EP O 275 191 Bl Description The invention relates to a col or cathode-ray

t ube havi ng an electron gun with tgpegrsabesiron | enses, and, nore
particularly, to a three-|lens el ectr.on gun capabl e of providing
asymmetric Ilégahaped el ectron:beans of 5 substantial ly constant current
density. shows a conventional rectangul ar color picture tube 10

having a gl a X&n?&&sﬂt&a o7 Bitlodo-R tibe tﬁ/ﬁt 3 gs&.atgtn%ﬁ RleRcthAMhbesanaand
t ubul i m e n Beams o
a tubul ar pec |a ’ %:? ang’ga per?‘%hewglg% ehitvallyJsRoel B1B&Hon e s of

conprisgs g flange or sidewal |

which i 5 Sealg q s M alcBiVBitlonal Rcthiguitr dofot gictir&ibe Hlhaviry 4G brivelbidr 1€ ContpRisiny
phasphor sg h%ﬁﬁ];ﬁ?faéeilaie%ﬁi €land 3 tibdRar Aedi & cofndcledByca @itarigier firectsl He@aeB12 The
10 “SCr eeNcqpipRdet b dibWikg facepite|18 B aarigheral flahgetor silavalDZ0ehich Grsedléd e the eunhel éibyreg
subst ant i afrit searar Hacsdic tirdeatolot phodpher strbgn22filaoated rethe nnar aurface of terfaegatats. ke t he
t ube ( n@r NEdreeh Profetably ladimcsc@én with¢helphdslieilink} extehbingsubstantislly perpentdibular toghechigh freoul d
be a dot squencynasteflineisktdniof thp tubb (noml to e planesef the EIGURE 1) |Aliernatively: theiscreencduldhberas k
24 is renDa ddlisgreamnAimultidpertigred calor selection ¢lastrede onshadaw mask 24is eamovablymayeted, by,eaded
rel ation t ventionel reesns; rpredigtermined EpsicedTelation &xthe esreen 2% Ap ilineslasiipn aye A shownsehey| | v
by dashed Mmatisally by dastiedinsein FIGURE 1cls HQ"F'G!M"WH‘MM edhweelht‘-rto g9qeraig apqdirpat threp

gener at® aplectign besme 28 plpradnitially @laﬁﬁftbPWhpaﬂlé‘é ang fl”F Ith '8

beam pat hstYPh?fG'Gﬁf?“ﬂﬁ'éh‘ﬂﬁé’R“"ﬂ'° e 'f
%‘ect;é, n§§%' £5h pOpdon

al
such as th

i ssued to Tr:,%{ hlc ea §f§] onta

el ectron g&ﬂ"dtq‘?%‘t“b V%F?Rtf“ 3? 'ﬁs 53 ° '
s&?over

degi gnel t °§°‘ faﬁ th(ﬂﬁ P PHEFIGORE Pataoot Ok
30 Tocated at th&ﬁ%l‘deflé&l&Idf@thuZym&d@ﬁallWa Flile
the yoke 3 ok§ in&‘.‘iﬁe% E‘ofth .ﬁst aﬁ.pu the Bctlif) cUFRGE britke defiéiled Deatkbatts iftA!S €

the beams pghedtonRone® doFéP-BJnﬁ FiGURBY ﬂﬁl’y&de%abJondsran MhénRIGoraBEUaBRetiE ASA Bt hay er
the SCr8enaaiong bGushibi-iks dértidal dbRELHEH madRdtic el by shrdilg baREIke RftkoRtal defdtlion ag-
shown by t Raiclibid, 2o &nterdeihddidcidbibedmsidt thidlperiphertilpert ofitibBo@erd2. When thyedlaztrabeams
Because of pissthi@igh SuckandshombdeRectsinagnetic fidid thetimbinodle aubjettitalistartives and tiefomising. As
axi al l'y fr amastlbat ty@pesiptidell pantions bfitie scragn 22 the Shapé ef tispLateciiéh bebiv spat isgrekilycdistoyed. t he
act ual cur FEHURES refdresbiite artleédtron beaoh spetdonasingla beammwhiidhds ciretlaratthe cantep ofitke scrpem ot
shown in FhtuRiergoes vnousyykeof Gistotens at thiererizharyiofthesrrege2Rodn showrtig FIEURE 3. thedpam
that has 28potbecomesdwtizopsallyelgadsted whén detiected pipngthe horizoptakaxisi The 1} the foyrepry
and a st r oneys pihesereen qomensmqoz'b'mtlav of herjzpniqlly P'ewaﬁﬁgqﬂ'qﬂeﬂddeff *t!P"G%tes' P°"'°"
conver ge t Hatfamallipticaly-shepsrpotsiwith halo-shaped siepgatipns PP‘”HE H@ﬁ@%ﬂ" "

the el ectr Ghﬂﬁ’éélﬂ%“ 55’@?"'@1’7@6@1% “S'IJW usingG MBighFRIBR &8 pﬁas?']tseT Ef° '?'ﬁe

b e ¥high Buatb % t d def
pg?lmghgr :| B}'F ut gg I?E@n B Oﬁluﬁ:‘gf‘eg:ffmn ) esu anl rovgdcolor

t |
beam ahi cﬁfq"g'gtegeta m* if :@e e ﬁcu'éfn&g e

fc |de an
vakjpus ty w@w ,@J. :E ROV | N
FIGORE %71 ‘%% a'ica:raﬁ ksl bp am .nwpegran g.a??fms.mnsaafong

the hori Zort'ﬂe ect?&ﬂg%n shoWwh m@m@mﬁe B¥amlcliPent & tHe efedifon gif S nilfianiperes.TBE E16diron
CONPri ses BednPdlitbm ddrisifytoftbur BIFig. Z80inprisby/a rélatively fikga derited pdrtidh| Ksaviag\disutigtaritially abr- y
el ongat ed g@htbbémculrbra bifabsues00d df thpiverigé begmaetirtpt shd paripheral portidns whbre the lhegpeairrent
el ongat 0N Sropd o At EY.df the dVeeags Bebm cuiréntand fisallyite gbaatiidehbf the aterage bdamaumrenh Thechaam | S
def | ect ed, isaiptidaliyeshaymd along the vertichicaxis ¢ nadyice thia iovenfocusinghaxtiorbef theeygkeaher the beam is
present s a dgftected. FIGURE 4b\showsitherbearh cumentaidukity santodr, within ¢heaainlensdi2; et is betsreen the
Pat ent 4, 62@3 b6 4alitiredes ofFig 2 Fheniagtrortbeam st this lodatianis Heyzoplallyelongatng: hewever e §0% d
col or i magibeagn climens|density paricnris qohtained within thpcamalh elfiptical senter sastignt the élﬂ%!“ ‘&\‘I"h is cir-
el ect r of? ggemsctiked bythelargenefitical pprens whlshrepresent thafi%And 4% °H "t??d 'Ga
first gridUREgcshows theglegf mcutsentd%{'sw tgur W?P'e "bea
f ocusi ng | @mdmesm&!esm "\RdF'R'EQ?"ﬁ"’% w pg! °"
and the beéfﬁ‘f"ft%ﬁh f@f%ﬁ m"

us

in.

