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2154789 -1- COLOR PI CTURE TUBE HAVI NG AN 1 NLI NE ELECTRON GUN W TH BUI LT-IN
STI GVATOR The present invention relates to color picture tubes.having )
i mproved inline electron guns, and3 particularly to an inprovéenent in sqﬁh
guns for correcting astigmatismformed by a focus f#ns or for bal ancing &
over focusing caused by a deflectlon oke. An inline electron gun is one
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referred to as the first and second accelerating and

focusing electrodes. These electrodes include two
cup~-shaped members having bottoms facing each other.
Three apertures are included in each cup bottom to permit

20 passage of three electron beams and to form three separate
main focus lenses, one for each electron beam. 1In a
preferred embodiment, the overall diameter of the electron
gun 1is such that the gun will fit into a 29 mm tube neck.
Because of this size requirement, the three focusing

: 25 lenses are very closely spaced from each other, thereby {»
AN providing a severe limitation on focus lens design. It is
known in the art that the larger the focus lens diameter,
the less will be the spherical aberration which restricts
the focus quality.

30 In addition to the focus lens diameter, the
spacing between focus lens electrode surfaces is
important, because greater spacing provides a more gentle
voltage gradient in the lens, which also reduces spherical

aberration. Unfortunately, greater spacing between

35 electrodes beyond a particular limit (typically 1.27 mm)
generally is not permissible because of beam bending from

 electrostatic charges on the neck glass penetrating into



35 el ectrodes beyond a particular linmt (typically 1.27 nm generally is
hot perm ssi bl e becalse of beam bending fromelectrostatic charges on the
neck: gI ass penetrating into. -2--2$e space between the el ectrodes, which
causé< el ectron beam mi sconver gence. In U'S, Patent No. 4,370,592, |ssued
to R H Hughes and B. G Marks on January 25, 1983, an 5 el ectron gun is
descri bed whertdieh sRRcehetwesn sthe plectrodend WichocapieeL8EE OB des.
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cogrecting astigmatism requrre ., additional
‘parts, as wel [somghtttg n%me fspherigal Abexrratien o ﬁw‘etrléctm main

focus lens causes a slot effect astlgmatlsm that is

15 corrected in the electron gun by the addition of a

| horizontal slot opening at the exit of the second focus
and accelerating electrode. This slot is formed by two
parallel strlps, which prov1de a 51m11ar effect on all
three electron beams. '

20 - An improvement in the design of such a slot is
disclosed in U.S. Patent No. 4,388,553, issued to
H.-Y. Chen on June 14, 1983. In this patent, the ends of
two parallel strips that form the slot are tailored to
Create a weaker stigmator effect on the two side beams

W 25 than on the center beam.

Although these prior art stigmator slots have
proven very effective in correcting astigmatism, they
still require the two strips, i.e., additional parts, as
well as extra labor for their attachment to the electron

30 gun. - Therefore, there is a need for other means for
correcting astigmatism which do not require additional
parts and the associated 1abor requlred to attach those
parts to an electron gun.

An improved color picture tube according to the invention

35 has an inline electrongun for generating and directing three electron
beams, a center beam and two side beams, along coplanar
paths toward a screen of the tube. The gun includes a



30 gun. Therefore, there is a need for other means for correcting
astigmati smwhich do not require.gdditional parts and the’ associated Iabqr
required to attach those parts to an electron gun. An |rrproved col or
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FIGURE 1. 2fo the initial COPF&IGJJREa’Gia of atheagledtrordeadpal view of the G3 and
A el ectrodes of -the eI e(i‘ﬁ on 8 n, of FIGURE 2. FIGURE 4 is a front view o

an el ectrode of the el&f 11954 GURE 2 taken along.line 4-4 of FI GURE
3 FIQURE 5 is a fronFIGURE af ianad hﬁrazelmwpckﬁaﬁtly in axial

sectlon, of a shadow mask color plcture tube embodying the
1nvent1on. N _
 FIGURE 2 is a partial axial'section view of the
electron gqun shown in dashed lines in FIGURE .
20 FIGURE 3 is an axial sectional v1ew of the G3
and G4 electrodes of the electron gun of FIGURE 2.
FIGURE 4 is a front view of an electrode of the
electron gun of FIGURE 2 taken along line 4-4 of FIGURE 3.
FIGURE 5 is a front view of another electrode of
25 the electron gqun of FIGURE 2 taken along line 5-5 of
FIGURE 3. o ) | | _
FIGURE 1 is a plah view of a rectangular color
picture tube S;having.a glass envelope 10 comprising a
‘rectangular faceplate cap or panel 12 and a tubular neck
30 14 connected by a funnel 16, The panel 12_comprises a
viewing faceplate 18 and a peripheral flange or“sidewalll
20 which is sealed to the funnel 16. A three-color
phosphor screen 22 is carried by the inner surface of the
faceplate 18. The screen is preferably a line screen with
35 the phosphor lines extending substantially perpendicular
to the high frequency raster line scan of the tube (normal
to the plane of FIGURE 1). A multiapertured color



