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CO6R PI CTURE TUBE HAVI NG | MPROVED , 21 751 32 SHADOW MASK Thi s invention
rel ates-to color picture tubes of the type,having a slit-aperture type
aper ed shadow mask 5 nounted in close }el ation to a cathodol um nescent
li ne“¥creen of the tube and; partlcul arly,to an |rrproverrent in rréflk 13
apergure col um spacing w - - 4 P oV ?
contour. Most color pi ctur Ea : T

the lI'ine screen-slit nmask type Thes- zve spherical ly contoured
rectangul ar facepl ates \Fhis| ineentionnredates: todsakamaiatnrettubes| of
thereon, and sewWigle srpsﬂngaalnfenag&eare Y % peftifred BV SW Slask

adj acent ‘'to the screens. - t - shaped- - aper fures 1 I n such tubes are
arranged Pn cBonRted Hp closerelatignpkeap sathedojuminesgentiling tube

or gradually s&&re%aﬁeafmwrwermar%theuqa&u 1t ldip Si¥dvenéiee Dh
t he mask. Recentlﬁlatseveral coj or pictuge. tubgﬂ difi.catiqns have been

suggest ed. BRGEHES (FP1UR | BP_CIRT, Wi {tHBes, #hatn our
concept whi chpexwdts amcimpiosed maskftehtoaxr. Such tube nodification is

Bebruary 1084 2" The"? HegPreetat PISEhER pRbdR BEMMAFERS || o) 220
al ong boiR thmamﬁacmmamc ofctheflihe Bcrepl:msd:.pta@sk types These
nonspheri cal . &Tx@% Ve é?:ﬂ?al Ccofit uQ‘é e %?lxﬂea{e%ﬁééélates

hori zont al axes, tﬁ | vely,
positioned |n‘ﬁltt§1 ridrnelsmeemgoﬁoca edoluninescent; materils ehereon,

described in %%Mﬁ&é%ﬂﬂéﬂ??ﬂge&bﬁ%&bﬁgﬂ] -&ﬁez‘ﬁ&éd‘%&&é@en

i sssubstantially plangr and Vi sua anar. In order to

ears to
obtain this pRasks @dirrent umtﬁhﬁlif:ggeﬁ?ana? ﬁ aHﬁﬁ ARertures

necessaryst o figy Budie tise®| @ Qﬁf‘&h é&t ﬂnacanmﬂwm;aai Fipstanttbally axi s
that is greater at:I ;t ge i des, of the, gl thhan t the ceéer of fhe panel.

Suoh nonspherpéf Jrinor axi ube or gradually increase
: in curvature from the center to the short sides of the
mask. o : :

- _Recently, several color picture. tube
20 modlflcatxons have been suggested. One of these-
 modifications is a new faceplate panel contour concept
which creates the illusion of flatness. Such tube
modification is disclosed inour pending  Applications
'Nos. 2136198Aand 2136200A filed 22nd February 1984.

25 g .-

N _ - ' ' .  The faceplate contour of the modlfled
tube has curvature along both the major and minor axes of
the faceplate panel,. but 1s nonspher;cal. The major and
emznor axes are defined as. the central horizontal and

30 'vertlcal axes, respectzvely, when the tube is. pos1t10ned
in 1ts normal viewing position.’ In a preferred embodiment
,descrlbed in these applications, the peripheral border of '
the tube screen is substantlally.planar and visually -

_ appears to be planar.l In oxder to obtain this planar or

- 35 substantlally planar peripheral border, it is necessary to
_form the faceplate panel ‘with a curvature along its major
. axis that is greater at the sides of the panel than at the
_center of the panel. - Such nonspher1ca1 shaping of the



—~facepl.ate panel creates a probleminvolving shadow mask contour. If the
shadow mask is formed with straight crgss-sections parallel to the mnor -
-axi's along its sides, the mask may have poor nechanical characteristics/y

. such as 5 undesirabl e mcrophonics and/ or dom ng probl ens. Therefore, it

aesirabl e g0dpL atéhgaﬁaikchh&e@raeWfﬁ%ﬁfﬁgesa&%& maslki ons t han

may be sug'%ested Qer‘gace anel - confour ¢ont our

?Pt?fb’&\eve; 8u s ki Qldt%tpuﬁ’éraishﬁ ncl udi ng
changes i repdss+@estionst paeanaulem the tindy rékisi ATofigr 4e. Widegdrpsk

type tubes the adow sks wer e al er.i cal e_sep I on of
the adj accTh® RSPk may Bp Hﬁn?°§l%??§%‘rﬁé¥r%§%ﬁﬁ‘?&&ﬁ?al E&E‘aﬁﬁ i on)
was hed dI amd&sn:tah]zermbtomucﬁ and/oe\domingnproblemstubes of th|ds
type inc Cr, t orate an
aperture c é%% &y gr%btl ﬁ%ﬁu@gééghﬁag%@g | ssued
to A M mnmtum atnunepezsxoﬂmedmm Htham emayubes suglgcsm ibyy

bet ween c¢ a lnghcggﬁﬂe ncreased from
‘center- togagge ?@?%&%e gbﬁgﬁhls |ncrease varie aI%%§£§ maj or axis
general |y ﬁecg'aaane boweverd: Fesuses Fthen mgeaxiy endhever t ur e
col uny t O-{Ggek aehazgzg qhs%sgigm dpEréppe i pattapnno. 2160354A filed