screen 22.

at the 85emg§”
Yivati

forning reghok trtmcﬂuﬂs PW?cléu%E'ihCiH

beam curr eryle {3 m ﬂm%’tﬂe br§ss lﬂrmﬁ{e%am dABntAbREY EoRdurREMEWN in
current density cont our o Fig. 4a corrprl ses a relatively large center

portion, having a substantially con- st&nt beam current of about 50% of the
average beam current, and peripheral portions, where the beamcurrent 45
drops to about 5% of the average beam current and finally to about 1% of

t he average beam current. The beamis elliptically-shaped al ong the
vertical axis to reduce the overfocusing action of the yoke when the beam

- |s deflected FIGURE 4b shoms the beantcurrent den5|ty contour mnthln the

o Y p— ~



t he beag current on the |ocation of the crossover point and on the beam
current density contour is shown imEpd2751¢4B810 275 191 Bl Figures 5b and 5c.
I'n FI QURE 5b, when the beam current is decreased to 0.8 mllanpere t he

crossover EBLrQé 5b | ahd Eé?lnfﬁ% eh 8@&%&0"&989 ﬁna o Qﬁ \S%I%D‘i
cat hode. I I‘is Ei ﬁ‘ﬁ g'rﬁf@rf |sQ p OB
somewhat ﬂfe%leéﬁon% nﬁ’ﬂ@&rﬁéuh&%s&&l ah Gbkati cu ihi tﬁ‘antahéhrb ting Qurren of
operating qifdipesad (FIGUREBa Hﬁ(ﬁﬂ@éac,sat zﬂ-@ﬁerﬁ Ozﬁnnalﬁ: efdIRE cre€sover poiritis
current s0f chledled¥ithan! Iaecmp@é Am (35 1RIsFrRFROMRTods) Ghd the bedm wrtusuy alémhcP BeanSS t han
about 0.6 M .8 Patenl £041,068) Bhiied & KodhigteGEal. ch'Fdb.!3) foa Qiftd disCloses & fouiddrid Bi-gbtential
rr;nkar be algttrob).gln in Raick 8 brefociabbtigifafic lensISfambd betwikasthé ghaendaind third gride afd>dmairs,
198 ¥ al so astigmeticdeoas leas i§ fornied btwelerithe thiat and fouah grigs. Tbé advantape of that twddersistracture
pr ef ocus asver grinnbi-potehtiahstructares isithak dnitke vatiewstyrel of priordbbprtential dlettion guhsgructdss tiitd a
mai N asto gskawinin AGURR2, wWhichsprévitle Boastigraitib eltapreie thetelectron heanubyanednsiabihie first grjd.iKdsh-
The advant éggeetal hava yiilizedthe decond andfor third grideasthefirstgstigmaticiigns. The latter tactune allegedivir es
i s that, umpnmitethe gstiomatic elegtndeam foynegddy theifirss astigmaticigns to) be sompensatpdifor in themain o s
that 10 sl@sfigmatiofocns 'mpwid%ﬁumﬂb‘?"b(?'wg'%weﬂquw @ phopphgiscren 4f p gathode
el ectron b&¥bs ﬂﬁt&ﬁg"ﬁﬂ‘s"f‘l’ﬁé‘ irythe Koshigeetsl. PMH"'S‘P iod in.a camposite]ens type F'P‘?“’?@d

the sec8nd® s"f a "f' sugh 2§ '“f'&'@Es'l'Pu ° X "{"
Hre %ﬁ
ivst asti %;;g }m% }:’mg: e Wmsﬁ;&?ﬁﬂ%@ e
Stk e

lens, to pravy a%h seHTesas e ezgmap %erjlﬁf

screen gf ' rt Qﬁmg ven| dd& n Eﬁtﬁfn r?éi.iulctﬂm t
al \,pat ent ove pdl ﬁ@dég fithe , ,ﬁqgl ng
six grids ?d?ﬁie& i Eﬁ%gﬁﬁ%ﬁ@&ﬁh@éﬁ&{d%ﬂ@m r@&ﬁ%’l‘actro%hl& %ﬁd é@@ésp W‘th& BroEsbﬁrJRE
6. In the %blﬁtnﬁs'b&uﬂitﬁéﬂﬁeforﬁ B afterfdns KN akpe uBdn thd electr&rhﬁarfl bairfoht, Atah@h Séarhir-
lens, L1, iréntbraboed mw(m%mm pRIA b bftbr e ilgAs L1, lcloser to'the €3 elbdirdéid. N,
and fifgsh Thus(ithe @8fiietric effstt 6F 6l Dt Is@Tanctidnif bédRCoutrbie 16 ié msrbfoﬁnﬂs.ﬁmawbr@rdbds
consti t ut e elactroniidns whictHs indsdsitive B thd beam lc@rteheLe., etislaeyhintetriclions EHoald bé located (bpyoad the US)
| ens ser vesrossvdr ipaintf regasdiesa sf theyopatating Heamn syreattd the letectronigon. IAddionaligritie destabiel th e
second ast ihgves gup singhse whidhapravideschpams ofsubstantisiiytonstiant cuteshl deositp.dn battathe barizéntal n

t hi s el ect aogvegtigal directienaiethe meinfeps.20 that obtained in prior art el ectron
guns. Hé¥wev erTheidepuments PATENE ABEERAGHS G dARNN: Vil (3uNe141 (1 153) 21cNaveraher 1479, tpage 151
cross- ovef 1&@)@!’# JR-A-54120r8tisplpseap irline Hect@emferam'enpetbﬁd&m:réuberf%eme@hnggeum

