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No. 26 138/67. Application made in United
States of Anerica (No. 557663) on 15 June, 1966. Conpl et e
Speci fication Published: 10 June, 1970. | ndex at acceptance: -Hl D(4A4,
4A7, 4K4, 4K7, 4K8, 4GY, 4G6, 4HY, 4Hl, 4F2Y, 4F2B) International
Classification: -H 01 j 29/30 COVPLETE
SPECI FI CATI ON 1 e and Met hod of

Manuf acT ure PAT EN'FV& R@E&ﬁa@xﬁé\lﬂ@qﬁerl y Radi o Corporation of

Anerica,~a Corpora- DRAW{NGH SYEGHERRd under_the laws of the State of

ed States of Anerica, of SN@MQ??H Plaza, Gty

M York, United States of Anerica, eby decl are

N
AR mb&bompmz@y ahd aon%eeyasc,fmxn el pyed - S to
Sl b NG yN\M}éﬁpdt isto i)e perfornmed, to be particularly
a( d by the following statenent: -

At eéDbeeﬂqea’Mfddé"tfdéyﬂteE efmerica e St83) e Jyparifdéact ur e

\ 't‘i@”y CqppleteiSpadifiationyPubiones heodiowe, n¥8k t ype col or cat hode ray
tubes coWPrEgERy a plurality of el ectron guns a nmulti-apertured
sh OW NBasSR nosai ¢ _screen _of systenmatic arrayed col or

ﬁ(hgraca@%g] -t—gll LYEAY AAT, 4K4, 4K7, 4K8,4GY, 4G6, 4HY z}/Hl 4}<2Y 4F2B)
1OInternat10na1ClassxﬁcatlonThél?;lhdﬁ/phor dots of the screen of such a tube may be laid

down in groups of comrdets secdFichetent color-emtting phosphors by a
di rect phot ographi ripnt i t eche ni_ que _wherein a photosensitive
coating on the f %@Bﬁ%@yp}@ﬁ’& "@f%ﬂ‘é’dt?ft}gapghgﬁﬂ&ed t hr ough t he
apertures oVetlea @SIIORéT@\af @Frht R@wﬁereor@fOHIOF rlcaTheCOm%tl ng is then de-

15 vl oéii% %é“ﬁ%a “‘Wif et %W?%Zd portions,
arp invertdn,

| eavi ng ao for “thh we ﬂ}mhﬂ @l@%ﬁ bh%f‘a ed dots. This
pro6ess ioSusy mﬂetact ethédoby ebichhit GOlodte- fetfortntd, ng bcpbosc-ularly described phos. The shadow

mask is ’ﬁl’aEEI, ‘rt1%<bﬂ° W@f@ﬁ‘a@ham mount ed l&he f > panel o)
(hat. | gt MR ettt i el &za%rf L& same posi ¢ on
every electron gunE |a”1'ﬂult1—5‘% 91ad) Had O . anl B Ymos&a g:rccn yfﬂrﬁﬁﬁdll}dl rectly with each
phomosen&rawd\pglomaqphqn epo@@ordots bef ore appl ication to the facdplate, or

el se applie 1F§° e m1 tm f’t"b?“c R “bF §to e %‘:‘V“H)gmups of been exposed.
e ﬁf ;ho %

ot OrS rinting tech-
In the ofey3) hELhhE un Rl RChED & Syfitect ed to
el ect r osthaduplCthe apertures of thd mAERGANE pbifit shired dSnglﬁtOTliH@Mln@& thardezont al and

ver i cal V@@M eThy wnhierf oft fhe uijeulngd apripased portions, leavmg jepitediipHi- conviér gence of

the bea Qéﬁﬁ S dadened dofs gj@ S| PERYESH BT lﬁi Rg mELEING® 25 af f ect

t he el ecly QRAMbD AN Q@plat: €inl & yrmg saﬁab ra,t)smogrevespot s of the beans
mne Pmokpltoheovﬁier masn cgh byvayked tlinatly witeeasic pl@erengitiveibdting | i ght rays are

not 205§ f ebgtf@@ap e toyfhy feglate, or clse appligch b coatinger Ge friferehaf or e _
di f 1 er ent®oH g% 1 BEaeAm Rt Emﬂrquﬁshﬁe Ljo@Bta (P¥ecrosiaric  Paths, series

U_PQ

m sr egi SBreﬂhagQ tict @ml&mhsonw krdd ehiRal IBMSHYA OF tHddesimsMnlilo r esul t. Here-

| naf t er mtuhemedoe&cngmm o p@tbsananld:a ﬂil9§ 232] rdUd(fﬁ Qcﬂmtlm Thsydieldy be ref erred to
gﬁcct?ﬂl}c electro g spots of the beams
On th& screen in w e scrc 6—% ntin gg ff ted. Thui unless

30 compensation 15’61115[&% 1Eea aQ(! tHe Qg raf €l evi si on has

t hr ee gupshs] §ri@ rhifrbgister of thc beam mgmlmrtheaprro@h emarvtnll assdu et he tube axi s and
a djiffer E'Plffcf:t l'lh'? @legyfon dPOFSf endehipsplags| dofs velijupually be referred tq piRBY ghosphor dots on

the’Scr e¥A LG %‘@Jﬁfﬁﬁ‘ ¥ UL D UGN: LS PR oD 5ulNPY i *  phor
trios hayguia drfah@REHdlaminedhé ABYBHEPMAH 2 dMeE t @i8Gh difiertnt Qflorenditt | O Substantial |y

al i gned tl@f)ph%phmt ﬂn*s)uglrhct seena s ovh apetiratheughy the nisk. [i'ha sk f er ent one of the

Py 1angu1ar agngement, with ea of aqri t 1 nc
SV: te {ﬁgtl‘l}i %éc asso atcd apcg}cga with a 1ff{:rentc€o\rfllegtrof th% glrfeclgjn algstaé}g bf ”}i beam spot s

§RQR I diGnd 8 nding phosphor dotwa fs@ tr ' o of beam
Spot's i Swhdiiaf i@k @%m Spotsnd dhifledigh aalnttyad@mj‘z mwﬂduy from @ strkre catk een cent er

away f r oawdyt feomaiss eeviciate@ dotceje. Ty i .caufdd by dnsaxish shife gf t_*?? defisctigri al shift of the
def | ecti ?ﬂtcrs of the beam (5—5[ e, Be srecp BHthaCEing: BRlss of fefertion el wi tib i ncreasi ng

d_““radi
angfles 0 shebise améirebeempat§ andPhosphor 4@F SBCoctAGhal thdThrafREdI St er

* spots of a spot Mic#regil sied agidy frearacis ¢rsT1and cph@smimarxl) dots al S0 occurs
V\/nen t he the gpRligdtige aff dynamic convergc delds gpql i tcrg‘}g {‘degropt 1?' -moved away from
each ot thsreg"f'ﬁf gecyry chgﬂut c Efalb'l sp are dxsto ? way rom equdfui%ré sgb hl‘cat i on of dynami c
converl@decs. fdlel ds and is ter rred degr oupi ng misregister”
M sregi ster occurs when the beam spots are distorted avvay from
equilateralism This [Price 5s. (d.]
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2 Is due to the non-uniformeffect of the rectanglular
raster-scanni ng deflection fields on the off-axis beans.

