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present invention relates to cathode-ray-: tubes, and particularly to .
col or cathode-ray tubes of the type useful~7in color display systens. The[”
invention is especially appliicable to self-converging tube-yoke

conbi nations with cathode-ray tubes of the type havi ng pl ural - bean1|nI|ne
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, In one type of inline electron gun, such as that
shown in U.S. Patent No. 3,772,554, issued to R. H. Hughes
20 on November 13, 1973, a main electron lens for focusing
the electron beams is formed between two electrodes
referred to as the first and second accelerating and
focusing electrodes. These electrodes include two
cup-shaped members having the bottoms of the members
25 facing each other. Three apertures are included in each
-  cup bottom to permit passage of three electron beams. In
&x such electron guns, static convergence of the outer beams
with respect to the center beam is usually attained by
offsetting the outer apertures in the second focusing
30 electrode with respect to the outer apertures in the first
focusing electrode.

It has been noted that the horizontal beam .
landing locations of the outer electron beams, in color
picture tubes having the above-described electron gun,

35 change with changes in the focus voltage applied to the
electron qun. It therefore is desirable to improve such
inline electron guns to eliminate, or at least reduce,



-2- this horizontal convergence sensitivity to- focus voltage changes.

Addi ti.onal Iy, there has been a general ‘trend toward inline color picture
tubesiwi th greater deflection 5 angl es (4ngles in excess of [err]) in
order ‘to provide shorter tubes. In such tubes, it has been found that the

el ectr.on beans. PR oEr BX55651 V%J%&ﬁé&éé%ﬁéi&fﬂg%ﬁ%ﬁf@é@é%&? gd the

outer ‘portions of the screen. stortions are- 'y referred™to as
flare, appeariFRAMIPS- on the screen of the tube as an undesirable | ow
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el ectron | ens gfariies dvard Nend SSubdr iSof£ FSRENS £ VeRe f4@FGesli StOERON Of
the el ectron bgam spot whi ch extends fromthe spot toward the center of the
screeh.  Thi's CHATTARE ATR CIMIAEY ¢ FORERLCRCAT rE L35S « COPRERELRG
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-are desi gned t0 have a nonuni O Thcreasingly drve

the beams as tSROhoriSush flars |distortions carecieescat lgast 8o part,

nonuni f or i ty 1 Y& VBRSPS ke COPURIE PSR Pnd NSE OLBE 4OPTBEIBAN each
i ndi vi dual beam _Thus, the beam spots are overcpnverged at Eél

hoNzontal |y il thewekp Serthe beam s it s ush “‘gﬁ\slgl?i cally
ext endi n@ 5 | arel detidorfuse, aded bed ovhé htomwitfeimi bbedetn Bhe ysket. The
vertical flare,due hoth tpo. t ef s of the yoke's fringe field..in the
regi on of the %ék}?Q1€H%ﬂidHﬁ%$f%TnTcharacter of the yoke field itself
is an : - When the yoke's fringe field extends into the
region of the electron gun, as is usually the case, the
beams may be deflected slightly off axis and into a more
20 - aberrated portion of an electron lens of the'gun.. The
result is frequently a flare distortion of the electron
beam spbt_whichlextends from the spot toward the center of -
the screen. .This cdndition is particularly troublesome in
. 'self-converging yokes having a toroidal vertical - '
25 deflection coil, because of the relatively strong fringing
of toroidal type coils. | o o
_ . Self-converging yokes-aré designed_to-have a
' nonuniform field in order to increasingly diverge the
o ‘beams as the horizontal deflection angle increases. This
30 nonuniformity also causes vertical-convergence'of the
electrons within each individual beam. Thus, the beam
-_spéts_are:overconverged at points ho:izontally'displaced _
from the center of the screen, causing a vertically -
“extending flare both above and below the core of the beam |
35 spot. o L L e
: The vertical flare due both to;thé effects of
the_yoke's_fringe'field in the region of the gun-and to
 the nonuniform character of the yoke field itself is an



-3- undesirabl e condition which contributes to poor resolution of a

di spl ayed i nage on the edge and corners of the screen.., U S. Patent Nos...

4,513,222 and 4,523,123, issued 5 t o @&Ten on April 23, .1985 and Juneyl}l, .:
1985, respectively, each di scl ose screen grid structures for sinultaneously

reduci ng both Li_Zont en5| V|ty u ans of the inline
el ectron ganfig@ﬁ&'ca%&e\/(ﬁ rﬁ?rftr#e"%% ?# e%? li? er%ﬁ%f ¥19%Bn of
t he el ect rowfbeamls@lamtmagawmr@m esige sﬁnd,ucnqmlgrmtof iteea plurality

of rectangulgahedpots aligned with the screen grid apertures and fornmed in
t he surface f the screen gfld facing the control grid to create an

astigmatic field that YpSod¥atenhdasokdifordd? And e WV2cA3dn 1Rsedn the
verticak 15to Riheme o2 Aprillo 20 messRtghd Qruxwemerigwl FpEcEivd0f i ON.

Such a slot structure is descrlbed Pat ent 34,814 ssued to
Chen et al . e@ﬁs’Nﬁ}@ﬁa&s ﬂﬁﬁ‘#ﬂ?ﬁé“d‘ § £ rm@r%érb?%‘ﬁ ed in
US 20 Pxeducikg bbt‘.hl:ﬂ@:hmzomml zsexrs:rtniltxemmﬂemmeesl ots
formed on t Sy t:ggﬁ t r

conpensat e g aI"{""he o;t?l(séet%' Clle[)n vleftﬁiﬁ'l ?{m %%I%%é?% &t ron
gun due to ﬁ@éuéﬂ\ﬁol‘d&&‘d:é%ﬂ%arfd@ge mémmbmferfd@ #lactron hmed
closel yot o, ggot. anthe 'M%rdﬂdééd YBriduruy Q{tﬂpﬁé%%ﬂf‘aii‘@;{s&feen grid

and cause a refracti.on of the electr statlc bea at h beI he screen

grid and th&eARATHAR SL1F%I% eg%f}d!%% (RREFELERS cl osed
in Patent Nand4 fotdet2dntthe s faqeiof cﬁheclscnéat @iexuem 8% fornmed

asynmetrical] ut Ures 9 e f rode
side of the gglrt?éﬁ' II:"gieto rc?(?uce tﬁsﬂ %om@na}#&a‘:{ {%&/% @%#eﬁg%cﬁéﬁ??%wt
within the mﬂ#m@memgem@ dfedheelpgtron oaanm fmu@l&d&mla@ec@hanges ﬁré
circul a5 dephansl QA3 yar Q:oordiﬁdP%ﬁiééﬂé Sl AGask t@ﬁfhéﬁuffleésfﬁ center:

aperture of "t he scr.eén grid abovedescri bed, struct ave a pIurallty_

of rect angupéﬁté’lr&tlé’nal | YNGR @ A STENGEER gv§ fescribed in
- Patent No. 4,234, 814, -issued to Chen et al. on

‘November 18, 1980.
The screen grid structure dlsclosed in u. S
20 - Patent No. 4,513,222 utilizes a pair of reconvergence
- slots formed on the first focusing electrode slde of the
' screen grid to compensate for thé'pffset’fefractibn within
the main lens of the electron gun due to fecus_voltage
changes. The reconvergence slots are formed closely to,
25 and inwardly'frOm;'the outer apertures in the screen grid
and cause a refraction of the electrostatic beam path
between the screen grid and the first focusing electrode.
- The ‘screen grid structure disclosed in Patent
_ No. 4,523,123 utilizes a pair of circular depressions
30 formed asymmetrically about the outer apertures on the
first focusing electrode side of the screen grid to reduce
the horizontal convergence sensitivity, within the main
lens of the electron gun, due to focus voltage changes.
.The circular depressions are-precisely'displaCed'toward
35 the center aperture of the screen grid. ' _
The abovedescribed structures have a plurality
of rectangular slots aligned with theﬂécfeen'grid
- apertures on one side of the sdreen'grid't6:compensateffor