Wil e the fdjrgel n|bgams alopg initiglly cq-planaeares qn pat Meinglycing ap
second and al'tHPfr’% F'B"“@F’é(ﬂ"’r‘ M@c“ P@"daq ’st'aS"s (?% Q:P 1' 9"3517@86?&%5%1‘
poi nt Q) Tpri o s'??e?a& tlens includin d?\g' nfor pegvidiog | o,

ams fgsalds dle gu dﬁa zel Jen
e s 2 @im ey

Thus, the as d "
t herefore % £t 8 Wﬁ% e@ dth
be&m cugy efine w;th ;,\,e,,tu i g,néwg, 1'ocat eo? eyond

Crossover pol|RioshibsHsview m§1 May iR 197E8. %kdﬂﬂcal%ﬁaﬁhﬁﬁlﬁnf#%ou&éle&rhﬁeéﬂ B8Cédiden
gun. Addi t icahade-Ray Tufie", pliged 36.5, aHakels boexpRNGIoROfGtobubihg lbrsleyetén oRar dlechbrylh GHE'S
beans of sul6ihgabeashaping orpad-facus leAs) & main lensl aridistbiens iftervedidte thB preitseis lémahédhe and
vertical dimainddns Gnedudng tHelneguiancrosslsection of3kb electron bbire frolo the ipErfocss i8hsl ENT
ABSTRACES OF EPAMRASTAtiNclosed a ldnosystdrh fof Bn désByn gui cortprisingtwe lefisdF, dameheajwarh Stiaping

E. 153; andlaa#20,2524) 20c84in lens (2%526537h Incthis amangément an| apertureinser; (30) fsdnserted inthewain

cat hode- r ajens tatpeovie,a casesetion for manyfagtyangdeleranses in the basicensisystam. ne el ect ron beans
al ong initial W%A@wpﬁ%ﬁdpseakbes wrpfammgleetmwmmmsig@w&nseﬁ "ﬁ@?‘!l!i‘?eﬁg skapipg ur -
ality of sjpaeéd. andanipBigzel lensyi2528). WP@H"?J‘FWFW“& PFPF S’[“‘? @P@ npopre|govidpy 5
second Plen¥it EM' ang Ve’él%“é?t‘@m ﬁhﬂ’eﬂ appstu 19“ 'P‘El'°’éY°@EQ°F on
beams, sai @l °Id )
beans to s%

%ﬁ n laly
forrefract % ﬁ§ Eﬁ.é?g@% i “‘I:M"s ct% .i.iﬂ wh. °°'
| ens, tgwar
beams to s Iens an ens or pro °din

agree in ter il ARsHRFof spad %,dms N6 SﬁQE—Jd) 2360028 Augticl 1356) ﬁ’]ﬁmm bﬁz&d’&f&&?d

primarily faQkredlbmd\sysldniSr Mr&mﬁ Whebi the Sentrb lehs, WRIEh RdyDs FsgaRed ds@h adekEEnontd?e
construction produced very high spherical aberrati on. Accordl ngly, a plate

(18) is provided in the second 40 lens®wi th apertures for conpensating for
t he spherical aberration. In Toshi ba Review No.121, Muy-June 1979, S
Takenaka el al: "New Hi -Fi Focus Electron Gun for Col or Cat hode-Ray Tube",
pages 30-35, there is an explanation of a focusing | ens systemfor an

el ectron gun in- cluding a beam shaping or pre-focus lens, a main |lens and
" a sub-lens internediate the pre-focus lens and the main | ens for reducing




EP- A- 0231964 di scl oses a |l ens systemfor an el ectron gun which has
essentially two | enses, namely a beposbagisg | ens (20,24,27) and a main
focusing lens (28,29). There is in addition Inserted an auxiliary el ec-

trode [err ]the;'{‘gné}ﬁp?ehﬂ}ﬂ%' uiﬁa@aﬁc &ce?\ re J; ?S%thg‘gx}ectm%h:é urgs%w}?% ﬁi?arol?beams

dynam cal | InG

def | ection 1 herFéaé!H aQblotr'chtidle tal L |o§

the el ectr g ine B@&rﬁﬁ‘ﬁun j&ﬁeﬁﬁr&?n@ i %ﬂeel ﬂls elecmpr b%s Iﬂﬁ’g l‘lﬁﬂlfl nar

[ 2300] , 522 aR4sGH phthsltShibird [dSFVeRPE sdld duh InBiBdiAgH Puraliby oF pideli O

an electr orueawaemﬂéhqmmb herrscﬁﬁu; aeedoﬁtnSns aﬁa\mhd [6hY/ foPBcusiRg) Sl rébbedihs, said

ad apt at | ON figsk lers including’a Beamformird Tedidh fdr Providing Gabstankralip syimekrizl DedhitIo SRl sB¥dnt Rns;
cent'ke pl atseid {iS)lensicbrhprisingd firstglettmde, apetoid sleeBode@rd 4 first pbriidnata thirdaldctrode, saiaes t O
provi de corpelessdompiisingarsecbed partion of saidithie! efsiagie, afburthlelectoeia and 4 firatrpertiorsof @difth
asymmet ra c elveizouefand saki thindlensTcowprising 8 estond portiom bfiseid fifth gectrddesand ia sizth@lectsqde,chid
col our cat vecbed elejrodeabesaid fourth eledtnode tming terconneched, armhsaid third dlesiredeandaaidifirst portion

el ect r on g@fsaiddifth gestrodeheing ptercanhectpd; said elegtjodesihaving suidbleperating valtages anpliediiereid. ong
Initially @©8ifpesandlens indu@waet@a-a mfraatomsanetvareascﬂes spjdelegtipn bparsyemenging offgpid axes
portion of feomsad Bﬁvms rd spid spesg AN apywetrigib famprramear'ﬁ Prising saidfewrth electrode

el ect r offes TARoKding, 'i"l‘i'%‘f ?!Pnﬂr%tsvm'@ﬁgca"vyhg Opams)ta.3ald thirddens sqidjoprth ‘?"‘I?H'%def“br