M sregi ster also occurs when the phosphor dots of a trio are dis-

torted away fromequil aterali sm because of inherent characteristics of the

dot print- ing system These types of m sregister are terned
"astigmatic msregister". 5 M sregi ster occurs when a phosphor

dot and its asspci ated beam spot are in- 1,194,023 5 di vi dual | yz
noved di fferem-ms-ret—atwe—m—ﬁmeﬂtmmm?

due to an ab piafr wrihe e onitas effcof ofttlmerecsapalglmrvgsmfscanmreg dbactiquriields pmig

th -axis beams. Mlsr arg dis
li ght sources land O]]: 1) T from equi Eear;%?m l[gecause o hc11?:tl=.rt=.nt glﬁactens 1csé’§:I theﬁ%t %‘r)?xit-s at
' ncreasing angles o mé & Q0 ¢ p bf SmikFegister are termed nﬂgreétsﬁr ermed

"foreshorteni ngsgm sr eg'lﬁfsx@énstcr oblirs when a phosph & &g an@@cy Q@cﬁtcﬁfbem §ﬁo‘?g}c her Of5
the spots and dOt S i diciluate mbae dﬂExfeBQﬂistaﬁcﬁzs fela@ve to the centers of 1K3ir respective trios@ad t
magnetic field upon tom apvaftrhls desfeaseiné thel pedingod theedomprinting lightcowfel et ofgrhe

di stor- tio eecg Pggps ffeg grcﬁ f"é"al\l\mnattlﬂcéeafl%@’gleg ofx fefleqiion etpis mis-

register is terined ortenin mlsc
In the comrerci I ure prlorg &8 ubes t he

er sourcc misre 1ster o the " spots ots in u%? %he S?egtrof tge ! 10
com pensat éaPcR’s Enefic? ldahpon feOpaths! Bt cﬁ& b@arn‘?§ fhk @RdN G d1stor-
m sregi sters has, t ot oﬂ&@fa@@lateb&eﬂ‘uﬂ.ﬁbe is evacufédO Vi ded in the form of

sel ected tube geonetry ande kindich@l wRsuf@furdlsli {HIL as QRSO E itydt described, ldom-
i ng met hods and appaPeat jep foxysdiale degrpypieg a9l fereséqtteememmrv 1o g degaesgbren i n
Ay el T

Uni t ed st a g2 S LoSE ;t%t%%tz e ThEpat erf
teaches that an opti Patent 2,885, L QR PG MQﬂtz ﬂt&%e@-{l‘l atla,

m sregi ster can be oty radgtioe €br [d rt(ugi)tg ersii radjal anigrggisier can be obtained HyQa)Sﬁngaemask-
assenbly whereip t he“’s8 Eﬁ: @h ﬂterfeac §’R‘W dhet Bk apd decrepppirEs i h a 20
g, In

parti cul ar mann r frf}1 bl},ﬂ“{é E SPhBE: [%‘egdesbaﬁm m#th

near mterposm eager 1ght f rh@-ﬁ@ﬁ@@ ¥ tcthe thadility 848 s
fromthe center of t e asmlraee,nor ‘{libhAthouse”, in a 8pecnahtlgl;\r mfmqtlmg devicp, of lems, hatidg ©f

1 aht from the i gnt SR £g ::ftans R U TR fﬁ%e@mm 0

=]

apparatus, or Eangle lof! BbHg hi lfn@-@ yihiche itHerespB 14 ENS,
having a Si mgdse:smmlatgc—edeﬂqaduaraeglefe § YoAyeid hayind-D Wevertular Shapdil saredne NS

provi des acceptable f& %atﬂe‘#anBle amount Gf mispegistire praducesiplyt ighn refraqidoypthe denglot s

in col or tubes vin{} * %‘ g}ﬁ 2 magre”f:e;d vf;;dazl :ﬁﬁ‘cgf m},ﬂuect i qp

angl e of aroun 70[ ety tBh mtgnt ok GRGpHoA LGl TG ods b S mrdNelE i pect

to t ubes usireny al urge thradgf hxeemtncairrefmmgtgesqmber ogd aefﬂ[nlefap tureamdk vi ng

a non-circular Shapeletil( %;w IayeTgfc “orod gfe? photo§n werp guﬁemcnts onpﬁg elc(?f

m sregister pr O%UCEdmﬁeﬁe réfxgb arc@-%% o@ %yl% tlg?ﬁ been dctermmecl-l p[fy %&&t §J\S ”%

on the line of synmmei myotdtay teaeCl&eldg deﬁiﬁlﬁa tGred Qa6 ALEOE. andCa phosphor screen

According to the premtlsmgrweﬂmw efndltctterrélovlspr pr@vhcdedplacaﬁfpﬂqededﬂlrough the

phot ogr aphi - g‘ electrode, including [ TRipiEe e fRyecaister basep B PI%Tr een
Rit

ots and the corres; Jon tron €anl Imping enf spots at eac
for a cathode rgy tu 5B¥f Pt &hliduttd ocg entire screen of tHe Gretéﬂfﬁfne%oﬁ:h[hpljgh 40

an optical refracti ngs @tisregisteks ar Rl il bﬂjpcﬁmrr&ﬁ kresb&uve slopes, at p@MPOSE
di screte areas of a %’% éﬁ:é, the v*el“p‘hﬁﬁ WtSIanVtﬂrscr%n: g?g?%g efr%tnldﬂanggft;aéi
devel op- q; 1?9% e
el enents on t h&ssuppaut&mm aﬁté-tllrmn 5opes of a t;tﬂm{u r tiva Golrkadd £ r g8l Qlfmi he 45
opti cal nenber has bleeedosslletammhmdh atelstn
prot ot ype tube havin Tétior étaglc"ree Pt ) "e Y s ﬂé’ é’f:tfl}fdeténfahdnc dfgﬂtgﬁ}glﬂqgg
ConpRFRIeL i o Ty K e S e o

phot ogr aphi cal 150 pr OﬂUﬂEd tﬁem’a@bkgiﬂ ndisPe@ister over the ennﬂa’&ﬁrl’ﬁc&;f @QtsftQQQn tHeF&@s[s: ﬁﬁ ng so
the steps of determnitie lttrﬁ@cmmrve |tbl‘sfebeatt)etav@®rcnt ke i h@é{o prmt the dot pgyhor
dots and the corresplil &r?f) on X cbe dti(m J‘Eg 0@‘%331%%3 Eé’ﬁt*}"tk%a ot segaorof a
mul ti- 40 plici t)&ncb Jﬁ Sf n'ttb“ﬁt@ hb@ oteﬂhrtcﬁtﬁ]g§cga&€da erf the
tube; determ nifsg fram hahﬁg a moddk phosphor scrcenf@ﬁt}i&&&laﬁ&rrﬁﬂ &t B@leetphbsphonlelel he 58
mul tiplicity of poi nhes hémt“e & %ﬁ@l g’accatfmpcﬁaﬂtssreem and means for pro-
correcpondi n (e YL AR g ST o
an ideal refrac- layer to sdid V@ecﬁ lSHi paﬁe(bp pr@dg 1rf?,pltg|h§?a P] [j
print discrete §hosphgre dbremaﬂnt shratgh said apertures, t(d’)@pmmw ef ﬁgjsamgravsnmmgerremﬁo
spots of the el ect roﬁ’dpé‘%} pritgemmme IBFEP% edigerglg garea aheridyyer at eadd@‘taemlmlﬂl ng

with the slopes of &G} avtauqetat; ‘E& “‘?gp‘t @&“@ hiTe ‘ﬁﬂ%ﬁf@%’the‘@'%te pthd
45 ber cl ossikrygistep Heaghial@gdit adnd I n@}ﬁfgérﬂeﬂt spdtsT BG®n of the
The fabrication of the tube by the net hod of the invention includes

printing the phosphor dot screen in a |ight house which uses one
or nore special |enses designed in accordance with this invention
to produce acceptable correction or conpensation 50 for all of the
causes of ntsreglster over the entlre surface of the screen. In the case of

o . 1 o r r oy
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3 el ectrons of said beam and (d) devel oping said | ayer to produce
said array of dis- crete elenments on said support. The

| ens enbodying the invention for use in printing one color dot pattern on

t he screenpl ate of a tube of given kind as, for exanple, a 19"

rect angul ar col or ki nescope 5 with 90[err] deflection, may be nmade by
the follow ng steps: 5 (1) A

facepl ate of given curvature, ¢.g.spherical, is fabricated; 3
(A_Aqmlfl-emrfnreuhadmm%ieey—ned—euwaeepe—%ﬁted

