; ef ghe3 aar~2* TI'TLE OF THE | NVENTI ON COLOR CATHODE RAY TUBE W TH
A REDUC% FIDCUS  VOLTAGE FOR ‘AN ELECTROSTATI C QUADRUPOLE LENS
THEREOF D OF THE | NVENTI ON The present invention rgelates to a
col or cat hod¥$¥%y tube, and particularly to a col or cathode rhl APRob0Davi ng
athree b i I dynam ¢ focus typé—el ectron gun capable of providing
good focugﬂmmwﬂmWM@mH#tics over the 10 entire screen area and good di spl ay
cont r ast uced dynam c focus voltage for its electrostatic

quadr upol e | eff®%%o| or cat hdETByOFuBEE hENVEYTAPN n-1 i ne type el ectron
gun for use in TV receivers or display nonitors have a 15 phosphor screen
formed on t BOLAMeCATHODE eRBY FUER pl Blle AofRERECEANA YO ICoR O Shadow
mask cl osely spaced fromthe phosphor screen within the panel portion, a
defl ecti on WOKEAGREUIRGRI ANOEIECGTROSTATEIC pQUADRUPGINEl BRENSN-THDRE D¥pe

el ectron gun housed in its neck portion. The in-line type 20 el ectron gun

i ncludes three cathodes arranged in line, and at |least the first grid ( GL
) electrode, the second grid ( & ) electrode, the third grid ( G )

el ectroge and an anode, anharKGERGESD i eeuel egvERMIbgans toward t he
phosphor screen. To obtain good display image at the periphery of the 25

phosphor screenthg pPekkedt LR GRMSH 214685 PPOSRNEH186T 88RhodeP rayAPR
2002 -- 2 ~ that is, uniformresolution over the entire phosphor screen by
using a CO'Qib&?tam)cﬁjepé@&’iéﬁﬁ?grﬂ9vt89aaé‘o!LB'r! tRenbYRe raheehbenhgying t IS
known to enpl oy an el'ectron gun Of the dynam c focus type in which an
el ectrostat] r eihe [ ES Pstyeer Jwo Adlacei s anong
ehectrodesi%?tgﬁggiﬁeﬁbnéhtgggéglggbggn guﬁ aﬁ% oX? of the two Ts supplied
pihalflxehiosne afl,gfgsia&ggt 300 Bl e LdPet$RYRR! LOL MR a
fixed focus age superposed-“w'th a dynam c voltage varying wth
def | ectjyon eor(tjgﬁg el 584 %'];DeJaOaR%a od ﬂ%lé‘y'éo&tfégé%f@ﬁta{ agl, gew of a
prior col or cathode ray tube enployrng aninsline type electron gun of the
dynam c focus type (hereinaftter referred t DE type in-line electron
gy 15 LrimeaBE EIShE PRaetad dd A g slogtanta it iR TatE o a
faceplate, 42 is a neck portion, 43 is a funnel portion, 44 is a phosphor
screen, 45'%%n%fshadom1nask, 46 is an internal conductive coating, 47 is a
DF type in-line_.electro n, 48 .1s a defl.ection e. 20 Aqgrid_el ectrode
occupyi ng the n?ﬂiﬁﬁs??g}éﬁgsm itﬁ%elsrgﬁ?’én@a?ﬂo]di%%n%gclylpeedg;eﬁf;ir&’nn
el ectrode in tr%s sgecitication. . . .

gun for use in TV receivers or display monitors have a

15 phosphor screen formed on the inner surface of a faceplate
of its panel portion, a shadow mask closely spaced from the
phosphor screen within the panel portion, a deflection yoke
mounted around its funnel portion, and an in-line type
electron gun housed in its neck portion. The in-line type

20 electron gun includes three cathodes arranged in line, and
at least the first grid (Gl) electrode, the second grid (G2)
electrode, the third grid (G3) electrode and an anode, and
projects three electron beams toward the phosphor screen.

To obtain good display image at the periphery of the

25 phosphor screen as well as the center of the phosphor screen,



A grid occupying the nth position counting froma cathode is called a G in
this Specification. 25 In the DF type 'in-line el ectron gun 47,({ﬁ§@@e§§?
U~ AP R 2002 -3~ nunerals 501, 502 and 503 denote cathodes, 51 is a
electrode, 52 is a & electrode, 53 is a G3 electrode, 54 is a 4

el ectrode, 55(1) is a first G5 sub-el®eétrode, 55(2) is a second G5

sub-el ectrode, 56 is a G5 electrode (an anode), 5 57 is a shield cup, 58
are vertical electrodezgieces, and 59 are horizontal electrode pieces. The
gl ass bul btBRt ey c AL R REFE LMy ANBECE JiS PREATS RAPRPPOBECIAF ML, a
neck portion 42 and a funnel portion 43. The panel portion 41 is provided
with the phBspRéndle sedeah ot hasig grvntihe ﬁﬁﬁéflgsaflf dbeldmg ttyHeacepl at e
41F and t he shadow nask 45 cl osely spaced fromthe phosphor screen 44

wi t hi n t heepaa&kropogtinenislis Theownnkel eppley orn 48l et pen\dwed fitthe t he
internal conductive coating 46 in its inner surface and the deflection yoke
48 nount eddpnaintis Adcuheyme &n vBurdlaes. eIt neskapoctquad d@phbedens he DF
type in-line electron gun 47 therein. The DF type in-line electron gun 47
conpri $es fibriercad Hotese &0 twdb@d jard 038 nasr angad ehettnedes @f hard zont al
pl ane, and follow ng the cathodes, the Gl el ectrode 51, the 20 & el ectrode

52, the G3iglec¢heodqpad.elldtrXeh ef@standeohd, oEhenti tab T Subpdliest rode
55(1), the second Gb sub electrode 55(2), the G el ectrode 56, the shield

cup 57, argyapged aiqee thewXivoDiagbeanat hade oted We tMetPRo0rder naned.
One center and two side el ectron beamapertures in 25 each of the GL

el ectrode glpplhedGyierd rodeed2robhs FBltale ARMPHIANZ Gith a

!

dynamic voltage varying with deflection of the electron

10 Dbeams.

FIG. 4 is across-sectional viewof a prior color cathode
ray tube employing an in-line type electron gun of the
dynamic focus type (hereinafter referred to as a DF type
in-line electron gun).

15 In FIG. 4, reference numeral 41 denotes a panel portion,
41F is a faceplate, 42 is a neck portion, 43 is a funnel
portion, 44 is a phosphor screen, 45 is a shadow mask, 46
is an internal conductive coating, 47 is a DF type in-line
electron gun, 48 is a deflection yoke.

20 A grid electrode occupying the nth position counting
from a cathode is called a grid n electrode in this
specification.

A grid occupying the nth position counting from a cathode
is called a Gn in this specification.

25 In the DF type in-line electron gun 47, reference



el ectrode 53, the 4 electrode 54, the first G5 sub electrode 55 ( 1)

the second G5 sub-electrode 55 ( 2 ), the G5 el ectrode 56, and tihe 'qgg
cup 57 are aligned with center lines Oz, O and 03 of the cathodes 2, 1
and 503, 5 respectively. In the G5 el ectrode 56, the center |ine of the
center el ectron beamaperture is aligndd with the center line Q2 of the
correspondi ng cat hode 50z, and the respective center lines of the two side
el ectron beam apertures are sliggtly 10 di spl.aced outwardly with respect to
the cent er"N¢esl &P land doanst 5Ph eBBrtree%"i‘)BHgiﬂﬁﬁrc'ia]t hedeSl sgEHTP I8,
respectively. The first G5 sub-el ectrode 55( li is provided with the

verti cal eﬁ%cﬁ odeGpi eéestrsedeandw okt My Bdre28REAPHE e¢h i6f aHA three

el ectron beam apertures in its end facing the 15 second G5 sub-el ectrode
55(2), anccléetsedend5>66l3ubsehedtirede B5Ebislgrovddied Hh(R)aigaar of the
hori zontal el ectrode pieces 59 sandw ching vertically the three el ectron
beam aper taresnd G emorel acttedendSbacsng Gheciecstod@® sah- @hedenoede
55(1). The vertical electrode pieces 58 20 and the horizontal electrode

pi eces559 Foriv an st ieLlid @simt 158 guas rgad Bod Bnsl det neda pbhecéksr, sknand
second G5 sub el ectrodes 55(1), 55(2). In operation, the first G5

sub-el ect roglea BS(Adrisostpp! ied@cMridia gixeds{ocus voltage, the second G
sub 25 el ectrode 55(2) is supplied with a fixed focus vol tage 0 ~ APR

2002 -- 5 ~ SUPREPYSESs Vi b B Mhace 1% Eaddowrd! Yapdtubehcsfblestison of
the el ectron beanms; and the G electrode 56 serving as an anode, the shield
cup 57 and, thedntynadofQnduct h\é%]&?%tr‘t'lgarﬂ@2aéﬁdSHPf’1|1hﬁ€1V\béPt§Bn
accelerating voltage (an 5 anode voltage). In the prior art col or cathode
ray tube, gdre phted f theyt h 502,
503 of the4tzjli1)F ?y%e%ﬁﬁnlgggﬁggﬁﬁ)rl\ g%n %@qﬁéﬁl@%ﬁeﬁgéapggégﬁ f ocused
al ong1phe tj r.J Lnes: u 1 C n beam
lb d &SPEF 4%%(3{%%\5%1?:‘1 LReS i 'er%ur(}.%cteh(ﬁ:% gPs Paz:EglE%% %%g

apertures 1n each el ectrode , the ectro &R

I d i d i - el 55 1

o eclrode i 418 Safblsleoleota S heplhasl oWt grianns o0 (1)
57, i t . 4 h . h

cUP ST N6 38 PSR LIRS SGLGR, U7 ALpLONGRC 5 pospher

proper!y qefl ected hard gontal b & Vet £allya by e detletl gp ygke 46,

then pass throudgh an el ectton beam aperture I n dnd

i npi qn_ t.h h 44t d desired i n,20 th

phosphor Stk F, SEBGF CAPRoMRS 5T T EEESoPFTRE LY MO Arapily
it dthe lik | I | | f.- i def | i ke 48

ot a5t y B h NGt BGEH A1 3 G S PO Al Z4BPIaes SR P RAERBE wound

in a saddlien_ 5i1§:eonéigg£%}log rﬂer‘le?i r{zﬁetreerir{.ef erred to ast hesaddl e/ saddl e

The DF type in-line electron gun 47 comprises three
cathodes 50,, 50, and 50, arranged in line in a horizontal
plane, and following the cathodes, the Gl electrode 51, the

20 G2 electrode 52, the G3 electrode 53, the G4 electrode 54,
the first G5 sub-electrode 55(1), the second G5 sub-
electrode 55(2), the G6 electrode 56, the shield cup 57,
arranged along the axis of the cathode ray tube in the order
named. One center and two side electron beam apertures in

25 each of the Gl electrode 51, the G2 electrode 52, the G3



0 1 APR 2002 type) to prevent magnetic fields generated by the deflection
yoke 48 fromradiating fromthe nonitor to its outside. The sel f- 8onn&Rgllidy
defl ecti on yoke 48 increases defl ection defocusing on the phosphor screen
44 .due to the 5 inherent non-uniformty in its deflection nmagnetic fields,
deteriorates inmage resolution at the-pgrphery of the phosphor screen 44
and therefore an electrostatic quadrupole lens is enployed in the in-line
type electron gun 47 with a dynam c focus voltage varying with deflection
10 of the electrodebédns. thaheid tdkedefbdet bdn ¢he Helmdtedtd osmbeans is zero
or very small, that is, when the el ectron beans scan the central portion of
t he phosphelestrede B3(14,dyhanecond iGie ecamst zedo 55 (Yef \tiserawd , a
focus voltage applied to the first 15 G5 sub-el ectrode 55(1) becones equal
or nearly egeatrbaeastpcarsd Wi agd edrpbupds v et de segoad w3 15 wlentleact r ode
55 ( 2 ) , the strength of the electrostatic quadrupole |lens is weakened
and consequenékyono ;askhamal i 6 tEePtaduerikd 5 d,hesel apgdd onp beam spot  at
the center of the '‘phosphor Screen 44. 20 Wien thé def I ection’’of the

el ectron bg@g?eggib@qgg, that is, when the electron beans scan the

peri phery of the phosphor screen 44, the dynam c voltage becones |arge, the
focus vol tage pkiedato (€3] b-.el ect 5 S

hi gher than thgﬂf%?%sGboF%§§g§§g%??gd Fggtﬁgnﬁg?ggqggaggﬁgﬁf%ggﬁggggde 55 (
1) and th t | ect r.Qst at.i A 2002 rupole | ens
becones st‘?%%%%?ggoggrg&déggrggt i%gr%%t %grﬁgg]fec% &el]terﬁgcc ?ocnerb%%ﬁsaﬂd%% ted to
t he peri phe of the phosphor screen.44. This tigmati sm.causes .t he shape
of the beacr)n£ 354:610% O T oprﬁ%lsrb gratglcordeee%’ Oe g ae’?%ﬁ%}ﬁ gelstpfczzp V& EEREGAS on
vertically,and to Ion%gte G%P hilo hori%ontall¥ uch that d tlg ion
def ocusi ngt tATE Y By F H&'% E S SATEFGiOTy PFEM 8PP S L5k @ 18351 E 90 del ed out
and resol ution at the periphery.of the phosphor screen 44 is inproved. In a
col or eii)at H ﬂ%pjrﬁﬁeiiu%‘égﬁﬁﬁﬁgyi %bt{]%eﬁﬁ‘%ﬁ tg‘?ttr\ﬁch(.r)‘tte)?:pélinr'°r-sl Pné@Pd ectron
gun, a distance between its in len nd the periphery of the phosphor
screen 44 9s°Fohf8rcPhLRSPRA lB@tﬁEEﬁogF§ ﬁﬁhﬁBF%ﬁghanHeFE§C§éNPéﬁ-of t he
phosphor screen, 44, and the el ectron beam focusing condition for the center
of the phospRofiEFe&n Aubaiglesradend? hhd £8r PERY itedhetitghetheof the
phosphor screen 44 such that adjustnent for the best beam focus at the
center of Y$etphdsphb?C e de P r ef PtadasdiHie HawhmhPradige ndrid e §8ICdt | on at
the periphery of the phosphor screen 44. If a correction |ens for curvature
of the ineRe Fietdiee iHE&H PRBRRRR RASTEWrES v X5 g ifee isie&freon gun
47, when the el ectron beans are deflected to the periphery of the phosphor
screeld®44, seCcoR@uSSvEnbagd estadal 3( 4 he aBdokbeCs enand|@rtswee 55 ( 2 )

becones ) ) )
electrode 55(2) is provided with a pair of the horizontal

electrode pieces 59 sandwiching vertically the three

electron beam apertures in common in its end facing the first

G5 sub-electrode 55(1). The vertical electrode pieces 58
20 and the horizontal electrode pieces 59 form an electrostatic

guadrupole lens between the first and second G5 sub-

electrodes 55(1), 55(2).