Igcluglnngofzﬁ“ "%tlh f‘?"ﬁ?{“”ﬂé ated, 'Ql“qs" g
Lo S ﬁmgmrg e
por{ on of o? firh éﬂ e fi elerﬁggﬁdipra s ﬁmpautﬁano& of

hénsib ﬁ‘dth mGﬁﬁH?&épédﬂVé!e&ssSS‘a%ﬁ’Q 1MpbrturBRing {
sal d flfth geggdgs, ;,dnxth el ectrode, said second el ectrode and said

fourth el eCt r mdﬁbtrtaeadaect itHelifvBiRIoMprevides 8 colduréhtiindd-Rly tubs, indlu@hdnlehvaidBe RINIFg therei
first pastis@imineleefdnbuh fof dehersting Gid ditGctingiled ﬁlllderbleeﬁdh(baih%(‘doﬁﬁlmrtlal’sl béblaRhragdsiondes
havi ng sui tpaiasBwand@schdeh ortaninteribrpErtion ohil enveibpb, B&id Gin Icludiky ablufeftiy Ofsfade@éiéctrodes

I ncl udi ng whizhprodde sfiritileng, agecans lehdnd ladRin dedb fonfJousing Saidodlextrbr beamk @ait tirst lens in-

- ener gi ng ofcludisga teagnfermirgregiondaxipobvifling absthrdially, syrmroetdrabbeans t sajd eecondiane; said first
asymet r i c l4ne aemplisingna fivg} electrnde, asesopd éledtrode and a firsf portion bf adhidetertonde sdid sechraiiens
provi di Ay Ieomprisioga sdcond poitiomefaeid thirhelgatmds; a fourdh dlactradeandaifinsipariion of@ fifth plectiotie. r d

| ens sai d fapdsaidihiedjengeompriringiagecond nartiomef saidfiftheleptinde andiqiskihjelacteode; pridthied plectrode
openi ngs t 1#ad eAid{irst prtion otsaid Bfthge%fa#@em)'ﬂts&emw%q gnd saigfqurity mda g‘gﬂﬁﬁ‘é Sixth elgg-

| y- shaped Bede/keingintercanagcted, sgid PB"*PQP&"%‘@Q PGW"!SH@'PF%’(%”B' FHSPF? f E‘?"H

| ens for pﬂﬂ‘&f'.'g'ﬁg R?@?H"%P‘T fgtye é_ﬂ' °'5‘§ WF‘PF'E ' 5

subst anti

"{“69,& Fﬂ'@r‘fmd
f ocusi ng IéI Velo ateii mn
fifth electarl ﬁiﬂ

f ormed att%ﬁ,ﬁa@b @ﬁf“

nd

m re
zonta a ed!g%a §a| d

d
gﬂq métri aﬁ ess

; id! eing
fifth elgc @andﬁﬁ?é?e%ﬁwe\é eéudsﬁ‘nﬁ‘.% &SGécﬁo \éh“g
a greater h.rtruuzscarrt.&fs fsmatvwrsspeamuudwaea&n@mg 103818 sdcoHdPBrtiodr sdid¥itth electrode
apertures iaid bdiesbitwbibciroae) fesfedtively Baptretdsd Raving G §febiter HRAMAtathdhGleiical BifNehsith Sand
bei ng surr antssistibdel apertareMpthe batisinlofithé RBpeciive rétBs| dueh sifgideityre béey suifoLAdddibg B
provi des a singikextrusiomt hode-ray tube, including an envel ope having therein 25
an inli e el eTHepmeentioventionas ceimer pedvidescan dptiovementio talor gictutetubes whidhiincledezinelettroo n
beans al ongun for generiting andxjirectingithres elegirop hegumt dieentreheam @ndiws sidekmams mloagiinitially co-
| nt er i or pormianarpatbs towsristhescresh ofiks tuleaThe gyniinclides & pluralityofspqskd eiectrpdey whith pqvide ed
el ect r odes afinstisns ipeluding@deam forming regien far proyiding eubatgntialiysymmetricahbeamp foc deeqnd lehsyr
focusin sd"rhﬂs%wflédqﬂﬁ BFIUQQ&BR?Q‘ mf@&ﬁ%l mpgne &ar refraqling therelectipn heamy) emergiagaii theaxisf
regi on Por e il the exis, andasypmeliiepaampfocusing means for praviding agyrampatrinally sh
said fir st "P%’PFSMG 19ng:; Th “‘5" ens: i # lqu| aberyation main W@S&Hﬂ%t”%‘({"ﬂ'}g@d@*‘%"ﬁa“y
first portls ?Pe ?“5‘ f‘HbF‘ﬁ“t 'f"@B'tsFaB'cF@"e'g fratvdathe afeenans 30 corrprl sing a

second port | of] 'g %F en?o gl%lrr:a,ﬁ' tzli‘bgl rst
Sort1on gdgtw R e i
portion of E ec fe an sal rode
and said fi rsﬁegﬁé is9 PepFéLen&%uPLhMﬁg{tPe&L&QH&@&%@M&M&% %Q&?&Hﬂ%@é&ﬁl’en%ﬂﬁ
sai d fourt Roel @fmbdeddfrusgld sai d sixth elec- trode being interconnected, said
el ectrodes havi ng sultabl e operating voltages applied thereto, said second
I ens including beamrefraction neans fof refracting said el ectron beans
energing off said axes fromsaid first 35 lens, toward said axes, and
asymetric beamform ng neans conprising said fourth el ectrode for

provi ding horizontally el ongated, asymetrically-shaped beans to said third
| ens, said fourth electrode including three vertically el ongated openi ngs

