A GUIDE TO SETUP
AND ADJUST THE CRT
OF AN ARCADE COLOR

MONITOR

INGVAR KARLSSON






Contents

Document REVISION..........uueereeiieiiecc e 3.
Possible Future Document Updates........................ 3
Acknowledgements.......ccoocoiiiiiiiccrreee e e 4..
Special Thanks..........c.cooeeiiiiiceeeee e 4
INEFOAUCTION.....eeviiieeiiiiie e e 5.
Scope of the document...........ccevveveeeeeeee e 5....
SafetY. oo 5...
Background..........coeeeiiiiiiieeeee e 6.
NOMENCIALUIE.........iiiiiiiie e 6.
L1 = SRS 1.
The Need for DegausSing...........c.uvvvveeeieeeeeeeeeiinennen. 8...
External Degaussing Coil............uuvveeeemcceeeeiiiiienns Q...
WAINING...cciiiiiiiiieie e eereeee e eeeeeee e 10.
Concentric Convergence Assembly....................... 10
PUIEY e e 11.
Static CONVErgenCe...........ooo i eeeeeeeeeeeeeeeeeeeee e 12
Concentric Mplile Magnets...........cccceevveeeeeee e 12
How To Move Electron Beams Individually............ 12..
The Mulpole Ring Magnets in Detail...................... 14
Deflection YOKe............oooooiiiii e 15
PUMTY e 15..
Dynamic CONVEIgENCE...........cuvieemmmeeeeeeiiiiiineeeeee e 15
Picture ROtAtION ........ccvviiiiiceeeeciiiiiee e e 16
Deflection Yoke in Detail.........cccccvveeeeeeeeeeeennnnnnnn, 16..
Different Voltages to a PAG.........cccoccvvvicceceeeeennnn. 18
The B+ Voltage..........c.oevvieeiiiceeeecieeeee e 18
Flyback Transformer.........cccoooviiiccceereieiee e 18..
Complete Electron Gun including the CRT screenl9
Creatil) €leCtronsS..........cuvviiiiiiceeeeeei e eeaeee 19
Accelerating Electron and Beam. forming............... 20
Control griiGL........coooiiiiiiiiiieeeee e 20
Screen GAM2..........cooiiiviiiiie e eeeeeee e e 21
FOcus GriiG3..........ovvvviiiiiiie et e 21
Steering the Beam (Deflection)...........occcecennnnnnnes 21
ANOAS GA.....oooeieeeeeiee e eeeeeee e eeeeeee e 21
CRT SCreeM..cceiiiiiii it e 21
Summary of the Electron.Qptics........ccvvveeeeeeeeeennn. 22
Electrical ConnecCliOM8 CRT.......cccooviiiiiiiiiiieeeeeenen. 23
Geometric Distorsions in @ CRT........ccooevviiiiiiecees 23
Monitor Conver gen.c.e..0t.BbMde | ean waybd
Monitor Convergence TiPS.......ccvvuvvvvriirrneeeeaeeeeeenns 24
Horizontal Centering (PUrity).........cccovvveeiiieeeeeeeennns 26
VeCtor MONITOL........ccvviiiiiiiiiis s e e 26
Raster MONItQr...........oovvviiiiiis e e 27
Static CONVErgence..........couveeeeeeeeeeeeeeiiiieiieeeeeeeeeeeas 28.
4-pole Magnetic Pail............ooeeiiiiiiicccccciieend 28..
6-pole Magnetic Pair..............cccce oo eeeeeeeeeeee 29...
Dynamic Convergence..........ccceeeeeeeeeeeeeeeeeeeeeeeeeeen. 30..
Procedure...........ccoo oo 30
Tracking (White Balance)..........ccoovvvvviccccccnnnnnnnes 32
(O70] 011 0] =TSSR 32

CRT Transfer CharacteristiCS.........ovvvvveeuieceeaennnn. 32



(©00] 011 7= 1<) P 32.

Brightness......ooviiiiiii e 33

ProCeAUIE. ... .cviiiiiie et 34

Optimizing Purity In a Raster Monitar.................... 36...

Procedure...........ooooo oo 36

Warning.........ooooi oo 36

Optimizing Dynamic CONVergence....................eeue- 37

Permalloy Strip.......ccoevviiiiiiiii e e 37

Procedure...........ooooo oo 38

Warning.........ooooi oo 38

Setup Proceedure of a WG19K6100 Monitor......... 39

Coarse Procedure Outhing.........cccccooviveeacenrnnennn. 39,

INitial SEetUP......ooevieieeeiee e 40

Horizontal Centering (PUrity)..........ccovvvveeiimeeeeeennnns 42

Static CONVEIgenCe..........cooeeeeeeeieeeeeeeiiieeeeeeeeeeeeeeeas 43.

Dynamic CONVErgence.........ccccceevviveesmenrnnneneen . A4

Tracking.........oooooiiiii e 46

Optimizing CONVEIgENCE.......covviiiiiieieceerreeeee e a47.

Setup Proceedure of..a.4896 Amplifone Monitor
SetupProeedure of a 1906..W&8 K4900 MonitoR



DOCUMENT R EVISION

Revision Note
v1.0 Initial release

v1.0.1 Added table for document revision. Corrected misspBlidg={> PAG). Added
t e RCA1OVLUP2@ i n ptiincséctiorindtial Setup

V1.1.0 Added sectioabout the lean way afrtvergencedddedasection aboudifferent
voltages to a CRibgether with a more-itepth explanatioddded a section about
geometry distortionRemovedext justificatiothroughout th&locument.

V1.2.0 First official release

POSSIBLE FUTURE DOCUMENT UPDATES

9 Sectionabogtet up of a 196 Amplifone Monitor
1T Section about set up aedrasterrdfed®e6ce WG K4900 Moni t



ACKNOWLEDGEMENTS

Differentsources havesbn used to compile this document whest ane from existing

documents and some from my own experience. Here icanuusive list ahformation
sourceshatearn the dueredits

Atari: TM-183, WellssardnerQuadrascan Color-X Display Service Manuat,[8inting

James Dinndorf:Monitor Convergence Tips, text frap://www.arcaderepairtips.com/

RetroHacker: Misellaneouposts at the KLOV forums

Jed Marglin: The secret Life of XY Monitors

Ray CarlsenSetupAdjustmentgor CRT ColorMonitors, June 07 2005.

Charles Poynton "Brightnessand"Contrast" controls

Wells-Gardner:19K4900 Color Monitor Manual

Wells-Gardner:K7500 Service Manual

Samuel M. Gldwasser TV and Monitor CRT (Picture Tube) Information, version 1.77

Samuel M. Goldwassernformation fromwww.repairfaq.org

SiliconChip:Ser vi cemands Log #1965, December 2004

Gregg Woodcock: How to diagnose, repair and upgrade youynlifame and Wes-Gardner
Color \ector (XY) monitors, version 6.1, April 6 1996.

National Semiconductor, AN656Understanding The Operation of a CRT Monitor
November 1989

Kenneth Compton Image Performance in CRT displ2@®3
Internet: Variousbits and pieces heaad there (they are too many to list in detail)

Forum threadsat: http://www.neo-geo.com/forums/

Unknown: WellsGardner 6100 Vector MonitBAQ and guide, version 1.1, June 13 2002.

Unknown: DX2P GeometryConvergence, and Purity Adjustments

SPECIAL THANKS

A special thanks to the staff at Arcade RepaithEphlost this document. | strongly

recommend visiting their websiteviv.arcaderepairtips.coamddiscover a goldmine of

information about repairing arcade games. If you have any comments, both good and bad, about
this document please send them an email and they will forward it to me.