)

apertures on .one side of the screen grid to conpensate for -4- vertical
flare, and either reconvergence slots, fornpd inwardly of the outer
apertayes, or circular depressions, fornmed @symetrically about the outer
apertures, on the opposite side of the screen grid; to reduce the
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angl e of ~about ﬂﬁ%ﬂwﬁi%é? ﬂ%ﬁé%ﬁ%ﬂ&f&f%&ﬁf&sf&ﬁé Qs I to
recessed portion throudgh 20 Ich the screen gri'd apertures are forned.
The refracti on Hheh SRMFHIRS and A% ctthareiare heIMAMsR &0 conver gence

jsentsi L i Vi Eso FO'rrfdiﬁicﬁtilmiﬁqﬂ.ge THhada sldréarxdegrifd), @ﬂ{icﬂﬁtcéfl&ed@é thee fl ar-g
In upes avil n a e ecl.l on. an | N exce [0) err{ a slot,Ils superpose
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screen grid. THecisvtvwltrages ohasige caid yisliegmkky abbuinetpemsively grid.

apertures and. : dehadl 14 tci]ecg’hp&( pendi cul ar to the plane of the
apertures of the Inl'ine gun. “Such a con]frol- id structure is disclosed in

U.8-30 Patent No. 4, 53bSsPatentdip &,Eﬁe??qrw%‘i?e-t kgsuesd teceamdiekken
1985. Thi gsstr g Wie iMde 28 ades, fardbTesdd 4 heosddai sgiiy thev gt 4 ol
grid and of the recessed portion in.the screen grid, in order_to. reduce
Vertical flare TRRFITHCRNERS SARRTISANG & FIURRY FOLGOR HERTRed 3t
respectively. T peadfaoe ffacimy tHe tmairgrelscttdre lens. A peripheral
 rim, which makes an angle of about 63° with the surface of
the electrode, surrounds the recessed portion through'

20 which the screen grid apertures are formed. The -
refraction lens provides a correction for the horizontal
convergence sensitivity to focus voltage change. In order
to correct for vertical flare in tubes having a deflection
angle in excess of 90°, a slot is superposed on each of

25 the apertures of the control grid on the side facing the
screen grid. The slots are symmetridally~disposed about -
- the control grid apertures and extend in a direction
perpendicular to the plane of the aperturés of the inline
‘gun. Such a control gfid structure is disclosed in U.S.
30 Patent No. 4,558,253, issuedﬂto Bechis et ‘al. on December
' 10, 1985. - This structure requires precise forming of the
_ slots in the control-grid and of the recessed portion in
the screen grid, in order to reduce vertical flare and
horizontal sensitivity to focus voltagé-change;'

35 respectively. The precise forming of two grids, the

' control grid and the screen grid, -of the electron gun is

- even more expensive than the above-described screen grid
'.structurés providing both flare reduction and correction -



control grid and the screen grid, of the electron gun is even nore
expensi ve than the above-described screen grid structures providing’ both
flare reduction and correction of horizontal convergence sensitivit:

" changes in focus voltage. In accordanceSwi th the present invention, a

"~ cathode-ray tube has an inline electron gun for projecting 5 three electron

beans,. |ncIu I.ng A ce r beam and two out beam aths onto a-
ccreen. Tho G HPEiRARCAL coRTeEotaeh RensbE ELEY DB, FhRge R nih ek ot s on
beans, andvmlnugeol grld a screen grid and a main electron lens arranged
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beans. The control gri SCreén grid roh ns each
- have three @Mﬂp@yttub@ hasdanpinlineselectipeonsguy forecprejeapingure
and twg outa{réé%ié&@fon%ém meladﬂhans éeﬁtefsséaﬂ hoa gy&ctron

beans. The scre uncti onal I on I ch includes
the screen QHY&F eﬁ°ﬁ§y§ﬁ§?rpﬂ%aﬂ¥?ﬁcgsﬁﬁ§eﬁgans TR@GIWBT r acti on

| ens nmeanscoml &@yﬂﬁﬁnye:dxxnndexxnnrapsmprﬁwiﬂiﬂgltuﬁ;éné¢fwswerse|y

di sposed rcgtbﬁlhlanéy sh fl Th 3 gé haé £ th greater than the
spaci ng be PSR %ﬁg" gﬁ?m S, Creng 9k ﬂng{’ﬁ gﬁ@é’t‘er than : the
di anet er ofeleéatrgrerlenssatvanged ssuuqessﬁvelgngnhabignnentl withThhese

ref ragig on difedANge£ o UG Eaq Sch BUEEPEhLAARRO A CEBRRRIL O LI O

including a substantrall'y recta ‘cent r al iortlon and 25.
substantlMQR}QW|¥h@ﬂﬁ@¥¢9nsﬂ§$@da%ﬁd ﬁrFéln ehectrensienspeachohavas a

I engt h, exttaiidenGs ébédﬁaﬁ&ﬁﬁ? QiléﬁédehﬁéttﬁﬂeB?a&Bmpﬁisiﬁ sk eefkbensive
with the ler%‘{*ﬂ'bt t he sé;’)t g L ext Jr.ldl ng éubstan aII \J
ort hogonal & Oou %Feﬁ??ﬁq Bﬁﬁns SBB8EGN LR B BP%aF@F 30
t han t he vmprkdsnig tﬁae sébéctr&hebemssse‘ﬂheoscreem gridrhasnded by a
o PN o, SuBegh, Soela! Phgl g U SUeREe ShabbechgcgespdagELoD, The
aperture, mmemnteﬁa. tasmrggtmc ybGMpﬁqcuaungamegnsf anderefragtionn
proximty jens means. The asymmetric beam focusing means comprises
-a transversely disposed rectangularly-shaped slot. The
slot has a length greater than the spacing between the
20 outer apertures, and a ‘width greater - than  the
~diameter of the apertures but less than'the length
of the slot. The refraction lens means compriSes*a
transversely disposed recessed portion including a
substantially rectangularly-shaped central portion and
25 substantially triangularly-shaped end parts. The recessed
portion has a length, extending in the plane of the
electron beams, at least coextensive with the length of
the slot, and a width, extending substant;ally orthogonal
_ to the ‘plane of the electron beams, substantially greater
30 than the width of the slot. The recessed portion is
surrounded by a peripheral rim which conforms to the shape
of the recessed portion. The central part-of the
peripherai- rim is relatively remote from the center aperturewhereas the
triangularly-shaped. end parts of the rim are in proximity
35 to the outer apertures, thereby affectlng the
electrostatic £1e1d in the vicinity of the outer- apertnres
by t1lt1ng the £1e1d lines Vlthln the - recessed portlon. '




35 to the outer apertures, thereby affectlng the electrostatic field in
the vicinity of the outer apertures by t|| ing the field lines wthin the
rece&sgd portion. -6- In the drawings: "BTGURE 1 is a plan view, partly .
in axial section, of a cathode-ray tube enbodying the present invention.- 5

FIGURE 2 is. a partlal axtkal w of the electron gun shown in
dashed-lines. in FI GURE 1iﬁ Fﬁ%ﬁgkgwlsbgn enlarged el evati onal view of the

- screen grid taken al ong FIGURB-2 b8 & pURE vieW, PREt1Yi inamxéalar ged
section view Oseé{“_foﬁo ofSSrESEhG&edrE?kEﬁbal Qﬂﬂod&ﬁﬁ?gttﬂgggrgsgﬂ@z 3.