* therein for producing said horizontally el ongated, asymmetrically-shaped



gun for ,generating and directing three el ectron beans, a centre beam and
two side beans, along Initially co-gpdsmastwat hs towards the screen of the
tube. The gun includes a plurality of spaced el ectrodes which prOV|de a

first lens inghyge Egsh%wsbt‘ﬁ E‘i‘eé 3h Blalt%ut %9&%& c8 Lt‘t’ﬁ“cgﬁt&%f Y054 W't doven-
symetri caltlopaeg\

rl'e Fde the mam
refraction |£@%&Frg9€gﬁﬂh£ ge Elﬁsi Gﬁgﬂo ? pplaﬁ
from 50 t mt,lgfs {GURE3S tovvar e axl s, asymretrlc ocusl ng
neans fqf propetREsa ﬁ%ﬂiﬂ?@élédr&?&eﬁﬁm?h@d?ﬁﬁbhﬁ%ﬁmbﬁmﬁg rbdidr ofthd SdRventiohRIRebtidn d
lens is a | noHEURERD, bparatigt B bdamcudntd 4.0 Bilfanipbres; PIGURE 8b SlowstRataatidicshientighal | Y
shaped beargidfrorigih dperdiing atlal beark EUNGAIDNG.S MilliaiPeté; aREFIGURE 5¢ showd What Sarhie@hventichalt he
dra\bllngs Fidctribgun operatifg 4tladBanyéurent of 02 illiavhpeye. i N axi-al |y section, of a
conventi onal EIGURE 6Gscd sthehtatic segtidnallviaw shdwing a six dritl @elftlon gurl apeatingmhbmtsémnd and
secti onaé \iowrthghdset afirsipotestiabane ithe tivd asd fifthcgridsoat a sécomd potentiebnt | onal
bi - potenti al FIGURES gandB aré adxl topandgide viewd, @spestivalyi of amelectrpn guw @croeting torthespresantng
t he shapes imnfentishect ron beam spots on the screen of a conventional col or
cat hode-r ay t GIBYRESS, 10 ampl1Grepspetional yiews|of the@lgripongun shewns Figue 7ctakep alopgyinpa%:fn
current den@r‘t0 mtﬂnwdaspe'awe'x he center of the screen, for the conven- ti onal
el ect r off® gun qlqciron-heam pay diggrarm for the.beamderming tegionof ihe presentalactrongy
contour wit |F|'GPBE1WHS W%ﬂ%ﬁmﬁ?ﬂ?mﬁrﬁﬂﬁﬁnﬂt@! oYYy fon 'H%bi?[?rf?"@ﬂg mﬂié?lgifsfﬂ?“s) °f

cont ourfort 2P ef | ect ed to t and Ln
FIGURE 3. 5 r'%w maﬂfaogg;: g’;ﬂf”(“ﬁg@p e Pafih °2\gpr'°d B s
bear nf or i h%a} thet, un, QK N0
at \@/beam Cié ﬁ s%ree d en and at
convent i ONdhe % e%d%ﬁ?m&&ﬂh@&&d%ﬂb& thia drtH B&R@S@f
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FI GURES 7 aentbodimert 6f theprésentislaftronigth, Sentléctadiae eiown indPIGURE 16vel y, of an el ectron
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of the scr eherethrought which grealigned withiShachpertunes 66 ind G4dn the G2end G1 eleetrodesAS and 44, respec-
connect ed diyelyAha{ps glastrede ¢ plgo inplydesypairof cupfab#peﬂ firstapd segonpt parigne-22 5Fd Emgsapctivaly,

el ect rof® gL{W‘%G’%’@SP@?‘ tEP"Pﬁ%P u ﬁ?ll’ﬁfrﬁ’"?%'"'@ﬁmﬁ“ s rt 9§’| ng
5?{3642“?6" R % yb b Z‘E’;%q‘%’% ros %g;a g}w

el ect rode f resj’;o f’ﬂ"" Mgl iy ﬂ_‘l P B3P P2 é'sP F e

a Spatl @& Ellls P -l :i:; %éftl.ll'& §d I'D-

el ect ro ! “ ' e or E“eera narregyaff&rgm %%1
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cat hodes 42trusio éhéme Aé?a% iy lﬁhgﬁﬁ‘erﬁla@b némgw riol eRiheude s

&3 el ectrode 48 faC|ng the & el ectrode 46 conprlse a beam form ng region

of the electron gun 40. Another port|0n5of the G3 electrode 48, the 4

el ectrode 50 and the G5 el ectrode 52 conprise a first asymmetric |lens. The

portion 54 of the G' electrode and the G5 el ectrode 56 conprise a nmain

focusing (or second asynmmetric) |ens. Each cat hode 42 conprises a cat hode
sl eeve 58 closed at its forward end by a cap 60 having an end coat -



40. ing.62 of an electron em ssive material thereon, as is known in the
art. Each cathode 42 is Indirectly gpaadzedei®s a heater coil (not shown)
posi ti oned vvithi n the sI eeve 58. The GL and & el ectrodes, 44 and 46, are

two cl osel 35 \s%MoXeJ o oBleBing pen Heds & Jlrsgei\fﬁ?i £t§p09t&:2
inli ng s 9 diﬂiﬁ
nd 66 aperh I F%:l QP et %E&Eephﬁjﬁék@s?si ﬁﬁe@in the bot-

and 66 are cCi

equal I y-sp m hﬁgﬁ‘lﬁne% &ﬁwsemfo t :ﬁ‘ﬁarﬁ Nddeok. ExtFilsihl o8 sdroufll th4peed
45  towgr diur&&‘a TieloBfVaitelopen &1 3f ths 65 |ehéetrJd&1§4 I Blbdek BY a Scralpla®HoliBRD8 Hadihghred ©
subst ant i alopshing@geTbrmRd therdihtoligh, WRichare bilgrfod Wil dhd Gsdipétte WithtHe dehifsio M tieaifst plab
axi Q_A— A Ofportibressan £mbrinerdesdribed bblo®. G3 el ect rode 48 includes a substantially
f1 at Yout er pl HHeGs plettiodes iSdcup-ahaped ebiidraven mebiertavisgdarespesingA00 atioas enti Jtiirougty h,
whi ch ar e alhich)albttireseleétron heanmpess, andem ofdh end.dvh@H isi attachadto@Ad closdd byla plbte oembaies
46 and #4, 1p2thatdes threeapdripres Toicthe@sthrolghorthic dre aligdedivithdhe apeiturescdd imthe Gb'relegtrode
cup- shapedf#Exiruaings $05cumung e apegres 1. and 74, respectively, 50 which are
j oi ned t oget hEhe shape ptthe reease P2 in fhg S5’ Wlf’ﬂiﬁts“%‘ri'! FIGHRE 9. Tihe recesh 02 basjayhifanm
apertures TBft'wa'ﬁtBet !aﬁ'r‘ efd'@ﬁ?'et"ﬁ@ heam pajhs. with roynded-engs. Syehy wa%’f'@s %ﬁen gﬂfPé'ad fRieeh

t he ape;ftu '?95"’?‘!5"3 of-,tgelf H“"PH?(the secog’g‘E o%ﬂ on. 74 of Thp eI ectrode
h th

the apert u?' E';%j' g '% m o g AR N r%fggft%ﬂe been
apertures %\e o oggl s 68 with its il seoon
apertures é %qﬁ? jpam r%é’ fé@ie %