Another special thanks is to Chad Entringer for the technical séthésndocument. Please pay

him a visit at his websitevWw.arcadecup.cgror everything related to professional monitor

repair.



http://www.arcaderepairtips.com/
http://www.neo-geo.com/forums/
http://www.arcaderepairtips.com/
http://www.arcadecup.com/

INTRODUCTION

SCOPE OF THE DOCUMEN T

This guide focused thesetup and adjustmemtisa CRTlocatednsidemonitors mainly used in
arcade games. Arcade gamesitiss a vector or a raster monifdne setup of the two types is
basicallghe same with only minor difences. This document Wwél about Vector monitors,
althoughmost ofthe information can be used for raster monasnll(even for TVS)If
something is ongpplicable to a raster monitor@vector monitor it will have a separate
explicitlysectiorwith a heading name includR§STER MONITORor VECTOR

MONITOR.

If there adifferences thattodeemphasizestween vector manidaiaster mositavillshow up a
blue box like this

Importamyformatianill show up in a red box like this.

As this guidés only aboutsetup and adjusment of aCRT, it will notin detailexplain the rest
of the functiosin a monitoror how to repair ondf the reader neeasorebackground
information regarding monitdrsgenerait needs to beollectedrom other sources.
For this guide to be fairly accurate it we®khe following prequisites:
1. The monitor at hand is a Vector monitor
a. from WellsGardner 19K6100 series
b. orfrom Amplifone
2. Themonitorat hand bsaCRTthatis designed with thelectron gun®catedside by

side ékain ling). These CR¥ubes arealledd i-lni nedé and® apegridleiir me s
orcoslotma s k 6 .

SAFETY

If you have never adjusted a monitor before, keep in mind there are dangerous voltages inside.
The most obvious is the high voltage on the picture tube, e yut likely to lifthe cap on

the CRT during your setup adjustments. Theawlbvious danger is that monitors and TV sets

are "line operated" devices. That means that the chassis is "hot" to ground at all times and poses
a lethal potential between chassis parts and atheded objects aroundTechniciansften

use a 1:1 isolation transformer to reduce the risk of shock and damage to equipment.

You can work in reasonable safety if you keep other grounded objects (computer, drives, etc.)
away from your work aresseonly with handn the monitoi(put the other hand in your

pocket) to reduce the risk of electrical shock. Takilgarical shodkom arm to arm across

the chest can stop your heatrt.



BACKGROUND

NOMENCLATURE

The actual 0 RAssentbly r anmodter cansisefthe folipwinghreeparts:

1. Concentric Convergence Assemblagnetic rings to adjust for imperfection in the CRT]
2. Deflection Yoke [Coil arrangement to deflect the electron beam]
3. CRT (Cathode Ray Tube) [This is the picture gkabell. Also called picture tube]

CCA +  Deflection Yoke + CRT = Picture Generatigsembly
(often called CRY

ThePicture Generaing Assemblyis often referred to simply the CRT. This is not actually
correct as the CRT i s t ec hhdéss @RTlisyftehusedfoo pi ct ur e
the three parts together described above. So, be aware of the use of the word CRT!

PGA + Electronics + Mechanical Chassis= Monitor

ThePGA together with electronics and a mechanical chassis will be the actual monitor. A
monita is fed with power and a vidsignal and produces a picture.

This guide will focus on setup and adjustment of the Picture Generating Assemiagly.




CRT

The most commo@RTnowadaygintroduced by Soriy@68andwascalled Trinitrohhas thre

in-line (side by side) electron gratker than the triad arrangeingfithe earlier typdtheseold

CRT used ahadowmaskwhich were full of small ho)e®Vith inline tubes, the deflection yoke

is designed to match thieturetube so only simple ections are needed to produce an

acceptable picture. Setup adjustments are done by moving several sets of rings on the neck of the
tubeand the position (tilt and lateral) of the deflection Yidegings are made of magnetized

material to direct the GRelectron beams to the desireadtions on th€RTscreenThethree

major alignments arbdrizontakentering(or o pur i t y 6 i'staticcomeergence” moni t or
and"dynamiaconvergende The term "static" simply meagtsctrorbeam correction whit

stationarying magnets rather than with electronic circartd/or the position of thedeflection

yoke The latter is usually referred to as "dynamic" convergence

Sony's Trinitron design uses a variation of the shadow mask called the apertugeaydil (
grill). Rows of very fine metal strips run vertically dowbRA&creen, separating columns of
coloredphosphor which are arranged in alternating stripes of red, green.and blue
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Closeup of a Trinitron CRT screen

This configuration allowsd phosphor strips to be placed closer together than conventional dot
triads, and the fine vertical wires block less of the electron beam than traditional shadow masks,
resulting in a bright@RTscreenand less thermal builg and distortion. Coupledtiv

changes in the way that the electron guns are aiiraligedhis design results in a crisp, bright
CRTscreenHowever, the vertical strips are so fine that they can be set into motion when
contacted by thelectron beardue tothermal change$his would result in a shimmer on the
CRTscreen which would be quite didireg. To remedy this, Sony patizontal stabilizing

wires across the vertical ones. This reduces shimmer, but results in one or more fine horizontal
lines being visible on tART screenUsually, these lines are only visible to a discerning viewer
when lookingt a bright, solid background.

A variant of the aperture grille is the-slaskl n I@ maskmonitor- the phosphoCRT

screen consists of triples of vertiatngéed R, G, and B, stripesctially, these are usually

full vertical strips interrupted by narrow gapse $ot-maskis a steel or InVar sheet filled with
slots- one for eaclsolortriple. Ideally, the metal between the slots vertically is as thisitde pos
to maintain the structural stabitifythe slotmask sheethe setup and adjustments of a slot
mask CRT ithe sameaswith an aperture grill CRT.


http://upload.wikimedia.org/wikipedia/commons/8/8d/CRT_Phosphors.jpg

From Computer Desktop Encyclopedia
= 1998 The Computer Language Co. Inc.

Shadow mask

Aperture grille
(slot mask)
Sony Trinitron

Slot mask
NECT CromaClear

Don't wash your CRTuntil youhave confirmed that yopaint of a graphite pigmennist

water sluble. It may all come off! Wipe off the dirt and dust with a Tl¢hpaint is often

cal | ed shofar dduadéddrademark oAcheson Colloidslt is a type of paint made

of a graphite pigment which is conductive. It is painted onto theamsidetside cERTto

form thetwo plates of a high voltage filter capacitor using the glass in between as dielectric. This
capador is between 005uF an@01uF in value. This seems like very little capacity but it can

stare a substantial charge w00 volts applied. The outs@e aigafways connected to the

circuit chassis ground via a series of springs, clips, and wires al©Rid the

The high voltage terminal must be discharged to chassis ground before working with the
monitor.

THE N EED FOR DEGAUSSING

When a CRT is subjected to a magfietitthat isdifferent than wherit was latest adjustéid
will result in colodistortion Examples o€hanges in aambienimagneticiéld that can affect
the CRTare:

theeart hés magnetic field
theelectronics/electrics of the monitor itself
allelectronitelectricalequipmenin close proximity

a lighting strike nearby

permanent magndtsuch as speakeirstlose proximity

=A =4 =4 -8 4

The main reason for coldistortionis that the aperture gri(endthe magnetishidéd hood if

present)s magnetized differenthanwhenthe CRTwas adjusted the last tirSe, basically

color distortiorwill happeras soon agpoumovethe CRT for thdirst time dueto the changes

in the earthdos mahing that createsfaimagnalic imldcated blesato s 0 me
the monitor. This gets even stranger when we find out that the aperture grille is made of a
magnetic materiddlow is this handled?

The aperture grillegether with the internalagnetishielding bodin the monitoforms sort
of a closed space in whitls attempted to achievenagnetidield-free spactor the CRT The
purpose of degaussingnddto demagnetize the metal, but to create a magnetization that
compensates for tlearth's magnetiteld. Thesumof the twomagnetidields must be near

8



zero! Degaussimpils create a strong alternating magnetic field that gradually decays to zero. The
effect is that the present earth magnetic field is "frozen" into the nstgakticgdand the

apeture grilleand themagnetidield inside the shielding will be (almost) dwpa-zero

magnetidield will causeola distortion This explainsshy a CRT must be degaussed again

after it has been moveglativeto the earth's magnetic fi€léhe axiatomponent ofthe ar t h d s
magnetic field is harder to compensate by medagaissingRT's for moving vehicles (like

military airplanes) may éguipped with 6 coils to achieve zero magnetic field in all directions.
They usenagnetic field sensors autivecompensation, thus they don't needdegaussing
function.But this is too expensive for consumer equipment.