25 the electron gun of FIGURE 2'taken along line 5-5 of FIGURE 3. FIGURE
1 is a plan view.of a rectangular color picture tube 8 having a gl ass
envel’ope 10 conprising a rectangul ar facephate cap or panel 12 and a

t ububgr neck 30 14 connected by a funnel 16. - The panel 12 conprises a
viewi ng faceplate 18 and a peripheral flange or sidewall 20 which is seal ed
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30 into the re§ﬁé”bé§t£g61ﬂ¥n1§6a gggtgﬁggiégi%Xsté@eoggéuéﬁe.screen 22,
15 The initial plane of deflection (at zero deflection) is
" shown by the line P-P in FIGURE 1 at about the middle of
the yoke 30.  Because of fringe fields, the zone of
deflection of the tube extends axially, from the yoke 30
into the region.of the gun 26. For simplicity, the actual
20 curvature of the deflected beam paths in the deflection
zone is not shown in FIGURE 1.
" The details of tlhie electron gun 26 are shown in
FIGURES 2 through 5. The gun comprises two glass support
rods or beads 32 on which the various electrodes are
_/ 25 mounted. These electrodes include three equally spaced
coplanar cathodes 34 (one for each beam), a control grid
electrode 36 (Gl), a screen grid electrode 38 (G2), a
first focusing electrode 40 (G3), and a second focusing
electrode 42 (G4), spaced along the glass rods 32 in the
30 order named. Each of the Gl through G4 electrodes has
three inline apertures therein to permit passage of three
coplanar electron beams. The main electrostatic focusing
lens in the gun 26 is formed between the G3 electrode 40
and the G4 electrode 42. The G3 electrode 40 is formed
35 with four cup-shaped elements 44, 46, 48 and $0. The open
ends of two of these elements, 44 and 46, are attached to
each other, and the open endé of the other two elements,
48 and 50; are also attached to each other. The closed



20 curvature of the deflected beampaths in the deflection zone is not
shown in FIGURE 1. The details of the electron gun 26 are’shown in Fl GURES
2 through 5. The gun conprises two gl ass-S+«pport rods or beads 32 on whi ch
the various electrodes are 25 . nounted. These el ectrodes include three-
equal |y spaced copl anar cathodes 34 (one for each bean), a control .grid
el ectrode 36 ¢ Jof the rthirdyelemant 148 dis 38ttaRHed td ithe chosed nagpd
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extend peripherally around the recesses 54 and 56. The
rims 70 and 72 are the closest portions of the two
electrodes 40 and 42.
_ The electron gun 26 of FIGURE 2 prov1des a main
20 focus1ng lens having substantlally reduced spherical
aberration compared to that of most prior guns. The
reduction in spherical aberration is caused by an increase
in the size of the main focus lens. This increase in lens
size results from recessing the electrode apertures. 1In
25 most prior inline guns, the strongest equipotential lines U
of the electrostatic field are concentrated at each
opposing pairs of apertures. However, in the gun 26 of
FIGURE 2, the strongest equipotential lines extend
continuously between the rims 70 and 72, so that the
30 = predominant portion of the main focus lens appears to be a
single large lens extending through the three electron
beam paths. The remaining portion of the main focus lens
is formed by weaker equipotential lines located at the
apertures'in.the_electredes. The performance and.
35 advantages of an electron gun similar to the electron gun
26 are discussed in the above-cited U.S. Patent No.
4,370,592,



15 electrode 42 formrinms 70 and 72, respectively, that .extend
perlpherally around t he recesses 54 and 56. The rins 70 and 72 are the

cl os€st portions of the two el ectrodes 40 and 42. The el ectron gun 26 of

FI GURE 2 provi des a main 20 f ocusi ng Ieﬁ?‘haV|ng substantially reduced
spherical aberration conpar ed to that of nost prior guns. The reduction in

spherical aberration is gﬁu§§d an |£crea§e in the size_ of Ehe mai n focus
lens. This increase in | ens si 28 PFesBFt49PF ﬁFWécésglnga?K@mg &¢Fr ode
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is made for thrs . _ _
thereat. Such shaping and resultant distortion are such

15 as to at least partially compensate for the astigmatism of
the electron gun. Furthermore, since there also is an
astigmatic effect caused by many deflection yokes, the
aperture shaping can be such as to also at least partially
eompensate for the yoke astigmatism.