The 4 ¢ ,ag each

i ni\-ne aper ¢ He ndt medhwe rdsldfs, ex-
apertures r$ ﬁle te%kn%&”&o fth e ggnigtsh‘ﬁ)a?ldq‘% ¢ncepErture.

cup- shaped AB'% lin FIGUREI @, B E&erts 966 4 368 a%emawvmmeauen@m id 192, Thése 83,
formed in isbgindnalabelsocD Greith QUadrabole IOGsELIR trdphthdbrledchieledtron bbalt Wher @Mt potdntials
havi ng b afe applidd tolthiedBs h6 G5 electroded520and 54; rebPektivaly. By prapeciplichtioh of d uynaificioltage €S
82, is att aiffemdfiabto®iithr the GS @lctidde 6ertheddst eladtrolic54(3bis possible tade ths JuadAlpble hses

pl at e port iestabliStdd bythe segments 116,108, 110 and 412 to previderng astigaticlarrestion to theselaxtroretehes] t 0
t he opposi ttecosperfsats for adtigmatismpécatreng ineeithentheBslectrdrigun GiBh the Heflettioo glake54 conpri ses
a deep- drawn Snepficdimensignsf agemputermodelyd alectrop genforgitirst prefemesinibpdimeént arg gresented m
end Wit B t iInBBLERI i ne apertures 94 forned in the bottom surface thereof.
Extrusions 95 surround the aper- 5 tures 94. The opposite open end of the
&' electrode 54 is closed by a second pl ate portion 96 having three

openi ngs 98 fornmed therethrough, which are aligned with and cooperate with
t he opeg ngs 90 in the first plate portion 88 in a manner descri bed bel ow.
The G5 el ectrode 56 is a cup-shaped deep-drawn nmenber having a | arge
openi ng 100 at one end, through which all three el ectron beans pass, and an
open end, which is attached to and cl osed by a plate nmenber 10 102 that
has three apertures 104 therethrough which are aligned with the apertures
94N the G5’ electrode 54. Extrusions 105 surround the apertures 104. The
shape of the recess 92 in the G' electrode 54 is shown in FIGJRE 9. The
recess 92 has a uniformvertical width at each of the el ectron beam pat hs,
wi th rounded ends. Such a shape has been referred to as the "racetrack
shape. 15 The shape of the large aperture 100 In the G5 electrode 56 is
shown i # FI GURE 10. The aperture 100 is vertically higher at the side
~electron beampaths than it is at the center beam path. Such a shape has
been referred to as the "dogbone" or "barbell" shape. The first plate
portion 88 of the Gb electrode 52 is spatially separated from and faces
the second plate portion 96 of the G5' electrode 54. The apertures 90 in
the fir& pl ate portion 88 of the Gb el ectrode 52 have 20 extrusions,
extending fromthe plate portion, that have been divided into two segnents
106 and 108 for each aperture. The apertures 98 in the second plate portion
96 of the G5' electrode 54 al so have extrusions, ex- tending fromthe plate
portiong96, that have been divided into two segnents 110 and 112 for each
aperture. As shown in FIGURE 11, the segnents 106 and 108 are interl eaved
with the segnments 110 and 112. These segnents are used to create quadrupole
| enses in the paths of each el ectron beam when different potentials 25 are
applied to the G and G' electrodes 52 and 54, respectively. By proper
application of a dynam c voltage differntial to either the G5 el ectrode 52
or the &' electrode 54, it is possible to use the quadrupol e | enses
establ i shed by the segnents 108, 108, 110 and 112 to provide an astigmatic
correction to the electron beans, to conpensate for astigmatisns occurring
in either the electron gun or in.the deflection yoke. Specific dinmensions
of a conputer-nDdeIed electron gun for a first preferred enbodi nent are

o M. . e oA r~ P~ ~



60 55 ., EP O 275 191 B1 TABLE | 5 Inches mm K- Gl spaci ng

0.003 0.08 10 Thickness of Epoom/10¢s0de 44 0. 0025

0. 06 Thi ckness of & el ectrode 46 0. 024 0.61 GL and &
aperture di aneter 0. 025 0.64 Gl to & spacing

0. 010 0.25 & to &3 spacing 0. 030

0.76 Thickness of G3 plate portion 68spie 3 0. 010 0.25 &3
aperture di aneter —0.040 1.02 20 Length of &3
el ect roge 0. 200 5.08 Thi ckness of G4 el ectrode
50 0. 035 0.89 A el ectrode apgmictieg size mm

0.166H x 4.22H x 0. 160V 4.06V G3 to 4 spacing

0. 056 1.27 Overall length of G and G5' el ectrodes 52 and 54

0. 890 K2Gl P33 NI, to G5 spaci ng 0.003 0.08 0, 050

1. 27 sp@ci ngn ke ofl glcepoctiads 438 and 96 0.0025 0.06

0. 040 1.02 Len o] gh15

18. 16 35 VeFP}‘é'é‘fe'ﬁFei%]tazo 1%@@@@4}% 0.088,,  O:ed° Dept h
of recess 9€1 and G2 aperture diameter o 115 :9-@?5Length Q645

el ectrode g1 to G2 spacing 0. 130 3.30 40 0.@20t0 G5 spay ng

0.050 1 1, 27,.D anet.er. of apertures 78, 82, 9 98 an A

0. 160 ("'24{."?)6‘;%6,‘Efﬁae¢r"?l o-center aperture spaci Elbg'%%o d‘bl'%oo

5.08 45 55 Thickiew7E £31pBatecPREW Y 68perture 0.030 0.25

0.7 O Endedis ameRe Rl oht of aperture 440 at olg o beam

: : erti ei g of apertur at o eans
0.280 # Le“gthfé%aDee;}teﬁ%g?dﬁpert ure 100 %.200 s s

