on the CRT or 1 or 2 cmor |arger and changi ng across the
screen. |If they are nore or less fixed on the screen and stable, then

they are not likely to be outside interference or internal power supply
problems. (However, if the patterns are |locked to the inmage, then there
could be a problemwith the video board.)

One cause of these lines is noire (interference patterns) between the
raster and the dot structure of the CRT. Ironically, the better the focus
on the tube, the worse this is likely to be. Trinitrons, which do not

have a vertical dot structure should be immune to interference of this sort
fromthe raster lines (but not fromthe horizontal pixel structure).

You can test for noire by slowy adjusting the vertical size. |If it is moire,
you shoul d see the pattern change in location and spatial frequency as slight
changes are nade to size. Changes to vertical position will nove the patterns
wi thout altering their structure - but they will not remain | ocked to

t he novi ng i mage.

If they are due to the raster line structure - your focus is too good - the
patterns will remain essentially fixed in position on the face of the CRT
for horizontal size and position adjustnments - the patterns will remain

fi xed under the changi ng i mage.

How to elimnate it? |If nmoire is your problem then there may be no easy

answer. For a given resolution and size, it will either be a problem or
not. You can try changing size and resolution - noire is a function
of geometry. Ironically, | have a nonitor which is nicer in this respect

at 1024x768 interlaced than at 800x600 non-interl aced.
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Some nonitors have a ' Mdire Reduction Mde' swtch, control, or nobde. This
may or may not be of help. One way to do this is - you guessed it - is to
reduce the sharpness of the beam spot and make the picture fuzzier! Another
approach adds a high frequency dither to the beam spot position which may
result in a headache! You might find these cures to be worse than the

di sease.

Anot her cause of sinmilar problenms is bad video cable term nation

creating reflections and ghosting which under certain conditions can be so
severe as to minmc Mire effects. This is unlikely to occur in all colors
with a VGA display since the ternmination is internal to the nonitor and

i ndi vidual resistors are used for each col or (RGB).

| think it is ironic that some people will end up returning otherw se superb
noni tors because of moire - when in many cases this is an indication of nost
excel l ent focus - sonething nany people strive for! You can always get rid of
it - the converse is not necessarily true!

12.2) Moire and shadow mask dot pitch

(From Bob Myers (nyers@c. hp.com)).

The density of the holes in the shadow mask set an upper limt on the
resol uti on supported by that monitor. Lower resolutions work just fine;
there is no need to have the logical pixels in the image line up with the
physical holes in the mask (nor is there any mechanismto make this happen),
and so you can think of this as the "larger pixels" of the |ower-res imge
simply covering nore than one hole or slot in the nask.

As the effective size of the pixels in the i mage approach the spacing of

t he mask hol es, individual pixels are no |onger guaranteed to cover enough
phosphor dots on the screen to ensure that they are constant col or or constant
| um nance, but an image will still be displayed which ON AVERAGE (over a
reasonably | arge area) |ooks OK. Actually, the specified "top end"

format ("resolution") for nost nonitors usually is at or slightly beyond

this point - the effective pixel size is sonewhat UNDER t he dot pitch

12.3) Interference between monitor and VCR or TV

“I'"ve got a desktop conputer with a VGA nonitor above it. To the left of
it (a fewinches away), | have a VCR with a Commopdore conposite nonitor
above it (1084 nodel). | don't have Cable TV or anything special, just a
si mpl e antenna connected to the VCR to pick up the two local TV stations.

The reception is pretty good with the conputer off, but the problemarises
when | turn the conmputer on. The VCR is already plugged into a different
outlet than the computer. Since | aminto video production, | need this
setup as it is laid out (close together).

So, how can | shield the VCR fromthe interference fromthe conputer? Can

| do sonmething with the antenna to make the signal stronger, or can
pl ace sone kind of material between the VCR and conputer?"
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Your PCis a serious RF emitter. Areas of |eakage include the case as wel
as the possibly the nonitor and cable. Turn off the nmonitor and/or unplug
the video cable to see if it is the latter

You PC s case may not have adequate shielding. Better cases have grounding
fingers and proper RF shielding throughout - that is one reason they are
nore expensive. This may be an option.

The VCR may be picking up the interference internally or via its antenna.

There may be some options but you first need to determ ne where the
interference is conming fromand where it is being picked up

12.4) Cable installed upside-down - now monitor does
not sync correctly

"I have an old vga nmonitor that | screwed up. | plugged it into the vga
card upside down. Now | know that seens inpossible, but believe nme, it isn't.

Now the vertical is fine, but the horizontal is all screwy. (is that a word?
screw?) It's about 8" wide and can't be adjusted to normal size.

The result is a very, um interesting image. 1Is it possible that | did
some mnor damage |ike blowi ng a cap, diode, or horizontal transistor?"

"1l give you 100:1 odds that you bent the H sync pin and it is now bent over

and not inserted in its hole. Renove the connector, and exam ne the pins - if
this is the case, take a pair of needl enose pliers and **very careful | y**
straighten it out. |If it was pushed in, grab hold and pull it out to

the sane length of the other pins and if necessary, put a drop of adhesive

at its base to prevent it from being pushed in again. |If it breaks off or

i s unreachable, you will need to replace the connector (unless the shel

cones apart which is usually inpossible or at |east not easy on newer
noni t ors).

12.5) Isolated spots on display

These could be a problemw th the video source - bad pixels in the video
card's frame buffer or bad spots on a cantorder's CCD, for exanple.

O, they could be dirt or dead phosphor areas in the CRT. Except for
problems with the on-screen character generator, it is unlikely that the
nmonitor's circuitry would be generating isolated spots.

You can easily distinguish between video problenms and CRT problens - nissing
pi xel s due to the video source will nobve on the screen as you change raster
position. CRT defects will remain stationary relative to the screen and wil|
general ly be much nore sharply delineated as well

There is a specification for the nunber and size of acceptable CRT bl eni shes

so you may have to whine a bit to convince the vendor to provide a repl acenent
noni t or under warranty.
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12.6) Power saving problems

Modern nmonitors are usually designed to pernit software to contro

various |levels of power saving ('green') features from bl anking the screen
to totally shutting down. Problenms can occur if the software to contro
these features is not conpatible with the nonitor or not set up

correctly or is attenpting to control a nmonitor that |acks power saving
nodes or is defective or inconpatible.

A rmonitor that behaves normally under npbst conditions but enmits a

hi gh pitched whine when the conmputer attenpts to direct it into power
savi ng node i s probably not understanding the conmands or does not have
t he appropriate power saving features. |1t probably behaves about the
same as if there is no video signal - which indeed may be the case as
far as it is concerned.

Many nonitors not receiving proper sync signals are perfectly happy
driving everyone in the office insane with that high pitched whine.
O hers will blow up eventually.

Recommendati on: don't use power saving until you have the proper software.

O course, your nmonitor could be defective and your current software is

actually fine. Check your user manuals to determ ne conpatibility and

setup paranmeters. Al so see the sections: "Mnitor life, energy conservation, and |la

12.7) Monitor drift?

Problem | have a 17" nonitor that has an image that EVER SO SLI GHTLY drifts
to the left (and stops) after a long day's work (heat, | suppose). Also,
the vertical height shrinks a little bit. 1Is this at all nornal/acceptabl e?

How much is 'ever so slightly'? There are a fair nunber of conponents whose
val ues could alter the position/size of a nmonitor image. | do not find it
at all surprising that there should be a small shift due to heat. It really
depends on many factors including the basic design, quality of conmponents,
ventilation/cooling, etc. O course, it is possible to have a nonitor that
has a conponent that is worse with respect to tenperature. Could also

be related to line voltage depending on the regul ation of your monitor's
power suppli es.

In general, my feeling is that if it is not objectionable (a 1/2" shift
woul d be objectionable) AND it's severity is not changing with tinme, you
can ignore it.

Many nonitors do this. TVs do this but you are not aware of it since they
are already 5-10% overscanned for just this reason, as well as conpensating
for conponent aging and |line voltage fluctuations.

A can of cold spray or a heat gun will be useful to track down the bad
conponent but it could be a frustrating search
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12.8) Monitor shuts down or goes blank at certain scan
rates

It could be the nonitor's conmponents have drifted and are now margi na
at your one or nore of your scan rates. However, first check with an
oscill oscope if possible to confirmthat your horizontal and vertica
timng are indeed as expected.

Sone video cards nodify horizontal and vertical frequency as part of their
software size adjustment in their Setup program For exanple, with ATI
cards, even though the general resolution option in the DOS Install program
may be 800x600 at 75 Hz, adjusting the horizontal size can actually vary the
hori zontal frequency over a greater than 10%range. A sinmilar variation

is possible with the vertical rate.

Does just the picture go away or does power die to the nonitor? |If
you can see the neck of the CRT, the filanments gl ow orange when it is
operating. Does this glow disappear indicating that the deflection/HVY
is shutting down?

There could be a nunber of possibilities - no way of knowing if it
will be easy or inexpensive to repair without testing. It could be
power supply, HV supply, X-ray protection, etc.

12.9) Monitor flickers when disk accessed

This is alnost certainly a software problem First, try nmoving the nonitor
away fromthe PC as far as the cable will stretch. If it still occurs,
then it is probably not the nmonitor. Could have to do with power saving
(just a guess) or sonme other inconpatibility. Nothing the PC does should
affect the nmonitor in any way once the refresh rate is set.

12.10) Buzzing monitor

Do you actually mean buzz - |ow frequency as in 50 - 120 Hz? O,
do you really mean high pitched whine. |If the latter, see the section
"Hi gh pitched whine or squeal fromnonitor with no other synptons".

The size of the nmonitor is not a strong indicator of the severity of the
probl em but there will be sone relationship as the power |evels are higher for
| arger sets.

* |f it is frominside the nonitor - nake sure it is not your multinmedia
speakers or sound card picking up interference - it is in the deflection
(probably vertical) or power supply. Either of these can vary in severity
with picture content due to the differing current requirenments based on
brightness. It could be a power supply transformer, deflection yoke, or
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ot her magnetic conponent. Even ferrite beads have been caught buzzi ng when
no one was |ooking :-). Any of these parts could vibrate if not anchored
securely or as they | oosen up with age.

Sone hot-nelt glue, RTV silicone, or even a strategically wedged toothpick
may help. A new part may or may not quiet it down - the replacenment could
be worse! For yoke noise, see the section: "Reducing/elimnating yoke noise"

* There is a slight possibility that the AC power in your home or office has
some harmonic content - the waveformis not sinusoidal. This mght be the
case if you try to run on the same circuit as an active di mer or sonething
else with thyristor control. Proximty to heavy industry could al so cause
t hi s.

Rel ocating the offending device to another branch circuit may help. You
could also try a line conditioner (not just surge suppressor) which includes
filtering. Else, petition to have that paper manufacturer nove out of the
nei ghbor hood :-).

* Sonetimes, it is sinply a design or manufacturing defect and the only
alternative is a replacenment - possibly a different brand. It may be nore
difficult to quiet down a buzz than a high pitched whine.

* Sonme monitorss are sinply poorly designed. You cannot infer the severity of

t hi s annoyance from any specifications available to the consuner. It is
strictly a design (e.g. cost) issue. The size of the nmonitor is not a
strong indicator of the severity of the problembut there will be sone

rel ati onship as the power |evels are higher for larger units. The best you
can do is audition various nmonitors very carefully to find one that you are
satisfied with.

* One those rare nonitors that have a cooling fan, its bearings may be worn
or in need of cleaning and lubrication, or a blade may be hitting sonething.

12.11) High pitched whine or squeal from monitor with no
other symptoms

Sonetimes this is continuous. |In other cases, it comes and goes al npbst as
though there is an intelligence at work attenpting to drive you crazy. Al

the nore so since a technician may not even be able to hear what you are
conpl ai ni ng about if their hearing is not as sharp at high frequencies as
yours. Even high resolution conputer nmonitors running at high horizontal scan
rates (beyond human hearing) can have these problenms due to the swi tching
power supplies as well as subharnmonics of the horizontal scan rate exciting
mechani cal resonances in the magnetic conmponents.

If it is a new nonitor and think the sounds will drive you insane, returning
it for a refund or replacenent nay be best alternative. However, you nay get
used to it in tine.

Note: if the whine only occurs when the nmonitor is unplugged fromthe computer
or the conputer is turned off, this is probably normal. Wthout valid sync
signals the nmonitor defaults to a horizontal rate which is within the audible
range (less than 20 KHz). Any vibrating conmponents will be readily heard.

It is usually not a sign of inpending failure.

In nost cases, this sound, while annoying, does not indicate an inmpending
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failure (at least not to the nmonitor - perhaps to your mental health) or
signify anything about the expected reliability of the set though this is not
al ways the case. Intermttent or poor connections in the deflection or power
supply subsystenms can also result in sinmilar sounds. However, it is nore
likely that some part is just vibrating in response to a high frequency

el ectric current.

There are several parts inside the nonitor that can potentially make this
noi se - the horizontal flyback transforner and to a | esser extent, the
defl ecti on yoke and associ ated geonetry correction coils would be nmy first
candidates. |In addition, transformers or chokes in the swtching power
supply if this is distinct fromthe horizontal deflection circuitry.

You have several options before resorting to a 12 pound hamrer:

* As much as you would like to dunk the nonitor in sound deadeni ng insul ation
this should be avoided as it will interfere with with proper cooling.
However, the interior of the conputer desk/cabinet can be lined with
a non-fl ammabl e sound absorbing material, perhaps acoustic ceiling tiles.
Hopefully, not a lot of sound energy is coning fromthe front of the nonitor.

* Mbve the nonitor out of a corner if that is where it is |ocated - the corner
wi Il focus sound energy into the room

* Anyt hing soft |ike carpeting, drapes, etc. will do a good job of absorbing
sound energy in this band. Here is your justification for purchasing those
antique Persian rugs you always wanted for your conmputer room:-).

If you are desperate and want to check the inside of the nonitor:

* Using appropriate safety precautions, you can try proddi ng the various
suspect parts (flyback, deflection yoke, other transformers, ferrite beads)
with an insulated tool such as a dry wooden stick. Listen through a
cardboard tube to try to localizing the source. |If the sounds changes, you
know what part to go after. Sonetinmes a replacenent flyback wll
cure the problemunless it is a design flaw. You do not want to replace
t he yoke as convergence and ot her adjustnents woul d need to be perforned.

O her transformers can be replaced.

* Sonetimes, tightening some nmounting screws or wedging a toothpick between
the core and the nounting or coils will help. Coating the offending part
with sealer suitable for electronic equiprment may quiet it down but too much
may |l ead to overheating. A dab of hot-nelt glue or RTV silicone nmay help
Even repl acement is no guarantee as the new part may be worse. For yoke
noi se, see the section: "Reducing/elininating yoke noise".

* A few nmonitors have internal cooling fans. The whine may be due to worn or
dry bearings. |If this is the case, the fan must be serviced as it is not
likely doing it job and danage due to excessive tenperatures may eventual ly
be the result.

Note that the pitch of the whine - the frequency - may not even be audible

to a technician assigned to address your conplaint. The cutoff frequency

for our hearing drops as we get older. Sonmeone over 40 (men nore so than
worren), you may not be able to hear the whine at all (at |east you can | ook
forward to silence in the futurel). So, even sending the nonitor back for
repair may be hopeless if the technician cannot hear what you are conpl ai ni ng
about and you are not there to insist they get a second opinion!

12.12) Monitor whines in power saving (standby) mode
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(From Bob Myers (nyers@c. hp.com)).

In standby, the nonitor is not being supplied with horizontal sync, and

so the horizontal deflection circuits are free-running. (If they're stil
powered up in a given nonitor design when in standby node, that is; there
are no standards governing what actually gets shut down in the various
power-saving states.) |It's likely that in this case, the horizontal is
free-running at a frequency which is audible, and you're hearing a whine
froma vibrating transformer core (for exanple, the flyback). This will NOT
have anything to do with the tim ng used when the nmonitor is on and running
normally, so it's no surprise that changing the refresh rate didn't affect

t hi s.

You can either have a technician try to track down the offendi ng conmponent
and try to keep it from maki ng the noise (usually by adding some "goop" to
prevent or at |east reduce the audible effects of the vibration), or you
mght try (if your systempermts it) using one of the other power-nanagenent
states instead of standby. Renoving BOTH the horizontal and vertica

sync signals places the nonitor in the "off" condition (I'm assum ng
conpliance to the VESA DPMs standard throughout this discussion), in which
just about everything should be shut down. However, since this will renove
the heater supply fromthe CRT as well, it WLL take |onger to recover from
the of f state.

12.13) Reducing/eliminating yoke noise

(From Terry DeW ck (dew ckt @sper.com)

Carefully | ook under vertical core next to plastic liner, on top and bottomis
a plate called the astigmati smshunt, it has come | oose. Wrk RTV, epoxy, or
service cement onto it to glue it down and noi se should quit.

(From TVman (tvman@ewwave. net)).

| have fixed a total of 27 of these sets with noisy yokes by renoving the
yokes and using notor armature spray seal ant.

If you carefully mark the EXACT position of everything (yoke, purity magnets),
and slide the yoke off the CRT, then once the yoke has been sealed w th notor
armature spray seal ant and has dried thoroughly, put the yoke back EXACTLY
where it was, there should be no probl emns.

The only thing | have had to do was set the purity on one set, but it
was off a little to begin wth.

12.14) Monitor was rained on

Was the set plugged in when the |eak started? Any piece of equiprment with
renote power-on capability has some portions live at all times when plugged
in and so there may have been damage due to short circuits etc. Substantia
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damage coul d have al ready been done.

O herwi se, you may just need to give it nmore time to dry out. | have
had devices with keypads getting wet that required nmore than a week but
then were fine. There are all kinds of places for water to be trapped and

take a long tine to evaporate.

If the nmonitor got wet while unplugged or it has a mechanical (hard) on/off
switch, then give it a lot of tine to dry out conpletely. Assum ng al
visible water is drained, a week represents a mnimumsafe tine to wait.
Don't rush it.

General ly, some noisture will not do any permanent damage unl ess the
set was on in which case you will sinmply have to troubl eshoot it the
ol d-fashi oned way - one problemat a tine.

12.15) Monitor was dropped

If your work area is maintained |ike that of Nedrie in the nmovie "Jurassic
Park, you m ght not even notice if one your nonitors fell off the table!
This is no way to treat a nonitor.

However, m shaps do happen.

Assuming it survived nostly intact - the CRT didn't inplode, you could
still have a variety of problens. |mediately unplug the nonitor!

If you take it in for service, the estimte you get may make the nationa
debt | ook |ike pocket change in conparison. Attenpting to repair anything
t hat has been dropped is a very uncertain challenge - and since tine is
noney for a professional, spending an unknown anount of time on a single
repair is very risky. There is no harmis getting an estimte (though
many shops charge for just agreeing that what you are hol di ng was once

a - say - a nonitor, or was it a fishtank?)

This doesn't mean you should not tackle it yourself. There may be
not hi ng wong or very minor problens that can easily be remedied. The
following are likely possibilities:

1. Cracked circuit boards. These can be repaired since nonitors usually have
fairly wi de open single or two sided boards.

2. Broken circuit conponents. These will need to be repl aced.

3. Broken sol der connections particularly to | arge heavy conponents
on single sided boards. Reflow the solder. |If the trace is cracked
or lifted, repair as in (1).

4. Broken mounting brackets. These are usually nade of cheap plastic
and often don't survive very well. Be creative. Obtaining an
exact replacement is probably not worth the trouble and expense.

5. Components knocked out of line on the CRT envel ope or neck - deflection
yoke, purity magnets, convergence nmagnets and coils, geometry correction
magnets. These will need to be reattached and/or realigned. Some CRTs use
little magnets glued to the funnel portion of the CRT envel ope. |If any
of these have cone loose, it could be quite a treat to figure out where
they went and in what orientation.
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6. Internal damage to the CRT - popped or distorted shadow nask, m saligned
el ectron guns. Unfortunately, you will probably have no way of
identifying these since you cannot see inside the CRT. They will not
be apparent until all other faults have been renedied and the TV set
is conpletely realigned. At that point, extrenely severe purity or
convergence problems that do not respond to the nornmal adjustnent
procedure woul d be one indication of internal damage. G ve the TV a
ni ce funeral

If you still want to tackle a restoration

As noted, unplug the nonitor even if it |ooks fine. Until you do a thorough
internal inspection, there is no telling what may have been knocked

out of whack or broken. Electrical parts may be shorting due to a broken
circuit board or one that has just popped free. Don't be tenpted

to apply power even if there are no obvious signs of damage - turning

it on may bl ow sonmething due to a shorting circuit board.

Then, inspect the exterior for cracking, chipping, or dents. |In addition
to identifying cosnmetic problens, this will help to |l ocate possible areas to
check for internal damage once the covers are renoved

Next, renove the cover. Confirmthat the main filter capacitors are

fully di scharged before touching anything. Check for mechanical problens
like a bent or deformed brackets, cracked plastic parts, and anything that
may have shifted position or junped fromits nmountings. Inspect for |oose
parts or pieces of parts - save themall as sone critical magnets, for
exanpl e, are just glued to the CRT and may have popped off.

Carefully straighten any bent netal parts. Replace parts that were

knocked | oose, glue and possibly reinforce cracked or broken plastic.
Plastics, in particular, are troubl esome because nost glues - even plastic
cenent - do not work very well. Using a splint (nedical term) or sistering
(construction term) to reinforce a broken plastic part is often a good
idea. Use multiple layers of Duco Cement or clear w ndshield sealer

and screws (sheetnetal or machine screws nmay be best depending on the

t hi ckness and type of plastic). Wod glue and Epoxy do not work wel

on plastic. Sone brands of superglue, PVC pipe cement, or plastic hobby
cenent may work depending on the type of plastic.

I nspect for any broken el ectronic conmponents - these will need to be replaced.
Check for blown fuses - the initial inmpact may have shorted sonething
nmonentarily which then bl ew a fuse.

There is always a risk that the initial inpact has already fried electronic
parts as a result of a nomentary short or from broken circuit traces and
there will still be problens even after repairing the visible danage and/or
repl aci ng the broken conponents. This is nost likely if the nonitor was
actually on but some nodern nonitors have circuitry that is energized at

all times. (If power is controlled by a tiny tiny pushbutton this is the
case.)

Exam ne the circuit boards for any visible breaks or cracks. These wll
be especially likely at the corners where the stress may have been greatest.

If you find **any** cracks, no matter how small in the circuit board, you

will need to carefully inspect to determine if any circuit traces run

across these cracks. |If they do, then there are certainly breaks in

the circuitry which will need to be repaired. Circuit boards in consuner

equi prent are al nost never nore than two layers so repair is possible but

i f any substantial nunber of traces are broken, it will take time and patience.
Do not just run over themw th solder as this will not last. Use a fine

ti pped | ow wattage soldering iron and run #22-26 gauge insulated wres
bet ween conveni ent endpoints - these don't need to be directly on either
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side of the break. Double check each connection after soldering for correct
wiring and that there are no shorts before proceeding to the next.

If the circuit board is beyond hope or you do not feel you would be able
torepair it in finite time, replacenments may be avail able but their cost

is likely to be nore than the equipnment is worth. Locating a junk unit of the
same nodel to cannibalize for parts may be a nore realistic option

Degauss the nmonitor as any inpact nay magnetize the CRT. Power cycling may
wor k but a manual degaussing is best.

Once all visible damage has been repaired and broken parts have been repl aced,
power it up and see what happens. Be prepared to pull the plug if there
are serious problens (billow ng snoke or fireworks would qualify).

Perform any purity, convergence, or other realignnment as needed.

Then proceed to address any renmi ning problens one at a time.

12.16) Really cleaning a monitor inside and out

(From Dr. Ludwi g Steininger (drsteininger@-online.de)).

Oten | get defective nmonitors, which are nore than 5 years old, and have been
run in offices for 8 to 10 hours/day. So, their case and pcbs usually are very
dirty and dusty.

VWhat do | do (it's no jokel): After renoving the case | carefully put themin
a bath (on a flexible layer) and |l et them have a intensive shower of pure cold
water (for 1 to 2 minutes). Additionally, the case is cleaned with soap or a
detergent containing liquid (being careful, not to spill to much of it onto
the PCBs). After rinsing with fresh clear water, dust and other kinds of dirt
are renoved and the nonitors | ook new again. Then |I allow all drops of water
to run off. This can effectively be supported by turning the nonitor on
another side fromtine to tine (duration: approxinmately 1 hour). Before
turning on AC again, | let the wet nonitor dry in anbient air for about 2 days
(in the sunshine this can be finished in 1 day only).