The monitor has a built degaussing function that wéimagnetizéactuallynagnetie) the
aperture grilleandmagnetishield hoodfipresentgvery time the monitor is turned &ut this
function is not always enough in the long run and we need to externally degauss the CRT
sometimes. This is especially important when we setup and adjust a CRT.

CRT manufacturers actually make d#fifeéwversions of the@RTsin monitors/TV - for the
northern and southern hemisphere, and sometimes a 3rd neutral type. Thaseua@e-
corrected for the uncompensateagnetidield. They do this by adjusting for optimaator
purity in a simutad magnetic fiel@his is one reasavhy the high voltage terminal of a CRT
alwayshould ben top! There are stories about technicians that used-dpgideCRTs from
the owrongdé hemi sphere to make it worKk.

EXTERNAL DEGAUSSING COIL

A handhelddegaussg coil consistsf a hundred or so turns of magnet wirelif-a0cm
diametecoil. They include a line cord and momentary switch. You flip on thgavatch
distant from the CRTandthenbring the coiflatto the CRTscreenNot too close thougtBe
aware as to strong magnetic field can deform the aperture grille permanenthen slowly
make small circular motion with the coil. Make the circular motion bigger and bigger and at the
same timslowly decrease theagnetidield by backing straiglawayacross the room as you
hold the coil. When you are farther tRametersawayand yowcannot see any effect of the €oil
turn the coil so is d right angles to the CRsEreer{which minimizes thmagnetidield the
monitor is seeing), and THEN tufrecoil off. This is to reduce the possibilitamymagnetic
field transient caused by switching the coil off from leaving you once agairamith a
magnetized monitoThe key word here is slow. Go too fast and you will freeze the
instantaneous imsity of the 580 Hz AC magnetic field variatiorio the ferrous components
of the CRT and may make the problem worse



MAINS
ENERGISED
WAND COl—

[Aoprionas

~THEN |IN EVER DECREASING (IRILES,
PULL THE WAND AWAY FROIM THE TUBE-..,

WARNING

An excessively strong magnetic field, whether alternating or constant, may mechanically dg¢form (bend) |
grillecausing a permanent color distortion on the display which looks very similar$o beanagrjetization effe
careful not to use apaswered external degaussing coil to close to the CRT screen!

CONCENTRIC CONVERGE NCE ASEMBLY

The Concentric Gonvergence Assembly islocated around the cylindrical part of the CRT neck
andis used to compensate for thieren imperfections and manufacturirmgiationsn the

CRT (the deflection yoke position is actually also a part of this compensatsettion
Deflection YpKene compensating is done by adjusting concentrigvithgs multipole magnet
arrangemenThe CCAalsoneeds to be in the correct position on the CRT neck. The service
manual for the monitor uslyagjives the position on the CRT neck where the puitipole

ring magnet of the CCAshouldbe paced.

In-line CRTslusea large common cathode to estdctrons, vimdividuallycontrolled electron
gates creating threkectrorgurs that emitan eletronbeameachwhich focus through
electrostatiten®s See sectioDifferent dltages td@ more explanation of creating electron
beams and the voltages neetlrdse three electron beams will create ez gnd blue color
on the CRT screen. But the three electron beams are usually caleebjopsGReamand B
beam
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FIRST ELECTROSTATIC LENS SECOND ELECTRD-
STATIC LENS

FIRST FOCAL
FOCAL POINT
FOINT \\_

.......

SCREEN

2nd ANODE

[FOCLEGING) [ACCELERATING)

WA AR A St +

FoOCus
CONTRDL

IINFONS
GRED

Creating electron beamith focusing ttoughelectrostatitenes

Since the electron beams for the R, G, and B phospigimaterfrom slightly different

positions (individual electrgnng and thus arrive at slightly different angles, only the proper
phosphors are excited whenahkor purity is properly adjusted and the necessary magnetic field
free regio is maintainechside the CRT.

Phosphor CRT screen
RGBRGBRGBRGBR n
\ |/ 15 mm
O OO0 OO0 000 000 W --------- Aperture grille (one wire per slot 1)
N\ A
]\ |
/A 350 mm

A I
/ | \ %
I I Electron  beams (center of deflection)

I
I
I
B-gun G gun R-gun

Three electrobeamdhit the correct spot on CRT scréleorough an aperture grille

There ardéwo different adjustments made in @encentric Gonvergence Assemblyd purity
and static convergence.

PURITY

Purityassures that each of tHectrorbeams for théhreeprimary colorsred, greerand blue

o crosesthe space between the metal strips at the proper angle and will ottg gtrdger
phosphoifor thatcolor.Purity is said to be good if, when each color is turned on and the other
two turned off, the entir€RTscreen is all one color. Bad purity will show up as wrong colors
on what should be a pure color field, or color blotches on what should beCRWhdeeen

(all three guns turned o@hjects wilchange shades of color whenveiddrom one part of the
CRTscreen to another.
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This adjustment is tallembntakbnteriimga vector momitat purity in a raster mdrniadjustments
are done the same but with slightly different test video signsalssRasteoioosigraten ade
rasteiVector monitors use laatctisspattern with one éalfien green). Even in the docuimentatic
vector monitorsoités faulty called pugitgaometimeghis documBat yowillhave to diwvithhat

n

J.

STATIC CONVERGENCE

Static Convergence determines the geimnalignment of the thrpemarycolorsin thecenter

of the CRT screeA CRT is said to be in convergence when allg¢leeteorbeams (primary
colors of R, G and B) overlapaithplaces on the CRT screen (so white appears as white and
nothing else). Misconvergence shows up as color "fringing" around the edges of objects
anywhere on théRTscreen

CONCENTRIC MULTHPOLE MAGNETS

As the threelectron gunare arrangeid-linewith thegreen gun always in the middleSome

of themagneticing adjustments are designed to affeglealtiron beamshile others pretty
muchleavethe center guntgreerelectrorbeam alone and only affect the outer ones. Various
options then exist depding on the magnetic fighdttern

Both purity and static convergence is done by moving three pairs of magnetaiedsctitat]
together in th€oncentric Convergence Assemblyrhese rings consist of mydtle magnets
which due to theimagnetidieldpatternare able to afte the electron beams from the three
electrorguns in different ways. The relative orientation ohégmeticings in a pair affecthe
strength of themagnetic fielgatternproducedAnd the orientation of th@agnetic ringair
together affects thdirection of the magnetic fielgatternproducedThe effects can most easily
be seen o@RT screen with a crbsdgch test pattern.

Thefirst pair ofmulti-polering magnetglosesto the CRT screeaiffectspurity. Thesecond
pairandthird pairare forconvergenceand work on pairs of cok(R to BandRB to G).

Concentric
Convergence
Assembly

p

t {6-pole) R/B on G convergence pair
“ (4-pole) R/B convergence pair
— (2-pole) Purity pair

g “—DEFLECTION
K YOKE

~——
7~

=r

Position of differentulti-poleringmagnet pairs on the CRT

HOW TO MOVE ELECTRON BEAMS INDIVIDUALLY

Eachmagneticing set is actually a pairmoagnét rings (a set of rings consists of one ring
flipped and put on top of the other rimg)ich may be moved relative to-anether to control
the strengtlor movedtogether to control the directiohthe magnetic fielpattern



Three pair of magnetiings (from left pole, 4pole and §ole)
The three sets of ring magnets are shown below along with the position of the red (R), green (G),
and blue (B) eleon beams passing through thata the paper.
Two typical orientations are shown (N and8harpoles of the ring magnets).