0. 115 Thickn@s®of] G4 elpehfede ;0 G3 extrusi orfs-03% 0.89

0. 035 ca e1feBfodengettakeGPigxt rusions 83 0,166 x 4.22H x

0. 029 0.74 Length of G5' extrusions 4.06V

0.034 0.86 15 - Length of G5 extrusi ons 1£6Y :

0. 045 G3 tolG44sparitnge enbodi nent presented IMOBRBLE |, Y& el ectron

gun is el eclyibeaiiva Gredsaang hesn dxedtrddeE 6. Typically, the cathode
operates at about 150 t{]lie Gl electrode is at grog‘rh% otent%\?I the & and
G4 el ec- trodes ar2? A cal| y interconnected an F?grate 1% n the

range oo abwmat t806% spadidAV, the G3 and G5 20 el 2iQ5®des al sb-2it e

electrically ig@iﬁ&%é‘ﬂ?é‘él?%l%’%@ peetRSms at about 7kV, and the G5 el ectrode
oper at es at L '

88 and 96 0.040 1.02
Length of recess 92 0.715 18.16
% Vertical height of recess 92 0.315 8.00
Depth of recess 92 0.115 2.92
) Length of G6 electrode 0.130 3.30
ot 40 G5 to G6 spacing : 0.050 1.27
Diameter of apertures 78, 82, 90 )

94, 98 and 104 0.160 4.06
Center-to-center aperture spacing 0.200 5.08
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anode potential of about 25 kV. Wile the electrical paraneters of the
preferred enbodi nent are simlar tosgdsrsasr®scribed in U S. Patent No.
4,641,058, cited above, the structural differences in the present electron
gun provi de supe 'or perfor- In the pr el ectron gun 40,
the first le §BQE§, oL FPRBREUES E§§V|des a synnetrlcaléyg%%aped Mg fual ity
el ectron beawerknficalhbheighendf| apertiie IO btam has a | arge di vergence
angl e of about 120 glLlblitadkans and an el ectron distrd 4o0n as s by
the ray gdi agramin Ehbbh ?5 The crossover for the e b"uéron beaﬁ?oég-

erati.ng at aMettigajnhedgh§ efaaParivNEeahea 8% about 2. 3nm (0. 090 inch)
fromt he cat hode. Thateer pesmendi ng beam current densgiyggontour pfypne of

t he Beans is_sho RE 1 can be seen that resent 30 beam
f or mi ng reglgﬁpﬁgggknﬁpegﬁufﬁdgeg any appreci abl e asyméij into %
el ectrom beanhenygtht b€ gBecesnruefionsr@d® gun 40, t he secomB% ens, L. as

conpri si ng tﬂgnggpﬁ Gggoﬁgg? ggﬂgtzgg adj acent por- éi&? of th q34

el ectrode 48 an constitutes an asymmetric I'enh’s” which
provi des a hbepgthopfafhy- exsﬁea%eaSePéct ron beam whi@+0@34i t hi n t084€ hird

or main focufeh§bh oE3cehaxtiigiffamesot contour shognods FI GURE]b The
substantf al | y rect angul ar shape of the eI ectron beamis produced by the

rect angul ar 3@ o G hntuhese &l ec”e% a9 %F%%RE

Vertical di rf §uge

o SRR R
cal

greater ,4h r al
f odusi né‘; a:r: awu{ Q,rkv o) en er| n e é%lb%fﬁ& a%d{hg mﬁm}%&uaﬁ
el ectrode 54 Wﬁll f%e@)éfbﬁ-ﬁ& &nﬂihifn@ﬁ'&ﬁ@ﬁﬂ:lﬁlm &&%U&cﬁ&hﬁn&ﬂ@ Patent

appl i ed theyeh,041 o'Eb?diteoV éme strabhgal QitforeRddh inthe prodeRi didelidn SR phdWiBe Slpeiitr Bérior-0de
52, with nqngileé,l ection, to a voltage nore positive than the voltage 40 on
the G5 e$ ect r mdpresetit elbotrdibgun a6, tHeifksEledshIANFIGURE Sirévitig€a symprbiriely-stapéd nigh Guelity

el ect rode Skcanchebrhinto®ie sabond lens) U2 Thethead haswlarpedivergande lasyld of absout 120 milllkeiiaay andt

t hat a sl i (intelentranalistrigutiow as shoin bylthewsy diag@iGn FIBURE 12) Tie crassivr far the elestrdn bednl) ep-
apertures fating@ aboutié WA ocdurstahedisiangereffabout?.frgm (0090 inch) frorhithe pashode (Thextorrespording (A4
el ect r ode BS@an gurteniriensity coritqyr oftone ofdhaheemely slitivndl EIGURD 8 1t4@) ber sepr thattthe présent

el ect r 0% (¥eam foeming regien dops mamdum% Pregiable psymmelsy into herelepteoniveamn  f or i ng
regi on t owar dinthepresent electien gun 40,theppgondiigns, L2, eampasingdiipC4 gegtrode §p arddhaadiagastnert he
G5’ el ectrdige® %H‘eé%?d'eﬁtﬁ’ée @aﬁlt@&g%@w ?gz'érggptupg a'aasv'awtaﬂe'rs Which proyjgies a hori-

asyrmet r | C e@ the beam spot contour
asymmet r, % G by I&er %ﬂlglulalrhe
resul tan e qso ﬁ“esfzur
rent denS|t ebf& s?&‘uoﬂ egs
upper ri gh} {;ogi T ,tage
central 50%fgedHdMin 0 52 Wittrodbfibetidn ?b 'imo % é?t'ﬁ/e En

i nkensi ty %ﬁrtl'ie%ﬁuécﬂ&!et ﬁﬁleé‘seﬂ&nﬁv% tharn@ﬂ'v@l&ge BDplicdD th (04 Glebtfddb BFareth &Qde

54 a dynamige, & wakifif Bétleadon /IR G SveriCthdt @ @iiyht mhisdligrinfRCL? 8bolut 0025 k0. b@lt iﬁdﬁi dcBdrs AN
G5, with n anhpiah@set 64068, andl P0 6T e banl- BRNiIng rodidnSthe Poténtifl @ the IG4 Slebtibdé 50 (B on@ielimg e
appl i ed t o terbsnnéstedei2@pétrodel4s) eltactSihe slatironsishthal@éctrarcionnsiemerdirg off akds®oindtd beam-

el ectron bderming myloe fiwakidhesixésy cont our can be inproved as shown in FIG URE
15c. 554 Fregeaindonds lensblciiiformed betwéenttiredSStalertrodedd andibieGanibctiéde 56 alsnis ajow abbp
shown i n Firetgm@Esynnetiivdeng, whish provides a vesticaliv-plongasidrorjasymmptricallyebaped. ele¢tion beamsgeton