This procedure has been applied for many nmonitors. |'ve never had any bad
experiences (it's very inmportant to wait, until the pcbs are really dry!).
Considering this experience, | just can't imagine, that it m ght not be

possi ble, to "save" a TV set or conputer nonitor, which has been drowned or
some |iquid has been spilled, and AC has been plugged of f ASAP (although |'ve
never had such a case). | think, that in such a case, it's inportant to have a
rapi d shower in order to prevent corrosion and deposits.

By the way: | know a German conpany, which uses water from cl eaning PCBs of
conput er hardware for cleaning them after being contam nated by snmoke from
afire.

So, in case of spillage, one has nothing to | oose. Just try to shower your
nonitor or TV set!

12.17) Setup menus will not go away or hieroglyphics on
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screen

Both these problens could be caused by a faulty microcontroller or
its associated circuitry. However, bad connections in the vicinity
of the controller logic could also be at fault.

Unl ess you see sonet hing obvious, you will need schemati cs.

12.18) Setup Adjustments Lost

Many nodern nmonitors have RAM sonewhat |ike the CMOS SETUP nenory in your PC
that store all factory adjustments. \Wen power is lost, there is power

surge, lightning strike nearby, nuclear detonation or EMP, it may

have put bad information into the ramand thrown it out of adjustnent. There
is away to get into the service node (depress and hold a secret button

down and turn set on, special conbination of buttons on the rennte, etc.)

and then use the renote to reinitialize and adjust the problens out.

HOAEVER, |F YOU DON T KNOW VWHAT YOU DO NG YOU COULD G VE YOURSELF WORSE
PROBLEMS. YOU COULD EVEN BLOW THI NGS OQUT W TH SOVE MONI TORS

The service manual will be essential to have any chance of successfully
reinitializing everything w thout causing danage due to incorrect settings.

If it's not an adjustnent problemyou probably have a bad part - sonmewhere.

If you do manage to get into the setup nenu and are willing to take the
risk without service information, try not to make any unnecessary changes
and docunment every change you make!!! That way you can go back if you do

anyt hi ng wong (hopefully).

12.19) Monitor doesn't work after being in storage

So the nonitor you carefully stuffed in a corner of the garage is nowtotally
dead. You swear it was working perfectly a year ago and just have to get
that state-of-the-art Commodore 64 up and runni ng!

Assumi ng there was absolutely no action when you turned it on, this has

all the classic synmptons of a bad connection. These could be col d/cracked

sol der joints at l|arge conponents like transformers, power resistors, or
connectors and connectors that need to be cleaned or reseated. By 'no action'
| mean not even a tweet, bleep, or crackle from anyt hing.

To narrow it down further, if careful prodding with a well insulated stick
does not induce the set to conme on, check the follow ng:

1. Locate the horizontal output transistor. It will be in a TO3 netal
(rmost likely on an ol der set) or TOP3 plastic package on a heat sink.
Wth power off, neasure collector to emitter with an ohnmeter - in at |east

one direction it should be fairly high - 1K or nore. Then clip a voltneter
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on the 250 V DC or higher scale across C-E and plug in and turn on the set.
Make sure it is well insulated.

* |f the problemis in the |ow voltage (line) power supply, there will
be no substantial voltage across CE

You should be able to trace fromthe power line forward to find the bad
part though a schematic will help greatly.

* |f the problemis in the startup circuit or horizontal oscillator/driver
then there will be something on the order of 100-160 V across CE

In this case, a schematic may be essenti al

Note: don't assume that the netal parts of the chassis are ground - they
may be floating at sone |ine potential

There is also a slight chance that there is a | ow vol tage regul ator

in addition to the horizontal output, so don't get them confused. The
hori zontal output transistor will be near the flyback transformer and
yoke connector.

12.20) Cheap monitors with multiple intermittent
problems

If the nonitor is a non-nane or the conpany has since gone belly up (no
surprise, right?) you nay have a nmonitor with one of those circuit boards
best described as bad solder joints held together with a little copper

In this case, prodding with an insulated stick and the use of a few sel ect

4 letter words may get it going. The circuit boards may be double sided with
what were called 'rivlets' for vias. The rivliets were relatively nassive -
literally little copper rivets - and they were not adequately heated or
tinned during assenbly so there were bucketl oads of cold solder joints

that show up during mddle age. | repaired one of these by literally
resol dering top and bottom of every one of the darn things with a high
wattage iron. O, the soldering just may be plain, well, horrible. Carefully

goi ng over every connection is the only solution. Sonetines, renoving the
sol der from suspect joints, cleaning both the conponent |ead and trace, and
then resoldering will be needed if corrosion has set in.

12.21) Monitor has burning smell

Assuming there are no other synptons:

If this appears after extended operation - an hour or nore - it may
just be a build up of dust, dirt, and grine over the years. After
under st andi ng the safety info, some careful vacuum ng inside may help
Just don't be tenpted to turn any screws or adjustnents!

Dust is attracted to the high voltage section in particular - even the

front faceplate of the CRT collects a ot and should be wi ped with a danp
cloth fromtime to tine.
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If the synptons develop quickly - in a few m nutes or |less, then there
could still be a dust problem- a power resistor may be heating a wad of
it but other possibilities need to be considered.

I f not dust, then probably in the power supply but realize that TVs don't
have a nice nmetal case |abeled 'power supply'. It is just a bunch of stuff
scattered around the main board. Wthout identifying the part that is
heating, a diagnosis is tough especially if the set really does

work fine otherwi se. However, if a series regulator were faulty and putting
out too much voltage, the set could appear to work properly but in fact

have excessive power dissipation in certain conponents. |If cleaning the dust
does not solve the problem you will probably need a schematic to identify
the correct voltages.

12.22) Static discharge noise and picture tube quality

This question came up with respect to a |arge screen TV but may apply to large
screen monitors as wel |

"I bought a 29" TV a couple of weeks ago and | have noticed that after being
swi tched on for > about 15/20 ninutes, whenever the picture changes froma
“"light" scene to a darker scene, the set nakes a crackling noise. It sounds
as though there has been a build-up of static and it is being discharged. |
have never noticed this in a TV before and | was wondering if this is nornal
and acceptabl e behaviour for a |arge-screen TV?"

It probably is normal. \Whether it is acceptable is a personal matter. In
some geographic areas no counterneasures are taken at all..

VWen the scene changes frombright to dark, the beamcurrent is reduced to
practically zero. As a result, the high voltage rises. (The high voltage
supply has a relatively high internal inpedance.) The high voltage is
connected to the inside |layer of the picture tube. A voltage change on the
inside will also cause a voltage change on uncovered parts of the outside,
especially on the part of the picture tube that is hidden under the deflection
coils. This causes little sparks between the picture tube surface and the

i nside of the deflection coils and this is acconpani ed by a crackling sound.

On the better picture tubes, a dark "anti-crackle coating" is painted on the
picture tube near the deflection coil. This is a very high inpedance coati ng,
dark bl ack, nmuch darker than the usual aquadag coating over the rest of the

pi cture tube. You should be able to see the difference.

If, on the other hand, the outside of the picture tube near the deflection
coil is not coated then you have a problem Then you will hear strong
crackling also at switch-on and switch-off. Normally you shouldn't see such a
'cheap' picture tube on the European market. .

The area of the picture tube around the anode connector is al so not coated,
for obvious reasons. Normally that should not cause any significant

sound. Sane goes for the front of the screen and neither should the anode
cabl e crackl e.

In a dark roomyou should be able to see fromthe tiny blue flashes where the

sound comes from This is perhaps best observed at switch-on and swi tch-off
(with a black picture on the screen). Try and keep the back cover nounted
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12.23) Loudspeakers and monitors

Loudspeakers incorporate powerful nagnets - the |larger the speaker, the
| arger the magnet. However, anyone who goes ballistic when the mention
is made of a | oudspeaker near a TV or nmonitor, should take their Valium

The fringe fields outside the speaker box will not be that great. They

may affect the picture perhaps to the point of requiring degauss. The
normal degauss activated at power-on will usually clear up any color purity
probl ems (assuming the | oudspeakers have been noved away). At worst, nanual
degauss will be needed. The CRT will not be damaged. The naxi mum

field - inaccessible at the voice coil - 1is quite strong. However, even

for non-shiel ded | oudspeakers, the nagnetic field decays rapidly with
di stance especially since the core structure is designed to concentrate
as much of the field as possible in the gap where the voice coil travels.

Speakers specifically designed for use with multimedi a conputers have

(or shoul d have) specially shielded nagnet structures which will ninimze
these effects. However, if you see any indication of discoloration, nove
themto a greater distance

However, keeping unshielded (e.g., nmegawatt stereo) speakers away from
CRTs is a good idea.

Now, you really should keep your superconducting nagnetic resonance i mager
magnet at |east in the next room....

12.24) Should I replace all the electrolytic capacitors if |
find a bad one?

When a bad capacitor is found in a nonitor, the question of course arises
as to the likelihood of other capacitors going bad in short order

It m ght be worth checking (other) caps in the power supply or hot
(tenmperature) areas but you could spend you whole life replacing **all**
the electrolytics in your ol der equi pnent!

12.25) Black powder being generated inside monitor?

You have just noticed a black powder spontaneously appearing frominside
your conputer nmonitor. What is it? The nonitor seems happy as a clam

Well, it is probably just air-born dust that is collecting there due to

the air flowin your area and high voltage static fields. The nonitor is
acting like an electrostatic dust precipitator. |If there were really black
powder being generated inside, | would expect you would snell somnething
really really bad and the nonitor would not continue to be happy.
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12.26) Sweet little old ladies and TVs from attic

The following story is specifically for a TV but the same applies to any
el ectronic servicing. Always confirmthe customer's conplaints first!!

Then verify that everything el se works or you will never know if your
efforts have affected sonething unrel ated.

(Original request fromrogerj @pex.com:

>A sweet little old | ady has duped ne into repairing her old GE. 13" color
>TV. Wanted ne fix bad volunme pot..... "oh it has such a good picture"..
>she says.

>Stupidly w o even turning it on, (big mstake) | begin to open the set.
>After 15-20 min. of travail, | discover that a previous "repairmn" has gl ued
>t he case shut!

>Now w/ set open, | turn it on and this picture is LOUSY. Bad col or, and very
>poor convergence. But | don't knowif |I'mto blame for banging it around
>trying to open it up. Also, no hor. or vert. hold. (fixed that wa few caps)
>Thi s things probably been sitting around for a few years.

Well, you certainly did not kill the caps. Anything that sits for a few
years - probably in a danp unheated attic - is suspect.

Did you find the adjustnents on the yoke assenbly tight? |If so, you probably
did not nmove anything very much either. She may renenber the good picture
it produced before being stuffed away in the attic.

> Anyway after going through all the adjustnents, the convergence at the sides
> jis still bad and the horizontal size is a tad insufficient (w no adjustnent
> avail abl e)

Coul d be that the convergence (including pincushion) circuits are stil
faulty - not just msadjusted.

O her things that can effect horizontal size while still giving you a conplete

pi cture:

1. Voltage to horizontal output transistor low. Is there a voltage regulator
in your set? The one | have has none. | assune your line voltage is ok

2. Increased resistance or inductance of the yoke w ndings. For al
you know, the yoke may have been replaced with the wong part.

3. Yoke inproperly positioned on tube neck
4. Excessive high Voltage. This is usually not adjustable.

| bet the thing hasn't worked properly in 10 years.

12.27) Disposing of dead monitors (CRTs and charged
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HV capacitors)

| don't know what the |aw says, but for safety, here is my reconmrendation

Treat the CRT with respect - the inplosion hazard shoul d not be m nim zed.
A large CRT will have over 10 tons of air pressure attenpting to crush it.
Wear eye protection whenever dealing with the CRT. Handle the CRT by the
front - not the neck or thin funnel shaped envelope. Don't just toss it

in the garbage - it is a significant hazard. The vacuum can be safely

rel eased (Let out? Sucked in? What does one do with an unwanted vacuunf)
wi t hout spectacul ar effects by breaking the glass seal in the center of the
CRT socket (may be hidden by the indexing plastic of the socket). Cover the
entire CRT with a heavy bl anket when doing this for additional protection
Once the vacuumis gone, it is just a big glass bottle though there may be
some noderately hazardous materials in the phosphor coatings and of course,
t he gl ass and shadow mask will have many sharp edges if it is broken.

In addition, there could be a nice surprise awaiting anyone disconnecting the
hi gh voltage wire - that CRT capacitance can hold a charge for quite a while.
Since it is being scrapped, a screwdriver under the suction cap HV connector
shoul d suffice.

The main power supply filter caps should have di scharged on their own
after any reasonable length of tine (measured in terns of minutes, not
days or years).

O course around here, TVs and nmonitors (well, w shful thinking as |
have yet to see a decent nmonitor on the curb) are just tossed intact
which is fortunate for scavengers |like me who would not be happy at
all with pre-safed equiprment of this type!

12.28) Apple/Sony monitor dies after variable length of
time

The foll owi ng discussion relates to failures of the X-ray protection tap
on a Sony part affectionately known as the 'big red cap' or the HSTAT
bl ock in some Sony manufactured nonitors.

"This is a (Apple) Sony 13" nonitor, 4 years old. After being turned on
for 30 m nutes, the display goes conpletely blank and the front LED goes

off. If the power is shut off for 10 minutes or so, it will come back on
for another 15 minutes or so, then go blank again, etc. The +120v and
+65v fromthe power nodule is still present when it blanks out, but no

ot her voltages (+12, +960, etc) are present on the main circuit board.
|'ve been told it mght be the HV capacitor is bad; would |ike to hear a
2nd or 3rd opinion before buying a new capacitor."

That is the sane diagnosis a friend of mne got for her nonitor with that
identical problem Replacing the capacitor did fix the problem

That 'big red capacitor' is a Sony part which includes sonme kind of |ow
vol t age sense connection as well. It is used to shut the nmonitor or TV
down should the HV increase resulting in increased risk of X-ray generation.
Unfortunately, the resistors inside often go bad causing the unit to shut
of f erroneously. The guy at the place where she got it repaired said that
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the capacitor is one of the nost conmmon problens with those nonitors. $70
for the part + $50 for |abor, ouch

These used to be only available from Sony. Wy can't Sony design nonitors

i ke everyone else? Sure, | know, theirs are better (well, except for the

unsightly stabilizing wires on Trinitrons!). Now, however, |ess expensive
repl acements can be had at places |ike Computer Conponent Source.

For testing, it may be possible to disconnect the sense output. Wth shutdown
di sabl ed, the nmonitor should continue to run BUT WTH NO X- RAY PROTECTI ON
Therefore, this should only be used for testing - a replacenment will be
required.

Note: On some nodels, the sense wires need to be connected during startup
or else it will never conme on.

CAUTI ON: On sore nodels (like the Sony CPD1302), the sense signal may be used
for actual HV regulation. Thus, if the sense wire is disconnected, (or the
di vider inside the Hstat block fails open) there is no feedback and it is
possi bl e for the high voltage (and probably B+) to increase until the HOT
(and possi bl e other conponents) bl ow.

(From Duke Beattie (beattie@wsu.edu)).

The | ow vol tage connection of the '"big red cap' is part of the "X-ray
protection” circuit. |f the high voltage to the crt goes to high it is
supposed to shut down the whole thing. Unfortunately the sensor inside

goes bad and puts out the wong voltage and that shuts down the world.

The part is available at "Conmputer Conponent Source" for about $30, it is

a "M41" (Sony/ Apple part nunber" These things go out with great regularity.
So if your Apple nonitor shuts down this is probably the culprit.

(From A R Duell (ardl2@ng.cam ac. uk)).

On some of the older Trinitrons (certainly on the 13" Trinitron nonitor
| have), the HSTAT pot is connected as a potential divider on the EHT
supply. The slider of the pot is connected to the static convergence

el ectrode, but a tap on the lower end of the pot goes to the protection
circuit. Sonething like this:

Static Conv El ectrode

o]
I
\Y
EHT--------- JAVAYA TR (WAVATEEE SIE W W A R +
I I
0 _l_
Pr ot ecti on 111

If the EHT rises too high, then the voltage at the protection point also
rises, and a shutdown signal is sent to the scan processor

Al'l those resistors are encapsulated in the HSTAT bl ock which has an EHT

i nput fromthe flyback, a Coaxial EHT output (EHT and Hstat el ectrode) to the
CRT, an earth wire, and a 2 core cable (earth and Protection) that goes

to the scan board.

Unfortunately, if those resistors change in value, then the protection
circuit may operate even at the normal EHT voltage. And as they're al

potted in one bl ock, you have to change the conplete unit.

(From Neil brown (nbrown@hispa.co.nz)).

VWhen your monitor works do you see faint diagonal white line on it?
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If so the cutoff need adjusting and it will cause the synptons you
descri be exactly, If it doesn't come on after a "rest" then yes it may be a
bad cap but | have realigned a lot nore than | have replaced HV caps!

Al so on the adjustnment board there is a resister that goes and pushes the
cutoff up high, fromnmenory it is a 1 Mresister and it drifts up high

12.29) More on the Apple/Sony 'big red capacitor thing’

(From Terry L. Wight (terryl @wlfenet.con)).

The big red thing has been called a capacitor, a voltage tripler and a

di ode assenbly not to nention other less polite names. It is in fact at
the root of the failure in this nonitor but does not necessarily need to be
replaced. You will find a |l ow voltage shielded wire comes fromthe red

bl ock. It goes to a four lead jack and plug which connects to the main
board. The two pins that the shielded cable goes to are nmarked ground and
Href, short for high voltage reference. |If these two pins are shorted
together the unit will no longer shut off by itself.

Wy does this work? Because the red bl ock contains a voltage divider, the
out put of which tells the main board if the 25 Kilovolt supply to the crt
goes too high. When the red block ages the relative values of the interna
resi stors changes and the bl ock output increases. The main board
interprets this as excessive high voltage and shuts the horizontal output
down to protect the circuit and ostensibly to protect from Xrays. By
shorting the output you can force the nmain board to assune that the voltage
is not too high. Note that you have al so di sabled any protection that the
circuit may have provided from Xrays or high voltages. Personally | do not
care about this as | have never seen this nonitor fail in any way to cause
excessi ve second anode vol t age.

Editor's note: failure (open) of a snubber capacitor across the HOT is one
failure that can result in excess high voltage. Thus, | would consider this
a tenporary 'for testing' solution unless you add sone ot her mechani sm for
detecting excess high voltage. First confirmw th a high voltage probe that
the nonitor isn't shutting down properly - due to excess high voltage! In
addition, the original problemmy get worse and eventually affect the
convergence and other functions of the Hstat unit. --- sam

(From David J. Pittella (ddc_pitt@ x.netcomcon)).
| spent 8 years working for a very |large Apple authorized service provider

The original 13" Mddel MO 401 (not the MMXO1LL/B) actually had a bad run of

t hese hi gh voltage capacitors. Apple did have a warranty extension on specific
dat e ranges of these parts, | would doubt this is still in effect ... but you
coul d check.

The 'big red" high voltage capacitor is Apple P/N 910-0058, it is nmounted
to the bottomof the chassis on this display. This part connects between
the flyback and the anode connector on the CRT, there is also small grey
cable fromthis device to the "D' (main) board.

The "C'" board (on the neck of the crt) is notorious for cold solder joints

on the CRT connector. | would always resol der these whenever | worked on
this display.
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12.30) CTX monitor intermittent or blows fuse

Initial synptons are erratic startup or shutdown sensitive to tenperature
or vibration. Eventually, the nmonitor will go totally dead if the origina
probl enms are not dealt with.

Look for a vertically nmounted daughterboard. This board contains an IC
UT3842 which is the pulse width nodul ator 1 C for the switcher supply. ECG
makes a repl acenent although | don't have the nunber handy. Make sure

you check associated parts on this card for damage, as this circuit
usually fries pretty well

The entire cause of these problens is generally bad solder joints on the
back side of that daughter board. Unsolder it fromthe main board, and fix
those first. \Were a connector is used (P104) resolder this as well. Then
repl ace QL01, the 18 V zener next to it (ZD101), and the .39 ohmresistor if
necessary. Note: The zener is for protection only. Therefore its exact
voltage rating is not critical - anything over about 6 V will work.

(From Keith Scott (kscott@ews. H WAAY. net)).

Exactly! Every 14 or 15" CTX |'ve worked on had the MOSFET, zener and the
| ow ohm resistor toasted. BTW they use the | ow ohmresistor as a fuse to
keep them catching on fire when the other stuff shorts out.

(Fromthe editor).

Once the fuse bl ows, several parts have gone belly-up and will need to be
replaced in addition to the soldering of the daughter board.

(From Bill Rothanburg (w lliamrothanburg@worldnet.att.net)).

Repl acing the fuse will not fix the nonitor. The odds are rather overwhel m ng
that you have been bit by the infanmous CTX 'daughter board with bad sol der
joint' flaw. |If you have the ability to handle a soldering iron, order the
repair kit from CCS (1-800-356-1227). This will contain all of the parts

and instructions on fixing this problem | MPORTANT!!! Renove the daughter
board, resolder all of the joints on the connector, and reinstall the daughter
boar d.

CCS sells a kit for $13.99, includes 2SK955, 1N5248 18V zener, .39 R and
fuse. #07-1512 800 356-1227 They al so warn of sol der breaks on plug
of daughter board. The service manual is available from CTX for $15,

800 888-2120 (conpared to $50 from CCS!!).

12.31) Gateway Crystalscan CS1572 jiggling

"I have a Gateway CS1572 FS nonitor. Recently, a high pitched whine
acconpani ed by faint dark lines scrolling fromtop to bottom appeared.
Initially the probl em di sappeared after a warmup period, but nowit is
constant. Can anyone give me info on: solving sinilar problem or a
source for schematics on this type of nobnitor. Gateway wants me to send
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it to MAG but that sounds |ike big $$%."
O her related synptons: Wggling raster, possibly only at higher scan rates.
R331 is a comon failure in the power supplies of Gateway CS1572 nonitors.

It is supposed to be 91K. 1 Whbut gradually increases in value until regulation
is conpromised. While it is marked 1% hand selecting a 5% netal filmresistor
that is within tolerance will work fine and even this may not be needed as

the voltage adjustnment pot is in series with R331. Therefore, if you have

t he adjustnment procedure, a 1% resistor is unnecessary in any case. Then
adjust the B+ to the val ue marked.

Note: It is probably a good idea to replace R331 for these synptons even if
it tests good. |In sone cases, it would appear that these resistors fail at
full voltage but not when tested with a nultineter.

I f synptoms persist, check zD302 (12.2 V?).

VWile you are in there, check for bad sol der connections or damage to R302
and QLO5 (swivel base hits these).

Chapter 13) Items of Interest

13.1) How do multiscan monitors determine and store the
scan parameters?

Wth modern SVGA multiscan nonitors, once a particular resolution and scan
rate is set up, there is rarely a need to readjust size, position, and other
paranmeters. How is this acconplished?

(From Bob Myers (nyers@c. hp.com)).

It's different for different designs, of course, but in general today's
"digitally controlled nonitors recognize various timng nodes by counting
the horizontal and vertical sync pulses to deternmine the line scan and
vertical refresh rates. Any input within a certain tol erance of a recognized
pair of frequencies here is assunmed to be that timng, and a set of stored
nunbers corresponding to that timng are then read froma menory and used

to set up the adjustments. |In nost of these nonitors, the various adjustable
paranmeters - size, centering, etc., - are controlled by voltages com ng from
a set of D/A converters, so the stored information is basically just a table
of numbers that get sent to the D/As when that tinmng is recognized.

The nunber of both factory and user presets available varies from product

to product, of course, but there's usually sonmewhere between 8-15 of each
The exact nunber is going to depend on how nuch nenory is avail able, and how
many di fferent parameters need to be controlled for each recognized timng

Unl ess the output of the graphics controller is an exact match for the
timng used at the factory when the preset information was generated, there
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may still be slight errors, for obvious reasons. Fortunately, the w despread
acceptance of timing standards (such as those produced by VESA) are
reduci ng the severity of this problem

13.2) Monitor reliability with SVGA

There are parts in the nmonitor which may get hotter with SVGA but if it is
designed for SVGA resolution, there should be no problem (assum ng you are
not running in an excessively hot roomor with the ventilation holes covered).