25 28th My, 1985 In t tlon t he Sf:ﬁi' ng bet ween adj acent
n@erﬁ%‘?’%’ tpask Sypend ow mask

aperture colums i ncfBa
as appr oxitié esNaddw: ﬁaukhhmaerawodﬁlﬁsﬂuﬁmk,féﬁm the Eeparadiicn of

Le Shadon Pres a8 arete bl el Lokt ‘Wod Ebdpshe Bl ©°5° 2
coef fi ci enfhosizontall sepasatdongr gxas heldrconstanti overothb‘masis.k t hat
cr osBX ocovader. hole; 1atds Wb of AL Wipe Hibiphdd's Shadow,
vari ati orrmskpqrwbnmavqa;ed {fomrvature andy incarporateds anf apertiirest
ge”erat'o%&iuﬂibéﬁéeihé' Lardlat3n ifght HeMufs! Shatent 4,136,300,
issued to A. M. Morrell on January 23, 1979. In such
later tubes, the spacing between centerlines of adjacent
20 columns of apertures increased from cexite_r-to-edge of the
mask. This increase varied along the major axis 'gene'rally
as the squafe of the distance from the minor axis.
A new aperture column-to-column spacing is
disclosed in our application no. 2160354A ‘filed
25 28th May, 1985.

nodi ficati

In that application, the spacing between
adjacent aperture columns increases from the center to the
sides of the shadow mask as approximately the“fgdrth power

| of the distance from the minor axis of the shadow mask.

30 This variation in column spacing can be expressed as a

' coefficient  times the fourth power of the distance,

' wherein -the coefficient is variable, being lérger'EOr
cross-sections of the mask that are parallel to, but off,
the central horizontal axis than for cross-sections on the

35 . central horizontal axis. This fourth power variation has
proven adequate for the shadow mask contours of the first
generation of substantially planar: tubes. Such first
generation tubes have'Shadow-masks‘with substantially more



geﬂeratlon t ubes have shadow masks. W|th substantlal ly nore - 3-
curvature along the mnor axis than al onggthe maj or axis. However, the mask
curvatures at cross-sections paraIIeI to the mnor axis decrease in
CUr\Féxfure fromthe mnor axis to the sides of the mask to becone rel atively

f|hag at thE Turvatiete Oal6he ﬂh&kmnSglchx&Isatﬂm'sd a]song'ldesed rmédjeri axis.
shadow nas nce it nore_susceptible t n

and has a so%‘feﬁhpig |EP§% é%PEFé \%ﬁ ?’%’reég e%e‘gﬁ ﬁ%fﬁaggfﬂ,i %
oper ati on. 'mhesznnmtaxmsedecneapeonndcnnmatuqsci&nnwmhermsm@rtaxbs .

| t |

Such Shadow THLE®, 8i36PbROCHE REsRTEE beulld ¥en SLIVELY £14ET4E Bhe? 11
15 I n ac@r dsidesiof the hasknt i Sucht fdatnesadisandesizablecin aperture
col ums near éﬂﬁ‘%& rﬂésﬁxggnefa Eéelg?ﬁbﬁééxﬁ%% pUiBle £6de sbERELLbN! he

mask t han near axi s

K. ln th
(Sheet 1) is duxing m#lpﬁr and has, R &P@&ﬂ%rﬁhﬁgﬁgﬁ%ﬂ%sﬂgﬁ%ﬁ%r

pi cture tube yHewHeateANGuLiAgeEABEd Gpeiratiiddle [The giesentninventibn
FIGURE 2 (Sheet 1) _.is a front VIEW%f the fa eolateff thg colg icture
tube, taken RF9YHdes an impreypmen o3¢ H‘Bﬁund vi ew

g hO\é\A ng ]'_tmdet ﬁgpé@j;ﬁgcmaianr pgmtbevhﬁqﬂsatmma.irattraéeﬂaﬁ'gs 20 sughi s,
a-3a, an nar: ax Q

(Sheet 2) is é‘i‘r&%‘ﬁt ngeks; itﬁgtgﬁ‘gdé%ers?a% M%t@l:%wg{gp?% LPEUEE Br

FI GURE 1. Fl Gth& magkbeet 2) is a conpound view show ng 35 t he surface-

contours of the shadow mask at the mmjor axis, 5a-5a, the minor axis,
5b; 5b, and the diagonal, 5c-5c, cross-sections of FlIGURE 4.