FIGURE 5 is an,enl a sectiion view o he screen”grid n along Iine
5-5 of FlI GURE anﬁﬂégﬂE 6 is an enl-arged section, taken along |ine 6-6 of

F|| GURE §| GSJ lR:Eugt rating ffimun_"r:doz 06 hhpaiﬁi'aleafiﬁhﬂ.oﬁebefwhi hfawhng taeg al
pl ane. | n_enlar ectiqgn,,t n_al on of FI GURE
illustrating f%%ﬁ%P?%ﬂ 3?8 %ﬁo eﬁ?r§ﬁ558§n$?ﬁ¢§ 68r%k§§?§ Ka FI GURE 8
is an enl arged eIevat|onEIGUREmBoisaaﬁOenlaegeddeéebaﬂmaaai UieWhefsmheen
grid. FIGURE 9 r e fat mbodi rent of the
screen grid t ﬁ%ﬁegﬁoﬁfiﬁ ESﬂ Si?ﬁ§|ébﬁg'§ 3 PSUEE&?QE 2 pl an view of a
rectangul ar col or 25 CEIGHEE 4a§stﬁBeeEbaﬁﬁedn§e§tgp§sgléﬂvéﬁoﬁb

conpri si ngoa r§§ié€ﬁubﬁidfﬁSEéhahfoﬁgnEhner4C4po£2F§GQRE gubul ar neck 14

connected by a rectangul n 16. The.pane ses.a Vv

faceplate 18 and a perlpﬁéﬁéﬁﬂfgaﬁﬁeaﬂre§}85ﬂ89Isﬁggﬁﬂpcﬂng 8gaFgg to the
funnel 16. A scseen §0id thker-abbng plhnepheb efr EEGURE Bs carri ed by t he
i nner surface of the fac @ﬁﬁ 684 s % eeﬁia degebﬁagﬁefﬁaﬂg yaQPh

screen with the phosp hor I Nes ex perpendi cu
hlgh/frequency1%§5tér5 of FIGURE 3, 1llustrat1ng formatlon of th

15 electron beam in a horizontal plane. _
.~ FIGURE 7 is an enlarged section, taken along
' line 7-7 of FIGURE 3, illustrating formation of the
electron beam in a vertical plane.

to the

: - FIGURE 8 is an enlarged elevatlonal view of a
20 second embodiment of the screen gr1d
FIGURE 9 is an enlarged sectlon view of the
second embodiment of the screen grid taken along line 9-9
of FIGURE 8.._
o FIGURE 1 is a plan view of a rectangular color
25 cathode-ray tube 10 hav1ng a glass envelope comprising a
_rectangular_faceplate_panel or cap 12 and a tubular neck
14 connected by a rectangular-funnel 16. The panel
comgrises a viewing faceplate 18 .and a peripheral flange
or sidewall 20 which is sealed to the funnel 16. A mosaic
30 three-color phosphor. screen 22 is carried by the inner -
surface of the faceplate 18. 'The screen 22 is. preferably
a line screen with the phosphor lines extending
'substantially-perpendicular_to.the high'frequencyfraster
line scan of the tube (normal to the plane of FIGURE 1).
35 Alternatively, the screen could be a dot screen as is
known in the art,, A multiapertured color selection
electrode or shadow mask 24 is removably mounted, by



| ine scan of the tube (normal to. the plane of FIGURE 1). 35 .
Alternatively, the screen could be a dot screen as.is known in the art. A
mul ti apertured col or sel ection el ect rodd-or shadow mask 24 is rem)vabl\‘)p« .d
“nmount ed, by -7- conventional nmeans, in predeterm ned spaced relation to

the screen 22. An |rrproved inline el ectron .gun 26, shown schemati cal ly by
dotted |ineSoRYeRtiORRL] Meansye iy Prederarmided snaced ke lakdon £q o

generate an«thélhlsme@ 2.0 An G o&@d@.ﬁ;&ﬁml%t&*;iﬂ_rh ezred smmhaFl ?;erE .
conver gent e o the et

i s desi gnedgf:&? 5‘“& gq% h’( #&ﬁiﬁﬁé\ ﬁc@% redt S such as
t he yoke 30meuntedt widhliyn thevmexk ddurtti rgg:naﬁad:meand i ot fairnslo 16 10
in the geig Jo\d \g}%rq 148 . ed, ;pg 30

subj ectg thgll?%?gg%ggglnsb%%g{s zlév%r dﬁ?al P orltdzor al cmagne 1ux which
cause the bPa¥bst $hyeashhdhe; siask 124 Lied the saraen 22r-espect|vel y, ina -
(rje]gtlt an?ul ar r?ster ovq*fhlet t roazem&m ths raéslﬂjnéapawﬂéﬁsé&Rgnht

efl ection (at zera ect i | i'ne . P-P | a
about the Tof o nagas Ths RFLSAIH Sike: (SHETHAS D Aot

t he defl ect sdh]emaumpatlug ishowime stln:frlomtdmg zdﬂm uﬁeclotltsmw ﬂumﬁ!]GJRE 1
FI GURE; R pr I n-.gun 26.
~ The gurllacon%# gg% ?‘e&%"?go?ﬁpg’ortﬁi r}ﬁ% "H'I h%‘ﬁhe%%% ous gun

el ectrodes #he F0keo38d subigsts [the rtéum dﬂ@mqo 281'!1-'@ etea&mnﬂesmﬁ t-he
el ectron guﬁo%ﬁzbﬁ@ Qdﬁtabﬁi"e%ﬁcecﬂw W%P%ﬁﬁ@rﬂhéwaﬁ!@rt&aééﬁ}ges 34

(only one of which visible in the 25 side V|ewof FIGURE 2), a beam
formng regf8k1&8 1d¥nand ¥ertigaldy i teFPeSiveid a it rden grid 38 (@)
and a main ebemhngnlhe:nta@m iosiery thef |§cs:tee‘m(zzs.l nertsd eiatirtoicel Ztma(xiB) a

o tone BY gREaEeR g Bt s B e rra UL L S Bntlal B BREUERA © O"°
al i gned wi t B-Pedpe FIGUREC dpladn @boayte rther mddri_e fef dhe GkeGBGnd I@ﬂr
el ectrodes Lomphhiewthas e Adte/aAt WM@e JLUHL Wef1ected beam
paths in the deflection zone is not shown in FIGURE 1.
FIGURE 2 provides a partial axial section view
20 of the electron gun 26. The gun comprises two}glass
support rods 32a, 32b on which the various gun electrodes
are disposed in parallel relationship. The electrodes of
the electron gﬁn 26 include'three equally spaced-apart
coplanar cathodes 34 (only one of which is visible in the
25 side view of FIGURE 2), a beam forming region comprising'a
- control grid 36 (Gl) and a screen grid 38 (G2), and a main U
- electron lens comprising a first focusing electrode 40
(G3) and a second focusing electrode 42 (G4). A shield
cup 44 is attached to one end of the G4 electrode 42.

30 - Each of the cathodes 34 is aligned with
respective coplanar apertures in the Gl, G2, G3 and G4
electrodes to allow passage therethrough of electrons
emitted by the cathodes. iThe"apeftures comprise a center
‘aperture and two'outer'apettures - The electrons are

35 formed into the abovementioned trio of beams 28 by
' respective electrostatlc beam-formlng lenses established

. between opposing apertured regions of the Gl and G2
electrodes 36 and 38, which are maintained at different




emtted-by the cathodes. The apertures conprise a center aperture and two -
outer-apertures. The electrons are 35 " forged into the abovenentioned trio
Qf be&@ms 28 by respective electrostatic beamforn ng | enses established
bet ween opposi ng apertured regions.of the Gl and G2 el ectrodes 36 and 38,
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44. As (& Bos & inegkektiren calloy gﬁnsz% nickeli and 48%: hronl)

gun invented byaM3m, H ﬂg}ﬁ'p&%’eﬂ?ﬁﬁt?eéewt gybthsh Qrﬁ@ﬂhhﬁk&%f%
GB2101397A. he el ecéﬁr on gun 26 differs, however, rom e el éctron