- of the el ecatthepentpnef thefscreens Thadeayltant heam gept. shawn in RIGYRE:198, hewip subglantiplly gpusaian cur-

f or mi ng r edgpridensiy qoptaurs/s shqwn dnH@IRE oA deflactien of thr beam fpithe prpetsioht cgenerpf the screen
desi gnat e |9@Ya8s sybpfantial elgpgatipr;of t“l?r"eﬂﬁm "°Q'Wé’f top bean With eiarged ppgions qepales oblpwer) 9 1

in ndmg the central re
g 1 OEQBL &1l t?lgy applyin: cg'g Efgpl o that ranges from the poteﬁlal(?go
0' 76 10 G4 %ﬁ ts more posi we[;han e VO g?)apf \{ th G5 electrogf
0: 168V & %\ e eﬂ)ea é'clmnbeam current density contour can mproved as SIBMB gl
1.27 15 €A %ﬂﬂr ﬁﬁdale@ lofeGthoh GEHEHD shdvnTH HIGBKES 7 and 8 is p ed-ﬁg
0. 8 90 m TABLE II n oftééidithon gun of the second embodiment is identical to tl‘ﬁa
1. JbHn Péﬁlo Néﬁﬁ‘é? eth inﬁhtaén@ Iimm\bé?ﬁa'?e 131a6kigAkte like tube elements throughout
0. 040 the electron gun02 Length of recess 92 g7
18. 16



Vertical height of recess 92 0. 315 8.00 25

Depth of recess 92 EP0275191B1 0. 115 2.92 30
Length of 6 el ectrode 0. 130 3.30 & to
& spaci ng 0. 050 1.27 Di anmeter of
apertures 78, 82, 90 94, 98 and 104 °TABLE 11 0. 160

4.06 Center-to-center aperture spacing 0. 200 5.08
Lengt h of aperture 100 0.693 17. 60
Vertical height of aperture 100 40 atlngheser beam mn

0. 260 - 6.60 Vertical height of aperture 100 at outer beans

0. 270 6.86 45 Depth of aperture 100

0. 1TE K-Gl spaging |ength of G3 extrusions 7@-003 0.080, 035
0. 89 Lengt hegfi cleRe8%t bESGANE1EStL0de 50 @. 6P 0.760. 74
Length of G’ extrusi gns 95 . 0.034 0.86 Length
of B extruStoriesgEode aperture slze 0. 045 0.160H X1 14 Br 06X
enbodi nent presented in TABLE ||, the electron guh.YdBVi s el ecta.i2zal | y

connected as,.s i I URE 16. Typically, th ode operat gs about
150V, the 3elhl'§\(l:\??o ngfnar ound potential, and te%g@gg el ec- 55 %'t’rz’g'éle at

about 4B0V. Oviesald deagthodf 68 2n@c€Pfcally interconnected to the G5

el ectrode and operapgacekodbgusz 7akd, sand the G4 @lggd rode is elgectgyically

i nterconnected to the 5 el ectrode which operates_at_ an anode po- tenti al

of about 259&/to 5t §83G5iBgent el ectron gun, the $i9® lens, L1, ¥-RIGURE

16) proyi despacindberieahn yhehapedehpgbtfoakity 9 EP 0 275 191 Bl

el &ctron beaminto :q{ae ) cg d lens, L2. Since theobgﬁgwform' ng region of

t he second enbodi ne & ntical -tothatofthefirstenbodi ment, FI S 12

and 13 al so ishwh pEspeceisseb?, the el ectron dist@iblai on and bamsnlxurrent

density con S Qr. e gLr beans thepef{om In the " d

embodi ngnt , R{)ﬁlgetlsc%(}o%%qgﬁfetc%?oﬁgkgns, 9%2, conpri sibng{ét)he A el ect%ra'o e 50

and the adjacent 5 portions of the G3 electrode 48 and the Gb el ectrode

52, constitutes an asymmetric | ens which provides a horizontally-el ongated,

el liptical |l Pephdpod &e&&SEo¥%deam which, within tReldBird or mai n2§%8us

lens, L3, h%%nb'iﬁ bea®eC EleRtirg@@Nsi ty contour shewaspn FI GURE 173 e

elliptieal shape of the heamis produced by the inter- action of the

rect angul ar S8p&Pt GBEPEEINF the &4 el ectrode 50 afd®¥8Itage gradi &n€d In

t he second lpdanetlez. offl Glgelr tiit eshaws Bl2¢ w@®sul t ant beam current density

contour of an electr b t center of the gc n. 10 Sinc e

- horizontal dinensi on%gf' ?%?%odeb{bﬁr es 80 in the s?ééﬁg enbodi ment 1S | ess
t han t h& veeintal -gommentsinopextdrehspadiisgent G9-8R8 G5 el ectr 0Ble@s

operate at ?.&%ES”Bifa:(aﬂeﬁ:%QQ%ot he potential ongtlggzA el ectroge, gyeaker

ocC of the

hori zont al Si nq . beans occurs _prior to entering the main |ens,
L3, Despit e Verdigafls dedgdhds 9f, aperidt§ 499 d operating vol t ages between the
fikst apg second enbad RIHterohbeame el ectron gun 6Qzpoesented in §ABHES |
and 11, the beam cqontoyrs shown in Fl GUI%? 15a and 18 are 15 simlar and
denonst r at e eF&t c3dc 8BS e P APSFTEEE 103 be achi eved utilizing either
enbodi ment. The el ecatt rautadr deamsgur ati on shown PR2FPGURE 6 is péeBerred,
because the_anqde potent; j t introduced int | ower vol tagg,region
of the etectDre(?(r)fq‘gﬁ% %igp#rth{n%ér?dggvant age of the e%ﬁgggments prese%fg%l in
TABLES | andehjtdvef &3 @xtyusisnsc?Sode el ectron9g@A8, such as tPad?
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