15

In accordance with the mvent:.on the spacing between
adJ acent aperture columns near the m.nor axis of the mask

is less at the long sides of the mask than near the major
20 axis of the mask. ’
In the drawings: :
FIGURE 1 (Sheet 1) is a plan.v1ew, partly in
axial section, of a shadow mask color picture tube
inccrporating one embodimenf of the present invention.
25 . FIGURE 2 (Sheet. 1) is a front v1ew of the
— _ .faceplate of the color picture tube, taken at line 2-2 of
FIGURE 1. : '
| FIGURE 3 (Sheet 2) is a compound view showing
'the surface contours of the faceplate panel at the major
30 axls, 3a-3a, and the minor axis, 3b-3b, cross-sections of
FIGURE 2. _ :
. FIGURE 4 (Sheet 2)-is a front view of'the shadow
mask of the color picture tube of FIGURE 1.
" FIGURE 5 (Sheet 2) is a compound view showing
35 the surface contours of the shadow mask at the major axis,’
'Sa-Sa, the minor axis, sb-5b, and the diagonal, 5c-5c,
crossesactlons of FIGURE 4. '



-4 FIGURE 6 (Sheet 3) is a graph of shadOM/nask aperture col um-to-col um
.spaC|ng of the mask of the color picture tube shown in solid |ines, and
. qperture spacing-in a prior mask, showm#1 n dashed lines. 5 ord
"FIGURE 7 (Sheet 4) is an enlarged view of the shadow mask, taken at C|rcle

7-~0f FIGURE 4. FI GUJ et aph of sele ted creen|ines of
the color picture tl%@éuﬁéﬁsgeﬁhégt% 4 9r2ph ¢ B M3S&hadow 10 .
maski s?ggmérdubg éomnhate-cglmturs@aatmm 'aze?m@hrofl thet bedegn of
constant s [.OD

oy oved SFECBN S ERbEnoRPRY T 1B A0KHA e ABFELRHE T HRECERY, (o

hei ght. 15in a prior maEkGJEﬁoﬂmthslasha;ttJamar col or picture tube 10
havi ngz a gl ass .envel éll'g!ﬁ 'a#?ﬂ a el 12 and
a tub% neck 14 cogg d bggﬁelfe%nn Iq'léfseaﬁ{ f%e‘?agggn%r{)gegﬁg Vi ewi ng
facepl ate shadew magkyi spken at sigele 7S|QfevH ,4which i-s sealed to the

20 funnel 16. by a EkQQREfB'YShEet'%Y“%EHar Jﬁﬂgﬁfaéeiééﬁédcgbﬁéen
~cat hodol unj pescen Epgr screen 22-ig carried by the inner surface of

the facepl=tR®g§8° T ox picture,fuk&cen with the phosphor Iines
?Xtendlng sonemh?t pEIGUREl9tQshh%ﬂﬂ41ﬂls”ﬂSfrdhﬁ}vﬁéwtbﬁ huﬁhaaFw

nor to t plLane o e contours of ¢ sphor . lLines are
0 sc b od Barky cufdrefied BV, sk Latt VAN ETe  wboviBe BoFORteM oot | on
el ect r ode binehthereonsbk£2¢ons tamtn \saggi tadurhesightt hi n t he facepl ate panel -
12 in predeterm ned I n inline-
el ectron gun 26, shoiv\‘/lg&ggge%gt ??ﬁ%%)# %)t g‘%?}%ﬁ%ﬁiﬁ'?ﬁﬁm i's .
central ly inpreeedyshatnvw: maske showing agentour shine thereonr 96 el ect rohJ :
beans 28 aégﬂgtéﬂttgabbytggphgﬂ@ﬁngonvergent paths through the mask 24 to

t he screen 22. The tube 10 of FIGURE 1 is desi ned to be
used 15 FIGURE 1 shows a rectangular color pict ube-

10 having a glass envelope 11, comp:;s;ng.a rectangular
faceplate panel 12 and a tnbuiar neck 14 connected by a
- funnel 16. The panel comprises a viewing faceplate 18 and
a peripheral flange or sidewall 20, which is sealed to the

20 . funnel 16 by a glass frit 17. A novel rectangular '
three-color cathodoluminescent phosphor screen 22 is
carried by the inner surface of the faceplate 18. The
screen is a line screen, with the phosphor lines extending
somewhat parallel to the minor axis, Y-Y, of the tube _

25 (normal to the plane of'FIGURE~1), The contours of_the ' ;J _

. phosphor lines are discussed in greater detail below. A

novel multi-apertured color selectioh electrcde'or shadow
mask 24 is removably mounted within the faceplate panel 12
in predeterm;ned spaced relation to the screen 22. An

30 inline electron gun 26, shown schematically by dashed'
lines in FIGURE 1, is centrally mounted within the neck 14
‘to generate and direct three electron beams 28 along
initially coplanar convergent paths through the mask 24 to
the screen 22. . o

