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Introduction

Scope of This Document

This document contains a collection of informatiefating to CRT (picture tube)
construction, characteristics, problems, mainteeattoubleshooting, and repair. This was
originally from the TV and monitor repair guidestbé Sci.Electronics.Repair FAQut has
been moved here due to its being of general interes

Most new CRT related information originating on Hueelectronics.repair
comp.sys.ibm.pc.hardware.videmr other USENET newsgroups will be included hatéer
than in those other documents.

Related Documents

The following may be of interest and cover mangveht topics related to CRT based
equipment:

o Safety Guidelines for High Voltage and/or Line PogeteEquipment

 Notes on the Troubleshooting and Repair of CompandrVideo Monitors

« Notes on the Troubleshooting and Repair of TeleniSets

e« Performance Testing of Computer and Video Monitors

« Notes on Approaches to using Fixed Freguency Maosmibe PCs

« Notes on Video Conversion

Additional Information on CRTs

ThePC Technology Guidbas some information with nice diagrams on botid @Rd flat
panel displays. This site is well worth visitingget an idea of the construction, operation,
and problems for a variety of display technologies.




(From: David Moisan (dmoisan@shore.net).)
I've seen a few such pictures and | was fortunad@igh to find a book on color CRTs that
explained quite a few things:

Color Television Picture Tubes

Morell, Law, Ramberg, Harold

ISBN 0-12-022151-0.
I'm not sure if its still in print but you might ebk out your local university library.)
If you are lucky enough to see "The Secret Lifdachines" on The Learning Channel (or
was, last time | saw it), there's an episode orséueet life of the TV. It's excellent! The
creator and presenter, Tim Hunkin, has a weirdesehumor but he's very well informed
and quite gifted in the way he demonstrates diffitarexplain concepts. In the opening
scene, he showed off a TV that he sawed in halfiwsig the CRT construction very clearly.
(He must have let the air into the tube, then wsdémond saw to cut it; that's the only way it
could be done without glass everywhere!)
(Of course, he may not *actually* have cut a T\haif - manufacturers no doubt maintain
props of this sort!)

e Back toCRT FAQ Table of Contents

CRT Safety Issues

Electrical Safety

TVs and computer or video monitors are among theerdangerous of consumer electronic
equipment when it comes to servicing. (Microwaverts/are probably the most hazardous
due to high voltage at flesh frying and cardia@sting high power.)

There are two areas which have particularly nalststiecal dangers: the non-isolated line
power supply and the CRT high voltage.

Major parts of nearly all modern TVs and many cotapunonitors are directly connected to
the AC line - there is no power transformer to jmevthe essential barrier for safety and to
minimize the risk of equipment damage. In the majaf designs, the live parts of the TV or
monitor are limited to the AC input and line filfefegauss circuit, bridge rectifier and main
filter capacitor(s), low voltage (B+) regulator &@fy), horizontal output transistor and primary
side of the flyback (LOPT) transformer, and paftthe startup circuit and standby power
supply. The flyback generates most of the othalagels used in the unit and provides an
isolation barrier so that the signal circuits ané Ime connected and safer.

Since a bridge rectifier is generally used in thever supply, both directions of the polarized
plug result in dangerous conditions and an isafetiansformer really should be used - to
protect you, your test equipment, and the TV, fiserious damage. Some TVs do not have
any isolation barrier whatsoever - the entire cisasdive. These are particularly nasty.

The high voltage to the CRT, while 200 times gre#itan the line input, is not nearly as
dangerous for several reasons. First, it is presemvery limited area of the TV or monitor -
from the output of the flyback to the CRT anodett@ fat red wire and suction cup
connector. If you don't need to remove the mainth@areplace the flyback or CRT, then
leave it alone and it should not bite. Furthermarile the shock from the HV can be quite
painful due to the capacitance of the CRT enveld@pg not nearly as likely to be lethal since
the current available from the line connected posugaply is much greater.

Safe Discharging of Capacitors in TVs and Video Maitors



It is essential - for your safety and to prevenndge to the device under test as well as your
test equipment - that large or high voltage capeasibe fully discharged before measurements
are made, soldering is attempted, or the circusttpuched in any way. Some of the large
filter capacitors commonly found in line operatepipment store a potentially lethal charge.
This doesn't mean that every one of the 250 capadit your TV need to be discharged

every time you power off and want to make a measarg. However, the large main filter
capacitors and other capacitors in the power sepghould be checked and discharged if any
significant voltage is found after powering off (@&fore any testing - some capacitors (like
the high voltage of the CRT in a TV or video monitwill retain a dangerous or at least
painful charge for days or longer!)

The technique | recommend is to use a high wattegjstor of about 100 ohms/V of the
working voltage of the capacitor. This will prevehe arc-welding associated with
screwdriver discharge but will have a short enctigle constant so that the capacitor will
drop to a low voltage in at most a few secondséddpnt of course on the RC time constant
and its original voltage).

Then check with a voltmeter to be double sure.dsit, monitor while discharging (not
needed for the CRT - discharge is nearly instaaseven with multi-M ohm resistor).
Obviously, make sure that you are well insulated!

o For the main capacitors in a switching power supgtich might be 100 uF at 350 V
this would mean a 5K 10W resistor. RC=.5 secon&R5 seconds. A lower
wattage resistor can be used since the total emengyt that great. If you want to be
more high tech, you can build the capacitor disgdaircuit outlined in the
companion documen€apacitor Testing, Safe Discharging, and OthertBela
Information This provides a visible indication of remainirftaege and polarity.

o Forthe CRT, use a high wattage (not for powertdinold off the high voltage which
could jump across a tiny 1/4 watt job) resistoadéw M ohms discharged to the
chassis ground connected to the outside of the ORDT SIGNAL GROUND ON
THE MAIN BOARD as you may damage sensitive cirguiffhe time constant is very
short - a ms or so. However, repeat a few timdsetsure. (Using a shorting clip lead
may not be a bad idea as well while working ondteipment - there have been too
many stories of painful experiences from chargestigomg for whatever reasons
ready to bite when the HV lead is reconnected. eNieat if you are touching the little
board on the neck of the CRT, you may want to disgé the HV even if you are not
disconnecting the fat red wire - the focus andesti€2) voltages on that board are
derived from the CRT HV.

WARNING: Most common resistors - even 5 W jobse eated for only a few
hundred volts and are not suitable for the 25kvhore found in modern TVs and
monitors. Alternatives to a long string of reguiesistors are a high voltage probe or a
known good focus/screen divider network. Howeveterthat the discharge time
constant with these may be a few seconds. AlstheegectionAdditional
Information on Discharging CRTs
If you are not going to be removing the CRT anoaienection, replacing the flyback,
or going near the components on the little boarthemeck of the CRT, | would just
stay away from the fat red wire and what it is aastad to including the focus and
screen wires. Repeatedly shoving a screwdriverruigeanode cap risks scratching
the CRT envelope which is something you really dowant to do.

Again, always double check with a reliable voltmEte

Reasons to use a resistor and not a screwdrivdis¢barge capacitors:




1. It will not destroy screwdrivers and capacitor terats.
2. It will not damage the capacitor (due to the curparise).

3. It will reduce your spouse's stress level in natif@to hear those scary snaps and
crackles.

Additional Information on Discharging CRTs

You may hear that it is only safe to discharge ftbmUItor to the Dag. So, what the @#$%
are they talking about? :-).

BTW, don't wash your CRTs even if the Maid compaatout the filth until you have
confirmed that your 'Dag isn't water soluble (matteg's why it has 'aqua’ in the name!). It
may all come off! Wipe off the dirt and dust witlclath (and stay away from the HV
connector or make sure it is discharged first!).

(From: Asimov (mike.ross@juxta.mnet.pubnix.ten).)

'Dag' is short for Aquadag. It is a type of pairgda of a graphite pigment which is
conductive. It is painted onto the inside and algtsif picture tubes to form the 2 plates of a
high voltage filter capacitor using the glass ibwe®en as dielectric. This capacitor is between
.005uF and .01uF in value. This seems like vetig lgapacity but it can store a substantial
charge with 25,000 volts applied.

The outside "dag" is always connected to the dirchassis ground via a series of springs,
clips, and wires around the picture tube. The kigllage or "Ultor" terminal must be
discharged to chassis ground before working orciticeiit especially with older TV's which
didn't use a voltage divider to derive the focuteptial or newer TV's with a defective open
divider.

Warning about disconnecting CRT neck board

Some manufacturers warn against powering a TV aritmoCRT without the CRT neck
board connected. Apparently, without somethingytlaing - to drain the charge resulting
from the current flow due to residual gas ionsdaghe CRT, the shortest path may be
through the glass neck of the tube to the yokeam the pins outside the CRT to whatever is
nearby. There aren't many ions in a modern CRT buppose a few here, a few there, and
eventually they add up to enough to cause a maastdr at least on some CRTs.

This is probably not a problem on small CRTs butldoge ones with high high voltages and
high deflection angles where the glass of the riegtry thin to allow for maximum

deflection sensitivity, the potential does existdocing through the glass to the yoke to occur,
destroying the CRT.

There is really no way to know which models willfgkestruct but it should be possible to
avoid such a disaster by providing a temporaryrnepath to the DAG ground of the CRT
(NOT SIGNAL GROUND!) via the focus or G2 pins peg&bly through a high value high
voltage rated resistor just in case one of theshasted.

This probably applies mostly to large direct-vieWsIsince they use high deflection angle
CRTs but it won't hurt to take appropriate pre@ngiwith video and computer monitors as
well.

CRT Implosion Risk?

Also see the sectiolisposing of Dead TVs or Monitors (CRTs and Charbigtl
Capacitors)

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

| have checked with our CRT expert and he thinks #my 'normal’ type of scratch does not
pose any danger. Usual disclaimer applies ... (vghabrmal'?)




The front of the tube is much thicker and strorthan the rear. It has to be, to withstand the
air pressure, because the curvature radius is sb fatger. You won't break it by throwing a
slipper at it. The neck is in fact very easy todrausually without causing injuries to anyone.
Normally, if the tube should implode, the rimbatite(tensioned steel band around the rim of
all modern CRTs of any size) prevents the glasws filging outward too far. Every tube type
has to pass tests in which it is deliberately idpiband it is checked whether any large
shrapnel flies too far out.

What *is* very dangerous is a CRT with its rimbamésing, or a CRT which never had a
decent rimband in the first place (like some dubiBussian-made samples we once saw).
Such a tube should not be handled at all. NEVER a&ttempt to remove the rimband for and
reason!

| just saw a picture tube that was broken due ¢pping the (entire) TV on one corner. In the
cone (the backside) there are open cracks of soiet &ngth in total. Nevertheless all the
glass is still in its original place and it looksi&no glass has flown outward. The faceplate is
still intact. So in this case nobody would have lgatt. | remember reading about Americans
(who else?) who tried to shoot CRT's with smalifkes, with little or no success.

Does this comfort you? Get out the shotgun and haye at it!

Or, perhaps, the following:

(From: Ren Tescher (ren@rap.ucar.edu).)

Our 6 month old 20" SGI color monitor (model GDME2TL) lost a fight with a fork lift. The
case is intact, the CRT probably still has a vaguouhthe outer layer of glass on the screen
is shattered.

Picture Tube Implosion IS Possible - But You ReallNeed To Work at It!

As noted elsewhere in this document, picture tafggasion is a hazard but under normal
conditions, quite unlikely. Someone wrote:

"I heard somewhere that in the early days of T¥,ttibes had a tendency to
implode at the drop of a hat. (Due to poor design®rder to prevent flying
glass, the sets had a plastic sheet in front o$¢heen. Obviously, modern sets
no longer have this. How safe are modern CRT sergeterms of impact
damage etc?"

Well, it isn't quite as simple as that..... Howewaren if CRT implosion is one of those highly
unlikely events, the downside is that should itwao just the wrong way, the consequences
can be disastrous. So, | wouldn't depend on thereqces below to guide you! Treat a CRT
about the same way you would an armed nuclear b@iibwell maybe just 10 sticks of
dynamite. :-)

(From: Dan Evens (dan.evens@hydro.on.ca).)

In high school, our electronics teacher did a déan@ach class. He saved out an old black-
and-white tube for each class and set up a plabeetik it. Put the tube on the ground by a
brick wall, with a hammer suspended on a wire ftbentop of the wall. Did it on the
driveway so that the glass would be easier to pmKThe tube was placed image-side down.
First he pulled the hammer back about 20 feet asidi¢t it go. It bounced off the tube. This
was to show that such tubes are pretty tough. Fieguulled the hammer back and gave it a
pretty good shove, turning his back to the tuberangling quickly away from it. (Let's face

it, the guy could probably have found a safer wagd this.)

Palm sized chunks of glass flew 50 feet. The n@se quite impressive. The thickness of the
image plate of the tube was also quite impres&iued of looked like a porthole on a
submarine. This was from the tube of a small blac#-white TV, about 14 inches or so. One
of the larger colour models might be a LOT mordernt.



If I was handling these things in such a way asawe the possibility of dropping one, I'd
insist on body armor and face protection. And ihwolves a picture tube, | insist on
competent trained professionals for service.

(From: Matthias Meerwein (Matthias.Meerwein@rt.lJude).)

They ARE quite safe. I've got several TVs and compmonitors in for repair that had been
dropped. None of them had an imploded CRT. The dameacountered ranged from:

e Broken circuit boards, often around the flybacksfarmer (the most heavy weight
part on the board) - This is quite easily repagabl

e Shadow mask inside the tube knocked out of posfiawstly in trinitron tubes due to
their heavy aperture grille construction) - thinders the tube (and thus usually the
set) a dumpster candidate.

e Neck of tube broken of (usually when the set tetfibor back end first) - obviously
junk.

Furthermore, | did some experimentation with juatss

e 26 inch color TV with back panel removed placedfdown under a bridge. Dropped
a ~10 pound brick from top of the bride (about tLBigh) into the glass funnel of the
tube. Result: Funnel of tube shattered, faceptaset. All glass shards (most of them
rather large) were lying inside the set's cabimed flying glass.

e 14 inch B/W computer monitor tube dropped fromdbeond story onto concrete
floor, hitting the ground faceplate-first. Restilibe shattered into thousands of small
glass particles (the largest ones were about ateimsize), but all debris was located
on one heap - none of them traveled farther thantaibree feet.

Conclusion: According to my experience, spectaquilgtiure tube implosions are something
like cars in movies that explode upon roll-ovettihg a tree or driving down the cliffs: an
urban legend.

(From: Clifton T. Sharp Jr. (agent150@spambustéisig).)

With today's tubes, that's more or less true (alghowvalking through a picture tube plant can
be instructive as you hear the exploding tubesjh\Wder tubes it was a hazard. With pre-
1960 tubes it was a big one. My old boss in theséWice, who | trusted not to exaggerate
about such things, told me stories of setting tupgctube near a second-floor window, having
them fall to the sidewalk and literally blow a hatethe sidewalk. I can tell you factually and
first-person that although he took few precautiaith other things, when he had to "pop" a
picture tube in the dumpster he never ever evett sthout safety glasses, a shield and a
six-foot piece of heavy pipe. (I stopped workingréharound 1973.)

Risks from CRT Scratches?

A really deep long scratch or gouge on the CRT &rild be considered a serious safety
hazard as it may reduce the structural integrityianrease the risk of implosion. However,
you would likely need a hammer and chissel or diasnigpped tool to make scratches that
deep. It is very unlikely that such scratches caolthe from any reasonable normal use.
Dropping it from a cliff, deliberate use of a glasdter, the use of a really really BIG
hammer, or 12 gauge shotgun, might perhaps bewsurfi

This is more of a concern for modern CRTs that Ihshave ‘integral implosion protection’ -
that steel rimband around the outside near the.fflder CRTs used either (1) a separate
safety shield - that laminated glass plate in fimfntour grandmom's TV - or (2) a second
contoured glass panel bonded to the actual tulge ladoth of these cases, the second panel
is protective and cosmetic but is not part of tihecture of the CRT. Therefore, any damage



to it does not significantly compromise the tulmetHe case of modern CRTSs, the steel band
in conjunction with the basic tube envelope is useghaintain the integrity of the overall
CRT. In addition should implosion occur as a restitatastrophic damage, the rimband will
reduce the range and velocity of flying debris.

Also see the sectioRT Implosion Risk?

BTW, scratches in the CRT have absolutely no effi@cX-ray emission. X-rays are blocked
long before they come anywhere near the surfaceg@ss has very little effect on their
direction. Any scratch deep enough to have anyctlatée effect on X-ray emission (actually,
it would need to be an inch deep gouge) would ltawsed the tube to implode.

Disposing of Dead TVs or Monitors (CRTs and ChargedHV Capacitors)

| don't know what the law says, but for safetyehermy recommendation:

Treat the CRT with respect - the implosion hazéeugd not be minimized. A large CRT will
have over 10 tons of air pressure attempting telcitu Wear eye protection whenever dealing
with the CRT. Handle the CRT by the front - not tleek or thin funnel shaped envelope.
Don't just toss it in the garbage - it is a sigraft hazard. The vacuum can be safely released
(Let out? Sucked in? What does one do with an utedawvacuum?) without spectacular
effects by breaking the glass seal in the centén@CRT socket (may be hidden by the
indexing plastic of the socket). Cover the entiRRTGvith a heavy blanket when doing this for
additional protection. Once the vacuum is gonis, jiist a big glass bottle though there may
be some moderately hazardous materials in the pbogpatings and of course, the glass and
shadow mask will have many sharp edges if it i&éno

In addition, there could be a nice surprise awgitinyone disconnecting the high voltage
wire - that CRT capacitance can hold a charge e while. Since it is being scrapped, a
screwdriver under the suction cap HV connector khsuffice.

The main power supply filter caps should have disgéd on their own after any reasonable
length of time (measured in terms of minutes, raysr years).

Of course around here, TVs and monitors (well, Wakthinking as | have yet to see a decent
monitor on the curb) are just tossed intact whicfortunate for scavengers like me who
would not be happy at all with pre-safed equipnwdrihis type!

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

We have a procedure for disposing of used CRT's.vBlsuum must be broken to avoid
future implosion, like when it will be crushed thyetdumpster truck press. That's NOT funny!
One method is to punch or drill a small hole inéinede contact, which is made of a soft
metal. But take care of the electrical dischargthefaquadag capacitance first!!!

The other method is to break the stem in the cerittiee socket pins. This is the stem through
which the tube was pumped empty during manufaagjuitrbreaks off easily (after you have
removed the plastic part around the pins).

You want to avoid making too large holes, like éxample from chopping off the entire neck
in one blow with a hammer.
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General CRT Construction and Characteristics

Why is the CRT Still Dominant?

Currently, most TVs and computer monitors are s&ied on the Cathode Ray Tube (CRT)
as the display device. However, many hand-held Pdgable equipment, laptop computers,
and the screens inside video projectors now us@dlael technology, mostly Liquid Crystal




Displays - LCDs. These are a lot less bulky thad §Rise less power, and have better
geometry - but suffer from certain flaws.

First, the picture quality in terms of gray scaelor, and brightness is generally inferior to a
decent analog monitor. The number of distinct shaderay or distinct colors is a lot more
limited. They are generally not as responsive a§<ORhen it comes to real-time video which
is becoming increasingly important with multimed@mputers. Brightness is generally not as
good as a decent CRT display. And last but not,lélas cost is still much much higher due
both to the increased complexity of flat panel tedbgy and lower production volumes
(though this is certainly increasing dramatically)s really hard to beat the simplicity of the
shadow mask CRT. For example, a decent qualityeatatrix color LCD panel may add
$1000 to the cost of a notebook computer compar&200 for a VGA monitor. More of
these panels go into the dumpster than make ttayst do to manufacturing imperfections.
A variety of technologies are currently competiagidse in the flat panel displays of the
future. Among these are advanced LCD, plasma digehand field emission displays. Only
time will tell which, if any survives to become tig** picture-on-the-wall or notepad display
- at reasonable cost.

At least one company is about to introduce a 48 aiagonal HDTV format flat plasma panel
multisystem color TV/monitor which will accept inppinom almost any video or computer
source. Its price at introduction will be more thihat of a typical new automobile - about
$15,000! :-) Thus, at first, such sets will finctthway into business conference rooms and
mansions rather than your home theater but prickdgnop over time.

Projection - large screen - TVs and monitors, @endther hand, may be able to take
advantage of a novel development in integratedamechining - the Texas Instruments Inc.
Digital Micromirror Device (DMD). This is basicallgn integrated circuit with a tiltable
micromirror for each pixel fabricated on top oftat& memory - RAM - cell. This technology
would permit nearly any size projection displayoeoproduced and would therefore be
applicable to high resolution computer monitorsvad as HDTV. Since a reflective medium
is used in this device, the light source can bergdht as needed. Commercial products based
on the DMD are beginning to appear.

Comparison of CRT Types

"Could someone please help to elucidate the coriparadvantages of each
technology? | know how they work but do not knowieithis advantageous
and why."

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

Trinitron is Sony technology. The shadow mask ézhthe aperture grille) consists of vertical
wires under tension. The mask is always straigthenvertical direction and curved in the
horizontal direction, thus the shape is a cylindée tube surface is also cylindrical, which
causes some strange effects, particularly funnyomreflections of yourself. Because the
wires are under a lot of tension, the internal tsiibecture must be very strong and thus
relatively heavy. Because the glass surface isdstial instead of spherical, the glass must
be thicker and heavier too, to withstand atmosphmessure.

Heavier always equates to more expensive!

The electron gun construction is also differengréhare still 3 guns (not one as some may
thing but the 3 guns share one main lens. (Therddgeof focusing grids is called a lens, in
analogy to the optical principle.) There are &itathodes and 3 G1s, as usual. The large
diameter lens has the advantage of less sphebealagion (and thus a sharper spot) but the
disadvantage of large physical length which meashseger cabinet.

In the deflection coil design another compromis@isid between spot quality, purity and
convergence. As a result horizontal convergence bribelped by an auxiliary dynamic



convergence waveform (on an extra convergence)cdit?’s adds to cost and can
occasionally give an interesting failure of theihontal convergence.

The best non-Trinitron (or clone) CRTs use a cotigeal shadow mask made of Invar -
originally Matsushita technology; Philips useoibt The shadow mask is of the standard
shape (spherical metal plate with holes in it)ibig made of a special alloy with a 7 times
lower coefficient of thermal expansion than regudan. This allows a brighter picture with
less purity errors.

The problem with regular shadow masks is ‘'domingeé to the inherent principle of shadow
masks, 2/3 or more of all beam energy is dissipete¢de mask. Where static bright objects
are displayed, it heats up several hundred degféescauses thermal expansion, with local
warping of the mask. The holes in the mask mowe ddferent place and the projections of
the electron beams will land on the wrong coloptsity errors. The use of invar allows
about 3 times more beam current for the same penityrs. See the sectioihat is

Doming?

Combating purity errors is a necessity due to 2dse

o Flatter picture tubes: flatter shadow masks areersensitive to doming

o Darker (glass) picture tubes: this gives more @sttbut more beam current is needed
for enough brightness

The trinitron aperture grill shadow mask is inheélemsensitive to doming as long as the
tension in the wires remains positive. If the wibegome too long then they become more
sensitive to microphony (try tap the cabinet..eWVertical wires are connected in several
places by thin horizontal wires. Some people com@aout seeing faint shadows of these
wires.

To summarize: Trinitron monitors are probably heaviarger, more expensive, maybe better
on purity, and maybe better on focus than otherito) with or without invar shadow
masks. There are excellent monitors other thantiamtoo... | suppose the Coke-Pepsi
comparison is true.

Color CRT Construction
For a couple introductory on-line articles aboubétty) CRTS, see:
o High Tech TubesPopular Mechanics, April 1997.

e Display.

All the color CRTs found in TVs and computer andea monitors utilize a shadow mask or
aperture grill a fraction of an inch (1/2" typicékhind the phosphor screen to direct the
electron beams for the red, green, and blue vidg@ls to the proper phosphor dots. Since
the electron beams for the R, G, and B phosphagsate from slightly different positions
(individual electron guns for each) and thus aratslightly different angles, only the proper
phosphors are excited when the purity is propatjysted and the necessary magnetic field
free region is maintained inside the CRT. Note thatty determines that the correct video
signal excites the proper color while convergereteines the geometric alignment of the 3
colors. Both are affected by magnetic fields. Badtp results in mottled or incorrect colors.
Bad convergence results in color fringing at edgfesharacters or graphics.

The shadow mask consists of a thin steel or Ingderfrous alloy) with a fine array of holes -
one for each trio of phosphor dots - positioneduldd? inch behind the surface of the
phosphor screen. With some CRTSs, the phosphom@rearged in triangular formations called
triads with each of the color dots at the apexefttiangle. With many TVs and some



monitors, they are arranged as vertical slots thphosphors for the 3 colors next to one
another.

An aperture grille, used exclusively in Sony Tmaits (and now their clones as well),
replaces the shadow mask with an array of finelgitsed vertical wires. Along with other
characteristics of the aperture grille approacis, permits a somewhat higher possible
brightness to be achieved and is more immune ter gitoblems like line induced moire and
purity changes due to local heating causing distodoming) of the shadow mask.
However, there are some disadvantages of the apatille design:

e Weight - a heavy support structure must be providedhe tensioned wires (like a
piano frame).

e Price (proportional to weight).

e Always a cylindrical screen (this may be considearcdvantage depending on your
preference.

« Visible stabilizing wires which may be objectionalor unacceptable for certain
applications.

Apparently, there is no known way around the neekkeep the fine wires from vibrating or
changing position due to mechanical shock in hegolution tubes and thus all Trinitron
monitors require 1, 2, or 3 stabilizing wires (degieg on tube size) across the screen which
can be see as very fine lines on bright images.eSwople find these wires to be
objectionable and for some critical applicatiomgyt may be unacceptable (e.g., medical
diagnosis).

Assembly of Color CRTs

(Portions from: Jeroen H. Stessen (Jeroen.Stessah@mrom).)