In operation, the first G5 sub-electrode 55(1) is
supplied with a fixed focus voltage, the second G5 sub-

25 electrode 55(2) is supplied with a fixed focus voltage



hi gher, a difference between the focus voltage and an accel erating voltage
(an anode voltage) applied to the G 25 el ectrode 56 decreases and the
strength of the focus lens 0 ~ AP R 2~2 weakens such that the KbaRR 2002
point ( the imge point ) of the electron beans is noved toward the
phosphor screen 44, the el ectron bears5defl ected to the periphery of the
screen 44 are focused on the phosphor screen 44 and deterioration in 5
resolution at the periphery of the screen 44 is prevented. In this way, by
usi ng a dysiepérpesktagetht hedynamic cod btagat wedpingywitbedefhectioact
curvature of the image field as well as astigmatismin el ectron beam spots.
The prior af ttleelarectatbodecany,t abé ther@étslébtastieghbt semviingoasm spot
and curvature of the image field by applying a dynam c voltage to the

second G5 smbagbeelretde shi2]ofcwman ¥l efid oshat iatgradlupdidensvel f a
col or cathode ray tube for use in a color nonitor or the |like enploys a

defl ecti oncy9kend8a60hra sebpliiva wiwhdenladiell €€t ORgaheleaqdS (a0 105
for exanple, to reduce the depth of the nonitor, a required dynam c voltage
beconmeg a didfbdevb0eahkgh for a color nonitor due to its large deflection
angle of the electronbéans, and a distance between the main | ens and the

phosphor scr ee@n(ugﬁrpt naf ek 3815%!‘@5{&?%%%@ t@eﬂaﬁlﬁgﬁgeggmeéi&mgce)

becones shorter su at the scanning e ectron beam

aper L ures L fufbeotodey Fasl ¢hel Bhpckeaciddueash osber Sudopr aduce

raster noire (horizon spurious ‘stripes) on the phosphor §creen.\25 To
SoLue, e FRougRlr SRLETR! MUIS I e 1 -G SNSRI frg
| focused along the respective center lines O,, 0,, O,through
10 the electron beam apertures in each of the Gl electrode 51,
the G2 electrode 52, the G3 electrode 53, the G4 grid
electrode 54, the first G5 sub-electrode 55(1), the second
G5 sub-electrode 55(2), the G6 electrode 56, the shield cup
57, and are projected from the electron gun 47 toward the
15 phosphor screen44. The three electronbeams projected from
the electron gun 47 are properly deflected horizontally and
vertically by the deflection yoke 48, then pass through an
electron beam aperture in the shadow mask 45 and impinge
upon the phosphor screen 44 to produce a desired image on
20 the phosphor screen 44.
Color cathode ray tubes for use in color display
monitors and the like usually employ a self-converging
deflection yoke 48 of the type having both horizontal and

vertical deflection windings wound in a saddle

25 configuration (hereinafter referred to as the saddle/saddle



satisfying the followng inequalities to reduce the nmagnitude of a dynamc
vol t age and reduce appearance of 5 raster noire (horizontal spurd us
stripes) on the phosphor screen. 0. 06 XL (m) ~B- 20 XA é)&fR~ﬂ$2~
19. 0O (m , and L ~3 5 2 (mm where A (nm is an axial length of the 4
electrode, 10 ~ (m) is a dianeter of-@m aperture in the G4 electrode, B
(nmm is an axial length of the G5 electrode, and L (nm is a distance

bet ween the end of the G5 el ectrode on its phosphor side and_ the phosphor
screen. 15%RfhTOHRC§YoPpbISE NS F Tdgdhsaeerayatae eimprdiRi heahi Rt ai nt ed
panel (light transm ssion of 38% for exanple) for a faceplate of a panel
portion t@akrréaseremsrafdptapdcdidhsthe MepibAg te ildsopartaice ¢ o
provi de the display brightness equal to that of a color cathode ray tube 20
enpl oyi ng a t alheedepinelbnyianging rdethection ybkBO%S fiorcreasgpd e), there
ari ses a new problemthat el ectron beam spots on the phosphor screen are
enl ar ged. dedr] extainguh eje fdci dhrenpropdshes pdal sphaatsmckeen a4 dulze tenpheys a
faceplate with its light transm ssion reduced 25 by about 20 % conpared
with that iofherdmt moet-yain®d rivytysimdts def1APRi2M0Ragnd@ic Aidadk,tai nt ed
panel and by applying antistatic and antireflection coating on the

dar k-t ai nted panetat és nepegearyscd RSN CAE rené perigachycajthade has to be
i ncreased by about 30 %to obtain a brightness equivalent 5 to that of a

col or cat hodes grayr t$LEAPLAY BnG tteraddt&da pagebcadsearsequently its
beam spot dianmeter is increased by about 10 % SUMVARY OF THE | NVENTI ON 10

The pres?@hédﬁﬁ%ﬁi@”léﬁ£Y§§ éﬁﬁl%?%ﬂeﬂ%“@ﬂé”ﬁh-ﬂinéStfﬁeOQiEEErBB the
present invention to provide a col or cathode ray tube capabl e of correcting

astigmati 0 | r 3 I : e i i ,
aduei ng TRE TAoREEade 3 A, R Vol age cueh g Ty dRereCLeLh, o

wi de- gl @ (def] ecti on. ygke,angsr educi ng appearance of raster noire on the
phosphor screen. To accoonls the above object, in accordance with one

o PN ETECk ARSIV By, AR e S e 581 G660 1o
very small, that is, when the electron beams scan the central
portion of the phosphor screen 44, a dynamic voltage becomes
zero or very small, a focus voltage applied to the first

15 G5 sub-electrode 55(1) becomes equal or nearly equal to a
focus voltage applied to the second G5 sub-electrode 55(2),
the strength of the electrostatic guadrupole lens is
weakened and consequently no astigmatism is produced in the
electron beam spot at the center of the phosphor screen 44.

20 When the deflection of the electron beams is large, that
is, when the electron beams scan the periphery of the
phosphor screen 44, the dynamic voltage becomes large, the
focus voltage applied to the second G5 sub-electrode 55(2)

becomes higher than the focus voltage applied to the first

25 G5 sub-electrode 55(1) and the strength of the electrostatic



20 conprising a panel portion, a neck portion, a funnel portion for
connecting the panel portion and the neck portion, a phosphor scr@enAggr

on an inner surface of a faceplate of the panel portion, an in-line type

el ectron gun housed in the neck portion, and a deflection yoke nmounted
around 25 the funnel portion; the in-t7me type electron gun conprising ~
~ APR 2002 --11 ~- an el ectron beam generating section having three in-line
cat hodes, a Gl electrode and a & el ectrode arranged in the order nanmed for
proj ect i ngdteerel eckeph hearnes &TFERGPF &8 parelFs aphiamadiidn RE5 each
other in a horizontal plane toward the phosphor screen, and an el ectron
beam f ocugilif) ekectvancbeprissidef leadrd| et thdepenipheayestt ddee a G5

el ectrode and an anode arranged in the order naned for focusing the three
el ectron hsarsplortserpbnsphor TOiscasehgnahésni nankes@Ehel ebapedef
conprises a plurality of sub-electrodes arranged to be supplied alternately
with a firdte flozars sywit age @l phogslond $oresnvobtaenghhbe ftsstotkecus
voltage being a first fixed voltage, the second focus voltage being a
second5f i ¥k widh agersipalpesadawitbh ed ochiy atynaini € heol ¢ dger Yaot Ayl t h
deflection of the three electron beans, at |east one electrostatic

quadr upol esd&nschst f gefRdchabnedie fiodu Hng heanbvaabiyt ¥ nef seibrel ectrodes
supplied alternately with the first focus voltage and the second focus

vol tage, alodRasdiRgeidenscd Adn GOKLEs iRdcRAceYEYAIWE nef r&H61FReg field
is formed between two of the plarality of sub-el ectrodes supplied

o oet o g SRsEhs), Lo dimence bestenund ] cnumld pos, (e
L1, SRR Whiod < DA L B Whe L9 o355 ™
10 type in-line electron qun, a distance between its main lens
and the periphery of the phosphor screen 44 is longer than
that between its main lens and the center of the phosphor
screen 44, and the electron beam focusing condition for the
center of the phosphor screen 44 differs from that for the
15 periphery of the phosphor screen 44 such that adjustment
for the best beam focus at the center of the phosphor screen
44 degrades the beam focus and resolution at the periphery
of the phosphor screen 44. If a correction lens for
curvature of the image field is incorporated in the DF type
20 in-line electron gun 47, when the electron beams are
deflected to the periphery of the phosphor screen 44, a focus
voltage applied to the second G5 sub-electrode 55(2) becomes
higher, a difference between the focus voltage and an

accelerating voltage (an anode voltage) applied to the G6

25 electrode 56 decreases and the strength of the focus lens



of the 4 electrode, ~ (mm is an average of horizontal and vertical

di aneters of an el ectron beam aperture for a center electron beam of the
three el ectron beans in the G4 electrode, B (nm is an axial Ien@;ﬂMPR 2002
measured froma cathode side 5 end of the G5 el ectrode to a phosphor screen
side end of the G5 electrode, and L (M®—is an axial distance fromthe
phosphor screen side end of the G5 electrode to a center of the phosphor
screen. To acconplish th bove object, in_accordance with 10 apother

enbodi rrentWSFﬁteI‘?é EPSQeFISai%nEBﬁt f% US{RRFRY gtB?oW%l‘éﬁ %O%%?brogaﬁ}}ﬁ)de ray
t ube conprising an evacuated envel ope conprising a panel portion, a neck
portion, a®tBRRECTHBEEMSNIFIPOEBANELYRRY the PRASPLPErIFhRCar? t Hd ®ieck
portion, a ghosphor screen formed on an inner surface of 15 a facepl ate of
t he panel péeELsen Brams- Aphdecysd EpetheapeliRhRsYsed thetsrrerrid borti on,
and a defl ection yoke nounted around the funnel portion; the in-line type
el ect ron ganechbapnésidngnaphelErespo bettr genet htantd dedetriimrdaaidomgin hr ee
in-line cathodes, a Gl electrode and a 20 & el ectrode arranged in the
order ranedefolupriojreati hhet peetpbbegt obntheaswsreen ahpdd ppeventwmtely in
parallel with each other in a horizontal plane toward the phosphor screen,
and an el echr anibeamyf,0¢ysivimed idmandprvsingge, GRhel eatilcadeolasnl an
anode 25 arranged in the order named for focusing the three 0 1 AP R 2002
--13 - el eehtBbdecany enpkheaphesphelictsehgtatuhersl Ridanah el fErode
conprises a plurality of sub-electrodes arranged to be supplied alternately

with a firgs {ieqaus akoldadieymdidi émSesordebesenh \Wldmdpotde first focus
voltage being a first 5 fixed voltage, the second focus voltage being a

second fi xed V@H@gﬁrweép@s@w&t Ba%h@)ﬁ%a@a@y Vahb @980 ¥ EYkBY W! th
defl ection of the three electron beans, at | east one electrostatic

quadr ugpl e, Lengnia$ i Rd blé%tm"‘%ga%tt WR Ok ulrie 1 A & 4 t%é)fiﬁq?e- &l ieo § odes

supplied alternately with the 10 f first focus voltage an e second focus

voltage, abylsastyo0s d AORahGL CO1EEELINOLEY HaLURE O shie himpagddel d I

formed bet urality sub-el ectro supplied alternately

andt 1 ho phOSbRdr 15 Sty e Gt 7 ob B g LRBGUANT1 | a2 b DRDSE LA ()

and the phos 5 °screen satis oW n XLA (nmm)

C~22.0 hBaeMph ™ Qﬁfe g&&e& S"g)oli T %rﬁf‘ﬂ' &h $ENGHA Megaured
froma cat oEie si de gnc? 0 %Ber el 8¢t rode to a phosphor™ scréen si de end
of the G3 é de, (Cgr}?) Is_apgcaxial _dist-anc m ﬁ 20 phosphor
screen si dgﬁlg% Srgf %tﬁ% el ec r%%getgsé (c:)gntaerlseoaz_nﬁ?l"'e‘H o‘g}p %r screen.
BR EF BESOR PTLON,OF T BRAVNGE | fkhe 3250mRANMING, AW HR: I hi ch
i ke reference

depth of the monitor, a required dynamic voltage becomes

a little too high for a color monitor due to its large

deflection angle of the electron beams, and a distance

between the main lens and the phosphor screen (hereinafter

20 referred to as a lens-screen distance) becomes shorter such

that the scanning electron beams and electron beam apertures

in the shadow mask 45 interfere with each other and produce

raster moire (horizontal spurious stripes) on the phosphor

screen.