gui~of Morthe makerial (£ o ?T—.%“é@%? cEteel) empLoyedeton  kBE is
coi ned tasprofotmsarelddanides, (18 cdisposeéd wilehiﬁgtna (e):] émecaaeateuues of
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in the 28 in the prefocus region from the effects of the magnetic’
fields. The G4 electrode 42 elso_comprises.an-assembly of
two cup-shaped elements 42a, 42b, with open ends abutting.
20 The elosed_end.oflelement,42b abuts_the apertured closed
' end of the shield cup 44. - |
| .. As so far described, the electron gun 26 is
. similar to the electron gun 1nventec. by Morrell et al
.. and descrlbed in our putlished apglication :
25 GB2101397A. _ . The electron gun 26 differs, however,
from the electron gun of - - Morrell et al.
in that the Gl electrode 36 of the former is
coined to provide an effective thickness in the region of
the apertures of 0.1 mm (4 mils), which is 27.3 percent
30 thinner than the Gl electrode of the latter structure
which is coined to provide an’ effectlve thickness in the
reglon of the apertures of 0.14 mm (5.5 mils). This
prov1des a smaller spot size at the screen at high
-current. Additiohally,fthe1apertures'of the Gl electrode
'35 .36 have a diameter of 0.53 mm (21 mils), compared to the
0.615 mm (25 mils)-diameter=apertures for the Morrell
et al..struCture. .The present structure'also dispenses with



region of the apertures of 0.14 "m (5.5 mls). This provides a snaller

spot size at the screen at high current_ g_Additionally, the aperturés of

the Gl electrode 35 36 have a dianmeter of 0.53 mm (21 mls), conpared,(o L
the 0.615 nm (25 nmils) diameter apertures for the Mrrell et al. structure.
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i nt erposed gn each of the Gl apertures in the Mrrell et al. structure.
Wth referedde the Magyedd =t anhes*@‘“é?‘b’é?fode 38 has a first surface 50,
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sur f ace. e firs ace a,func i egi.on in whic
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di spose® recet]:aqm:lcaid \3-65,1 g aimpﬁcﬁsltnéﬂ.yhdlspasegnsdcondt barflaaee of the
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regi on 58, I'on” | ens nmeans co nter ali
a transver sdiny whighy sied Me@piﬂmtm beamhfeAusingl BERBS 3- 5, the

substanti al | I SE1956s Ql a center
aperture 62 dbu%ﬁttlv\s/ol%o t%ler@fa%oﬁe/srtfr es 64, and Gga éﬁ&ﬁ%ﬂ%ﬁil h%%)lgg%dt he -
" screen gri d Qb it | iR the Plbmd° ntheethree: surface

50, w 1lo theca"tﬂmm;eckqo.ortm éébori@rsmﬂfa@etsw atsonHasuef gaactionalhe 20

circularly-s re 6 6 r Qv de symyetric
pre-f ocusi né}g‘%e%?egclb" 'er1’td'brq'ﬁl?ﬁ£&§J h’eszrrg %éeﬁggﬁﬁgfzg eRsp el
securing rrerdmmrmngot amtestakiall yaftmsmrspbpsdnsppsddsp‘eseéselddes of

the & el ecg&q.% @ facilitate attachment to the support rods 25 32a,
32b. A peri phera r|m70 whi ch, conforns to the shape of the recessed .

portion 60 and is subdSarRheHT \ilFHWRES 325 t'ﬁB?eﬁBbSBéPﬁgallAYthl s \J
enmbodi mBNt  idighiladlydsiap et ascrsen ogt i @napertusekf mamddeu "ar eendert he

5??33528. b SpeThHE % AL TR cETHiERE 68 and 86’ hick exeddd
through the screen grid 38 and 1nterconnect the slot 56, -
formed in the first surface 50, with the recessed portlon
60, formed in the second surface 52. The

20 circularly~shaped screen grid apertures 62, 64 and 66
provide symmetric pre-focusing of the beams entering the
main electron lens. A pair of securing members 68 extend
outwardly from two oppesiteiy disposed sides of the G2
electrode 38 to facilitate attachment to the: support rods

25 - 32a, 32b. S |

A peripheral rim 70, which conferms-to the shape

of the recessed portion 60 and is substantially perpendicular
tnereto ,' being in this embodiment the rim of the recessed portion 60
itself, and surrounds the recessed portion and extends between the recess

30 and the functional grid region 58. The recessed portion 60 and the

' per'ioneral rim 70, comprising the refractisn lens means,

are symmetrlc with respect to the center aperture &2, but

asymmetrlc with respect to the outer apertures 64 and 66
In the preferred embodiment, the screen gr1d

35 aperture5u62,_64, 66 have a diameter of 0.53 mm (21 mils).

The lateral-spacing,'"g",'betweeﬁ adjacent pairssof

apertures is 5.08 mm (200 mils) center-to-center. As

shown in FIGURES 4 and 5, the recessed portion 60 has a



perioneral rim 70, conprising the refraction | ens neans, are symetric with
respect to the center aperture but asyme O|c wWth respect to the outer
apertyures 64 and 66. I'n the preferred embodi“ment, the screen grid 35
apertures 62, 64, 66 have a dianeter of 0.53 nn1(21 mils). The Iateral

spacitng, ~"g" n agj ace aRfkL! WA | Is
_ cgntergto centgrsh shgan' Q&EPEBEEgO&n Q% 51%§e ?5?5%%5 ortlon 60)has
a - 10 - | chgams," pér AR S0chme (493gmidsohangd anwidthy hd'w |"ec@@¢ns!ém;

of 12.50 ”W1(4Qabgthﬁilaﬂiyao!tﬁb@onaﬁeEb]theeﬁhﬁﬂﬁ'ﬁg %%Qﬁ%ﬂ@@t%bby
ort hogonal to éhe pIaEegof t he ﬁ&SCtr 50 mls),

1 o
measured at t h@®eéBnt 8 8lpm (4rQ B3ls t;ThB‘ePt?("}E?Qeth(‘%héi6:1?“6'-63:'extends
| ateral |y But wapekyuzbosR.3.. QﬁeﬁtetéEEeﬂlb@kt&bnnsopﬂatbhﬁssud&&:&ﬁlwhe

ot The enceuSfapRaby eBbBeod 3k B, 31t WA teR pbpoRaRE SHREL B
30 with 10 t hether ceokexl aperture, 62hko, fommsaasubathptuﬁﬂéwgularly shaped
with the apex eaceaﬁgggtarweshabaagabgrc&msBag%?m e?‘ggp%iﬁd% e RpesmOOLhly

curved and havin S) nmeasured from
the center of ESEHSEthHQrG&PEr59p§PFHré§ 8n9les. ©350f AROULD 39 Miltdde 38

has an oveoalIthblhbn&a&nealabnutaQe51tnnsCZQuﬁshahxlwnugh i s about 0.21 mm
(8 mls) thinngr thanlt scribed i 3? mentioned U. S.

batent No. 4 555i988018RTvapRRea WEER CRECRReK ol el BB By 60 1< aboui
0.15 nm (6 n1|t;1andularﬂyrshdpb¢ end0parssabeing smeodhilon curved raduces a
correspondi ng ﬁh@iﬁbeﬂ PREL LGN Zﬁu SG bﬁchGHBEgﬂﬁ§%%ls O%Qtﬂﬁgﬁured

outwardly from rst surfac transver .
redtangul arl y- §ﬁ9§e§h§lGFHEGrfanééchnOﬁhéhﬁuﬁ@ﬁ@éhéPegﬁméeﬁe@ﬁon5@4 of the

first surisce fHeh@2 eléctibde’ B8 has ah %5era§h0%hﬂ&kﬁhs@ﬂb&Q%bﬁdﬂﬁ . The
sl ot wi dth, h % S ?% ate éhan Eh dlaggw gf he aqgrtu v 64 66
and is dlspose b T aPF§ BoYELER 15 PERY% heds
has a | ength, thparthe, Gafeabcmroﬂé.Eﬁsmmubé@QymItﬁg abovementloned U.s.
Patent No. 4,520,292. The depth, aj. of the recessed
portion 60 is about 0.15 mm (6 mils) and is formed by a
20 Stamping operation that produces é corresponding elevated
portion 72, shown in FIGURE 4, which extends outwardly
- from the fi:st_surface 50. The trahsversely.disposed,
- rectangularly-shaped slot 56 formed in the functional grid
- region 54 of the first surface 50 has a width,_"wz", of
25 - about 0.71 mm (28 mils) The slot w1dth, L2y is greater
than the. dlameter of the apertures 62, 64, 66 and is
disposed symmetrically above and below the apertures. The
slot 56 has a 1ength, ﬂzzﬂ,_of about 12.50 mm (492 mils),
which is greater than the spacing between the outer
30  apertures 64 and 66. . The length, 22,;bf_thé slot 56 is
coextensive with the length, 24, of the recessed portion
- 60 formed in the second surface 52. The slot 56, a
_ described herein, is asymmetrlcally aligned relative to
~the apertures 62, 64 and 66, -in that the length of the
35 . slot in the vicinity of the apertures is much greater than
‘the width of the slot.. The slot 56 has a.depth, "a,", of
about 0.25 mm (10 mils) and communicates with each of the
' G2 electrode apertures 62, 64 and 66. While the length,