A good quality auto-scan nmonitor should not mnd sw tching screen resol utions
frequently (though doing it every few seconds continuously may stretch this
a bit).

Newer auto-scan nonitors should al so be smart enough not to blow up if
you feed then a scan rate which exceeds their capabilities. However
there are a |l ot of poorly designed nonitors out there.

If it is supposed to run SVGA, use it at SVGA. If it blows up,
switch to a different brand. There are a |ot of crappy nonitors being
sold on their own and bundled with PCs.

13.3) How high arefresh rate should | use?

It is the vertical refresh rate that inpacts display appearance. The visua
effect of too low a vertical scan rate is excessive flicker

Up to a point, higher is better. Everyone agrees that appearance inproves

up to at least 70-75 Hz (vertical) non-interlaced but beyond this point is a
hotly debated issue (and a topic for a never ending di scussion on your
favorite Internet newsgroup). The use of interlaced scanning can reduce
apparent flicker for a given scan rate for typical gray scale or color imges
but may result in annoying flickering or junping of fine horizontal lines in
graphi cs and text displays.

In any case, you must not exceed the nmaxi mum scan rate specs of your nonitor
and very high refresh rates nmay result in decreased graphics perfornmance
particularly with DRAM based video cards due to bus contention between the
PC menory accesses and the video readout to the RANMDAC.

13.4) Number of colors and monitor type

"l have a CTX CVP-5468 that will not do nmore than 16 colors in w ndows. |t
is being driven by an Orchid Kelvin 64 VLB board, but had the sanme probl em
with an ATl card. When using it in |inux under x-w ndows the sane thing and
nore than vga and it goes blurry and very pixel ated."
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It is really not possible for this to be a nonitor problemas the signals
are analog - continuous - the nonitor displays whatever it is given and

does not even know the col or depth except to the extent that cards are often
set up via software to use different scan rates for different col or depths
(bits/pixel) often due to hardware nmenory/bandwi dth |imtations.

For the ATI in particular, | know that you can use ATlI's DOS Install program
to set it up for each resolution and node - try this. | bet your nonitor
is fine.

13.5) Monitors, humans, and flicker

(From Bob Myers (nyers@c. hp.com)).

The flicker-fusion frequency for em ssive displays such as

CRTs cannot be given as a single nunber applicable to all people, al
di spl ays, and all anmbient conditions. It is dependent on the
particul ar individual, the size and brightness of the display (and
the characteristics of the phosphor, if a CRT), the view ng distance,
and the anbient |ighting conditions.

For a typical color CRT conputer nonitor, at typical brightness |levels

and viewi ng di stances, the inage will appear "flicker free" to 90%

of the population by the time the refresh rate has reached the upper

70 Hz range; into the low 80 Hz range, and you cover 95% of the popul ation
G ven the statistics, there are probably a few people who could stil

see flicker by the time you got above 90 Hz, but there sure aren't

many of 'em

The effects of the screen refresh rate on perceived notion have nore
to do with the relationship between that rate and the ORI G NAL sanpling

rate (i.e., ~60 Hz for standard video), and higher refresh rates are
definitely NOT always better in this regard. Depends on the artifact in
qguesti on.

13.6) Is fluorescent lighting a significant source of
flicker?

(From Bob Myers (nyers@c. hp.com)).

Actually, this is a myth. Anmbient light flicker is at best a second-order
effect in determ ning perceived flicker levels, and then only through

nodul ating the display's contrast ratio. (Anbient light flicker isn't

even considered in the flicker calculations of the various ergononic standards,
al t hough the ambient |ight *level* is a concern.)

The notion that fluorescent |anps flicker and that this somehow produces
a "beat" with the screen refresh is sinple to disprove. First, if this
were so, 75 Hz screen refresh would appear WORSE than 60 Hz, since it's

farther removed fromthe Iine rate. In reality, the reverse is true - and if
you REALLY want to nmaxim ze perceived flicker, turn OFF all the lights. The
di splay will then appear to flicker MJCH worse, as one determ ning factor
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in flicker is the APPARENT bri ghtness of the screen (how bright the screen
isinrelation to its surroundings). Lastly, people don't realize that
fluorescents DON' T flicker at the line rate; being essentially plasm

di spl ays wherein the plasna enissions exicte a phosphor, these tubes flicker
at TWCE the line rate - too high to be perceived. Fluorescents show a
flickering appearance when they're failing, but that's a different

kettle of fish altogether

(Al'so note that a | arge percentage of fluorescent lighting these days uses

el ectronic rather than magnetic ballasts. Mst of these do not suffer from
significant power line flicker (100/120 Hz) flicker as they are driven

at 10s of KHz by what are essentially sw tching power supplies. Any variation
inintensity is at too high a frequency to matter. This is true of npst
conpact fluorescent |anps, many cheap fixtures, as well as large (newer)
office installations or retrofits. --- sanm

13.7) Interlaced vs. non-interlaced monitors

The difference between interlaced and non-interlaced displays is in the
video timng. Nearly all nonitors can handle either. NMonitors are
specified as non-interlaced because for a given screen resolution and
vertical refresh rate, this is the tougher (higher) horizontal (H) scan

rate and it is desirable to mininmze flicker in a graphical display (Fine
hori zontal lines will tend to flicker on an interlaced display). The H scan
rate is double the interlaced H scan rate since all scan |lines rather than
just the even or odd lines are being displayed for every vertical scan

13.8) Digital versus analog controls on monitors and
picture quality

"Coul d soneone tell ne if there's a noticeable difference in picture quality
bet ween anal og and digital nmonitors? |Is digital worth the extra noney?"

There is no inherent reason for a digital nmonitor to have a better picture but

as a practical matter, | would expect this to be the case in the vast npjority
of monitors - especially nodels fromthe sane nanufacturer. The digita
nonitors will be the ones that the designers concentrate on. Digital controls

(both those you can access and those used only during setup at the tinme of
manuf acturing or servicing) permt nore flexibility in setting paranmeters and
aut omat ed nore consi stent adjustnments on the assenbly line (at least this is
possi bl e in principle).

For the average not terribly fussy PC user, the major difference is in the
conveni ence of not having to adjust size and position whenever the scan
rate changes. In ny opinion, while the price difference between nonitors
havi ng analog or digital controls but with the sane screen size, resolution,
and scan range specifications my seem excessive, the added conveni ence of
digital controls and scan rate paraneter nenory nmakes the added cost wel

wor t hwhi | e.
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13.9) Should | be concerned about very frequent scan
rate switching

This question arises in a PC software devel opnent environment where the
programmer needs to go back and forth between a Wndows display and
a DOS debugger, for exanple.

Oobvi ously, wi thout knowi ng the precise design of your nonitor, there can

be no definitive answer. It is true that sone older nmonitors bl ew up

if you | ooked at themthe wong way. Newer nonitors fromwell known

manuf acturers |ike Nokia, NEC, and many others are designed with a noderate
amount of scan switching in nmnd. However this is stressful for the nonitor's
power supply and deflection circuitry. | would suggest that you use a

dedi cat ed nono nonitor for debugging if you really are switching multiple tines
per minute. |If you cannot afford the space, you can probably assune that

if the first few days of this kind of treatnment have not induced a failure,
the nonitor is robust enough to withstand it indefinitely. |If you really

are switching many times per minute 8 hours or nore a day, then what may

wear out are the internal relays (the clicks you hear are fromthese).

You are still tal king about years, however. They are rated in 100s of

t housands or mllions of operations when used within their ratings.

O, just go for the peace of mind of an extended warranty or service contract.

13.10) What is monitor video bandwidth and why is it
Important?

(From Bob Myers (nyers@c. hp.com)).

Vi deo bandwi dth is an indication of the frequency range over which the
nmonitor's video anplifiers are capable of doing their job, which is to
translate the video signal at the nonitor inputs (about 0.7 volt, peak-to-
peak) to something |ike 35-40V peak-to-peak at the CRT cathodes. Higher
bandwi dt hs ARE better, UP TO A PO NT.

The bandwi dth required is NOT given by multiplying the nunbers in the
format (what nost call the "resolution") by the refresh rate; even allow ng
for the required blanking time, what THAT gives you is the pixel rate or
"pi xel clock". As the fastest thing that happens in a video signal is

one dot on followed by one dot off, the fastest FUNDAMENTAL frequency in
the video signal is half the pixel clock. Normally, you mght think you'd
want to cover sone of the harnonis to "sharpen up" the pixel edge, but
that's actually less inportant than you mght think (in part due to the
fact that the CRT screen itself, being made up of discrete dots of color

al ready has the effect of "sharpening up" the inmage AND limting how
sharp it's going to get, anyway).

There's al so the problem of "bandw dth" not bei ng neasured or speced
consistently by all manufacturers, making it difficult to conpare one
product to another. Sone sinply give a "max. video rate supported" nunber,
which is about as useless a spec as one can imagine. (It's just telling
you the pixel rate of the fastest timng supported - but says nothing about
the image quality at that timng!) Still, a clainmed bandwi dth of about
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2/3 to 3/4 of the fastest pixel rate to be used should indicate adequate
performance - beyond that, you need to conpare products with the good

ol" Mark | eyeball. Using this rule of thumb, a nonitor intended for use
at 1280 x 1024, 75 Hz (a 135 MHz pixel rate) needs a speced anp bandw dth
of around 100 MHz. (But just to show how far you can trust this particular
nunber, | know of a product which does a very nice job of displaying

1600 x 1200 at 75 Hz - slightly nmore than a 200 MHz pixel rate - but which
has a video anp bandwi dth of only about 100 MHz, if neasured per certain
definitions!)

| find the rise and fall time of a full-scale (white to black or black to
white) video signal, as neasured at the cathode, to be a much better spec,
and here would | ook for something not slower than 2/3 of the pixel period
for the timng of interest. But these nunbers are rarely quoted in

consumer-oriented spec sheets, and even these take sonme care in applying.

13.11) Why a good monitor may produce a fuzzy picture

The ultimate sharpness of the picture on your nonitor depends on many factors
i ncluding but not limted to:

1. Focus of the electron beam spot(s) at the face of the CRT.

Affected by: quality of the CRT and its supporting circuitry and adj ustnent
of focus control (s).

2. Convergence of the RGB el ectron beans at each point on the face of the CRT.

Affected by: quality of the CRT, deflection conmponents, and how carefully
t he convergence adjustnents were done during manufacture (or repair). In
many cases, it is this last itemthat is nost critical. Bad quality contro
during final setup can ruin a nonitor manufacturer's reputation - and has.

3. Mdire reduction (if any or if enabled) reduces the effective sharpness of
the el ectron beam either through actual defocusing or a high frequency
dither. [IMO, the net effect is al nost always bad.

Affected by: enabling and magnitude of nmoire reduction

I[tens (1) through (3) are somewhat independent (though not entirely) of scan
rate. The newest high-end nonitors have a fairly conprehensive set of digita
(on-screen) adjustnents for these but may still not produce acceptable results
for every nonitor.

4. Bandwi dth of the video anplifiers in the nonitor - essentially how quickly
the intensity can be altered by the video signal

Affected by: design of video amplifier circuitry and circuit board |ayout.
This used to be much nore of an art than it is today. Integrated circuits
have repl aced many of the discrete conmponents used in the past resulting
in sinple designs with clean circuit board |ayouts.

5. Bandwi dth of the digital to anal og converter (DA DAC, or RAMDAC) of the
vi deo card.

Affected by: DAC or RAMDAC chi p used, supporting circuitry, and video card
board layout. As with (3), these are |largely cookbook designs these days.
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6. Dispersion in the video cable - how snmeared out the video signal becones
traveling through the cable.

Affected by: quality and length of video cable. Since cables often cone
attached to the nonitor nowadays, you don't have nuch control of this.
Just don't add problems such as sw tchboxes.

7. Reflections from any inpedance discontinuities in the cable - video card
DAC, video card connector, nonitor connector, nonitor video anplifier
i nput, nmonitor term nation. All of these will introduce just a bit of
m smatch - or perhaps nmuch nore - which will add up to either barely
det ect abl e fuzziness or totally unacceptable ghosting or ringing at
vertical edges.

Affected by: connectors and circuit board | ayouts of both video card and
noni tor input as well as any additional connectors or a sw tchbox.

Itens (4) through (7) are heavily dependent on scan rate since higher scan
rates translate into higher video bandwi dth. Any degradati on of the edges
of the video signal - transitions fromblack to white, for exanple - will
be much nore visible at the higher scan rates - they will be spread out
resulting in pronounced blurring, ghosting, or ringing.

Thus, it is critical to use the highest quality conponents wherever possible.
VWil e you don't have control over what is on your video card and inside your
noni tor, selecting a high quality video card and nmonitor should help. If you
have the option to use a BNC cable (at |east your nonitor has BNC jacks on
the back), try out a high quality BNC cable - you may be pleasantly surprised
at the inprovenent in edge definition and overall sharpness.

13.12) Ghosts - card or monitor?

(From Bob Myers (nyers@c. hp.com)).

This isn't as sinple as it nay appear. 'Ghosts' are caused by reflections
of the video signal edges, caused by inpedance ni smatches between the driver
(graphics card), the video cable, and the nonitor video inputs. Add in the
probl ems caused by the video connectors, and you wi nd up having to say that
this is really (nost often) a system problem and all the parts get sone of
t he bl ame.

Wth that said, the practical answer is that you should avoid using anything
other than a single, reasonably-good-quality video cable, with decent
connectors, between your PC and nmonitor, this being the part that you have
the nost control over. The nore breaks in the cable - adding extension
cabl es, switchboxes, etc. - the nmore chances you have for a mismatch in the
[ine. BNC connectors (or the new VESA EVC connector) are MJCH better in this
regard than the 15-pin D "VGA" connector (although if you're getting good
results with the D connector, don't worry about it). Also, do NOT nmake the
nm st ake of using anything other than 75 ohm coax for your video cables.

Just to nmention one conmon mistake, LAN cable is *50* ohnms, so it's NOT
goi ng to work here!

If you've done all you can with the cable, the next place to go is the nonitor
itself; there's probably something wong with the video input term nation
By the way, a sinple way to confirmthat what you're seeing IS a ghosting
(reflections) sort of problemis to use a DI FFERENT LENGTH of the video cable.
Since the ghost is the result of a reflection going fromthe nonitor back
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to the PC and then back up the line, the I ength of the cable affects where

t he ghost appears relative the edge which caused it. Inserting a
| onger cable noves the ghost out (to the right), while a shorter one wll
nove it closer in (to the left). |If you change cable | engths and the ghost

doesn't nmove, you nost likely have a problemw thin the nmonitor itself, past
t he video inputs.

BTW | onger cables may al so nake the ghost less distinct, due to the increased
attenuation of the signal by the cable. Unfortunately, the |onger cable
al so means nore attenuation of the video signals that you WANT, in addition

13.13) Extension cables and monitor ghosting

(From Bob Myers (nyers@c. hp.com)).

Wth an extension cable, there is the chance that this ghost is being caused
by an i npedance m smatch AT THE CONNECTOR OF THE EXTENSI ON; unl ess the

cable is conpletely the wong inpedance, it is unlikely that the cable
itself (meaning the actual "wire") is the culprit. But any break in the
cabl e (connectors, sw tchboxes, etc.) is a chance for a m smatch

But before blanming the cable, there's another possibility to check out.
One comone source of ghosting is a poor termination of the Iine at the

nonitor itself and at the graphics card driving it. It can | ook worse with
an extension sinply due to the extra cable |l ength noving the "ghost" farther
away fromthe inmage causing it. (The ghost is, after all, just a reflected

signal that went back DOM the cable, got reflected again at the controller
and sent back up to the nmonitor. Added cable | ength makes this round trip
| onger, and noves the ghost farther to the right of the original edge in the

di spl ayed image.) |If this is the case, the you will also see the ghost

wi t hout the extension - it'll sinply be much closer to the original edge
that it's "ghosting". |In that case, a better extension cable can actually
make t he appearance of the ghost worse - a |lower-loss cable neans that nore
of the reflection will get through back to the nonitor!

If it is being caused by the extension cable, you nay get better results

by using BNC connections instead of the D-sub at the point where the cables
mate. The D-sub is a pretty poor connector in terms of providing the proper
i npedance. Using a pair of 15D-to-5-BNCs back to back may give better
results.

13.14) Driving multiple monitors from a single PC

VWhere BNC monitors are involved and dai sychaining is acceptable, additiona
circuitry is generally not required for reasonabl e di stances. BNC cabl es

for R, G B, and possibly H and V sync, are run fromthe source to each nonitor
inturn with only the last one being terminated in 75 ohns (the others MJST

be Hi -2).

However, it is not possible to drive multiple nonitors in a star configuration
wi t hout buffering the signals. |In addition, sone newer BNC nonitors do not
have a Hi-Z option for ternmination so daisychaining is not even an option with
these. In either of these cases, what is needed is a distribution buffer
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amplifier. One such circuit is shown at:
* http://ww. anat ekcorp. com dri ving. htm

This includes sinple enitter follower circuits for each high speed signal

13.15) Using a PC as a monitor test pattern generator

Al nmost any PC with at | east a medi um performance SVGA video card can
be programmed for a wi de range of resolution options, dot clocks,
hori zontal and vertical sync timng, and sync polarity. Sonme can
be programmed to generate conposite sync and sync-on-green as wel |

DOS/ W ndows/ W n95 will suffice for nost PC applications using drivers
supplied by the video card manufacturer but for conplete flexibility,
run under Linux - take a | ook at the Xfree86 documentation for nore
details.

Test patterns can be created with any graphics applications and then
saved for rapid recall

The following web sites al so have sonme test pattern prograns avail able for
downl oad:

(Comrents from Byron MIler (byronl3@acwest.net)).
* http://ww. noki a. com product s/ nonitor_test. htm

Very good, color, thorough, professional
* http://ww. zdnet . com cshopper/ shopgui d/ 0695/ subt . ht M #downl oad

Smal | and very basic programin B/W
O course, for different output |levels and i npedances you will need sone
extra electronics. A normal SVGA card only produces R, G B video and H and
V sync signals conmpatible with doubly terminated 75 ohm cables. As noted,
some will generate conmposite sync and/or sync-on-green. See the
"Sync-on- G een FAQ' for nore information on howto do this if your card

is not capable of it. For NTISC/ PAL vi deo generation, additional hardware
will be needed. See the section: "Displaying conputer video on a TV"

13.16) Using a TV tuner card in a PC

These | SA, EI SA, or PCl cards put TV prograns or other NTSC/ PAL source
material into a wi ndow on your PC s nonitor screen. The question has cone
up as to whether this will damage the nmonitor in the long term

| would not think that there should be any problens unless you tend to turn
t he brightness up much higher than normally used for conmputer activities.

I f anything, the constantly changing picture will be better than a stationary
wi ndow. However, nmoving it to different |ocations every so often will not
hurt.

169 of 223 09/07/98 3:17 PM



Sci.Electronics.Repair FAQ: Notes o...pair of Computer and Video Monitors http://www.repairfag.org/REPAIR/F_monfag.html

Simlar comments apply to other types of image and video captures as well

IMHO, | still think it is silly to use an expensive PC and nonitor to watch TV.

13.17) What is color temperature and what does it affect?

Sone nonitors have the capability of selecting or adjusting for the 'color
tenmperature' of the display. NEC AcuCol or on the 4/5/6FG series of nonitors
i s one exanpl e.

The term nol ogy refers to the spectral output of an ideal black body source
at that actual physical tenmperature. It essentially sets the appearance

of a white screen. For exanple, a color tenperature of 9300K will appear

bl ue-white while 6300K will appear yell ow white.

It only affects the relative balance of R G B and has nothing to do with
refresh rates or anything performance related. Unless you are doing work
where the exact colors matter or are using nmultiple nmonitors where the
colors need to match, use whichever setting isnore pleasing

13.18) What is this goop around some electrolytic
capacitors and other components?

That goop is probably glue and generally harmess - it is there to hold
down the conmponents aganst vibration. | have heard of it sometines
deconposi ng and shorting stuff out but | doubt you have that problem

Therefore, unless you find a bad cap in the focus or related circuit, we
are still looking at a flyback problem

13.19) What does the flyback (LOPT) transformer do?

The typical flyback or Line QutPut Transfornmer (LOPT) consists of two parts:

1. A special transformer which in conjunction with the horizontal output
transistor/deflection circuits boosts the B+ (120 V typical for a TV) of the
| ow vol t age power supply to the 20 to 30 KV for the CRT as well as provide
various secondary | ower voltages for other circuits.

A HV rectifier turns the high voltage pulses into DC and the CRT capacitance
snmooths it. The HV may be devel oped froma single wi nding with nany nmany
turns of wire or a | ower voltage w nding and a di ode-capacitor voltage

mul tiplier

The vari ous secondary vol tages power the |ogic, tuner, video signal
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vertical deflection circuits, and CRT filaments. |In fact, with many TV
designs, the only power not derived fromthe flyback is for the keep-alive
circuitry needed to nmaintain channel nmenmory and provide startup drive to
the horizontal deflection/high voltage system

2. A voltage divider that provides the focus and screen supplies. The pots
are in this divider network - and these things fail resulting poor focus,
uncontrol l ed brightness, or fluctuating focus and/or brightness. A
total short could also result in failure of other conmponents |ike
the horizontal output transistor. |In sone nonitors, the focus and screen
di vider and/or controls are external to the flyback and susceptible
to dust and problens particularly on hunmid days. The resistance of these
circuits is so high that dirt or other contam nation can easily provide
a bypass path to ground especially when slightly danp.

13.20) Tony's notes on setting convergence on older
delta gun CRTs

(From ardl2@ng.cam ac.uk (A. R Duell))

The ol der delta-gun tubes (3 guns in a triangle, not in a line) can give
**excellent** pictures, with very good convergence, provided:

1. You've set those 20-or-so presets correctly - a right pain as they
interact to some extent.

2. The CRT is set up in the final position - this type of tube is nore
sensitive to external fields than the PIL type.

Both ny delta-gun sets (a B&0 3200 chassis and a Barco CDCT2/51) have
very clearly set out and | abel ed convergence panels, and you don't need a
service manual to do them The instructions in the Barco nanual are

sonet hing |ike:

"Apply crosshatch, and adjust the controls on the convergence board in
t he nunbered order to converge the picture. The diagranms by each contro
show the effect".

Here's a very quick guide to delta gun convergence where the settings are
done using various adjustnents on the neck of the CRT (if you don't have a
servi ce manual but do know what each control does, and where they all are -
otherwi se, follow the instructions in the service manual --- sam:

1. Apply a white crosshatch or dot pattern to the set. Don't try and
converge on anything else - you'll go insane. It's useful to be able to
swi tch between those 2 patterns.

2. Before you start, set the height, width, linearity, pincushion, etc. They

will interact with the convergence. Al so check PSU voltages, and the EHT
voltage if it's adjustable. That's where you do need a service nmanual,
guess.

3. Turn off the blue gun using the Al switch, and use the red and green
static radial controls to get a yellow croshatch in the nmiddle of the
screen. These controls may be electrical presets, or may be novable
magnets on the radial convergence yoke (the Y-shaped think behind the
defl ection yoke).
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4. Turn on the blue gun and use the 2 blue static controls (radial and
lateral) to align the blue and yell ow crosshatches at the center of the
screen. Some manufacturers recommend turning off the green gun when doi ng
this, and aligning red with blue (using *only* the blue controls, of
course), but | prefer to align blue with yellow, as it gives a check on
the overall convergence of the tube.

5. Turn off the blue gun again. Now the fun starts - dynanic convergence.
The first adjustnments align the red and green crosshatches near the edges -
| normally do the top and bottomfirst. There will be 2 controls for
this, either a top and a bottom or a shift and a linearity. The second
type is a *pain* to do, as it's not uncommon for it to affect the static
conver gence.

6. Getting the red and green verticals aligned near the edges is a
simlar process.

7. You now have (hopefully) a yellow crosshatch over the entire screen

8. Nowto align the blue. This is a |l ot worse, although the principle is
the sane. Turn on the blue gun again, and check the static (center)
conver gence

9. To align the blue lines with the yell ow ones, you'll find not only
shift controls, but also slope controls. Use the shift controls to align
the centers of the lines and the slope controls to get the endpoints
right. These interact to sonme extent. You'll need to fiddle with the
controls for a bit to work out what they do, even if you have the manual.

The convergence over the entire screen should now be good...

A word of warning here... The purity is set by ring magnets on al nost al
col our CRTs, but on PIL tubes, there are other ring magnets as well -
like static convergence. Make sure you know what you are adjusting.

