2247774 COLOR PI CTURE TUBE HAVI NG SHADOW MASK Thi s i nv@&@???g to

col or picture tubes having shadow masks with slit-shaped apertures, wherein
t he ®pertures are aligned in col urmssland the apertures in each colum are
separated by tie bars in the mask, and particularly to such a nmask having a
snoot h border on the apertured portion of the mask. A predom nant nunber of
col or picture tubes igonsre BICEYRINAMEBE | HEEV B3 Do diagiadow masks t hat

b ol P

i nclude slit-shaped epetttres——Fre—apertoures—arcartgredTn col ums, and

t he adj acent apertures in each colum are separated from each other by webs
or tie bars in the maskhisSuiaiventel drarnse ateesentolar ipictumesiGubes mai nt ai n
Jdts integrity when it is fornmed into a donme-shaped contour which sonmewhat
paral | el s thevicentshadef ndaks mith o3l df-shapedvanprfturgd.ate of a tube. Tie
bars in one columm are offset in the |ongitudinal_ direction of the colum
J(vertical dhex&inphher ppertnges arpapsighed hin i eodnng and 4djeacent col ums.
Because of the pattern of apertures and tie bars, the upper and | ower
borders of 3AFEFTHFES: die €A FoiPBENsBRBWARRATARA PY Sofe REFS tdr &€l umms
end with tie l?<ars near the B{orger whi l e ot her. colums end with apertures

grer ke

at the bor #A*WAEE PAFTSG" ns}lghf%r'ﬂ%ﬂ‘ FEHPT 1R TReSERs a
photomaste(ry %&r'ée ro%s%lﬂteagt e?ﬁée.%@ag%’?gﬁﬁﬁ%f ece;?a%.er and | ower borders.

Such j agge ers are aes esrra e sol ution that

produces screens Wty YRRIdh AU LmbardbecE8sEE plothss RN 300, 070,

I ssued to R
\,,/ use today have line screens and shadow masks that include

slit-shaped apertures. The apertures are aligned in
columns, and the édjacent apertures in each column are
séparated from each other by webs or tie bars in thelmask.
Such tie bars are essential in a mask, to maintain its
integrity when it is formed into a dome-shaped contour
which somewhat parallels the contour of ;he interior of a
viewing faceplate of a tube. Tie bars in one column are
offset in the longitudinal direction of the column
(vertical direction) froh the tie bars in the immediately
\ adjacent columns. BecauSe of the pattern.of apertures and
tie bars, the upper and lower borders of the aperture array
are somewhat jagged. Some aperture columns end with tie
bars hear the border, while other columns end with
apértures at ﬁhe border; When a viewing screen is formed
» using the mask as a phoﬁomaster, the resultaﬁt screen also
" has Jjagged upper and lower borders. Such jagged borders
are aesthetically undesirable;
One solution that pfoduces screens with smooth

borders' is disclosed in U.S. Patent 4,300,070, issued to R.



RCA 85,841 2 H Codfrey et al. on Novenmber 10, 1981. In that patent, the
aperture array border is snoothed with a conplicat ﬁq: 51@@ of | engtheni.ng
and shortening the pitches of 'the |ast two aperturées I n éach columm. Th

met hod not only made the border geonetry snooth, it also equalized the

i ght output at the edges of the screen. Such nethod was devel oped for use
W th masksi.h@odftey etnallanont Neveabepi 10h 1981l a PImjtwcdtepatlenti,ght |ine
border on the screen. Recently, attenpts. have been nade to produce shadow
masks whertdien aplesrtiure barayebbrdelr depsmbotbedtwitlbaa quonpdhicatedvari ed. The
object of the variation is to produce a constant pitch shadow on the screen
t o reduce meltdogr oifl dengthepiing. andf shpctenpnanthe @itwhasoafertdeof the
screens of tubes using these masks with varied tie bar pitch are to remain
a strai ghtlastn&vier gpectiugrs, iphepehi sojunked The nethod Btd@nldmoot hing
techni que whji ch_can be done sinply for these nasks. In accordance with the

present iHW%WﬁiPH?,b&ﬁdPﬁp989@ﬁ?€8Y5W°ﬁFEtu b R R 28hdSR mask nount ed
Lherein,  JISHPRieBRE. B! RREBASH3LoBOEhR"Shh 1 i WML 5 2nd, o,

oo o= VAR TedcRoetheB HERE, BRLEndlL LR Y B, e conter

e Oy P pERTREUER s IERE L nd AR e SRR

Recently, attempts have been made to produce.
shadow masks wherein the tie bar vertical repeat, or tie \ﬂ)
bar pitch, is varied. The object of the variation is to
produce a constant pitch'shadow on the screen to reduce the
problem of moiré. If the tbp and bottom borders of thé
screens of tubes using these masks with.varied tie bar
pitch are to remain a straight line projections, there is a
need for a new border smoothing techniqué which can be done
simply for these masks.