20 _ F;GURES 3,.4 and S show the details of the G3
and G4 focus electrodes 40 and 42, respectively, and of
the apertures therein. The apertures 64, 66 and 68 of the
G4 electrode 42 are shown in FIGURE 4. The periphery of
the center aperture 66 is generally circular with_two

/ 25 straight sides faeing the side apertures 64 and 68. The
center aperture 66 is syuunetrical about an axis that
passes through its center and is perpendicular to the
initial coplanar paths of the electron beams. The
perlpherles of the side apertures 64 and 68 also are

30 generally circular, but each has a 51ngle straight side
fac1ng the center aperture 66. The side apertures 64 and
68 are nonsymmmetrical about axes that pass through the
centers of the respective apertures and are perpendicular
to the initial coplanar paths of the electron beams.

35 The apertures 58, 60 and 62 of the G3 electrode
40 are shown in FIGURE 5. The perlphery of the center
aperture 60 is generally circular with two opposite
straight sides which extend parallel to the inline



10 astigmatismin the electron gun 26 of Fl GURE 2 by shapi ng each of the
apertures 58, 60 and 62 in the G3 el ectrode 40 and each of the apertures, A
64, 66 and 68 in the G4 electrode 42 to=di~stort a portion of ‘the focus
field thereat. Such shaping and resultant distortion are such 15 as t@*bt

| east partia l, ensat for he astignati smof_the el ectron gun.:
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apertures and are perg |cu e 1nit I"anair pat hs of the
el ectron beaRgnsymmetrical 3b°u¢héxﬁﬁeFF§Fe§a§§ t oygh theorenfers3of
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parai o to thbtEAtHeBlatts oatBs CBRCEhe eIk RHR, RE*BBar tur s, The
center aperture 60 is éyhheughceacabpanraofathe tbarepasadinghifacdhgi t s
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different shape, each aperture of the pair prov1des a
similar astigmatic correction. This is because different
shapes are required in different portions of. the focus
field to obtain the same effect. For ekample, the center
20 aperture 60 in the G3 electrode 40, whiCh is in the
COnverging portion of the main focus lens, is vertically
narrowed and horizontally elongated, and the center
aperture 66 in the G4 electrode 42, ‘which is in the
diverging portion of ‘the main focus lens, is vertlcally
25 _elongated and horlzontally narrowed. Therefore, an
" electron beam first pas51ng through the center aperture 60
in the G3 electrode 40 will be subject to greater vertical
convergence than horlzontal convergence, and then to less
vertical d1vergence ‘than horlzontal dlvergence when it
30 passes through the center aperture 66 of the G4 electrode
' 42. 81m11ar effects will be experlenced by the 51de beams
‘as they bpass through the 51de apertures, except that only
the 1nward portions of the side electron beams w111 be
affected because of the vertlcally asymmetrlcal shape of
35 the side apertures.
Although the’ present 1nventlon has been
described with respect to a compensatlon for astlgmatlsm
in tubes hav1ng expanded focus lens, 1t should be



of* the el ectron-beanms. The peripheries of the side 5 apertures 58 and 62
are generally circular, but with each having:two indented portions in the
si des”facing the ‘cent er aperture 60, which narrow the inside facing
portﬁdns of the side apertures 58 and 62 ~8-a direction per pendi cul ar to
the inline-direction of the inline 10 apertures. The si de apertures 58

and 62 are non i ut.,axes tha hr ou e centers, of the
respective ape?%ﬁgg%Ean §§§%pe SeRﬁffﬁ é RPXQP%&oPn g éﬁ&ﬂ ﬁgths of
the el ectron bsubhes haviogghtberhtypes of tindiner edepctmoinnguhscwherkin
apertures int QSm@o%ﬁ@rG@:yﬁleeSgr egﬁﬁeh§a(9,f.|.o§1u li§t ﬁ@te'd@ldl N g&%bl%hape,
each aperture of the palr provides a simlar t1c correction His is
because differ Ehe %H¥S€§18PemP¥qHPréBPﬂheélFPeF@nF1&§¢F99n§u0fhﬁﬁénBOGUS
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center aperturef6@eflechiotiyokestrode 42, which is in the diverging
portion of the main focus lens, is vertically 25 el ongated and
horizontally narrowed. Therefore, an.electron beamfirst passing through
the center aperture 60 in the G3 electrode 40 wll be subject to greater
vertical convergence than horizontal convergence, and then to | ess vertical
di vergence than horizontal divergence when it 30 passes through the
center aperture 66 of the 4 electrode 42. Simlar effects wll be
expesienced by the side beams as they pass through the side apertures,
except that only the inward portions.of the side electron beanms will be

af fected because of the vertically asymetrical shape of 35 t he side
apertures. Al though the 1present invention has been described wth respect

to a conpensation for astlgnatlsn1|n t ubes havi ng expanded focus lens, it
shoul d be