13.21) Jerry's comments on convergence and other
advanced CRT adjustments

(From Jerry G (jerryg@otal.net)).

Conver gence alignnent is not sonmething you can do yourself unless you have the
proper calibration instruments and skills. It takes |ots of experience and
time. There are published specs for npbst of the good nmonitors. Most of the
time they are as foll ows:

There is the "A area', 'B area', and 'C area’'. On a 15 inch nonitor the A
area woul d be a dianeter of about 4 inches. The B area would be about 7.5
inches. The C area would be the outside areas including the corners. These
nunbers are approxi mate. There are actually standard specs for these areas.
They are expressed in percentage of screen viewing area. Therefore the inches
woul d vary with the CRT size

The higher the price (quality) of the nmonitor CRT, yoke, and scanning contro
circuits, the tighter the convergence can be aligned by the technician. For
the A area on a good nmonitor, the maxi mum error should not exceed 0.1 mm  For
the B area it should not exceed nore than about 0.25 mm And for the C area,
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it can be allowed up to about 0.3 nm Mst of the nonitors that | have

repai red, seen, and used did not neet these specs unless they were rather
expensive. Wth these specs there would not be any real visible

nm sconver gence unl ess you put your nose very close to the screen... A lot of
the ones in the medium price range they were about 0.15 mmerror in the A
area, about 0.4 in the B and greater than in the C area. This al so annoys ne
because | amvery critical

If one has the skills and test gear he or she can do a better job on nost

nmonitors. It is a question of the time involved. To see the convergence
errors a grating or crosshatch pattern is used. A full raster col or generator
is required for the purity adjustments as well. This is necessary to align

the | andi ng points of the CRT guns. The exact center reference and purity
adjustments are done with the ring magnets on the CRT neck. The yoke position
angl e adjustnents are al so done for the side and top-bottom skewi ng as well
Everyt hing interacts!

The corners are done with various sorts of slip or edge nagnets. As for
corner convergence skew ng, button magnets are used. The color purity wll

be effected as you go, and nust be also corrected. These adjustments interact
on one another, and the processes continues until the convergence and purity
are good at the same tine...!

| don't recommend the amateur or hobbiest, or even the do-it-yourselfer to
attenpt this alignment procedure. The test gear woul d exceed the cost of a
really good nmonitor anyways...!!! And without the proper skills required, he or
she woul d only make it worse anyways.. .

As for purity specs, the color change from any corner to any corner nust not
exceed an error of nmore than 200 degrees Kelvin. The error in the B area
shoul d not exceed 300 degrees kelvin. This applies to a white raster. Most
of the nobnitors | see don't get better than about 300 degrees Kelvin. And
some are even 1000 out! The purity errors are best checked with a full Red
raster using 100 % saturation. Then the other color vector angles are checked
with cyan, and then magenta. The color tenperature stability should be the
same in all aspects.

A col or spectrometer should be used to judge this error factor. As far as the
eye is concerned, it will see a purity error of nmore than about 500 degrees
Kelvin if the person knows what to | ook for..

When changi ng the CRT, this alignment nust be done conpletely. Mst shops do
not even enpl oy people who are skilled to a proper alignment, or don't even
own the instruments to do it right, and the poor custoner get back a nonitor
that is not in specs...!

13.22) Use of surge suppressors and line filters

Shoul d you al ways use a surge suppressor outlet strip or line circuit?
Sure, it shouldn't hurt. Just don't depend on these to provide protection
under all circunstances. Sone are better than others and the nmarketing
blurb is at best of little help in making an informed sel ection. Product
literature - unless it is backed up by testing froma reputable lab - is
usual ly pretty usel ess and often confusing.

Line filters can also be useful if power in you area i s noisy or prone
to spi kes or dips.
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However, keep in mind that nost well designed el ectronic equi pnent

al ready includes both surge suppressors like MOVs as well as L-C

line filters. Mre is not necessarily better but may nove the point

of failure to a readily accessible outlet strip rather than the innards
of your equi pment if damage occurs.

Very effective protection is possible through the use of a UPS (Uninterruptible
Power Supply) which always runs the equi pnent off its battery fromthe interna
inverter (not all do). This provides very effective isolation power line
problenms as the battery acts as a huge capacitor. |f sonmething is damaged,

it will Iikely be the UPS and not your expensive equi pment. Another option

is to use a constant voltage transformer (SOLA) which provides voltage

regul ation, line conditioning, and isolation from power spikes and surges.

It is still best to unplug everything if the air raid sirens go off or
you see an el ephant wearing thick glasses running through the nei ghborhood
(or an inpending lightning storn).

13.23) GFCI tripping with monitor (or other high tech
equipment)

Ground Fault Circuit Interrupters (G-Cls) are very inportant for

m ni m zi ng shock hazards in kitchens, bathroons, outdoors and other
potentially wet areas. They are now generally required by the NEC Code

in these locations. However, what the G-Cl detects to protect people - an

i mbal ance in the currents in the Hot and Neutral wi res caused possibly

by soneone touching a live conductor - nmay exist safely by design in 3

wi re grounded el ectronic equi pment and result in false tripping of the

GFCl. The reason is that there are usually small capacitors between

all three wire - Hot, Neutral, and Gound in the RFI line filters of
conputer nonitors, PCs, and printers. At power-on and even while operating,
there may be enough | eakage current through the capacitors between Hot

and Ground in particular to trip the GFCl. Even for ungrounded 2 wire

devi ces, the power-on surge into inductive or capacitive loads |ike switching
power supplies may falsely trip the G-CI. This is nmore likely to happen
with multiple devices plugged into the same G-Cl protected outlet especially
if they are controlled by a cormon power switch

Therefore, | do not recomrend the use of a G-Cl for conputer equipnent as
long as all 3 wire devices are connected to properly grounded circuits.
The safety ground provides all the protection that is needed.

13.24) Monitors on foreign power

Using a nonitor on a different voltage or frequency is usually not a
serious problem

Your PC and nonitor should be fine requiring at nost a transformer (not
just an adapter for heating appliances, however) to convert the voltage.
They both use wi tching power supplies which don't care about the line
frequency.
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Sone power supplies are universal - they automatically adapt to the

vol tage they are fed without requiring even a transformer but don't
assune this - check you user manual or contact the manufacturer(s) to
determne if junpers or switches need to be changed. You could bl ow

up the PC or nonitor by attenpting to run it on 220 VAC when set of

115 VAC. If you are lucky, only a fuse will blow but don't count on it.

For non-switching power supply devices like printers and wall adapters

that use line power transformers, in addition to matching the voltage

(or setting junpers or switches), running on a lower |ine frequency

may be a problem There is a slight chance that the power transfornmer

will overheat on 50 Hz if designed for 60 Hz. (The other way around shoul d
be fine.) It is best to check the nameplate - it should tell you. If it
does not, then best to contact the manufacturer.

13.25) Lifespans of Monitors

(From Bob Myers (nyers@c. hp.com)).

Most manufacturers will quote an MIBF (Mean Time Before Failure) of
somewhere in the 30,000 to 60,000 hour range, EXCLUSIVE OF the CRT. The
typi cal CRT, without an extended-life cathode, is usually good for

10,000 to 15,000 hours before it reaches half of its initial brightness.
Note that, if you | eave your nonitor on all the time, a year is just about
8, 000 hours.

The only "tuneup" that a nonitor should need, exclusive of adjustnments

needed followi ng replacement of a failed conmponent, would be video anplifier
and/ or CRT biasing adjustnents to conpensate for the aging of the tube.

These are usually done only if you're using the thing in an application where
exact color/brightness matching is inportant. Regular degaussing of the

unit may be needed, of course, but |I'mnot considering that a "tuneup" or

adj ust ment .

13.26) How do monitors know when to enter power
saving modes?

(Portions from Bob Myers (nyers@c. hp.com)).

If the nmonitor conplies with the VESA DPMs (Display Power Managenent
Signalling) standard, it will go into power saving nopdes when either

hori zontal or vertical sync is disabled. Different comnbinations of the
sync signals indicate different |evels of power nmanagenent, distinguished
by how much the power is reduced and the expected recovery time. The
greater the power savings, the greater the recovery tine is expected

to be. For instance, one thing that may di stinguish the greater power
savings states is turning off the CRT filanment, something that you don't
recover fromin just a second or two.

You can tell which power saving node is active by how | ong the nonitor
takes to come back to life:
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1. Video blanking - image will appear instantly when any key is pressed
since this is just a logic level inhibiting the video drivers.

2. Full shutdown - a warmup period of around 15 seconds will be needed
for the inage to reappear since the filanents of the CRT need to warmup.

13.27) Monitor life, energy conservation, and laziness

A common mi sconception about the care and feeding of conputer nmonitors is that
they should be left on all the time. Wile there are sone advantages to this,
there are many nore di sadvant ages:

1. CRT Life: The life of a nonitor is determined by the life of the CRT.
The CRT is by far the npst expensive single part and it is usually not
worth repairing a nonitor in which the CRT requires replacenent.

The brightness half-life of a CRT is usually about 10-15 K hours of on tine
i ndependent of what is being displayed on the screen. 10 K hours

isonly alittle nore than a year. By not turning the nonitor off at

ni ght, you are reducing the life of the nmonitor by a factor of 2-3.

Screen savers do not make any substantial difference especially with

noder n di spl ays using X-Wndows or M5 W ndows where the screen |ayout is
not fixed. Wth video display ternminals, the text always cane up in the
same position and eventually burned inpressions into the screen phosphor

2. Component |ife: The heat generated inside a nonitor tends to dry out parts
like electrolytic capacitors thus shortening their life. These effects are
particularly severe at night during the sumrer when the air conditioning
may be off but it is still a consideration year around.

3. Safety: \While electronic equi pment desi gned and manufactured in accordance
with the National Electrical Codes is very safe, there is always a snall
risk of catastrophic failure resulting in a fire. Wth no one around,
even with sprinklers and snmoke al arms, such an failure could be nuch
nore di sasterous.

4. Energy use: \While nodern nonitors use a lot |ess energy than their
ol der cousins, the aggregate energy usage is not sonething to be ignored.
A typical nmonitor uses between 60 and 200 Watts. Thus at a $.10 per KWH
electric rate such a monitor will cost between $48 and $160 a year
for electricity. During the night, 1/2 to 2/3 of this is wasted for
every nmonitor that is left on. |If air conditioning is on during the
night, then there is the additional energy usage needed to renove this
heat as well - probably about half the cost of the electricity to run
the nonitor.

The popul ar rationalization for what is nost often just |aziness is that
power-on is a stressful tine for any el ectronic device and reducing the
nunber of power cycles will prolong the Ilife of the nonitor. Wth a properly
designed nonitor, this is rarely an issue. Can you recall the last tine

a nonitor blew up when it was turned on? The other argunent, which has nore
basis in reality is that the thermal cycling resulting fromturning a nonitor
on and off will shorten its life. 1t is true that such thermal stress can
contribute to various kinds of failures due to bad sol der connections.
However, these can be easily repaired and do not effect the nonitor's

heart - the CRT. You wouldn't |eave your TV on 24 hours a day, would you?

Al so see the section: "Thernal cycling and conponent life"
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Sone of the newest ('green') nonitors have energy conserving capabilities.
However, it is necessary for the software to trigger these power reduction or
power down nodes. Few npbnitors in actual use and fewer workstations or PCs
are set up to support these features. |f you have such a nonitor and conputer
to support it, by all neans set up the necessary power off/power down tinmners.
However, using the power saving nodes of a 'green' PC with an ol der nonitor

can potentially cause damage since sone of the nodes disable the sync signals.
A 'green' nmonitor which can detect a blank screen and and use this as a trigger
can easily be used with a screen saver which can be set to display a bl ank
screen - on any PC or workstation

Even if the nmonitor does not support power saving nodes, a blank screen or
dark picture will reduce stress on the CRT and power supply. Electronic
conponents will run cooler and |ast |onger

Pl ease make it a habit to turn your nonitors off at night. This will extend
the Iife of the nmonitor (and your investnent) and is good for the environnment
as well. For workstations, there are good reasons to | eave the system unit
on all the time. However, the nmonitor should be turned off using its power
switch. For PCs, ny recommendation is that the entire unit be turned off at
ni ght since the boot process is very quick and PCs are generally not required
to be accessible over a network 24 hours a day.

13.28) Thernal cycling and component life

(From Bob Myers (nyers@c. hp.com)).

In a CRT nmonitor, the shortest-lived conponent BY FAR is the CRT itself,

and it ages (nmore properly, the cathode is aging) as long as the heater

is on and the tube is under bias. Mdst nmonitors don't get around to turning
the heater down or off until they enter the DPMS "suspend" or "off" nodes.
(And no, screen-savers do NOT help here - the tube is still on and the

cat hode is aging.)

O her factors - sinmply having the circuits hot and powered up in genera
nmeans that they're aging. Cearly, they're NOT agi ng when they're off.

This needs to be bal anced agai nst the thermal-cycling sort of stresses that
you mention which happen during power cycling, and this is why | recomend
shutting off only when you're going to be away for an extended period, such
as overnight. This is, of course, nobst inportant for those conponents which
have cl ear heat-rel ated agi ng, but nost do to sonme extent. Esp. vul nerable
are things like electrolytic caps, for obvious reasons.

The bottomline is that nothing is ever going to | ast forever, and trying

to maxim ze the life of the product is an exercise in making tradeoffs between
various agi ng/failure nechanisns.

13.29) Minimum and maximum lifespan of monitors

(From Bob Myers (nyers@c. hp.com)).

There's no way to set a "minimum or "maxinmunm' life, as there's quite a
variation fromunit to unit. Sone small percentage will fail right out of the
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box ("infant nortality") while others will run happily for years. W normally
speak of a nean, or average, life expectancy, as in "MIBF" ("nean time before
failure"). 1In a CRT display, the CRT itself is usually the limting factor in

this, and in THAT specific case we usually speak of "nean time to hal f-bright"
instead, since it's rare for a CRT to sinply die once it's past its early
operating life. (Excluding such things as nmechanical damage and so forth, of
course.) Mean-tine-to-half-bright is just what it says: how | ong, on average,
can you operate the tube before the brightness drops to half its initial |eve
for a given set of operating conditions. (Brightness is ALWAYS sl ow ng
decreasi ng throughout the tube's life, due to the aging of the cathode and the
phosphor.) For nopst tubes with standard cathodes, this will be in the

nei ghbor hood of 10K-15K hours (a little over a year to not quite two years of
conti nuous operation).

However, what you're experiencing sounds nore |like a problemin the

hi gh-vol tage supply; instability here would result in the sort of synptons
you're seeing. It COULD still be related to the tube, but it might be

wort hwhile to have this checked out. Unless, of course, you're ready to buy a
new nonitor anyway!

I mplications of power saving nodes:

(From Bob Myers (nyers@c. hp.com)).

Energy Star and sinmilar power-saving certifications generally don't
specify what is done inside the nonitor to achi eve the power reduction
just the maxi mum power dissipation in the "reduced power" state(s).
Still, nost designs WLL either reduce the voltage to the filament,

or shut it off conpletely, depending on the degree of power reduction
needed for a given state.

Thermal stresses woul d be damaging to the heater and cathode if they
happened significantly nore often than the daily power-down (you DO
turn you nonitor off for the night, don't you?). The way to use

these features properly is to NOT set up the systemto enter the

nore reduced states ("suspend" and "off") until a reasonably |ong period
has passed with no action. Use the "standby" state for the first |evel
the one you enter after a few nminutes (10?) of inactivity, and don't

go beyond that unless the systemis inactive |ong enough to suggest thay
you're going to be away for a while. But nake sure that the system WLL
get to the deepest |level of power reduction supported - with the nonitor
as close to full off as you can get - when you're going to be away for
areally long while, |ike overnight. Turning the nmonitor off overnight
is the best thing you can do for it.

And no, | don't think these monitors will be that much nore difficult
to service, just because they've got power nanagement. This is usually
a fairly sinple addition to the power supply, and doesn't really affect
the conplexity of the rest of the unit. But nobdern nonitors DO tend

to be nore conplicated anyway - what with digital controls, on-screen
di spl ays, etc. - and so are sonewhat nore difficult to repair. It

just doesn't really have much to do with the power-saving bits.

13.30) Methods to prevent screen burn-in on fixed format
monitors
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VWhen TVs or nonitors are used to display the sane pattern day in and day out,
screen burn is likely to result. This may happen with TVs used extensively
for video games and text display terminals - both situations where the format
of the screen is relatively fixed. It is not likely with TVs under nor nal
usage or nmonitors used with wi ndowi ng systens (e.g., Wn95, X-wi ndows) where
t he di splay changes fromtine-to-tine.

Wth TVs, your only options are to reduce the brightness or get the kids (you?)
to participate in less mnd nunbing activities.

For nmonitors, here are three approaches (they can obviously be used together).

* Blank or dimthe screen or use a screen saver when not in use (won't prolong
CRT life but will reduce possibility of burn-in).

* Only set the brightness and contrast as high as needed for confortable
viewi ng. Subdued anbient illunmnation will allow these to be greatly
reduced (and save energy as well!).

* Random ze the display. On a text entry termnal, for exanple, the system
could be set up to vary the position of the text on the screen by a snall
amount - a random nunber of pixels horizontally and scan lines vertically
| ess than the character size. This could be done every time it is swtched
on or periodically. O course, unless you are the designer or programrer,
this option probably isn't very viable!

There will always be some degradation of the phosphor even during normal use.
Wth changing scenes, it will sinply result in a long term darkening of the
screen and reduction in maxi mum brightness (i ndependent of the reduced

m ssion fromthe electron guns). This effect is likely very slight but ny
advice is to keep contrast (peak whites) only as high as you need and turn the
bri ght ness down when not using the nonitor for a few minutes. Also see the
section: "Mnitor life, energy conservation, and | azi ness".

13.31) Monitors, heat, and cooling fans

El ectroni c equi prent in general nost often really likes to be kept cool. Up
to a point, cooler is better. However, to save a few cents and to avoid
conpl ai nts about noise, few nonitors conme equipped with internal cooling fans
even though these could substantially reduce the internal tenperature and may
prolong a trouble free life.

Wthout a fan, there are still (possibly) sinple steps that can be taken to
keep the nonitor happy:

* Keep the anbient tenperature low. There is no need for the humans to
freeze, but if you are unconfortably warm so is your nonitor.

* Run the nonitor at the mnimum brightness for your needs. It is better for
t he nonitor and energy conservation use |ower anbient illum nation and | ower
bri ghtness. Stress on both the CRT and power supply conponents is reduced
and the monitor will run cooler

* When idle, use a screen blanker (or screen saver that displays a dark
picture) or take advantage of any power saving nodes that may be supported.
As above, this will reduce stresses on the nmonitor's conponents and save
energy as well. O course, turn all the nonitors off at night. See the
section: "Mmnitor life, energy conservation, and |azi ness".
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* Make sure the nmonitor's ventilation holes are not covered or blocked in any
way. There should be several inches of clearance on all sides, top, and
bottom Make sure dust doesn't collect - suck it out with a portable vacuum
cl eaner.

However, even if you foll ow these recomendati ons (or have no control over
some aspects of your nmonitor's environnment and operation), sone nonitors run
excessively hot.

VWiile | don't know of any controlled studies on this topic, anecdotal evidence
suggests a substantial benefit to forced air cooling for some nonitors.

It doesn't take nmuch - even a CPU style 1.5 inch fan will nake a noticeable
difference in nearly total silence.

The best place to mount such a fan is probably on the plastic case in the
vicinity of the high power conponents - power supply or horizontal deflection
Provide a hole and grill to match the fan. Oienting it to blow outward is
probably preferred.

Power can be tapped from any conveni ent source which provides a voltage that
is conpatible with the fan. For exanple, a 12 VDC fan can run on anything
from8 V (or somewhat less) to 15 V or so with a corresponding variation in
speed. The current used by such a fan is generally negligible so it shouldn't
be a problemto find a source with enough excess capacity.

If you really want to be slick, add a circuit to adjust fan speed based on
scan node (higher scan nodes->hi gher air flow) and/or tenperature.

13.32) Why are prices of video monitors so high
compared to similarly sized TVs?

"How cone | can buy a 32" Sony Trinitron TV set for $800, but when it cones
to buying a nonitor for ny PC, $1400 only gets me a no-nanme 20" tube?

Wiy can't a giant |ike Sony produce a PC nonitor anywhere close in cost to
an equivalently sized TV set?"

Well, the bottomline is that there isn't much in comon between a TV and

conput er nonitor when one gets down to the details. The basic principles

of raster scan display apply to both and that is about it! Monitors would
al ready be much nore expensive if it weren't for the additional fact that

many nore TVs are nmanufactured and sold than nmonitors - which drives down

their prices still further:

(Some of this from Mke Stewart (nstewart@hal e.st.usm edu)).

There are several significant factors being overl ooked here:

1. Econony of scale. There are still *many* nore TV sets being sold than
conputer nonitors. Manufacturers order TV chipsets in nuch |arger
quantities. This drives down the price.

2. Resolution. NTSC TV signals aren't even VGA resolution. Try getting that

32" Sony Trinitron XBR to give you 1280x1024. A conputer nonitor has a
CRT with a resolution about 2 to 3 tinmes that of a TV of simlar size in
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both horizontal and vertical directions. The beamis also nore sharply
f ocused.

3. Refresh rates. NISC TV signals cone at one refresh rate, period. You
ei ther watch broadcast NTSC at 59.94Hz (interlaced), or you don't watch
it at all. No nice, clean 72Hz NI display on there. (NOTE: This only
refers to the 99+% of TV playback equi pnent that contains no line-
doubling circuitry. That's fair, as you'll pay a good bit nore for a
non-interlaced, |ine-doubled NTSC picture than the previous poster
was conpl ai ni ng about, anyway.)

Therefore, a auto-scan nonitor needs nore sophisticated deflection
and power supply circuitry. It must run at much higher scan rates
and this conplicates the circuitry as well

5. CGeonetry. The precision of a good computer nonitor is much greater then
any TV. The sides will be parallel and square. Adjustnments are provided
to elimnate pincushion, keystone, and trapazoid distortions.

6. Stability. The image on a high quality conputer nmonitor is rock solid
and does not shift position or change size as components warm up, or the
power |ine voltage fluctuates, etc.

(From Bob Myers (nyers@c. hp.com)).

The basic reason for the cost difference between CRTs for conmputer and TV
is that they are NOT the sanme product AT ALL.

They do not share ANY nmj or conponent. The glass is different (for one thing,
conputer tubes are still alnmst ALL 90 deg. deflection; TV glass is for
110-114 deg. deflection). The electron guns are different (different

spot size vs. brightness tradeoff). The shadow nasks are different (conputer
di spl ays use a nuch finer dot pitch than the same size TV tube). Even the
phosphors used are sonetinmes different. They are ained at different markets,
with different requirements, and so are conpletely separate designs. They
nost often are not even produced on the same production line.

Beyond the CRT, every other major part of the display design is different,
nostly owing to the difference in horizontal rates required (~15.7 kHz for
TV, vs. 30-85 kHz and often MJCH hi gher for computer displays) and the

need for multifrequency operation in the conmputer market, conbined with the
need to hold to much tighter geometry, convergence, etc. specs at these

hi gher rates.

In short, the only thing that's the same between a TV set and a conputer
nonitor is that they're both boxes which nake pictures on a glass screen.
Sort of like the Queen Elizabeth Il and the Exxon Val dez - yes, they're
both big nmetal things that float in the ocean, but there's not really al
THAT rmuch in common between the two designs.

13.33) Why is the resolution of a computer monitor so
much better than a TV

O course, computer displays may run at resolutions of 1280 x 1024 or nore.

These are not |limted by mnor considerations such as channel bandw dth, and
to a |l esser extent, cost. These are separate issues fromwhy a conputer

noni tor display is so much better even when the nunmber of scan lines is the
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same - as with NTSC versus basic VGA (640 x 480).

1. NTSC (525/30) is fundanmentally limted by the bandw dth and col or encodi ng
of the conposite video signal. This is the nost significant factor liniting
any possible display on a TV via the RF/cabl e/antenna, or conposite or NTSC
(direct A/V) inputs to perhaps half of VGA resolution horizontally.

PAL (625/25) nore cl osely nmatches an 800x600 SVGA format but still suffers
fromsimlar limtations in horizontal resolution

2. Mnitors are designed to provide sharp focus at the expense of brightness.
TVs don't have great focus but produce brighter display. This limts both
hori zontal and vertical resolution

3. Monitor CRTs are designed with much finer dot/line pitch in the shadow sl ot
mask or aperture grill - often better than 2:1 smaller than simlar size
TVs.