(3) A phoshbarofdal vhadl, a8 ()i deveRping bkl 1a6d b PRAEAGAP Ayeothys-appl yi ng a

phot 0Senstete elements on said support. tive layer to the faceplate, assenbling the
facepl ate ’Hﬁdenm%dymg the edemerr for nedn pfinting one color dot patters pmted rel ati on,

expgsi ng s taote@rfélgtVF o cmpl HE recigeiap sA%ikGMr ough 10

t he Smask ™ Egﬁ% vé’gl h‘ﬁ}éep A¥BLE§0 enove the unexposed por-
tions; 2 Amulu—ape wl?ﬁ%ﬁ: dem&edfafbaa&al ate are incorporated
into a Corrp{SaatAephos,pp@rdat pavtan is prmted on the faceplate bx; mplygxg@ ghg;ysexpu be: 15

(9) i1 e the Xue b uen Sl Al S ot B DRI SR oy he print e
15 it S B e g LA R "GP & o
t he beam spot gomand correspondl ng phosphor dots is neasured
at each of &) mm: imiagh| qn¢ mx;yméffaegt@gare incorporated into a compleﬁg,oqpmagvcd, stributed over

the entire “e‘a ? cleen (8 %m gtal punmber of
hi thc t era Dth an elect scan i
dat é?F)Ol nt S% E éoc;nd @m6hint Bpmg}g thObe %potsénbv by
i nterpol ati ngc siabnﬁdmgrm;bsphlcatcmspomisered et:aatcledf betuvipbeityt dielareasur ed poi nts;
20 Pomts *?tyxbmm‘;eﬁahﬂg&&:“ggeb %@ ints jﬁlﬁ%e s (5) or (6), using
the g&or r eSpEﬂ)' Eii) ng addmona pdata points } cated es‘nF t‘ﬁg su gonhéam sppt at
phosphor  doz)a&%r Ea Bf 10O bl p& € MmEstep$ (55161 @F, Mhife e kddRsponding mis-
t hr ee- di mensi cagiader ol tiggp@am qupmtrpedplat det at:thatmesnpthr:rdusrﬂgtemmedtthcon t he surface of

heoreical” {%ﬁé’f" Sg?c’ R e S, e HR o e cfé‘gué‘:“bseq“e”t
pI‘I ki ng oper éﬁnﬁ ate isUb 1%51y correct the mtsreglsteﬁ:aﬁ: ?ﬁ"&%a il TiRiDSt apy i al Iy
correct the mslSﬁeegieSﬂr&EraHiﬁ cdnbbpted €Rbedtof Qlofital tol the Seds suface;
sl opes are (&) cfherthdofeyi cab(lms/elrrtaeedoft tiewé7etls)ﬁmrmamdlb31t frupghe bi-ens surf ace;

(8) The theor étrfaetanwlyeew 18 dficrealcated; slapescas nprpl yegtors g pRIYE Aifed by fitting a

scripticni of a confinudus sur af‘ ¢ lens
bi - 59 (9) The bivarian¥ Polysbial REH aw@é&rﬁ: 326( ais Covart@d eS| opgy or nor nal
vectors to obfbsd di} 1Bor€l @pes for controllmg a numencal-cStml’ol mc)onﬂlhﬁgf machihent i nuous surface

of the | ensl®a bres maldds faBdrated by the NC m(agynevﬁe 4Pk yare defiredplsisynoni al sur f ace

descr| ptio e e Qétg% ool V=T A=Tol 30 one or
ast apes Qﬁgé CGARE @b agyabenéafrefloaa\lmmwteﬁsotscc( NGhe Niilobdg MaGhI Ne;
(10) A | enmshiaiptagk the leﬁsa;boducratceﬂh stdhadonhi@ aighthbwse togmiglt thaplest o t he desired

| e phor screen (one color)g fggl fpbe. However, the meth% {aaqqqféi esired lens is
of known con i

Sagged OI’L glgﬁgn b%sh&? nlgc S mcor[]:)orated in gﬁ?ﬂfsgddﬁeﬁ]éml ﬁtﬁéﬁ be carried out

W t yono |igREmbisEeh ivith kHaEsirdtl 113116 @UdRE commercial &dbes. Alternatively, lofe Whi Chygase t he

| ens pr odumebtnsesowhld bbelsedseeteraﬁmnlei 4 pevaletsi agiid ho fabecated tobd 1ab- t he phos-

phor scr ééwte mcor ’§t tg}ori:fr;rc ve 3 Stglb es o hd?gﬁvfa '(stéotfu € \clélnew tfe method is

practlcedw © ) “one 'l ens ort -gnfiguration in

€. pr C"SS of tJﬁanC l'reCtlve ?CHSCS or use ln ma ng t I'CC- 5
steps(3) ,stebrban ol e S | engsl s

rin €6lor dot pattern toSstep (P! krﬁnthp
I ncor por atzeeduremamsbfettp (57 pre pfmdabuyi':eade @isauldntongly REN thesa SoldrS Hused I n

conbi nat i g Wltuhseﬁ%@ fsfePSr%Q carreﬁsmtﬂtslewmseﬂycfevrm@rcelprato rrefyesghrecAl t er nati vel y,
one or i) enses"’nc ore enses O(stcn be u |n ste (3) and a new lens

th t

CQU be Fm%lﬁa‘g I%gllgﬁ uglproftesto tl)F i@lﬁ ac§r ﬁ of the

fordd | eNSASofi di cRRRA na@tums ot B suor uegmm B the misegie | d

i ncor por aﬂehet heae roefdrfmetm poentqoﬂmpmsttmes tigf antohe aﬁrmlmmt isl eitgn of step (3).

. In the pr eglm i ae@; eet;tcwgre fecspty elruee eyt maki ng

; thl‘ CO' r%glast lens f: éﬁd aé)Q: gif:g&agag] S@i’lir E%Ch l or dot
pattern ttebest,valpa ble foaiskert 9 atms&eeeg\hr& eer asurements of step

(5) are preffar a@loymmadlé thej mhmcanekbtbsldyscrﬁt@d nal;rieatttrmeeé icodnoges.  How-

ever, theUBia gL aepTPay ?Q%at‘:%?fﬁ %Fn gq P i, in gp ndent |y for each color, to
pr O%Ce tJa& &&be showing the chllsds ﬁﬁ? Sdecupin® ﬁ)tti mi ashe }rS
Each final |RIGEREESH |atpatigl a‘xrabmttohef pﬂlglﬂl&sﬁﬁ ad@mrslt&edlabbd a&kd y above is

t est ed, blepriﬁgmgthemefweft ivagjiopis ed comme rciall by using it to print a

dot pattegn Hat i P ‘l’s‘:e;”;":‘," ectall'xtc:s?; ol tube Faceplat Sb?“é”tgea girwitiiox per i ment al

t ube, oper etu I'n nmeasuring the m sregister at
the sane or dlfferent p0| nts In nost cases, the anmount of m sregister is
Wi t hin predetermined limts or tol erances, and hence, conmercially
acceptable. In the event that the residual msregister in this

t est |s not acceptable the entire process |s repeated 55 using in

. o, o 1. T 1 R I



60 ray tube showi ng the causes of radial and degroupi ng spot - dot

m sregi ster; 60 FIGURE 2 is a partial axial
section of a |lighthouse apparatus that may be used in practicing
t he met hod of the invention; "FIGQURE"3 is a plan view of

cat hode ray tube faceplate showi ng a distribution of points at
whi ch m sregi ster nmay be neasured; 4
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FIGURES 4 and p are schematic views, parthygjigssection in the plane of 4

FIGURE 2, to be—u%edﬂ—n—e*ﬁl—m—nﬁg—t—he—ée{——mhﬁ&t—rﬁg—epefau ofT; —
FIGURE 6 is a transver BESURESt koid tshae ugihmarid ebs, patlgl urradeoxamcmedﬂamg oo the

invention and a gl aFiGPRE2a0 begisddan explg @Eilhemt@flmthéomlﬂ GURE

Fl
71s a viewsimlar 1nvenuon[a{n%iﬁ$ghss 5@&%% %%ggﬁg le&bglgkgtnilagﬁ acc%{fi'lag to the 5