Orientation 1:

N N S S N
RGB RGB N RGB S
S S N S N
2- pole 4- pole 6- pole
(purity) (red - blue) (red/blue - green)
0 Degrees 0 Degrees 0 Degrees

Orientation 2:

S S
N N
N RGB S NRGB N RGB
S S
S N
2- pole 4- pole 6- pole
(purity) (red - blue) (red/blue - green)
90 Degrees 45 Degrees 30 Degrees

2-Pole
The 2pole purity rings move the set of RGB beams more or less together to fine tune the
position of the center of deflection. Thagnetidield linegenerallgoacrosbetween the N
and S poles.

Orientation ' theRGB beams will hmoved to theight
Orientation 22 theRGB bams will beaised

4-pole
The 4pole reeblue rings move the R and B beams relative to the G beam but leave the G beam

alone Themagnetidield linegenerallgo between adjacent N and S poles. On opposite sides
of the rings, the polarity/direction of the liopposesand thugendsto move the R and B

15
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beams in opposite directions. The G beam in the center does not expeyietedlection from
the 4pole ring magnets sinaéthemagnetidields tend to cancel.

Orientation I theR beam will movep ando therightand the B beam will modewn and
to the leftrelative to G.
Orientation 22 theR beam will move up and tBdeam will move down relative to G.

6-pole

The 6pole red/bluegreen rings move the RB beams relative to the G beam but leave the G

beam alone. Thmagnetidield linegenerallgobetween adjacent N and S poles. On opposite

sides of the rings, the piti@direction of the linesthe same and thtendsto affect the R

and B beams in the same direction. The G beam in the center does not experience any deflection
from the 6pole ring magnets sinaéthemagnetidields tend to cancel.

Orientation & the R and B beams will move up relative to G.
Orientation 2: the R and B beams will move up and to the right relative to G.

THE MULTI-POLE RING MAGNETSIN D ETAIL

The description of ring magnets abavéicatesS polesand N poles only around the
circunferenceln acloser look we will find that each poladsially @mall magnet. And every
magnet ha® havewo poles!

Simplified view below

Concentric muHlpole ring magnets with the magnetic field visualizeotomighowder

The smaltedmagnetshown in the pictureb@vehavetwo poles and the total magnetic field
patterniscomplex in detail. It is good enough to use the simplifiequseg only the inner
magnetic pole of every small magnet as they contribute the most to the total magnetic field
inside the ringsyvhen explaining the function of the magnetic rings.

As evernget ofmagnetings consists of one ring flipped and put on top of the othe@oring

create a paiwhen the two rings in a pair rotatgative each other thstrength of the
magnetidield patern will increase to a maximum (overlap 100%) or decrease to a minimum

14



(cancellation 180 degresmwith the 2pole magnet pairs, 90 degreith the 4pole magnet pairs
and 60 degreevith the 6pole magnet pairs). When the two ringspaitarerotatel together
thedirection of the magnetitield pattern is rotatedVhen a ring pair is in a cancelling position
it is cal |l e stidA zéompdsition riry pair wikk haveo effecton the

electron beams.

Each magnetic ringill often havesmall and large tabs the outsideThey are usdd align the
ring pairs to either create a zeogition or a maximum magnetic field stremjththe position
of the tabs varies from manufacturer to manufacturer.

DEFLECTION YOKE

TheDeflection Yokelocated around the neck of the CRT is usetbtiricallynove the RGB
electrorbeams in Xand Y.directions on the CRT scre@mephysicatotation of thedeflection
yoke decides thrections of th& and Yaxiscompared to the physical geometry oCiR&)
Theposition of thadeflection gkewill dso compensate for some of the different imperfections
and manufacturing variatianghe CRT The compensating is done by positioning the
deflection gkeback and fortlisome degree ablorpurity adjustrants)and tilting(dynamic
convergenqgd4-degree of freedom]

uoljejos

<—>

backward - forward

Possible movemera$ deflection yoke

PURITY

Thelateral position of the deflectiongke (back and forth on tiegRT neck) will affect the
overd color purity.

DYNAMIC CONVERGENCE

Dynamic onvergence is performedtding the deflectiongke. Tilting affects the trapezium
effector/and the linearity of all three colors in the picture.

Dynamicconvergence determines the geometric alignment of the threandbleoster part
(compared totatic convergence that deals with inner part alignoféimg) CRT screed CRT

1t



is said to be in convergence when all glestrorbeams (primary colors of R, G and B) overlap
in all places on the CRT screen (so white appears as white and notihiligcelsergence
shows up as color "fringing" around the edges of objects anywher€Ri sheeen

PICTURE ROTATION

Therotation of the deflection yoke affeclisectlythe rotation of the picture

DEFLECTION YOKE IN D ETAIL

Thedeflectionyoke consistsf two pairs of coilsvhere each pairesnnected in electrically
series andiound on ferriteores. The two serial connectedcXils are often referred to as
simply theX-coil and the two serial connectedoils are often referred to as Yheoil. The X-
coil controlsthe X-position(horizontalpf the electron beams and ¥eoil controls the Y
position(vertical)
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Down Down

X-coilsand ¥coils in a deflection yoke

Cathode C{\al-“’?&é'

Electrostatic Lenses

Heater

V!
HH

Electron Gun

Coils in Deflection Yoke

Thetwo red coils represent thecsil and thewo greercoilsrepresent the Xoil

The electricainpedancef the X-coil and the ¥oil isalsodifferent. The Xcoilhasnormally a
lowimpedancand tke Y-coil hasahigherimpedancéy a factor 08-5 compared to the Xoil.



DIFFERENT V OLTAGES TO A PAG

A PAG (orin commontongued CRTJ ) needs to be driven by many different voltagesrk
properly. This section tries to explain the main voltages used to drive a CRT and the effect they
are causing.

THE B+ VOLTAGE

B+ is the name given to the mBI@ power spplyvoltage in a monitor (tmameB+ goes way

back to battery operatedcuum tubes operated radiise electrodes in a vacuum triode &her
called A for filament/cathod8 for plate/anode and C for control grid. The associated batteries
to these electrodesh er e t hen call ed the same. So, B+ denc
batteryd positeevoltgye tothe adodedof a vacuum triode)tube

The B+ is what the monitor uses to generate various voltages around the board but mainly the
highvoltage br the flyback transformer. Itgenerally thought that testing the B+ (sinisghie

basedor allot of different systenrsthe monitor) and seeing if it is low or higher than what it is
supposed to be, @sgood indicator of whatgeing onB+ varies from monitor to monitor, but
usually between 100 VDC and 0. The amodehighvoltageG4 is often directly and only
adjusted by changing B¢ voltage.

Here arsomeexamples of B+ voltages in different monitdd#&6100- 180 VDC; Amplifone
180VDC; Sanyo 20EZ 108 VDCElectrohome G07120 VDC WG4900- 175VDC (not

adjustable)

FLYBACK TRANSFORMER

The flyback transformer is also called fByBack Transformer) or LOPT (Line OutPut
Transformex The high voltages required for @RT's gric and the high voltagecaleG4 are
derived by thlybacktransformer actiof.here are many circuit designs for flyback
transformers but many of them are similarerariants to this example:

Ve
HORIZONTAL 3
CEFLECTION 3 || ” 25 kY
COILS 3 VOLTAGE | o 10 car
L ANDDE

+BEV

m

+—0 T CRT
HORIZONTAL _ FOCUS G3
— OSCILLATOR —»{ H-LAIVER Q
+400Y
HORIZONTAL B+
—o T0 CRT

QUTRUT
TRAMSISTOR SCREEN G2

NEGATIVE SUPPLY
TO CRT

HORIZONTAL FEEDBACK CONTROL G1

F

Thehorizontal output transistor @t only drives th&orizontal deflection coils but it also
drivesthe primary of the flybattansformer T1During the horizontal retrace interfthe

o f | y ptlee cdtlattpr curreof transistor Q@rops rapidly causing the transformer's magnetic
fieldto collapse. Theeansformer'3 1 primary coil in turn producasack EMF to stesn the
current thus raising transistds Qollectoto a high potential. Through the transformer action,
T1'ssecondary coil produces high voltages. A voltage mudirpliérconsistingf a diode and
capacitor network multiplidee secondary coil's voltage to a 25,000V potential thaidtse

high voltage anod®4 requiresOther high voltages aterived by tapping various points on the
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secondary coil. diode and capacitor netwoskused to rectify and filter thewer supply
voltage. A power supply of this type is ofedled a scanning or flyback voltage supply because
of itsassociation with the horizontal sweep circuit.