4. TVs use interlaced scanning. Jitter in the vertical also affects perceived
di splay quality.

VWhere a TV/nonitor has direct RGB inputs, the limtation is primarily due to
(2) to (4) though they may not have the sane high bandwidth circuitry as a
nore costly conputer nonitor.

There are other factors but these are the nost inportant.

13.34) Combined TV and computer monitor

"This is a 27" VGA nmpnitor which should al so be able to be used as an
NTSC tel evision nmonitor. Can anybody comment on it?"

IMO, I think the entire idea of a combined TV/conmputer nonitor is silly
especially when the likely cost premiumis taken into account. \Watching

the boob tube will tie up your entire PC. The optimal size for TV and
conputer use is not the same nor are the requirements in ternms of scan
rate, resolution, brightness, and sharpness. Thus, the design will be

i nherently nore expensive and include nore conprom ses.

So, | will probably be proved wong by record sal es of these things..

13.35) Problems with designing a combination TV and
computer monitor

(From Bob Myers (nyers@c. hp.com)).

It's possible, and has been done (for instance, Toshi ba has one product
and offerings fromother conpanies are available or are on the way). But
such designs ARE conpromni ses, and won't give the best performance possible
in either application.

There is a fundamental difference between CRTs designed for TV use,
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and those used in conputer nmonitors. |It's a brightness/resolution
tradeoff - TV tubes are run about 3X or so the brightness of a typica
conputer nonitor, but sacrifice the ability to use small spot sizes
and fine dot pitches to do this. You don't see very many col or tubes
running at 100 - 150 fL brightness and still using an 0.28 mm pitch

13.36) So, what about truly digital monitors?

"I amreally interested in this Digital Revolution (DVD, HD TV) but what about
PC monitors? Wuldn't it be great to have a nonitor that was al so conpatible
with HD-TV? | want to buy a new 17" or 19" but | don't want to invest in CRT
(anal og technol ogy), when will Digital PC Mnitors be coning out?"

(From Bob Myers (nyers@c. hp.com)).

Bei ng conpatible with HDTV just nmeans having the right front end to interpret
the signals, just as using NTSC video on a current conputer nonitor requires a
decoder. | seriously doubt that we'll see conputer displays which are

DI RECTLY capabl e of handling the HDTV data stream

Having said that, there is ALREADY a standard for a digital display interface,
whi ch was approved by VESA | ast year. The new "Plug & Display" interface
standard supports BOTH digital and anal og vi deo outputs on a single standard
connector, enabling nonitors with either sort of interface to be easily
supported. (The host uses ID information fromthe nonitor - already a
standard feature of nost CRT displays - to decide which interface to use and
how to configure it for a given nmonitor.) There are already products on the
market (a few) or in devel opnent using the new interface

Havi ng said THAT, don't count the CRT nmonitor out just yet; it'll probably be
with us for some tine yet, and there's little reason to use a digita

interface for a CRT-based display (since, under the new standard, you're going
to have BOTH fl avors of interface avail able anyway). Actually, there is very
little inherent advantage for MOST display technologies in the interface
itself being "digital" (even LCDs are "anal og" at the pixel level); the

probl ems nost non- CRT di spl ays have today with "anal og" video have to do with
getting a good TIMNG reference with which to sanple the video, NOT with

whet her that video is encoded in digital or analog form

13.37) About sync polarity options

Many vi deo cards provide polarity options for each scan node. Wy?

Probably to be conpatible with ol der nonitors. Most nodern nonitors are
auto polarity detecting so the settings should not matter.

(Note that sone of the digital PC video standard did have specific
sync polarity specifications.)

Sone software prograns that directly access the video card nay even be

changi ng sync polarity - for apparently no reason - wthout you being
aware of it.
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Your video card determ nes the maxi num video rate you can generate. The
nonitor has to be able to lock to it. So, if you cannot setup higher than
some specified rate (i.e., the options do not exist in your menu), it is

a function of the video card and drivers. |If you can set it but the

noni t or di spl ays garbage or nothing at all, it is alimtation of the
nonitor. The sync polarity rarely makes any difference and if it does,

the effects will be obvious - picture shifted left/right/up/down on screen -
or just won't sync at all

I f you experience problens of this type, experinenting with the sync polarity
may be instructive.

If you do not know what your nonitor wants and you have the option, set both
hori zontal and vertical sync polarities to be negative as this is nearly
al ways acceptable (for studio video and VGA/ SVGA nonitors).

(From Bob Myers (nyers@c. hp.com)).

This was used in older systems to identify certain display nodes, but in
general nodern nonitors accept either polarity equally well. Recent display
tim ng standards have all been witten specifying positive-polarity sync
(the sync pulse is at logical "1" rather than "0"), but the use of negative
polarity usually won't do anything except possibly cause the imge to be

of f-center by the width of the sync pul se.

13.38) VESA Display Data Channel standard

(From Bob Myers (nyers@c. hp.com)).

This defined several protocols for digital comrunications between a
host systemand its display. DDC provides 3 different nodes:

DDC1 - A unidirectional (display to host only) serial comunications system
whi ch provides basic display ID and feature support information
(i ncludi ng supported timngs, display size, colorinmetry and ganms,
etc.) to the host. This uses pin 12 on the 15-pin "VGA" connector as
a data |ine.

DDC2B - Adds clock (pin 15) and return (pin 11, | think - I'mat hone, and
don't have the standard with ne) to enable at least IDinformation to
be obtained via an I2C interface. 12Cis a bidirectional interface,

but display control via DDC2B is not defined at this tine.

DDC2AB - Full I D and control of the nonitor via ACCESS. bus. As ACCESS. bus is
basically a command and protocol definition on top of the 12C
hardware interface, this uses the same |ines as DDC2B.

DDC was the first and only definition of the 15-pin D subniniature

vi deo out put connector which VESA has provided. No further definitions

on this connector will be made, as VESA is instead concentrating on the

new Enhanced Vi deo Connector standard which is due out later this year

This will define a conpletely new connector which will include support

for DDC and separate syncs as in the 15-pin D-sub, and will also include
support for audio I/0O video input, and the USB and P1394 serial interfaces.
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13.39) Identifying connections on unknown or cut
monitor cables

Ooviously, this is best done with a schematic. However, since such a |uxury
may not be possible, how can you go about figuring out where all the wires
go? Easy answer - very carefully.

For the following, | assume a VGA/ SVGA nonitor. You need to identify the
grounds, video signals, H and V sync, and nonitor sense lines. The procedure
is described with respec to a cut cable but if you are trying to identify

an unknown connector type on the nonitor, the same coments apply to the

Wi ring **inside** the nonitor.

First identify the grounds. Use an ohmeter between each wire and the shel

of the video connector on the nmonitor. Resistance will be less than an ohm
for the ground wires. These will often be colored black. The shields of

the RGB coaxes will also be connected to ground.

The hi gh bandwi dth video signals will always use individual coaxial cables.
These may even be col or coded red, green, and blue. |If not, you can determ ne
which is which later on. |If there are only three such coaxes, they are

the video signals. |If there are four, the extra one may be the H sync.

If there are five, the extra two may be the H and V syncs. Testing
bet ween these wires and ground wi th an ohmreter should nmeasure 75 ohns
for the video termnations.

Display a lively screen on your PC at a resolution you know the nonitor
shoul d support (renmenmber, trying to drive a nonitor of unknown scan rate
specifications beyond its ratings is |like playing Russian Roulette.)
VWhen in doubt, VGA (640x480, 31.4 KHz H, 60 Hz V) should be safe.

Turn up the brightness and contrast on the nonitor. |If you are |ucky,
even w t hout any sync, there will be a visible raster. Set it to be just
visible. |If there is none, then it should appear once there is valid sync.

You will need to bring out wires fromthe video connector on your PC.

Connect the ground of your video card to the ground wires you already
identified on the nonitor cable.

Attach a wire in series with a 200-500 ohmresistor to H sync (pin 13)
on the VGA connector

Monentarily touch the end of this wire to each of the remsining
unidentified wires (including the coaxes if you have 4 or 5 of these and
it is not obvious which are the video signals) on the nonitor. When you
find the H sync input, the raster should | ock in and probably brighten up
If the nmonitor was originally whining due to | ack of sync, it should quiet
down.

Once you have |l ocated H sync, you can renove the resistor and connect the
wire up directly.

Now, attach the video signals. It is likely that you will now have a
picture but it will be rolling on the screen. Sone nonitors, however
wi Il not unblank until they receive both valid H and V sync. Use your

resistor with the V sync output of the video card (Pin 14) on the renaining
unidentified wires. Once you find the V sync input, the display should
lock in solid.

The only remai ni ng unknowns are the nonitor sense lines. For older nonitors -

185 of 223 09/07/98 3:17 PM



Sci.Electronics.Repair FAQ: Notes o...pair of Computer and Video Monitors http://www.repairfag.org/REPAIR/F_monfag.html

those wi thout the ACCESS. bus interface, you can just wire up the sense lines
to the appropriate levels (Color: IDO (Pin 11) to ground, ID1 (Pin 12) NO)

See the docunent "Pinouts for various connectors in Real Life(tm" for
detail ed hookup information". Replacenent VGA connectors are readily
avail abl e.

Al so see the section: "Replacing the cable on an HP D1182A nonitor" for sone
hi nts and hel pful 'hassle savers(tm'.

13.40) Replacing monitor cables or connectors

Many intermttent or erratic | oss of color or |loss of sync problens are due

to a bad cable - nore specifically, bad connections usually between the male
pins and the wires. O, perhaps, one or nore pins were accidentally broken

off as a result of the connector being forced in the wong way around.

Unfortunately, it is all too likely - particularly with newer nonitors - that
the shell is nolded on and inpossible to non-destructively renpve to access
the connector for wire repair or pin replacenent.

You have several options:

* For name brand nonitors, entire replacenment cables nay be avail able. These
will be pricey ($25 to $50 typical) but are by far the easiest solution.

* The connector itself can be replaced. Places |ike MCM El ectronics stock
VGA (HD15) nml e connectors and pins. These may be either solder or crinp
type (both can actually be soldered if you work at it). It takes a steady
hand, bright light, and patience to solder the fine wires to the tiny pins.
A crinp tool is probably not worth the investnent for a single repair

* |f you can locate a dead nonitor with a good VGA cable still attached, it
is possible to cut and splice the wires away fromthe connector. Use an
ohnmeter to identify which signal pin connects to which color coded wire
on each cable and then solder and tape the individual wires. It won't be
pretty but should work reasonabl e well

13.41) Replacing the cable on an HP D1182A monitor

(From Marion D. Kitchens (jkitchen@rols.conm).

By following the procedure in the section: "ldentifying connections on unknown or cu
ends of an HP D1182A nonitor's video cable. This was a nmonitor that came to

me with the D-15 missing. The only remai ning unknown is the brown wire but

the nonitor seems to work fine without it (however, see bel ow).

Cable Wre Internal Pin # Functi on Resi stance D-15 Pin Not es
VWhi t e Coax 54 Red Vi deo 75 1,6 shield is 6
Bl ack Coax 3,1 Green Video 75 2,7 shield is 7
Red Coax 7,6 Bl ue Vi deo 75 3,8 shield is 8
Red 8 Gnd 0 10 red & blue are
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Bl ue 9 V. sync 1K 14 twi sted pair
Yel | ow 10 Gnd 0 10 yellow & cl ear are
C ear 11 H.  Sync 500 13 twi sted pair
Br own 12 | DO?? Infinite 117?72 Wrks OK w o

Internal pin numbers refer to a 12 pin, in-line connector inside the nonitor.
It is nmunted on a circuit board (npdel XC- 1429U printed on board) that is
nmounted on the neck of the CTR  There are 12 pins, but one is blank --
not hi ng connected. | have called that one pin # 2 for reference, and the pin
furthernmost away | called pin #12. Double nunbers nean the first is connected
to the coax center conductor, and the second is the coax shield.

The doubl e nunmbered pins under D15 above mean connect the center conductor of
the coax to the first pin nunber, and the coax shield to the second pin
nunber. All the coax shields should neasure zero Chns to ground, and all the
center conductors should neasure about 75 Chns to ground. Ground is the outer
shield of the video cable, which is connected to the D-15 connector shell when
doing the wiring job.

Pins 5 & 10 are also listed as ground connections on the D15 connector. |
suspect these are for the H sync & V. sync, but do not know that for a fact.
| connected what | believe to be both ground returns (per the twisted pairs
show above) to pin 10.

The currently unconnected brown wire does have a signal of sone sort on it.

At | east when trying to find the H sync and V. sync wires, | got screen
reactions if | connected it to some pins on the D-15 connector. Since it was
the only "left over" wire when | got H sync & V. sync correct, | suspect it

to be the IDO wire. Yes? No? Maybe? Nothing seems to happen when | connect
it to D15 pin #11. The nonitor SEEMS to be OK without the brown wire
connected to anything (but the color balance is a bit off, green and blue K
but red is a pale pink). An Chneter connected between ground and the brown
wire "acts like" it is charging a capacitor -- resistance starts |ow and
increases with time to several 10's of Meg. |Is that a clue?

As an aid in finding the correct wiring connections | make a special floppy.

It is a bootable floppy for use in the A: drive. Boot the conmputer fromthat
floppy. First format a systemfloppy for the A: drive. Then copy the
ANSI . SYS file fromyour C\DOS\ files to the floppy. Next wite a CONd F. SYS
file to the floppy, containing one line --- DEVICE=A:\ANSI.SYS Now wite three
batch files to the floppy, one for each col or

RED. BAT file
PROWPT  $p$g$e[ 41m
CLS

GREEN. BAT
PROVPT  $p$gse[ 42m
CLS

BLUE. BAT
PROVPT  $p$gse[ 44m
CLS

In trying to find the H sync and V. sync, | found it nost hel pful to use the
foll owi ng procedure.

1. Connect all of the ground wires, and one of the coax center conductors (any
one at randon) to D15 pin #1.

2. Boot the conmputer fromthe above floppy. Witch the drive light to

det erm ne when the boot process is conpleted. H't RETURN twi ce to get past
the new tine and date that it asks for
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3. Turn on the nonitor, and type RED to run the red batch file.

4. Now follow the procedure in the section: "ldentifying connections on unknown or c
have them correct you should see a colored screen (it mght be red, green,
or blue) and two "A:>" pronpts on screen. Mke sure the brightness contro
is set for maxi mum brightness, and that contrast is high

5. Once you have a readable screen, find the correct coax to produce a red
screen when connected to D-15 pin #1. Then type GREEN to run the green
batch file, and find the correct coax to produce a green screen. The
remai ni ng coax is, of course, the blue video. But verify that anyway by
typing BLUE to run the blue batch file.

6. Now you should be able to get red, green, and blue screens buy running the
respective batch files.

To aid in the trial and error process of finding all the correct wiring, |
made a small (3 by 4 inch) PCB with 15 connection points and a | arge grounding
poi nt, and mounted a D15 connector on one edge. The 15 copper traces were
wired to the D15 connector so that pin nunbers 1 through 15 followed a sinple
series across one edge of the PCB. The 15 traces were about 1/4 by 1 inch to
make |ife easy. | even soldered 220 Ohmresistors to pin nunbers 13 & 14 on
the board to make that easy too. Wth this "aid" | used a video extension
cable to bring ny working point to the front of the test bench, and had plenty
of working roomfor all those trial and error connections. Yes, | do |like
'hassl e savers(tm'!

13.42) How can | determine monitor specifications or
whether it supports SVGA?

There is no easy way to tell by just exam ning the nmonitor visually. Even
those with only a 9 pin rather than a 15 pin connector are sonetinmes SVGA
(e.g., Mtsubisthi AUML381 and NEC Multisync Il which will do 800x600 at
56 Hz V non-interlaced and 1024x768 interlaced at 43 Hz V).

You cannot even safety test scan rates on all nonitors - sone (nostly ol der
ones) will blow up or be damaged by being driven with incorrect video.

For a nmonitor that you already have, posting the nodel nunber or | ooking
it upis really the only way to be sure of its capabilities.

Qui cky tests:

1. Check the video connector. |If it has a high density (VGA) 15 pin connector
then there is a greater likelihood of SVGA but not al ways.

2. Check the manufacturing date on the back. |If it has a manufacturing date
of 1991 or later, the likelihood of it supporting SVGA is higher as
demand for VGA-only nonitors was rapidly declining by this point.

3. Check the dot pitch on the CRT by examning the screen with a magnifier
If it is really coarse, the nonitor probably cannot do anythi ng beyond VGA

4. Become famlier with the major manufacturers and nodels so that you will
recogni ze the common SVGA nodel s.

VWil e not conclusive, positive results on the first 3 of these tests definitely
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i ncreases the likelihood that it supports at |east some SVGA nodes. O course,
if you recognize a nodel nunber, you have dramatically increased your odds
of success - assuming it works!

The following URLs provide quick access to the general specifications of
many comon PC and MAC conpati bl e video nonitors:

http://ww. nashville.net/~griffin/nonitor.htn
http: //ww. hercul es. com noni t or s/ mdb. ht m
http://hawks. ha. nd. us/ har dwar e/ noni t or. ht m
http://ww. m ndspring. coml ~nunez/i nf o/ moni t or s/

(From Adrian Kwong (a. kwong@ eee.ca)).

Mbst new nonitors enploy frequency protection. The synptomthat you will
typically see is, a conplete |lack of video. Mst nonitors with nulticol ored
power LED s, usually change color to indicate an error. Some nonitors |ike
Nokia's, will flash the screen on and off (black and white) to indicate that
t he over-frequency protection circuits have been activated.

| have blown a few nonitors by setting the video resolutions either too
hi gh, or setting the vertical refresh to sonmething that puts the horizonta
frequency waaay above the rated specifications.

| actually have no idea how some of these nonitors actually received a UL or
CSA approval stanp, as | have seen sonme of these nonitors catch on fire. Most
of the 'blow outs', were just capacitors that exploded and about a room ful

of snoke fills the vicinity.

Al of the nobnitors that | blew up, were really old nonitors with no frequency
protection.

13.43) CRT replacement worth it?

The sad fact is that even if you can obtain a new CRT you won't have the proper
set up for getting proper alignnment and convergence. They generally use various
per manent magnet glued to the perineter of the yoke to set the geonmetry of the
raster. It takes a special factory jig to do this step or really great

persi stence and pati ence. However, if you have the tine and will resist
punching a hole in the new CRT before you finish, by all neans.

Al so, consider the cost of a new CRT nay be nore than half the cost of the
noni tor when it was new.

Repl aci ng a monochrome CRT is a snap in conparison.

A better (or at |least |less stressful) approach is to |locate a nonitor that died
due to a circuit problem and sal vage the CRT including the yoke and all the

ot her magi cal magnets and coils.

(From Andy Cuffe (baltinora@su. edu)).

| have found that nost 15" nonitors use conpatible CRTs. | just put the CRT
froman old Gateway2000 with anal og controls into a nice 2 year old nonitor.

As long as the yokes and CRT sockets are simlar it should work fine. Don't
try to swap the yokes or you will never get it converged.
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13.44) An informal history of X-ray protection

(The following is from Marty).

Most of the old tube type color TV sets used a shunt HV regul ator tube,
usually a 6BK4. If it failed, or some conmponent in the HV circuit failed, the
hi gh voltage, normally 25KV, could go up to 35KV or nore, causing sone X-Ray

| eakage fromthe CRT. In the early 70s when news of this radiation scare was
first announced, there was a public outcry to imediately fix the problem The
Feds hastily inposed a requirenment on manufacturers of TV sets to sonehow
render a TV set "unwatchable" if the HV exceeded rated linits.

The manufacturers first response was to follow the letter of the law and the
first "HEW circuit sinply blanked the video when the HV exceeded a setpoint
to make the set "unwatchable".

It was quickly noticed that the HV was not turned off with this circuit and
the CRT still could emt sone radiation. Many TV sets with this feature were
left on so the consuner could listen to the sound, so the feds tightened the
requirenent.

By this tine new TV sets were all solid state and sone nanufacturers
experimented with HV shutdown circuits, but npst of these circuits were poorly
desi gned and not reliable.

Zenith thought they had the answer by regulating the HV with a bank of 5
capacitors across the horizontal output transistor to "hold down" the HV to
25KV. |If one capacitor opened, the HV would only rise about 2KV, not a
dangerous situation. This wasn't good enough for the feds.

The "fix" that Zenith finally came out with, was a "4 | egged capacitor. Two
legs were the emitter return for the horizontal output transistor, & two |egs
were the HV hol ddown capacitor (the equival ent value of the bank of 5 caps).
This "fix" was accepted by HEWand nillions of TVs were produced. It worked
so well, that other manufacturers soon followed the | ead (Magnavox, GE, etc.).

Then the worst happened! The 4 | egged nonsters started failing in a large
nunbers. Not opening conpletely & not shorting out. They sonetines all owed the
HV to skyrocket to over 50KV. Some of them even cut the necks off of the CRTs.

Zenith issued a recall on those nodels with the problem (nore than one entire
nodel year). After several "inproved" versions of the capacitor, the
probl em was fixed but that recall alnpst bankrupted the conmpany. O her
conpani es had failures too, but usually not as dramatic as Zenith's.

Magnavox used the HV hol ddown capacitor, both single & 4 leg version in
several 70s era TV sets and is a good candidate for fireworks as well

13.45) Turning a TV (or monitor) into an oscilloscope?

Thi s question comes up so often and it does sound |like a neat project to
give a defunct TV a second life. Don't expect to end up with a Tek 465
on the cheap when you are done. However, it could be a fun |earning
experi ence.
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CAUTI ON: See the safety reconmendati ons bel ow

You will be severely limted in the performance of such a scope. TVs and
nonitors are designed to operate at a very narrow range of horizontal scan
rates and the high voltage is usually derived fromthe horizontal deflection.
So, you would need to retain the original deflection systemfor this purpose

at | east.

1. You will need to disconnect the defection yoke fromthe horizontal and
vertical deflection circuits of the TV or nmonitor without killing the Hv.
(al so, doing all this without killing yourself as well). Depending on
the design, this may be as sinple as unpluggi ng the yoke connector. Mre
than likely, you will need to substitute a |load for the horizonta
deflection coil. A coil fromanother sacrificial simlar TV or nonitor

woul d probably suffice.

Warni ng: at this point you have a really bright spot in the mddle of the
screen which will turn to a really black spot if the brightness is not turned
way down really really quickly.

2. For the horizontal, you need a ranped current source. You are driving
a non-ideal inductor (the deflection coil) so it has both inductance and
resi stance. Thus the waveformis a trapezoid - a voltage ranp (for the
resistive part) superinposed on a voltage step (for the inductive part).
This should not be too difficult. Don't expect to be able to achieve
really fast sweep. Even running at normal TV rates is non-trivi al

3. Simlarly, for the vertical you need to drive with a voltage (your signal)
controll ed current source. However, if you just screw ng around, then the
linearity etc. for the vertical may not be that inportant. 1In this case,
one way is to put a current sensing resistor in series with the deflection
coil and use this in a power op anp type of feedback arrangement. (You
could do this for (2) as well.

4. There is a good chance that the original brightness control will work
as an intensity adjustment. However, with some TVs and nmonitors, this
depends on receiving a valid video signal. You may need to inprovise.

If you do want to control the intensity froma signal source, you
shoul d be able to tap into the drive signals going to the little board
on the neck of the CRT.

5. Don't expect high bandw dth, uniformresponse, or any of the other
thi ngs you take for granted with a decent scope. That takes work.
However, as a fun project, this certainly qualifies. Interchanging
the functions of the horizontal and vertical deflection yoke (and
rotating it 90 degrees) may provide a better match of horizonta
and vertical bandwi dth to your intended applications or experinents.

6. Wth a color TV or nonitor, these experinents could be quite interesting
and educational but there may be color fringing effects since you are not
conpensating for certain aspects of dynam c convergence at all

7. SAFETY: Once you di sconnect the deflection yoke fromthe TV or nonitor's
circuits, nmove the original circuits out of the way and put a barrier
bet ween between you and the rest of the TV or nmonitor. Al you will need are
connections to the deflection yoke on the CRT (unless you want to do
intensity nodulation in which case you will need to drive the video
output(s) to the CRT cathodes. | would recommend agai nst doing this
if your unit is one of those with a totally 'live' chassis as there would
be additional safety hazards and circuit conplications).
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13.46) Displaying a video signal as a picture on an
oscilloscope

| am not sure why anyone would really want to do this other than as an
experiment - it would be interesting one.