25 To solve the above problems in the DF type in-line



25 nuneral s designate simlar conponents throughout the 0 1 q p R p002
--14 ~ figures, and in which: FIG 1 is a horizontal cross-sectional view
of a first embodi ment of a color cathode ray tube in accordancegw APRt2&®
present invention. 5 FIG 2A is a graph showing a relationship between
axial lengths of an el ectrode and dymagi€ voltages in a DF type in-line
el ectron gun, and FIG 2B is a graph showing a rel ationship between axi al
| engt hs of the el ectrode and el ectron beam spots in the DF type in-line

el ectron gelhectifofldhin 3 tilse @resdroninalendrarss psecsticrsEly prepadeds agecond
enbodi ment of a color cathode ray tube in accordance with the present
inventi on.eF&rdni gua horizontal cross-sectional view of a color cathode
ray tube enploying a prior art dynam c focus type 15 in-line electron gun.

FIG 5 is ga€iossifgCthendoMiamimy BnegeqldtTesstler lrnidodene®f FIG 1 as
viewed in the direction of arrows V-Vin FIG 1. FIG 6 is a

o1 053 secti pal tuiewoel o dyhiaifh Sy 1Pagl ehactealieclafldardnds yieved in

the direction of arrows VI-VI in FIG 1. is a vertica

cross- sect i onal i &3 Of i 1% & S £ RO 5 Al 25 S0k 9o £ RHOPRERRALDE i1
accordance V\né]t%rt e pr e(sentﬂ{' nvention. 25 ?:I G 8E‘J:(|£')s?ao verti galO Pho
cross-sectéﬁpgénvieM/of a fourth --15 ~ 0 '1 AP R 2002 enbodi ment of a
col or cathode ray tube in accordance with

0.06 XL (mm) = B - 20XA/(3¢) = 19.0 (mm) , and
L = 352 (mm)
where A (mm) is an axial length of the G4 electrode,
10 ¢ (mm) is a diameter of an aperture in the G4
electrode,
B (mm) is an axial length of the G5 electrode, and
L (mm) is adistance between the end of the G5 electrode
on its phosphor side and the phosphor screen.
15 When the proposed color cathode ray tube employs a dark
tainted panel (light transmission of 38%, for example) for
a faceplate of a panel portion to increase its display
contrast ratio and it is operated to provide the display
brightness equal to that of a color cathode ray tube
20 employing a tainted panel (light transmission of 50%, for
example), there arises a new problem that electron beam
spots on the phosphor screen are enlarged.
For example, if the proposed color cathode ray tube
employs a faceplate with its light transmission reduced

25 by about 20 % compared with that of a tainted panel by using



the present invention. FIG 9 is a cross-sectional view of a second G5
sub-el ectrode of FIG 7 as viewed in the direction of arrows 5 1X éﬂhg
FIG 7. FIG 10 is a cross-sectional view of a third G sub-electro 2002
FIG 7 as viewed in the direction of arrows X-X in FIG 7. 10 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENUS-The present invention will now be
described in detai 1 with reference to the acconpanying drawvings . FIG 1
is a horizontal cross-sectional view of a first enbodi ment of a col or

cat hode ray thabhek-tn acced dgpeoe tandlSbiyheappéyamty | anedsitan.id naBdG 1,
reference nuneral 1 denotes a panel portion, 1F is a faceplate of the panel
portion l,atisefleeckoportoaning i sna thanedapkrthanted | paadephogghor
screen, 5 is a shadow mask, 6 is an internal conductive coating, 7 is a DF

type 20 i mdédes &L GGt IONbEHA, AN Snt S farSOegah! @G t3adid ensaddie bype
defl ecti on yoke having horizontal and vertical deflection wi ndings wound in

a saddl e Cﬂi’tﬁf&é’éé&' J¥u@ % MB dhagenah kgﬂéﬁ{éﬁégﬁ é@@i@a?fen%oo In

t he DF type in-line €lectron gun 7, reference nuneral denotes a
ef t-hnd cathpde o 407 des gy centisqsal dpdeys R2002 3G a5 15 a
right- and ca 11 is t ect%%de ?ﬁgTélgii 82 %ect?ﬁge 13 is

;BE Slsegltr %{%%%@Séa&lg%con}g %é i}%'ftrltz)l e %t}%reaseﬁll rd Gb

sub- electrodeéb %6 bs the & electrode 17 is a shleld cup, 18 are
verti cal ou

SUMMARY OF THE INVENTION
10 The present invention solves the above problems, it is
an object of the present invention to provide a color cathode
ray tube capable of correcting astigmatism of electron beam
spots and curvature of the image field, reducing the
magnitude of a dynamic voltage even when it employs a
15 wide-angle deflection yoke and reducing appearance of
raster moire on the phosphor screen.

To accomplish the above object, in accordance with one
embodiment of the present invention, there is provided a
color cathode ray tube comprising an evacuated envelope

20 comprising a panel portion, a neck portion, a funnel portion
for connecting the panel portion and the neck portion, a
phosphor screen formed on an inner surface of a faceplate
of the panel portion, an in-line type electron gun housed
in the neck portion, and a deflection yoke mounted around

25 the funnel portion; the in-line type electron gun comprising



el ectrode pieces and 19 are horizontal electrode pieces. One sub-el ectrode
may be conprised of one or nore members . The glass bulb of the gal gsgp 2002
cat hode ray tube conprises a panel portion 1 having a faceplate 1F, a

smal | -di ameter 10 neck portion 2 and a generally frustum shaped funnel
portion 3 for connecting the panel periien 1 and the neck portion 2. A
phosphor screen 4 is coated on the inner surface of the faceplate 1F and a
shadow mash 5 is closely spaced fromthe phosphor screen 4 within the panel
portion 1.apanelx:¢hremadbeadndirnévatddud | 8§Cct ian chaved onthixed nner
surface of the funnel portion 3, a deflection yoke 8 is nounted around the
funnel porined 3yeandthed®F,t w1 nelliems edbdet mond qunGZ iesl dwusedda n t he
neck portion 2. The DF type in-line electron gun 7 conprises the 20

| eft - hand aatrandgedOLin ttieecentder cabiaae £6z, pansljecghindiatid resd hode 103
arranged in line in a horizontal plane, and follow ng the cathodes, the Gl
el ectrode éledﬂwﬁo%@ém@taﬁe@nged tattepﬁsxahﬁacﬁépgeirlfpaﬁ@mfeilrﬁ&tGﬁ

subel ectrode 15(1), the second sub-el ectrode 15(2), the 25 third G5

sub-el ertredenl Y Bhert RY OWIHNi £BnTWHr 8 BEMOADwa PaltAR Br988horl7 ~ 15
( 4) , the G electrode 16, the shield cup 17, arranged along the axis of

the cat hodgciae f ubg i dHCCQIar s SATHLa R RbEuL | 55 (e @ bt -hand beam

aperture, a center beam aperture and a right-han am aperture in each of

e o Lot e B8 S S 42 USROG 1

el ectrode _ ectrode e sec_on’d sub- el ectrode
e S e e S
03 of the ];_Loccast hodesC 101 %gz aen§e1(g30 r_egggcti vely,.In tIQe C tohode-si de
end of the B él elrré%trgglc?e T% the ﬁt_ C7 i ReaE (R EEG &PEFRATon beam
BT UP | 2pAIAe L A BEIET e 028! g cE et gaipada Dz anc
doplaced gyiyeydy e Lhteopect hool i center Loe O b dfe Jelpbend
‘s slightly ) Sp aeetd ol e e L eRR i N S50 e [f1S g ©F the
focus voltage being a first fixed voltage, the second focus
voltage being a second fixed voltage superposed with a
15 dynamic voltage varying with deflection of the three
electron beams, at least one electrostatic quadrupole lens
is formed between two of the plurality of sub-electrodes
supplied alternately with the first focus voltage and the
second focus voltage, at least one lens for correctiné
20 curvature of the image field is formed between two of the
plurality of sub-electrodes supplied alternately with the
first focus voltage and the second focus voltage, the G4
electrode, the G5 electrode and the phosphor screen satisfy

following inequalities: 0.0625XL (mm) < B - 20A/(3¢) =

25 22.0mm, L (mm) = 352 mm, where A (mm) is an axial length



ri ght-hand cat hodes 103. 20 The foll ow ng explains the structure of

el ectirodes for formng the electrostatic quadrupole | ens forned Bﬂtmeen t he
second Gb sub-electrode 15(2) and the third Gb sub el ectrode 15( ).A&B 0025
is-+a cross-sectional view of the second G5 25 sub-electrode 15(2) of FIG 1
as viewed in the direction 0 1 A P RZ2002 --18 of arrows V-Vin FIG 1,
and FIG 6 is a cross-sectional view of the third G5 sub-electrode 15 ( 3 )
of FIG 1 as viewed in the direction of arrows VI-VI in FIG 1._ The second
G5 sub- el eefriolie G5 ederfrqde oy duigedifi 8R AHREBIGR | iR 1 2Rk + G pi eces
18 sandwi ching horizontally each of the three el ectron beam apertures 152a,
152b, 152cventicslepdangbphg ahan ¢l patconhereaRaitotee £9r33 Cee X he
third Go sub-electrode 15 ( 3 ) is provided with a pair of the horizontal
el ectrode plectsondbeamodi the fires eleatrpnthrans inht ke Gdl etegbrodeam
apertures 153a, 153b, 153c in common in its end facing the second G5

sub- el ect rBdemiy( 2)s. athexvierl i ah gélhetterapgter pidefe i & ayeck hhd ehedidaont al

el ectrode pieces 19 forman el ectrostatic quadrupole | ens between the
second BAndehli ot Eheubs et etrtadede 16623, ph(shhot5skenr d¢65Ss iBearth b, t he
reference nunmeral s 18a and 19a denote baseplates for welding the vertical

and horizopgt @lheelestedde fiicdes bad e pRRoNd sangh t Hkid Isub: et aetged es,
respectively. The Gl electrode 11 is supplied with a voltage 20

appr oxi mat ek-prequRd R0 8phnAArs ZeEBnVelilde tded P retad e ldc apd dde G4
el ectrode 14 are supplied with a relatively | ow voltage Vg2 of about 400 to

about 1000y40l4f Soehhe G £l 80l oo 43 13N sBe e38eONd Gb sub-el ectrode 15(2)
are supplied wth a fixed voltage Vfs of about 5 kV to about

To accomplish the above object, in accordance with
10 another embodiment of the present invention, there is
provided a color cathode ray tube comprising an evacuated
envelope comprising a panel portion, a neck portion, a
funnel portion for connecting the panel portion and the neck
portion, a phosphor screen formed on an inner surface of
15 a faceplateof the panel portion, anin-line type electron
gun housed in the neck portion, and a deflection yoke
mounted around the funnel portion; the in~line type electron
gun comprising an electron beam generating section
having three in-line cathodes, a Gl electrode and a
20 G2 electrode arranged in the order named for projecting
three electron beams arranged approximately in
parallel with each other in a horizontal plane toward
the phosphor screen, and an electron beam focusing
section comprising a G3 electrode, and an anode

25 arranged in the order named for focusing the three



25 10 kV, the first G sub-electrode 15(1) and the third G5 ~ ~ Ap R 20Q
--19°~- sub-electrode 15 ( 3 ) are supplied with a focus voltage ggégﬂéﬁl
dvf ) which is a fixed voltage Vfd superposed with a dynam c vol? 2
varying with deflection of the electron beans, and the G5 el ectrode 16, the
shield cup 17 and the internal 5 condudtive coating 6 are supplied with an
accel erating voltage (an anode voltage) Eb of about 20 kV to about 30 kV.
Here the following relationship is satisfied: Vs ? Vfd + dVf. The _col or
cat hode r &L 86Gb& dF grme| ?§ttg@o@d’i‘?%hbofosé’ﬁeﬁ‘%{leswé§lf%w0'9\89 §Br ee

el ectron beans emtted fromthe three cathodes 101, 10z, 103 of the DF type
in-1ine elekeednofimcpmpraads aduleler hityl ofnguboedeed roldamyarhangedpect i ve
center lines OL, Oz, 03 of the three cathodes through the el ectron beam 15
apertures o machimilidk ditetrateddewlith, at her&2 £beusruvdétdze ahd G3

el ectrode 13, the 4 electrode 14, the first, second and third G5

sub- el ect rodesohd fodus volltmde 2the filbst £dHus vblle ade Beeagraoderst and the
shield cup 17, and they are projected fromthe electron gun 47 toward the

phospher sieed vé.1 tHife 28 hkehs €€o gl etid iy vibaan®y b eji agt £#& doara Eheeal ectron
gun 7 are properly deflected horizontally and vertically by the deflection

yoke 18, theneP@ssstpeepebeanwalertd Q?rb@@ﬂ&aﬁéllt'd@@ iy ylien p Radowy mask 5

and i npi nge upon the phosphor screen to produce a desired 1 mge on the

phosphor sfd€pfc-€Pofl- of @he ARRLWiectrdn OpeamiheaterntdLl slectrodes 18
attached to the second G5 sub-el ectrode 15(2) and the horizontal el ectrode

pieces 19 @fé@EP@gtégiEh&.llém:ﬁ?ﬁere%@ﬁ'sel§cf.tc§ﬂﬁl§djl§é ?%grﬂ‘z&%f the

el ectrostati c quadrupol el ens etween, and the t
1
plurality of sub-electrodes supplied alternately with the