The following is a greatly simplified descriptiofitbe general process of color (shadow or
slot mask) CRT construction. Trinitrons should bsibally similar.

The screen and envelope glass pieces are moldathselp and then glued (Epoxied?)
together as one of the last steps of assembly frobaking and evacuation. (You will note
this seam if you examine the envelope of a coloT @Rar the front.)

The shadow mask is manufactured through a pholongtprocess. No, there are no workers
responsible for punching all those holes! Sincesitpn error of even a tiny fraction of a mm
would result in purity errors, each shadow masknisjue for its faceplate. They are not
interchangeable. To facilitate the following stejpsan easily be mounted and removed
(essentially clicked in place) during tube prodmatiRegistration pins assure precise
alignment.

o For each of the phosphor colours (and optionalkafaatrix) one phosphor layer is
deposited followed by one photoresist layer.

At least one manufacturer adds some steps foruper8right tubes. They put 3
different colour filters between the glass andghesphor. In terms of contrast that
tube is a definite Killer.

e The shadow mask for that CRT (unique) is then meaintclicked in place.

e Anintense point source of light is mounted atldeation of the effective center of
deflection for the electron gun associated with giesphor.

e The photoresist is exposed to light.



e The shadow mask is removed and the excess reststXposed to light) and phosphor
is washed away.

These steps are repeated for the red, green, aagpbbsphors, and the optional (but very
common) black matrix surround.

Using the shadow mask repeatedly in this manneragtees close registration. How else
would you lay down a million individual dots in etly the right place - paint by numbers? :-
).

Then, an aluminum overcoat is deposited over tlesior/black matrix. This has several
functions:

« Provide the return path for the electron beam neoted to the EHT 2nd anode.

e Reduces backscattering or secondary emission.r&tecthat bounce back from either
the shadow mask or the screen may hit a phospsewbkére and thus cause unwanted
white light. That reduces contrast and colour gurit

o A side benefit is that it blocks negative ions froesidual air molecules from hitting
the phosphors. These might result in an unsighégnish in the center of the screen
since they are much heavier (many thousands otihe mass) than electrons and are
not deflected very much. (This was a problem ingady days of CRT production but
apparently not with present high vacuums and getteclean up whatever is left.)

The shadow mask is then mounted for a final tingetae faceplate, envelope (with its
electron gun assembly already fused to it) are dnakethis point, it is ready for the final
baking and evacuation.

The tube is evacuated through the thin stem tHata&ed in the middle of the socket. That
takes several hours at the vacuum pumps. The stdmn sealed by heating and melting.
The getter - part of the electron gun assemblythas 'activated' via induction heating from a
coil external to the next of the CRT. This vaposized deposits a highly active metal on the
interior of the glass of the neck. The getter matadsorbs much of any remaining gas
molecules left over from the evacuation of the tuliee getter material is normally silvery - if
it changes to red or milky white, the tube is ptapayassy or up to air.

When the tube is ready it is matched with a datiectoil that provides optimum purity. It
takes some ingenuity to get a good match betweag adight for exposure which matches
the behaviour of the future electron optical systenorder to get good purity.

Amazingly, this basic process has not changedyrfamdamental way since the invention of
the shadow mask CRT!

However, Computer Aided Design (CAD) has had a majpact on the design of the
electron optics. The working of the electron gud daflection system is now much more
predictable thanks to advanced computer simulafibis has reduced the number of active
correction circuits for focus, geometry and coneeae to almost zero.

CRT Fine Tuning

Once the CRT is sealed, baked, evacuated, etgqglihe not yet done!

(From: Jeroen H. Stessen (Jeroen.Stessen@philips)co

They still need to match the finished tube witheflettion coil that will give adequate purity
performance and then they need to fiddle with megfraultipole rings around the neck and
sometimes other magnets all over the cone) to imgitcfurther. And even then many tubes
need active correction for convergence and/or gagyme

Only after all that correction can you call thelgigigh. (But you should see their scrap yard,
good thing that glass recycles well...)



Northern/Southern Hemisphere Corrections and Adjusiments

The vertical component of the earth's magnetid figries in intensity and polarity (N/S) as
one moves from the North pole over the equatortanide South pole. It is maximum at the
poles and decreases to zero at the equator. Tdlestangth is not large - after all it is less
than the total magnitude of the earth's magnetid bf about .5 Gauss (.00005 Tesla).
However, it is enough to affect the trajectoryltd electron beam(s) slightly.

For monochrome monitors and B/W TVs, this will resnly in a slight shift in position or
rotation of the picture depending on the orientatidthe CRT with respect to the earth's
magnetic field. For the most part such effects moll be significant enough to be
objectionable.

However, for high resolution color monitors andegeme color TVs, the result of
transporting the unit from the hemisphere from \Wwhiovas manufactured or set up to a
location in the opposite hemisphere may be unctaibée purity problems or excessive
sensitivity to local magnetic fields.

Note that is it quite possible that you will neescounter any of these problems. The extent
to which your particular monitor or TV is affectddpends on many factors - many of which
you have no control over.

(From: Bob Myers (myers@fc.hp.com).)

For many monitors - especially the larger sizeshsas 21" - there is a subtle difference in the
CRT itself which may mean that a unit with the wgdnbe could NOT be adjusted to be
within specifications when used in the ‘wrong' heghere.

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

There are two types of adjustments:

e The passive ones that are done in the picturefadbery and

e The active ones that are done by the setmakeha/oustomer.

In the factory inside the neck of every (Philipshé a metal ring is permanently magnetized
to create a multipole correction field. Then eadbetis matched with a deflection yoke to
achieve optimum colour purity. It is possible thatouple of yokes must be tried in
succession. This matching is done under specifimem magnetic field conditions. On
oriental tubes you will often see little permanem@gnets added to achieve further fine
correction of landing and/or convergence. Whertthe is within landing specification it is
shipped to the setmaker.

Depending on the sophistication of the circuitryha (television or monitor) set, the
setmaker can adjust geometry and sometimes comazdé there is a set of convergence
coils present). If there is a rotation coil prestein this may also improve the landing a bit.
In the 'digital monitors' there are flexible wavefogenerators to adjust the corrections. There
may be further adjustments possible for the unifyriof the colour point and brightness.
This gives a place-dependent modulation of thea®rbeurrents, it does nothing to improve
the landing.

The most expensive monitors (large screen, finesphor pitch, very critical on landing) may
have active magnetic field compensation in allréaions with electronic magnetic field
sensors for automatic adjustment. These monitagldlbe mostly insensitive to the earth
magnetic field. (This technology was originally ented for the use of CRT displays on board
of jet fighter planes, which tend to turn relatteethe earth...)

All other monitors will degrade picture quality whehe degaussing is not able to completely
compensate for the earth magnetic field. With & tobilt for the wrong hemisphere it is
possible that the effect of the vertical comporwrthe earth magnetic field will give a



residual landing error. This can not be correctgtubning any of the available adjustments,
digital or not. Re-alignment might become a vergthojob.

Tubes for All Nations

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

CRT Manufacturers actually make different versiohgheir tubes for TV's for the northern
and southern hemisphere, and sometimes a 3rd higgtea These are so-to-say precorrected
for the uncompensated field. (Note that the tealve't here includes much of the convergence
hardware as well - not just what is inside the gjlas

| remember when we exported projection televisioos) Belgium to Australia, a couple of
years ago. They all had to be opened on arrived&djust the rotation settings on the
convergence panel, due to the different magnetid fn Australia. Projection TV's don't have
degaussing (there is nothing to degauss), andustermer can only adjust red and blue shift,
not rotation.

Our CRT application group has a "magnetic cagels Bwa wooden cube (approx. 2 meter
long sides) with copper coils around each of tiseidaces. With this they can simulate the
earth magnetic field for every place on earth dgcated on a map on the wall).

During production and adjustment of the tube, tha@nb landing is optimized for the field
condition in which it will be used later. There mag different tube specifications for north,
south and equator ("neutral"). If you choose toitisedifferent conditions then the landing
reserve will be diminished and you will suffer seofrom colour purity errors. I'm not so
sure if the convergence would be a primary probieaybe yes.

With a dotted shadow mask, also the horizontal aorapt of the field matters, which is bad
because it also depends on which direction yownbtiee display. This too will eat away from
your landing reserve. How critical it all is depsrah tube size (bigger is worse) and on dot
pitch (smaller is worse). Workstation monitors ar@st critical.

Using a Helmholtz cage you can test or optimizeafparticular place on earth. The most
expensive monitors come with their own built-in febltz cage and magnetic sensors to
always create a field-free space.

Another interesting bit of trivia:

B&O (Bang & Olufsen of Danmark) use Philips picttubes in their beautifully designed
cabinets. In order to facilitate a more narrowistythey decided to mount the tube upside-
down, so they don't need safety clearance for thi€é & top. As a consequence they needed
a southern-hemisphere tube for the northern heraigpo here is a hint for a solution to
you all...

(From the editor).

In light of the above discussion, the following realperfect sense:

(From: Nigel Morgan (nigel@wycombe.demon.co.uk).

When | was in the TV trade some 20 years ago, limtasduced to a model with a PYE
badge on which differed in one significant detail:all TV sets I'd seen to that date the tube
had the blue gun uppermost and the EHT connectbedbp of the tube. Thorn TV sets
mounted the tube upside-down for some reason sohi&HT connector was at the bottom
along with the blue gun, but these PYE sets hadltreegun at the bottom, but the EHT
connector was at the top! When | asked about ltkvgs told that the tubes used in the PYE
sets were 'Southern Hemisphere tubes. | never cmaldle whether this was genuine or BS!
(From: Terry DeWick (dewickt@esper.com).)

The magnetic field for South America is about 8100 mG while the U.S. runs 400 to 500
mG (milli Gauss). For a CRT to set up correctly g is offset 1 to 1.5 mm left of center for
the 500mG field and 1 mm to the right for 0 mG thigsy the purity will be centered and the
yoke tilt will be centered making setup easy dupngduction. A North American CRT can



be set up in South America but there is a charagittivill not set up well with excessive
purity correction and or wedging set to the extreme

So What Does It Mean to Have a Trinitron CRT?

Trinitron is a CRT technology developed by Sonye Patent has recently expired and
therefore other manufacturers are free to offeillsinfCRTs. The CRT uses a set of fine
vertical wires called an aperture grill insteachadteel shadow mask to separate the R, G, and
B electron beams and force them to strike onlyajty@ropriate colored phosphors. This in
conjunction with an in-line set of electron gunsugpposed to provide a brighter image with
simpler convergence and purity adjustments. It hbe brighter because the percentage of
open space of the aperture grill is higher theh @fia shadow mask. Other adjustments
should be less critical in the vertical directibmaddition, since there is no imposed structure
in the vertical direction, undesirable moire pattecaused by scan line pitch compared with
the shadow mask dot pitch should be eliminated.

You can recognize a Trinitron tube by the fact thatpicture is made up of fine vertical
stripes of red, green, and blue rather than dostots. The shadow mask in all other kinds of
common CRTs are made up of either dots (nearlyaad non-Trinitron computer monitors)
or slots (many television sets). The Trinitron eqlent is called an aperture grill and is made
of around a thousand vertical wires under tensifacion of an inch behind the glass
faceplate with its phosphor stripes.

Several photos of a disemboweled Trinitron aperguitee can be found atames Sweet's
Sony/Trinitron Directoryalong with some screen shots showing the symptesudting from

a monitor falling on its face. :(

Since the aperture grill wires run the full heighthe tube, there are 1 or 2 stabilizing wires
to minimize vibration and distortion of the apegugrill. These may be seen by looking
closely 1/3 and/or 2/3 of the way down the tubee Hnger size tubes will have 2 while those
under 17 inch (I think) will only have a single wirMany have complained about these or
asked if they are defects - no they are appareetbgled. You can be sure that Sony would
have eliminated them if it were possible.

Another noticeable characteristic of Trinitronghe nearly cylindrical faceplate. The radius
in the vertical direction is very large comparedte horizontal. This is both a requirement
and a feature. Since the aperture grill wires adeutension, they cannot follow the curve of
the glass as a normal shadow mask may. Theref@glass must be flat or nearly flat in the
vertical direction. As a selling point, this is@lan attractive shape.

In the final analysis, the ultimate image qualityamonitor depends as much on other factors
as on the CRT. There are many fine monitors thatadaise Trinitrons as well as many not-
so-great monitors which do use Trinitron tubes.

Why are There Fine Lines Across My Trinitron Monitor or TV?

These are not a defect - they are a 'feature’. :-)

All Trinitron (or clone) CRTSs - tubes that use gqedure grille - require 1, 2, or 3 very fine
wires across the screen to stabilize the arraydfoal wires in the aperture grille. Without
these, the display would be very sensitive to dnogk or vibration and result in visible
shimmering or rippling. (In fact, even with thesatslizing wires, you can usually see this
shimmering if you whack a Trinitron monitor.) Theds you see are the shadows cast by
these fine wires.

The number of wires depends on the size of theeacigelow 15" there is usually a single
wire; between 15" and 21" there are usually 2 wiad®ve 21" there may be 3 wires.

Only you can decide if this deficiency is serions@gh to avoid the use of a Trinitron based
monitor. Some people never get used to the fireslisut many really like the generally high
quality of Trinitron based displays and eventuéditally ignore them.




Differences between Trinitron and Diamondtron CRTs

(From: Bill Nott (BNott@Bangate.compag.com).)

Mitsubishi makes the Diamondtron under license fwny - the subtle differences
(according to Mitsubishi) are improvements in thecon gun design for spot uniformity
over the CRT face. Also, for the time being, Mitsii has tried to introduce Diamondtron
tubes in sizes which are not available as Tringroto keep from directly competing, and
(ostensibly) to address niches which other siza% address.

In order to properly evaluate a monitor, one maststdder more than the tube alone - as many
readers know, Trinitrons are finding their way imarious manufacturer's sets, but they don't
all perform the same. In todays market, it's gpdssible to find a dot mask design which
performs as well as (or better in some cases)gbdwre grill design - IMHO every critical
monitor purchase should be made by personally exagithe monitor to be bought, under
the intended application(s).

(BTW, all color tubes use 3 guns, including thenifron. Sony used to talk about a "unitized
gun”, but that only refers to the cathode structlileclassical use of a misleading term to
gain market awareness (looks like it works).)

(From: Someone who wishes to remain anonymous.)

| have found other differences between the Trinitaad Diamondtron tubes. Most noticeable
is the grill pitch. The 21" Sony GDM-F520 is 0.22nmThe 22" Mitsubishi (Cornerstone
P1750) is 0.25 mm. For high resolution screens,tiakes a difference.

| have also noticed that in a room full of Dell Aitron monitors, no two monitors have the
same color. This is not just a setup issue, theshtibes have different colors when they are
off. The darkness of the black changes.

My gut feeling is that the Dells use a Mitsubigivé, and that the quality control is not up to
Sony's. It is just a feeling, | have not done agearch on this.

From what little I know, if you want the very begbu will have to pay for it, (or you get

what you pay for).

Some History of In-Line Gun CRTs

(From: Thomas Maggio (staccato@gate.net).)

GE's first set was a 10 or 11 inch " "PortaColoY'Which, to the best of my memory, was
introduced in the mid-60s. It was a tube chassisitiade use of space saving Compactron
multifunction tubes. A solid state version followsame years later | believe. If | remember
correctly, the color circuit used a novel methodémerate the local 3.58 MHz color signal: it
used the recovered color burst to 'ring’ a sergstal to produce a continuous carrier. |
remember reading about all this in one of the dméat "Radio-Electronics” Annual Color TV
issues that | looked forward to each year back #seeolor TVs were dynamically evolving
from many US companies.

The GE CRT did indeed use 3 in-line guns aimedatraentional shadow mask triad
phosphor screen. This simplified convergence aadCiRT neck components needed. Sony
uses one gun with a large common cathode to eeléc@ron beams which focus through a
single large electrostatic 'lens' instead of 3 fanalnes like the GE and others used.

One last stroll down memory lane: Does anyone relmegrine forerunner of the Sony
Trinitron? It began as the "Lawrence Tube" (namiger dts U.S. inventor Dr. Lawrence) then
was demonstrated as the "Chromatron” (I think Patarhhad some stake in it then). | don't
know how the concept became Sony's property soyibi@e can corroborate or correct any of
my recollections, | would enjoy hearing about ihanks.

(From: Andy Cuffe (baltimora@psu.edu).)

| read about Sony's development of the Trinitropp#&rently Sony actually manufactured a
17" TV with a Chromatron CRT in the early 60'swhs only sold in Japan and used a very



unreliable tube chassis. According to the book #ilkgnded up being returned and Sony lost
a lot of money on it. Later Sony took ideas from GE in-line tube and the Cromatron to
invent the Trinitron. They used the 3 in-line catbs of the GE tube with the vertical
phosphor stripe screen of the chromatron. The camimeusing lens was a way to stay as
close as possible to the single electron gun dedigime chromatron. The tone of the book
suggested that Sony bet the whole company on deess of the Trinitron. Apparently they
were very close to licensing the shadow mask design RCA because of the amount of
money they were losing by developing their own c@®&T. If anyone is interested | think the
title of the book was "Sony Vision". It also hadapkers on the Betamax and the development
of the first solid state TV.

How Far is the Shadow Mask from the Phosphor Screén

(Portions from: Jeroen H. Stessen (Jeroen.Stessah@mrom).)

This is simple geometry - similar triangles (atslefor a good approximation).

It is easy to do the calculations based on thawltst between the electron guns and the
horizontal stripe pitch of the CRT (assuming slatskor Trinitron - just a little more trouble
for dot mask to convert the dot pitch).

Dot pitch: 0.3 mm
|

Phosphor scree n
GBRGBRGBRGBRGB
\|/ 15 mm
e Shadow mask
N N
7\ |
/ ]\ 350 mm
[\ |
I ]\ %
B-gun G-gun R-gun ---------------- Electron guns (center of deflection)

Gun pitch: 7 mm

(Cool diagram based on efforts of Jeroem Stessen.)

Be aware that both face-plate and shadow-maskuaved and that the radius of curvature is
much larger than the distance to the guns. Thesaserelatively flat. This too has
consequences for the calculation. Oh, heck.

At the center of the screen, we have:
Distance between E-guns (R-G) Slot pitch (R-G)

Distance from deflection center to mask Mask to screen
For a typical 25 inch TV CRT with a .9 mm slot pitt3 mm between adjacent stripes) and 7
mm between adjacent guns we have a ratio of atiilit 2
For a distance of 350 mm between the center oédiébin and mask, this gives us about 15
mm (~.6 inches) between the mask and the screen.

How is the Shadow Mask Mounted Inside the CRT?

(Portions from: Jeroen H. Stessen (Jeroen.Stesgah@mgom).)

The shadow mask is mounted in a diaphragm. ThehtAgpn is mounted to the inside of the
tube with 4 metal springs. In the old days theseeviemetal springs. They have an important
role for colour purity: they allow the mask to mdeeward as it expands due to self-heating.
Remember: it must dissipate a lot of power andetieno cool air in there...



During production the mask is mounted and removadyntimes to allow for etching of the
phosphors. A point light source is precisely positid at the deflection center of each gun in-
turn to expose the photoresist used in laying dtherphosphor dots. (I know, you thought
they were painted on one spot at a time! :-)

The mask is never fastened permanently, only dickeo place just prior to having the
envelope glued to the front assembly.

As no two masks are identical, each tube is alyay®d with its own mask.

(From: David Moisan (dmoisan@shore.net).)

From pictures I've seen, the best way to deschibeshadow mask is that it is like a picture
inside its frame: The glass face is the frame &rdnask is the picture it holds, so to speak.
The mask is carefully designed in a frame of itsipwith spring clips around the edges, so
that it won't distort under the heating it getairthe electron beams (not to mention during
manufacturing). There's also a magnetic shieldraddbe inside of the bell in some tubes.

Why is the Shadow Mask or Aperture Grill Made of aMagnetic Material?

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

The question often arises: Well, if magnetizatiad éhe need for degauss is a problem, why
not make the shadow mask or aperture grille fromething that is non-magnetic?

The shadow mask *must* be made of magnetic maté&riaé may seem to be undesirable or
counterintuitive but read on:

Together with the internal shielding hood it forsast of a closed space in which it is
attempted to achieve a field-free space. The perpbdegaussing is *not* to demagnetize
the metal, but to create a magnetization that cosgtes for the earth's magnetic field. The
*sum* of the two fields must be near zero! Degaugsioils create a strong alternating
magnetic field that gradually decays to zero. Tifeceis that the present earth magnetic field
is "frozen" into the magnetic shielding and thédfimside the shielding will be (almost) zero.
Non-zero field will cause colour purity errors.

Now you will understand why a CRT must be degaussggan after it has been moved
relative to the earth's magnetic field. This wilaexplain why expensive computer monitors
on a swivel pedestal have a manual degaussinghytbo must press it every time after you
have rotated the monitor.

The axial component of the magnetic field is hatdesompensate by means of degaussing.
Better compensation may be achieved by meansmtation coil" (around the neck or
around the screen), this requires an adjustmehtiédgends on local magnetic field. CRT's for
moving vehicles (like military airplanes) may beuggped with 6 coils to achieve zero
magnetic field in all directions. They use magnéatd sensors and active compensation,
thus they don't need any degaussing function. i$h®o expensive for consumer equipment.

Why do CRTs Use Red, Green, and Blue rather than Rk Yellow, Blue?

So you were taught in grade school that any cadafdcbe made up of red, yellow, and blue
paint. Why are these not used in CRTs?

Nearly any color that we can perceive can be mamia some combination of primary colors.
There are two types - additive and subtractive.

RGB are primary additive colors - anything thattsmght will use these.

The three types of cone (color) recepters in thieaef the human eye have peaks (roughly)
sensitive to these primary colors.

Those red, yellow, and blue primaries you usedeate your works of art should actually not
have been red, yellow, blue but rather magentéggwektyan - close but no cigar. Red,
yellow, and blue are approximations good enouglbésic painting or printing but are not
capable of reproducing the widest range of colors.



CMY (cyan, magenta, yellow) are subtractive col&msnting processes and color
photography use these because layers of ink oaloserb light. Basically, each of CMY
removes a single color from (RGB).

e Cyan = (green+blue) and is the complement of red.
e« Magenta = (red+blue) and is the complement of green

e Yellow = (red+green) and is the complement of blue.

The phosphors used in CRTs are not necessarilgnaptithat is why some monitors or TVs
may appear to have better color rendition thanrsthe

Purpose of a Separate CRT Faceplate

The surface of the screen you see is most ofteropéine CRT envelope. In this case, there
should be a tensioned steel band - a rimband ndrthe edge of the CRT near the front. The
rimband is essential to assure the structural ietggf the CRT envelope against the
emmense forces due to the air pressure attemgatiogish it. In the event of a catastrophic
event, the rimband will also reduce the range aldcity of any debrie. This is called

'integral implosion protection' by some manufaatsire

Warning: A CRT that is supposed to have a rimbaurtdainere it is missing or damaged is a
serious hazard since the possibility of implos®greatly increased and the effects of such an
implosion will be more severe. However, such aagitun is virtually impossible to occur on

its own since the rimband is part of the mountirgcket assembly. Don't be tempted to
remove the rimband for any reason unless the vadhasibeen let out (in, whatever one does
with a vacuum) of the CRT! Spontaneous implosioevsn possible. See below for an
example.

In some cases, there will be a separate facefidder TVs usually had either a totally
separate laminated glass plate in front of the ©Ra& contoured glass panel bonded (glued)
to the CRT itself. Part of its purpose is protegtilt would prevent damage to the CRT in the
event of a blow from a thrown object like an aspwashoe! In addition, it would contain the
debrie in the unlikely event of an implosion resigtfrom some really catastrophic event.
However, the separate or bonded glass plate carbalssed for cosmetic purposes to:

e Improve contrast in a bright light by using a tohggass.
e Reduce reflection by using an anti-reflection augti
e Iron out the bumps by using a glass plate smodtizar the CRT.

e Give the impression of a flatter display by usinglass plate with a larger radius of
curvature than the CRT itself.

e Give the impression of a Sony Trinitron by usingyéindrical (plastic) plate in front
of a real-flat rear-projection screen.

(From: Joe (rimband@megsinet.net).)

| got my User ID from the metal band. :) Anywayfriand of mine decided to cut the rimband
off a picture tube. | wasn't there, he told me alitoT his was a 25" RCA tube he wanted to
fit into a Zenith TV (don't ask me why). What happd in the next few seconds after he cut
the rimband, the picture tube imploded in his fasabedding the neck and yoke assembly in
the ceiling, he came out with a cut about halfreahiabove his right eye that needed 6
stitches to close. Had that shard of glass bedrahahch lower, he would be wearing an eye
patch or have a glass eye for the rest of his life.



| told him what an idiot he was, he's lucky he didl himself or blind himself, and also told
him NEVER cut the rimband off a picture tube thas wacuum. | just wanted to add that!:)

Leaded Glass and CRT Coatings

"Is it really true that they put lead in the CR&gg for X-ray shielding? What
is the transparent conductive coating on the fodhe CRT made of?"

(From: Bob Myers (myers@fc.hp.com).)

First - yes, the glass is leaded (or contains dihgurities") to reduce emissions. In short,
it's not just straight sand. :-)

There are various proprietary formulas used to nth&daceplate coating, which often acts
both as a conductive layer to reduce low-frequeglegtric fields and as a glare-reduction
layer, but one of the most popular materials fokimga transparent conductive layer is
indium-tin oxide, a.k.a. "ITO". Such transparenhdoctors are also used in LCDs and other
flat-panel technologies - at least the top layeele€trodes (row or column lines) has to be
transparent! As conductors go, these things afétXT conductive - the age of see-through
power lines or Star Trek's "transparent aluminusimiat upon us (and for certain theoretical
reasons CAN'T be) - but they get the job done.