If a conposite video signal is the input, you will need a sync separator
For VGA, the sync signals are already avail abl e.

You will have to construct a vertical deflection voltage ranp generator
whi ch can be | ocked to your vertical sync signal

The horizontal tinebase of the scope will be fine for the horizonta
defl ection and should easily lock to your horizontal sync pul se or
(if the scope has a TV trigger node) directly to the video signal

A video amplifier will be needed if your Z axis does not have an interna
amplifier (you need .7 V p-p to be full brightness range.) Unless you provide
automatic gain control, this will need to include offset (brightness)

and gain (contrast) adjustments. Even if there is an internal anplifier, it
may not have the required bandwi dth for the video signal

However, the overall brightness may be di sappointing - a scope is not designed
for overall high brightness. The beamfocus will not be as good as that on
alittle TV either.

13.47) Could a monitor be modified for 3D (stereo)
display?

The whol e idea of stereo 3-D vision to put the left and right views to the
appropriate eyeball. There are two conmmon ways of doing this:

1. Use different colors for the two views with color filters in from of
each eye to separate the views. This is what were often used for
the really bad (content wi se) sci-fi novies of the '50s.

2. Display alternate views on the sane nonitor screen but use LCD shutter
gl asses to all ow each eye to only see the appropriate view. This requires
increasing the refresh rate to avoid unacceptable flicker

The first approach can be used with any TV and a pair of nonochrone
video cameras. O course, true color cannot be used since pure col ored
i mmges are needed to separate the stereo views.

Alternating views with synchronized LCD gl asses is a possibility but

and has been used commercially but requires special hardware to
synchronize to the computer's video card. Best results are obtained
with refresh rates of at |least 120 Hz pernmitting 60 full left-right
frames per second. |If you try to this with a regular TV or CGA nonitor,
the resulting refresh rate would be 30 Hz with a 50% duty cycle which is
likely to be useful only as a short experinment - else your viewers will
likely devel op splitting headaches.
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13.48) Should I use a VGA to BNC cable if my monitor
has BNC connectors?

(The foll owi ng assumes a normal video card with a nini-DB15 VGA/ SVGA

connector - if yours has BNC connectors, the inprovement may be even
greater.)
The answer is an unqualified maybe. In principle, the BNC cable should have

hi gher bandwi dth and better transm ssion |ine characteristics (inpedance,
term nation) and result in sharper crisper images with | ess ghosting,

ringing, and other artifacts. However, this will only likely be significant
at higher refresh rates (1024x768 at 75 Hz and beyond) and dependi ng on your
noni tor and video card, you nay see no change - or it nmay even get worse. |t
is best to purchase a good quality VGA to 5-BNC cable with a return privil age
and try it. | suggest a 5-BNC cable even if you only need 3 or 4 connectors
so that it will be conpatible with any nonitor or video card you m ght have
in the future. Cost should be in the $25 to $70 range.

Potenti al advantages of using the BNC connector inputs on your nonitor
with a good quality cable are:

* hi gher video bandw dth -> sharper display.

* proper connectors (at one end, at |least) and correct
term nation -> | ess ghosting and ringing.

For a good monitor with a high quality video card, the difference can be
dramatic - as is the case with ny ATl GPT and NEC 5FG

(From Bob Myers (myers@c. hp.con)).

However, one should also note that connecting via BNCs generally disables
monitor "plug 'n' play" features, since these are based on ID information
conveyed on dedicated pins (using the VESA DDC & EDI D standards) on the
15-pin "VGA" connector.

As of last year, a new connector standard - the VESA Enhanced Vi deo
Connector, or EVC - has been rel eased, which will provide both greatly
i mproved video signal performance AND support for DDC and a number of
ot her features.

Most current nonitors conmply with the VESA Display Data Channel (DDC) standard
whi ch provides a path and protocol for getting some basic ID information
(rmodel , manufacturer, supported tinmings, chromaticites, etc.) back fromthe
nonitor. Under that standard, the follow ng new signals have been added to

t he DB-15 connector:

Pin 9: +5 VDC from host
Pin 12: Serial data
Pin 15: Data cl ock

Pin 10 (the old sync return pin) now does double duty as the return/reference
for DDC. The DDC system uses the |2C spec for one | evel of inplenmentation

al t hough a base level is also provided in which the data is cl ocked back
fromthe display by the vertical sync pul se.

The old 4-l1ine I D schene using pins 4, 11, 12, & 15 is obsolete. | can't
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thi nk of too many hosts, or ANY nonitors, still using it.

Additional information on the EVC standard is available fromthe VESA web site,
http://ww. vesa. org.

And one manufacturer's way around the preceeding:

(From Russ Snmith (smith@r-guh.con)).

The Nanao F2-21 I'musing is connected via 5 split-out BNCs

on its end; on the OTHER end is the standard VGA connector - that
connector plugs into not the video card, but a little "black box"
whi ch perfornms the plug-n-play identification. That little w dget
plugs into the PnP-conpatible video card (Matrox M I I eniuny.

Thus, even though BNCs are used at the nonitor end and the nonitor
itself can't comruni cate anything useful, the information is
none-the-1ess conmmuni cat ed.

A hack that works.

13.49) Building a 5 BNC cable

This is straightforward, if time consum ng and tedious.

The five coaxial cables (75 ohm RG59 typical) are wired as shown in the
table. The correspondi ng VGA connector pin nunbers are in ().

Coax Center Coax Shield
Red Video (1) Red Return (6)
Green Video (2) Green Return (7)
Blue Video (3) Bl ue Return (8)
H Sync (13) Ground (5, 10)

V Sync (14) Ground (5, 10)

Tie pin 11 (1D0) to Ground to indicate a col or nonitor.
Leave pin 12 (1D1l) open.

Make sure that the |l engths of the cables are fairly well matched - to within
a couple of inches - to assure that the 3 color channels |ine up precisely.
(One foot of cable is about 1.5 to 2 ns of delay which is significant for

a 10 ns dot clock!).

Al so note (see the other sections on BNC cabl es) that you will |ose your
Plug and Play capabilities without the direct control connections to the
nmoni tor (or for monitors without these featuers).

That's it!
You will wish that your fingers were about 10 tines snmaller than they are,
however. :-)

13.50) Using a workstation monitor on a PC
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These are nearly always fixed frequency nonitors with a scan rate that
is not conpatible with typical SVGA cards.

They may have a special connector like a 13WB or 3, 4, or 5 BNC
connectors. Sonme have a non-standard connect or

VWil e these normally use standard anal og video signal |evels,
you have a couple of problens out of the starting gate:

1. The fixed scanning frequencies of nost of these nonitors are not
directly conpatible with typical SVGA standards. Many high end boards
like the ATl ProTurbo can scan at 1280x1024 probably at an appropriate
refresh (horizontal is going to be the critical one) rate. Also, boards
that all ow software adjustment of size (like the ATI) are in effect
changi ng scan rates as well so that gives another degree or two of freedom

However, many typical video cards do not provide this degree of flexibility.

2. The nonitor needs sync-on-green (3 BNC connectors), conposite H and V
sync (4 BNC connectors and 13WB) or at |least a VGA to BNC adapter cable
(5 BNC connectors). Your VGA card normally puts out separate syncs.

Many vi deo cards have a software node (probably accessible in the
setup program to enable conposite sync output so for these at |east
there is no problemwith a 4 BNC nonitor.

You can build a circuit to generate the required video for a 3 BNC
nmonitor if you are so inclined. See the "Sync on Green FAQ for detailed
i nformation and schemati cs.

3. What you do for booting since the default will be VGA (at |east for
DOS/ W ndows. | f you only use your PC at one fixed high resolution
than this may not be that much of a problem.

There are specialized boards that will enul ate standard VGA/ SVGA nodes
using a fixed frequency nmonitor. For nmore information, see the docunent:
"Not es on Approaches to using Fixed Frequency Mnitors on PCs".

13.51) Tweaking the deflection rate of a fixed frequency
or non-standard monitor

Pulling a fixed frequency nonitor by nore than a few percent will likely
be a problem | know this is not the answer you were |ooking for but
getting a new i nexpensive video card may be a better solution

O her types of nobnitors - XGA for exanple - may be variable or multiple
frequency but inconpatible with VGA SVGA. Sone adj ustnment may be possi bl e but
how far you can go will depend on many factors.

If not, you are | ooking for an adjustnent called horizontal oscillator
hori zontal frequency, or horizontal hold. |f you do tweak, nmark everything
bef orehand just in case you need to get back to the original settings.

There is a slight risk of damage, particularly when |lowering the horizonta
rate as this increases peak current to the horizontal output transistor. This
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may result in imrediate failure or nore stress on conponents resulting in
failure down the road. | have no idea with your nonitor.

An alternative that may be possible is to use the setup or install programthat
cane with your video card to decrease horizontal size and then adjust vertica
size if needed. This would best be done while nmonitoring with a scope or

mul tiscan nonitor. A byproduct of software adjustnments to size will often be
a change in the scan rate of a few percent which nay conpletely cover what you
need. The reason this my work is that these adjustnents vary the |l ength of
the H and V video back-porch which affect the total scan tinme.

| know | can do this with ny ATl cards.

Al so see the docunment: "Approaches to using Fixed Frequency or Non-Standard Mnitors
XGA nonitor to be used at VGA/ SVGA scan rates.

13.52) Displaying TV on a computer monitor

My general recomrendation is that if you have the space, buy an inexpensive
TV - the quality in the end may in fact be better. And, it will be usable
wi t hout tying up your expensive nonitor and (nmaybe) PC.

Sone ol der nmonitors |ike the Mtsubishi AUML381 and Emerson CGA (which al so
has a speaker) include a conposite NTSC i nput jack requiring only a baseband
video source like a VCR These do produce a very nice picture. However
nost newer auto-scan VGA/ SVGA nonitors do not go to | ow enough horizonta
scan rates. To display NTSC or PAL on these requires a scan convertor
(likely to be very expensive) or at |east a scan doubler (less expensive

but not as good).

For the case of older nmonitors with digital (TTL) inputs, see the section
“"Modi fying a CGA (or EGA) nonitor for NTSC or PAL input".

You can al so buy video input cards conplete with tuners ('PCTV') which
will put TV into a window and allow you to idle away the time you are
supposed to be working while watching 'Mrk and M ndy'.

VWi | e vari ous convertors are advertized to use a conputer nonitor
with video froma VCR or other source, keep in mnd that if it sounds
too good to be true, it probably is Ilike the claimof a $200 box for this:

OK, let me get this straight - this card/box will enable a 31.4 KHz horizonta
scan rate nmonitor (VGA) be used as a TV - yes or no? It thus includes a video
A/D, full screen frame buffer, D/A and all the other tuner stuff for under
$200? | don't think so. A scan doubler - which is a subset of the above -
will not result in a high quality picture since it will display pairs of

lines interleaved or |eave alternate |ines blanked reducing brightness. O
does the inpressive advertisement | eave out the key requirenent that the

noni tor sync at the NTSC horizontal scan rate of 15.734 KHz (npst newer
nmonitor do not)? O is it a board that plugs into a PC and i ndeed does use
the resources of the PC including the VG card and bus?

In any case, get a witten noney back satisfaction guarantee.
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13.53) Modifying a CGA (or EGA) monitor for NTSC or
PAL input

These are often high quality monitors and woul d nake nice TV displays -
especially as there are many no doubt gathering dust on their way to
t he dunpster!

However, these are digital (TTL) nmonitors with respect to the video inputs
and proper linear video anplifiers may not even be present. Therefore, you
may need to inplement both the NTSC or PAL decoding as well as boosting the
signal levels to the hundred volts or so needed to drive the CRT.

The scan rate of CGA is the sane as NISC so deflection is not a problem

For PAL (625/50) instead of NTSC, the vertical rate will need to be reduced
to 50 Hz but this should not be a problem The horizontal scan rate is close
enough (15.625 KHz).

Simlar comments apply to EGA nonitors that have a conpatible scan rate.
EGA represents a range of scan rates between 15.75 KHz and 21.85 KHz so
this should not be a problem

13.54) Driving multiple non-daisy-chained monitors from
one video source

It is not possible to just connect nonitors in parallel. The termnating
resistors (75 ohns) of each nmonitor will also be in parallel reducing signha
strength and resulting in various problens with cable termination including
ghosting, ringing, etc.

A sinmple circuit to inplement a video splitter is shown at:
http://ww. anat ekcorp. comarticles. htm

This is just a set of emitter followi ng buffer anplifiers and should suffice

for many applications. Various conpanies including Elantec, Anal og Devi ces,

Maxi m and ot hers have video anplifier chips as well but the basic approach
may be adequate for your needs.

13.55) Displaying computer video ona TV

Assumi ng this means NTSC.

1. You need to convert RGB to NTSC - there are single chips for this. Try
Sony, Philips, Mdtorola, and others. These will conbine the R, G B,
H sync, and V sync into a single conposite video signal using a mninum
of additional conponents.
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2. You need to match the scan rate to NTSC - 15.734 KHz horizontal. Even
basic VGA is twice this - 31.4 KHz. |If your video card can be programed
to put out interlaced NTSC rate video then this is easy. |If not, it is
nmore difficult. |f you want to use anything higher res than VGA, it is
a very non-trivial problemrequiring the construction of a scan convertor
whi ch includes a video A/D, full frame store, interpolator/readout timng,
video D/A. Unless you are an experienced digital/anal og designer, you
really do not want to tackle any of this.

For the special case of VGA->NTSC, you nay be able to get away with just
storing a single scan line since the horizontal frequency is (al nost)
exactly twi ce the NTSC horizontal of 15.734 KHz. A double buffer where

one buffer is storing while the other is reading out at approximately half
the VGA pixel rate should work. Wth appropriate tining, even |lines becone the
even field for NTSC and odd |ines becone the odd field (I may have this
backwards). It is still not a trivial undertaking. Also, keep in mnd

that the quality you will get on NTSC will be poorer than the VGA due to
fundamental NTSC bandwidth |limtations. Also, flicker for Iine graphics wl
be significant due to the interlacing at 30 Hz. Even this is a non-trivia
undert aki ng.

The requirenents for PAL are very similar. For 625 lines systens, the
800x600 is the format that nost closely matches the TV resol ution

You can also buy little boxes to do this. Quality is general not great

as you are seriously limted by NTSC/ PAL and the VCR  Except for
presentations on existing TV rate equipnent, it is probably not worth

the effort. This is totally useless for any serious conputer applications.
For professional presentations, nodern video projectors are avail able that

use high resolution LCD panels and real -time scan conversion. However
they are quite expensive (up to $10,000!!!).

13.56) What is Kell factor with respect to interlaced
displays?

(From Bob Myers (nmyers@c. hp.con)).

The Kell factor - which has to do with the fact that we're often undersanpling

an imge fromthe standpoint of the Gospel According to St. Nyquist - IS
a factor in the reduction of vertical resolution, but interlacing plays
a part as well. This comes fromat |east two factors:

1. The nmonitor or receiver usually cannot precisely interleave the two fields.

2. More inportantly, there are steps taken to reduce the interline flicker
whi ch reduce the effective vertical resolution. This includes running the
l[ine width of the display sonewhat |arger than woul d otherw se be the case,
and in interlaced caneras, discharging the entire screen (including the
lines fromthe "other" field) after every field scanned.

Interlace is particularly troubl esome on noving i mages, where you will often
perceive nmomentarily "missing" details. There was a LOT of discussion
regarding the gory details of interlacing in the recent HDTV debates w thin
SMPTE and ot her groups.
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13.57) Weird phenomenon of the month

Tal k about unusual. This was posted to sci.electronics:
"Somet hi ng VERY strange is happening, and | cant explain it.
There is a "ghost" on ny TV screen of the text appearing on ny

conputer screen. They are NOT hooked together in any manner.
They are about 4-5 feet apart. Although, the antenna cable

runs within a foot of my conmputer. | am wondering what causes
this to happen. | have experienced interference, but this is nore
like a wirel ess second nonitor. | can turn off my nonitor, and

| ook over at the TV. The text on the TV is scrolling up every 9
seconds. (like when the v-hold isn't adjusted.) Any |deas?"

This is probably caused by RFlI - radio frequency interference - from

a CGA or PC TV card being picked up on the TV's cable or antenna. Only
CGA has a scan rate that is nearly the sane as NITSC. Any other PC
video scan rate would result in a torn up or rolling picture.

13.58) Ultra cheap degaussing coil

Pack Rat Trick #457384

Next time you scrap a computer nonitor (or tv), save the degaussing
coil (coil of wire, usually wapped in black tap or plastic) nmounted
around the front of the tube. To adapt it for degaussing sets, wap it
into a smaller coil, maybe 4"-6". To linmt the current to sonething
reasonable, put it in series with a light bulb (60-100W. You need

AC current to degauss, so just put the bulb in series with the coil and
use the your local 120V outlet. BE VERY CAREFUL that you actually
wired it in series, and that everything is properly insul ated before
you plug it in (A fuse would be a real good idea too!!)

A few circles over the affected area will usually do it. Note that
it will also nake your screen go crazy for a little bit, but this wll
fade out within a mnute or so.

Just a couple of points for enphasis:

1. The coil as renoved fromthe TV is not designed for continuous operation
across the line as indicated above. |In fact, it will go up in a mass
of snoke without the light bulb to limt the current. The poor TV from
whi ch this organ was sal vaged i ncluded additional circuitry to ranp
the current to 0 in a few seconds after power is turned on

2. Reducing the coil size by a factor of 2 or 3 will increase the
intensity of the magnetic field which is inportant since we are limiting
the current with the light bulb to a value |ower than the TV used.
You don't need to unwind all the magnet wire, just bend the entire

assenbly into a smaller coil. Just make sure that the current is always
flowing in the sane direction (clockw se or countercl ockw se) around the
coil.
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3. Insulate everything very thoroughly with electrical tape. A pushbutton
nonentary switch rated for 2 anps at 115 volts AC woul d be useful so that
you do not need to depend on the wall plug to turn it on and off.

13.59) Bob Myers notes on degaussing

A couple of comrents: first of all, it makes no difference what soever
if the display is on while it's being degaussed. (Ch, sone people
DO like to watch the psychedelic |light show, but it really doesn't
hel p anything for it to be on.) Actually, there is a very mnor case
to be nmade for degaussing while OFF, at least for the Trinitron and
simlar tubes. (The field of an external degauss coil CAN cause the
grille wires to nove slightly, and they're a bit nore flexible when
hot - so it is conceivable, although certainly unlikely, that you're
runni ng a higher risk of causing the grille wires to touch or cross
and beconme dammged.)

Secondly, a good practice for degaussing is to slowy back away from
the nonitor after giving the screen a good going over. Once you're
about 5-6' away, turn the coil so it's a right angles to the CRT
faceplate (which ninimzes the field the nmonitor is seeing), and THEN
turn to coil off. This is to reduce the possibility of the field
transi ent caused by switching the coil off fromleaving you once again
with a magnetized nonitor.

The last point is to make sure that you DON' T | eave the coil on too |ong.
These things are basically just big coils of wire with a Iline cord
attached, and are not designed to be left on for extended periods of

time - they can overheat. (I like the kind with the pushbutton "on"
switch, which turns off as soon as | release the button. That way,

| can never go off and | eave the coil energized.)

Ch, one nore thing - make sure your wallet is in a safe place. You
know all those credit cards and things with the nice magnetic stripe
on then? :-)

(Actually, 1've got a good story about that last. | was teaching a
group of field service engineers howto do this once, and being the
Bi g Deal Qut of Town Expert, nmade VERY sure to place my wallet

on a shelf far away fromthe action. Unfortunately, M. Big Deal CQut
of Town Expert was staying in a hotel which used those neat little
magneti c-card gadgets instead of a "real" key. Ever try to explain
to a desk clerk how it was that, not only would your keycard NOT |et
you into your room it was no |longer anything that their system woul d
even recogni ze as a key? :-))

13.60) Big Al's rules of thumb on monitor repair

1. Use an isolation transforner. A variac can be hel pful too. A cheap isolation
transformer can be constructed by wiring two identical transformers of
adequat e power capability back-to-back. (Here is a use for those old
boat anchors you can't bear to part with).

200 of 223 09/07/98 3:17 PM



Sci.Electronics.Repair FAQ: Notes o...pair of Computer and Video Monitors http://www.repairfag.org/REPAIR/F_monfag.html

2. If it's just the power supply or flyback switching transistors that have
failed, then the repair is probably easy enough and qui ck enough to be
wort hwhil e. Bl own power transistors are trivial to locate in the circuit
and quite easy to find replacenents for. In many cases |'ve found that the
noni tor woul d have lived a nmuch longer life if only the transistor mounting
screws had been tightened properly by the manufacturer. Make sure you use
appropriate replacenments and the proper heat sink parts and heat sink
conpound.

3. If it's the flyback transformer, then judgenent shoul d be made based on the
cost and availability of the replacenent part. Also, on the risk of there
bei ng additi onal problens beyond that of the bad flyback. Who get's to eat
the cost of the part in the event you don't succeed and give up? However
determ ning that the flyback is indeed at fault may prove chal |l engi ng
wi thout a flyback tester. Sonetinmes there will be obvious damage such
as burnt marks, cracked plastic, or other signs of overheating. |If you
have the correct resistance neasurenents, then for the primary you may
be able to detect shorted wi ndings. You can also construct the brute
force flyback tester at the end of the docunent.

4. If it's the CRT then nmake the project "sonmeone else's problem' and give the
nonitor to soneone else to use as a parts carcass. My life is nuch happier
since | learned there is no disgrace in nmaking this choice.

5. There is another comon failure category which is a result of people who are
too lazy to turn off the power switch at night. The constant heat causes the
el ectrolytic capacitors to dry out and becone intermittent. | often replace
all of the smallest electrolytics in the power supply section especially
when | know the switching transistor is good. |If after a couple of hours
of labor and a dozen caps | still don't have it running, | give up on
t hese too.

6. Be realistic with yourself about the value of a used working nonitor. CGA' s
EGA' s and nonochrone Hercules nonitors rarely fetch nore than $25 at a swap
neet .

7. Don't sell a used monitor to a friend unless you want to continue repairing
the thing until you're old and grey.

8. Don't put a scope on the collector of the supply or flyback transistors,
unl ess you have a special X100 high voltage / high frequency scope probe.

13.61) Tic-Toc Tips

(From Andy Laberge (tic-toc@wlfenet.com)

1. \When you go to discharge the anode of a picture tube make sure you
hook up your ground first or you may get an unexpected surprise. |
have.

2. Picture tubes will hold their charge for a long tine. In fact |
have been bitten froma tube that was removed froma TV, discharged
and allowed to sit for six nmonths. Treat all picture tubes as though
they were fully charged.

3. There is a practical reason for using an isolation transformer for

t roubl eshooting nmonitors besides the safety issue. The prinmary side
of the power supply is isolated fromground and if you start probing
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it with a grounded scope you will short out components that were
perfectly good until then. It will cost you nore time in trouble
shooting and nore noney.

When | ooking for real small cracks in a nonitor board try to use a
strong indirect light to keep the glare and reflections to a m ni mum
You can loose a crack in the glare. Cracks al so hide underneath the
sol der mask (the green stuff). | have scrapped away the sol der mask
and there pretty as you please is that little beggar. Next you want
to fix it; scrap nore sol der mask off the trace about 1/2" on both
sides of the crack. Brighten the copper using an ink eraser (it has
abrasive grit init). Tin the exposed copper very well and then

sol der on a piece of bare tinned buss wire. This is sort of an
acquired art. Cut the bus wire about 6" |ong. Next bend the wire at
90 degrees at the 5" mark you now have an L that is 1" on the bottom
and 5" on the stem Hold the stem and sol der the bottomto the PCB on
top of your excessively soldered crack. Now just clip the stem off.
You shoul d now have a crack that is bridged by a soldered on wire
which will give your cracked board the added strength that it needs.
If there are near-by traces you should al so check these for possible
hairline cracks or the starts of some. On boards with high trace
density this method nay not be possible; in that case use snmall gauge
(#30) Kynar covered wirewap wire and solder it to the associated
trace pads on opposite sides of the crack.