FIGURE 8 is a ty ansverﬁﬁ;tﬁ@C td BIGU BBSthe sagging operation; and| GURE

1 illustrates a cat hodEIGIBgEaislbeansfcrsb l:tenotx fm‘e-s@lrlanbed whi ch corrprl ses

an envel ope 10 cont ai nFWr‘% EillptEptcs B E‘b"d Ir%d%égr gms 1d %“b‘ mPESCS whi ch
ng19

o w 1ch may
ey, for exginbh o MRict b, araay,@ortﬂréléﬂ cil r ay

for projectingghreeoceb&fis “tobirds a facE;ﬂ'ﬁkﬂp €anBA tdeedistgular rﬁ@@pﬂxﬁtr&alp&t%l 1410
A delta triangular aosecaabotsylmmttmha@ak\l—y\ djtls tube fs@ommonly used. posed about
central axis A-A of thEorty IB taj a1k 15, is deymed with a large numbe ta gun

res O orin slzc mos¥1 screen 14a is provided on
array, mask 15 is f(ﬁfeﬁfgétap EQALIQ4 aft &ﬁlpﬁ&'mﬁﬁltl c1t 5? @ ssmxlar arra)cd

apertures of umgf or RitBlaZRio A HBS dbts cmr(ﬁandxmmt|cslorpcxmmnglesdospmr,t ®g iprAer 13
surface of tVided fba@égipatuee Hairahe ragk Bnd CO{,riE))I’I ses a nult city
LR :

ip of

cted from th
posghor “tots i i o VL SRS PLES v i AP FHEhel thach o
a different color e icﬁlmag bPhQﬁDfathc nkl:@ﬂaﬁ‘?gal [ifsPbsition he guns and/oVN bdd@@kch@r each
aperture 15a i pot he féres Kendroed b} convergence me’ms lonTiop: Qttalteamm)a‘imlﬂdag:omsub@nncﬂ hr eg20
separate el ectron bemhea‘tc@c ?fé’éjlc Htf raster. The bcla hire m&:‘ci 12
and 13 and are direct, g}em PRt %ﬁ r ““ %gla%( BFBEi We- HehP mhc“Cl ’
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phosphor dot. United States Patent 3,282,691 which issued Novenber 1, 1966,
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First, the centers of three pairs of phosphor dots and el ectron spots in

the central area of each photograph are determ ned. Then, the
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t [ on | stht Iltem:'!swaeaatm DOBEL 0 ) Bdnl iy srfaoniyite esdréseetl ghiernsione BD gi vi ng t he
poi nt D'.2z econd straight drawn fromB to D' and a new
cor gect e, T Tl _T’h“’t ' FagHate system Sh°‘¥“n’€qﬁg#r'§El‘§ V4&E & HED® whi (‘SP shoul d gi ve
t he | Ocafsdreﬂlﬂ l@fthc.aa)ﬁbOA-ﬂ-fA bef vwaany e BAfhgihr 8@ dinates id R phan @Er'- €s 0
appr oxi nendiorss b e omisi TheeBbpusftthd letshverfaee nonchblets e moiar ipcinnt on t he 20
screen ofertd (P ¥ F&P‘a’ﬂ"é‘ﬂal 119 R clemepial alage of ke Sﬁ'éﬁcﬁF“@PP@"ﬁd? e¢bre than 50
M C5i nCﬁesTh:ﬁh%t step is to prepfnje r&a&es&ﬂl&iu(lfaat ﬁgnﬁugys 1\%s shrf g%kﬁ"nt I %E' y coincide
Wi t h t heagpakimat3EkDneatkn 88\poihld the cfiftdt of the surface defihddO8y B¢ mukiL S fi nal
cal cul at pligity pfgriqtma} gagrors pbtaindiefrquyothe ieagwedorhistediser g KThisscominuduhie poi nt wher e
the cal clifsstw&e mappe seesnd sy aiahresemitlask, the aperture C through which
the cal - 25 cul at ed ray passgsyt 0 the strike the point D can be
det er m ned. 25 {he location C of the
mask aperture for each data point is simlarly deter- m ned. These

val ges agg y;ﬁiréedﬁlgﬂte G Eh s LS Fitis a;a ?e&%@&&%mz&%%m“?w | ensgf or each

col OF, tQ sireld l‘{anﬁ» et ofk la «ch Ube ‘Screens with
acceptable reglstry of spots and do s over the entire screen

surface. FIGQURE 5 shows the |ens 30 130 in the sane position relative
to the mask 15 and screen 14a as in FlI GURES 30 2 and 4. For
exanple, C and D represent the sanme aperture and dot, respectively, as

in FIGURE 4. Point Sis the rreasured center of the eI ectron spot

1 . - ~e~ " " o o,



determ ned. This point J and the path JL can be determ ned such that the

position in space of point L is thus determ ned.

Havi ng determ ned the |ocation of point L in space, the el enental slope of
t he surface of lens 132 at point L necessary to refract a |ight
ray BL along the path 45 LK through the I ens can be cal cul ated. Poi nt
Bis alight source and nay be, but is 45 not necessarily, at the
sanme point as in FIGURES 2 and 4. The el enental sl opes of the | ens
132 at selectgd data points x, y, z on |t139mgface may be expressed in g
terns of az ~az 4r|_¢||] ant—ferr—Trmthe—coor drhate
system shown i n Fl @GuRkef the pollwemial,tahd v;7 raprepeptsiall of B coefficients @ixbe (x'y’) termsa?“

50 par al | & dessec Rebyneat SFapatien (Tartey B¢ camiessey are rect angul ar
coordinates in a plane per- pend; cpll e{})to the z axis. The slope of
the lens surface at each |lens data pointiji's €On- verted to a

vector normal to the elenental pl ane of the surface correspondi 4§ to each

screen data point. §e51n o are thwg'xparﬁlon coe&'r ents?EnGdoP.j%X,}a ar e lg‘nrte anognea SCI’I ption
of a continuous |6Q§m§¥| ace ppr o X1 et es as near | ysas
possi bl e the contour ortidi eo Sintplifgaie elphitione thvdigd,t dappinlg tof i,j) into integers Pl i City

of normal vectors ébedikeded ffliedm t he measured misregi ster data. This

cont i nuous | ens surface nay be exB_,_e)ss_eglﬁs a bivariant .

pol ynom al . I (i)j)=] -+~ '

(1) 60 where z is the height or d| starice of the lens surface at
each point (x, y) thereon from 60 a selected x-y pland® i and |

are the exponents gf, udh of TESP &L cEGC i Equati
ot 025 " ?ir X BN of TEEP G the Bk¥ral {aRiefBCNand g shown i# Eq ation () ohe

polynomal and [err] represents all of the coeffrcrents of the [err] terns

in the desired pol ynoni al . EC’U’%[I of 1)} day} be expressed
[err] IG/)=0 1 2 3 4 5 6
. (2) wher ei n [err] are the ex ansion coefficients, and P [err]

(x y) are bi Var| anﬂ‘t’-t e zN is ofyde, if all (i,j) pairs in Equation. (2)
Bé AL g??%{% WPV B B of'

Ei ] 3(' nto |1 nt eger .ﬁow rquanon (z)hmrn@ mgedﬂfa&o éIJM@s follc);ws
i+ ) (i +) + e
(3) Thus, the values of I (i, i85 tIEue |nt egral values of i and j
shown in Equation (2) 10 ar e: 2’,"“ Py
10 i =0 1 0 2 1 0 3@
j=0 0 1 0 1 n)<’\I I(i,j)=0 1 2 3
?Ij)S pgr rs |n2°Equat| Jﬂ"l%gvagvespfez‘ thi{fl ?peg{r (r":‘J(')dndar? Ior(‘)ndegr__ee N aI2I0
(i ,j)[le:rr]I(ONl) a]rrd |}‘\I=I10(| ij%él@(%](}%{)?r@gg%;xeggt one (ij) " 15
pai r or exanple, for and®il: w
Equation (2) is witten for a surfal® oP degree N, as follows (s2)
(N) ZN Jerr] P (XY),
(4) where i and j[err] N 2@z (N]'hen the partial derivatives of
[err] with respect to x, y and z are—=2ei; P (xy)=oy 20 T
az (N) ay 1)
(5b)
az
—=gz=1
az
&)
ap ' ap
where p* represents the ——, the P¥ represents the ——. The vector having o, o, and
ax ay
25 o, as direction numbers represents the vector normal to the surface z. In the least 25

square sense, one would like to minimize the differences between the above- vector

and the set of normal vectors given by the data.. Thus, one would like to find the _.
N