which is greater than the spacing between the outer 30 apertures 64 and
66. The length, [err] of the slot 56 is_coextensive with the |ength,
[err], of the recessed portion 60 fornBd1rn the second surface 52. Thgg W
sl ot 56 -as described herein, is asynnetrlcally aligned relative to the

t 6 Lt | engt f _the 3 .slqt _in th t
cperturee O AerlhaSRel b7Ln' Bhe! BEBLU, BleEiBe%B0, 18! Bheklobll shoL0
has a depthbei@gregﬁalotoabhetlén@ﬁhnnn 100ﬁ1th¢ zedesseduporitiien &0t h each
of the & ei&cééﬁdg??gggtgﬁgiagg 284 eﬂé ﬂa§he1hngEQ be [err], of

|
the slot 56 surface |sc oseg belng equal “to the
| engt h, [eriongesfthan tbeeggeusggdtpgntsgnlhntﬁblseemhe imen&ce 52, the

sl ot 565 ”BYWJ.tHoﬁﬁCdeéﬁséPQQSfféEﬁﬁlnlghEhée Gi?@i‘mﬁﬁ&b' 8% kRet his
enmbodi nent w t hout, adver_sel f orpance of the
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second enbodeseribed bétow? el ectrode 138 is shown in FIGQURES 8 and 9.

| dent i cal structural _ eAted pr.ef exed by
e hiber one. ‘e, sRERERA #ibpaPhehfroteEAggs TRIdLERRLe 16018
substantlaI$b°WﬂehB|E§GUREStﬁeaGQ 8Lecidensigal GXCupturhéteﬂhmea§$nnetr|c
beam fpgusi g ﬁﬁénéegaﬁﬁréﬁbB&1hHﬁtSHEét?EEE@&%& B?CEﬁgggggbeé'Qhe156 B

formed on the sane ectrode as action | ens '
means conpriSi FROYReIRELCURE Bor Hh8nG26618RY*PAE RéPi ABeral rim 170. The
ends of thesabotanbbadly sdenthtulcuoveHet g2celketiode B8Be eadeptof the

e ang i cEhet EAOSKk A ERs BP0k an" ko LIS ECRRAAL BObEIB LA e o
el ectrode 1Sgbstantiballiyarectangulaz slott i58eisgformed Gh &hecsamge 138‘*4
- posi tipged éﬁdéh&fe£ﬁété2“eﬂ88t§8déhik EP@ sk@ gaéigoﬁ”gehgemééﬁﬁssedTh

portion 160 are directed toward ectro e
oper at i on' oFORPELIEiIRGt FBA Eﬁﬁeiﬂeﬂnpprﬁé°ﬂe§éplﬁéé henpexdpberado rdfe of

the outer elpglronh&eaniis28fWehehspagseset BreughobitBlgucarved eoect rode
aperture conform to the radii of the apices of the triangular end
- parts of the.reéesséd,pOrtion'160,-which for each end is
20 :© 1.17 mm (46 mils). - In all other respects, the G2
electrode 138 is identical to the G2 electrode 38. The G2
electrode 138 islpositioned_in'the'eiectron gun so that
the slot 156 and the recessed portion 160 are directed
toward the G3 electrode 40. '
25 The operation of the electron gun 26 will be
described with réspect to one of the outer electron beams
28 which passes through the outer G2 electrode aperture
66. The.GZfeIectrodé 38 includes, in combination, the
_ slot 56, which provides an asymmetric beam focuéing means
30 for reducing flare distortion, and the recessed portion 60
with the peripheral rim 70, which provide a refraction
lens means to reduce the horizontal convergence
~ sensitivity to changes in focus voltage. As illustrated
. in FIGURES 6 and 7, electrons emiﬁted from the cathode 34
35 are focused to a crossover by the rotationally symmetric'
electrlc field hav1ng converging field lines 80 which dip
into the c1rcu1ar Gl aperture toward the cathode As



'66. The & electrode 38 includes, in conbination, the slot 56, which
provjdes -an asymretrr C beamfocusr ng nmeans 30 for reducing flare

di stortion, and the recessed portion 60 with the peri pheral rim 70, which -
‘pr ov\de a refractlon | ens means to reduce-X2we horizontal convergence :
sensitivity to changes in focus voltage. As illustrated in FIGURES 6 and 7,
el ectrons emtted fromthe:.cathode 34 35 '~ are focused to a crossover hy
the rotati onalShpway dretFIGURES & rand f1.elan mﬁmmwa@cig:ic efikld nies 80

which dip int dHdd lefh Ly
shown i onI GJ%%H&;%@ %n%%??ﬁﬂll?il ectérjlsfsufel e dis esﬁsﬁ'l s‘h %gca%

the beam entr &2 @pentyre 6§, because @f tthe egkanguiar égot
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conver gents el S i n,a.harizont ne, t han it does on co ent
el ectronsts 3'%\/ ﬁofélz%% lRé‘%H%WP% Hagsrens cAnvETS qhfes
82 of this asﬂmm&ecrth.radldp]mneeh lie in a horizontal"’ pI ane produce a
slight straightening of SHoWaE i r y .
relatively narrow cr ossovgler ang tlrn gecause egf ﬁ%r%l%metl ?‘ q'h eq ot ‘56,
the field |in®&f &hig esmlma@rlq §1ﬁ4@:l ahich e :aper thﬁremtaﬂarpltamq.he |

right of the %m'aee stiedytendng B YR lel diﬂt(@ati@litay% 23
nm bet | ectro 36 a the & el ect rode 38,
di fferen | s S8 88 IO P Iayreﬂ'&é:rlé@&ty RAF A FRESAYSRT éd\&ri@sel y

affect the el Beanseb efinthéh asymmetryn of ajhrcislidte$6,athéd Iﬁﬁ]rcﬂtledaeswr;

FI GURE 6, sho 0 a i | GU 7..shows
a simlar_ vi eg \/\/Eg-rell“Et 18 | vg é{on?x?oief% éthq:qu &%@e '[%e 5%&

figld, which Fighithof thet iapsirtyrere howeyemr destengs o £ theedmaldn t he
field lines 8%paeqngt Zs%ou&r @d%enar )S betR@n fired Q;lt A dtidae edugRa b

the fiel galrne | t, the out.ernost el ectrqn rays 88 in the

vertical =gl an nﬁ@r &&egtz:gde FReat®issAififgensends alectuan ondically
conver ge Wit hlmpet\t:eptﬁ.lbald AN doeeS HRLE advRYisR 10 of fcts X0 le et iRl

beam. . The electron trajectories, as illustrated in
FIGURE 6, show the outermost rays 84 'in a horizontal
plane. FIGURE 7 shows a similar’ view wherein- dlverglng
20 field lines 86 of the astigmatic field, which lie in a
' vertical'plane,'are more sharply curved than the field
lines 82 and, thus, produce a stronger field than that
produced by the field lines 82. - As a result, the
outermost electron rays 88 in the vertical plane undergo a
25 greater straightening, and, therefore, converge with an
_&J' . even shaliower crossover angle to a crossover farther
forward than that experienced by the horizontal rays shown-
iﬁ FiGURE 6._ The result is a twd-part_beam'crossover,
:defined'as,having a first line crossover 90 of the '~
30 _horizcntailyjconverging'rays and a farther forward
'creSSover 92-of the vertically converging raye.
The slot 56, -which communicates with each of the
G2 electrode apertures 62, 64 'and 66, thus produces
~ composite beams having horizontally converglng rays which
35 'are_foéused to a line, or elongated point, on the phosphor
: screen 6f'the tube, whereas the- ‘vertically converging rays
are underfocused and actually converge to a line, or
elongated point, beyond the phosphor screen.