In accordance with the present invention, an
improved color picture tube has a shadow mask mounted
therein. The mask has a rectangular periphery with two
long sides and two short sides, a major a#is which passes
through the center of Said mask and parallels the.long
sides, and a minor akis which passes through the center of
the mask and parallels the short sides. The mask has an
apertufe array including slit-shaped apertures aligned in
columns that essentially parallel the minor axis and end at
a border of the aperture array. Adjacent apertures in each
column are separated by tie bars in the mask. The tie bars

in one column are offset in the_longitudinal direction,



a border of the aperture array. Adjacent apertures in each colum are
separated by tie bars in the mask. The tie bars in othx% IgRjare offset in
t he- ﬁﬂngltudlnal di rection, RCA 853841 3 paralleling t e n1nor axi s,
fromthe tie bars in each adjacent col um. The spaci ng between tie bars
in a colum is the tie bar pitch at a location on the mask. The i nprovenent
conpri ses a dganssltleddingottheominps, agdapr Esomgtee et e dbdms ooleanh havi ng
increased tie bar pitch at the ultinate end apertures, as conpared to the
tie bar pit@dimceante qodmant.i rafbeappacingsberwesr it ¢ hars cgl wmmelutsecond
set of columms, conprising every other colum not in the first set, has
decreased tiis Bdye piitecpazt PEREhURE| ﬁa@@céﬁﬁoﬁp@‘?tm%s“‘a% coRfared to the
tie bar pitch at the penultinate apertures in each of the colums. The |ast

tie bars befdRFAIEIEHYISOBPIERESaBefitPe FBF LPMCOHMIY SRMRRESAI are
directi on of Hi% S S LA | eV Ere ﬁﬁ%%ém?”e:ﬂo i t»ﬂ@%%@% T of
e aPer U S SIS SO o8R8 BUES RaDRREL LA b I iy LU 2
P Wéa%euﬁ-%%@b%rwsﬁfa:aamae o g

set of columns, comprising every other column not in the

first set, has decreased tie bar pitch at the ultimate gnd

\*/ apertures, as compared to the tie bar pitch at the

penultimate apertures in each of the columns. The last tie

bars before the ends of the aperture columns in the second

set are shorter than the next to the last tie bars,

measured in the longitudinal direction of the columns, and

the ultimate apertures at the ends of all of the aperture

columns end on a smooth border line.

In the drawings:

FIGURE 1 is an axially sectioned side view of a

color picture tube embodying the present invention.

~ FIGURE 2 is a rear plan view of a mask-frame
assembly of the tube of FIGURE'l.
FIGURE 3 is an enla:ged view of a small portion
of a shadow mask of the tube of FIGURE 1.
FIGURE 4 is a composite view of a shadow mask
showing the aperture and tie bar patterns in four locations
+ in a quadrant of the mask.

FIGURE 5 is a plan view of the aperture patterns

used on both sides of a mask.



of . a shadow nmask of the tube of FIGURE 1. FIGURE 4 is a conposite view of a
shadow mask showi ng the aperture and tie bar patteﬁpﬂeisg %‘ﬁ” |l ocations-in
a quadrant of the mask. FIGURE 5 is, a plan view of p ure patterns’
used on both sides of a mask. RC& 85,841 4 FIGURE 1 shows a rectangular
color picture tube 10 having a gl ass envel ope 11 conprising a rectangul ar

facepl ate- panel 12 gngurd ubghdiwsnackedfah@alSet €sh by i dtedaanaear funnel
15. The funnel 15 has an internal conductive coating (not shown) that

ext ends fnomhaviagode ghubsoan¥bldpet e s ilsinglhe neatahghdaconpri ses a.
viewi ng faceplate 18 and a peripheral flange or sidewall 20, which is

seal ed t o fekepflatecpahBlb}2aagtiazstibulad hedk tiHr eonnected plyosphor screen -
22 is carried by the inner surface of the faceplate 18. The screen 22 is a

| i ne scre&sctangulagefphosphdb. | i Bee funngigdd ihas @nadatesasgh triad

i ncludi ng a phosphor |ine of each of the three colors. A multi- apertured ¥
col or sel cONCyStdveccrPaliangr (BahdRPWs KEhat iextends, LFoR ABuapede by

conventi onal neans, redet erm ned_spaced relation to the sgreen 22. An

el ectron &HﬁtQG,1§h6§2?§8h€ﬁﬁ¥i%&tIJHH?IEHEHe&qiQQEquﬁeﬁléuﬁEeY}ngs

cont LY gRA eI afet oo ReRl i o BRl e gl dhnegh i genc) oot ron
is sealed to the funnel 15 by a glass frit 17. A three-
color phosphor screen 22 is carried by the inner surface of
the faceplate 18. The screen 22 is a line screen, with the : S‘J