Sone connections won't take the solder very easily. In that case
renove all the old solder with either wick or a solder sucker
Pre-tin the connector until it excepts the solder readily and then
sol der the connector and it's pad. If you don't do this you will end
up with a cold solder joint underneath your new sol der

If you are a person that is for sone reason or other always noving

or unpl uggi ng your nmonitor; go out and buy yourself an extension for
your monitor signal plug. Hook the nmonitor signal plug to the extender
and then use the nmale end of the extension plug as your signal plug.
If you bend one of these pins it will be a | ot cheaper then having to
buy a signal plug for your nmonitor if you can find one.

In some VGA nonitors you may have video snmearing with dark letters
on a |light background. This maybe caused from sonme | ow val ue

el ectrolytics (usually around 1 uf) that have gone bad in the video
driver circuits. Usually you can check these in circuit with an
oscill oscope or out of circuit with a capacitance checker

O her filanment problenms might be | ow voltage caused from a | eaky
filter capacitor in the filament circuit. The capacitor wll dropped
the filament voltage down. A resistor can increase in value causing
the filament current to drop off. Both of these problems can give you
a faded picture look. A filter capacitor that has opened up will give
you a bright picture full of noise and that is hard to trace
especially if you are looking for it in the video.

Honermade degaussing coils can be made using three degaussing coils
(out of junked nonitors) in series that way you do not need a ball ast
load and it acts nore like the heavy duty degaussering coils. They
still get warm though.

When checking a focus control the main thing to | ook for here is
that the best focus is not on one end of the control. If it is then
your focus control block is bad or falling out of tol erance.

Hi gh voltage regulation circuits can give you some weird problens.
One particular nonitor woul d shut down when it went from high white
screen to a black screen. High voltage will elevate when the screen is
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dar ker and sometines exceed the high voltage safety linit activating
the shut down circuit.

12. Changing out CRT's is nore of an art that gets better with
practice. Some color CRT's line right up with a new tube and sone take
over four hours experinenting with results that still do not fal
wi t hi n specs.

13. Capacitors in the primary of the SMPS may go bad and cause the
shape of the switching pulse to be distorted; the SMPS becones
i nefficient and causing over heating and | ower voltage. Change the
capacitors if they look bad; shrinking of the vinyl casing or |eakage
underneath (looks like a |leaky battery in a radio). Capacitors with
105 degree tenperature ratings are reconmended in power supplies
i nstead of 85 degree types because of the self generated heat.
Everything in the power supply is a suspect of failure. SMPS
transformers can even fail although it is rare. Some produce
a high audio frequency whine at times due to material oscillations and
| oad conditions.

14. Metal filmresistors can cause weird shut down and start up
probl ems. These are usually found in the power supply over current
sense circuits. These resistors check good cold but fail after
appl ying heat to them Wen cool they would seemto run all day but if
heat is applied they fail faster. The value of these resistors would
fall between 100k and 500k usually.

15. A good flyback source: Conponent Technol ogy 1-800-878-0540

13.62) Monitor service and how to get some

A typical nmonitor warranty is sonething like: 2 years parts, 1 year parts
and | abor (i.e. you have to pay for |abor the |ast year of your warranty).
What shoul d you do when you are totally unsatisfied with warranty service or
when your monitor blows up 1 day after the warranty expires.

(From material provided by a former head service guy for a major conputer
sal es/ servi ce conpany.)

The behind the scenes secrets to get what you want are to do one or a
multiple of the follow ng:

1. Call the "Service" (it appears they really aren't) Departnent of the
conpany you procured the nonitor from and kindly ask to speak with the

Service Manager. |If they ask for your nane, they will nost likely pass it
on, as well as your service history... The manager will be "not at his
desk". They will ask to take a message... say sonething like "I would like
to discuss a service contract" (free noney) or "I would like to speak to

hi m about your firms good service" (appeal to his ego). These are
positive things they like. They person on the phone will get your # and
you wi Il hear back within maybe an hour or so. Reason: Service people |ike
nyself live in a very, VERY negative world... in the back of our ninds we
like to hear good and hide fromthe every day bad. He will call back

t hi nki ng good and when you get him you can either beat himup, or butter

hi m up... depending on your personality or style. The later is best. The
nicer you are to soneone, the nore they will do for you... treat himlike
you've known himfor years... talk to himon a one on one type style..

tell himwhat has happened in a very calm relaxed nood... sit back and
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rel ax... imagine yourself as Jack Nicolson.(?) Talk as long as you can..
joke, talk about golf, whatever... The longer you are on the phone with
him the nore likely he is to do sonething.

2. Hardball! Tell'emyou are going to call the Attorney General and get this
noni tor covered under the Lenon law in your state if they don't get it
fixed NON They will have to give you a new nonitor if the machine

has to be fixed under warranty nore than 3-tinmes in a 1-year period.

3. Call the manufacturer. Tell themyour nmonitor is bad and that the conpany
that sold you the nonitor has sent it to for service nultiple tines and that
you must have it fixed because it nonitors a dialysis machine for a 5-nonth

old baby with liver cancer and a broken leg or sonething like that... Pul
their strings. Kindly let themknow you aren't pleased with the nonitor
and you would like to send it in personally... (yes! you can do this!) The
key acronyns are RMA# or RA# or MRA#.... they all refer to Return

Mer chandi se Aut hori zati on nunber in some form

4. (This one is fromsam Threaten to plaster their m serable product
nanme all over the Internet. Note that | do not believe one should
actually do this - posting whiney messages to a bunch of newsgroups is
| argely non-productive and may | eave you open to | egal repercussions.
But, the threat will need to be taken increasing seriously as the
i nportance of Internet as an international medi um expands exponentially.

When you send it the nonitor, the RMA# has to be on the box. Call the
manuf acturer at their 800 nunber. Ask for Custoner Service. Tell them
the story (kindly) and say that you would like to get an RMA#. This is a
type of laundry ticket # they give you to track the nonitor's progress..
and they report directly to you when you call the RVA departnment to check
on it's status. If they won't do this for an individual person, ask for
an address of an Authorized Repair Depot. You will have to call the repair
depot and get an RNMA#.

Let them know you would like to deal with themdirectly. | would use tip
(3) as a last resort, (just before | call the Attorney General).

| would al so be careful of the ganme they may be playing: let the warranty
on |l abor run over so we can get some noney.

13.63) Shipping damage 1 why monitors are like
basketballs

(From Stephen Swann (swann@ani x. conj).

Monitors are nore prone to shipping damage than nost ot her conputer
conponents, and it doesn't help that they typically pass through severa
peopl e's hands (several stages of shipping) before they get to you:
factory -> distribution center -> vendor -> you.

And fromwhat |'ve seen first hand of shipping practices (I put in a
coupl e of nmonths working in a distribution warehouse during college),
you can safely assune that each stage of shipping is roughly the
equi val ent of your nonitor being dropped down a flight of stairs.

You woul dn't *believe* the abuse that UPS and FedEx can subject
packages to. |In fact, putting a *FRAG LE* sign on the side of the box
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is about the equivalent of witing "KICK ME' on it. | renenber
recei vi ng packages marked "FRAGQ LE" where the (originally cubical)
cardboard boxes had been smashed into shapel ess cardboard "bags", and
it took us 20 minutes to figure out what the contents of the box had

originally been. ("Wat are all these shards?" "I think it was sone
ki nd of vase" "No, it was sone kind of lanp." "Were's the bulb
socket, then?" "How about this squashed piece of alum nun?" "Yeah,
you're right, but where's the cord then?" etc). :-) Shipping guys

woul d t hink nothing of dropping "fragile" boxes from waist-high onto a
concrete floor - safe in the know edge that the package had passed

t hrough so many hands that the damage coul d never possibly be traced
back to them "Blaneless is Guiltless" should be the notto of these
fol ks.

Basically, what |'msaying is that if 1 nmonitor in 3 arrives arrives
i n workable condition, you should be surprised that even that one
noni tor survived.

13.64) Shipping damage 2 why monitors are like
hammers (as in throw)

(From Steve Cunni ngham (swc@ anu. edu)) .

Yes folks! As a training exercise for the 2002 Sumer ganes, Bill Baxter (not
his real name), a union thug fromUnited Parcel will attenpt to beat the
steroid enhanced nonitor-throw record of 55 1/4 feet set by Udo Schrank of the
former East Germany.

But seriously folks--UPS and | just "go round 'n' round!" Over the past two
years, they have broken about one third of the nonitors shipped to us, even

t hose packed in the original polystyrene foam One nonitor had the case
shattered, and the tube neck sheared off--even though the nonitor was packed
securely in the original box and foam The stock response from UPS is that
"it probably wasn't packed securely," or sone such drivel, while ignoring the
obvi ous--they are careless with fragile merchandi se.

The | atest outrage was when | was taking a short nap in ny house (I work out
of my house), and a very loud crashing sound startled ne amake. M w fe said
that it sounded as if soneone was crashing through the front door. Turns out
that the UPS dude dropped a $2000.00 70 pound 20" |kegam nonitor from wai st

| evel to the ground, hitting the front door in the process. After cooling
off, | carefully inspected the nonitor, and, amazingly, it wasn't destroyed (
have wi t nessed nonitor boxes dropped fromthe airplane to the ground).

To add to the outrage, when | was ready to return the repaired nonitor, the

| ocal UPS nmanager nade ne purchase a new box, and have foaminjected into it,
at a cost to the custoner of about 50 bucks, before they woul d consider
shipping it (the old box was dented, but no worse for wear). |In a remarkable
bit of restraint (if | don't say so nyself), | calmy wal ked out of the UPS
office (after waiting in line 30 m nutes), and used a remailing conpany in the
area to ship it via UPS at an additional fee. The customer received the
nonitor a few days |later, and yes, it was broken. All of this despite being
packed with several inches of hard foam and in a new, sturdy, 27" Uhaul TV
box. The package arrived at the customer's place of business upside down,
despite up arrows.

| realize that they are a discount shipper, but, they are not paid to nerely
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shi p packages. They are paid to ship themin one piece. |If they can't do
that, | think that they should get out of the business and quit running an

i nsurance scam | can't return repaired nonitors to people with the screws
m ssing, saying, "it's because |I'ma discount servicer." There is a mninum
| evel of quality that is acceptable. Sonetines the |owest price is not the
best value. As in all things human, |et the buyer beware! Hopefully someone
will find this useful to that end. W won't be using UPS anynore.

13.65) Shipping damage 3 why small monitors are like
footballs

(From Captain Mdcha (Captai nMocha@l ectra.com).
| used to work for UPS, | |oaded the trucks.

It's amazi ng you get anything in one piece when shipping with UPS. There are
SO0 so so so many packages that need to be |loaded in those trucks in just three
hours per work shift. The floor managers woul d encourage us to get the trucks
| oaded in 'any way possible'.

We used to treat the small packages as 'footballs' and try to throw them
t hrough box "goal s" fromthe other end of the truck. W also did 'punt
ki cking' etc.

So get your facts straight!! [It's not 'Hammer Throwing', it's football! =)
(From M chael Schuster (schuster @anix.com).

A friend used to work in Manhattan, NYC and during |lunch hour he often passed
the I arge caneral/electronics retailer, 47th Street Photo, just as the UPS
truck was unl oadi ng.

It was common for this to be acconplished by having the driver stand in the
truck, and KICK the boxes to the ground one by one. So you see, it isn't a
hamrer throw... It's football (or soccer) that they're nodel ed after

13.66) Shipping damage 4 so maybe if monitors were
packed and shipped like eggs

"After receiving ny third crunched nmonitor this week, 1've about had it with
these "Brown Shirted Box Stompers-in-the-mist!" You would think that a wel
packed 14" clone nmonitor would survive a 30 mile journey while in their very
i ncapabl e hands. Actually, | should apol ogize to Jane Goodal |, or whoever
that CGorilla babe was--her objects of study woul d probably be nmuch nore care
wi th nonitor boxes than the knuckl e-wal kers at UPS. | have been thinking of
doi ng my own study as to what deceleration it takes to do the damage to a
noni tor that they have done. M guess is that they nust have to drop the

thing on concrete from5 to 7 feet high! |[|'ve seen high inpact cases
shattered, tube necks sheared off, board cracked in half--sheesh, where do
they get these guys? Froma zoo? Sure, they reinburse the owner, but | |ose

the repair fee. Does anyone know if can make a | oss clai mal so?
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(From David Rouse (david.rouse@ngi neers.conj).

Actually they are probably only being normally clunsy. It probably is the
packagi ng of the nmonitor that is causing the failures. A nonitor is a fragile
thing. It only takes about 50 g's of acceleration to kill one. This translates
into about a 3-4 inch drop onto a hard surface. The packaging is supposed to
protect it by spreading the shock pul se out over a longer tine period. Alas,

t hough, all styrofoam (or whatever is being used for cushioning) is not
created equal. The maker was nost likely trying to save a couple of pennies
and use sonething a little too rigid. The wong material can provide too
l[ittle cushioning and in some cases even anplify the shock transmitted to the
product under the right(or wong) circunstances. FYl Trinitron tubes have
really bad shock characteristics.

13.67) Cleaning plastic monitor cases

For surface contamination |ike grease or tobacco snmoke, a variety of househol d
cleaners will work including Fantastik, Wndex, 409, etc. - sone better than
ot hers depending on the type of coating. Verify that whatever you use is

safe for the plastic by trying it out on an inconspicuous |ocation first.

For ozone or heat damage whi ch penetrates deeply into the plastic, painting
may be the only a solution. Test on a non-visible section to see how deeply

the discoloration has penetrated. For nodest discoloration, | have had sone
success with water and scouring powder containing bl each

13.68) Secret menus

“I'"ve seen some tantalizing references to the SECRET nenu for adjusting
Vi si onMaster Pro 17 nmonitor secret menu.

Coul d sonmeone kindly point me to some details so that | can access and
properly use this covert functionality?"

(From Scot MIler (scot@ts.con).
Shut the power off, then switch it back on while sinultaneously hol ding down

the "menu', '-', and '+ buttons. Then the 'nenu' button works normally but
will bring up the secret nenu.

13.69) Reliability and performance of refurbished or
remanufactured monitors

"Considering a 21-inch nonitor and have seen a nunber of resellers beginning
to carry refurbished monitors. Under nost circunstances | would wal k right
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past anything refurbished for the shiny new nodel, but at the price of new
21 inchers, well... Moni tor woul d be used primarily in Wndows and for

pl ayi ng Quake. Locally I'm seeing prices of $1100.00 to $1300.00 with a

2 year warranty for 1st & 2nd tier products. Feedback, anyone?"

Assumi ng you can fully test drive it and/or get a noney back no questions

asked warranty, then they are worth considering. The nost critical issue

is the condition of the CRT make sure it is bright, sharp, and has no screen

burn. If the CRT is in good condition, then there is no reason to think that

the rest of the monitor will fall apart or go up in snoke. Note: Test from

a power off for at least an hour condition. Once an old CRT warns up, it may
appear to be better than it actually is. See the docunent: "Perfornmance Testing of
but be warned that no nonitor is perfect - sonme 'defects' you find may be

i nherent in the design or sinply due to normal variations in manufacturing

quality control

The two terns 'refurbished and 'renmanufactured may be nean the same thing.
However, it would probably be worth trying to get a clarification in witing
of exactly what was done to the nmonitor. Depending on the integrity of the
reseller, these ternms could nean anything from' 'well, we turned it on and

it didn't blowup' to '"unit was conpletely overhaul ed and restored to new
speci fications replacing parts where necessary'.

13.70) Ron's notes on video signal quality problems

From pi necone@acbel | . net (Ron)

Here are some possible causes for ghosting, snearing, etc.:

1. A poor quality video cable.

2. A video extension cable (naking the cable |onger always nakes things worse).
3. Running the video card and/or nonitor too close to their maxi mum bandwi dt hs.

4. | npedance mi smatch between the video card and the nonitor. Most cards,
noni tors, and cables are 75 ohns, but 50 ohm parts exist.

6. Bad video card. |'ve seen many video cards with this problem and a
manuf acturer recently admtted to ne that one revision of their board has
a groundi ng defect that causes...ghosting.

7. Bad nonitor. | think this is unlikely. Usually poor nmonitors produce nuddy
i mmges that hide ghosting, if indeed there is any.

13.71) Monitor quality control

(From Bob Myers (nyers@c. hp.com)).

The bottomline is that |'ve been involved with the design, manufacture,
speci fication, and purchase of CRT displays for longer than | care to admt,
and | can tell you one thing with absolute certainty: it is | MPOSSIBLE to
mai ntain visibly perfect geonetry, linearity, etc., on the things over a
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production run. You can spend hours and hours getting a given unit to | ook
pretty darn good, but even that is iffy - it depends to nmuch on the Iimtations
built into that particular CRT and yoke. And even if you CAN get that unit
"perfect', this ISN T sonmething that you can do in normal production - not

unl ess you find custoners willing to pay SIGN FI CANTLY hi gher costs for the
products. Despite clains to the contrary here, that has NOT been the desire
expressed by the nmarket.

(From Gary Flynn (gary@abanero.jnu.edu)).

Many years ago | did TV repair and there were LOTS of adjustnents avail abl e.

| haven't cracked open a TV or nonitor lately but your statenment about CRT

and yoke limtations jogged ny nmenory. Are nost nmonitors today "rack and stack"
or are there internal factory adjustnents? Having just ordered a 17" Trinitron
based nmonitor and having confidence in ny old TV abilities makes ne want

to explore :-)

(From the editor).

No, you will not find many of these sorts of twi ddles in nbdern nonitors.
Most purity, convergence, and geonetry adjustnments are via strategically
pl aced magnets glued to the CRT, the orientation of nultiple magnetized
rings, the position and tilt of the deflection yoke, etc. You really do
not want to mess with these unless you have no choice and | ots of tine.

Many nodern nmonitors control the picture adjustnents via hidden nmenus and
digital controls.

The 'good ol d days' are gone forever... :-) :-(.

13.72) Is Big Brother watching over your shoulder?

"Does anyone out there know how the Tinex/Mcrosoft watch is progranmed by
hol ding the watch in front of a VGA nonitor. There nust ne sone sort of
sensor on the watch that picks up sonme sort of pattern on the screen retrace
of the nonitor...."

(From Len Turnbow (quartl ow@etcom com).

| know not hi ng about the Timex/M crosoft VGA optical conmmunications protocol
But, sonetime when you have nothing better to do, you m ght connect a
phototransi stor to a biasing source and thence to your oscilloscope. A m

phot ot ransi stor at your conputer nonitor and check out all the weird patterns
produced as a result of various screen displays.

Before long, you will note that the | eftnost edge of your scope display
represents informati on present near the top of your screen. |f you have
your trigger properly set, you will also note that the whole contents of
the screen are presented (top to bottom) on your scope (left to right).
Wth a blank white raster, you will be able to nove your hand in front of
the screen and see the result on your scope a la flying spot scanner. But
| digress.

Armed with a borrowed copy of the Mcrosoft interface software and your
phot ot ransi stor, you coul d probably reverse engi neer the protocol

O ask soneone at Mcrosoft.com:-). Wat would be the fun in that, though?
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13.73) Lament of the lack of adjustment pots on the
newest monitors

In 'the good old days' before digital controls and service nmenus, one could
spend a substantial fraction of one's Iife tweaking nonitor adjustnents.
The newest nonitors (and TVs) are nearly totally controlled by settings
stored in EEPROM The service adjustments nay only be accessible via a
port connection to a PC running a special manufacturer specific setup
program

This is the wave of the future and we are stuck with it for better or worse.
In all fairness, digital adjustments are less costly to manufacture and permt
much nore automation in the factory setup of screen geonetry, color, and so
forth. However, not maeking the setup software available for a reasonable
licensing fee is a serious problemwhich will result in |ost opportunities

for smaller independent repair shops.

(From CiaraTom (ci arat om@ol .com)

The point is that each manufacturer has witten a programfor his nonitor to
tweak things that we used to do with a screwdriver. It is nodel specific, not
generic, and often requires an interface (special cable, with or w thout
circuitry in between) sonetines connecting to your parallel port, sometines
to the serial

CGol dstar does this with a special proprietary software and special cable;
Vi ewsoni ¢ has (that cost ne $220 - try to recoup that froma repair) and
it is so user unfriendly that you don't even know what to do with it.

13.74) Analog versus digital LCD flat screen monitors

(From Bob Myers (nyers@c. hp.com)).

This refers to the interface to the nonitor, with "anal og" generally neaning
that it can plug directly into the sane vi deo connector as your typical CRT
nmonitor. Digital-input nmonitors have in the past required special interface
cards, but there are new standards for digital video outputs (such as the VESA
"Plug & Display" connector famly). The displays thenselves (the inner
wor ki ngs aren't REALLY "inherently digital" either - although the interface to
the panel itself usually is - but they ARE fixed-format devices, which brings
along its own set of problens.

Digital interfaces, assum ng you DON' T need a special interface card in the
PC, will be |less expensive than analog interfaces and will offer better
performance. The performance increase doesn't cone so nuch from having the
information provided in "digital" form but rather from having accurate timng
i nformati on avail able. The bi ggest headache in designing an anal og interface
for these nonitors is trying to generate the correct clock for sanmpling the
incoming video. It's usually been done by multiplying the horizontal sync
rate up to the proper frequency, but that is hard to do with REALLY good
stability, and the phase rel ationship between the H sync signal and the video
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isn't all that reliable. This nakes for an unstable display, with what |ooks
i ke considerable noise (especially when you have | ots of single-pixe
detail s).

Chapter 14) Service Information

14.1) Advanced monitor troubleshooting

If the solutions to your problems have not been covered in this docunent,
you still have some options other than surrendering your nonitor to the
| ocal service center or the dunpster.

(Al'so see the rel ated docunent: "Sources of Repair Information and Genera
Conment s".)

Manuf acturer's service literature: Service manuals nay be avail abl e

for for your nmonitor. Once you have exhausted ot her obvious possibilities,
the cost may be well worth it. Depending on the type of equipment, these
can range in price from $10-150 or nore. Some are nore useful than others.
However, not all include the schematics so if you are hoping to repair an
el ectronic problemtry to check before buying.

I nside cover of the equipnment: TVs often have sonme kind of circuit

di agram pasted inside the back cover. |In the old days, this was
a conplete schematic. Now, if one exists at all for a monitor, it just
shows part nunmbers and | ocation for key components - still very useful

SAMs Phot of acts: These have been published for over 45 years but have
never been conmon for nonitors. There are a few for sone early PC
noni tors but for anything nodern, forget it.

VWhat ever the ultimte outconme, you will have | earned a great deal

Have fun - don't think of this as a chore. Electronic troubleshooting
represents a detective's challenge of the type hat Sherl ock Hol nes
could not have resisted. You at |east have the advantage that the

el ectronics do not lie or attenpt to deceive you (though you may

beg to differ at tinmes). So, what are you waiting for?

14.2) Additional information

For general information on PC video cards and nonitors, see the
conp. sys.i bm pc. hardware. video FAQ This relatively new docunent
has wealth of data on nearly everything you could possibly want to
know about video for the PC world.

(From M chael J. Scott (mjscott@eartlab.rri.uwo.ca))
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The FAQ is available via ftp and the WW
To ftp a text-only version of this FAQ and/or the chipset list:

Conpressed Video FAQ at
ftp://ftp.worcester.conm pub/ PC-info/pc-hardware-video-faq.Z

Conpressed Video Chipset List at
ftp://ftp.worcester.conl pub/PC-infolpc-hardware-video-chipsetlist.Z

A WAV versi on (Netscape enhanced) is available at:
http://ww. heartlab.rri.uwo. ca/vi deof ag. ht n

Unconpr essed and conpressed (pkzip, gzip, conpress) text versions are also
avail able at the web site.

The FAQ has received news. answers approval, so it should be archived at
rtfmmt.edu and all mirrors, as well as in news.answers and conp. answers.

Contri butions, questions and corrections always wel come and appreci at ed.

14.3) Suggested references

There don't seemto be that many readily avail abl e books on nonitor repair
Here are a couple:

* Troubl eshooting and Repairing Conmputer Monitors
St ephen Bi gel ow
McGraw Hill, 1995
Har dcover, 304 pages
| SDN 0- 07- 005408- 8

Sone of the topics are

- CRT alignment and degaussing

- State-of-the-art plasma displ ays

- Specifications and architectures of nonochronmw, CGA, EGA, VGA, and SVGA
- Linear, switching, and high voltage powersupplies

- Logic and drivers supporting both CRT and LCD nonitors

- Graphi cs standards

- Sanpl e schematics

* Conputer Mnitor Troubl eshooting & Repair
Joe Desposito
Howard W Sans & Co, 1997
| SBN: 0790611007

Al so, since nmonitors share nuch in conmon with color TVs, books on their
repair would al so be applicable for many problens - and may be nore readily
avai l abl e fromyour local public library.