Flat Versus Non-Flat CRTs

The long and the short of it is that people woikd bbsolutely flat tubes but there are several
electronics and manufacturing problems which makeptroduction of a totally flat (or even
almost totally flat) CRT a challenge:

o Geometry correction: As the electron beam scans across a flat facejitateslocity
increased near the edges and corners. Without etgapen, the pixels will be
stretched significantly in these areas.

o Brightness uniformity: Likewise, this means less time on each phosphoarmtb
lower brightness. In addition, the electron beats tiie screen at an increasingly steep
angle which further decreases the brightness fixed dot size.

o Structural integrity: A totally flat faceplate would have to be muchckar to
withstand the force due to the atmosphere withaesip the vacuum inside. So, most
"flat" CRTs will still have a slight spherical sheap

Compensation for the geometry and brightness pnablgecomes much more challenging
and it's never perfect. Even a well adjusted CRToften have a very detectable, if not
obvious, variation in brightness from center toeignd corners. Scan linearity and
pincushion correction require most complex andfodlyeadjusted circuits. The thicker
faceplate means a heavier CRT and monitor.

The net effect is that for a given screen sizet wilkbe greater. At a normal viewing
distance, the perceived advantages may be min8oahe people may find (after having
gotten used to a moderately spherical CRT) that élceually like a flat onéess especially if
the deficiencies are easily seen. Note that Somytiian (and clone) CRTs are nearly flat in
the vertical direction and curved in the horizomtiaéction. To get used to this geometry may
take some time as well.

e Back toCRT FAQ Table of Contents
Resolution, Dot Pitche, and Other CRT Specificatios




Color CRT Resolution - Focus and Dot/Slot/Line Pith

The ability to display fine detail involves manyfars including the resolution of the video
source, video bandwidth, sharpness of the eledteam(s), and the dot/slot/line pitch (color
only) of the CRT.

The CRT is primarily responsible for the latter two

The focus or sharpness of the spot or spots thatacross the screen is a function of the
design of the electron gun(s) in the CRT and theesof the various voltages which drive
them. Focus may be adjustmented but excellent feees/where on the screen is generally
not possible.

Sharp focus is a difficult objective - the negalyveharged electrons repel each other and
provide an inherent defocusing action. Howevemgasingly sharp focus would not be of
value beyond a certain point as the ultimate rémwlwof a color CRT is limited by the
spacing - the pitch - of the color phosphor elemefior monochrome displays and black-
and-white TVs, CRT resolution is limited primarlhy the electron beam focus.)

One of three approaches are used to ensure tlyathenpbroper electron beam strikes each
color phosphor. All perform the same function:

1. Dot mask - the phosphor screen consists of trid&s &, and B, circular dots in a
triangular arrangement. The shadow mask is a stdaVar sheet filled with holes -
one for triad. The dot mask has been used sinceathg days of color TV and is still
popular today. The electron guns are also arrangeriangular configuration.

2. Slot mask - the phosphor screen consists of triplegrtically elongated R, G, and B,
stripes (actually, these are usually full vertstaipes interrupted by narrow gaps). The
shadow mask is a steel or InVar sheet filled withiss- one for each triple. Ideally, the
metal between the slots vertically is as thin assfiide to maintain the structural
stability of the slot mask sheet. This type of tgbems to be very popular in TVs but
also shows up in some computer monitors. The @eguns are in line which makes
some of the setup adjustments less critical condp@aréhe dot mask CRT.

3. Aperture grille - the phosphor screen consistsiplets of vertical R, G, and B, lines
running the full height of the screen. The apergrie is a series of tensioned steel
wires running vertically behind the phosphor ssip@ne for each triple. The aperture
grille - until recently under patent protection ahdrefore only available in the
Trinitron from Sony - is found in both TVs and mumms. The electron guns are also in
line.

The pitch of a color CRT refers to the spacing ledgphor triads or triples. For dot mask
CRTs, this parameter is relevant in both the hataband vertical direction. For slot mask
and aperture grille CRTSs, the pitch is only relévarthe horizontal direction.

Dot pitches as small as .22 mm are found in higbligion CRTs. Very inexpensive 14"
monitors - often bundled with a 'low ball' PC systemay have a dot pitch as poor as .39
mm. This is useless for any resolution greater #i@A. Common SVGA monitors use a
typical dot pitch of .28 mm. TVs due to their lowesolution have pitches (depending on
screen size) as high as .75 mm - or more.

Obviously, with smaller screens and higher destiddo source resolutions, CRT pitch
becomes increasingly important. However, it isrstraple relationship like the size of a pixel
should be larger than the size of a dot triad iplety for example. Focus is important. All
other factors being equal, a smaller pitch is gahepreferred and you will likely be
disappointed if the pitch is larger than a pixed. the pixel size approaches the phosphor triad
or triple size, Moire becomes more likely. Howeueg only truly reliable way to determine



whether Moire will be a problem with your moniterto test it at the resolutions you intend to
use.

A Discussion of Issues Relating to Monitor and CRResolution

Many factors influence the effective resolutioraahonitor but the CRT dot or slot mask or
aperture grill is the ultimate limit (though it mayill be possible to use a monitor at a
resolution which exceeds the that of the CRT). Hmxgeas the pixel spacing approaches that
of the CRT, moire effects are likely to be moreagiroblem.

(From: Bob Niland (rjn@csn.net).)

Dot pitch is the major component in the actual kggan of the monitor. Most monitor
vendors quote the highest resolution signal theinitor will sync to irrespective of whether
or not the tube can resolve it. Indeed, it oftemncd resolve the highest (and even second
highest) claimed display resolution.

(From: Bob Myers (myers@fc.hp.com).)

Very true. On the other hand, things may not béecas bad as what the numbers appear to
say, sometimes.

(From: Bob Niland (rjn@csn.net).)

It's no accident that monitor size is specifiethches, and dot pitch in mm. The vendors
don't want to make it easy for you to know whatgkemetry of their phosphor triads
actually is, i.e. how many RGB dot triplets there across and down the screen.”

(From: Bob Myers (myers@fc.hp.com).)

Well, I wouldn't want to accuse the tube industirg@ception. Expressing diagonal sizes in
inches comes from long-standing tradition. Expreggitch in millimeters is actually a
relatively new practice in comparison, and isrit tmusual when you realize that most tube
manufacturers - esp. those in the Far East - é&¢@dc their tube diagonals in metric terms.
For instance, Matsushita (Panasonic) has listad 't inch visual” color CRTs as
"420xxxx" models, 420 being the overall diagonairim (16.54")

(From: Bob Niland (rjn@csn.net).)

Here's how to figure it out. You need first to know

« The diagonal 'active picture" area (APD). If theder fails to specify this, subtract 1
inch from the advertised monitor size. l.e. a I&dhi monitor will usually have about a
20-inch usable diagonal picture area. ('"PC Inchersus 'real inches' is a topic for
another time. :-)

e You need the horizontal dot pitch (HDP). The vetend horizontal are often
different (with the vertical being a smaller numbéf you have been given only one
number, it's probably the diagonal, and is miskegdbut it is all we have to work
with.

(From: Bob Myers (myers@fc.hp.com).)

Trinitron (aperture grille) tubes will never haveetpitch specified as a diagonal
measurement, since they have vertical stripes @$por. Conventional (flat-square) models
will, and probably the safest conversion betweagalhal and horizontal for these is to
mlutiply by the cosine of 30 degrees (0.866), uigsu know for sure the angle to horizontal
at which the diagonal measurement was made. (gs/éor different tube designs.) See the
section:How to Compute Effective Dot Pitch

(From: Bob Niland (rjn@csn.net).)

e The monitor aspect ratio (AR). This is 4:3 (or 2133or any CRT you are likely to be
using.

To calculate useful horizontal resolution:



e Multiply the APD by .80 (4:3 tube).

This is the Active Picture Horizontal size (APH)imthes.
e Multiply APH by 25.4.

This is the APH in mm (APHmMm).
e Divide the APHmMm by the HDP.

This is the useful horizontal resolution of the rbomn
Notice that this number probably does not precigedych any common (640, 800,
1024, 1152, 1280 or 1600) resolution in use, aatliths probably *less* than what
the vendor claimed.
| use a Hitachi AccuVue UX4921D (aka HM-4921-D/A-6l) 21-inch monitor. It is a
claimed 1600x1200 monitor, and having a .22 hotalaot pitch, actually has over 1800
phosphor triads across the screen. This is rarst Mige monitors usually have 1280 or
fewer triads across the screen.
(From: Bob Myers (myers@fc.hp.com).)
Here is where some words of explanation are inrorde
What many people fail to realize is that the phosghads of the screen *do not* correspond
to pixels in the image; they are not kept in aligmtwith the image pixels/lines/whatever,
nor is there are reason for them to be. The phogitopitch IS a limiting factor in
resolution, but we need to look a little furtherdigtermine whether or not a given tube will be
usable for a given format (what most people mistakeall a "resolution™.)
The true resolution capabilities of a CRT are lediprimarily by the dot pitch AND the spot
size. For practically all CRTs and monitors in B@ market, the spot size is considerably
larger than the dot pitch - up to 2X or so at tbeers, if the tube is at or near its specification
limits. This doesn't necessarily cause a probleth thie image quality, however, since you
aren't really resolving individual "pixels" in angse - what you need to resolve are the
*differences* between adjacent pixels, or pixe#lipairs. And, oddly enough, it doesn't take a
dot pitch of equal or greater size than a logicedipto do this to most people's satisfaction. In
fact, display types sometimes talk about a 'Regmi(Addressibility Ratio’, or RAR, which is
in effect the ratio of the actual size of a spotlmndisplay to the size of a "logical” pixel in
the image. And for best perceived appearanceistigenerally going to be GREATER than
1:1 - say, 1.5:1 or even 2:1. (Too high, and thagenis blurred; but too low, and the image
takes on a grainy appearance that most peoplebjettionable.)
Bob is absolutely correct in stating that most ldigp, when run at the highest support
addressibility or format (or, if you insist, "reatibn") wind up with the "pixel size" being
smaller than the dot pitch. But what is also cdrrésomewhat counterintuitive, is that this is
OK, and can still result in an image that will meeptable (and even perceived as 'sharp’) to
the user.
You can certainly exceed the resolution capalslioéa tube and/or monitor (monitors differ
from simple tubes by also having a video amp toryvabout!). For instance, you probably
won't be really happy with 1600 x 1200 on a 17'80&n CRT. But 1280 x 1024 on an 0.31
mm 20-21" tube can look very good, even thougmtiabers don't appear to work out.
(From: Bob Niland (rjn@csn.net).)
While not stated above, | would speculate thatithdue to various human visual system
factors, particularly that humans have more visaaity in luminance (B&W) than in
chrominance (color). If a CRT can actually illuntiedess than a full phosphor triad, its
luminance resolution can exceed the dot pitch. &ell be some color fringing, but the eye
may not notice.
(From: Bob Myers (myers@fc.hp.com).)



That's a good bit of it. Whether or not you're gotio be satisfied with a given dot pitch
versus addressibility ("resolution”) basically hagio with what you think "resolve” means.
The fact that we don't generally have the samaas@auity for color - in other words, you
won't really see small details based on differemceslor alone, there has to be a difference
in brightness - is a big part of this. And you vio# able to see such variations acceptably
even when the size of the logical pixel is somewimater the dot pitch size. When this
occurs, you don't get constant color pixels - yon'ideven get constant *luminance* pixels -
but you do perceive acceptable levels of detasklbthe image 'sharp'.

About the Quality of Monitor Focus

"I have 2 identical monitors. One is razor shagmfredge to edge. The other is
blurred at the corners- not from convergence prabjéut just plain out of
focus. In this monitor, the focus adjustment onftyigack can improve the
focus at the edges, but then the center of thesdyecomes worse..My
guestion is : Is this a problem in the electromind presumably a fixable flaw
or is it caused by variance in the picture tubelfisnd not correctable ? Or is it
some other issue?"

(From: Bob Myers (myers@fc.hp.com).)

The adjustment on the flyback sets the "statict$oeoltage, which is a DC voltage applied to
the focus electrode in the CRT. However, a singledf focus voltage will not give you the
best focus across the whole CRT screen, for thplsireason that the distance from the gun
to the screen is different at the screen centeritha in the corners. (The beam SHAPE is
basically different in the corners, too, since beam strikes the screen at an angle there, but
that's another story.) To compensate for this, mastitors include at least some form of
"dynamic" focus, which varies the focus voltagehesimage is scanned. The controls for the
dynamic focus adjustment will be located elsewletde monitor, and will probably have at
LEAST three adjustments which may to some degrtegaat with one another. Your best bet,
short of having a service tech adjust it for yoowd be to get the service manual for the unit
in question.

It is also possible that the dynamic focus cirgulitas failed, leaving only the static focus
adjust.

As always, DO NOT attempt any servicing of a CR3ptay unless you are familiar with the
correct procedures for SAFELY working on high-vgkaequipment. The voltages in even the
smallest CRT monitor can be lethal.

How to Compute Effective Dot Pitch

We always see CRTSs specififed in terms of dot giiehwhat does this mean with respect to
actual useful horizontal and vertical dot pitch?

The usual arrangement of phoshpor dots on thersofeg dot mask type CRT is shown
below:

BRGBRGBRGBRGBR R--G-B--R
RGBRGBRGBRGBRGB Magnified -> /]
BRGBRGBRGBRGBR T
RGBRGBRGBRGBRGB G- -B-+-R---G--B

(Portions from: Jac Jamar (jamar@comp.shads.philips

For a dot mask type CRT, normally the nominal p{also called the Hexagonal Pitch or
HexP) is defined as the distance between one pbosjoh to the next same colored one in the
'hexagonal’ direction (i.e. in the direction 30 s above the horizontal).

The calculations below follow from simple geometry:



e The Vertical Dot Pitch (VDP) will be equal to: HexR/2.

e The Same Color Horizontal Dot Pitch (SCHDP) will be

o SCHDP = HexP * sqrt(3) (sqrt(3) = 1.732 or 2 * cos(30
degrees))
This is the distance between one phosphor dotrendext dot of the same color on
the same horizontal line.

e The Horizontal Dot Pitch (HDP) is the distance betw adjacent columns of same
color dots. This is equal to: SCHDP * 1/2.

e The distance between adjacent dots of differemrsalr Closest Dot Spacing (CDS)
is equal to: SCHDP * 1/3. A landing error of thisgmitude (due to improper
manufacture, adjustment, inadequate degauss, aekf@ids, or doming) may
completely shift the color from what it is supposede to one of the other primary
colors.

So, for a 0.28 mm dot pitch CRT, VDP = .14 mm, SGHD.485 mm, HDP = .242 mm, and
CDS = .16 mm.

Dot Pitch of TV CRTs

Computer monitor specifications always includedbe pitch of the CRT. However, this
information is rarely available for TVs. Why? Theick answer is that since TVs are always
used at the same scan rate (except for multisystemational TVs), this information is not
nearly as important for TVs as for high resolutionltiscan computer monitors.

In general, the dot/slot/line pitch of TV CRTs &y large compared to even mediocre
computer monitors. Here are some typical valueslwhmeasured very precisely (') by
putting a machinest's scale against the screemseldre all slot mask type CRTSs:

e 13inch GE - .60 mm.
e 19inch Samsung - .75 mm.

e 25inch RCA - .9 mm.

Therefore, you can forget about trying to use ditb@se CRTSs for your 1280x1024 high
resolution PC or workstation. The dot/stripe pibgieded for 1280 pixels on a 25" tube would
be about .3-.4 mm maximum. The pixels are aboutnB8b Typical high resolution CRTs for
high resolution computer monitors have a dot/stpipeh of .25 to .28 mm (I have heard of
numbers as low as .22 mm in commercially availatdaitors).

CRT Aspect Ratio

Nearly all modern CRTs have a 4:3 aspect ratio JHOf course, with HDTV, 16:9 will
probably become standard but CRTs may be obsojetzeh!

(From: Bob Myers (myers@fc.hp.com).)

The physical shape of the tubes themselves camaghrthis evolution, but the aspect ratio
assumed for the original transmission format speéAS 4:3, as driven by Hollywood. Where
did you think the shape of the masks came from?

The desired 4:3 aspect ratio standard was knowvn figm the start, and the early TV
designers DID realize that the use of round tubeldplay this was a literal case of a "square
peg in a round hole". Rectangular CRTs for TV use been developed as early as 1939, with
the first American rectangular tube to enter proiducin late 1949.

(See Peter Keller's very excellent "The Cathode Rdye: Technology, History, and
Applications" for all the details.)



CRT Deflection Angle

What does this mean? What is the difference betweEID degree tube and a 90 degree tube?
This is the maximum angle the beam makes with rgpehe gun axis to fill the screen.

o All other factors being equal, a 110 degree tulstheter than a 90 degree tube. This
is the principle advantage of higher deflectionlar@RTs.

e High deflection angles means higher deflection pdaea given accelerating (2nd
anode) voltage.

o Higher deflection angle CRTs are more difficulictmverge and maintain focus,
purity, and uniform brightness across the screeauRing geometric errors is more
challenging. Yoke design is also trickier.

In the early days, 60 degrees was considered bigh 110 degrees is about the practical limit
for TV CRTs now. Give me a 90 degree CRT any dagnitbr tubes are usually 90 degrees.

CRT Contrast Ratio

(From: Don Stauffer (stauffer@htc.honeywell.com).)

Apparently CRTs have made quite an increase laYagrs ago when | looked into it, CRTs
were not much better than about 20:1. Now, follescdaiming well over 40:1.

One thing to watch, though. The phosphor has tveayleurves, a rapid one followed by a
slow one. A change in scene can lower contrast cdta bar chart that appears in a region
that was a large white area.

(From: Steve Eckhardt (skeckhardt@mmm.com).)

This comment makes me curious about the claims rbgaeanufacturers of video projectors.
Visually, their images have lots of resolution Imgdiocre contrast at large scale. A video
monitor looks a lot better in contrast. The mantueers, however, claim contrast ratios of
100:1 or better.

Are the numbers simply marketing hyperbole or Havessed something interesting?

There are several methods for arriving at the dbesl numbers for contrast. One is to simply
advertise the number for the imager and ignorelduyradation due to the rest of the system.
Another is to measure the illuminance of a whiteeen compared to a black screen. The best
way is to use the ANSI method and advertise ANSkm@st, which is the practice at 3M. We
really do sell projectors that achieve 100:1 casttvehen measured by the ANSI standard.
This is, however, a relatively recent achievemke@D projectors are improving at a rapid
rate.

CRT projectors are an alternate technology thaokklittle about, but they have
characteristics that allow them to produce verymhagalized contrast. This can make
displays and projectors based on CRT's look sup&rianything an LCD can produce.
(From: Don Stauffer (stauffer@htc.honeywell.com).)

One big problem with LCD displays, projection ohetwise, is view angle. In order to cut off
the light completely, polarization needs to be oulfgd to a couple of degrees. The LCD
works by affecting the rotation, so many degreesupé distance through the crystal. But the
total path through the crystal depends on vieweart§d max contrast may be only over a
small field angle. Now, games can be played with ithprojection optics, but it is hard.

e Back toCRT FAQ Table of Contents
Effects of External Magnetic Fields on CRTs




Magnetic Interference and Shielding

When color CRTs must be operated in areas whermégmetic field causes unacceptable
purity errors or distortion (either static or dynamepending on whether the source is
constant (as with the magnet in an MRI scanner egdBase(tm) loudspeaker) or changing
(as with nearby motors, transformers, or even ateamitors), there are several options
(besides relocating):

o Passive shielding - soft magnetic materials (thbatare easily magnetized and don't
retain their magnetism) can effectively block mdds#sength magnetic fields. The
best known of these for shielding purposes is dalMu-metal’, an alloy of 76%
nickel, 17% iron, 5% copper, and 2% chromium. (fideison and Parker,
A.L.Physics).

Advantages: simple (at least in priniple), doesait if conditions change (within
specified field strength limits). Mu-metal can lery effective if used properly - but
see below.

Disadvantages: expensive and often ugly. The dasttomplete functional but not
aesthetic enclosure for use of a color monitor a@aviR|l scanner was about $2,000 a
couple of years ago when we needed to providddhisne of our customers. Check
out MuShieldspecifically under "Monitor Enclosures" if youtarious.Less EMF,

Inc. sells Mu-metal foil by the foot but what they hdigted is rather thin - | don't
know how well it would work for CRT shielding.

e Active compensation - a set of coils is energizétl exactly the correct currents to
cancel the effects of the interfering fields.

Advantages: can be built inside the monitor usmglscoils in some cases.
Disadvantages: must be engineered for each situaisange almsot anything and it
will no longer be effective even if feedback isdis€omplex in practice since
interfering field geometry is often not well behdve

e Shielding can also sometimes be introduced atdhecs. See the sectio@omments
on Speaker Shielding

Advantages: will reduce interference for all morste the vicinity.
Disadvantages: shielding location may not be rgaitessible. Geometry offending
device may not lend itself to a reasonable sizehape shield.
(From: Tony Williams (tonyw@ledelec.demon.co.uk).)
You can buy commercial Mu-metal screening cansyasdhey are a complete enclosure,
with small holes for the 1/O wires.
Mu-metal is very expensive and not easy to workvalitsolder, especially with acid flux.
| suggest you try a dummy run first with some nsildel to get the design sorted and to test if
it looks worth it.
You never know your luck, mild steel may do the gtyway and you may not want to deal
with mu-metal (--- sam):

"Just got my 10" sheet of mu-metal delivered tottagame very well
packaged sandwiched between two pieces of wooldbasat twould not bend
during shipment."

(From: James P. Meyer (jimbob@acpub.duke.edu).)

One of the reasons it came so well packaged waa¢héhat the magnetic properties are
degraded if the material is bent or stressed invaany Once you fabricate anything out of the
mu-metal, you have to go through a high temperaarealing process to remove the stress



and restore its full magnetic properties. If youn'tldo that, you are no better off with Mu-
metal than you would be with tin-can stock.

Comments on Speaker Shielding

When loudspeakers - even those little speakersctmé with your PC - are near TVs or
monitors, there may be problems with the fring&eof the powerful magnets affecting
color purity, convergence, or geometry. Speakesgyded to be used with PCs in close
proximity to their monitor will likely include sommternal shielding. This may even be
effective. However, the large powerful loudspeakessd with high performance stereo
systems will likely not have such shielding. Thaetelution where display problems have
been traced to the loudspeakers is to move thetimefuaway from the TV or monitor (and
then degauss the CRT to remove the residual magmet¥Where this is not possible, consider
the special speakers designed to be used in goseimity to CRTs. These have (or should
have) specially shielded magnet structures or ditiadal magnet with its field set up to
cancel the main magnet's fringe field which willhmnize these effects.

Shielding of conventional speakers may also beipless

(From: Lionel Wagner (ck508@freenet.carleton.ca).)

Put a Tin can over the magnet. This will reduceetkternal field by about 50%. If more
shielding is desired, put additional cans overfiisg, in layers, like Russian dolls. (Note: a
Tin can is actually made nearly entirely of stetle term 'Tin' is historical. --- sam)

(From: Nicholas Bodley (nbodley@tiac.net).)

While both electrostatic and electromagnetic (Efiglids can affect the paths of the electron
beams in a CRT, only E/M fields are likely to beoaty enough to be a problem.

Magnetic shields have existed for about a centulgast. Some decades ago, a tradenamed
alloy called Mu-Metal became famous, but it lostaffectiveness when bent or otherwise
stressed. Restoring it to usefulness required lyar@nnealing, something rarely done in a
home shop (maybe one or two in the USA).

More-recent alloys are much less fussy; tradenareesletic and Co-Netic.

Magnetic shields don't block lines of force; theyé high permeability, vastly more than air,
and they guide the magnetism around what theyhaeéding; they make it bypass the
protected items.

| have been around some shielded speakers recbutipever saw any disassembled. They
looked conventional, must have had the "giant thielsher" (my term) magnet, and seemed
to have a larger front polepiece than usual.

They had a shielding can around the magnet; thaseangap between the front edge of the
can and the polepiece. | suspect that a seconuhaht@magnet was placed between the rear of
the main magnet and the rear (bottom) of the acathere would be minimal flux at the gap
between the can and the front polepiece. Holdieggs of steel close to the gap between the
can and the polepiece showed very little flux there

Modern magnets are not easy to demagnetize, imrgene

(From: Dave Roberts (dave@aasl.demon.co.uk).)

The *good* so-called magnetically screened speatadyson two means of controlling stray
flux. The static field from the magnet on the spagkvhich would cause colour purity
problems) is minimized by the design of the magméts is often at the expense of gap field
linearity, leading to greater distortion - not thabdst users seem to worry about that...

The mains varying field is minimized by use of eoidal mains transformer, but the more
recent mains powered speakers seem to be comihgplitg top* PSUs, which take the
problem further away.

Why Magnetic Fields May Cause the Picture to Rotate



One might think that the result of the Earth'stosiysmagnetic fields would only be for the
picture to shift position slightly. Why isn't thise case?

Magnetic fields don't really 'pull’ on charged jaeis, they result in a force at right angles to
the field lines with a direction dependent on tharge (negative for electrons, positive for
protons) and field (North or South). The magnitodi¢he effect also depends on the
energy/speed of the particles and their mass.Heocdse of a CRT:

o Ifthe field is horizontal with respect to the sEmethe picture will mostly shift up or
down.

« Ifthe field is vertical with respect to the scre#re picture will mostly shift left or
right.

o Ifthe field is in the direction of the tube axédectrons going toward the right will
experience a shift in the opposite direction aseéhgoing toward the left (as the beam
is deflected). Presto: The picture will rotate.

The actual direction of the Earth's magnetic fitgerienced by the CRT depends on the
latitude and includes both horizontal and vert@ahponents - horizontal at the equator and
becoming progressively angled toward the polesh(siposite polarities - N or S - depending
on which hemisphere it is in). This is the mainsaathat TVs and monitors really need to be
set up slightly differently depending on locatidwnisphere and latitude). And, of course,
local magnetic conditions also affect this inclglgeologic formations and other equipment
and wiring which produce magnetic fields.