35 . The tube 10 of FIGURE 1 is designed to be used
with an external magnetic deflection yoke,.such as the
yoke 30 schematically shown surrounding the neck 14 and




Wwi.than external magnetic deflection yoke,  such as the yoke 30
schematically shown surrounding the rneck 14 ahd -5- funnel 16 in the
rei ghbor hood of their junction, for subjeCfing the three beams 28 to
verti ¢al and hori zont-al magnetic flux, to scan the beans horizontally in

the direction e T@j eLtd ection
of the m nor m J res ec f%%goﬁﬂgoé égc"t&g‘n %I é%nrg;:s °2} o@i t he
screen 22. Fl @;haestg&m\stherethrmtbms ha8f EOeHBmcpdnemdlhorﬁlwntal
peri phery of -HWQ} s Or §i§ @céﬁcﬁﬁé%ﬁ g hb%pﬁttﬁ]_?u %des

The border of the screen 22 is 10 I ne
This screen b&%cﬁ@qazimnﬁlom %hﬁaﬁ‘s&h éﬂdt N@rﬁé-lcétll\l’e igortheur s of

t he exter gor a.irzfem&i 6f'Q:ﬁé1Q@Qh@feaﬂi‘§ekY1?)<’;‘| PagpkbeiveNss, I R Y-V,
and maj or axis i.s sho in Fl GJ exterior “surface of the

5
facepl ate panéJ cf?"@’l&ﬁ ’E)n%"%tﬁ‘?hﬁcﬁﬁfﬁr 22nd ninor adxes, with the
curvature along the m nE®IGURE. mesmigr'l.eheefrbhanotfhtheulﬂaﬂety‘]ﬂtd pxhdlhe

Conter ot "t he WPcoall FediHAdap OF LhE BaBS) 12, coblh & 3MRsSndtle iy .
exterior surf&d@%&bmmedlgﬁldmswaj Theshorder offie thedisereen @2 \ix ur e
al ong thgom N@howtl %Jht‘i'z HHed 1 Lid FicBRBa%E! Fﬂi% Q¥ W .ftﬁ&e)

The curvature along the major axrs, however, Is.Small in the centr
portion of thdsfFeShanmlan: greatly increases 25 = near the edges of the

faceplate. In thi S one pravipidPikont &£ ﬁHéVEEEEEJ.@bO&SnEBQr@Jﬁ the S,
near the edges the face#o; at an thel gner cur ature

e,
alQng the mi n&?‘ G&Qf d&ggﬁac?ﬂéat‘ﬁn??a? minor
facepl ate becams,f M,erand{\kud:ﬂor hexp®) NKeXof 1§hsh6€)n 1ha<m|dlmEE Fxt dher

dof | ne- aTSubs CAVSERRY sis¥ack (£ ne PratEp A8 Ranky 12048 e Mions
curvature alobgtbh¢hmanﬁnQ§ andsminnredxes.swmthhthbecurvature along '
: ~ the minor axis being greater than the curvature along the
major axis in the tenter portion of the panel 12. For
- example, at the center of the faceplate, the ratio of the
20 radlus of curvature of the exterior surface contour along
the maJor axis to the radius of curvature along the minor
axis is greater than 1.1 (a.greater than 10% difference).
The curvature along the major'axis, however, is small in
- the cent:al-portion of the faceplate and greatly increases
25 ' near the edgeé of the faceplate. " In this_one-embodiment,'
thefcu:véture.along the Majo: axis, near the edges of the
_ faceplate,]iSQgréater than the general curvature along the
~minor axis. With this design, the central portion of the
faceplate becomes flatter, while the points of the
30 fhdeplate exterior surface at the edges of the screen lie
substantially in a plane P and define-a*subséantially-
récténgular-peripheral contour line. The surface '
curvature along the-diagqnal-is selected to smooth the
transitidn between the different curvatures along the
35'_;major and minor axes. Preferably, the curvature along the
'pinor axis is about 4/3 greater than the curvathre along
the major axis in the central'portion'of the faceplate.



~Lransition between the different curvatures along the 35 maj or and m nor
' axes. Preferably, the curvature along the ninor axis is about 4/3 greater
than the curvature along the ngjor- axi"® n the central portion of the .p// ¥
facepl at e. By using the differing curvatures along the .oajor and mi nor

the edges bf the scribnusshé] ke BleARI -l liSidiifes SLOBF. HIeLPP T,
subst ant i adjop|amdrminont sxewhelthel prdatis on tthe fexteriort hurfacepl ate
panel - fgnt f:‘Eh.% 8?:&%%‘:& e Uy Osegf‘tf:‘ﬁéoé i‘géﬁace of

t he panel t hat |s§su S ctangl e super on the edges of the
scteen 22.22 -Thb#%fmStﬁﬂEhaﬂ-Mf inp&heo sagq Rlene P i ntTheseo tel evision