understood that the present invention nay be-applied to tubes having other
types of inline el ectron guns wherein sone other type of conpensation is

needed. For exanple, the invention9ﬂay be appLLeg_Lo_ggfggicLLon gun s
having a 5 symmetrical main focus lens to create an thin the &4
el ectron gun to bal ance overfocusi ng caused me deflection
yokes. -9- CLAIMs: 1. A color picture tu m,lm'ﬂ"!ne el ectron
gun for generating and directing three el ectron bedns? as er beam and
two side beans, _along initial 5 .coplanar paths toward-a screen of said
tube, said dﬂbﬁlﬁifudrng a main focus | ens for focusing said electron
beans, the main focus]JensAbeohgrfpxnedrbytuha haydag anednldoes each

havi ng thre e er

si de apertures éﬁrTB focus %éyéfﬁ é hgfs%tﬁﬁ ey I'ng a é;ﬁﬁ% era
rim the pehqﬂm,alarstmtor l@ﬂ@ntmdet\eetsadssbﬁamﬁngaémg otmérlaland t he
apertur eg pidd 1h o B aei:@&afads befaeﬂ%ghsala RRBRSS s38la from the

rim wherein each of ertures in eac sal d focus lens €l ectrodes
has a 15 sh&@?kqﬁﬁnih%t%ﬁ%% £0588 t 18ns ofornforysiag said @le@IFonR o at

| east parti ﬁe'ainsmnﬂ?é\sﬁéﬁnfﬁéc@é\ ﬁéﬁsgneihg ghirfeld Wyt iwo SPatddibe that
acts on an a socratﬁ el ectron bean‘ he si de ertures in both of said

el ect rodes RER %%Yl%%oalf‘rﬁ?%e’?ﬁaﬁ adD1ARe APF T %%ent er s of
20 the respatidrenirs) e e@stétr &peptdrar éndetpendide aperaures,i eddhl

wner o n Mo 1ot e fRekEbaBRe Fneang ok phFaeidd dh S

peripheral rims of the two electrodes facing each other,

and the apertured portion of each electrode being within a
recess set back from the rim; wherein each of the
_ apertures in each of said focus lens electrodes has a

15 shape that distorts a portion of the focus field thereat to
at least partially compensate for an astigmatic effect
within said tube that acts on an associated electron beam,
the side apertures in both of said electrodes being
nonsymmetrical about axes that pass through the centers of

20 the respective side apertures and are perpendicular to the
initial coplanar paths of the electron beams.

2. A tube as defined in Claim 1, wherein the \_/
center apertures in both of said electrodes are |
25 symmetrical about axes that pass through the respective
center apertures and are perpendicular to the initial
coplanar paths of the electron beams;

3. A tube as defined in Claim 2, wherein the
30 periphery of the center aperture of a first of said _
electrodes is generally circular with two straight sides
facing the side apertures therein, and the peripheries of
the side apertures in said first of said electrodes are:
generally circular with each having a straight side facing
35 the center aperture therein.



25 symmetrical about axes that pass through tJ:lﬁ_r.espee{—l—ve—eeﬂ{ er apertures

and aye perpendicular to the initial coplanar paths ctron beans.
3. A= tube as defined in Caim 2, V\/n-amelnth “Ml ﬁ“ﬂ t he center

apertdre of a first of said el ectrodes IS gen M th two
strai ght sides facing the side apertures therei n and % he per| pheri es of
the side apertures in said first of said electrodes are generally circul ar

wi t h each having a straight SI de facing 35 the_ center aperture therein.
-10- 4. A tube as defi-ned?i n kg A3 defideqd rP-’tI‘F'e]-?)b'PﬁbheY’996ﬁlphéhe

center apertup@r@pherycodndhel cediterelsrdriages 46 ﬂ%@é@hh)’ofl satigar with
two opposite s'(llral ht. sides, each extendin aral | to the inline 5
Bhe BRIAR

direction of Pfiﬁé aSeSEREIAL LY, £ té‘i‘l‘é"§°o‘P PRBLS5Pde
apertures in strdightosddef, saatteleecﬁe’rmhﬂﬁg Ppargklel atd yther inlane each

Senter ape t WRLERREAREN S GTv% RES RS APSLITRP notd ofie obeFheBFags fE
apertures i n thdi sédei apepdupresdiiculsaid sdedond f neaid retectnodést hce
inline apert Uﬁ@?g;é;éﬁ E‘lk%tl%'xﬁt ‘éraf‘ct{ %E‘u? Uad A d&htda Ao PEi6hAPEHOkGe

described wt hé ‘dra
sides of the side apertures facing the center aperture
which narrow the inside facing portions of the side
10 apertures in a direction perpendicular to the inline

\/ direction of the inline apertures.

5. A color picture tube substantially

as hereinbefore described with reference to the drawings.