The rotation knob or setting ion some TVs and nareivvaries the current in a coil wrapped
around the CRT bell just beyond the neck whichitsaaxis parallel to the CRT's axis and
adds a magnetic field to counteract the compongtiteoambient field along that direction.

Best Direction to Face a Monitor?

One would think that the magnetic field of the kastinconsequential compared to what is
used to drive a CRT. While the reasons this igmet should be obvious from other sections
of this document, some would still call worryingoaib such issues as the direction of the
monitor nonsense.

(From: Bob Myers (myers@fc.hp.com).)

No, it's not nonsense. The fields generated bygéflection coils, etc., ARE much greater in
magnitude than the Earth's field, but they're A€ldB. The DC offset of these fields is
relatively small, and the Earth's field (also DS)dufficient to cause a visible shift in the
position of the raster and affect the beam landatg, This is why, for instance, there ARE
often problems when trying to use a "Northern hemmgse" monitor in the Southern
hemisphere.

Having said that, however, this isn't really sormegtthe average user needs to worry about.
In the detailed specs for any monitor, there gdiyefdRE a set of specific ambient conditions
under which certain performance specs are intetuled checked. These usually include the
ambient magnetic fields (which also tells you wimaignetic environment was used at the
factory for adjustment), and the orientation of mh@nitor within those fields. For the vast
majority of monitors, the specified ambient corahi8 simulate average magnetic fields in the
U.S. or Europe (which are very similar), and thenitwr is specified as facing east or west
within those fields. Strictly speaking, one hagstablish those conditions (and so match the
factory adjustment environment) in order to evaduae monitor for compliance with these
specifications.

Monitors are aligned in whatever field the manuiaet (or large OEM customer)
SPECIFIES. This USUALLY involves an east or wegirahent, as this results in no field



component in the CRT's Z-axis (the axis "down thedt" of the CRT, perpendicular to the
center of the screen).

However, this doesn't necessarily mean that optippearformance at YOUR location will be
obtained with the unit facing east or west, asllbe&ls can vary considerably from the
specified nominal field. The field identified indlspecs is just that - it is part of the conditions
under which those specifications are to be checked.

But the *specific* conditions for a given instaltan can vary considerably from the nominal,
and so the only advice | can give the individuarus that if you're happy with the
performance, don't worry about it. If you DO thithiat a local DC field (the Earth's field or
any other) is causing a problem, THEN try to moweotate the unit to see if you can find a
better orientation or location. Of course, *AC*Ifle, such as those from a nearby power line
or electrical equipment, are something else emtirel

Ways Around North/South or Other Sensitivity to Magnetic Fields?

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

They use magnetic field compensation for the peie®l types. This is too expensive for us
mortals, so we get a CRT that has been optimizedrfe field condition only: North, South
or Neutral. Not all displays are CRTs. LCDs fortamxe are not sensitive to the earth
magnetic field. And not all CRTs use a shadow niaskolour selection. For instance, in
Tektronix colour oscilloscope they use a white GRth a colour LCD shutter in front of it.
That too would not be affected too much by thelearagnetic field.

You see, plenty of ways out for aircraft, shipg] #me Space Shuttle.

Additional Comments/Summary on Northern/Southern Henisphere Issues
(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

e The vertical component of the earth magnetic figldes as a function of latitude,
particularly between hemispheres a vertical magrietid will influence the color
purity of a CRT.

e The magnetic shielding of a CRT will, after degangsnot provide complete
compensation for the vertical field, especially toe space between shadow mask and
screen.

e That's why manufacturers produce different dispfayslifferent hemispheres:
northern, southern and neutral. They do this bystajg for optimum purity in a
simulated magnetic field.

Where you have a TV or monitor that was manufactdwe a different location, your options
(apart from tossing it) are:

o Re-adjust the purity, this involves moving the defion coil, adjustment magnets,
adding more magnets, etcetera. This is a big jolosancess would not be guaranteed.

« Simulate a southern hemisphere location by creamertical magnetic field around
the TV, put two big multi-turn wire loops (Helmhbltoils) above and below the TV
and run a DC current through them. Might be expanand certainly would provide a
'different’ look!

o Replace the picture tube with a northern hemishpgre, this is very expensive.

e Mount the picture tube upside-down inside the Thiet. Then reverse the wires for
the line (H) and field (V) deflection to put thecpire correct side up again.



For this case, you might have some problems with:

o The mounting nuts for the tube are hard to readhnaay have left thread
(look carefully before turning!

o The wires to the inverted picture tube panel béaagshort, they can probably
be easily extended.

o The distance between high-voltage anode conneatidrthe chassis (circuits)
being too short (safety!)

o Condensation dripping into the anode contact.

Bang & Olufsen once made a compact style televigibere they wanted the anode
contact to be away from the top of the cabinethedack cover could fit tighter. So
they mounted the tube upside-down. Consequentiyhibd to order southern
hemisphere tubes for a northern hemisphere TVIbat works, of course.

Orientation Considerations for Projection TVs

Projection TVs do have have CRTs with shadow maslegperture grills but nonetheless can
be affected by magnetic fields. In fact, it is pbkesthat degaussing could even be needed if a
strong magnet were somehow placed near the s¢thobuwould THAT happen? :-)

"Any truth to the rumor that how you position a jetion TV in a room
(N,E,S,W) can affect the image quality? Does thelEsamagnetic field truly
have that much of an effect."

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

Yes, it is true.

It makes a difference whether you talk about atfoomear projector. Front projectors are
expensive and critical enough that they will bevayged after installation, so that takes care
of any convergence errors. Purity errors are ofsmuo issue with 3 separate CRTSs...

Rear projectors are converged in the factory, tletaener does only the static convergence (4
pots) after he has decided which direction thenglétace. This takes care of problems due to
the horizontal component of the earth agnetic field

In a rear projector the CRTs are mounted almogtcedly. The vertical component of the
earth magnetic field causes a rotation error. Ndyntiais is not an issue because that
component does not depend on the orientation cdehand it is more or less constant over
the entire continent.

It makes a biiiig difference though if you manufaet PTVs in Belgium and then export them
to Australia... That means opening the cabinetraratjusting for rotation.

A front projector has its tubes mounted horizogtdllhe rotation error will depend on the
direction the set is facing. This is easily adjdsterough the convergence.

e Back toCRT FAQ Table of Contents
Picture Quality and Appearance Issues

Why Does the Intensity Appear So Non-Uniform in Brght Areas?

Actually, the intensity variation is likely to been worse than you might think - possibly as
much as 2:1 from the center to the corners. In mases you do not notice it. With large
deflection angle tubes, fewer electrons make [thosphor dots near the edge of the screen. It
is simple geometry.



(From: Bob Myers (myers@fc.hp.com).)

It is extremely difficult for any CRT display to imgain perfect brightness and color
uniformity across the entire image. Just the gepn@dtthe thing - the change distance from
the gun to the screen as the beam is scannedhdhgiog spot size and shape, etc. - makes
this nearly impossible, and there can also be tranig in the phosphor screen, the thickness
of the faceplate, etc.. Typical brightness-unifaynspecs are that the brightness won't drop to
less than 70% or so of the center value (usuadlybtightest spot on the screen).

On color tubes, the lack of perfect brightnessarniity is aggravated by the lack of perfect
*color* uniformity and purity. What appear to beditt spots" on a solid gray image may
actually be beam mislanding (color purity) problemvkich may to some degree be remedied
by degaussing the monitor.

Again, *some* variation is normal; if you think yoe seeing too much, you can try
degaussing the thing and seeing if that helps.déésn't, then the question is whether or not
the product meets its published specs, and tisaineething you'll have to discuss with the
manufacturer or distributor.

Comments On Color Purity, Set Orientation, and Domng

"The problem with my TV is that bright parts of thieture change color. For
example, white areas may shift towards yellow aeldepending on the
orientation of the set.

What are the possible causes of doming? | haveetthat the magnitude of

the doming effect varies with TV orientation evdteadegaussing several

times at the new orientation. Does this help idgmhe cause of the doming in

my case?"
(Portions from: Jeroen Stessen (Jeroen.Stessen@gptoim).)
The problem with regular shadow masks is ‘'domingeé to the inherent principle of shadow
masks, 2/3 or more of all beam energy is dissipete¢de mask. Where static bright objects
are displayed, it heats up several hundred degféescauses thermal expansion, with local
warping of the mask. The holes in the mask mowe ddferent place and the projections of
the electron beams will land on the wrong coloptsity errors. The use of invar allows
about 3 times more beam current for the same peinityrs.
Both local doming and magnetic fields compete f@r temaining landing reserve. Due to
improper degaussing, the doming problem may be wisilele. And applying a tube designed
for the wrong hemisphere may very well increaseditning complaints. It is possible to
deliberately offset the nominal landing in ordeg& more doming reserve (the shift due to
doming is always to the outside of the tube). Yawld do this using spoiler magnets put in
the right places.
Permanently setting the contrast lower is not hawa because the customer might not like
such a dark picture. A better picture tube (Invedow mask) *is* a good cure (in most
cases) but there is the cost price increase. (3 hminly due to the fact that Invar metal is
harder to etch.)
Also see the sectioiVhat is Doming?

Difference in Color Rendition Between CRTs

(From: Jeroen H. Stessen (Jeroen.Stessen@philips)co
There can be several reasons why primary cologpe@ally red) may look different between
picture tube brands:

1. Different phosphor composition. In the beginning@mody was looking for the
phosphors with the highest luminous efficiency. Mdays with the trend to avoid




heavy metals, particularly cadmium, in consumedpobs the composition had to be
changed. This shifts the colour point.

2. Back scattering. Not all electrons that hit thedsiva mask are absorbed. In fact, a
quite high percentage is scattered back into thetyespace between gun and mask. If
they bounce back again from internal metal pahnes) they may find their way to the
screen and activate an arbitrary phosphor eleriiéig.increases the black level and
reduces saturation of the primary colours. Redstarbit towards orange. Even with
good phosphors, large area colours will be less pleafect. Triple-CRT projection
TVs do not have this problem, fantastic red!

3. Colour filters. Toshiba has developed a processevtieey put individual colour
filters between glass and phosphor. This makebldwk much better and also
improves the colour points when unwanted spedtreslare suppressed.

4. There can also be differences with respect to th8@Isystem, like wrong matrix
from YUV to RGB. The definition in the Japanese NCTSystem differs from the
USA NTSC system and the signal processing shodutelttzat into account.

Contour Lines on High Resolution Monitors - Moire

These fall into the category of wavey lines, contmes, or light and dark bands even in
areas of constant brightness. (Some people maytcefeis phenomenon as "focus or
Newton's rings".) These may be almost as fine aslth pitch on the CRT or 1 or 2 cm or
larger and changing across the screen. If theynare or less fixed on the screen and stable,
then they are not likely to be outside interfereacenternal power supply problems.
(However, if the patterns are locked to the imadlgen there could be a problem with the
video board.)

One cause of these lines is moire (interferenceeped) between the raster and the dot
structure of the CRT. Ironically, the better theus on the tube, the worse this is likely to be.
Trinitrons, which do not have a vertical dot sturetshould be immune to interference of this
sort from the raster lines (but not from the homizd pixel structure).

You can test for moire by slowly adjusting the ezt size. If it is moire, you should see the
pattern change in location and spatial frequencglight changes are made to size. Changes
to vertical position will move the patterns withaltering their structure - but they will not
remain locked to the moving image.

If they are due to the raster line structure - yiogus is too good - the patterns will remain
essentially fixed in position on the face of theTCigr horizontal size and position
adjustments - the patterns will remain fixed urither changing image.

How to eliminate it? If moire is your problem, thiénere may be no easy answer. For a given
resolution and size, it will either be a problemrmot. You can try changing size and
resolution - moire is a function of geometry. Ircally, | have a monitor which is nicer in this
respect at 1024x768 interlaced than at 800x600imenlaced.

Some monitors have a 'Moire Reduction Mode' switamtrol, or mode. This may or may not
be of help. One way to do this is - you guesseddatuce the sharpness of the beam spot and
make the picture fuzzier! You might find the curerse than the disease.

Another cause of similar problems is bad video eadtmination creating reflections and
ghosting which under certain conditions can beeser® as to mimic Moire effects. This is
unlikely to occur in all colors with a VGA displajnce the termination is internal to the
monitor and individual resistors are used for eambr (RGB).



| think it is ironic that some people will end ugturning otherwise superb monitors because
of moire - when in many cases this is an indicatibmost excellent focus - something many
people strive for! You can always get rid of ihetconverse is not necessarily true!

Moire and Shadow Mask Dot Pitch

(From: myers@fc.hp.com (Bob Myers).)

The density of the holes in the shadow mask sepaer limit on the resolution supported by
that monitor. Lower resolutions work just fine; taaes no need to have the logical pixels in
the image line up with the physical holes in theskn@or is there any mechanism to make
this happen), and so you can think of this as dugér pixels" of the lower-res image simply
covering more than one hole or slot in the mask.

As the effective size of the pixels in the imageraach the spacing of the mask holes,
individual pixels are no longer guaranteed to careyugh phosphor dots on the screen to
ensure that they are constant color or constannhlamee, but an image will still be displayed
which ON AVERAGE (over a reasonably large areak@K. Actually, the specified "top
end" format ("resolution™) for most monitors usya$ at or slightly beyond this point - the
effective pixel size is somewhat UNDER the dotlpitc

Isolated Spots on Display

These could be a problem with the video sourcel-gdieels in the video card's frame buffer

or bad spots on a camcorder's CCD, for exampleth®y, could be dirt or dead phosphor
areas in the CRT. Except for problems with the crean character generator, it is unlikely
that the monitor's circuitry would be generatinglased spots.

You can easily distinguish between video problends @RT problems - missing pixels due to
the video source will move on the screen as yoagdaaster position. CRT defects will
remain stationary relative to the screen and veiigrally be much more sharply delineated as
well.

There is a specification for the number and sizacocEptable CRT blemishes so you may
have to whine a bit to convince the vendor to pite\a replacement monitor under warranty.

Purple Blob - or Worse

Have you tried demagnetizing it? Try powering & fof a half hour, then on. Repeat a couple
of times. This should activate the internal degausSee the sectiobegaussing
(Demagnetizing) a CRT

Is there any chance that someone waved a magmnethlecabe? Remove it and/or move any
items like monster speakers away from the set.

Was your kid experimenting with nuclear explosives EMP would magnetize the CRT.
Nearby lightning strikes may have a similar effect.

If demagnetizing does not help, then it is possibé something shifted on the CRT - there
are a variety of little magnets that are stuck toth@time of manufacture to adjust purity.
There are also service adjustments but it is ulylikbough not impossible) that these would
have shifted suddenly. This may be a task for @@Eshop but you can try your hand at it if
you get the Sams' Photofact or service manual 't dtiempt purity adjustments without one.
If the monitor or TV was dropped, then the intestaidow mask of the CRT may have
become distorted or popped loose and you now héwmdred pound paper weight. If the
discoloration is slight, some carefully placedrigdrator' magnets around the periphery of the
tube might help. See the sectibiagnet Fix for Purity Problems - If Duct Tape Workise

It!.

It is even possible that this is a 'feature’ commglets of the manufacturer. If certain
components like transformers and loudspeakersfangenior design and/or are located too
close to the CRT, they could have an effect ontypugven if you did not notice the problem




when the set was new, it might always have beegimarand now a discoloration is visible
due to slight changes or movement of componentstowe.

Magnet Fix for Purity Problems - If Duct Tape Works, Use It!

The approach below will work for slight discoloratithat cannot be eliminated through
degaussing. However, performing the standard padjystments would be the preferred
solution. On the other hand, the magnets may bekaund easy. And, where CRT has
suffered internal distortion or dislocation of glgadow mask, adjustments may not be
enough.

In any case, first, relocate those megablastersjpemkers and that MRI scanner with the
superconducting magnets.

The addition of some moderate strength magnetsutigrplaced to reduce or eliminate
purity problems due to a distorted or dislocateadsiiv mask may be enough to make the TV
usable - if not perfect. The type of magnets youatvaae sold as 'refrigerator magnets' and the
like for sticking up notes on steel surfaces. Thediedbe made of ferrite material (without any
steel) and will be disks or rectangles. Experinweitit placement using masking tape to hold
them in place temporarily. Degauss periodicallgvaluate the status of your efforts. Then,
make the 'repair' permanent using duct tape @osié sealer or other household adhesive.
Depending on the severity of the purity problemy yoay need quite a few magnets!
However, don't get carried away and use BIG speaikeragnetron magnets - you will make
the problems worse.

Also note that unless the magnets are placed hedrant of the CRT, very significant
geometric distortion of the picture will occur - wh may be a cure worse than the disease.
WARNING: Don't get carried away while positionintgetmagnets - you will be near some
pretty nasty voltages!

(From: Mr. Caldwell (jcaldwel@iquest.net).)

| ended up with the old 'stuck on a desert islaiot't

A $2 solution to a $200 problem. My friend is hagsyheck.
RCA sells magnets to correct corner convergenes, dahe shaped like chevrons and you stick
them in the 'right' spot on the rear of the CRT.

How Much Tilt is Acceptable?

This was in reply to a concern that a 1 degreetila 27" TV was a problem. Yes, you may
not like it, but unless there is a user tilt adjoesht, the laws of physics prevail!

(From: David Kuhajda (dkuhajda@mail.locl.net).)

A 1 degree tilt given the effect of the earth's netg field is well within tolerance for a 27"
TV set. The larger the picture tube, the more itheffect of the earth's magnetic field is
noticeable. Even a shielded speaker may have pastglh magnetic field to cause some slight
tilt. 1 degree, however, is anything but a serppueblem. Probably you would notice it you
turned the TV 180 degrees on its axis that thevolld then be going the other was. Factory
standard is to have the picture straight when 8ok lof the TV set is facing magnetic north.
The actual measured tilt we have seen is as muBldagrees on a 36" tv set. This is why the
higher-end larger TV sets have an adjustment fduge tilt.

What is Doming?

The shadow or slot mask inside the CRT is a thaesbf steel or InVar positioned a half an
inch or so behind the phosphor screen. The flgteescreen, the more susceptible it will be to
thermal expansion effects: With individual phosptots spaced as as little as .13 mm apart
(for a .22 mm dot pitch CRT), it doesn't take muwccuracy in their position to result in a



noticeable effect. (See the sectislaw to Compute Effective Dot PitghAs a result, high
resolution CRTs tend to be more susceptible to dgmroblems.
(Portions from: Jac Jamar (jamar@comp.snads.plubps).)

1.

Doming is a deformation of the shadow mask orufgp®ert structure caused by
heating and subsequent expansion in bright (higimbeurrent) areas of the picture.
This causes a shift in position of the finely shheles or slots in the mask. The
result will be color purity problems - discoloratiand brightness variations. For a .28
mm dot pitch CRT, a change of only .14 mm in theitgan of a hole or slot can

totally shift the display from one of the primamglars to another.

InVar shadow masks can sustain a significantly éngiurrent density than steel
shadow masks (by as much as 3:1) without noticqgaiolelems.

Trinitrons are more resistant to local doming efexs long as the wires are under
enough tension. However, expansion of the suspemsimponents can still result in
doming with an overall bright picture.

The onset and disappearance of color purity probleith generally lag the cause due
to the thermal mass of the affected componentslo€al heating resulting from
picture highlights, this will be only a few secorgisce the thermal mass of a small
area of the mask is not that great. However, fteced having to do with expeansion
of the suspension or support structure, it may tgkeo 30 minutes to reach
equilibrium.

The orientation of the TV or monitor with respezthe earth's magnetic field and
even whether the CRT was set up for the Northei®onuthern hemispheres may

affect the resulting color shift. Thus, the pictanay tend toward yellow while the
monitor is facing one way and blue when rotated d&frees on its base (even if

degaussed at each position).

Reducing the brightness/contrast or setting thghbness limiter will prevent doming
but may result in an unacceptably dark picture.

Shadow mask doming in itself is not something tietomes defective and has to be
repaired. It is a characteristic of the CRT assgmbwever, shifts in the position of
purity adjustments can results in increased seigito slight doming.

Purity problems resulting in discolouration anddaghtness variations are due to mislanding
of the microscopic electron beams (the electromiseafter the mask) on the red/green/blue
phosphor stripes or dots. The mislanding is in gareaused by:

Influences of ambient magnetic fields (such asedmth magnetic field).
Shadow mask doming.
Tolerances occurring in the production of CRTSs.

Less than optimal setup of the purity adjustmeywgd position, rings on CRT neck,
etc.

Only when the sum of these influences exceedgtladband' provided in the CRT design,
discolouration (or brightness variations) becomsmbie.

If discolouration complaints arise, this will norliganot be due to changes in doming
behaviour, but to changes in shielding against meagfields.



The ambient magnetic fields are shielded by me&wsmcomponents inside (or sometimes
outside) the tube, which have to be 'degausseagivéogood shielding. For this in a set
degaussing coils and circuits are provided. A disg@tion complaint will thus often be due
to insufficient degaussing.

e TV sets and monitors which are kept in 'stand-bydenfor a long time may never be
degaussed adequately because the degaussing miegudnly operate for a short time
after the unit is switched on from cold - whethas tis so with your unit depends on
the design). In this case, they can pick up magfiiefds from magnets moved nearby
or other equipment.

The solution in this case is to switch the TV omitor completely off or pull the plug
if in doubt, let it cool down for half an hour @niger and switch it on again. If
necessary this procedure can be repeated a few (Irhad to do this at home once
when my children had been playing with magnetsj.rRonitors with degauss
buttons, you can usually hear a hum when the degawustivated.

« Similarly, if the orientation of a unit with resgdo the earth's magnetic field is
changed, it requires degaussing. So if you put yMim another corner of the room
or rotate your computer monitor on its tilt-swivklse, you have to activate its degauss
circuitry (by letting it cool down or in the caséahigh-end monitor, using its
degauss button) or degauss it manually (see th®sebegaussing (Demagnetizing)
a CRT).

e The PTC resistor (thermistor or posistor) in thgalessing circuit can become
defective. This prevents proper degaussing afté@clsvon.

Since lower resolution CRTs are used for most T&fsgared to similar size computer
monitors, doming would not be nearly as much ofabfem if they were both run at similar
brightness (energy density) levels. However, T\&swary often used at higher brightness
levels resulting in more of a thermal load on thesknwhich offsets the lower resolution.

Afterglow - Phantom Patterns on CRT After Shutoff

Why is there a splotch of colored light at the eewmtf the CRT after | kill power to my TV?
Why does this not happen if the plug is pulledaast? It seems to last for hours (well maybe
minutes at least).

(Portions of the following from a video engineePdiilips.)

A broad diffused glow (not a distinct spot in th&ldie of the screen) that lasts for a few
seconds to minutes is called 'afterglow' and magamsidered 'normal’ for your model. The
warm CRT cathodes continue to emit electrons dukedigh voltage that is still present
even though the signal circuits may have ceasegeé¢oate.

For more sharply defined spots there are two phenam

1. Thermal emission from a cathode that has not yeledooff (and this could take
several minutes) gives a more or less circular spat the centre. It is actually 3 spots
from the 3 cathodes, we at Philips call them 'Ghmas balls'.

2. Field emission from sharp whiskers on any electyom part gives a much sharper
spot, sometimes with a moon-shaped halo arouv@n with the filament off, there
may be some electron emission from these sharpspomthe cold cathode(s) due to
the strong high voltage (HV) electric fields in thlectron gun. | do not know how
likely this is or why this is so.

The shape of the spot is an inverted image oftthpes of the emitting area(s) on the electron
guns cathodes.



The visibility of both effects depends in the sam@y on the decay time of the high voltage
(HV/EHT) on the anode.

When turned off with the remote or front panel battyou are not actually killing AC power
but are probably switching off the deflection amghal circuits. This leaves the HV to decay
over a few minutes or longer as it is drained leydtrrent needed to feed the phantom spot or
blob.

When you pull the plug, however, you are killing A@ut and all the voltages decay together
and in particular, the video signal may be pres@mibng enough to keep the brightness (and
beam current) up and drain the HV quickly. Whetihés actually happens depends on many
factors - often not dealt with by the designershefset.

A proper design (who knows, yours may simply hagerbbroken from day 1 or simply be
typical of your model) would ensure that the H\digained quickly or that the other bias
voltages on the CRT are clamped to values thatdvolaink the CRT once the set is off. If the
problem developed suddenly, then this circuitry maye failed. On the other hand, if it has
been gradually getting more pronounced, then theacteristics of the CRT or other circuitry
may have changed with age.

In most sets it is left to chance whether the petube capacitance will be discharged by
beam current at switch-off. It may simply be du¢h® behaviour of the video control IC
when its supply voltage drops that causes the dathto be driven to white and this may not
be formally specified by the manufacturer of the 80me of of the latest sets have an explicit
circuit to discharge the EHT at shutdown.

As noted in the section: "Safety guidelines" the éharge on the CRT capacitance can be
present for a long time. A service technician stidad very aware of that before touching HV
parts!

Interestingly, most sets for the Asian Pacific neaitkave a bleeder resistor built in that will
discharge the EHT without the need for a whitehflasswitch-off. These will in fact drive the
beam to black at switch-off via a negative voltégéhe CRT G1 electrode. The AP market is
very sensitive to proper set behaviour, they dik@ta white flash.

In short, it all depends on the demands of thaqdar market, the chance of the picture tube
producing a spot/blob, and the mood of the designer

So, it may not be worth doing anything to 'fix'shinless the splotch is so bright (more so
than normal video and for an extended time) that @Rosphor damage could result. This is
usually not a problem with direct view TVs but wdaefinitely be a concern with high
intensity projection tubes.

On the other hand, your phantom blob may providesdmne interesting conversation at your
next party!