«; ;¥ such that

§ [(“‘J—l — rr)z+ (“—Zl -sr) ! mi 6
'OxI X dy ’ y] = minimum,

1=



[err]

(5a) az (N)

[err] o o

(5b) [err]

(5¢) ap ap

where p[err] represents the -, the Plerr] represents the [err]. The vector
having [err] and ax ay
259" [err] as di rection nurrbgarog represents the vector nornal to the
surface’ theteast—— 25 stuare—sense,—onme—woul d like to

m ni m z‘eﬂeteHereEPSme entieniar-dese weienmt if the a¢3¢) \numbes ©of Isps data points, and t he set of

nor mal a ﬁ alrlﬁiblre\ffenenp M‘re eﬂx%enga{f‘ BpesTQH'?rmeé‘ ?rom eyclhqents Idhg pBth. find the

[err] Sugk t [err] 9
1, 194, 09®stitution from Equation (5) to Equation (7) yields 9 where |
represents a parti cuI ar data poi nt, m is the total nunber of |ens data

poi nt's, zand - and - represent the el enental
sl opes determ ned ﬁa l d)dat a point. ax dy
Substitution fromdi ron 'J t'd/ Equation (7) yields

[err] err] 5 Form ng the
normal equations for ttl £ pa |0(m) c ICI ents [err] one gets
5 Eer r4% i, j = minmum [err]
where | ([err] v)=0,1. | QN ter rearrangerrent of ternms, equation
(8) becones [err]

5 Forming the normal equations for the expansion coefficients r).'_.j_i‘\-,: onc gets 5

A W)
'}E (%TZ(. - }_"‘i.j PT) P})i.v
2 o) Pr) P});v} =0 (@)

1 b

where [ (,(L, v}=0,1,...1 (O,N). After rearrangement of terms, equation (8) becomes

<rr B 0)

2 m(u)[z Qx P + P;V] ©

The system of equatiens deﬁncd_by Equation (9) will decouple if

-

m

X ¥y —_
10 Z ( 5 PF’ + P ) =0 (10a) 10

L) = T(w) (1ob)

If conditions (10) are met by proper determinatien of the P /s, then one can solve
Equation (9) for the individual expansion coefficients a;,™. Under conditions (10) all
of the «; ;" termis in the summation of (9) vanish except those for which I (i,j)=I

15 (», v), and Equation (9) can be written 15

| < , X . %_zl_ Pr-)

" P ﬁy1 B,
TR N 7
E{(@ (8]

m



The system of equations defined by Equation (9) will decouple if 10
[err] 10 I
[err] I ([err] (1 ob) If conditions
(10) are net by proper determ nation of the [err] then one can solve
Equation (9) for the individual expansion coefficients [err] Under

conditions (10) all of the [err] terns in the sunmation of (9)
vani sh except those for which I (i,j)=l 15 [err]), and Equation (9) can
be witten 10 1,194,023 15 10
[err] 16- T, 1974, 023
10 Shown beI Wﬂ delow J@aywmnwrkrcb hetBhgs mas be derepmingdso d*é‘f E?"ﬁ‘f‘ﬂ’éd S0
that conditions “V$4Pﬂ deed hol d [err]
[err] k=O 5 where [err] are
coefficients to be determ ned. 16, ) —1 i)
5 Then, ..-E%r ]+ By Py fori £0;
k=0 [err] ™ ") Itlplylng Equaf®on (13a) by
[err] and Equation (13b) by [err] adding the resulting 10 equati ons,
and summ ng over the data, one gets when [err]
10 [err] () B . [err]

B R ) B Rt =0

] ij~1 koo Tk ()

. k=0
5 where 8, " are coefficients to be determined. 5
Then,
1) 1

X X '
P,j Pi—1,j ___] J + Z J Px fOI'HEU (.Bﬂ)

I{i,j) —
P'y, —xPy_] N z ’J) PVoforit0. (b

Multlplymg Equation (13a) by P,.* and Equation (13b) by P,..”, adding the resulting
10 equations, and summing over the data, one gets when i%0, 10

m m [
X pX ) BN S X
) Gn.; Fuw * iy Pu.\> =) K‘Pi—u *Fia,
I= 1=
( 1G.p- \
I
+§ Py )»v ("P-H*Z ”) v

)

By virtue of conditions (10), the left side of Equatlon (14) is zero. Rearranging the
right side gives when lio

m

z Py +P )P" +(pY ) y
g I—]" By X l~1l, PvV
=] g ()
lii.j)—l ( )
= (] i o pX y
(P +P{Pp,v) :

k=0

15 Since the inside sum on the right side of Equation (152 is zero by conditions (10) 15
unless k=1 (p, v), one can solve for the required B"* for the conditioniz=0 by
substituting k=1 (g, v)



By virtue of conditions (10), the left side of Equation (14) is zero.

Rearrangi ng the right side gives when [err]

[err] [err] 15 Si nce the

i nside sum on the right side of Equation (15) is zero by conditions (10)
15 unless k=1 ([err], v), one can solve for the required [err] for

the condition [err] by substituting K=l ([err], v). 11
1,194, 023 11

mheEF I ([err], v) 1,.. I(ij)1%9@@gi - 0. Equat i ofis
OLLespendLng—Le—equaLFene—eé3}——é&4}—aHd—%&&%ﬂﬁm+4ﬁrfﬁ+ﬁ+ar+y—de-

rived from equation (12b) for the condltlon i =0, and the equation

corresponding to 5 Equat i | ved for [err], yielding
ferr] Z(P* R @—1 errl where |

([err] , v)=0, 2, Gp. .. quation (4) for the
desired | ens sur@mze can no dto aﬁy esired degr ee,
usi ng the key equations (11) Tc,éy @%ﬁ (13b), and (16), for [err]
[err] 10 [err] and [err}x pec In designing a lens, the
calcul ations are preferably 10 arried out to obtain a polynom a
of degree N=10, which has been found to provide a lens surface
apprOXIW&mﬂag(ihﬁfEIeﬂmm%ahmﬁ¥0-eS det erm ned fron1the nmeasured m s-

regi ster da uae?iﬁscequ e%lﬁ!o é@)déﬁt)euatm cotpﬂ? %t dot pattern on
the gat hgff n;g“llsega‘;fgm;o fmf oo e i g ta ot - dots r egi ster
over the screen surface. a relatlvely sinpl e exanple, the
procedure for eval uating the surface z of 15 Equat i on

eval uat ed, as Ef(p’}o +(#. . +p )pV [err]

(4) for the first fourmterns onIy, i.e., totheg Plerr] term wll be
(4a) r Wi Fj

) = 1=

T 6]

where I (1, v)=0,2,5,9... and i=0.
Equation (-r) for the desired lens surface can now be evaluated to any _d:.,snrcd
degree, usmg the key equations (11), (12), (13a), (13b), and (16), for ai;~, Py,
10 P;% Pi;7, and AP, respectively. In designing a lens, the calculations are preferably
carried out to obiain a polynomial of degree N=10, which has been found to provide
a lens surface approximating the elemental slopes determ'med from the measured mis-
register data closely enough to produce a printed phosphor dot pattern on the cathode
ray tube screen having acceptable spot-dot register over the screen surface.
15 As a relatively simple example, the procedure for evaluating the surface z of 15
Equation (4) for the first four terms only, i.e., to the P,, term, will be evaluated, as
follows