COMPLETE ELECTRON GUN INCLUDING THE CRT SCREEN

The voltges tothe CRT do may things but can be summariasd
creatingelectrons

acceleratinglectronsandformingthe electron beam using electron optics
steering ta electron bea(eam deflection)

producing light at théRT screer{phosphoy

= =4 =4 =4

CREATING ELECTRONS

The electron gun begins with what is often called the "heater". It is a filament of metal (usually
tungsten, which is the same material used in everyday household light bulb filaments). This
filament heats up a cathq#@, which resudtin a productio of electrons.

L 0.0

— AN NN

——t ‘ 4 Emissive
Insulated N ANV Y | B BaO Layer

x

XXXX

Heaterwire _~ A/ A V\ W\ M |/

£

Cathode sleeve

The reasons why this happens are more related to physics than electrical engineering, and
therefore are beyottige scope of this document to fully explain, but suffice it to say that when
something increases in temperature, the atabothprise the material move around faster,
and this makes their electrons more prone to flying off into space. This phenomenon is what
physicists call "thermionic emission”, but you can just think of it as the tendency of metal to
throw off electrons wimeit gets hot.

The filament underlying the cathode structure provides the heat at 800 °C for the older barium
oxide style and up to 1000°C for dispenser types. Batitencathodes were subsequently

improved by adding scandium doping that extendedefiaklife by approximately 15% over

the bariurroxideonly cathodes. The filament is specifically designed to sugaibdde

temperature when powered at either 6.3 V ac or 12 V dc. Historically, the 6.3 V ac filament dates
back to vacuum tubes and cdiaa when the car electrical systems&re

The cathode (K) provides a continuous supply of electrons that form a space charge, i.e., an
electron cloud, in front of the emitter surface.

From the very start of its emissive life, the cathode is depletmgilable electrons. The drive

of the video amplifier does not contribute to the electron flow; it is merely a voltage potential

that causes electrons to flow at a specific rate. Barium is the source of electrons in both oxide and
dispenser cathodd$e process of giving up electrons leaves behind atoms that are now short of
valence electrons. This in turn causes cathode material to migrate to the G1 area and deposit
itself. Over extended operating times, the migrated material changes the igictgical b
characteristics of the optics, which is observed adavialottrift. The remedy is to periodically

adjust the brightness to maintain proper settings for the black level. Cathode aging (or depletion)
is a failure mode for all Clased displays. dite are two basic types of cathode material, with
subgroups based on additives (doping) and/oranieeth structure resulting from
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manufacturing techniques. The types are oxide or dispenser, even though both utilize barium
oxide as the primary source etebns. The full name for the oxide is barium oxide or
scandium oxide, where the scandium is a doping on atedersathode. Most CRT

applications can use either type of oxide cathode and yield a satisfactory life.

ACCELERATING ELECTRON AND BEAM FCRMING

G1By G2B,
GIGy| 626y,
CATHODE ot G2r )

=T

T

HEATER

// 25KV
ANODE WALL COATING {AQUADAG)

A large DC potential, on the order of several hundred volts more positive than the cathode is
applied at the second grid, G2. This causes the electron beam to be accelerated towards the
screen. Since the beam emerging from the cék)ddads tadiverge, a negative potential with
respect to the cathode is applied at grid G1. By making G1 (also called control grid) more
negative than the cathode, the electron beam begins to converge asishdguréabove.

This action is similar to beam fangausing an optical lense. Furthermore, by modulating the
potential difference between the cattligdl@nd the control grifiz1), the beam intensity and
hence the brightness level is modulated. Finally the beam is electrostatically focused on the
screen Y adjustingrid G3's potential until the desired focus is achieved.

CATHODE SCREEN ——

G G2 G3
(CONTROL (FOCUS
GRID) GRID)

+ - 400V 4ktoBKkY 25KV
f=— 5OV —=|

CONTROL GRID6 G1

The control grid (G1) contsthe brightness of the CRT. It is genepddlged directly on top of
the cathodé¢K). If there is no voltage on G1, #lectrons caridw freely from the cathodi).

If there is some negative voltages1, the electrons from the cath@deare repelled
somewhat, and ti@&RT screerappears darker. The greatemigativeroltage on G1, the
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darker the&CRT screen becomdsecause mordegtrons reaching tl@gRTscreen equals a
brighter image, and ledsctrons hitting th€éRT screen equals less brightness.

SCREEN GRID3 G2

The screen grid (G2) is the first anode and it is always positive in potential relative to the cathode
(K) and seres two purposes: to accelerate the beam as it exits G1 and to prevent the higher
potential fields of thelectroroptical lens from penetrating into the G1 space.

The screen grid (G2), also known as the cutoff, serves to "pubttions so they trdve

more quickly toward th@RT screen, in much the same asyplowing in one end of a tube will

force something out the other end.

FOCUS GRIDd G3

The focus gd (G3)controls the focus (concentratioh}he electron beam. This is required to

make the mm create a small, shpgint on theCRTscreen. If the beam were not in focus, it

would create a fuzbjob on theCRT screen insteadihe ratio of the voltage at the (G3) relative

to thevoltage at thenode(G4)controlsthe crossover point and themefehe point at which

the image is focused, much the same way as the curvature of an optical lens determines its focal
point. The focus grid appliestiong (usually a few thousawotts) positivecharge to ta

electrons passing through it.

On sonaeCRTthere existo focus giidey are called dual focus CRT and utilizing aisF (Oyn
Astigmatism Focusorgfjgurati@medocugrids called Fhdacts on the horizontal and vertical fogus
performameetheaher focgdds called Edacts mainly on the vertical focus péherRzanakage
is often used together with an added dyc#acuifeatisyg palialshaped waveéfoanseparate
focusing chbilis focusing coil creates a magnetic field irejeatatiel hedihe electrons willinircle
helical paths alorptiaiel magnetic field lines very tightly. So tightly they will appear to be [stuck” on the 1
lines. When the magnetic field line buritie telgethams are focuseahdhte: dlectrons are pulledl out

the other side by an electz gethey don't have time to spread out. Thus the electrons wil| be focused.
The focus coil is often place directly after the CCA.

These CRWas used mostly indsilghiocomputamonitarhe simpliffedction afdualocu€RT is
the same asin@n e 6 fOpecanseasitHRrE are two focus (Fdltagds-2hsteanf one (G3)
J.

STEERING THEBEAM (DEFLECTION)

Thebeamdeflection system consists of two sk&deztromagnets, one fartical positioning
andone for horizontallhe constellation of these electromagnets togethernyiske.

ANODE 6 G4

The CRT screen has a plate of some metal (oftenwatununderneath the coating of
phosphaors; this platedésen a vergtrong ¢n the magitude of severaén thousandsf volts)
positive charge that putte electronfasttoward the CRT screen.

CRT SCREEN

TheCRTscreen is a plate of glass, coated on the inside with phosphor. Whertlggart of
coating istruck with the electron beam, the phosphors bexiged", and they produce
light. The chemical composition of the phospletermines what color of lighwill produce.
To make a cotdCRT screenphosphors of red, green, and blue are clusteegti¢on one
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"pixel" onthe CRTscreen. The electron beam must strike each phosphor individually. The
strength of the electron beam determines how brightly the phosphor will glow.

SUMMARY OF THE ELECTRON OPTICS

The area defined by stations &n@l, 3is the triode. Alphangles 1 and 2 are design points

controlled by the physical spacing between the parts and biasing voltages. The proximity of G1
to the cathode determines cutoff; the gap between G1 and G2 also influences cutoff and the first
crossovepoint. The formation of the beam at this locatiterdnines the spread into the G3

lens, which in turn determines thetaangle at the view screen. A shallow theta angle produces

a softer image, while a steeper theta angle brings the beam intamoietedl cone shape and
sharper focus. The softer image will have less deflection distortion but not necessarily better
focus quality.