Discussion on the causes of color flare

On the right side of high intensity colors, someTSRuvill exhibit a flare - the color will

appear to be stuck at its highest level. This ofterurs with older CRTs even at modest drive
but can usually be forced to happen with any CRMeafdrive level is turned up very high.
(From: Andy Cuffe (baltimora@psu.edu).)

| think it's due to the electron gun clipping whes overdriven. Even a new CRT will bleed if
it's driven hard enough, but most TVs are desigrmegou can't turn up the contrast that
much. Once the CRT goes into clipping, it must talshort time to start working normally
again after the drive level falls below clippindiél'same thing happens when certain
problems develop in the video amp.

All CRTs do it when they get weak enough. Sams@agsto be worse than most. In general,
all CRT manufacturers have been cutting costsrdelapercentage or 8 year old or newer
TVs that | see have bad CRTs than ones that are than about 16 years old. | just picked



up a heavily used 1982 Zenith from the side ofrtda and it has a better looking CRT than
most new TVs.

(From: Michael Shell (mikes1987@yahoo.com).)

| suspect that you may be right. | used to wortah older tube color televisions and | don't
recall the bleeding problem. The first time | reni@mseeing it was on a 1978 Sampo. | have
seen it EVERYWHERE since then. Has anybody seepitbiglem on a, say 1970, tube type
set with good video drivers and correct CRT volsa(s® you know it to be the CRT).

(From: Andy.)

My theory is that a weak CRT (or a good one witueed G2) represents a higher impedance
load to the video output transistor. The biasinghefvideo outputs would have to be designed
for the load created by a good CRT. When the outaut impedance goes high enough, the
voltage can go high enough to saturate the tramgigte CRT isn't pulling enough current to
keep the C-E voltage from going close to 0).

tubes, being like FETs (in that they are majorayrier devices) which are used in high speed
digital circuits because don't have any delay itirgge out of saturation.

(From: Michael.)

| think we may have a winner. A scope on the catgheltbuld be able to confirm it.

(From: JURB6006 (jurb6006@aol.com).)

Hmm, that's one of most technical questions I'ardhén a while.

First of all, realize that most sets do this witlhaered G2 voltage. While on the surface,
lowering the G2 seems to mimic a weak CRT, thisisthe case. Only in some ways it does,
apparently.

Some sets have an unusual resistance, and otleendsdave an unusual propensity to
"bleed” (we call it flaring at my shop).

| was around before ICs, and have had an oppoyttmgtudy the design of the video output
circuit(s) of TVs without ICs. | do understand ciitcdesign, and have reached the following
conclusion (this completely excludes sets with AKB)

It depends on how the video output transistorslaven. It seems that if there is a path for
current feedback, the set will flare. This is therst in sets that drive the emitters of the
outputs.

Other sets, which could be designated as "voltage dets" either have such solid drive to
the emitters that CRT load doesn't affect it oy tjust drive the base(s) of the outputs.
Engineering-wise, | think it basically boils dowmthe output impedance of the video output
stage, and on a single ended stage, as most aveea@dthis impedance is different for
negative and positive going slopes in the waveform.

There are other theories, this is only one. | spddkis because the flaring effect was almost
always noticed on some chassis, back when all RiesGvere interchangeable. It followed
the set, not the CRT.

(From: Michael.)

OK, I agree with what you are getting at here. @srswhat happens when a transistor is
overdriven. There are so many excess carriereia¢vice that it takes a long time for
recombination to occur. This delay will result hettransistor taking a longer than normal
time to switch off.

As noted above, often bad video driver circuitrgidas can cause bleeding (flaring) too.
These cases could be caused by overdriven trarss(see above), feedback loops, or some
type of ringing effect. | am interested in thisvesl, but my real fascination is when the CRT
is the trouble maker.

Unlike a semiconductor, a CRT is a pure majorityieadevice - no holes, just electrons
flying around in there.



What bothers me is this: Say we have a test pattansisting of a solid red square in the
middle of an otherwise black screen. We turn upstitaration/contrast (and have a weak
CRT), we will see bleeding to the right of the sgudnstinctively, we FEEL we know what
is going on. But think about it. The instant theatton beam leaves the square, the voltages
on the CRT grid/cathodes are such (or should [@)the red gun should be shut off. (It is
only like a nanosecond from the gun to the scrdéthg CRT cathode is weak, or the G2
voltage is too low, then | would expect the beamutff even faster! Yet, the phosphors in
the bleed DO see electrons exciting them! So, vehla@ppening here? Did charge somehow
build up somewhere in the tube? OR has the tubegethproperties in such a way to cause
trouble for the video output stages in a manneckiould cause problems like Jurb6006
suggested? In the later case, it should be pogsilalesign or modify the output stages to be
resistant or immune to this problem. (I am not €sgigg it would be worth it though).

The thing | really despise is that it seems to keapgn CRTSs that still have perfectly
acceptable brightness.

(From: JURB6006.)

When they flare, yet the CRT isn't weak, it is dlsudue to a low collector Supply voltage to
the vid outs. Unfortunately there is no way to ¢glla normal scope whether the effect is
being driven to the CRT or if the effect is IN {GRT.

Actually on what | call "voltage driven" units, y6&LAN see some type of clipping when
either the CRT is weak or the G2 is low, but Istig on an older Sony, it seems like the
clipping is omnidirectional.

Yet when this happens, the purity is not extrenadlgcted.

On the sets that flare profusely, is it possibkg the designers stumbled on a rudimentary
form of AKB?

(From: Asimov (warpcastgate@dynip.com.)

It's analogous to how speakers and amps distom wWieeclip. When the clipping occurs in
the CRT it's bandwidth falls to zero and you semth type of ringing or smear. It's like the
beam gets cutoff then saturates repeatedly vetyafasvideo rate. Also the electrostatic
voltages which set the convergence get all throwtrobwhack when this happens. This last
is why a CRT with weak emission will also show pearity, bad convergence, and a loss of
tracking.

(From: Andy.)

| wonder if it would be possible to modify the vaeutput circuit to eliminate the bleeding in
a TV with a weak CRT that's not too far gone taubable?

(From: Michael.)

| plan to try this in the next month or so. If Meaany luck, | will post the results. In order to
do this, voltages are gonna have to climb to kbapttansistor out of saturation. This is going
to result in more heat. Could it be possible timrgy conservation mandates from the
government resulted in flaring? If so, the sameghhat causes my CRTSs to flare also causes
my toilet and shower to lose power.

From the point of view of the cathode, the CRT @iarent controlled device like a BJT.
From the point of view of the grid, it is a voltagentrolled device, like a MOSFET. | can't
remember why the video drive is applied to the @dés rather than the grids, but | know
there was/is a good reason.

So, barring a radical change, such as CRT gricedtithink we want to use BJTs, but we
need total control over Ik, regardless of how MRTCfeels. So, we would drive the CRT
cathode with the NPN BJT collector, and have dyféarge Vce - which implies a bigger
transistor with more heat sinking. | had thoughapfalternative - using a transistor that
comes out of saturation faster, but as you mentidredore, we lose detail in saturation and



thus would still not like the resulting picture. éther simple solution would be to "tweak a
few V's".

Instinctively, | feel we can do this. Then why hateéhe OEMs?

| thought up some humorous explanations for fladngng the course of this discussion.
Maybe somebody will get a laugh:

1. A crust spot on the cathode, which only emits ghhdrive levels, causes the electrons
that pass through it to have a reduced velocitya Eactor of a 10000. These delayed
electrons form the flare.

2. The front of the cathode starts to wear out. Utliigih drive levels, electrons are
emitted from the BACK of the cathode. The G2 vadtélgen pulls them around, but
the result is a corkscrew spiral path to the scrdeose total linear length is on the
order of a 1000 feet. Hence the delay. Purity isafi@cted due to "circular
symmetry".

3. A crust forms on the cathode. Under high drive levelectrons are trapped within the
layers of this crust. Even when the video drivesaff current to the cathode, the
trapped electrons continue to leak to the surfasalting in a flare. This is known as
the "cathode becomes a capacitor" theory.

4. The phosphor of old CRTs become "flaky". When lyiebectrons, ionic radiation is
emitted radially outward. This radiation makes oth&jacent phosphors super
sensitive to future electron exposure. Hence, weahle to see a nearly zero electron
beam which results in the flare.

And finally:

5. It's all in your head. Buying a new TV raises emih@ns in the human brain, fixing
the problem for a couple years. This also explaing more expensive, feature rich
TVs have the problem less often. The CRT restdreulsl be applied to the USER not
the TV. In skillful hands, it can also cure oné'adlor vision" allowing the use of
much more inexpensive B/W sets.

e Back toCRT FAQ Table of Contents
Magnetic Fields and Degaussing

Degaussing (Demagnetizing) a CRT

Degaussing may be required if there are color ppribblems with the display. On rare
occasions, there may be geometric distortion cabgedagnetic fields as well without color
problems. The CRT can get magnetized:

e ifthe TV or monitor is moved or even just rotated.

« if there has been a lightning strike nearby. Arfdef mine had a lightning strike near
his house which produced all of the effects ofEMP from a nuclear bomb.

« If a permanent magnet was brought near the sceegn kid's magnet or megawatt
stereo speakers).

e If some piece of electrical or electronic equipmeith unshielded magnetic fields is
in the vicinity of the TV or monitor.



Degaussing should be the first thing attempted whencolor purity problems are detected.
As noted below, first try the internal degaussuisof the TV or monitor by power cycling a
few times (on for a minute, off for at least 20 otms, on for a minute, etc.) If this does not
help or does not completely cure the problem, gfmencan try manually degaussing.

Note: Some monitors have a degauss button, andonsm@ind TVs that are microprocessor
controlled may degauss automatically upon powefbahmay require pulling the plug to do

a hard reset) regardless of the amount of off tifeavever, repeated use of these 'features' in
rapid succession may result in overheating of ggadss coil or other components. The 20
minutes off/1 minute on precedure is guarantedmktsafe. (Some others may degauss upon
power-on as long as the previous degauss was netwibhin some predetermined amount of
time - they keep track with an internal timer.)

Commercial CRT Degaussers are available from pstsbutors like MCM Electronics and
consist of a hundred or so turns of magnet wir@ 6112 inch coil. They include a line cord
and momentary switch. You flip on the switch, anitdp the coil to within several inches of
the screen face. Then you slowly draw the centénetoil toward one edge of the screen and
trace the perimeter of the screen face. Then retutime original position of the coil being flat
against the center of the screen. Next, slowlyehesz the field to zero by backing straight up
across the room as you hold the coil. When yodaatker than 5 feet away you can release
the line switch.

The key word here is ** slow **. Go too fast andwwill freeze the instantaneous intensity
of the 50/60 Hz AC magnetic field variation inteetferrous components of the CRT and may
make the problem worse.

WARNING: Don't attempt to degauss inside or inlbaek of the set (near the CRT neck.
This can demagnetize the relatively weak purity emavergence magnets which may turn a
simple repair into a feature length extravaganza!

It looks really cool to do this while the CRT isvpered. The kids will love the color effects.
Bulk tape erasers, tape head degaussers, opentfi@m@rmers, and the "butt-end” of a
weller soldering gun can be used as CRT demagnetms it just takes a little longer. (Be
careful not to scratch the screen face with angtksimarp. For the Weller, the tip needs to be
in place to get enough magnetic field.) It is ingiete to have the CRT running when using
these whimpier approaches, so that you can see\nere are still impurities. Never release
the power switch until you're 4 or 5 feet away frthra screen or you'll have to start over.

I've never known of anything being damaged by exoesnual degaussing as long as you
don't attempt to degauss *inside* or the back ef IN or monitor - it is possible to
demagnetize geometry correction, purity, and statioverence magnets in the process!
However, | would recommend keeping really poweblulk tape erasers-turned-degaussers a
couple of inches from the CRT.

If an AC degaussing colil or substitute is unavaddabhave even done degaussed with a
permanent magnet but this is not recommended gircenore likely to make the problem
worse than better. However, if the display is ublesas is, then using a small magnet can do
no harm. (Don't use a 20 pound speaker or magnetagmet as you may rip the shadow
mask right out of the CRT - well at least distotveyond repair. What | have in mind is
something about as powerful as a refrigerator magA&so see the juggler's technique,
below. :-)

Keep degaussing fields away from magnetic media.dtgood idea to avoid degaussing in a
room with floppies or back-up tapes. When removmeglia from a room remember to check
desk drawers and manuals for stray floppies, too.

It is unlikely that you could actually affect magicemedia but better safe than sorry. Of the
devices mentioned above, only a bulk eraser ongtpermanent magnet are likely to have



any effect - and then only when at extremely clasge (direct contact with media
container).

All color CRTs include a built-in degaussing coflapped around the perimeter of the CRT
face. These are activated each time the CRT is ulng cold by a 3 terminal thermister
device or other control circuitry. This is why staften suggested that color purity problems
may go away "in a few days". It isn't a matteriofg; it's the number of cold power ups that
causes it. It takes about 15 minutes of the powgrgooff for each cool down cycle. These
built-in coils with thermal control are never ageefive as external coils.

Note that while the monochrome CRTs used in B/W @agection TVs and mono monitors
don't have anything inside to get magnetized, Hassis or other cabinet parts of the
equipment may still need degaussing. While thi$ igely from normal use or even after
being moved or reoriented, a powerful magnet (ilet from a large speaker) could leave
iron, steel, or other ferrous parts with enougldiesl magnetism to cause a noticeable
problem.

If you try the ‘technique’ below, make sure you'demash the TV or your spouse!

(From: Mike Champion (mchampfl@gdi.net).)

| replaced the magnetron in my microwave and ripgeait the old one with my kids to 'see
how it works'. Boy, there are some mother magmetkeare! The kids and | had fun with
them. You know - push me pull you; the paper cbath which Easter egg has the metal and
which has the wood; etc. Dnough with this kid stufffanna see something really cool?’, says
|. Having been around monitors for a long timeha tomputer business, i showed them what
what a REALLY powerful magnet will do to an eleatrbeam in a cathode ray tube - my
sharp 19" color TV. "Wow, dad!", "psychodelic!" ldoks like all the colors are flushing
down the toilet!" Boy, was | DAD or what? The pretsl was that my experience with
magnets and monitors were in the monochrome daysiesprice | paid for such esteem in
the eyes of my children were purple faces and glesgshon my sharp 19" color TV! Uh-oh!
well, maybe it will be allright by tomorrow. Well wasn't. Now I'm getting worried! | used to
do computer support at a television station sdlédan old engineer friend there for help. He
just hee-hawed! As he was drying his eyes, he sigdehat | had probably just magnetized
the mask and he'd loan me a degausser. | offerleaythim lunch for the favor. This was
Friday and because of my friend's diagnosis T s t@ relax about the problem enough to
think about it. Hmmmm. degausser = alternating retigriield... Strong magnetron magnet...
Alternating... So | got this great idea! | took tieg magnet | used to mess it up, tied a string
to it, suspended it on the string and spun it sisda i could. | put it up to the CRT and
brought it away slowly! Eureka! On Monday | calley smart-alek friend and cancelled the
lunch!

How Often to Degauss

Some monitor manufacturers specifically warn alegessive use of degauss, most likely as
a result of overstressing components in the degarastry which are designed (cheaply) for
only infrequent use. In particular, there is oftethermister that dissipates significant power
for the second or two that the degauss is actilsn,Ahe large coil around the CRT is not
rated for continuous operation and may overheat.

If one or two activations of the degauss buttomadbclear up the color problems, manual
degaussing using an external coil may be need#tkanonitor may need internal

purity/color adjustments. Or, you may have justatled your megawatt stereo speakers next
to the monitor!

You should only need to degauss if you see colotypproblems on your CRT. Otherwise it
is unnecessary. The reasons it only works thetfirst is that the degauss timing is controlled



by a termister which heats up and cuts off theenrrlf you push the button twice in a row,
that thermister is still hot and so little happens.

One word of clarification: In order for the degaogeration to be effective, the AC current in
the coil must approach zero before the circuit outs The circuit to accomplish this often
involves a thermister to gradually decrease thesoti{over a matter of several seconds), and
in better monitors, a relay to totally cut off therrent after a certain delay. If the current was
turned off suddenly, you would likely be left withmore magnetized CRT. There are time
delay elements involved which prevent multiple desgaoperations in succession. Whether
this is by design or accident, it does preventddngauss coil - which is usually grossly
undersized for continuous operation - to cool.

Ultra Cheap Degaussing Coill

Pack Rat Trick #457384:

Next time you scrap a computer monitor (or tv),esthe degaussing coil (coil of wire, usually
wrapped in black tap or plastic) mounted aroundiet of the tube. To adapt it for
degaussing sets, wrap it into a smaller coil, mayb@". To limit the current to something
reasonable, put it in series with a light bulb {6A@.00 W, maybe as high as 200 W but keep a
finger on the temperature of the coil'). You nee&d éurrent to degauss, so just put the bulb in
series with the coil and use the your local 120 VA@let. BE VERY CAREFUL that you
actually wired it in series, and that everythingieperly insulated before you plug it in (A
fuse would be a real good idea too!!)

A few circles over the affected area will usualtyitl Note that it will also make your screen
go crazy for a little bit, but this will fade outitvin a minute or so.

Just a couple of points for emphasis:

1. The coil as removed from the TV is not designhedctamtinuous operation across the
line as indicated above. In fact, it will go upammass of smoke without the light bulb
to limit the current. The poor TV from which thisgan was salvaged included
additional circuitry to ramp the current to O ifesv seconds after power is turned on.

2. Reducing the coil size by a factor of 2 or 3 wiltiease the intensity of the magnetic
field which is important since we are limiting tberrent with the light bulb to a value
lower than the TV used. You don't need to unwindhe! magnet wire, just bend the
entire assembly into a smaller coil. Just make thatthe current is always flowing in
the same direction (clockwise or counterclockwe®und the coil.

3. Insulate everything very thoroughly with electricape. A pushbutton momentary
switch rated for 2 amps at 115 volts AC would befulsso that you do not need to
depend on the wall plug to turn it on and off.

(From: Larry Sabo (sabo@storm.ca).)

I've been using a couple of degaussing coils frpants" monitors, connected n series. The
combined resistance is about 27 ohms, for a cuafeatound 4 to 5 amps. Sorry, | don't
know the wire size, but it's very substantial, kil some of the thin, flimsy stuff | see.
Works great!

Bob Myers' Notes on Degaussing

A couple of comments: first of all, it makes nofeliEnce whatsoever if the display is on
while it's being degaussed. (Oh, some people D&tbkwatch the psychodelic light show,
but it really doesn't help anything for it to be JoActually, there is a very minor case to be
made for degaussing while OFF, at least for theiffon and similar tubes. (The field of an
external degauss coil CAN cause the grille wirestwe slightly, and they're a bit more



flexible when hot - so it is conceivable, althowggntainly unlikely, that you're running a
higher risk of causing the grille wires to touchcosss and become damaged.)

Secondly, a good practice for degaussing is tolglback away from the monitor after giving
the screen a good going over. Once you're aboua®#y, turn the coil so it's a right angles
to the CRT faceplate (which minimizes the field thenitor is seeing), and THEN turn to coil
off. This is to reduce the possibility of the figldnsient caused by switching the coil off from
leaving you once again with a magnetized monitor.

The last point is to make sure that you DON'T letdneecoil on too long. These things are
basically just big coils of wire with a line corttached, and are not designed to be left on for
extended periods of time - they can overheatkél the kind with the pushbutton "on" switch,
which turns off as soon as | release the buttoat Way, | can never go off and leave the coil
energized.)

Oh, one more thing - make sure your wallet is gafe place. You know all those credit cards
and things with the nice magnetic stripe on theim? :

(Actually, I've got a good story about that lasids teaching a group of field service
engineers how to do this once, and being the "Riglut of Town Expert", made VERY
sure to place my wallet on a shelf far away fromahtion. Unfortunately, Mr. Big Deal Out
of Town Expert was staying in a hotel which usemsthneat little magnetic-card gadgets
instead of a "real" key. Ever try to explain toeskl clerk how it was that, not only would
your keycard NOT let you into your room, it waslanger anything that their system would
even recognize as a key? :-))

Degaussing after lightning strike

Sometimes a nearby lightning strike may producecgdfwhich mimic those of a nuclear
explosion, at least in terms of EMP induced maga#itin. This may be take the form
rainbow patterns or purity blotches that the iniédegaussing coil or even an typical
external degauss won't cure.

(From: JURB6006 (jurb6006@aol.com).)

A lightning strike produces a VERY high magnete&ldi, something the degausser can't
handle. Somehow connect a good, like 10 amp Vatraight to the degaussing coil(s) and
turn it all the way up and down, fairly quickly. Manight do better to get ready, flip the
switch on and turn it down from the top, but DOMIdw the fuse, that might make things
worse. Turn it down quick, but it is the top endtthets the job done. Thing is those coils can
only stand it for a second or two, but that is wanger than it takes. You can also do this
with it running, but you risk damaging the verticatuit. However you can try different
levels and see if less than max is enough to d extremely high levels you risk damaging
the shadow mask, that is if it is not already dagdag

| almost scrapped a 36" Sony for this, same thegy a lightning strike. The colors were
seriously FUBARed. The coil to the variac trick didWhat happens is | think the purity
shield itself gets magnetized, despite it's lowrcivéy. It takes a bit more than the standard
degausser in the set to do the trick.

Degaussing Humor - If it Works, Use It!

Note: If you are forced to use this stunt, sorppraach, make sure you don't end up
smashing something important! :)

(From: Mike Champion (mchampfl@gdi.net).)

| replaced the magnetron in my microwave and ripgeart the old one with my kids to 'see
how it works'. Boy, there are some mother magmetkare! me and the kids had fun with
them. you know - push me pull you; the paper atiptbwhich easter egg has the metal and
which has the wood; etc. enough with this kid stiffanna see something really cool?' Says
|. Having been around monitors for a long timeha tomputer business, | showed them what



what a REALLY powerful magnet will do to an eleatrbeam in a cathode ray tube - my
sharp 19" color TV. "Wow, dad! psychodelic! It laokke all the colors are flushing down
the toilet!" Boy, was | DAD or what? The problemsvhat my experience with magnets and
monitors were in the monochrome days! So the prmagd for such esteem in the eyes of my
children were purple faces and green legs on mipst@i' color TV! Uh-oh! Well, maybe it
will be all right by tomorrow. Well it wasn't.

Now I'm getting worried! | used to do computer sopat a television station so | called an
old engineer friend there for help. He just heavéd As he was drying his eyes, he
suggested that | had probably just magnetized tekrand he'd loan me a degausser. |
offered to buy him lunch for the favor. This wasdy and because of my friend's diagnosis |
was able to relax about the problem enough to tAbdut it. Hmmmm... Degausser =
alternating magnetic field. Strong magnetron magHetmmm... Alternating... So | got this
great idea! | took the ring magnet | used to meagp,itied a string to it, suspended it on the
string and spun it as fast as | could. | put itaiphe CRT and brought it away slowly!
Eureka! On Monday, | called my smart-aleck friemd @ancelled the lunch! :)

Can a Really Strong Magnet Permanently Damage the RT?

Even a magnet that can suspend your weight maystihave much range as they usually
have metal pole pieces that concentrate the fldxark well only with a matching flat steel
plate.

The only thing in the guts of a TV or monitor (tigaccessible from outside the cabinet) that
can be damaged permanently is the shadow or skk ofahe CRT. If the magnet is strong
enough to distort it, the CRT will be ruined. Eveanual degaussing with a similarly
powerful degaussing coil will then not totally aleg color purity problems. The shadow or
slot mask is a very thin perforated steel or InStaget about 1/2 inch behind the glass of the
CRT screen - which is itself about 1 inch thicknwore. So, even up against the screen, your
magnet is still at least 1-1/2 inches from the shadhask. It would take a mighty powerful
magnet to distort it.

For Trinitron (or clone) CRTs with aperture grillegensioned fine wires in place of a shadow
or slot mask, the force required would be eventgrea

No way to know without trying it :-(.

(From: Jeff Mangas (jeff@edldisplays.com).)

| work in a small monitor factory and some time ag®were using some very strong
degaussing wands to remove magnetism from someraft@assis. We found that this caused
a weakening of the shadow mask and it would takg@small shock/vibration to break the
mask loose. We are not 100% sure that it was tgaudsing that caused the problem but we
only used these strong wands for a short time gegéral tubes while using them) and have
not had any problems before or since.

WARNING about degaussing late model Sony TrinitronCRTSs

The following has been confirmed by others.

(From: David Kuhajda (dkuhajda@Iocl.net).)

You should NEVER use a big degauss coil on ANY SONEGA tube, or ANY SONY 27"
or larger CRT made after 1997. Sony deliberatetygpsmall amount of magnetic field into
the strapping and aperture grill to compensaterapdove the convergence. A BIG degauss
will remove this and make the tube look very bad.

A BIG manual degauss coil from about 3 feet awapukhhave a low enough field to be safe.
(Note: should) I NEVER use the large degauss amilthe Sony tubes after seeing the Sony
video of how CRTs have been damaged. | USE a snafgauss coil and work it on a Variac
at a lowered AC voltage, and bring the voltage aghesuccessive pass to degauss the CRT
until it is cleared up.



If the internal degauss is not taking care of ttebfgem, you have other things to look at. Has
the yoke or yoke purity rings been moved? Havelt¥i@r monitor been dropped? Are all the
connections good on the degauss thermister?dfatthree leg thermister it still may be bad as
those leave a small current flowing on the oldemySmils. Have any of the extra purity
magnets fallen off the yoke or CRT?

Note that Sony tubes do NOT have shadow maskshbythave aperture grills which are an
array of incredibly fine wires under tension. A Bitégauss coil can also rip the aperture grill
away from the stabilization wires.

e Back toCRT FAQ Table of Contents

CRT Related Adjustments

Principles of Purity and Convergence Adjustment

Purity involves bending all 3 of the beams so thay cross the space between shadow mask
and screen at the proper angle and will land éffexent place on the phosphors.
Convergence involves adjusting the aim of 1 or thefbeams at a different angle so that they
all land at the same place on the screen.