10

In= “u.nP(l K + al.uPl.() +uu.1P(| 1 + ﬂz,up'.’.u-
(4a)

Since P, ,=1, the first term is «,,, which is a constant which determines the z loca-

tion of the central point on the lens surface, Now take P,,=x and P,,=y, noticing 20
that condition (10) is satisfied by this initial choice; thus P~ ,=1, P*,,=0, P, ,=0,

and P¥,,=1. From Equation (11),

20



Since Plerr]=1,

surf ace,

the first term
determ nes the z | oca- 20

Now t ake [err],,=x and P[err] , =y,

is [err] which is a constant which
tion of the central point on the |ens
noti ci ng 20

that condition (10) is satisfied by this initial choice; thus [err]

and [err] = 1. From Equation (11), 12
1,194, 023 12 [err]
[err] [err] p
12 1,194,023 . i 1z
m
oo+ X2 F!)
XZ (’DXII 1,0 'byl )
De =
],U m 2 V]
X y
> |6+ )
x?:".'.] ot
m
S
X m
I = A AN R
- m m/ o
1=
n
2 S 74 ¥
Z(’ox! P[],] F y PU,1>
_ =2 !
1 xz N
) <PUD + Q’m
1=
m
E 2
11hyl 1 ﬂh
= — 1 _l .
_.__n-1 = T ’Dy 1 s an
}:(]) =1
X:
v (4 2
z X 0z y
) <ﬁ ot Pz,u>
N = B
2,0 m 9
E AT PV
2,0 2,0
=1

From Equation (12a), where i740,
P'.’.u:xpl.u '}' ﬁl.l)zrn Pl.n+;8u.12:'] Pv.l
=X2+Xﬁl.:.2'°+}'ﬂu_12’° 5

From Equation (16a), where i=0,



From Equation (12a), where i[err]Q [err] 5
5

[err] From Equation (16a), where i[err]

13 1,194,023 / -

13 [err] [err]

[err] [err]

[err] Now all of the terns of the ZN pol ynom al of equation (4a)
up to and including the Plerr] termare known and one can wite

14 13 1,194,023 1,194, 023 13

14

m
X X ¥ Y
121 I:G"m + Pl.ll> o+ QPMD Pmﬂ

20 _I1=]
P m 2 2
2 [(P)I(IJ) + @,ﬁ)}
= A
)
@9
m
= 1:] = J—m- 2xi
2 Q) =
=
and i *
X X Y\ .
’ xi [("Pl.ﬂ * Pl.ﬂ) P <"P1,IDP0,1]
0 J= 0 _
By = =Ly

26 )]

m
Therefore, Pro = o+ W z I
=
1 m
X — ———
Pz’u = kx + m z i
1=
Y _n .
Po=07

11 m

) [8l 6k ) o)

=L =
m m

)

1= o

%20

Now all of the terms of the Zy polynomial of equation (4a) up to and including the
P; , term are known and one can write



[err] [err] Assune, for
exanpl e, that the data points and sl opes on the assuned | ens surface are:

as follows: | = 1 2 3 4 5 6

7 8 9 5 x=0 2 0-20 +40-4 0

5 y= 0 0 2 0o -2 0O +4 0 -4

dz [err] 0o -.2 .1 .2 --.2 .1 .2

0o -.1 dz = o -.1 -.1 1

-1 1 o-.214 -1 2 Subs %4923 ng these values in Equatidf_

(2), one gets 10 ' [err] . _ 10
9 ZXmerr](O 4+0- . 0+0+. 4+0+0+0) -

16( 0+4+0+4+0+16+0+16+0) y=ocqg + % ' + & %; 1 2

1 ' 1

90 90 800 If the X-Y plane |s taien at the center of the lens

surface, af[err] is zero, and 1 2
1 15 +4eh@ ZJ<+L )

15 ( 4 ;Z [ 1\ 80D sz

When [err] is evaluated to degrée =65—t he total

nunber of ternms is 66 m nus the on out as zero.
Qoviously, it would be inprac- tlggi onssuhle to eval uate
such an equation and utilize it to fabric the e- sired | ens

W t hout the use of a conputer To evaluate [err] to the

desired degree, %;i& Or@f@%er the d t(%tg%gm ggcg oh the ass a’ltd 1efDsurface are

programed to perfo erations i1nvolved In equatlons
(4), (11), . 194, 023
15 =1 2 3 4 5 6 1 8 %% az

5 <=0 2 0 —2 0 +4 0 —4 0 5

y=0 0 2 0 —2 0 +4 0 —4

dz
—_—_ 0 -2 1 2 —2 1 2 0 —.1
dx
dz
_— 0 -1 -1 d -1 1 -2 -1 2
dy

Substituting these values in Equation (2), one gets

X
10 Zn=a,,+—(0—2+.1+2—-2+.1+.2+0-.1) 10
9

y.
F=(0—1—1+1—14.1~2~1+2)
9 .

2x(0— 4+0—.0+0+ 440+0+0)
16(0+4-+0+4+0+16+0+16+0)

1 2 1
=g, —X—=—y——x2

90 90 800
If the X—Y plane is taken at the center of the lens surface, «,, is zero, and

1 2 1 . ;
15 Zp == X e} X2, 15

9 90 800

When zy is evaluated to degree N=10, for which I(O,N)=65, the total number
of terms is 66 minus the one which drop out as zero. Obvnously, it would be imprac-
tical if not impossible to evaluate such an equation and utilize it to fabricate the de-
sired lens without the use of a computer.
20 To evaluate zy to the desired degree, an RCA-604 computer, for example, is 20
proprammed to perform the mathematical operations involved in equations (4), (11),



(12), (13a), (13b) and (16) fromthe input data - and - at the various
points ax ay

(x,y) on the ideal |lens determ ned fr&wa? m sregi ster data, up to thga
desi red £e . _N__The output he computer s it

the surface of .the desired Iens surfgge ongagnetic tape in APT
| anguage. APT ( A2j,qrsa), i(138) igd (B5)agpemiireputl@al $)— bnd —— at the virloas gbirgd gnat i on
givern to a known system or series of conputeexprograns that will: 5

() road L AT (L AURRS PLALEIRIS e REIGOLTII G RALE WAL G, of der o
or inplied N. ThdYubl G & PsSa ddecl ditflce \6E e Qésred BngTBCHI NE A
part described kyfatehe n@dgTenc tape in APftla’gmgethg‘ (Aamdat@ammxbgranqmdntnhb)d tape to

machi ne thé par § ‘B“hd‘ts'ﬁ ti eRId?rErkP%‘aISYStem or series ofy ci fi%

IR v e L e e R
a conputer statéklents; and outputfa Sap Qﬁﬂiadﬂfn@@fe @TuABTwaSt em

for exanpl e aanrBM)mgﬂr Gmmﬁed ter, to convert the surface
desorpt o 1o g, NG Fobdunte banavay Rt LTI SrmeC i ng
nmachine to be u ﬁt’ilfzd)c iﬁﬁ: &n fh o aﬂ’\h E&’ i B patthlaeXanpl e,

be a Pratt and wnmmelg mmmialmee w:dzla famaanm yarcwm“clrmhchee may] For example, The NC
tape from tlhe cofp 4Whlpgiemaoh@eﬂlﬂth@@mCWP“et he specifi. %ﬁﬂ' hi ne
13 To cul AP GGG A PR A L g@é s sitel
far exanpl e, whibehseak b mold for fabriR€ind!He Aesited ﬁnsanﬁt‘ fraine@tse Bg- t he
-desired | ens. Fltxg:gpiasfth 3%1? \tnr}ggeupecrsarf@edﬂ cut by the N€inmghigef togbech a nol d
A9 W th ap, uppé¥r hi sur,face
B o7 P s YA gt oY ERE NI ol B ot g iy 0TS
first lens 130 if WUsedare nByrabea ysradehl e thaR6ldSI4D tean beded to fabricate &elde-

t ransparent opt |S'e@dl kfn?a@@r\mlls t weh segsing Itfatbfsquerm t‘!hlefaﬂte pioldstuifese is suit-