receiger, m&tiﬁﬂamwﬁlaﬁwebom& OMH&?-Q}:.%H berathe€har guBgtt B¢ t ube.
The edge qf su %ﬁ%— tha&l ﬁ%nt act s theIéﬂﬁFE he rectangul ar contour
line al so & s£ﬁﬁﬁ RFSPHRP e BBt F Eﬁr?pﬁ@?&°3€rder -of a
pi ct urg orLine ¢mbaxecexterabneeutfh@:ebe:ﬁﬂ&he manﬂ tndlnerfs'i s an illusi oncI
created t e, even t cepl ate_panel.is curve
outmardly@ﬂQ#ékﬁéﬁﬁiﬁk an%fS% &%n%ﬁaﬁﬁﬁﬁﬁsé Qlﬁk? éﬁ% °© Snt vi ew
of the nowgregmd2®. naThez¢forehec whenhdhd itube X0 simvinserbeddintof at he 20
aper yy ed 2 i th qgg% ng.,.t j or

axi s . %é‘}?n&h%é %gegw \4 & uglr%rﬁjdlgg'gonal &#lsmééﬂ 854B§rz§& shown
by the CUIGATS @, used ,agound ﬂ:bsp@@ha»el ythe redges & suchrha kesrl24 has a

di fferent tﬂ&&t’aééﬁﬁaékenﬁhét tubl @t ~’i:>ﬂe'S fé@ﬁhri&%'&én@éur Tifer axis.
The contour, al ong t he Pb aims has sl.i ght curvalure near the center of-

t he mask aﬂcﬁ%r SO E dYairy FF@’% &Pt hSHRGR. the ReEiphey of
such a shmuémsdxfcanpbetﬁreebnl hheo tdien st dvernl cappédi 8otbhbBemyj or axi s,

X A3V ULSAS B BEOte’ AH YT 1R REleek onfboHhe BECERRY 35 PO O
maj or axi sEla’bwewzen thoughpthef lfeddglatdﬁepamjltﬂ d:lergéd ahuwgrﬁhg
) along both the major and minor axes.
FIGURE 4 shows a front view of the novel shadow
mask 24. The dashed lines 32 show the border of the:

20  apertured portion of the mask 24. The surface contours
along the major axis, X-X, the minor axis, Y-Y, and the
diagonal of the mask 24 ‘are shown by the curves Sa, 5b and
Sc, respectively, in FIGURE 5. The mask 24 has a -
different curvature along its major axis than along its

25 minor axis. The contour along the major axis has a slight

- curvature near the center of the mask and greater
curvature at the sides of the mask. The contour of such a
shadow mask can be generally obtained by describing the
major axis, X-X, curvature as a large radius circle over
30. about the~ceﬁtral-portion of the major: axis, and a smaller

radius circle over the remainder of the major axis.

However, more specifically, the sagital height along thé

major axis varies substantially as the fourth power of

distance from the minor axis, Y-Y. Sagital height is the
35 distance from an imaginary plane that is tangent to the '

center of the surface of the mask. The curvature parallel .

to the minor axis, ¥Y-Y, is such as to smOothly_fiﬁ the

major axis curvature to the required mask periphery and




° 1

rm]'"or axis varies substantlally as the fourth power of distance fromthe
m-nor, axis, Y-Y. Sagital height is t he 3. ~di stance from an i magi nary
Ppl-ang.that is tangent to the center ‘of the surface of the mask. The
eurvature parallel to the mnor axis, Y-Y, is such as to snoothly fit the

M) of "axi s cULyA! Ph&lhde! Bechmtﬁﬁ.‘e Wii’@ioﬂh@é yigdndsed aion@?\l‘l:heﬂCI ude

a. curvature var | atiron as. I s:use ong axl'S. Such mask cont our

. r
exhi bits somEMARRFoIXUS: heBHEH &@ﬁ&hsﬁr%%réﬂ'@?*%? gOmB AMRIOVEA ( he.
i ncreased curygRérm8l néipahbﬁ.ow%alfadt‘éti@tﬁs Becausécolfr tliec inoreased

| mpr oved -t her.nal ansion characteristic fronllncreased A
di scussed i n F“EVQB&Q EPPé'dt%eSeWéﬁ r—R\# 1€ 3135 ¥t &g ?E'&"S‘rdtéh“
showi ng the aperim :oveaumemaaplemmrmq:actq:namusnfxpmuadrant of

;hguégra?\{]ag?w masﬁﬂﬁa/ ﬁif&m%&ﬁ& ﬁlﬁtﬁé&gﬁgaﬁb ge%ﬁﬂ ghtes gl \tMeEihl n.