Dynamic convergence circuitry is now virtually neristent, except in high resolution
monitor tubes and in Sony Trinitron tubes (theyuisga very basic horizontal convergence).
All other tubes have the convergence correctioft io the design of the tube and the coil.
Sony has chosen a different trade-off between puckperformance (which includes also
sharpness).

Most CRTs have a series - usually 3 pairs - of ntaggnets mounted on the neck near the
socket end. These are used for part of the putlitysement and static convergence. (Coarse
purity is set by the position of the yoke and dymaconvergence is set by the tilt of the
yoke.) These rings consist of multi-pole magnetgtvidue to their field configuration are
able to affect the electron beams from the 3 gunkfierent ways.

(Some CRTs employ internal structures that are age@tized at the factory and cannot be
adjusted in the field - though perhaps auxiliarygmet rings could be added if the original
magnetization were lost for reasons we won't go #)t This type of CRT will be obvious as
there will be no adjustable rings to mess screwy up!

The relative orientation of the rings in a paireaffthe strength of the effect.

In a nutshell, the electron guns in most modern £&E arranged in-line. For example:

GRB. Some of the ring adjustments are designetféotahem all while others pretty much
leave the center gun's beam alone and only affieabditer ones. Various options then exist
depending on the magnetic field configuration.

The three sets of ring magnets are shown belowgalath the position of the red (R), green
(G), and blue (B) electron beams passing througimtiEach is actually a pair of rings which
may be moved relative to one-another to controkthength of the magnetic field. When the
tabs are adjacent, the fields from the two ringarlgecancel and the rings then have no effect.
Two typical orientations are shown (N and S arepibles of the ring magnets):

Orientation 1:

S S N
NRGBS NRGBN NR GB S

S S N
2-pole 4-pole 6- pole

(purity) (red-blue) (red/bl ue-green)



0 Degrees 0 Degrees 0 De grees
Orientation 2:

N N S S
N N
RGB RGB RG B
S S
S S N N
2-pole 4-pole 6- pole
(purity) (red-blue) (red/bl ue-green)
90 Degrees 45 Degrees 30D egrees

(My apologies if | have the direction of deflecticeversed - | can never remember the right
hand rule for electrons moving in magnetic fields!)

e The 2-pole purity rings move the set of RGB bearosenor less together to fine tune
the position of the center of deflection.

The field lines go generally across (at the origmteshown) between the N and S
poles.

Orientation 1, the RGB beams will be raised.

Orientation 2, the RGB beams will be moved to the right.

e The 4-pole red-blue rings move the R and B beamasive to the G beam but leave
the G beam alone.

The field lines go generally between adjacent Nammbles. On opposite sides of the
rings, the polarity/direction of the lines opposel #hus tend to move the R and B
beams in opposite directions. The G beam in theec&loes not experience any
deflection from the 4-pole ring magnets sinceladl tields tend to cancel.

Orientation 1: The R beam will move up and the B beam will mde&vn relative to
G.

Orientation 2: The R beam will move up and to the right andBHgeam will move
down and to the left relative to G.

e The 6-pole red/blue-green rings move the RB beaitisrelative to the G beam but
leave the G beam alone.

The field lines go generally between adjacent Nammbles. On opposite sides of the

rings, the polarity/direction of the lines are #ane and thus tend to affect the R and

B beams in the same direction. The G beam in theeceloes not experience any

deflection from the 6-pole ring magnets sinceladl tields tend to cancel.

Orientation 1: The R and B beams will move up relative to G.

Orientation 2: The R and B beams will move up and to the righdtive to G.
For purity to be perfect (or as good as possibe) electron beams must originate from the
same effective center of deflection as used inimalty laying down the phosphors. Moving
the yoke forward and backward on the neck of th@ C&n precisely set the deflection center
along the axis of the neck. However, slight transeerrors may still exist due to
imperfections in the yoke windings or positionglod electron guns. This is affected slightly
by the earth's magnetic field as well. The puriggmet rings are those closest to the yoke and
provide the means for moving the electron beamg sightly to compensate.
The adjustment procedures generally use the redoguhe setting purity. Intuitively, one
would think this should be the center (green) gdmwever, since the red beam current is the
highest (red phosphor is least sensitive), probleradikely to show up first with the red
purity so it is used for the adjustment. In anyegatsis a good idea to check all three guns for
proper purity and tweak if needed before movingamoonvergence.



In an in-line gun, the green gun is always in thédbe. The only reason for adjusting purity
with the red beam is because it gives the greaseitivity:
(From: Jeroen H. Stessen (Jeroen.Stessen@philips)co

e The red beam current usually has the largest amdglit

e A landing error of the red beam gives the besbiesiiscoloration (much better than
green, better than blue).

e This makes the landing of the red beam the maotstali

Detailed Purity and Static Convergence Adjustment Focedure

Also see the adjustment information in the docusiéyibtes on the Troubleshooting and
Repair of Computer and Video MonitassNotes on the Troubleshooting and Repair of
Television Sets

(From: Alan McKinnon (alan.mck@pixie.co.za).)

The rearmost pair of magnets (seem from the sepaséion behind the set in other words
furthest from you nearest the front of the tub&as purity. More on this later. The middle
and front magnets are for convergence and workaoms pf colours. The effects can most
easily be seen on a cross hatch test pattern (4@ loorizotal lines, 15 or so vertical lines).
But first, purity:

Without getting into the details of what happersde the guns, | assume you need to know
how to do the adjustments. You need some meansnefrgting an evenly red screen. An
(expensive) pattern generator is the preferred maethiddle the rear purity rings to distort the
screen by bringing green and blue blobs into itu Yiall note that the magnets can be
adjusted by moving both together, and moving tham r&lative to each other. The best
advice here is: adjust slowly and observe what éappOnce you have the screen evenly red,
move on to convergence, which is the trick of gettihe red green and blue beams to
coincide on the screen to produce white, with ti@mmum of colour shadowing.

With a cross hatch pattern on screen, you canasaly @dow convergence works, and how the
magnets affect the picture. Each tube type ismiffein exactly how this is done, but the
general idea is that one set of magnets affectspaaific colours only, moving them apart
and bringing them nearer, while leaving the thioébar alone. The other set of magnets takes
the colours affected by the other set, and moves tiogether relative to the third colour.
Also, moving a pair of magnets together adjuststileurs in one direction (vert or horiz)
while moving the magents apart adjusts the othecctdon. With all things in life, there is
some overlap, so you need to look carefully andidesgt happens mostly - the adjustments
are not cut and dried. Oh, and they are interattws®me degree. Keep checking purity after
you do convergence. All of this is best shown vaitpicture, the colours are arbitrary, you
may well find the details do not apply to your lbut the basic principles will. These initial
converence adjustments apply only to the centtheocreen by the way, the edges are done
elsewhere:

Rotating one set of magnets together might moveneldblue together till they coincide
vertically:

1

1

1

1

1
\
!
1
1
\Y

| |
RG B GRB G R&B
And moving them apart relative to each other mightre red and blue together horizontally:



Moving the other set of magnets together might thkered and blue pair and move them to
coincide with the green, vertically:

|

| |

GR&B GR&B R&G&B (=white)

And moving them apart relative to each other mighte the red and blue pair and move

them to coincide with green horizontally:
R&B -------

_____ > I R&G&B
G e (=white)

Once the convergence is perfect in the centreen$theen (called static convergence) it's time
to handle the edges and corners (called dynamieecgance for historical reasons). This is
done by physically moving the entire yoke thatla&smped around the tube neck with the
deflection coild on it. It is anchored in placedygollar on the tube neck, loosen this slightly,
butnot enough so that the yoke can move backwd#ridsalso held in place by rubber wedges
glued or taped down. Take the wedges out. By gngpphe yoke and levering it up and down,
left and right, you will change he convergencehim torners. The effects don't work as you
might at first suppose - moving the yoke left afffethie lower right corner, this type of thing.
Get the dynamic convergence right and stuff theggedack under the yoke to hold it
precisely in place and glue them back down. Thieaek purity.

There you have it. Easy as pie. Some folk woulcehaw believe no-one in their right minds
adjusts these things. Well, balls. Someone dittihefactory, and they did it the way | just
described. All you need is the right tools (pattgemerator), patience, and time.

Tony's Notes on Setting Convergence on Older Deltaun CRTs

(From: ard12@eng.cam.ac.uk (A.R. Duell))
The older delta-gun tubes (3 guns in a triangléjma line) can give **excellent** pictures,
with very good convergence, provided:

1. You've set those 20-or-so presets correctly - & pain as they interact to some
extent.

2. The CRT is set up in the final position - this tygf@ube is more sensitive to external
fields than the PIL type.

Both my delta-gun sets (a B&O 3200 chassis andradB@DCT2/51) have very clearly set
out and labeled convergence panels, and you deett a service manual to do them. The
instructions in the Barco manual are something like

"Apply crosshatch, and adjust the controls on thevergence board in the numbered order to
converge the picture. The diagrams by each coshimlv the effect”.

Here's a very quick guide to delta gun convergevioere the settings are done using various
adjustments on the neck of the CRT (if you donvieha service manual but do know what
each control does, and where they all are - otlseqviollow the instructions in the service
manual --- sam):

1. Apply a white crosshatch or dot pattern to the Ben't try and converge on anything
else - you'll go insane. It's useful to be ablewitch between those 2 patterns.



2. Before you start, set the height, width, lineangycushion, etc. They will interact
with the convergence. Also check PSU voltages,ta@dEHT voltage if it's adjustable.
That's where you do need a service manual, | guess.

3. Turn off the blue gun using the Al switch, and theered and green static radial
controls to get a yellow croshatch in the middlehaf screen. These controls may be
electrical presets, or may be movable magnetsenattial convergence yoke (the Y-
shaped think behind the deflection yoke).

4. Turn on the blue gun and use the 2 blue staticatsnfradial and lateral) to align the
blue and yellow crosshatches at the center ofdteees. Some manufacturers
recommend turning off the green gun when doing #@msl aligning red with blue
(using *only* the blue controls, of course), buirkefer to align blue with yellow, as it
gives a check on the overall convergence of the.tub

5. Turn off the blue gun again. Now the fun startynaimic convergence. The first
adjustments align the red and green crosshatclaegheeedges - | normally do the top
and bottom first. There will be 2 controls for thesther a top and a bottom, or a shift
and a linearity. The second type is a *pain* to@wijt's not uncommon for it to affect
the static convergence.

6. Getting the red and green verticals aligned neaetiyes is a similar process.
7. You now have (hopefully) a yellow crosshatch over éntire screen.

8. Now to align the blue. This is a lot worse, althbule principle is the same. Turn on
the blue gun again, and check the static (centeweargence

9. To align the blue lines with the yellow ones, ybiirid not only shift controls, but also
slope controls. Use the shift controls to aligndbaters of the lines and the slope
controls to get the endpoints right. These intet@sbme extent. You'll need to fiddle
with the controls for a bit to work out what they, @ven if you have the manual.

The convergence over the entire screen should eogobd....

A word of warning here... The purity is set by rimggnets on almost all colour CRTSs, but on
PIL tubes, there are other ring magnets as wide-dtatic convergence. Make sure you know
what you are adjusting.

Jerry's Comments on Convergence and Other Advance#ddjustments

(From: Jerry G. (jerryg@total.net).)

Convergence alignment is not something you canodmsglf unless you have the proper
calibration instruments and skills. It takes lotexperience and time. There are published
specs for most of the good monitors. Most of theetthey are as follows:

There is the 'A area’, 'B area’, and 'C area'. Omiach monitor the A area would be a
diameter of about 4 inches. The B area would beitab® inches. The C area would be the
outside areas including the corners. These nunaserapproximate. There are actually
standard specs for these areas. They are expliegsectentage of screen viewing area.
Therefore the inches would vary with the CRT size.

The higher the price (quality) of the monitor CR/®ke, and scanning control circuits, the
tighter the convergence can be aligned by the tei@m For the A area on a good monitor,
the maximum error should not exceed 0.1 mm. FoBtheea it should not exceed more than
about 0.25 mm. And for the C area, it can be altbwe to about 0.3 mm. Most of the
monitors that | have repaired, seen, and usedatidheet these specs unless they were rather



expensive. With these specs there would not beealyisible misconvergence unless you
put your nose very close to the screen... A lahefones in the medium price range they were
about 0.15 mm error in the A area, about 0.4 irBland greater than in the C area. This also
annoys me because | am very critical.

If one has the skills and test gear he or she oamlaktter job on most monitors. It is a
guestion of the time involved. To see the convetgesrrors a grating or crosshatch pattern is
used. A full raster color generator is requiredtha purity adjustments as well. This is
necessary to align the landing points of the CRiisgifhe exact center reference and purity
adjustments are done with the ring magnets on Bi€ @&ck. The yoke position angle
adjustments are also done for the side and topimagkewing as well. Everything interacts!
The corners are done with various sorts of slipage magnets. As for corner convergence
skewing, button magnets are used. The color pwiltybe effected as you go, and must be
also corrected. These adjustments interact on wokher, and the processes continues until
the convergence and purity are good at the sange.tim

| don't recommend the amateur or hobbiest, or @wemlo-it-yourselfer to attempt this
alignment procedure. The test gear would exceeddkeof a really good monitor
anyways...!ll And without the proper skills requiréne or she would only make it worse
anyways...

As for purity specs, the color change from any eotn any corner must not exceed an error
of more than 200 degrees Kelvin. The error in trer®&a should not exceed 300 degrees
kelvin. This applies to a white raster. Most of thenitors | see don't get better than about
300 degrees Kelvin. And some are even 1000 out!plinigy errors are best checked with a
full Red raster using 100 % saturation. Then tlmeotolor vector angles are checked with
cyan, and then magenta. The color temperaturdistabiould be the same in all aspects.

A color spectrometer should be used to judge tiner dactor. As far as the eye is concerned,
it will see a purity error of more than about 5@&@ckes Kelvin if the person knows what to
look for...

When changing the CRT, this alignment must be dmmepletely. Most shops do not even
employ people who are skilled to a proper alignmenton't even own the instruments to do
it right, and the poor customer get back a moriltat is not in specs...!

CRTs with No Purity or Static Convergence Rings

| have a late model TV with a 13 inch tube withstatic purity or convergence rings. | don't
get to see that many modern tubes so this wasaod disurprise or maybe | just hadn't noticed
before on small CRTs if they didn't have purity/eergence problems. | do see it has
wrapping of a rubber-ferrite-permalloy type matewaere the ring assembly would go. |
assume that this is magnetized selectively atabefy to adjust purity/convergence? The
yoke has the usual position and tilt adjustmenkss dne was an RCA/GE CRT.

What this means is that if you were to accidentiatipg a strong permanent magnet near the
base of the CRT or a strong degaussing coil, tiseaieslight possibility of totally messing up
this compensation requiring replacement of the ARIbn't know how possible this is

without really working at it!

(From: Jeroen H. Stessen (Jeroen.Stessen@philips)co

Since eternity, Philips CRTs have not had extematipole magnet rings around the neck.
There is an iron ring inside the neck, at the dnth@® electron gun assembly. This ring is
permanently magnetized in the factory by a stromgide magnetic field at a later stage of
the production. Further responsibility for puricgnvergence and geometry is in the design of
the coil windings distribution and some metal pafisal purity adjustment is achieved by
matching a tube with a coil and then shifting atiohg the coil slightly. This explains why



Philips CRTs are always sold as a matched combimati tube and coil, contrary to some
other brands.

Projection Set Convergence Adjustment Principles

(From: Jeroen H. Stessen (Jeroen.Stessen@philips)co
CRT projection displays require much convergencgeection, especially since the 3 tubes
aim at the screen under different angles. Genetfad\green Horizontal convergence coil is
not driven because that is a geometry correctioiciwis taken care of by the horizontal
deflection circuit. The 3 vertical convergence saisually also take care of vertical geometry
correction (N-S corrrection) because the vertiedlatttion circuit is generally a standard
direct-view type. Add to that a severe keystoneemtion for the Red and Blue tubes.
The convergence waveforms used to be generatedainoanalog polynomial generator. The
components are then weighted and summed to foray®Tpolynomial. Consider the
adjustment of horizontal convergence, then tygacdynomial components are:

1 (shift),

X (amplitude),

x"2 (linearity),

y (rotation or tilt),

y"2 (bow),

x*y (keystone),

x"2*y (dunno if it's used).

x*y"2 (pin-cushion),

x"3 (side linearity).

x*y~4 (corner pin-cushion)
Adjusting convergence is a highly iterative (reealstly) process because each potentiometer
tends to influence the whole screen. Also, thishoétis not easily extendible to higher order
adjustments for more accuracy. That's why betterefeam generators have been designed,
like digital look-up tables with D/A converters (igh are quite expensive) and spline-like
waveform generators (which are cheap and easyjustathe Philips design is called
Convergence Spline Processor, it's digital too).

Monitor Tune-Up?

(The following from: Bob Myers (myers@fc.hp.com).)

Most manufacturers will quote an MTBF (Mean Timedde Failure) of somewhere in the
30,000 to 60,000 hour range, EXCLUSIVE OF the CRfie typical CRT, without an
extended-life cathode, is usually good for 10,G0Q%,000 hours before it reaches half of its
initial brightness. Note that, if you leave yourmior on all the time, a year is just about
8,000 hours.

The only "tuneup” that a monitor should need, esielel of adjustments needed following
replacement of a failed component, would be videpldier and/or CRT biasing adjustments
to compensate for the aging of the tube. Thesesurally done only if you're using the thing
in an application where exact color/brightness matgis important. Regular degaussing of
the unit may be needed, of course, but I'm notidensg that a "tuneup" or adjustment.

A Discussion on Correction Magnets

(From Ludwig (eastcomp@gmx.de).)

When repairing and recalibrating color monitorsldfierent brands, one experiences those
"dirty little tricks" called correction magnets, wh have different forms, sizes and magnet
strength, and which are attached at different lonatsomewhere near the electronic beams at
the neck of the tube. These magnets are usedrectitad edge geometry/convergence and
problems with color convergence at various location the screen.



Depending on the quality (i.e., magnetic geometfythe tube and the deflection coils/fields
there are monitors, which have only few (or evene)f these correction magnet, while
others (some brands are "famous" for this) ardyrehalstered with these magnets.

The magnets can have different forms and sizes:

1. Most often there are used small and thin, weak eimgmvhich are glued to the end of
a plastic stripe. These stripes are inserted hesiall gap between the tube and the
deflection colls (ferrite coil) and the fixed byugl silicon or plaster. This magnets are
weak and therefore have to be positioned very toetlre electron beam at the neck of
the tube. They usually are intended to correctdmergence at the corners and
edges of the picture.

2. Plastisized magnets (e.g., 4x4x1 mm, 3x10x1 mmM0afd0x0.2mm), which have a
much bigger magnetic strength, are either glugtiedhe edges of the plastic case of
the deflection coils or - if the magnet is not sogg - to the tube itself. These types of
magnets often are used to correct larger deficgsnioi geometry - and to a lesser
extent - in convergence.

Those are my observations, but what I'd like tovki®this:
e Why aren't such magnets demagnetized during thepow degaussing?

« Aren't such magnets demagnetized, if one usestam @magnetizing coil for
removing undesired magnetic fields at the tube?those demagnetizing coils
harmful to the different correction magnets onhat meck of the coil?

What type of magnets are used for those correatiagnets ? (barium titanate, other
types of ferrites?).
(From: Sam.)
The answers to both (1) and (2) is that if usirgititernal degauss coil and/or properly
positioned (front of CRT only) external coil, theength of the field is (hopefully)
insufficient to affect the correction magnets. Tisavhy one should NEVER attempt to
degauss in the rear of the TV or monitor or ingltecase!
| don't believe the magnets are made of anythiregiap- they appear to be similar to your
typical refrigerator (note holding) magnets in carspion and strength.
(From: Ludwig.)
By the way: Almost any monitor, which is older thik2 years has developed deficiencies in
convergence, geometry and sharpness, and hagegdiirated, if you'd prefer an optimal
picture (and being careful with one's eyes). lbsquite easy to do fine recalibration of
convergence and geometry (even modern monitons alfdy to correct coarse via OSD
menus), because during recalibration the monitertbide at power-on state, i.e. high
voltages are at every edge of the monitor. | sisfabg used household rubber/plastics gloves
to do the recalibration by repositioning the abmentioned magnets while the monitor is
powered on. Using household rubber/plastics glizvatso a valuable means to prevent
beginners from electric shock, and therefore shbaldecommended for every job to do with
the monitor case open and power on (even just @oitering electronic signals with an
oscilloscope).
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CRT and CRT Related Maintenance and Repair

Preventive Maintenance - Care and Cleaning




Preventive maintenance for a TV or monitor is gretiple - just keep the case clean and
free of obstructions. Clean the CRT screen witbfaddoth just dampened with water and
mild detergent or isopropyl alcohol. This will adadamage to normal as well as
antireflection coated glass. DO NOT use anythingvebthat liquid may seep inside of the
monitor around the edge of the CRT. You could emavith a very expensive repair bill when
the liquid decides to short out the main circuititablurking just below. Then dry thoroughly.
Use the CRT sprays sold in computer stores if yailut again, make sure none can seep
inside. If you have not cleaned the screen foreqaitvhile, you will be amazed at the amount
of black grime that collects due to the static ¢ from the CRT high voltage supply.
There is some dispute as to what cleaners ardsaBRTs with antireflective coatings (not
the etched or frosted variety). Water, mild detatgand isopropyl alcohol should be safe.
Definitely avoid the use of anything with abrasiv@sany type of monitor screen. And some
warn against products with ammonia (which may ideliWindex, Top-Job, and other popular
cleaners, as this may damage/remove some typesidfective coatings. To be doubly
sure, test a small spot in corner of the screen.

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

(From: Bob Myers (myers@fc.hp.com).)

Windex is perfectly fine for the OCLI HEA coating equivalents; OCLI's coating is pretty
tough and chemical-resistant stuff. There may texrative (er..cheaper) coatings in use
which could be damaged by various commercial clesarjeor what it's worth, OCLI also
sells their own brand of glass cleaner under tieenda FC", for "Thin Film Cleaner".)

| have cleaned monitors of various brands with Wthdex and the OCLI-brand cleaner,
with no ill results. But then, I'm usually prettyre what sort of coating I'm dealing with...:-)
Monitor coatings are always changing; besides #scld'OCLI type" quarter-wave coatings
and their conductive versions developed to addeefssld issues, just about every tube
manufacturer has their own brew or three of antigémtistatic coatings. There are also still
SOME tubes that aren't really coated at all, bsiteiad are using mechanically or chemically
etched faceplates as a cheap "anti-glare" (actugdye-diffusing) treatment.

In general, look in the user guide/owner's manodlsee what your monitor's manufacturer
recommends in the way of cleaning supplies.

Shorts in a CRT

Occasionally, small conductive flakes or whiskenesspnt since the day of manufacture
manage to make their way into a location where 8@yt out adjacent elements in the CRT
electron guns. Symptoms may be intermittent or shiyw up when the TV or monitor is
cold or warm or in-between. Some possible locatareslisted below:

e Heater to cathode (H-K). The cathode for the agf@gun will be pulled to the heater
(filament) bias voltage - most often 0 V (signabgnd). In this case, one color will be
full on with retrace lines. Where the heater issbthat some other voltage, other
symptoms are possible like reduced brightness adfarast for that color. This is
probably the most common location for a short touoc

e Cathode to control grid (K-G1). Since the G1 eled#s for all the guns are connected
together, this will affect not only the color oktlyuilty cathode but the others as well.
The result may be a very bright overloaded *ne@étpicture with little, none, or
messed up colors.

o Control grid to screen (G1-G2). Depending on ctrguzan result in any degree of
washed out or dark picture.



e Screen to focus (G2-F). Screen (G2) and focus geltaill be the same and the
controls on the flyback will interact. Result wike a fuzzy white raster with retrace
lines and little or very low contrast picture. Syioms will be similar to those of a
flyback with breakdown in the focus/screen dividetwork.

e Focus to high voltage (F-HV). High voltage will palled down - probably arcing at
the focus spark gaps/other protective devices. fLise and/or HOT may blow.

e Other locations between electron gun elementsegbk\iares.

Replacing the CRT may be required but there a@iaty of 'techniques’ that can often be
used to salvage a TV that would otherwise end upardump since replacing a CRT is rarely
cost effective:

1. Isolation - this will usually work for H-K shortsdong as only one gun is involved.

2. Blowing out the short with a capacitor - dependsmywhat is causing the short, this
may be successful but will require some experintema

3. Placing the CRT (TV or monitor) face down on a $idinket and gently tapping the
neck to dislodge the contamination. Depending endhation of the short, one side or
the other might be better as well.

A combination of (2) and (3) may be required faemmittent shorts which don't appear until
under power. See the sections below for additidatdils. However, for shorts involving the
focus and high voltage elements, even a sharp @geesult in arcing even if there is no
actual short. There is no remedy for these typéaldfs.

Providing Isolation for a CRT H-K Short

This procedure will substitute a winding of yourmwr the one that is built in to the flyback
to isolate the shorted filament from the groundatage reference. Note that if you have a
schematic and can determine where to disconnegjrthend or voltage reference connection
to the filament winding, try this instead.

The flyback is the thing with the fat red wire cowgiout of it (and perhaps a couple of others
going to the CRT board or it is near this compornieydur set has a separate tripler) and may
have a couple of controls for focus and screeshduld have some exposed parts with a
ferrite core about 1/2-3/4" diameter.

The filament of the CRT is the internal heaterdach gun - it is what glows orange when the
set is on. What has happened is that a part dirt@evire of the bad color's filament
(assuming this is indeed your problem) has shddélde cathode - the part that actually emits
the electrons. Normally, the heater circuit is gned or tied to a reference voltage so when it
shorts to the cathode, the cathode voltage leymlilied to ground or this reference.

You will need some well insulated wire, fairly thi¢say #18-22). Find a spot on the flyback
where you can stick this around the core. Wrapttwas around the core and solder to the
CRT filament pins after cutting the connectionshe original filament source (scribe the
traces on the board to break them). Make sure gawtlaccidentally disconnect anything
else.