forward than that experienced by the horizontal rays shown in Rl GURE 6. The
result is a two-part beam crossover, defined as having a first.line ..
crossover 90 of the 30 horlzontally cdﬁverglng rays and a farther fo;mard=.
crossover 92 of the vertlcally convergi ng rays. The slot 56, which ‘
comuni cates wi'th each_of the & electrode apertures 62, 64 and 66, thus
produces conposite beddshanghnghgopileskran pPeasnFbod AF thes opmter 3 are-

- focused to ghei B@reéh ﬁhenaageéaternber%&cfahedﬂh@h@i@h TWaeen of the tube,
wher eas the ver gy converglng xﬁ re under,focyse andcgﬁt |y
converge to gr%FHE ab; dipgRgAPD BHF e PBRSERE Jifod &591 - 13
- Al though béamebroSsesebeaonsast1&tphbsesethmbugh mme ‘saieefdous a greater
Verticak o fegs, 0f bhonpReleel e daTRiBkitoda! Wi WOR € LS 1Tue of

t he beam cross- §ect asses through t mai N lens, i.e.,
bet ween t heetgctrederéde 26 gua. GATbBQEbrbGGamﬁe off tthe gmalleThere,

because of ébssga%keangnesiﬁvehea%h:%walt bm&ert ke elledtort HRad ectron
beam has a i cal dinmensign. As a result, any

er v 1 Z0
defl ecti.on 5?stﬁesﬂéiﬁrf’6f vex Fl§a&u ?‘Hé' iggntad, ﬂ&g\el‘?&%e f*‘\sel%l in the
vertical direstlop dagsdefleetisnyefeitheabean dﬂﬁabﬁ@ndtw e dHee beam

\C/Ig(ratS [ gg#’ fl af%ﬁéﬁéal %Xk{ﬁgkgﬁ'ﬁgilﬁb% g’%%tg'%ra&l ?1 g lal%tﬁse&?-qmsm nce
t he conposi sevonehn sffect ther heamw;i sincey blnndhe@anmegemé: imoveh @S
vertical plgpgyyt ﬁtﬁugﬂér sse&%&eacso%%ﬁn%et e qrex{é“e @hid cal

overconvergence e yoke fi exerts.upon.thé beam “Accordin Iy the;

vertical fl¥eEtigainfipsee HﬁdtBeFHW ﬁﬁénaneetwekebé&mhanﬁ1t
positions on the scremorebvez). smt:emthleceohbbsrzwm,m/is shown in FI GUIi’EJ

The' (o181 cotpbrRCTaTinat kY " uhiaBr LRk BE ol <2 AN FnelvBlkissRl, H%E 1" e
present gunthat uhéeuconuetgenGEWeompensa@@s for the vertlcal _
overconvergence which the yoke field exerts upon the beam.
Accordingly, the vertzcal flare, both above and below the
electron beam in off-center pos1tlons on the screen, is
20 significantly reduced.
_ ' As shown in FIGURE 6, the field lines 94, Wthh
lie in the horizontal plane, extend between the G2 _
electrode 38 and the G3 electrode 40 of theielectron gun
26. In the present gun 26, the distance between the G2
25 . electrode 38 and the G3 electrode 40 is of the order of
~about 1.22 mm. The asymmetric shape and the depth of the \;)'
recessed portion 60 of electrode 38, as well as the
proximity of the perlpheral rim 70 to the outer aperture
66 and the voltage d1fference between the G2 electrode 38 .
30 and the G3 electrode 40, produce a refraction lens which .
' ~affects the electrostatlc field in the vicinity of the
outer electron beam, by tilting the horizontal field lines
94 within the recessed portion 60. _
1f, for example, the focus voltage on the G3
35 electrode 40 iszmade‘more’positive,.and'the potential on
 the G4 electrode 42 is unchanged, then the G3eG4 main
electron lens is weakened, and the outer beéams tend to
mlsconverge outwardly.- ‘At -the same tlme, the increase in



field in fhe VICInIt

25 el ectrode: 38 and the G3 electrode 40 is of the order of about 1.22 nm
The asymmetric shape and the depth of the_ggcessed portion 60 of electrode
38, ag well .as the proxinity of the peri phéfal rim 70 to the outer aperture -
66 and t he voltage di fference -between the & el ectrode 38 30 and the G3

el ectrode 40, a¥6fﬁéé£tr8fatfvé el Eﬁ a%ifgas béénékﬁitbﬁstﬁé'éz
outer electron beam ti,ng the horizontal .
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the sanme t5%ne, fiabdlhrnease4|oause tHe dnténcelectrOngeamlublve to the
‘fixed potenti e e e e ctLan.
The electrostgélg Hf%£¥% é@g&%?gﬁeéﬁwéﬁd gg& %gdef§§E§oé ?Eaﬁ hg

el ectrode 40 |%hethewg$ypasgt‘éh:@ugbothﬂaepentuses incthe| GRcelegtsadse t he
outer electronsbeanraﬂsheaséOﬂéaéhuwﬁOﬂﬁergcukﬁwerd the Eéfraétﬁbﬁcléﬁa

beam as the beans: pass throu ge ert es Ln the ﬁ Thi s
case i s shown PHARRF 6°°Wﬂgn?§ f2ctPhbn %n@lﬁﬁﬁﬂgetﬁﬁgcﬁoﬁ%ﬁ sﬁFEErFor
t he n1sconaergeﬁthlnhaheomaﬁnseléctrnnthensthe mai n el ectron lens.
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electron'lens is strengthened, ahd o converge
i nwar dl y. * Si mipeskhtibve) ythe H33de4 reain ehecﬁsonoéeasmst §§§e§9tbﬁ§e§5 G3

el ectrode 40 rfnéltﬂé 6@téfebéaﬁ§dtéﬁdeﬁb'ébn@ér&@elﬁaaﬁdﬁﬁtFOde 38 weakens
the G2-G3 | ens on so that the field lines 94 are | ess ron

di &erted, ands}%% bapepusi¥ct FhR ﬁ%ﬁﬁﬁafﬁnant ﬁ1§88H§eV8 BgFm€¥dt9efrom
t he cente15beaosaéleotrbaebeanrepasﬁvehtoughetHexeuepbnenslam 28 thehg2®

oo 30 ALfREboR A6 brbReblcbuh 65565  FELOACEEER HB Eha Betes @
- field lines 94 are less strongly distorted, and the outer
‘electron beams tend to mlsconverge outwardly from the

'center beam after the beams pass through the apertures in.
. 20 the G2 electrode 38. _ : : .
_ _ . The net effect is that the. refractlon lens means
prov1des a compensatlng field between the G2 electrode 38
~and the G3 electrode 40 whlch offsets any changes in the
_ main electron lens, i. e., between the a3 electrode 40 and
25 the G4 electrode 42, caused by focus voltage variations.
o ) - As shown in FIGURE 7, the field lines 96, which
N~ ' 11e in the vertical plane, are symmetric with respect to
aperture 66 so that the three electron beams are
unperturbed in_ the vert1ca1 dlrectlon, because of the
'30_ vertical symmetry of the recessed portion 60 and the
| 'substantlally greater spacing between the aperture 66 and
thée peripheral rim 70 in the vertical direction. Thus,
‘the refraotion lens means affects only the horizontal
- convergence of the outer electron beams for changes in
35 focus voltage. The strength of the abovementioned effect
Cis gouerned by the depth of the recess 60, the radius of
the triangular end parts and the field strength between
the G2 and G3 electrodes. The field strength is defined



and the G3 el ectrode 40 which offsets any changes in the nmain &l ectron
lens, i.e., between the G3 electrode 40 and 25 . the &4 electrode 42, _
caused by focus voltage variations. As=3fown in FIGURE 7, the field |IQ£’S