A Triode area+G1) Low

B-C Grid 2 drift area Increased
D Focus area Lower

E Anode drift area High

F Deflection region High

G Anode drift space High

CathodgK) + G1
Crossover

G2lens

G3focus lens
Deflection centegfyoke)
G4 CRTScreen
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ELECTRICALCONNECTIONS TO A CRT

Name Where Typical voltage
Heateffilament 2 pinson CRTglasseck 6,3 VDC

Red cathode 1 pinon CRT glass neck 0to+70 VDC
Green cathode 1 pinon CRT glass neck 0to+70 VvDC
Blue cathode 1 pinon CRT glass neck 0to+70 vDC
Control gid G1 1 pinon CRTglasseck 0to-50 VvDC
Screen griG2 1 pinon CRTglasseck +300 VDC
Focus grid G3 1 pinon CRTglasseck +6 kV DC

X deflection coil pair 2 pins on yoke assembly
Y deflection coil pair 2 pins on yo& assembly
AnodeG4 1 terminabn upper part o€RTglass bell +25 kV DC

GEOMETRIC DISTORSION SIN A CRT

CRT displays are subject to geometric distortion because the electt@mshedravel in a
magnetic environment. This is the result of notljasteflection yoke, but also the earth's
magnetic field, which vanes in streagthorientation around the globe. What is square to the
bezel in the NortherHemisphere will be rotated counterclockwise and moved to the left in the
Southen Hemisphere. borporating user control to compensate for posioraks is

standard, but there are unusual cases where the control astbreciggded. A facility's other
equipment or highéntensity magnetic fieldsthin the earth's crust (i.e., lodestone dspasin
cause this. The power for a commercial building is contagmuits running through walls

and ceilings. An elevator shaft provide=ng&al location for wide power distribution. Large
conduits carrying@haseac for elevators are also sptid individual phases for lightigigds. A
diagnostic reading room sharing a common wall with the elevatoowwdagkperience large
distortions caused by the fields around the co@alit: CRTs contain interrsdlielding against
magnetic flux lings prevent color purity problems. Vemyall distortions in the multibea
trajectory would be noticed immediatetirénform of color variation&eometric diwrtions

would be secondary parity for objectionable image quality in color. A specialaheddied

Mu metal does absanagnetic forces, but it is a very expensive solution and is used sparingly
only in critical areas, such asiadathe electron gun structure.

A pincushion distortio(g) is normally associated with the left and eidb&representing the
video width. The top and bottom edges can also lsavieaa appearance. Yokes are designed
so that they have some pin touiheorrected geometry. Correction can be accomplished with
magnets appligd the yoke housing in a basistem without electronic pincushgamrection,

or a combination of both. An electronic pincushion would dldgustidth by madlying the
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horizontaksaw toothwaveform. Magnetan also be added to the CRT funnel area with adhesive
as a last resoHigh-quality yokes require the fewest magnets for correction on alhedges.
yokequality goes down, the number of magnets increasesdétrisiental to the image

guality because magnets pull the beam apddition to bending it. The combination obarp

yoke and the added magnetsisverward spiral in performance thatwddoe avoided.

A barrel distortiorib) is the opposite of a pincushion and can he thought of as pincushion
overcorrection. In a basigstem, magnets would need to mved orrotated to reduce their
influence.

A trapezoidal (keystor(g)distortion iscaused by a difference betweepasging yoke windings.
The trapezoid cdve symmetrical or nonsymmetrical. Electronic correction under digital control
has the ability to providsymmetdal compensation and trapezdiddance.

An orthogona(d) is a yoke manufacturing error that causesltt@®nshipeaween the

horizontal and vertical windings te mmisaligned.he visual cus ithe intersection of the vertical
and horizontidines ascreen center. Their intersection wilhb angle other than 90 deg.
Attempts to adjust for this problenduces other distortions in image quality. In a perfect yoke,
the beam acreen center is at the magnetic center of both windingsitpisgtareethe

windngs means the beam can no longer remain at the magnetic betiteTble more severe
the dispsty, the worse the net result.

Tilt (e)is asimple rotational change in tidire image. At the time of mdacturethe yoke

must bdnstalled and aligned to the CRT. It is held in placmbgtanical clamp on the CRT
neck and hot glue at the funnel. A dismgtation that is due to earth's magnetic fields should be
within thecorrective range of a tilt adjustment. A rotation aolbeantegrateishto the yoke

housng or attached to the CRT funnel. This is nothing tharea loop made from a

continuous wire with a small current applied.

A hook(f) is found at the top of the vertical lines, with the upper left dppically beig the
most severarea. It is caused by crodls betweenhe vertical and horizontal windings at the
juncture of the retrace fboth sweeps; i.e., both magnetic fields have been collapsed (reversed)
to initiate the next frame. If insufficient time &ilable to stabilize therizontal sweep circuits
(which include the yoke windings), induemnergy from the vetél and collapsing horizontal
fields will cause the hodkdeo cards that do hprovide blanking time at the beginning of a
frame carcatse this on an otherwise gapehlity display. Inner line distortiopnsnarily a yoke
winding distributin problem and/or a CRT with a compoumigrnal radius that cannot be
compensated for by the yoke. A compaadilis changes the throw distancerdascreen)
for the beam from onmdius to another, and this casw on both the harontal and vertical
axes of the CRT at difant rates of change.

MONITOR C ONVERGENCE O0THE LEAN WAY¢

If you are somewhat familiar with monitor convergence procgduresn use this section as it
summariemost parts of it in a condensed format. The text was originally written by James
Dinndorf and published omww.arcaderepairtips.carhavedeliberately omitted paftem the
original text whiclid not actually add anything import@thanks James!

MONITOR C ONVERGENCE TIPS

Just a note before we begin. The monitor needs to be powered on during this process so that you
can seéhe changes as they happen. In othersvprd y o u 0 | | be able to see
you move the striggound under the yoke, against the tube. | had a buddy help by holding a
mirror, but | also did some ofwith the monitor outside of the cabinet. Please be VERY careful.
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The first thingo note is that there are actually TWO types of convergence you need to adjust:

static andlynamic. The first is static and is the easiest. This is where you use the convergence
0Oringso Weinhbethekgameds t est patermn Bhenmpusinggyou have
two of the rings, you adjuke red and blue vertical lines until they overlap one another. Then

you adjust the red and blue horizdimak until they overlap. Once this is done, you adjust the

rings in order to get the red andelo overlaphe green lines. Tieonitormanualisual

describes this very well and also has illustrations. This process isiactusaiigpler than most

people think but it can be a little intimidating at first. Once done, you camaniser a0 mark

al of the rings for reference.

Next is the tricky part: dynamic convergence.
inner areaf the monitor/screen image, dynamic convergence covers the outer area, particular

the edges. Faxample, if you had wéitext running across the entire monitor, you might notice

that while the letters thte center of th€RTscreen look fine, the letters on the far left and right

| ooked 0ghost e dblue and grden abdveaadicebglowo This is dyaamic

convergnce that needs adjusting.

Adjusting this takes a TON of patience (as | found out) and the worst part is that a lot of it is

simply triabnd error. Whereas with static convergence, you use the rings on the yoke, dynamic
convergence involvadjusting HOWhe yoke rests on the tube itself. Againmibator

manualisuahas a great description for a stagiiage. For myself, | loosened the yoke and

played with it a bit, tilting and shifting it while looking atrtdsshatch pattern on the monitor.

Evenual |y you shoul d be abi08 ofthe edfes andreshofthes we et s p
grid line up properly. This is where you want to set your rubber wedbes«ilitle strips you

see sticking out of the yoke) and mount them in place so¢hestskther® nce t hat 6s done
itds all fine tuning using the 1|itfinde strips t
edges. Thatds how it worked for me.