Application nu.s2lBagens, 4, 136.3§QMM1 in dashed curves and | abelled "F"
The vertical coordinat eFQ rehoha eghéwing tﬂésa?gg.%ufrreom t he
C

maj or axis. The-horizon oordlnate esents the aperture
col um- t o- col cahuwpatPrngoOlimE) SRAC pn Withie 2 quadgand ol them ¢ he

centerl.ifg of ﬁagoaohugﬁ 2g ,t diﬁi‘tﬁilwhefcﬁbeesdmaemhbeallum wg'€ach
curve i s nunbered to | ntlf

represents. @&BA Withinca adran v Sp%&aﬁléga ggpg%ngPP§§IPﬁ§‘§bég$agIt
bet ween the 28@5kyraBdd2qhs thadabove-cptedmpplitatiomri or shadow mask,
inidorm 25 BPong WARAoHER: t ho m Ve ie. SadHRR PaEpel Rp dREl ey
curves "F'-1 apd.,’ F'rheSQrent:.na]gruomdmueeofauheegnepbdrlepnesmlts: 200,
o 18 w BBkl S ATy e S agtionths it
represents the aperture column-to-column spac1ng whzch, as
shown in FIGURE 7, is measured from the centerline of one
column to the—centerlzne of the adJacent column Each
h 'curve is numbered to ldentafy the.space from the minor
20  axis that it represents.. For example, each curve marked
200 1dent1f1es the spaclng between the 200th and 201st
”.apertnre columns. _
In the przor shadow mask. shown by the dashed
curves,. the aperture column-to-column spacing is uniform
25 along and near the mlnor axis, as indicated by the .
N~ :stralght curves wF'-1 and "F“-150. A slight curvature can
" be noted in line “F“ 200, 1nd1cat1ng ‘that the
fcolumn-to-column spaczng for space 200 1s sl;ghtly
"1ncrea81ng w1th d1stance from the maJor axls. Curves
30*:f"F"-300 and NEr=306 have cons1derab1e bow in them,
1nd1cat1ng a substant1a1 increase in column—to-column
7spac1ng w1th 1ncreased dlstance from the major axis.
The aperture columnrto-column spacing of the
’novel improved shadow mask dlffers con51derably from that
35 of the prlor mask near the minor axls. As shown in
FIGURE 6 the aperture column-to-column spaczng, AH near
1the m1nor axls, decreases wlth lncrea51ng distance from
the major axls, as shown by curves g1, "H"-SO and




.=380 "F"-300 and "F"-306 have considerable bowin them indicating a
-substantial increase in colum-to-colum spacing with increased di stance
-fromthe major axis. The aperture col usB«t 0o-col urm spacing of the novel-

I nproved shadow mask differs considerably fromthat 35 of the prior sk
nedr the minor axis. As shown in FIGURE 6, the aperture col um-to-colum
spaci ng, [é'ﬁ'ﬂ-lrﬂm.r tNeami the b50th dpaceasethemapentmreaam ng di stance from

-the nmj.or ar the
150t h space&ﬁt e ape%o é&ﬁf{i@ F&#ns ségacsﬁ'(r%'gg&'gg nln& sgg ?‘lﬂﬁ

i ncrease wimicneasingi dagsmenﬁsomrshet majiex axis. #s a@thybyhehe
slight bOW% 'lr%‘_ll-}t’ \How Hn Jé&veT%“-EQW Ng T4 of hfohvﬁ ig < ance &GPyREENL I NO:

.aperture CcO t o- col umMm spacl ng, ‘1 nCreases Wt romt e m nor-
axis, 8 sKERFERENLINGAPeFtyre Gaiump-touGolymn Spaging. LRFERABESat t he
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maj or axis i "'r%e%n%pgg te\"} §i 9% decraages. 3t &ﬁ agF
dlhstance f o titer maslo) & Gan )bdls ﬁ?mog%WWWWGW-?OSFJ GJ?ng 6,
t his nmaj or. S t mils I's approxi mately err + .
00185x4 ‘%@h cﬁ@\%@ dlﬁm'f)?#&t he maj or axis, the aperture col um-to-col um
spaci 4@ vari ati on i s The aperfare eoﬂumarMescqﬁumn(spaeiggaalong Ehaatlon _
Elle;:lam\é\ge; (rio %%@oﬁgﬁ%éf éfbxﬁ#ﬁ‘ite st%as(r)ll:set méﬂt:?ﬁ m- nor aX| s. 20
The screen MMQIIM 1®1$§anserr§uomnt&ekmozpmxg¢ apimctheocess thfib
uses the s r aghi | em t hat
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occurs whe source I's use ng.an exposure step of the
" phot ogr aphV%ri;ﬁté%ssn Iﬂiﬂhi $mmiQR5HSris approdimatelys A gmddnt- 00185kE | mage of

- .the | pgear HowiileSOWEE thé fhﬁl@rcaﬁsr ! It:hes aqs‘eztd&é)mm-tbneslumﬁhl s
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as the equation. Aﬁ ='a + bx2 + cx4w where. a, band ¢
are dlfferent functlons of the square of the dlstance from
the maJor axzs, and X is the dlstance from the minor axls.