10 first focus voltage and the second focus voltage, at least
one lens for correcting curvature of the image field is
formed between two of the plurality of sub-electrodes
supplied alternately with the first focus voltage and the
second focus voltage, the G3 electrode and the phosphor

15 screen satisfy following inequalities: 0.0625XLA (mm) =
C = 22.0mm, LA (mm) = 352 mm, where C (mm) is an axial
length measured from a cathode side end of the G3
electrode to a phosphor screen side end of the G3
electrode, and LA (mm) is an axial distance from the

20 phosphor screen side end of the G3 electrode to a center

of the phosphor screen.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings, in which like reference

25 numerals designate similar components throughout the



5 G5 sub-electrode 15 ( 3 ) is supplied wth the focus voltage (Vfd + dVvf )
contdining the dynam c voltage dVf varying with deflection of thﬁ el ectron
beans. Wen the el ectron beans scan the central portion of the p 85%%%&%2
screen 4 with their deflection being zero or very 10 small, the dynamc
voltage dVf is zero or a very small pd€itive value, and the focus voltage
(vfd + dvf ) applied to the third G5 sub-electrode 15 ( 3 ) is set to be

| ower than the focus voltage Vfs applied to the second G5 sub-el ectrode
15(2). 15 MWBH ¢he 8PeciPo3&R s scan the periphery of the phosphor screen
4 with their deflection being large, the dynamc voltage is |arge, the
focus vol tage F¥Fd L+ /) horagentad €& osfe el sykew|adcfr dESE5 ( 3 )
approaches the focus voltage Vfs applied to the second G sub-el ectrode 20
15(2) and efeodiment osf a2 ieopmdrapbrdel eay tuhet inngccordanpeewstdl ectron
beam spots in a horizontal direction and to expand the el ectron beam spots
in a vertitded phresentonnpventtiosm.peri phery of phosphor screen 4. The
astignmati sm produced on the beam spot elongates its core portion 25
verticll |y andretornpatiesai ¢saphlshdwing enteallby isuch i detwedh ARIR12002 ~-
21 ~- it cancels out deflection defocusing caused by the self-converging

defl ecti on emkenhd @ndchn tel &Pt OYEE &RSOHYHhAANCaL ol Ra gRer iiphar DFotyEbe
phosphor screen 4. The above-nenti oned defl ecti on defocusing can be 5

el i m nat ed; or; § gdugeed-EPHA %hfnecthﬂel ¥y MaKiing £ JBhph! SASWhiagMAd bet ween
the third G sub-el ectrode 15 ( 3 ) and the G5 electrode 16 such that

el ectron heanp: fERshPEUBBEWERNE axial lengths of the electrode and
electron beam spots in the DF type in-line electron gun.
10 FIG. 3 is a horizontal cross-sectional view of a second
embodiment of a color cathode ray tube in accordance with

the present invention.

FIG. 4 is a horizontal cross-sectional view of a color
cathode ray tube employing a prior art dynamic focus type

15 in-line electron gun.

FIG. 5 is a cross-sectional view of a second G5
sub-electrode of FIG. 1 as viewed in the direction of arrows
V-V in FIG. 1.

FIG. 6 is a cross-sectional view of a third G5 sub-

20 electrode of FIG. 1 as viewed in the direction of arrows
VI-VI in FIG. 1.

FIG. 7 is a vertical cross-sectional view of a third
embodiment of a color cathode ray tube in accordance with
the present invention.

25 FIG. 8 is a vertical cross-sectional view of a fourth



strongly in a horizontal direction than in a vertical direction. The

defl ecti on defocusing can al so be 10 elin nated or reduced effegqixghmﬂny
forming a lens for focusing el ectron beans nore strongly in a horizontal
direction than in a vertical direction in a space between the G3 el ectrode
13 and the first G5 sub-el ectrode 15¢1)5—or between the &2 el ectrode 12 and
the G3 electrode 13. 15 In the electrostatic quadrupole |ens of the DF type
in-line electron gun 7 in which the first and third G5 sub-el ectrodes
15(1), 15(8nbadémenspbifed FPLRIt FATHOESs Xyl tage AnvagcPrdanoe @drthai ni ng

t he dynam c voltage df , when the el ectron beam scans the periphery of the
phosphor stheepr2geat timyvedrgeignvol tage (Vfd + dVvf) applied to the first
and third G5 sub-el ectrode 15(1), 15(3) becones higher, a difference

bet ween the fodus.vd tisgea (Mdss-d¥tkiand lt e dwous aoseagrdVizs applied to
the second G5 sub-electrode 15 (2 ) and a difference between the focus

vol t age (Védb*el¥tt)ode abnd & he. acashdiaatdgnwiid age ekl iappd f @d riowwd he G5
el ectrode 0 '~ AP R 2002 -- 22 ~- 16 decrease and the strength of the

| ens f oy merk -bgkwegnrife fA.rst and second G5 sub-el ectrodes 15(1), 15(2) and
the strength of the main I ens fornmed between the third G5 sub-el ectrode

15(3) and the @3l agf riafde, 16rgdesLeaseionald Adweseh ta theragl getron beam
focus point ( the inage point ) is noved toward the phosphor screen 4 such

that the elgclr9BRedWA6k! LS T £8 ¢ NG PSP RREYA PEelt PEORCS £ U S
focused on the phosphor screen 4 and deterioration in resolution is

prevent ed gg_pﬁeige%&&heﬁy of the phosphor screen 4. 10 In this way, the
col or cat hode ray 't ube “enpl oying the DF type in-line electron gun 7 of the
fi'rst embodi ment forms two curvature-of-the-inmage-field correction |enses
between the first and second G5 sub-electrodes 15 ( 1) , 15 ( 2 ) and

el oot 10t at | cORURIHHRON & ane: BLCHedh CHE SOeghvamny THFPAIERAS o and one
sl L O 1 ) TR P00

sub- el ectrpodes, 15 1 15 ( ) and cor.rects astigmati smof an
el ectron b a&m.th réfer«):‘:nbe %o tﬁe atcompanying raw:.ntgs.

FIG. 1 is a horizontal cross-sectional view of a first
embodiment of a color cathode ray tube in accordance with
15 the present invention.
In FIG. 1, reference numeral 1 denotes a panel portion,
1F is a faceplate of the panel portionl, 2 is a neck portion,
3 is a funnel portion, 4 is a phosphor screen, 5 is a shadow
mask, 6 is an internal conductive coating, 7 is a DF type
20 in-line electron gun, and 8 is a so-called saddle-saddle
type deflection yoke having horizontal and vertical
deflection windings wound in a saddle configuration for a
maximum diagonal deflection angle of 100°.
In the DF type in-line electron gun 7, reference numeral

25 10, denotes a left-hand cathode, 10, is a center cathode,



20 spot and curvature of the inmage field. FIGS. 2A and 2B are graphs
showimg a rel ati onshi p between the dynam ¢ voltages dVf and &Qg Iﬁﬂg&ﬁs of
the final focus el ectrode adjacent to the anode and that bet R

di ameter of the beam spots and the I engths of the final focus 25 el ectrode
in the DF type in-line electron gun,—tléspectively, 0 1 AP R 2002 -23~
FIG 2A show ng a relationship between axial |engths of the final focus

el ectrode and dynam c voltages dvf and FIG 2B showing a relationship

bet ween axl @) ilseagrhghtf hiamel fciatdlodeocdd dlsethreofd saéctiroddiadet és of

el ectron beam spots. 5 The final focus el ectrode conprises three or nore
sub- el ect rodesG2uppkeicedowiet,h Ionelor tiegr 63 et be¢vedbgehi gh vsl tthgessd In FIG
2A, the dynam c voltages dVf are plotted as ordinates and the effective

| engt hs ofelbettodal, i6guy 16 el ddirsades aswHbsel ssasodéhelsfbgctisva | ength
of the final focus electrode of the DF type in-line electron gun is defined

as {B - 20&écénd @5 Bub-R1HGrdde Wher(S Biksa ahidd 85 ¢ epgeheateatibQde- si de
end of the first G5 sub-electrode 15(1) to a phosphor 15 screen-side end of

the fouyrth; &5 sulreekbgchiede rbed) 17A16 Sa dh i dlcdenatehael BetGhagl ectrode
14, ~is a dianeter of an electron beam aperture for the center electron

beam i n t hey G ebag! podeeld ol 1igs 2 Saiiam of1 hotbzpnbak gadcusiti cal

di aneters o e center electron beamaperture in 20 ectrode if

the center, ﬁ%esc&t! 0@1@8@%88%5 rr?e 'c%n&@f‘;hscécﬁ%%% e%lfcﬂ %% @EthEE‘ia' oval

or rectangul ar. As nuneri cal e aX|aI engt
The glass bulb of the color cathode ray tube comprises

a panel portion 1 having a faceplate 1F, a small-diameter

10 neckportion 2 and a generally frustum-shaped funnel portion
3 for connecting the panel portion 1 and the neck portion
2. A phosphor screen 4 is coated on the inner surface of
the faceplate 1F and a shadow mash 5 is closely spaced from
the phosphor screen 4 within the panel portion 1. An

15 internal conductive coating 6 is coated on the inner surface
of the funnel portion3, adeflection yoke 8 is mounted around
the funnel portion 3, and the DF type in-line electron gun
7 is housed in the neck portion 2.

The DF type in-line electron gun 7 comprises the

20 left-hand cathode 10,, the center cathode 10,, and right-hand
cathode 10, arranged in line in a horizontal plane, and
following the cathodes, the Gl electrode 11, the G2
electrode 12, the G3 electrode 13, the first G5 sub-
electrode 15(1), the second G5 sub-electrode 15(2), the

25 third G5 sub-electrode 15(3), the fourth G5 sub-~electrode



el ectrode is about 0.5 mmto about 1.0 nm and the dianeter of the electron
beamraperture in the 4 el ectrode is about 25 4 mm 0, 9pR z~291-ér 20Re
correction term 20A/ (3 0 represents the effect of the el ectron beam
aperture in the 4 electrode 14 and a factor 20/3 is determ ned by
experiment. Line "a" indicates charaetlgr+stics of a col or cathode 5 ray
tube of the first enbodi nent using a 100 defl ection yoke 8 and |line "b"

i ndi cates characteristics of a color cathode ray tube with a 100 defl ection
yoke, previdus] y threopbsdediyrade 11 csleats himdehcupsl 7 Aalrgagigset @kangdi st ance
L is defined as a distance from 10 the center of a phosphor screen to the
anode- si declendxdfs affuoteisatieode ady fobef om mhre cxdeimabhmetiageCefitarmai n

|l ens in cooperation with the anode. In FIG 2B, the ordinates represent the
di anet er s lofnéd e flaetbfar hagabepal apemrtulie ,phospheerspeapnapértiieels
standard el ectron beam current and the absci ssas represent the effective

| engt hs ofafddie kigak-hegusbekachpedeareoi Aadd &g Py nhe1! easesereae
di stance. Line "a" indicates characteristics of a color cathode ray tube

enpl oygng 1B dank-dRinked deanel o ( Idhé 3 tdansii 58k a3, 20n & APPL ext pBhel v 38~ )
serving as a faceplate 1F of the panel portion, of the first enbodi nent,

and 1ine "f, 14 CAlScCRAr BhAIdINAGDHAL s pol or chA! Rade ik ube

previ ousl y proposed by the present inventors and enpl oying a tainted panel

(APH gggzt AL 58E P T 2PPI OF) B Eloh 130 6k SEELIRAT AR F5(3GePtake: 2|
phosphor-side end of the G6 electrode 16, and the shield
cup 17 are aligned with center lines 0,, 0, and O, of the

10 cathodes 10,, 10, and 10,, respectively.

In the cathode-side end of the G6 electrode 16, the
center line of the center electron beam aperture is aligned
with the center line O, of the center cathode 10,, and the
center line of the left-hand electron beam aperture is

15 slightly displaced outwardly with respect to the center line
0, of the left-hand cathodes 10, and the center line of the
right-hand electron beam aperture is slightly displaced
outwardly with respect to the center line O, of the
right-hand cathodes 10,.

20 The following explains the structure of electrodes for
forming the electrostatic quadrupole lens formed between
the second G5 sub-electrode 15(2) and the third G5 sub-
electrode 15(3).