After the static convergence, | played with the yoke with no wedges until | foudd tifah85

gridlooked good. At that point, | set the wedges in to hold it there. | actually used a few extra

from anothelCRTtube which gave me five wedges total. Then | made a bunch of homemade
convergence strips (seerbee at the bottom for descriptjocand slid them underneath the

yoke and against the tube. These strgpabout-g@ inches in length and the end with the blade

attached is what slides under the yokefthwethther end sticking out. You will need to tape

these in place or use some ofoem of (strongp d hesi ve so they stay in pl
correct specific small areas (i.e. a corner or edgejjtheat fine tuning. After a lot of patience, |

finally got the corners looking good. | had to experimentoageit the very topdge to line up

all the way, but got it after some time. | ended up constructingegigence strip that used a

piece of metal that was twice as long as the others. That for somgidehsdnick.

In the end, the convergence on thisthingwas abougpo o d as it gets and | &6m
i t .admlit that the area around the yoke looks terribly ugly as | used a ton of tape and adhesive

to reinforceand hold all of the wedges and strips in place but the image is what really matters.
Hopefully, his carprovide some helpful guidance for those of you that want to adjust the

convergence of their monitors bue too intimidated to try especially in this era where CRTs are

at analttimescarcity.

NOTE: To make homemade convergence strips, yourgag go to your local hardware store.

Buy acheap razor blade, preferably one that has a long blade that you press up, notch by notch.

Also buysome thin but solid cardboard to use for the strip itself. | bought gyaleajgn for

this.All you have tao is carefully break off a piece of the razor blade about theas@timef

Cut a small strip of cardboard and attach the piece of razor blade to the cardboard strip using

electricl ape. Thatods all. You can oxbadeyduseeomt wi t h |
each strip. Sometimes | found | needed more or less depending on where | was placing the strips.



HORIZONTAL CENTERING (PURITY)

The outcome from adjustments for horizontal centering and purity is the same! But it need$ to be done s
differenilya vector mordtomparedatoaster monitor. A vector monitor will never display a hompgenous
color in the picture as it is built up only of interconnectitg dimasteompaitor. It is called horizpntal
centeriimga vémr monitdue tavhathe picture will look like during the actual adjustments. A raster monitor

is capable of displaying a whole screen of just one color and it should not show any other ¢olors. Any co
distortias removed during adjustment. ltiged pur ity in a raster monito
distortiomnd make it oOpureo.

CRT =reen color purity is normally the first CRT setup adjustment to be made, bubtt does
normally drift very much over time and therefore nlaiggquireroutine adjustment.

For best results, it is recommeaideR Tlaajustmaatone with the CRT screesdiatingorth

For purity to be perfect (or as good as possible), the electron beams must originate from the
same effective center ofldetion as used in originally laying down the phosphors. Moving the
deflectionyoke forward and backward on the neck of the CRT can precisely set the deflection
center along the axis of the neck. However, slight transverse errors may still exist due to
imperfections in thdeflectionyokecoilsor positions of the electron guns. This is affected
slightly by the earth's magnetic field as well. The purity magnet rings are those closest to the
deflectionyoke and provide the means for moving the electrors bveay slightly to

compensate.

Remember that horizontal centering will have an effect of the statimd dynamic
convergence and vice versa. Therefore is it important the check the purity after static
dynamic convergence is done.

VECTOR MONITOR

Obtaina green crosshattdstpattern video signal. Let the monitor warm up feinanum of
15 minutes.

Loosen the deflection yoke clamp and movedfiectionyoke as far back as it willdyo
towards the concentidonvergence assemiiiyhere is any gluar tape holding it, it may be
necessary to gently twist the deflection yoke to break it loose from tRewidTgreen
vertical band will appear in the center of the CRT screen.

-

-

GREEN BELT

Adjust the purity magnet rings that the green band is horizontalbyaktp the red and blue
bands on either side. The purity magnet ringsomiysaffect the horizontal centering of the
display. If they have a vertically or diagonal centering effect, rotate the purity magnet rings
together so they only have a horizomtialezring effect when the two purity magnet rings move
relative each other.
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Then slide the deflection yoke forwamtll the crosshatdiestpattern is all green. Continue the
forward movement of the deflection yoke until other color just begins to st@ndmplay.

This is the forward purigdjustment limit of the deflection yoke. Slide the deflection yoke back
towards the CCA, through the position of pure green crosshatch display, to the point where the
display again just begins to show other cdloisis the rear purigdjustment limit of the

deflection yoke. Position the deflection yoke to the middle of the forward and rear purity
adjustment limits. &ke sure thdeflectioryoke is straight (rotational misalignment will cause

the picture to belted). Rrinstall any rubber wedges to stabilize the deflection yoke @wition

then gently tighten the deflection yoékarclamp.

It is a good idea tbhencheck theedpurity, thertheblue. Slight adjustments of the purity
magnet rings or deflem yoke position may be required to optimize the purity of each of the
three color fields. Some cammise may be necessary, bstusually not important to get it
perfect. It has to be pretty far off to show up on a white screen.

RASTER MONITOR

The aljustment procedures generally use thgurgfdr the setting puritin a raster monitor

Intuitively, one would think this should be the center (green) gun. However, since the red
electrorbeam current is the highest (red phospHeass sensitive) tlending errowill give

the best visible discoloratidreiter than blue amduch bettethan green Soproblems are

likely to show up first with the red purity so it is used for the adjustment. In any case, it is a good
idea to check all threelorsfor proper purity and tweak if needed before moving statio
convergence.

With no videosignainputto the monitoiturn up the BIAS control for rethb maxandturn
down theBIAS controls for blue and greenminimumsothat you have a pure redteagse
sectionControlsndCRT Transf@haracterigticet themonitorwarm up for aninimum of15
minutes.

Loosen the deflection yoke clamp and movdefiectionyokeas far back as it will §o
towards the concentidonvergence assemliiyhere is any glue or tape holding it, it may be
necessary to gently twist the deflection yoke to break it loose from tRewidFed vertical
bandwill appear on the CRT saneAdjust the purity magnet rintgscenter the red vertical
raster on th€RTscreen.

Then slide the deflection yoke forward just enough to get an overall red screen without
contamination bgreeror blue. Use a crosshatehtpattern to make sure theflectionyoke is
straight (rotational misalignment will cause the picture to be tédtedtalR any rubber wedges
to stabilize the deflection yoke positiad then gently tighteleflection yokeollarclamp.
Resetll BIAS controlsyou touched to g@ red raster.

It is a good idea thencheck theyreenscreen purity, thaheblue. Slight adjustments of the
purity magnetings ordeflectionyoke position may be required to optimize the purity of each of
the three color fields. Some coamise mape necessary, butdtusually not important to get

it perfect. It has to be pretty faf tf show up on a white screen.



STATIC CONVERGENCE

Static convergence is normally done after the horizontal centering adjisthieiststen
beneficiato "roughedn" the static convergence adjustments bleésizontal centering
because they interact with each other someéditet.it is best to go back and forth between
static convergence and horizontal centering to obtain the optimal setup.

A CRT issaid to be in convergence when all thlextrorbeams (primary colors of red, green
and blue) overlap in all places on the scFeerstatic convergence will adjust the color overlap
onlyin thecenterof the CRT screen and dynamic convergence wilt i color overlagnly

in theouter parts of the CRT scredimy nisconvergenagftenshows up as color "fringing"
around the edges of objects anywhere c@Rffescreen.

All static convergence is donedigplaying a white crosshatestpatternon the CRT screen
and adjustinyvo multipole ring magnets pair on the C8Amulti-pole ring magnet rings
have tabs on them and thw tabsn amagnetipair can be movedoser together or farther
apartor movedogether (keeping the same distance).

Theposition of thed-polemagnet rings (the secaimty pair after the deflection yolefects
two specific colaronly, moving them apart and bringing them medrie leaving the third
cola alone.