96, which lie in the vertical -plane, are symetric with respect to aperture

66 ,so that the three_el ectrqn beans are unperturbed in the vertical
direction, B&c veitage s3ffepence; he t:leP & sdasF

and tEe slubattartltiteal by g:heamrstem rtgxetz@bmetxhe anﬁr se}tﬂ‘raulﬁtlhe _
peri phera rt|c ion er tion |ens :
means affec%?%g'% O?hgi’ﬁ or?\?g @ﬁtrf ortyﬁreé e tron beans
for changespempheraﬂ.omm \7@I tmge:emoﬂed sﬁrmng:the autier apervonmEg itthed
effect &s ¢ r f R

i1 anguPar ooy 88 ?’éa 2 R oRldd st B 0 addion Hile' pind

el ect rodes. theec edegty Pe% | s defi ned as the vol tage difference -

between the @ and G3acldalilegdes fiedtdebdutrs rmdrereaméme@at ween. The
greater the radius of the tr.i ul ar th ar. e. peri pheral
Dm0 it EHESEIoR baan HGHL Pasdes hsousl e G, Fletiradier | ho

recess nust aperttaref 6dct the pat hs of ‘the eI ectron beams A simlar effect

ol cot A8 LB&?E?Z%&%?& i SRR LRRANRE O KRRy

sl ot 156 i slpga¥edd osn thege mgéhwttaayesgrdfeqﬁ ﬁh@e@@lmlﬁ% t he

el FtCt rons apem!emh@awml e favrﬁ%é;o \ﬁéledﬂty W aitide
VO age on

h el ect sequent | S | C beam focusing i s
weaker in 13n%1t‘1ﬁ€c§e8 n%’ii’@rrﬂgar at'r\g‘er s I‘?@%‘T% S1bodi ment, where
t he sl ot  56Conskequentlyn tthe Iasmrdtxagebaaﬁe ﬁm‘cuslmgﬁselvmztkezde.r% andJ

wh d
ti rertreel ?r'g'?h:lteﬁg m%egt%fﬁr %F'bolﬁéﬂe#g %{)aéfa ¥ on off?ltr‘ﬁr%ﬂ r% ron %%r:s 20 .

descri bed a@b@esfloﬂ: Bl 182 foroed ot the 'lomedtage@idaiaf IherlR 138,
each of whi ghectrode 38, and where the electrons are travellng at a

lower velocity and spending more time in the asymmetrlc
field. The operation of the refraction lens- 1s as

20 descrlbed above for the G2 electrode 38.

' ‘The G2 electrodes 38 and 138, each of whlch

includes -a single asymmeétric beam focusing slot 56 and
156, respectively, extending across all_three'beam"forming
apertures and aligned with the refraction lens means, are

25 superior to prior structures, such as-those'described in

| U.S. Patent Nos. 4,513,222 and 4,523,123, referenced
above, in which a discrete beam focusing slot is formed
around each of the apertures. Misalignment of one of the
slots in the prior structures, relative either to the

30 aperture associated therewith or to the refraction lens
means formed in the opposite surface, produces'an'uhwanted
misalignment of the electron beam. By forming one
asymmetric beam focu51ng slot which extends across all
three apertures and accurately aligns the focusing slot

35 relative to the refractlon lens means, the problems
encountered in the prior structures are allev1ated

S on 60:

2l



includes a single asymretric beam focusing slot 56 and 15
extendl ng-across all -three beam formng apertures and ali 34"!;" ,m MI’
refrgction | ens nmeans, are 25 superior to prior structures,* sdchiasst
descr ed in U S Patent Nos. 4,513,222 armlér523, 123, referenced above, in
which a di screte beam focusing slot I's formed around each of the apertures.
M,sal i gnment of one of the slots in the @ar structures, relative either
to the 30 perture-associated therewt the: refraction | ens neans
formed in thé opposite sukfdger, mm@eeﬂaoaa-taw@ﬂ&@ ﬁéh maggf t he

el ectron beam r 0, I.n h_ext ends
across all threséﬁ?/iepéetgt%%&egargnqgl ura e‘%y %% f‘?é l%ﬂfscf 1%?
relative to thelegtran |Qﬁﬁﬂ%nslnﬁia*¢1n9 He @MEM@MtB{Qmut&I he
prior structur gfess, alldhd B&dh paths onfo daidlscreen, sdbn SLALAB 1. In

or for a catglode ra]%/ tube conprising an image screen and an inlrne el ectron
gun for proj ect 4RI 2| ect ron beans, incl udi ng a center beam and two

out er - beans,. al ong beama patﬁwwséﬁcwéjpﬁamﬂ rﬂé&&ﬁlvgu&téc& g i Si ng a

cat hode struct YL aeg)éll_cginl respectlve sources of t el ectron eams
control grid, a -screen gri ™%nd a nmain electron |ens arranged successwely .

in alignment with said 1® smnml fgrld.o@ﬁc@esralgﬁrm,ecand)ra blam's sal d
control grid, %&'éct&‘i{r?eﬁr%’ |ty Y & AhdE Y RIS P L 1 16

t hree spacedI@part al i ge apertures conprlsing-a _center- aper ure an vvo
" outer aperture§°‘éﬁ°§ﬁose 9 fé"iﬂ% LD e GlFam daamsot rﬁ?fi-%é%mttroslal

screen grid 15drd,ngaad Weddemnajridl, c&:fcraq;airu lmw@lfebﬂﬁ& SR edby d
apertures, asy 1] eam focusi s f.ar uci ng flare distortion,
and—refraction rﬂlq?re \ﬁf?é?‘:@‘ﬂ%p%% cf q5bc‘i?§‘?9ﬁj'~§1‘é%§
conprises a trmagenntmmm r‘ceraang:ldzaraigertures disposed in a
plane for pa351ng the electron beams, said screen . grid
_15 having a functional grid reglon 1nclud1ng the screen grid-
-_apertures, asymmetric beam focusing means for reducing
flare distortion, and refraction lens means; wherein:
' said asymmetric beam focusing means comprises a
_transversely disposed rectangularly-
20 shaped slot, said slot having a length greater than the
spac1ng between the outer screen grid- apertures, and a
w1dth greater than the diameter of the screen grid.
apertures but less than the length of the slot, and
'said refractlon lens means comprises a
N2 25 transversely disposed recessed portlon including a’
substantlally rectangularly-shaped central part and
;substantially triangularly-shaped end parts, ‘said recessed
portion having a length, extending in the plane. of said
| electron beams, substantlally coextensive with the length
30 of said slot, and a width, extending substantially
-orthogonal to said plane of said electron beanms,
-substantlally greater than the width of said slot, sa1d
"recessed portlon belng surrounded by a peripheral rim -
whlch conforms to the shape of sa1d recessed portion, the
. 35 central part of said peripheral rim being relatively remote from sa1d
center aperture, and the triangularly-shaped end parts of -
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20 shaped sl ot sald slot having.a length greater than the spaci ng between
uﬂlg ﬁ ﬂﬂ &ﬂlgrld apertures, -and a widt-h greater than the diameter of

t pertures but less than the Iength of the slot, and saigi .x

refraction | ens. means conprises a 25 trdiBversely di sposed recessed portion

~.including a substantially rectangul arl y-shaped central part and

substantially triangul arly-shaped end parts, said recessed portion havi ng a:
I ength, "extending in the plane of said el ectron beans,, substantially '

coext engi Ves%t'lh rtlhlebbﬁ.iﬁt Rn3 @ rWxidditdy Sﬂd)tsaﬁi‘%\f’té’! Cﬁﬂhﬂiﬁfé@' ng