FIG. 5 is a cross-sectional view of the second G5

25 sub-electrode 15(2) of FIG. 1 as viewed in the direction



~- 2 5 ~ The standard el ectron beam currents provide recormended bri ght ness
for respective screen sizes and are def fined as O . 00115 ( a Pﬁgﬁhi)
(mm 2 , D being a useful diagonal dinension of the phosphor scr

specific 5 exanples, the approxi mate standard el ectron beam currents are
200 ~c A, 250 ~c A, and 300 ~ A for us@gul diagonal screen dinensions D of
4 cm 46cm and 5lcm respectively. FIG 2A shows that, in a color cathode
ray tube enploying the DF type in-line electron gun, the dynam c voltages
dvf 10 is oEdacedwsi Vir Yetne®e. ih, t vk ffflgtt ibvas| engrbsofseheibnadl focus
el ectrode. Arelatively large screen size is nore suited to a

hi gh- def i nviewrpMitdye aliimdné% erulf-orl erster odie graph) o ft BIG.nhlas ghiewed | i ke
capabl e of displaying a high 15 resolution i mage of draw ngs as well as

| etters orighshacherecthian aSattows 2ZE€-3Gr eanFused li.n personal conputers
are. But considering the desire to nmake a space 1 occupied by a nonitor as

smal | as possi bhe, sagoadneassiile-éDetedoae 15e2feps hrafvided WoiH @he t here
is a tendency to 20 reduce the axial length of a color cathode ray tube by

i ncreagi ng,dhe;dgfl &LLEOP-ABY fe s aleshhal iReATRy h%rtlf&%rﬁ_qallolry ealdiode ray
tube. The increase of the deflection angle requires the incredse in the

magni tude of the ehpue- exolLaiugd lupfoaliage 523 | isble qBorAtion of

t he col or cat ray tu eint i gh inition

di spl ay mopif oLy gt Erﬁggﬁgqgﬁ%‘%ﬁf rd '&ﬁ %ﬁﬂf‘@feé’@i&ége]l};zcgad%nﬁ' e

because it"Is Sync w th the requency ifon of ectron

bears. A 'éﬂ'l%été%u éﬁr SHLSNE 1"50(‘t AR EE:OVJ_% %{ Wi 2h %
vol tage driver ciTcul e noni can no rOVI a su
hi gh dynamc vol t ol or. _cath [ra eof are |redt veform
Consi e i fﬁ@oeiéib?? fyrS% % RiePaotn roltult a{»ﬁam EYRSAN G SR €, the
t dvf 10 ds t I 6SQ _vol t

over 901 1 SRS ot S8 EBop et ABBBCRAYS: ABd SerpPeyimd 3 108 "4EPPEER on yoke
8, of the first enbodi t, tol t the It e dVvf to 650 volt
or g Iom:rl{}g’f?%g%ng #%ngg%‘ﬂlibﬁ?n%er%%étﬁm ﬁgg é‘ég& 5fr2dm0t FFZ‘% :/(rjle : a"

in FIG 2A 15 {B.- 20A/ ( 3 ~,) } ~ O mm_Incidentally, for the
above- nentY%ﬁEHc€$l%}QEEFHSEePleces 18 and the horizontal electrode

pieces 19 form an electrostatic quadrupole lens between the

C|ently

second and third G5 sub-electrodes 15(2), 15(3).

15 In FIGS. 5 and 6, the reference numerals 18a and 19a
denote baseplates for welding the vertical and horizont
al electrode pieces to the second and third sub-electrod
es, respectively.

The Gl electrode 11 is supplied with a voltage

20 approximately equal to or near zero volt, the G2 electrode
12 and the G4 electrode 14 are supplied with a relatively
low voltage Vg2 of about 400 to about 1000 volts, the G3
electrode 13 and the second G5 sub-electrode 15(2) are
supplied with a fixed voltage Vfs of about 5 kV to about

25 10 kv, the first G5 sub-electrode 15(1) and the third G5



ray tube enploying a 100 deflection yoke, previously proposed by the
present inventors, to limt the dynam c voltage dWf to 650 volts gn gﬂ;qmﬁr
voltage, the following 20 relationship is derived fromthe line "b" 1 n FIG
2A; {B- 20A/ ( 3 ~) } ~19. O mm FIG 2B shows that, in both the color
cathode ray tubes with the DF type im191e el ectron gun enploying the
dark-tai nted panel and the tainted panel, respectively, the 25 dianeters of
the el ectron beam spots on the phosphor screen 01 APR2~2 --2 7 ~ at

t he standaf@bepéecitardsedm(dur pERISERPLACACHEER JvifiarwRciaddsage Mk
effective length of the final focus electrode normalized by the | ens-screen
di stance. HIdHE y whdlclt inm GixpHayo LodadiViid gupenpegdad wdthox dyramiat or
cathode ray tube in a high-definition display nonitor for use in graphic
term nal s volthgel dké cappbhe withlidelilbsgcngon df gihe edaattram bemage, of
drawings as well as letters or characters. Therefore, for a col or cathode
ray tube handnghe asefldctiddbdl aggnahephhsiphdr capr eeramd mansiioneanafll cm (
17 inches ) or nore, it is desirable that a pith of dot-like el ectron beam

apertumes eonitigtshedeyathsly 6 H&8sapplhelesstmn tywcavabgtialy di splay
dots in a horizontal direction on the phosphor screen is at |east 1000, and

this requiyesthe landiaaRieevAft KEFtEPoPeapbaroboakvt ke el 1 the
phosphor screen"to be 0.5 nmmor |ess. For a color cathode ray tube

enpl oyi ng ffe datkstahat ed1p8RGhg HelldEidhRiperBOdBRIs i dp: I M L the

di aneter of the electron beam spot on the phos%hor screen to 0.5 mmor 20 a
smal | er val ue, e f ol Low, ng.,el ationship is derived fromthe line " in
FIG 2B O . OX%:?\?‘? S0aVE0 3 ~) ) IL

The color cathode ray tube of the first embodiment

a

10 operates as follows:
Three electron beams emitted from the three cathodes

10,, 10,, 10, of the DF type in-line electron gun 7 travel
accelerated and focused along the respective center lines
0,, 0,, O, of the three cathodes through the electron beam

15 apertures in each of the Gl electrode 11, the G2 electrode
12, the G3 electrode 13, the G4 electrode 14, the first,
second and third G5 sub-electrodes 15(1), 15(2), 15(3), the
G6 electrode 16 and the shield cup 17, and they are projected
from the electron gun 47 toward the phosphor screen 4. The

20 three electron beams projected from the electron gun 7 are
properly deflected horizontally and vertically by the
deflection yoke 18, then pass through an electron beam
aperture in the shadow mask 5 and impinge upon the phosphor
screen 4 to produce a desired image on the phosphor screen

25 4.



that is, 0.0625L (m”mm) ~ B - 20A/(3 ~ ) (m) Incidentally, for the

above- nenti oned col or cathode 25 ray tube enploying the tainted panel,
previ ously proposed 0 ~ AP R 2002 ~- 2 8 ~ by the present inveftloABR P
limt the dianeter of the el ectron beam spot on the phosphor screen to 0.5
mmor a smaller value, the follow ng—r20-ationship is derived fromthe |ine
"b" in FIG 2B, 50.06 ~ {B- 20A/(3 ~) } /L, that is, 0. 06L (my) ~ B -
20 ( 3 ~) (mm Color cathode ray tubes for use in nonitors for

i nformation tefRenyeytamtpt rRLeckeodes t8gartaghed Favabe Iseagndfitber of
picture elements and to produce a high 10 information content and | arge
capacity dssbtrayecamddenébdlor antthe esizantaltdbecuntdageieces I t ches
in a shadow mask is not larger than 0.28 mm and the nunber of display dots
in a horizantathddr ¢ct itdre arhihd ehospherlecrtaend sl B3 ) ebstm18A0 for a
useful diagonal phosphor screen 15 di mension not smaller than 41 cm (17

i nches). Feleegasesthtuse goladdifpdId Qreth itdieieidiiwedn (i Sl ayheliid on an
ordinary office desk with a space sufficient for a keyboard and the I|ike,

the nom t ogs negdsel echeomrde sqaNPaet s pgmkédﬂgyiittrﬁ tIRPi S YHRldagps

possi ble, and 20 therefore it is desirable to nmake its useful diagonal

screen di mpglon ol \CBoh4h iMGIESheAAdnhflieWo L RaBE §F £ & drrat Hofa o ay
t ubes havi ng the nmaxi num di agonal deffection anglé of 90 , the” | ens-screen

di stances Leogfgcabgut o?@%:ﬂgnef‘@@t’fo?ZQegfﬁls .and about 355 mm for useful 25

di agonal screen dinensions of 41 cm( 17 inches ) , 46 cm( 19 O i APR

2002 -2 inchgs oy AAd SoblbndlelfiEeod rnd FSRRELIVELY. 13000k G Al i 0

DL of the diago screen di mension ens-scr I'stan is

et ecti onPangPasz - E56 e i 6 e E B Sl B PRI BORERY 1

| ens- ee i stances I are. aboui, 258 about 282 pm and_about ,314 mm for
usef ulsl(bl(’ji ag%%%r%’sgﬁéaer?ydl?anl%ln%i%%st%?eﬂrimgmlf f’/aﬁonc%sa)v?r%s@ﬁ} 19
inches ) and 51.cm (21 inche respectively, and ratjo DL _aof the 10
i agonal <BPEFLGFNEALEST ARED thRe IPERS. Yerbartiithee Vs AmRdded. 0.
The above val ues qf. the Jens-screen djstances L are sel ected such that

i nterferent® tg?e rﬁb’n‘é‘?l@ &él?ﬁ’é%ﬁ%ﬁf?c%eél (FLd8 G FBRE N YIRS Itgbatr} on yoke
does not dj ﬁto t 15 t shaﬁg of el ectron eam%g)oés on ]E)he phgts}phor screen
beyond an af'f VORI AN St HRP HhdES FAE LRTPBE ThEUPSEIETHPH ect r ode
which forng_a _final stage of a main lens in cooperation with the anode is

di sposed as2&tdse to the phosphor screen as possible. 20 Al though col or
cat hod%T;ay t ubes havi ng a nmaxi mum di agonal defl ection angl e of

appr oXidmat el y YI6P AR DERRLTCRIPEBMSCECHN RS RIFIRRQIY| 0Lj &hgi ffi cul t
to enploy a col or cathode ray tube having the maxi num defl ection angl e of
appr oxi nat BRPGSPROT §EFIEER iborv itP dih g oiebl£6R128 PELRIndRIdSpItHE

requiring a dynamc focusing circuit for
) dynamic voltage is large, the focus voltage (VEfd + dvf)

applied to the third G5 sub-electrode 15(3) approaches the
focus voltage Vfs applied to the second G5 sub-electrode
20 15(2) and the electrostatic quadrupole lens functions to
compress electron beam spots in a horizontal direction and
to expand the electron beam spots in a vertical direction,
at the periphery of phosphor screen 4. The astigmatism
produced on the beam spot elongates its core portion

25 vertically and elongates its halo horizontally such that



0 1 APR 2002 --30 a high information content, |arge capacity and high
resolution display because of the magnitude of the dynamc focus'yfhgﬂgﬁmz
limted by capacity of the circuit. The col or cathode ray tube of

present invention 5 adopts a maxi num di agonal defl ection angle |arger than

90 in order to nake its axial |length-ZBn overall |ength) shorter than that
of a conventional color cathode ray tube having a maxi num di agonal
defl ection angle of 90 , while still keeping the nmaxi mum di agonal

def | ecti onianghacedss ond tdrfladien deflacusting weypsedidey ofhehe dynami c

vol tage of the dynam c focus circuit in the information term nal display

nmoni t or. | selhisocvleag icat hielEl ectyionbgokavBngna nexiimpravagonal

defl ection angle larger than 90 , but smaller than 110 , the ratio D/ Z of
t he di agonaésphaspbar at5 tdoy geer thlvengi of Dhieo phlos grans-sereen 4l st ance Z
is selected to be in a range of about 1.45 to about 1.70 such that the

overal | axial Ir@rgt Abofethendaldingte KRF ilddeids MR ASs BRQT tcas pRSSi bl e,
but such that the nain lens of the electron gun is free from adverse

effectg ofci Dhehheeanse rddut dPmbeekageesrgdetiychf inflidnd aam fha Haf | ection
yoke. The range of 241 mmto 352 mmfor the |ens-screen distance L

corr espondg, Faehihse tebH! £ b ageDAY @rﬁm@ié@gﬂ)&a Pﬁfﬂ &% (eHle dgnches )
h ubes. 25

to 51 cm ( 21 inches ) of color cathode ray t n°concl usi on, the

col or cat thgc{:i‘}SdEUti% uéltf'etfliali:s'[elbe&rjor‘ep 4142 afep3%oEH§€H°ﬂ\io%”t can

reduce the dianeter of the el ectron beam spot on the phosphor screen to 0.5

I b j. i > _fal l.ow | at hi . wh
o 2, STBLLELaYgL U8, b SRl by nonfgl l opstigs sy vher

the cathode ra tainted pane

t he panel portion and a flegtion ke 8 for a relatively lLarge defl ection
ang| 2, 100‘9l]fé?‘g%°§>2arrpl£ei;ﬁeo Seggfg‘@ﬁ% ie%c.uabw (Cény- )”Sﬁ%zz%.e 0 (nm
, and ~ 352 .. FIG_3.is hori zont.al cross-sectional _view of a
secondllolo %f’rb%ég%ﬁfl SF &ec%qco?éc%ffgﬁa 1VveyYr e SrUtRYr dahEBSWEAT t he
present invention. In the DF pe in-line electron qun 37 of FIG 3,

ref erence %ﬁ’é?éf‘gl(??‘?fe%‘?’és%éapﬁftmﬂﬁﬂdngd:tqﬂﬂj]eY ?fﬁz "fshﬁr&@ﬁt“é:ra?jtat hode,
103 is a réght-hand cle_}t hode, 11 is,thi &5 Gl electrode, 12 is the &

el ectrode, %%iylpg 5 AN Lp ggvertica lrection 1n a space between

the G3 electrode 13 and the first G5 sub-electrode 15(1),
or between the G2 electrode 12 and the G3 electrode 13.
15 In the electrostatic quadrupole lens of the DF type
in-line electron gun 7 in which the first and third G5
sub-electrodes 15(1), 15(3) are supplied with the focus
voltage (VEfd + dVf) containing the dynamic voltage dVf, when
the electron beam scans the periphery of the phosphor screen
20 4, the focus voltage (Vfd + dVf) applied to the first and
third G5 sub-electrode 15(1), 15(3) becomes higher, a
difference between the focus voltage (Vfd + dvf) and the
focus voltage VIs applied to the second G5 sub-electrode
15(2) and a difference between the focus voltage (V£fd + dVf)