20 The screen 22 of the tube 10 is formed in a
known photographzc process that uses tbe shadow mask 24 as
a photographic master. There is a problem that occurs
when a linear 1lght source is used durlng an exposure step -
of the photograph;c process. Th;s problem is a : N

25 misalignment of the image of the linear light source with w
the centerlxnes of the phosphor lines. This mxsallgnment,
referred to as'“skew error", broadens the light intensity
dzstrrbut;on used to pr1nt the phosphor lines and thereby

_ increases. the sensltlvzty of the phosphor width to light .

30 exposure, thus maklng the control of line width more
difficult. In the known art, compensatzon has been made
for this skew error by varlous means, 1nclud1ng a zonal
exposure technlque of synchronzzlng a tllt of the llnear

_ light source w1th a sequent1al exposure of dlfferent

35 screen areas, such as shown in U. s Patent No. 3,888, 673 .
‘issued to Suzuki et ‘al. on June 10, 1975, and a bow1ng of
aperture columns and phosphor llnes, such as shown in U. s.

Patent No. 3 889 145. 1ssued to Suzuk:. et al. on June 10,
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dl-strl bution used to print the phosphor Ilnes and thereby I ncreases the
senf;*\ltlwty of the phosphor width to light 30 exposure, .thus nmaking the
€on | of [ine width nore difficult. [I®m9he known art, conpensati on has
b'een made for this skew error by various neans, including a zonal exposure
‘techar que of synchronizing a tilt of the Ilnear light source with a
sequeriti al €x1@%%r e Th thefpovel $sbe d@,cdhenrskew proplem isosplvedbs.

Patent No. 3, ed et »%]Bﬁmw
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greatest. and str | i nes e.sides o W; error in
the present t ea‘g AERPRENY ﬁgﬁ&hs&iﬂ &A% J@ho@# e;#‘#%g@@ %rel n the
solid Iines 4finimdf.r eSuchepattelractisd shweaedpBEERE 0. wherein, thed t he
dashed 1ines g6118PTERER! op! 8] 48! rebhendiAl Udlcidy ' HFadlaPnadhiors can

be seen, the curvaturée of the nes | ncreases Creasi ng
di st ancel@ronkines i apd &Bsdash@dl lines(i4furenresent Straight) 3—3@352 to

line 43 vici rbii‘alf@ﬂ tae'ﬁhéeﬁﬁﬁéie%ﬂi@' | A the Sseen | NEhdScubiaure

strai ght ‘An advant age t he nqvel gperture colu acin haf its use.

pern1ts gr eat @F. EEFVEPBPEhBF @H89§h&$ﬁEQﬂ£9§ W*ﬁgztéé?%%g%?gnélﬁgéchhe
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in FIGURE59. lihe #5nwhithr dgr edtaatight.contour line on a mask 52 of equal

saggi tal height. As canaBe 30ahtddie dé thehdvef UB5épphte! b¥lumn.
'spacing_is that its use permits greater curvature of the
shadow mask, in cross-sections near the sides of the mask
that'paraliel,the minor axis, than would be possible '

20 without its use. The contour of the faceplate panel,
having'a substantially planar edge, suggests a mask
contour as shown by the line 50 in FIGURE 9. The line 50
‘represents.a contour line on a mask 52 of equal sagg1ta1
‘height. As can be seen, the line 50 is substantially

25'_ straight at the left and right sides of the mask. This
straightness creates_Substantial forming and handling

_ probleme. aFor example, a slight touch on the mask may
cause it to flex inwardly during normal handling,
Therefore, itﬁis desirable to design the mask with greater

30 'curvature at the sides of the mask to prevent this
'problem Use of the novel aperture column spacing permlts
an improved mask contour, such as shown by the line 54 in
 FIGURE 10. The line 54 represents a contour line on a
mask 56 of equal saggital height. In this case, it can be

35 seen that the line 54 is substantlally curved at the left
and right sides of the mask, thereby giving it greater
curvature parallel to the minor axis and thus greater
strength.