Theposition of thes-polemagnet rings (the thirohg pair after the deflection yokabes the
colars affected by th&polemagnepair, and moves them tdber relative to the third colo

Of course these adjustments interact with each oter seed to look carefully and see what
happens on theRT screerandgo back and forth between the two settings for optimal
convergence. It takes very little movement of the rings to affpiittimeyou see on the CRT
screen.

4-POLE MAGNETIC PAIR

The position of the-polemagnepair will affect the reahd blue lines at tlventer of the
screenonly.

Rotatinghe magnet ringglative each otheiill movethered and blue togethertil they
coincide verticallgreating magenta vertical lines)

| | [l I

| |

| | | |
RG B GRB G R&B (=magenta)

Rotating the magnet rings togethidirmovethered and blue togethentil they coincide
horizontally(creating magenta horizontal lines)

R -----
R -------- R&B-------- (=magenta)
[ — S ¢ S SNl J—
B -—--eee-
B -—---
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)

VERTICAL 4-POLE
CONVERGENCE |MAGNETS
BLUE 8 RED
3.2

HORIZONTAL 4-POLE <5 >
CONVERGENCE |MAGNETS

BLUE & RED

ROTATE BOTH MAGNETIC RINGS TOGETHER

6-POLE MAGNETIC PAIR

Theposition of theés-polemagnepair will affet themagentaréd+ blue)andgreerines at the
center of the screeronly.

Rotatinghemagnet rings relative each otkidirmove the magenteed + blue) and green
togethewrtil theycoincidevertically (creating white vertical lines):

|
N
G R&B G R&B R&G&B (=white)

Rotating the magnet rings togethiirmovethe magentadd+ blue)andgreertogethemuntil
they coincide horizontallyréating white horizontal lines):

R&B -------
R&B -------
----- > - > e R&G&B (=white)
CR——
[CRp—
VERTICAL 6-POLE - i
‘CONVERGENCE |MAGNETS !
BLUE & RED '
ON GREEN GRN | :RED/BLU
3.4

-

-
SLIDE MAGNETIC RING TA TOWARD OR AWAY FROM

—
HORIZONTAL | 6-POLE
CONVERGENCE |MAGNETS l
BLUE 8 RED
ON GREEN GRN
""""" RED/BLU
5.5 T e

_ .

ROTATE BOTH MAGNETIC RINGS TOGETHER

J




DYNAMIC CONVERGENCE

Dynamicconvergence is normally done afteistaic convergeno®.CRT is said to be in

convergence when all three electron beams (primary colors of red, green and blue) overlap in all
places on th€RTscreen. The dynamic convergence will adjust the colop onérla the

outer parts of the CRT screen. Any misconvergence often shows up as color "fringing" around
the edges of objects anywhere orCR& screen.

All dynamiaconvergence is done by displaying a white crosssdpatitern on the CRT screen
andadjustinghe tilt of the deflection yoke.

Tilting the angle of thedeflectionyoke up and down adjusts the crossover of both vertical and
horizontal red and blue lines

UPPER
BGR "PPE\" RG B
R B B R )
G p CRT F G G CRT
B R R 8 /
RGB UNDER BGR UNDER
CRT SCREEN (8)  |\SERT RUBBER WEDGE cRT scREEN  ®) |NSERT RUBBER WEDGE

FROM UPPER SIDE FROM LOWER SIDE

Tilting the angle of thdeflectionyoke sidewaysght/left) adjusts the parallconvergence of
both horizontal and vertical lines at the edgthe @R T screen.

N\ CRT |] CRT 4
S RIGIB
i Y A

b
CRT SCREEN 19) \NSERT RUBBER WEDGE CRT SCREEN (®) \SERT RUBBER WEDGE

FROM LEFT SIDE FROM RIGHT SIDE

Of course these adjustments interact with each otger) seed to look carefully and see what
happens on the CRT scremmdgo back and forth between the two isgstifor optimal
convergence.

PROCEDURE

The deflection yokie anchoretb the CRT neck by the coli@dampjoosen this slightly boot
enough so that thaeflectionyoke can move backwamdforward It is also held in place by
rubber wedges glued opéd dowrto the CRT tubeTake theubberwedges out. By gripping
thedeflectioryoke and levering it up and down, left and right, you will chargevergence
in outer parts of the CRT screen.

When you have trdeflectionyoke where you want it, tightthecollar clammagainpay
attention to how many turns you loosen it, antetighthe same number of turndsouse
temporaryubber wedges around the outer perimeter of the deflection heke you tsecue
the correct tilting position.
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Rubber wedges

Recheck the horizontal centering and make any neceadargtmentsf the deflection yoke
Insert threether permanemtubber wedggglo not force them inkarefully to the CRT glass
bell spaced 120 degfemn each otheFix them tahe CRT glass bell by gluthgm with
silicone rubber sealer or a hot glue gun.

TEMPORARILY INSTALLED
WED

\.
)
3
L

“’Oa

RUBBER
“\ﬁ) WEDGE
CRT

NECK DEFLECTION
YOKE

Oo.

Placing rubber wedges

Carefully remove any temporary rubber wedges when glue has sealed.
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TRACKING (WHITE B ALANCE)

The goal of thiadjustmenis to ensuréhat a high intensityhitesignalallRGB-electron

beamaon high currentis actually perceived white on the CRT screen and a low intensity white
signal dll RGB-electrorbeamsn low currernjtis also perceived whitlarkgray)on the CRT
screenOr in other words all shades of gray should be perceived as "neutralhigagtup
procedures alsacalled black and white tracking, color balance, white balance, CRT tracking, or
just greyscale adjustment.

CONTROLS

There are two sets of controls pdocto set the picture highlights and lowlights separately.

These controls set the voltage levels that appear on each of the three color "guns” of the CRT.

The highlights or bright areas of pietureare set with th€ AIN (orodrived or o background
cortrols, and the lowlights are set withBh&S (or 0 c-a t ftahtjols.

There are also controG3¥)f oMABDEBSSCREEGBbBNuUSEOgCT d
or OBRDBDBGHTNESS (ocGiotr 0br gghdmMASSERpr eset 6
CONTRAST TheFOCUS andVIASTER SCREEN amwaydocated on the H¥fansformer.

See sectioDifferent Mtages td@ more information.

The FOCUSontrol setsthé f u z z i fooeissobtide pioture

The MASTER SCREEIN$ averycoarse adjustment that sets the overall level of brightness. As a
tube ages, the G2 may need to be set higher to compensate-foightoess problem. If this
control is set too high, tipicturemay be too bright and/or take on a milky appearance with

faint diagonal "retrace" lines in the pictifir@ raster monitoif set too low, you will not have
enough brightness even withBRIGHTNESS control at maximum.

TheBRIGHTNESS and/or CONTRAST controls are not alwagsgmt in a monitor.

CRT TRANSFER CHARACTERISTICS

A CRT has transfer characteristiberetheinput isthe video signalgltagesignal to the
electron beams) atttk output is the luminance (which is proportional to intensity) on the CRT
screen.

CONTRAST

Thecontrastontrol applies scale factor (GAINto the red, greeand blue signailsdividually
Contrastcontrol determines the luminance produced for white, with intermediate values toward
black being scaled appropriatebntrast primary affects the high luminance parts of the

picture.



CONTRAST

Luminance

— 1
BLACK Video signal MAX COLOR
(R, GorB)

BRIGHTNESS

The brightness control adds or subtracts an offset or BIAS into the red green, and blue signals
individuallyBrightnesgontrol has the effect of sliding the bimeiwhite video signal scale left

and right along the power functidrttee displayBrightness primary affects the low

luminance parts of the picture.

Whenthebrightnesgontrolis setoo high: a certain amount of luminance is produced at zero
video signal level. No video signal casectiue black to be display&epicture content rides
on an overall pedestal of gray.

If the brightnesgontrolis settoo low: it will cause range of input signal levadsr black to be
reproducedhdistinguishablgs black.

Brightness control is satrrectly when the bldcvideo signal level is placed precisely at the
point of minimum perceptible light oututthe display. In a perfectly dark viewing
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