25 and the accelerating voltage Eb applied to the G6 electrode



sub-el ectrode, 33(2) is a second G3 sub-electrode, 33(3) is athird G3
sub-€lectrode, 34 is the 4 electrode, 17 is the shield cup, 18 ar 1txp%2002
vertical electrode pieces and 19 are the horizontal el ectrode pieces. 2

The sane reference nunerals as utilized in FIG 1 designate correspondi ng
portions in FIG 3. The structure of—22—col or cathode ray tube in the
second enbodi nrent may be substantially the sanme as in the first enbodi nent,
except that, in the second enbodi nent, 25 the nmeans for focusing the

el ectron beageTrens e Radktbet $brengbhioprrredens fogmed-begamesnathag neans
conprising the cathodes 101, 102, 10;, the Gl electrode 11 and the &

el ect rode ARcrsbnpndsescohd G5 sutb-etkettodde831 1) 1)33(13)(,2)33H18) ,t183(4) and
the G4 electrode 34. 5 The first to third G3 sub-el ectrodes 33(1) to 33(3),
and the Ghetesgrndef3d4hiennialie Seaondf enbedi bettveane thdenthioal ¢: structure
with the first to third G5 sub electrodes 15(1) to 15(3), and the G5

el ectrode gépbidléberbiest sephodhaethe Gespeetityely. 150débecageandas3
sub-electrode 33 ( 2 ) is provided with the vertical electrode pieces 18

sandw ghi ng o zontehéd Ve EaCtr & HESm! hb@@s%@ﬁ?hto(‘tﬁéaﬂhaﬁérf)éiﬁ’é)i nits
end facing the third G3 sub-electrode 33 ( 3 ) , and the third G3

sub- el ect r 0de o3ABL olvd rir ONs b PRS- & AN AT s 4 ER LI TH 81 €L BEHI 0de 15

pi eces 19 sandwi ching vertically the three electron beam apertures in

commn i Ny d sy &id &9’&@@.%‘%&?{?@1‘3‘1 oh aﬁgf't%cé %%‘}%e??(élghigf?@u%[i“ cal

el ectrode pieces 18 and i t rz ectrode piece orm an
o oot oL SR ke Fane R e N e oy T GG gkRRe
is prevented at the periphery of the phosphor screen 4.
10 In this way, the color cathode ray tube employing the
DF type in~-line electron gun 7 of the first embodiment forms
two curvature-of-the-~image-field correction lenses
between the first and second G5 sub-~electrodes 15(1), 15(2)
and between the third G5 sub-electrode 15(3) and the G6
15 electrode 16, and one electrostatic quadrupole lens between
the second and third G5 sub-electrodes 15(2), 15(3) by
applying the focus voltage (Vfd + dvf) containing the
dynamic voltage dVf to the first and third G5 sub-electrodes
15(1), 15(3), and corrects astigmatism of an electron beam
20 spot and curvature of the image field.

FIGS. 2A and 2B are graphs showing a relationship
between the dynamic voltages dVf and the lengths of the final
focus electrode adjacent to the anode and that between the
diameter of the beam spots and the lengths of the final focus

25 electrode intheDF type in-line electron qun, respectively,



approximately equal to or near zero volt, the & electrode 12 is supplied
with-a relatively | ow vol tage Vg2 of about 400 to about 1000 volts, the
second G3 sub-electrode 33 ( 2 ) 25 is supplied with a fixed vol t agé 1VABR @fi02
about 5 kV to about 0 ~ AP R 200Z --33 ~- 10 kV, the first G3

sub-el ectrode 33(1) and the third G3—sup-electrode 33 ( 3 ) are supplied
with a focus voltage (Vfd + dWf ) which is a fixed voltage Vfd superposed
with a dynam c voltage dvf varying with deflection of the el ectron beans, 5
and the retecx edewihg theetht ébdship Bétardnt ieiabtleemathsantitdle ve
coating 6 are supplied with an accelerating voltage (an anode vol tage) Eb.

The col or £ahhvdeoday dé1det pddé M sd elfaosth i@ nko T 04 §8s tAWf and FIG. 2B
curvature-of-the-image-field correction | enses between 10 the first and

second B sHbwEh carpéfét§§ﬁémp3§(eaae@%daskqta\ae%n@ft@lst Riff ¢n&3final
sub-el ectrode 33(3) and the 4 el ectrode34, and on€ electrostatic

quadrupolef$8ﬁ§ ?EE@%Bd%h%n%@%%%ﬂdi \%gngBfféfeétf&ﬁCbégﬂeé 3%E2) . 33(3)

by applying t ocus voltage (Vvfd + contalning t anlc vol t age

Vi Togihe 111 6 and L 1L G, Suba eLeGhLOBR 33 Lol dne I%,( doler and

corrects asti gITB.tI smo eam spo cur va ure I mage

field. The_col ube, o 4 4 enb h
way i m | 37 RGOLRES ?r%%% sBbath i 96 ST &7 PR REP LR R or

t he structurf of the second enbodinent is omtted. In the second
enbodi nent Y th&98Frective length of the final focus el ectrode adjacent to

t he anode is the_len th esi gn "c" asured fromthe c thode si de

end of 25 the {1 FRIFEE" stb: of B1d GRet 8 19 LER SeRe Ao b RoPIOCEES &
ordinates and the effective lengths of the final focus

10 electrode as abscissas.

The effective length of the final focus electrode of
the DF type in-line electron gun is defined as {B - 20A/(3
¢ )} in FIG. 1, where B is an axial length a cathode-side
end of the first G5 sub-electrode 15(1) to a phosphor-

15 screen-side end of the fourth G5 sub-electrode 15(4), A
is an axial length of the G4 electrode 14, ¢ is a diameter
of an electron beam aperture for the center electron beam
in the G4 electrode 14 and is an average of horizontal and
vertical diameters of the center electron beam aperture in

20 the G4 electrode if the center electron beam aperture is
non-circular, such as elliptical, oval or rectangular.

As numerical examples, the axial length A of the G4
electrode is about 0.5 mm to about 1.0 mm, and the diameter
¢ of the electron beam aperture in the G4 electrode is about

25 4 mm.



01 APR 2402 --34~ screen-side end of the third G3 sub-el ectrode 33(3). The
cat hode-side end of the first G3 sub-electrode 33 ( 1 ) faces directly the
accelerating electrode ( the G electrode ) 12 in the electron beab? p o
generating section, and the correction 5 ternms 20A/ ( 3 ~) conS|dered |$ 2
the first enbodi mrent need not be cons24dered in the second enbodi ment . The
| ength "c" can be adopted for the effective length of a final focus
electrode in FIGS. 2A and 2B. In this enbodiment, the |ens-screen distance
L is a di stancBherepraeshcophdrerio 3¢k L659s) deepiedenthethpi edfegt
sub-electrode 33 ( 3 ) to the center of the phosphor screen in FIG 3 . In
thi s enbodifrethe ¢lectrapcbesir ppedtema sty the 6| ¢bachyodel adi emshi ps:
0.0625L (mMm) ~ C~ 22.0 mm and L ~ 352 (nmm) . 15 The operation of the
second entodiacndri 3088bskantetadnind® Ispnexpertim@ntaf the first enbodi nent
al ready described, the advantages provided by the second enbodi nent is

substanti al | y thaesage asdibasesofhahectitrdlstamzdifmantoabireadyhddscri bed,
and therefore the explanation of the 20 operation and the advantages of the

secondsenbad} neMbe abe Rkt FeestFlbabod ifedt Vi@s thgah ¢003Sasetkbb@Aaln vi ew of
a third enbodi nent of a color cathode ray tube in accordance with the

present ?’cﬂﬂé'@nan85liﬂethB"DEnH)IE%t'e%'|dHhe.r£&@@fiQﬁlano§7a egfigrence 0
~ APR 200 3 5 ~ nuneral 102 denotes a center cathode, 11 is the Gl

el ectrode B de! ey CRubbeninads, 1kl adhed ol epdkadepsidibasile

el ectrode flrst G5 sub-el ectr econ

Sub- el oot 1,0 B5a(nd Lk g2 diHe) B SHboEL ect 1 ode

A lens-screen distance L is defined as a distance from
10 the center of a phosphor screen to the anode-side end of
a focus electrode for forming a final stage of a main lens
in cooperation with the anode.
In FIG. 2B, the ordinates represent the diameters of
the electron beam spots on the phosphor screen at the
15 standard electron beam current and the abscissas represent
the effective lengths of the final focus electrodes
normalized by the lens-screen distance.
Line “a” indicates characteristics of a color cathode
ray tube employing a dark-tainted panel (light transmission
20 = approximately 38%) serving as a faceplate 1F of the panel
portion, of the first embodiment, and line ”“b" indicates
characteristics of a color cathode ray tube previously
proposed by the present inventors and employing a tainted
panel (light transmission = approximately 50%) serving as

25 a faceplate.



565 ( 4) is afourth G5 sub-electrode, 16 is the G5 el ectrode 117 ism?
shiel’d cup, 18 are vertical electrode pieces and 19 are horizonpa APR 2002

el ectrode pieces. FIG 9 is a cross-sectional view of the second G5

sub-el ectrode 65(2) of FIG 7 as viewed in the direction 10 of arrows | X-1X
in FIG 7) and FIG 10 is a cross-sectdbonral view of the third G5
sub-electrode 65 ( 3 ) of FIG 7 as viewed in the direction of arrows X - X
in FIG 7. The second Gb sub-electrode 65(2) is provided with a pair of the
hori zont al el eEhpod&apidedes eleaare bARMgCES NEaYts qafeyidee three el ectron
beam apertures 652a, 652b, 652c in common in its end facing the third G
sub- el ect rerfeosBepdgd)brightinere forrrespestubvel ecteens B5eg a3 J aire
provided with the vertical el ectrode pieces 18 sandw ching horizontally
each of thtefimeé ekeot 001 lbeaqm apemnt’ jes(Bh3a, B5HeimtpI Ydefulits end
facing the second G5 sub-el ectrode 65(2). The vertical electrode pieces 18
and the hadizgohal elisehsdde pifeadse Ihdophvansekeetr.ost asi gpavadidpol e

| ens between the second and third G5 sub-el ectrodes 65(2), 65(3). The nmjor

di ffer gncecbehpees, thigefdpstoRrnEatBi £ agaacabedict®Roh beahatrkBatgerti cal
el ectrode pieces 18 and 0 1 APR 2002 ~- 3 6 ~ the horizontal electrode

pi eces 19 are i e ghanged; aThgngokep LAt PQP%%éi}]%uﬁﬁaggntaﬁesEFiere‘ﬁ

enbodi ment forns three curvature-of-the-imge-fie correction [enses

bet ween t he; fi dpsego £l e o] 65 : 2) , 5
bet ween t[E?%%é?%Ogﬁdeggr?ﬁcgg §§§?§1é%%§ogg§m65r%§% c?lig?%'4-) and

bet ween the { oyt £ sauyel pet ! ade) G20, Aad e £y elissd e o§angand one

el ectrostatic quadrupole |'ens between the secon

sub-el eot 1 e, 63(2). 1653 DL 2RI ANGENE LI0US LLLAGR 1LY o Y1)

cont ai ni ng ynam ¢ "vol t'age 'he”'sec and fourt ub

el ect ,ades, 65 , 4 d_corrects, astd t i sm,of el.ect ran_beam spot
and culr%vatlusr 5%(%%105?6%@&%)%902& ]f%?%é J‘]“néh%o fo%%g%%%%&eer}gg{b PEE@‘% PRe third
enbodi ment . o eratgs gn tge way simlar to the first enbodinent. 15 FIG 8
is a verticari®ros§CEE8fonal view of a fourth enbodi ment of a col or

cat hode ray tube in accordance with the present .i nvention., Except for the
manner in &hicg ﬁgﬁﬁéﬁﬁﬁﬁi %r%?eéFﬁﬁﬁig%ﬁ%ﬁsbeNQQf\ﬁQ+F%$e£8tPng

vol t ages, the electr s are.20.identical with those in the thir
enbod?nenthia%_?ﬁfingggon glsplay moéﬁtor for use &n graphic

terminals or the 1like capable of displaying a high-

15 resolution image of drawings as well as letters or
characters than a small size screen used in personal
computers are. But considering the desire to make a space
occupied by a monitor as small as possible, as a measure
to reduce the depth of the monitor, there is a tendency to

20 reduce the axial length of a color cathode ray tube by
increasing the deflection angle of electron beams in the
color cathode ray tube. The increase of the deflection
angle requires the increase in the magnitude of the
above-explained dynamic voltage.