There don't seemto be nearly as many TV repair books for nodern solid
state TVs as | recall for old tube sets. Here are is one suggestion
which you may find (or its predecessor) at your local public library
(621.384 if you library is nunmbered that way) or a technical book store.
MCM El ectronics has this as well
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Troubl eshooting and Repairing Solid State TVs
Homer L. Davidson

2nd Edition, 1992

TAB Books, Inc.

Blue Ridge Sunmit, PA 17214

(From Skip (skippermartc2.md.tec.sc.us))

| recently attended a nonitor repair course put on by Philips electronics.
They have a technical training manual titled

H - RES COVPUTER DI SPLAY SYSTEMS
part # ST1496-1093LE/ KGPGC

| am sure this can be ordered from Philips Service Co.
P. 0. Box 555, Jefferson City, TN 37760 phone 423-475-0044

Thi s book does an excellent job of explaining howthese nonitors
wor k. Most is about Philips nonitors but the material is applicable
to nmost manufacturers. This course and reading this text has

help ne a lot with my nonitor repair efforts.

The foll owi ng doesn't specifically deal with nonitors but may be of interest
as wel |

"Vi deo denystified: A handbook for the digital engineer", Keith Jack
Br ookt ree Corporation, 1993 (I SBN 1-878707-09-4).

14.4) FCC ID Numbers of monitors

Only a few manufacturers actually produce the vast mpjority of conputer

and video nonitors. For exanple, Radio Shack, Magnavox, and Enerson do not
make their own nonitors (I can tell you are not really surprised!). Al

t hose house-brand nonitors that cone bundled with mail order or 'Mke and
Joe's Computerama' PCs are not actually put together in sonmeone's garage!
Well, not that many, at least :-).

How do you determ ne the actual manufacturer? For nost types of consuner

el ectroni cs equi pnent, there is something called an 'FCC ID or 'FCC nunber'.
Any type of equipment that may produce RF interference or be affected by
this is required to be registered with the FCC. This nunber can be used

to identify the actual manufacturer of the equipnent.

A cross reference and other |inks can be found at:

http://ww. repairfaqg. org/ REPAIR/ F_FCC | D. ht m

14.5) Parts information

| have found one of the npbst useful single sources for genera

i nformati on on sem conductors to be the ECG Sem conductors Master
Repl acement Gui de, about $6 from your |ocal Philips distributor
STK, NTE, and others have sinilar manuals. The ECG manual will
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enable you to look up U S., foreign, and nmanufacturer 'house' nunbers

and identify device type, pinout, and other information. Note that

I am not necessarily recommendi ng usi ng ECG (or other generic) replacenents
if the original replacenents are (1) readily available and (2) reasonably
priced. However, the cross reference can save countless hours searching

t hrough dat abooks or contacting the manufacturers. Even if you have

a wall of databooks, this source is invaluable. A couple of caveats:

(1) ECG crosses have been known to be incorrect - the specifications

of the ECG repl acement part were inferior to the original. (2) Don't

assune that the specifications provided for the ECG part are identica

to the original - they may be better in some ways. Thus, using the ECG
to determne the specifications of the parts in your junk bin can be
risky.

O her cross reference guides are available fromthe parts source
i sted bel ow.

14.6) Monitor schematics and manuals

In some cases, these may be available fromthe manufacturer and even reasonably
priced (much | ess than other sources). For exanple, a nmanual for a typica

CTX monitor is only $15 from CTX but around $50 el sewhere. However, nore often
than not, this will not be the case.

The followi ng three conpani es have an extensive inventory of conputer nonitor
servi ce manual s and schematics. Typical prices are between $25 and $100.

* Conput er Conponent Source (CCS), 1-800-356-1227
nm nm

CCS catal og 'centerfolds' hava had schematics for some comon nonitors like
the 1BMB513. So, just asking for a catal og may get you sone information.

* M Technol ogies (http://ww.nitechnol ogi es. com)
However, there have been sonme conpl aints about the quality of some of their
schematics. |In addition, apparently, unless you specifically request and
sign a non-disclosure agreenent, they will be printed on anti-copy red paper
which is also inmpossible to read! So, make sure you check out what you are
buying. They will accept returns.

* Electronix (http://ww.el ectronix.confschematics/)

The following may only be for IBMnonitors (I don't know) and doesn't appear to
have a web site:

* Eagan Technical Sevices, Inc, 1380 Corporate Center Curve, Suite 115, Eagan
MN 55121, 612-688-0098.

Eagan makes several schematics for IBMnonitors. | believe it includes the
8503, 8512, 8513, 8514, 8518 and 8511. NMbst are $50. The 9517 schematic is
an unbel i evabl e $165. You can order themdirectly from Eagan or through
Sans' Photofacts (Howard Sams, http://ww. hwsans.com ), same price

And anot her:

* Chunt ex, 1-800-888-2120.
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14.7) Information sources on the Internet

Many manufacturers are now provi di ng extensive information via the

World Wde Web. The answer to you question may be a nmouse click

away. Performa net search or just try to guess the manufacturer's

hone page address. The npbst obvious is often correct. It will usually
be of the form"http://ww. xxx.com' where xxx is the manufacturers' nane,
abbrevi ation, or acronym For exanple, Hew ett Packard is hp, Sun

M crosystens is sun, Western Digital Corp. is wdc. NECis, you

guessed it, nec. It is amazing what is appearing freely accessible via

the WAV  For exanple, nmonitor manufacturers often have conplete information

i ncluding detail ed specifications for all current and ol der products.
El ectronic parts manufacturers often have detail ed datasheets for their
product offerings.

14.8) Interchangeability of components

The question often arises: If | cannot obtain an exact replacenment or
if | have a monitor, TV, or other equi pnent carcass gathering dust, can
substitute a part that is not a precise match? Sonmetinmes, this is sinply

desired to confirma diagnosis and avoid the risk of ordering an expensive

repl acement and/or having to wait until it arrives.

For safety related itens, the answer is generally NO - an exact replacenent
part is needed to maintain the specifications within acceptable limts with

respect to line isolation, X-ray protection and to minimze fire hazards.
Typical parts of this type include flanmeproof resistors, sonme types of
capacitors, and specific parts dealing with CRT high voltage regul ati on.

However, during testing, it is usually acceptable to substitute electrically

equi val ent parts on a tenporary basis. For exanple, an ordinary 1 ohm

resi stor can be substituted for an open 1 ohm fl ameproof resistor to determn ne

if there are other problens in the horizontal deflection circuits before

pl acing an order - as long as you don't get lazy and neglect to install the

proper type before buttoning up the nonitor or TV.

For ot her conmponents, whether a not quite identical substitute will work
reliably or at all depends on many factors. Sone deflection circuits are
so carefully matched to a specific horizontal output transistor that no
substitute will be reliable.

Here are some gui delines:

1. Fuses - exact same current rating and at |east equal voltage rating.

I have often soldered a normal 3AG size fuse onto a smaller bl own 20 mm

Il ong fuse as a substitute.

2. Resistors, capacitors, inductors, diodes, sw tches, potentioneters,
LEDs, and other conmon parts - except for those specifically marked as
safety-critical - substitution as long as the replacenent part fits
and specifications should be fine. It is best to use the same type -
filmresistor, for exanple. But for testing, even this is not a hard
and fast rule and a carbon resistor should work just fine.

3. Rectifiers - many are of these are high efficiency and/or fast recovery
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types. Replacenments should have at equal or better PRV, Imax, and Tr
speci fications.

4. Posistors - many of these are simlar. Unfortunately, the markings on
the devices are generally pretty useless in deternmining their ratings.
Not e, however, that the prices for replacenent posistors may be quite
reasonable fromthe original manufacturer so it may not nmeke sense to
take the risk of using an unknown part.

(From Stefan Huebner (Stefan.Huebner @ ooki e. antar.com).

In nbst cases you can use a standard 3-term nal -device, the resistance of
the tenperature dependent resistors in it are nearly identical. Here is a
list of possible replacenment devices:

380000- 01, 24340521, 2199-603-1201, 163-024A, 163-035A, C02200- N66, C8RCH
QX265P05503, 32112026, 4822- A1-11240148, 02199-003-120, 15-08-001A,
5391560067, F400001.

5. Transistors and thyristors (except HOIs and SMPS choppers) - substitutes
will generally work as long as their specifications neet or exceed those
of the original. For testing, it is usually ok to use types that do not
quite nmeet all of these as long as the breakdown voltage and maxi mum
current specifications are not exceeded. However, perfornmance may not
be quite as good. For power types, nmake sure to use a heatsink

6. Horizontal output (or SMPS) transistors - exact replacenment is generally
best but except for very high performance nonitors, generic HOIs that
have specifications that are at |east as good will work in many cases.
Make sure the replacenent transistor has an internal danper diode if
the original had one. For testing with a series light bulb, even a
transistor that doesn't quite neet specifications should work wel
enough (and not blow up) to enable you to deternine what el se may be
faulty. The nost critical paranmeters are Vceo/Vcbo, Ic, and Hf e which
should all be at l|east equal to the original transistor. | have often
used by favorite BU208D as a tenporary substitute for other HOTs in TVs
and SMPS (chopper) transistors. However, for high performance nonitors,
a BU2508D type is a better choice. Make sure you use a heatsink (with
i nsul ati ng washer if applicable) and thermal grease in any case - even
if you have to hang the assenbly with a cable-tie to make it fit.

However, using an HOT with nmuch better specs may actually result in early
failure due to excessive heating frominsufficient and/or suboptiml base
drive. See the docunent: "TV and Monitor Deflections Systens" for nore

i nfo.

Al so see the section: "Replacenment power transistors while testing".

7. Deflection yokes - in the old days, particularly for TVs, all of these
were quite simlar. It was common to just swap with one that fit
physically and at npst need to adjust or change a width coil. Wth
hi gh performance auto-scan nonitors, this is no |longer the case. Sonetines
it will work but other times the power supply won't even be able to cone
up as a result of the inpedance m smatch due different coils and pole
pi ece configurations. |In addition, there may be other geometry correction

coils associated with the yoke that could differ substantially.

However, if you are really determ ned, see the section: "Swapping of deflectiony

8. CRTs - aside fromthe issues of physical size and nmounting, many factors
need to be considered. These include deflection angle, neck dianeter,
base pinout, focus and screen voltage requirements, purity and convergence
magnets, etc. Color CRT replacement from scratch (not using a CRT and
yoke/ convergence/ purity assenbly from another nonitor) is rarely worth the
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effort in any case. But, trying to substitute a different CRT is really
asking for frustration.

For monochrome CRTs, there is less variation and this may be worth a try.

The following are usually custom parts and substitution of sonething from
your junk box is unlikely to be successful even for testing: flyback (LOPT)
and SMPS transforners, interstage coils or transforners, mcrocontrollers,
and ot her custom programred chi ps.

Substituting mai nboards and other nodules fromidentical nodels is, of course,
possi bl e but sone realignment may be needed. Even a nonitor fromthe sane

manuf acturer that is not quite identical may use the same subsystens, perhaps
depopul ated or junpered differently.

14.9) Horizontal output transistor pinouts

You will nearly always find one of two types of horizontal output transistors
in TVs and nonitors:

* Metal can - TO3 package:

/ O\ Vi ew from bottom (pin side)
/ o o\
( B E ) B = Base, E = Enmitter, C = Collector
\ /
\ O/ C The netal case is the Collector

* Plastic tab - TG3Pn (n = several suffixes) package:

/ \

| (@] | View fromfront (label side)

I I

| | B = Base, E = Enmitter, C = Collector

|l
| | | If there is an exposed nmetal tab, this is the
| | | Col | ector as wel |.
B CE

Sone ot her transistor types use the sane pinout (TO66 for metal can, TO218
and TO220 for plastic tab) but not all. However, for horizontal output
transi stors, these pinouts should be valid.

Note that those with a built in danper di ode may read around 50 ohnms between

B and E (near 0 on the diode test range) - this is normal as |ong as the
resistance is not really low |like under 10 ohns.

14.10) How do you locate the HOT

Well, it is usually the LARGEST transistor in the set near the LARGEST
transformer in the set (flyback - the thing with the FAT red wire connecting
to the picture tube) on the LARGEST heat sink in the set.
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Got that? :-)
O, in the good old days - oops - but that was before computer nmonitors..
(From Don Vall (d.wall @unet. nneu. edu)).

Sure, it's usually the largest tube in the set, has a top cap, runs very hot,
and is often a 6BQ6G or some such. (tongue firmy in cheek) Actually, back in
t he days of yore, the Horizontal OQutput Tube was frequently referred to as the
HOT; guess sone things don't change!

14.11) Replacement power transistors while testing

During testing of horizontal deflection circuits or sw tchnode power suppli es,
particularly where the original failure resulted in the death of the HOT or
chopper, overstress on replacenent transistors is always a possibility if al
defective conponents have not be identified.

Therefore, using a part with better specifications may save you in the |ong
run by reduci ng the nunber of expensive blown parts. Once all other problens
have been | ocated and repaired, the proper part can be install ed.

However, this is not always going to work. In a TV and especially a high
performance nmonitor, the HOT may be cl osely matched to the drive and out put
conponents of the deflection circuits. Putting in one with higher Vce, |
or P specifications nmay result in overheating and failure due to | ower Hfe.

VWere possible, a series load like a light bulb can be used linmit the maxi num

current to the device and will allow you to power the equi pnent while checking
for other faults. Some designs, unfortunately, will not start up under these
conditions. |In such cases, substituting a 'better' device nmay be the best

choice for testing.
(From denn Allen (gl enn@uanawat u. gen. nz)).

| been repairing SMPS of all types but when | started on those using MOSFETs
I was bl owning a few of them when replaced because sonet hing el se was faulty.

Ever since | have been using a BUZ355 on a heat sink | haven't blown it. It
is rated at 800 V, 6 A, and 220 W it is a TO218 case bigger than a T0220.

It seens the higher ratings allows you to do repair where as a sonething like
a 2SK1117 or MIP6N60 will just bl ow.

14.12) Testing of replacement HOTSs

The following is useful both to confirmthat a substitute replacenment HOT is
suitable and that no other circuit problenms are still present. However
single scan line anomalies (particularly when changi ng channel s and/ or where
reception is poor with a TV or when switching scan rates and/or when no or
incorrect sync is present with a nmonitor) resulting in excessive voltage
across the HOT and instant failure are still possible and will not result

in an HOT runni ng excessively hot.
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(From Raynond Carlsen (rrcc@. washington. edu)).

After installing a replacenent HOT in a TV set or nonitor, | like to check the
tenmperature for awhile to make sure the substitute is a good nmatch and that
there are no other problens such as a weak H drive signal. The input current

is just not a good enough indicator. | have been using a WCF (wel |l calibrated
finger) for years. For nme, the rule of thumb, quite literally, is: if you can
not hold your finger on it, it's running too hot, and will probably fai
prematurely. Touching the case of the transistor or heat sink is tricky...
Metal case transistors will be connected to the collector and have a healthy
pul se (>1,200 V peak!) and even with plastic case tab transistors, the tab wll
be at this potential. It is best to do this only after the power is off and

the B+ has discharged. In addition, the HOT may be hot enough to burn you.

A better method is the use of an indoor/outdoor thernmoneter. | bought one
recently from Radi o Shack for about $15 (63-1009). It has a plastic 'probe' on
the end of a 10' cable as the outdoor sensor. Wth a large alligator clip, |
just clanmp the sensor to the heat sink near the transistor and set up the
digital display near the TV set to nonitor the tenperature. The last TV | used
it on was a 27" Sanyo that had a shorted H output and an open B+ resistor
Repl acenent parts brought the set back to Iife and the flyback pul se | ooked
OK, but the transistor was getting hot within 5 mnutes... up to 130 degrees
before I shut it down and started | ooking for the cause. | found a 1 uF 160
volt cap in the driver circuit that was open. After replacing the cap,

fired up the set again and nonitored the heat sink as before. This tine, the
tenmperature slowy rose to about 115 degrees and stayed there. | ran the set
all day and noticed little variation in the measurenent. Test equi pnent doesn't
have to cost a fortune.

14.13) Removing and replacing the deflection yoke

Shoul d you need to renove the deflection yoke on a color CRT, sone basic
consi derations are advised both to mnimze the needed purity and convergence
adjustments after replacenent as well as to prevent an unfortunate accident.

The position and orientation of the yoke (including pitch and yaw) and magnet

assenbly (purity and static convergence rings, if used) are critical. Use
paint or White-Qut(tm to put a stripe across all of the nagnet rings so you
wi Il know their exact positions should they accidentally shift later. |If there

are rubber wedges between the yoke and the funnel of the tube, assure that they
are secure. Tape themto be doubly sure as adhesive on old tape dries up with
age and heat and beconmes useless. This will avoid the need for unecessary
dynam ¢ convergence adjustments after reassenbly.

The neck is the nost fragile part of the CRT so do not apply any serious
side-ways force and take care not to bend any of the pins when renoving and
repl aci ng the CRT socket.

The yoke and purity/static convergence assenblies will be clanped and possibly
glued as well. However, the adhesive will probably be easily accessible - big
gl obs of stuff Iike hot nmelt glue and/or RTV silicone. Carefully free the
adhesi ve fromthe glass neck of the CRT. Loosen the clanps and gently wi ggle
the magnets and yoke off the neck. They may appear stuck from age and heat

but should yield with gently persuasion.

Once the yoke is replaced, some fine adjustments of the picture rotation
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purity, and static and dynanmi c convergence may be needed but hopefully with
your nost excellent diagrans, these will be mnimal.

Simlar comments apply for nmonochrome CRTs but there are far fewer issues as
the yoke is positioned firmy against the funnel of the CRT and rotation and
centering are usually the only adjustnments. However, there may be nagnets

| ocated on swivels or glued to strategic |ocations on the CRT envel ope to
correct for geonetric distortion.

14.14) Swapping of deflection yokes

This should work with identical TVs or nonitors. Your mleage will vary if
you are attenpting a swap between nonitors with sinilar specifications.
Chances of success for nonitors with widely different screen sizes or scan
rate specifications is close to zero.

One indication of conpatibility problens would be major differences in
resi stance readings for the correspondi ng yoke w ndi ngs, CRT HV and ot her
bi as | evels, etc.

Bef ore you do the transplant, see the section: "Renoving and replacing the deflectio
real i gnnent.

Make a precise diagram of everything you do.

Keep the purity/static convergence magnet assenbly with the original CRT if
possible and install it in the same or as nearly the sane position as possible
when you replace it

Once you are sure of the connections, power it up carefully - there is no
assurance that your yokes are conpatible. A yoke with a nuch |ower resistance
or inductance than the original may overstress conponents in the power supply.

You will then need to go through all the adjustnments starting with purity
and conver gence.

14.15) Swapping of non-identical CRTs

G ven the problens of just replacing a CRT with an identical new one, it isn't
surprising that attenpting to substitute a CRT which is not the same type will
result in difficulties - to say the |least. Obviously, the closer in size,
scan rate (for monitors), and deflection angle, the nore likely the chances

of success. Where the alternative is to junk the TV or nonitor, it may be
worth a shot - and you may get | ucky!

It may be best to transfer as much as possible with the CRT - yoke and purity
and convergence magnets. The connectors to the yoke may need to be changed
but this may be the | east of your problenms. Difference in yoke inpedance and
ot her characteristics may result in anything fromincorrect size to a truly
spectacul ar nmelt-down! The latter is much nore likely with SVGA nonitors
conpared to simlar size/deflection angle TVs.

VWere the neck size is the sane, the yoke can be noved fromone CRT to the
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other but you will have to do a conplete purity and convergence set up and
even then you may have uncorrectabl e convergence errors. See the section
"Swappi ng of deflection yokes".

(From J. G Sinpson (ccjgs@se.bris.ac.uk)).

Moni tors are generally designed by choosing a CRT, then the EHT, then designing
a yoke to scan the CRT, then designing a driver circuit to drive the yoke.

In a CRT test lab it's commpn to have variable supplies for EHT and ot her
vol tages, a small selection of yokes, and variable anplitude drive circuits.

EHT affects scan sensitivity, brightness, spot size. You can't get high

bri ght ness and small spot size on a large nmonitor with 3 KV of EHT. Virtually
every variable has some effect on convergence. Spot size is inportant, in as
much as you want nost of it on the phosphor and not the shadow mask.

Provi ded the neck size is the same you can swap tubes in yokes but don't expect

it to work very well. Different tube manufacturers nmay use radically different
gun structures. A given yoke and its driver may give underscan or overscan and
it's pretty well certain that convergence will be way off.

The military spends a small fortune on trying to get the drop into the yoke and
it flies with no adjustnent or convergence CRT. For the rest of us swapping a
CRT is a pain in the butt.

14.16) Decayed glue in electronic equipment

Larger conponents |ike electrolytic capacitors are often secured to the
circuit board with some sort of adhesive. Oiginally, it is white and
inert. However, with heat and age, some types decay to a brown, conductive
and/ or corrosive material which can cause all sorts of problens including
the creation of high | eakage paths or dead shorts and eating away at nearby
Wi ring traces.

The bottomline: Mdst of the time, this stuff serves no essential purpose
anyhow and shoul d be renmobved. A non-corrosive RTV or hot-nmelt glue can be
used in its place if structural support is needed.

14.17) Repair parts sources

For general electronic conmponents |ike resistors and capacitors, nopst
el ectronics distributors will have a sufficient variety at reasonable
cost. Even Radi o Shack can be considered in a pinch

However, for nodern el ectronics equi pnent repairs, places |ike D gikey,
Allied, and Newark do not have the a variety of Japanese seni conductors
like 1Cs and transistors or any conponents |ike flyback transformers or
degauss Posistors.

The foll owi ng are good sources for consuner el ectronics replacenment parts,
especially for VCRs, TVs, and other audi o and vi deo equi prment:
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* MCM El ectronics (VCR parts, Japanese sem conductors,
U.S. Voice: 1-800-543-4330. tool s, test equi pnent, audi o, consuner
U S. Fax: 1-513-434-6959. el ectronics including mcrowave oven parts

and el ectric range elenents, etc.)
Web: http://ww. ncnel ectroni cs. com

* Dal bani (Excel I ent Japanese seni conductor source,
U.S. Voice: 1-800-325-2264. VCR parts, other consumer el ectronics,
U. S. Fax: 1-305-594-6588. car stereo, CATV).

Int. Voice: 1-305-716-0947.
Int. Fax: 1-305-716-9719.
Web: http://ww. dal bani . com

* Premum Parts (Very conplete VCR parts, sone tools,
U.S. Voice: 1-800-558-9572. adapter cables, other replacenment parts.)
U S. Fax: 1-800-887-2727.
Web: http://ww. prenmi unparts. com

* Conput er Conmponent Source (Mostly conputer nonitor replacement parts,
U.S. Voice: 1-800-356-1227. al so, some electronic conmponents including
U. S. Fax: 1-800-926-2062. sem conductors.)

Int. Voice: 1-516-496-8780.
Int. Fax: 1-516-496-8784.

Al so see the docunments: "Troubl eshooting of Consumer El ectronic Equi prent" and
"El ectronics Mail Oder List" for additional parts sources.

14.18) Sources for adapters and cables

* Office and computer supply conpanies like Inmac and G obal may have sone very
conmon types |ike VGA switch boxes and extension cables - of unknown quality.

However, there are conpanies specializing in cables for conputers, video, and
conmuni cati ons. For exanpl e:

* Bl ack Box Corporation, phone: 412-746-5500, Fax: 412-746-0746,
Web: http://ww. bl ackbox. cont .

Check out their on-line catal og and other information.

14.19) Monitor replacement cables

Conput er Conponent Source (see the section: "Repair parts sources" is one
supplier of replacenent cables.

A&G Conputerware clains to have repl acenent cables for over 800 nodel s covering
119 rmonitor manufacturers. They also offer to replicate an existing cable if
they don't have what you need. | have no idea of pricing.

* A+G Conput er war e
D10 Commericl al Avenue, Sanley Green Industrial Estate
Cheadl e Hul me, Cheshire SK8 6QH, United Ki ngdom
Phone: +44 0161 486 0032
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Fax: +44 0161 486 1197
Web: http://ww. agconmput erware. com

Written by Samuel M. Goldwasser. | [Feedback Form] | [mailto]. The most recent version is
available on the WWW server http://www.repairfag.org/ [Copyright] [Disclaimer]
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