There are gever VS BN SRLOT e gt;teesﬁt Hizacane
de- Si r%ﬂa aNge gl Igavtplnu&a,atéagatt 6C IR Gufacd TyoWhi chthe

mol d surface i s asshotn in FIGURE 7. a kthis saggb@topetation, the ﬂ:pe»rstnrf t aitbe fylmerrsust i cki ng

toit, and a flagzg ﬁ %E -ggr %Zttub%ﬁm a%estmz%wuh the ? 1 e 144 of he nol d
d
and heat eda} gé “tilien 30 E@%& e o mefw??e i
to cause t e gl asiont 6ldeS %tclb)(vagfnaébhtﬁ& Wi mbfd) 418Hg ech@@tlxteamlcavud thdre

surface 142, dashedlma$64sh6WURE17Fl GURE 7. In th| S sag g oper atlon the
upper surface of, t @Cegl{) gsprfage; 362 of lens 160 ds BY 162

substantial Iy i dantrEa? Hi't A Stﬂﬁmeml Psafcaé’pr(?gm t(’)"ﬁrm f%thf)‘tremal ens su lflatch nol d.
The plate 150 is then renoved fromai heaznol d 140 and forned into the de- 30
sired | ens3160 (dsfnedby e ngnbyRPrE)—y—or)i #idietergirfed in coenection Wisk RIGERE enpsbng

t he 30 bottom si de, *hi®h was in contact with the nold,

al ong the pl ane si pei Galedi60\ar H€used in combinatlSWigieds 19@ inlOrhhinBusE e @elRE 7 -

Since the surfacephdpBorafor beers oﬂ&& dor witl stcepdbleaspbrydot i‘ugxsr&uwvérathe egti@scri bed by

Equation (4), | tsmifa%ltert ke e refn acti Cloo3e o?plﬁ):rtox{enses %zf POt he theoretical

natively th e properties om-
lens surfa bined in a single lf.ns for usT in the hghthouse az' 5C

defined by the nor ARlpoisted budlabové, | thred {eparatd fend€ oty 103 EGHcdldh, £ORERRAel IaBN W R
=F'l---'C§URE 3Habricated from the misregister data, and the three different color got patt@ms are

8t hat the | ens;que@altéaﬂmtfs et thiccenttsi Fet PIeAT iR KomEREom WER £ fny
“I'ight house to print a phosphor dot screen of one color with
accept abl e4spot - dotWHMgI\XS?t@uAIdwm -+he entire surface of the 4s
screen. iy ‘Pﬂat’flrget gall’fgﬁ:\ f’dblflqﬂtﬁtgtq %\gﬂ rRh OEC |S€5ﬁnrcff’r the two
| enses 130 and mbfra;m ﬁgﬁgﬂ d mask to ﬁg&%gocrj}e ea%1 %sggt%/efﬁ g use in
the |ighthouse. phor layer on a support, and developing the layer to produce the mésaic array of dis- As

poi nt ed outs0 abO\peete tléyrepe og etyasuattoa, wbarge she xdmmfgcnurf&amh the @ipddal manter desisgned

and fa jctroeée g:t% a hosp or@g@j Sre %@EY&‘? :ra B graqgalukt imsdﬁﬁasﬁl ferent
col or dot patt erg?a%h] 1§ produced througﬁqu: é&tnc))f Fi’{c(iu ) ah % 1¥1 ﬁEe ! enses
each al one or i nhCapkpineat betienMht ph@phof @sts and the corres tding el on beam im-

VE CLAIM | 85 - pingent spots at each of a multiplicity of points distributed over the entire screen of

45 p?ieCl‘l:Iu 0] 01 €S CCII}PH?P%QQ‘F 11 Sq%ﬁtflg:g::élg{ﬁfeg Tlglel am Sal ¢
phosphor screen §or ap P A D ) Befing 1Y ght from a
source through an optical refractlng nenber and a nmulti-apertured
mask to expose discrete areas of a photosensitive phos- phor | ayer
on a support, and devel oping the |l ayer to produce the nosaic array of dis-
50 . crete elements on the support, wherein the refracting surface of
the optical nmember 50 has been determ ned by operatinga 7.
prototype tube having a nulti-apertured mask el-ectrode and a .
phosphor screen conprising an array of discrete phosphor .dots photo P
graphi cal I'y produced through the mask el-ectrode, ‘i ncludi ng the Steps #of
determ ni ng the ntsreglster betmeen the phosphor dots and t he

I T .
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15 az az
(12), (13a), (13b) and (16) fromthe input data [err] and [err] at the
vari ous- poi nts ax
ay I deal lens determned fromthe m sregister data,
up to t § lnm R N. The output fromthe conputer is a
descrlpt ce of the desired |ens surface on magnetic
tape in APT Ianguage APT (Autgsmes cal |y Programmed Tools) 515 is the
desTgnatTomr grven to a KNOWT SySUenm or _Seri es of conpurer prograns t hat

will: 5 ' ‘(a), read- APT angtiage $tate performthe

cal cul atqzbr(?abr(ﬁé)r@{q Q)?)%Pﬁ’pﬁh? 5’6“': am —— g"t‘jly_—h%t Yo &“3‘%5 & ?nt s; calculate cut

vectors to machine a part descri bed by t he APT statenents; and

out put ax,;pmnclimedeat kypedeteoninegl divinde mheglﬁlarctataoup tOh@e ddgired Megnasr i cal

Cont 1 o1 F eI St M 20, ooAB Y ypr B IR ape output 11 om

Conﬁlﬂt éeﬁe;}gl# tgggﬁéide télg ﬁJn g?ﬁffm computer rams that will: Wh ich has been

pr Ogr am@aeaarh haht IAEEEgeSs{a&&nﬁms (bPperfediip kulatiohs lofded B9ihpidm put er,

t 0 convéy tthaschgatgumfsacdrukdie sor yeptors on niachigm NG <! df‘!yrtheéﬁiflr olling the

part | cu (té?et‘:m“‘sn;a and °5‘;‘ e?{ﬁ‘PThF%&P?r&bﬁ?ﬁH@e ths 158 PIBINCNMAFItlcat e the part,

Wh' F”T# ‘ang‘fa%é 1ap& @Hmt rom the computeOR then Ft’fda’fn{o LRGpMYI t neyp machine with
endu Xvh@B Mhhd Bﬂeﬂl @fograrhined in the APT s¥: &3@ dzapyde, fan ABML 1094 comput er is then used

t 0 cont rp(gter, ttqneon he ﬁqrfe@: dmgmonéo an NCIca:e for controlling {the pagiicultrhe desired surf ace

on a et \&‘F ‘s pepert “ﬁat“gé? pary ¥pich.pachipt geY» FRRPG | | be
p h 1
usqq as & T@Tg be hABkh eme 1§ bien URe8 td @5kirbiOnS spelfedUfalni@ Shows a

tr ansverts eutsm:deslred surfacc on § nmal Wite sfugdinlas srel, dorleddinphd, whiclawillupper surface 142

cut by bejcatipgothe desired lens. Eigpre fosho epersorct he desired |ens.
20 ;fr“agé :05 ’@fél‘%hio ﬁ%h‘épp“asé“f?ﬁéllﬁz S by 1 ?gnr’%af Hefd™130 i f used, may

be Jgade Of TARMestad s, as 11 as the first lens213D 6f st RGP BE Mide oD Pyl stidl nakerial, such

as gl aS@bbmn}b@@:o ik getendal, such as glass or clearplaﬂfhere are several ways in whi ch the
mold 140, aig ’°LF§‘§"‘ o fé’%ﬂst‘“b%*fé%i? hplLe “sidnfﬁéai’éﬁiii E*s’@sfé‘l‘? ens. One way is
to use aab lrlé}e:ﬁ@l rhui&% }1;551 BrichlS la§sU| t- ably
treated it plaged ewﬁiatmogil aaasneaftdaamxswem@ tmgsottaudgtmmpaﬂdxreaoffdleaguaqepI at es 150 of