25 In the operation of the color cathode ray tube in the



enbodi nent the G5 electrode is considered to be divided into three

sub-el ectrodes including a first G5 sub-electrode 75(1), a second Gb 2002
sub-el ectrode 75(2) and a third G5 sub-el ectrode 75(3) because t he 1f ARB¢
and second G5 25 sub-el ectrodes 65(1), 65(2)which are electrically isolated
~ ~ APR 2002 -37~ in the third enbodin&6t- are supplied with the sanme
voltage Vfd in the fourth enbodi nent. The col or cathode ray tube of the
fourth enbodi nent forns curvature-of-the-image-field correction | enses 5
bet ween t hB1gBcSIRE Bt AR r 18P lalh- BPBELPEdestly® frzauencys ¢f3 theynd
between the third G5 sub-el ectrode 75(3) and the G5 el ectrode 16, and one
el ect r ost adypagisdvapslgd dssmpdewbeghefebeasiseand decepactBonized

sub-el ectrodes 75(1), 75(2) by applying the focus voltage (Vfd + dWf)

cont ai ni ngwithd thedyriah-¢ nejuaenyey déflect henf bifstelawdt rar drehnGh. sub

el ectrodes 75(1), 75(2), and corrects astigmati smof an el ectron beam spot
and curvatbiriobttioe bfabeehkeotin Thé taeeob fcathandd srtayrd Wie dghatrie: fourth
enbodi ment operates in the way simlar to the first enbodi nent. 15 As

descriBed abdvaget bheipeesentcuiensditofh@mvm desr ther atamagesodfidd m ting
the dianeter of the electron beam spot on the phosphor screen to 0.5 mm or

less, |imgiggriheidwran G tageah e &5@1&@?&%@%11;@8&0%& CRAMSI Y
appearance of raster noire even when a faceplate having a reduced Iight 20

transm ssi ppyapdpa Wrder anglwifed | ggbbenroke are enployed, by forming a
| ens for correcting curvature of the image field and an electrostatic

quadr upol e Ien%owstitfahé%agmtsi r{é}lefe%gsf%bellﬁceey ode: agigécggs_«%%%nttﬁ%% and

optim zing the l'eng ( he final "focus el ectro e nurber of the
SUb'eleCtr89§§m&8t90Wﬁ%C%f}Jé¥%§'the practical dynamic voltage dvf

100 needs to be limited to 650 volts or a lower voltage.

For a color cathode ray tube employing a 100° deflection
yoke 8, of the first embodiment, to 1imit the dynamic voltage
dvf to 650 volts or a lower voltage, the following
relationship is derived from the line “a” in FIG. 2A,

15 {B ~ 208/(3¢)} = 22.0 mm.

Incidentally, for the above-mentioned color cathode
ray tube employing a 100 ° deflection yoke, previously
proposed by the present inventors, to limit the dynamic
voltage dVf to 650 volts or a lower voltage, the following

20 relationship is derived from the line “b” in FIG. 2A,
{B ~20A/(3¢)) = 19.0 mm.

FIG. 2B shows that, in both the color cathode ray tubes
with the DF type in-line electron gun employing the
dark-tainted panel and the tainted panel, respectively, the

25 diameters of the electron beam spots on the phosphor screen



0 1 pPR 2002 ~-38~ el ectrode adjacent to an anode is divided is ghr g@gimﬂ'l
the first, second and fourth enbodinents, and four in the third énbodi nent,
but the number of the sub-electrodes is not limted to these, and it
depends upon the desired nunber 5 of electrostatic quadrupole | enses and

| ens for correction of curvature of #Hpw+nmage field. The el ectron gun of
the present invention includes at |east one of each of an electrostatic
guadrupol e lens and a lens for correction of i curvature of the inmge
field. Oat1thAP Rt200[xrd 39l efAToh SbEhAl FED1eRt lis Alnoteasedt Wadd ray
tube conprising an evacuated envel ope conprising a panel portion, a 5 neck
portion, adéonpaekepoiti drhd orfdeartdotd nfengitd pafieltipor tfiioralandosaisd neck
portion, a phosphor screen formed on an inner surface of a faceplate of

sai d panel epectirode @ rnallizel thyyperéetenonsgueenoudsietdncesai d neck 10
portion, and a deflection yoke nounted around said funnel portion; said

in-line type eheGh e sdniC¥Wrd gjga?rb@bﬁﬁ‘i&‘iﬁbeQWkQQGQ&@d FrSecti on
having three in-1i ne cathodes, a el ectrode and a & el ectrode 15

arranged ipn,i8¢ @éigl%dge}{ﬁidttﬂ% PhQj ﬁfibhuﬂetﬂ'ﬂrﬁecn%r?‘atﬂs%ay monitor

beansarrangedapproximately in parallelwth each other in a“horizontal plane

toward sai g, phQiphos nSCLEepn 1 BNd i £HEFL T UY PeRE TPEKST R ACHd O £
conprising a G3
displaying a high-resolution image of drawings as well as
letters or characters.

Therefore, for a color cathode ray tube having a useful

10 diagonal phosphor screen dimension of 41 cm (17 inches) or
more, it is desirable that a pith of dot-like electron beam
apertures in its shadow mask is 0.28 mm or less, and the
number of display dots in a horizontal direction on the
phosphor screen is at least 1000, and this requires the

15 diameter of electron beam spot at the center of the phosphor
screen to be 0.5 mm or less.

For a color cathode ray tube employing the dark-tainted
panel, of the first embodiment, to limit the diameter of
the electron beam spot on the phosphor screen to 0.5 mm or

20 asmaller value, the following relationship is derived from
the line ”a” in FIG. 2B,

0.0625 = {B - 20A/(3¢) } /L,
that is, 0.0625L (mm) = B - 20A/(3¢) (mm) .
Incidentally, for the above-mentioned color cathode

25 ray tube employing the tainted panel, previously proposed



20 electrode, a 4 electrode, a G electrode and an anode arranged in the
order naned for focusing said three el ectron beans on said phosphor schﬁgn,
wherein said Gb el ectrode conprises a plurality of sub 25 el ect BddARR 2
arranged to be supplied alternately with a first 01 AP R 2~2 -40 ~ focus
vol tage and a second focus voltage, sd#8tfirst focus voltage being a first
fi xed vol tage, said second focus voltage being a second fixed voltage
superposed with a dynami c voltage varying with deflection 5 of said three
el ectron bBeangheapresgsit @M¥Qﬂﬁﬁﬁﬁos¥%t%émaﬁaéhﬁpﬂhﬁmQﬁﬁFi%ff%hﬁed
between two of said plurality of sub-electrodes supplied alternately with
sai d firstelectsonobeage spod sai dheeqdmbsphensseveengee 90 Samm @asta one

| ens for correcting curvature of the image field is forned between two of
sai d pluratmé¥yletr wabuel etheofleslewuppbi rdlattionsditial yi svdelr iyadd firiomst f ocus
vol tage and said second focus voltage, said 4 el ectrode, said Go el ectrode
and sai d ptiesphonels tscr eanrgati gBy foll owi ng inequalities: 0.0625XL (mm -~
B- 20/ (3 ~) ~22.0mM and L (nm ~ 352 mMmm where A (nm is an axial

| engt hsof sai @ @k eke¢srodgoay (8 J s/1@n average of horizontal and
vertical 20 dianeters of an el ectron beam aperture for a center electron

beam of said thrge i@ ecirerrbeampmi)n saigl b @l el pode,(rBn{ym) is an axial
| engt h neasured from a cat hode
Color cathode ray tubes for use in monitors for
information terminals and the like are required to have a
large number of picture elements and to produce a high
10 information content and large capacity display, and
therefore it is desirable that dot aperture pitches in a
shadow mask is not larger than 0.28 mm and the number of
display dots in a horizontal direction on the phosphor
screen is at least 1000 for auseful diagonal phosphor screen
15 dimension not smaller than 41 cm (17 inches).

For ease of use of the information terminal display
monitor on an ordinary office desk with a space sufficient
for a keyboard and the like, the monitor needs to be made
compact by making its depth as small as possible, and

20 therefore it is desirable to make its useful diagonal screen
dimension 51 cm (21 inches) and below.

In prior art cathode ray tubes having the maximum
diagonaldeflectionangleof90° , the lens-screendistances

I, are about 293 mm, about 326 mm, and about 355 mm for useful

25 diagonal screen dimensions of 41 cm (17 inches), 46 cm (19



side end of said G5 electrode to a phosphor screen side end of said Gb

el ectrode, and 25 L (mm) is an axial distance from said phosphor S ~ AP
2002 -41 screen side end of said Gb electrode to a center of said Q oé%ﬂ 2
screen. 2. A color cathode ray tube conprising an evacuated envel ope
conprising a panel portion, a 5 neck—28+ion, a funnel portion for
connecting said panel portion and said neck portion, a phosphor screen
formed on an inner surface of a faceplate of said panel portion, an in-line
type el ectipahgan aAbdsel 4m (Fdi dngdES )10 reemaVni vehyl, ankfihe thiadiioyoke
mount ed around said funnel portion; said in-line type electron gun

conpri si ngDAh ef edie onl izepm gk e e mgl igeEn § oon Havion g hieh L ee si-sclriesn
cathodes, a Gl electrode and a & electrode 15 arranged in the order naned
for projecfiisgahbees dlsecmaiibeanshanr angédapproxi mately in parallelwth
each other in a horizontal plane toward said phosphor screen, and an

el ectron beam figcusatpogectiyn eameis ShagiagCt R ealscinmalediak@nail anode
arranged in the order named for focusing said three el ectron beans on said

phosphgy sgeeeBctWRer §hg1eabd (Ho®lestidde, cUPHrederf Rinved i afs sub 25
el ectrodes arranged to be supplied alternately with a first

directed, the lens-~screen distances L are about 258 mm,

about 282 mm and about 314 mm for useful diagonal screen

dimensions of 41 cm (17 inches), 46 cm (19 inches) and 51

cm (21 inches), respectively, and the ratio D/L of the

10 diagonal screen dimension D to the lens-screen distance L

is about 1.60.

The above values of the lens-~screen distances L are
selected such that interference of magnetic deflection
fields leaking from the deflection yoke does not distort

15 the shape of electron beam spots on the phosphor screen
beyond an allowable 1limit and the anode-side end of the focus
sub-electrode which forms a final stage of a main lens in
cooperation with the anode is disposed as close to the
phosphor screen as possible.

20 Although color cathode ray tubes having a maximum
diagonal deflection angle of approximately 110 ° have been
used for color TV receivers, it is difficult to employ a
color cathode ray tube having the maximum deflection angle

[}

of approximately 110 = deflection in an information

25 terminal display requiring a dynamic focusing circuit for



01 AP R 2002 -42 ~- focus voltage and a second focus voltage, said first
focus voltage being a first fixed voltage, said second focus voltage being
a second fixed voltage superposed with a dynam c voltage varyin i 2
deflection 5 of said three el ectron beans, at |east one electrostatic
quadrupol e lens is formed between two ¥-said plurality of sub-electrodes
supplied alternately with said first focus voltage and said second focus
voltage, 10 at | east one lens for correcting curvature of the jnage field

is formed debhwEBn IDAGTIREAR AR ENFr y1BE I&uE RAEH T R sBpBli ed
alternately with said first focus voltage and said second focus voltage,
sai d G3 el eespduéiomddiard aghbsprysesefcehegragnituds 9bhwdygamic
inequalities: 0. 0625 XLA (mm) ~ C ~ 22.0 mm LA (m) ~ 352 mm where C (nm)
i s an axi afoteagvie Livdgsurladnitenn by caghaddtyi ¢ dlf ofixemit G3 el ectrode to
a phosphor 20 screen side end of said G3 el ectrode, and LA (nm is an axi al
di st ance from aied quicsphmatsedeenayi debend foftlsaipr &GBert echvedeibm a
center of said phosphor screen. 3 . A color cathode ray tube according to
claim b , 28opher gi Magamdmsatagdnbacde fi@ldtagm iahgupllawset cagroup '~
AP R 2002
in order to make its axial length (an overall length)
shorter than that of a conventional color cathode ray tube
having a maximum diagonal deflection angle of 90° , while
still keeping the maximum diagonal deflection angle less
10 than 110° to reduce the magnitude of the dynamic voltage
of the dynamic focus circuit in the information terminal
display monitor. In this color cathode ray tube having a
maximum diagonal deflection angle larger than 90° , but
smaller than 110° , the ratio D/L of the diagonal phosphor
15 screen dimension D to the lens-screendistancel is selected
to be in a range of about 1.45 to about 1.70 such that the
overall axial length of the cathode ray tube is made as short
as possible, but such that the main lens of the electron
gun is free from adverse effects of interference with
20 leakage magnetic fields from the deflection yoke.
The range of 241 mm to 352 mm for the lens-screen
distance L corresponds to the useful diagonal screen
dimension of 41 cm (17 inches) to 51 cm (21 inches) of color

cathode ray tubes.