- 25— straight at the left and right sides: of the-mask. This straightness
form ng and handl i ng probl ens. For exanple, a sl i ght
% "Imﬂr“m“ ‘lﬁmay cause it to flex-igwardly during normal handli ng*,»-( ¢
eretore, it Sis*desirable to design the mask with greater 30 curvature _
at the sides of the mask to prevent this problem Use of the novel aperture

col um spacing pernmits an inproved neQEAIMSt our, such as showi by the line
54 in FIGURE 10. The line 54 represents a contour line on a mask 56 of

equal saggital height. In this case, it can be 35 seen that the |ine 54
is substantially curlled Atceker| pictune tuhet 1@@@@1&9 theshadow maskeby
giving it nﬁﬁﬁﬂi&i 'eapéééhbﬁblhﬁlhﬁgcﬁh%0'11% Sk h@aﬂdeat er

st rengt h. é A col or ¢ture tuhe I ncluding a shadow mask
mount e aaha?@ém faen ARHc 3 RARTRLALYs Ofc 811 toRNADS A FARRRERESR

] nc:j udih g mdﬁeif(leddaﬁdSinLcémﬁ?ﬁd aaa&ausgﬁd?ﬁemﬁsk inpeing ‘an ﬁol urmst'h
sai d shadqw,mgsk hav. a su ntia mewhat . an eriphery w

t wo oppos|sr‘I’ef’nq:(ﬂb’:%?jd"ljeil %?I'Be'f' oﬁﬁS@Fﬁ&“@ﬁa‘r'Pe?@ q'ﬁa‘?br&ﬁ% s of said
mask bei ngpposing Iomgi sidesr anghtt:beoppose.ngl@hdrt Eidesk amagentral |y
extendin n g an :
.axi s pasgl {h&;uég%f?zﬁgg%%nﬁégﬁgf aﬁhg’&mg Q%%&%?efﬁh%fq@ %%n%?‘ggé hrough-
the |3g gt%etd;e sk sand apentuadlyorutendiogethidopghx tthetishoxw t he
divect i on gglqddle dRA @ihSr2RM1RCHIIsATASRASRILEIRY %@iséggﬁasgl

dII’ECtIOI’lS a EOI’ axl| s, aﬁeaerture cql um-t o- C?ﬁ cing ngar t he

m nor axi s?e%@ﬁgofeﬁeaﬁaﬁheapén&m eFFendART t han near
t he maj or taiﬁdix g tiee dlomgksiaed, tbﬁdaaaiauapeﬁhﬂ@ddhﬁﬂisﬂﬁeﬁé’ﬁ&il‘ﬁ'. -/

bei ng great r _the orn (s of.said k .t han near, the oy axis;
wherein t I?é‘ el% | FHFeEEieB Bﬁn”%gﬁaE‘PHQralaé?gg C?Qé@ SR ons

parall®l tspaded nfrom each otheroifh the directions ,oﬂ/euheesaajor axis,
the aperture column-to-column spacing near the minor axis
of said mask being less at the long sides of said mask than
near the major axis of said mask, and the aperture
" column-to-column spacing being greater near the corners of
said mask than near the major axis; wherein.the aperture
20 ' column-to-column spacing along cross-sections parallel to
the major axis, but off'the_major_ axis, varies ' ' '
approximately as the equation: A =a+ bx% + cx4, where:
A is the column-to-column spacing, a, b and c are different ‘
functlons of the distance from the major axis, and x is the ’
distance from the minor axis (¥-Y).

25
2. A tube Ias defined in Claim 1,
where:.n the aperture column-to-column spac:.ng along the

major axis increases approxlmately as a function of the
fourth power of dz.stance from the m:.nor axis.
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-approxi mately as the equatien: . A :’:':-a [err] + [err] V\,here“lﬁ“lHll““““l'l“l“l
col'um-to-col um spacing, a, b and c-are different function

di sTapce fromthe major axis, and. Xyj_s the distance fromthe™m fior" axl s
(Y-Yp. 25 2. A tube_as defined in Claim1l, wherein the-aperture -
col utm-% o- col um spac? ng Aaltybg @ﬁedm@hmGQmN@;Q#RM@ébes approximately as a’

function ofyfdpeiAUhB BAtRbAR uRitkad R NiYAd RF B #&dSen, inldian
3 . Atube as defined in_claiml1, wherein the cat hodol um nescent” |'i hes of

sai d screenfTPREpVARWL SAE SE ARCTRASS: 1M CUEFALULE WY inErepsing

i ncreasi ng distanee t&emlkhe Wifer A%is %w@‘ﬂwﬁhftéaﬁéﬁéblfh5 curvature
with furt her |nC£ease i.,n. di_ stance fromthe mnoy, axis, téébecone

subst anti al YT SRFUFGhIiLh fHELORE, Ancrgase dn dtR® st ance
bei ng of sustessi @giki,Nes. bécohet hosaanddalied strLightae wherein 10 the

hodol I b | | i gh d
i the Lo SKGFE 3088 BF SReqdSErEny ane cPVRIH rodly &P calisarbid iind

m nor axis and the short sides of said screen. 15 5. A color

pi cture tube with shagowawqagesggshggahghlXna%ﬂyyﬁﬂgﬂxgﬁg;%fkscrlbed W th

reference to the acconRanylng dra
10 the cathodoluminescent llnes are substantlally

straight at the minor axis and at the two short sides
of said screen and curved in an area between the minor
axis_and the short sides of said screen.

15. o 5. A color picture tube with shadow mask
substantially as hereinbefore described with
reference to the accompanying dra_wings.