opti cal tglcalsﬁsth%ls‘s 1o sagéymﬂmemtmntlmmcm‘ttdﬂlértbh held seficy Hzan oven to the

sof t eni rf‘€§ t%zte Cqu7 of, e %’a“ ghe “gpf;esurfizzet’f: t"gﬁfﬁ ?Zhe gl ass to sag

by gravi mblB 'f)ne i é{b‘@ sethﬁp:@ilafég fr% fo%h'erd A6 Ehe dE<) as
shmon i rsickd ERESO (sholwﬂ it THIGURA ms@rmqum" aim@rmhetm reppee tsur f aée of the

pl at e 15@uom side, ‘;”“Ch vegs di coBfactaWviti g meld, denst by planceipdigisBdydbrial |y i denti cal
with the &eﬁlﬁdté ;Q #E 9'4131 Oko is su smnnall}&% o1 cg de;m&dpinat e 150 is then
t

r enoved Ec{umasht( Pe it t@m; sel 4PpREhationl @ the)Bedi®iral dbhs surfacsi red | ens 160

(shown in FI GURE 8) by grinding flat or ot herw se rem)V| ng the 30
B;t}?ﬁm SA gneﬂ bme&orglﬁv\Pvgctt%rn ebnt% ¢ "éfﬁ[ h?nfrgr?nlegmn with %I}lﬂie p| ng It Rgl cat ed

surface 162 of lens 160 is substantlally the surface descrlbed by
Equat i onds ﬁ‘éﬁ) thell s 16D ¢an mSFfd 1112?::2 K)tfisbnSa(lié‘Ib o iiateysoe mrint t he t heoreti cal

| ens sur shor ot screen o one co or wit spot register over the 51%1& az 35
f the screen.

def i ned y Al Eratvell Nl reH RGOS Spedib Lot Tile two [eB%d 130)hind 86D cEiEfcatmi ned in connecti on
wi t40 F| GhilkeH in a singB3ens for use in the lighthouse. ax 40 ay

5, that ghe’\sl gs}gsedfgg;gmgme SpEay lqnﬁs’ﬁ FPF&‘! Fqlm» fiercdnad 130 in a

I'i ght hou gﬁnrﬂ"d with the three s&%&%ﬁ 1@%(: %&1 Qt‘: lﬁrﬁé color with
accept abise, spot - dot reg| ster over the enti re urtace of the

scre cLa Al .ternatively, the refractive propertles of the two
! enges 130 \gﬁﬂe rvhgc%\ ng Whg%ograghmally Qabncatmg 'P mrt;smccI phospl%t Ss«':rpegl 5 l ens #or use in
the li gh&h«@ fay tube by projecting light from a source through an optical refra Q As
poi nt ed mesibendd\vemulti-hpeftred MPR 1@ Expost ARIQS areddLa bldosAfMIa phdl or , are desi gned
and phor IaYCFabPlS Pfédln4 Aeyplenigecthariayer eqppraduce thelmpsaic amaychf dise three different
col ¥r dog‘;’f% s

pport, wherein t e T 5
%eratu}:% E iﬁaﬁt""‘hﬁf rr C§7 &thxrggg%wmﬁ the ®hree | enses,
each al op@u&ie ahdla @ xﬂﬁ}p 18y Sf dlscrete phosphor #éts photo? O
V\HATV\E Qrﬁdhldhllyﬁ‘preduced through the mask electrode, mcludmg the steps of determining

the misregister QCIWC'F?} A ltﬂ ] dg Oﬁhgﬁl IQC OIf m“@at in a nosai c
phosé‘phor e Bl ’%I‘Emm‘?}?e Tespect a& %5& ik o aﬁéﬁﬁ FREting Pight froma
sour ce thrcﬁjug 1 padiis op rbspativer s drs,aﬁ pol#g corresponding t Fhipadgl of Mul ti-apertured
mask to expose discrete areas of a photosensitive phos- phor | ayer
on a support, and devel oping the |layer to produce the nosaic array of dis-
50 crete elenments on the support, wherein the refracting surface of
the optical nmenber 50 has been determ ned by operating a

prototype tube having a multi-apertured mask eI ect rode and a

o, I . T .
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16 points on the screen, of portions of an ideal refractive
surface of an optical nmenber whi ch woul d print discrete phosphor
el enents at the correspondi ng 1 npi ngenent spots of the electron

beam of the prototype tube; and determning with the slopes a con-
tinuous refractive surface for the optical nenber closely approaching the
ideal re- 5 fractive surface.

5 % A nethod in accordance wiid0gd aim 1, wherein the 16
respective sl opes are de- tTermned fromtite three- (]I ETSTonal B
m sregi sters and fropgitthen Fhetigienmﬁ P@fﬂor!smfi iﬁr&bﬂq refract“'e Sur Ecahgltsfpg{s at ed
espect] vely uith ealr YRl UL AE P ERONCL el 3 e
position of the Ilghmuslgu,reﬁﬁuuss%ﬁa&qor fhi ucm%enaﬁxr @6ty Qbp lﬂngof @y Re
tube. 10 5 fracAverEEdfahﬂd i n accordance. W|th cI a| m 1 V\,her e| nthe 8
continuous surface of t meﬂwd Oa‘?mf"lance with rclef " ﬁomt SREEIIVE gé"ggr ned
by fitting a bivari a E E' ggj éﬂf&ﬂg u1t1p11c1ty of %tn
fabricating the Ii ghf;osih 6f8¢ﬁé bgae sdd&vlu pivrlt Ik srld@) of @it prétotgpesutiellr ved
surface lodescri brd blythtsiamckcqwlalynamh glaim 1, wherem the continudys sixfaceofhtbel i n 10
accordance with cl ai ffffacies l&f#ﬁ‘é‘: by f§ting; o bipasiant Dalypaial g, paid episulated

es and fabricating the light.re fra v dev aving the continuous rve sunfac
face of the refracti} nggr@ 15 ed byt he Bievar Pant pSIyHon a
15 4. A method in accordance w1th claim 1 or clajn€R,' }herein the continuous sur-
[err] 15 whefaes of the raffagsingimsmban de deséribech byl ths (hivariane pefynomisl poi nt  (x, y¥
thereon froma given X-Y plane, P [err](x,y) are orthogonal

bi variant polynomals in x and y, [err] arel+h& expansion
coefficients of the terns of [err] , and Lhzoyalpue&sy)of [err] and [err] are

deter- 20 mned fromthe cal cul ated sl péé )
20 5. A method in accordance wWith any one of clainms 1-4,
wherei n the phosphor screen includes three nosaic patterns of

respectively differentercalsar dxp#wsqihmd sitfatesat any point (x,y)ahmoa@breralgmdx

deriving a differentPfis variqng, RIEDARIALS G ansk ‘*ngr‘ ;
patterns. 25 .4 fgﬁ,eﬁﬁfﬁm CE] i ¢ ;peg”’éi{))fn?"d i ﬁues °§ nosal e '}éﬁ esrcreeao
in accordance wth cl aifA method inZibcordance with ady &mbstlamkua-ML wheein dxes:ﬁcrsptbed

with reference to thergy a’e&mﬁ ghree mosaic patterns of rexpecm(el(za'efhtsdreCOioatgﬁ?esnber dots,
i ncl uding a nosaic pEt £ cfeding ¢ Sferengelagting, suffpeg from each ont b the ORISRt 5 e

in any one of the pr | AN GhetBdPbf MBbricating a mosaic phosphor screen in accordance with claim Rs

A. THORNTON & ., 1 substantially as described with reference to the drawings. Chart er ed Patent
Agents, 7. A cathode ray tube including a masg PhASYBRe poreath dbrigsisd by the

303/ 306 H gh Hol bor nmcthod claimed in any one of the preceding claims. London,
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