25 In conclusion, the color cathode ray tube of the first



~-43 ~ of said plurality of sub-electrodes including one nearest said

anode. 4. A color cathode ray tube according to claim2, wherein SﬂHdAPR?mn
second focus voltage is supplied to a group 5 of said plurality of

sub-el ectrodes including one nearest said anode. 5 . A col or cathode ray
tube according to claim1l , wherein satbdefl ection yoke is of the type
havi ng both hori zontal and vertical deflection w ndings wound in a 10

saddl e configuration for a(fia al .deflectio ngle ip_a range of 95 to
105 6. A cOPBPICRERGRSD &y Jiiie THECH T ARG SE & L ene b0 U RAR B A skOk
defl ection yoke is_of the type having both horizontal and verti cal
def | ect i onPthi RAPNEEORGHF iSFLEeD tadlr e BBnPFgd &Mn $%rvVal¥f afBna
deflection angle in a range of 95 to 105 . 7. A color cathode ray tube
accor di ng $dtéFAVANE, thferf@ll aaing a¥elehdonshd b8 &MesIReR cty®adr upol e
lens is formed between second and third ones of said 20 plurality of
sub- el ect rogieBodeuntiynd vheommp oyie af daxkdtedmiede.pareld tor otheat hode ray
tube according to claim?2, wherein said at | east one electrostatic
quadr upol efdeapliasef of nebepamekrpsetbod and 4 el ermesonfyslke B For
plurality of sub-electrodes counting froma side of 0, APR Z~z -44 ~
sai d cat hodlerePatAvedlol acgehdedeE leay ifamhearmgosy diom °t 9 cbai exkmple,
0.0625L (mm) = B - 20A/(3¢) = 22.0 (mm) , and
L = 352 (mm).
FIG. 3 is a horizontal cross-sectional view of a second
10 embodiment of a color cathode ray tube in accordance with
the present invention.
In the DF type in-line electron gun 37 of FIG. 3,
reference numeral 10, denotes a left-hand cathode, 10, is
a center cathode, 10, is a right-hand cathode, 11 is the
15 Gl electrode, 12 is the G2 electrode, 33(1l) is a first G3
sub-electrode, 33(2) is a second G3 sub-electrode, 33(3)
is a third G3 sub-electrode, 34 is the G4 electrode, 17 is
the shield cup, 18 are the vertical electrode pieces and
19 are the horizontal electrode pieces.
20 The same reference numerals as utilized in FIG. 1
designate corresponding portions in FIG. 3.
The structure of the color cathode ray tube in the
second embodiment may be substantially the same as in the

first embodiment, except that, in the second embodiment,

25 the means for focusing the electron beams from the electron



wherein said plurality of sub-electrodes are at |east three in nunber. 5
10. A color cathode ray tube according to claim2, wherein said plurality
of sub-electrodes are at least three in nunber. 11. A color cat hpgenpragi2
tube according to claiml1, wherein said plurality of sub-el ectrodes are
four 10 in nunber. 12. A col or cat hode3-ay tube according to claim 2,
wherein said plurality of sub-electrodes are four in nunber. 13. A color
cat hode ray tube according to claim15 1, wherein said first fixed voltage
and sai d sgenadaftirgdneahsagemprésingathangatbddabolif, 5 1KV, tb0abshe 10 kV,
and said anode is supplied with a voltage in a range of about 20 kV to
about 30 k&1 éllecArodeol lcankiodde &2 tailesr tacwde dl Aigcdnpeliaem 2Ge2G3wher ei n
said first fixed voltage and said second fixed voltage are in a range of
about 5 k\stb-abeuotrdadeky3 @nd sx8 2 pposie(Bs,sepphiedns tther pltage in a
range of about 20 kV to about 30 kV. 15. A col or cathode ray tube accordi ng
to claim lg125twhgeen .a light transm ssion of said faceplate i s about

38~. -45 ~ ~ ~ AP R 200Z 16. A color cathode ray tube according to claim 2,
wherei a |ighppr %E%@ts%'o()%hqfrds%lﬂ sflﬁﬁ-eé)ﬂé’é@rééeéb%'%li&ﬁo 33(3),
A LAF L A(Y, . ATANLAY, CA@ AR ATA(Y. A@A, A AR A5 AU A(S A A@ . AA

A{@A Al £ha¥ne é4A%1%ct% A ANA £hé SEBARY b Mhen N r & A A

S , ¥8SK80
identical in structure with the first to third G5 sub-

electrodes 15(1) to 15(3), and the G6 electrode 16 in the
first embodiment, respectively.

10 The second G3 sub-electrode 33(2) is provided with the
vertical electrode pieces 18 sandwiching horizontally each
of the three electron beam apertures in its end facing the
third G3 sub-electrode 33(3), and the third G3 sub-electrode
33(3) is provided with a pair of the horizontal electrode

15 pieces 19 sandwiching vertically the three electron beam
apertures in common in its end facing the second G3
sub-electrode 33(2). The vertical electrode pieces 18 and
the horizontal electrode pieces 19 form an electrostatic
quadrupole lens between the second and third G3 sub-

20 electrodes 33(2), 33(3).

The Gl electrode 11 is supplied with a voltage
approximately equal to or near zero volt, the G2 electrode
12 is supplied with a relatively low voltage Vg2 of about
400 to about 1000 volts, the second G3 sub-electrode 33(2)

25 is supplied with a fixed voltage Vfs of about 5 kV to about
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center of the phosphor screen in FIG. 3. In this embodiment,
it is necessary to satisfy the following relationships:

0.0625L (mm) = C = 22.0 mm, and
L = 352 (mm).

15 The operation of the second embodiment is substantially
the same as that of the first embodiment already described,
the advantages provided by the second embodiment is
substantially the same as those of the first embodiment
already described, and therefore the explanation of the

20 operation and the advantages of the second embodiment are
omitted.

FIG. 7 is a vertical cross-sectional view of a third
embodiment of a color cathode ray tube in accordance with

the present invention.

25 In the DF type in-line electron gun 67, reference
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The second G5 sub-electrode 65(2) is provided with a
pair of the horizontal electrode pieces 19 sandwiching
15 vertically the three electron beam apertures 652a, 652b,
652c in common in its end facing the third G5 sub-electrode
65(3), and the third G5 sub-electrode 65(3) is provided with
the vertical electrode pieces 18 sandwiching horizontally
each of the three electron beam apertures 653a, 653b, 653c
20 in its end facing the second G5 sub-electrode 65(2). The
vertical electrode pieces 18 and the horizontal electrode
pieces 19 form an electrostatic quadrupole lens between the
second and third G5 sub-electrodes 65(2), 65(3).
The major difference between the first and third

25 embodiments is that the vertical electrode pieces 18 and
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10 dynamic voltage dvf to the second and fourth G5 sub-
electrodes 65(2), 65(4), and corrects astigmatism of an
electron beam spot and curvature of the image field.

The color cathode ray tube of the third embodiment
operates in the way similar to the first embodiment.

15 FIG. 8 is a vertical cross-sectional view of a fourth
embodiment of a color cathode ray tube in accordance with
the present invention.

Except for themanner inwhich the respective electrodes
are supplied with operating voltages, the electrodes are

20 identical with those in the third embodiment. In this
embodiment the G5 electrode is considered to be divided into
three sub-electrodes including a first G5 sub-electrode
75(1), a second G5 sub-electrode 75(2) and a third G5
sub-electrode 75(3) because the first and second G5

25 sub-electrodes 65(1), 65(2) which areelectrically isolated
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10 dynamic voltage dvf to the first and second G5 sub-
electrodes 75(1), 75(2), and corrects astigmatism of an
electron beam spot and curvature of the image field.

The color cathode ray tube of the fourth embodiment
operates in the way similar to the first embodiment.

15 As described above, the present invention provides the
advantages of limiting the diameter of the electron beam
spot on the phosphor screen to 0.5 mm or less, limiting the
dynamic voltage to 650 volts or less and reducing appearance
of raster moire even when a faceplate having a reduced light

20 transmission and a wide-angle deflection yoke are employed,
by forming a lens for correcting curvature of the image field
and an electrostatic quadrupole lens with the final focus
electrode adjacent to the anode and optimizing the length
of the final focus electrode.

25 The number of the sub-electrodes into which a focus
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present invention includes at least one of each of an
electrostatic quadrupole lens and a lens for correction of

curvature of the image field.
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| 5 neck portion, a funnel portion for connecting said panel
portion and said neck portion,
a phosphor screen formed on an inner surface of a
faceplate of said panel portion,
an in-line type electron gun housed in said neck
10 portion, and
a deflection yoke mounted around said funnel portion;
said in-line type electron gun comprising
an electron beam generating section having three
in-line cathodes, a Gl electrode and a G2 electrode
15 arranged in the order named for projecting three
electron beams arranged approximately in parallel with
each other in a horizontal plane toward said phosphor
screen, and
an electron beam focusing section comprising a G3
20 electrode, a G4 electrode, a G5 electrode and an anode
arranged in the order named for focusing said three
electron beams on said phosphor screen,
wherein

said G5 electrode comprises a plurality of sub-

25 electrodes arranged to be supplied alternately with a first
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10% & () - 9t 8&t{d- of said plurality of sub-electrodes supplied
alternately with said first focus voltage and said second
focus voltage,

10 at least one lens for correcting curvature of the image
field is formed between two of said plurality of sub-
electrodes supplied alternately with said first focus
voltage and said second focus voltage,

said G4 electrode, said G5 electrode and said phosphor
15 screen satisfy following inequalities:
0.0625XL (mm) = B - 20A/(3 ¢) = 22.0 mm, and
L (mm) = 352 mm
where A (mm) is an axial length of said G4 electrode,
¢ (mm) is an average of horizontal and vertical

20 diameters of an electron beam aperture for a center electron
beam of said three electron beams in said G4 electrode,

B (mm) is an axial lengthmeasured froma cathode
side end of said G5 electrode to a phosphor screen side
end of said G5 electrode, and

25 L (mm) is an axial distance from said phosphor
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a phosphor screen formed on an inner surface of a
faceplate of said panel portion,
an in-line type electron gun housed in said neck
10 portion, and
a deflection yoke mounted around said funnel portion;
said in-line type electron gun comprising
an electron beam generating section having three
in-line cathodes, a Gl electrode and a G2 electrode
15 arranged in the order named for projecting three
electron beams arranged approximately in parallel with
each other in a horizontal plane toward said phosphor
screen, and
an electron beam focusing section comprising a G3
20 electrode, and an anode arranged in the order named
for focusing said three electron beams on said phosphor
screen,
wherein

said G3 electrode comprises a plurality of sub-

25 electrodes arranged to be supplied alternately with a first
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between two of said plurality of sub-electrodes supplied

alternately with said first focus voltage and said second
focus voltage,

10 at least one lens for correcting curvature of the image
field is formed between two of said plurality of sub-
electrodes supplied alternately with said first focus
voltage and said second focus voltage,

said G3 electrode and said phosphor screen satisfy
15 following inequalities:
0.0625XLA (mm) = C = 22.0 mm
LA (mm) = 352 mm
where C (mm) is an axial length measured from a
cathode side end of said G3 electrode to a phosphor

20 screen side end of said G3 electrode, and

LA (mm) is an axial distance from said phosphor
screen side end of said G3 electrode to a center of
said phosphor screen.

3. A color cathode ray tube according to claim 1,

25 wherein said second focus voltage is supplied to a group
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wherein said second focus voltage is supplied to a group

5 of said plurality of sub-electrodes including one

nearest said anode.

5. A color cathode ray tube according to claim 1,
wherein said deflection yoke is of the type having both
horizontal and vertical deflection windings wound in a

10 saddle configuration for a diagonal deflection angle in a
range of 95° to 105° .

6. A color cathode ray tube according to claim
2, wherein said deflection yoke is of the type having both
horizontal and vertical deflection windings wound in a

15 saddle configuration for a diagonal deflection angle in a
range of 95° to 105° .

7. A color cathode ray tube according to claim
1, wherein said at least one electrostatic quadrupole
lens is formed between second and third ones of said

20 plurality of sub-electrodes counting from a side of
said cathode.

8. A color cathode ray tube according to claim 2,
wherein said at least one electrostatic quadrupole lens

is formed between second and third ones of said

25 plurality of sub-electrodes counting from a side of
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2, wherein said plurality of sub-electrodes are at
least three in number.
11. A color cathode ray tube according to claim
1, wherein said plurality of sub-electrodes are four
10 in number.
12. A color cathode ray tube according to claim
2, wherein said plurality of sub-electrodes are four
in number.
13. A color cathode ray tube according to claim
15 1, wherein said first fixed voltage and said second
fixed voltage are in a range of about 5 kV to about
10 kv, and said anode is supplied with a voltage in
a range of about 20 kV to about 30 kv.
14. A color cathode ray tube according to claim
20 2, wherein said first fixed voltage and said second
fixed voltage are in a range of about 5 kV to about
10 kV, and said anode is supplied with a voltage in
a range of about 20 kV to about 30 kV.
15. A color cathode ray tube according to claim 1,

25 whereina light transmission of said faceplate is about
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38%.
16. A color cathode ray tube according to claim 2,
wherein a light transmission of said faceplate is about

38%.