This winding should cause the filaments to glowulibe same brightness as before but now
isolated from ground. If they are too dim, put dm@otturn on the flyback to boost the voltage.
(Don't go overboard as you may blow the filamenultp if you put too many turns on the
core - you then toss the TV or monitor.)

Route the wires so that there is no chance of thetitmg near the high voltage or any sharp
metal edges etc. Your picture quality may be ddaer than it was before because of the



added stray capacitance of the filament wiring ¢paitiached to the the (formerly bad) video
signal, but hey, something is better than nothing.

Rescuing a Shorted CRT

If the short is filament-cathode (H-K), you donant to use the following approach since you
may blow out the filament in the process. If tlsishe case, you may be able to float the
filament and live with the short (see the documlates on the Troubleshooting and Repair
of Television Sets

Shorts in the CRT that are between directly acb&ssiectrodes can be dealt with in a more
direct way than for H-K shorts. At this point yoave nothing to loose. A shorted CRT is not
terribly useful.

If the short is between two directly accessiblettdes like cathode-grid, then as a last
resort, you might try zapping it with a chargedaafor.

Unplug the CRT socket!

Start with a relatively small capacitor - say a f@f#wvat a couple hundred volts. Check to see if
the short is blown after each zap - few may be egebhcrease the capacitance if you feel
lucky but have had little success with the smallazator.

If the fault is intermittent, you will, of coursaeed to catch the CRT with the socket
disconnected and the short still present. Try sgemgle tapping if necessary. If you do this
with the charged capacitor across the suspectetixtyou **will** know when the short
occurs!

(From: Terry DeWick (dewickt@esper.com).)

| have seen this problem many times, shorted CETaghode, tap neck of CRT (not hard
enough to brake, but close) or hit with a Tesld ez use one in shop, remove CRT board,
run coil around pins for about 10 seconds, would lyelieve there is a service bulletin from
Philips on this and focus shorts - | do not hagey - | just helped write it - demonstrated
use of coil to the service engineer and fixed 2 todes in process.

Determining if Your CRT is up to Air

"l have a Compuadd monitor that's completely blahk.high voltage is very
low and there's flashing inside the neck of théupetube. | believe there may
be a small hairline crack in the neck of the piettube. | suspect that a crack
has compromised the vacuum in the tube and thats$ & causing the flashing
and the low voltage. Is that possible, and if sahere anything that can be
done other than junking it?"

If there is a crack, then everything else is pdesidowever, these rarely develop on their
own.

Look around the neck of the CRT for a coating -db#er. If it has turned white or red, your
CRT is history. If it is still silver, the vacuum intact and your arcing may be due to a bad
flyback putting excessive voltage on the screefocus electrode or a CRT that is bad in
other ways. There are supposed to be externalghiatespark gaps, etc. for this but may not
always work.

Sorry, junking it is probably the only realisticlgion. Unless you find a cheap used CRT,
the expense is not worth it. Even then, adjustmenatg be quite involved.

Scratches or Other Damage to the CRT Face

It is generally difficult to accidentally scratdhet face of the screen but accidents do happen.
The way the manufacturer would repair it is to aeplthe CRT. If the scratch is the result of
shipping damage, file a claim with the shipping pamy. If it is a factory defect, get it
repaired or replaced under warranty.



Barely visible scratches can be removed with jersel®uge or similar ultra-fine abrasive
unless the CRT has an antireflective or texturethsa.

Jeweler's rouge is the same stuff that is useldeirfimal polishing of lenses and mirrors so it
makes for a fine finish. However, any kind of schatleep enough to be felt will not yield to
this approach.

For larger scratches, one would normally startvatht a coarser abrasive like 300 grit and
work toward successively finer sizes - 600, 12@€, -ewith the final polishing being done
with the rouge. However, realistically, this isr@tlly a viable approach for a CRT faceplate.
It takes a lot of grinding to remove enough matédasmooth out a scratch and you are more
likely to mess things up than to improve matters.

If the CRT has an antireflective coating or textuserface, it will almost certainly be best to
leave the scratch alone. Any type of polishing Maiémove affect the appearance in the
vicinity and leave you with a big unsightly blobhi$ will be much more objectionable than a
slight scratch.

The types of fillers sold in auto parts storesr&pairing auto windshields may reduce the
visibility of any scratches but DO NOT restore thiegrity of the glass.

| don't quite know whether this is better or watlsen the disease but it might be worth trying:
(From: Cooper@Hub.ofthe.NET).

"I may have come across an easy fix for those vawe Iscratched glass on the
monitor face. | am currently using window film asadhering material to
cover and conceal the scratches. This looks muttberend enables me to
continue usage of the monitor without the aggrawgatiistortion.”

e Back toCRT FAQ Table of Contents

CRT Degradation

CRT Aging - Effects on Electrical Characteristics ad Performance

(From: Jeroen H. Stessen (Jeroen.Stessen@philips)co

Specifications for Philips CRTs can be found intdgular series of data books from Philips
Components. Companies and universities usually tfem. Usually the data sheets show
typical Ik/Vk characteristics. They also list thead on cutoff voltage and cathode gain, and
this spread is quite large even on new CRTs. Thseylst phosphor sensitivity (Lum/IK), this
too has a large spread. But they almost nevearigthing about the aging process.

Here are some of the effects:

e Phosphor ages due to burn-in, particularly onagattures, this is immediately
obvious on visual inspection. If the aging is eyen pattern) then at least the
efficiency is reduced.

o Cathodes age due to loss of emission materiaicp&tly for oxide cathodes. The
central part of the cathode surface has carriednths current density and will wear
out first. The surrounding area takes over, thislead to an unsharp picture.
Adjusting the focus voltage will not really improite The tube is worn out.

e Also poisoning of cathode surface may occur. This loe cured temporarily by short-
time overheating ("re-conditioning"”).



e The cathode that wears out first (often the red afs® loses gain, so the white point
of the image will shift (to cyan). The white potdn be re-adjusted with the gain
potentiometers and the contrast, but peak brightwasnot be as high as new.

e The cutoff voltages of all cathodes will drift. Coran drift is adjusted by the user by
controlling the brightness. Different drift leadsa coloration of the black background
level. In extreme cases vertical flyback lines wplpear. Cutoff voltage can be
adjusted with potentiometers, or there is autons#bilisation. Still, the VG2
(screen) may need periodic adjustment too.

o Leakage currents may disturb VG2 and focus voltegradjustment has only a
temporary effect.

e VG2 and focus potentiometers may wear out duedctreimigration etc. A hole may
form under the wiper, re-adjustment is then imgussi

e Some types of cathode wear (according to a friariéhilips Semiconductors) can
cause the Ik/Vk transfer characteristic to divertrgich from an ideal gamma function
that no adjustment can compensate for it. Thenulbe is really worn out.

| hope that this helps you to distinguish betweesaadly worn out tube and one that still has
some life in it after re-adjustment.

CRT Age Resulting in Dark Picture

Where circuit problems have been ruled out:

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

Most probably the cathodes have worn out. The eomssaterial on the surface slowly
becomes inactive. Usually you see one colour gb, then the others. At the same time you
will observe a loss in sharpness, because a laggrode area is being used, giving a bigger
spot.

Rejuvenating is done by applying a (too) high fiéarmvoltage, in order to bring new
emission material to the surface. It will not wdok long and there is the risk of burning the
filament wire for good. It may be worth a try, thybu

Other wear mechanisms are:

e Glass browning (generally only for projection tupes
e Phosphor aging (life time is defined by efficienrc$0%).

e Vacuum leaks (generally cause EHT flashover, aayibl

Then again, it may also be that for some mystenieason your VG2 voltage has dropped
below spec. A too high VG2 voltage will cause a Bbenaathode area to be used, leading to a
sharper picture but accelerated cathode wear.

Brightening an Old CRT

If performing adjustments of the internal backgrd@md/or screen controls still results in a
dark picture even after a long warmup period (dneddontrols are having an effect - they are
not faulty), the CRT may simply be near the endfiseful life. In the old days of TVs with
short lived CRTs, the CRT brightener was a comnem (sold in every corner drugstore, it
seemed!).

First confirm that the filaments are running at terect voltage - there could be a marginal
connection or bad resistor or capacitor in therféat power supply. Since this is usually
derived from the flyback, it may not be possiblerteasure the (pulsed high frequency)



voltage with a DMM but a service manual will probabave a waveform or other test. A
visual examination is not a bad way to determirtbeffilaments are hot enough. They should
be a fairly bright orange to yellow color. A dindrer almost dark filament is probably not
getting its quota of electrons. It is not be theTGitce all three filaments are wired in
parallel and for all three to be defective is venjikely.

If possible, confirm that the video output levels aorrect. For cathode driven CRTS, too
high a bias voltage will result in a darker thammal picture.

CRT brighteners are available from parts suppliekesMCM Electronics. Some of these are
designed as isolation transformers as well to wiéhalheater-to-cathode shorts.

You can try a making a brightener. Caution: thiy/ slaorten the life of the CRT - possibly
quite dramatically (like it will blow in a coupld seconds or minutes). However, if the
monitor or TV is otherwise destined for the scrapgh it is worth a try.

The approach is simple: you are going to increasesdltage to the filaments of the electron
guns making them run hotter. Hopefully, just ho#eough to increase the brightness without
blowing them out.

Voltage for the CRT filament is usually obtainednra couple of turns on the flyback
transformer. Adding an extra turn will increase ¥idtage and thus the current making the
filaments run hotter. This will also shorten theTCRe - perhaps rather drastically. However,
if the monitor was headed for the dumpster anyhmw, have nothing to lose. You can just
add a turn to an existing winding or make your @eparate filament winding as outlined in
the sectionProviding Isolation for a CRT H-K short

In some monitors, there is a separate filamentlguppthe mainboard - this should be
obvious once you trace the filament wires fromvigieo driver board). In this case, it still
may be possible to increase this output or sulbstanother supply but a schematic will be
required.

There are also commercial CRT rejuvenators thgpasgrly zap the cathodes of the electron
guns. A TV or monitor service center may be ablprtwvide this service, though it is, at best,
a short term fix.

Checking the Age of the CRT

So you have this great deal on a used TV or martitow can you tell if the picture tube is
about to die on you?

(From: Andy Cuffe (baltimora@psu.edu).)

The best way to tell is to look at the picture gyallhere is no way to tell the exact number
of hours. Also, the life of CRTs varies quite a bitme will go down hill much faster than
others.

e It should be sharply focused over the entire sces®hall 3 colors should be equally
sharp.

e Set the picture brightness and color to maximungolf see any bleeding or smearing
to the right of bright objects don't buy it.

e When you first turn it on the picture should loakrmal in well under a minute. If it is
dim, tinted, or blurry for more than a minute otthhe CRT is getting weak.

e A B/W picture should not be tinted.

e The picture should have decent brightness wittpitteire at about mid range.

Apart form that, if the overall picture is good tB&T is fine. CRTs usually fail very slowly.
Even if it's starting to show it's age it probabfs several years left.
(Portions from: Jerry G. (jerryg50@hotmail.com).)



You cannot tell the hours used by just looking wearemeasuring a tube. A tube can go at any
time. There are no hour counters!

Turn on the unit and see if there is any unusweddihg of the image in the picture at high
contrast levels. When turning the brightness updiwn, the color temperature should not
change, only the brightness. When turning the eshuip and down, the focus at the center
should also be very stable. It may change onlitla bit. When turning on the set, the color
temperature should be stable within about 3 tortutes.

Look at the colors in the corners to see if thetpus good. Bad purity can be attributed to a
miss-adjusted yoke assembly, to a bad shadow mask.

To know the manufacture date of the unit, it usallgwon the back with the model and serial
number. Most TV sets are on about 5 to 8 hoursyafdais a family TV. If it is a bedroom
TV the hours may be 1/2 that amount. Monitors mayb 24 hours a day - or much less.

A good way to know if the emission of the CRT istapspecs is to get a CRT analyzer and
measure the gun emission. Some service center®op&n

e Back toCRT FAQ Table of Contents
CRT Rejuvenation

What is CRT Rejuvenation?

Where one or more electron guns in the CRT hawerideated due to wear and tear, it is
sometimes possible to give them a new, but possdhporary lease on life through
rejuvenation using a special piece of CRT servagpgmment.

There may be some schematics for commercial CRiVeaptors accessible from tS8encore
Service Page

(From: Gary Klechowitz (klechowi@execpc.com).)

When | rejuvenate a tube | inform the customer thate is no warranty on the job.
Rejuvenating a CRT is like when Clatuu was broumgiuk to life by Gort in "The Day The
Earth Stood Still". When asked "How long will yaud"? he replied: "no one knows".

| use a Sencore Beam Builder. If your tube is jnstlerately dim and blurry but still shows
good cut off threshold, | would just use the awstore mode on the beam builder rather than
using the restore button. If the tube is really atth little or no cutoff threshold, then the
rejuvenator is needed but that has less than acb@¥tce of fixing the tube and in many cases
the tube gets worse to trashed in the process.

CRT Degradation and Rejuvenation

"As | understand it, when a CRT ages, its filameoses material. It ejects
fewer electrons, and this accounts for the neeulaok up the cutoff. Is the
focusing problem caused by the high cutoff voltageelerating the electrons
too fast for the focusing assembly to work? And twhkauld explain the
shadowing problem?"

Replies from: Jeroen H. Stessen (Jeroen.Stesseh@pdam) and another engineer at
Philips who we shall call Tom.

Tom:

Yes, the cathode surface is losing the Barium/$itronoxide slowly and hence the working
voltage to free the electrons is rising. In its#ifs will not change the cut-off voltage needed
for proper operation. This stays the same, onlketlee fewer electrons left that can be drawn
towards the screen at a certain drive voltage.fotesing problem occurs at the moment that
the TV-set tries to establish a certain beam ctir@ad finds out that a higher driver voltage is



needed to give this current. Consequently, a lazgd#rode area is used to get enough
electrons out of it. This larger cathode area belimaged onto the screen and give a larger
spot size.
Another point is the drift of leakage current, leadin a practical TV-set with high
impedance focus circuit (this allows voltage drtipa focus voltage at the CRT focus pin that
is lower than it should be and this again leads bad focus performance.
Jeroen:
Readjustment of the focus voltage will be only@mperary solution.
Addressing each of the effects and CRT rejuvenation
1. Why is poor focus sometimes a symptom of angiCRT?
Tom:
Normally only the emission from the centre of tl¢hode adds to the electron beam. If the
emission material in the centre is exhausted thermtiter area comes in. This is a larger
surface, the electron lens projects this into gelaspot. It is not that the focus is bad, the lens
works OK. It is that a larger object is projectedapa larger image.
Jeroen:
This applies mainly to oxide cathodes. Impregnatatiodes are much more robust. They can
be applied at a higher cutoff voltage and thusvdela smaller spot without premature wear.
They are more sensitive to a too high heater teatpes, however, because they are operated
at a higher temperature to begin with. They do exate more metal during their lifetime. At
one time there was fear that they would deposittach metal on the glass around the
electrodes, leading to leakage currents. Theseaase drift of focus and screen voltages and
can disturb the cutoff current measurement. Thasdrdluence the picture too.
Tom:
Impregnated cathodes contain a lot of emission mahtbat moves more easily towards the
cathode surface as time passes. Oxide cathodeshi®peoblem that the Ba/Sr-oxide is
positioned too deep to be very effective. Hence lite time of an I-cathode should be longer
than that of an oxide cathode but indeed the seigito correct heater voltage is higher.
Second, an impregnated cathode, being highly cdivducompared to an oxide cathode
which is a semi-conductor, can handle a much higkak current since the cathode material
is not locally heated up by this peak current. Aide cathode can be destroyed by a too high
peak beam current !
Jeroen:
Oxide cathodes are typically operated at cutoffagds between 100 and 130 V. Impregnated
cathodes are typically operated at cutoff voltaagtsveen 130 V and 200 V. Hence they can
provide a much sharper spot, but it is also muchenddficult to design a video output
amplifier with sufficient bandwidth at the requirkzaige drive voltage (like 120 V peak-peak).
2. Why is horizontal streaking sometimes anothempggm?
Jeroen:
Two symptoms, both related to the cutoff voltagmdpenigher than what the video output
amplifier(s) can deliver. The cutoff voltage is postional to the VG2 (second grid voltage).
The higher VG2 is the higher the cutoff voltage VKG1 must be to blank the beam. The
video amplifier delivers VK. VGL1 is fixed. Remembeathode drive is negative, e.g. +130V
= black, +30V = white.
If the video amplifier clips before cutoff is reachthen the beam will not be blanked
completely and you will see a lighted backgrounthwlanted retrace lines. Some class-B
video amps will also show a bad recovery time fidipping to black, this may lead to black
streaks after black images. Class-A amps shouldhaa this problem. (In my experience this
is more common with clipping to white, usually leagito red or yellow streaks.)



If the cutoff voltage rises (due to some unexpldinear) or because VG2 rises (due to drift
or due to owner intervention: turning the Screetmyader) then the user may compensate for
the increased (background) brightness by lowelegdorightness control of the set. Some
televisions automatically lower the brightness aéle channel because they have automatic
cutoff control. Either way, the cathode voltagee rmnd clipping may occur with retrace lines
as a result.
Tom:
Well, as said earlier, in principle the cut-off do& change due to cathode wear-out. The
fewer electrons still need the same voltage togmethem from reaching the accellerating
lens. | have heard of cut- off drift due to distantift between G1 and G2 for which it is very
sensitive. However, this is not something that geisse over time.

3. And finally, what is the real story on CRT rests/rejuvenators?
Jeroen:
Some of the possible 'remedies’ include:

o Excess heater temperature may bring some new emissterial to the surface of the
cathode. This is done by putting 9-10 V (?) on&a\6heater. There is not emission
material much left, so this will be a temporaryusmin at best. | don't think it is
needed or recommended with I-cathodes (impregnated)

Tom:

This also helps for poisoned cathodes. Cathodésh#ve been operated too long on a
too low heater voltage get poisoned, meaning ti&aBa/Sr-oxide gets chemically
binded, leading to a higher working voltage. Indesdy oxide cathodes can be
rejuvenated this way. Impregnated cathodes havera sudden death mechanism and
can not be regenerated in this way.

There is also the risk of burning out a heatenféat for good.

e Some type of electrode shorts may be removed by dugents.

e The vacuum may be improved by activating the getiectrode using an induction
heater or RF source to heat the ring shaped geéetrode to red/orange temperature.
(This probably only applies and then only in a texdiway if the getter spot has faded
- turned red or milky from its normal silvery appaace --- sam.)

Tom:

o Further: burning metal whiskers off the electrodas help reducing a leakage current
problem.

Jeroen:
This is done by running high (flash) currents betwelectrodes. A similar procedure
is performed on new picture tubes in the factory.

Also see the sections starting with: "Brightenimgodd CRT".

More Comments on CRT Rejuvenation

(From: Ren Tescher (ren@rap.ucar.edu).)

Reduced emission (dim picture) can occur when étieotle/filament has used up most of the
electrons it can emit to the screen. Or, a ‘craay have formed on the thoriated emitter
material that can be 'boiled off' to expose moeetebns.

A rejuvenator or restorer generally hits the cadibidment with a higher than normal current
to accomplish this.

But, while a rejuvenator gives the cathode/filameefiilast’ of power, a restorer can slowly
increase the temperature while monitoring beameciion one of the grids.



So generally a rejuvenator was a 'do or die' urdtarestorer could give only what was
needed to accomplish increased emission. But thefsgtions have always been blurred by
advertising hype.

The early restorers, such as my REM, had the amanattch the grid current on a meter(s) to
determine when emission was sufficient. | supp@seen units have a PIC chip or some other
logic to do the job.

(From: Terry DeWick (dewickt@esper.com).)

| use a hand held Tesla coil to all pins for all®seconds. Then, follow up with rejuvenator
for a quick check and cleanup if needed. Teslaisaype the neon sign people use for
testing. 95% or better luck - saved a lot of outvafranty Zeniths from big repair bills or
junk pile.

Home-Made CRT Rejuvenator 1

(From: Tony Duell (ard@p850ugl.demon.co.uk).)

I've read some articles in 'Television' which déschome-brew CRT rejuvenators. I've not
tried any of the circuits yet...

It appears that you overrun the heater by up to G6%@ 6V heater, try 7.5V and 9V, say).
Don't blame me if it burns out ;-)

You then apply about 300V, current limited to s@yos 60mA between cathode and 1st grid.
One of the older designs used the UK 240V maiss@e diode as a half-wave rectifier, and
a 15W light bulb in series for this PSU. | dorkeliunisolated equipment, so I'm not going to
try it.

Some designs apply that voltage continuously, andwatch the emission current rising (or
the bulb getting brighter...). With others you gpplfor a few seconds, and then check the
emission using, e.g. a 12V supply and a microamnietisveen cathode and grid.

One old article suggested that if you get no imprognt, switch off the heater supply with
the 300V still connected. As the cathode cools down get quite violent stripping of the
cathode - observable as sparks from the electroragea of the CRT. On the other hand, it is
claimed that this can completely ruin the cathadesven cause short-circuits to occur in the
CRT.

Home-Made CRT Rejuvenator 2

| have no comments one way or another with reqpeittis device. Please contact the author
for further information.

(From: Mario Di Stefano (mario.distefano@siemen$.it

Here is the 'gadget’ | use to rejuvenate 'tiredl'€R
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Where:
e T1is a standard mains AC transformer.

e LP1is astandard FILAMENT LAMP (60 - 100 W) worgiwoltage according to
mains.

e P1 Hand Pushbutton.
Other things needed (not shown):
e Mains switch (best if with overload protection oittwfuse)

e 4 ISOLATED clips like the ones used in electrorisnake contacts with the pins of
ICs. These isolated clips ARE IMPORTANT. You ddrélve to touch any connection
during the cleaning.

| think this circuit works better if the mains vadfe is 220 Vac.

How to use it:

First we have an tired CRT (BW or colour is the sariVe have poor image contrast,
'strange’ brightness, also strange colours. Nextave to remove (if present) the CRT socket
to its circuitry (beware to disconnect mains vo#t&iRST!!!!!). At this point could be useful
to discharge the HV using an isolated wire FIRSHnexted to CRT grey body and then to
the make the contact UNDER the suction gummy wharhies EHT. to the tube. It is not a
dangerous voltage, but could be better not to digghit over the body!

Now we have to identify the filament pins. Usually the schematic circuitry of the
Monitor/TV it is clearly written. If the schematis not available, using an ohmmeter we
should find the two contacts which gives a few ohitsese contacts usually are put aside
each other) have to be connected to the transfasemmdary of the circuit above. The
Cathode and 1st grids can be found looking vergadiointo the tube glass (use lens and good
light if necessary). Keep in mind the way the CRaceon sources are built. These usually
follows this:

Cathode
| (B/W CRT tub e)
Vv
O---——+ | |
+ | | <- 1st Grid
Filament + | |
+ |**| <-Spark (read text below)
O---——+ | |
| |
| |
Cathode O--------- + |
Connection |
|
1st Grid O------------ + (Damn'd A SCIl graphics!)
Connection

Try to connect and turn on the transformer. Tharént in the CRT should turn on in a not-
so-bright red (if it is a colour tube, we have lariients on).

Now turn off the transformer again. Connect theh@Gde wire to the cathode pin of the CRT
Tube. Connect the 1st grid accordingly.

Turn on the transformer. FIRE button P1. If therdust (due to aging) between the cathode
and 1st grid, the circuit will blow-up it. If thisappens, you could (but not always) even see
the LP1 turn on and off randomly (a good cleanimgg a lamp OFF) and some sparks inside
the tube. The tube collar glass now becomes histnibrmal. You can even 'force' better



sparks if you 'ting' your finger against the CRasd (not so strong, of course). Ifitis a
Colour CRT, you have 3 Cathodes, 3 1st grids a agylvfilament. Useless to say that the
procedure have to be carried out for all thesetmldes. A good cleaning, gives a LP1 steady
OFF. If it is a steady bright or dim, means thdiralge' has been formed between the
electrodes and there is no way to recover the thinen off the mains, remove the
connections, and re-apply the original socket. §kalk I'm not tired to say: BEWARE OF
THE MAINS VOLTAGE: IT CAN KILL!! If you are not scskilled, don't try to do this
procedure. | used this circuit lots of times. Itrked almost anyway. | recovered lot of thrown
away PC monitors, and now are working well....

Home-Made CRT Rejuvenator 3
Here's another circuit found on the Web:
e CRT Rejuvenator Description

e CRT Rejuvenator Schematic

And, some comments:

(From: Chris F.

| recently built a homemade CRT tester & rejuvenéimm plans | got these plans. The test
mode works quite well, providing a good indicatmirthe CRT emissions and showing the
presence of H-K or K-G shorts. But the restore moftlen doesn't help very much, though it
has done a half-decent job on at least a few ol@SCRnyway, I've been told that Sencores
"Beam Builder" applies 450 Volts cathode to grid &short time to restore the emissions.
Now | have some old 450-volt transformers fromlseald TVs and | wondered if | could
modify this design to use 450 VAC between cathadkgrid (during restoration only). How
long would the restoration process take at thisage, would this work, and how dangerous
would it be? I've heard horror stories of all kiradb®ut CRTs during handling, rejuvenation,
and so on, and | don't like taking chances witlseh#ings.

But I'd rather give this a try than spend the $2CG0@ it would cost me for a Sencore unit.
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Lifespans of Monitors

(From: Bob Myers (myers@fc.hp.com).)

Most manufacturers will quote an MTBF (Mean Timedde Failure) of somewhere in the
30,000 to 60,000 hour range, EXCLUSIVE OF the CRfie typical CRT, without an
extended-life cathode, is usually good for 10,60Q%,000 hours before it reaches half of its
initial brightness. Note that, if you leave yourmior on all the time, a year is just about
8,000 hours.