~ substanti al | t.0 sald plane of said electron beans,
substantlaIF§ ege aig%%?ﬁ M?Qﬁr9§§§F¥ﬁ(ﬁle¥gukpr¥ﬁ%ssﬁﬁﬂ$k$Ylon
bei ng surrouﬁdtﬁebputemebehhepdthsIbyMuxﬁtxnyﬁtHeﬁfiéldfEaﬁéﬁpﬁlfﬁlﬁald

recessed po n ] part of said peripheral rim being
relatively %é%gtge%?§§§§a§§E§@%¥Er aperture, and the triangurarly-shaped

end parfs of- * C L M-S * -17- 1 said rim
being in proximty togzsajdnQUi&ior@PRy ttdl Efaimt DT e da6t t
el ectrostatic field in thed‘m&lmrﬁtsﬁi elonuter l%)ehfrﬁfp%t?hé% tr?trng t he

field Iinesh@St @i Aepgth %@@%%ﬁ.% Iengthn ofifald FereRsed claim 1,
wher ei n sai gogtabnhas .a l.ength greater than the |ength of said recessed
portion. 10 . 3. A gun according to claim-1 or- 2 wherein said slot
is formed in one side of said screen grid, and said recessed portion is
fornmed 1A the opposi te.srAie;uafamrdlm;:lteecfnagmqurZk&lereln said dldtgim

‘according t%oﬂn@dmln gh% yisre' F 3% %&eﬁ]gzﬁ essasle&i éé%ggdare -

formed int samne”si ali d screen gri a ca e-ray

tupe conpri BPAGigR dsafermed dar dde mmﬁmlsm afecﬁaxm SRFeeD O
proj ecting ghi@e el ectron beams, -including a center beam and two outer
beans, al ong beanrpaths onto sald screen such a gun.

15 : 4. Aqun accorqu to claim 1or2 Whereln said slot
and said recessed portion are formed in. the same side of
said screen grld. '

5. Inor for a cathode-ray tupe comorising an i'_nage_
20 - screen and an inline electron gun for projecting three
electron beams, including a center beam and two outer
beams, along beam paths onto said screen, such a gun
comprising: ' | '
a catnode structure providingy respective sources of
25  the elef"cron beams,
a control grid, a screen grid, and a main
electron lens comprlszng a first focus electrode and a
second focus electrode arranged success1ve1y in allgnment
. with said sources ' for focu51ng said electron beams, means
30 for applylng approprlate voltages to said- control grid,
said screen grid and said first and second electrodes of
said main lens, said control grid, said screen grld and
said main electron lens each hav1ng three: spaced-apart
aligned apertures comprising a center aperture and two
35 outer apertures disposed in a ‘plane for pass1ng the
electron beams, said screen grid hav1ng a first surface
directed toward said control grid and a second surface



conprrsrng agcat hode structure providing respective sour
~electron beans, a control grid, a-‘screén grid; and a mai mm’gﬂ m""m\&m
corrpr%r'srng a first focus electrode and a second focus el ectredetars a
succeSsively i n al i gnrrent with said sour€ps- for focusing said electron

beans, neans D, I n roprJ ate voltages to said control grid,
sai d screen %Foé" %ﬂ‘g §£ A RLR QIRCITUL I eRfs SA1A Forean raTids,

Sﬁl d controld igraldidiveg ca stuseti gial @f&asﬁéghmlm@iﬁiﬂ@ﬁ:ﬂ@@cﬁé’&h gaVI ng

t hr ee space apert a. center —aperture and two

35 outer 5 ure?%sr%gséei'd W%ﬁéjh ci?n% TP et beans,

sai d screeﬂ g-’rer fraabion kens rmamfvelmenmect ed tovvard sai d control gri d -

and a secgnd surface sa,g@ adiinfdt St RN o?ﬁiéiﬁéﬂéﬁl§cé ngﬂr q Said
‘ ' ng .t he screen gr

screen grid i ncludrri% rrﬁ}ftronal rrd regi on I nc i d
apertures, a egéé ¥-shapaed &laterfomedsin
wherein: 5 said firstsaurfsseres rsadamdﬁicaﬁlnq;rm&%gi@mrﬁoses a

SurTace of CHIPRORE o oS Yedh SRR TeR (2 Peupt B e thad o1 ossover

(as herein defdidedlotdavingta hkength egztem@m @laaattehe tﬁp&cim spaci ng 10
between thg Hdilect IR0 Qitlr AR e P Iubdr idap the |
0 an 't h eng

di amet er the screen grid apertures the slot, .
the screen gEr@adsar tthaly the rﬁg’-@%ﬁfsﬁ%rﬂﬁ dihe sgresn grid sipgreines provi de -

Symet ri ¢ pr duftodess & Hin e DEsHEtIeBRIHY SRid, ndid). sér%éﬂ jon |ens,
and said refraction | ens neans. conprrses a transversel fosed recessed

portion for me@PETUESasy Redng Suhstantd afl iéeﬁdechJrﬁf‘f]rib'rﬁi?a e RFIHde
prowr de a cowﬁm Priesl £bdies MR o 5 itk WaLed efitiskiang seidl ddist 20

focus ele nein electron lens to offset any changes- |n sai d
‘mai n eI_ecﬁS F§%§°§§i eéﬂs'byﬂ?éarr ations in

said refraction lens means comprlses a
transversely dlsposed recessed portlon formed in said
- second surface of said functional gfid,region to provide a
compensating field between said screen grid and said first
20 focus electrode of said main electron lens to offset any
" changes in said main electron lens caused by variations in
focus voltage on said first focus electrode, said recessed
. portion including a substantially rectangularly-shaped
 central part and substantially triangularly-shaped end
zs'parts, the apex of each of the triangularly-shaped end
- parts being smoothly curved, said recessed portion having
. a length, extending in the plane of said electron beams,
substantially coextensive with the iength'of said slot,
and a width, extending substantially orthogonal to said
30 plane of said electron beans, substantially greater than
the width of said slot, said screen grid apertures
extending into said recessed portion of said screen grid,

said recessed portion being surrounded by a'peripherel o
rim which is substantially pefpendicular to, and conforms
35 to the shape of, said recessed portion, the
central part of said peripheral rim being
relatively remote from the center screen grid aperture,
and the triangularlyQShaped end parts of said rim
being in proximity to the outer screen grid apertures,



focus voltage on said first focus el ectrode, said recessed portion

Mmmﬂmrm ﬁmjtmlanti ally rectangul arl y-shaped central  part. and. -
MU WMangul arly-shaped end 25 parts, the apex of each of thggs. .v.

t r'i afigut ar y=shaped end parts being snodfmly curved, said recessed portion

having a |l ength, extending in the plane of said el ectron beans, . .

substantially coextensive with the length of said slot, and a wdth, . = =3

ext endi ng substantially orthogonal-to said 30 plane of said electron beans,

subst ani al tyegebgt a;ffébamnggthbi éﬂb,cgfros&iaftiﬁ-(ﬂfielii_aiihsmeefiﬁﬁﬁy .

apertures exte n 0,.sajd._r s rt.ion ¢ [ een grid. . sai

recessed poé#i-gﬁébgpﬁg}sﬁg%uﬁagg‘gbgﬁatggﬁ%rtgﬁe-?ﬁﬁm%?%qu&ln :

subst ant i al $gigerecadsed portdonand conforms 35 to the shape of, said

recessed portion, the central part of said peripheral rimbeing relatively

renote fromthe center screen grid aperture, and the triangularly-shaped

end parfs of said rPm %8 AEPIHROPIBR AFIAFILEI tie 3Ry, REPCRBINGRLAGM d

a]EJ?‘Y t ;J_r es, .twheré:i.n tfre ét.;te![i.v’l a;%x_eﬁl %f said htriapgql’_a_rt—sh_ap'%a %n:ﬂ-,pari'ié"ielroeby o

af fecting el ectrostatic f.ie in e Vi cini of the quter beam pa

by t11 t 1 g Thesid SeeriR et ioh e S Red et Ay b adjacent”e2™ P!

An el ectrorouzen &sraurk of the soyegr geidli ng cl ai m wherein the outer apexes

of said triangul ar-shaped end parts of said recessed portion are radiused

_ centered on the adjacent outer aperture of the screen gr id. -10 7.
In or fdP a cat hodeZraylnt @bforap Gathpdrr-rayctubegnaginlind slegttonl I'y as

 her ei nbef orgindgsidrahech iyt fs HREe1RRE6rd GebbfitedSuidreddredle to |
' ' Figures 2-9. R _ B _ o/
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