The only 'tune-up that a monitor should need, estekiof adjustments needed following
replacement of a failed component, would be videpldier and/or CRT biasing adjustments
to compensate for the aging of the tube. Thesesurally done only if you're using the thing
in an application where exact color/brightness matgis important. Regular degaussing of
the unit may be needed, of course, but I'm notidensg that a tune-up or adjustment.

Monitor Life, Energy Conservation, and Laziness



A common misconception about the care and feedimgmputer monitors is that they
should be left on all the time. While there are e@dvantages to this, there are many more
disadvantages:

1. CRT Life: The life of a monitor is determined byetlife of the CRT. The CRT is by
far the most expensive single part and it is uguat worth repairing a monitor in
which the CRT requires replacement. The brighthedfslife of a CRT is usually
about 10-15 K hours of on time independent of vidéieing displayed on the screen.
10 K hours is only a little more than a year. By tnwning the monitor off at night,
you are reducing the life of the monitor by a faeb2-3. Screen savers do not make
any substantial difference especially with modaspldys using X-Windows or MS
Windows where the screen layout is not fixed. Witteo display terminals, the text
always came up in the same position and eventhaliged impressions into the
screen phosphor. With modern CRTs, the filamemsbealeft to minimize the time
needed for a picture to appear since this doefattaCRT life very much.

2. Component life: The heat generated inside a motetads to dry out parts like
electrolytic capacitors thus shortening their lifaese effects are particularly severe at
night during the summer when the air conditionirayrbe off but it is still a
consideration year around.

3. Safety: While electronic equipment designed andufaatured in accordance with the
National Electrical Codes is very safe, therewsagb a small risk of catastrophic
failure resulting in a fire. With no one aroundeewvith sprinklers and smoke alarms,
such an failure could be much more disastrous.

4. Energy use: While modern monitors use a lot lessgnthan their older cousins, the
aggregate energy usage is not something to beagnértypical monitor uses
between 60 and 200 Watts. Thus at a $.10 per kWetra rate such a monitor will
cost between $48 and $160 a year for electricityirig the night, 1/2 to 2/3 of this is
wasted for every monitor that is left on. If aimclitioning is on during the night, then
there is the additional energy usage needed tovemmis heat as well - probably
about half the cost of the electricity to run thenitor.

The popular rationalization for what is most offest laziness is that power-on is a stressful
time for any electronic device and reducing the berof power cycles will prolong the life

of the monitor. With a properly designed monitdists rarely an issue. Can you recall the
last time a monitor blew up when it was turned ©h@ other argument, which has more basis
in reality is that the thermal cycling resultingrin turning a monitor on and off will shorten
its life. It is true that such thermal stress cantdbute to various kinds of failures due to bad
solder connections. However, these can be eaqmbiresl and do not effect the monitor's
heart - the CRT. You wouldn't leave your TV on 24is a day, would you? Full power
saving where virtually everything including the CRi&ments is turned off is really best but
the delay before a picture appears may be 20 seamuaore.

Also see the sectioithernal Cycling and Component Life

Some of the newest (‘green’) monitors have enevyggerving capabilities. However, it is
necessary for the software to trigger these poeauation or power down modes. Few
monitors in actual use and fewer workstations os B(@ set up to support these features. If
you have such a monitor and computer to suppdyigll means set up the necessary power
off/power down timers. However, using the powersgymodes of a 'green’ PC with an older
monitor can potentially cause damage since sornigeaiodes disable the sync signals. A




‘green’ monitor which can detect a blank screenaaiduse this as a trigger can easily be used
with a screen saver which can be set to displdgrakiscreen - on any PC or workstation.
Even if the monitor does not support power saviagles, a blank screen or dark picture will
reduce stress on the CRT and power supply. Electommponents will run cooler and last
longer.

Please make it a habit to turn your monitors offight. This will extend the life of the
monitor (and your investment) and is good for theienment as well. For workstations,
there are good reasons to leave the system uail tre time. However, the monitor should
be turned off using its power switch. For PCs, egommendation is that the entire unit be
turned off at night since the boot process is wpngk and PCs are generally not required to
be accessible over a network 24 hours a day.

Thernal Cycling and Component Life

(From: Bob Myers (myers@fc.hp.com).)

In a CRT monitor, the shortest-lived component BARFs the CRT itself, and it ages (more
properly, the cathode is aging) as long as theshésbn and the tube is under bias. Most
monitors don't get around to turning the heaterrdowoff until they enter the DPMS
"suspend” or "off" modes. (And no, screen-saverdl@d help here - the tube is still on and
the cathode is aging.)

Other factors - simply having the circuits hot gmivered up in general means that they're
aging. Clearly, they're NOT aging when they're ®ffis needs to be balanced against the
thermal-cycling sort of stresses that you mentidicty happen during power cycling, and this
is why | recommend shutting off only when you'rengoto be away for an extended period,
such as overnight. This is, of course, most impir@ar those components which have clear
heat-related aging, but most do to some extent. \&s8perable are things like electrolytic
caps, for obvious reasons.

The bottom line is that nothing is ever going t&t f@rever, and trying to maximize the life of
the product is an exercise in making tradeoffs betwarious aging/failure mechanisms.

Expected Life of TV CRTs

(From: David (dakuhajda@aol.com).)

The "unofficial" designed life is 10,000 hours ¢we guns used in most Thomson
manufactured sets. | got this from a Thomson emgiriEhey are no longer plating the guns
but dipping them.

Given the number of hours most people watch TVeluzg/s, take 6 hours a day on average
365 days a year and you get 4.5 years. Also natahk 10,000 hours is at the preset way too
high brightness and contrast settings that themaes with from the factory. Since most
people never adjust from these expect 5 years. Mhealcontract repair service for all the
hospitals and hotels in our area. The sets bougt®93 in one hospital are now coming in
with complaint of green picture or bad focus ate=igAll due to the picture tubes being worn
out.

Zenith on the other hand has a company expecedfli8 years on new sets. Plus the hard
short failures they have been having on all "L" 8 line sets.

Thomson does have a "better" line of picture tdbeshe higher end sets. They are actually
plating the guns the way they use to.

Final note: we see 7 and 8 year old sets comd theatime with crappy picture tubes, and a
few with really good looking pictures.

Why are Prices of Video Monitors So High Comparedd Similarly Size TVs?

How come | can buy a 32" Sony Trinitron TV set $800, but when it comes to buying a
monitor for my PC, $1400 only gets me a no-namet@bé?



Why can't a giant like Sony produce a PC monitgmdrere close in cost to an equivalently
sized TV set?

(Some of this from: Mike Stewart (mstewart@whalest.edu).)

There are several significant factors being ovédabhere:

1. Economy of scale. There are still *many* more TV¥sdeeing sold than computer
monitors. Manufacturers order TV chipsets in mwaigér quantities. This drives
down the price.

2. Resolution. NTSC TV signals aren't even VGA resofutTry getting that 32" Sony
Trinitron XBR to give you 1280x1024. A computer nton has a CRT with a
resolution about 2 to 3 times that of a TV of sangize in both horizontal and vertical
directions. The beam is also more sharply focused.

3. Refresh rates. NTSC TV signals come at one refi&tgh period. You either watch
broadcast NTSC at 59.94Hz (interlaced), or youtdeatch it at all. No nice, clean
72Hz NI display on there. (NOTE: This only refeogthe 99+% of TV playback
equipment that contains no line- doubling circuiffat's fair, as you'll pay a good bit
more for a non-interlaced, line-doubled NTSC piettivan the previous poster was
complaining about, anyway.)

Therefore, a auto-scan monitor needs more sopdtisticdeflection and power supply
circuitry. It must run at much higher scan rates @ms complicates the circuitry as
well.

4. Geometry. The precision of a good computer momstonuch greater then any TV.
The sides will be parallel and square. Adjustmangsprovided to eliminate
pincushion, keystone, and trapizoid distortions.

5. Stability. The image on a high quality computer itmmis rock solid and does not
shift position or change size as components warnoughe power line voltage
fluctuates, etc.

Problems with Designing a Combination TV and Compugr Monitor

(The following is from: Bob Myers (myers@fc.hp.cajn)

It's possible, and has been done (for instancdjibasas one product and offerings from
other companies are available or are on the wayt)séch designs ARE compromises, and
won't give the best performance possible in eidpglication.

There is a fundamental difference between CRTgdesdifor TV use, and those used in
computer monitors. It's a brightness/resolutiodecdf - TV tubes are run about 3X or so the
brightness of a typical computer monitor, but Saeithe ability to use small spot sizes and
fine dot pitches to do this. You don't see very ynemlor tubes running at 100 - 150 fL
brightness and still using an 0.28 mm pitch!

Picture Tube Disassembly for Demonstration Purposes
Here are several questions from a budding exhdmistructor:

"1. I am interested in using a dead CRT for a digalt our science center on
how things work and know about the safety issuéso,A would really like to
cut one (or parts of one) open, so it would betgr@anow what other things
to worry about or what tools to use."”

(Portions from: Jeroen H. Stessen (Jeroen.Stessah@mrom).)
Back in the TV-lab we have an unassembled pictupe for that purpose. Most convenient!



o First, make sure that the electrical capacitandb@fCRT is properly discharged. Pull
the mains plug. Connect a wire to the outer aquabtlagn push it under the anode cap
and make a good short-circuit. Remove the anodewcdEHT wire.

e Next you want to break the vacuum. This is my prefi: method:

o Use a sharp object or a drill to punch a small hokke anode contact. It's
made of really soft metal, probably copper. It takeveral minutes for the air
to fill the entire tube. In the mean time you cawdrsome fun putting your
finger over the hole. No, that's not harmful.

o The other way to break the vacuum is via the thibetthat was used to pump
the air out of the tube. That is located in thedtadf the socket at the end of
the neck. Remove the plastic part around the pidsbaeak the little tube by
hitting it with e.g. the tip of a screwdriver (+hamar). If you score it with a
fine triangular file, it will crack off cleanly.

| like this method less, for fear of breaking toaah glass.

e You might also want to cut off the neck for easmmnipulation and study of the
electron gun parts. Use a glass cutting saw ifieawailable. Else, score totally
around the neck with a fine triangular file or gl@sitter and then it should snap fairly
cleanly.

Don't just chop off the neck - especially if yowlanot released the vacuum. Aside
from the danger of flying bits of glass, you geteay characteristic dirty spot on the
front of the screen, it looks as if the phosphgetehas been blown away from the
faceplate by the strong inrush of air. Or mayheas the shadow mask being blown
against the faceplate. Very tell-tale and spoilgryace display.

e The deflection coils (and purity/convergence magissembly, if used) are also easily
removed. Loosen the clamps and twist and slide thi&of the neck. It's best to find
an old tube where the coils have not been pottgairfat the noise they tend to make).
Then you can see them very well.

« The difficult part will be to cut the connectiontxeen faceplate and funnel. Normally
the two parts are glued together. | think it watjuire a glass cutting saw to get the
tube open again.

You want to separate it just behind the faceplatelse there will not be enough space
to grab and remove the shadow mask. That's judtedliinto place, very easy to
unclick.

And one more question:

"2. | would assume the phosphors are a problemy.tAings | need to know
about chemical hazards?"

Old tubes had environmentally unfriendly phosphoasitaining heavy metals such as
cadmium and some rare earths. Nothing immediatedig but the long-term effects are not
healthy either. Modern tubes should at least hadenaum-free phosphor. But the phosphor is
covered with a metal layer, so normally it would aeen be exposed. Just don't touch it.

"3. Or that we would need to bond a cover overetigosed interior
components both for safety and to keep them iritact?

Obviously, you will want to prevent the curiousrideing injured by sharp metal parts but
nothing will fall apart (assuming your original dssembly was not overly violent). The



internal magnetic screen is attached to the shadask, which is clicked into metal parts at
the face plate. The whole assembly removes easily.

Have fun, this is going to be a wonderful demonitneof a very practical application of
some heavy *physics*.

Turning a Large CRT Faceplate into the Side of a Bh Tank

So, you want to turn your 1950's vintage consoleifit¥ the ultimate fish tank experience.
WARNING: Make sure the CRT capacitance had beechdirgied and the vacuum let out
first! See the sectiomisposing of Dead TVs or Monitors (CRTs and Charki&t
Capacitors)

Cutting the CRT apart would be a tricky busineti.i$ a typical color TV, the front is over
an inch thick so you have to slice it around thgeebehind the main faceplate. | wouldn't
recommend even trying a glass cutter except ast adaort. If you can gain access to a
diamond saw to cut around the edge, that is p@ssidlmasonry dealer or industrial glass
company might be talked into doing this. With tleger tools, it is a 10 minute job. The
problem then becomes whether the inside surfaitessed or not. The phosphors may be at
least somewhat toxic (to fish at least) so evaagdrof them need to be removed. Once this is
done, the resulting finish (if the glass itselfrissted) may interfere with your fish viewing
pleasure. :-)

Why do TVs Overscan?

(The following includes material from: Jeroen Seséleroen.Stessen@philips.com).)

TVs are always set up to generate a picture wisidi®+15 percent large than the visible face
of the CRT. Why?

In the early days of TV, this was probably donenake the design easier. Component
tolerances and power line voltage fluctuations \Wdiag¢ masked even if they caused changes
in picture size.

There certainly is almost no reason today to hayenaore than a couple of percent overscan.
Most modern TVs have very well regulated power iap@and component values do not
really drift much.

Computer monitors, for example, are usually sefoumo overscan at all so that the entire
image is visible.

We are constantly reminded of that, now that webaileling TV's with VGA inputs
(PD5029CL1 in the USA, US$ 2000). This mixed appiicahas overscan in TV mode and
underscan in VGA mode. Geometry adjustment is quiteeal if you see border-on-border.
Unfortunately, TV's may be good but VCR's certaelg not. If you have too little overscan
and then put the VCR in any feature mode (likeys&tsearch) then one (black) picture edge
may become visible. Bad form. Viewers do not likist

While design considerations may have been theraligeason for overscan, now it has
become accepted as a de facto standard, and bstedcare counting on the overscan being
a certain percentage. One wonders whether it wat ehange or whether this really matters.
| suppose when we have true flat panel digitallgradsed displays, we might have 0%
overscan.

At the Japan Electronics Show all the signs aratpditoward flat panel displays so maybe |
will not have to hold your breath for much longer.

Physically, as with an LCD display on a laptop catep, there will be 0% overscan (no need
to build the extra pixels) but that doesn't meaat #il 480 lines will be visible.

What is Aquadag?

You may see the term '‘Aquadag’ referring the thekbpaint covering the outside of most of
the funnel section of the CRT.




(From: Nicholas Bodley (nbodley@tiac.net).)

Aquadag used to be a trademark of Acheson Col[@dsp.?], | think around Niagara Falls

or Buffalo, NY. It was one of many "-dag" colloidgiaphites; they also made Oildag, Gredag
(grease), and Alcoholdag, as | recall. Unfortunyatiéks probably sold in 55-gallon drums
minimum. | hope you can find smaller quantitiese Aihere any CRT rebuild shops around the
USA? See the Thomas Catalog (ThomCat) in a libi@find Acheson.

| am pretty sure there's nothing magic about tialgte. If you can find some reasonably-
priced nickel-flake or copper-flake paint (be sifitseconductive!), you might have an
affordable (?) coating. How about plain metal fomkybe even ordinary aluminum foil? You
surely don't need current-carrying capacity; yowladameed a decent adhesive, though. How
to make sure you have continuity between piecesndit so sure; shoot for really tight crimps
that deform the metal and are gas-tight. (This migbwever, be quite unnecessary.)

Why are Indirectly Heated Cathodes Used in CRTs
Here are three reasons:

1. The cathode can be made of and/or coated with armbbptimal for emitting
electrons without regard to its performance asaédre

2. The separate cathode and filament can be eletyrisalated so that the filament
voltage and cathode drive signal, if any, do ntdriere.

3. The cathode can have an optimal shape for thecapoln. This would be particularly
significant for CRTs. The spot on the screen isduced focused image of the
effective shape of the emitting portion of the cald.

Frequency Response of CRTs

(From: Jeroen Stessen (Jeroen.Stessen@philips)com).

The impedance of a gun is fairly high, with 50 @01/ p-p swing and 1 to 5 mA p-p beam
current it is in the order of 10 to 100 K Ohm. Cesently, series inductance plays no
important role but parallel capacitance does! bt,fthe video amplifiers supply more
parasitic capacitive current than beam current!

For a TV tube the total parasitic capacitance (GRSbcket + PCB + amplifier output
devices) is at least 10 pF. Assuming a beam cuafehtmA p-p at 100 V p-p swing then
above 800 kHz there will be more peak-peak capacdurrent than beam current !

The pull-up resistor in the typical class-A videopdifier also consumes current, about 12
mA p-p for an 8.2 K Ohm resistor. Together with Heam current this shifts the dominant
pole up to 2.7 MHz. Obviously there is a dominamiepwvell within the range of interest, even
for TV.

Better tubes may or may not have lower C butmoisvery important. The dominant pole is
first shifted to a higher frequency by using lowatue pull-up resistors in the video
amplifier. Of course this will increase dissipatiosses.

Then the dominant pole is compensated by a zetteiemitter circuit of the output transistor.
There may be other compensation networks too, eftdninductors. This is what allows a
better monitor chassis to achieve a higher bandwvidt

Frequency compensation alone is not enough. Withauifficiently low value for the pull-up
resistor the NPN transistor will simply switch dffiring a rising edge and the edge will be
limited by the R*C of the dominant pole alone. TGmmpensation network is effectively
decoupled from the output by the switched-off tistios. Remember that, boys and girls!

Of course, class-B designs with active pull-up wilprove much. But good wide-band high-
voltage PNP transistors are still a bit hard to get



Of course, spot size (sharpness of focus) is afiteallow a better CRT to achieve a sharper
picture! A better monitor needs both a better CBiafper beam) and better video amplifiers
(higher bandwidth).
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How to Read CRT Part Numbers

More than you ever wanted to know (but still nattbseful)!
(From: Jeff Roberts (jroberts@axionet.com).)
The following information comes from the Sencore/f0B0 Manual
The tube number is broken down in to 5 parts:
Example: M/ 36 / KME / 20 / XX
Part 1. Tube Type:
A or W =TV picture tube.
M = Monitor tubes (differ in the size and pitchtbé phosphor dots).
P = Projection tube.
D = Electrostatic deflection.
Part 2: Minimum viewable diagonal. Measurement is in ¢ininch = 2.54 cm).
Part 3: Family Number - Tubes Within a particular famiiigve specific mechanical and
electrical characteristics.
These letters are assigned alphabetically beginmitig”AAA", followed by "AAB",
"AAC", etc.
Tubes with the same sequence of letters are idgatscfar as their setup for the
Sencore CR7000.
The letter sequences are grouped according tootnetry they are manufactured in.
Part 4. Member of Family - This one or two digit numbeesifies a particular member
within a family.
A different number is assigned to tubes withinshene family that have different
neck diameters, for example. Single digit member #isonochrome, double digit
members = Color tubes.
Part 5: Phosphor Type.

Typical Color CRT Pinout

It is usually possible - with a little effort - thetermine the pinout of a CRT from the markings
and circuit configuration on the CRT neck board bBypdisually following the base lead wires
inside the neck of the tube.
Here is one pinout common in color TVs. Note tlmd tube socket includes integral spark
gaps and pin 12 doesn't actually go into the CRT.

Pin 1: Focus

Pin 2: NC

Pin 3: NC

Pin 4: NC

Pin5: G1

Pin 6: Green Cathode

Pin7: G2

Pin 8: Red Cathode

Pin 9: Filament



Pin 10: Filament
Pin 11: Blue Cathode
Pin 12: Sparkgap Ground
Here is another without sparkgaps in the socket:
Pin 1: Focus
Pin 2: NC
Pin 3: Blue Cathode
Pin 4: Filament
Pin 5: Filament
Pin 6: G1
Pin 7: Red Cahtode
Pin 8: G2
Pin 9: Green Cathode
(There may actually be no pins present for thos&kesa'NC" as well as a gap between the
highest numbered pin and pin 1.)

CRT Substitution

"I have an RCA TV model # f20700dg that has a ba#A&51ABU14X what |
would like to know is can | replace it with a #A5G&E14X."

(From: Tech 7 (gscivi@aol.com).)

Perhaps you need to know why the #'s are different?

The A is for the grade of the tube (AA is all néBvis rebuilt etc), the 51 is size in cm, the
ABU is gun type, the 14 is # of elements used {piasd the X is for phosphor type. Since the
gun type is different in your two tubes, | wouldt spend the time to sub the tube without first
check the voltages on the old one, get a schemiisiet for new one, compare the parameters
and then decide.

CRT Replacement Worth It?

The sad fact is that even if you can obtain a n&¥ @ou won't have the proper set up for
getting proper alignment and convergence. Theyrgdigaise various permanent magnet
glued to the perimeter of the yoke to set the géonad the raster. It takes a special factory
jig to do this step or really great persistence atience. However, if you have the time and
will resist punching a hole in the new CRT befooe ¥inish, by all means.

Also, consider the cost of a new CRT may be moae thalf the cost of the monitor when it
was new.

Replacing a monochrome CRT is a snap in comparison.

A better (or at least less stressful) approach ledate a monitor that died due to a circuit
problem and salvage the CRT including the yokeahthe other magical magnets and coils.
(From: Andy Cuffe (baltimora@psu.edu).)

| have found that most 15" monitors use compa@®d s. | just put the CRT from an old
Gateway2000 with analog controls into a nice 2 y#éiimonitor. As long as the yokes and
CRT sockets are similar it should work fine. Ddrytto swap the yokes or you will never get
it converged.

Rebuilt CRTs

(From: B. K. Richardson (rchvid7 @flash.net).)
Try Hawkeye. They have been giving us good serfacat least 15 years. Their rebuilds are
covered by warranty.

e Hawk-Eye Picture Tube Mfg., Inc.
724 Scott Avenue, Des Moines, IA. 50309-5052



Phone: 515-288-8567
Fax: 515-288-8568

Suppliers of standard & high resolution color anshochrome picture tubes.

What Does It Take to be a Picture Tube Rebuilder, Bally?

(From: Charles Godard (cgodard@iamerica.net).)

Back in the late 50's A Tech friend of mine builpiature tube rebuilding plant from scratch.
He made a living with it for a few years sellindpudt b&w tubes. Everybody around said he
sold the best rebuilt tubes that you could getséld the secret was in the good vacuum pump
and that he used and the amount of time that heppdmown the tube.

He always said that a tube could be made to lastipally forever if you could get a high
enough vacuum on it. The only real money he put Ims$ plant was in the pump.

A few years ago he retired and brought the whategtdown to my shop for storage. It was a
marvel to behold. The cooker was an old uprighpdeseze with a pyrex pie plate for a
window. The lathe where he welded the tube necks the tube was built of scraps of angle
iron with a washing machine motor. The device tietised to cut the necks off of the tube
was a model railroad controller with a homemade pmulal and a couple of whittled down
broomsticks with metal tips shaped so that youcteakily fold the nichrome wire around the
tube neck. He said it was the only transformerdwdctfind, at the time, that would hold up to
heat the wire hot enough to cut the neck off oftthee. It was very low voltage but would
supply hi current.

He said he had the most trouble when designingnthectance heater but finally got it built
with the help of a local genius who had built of@ur local TV station's nearly from scratch
back in the 50's.

In addition to the tube plant, he also designedgoida patent on a cotton picker. I've got a
copy of his patent on display in my shop. Somesobnly half believed him for years, when
he said he had the patent, but when he died, wehszhthe shop and found his patent papers
hidden away in a file cabinet of old Sams Photafact

We found the contract where he sold the rightsiitilland market the picker for a $500 per
picker royalty. The guy he sold it to took the paitend went to a nearby state, borrowed
$200,000 from the bank with the Patent as collatbem skipped the country. My friend
never got anything from his invention, and somaisfdesign ideas were later stolen and
incorporated into some one of the big name pickanufacture's products.

Those old guys were something else. They could witlr a few old scraps and build
something worthwhile and useful.

Speaking of patent's, I've also seen the origiatdm for the hinges RCA used to hold up the
tops on the old console stereo's. | made a secuit@ few years ago, and the guy's widow
showed me the patent and his original prototypgédsnThe only thing is, they took the idea
from the patent and redesigned it so they woulthve to pay our local guy for the hinges.
RCA's redesign didn't work as well as his origiait was recognizable as his original with
only a couple of changes. RCA 'did him' about thae way they 'did' Philo Farnsworth.
When | get a slack spell, I'll try the inductan@ater to see if it still works. If it does, | tity i
on the tubes and let you know. | believe you calledTesla coil?

Shipping Damage: Why Monitors are Like Basketballs

(From: Stephen Swann (swann@panix.com).)

Monitors are more prone to shipping damage thart otber computer components, and it
doesn't help that they typically pass through sdv@zople's hands (several stages of
shipping) before they get to you: factory -> distition center -> vendor -> you.



And from what I've seen first hand of shipping pices (I put in a couple of months working
in a distribution warehouse during college), yon safely assume that each stage of shipping
is roughly the equivalent of your monitor being jgloed down a flight of stairs.

You wouldn't *believe* the abuse that UPS and Fed&x subject packages to. In fact,
putting a *FRAGILE* sign on the side of the boxalbout the equivalent of writing "KICK

ME" on it. | remember receiving packages markedABR_.E" where the (originally cubical)
cardboard boxes had been smashed into shapeldbsaat "bags”, and it took us 20 minutes
to figure out what the contents of the box hadioatly been. ("What are all these shards?" "I
think it was some kind of vase" "No, it was somedkof lamp." "Where's the bulb socket,
then?" "How about this squashed piece of aluminuti@ah, you're right, but where's the
cord then?" etc). :-) Shipping guys would thinkmog of dropping "fragile” boxes from
waist-high onto a concrete floor - safe in the kisalge that the package had passed through
so many hands that the damage could never posgliisaced back to them. "Blameless is
Guiltless" should be the motto of these folks.

Basically, what I'm saying is that if 1 monitor3rarrives arrives in workable condition, you
should be surprised that even that one monitorigaty
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