phosphor lines arranged in triads, each triad including a

phosphor line of each of the three colors. A mulﬁi-

apertured color selection electrode or shadow mask 24 is

removably mounted, by conventional means, in predetermined

spaced relation to the screen 22. An 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 convergent paths through the

mask 24 to the screen 22. ;\i

The tube of FIGURE 1 is designed to be used with an

external magnetic deflection yoke, such as the yoke 30 shown

in the neighborhood of the funnel-to-neck junction.. When

activated, the yoke 30 Subjects'the three beams 28 to

magnetic fields which cause the beams to ecan horizontally

and vertically in a rectangular raster over the screen 22,

The initial plane of deflection (at zero deflection) is at

about the middle of the yoke 30. Because of fringe fields,

the zone of deflection of the tube extends axially from the

yoke 30 into the region of the gun 26. For simplicity, the



The tube of FIGURE 1 is designed to be used with an external magnetic

defl ection yoke, such as the yoke 30 shown in the ne,ghbashepd of the

f unné¥-t o- neck junction. Wen abtivatgd, t he yoke 38k55b?géts the three
beanms 28 to magnetic fields which cause the beans to scan horizontally and
vertically in a rectangul ar raster over the screen 22. The initial plane of
defl ecti on @stuaéroudeadteresonf the alefilmntted leam geithsofint hbeyoke 30. '
Because of fringe fields, the zone of deflection of the tube extends
axi al ly frofefhechbdbrp 30n¢navetpet rehpwh f RI&RFUI.26. For sinplicity, the
RCA 85, 841 actual curvatures of the deflected beam paths in the deflection
gzone are not shown i nTheGsRedew maskshidbsy PRk o a8 oaskframea nask-frane
assenbly 32 that al sg_includes a perjpheral frame 34. The magk-frame

assenbl y 322358eBRLFN3HokPRT BEIP iRt Yeh @ ReEIpheralyfxame134in EREURE 1,

and it is sh Ln_f t Vi in, FJ GURE 2. Th had k 24 includ
curved aper PAFBATHBNE | BRSSROI R4 i S PORIGHPER MIRESP EBPr oundi ng t he

soer ured PaRkeBSeER ALY (RO O PN agholponybeeRPe
T et VA4 PIROR! e okl MR d el 8 Lhulpare
ngt gngrgj! ar aggiﬂs;eg(?ayp&éboﬁ\@s,l Y gt cYitd Wagegbktibdegs The mask .24
surrounding the apertured portion 25, and a skirt portion
N 29 bent back from the edge portion 27 and extending away
from the screen 22. The mask 24 is telescoped within the
frame 34, and the skirt portion 29 is welded to the frame
34,
The shadow mask 24, shown in greater detail in
FIGURES 2 and 3, has a rectangular periphery with two long
sides and two short sides. The mask 24 has a major axis X,
which passes through the center of the mask and parallels
the . long sides, and a minor axis Y, which passes through
the center of the mask and parallels the short sides. The
mask 24 includes slit-shaped apertures 36 aligned in
columns that essentially parallel the minor axis Y.
Adjacent apertures 36 in each column are separated by tie
bars 38 in the mask, with the spacing between adjacent tie
bars 38 in a column being defined as the tie bar pitch at a
particular location on the mask, as shown in FIGURE 3.
. FIGURE 4 shows four areas of an upper right
quadrant of an apertured portion of the improved shadow

mask 24. The four areas are: at the center of the mask at

the intersection of the major axis X and the minor axis Y;



whi ch passes through the center of the nmask and parallels the | ong sides,
and a mnor axis Y, which passes through the centegcaf gishgqmask and L
paral el s the short sides. The maskg24 incl udes slit-shaped apertures 38«
aligned in colums that essentially parallel the mnor axis Y. Adjacent
apertures 36 in each columm are separated by tie bars 38 in the mask, with
t he spaci ag bbeweep-adnteendf tthe beask 3 ithea enad wfn thei mdndef eréd as t he
tie bar pitch at a particular |ocation on the mask, as-shown in FI GURE 3.
FI GURE 4 ¥hoat tberrighbsceften sideroff itdie maskdesnthef ead gfether ed .
portion of the inproved shadow mask 24. The four areas are: at the center
of the naBRIGF BKES| Kt eRRRCR} OFROfURRRY FIt Soreex ofdtheema@sSKer axis V;
RCA 85,841 6_at the top-center of the mask at the end of the m nor axis Y,
at the right FLERFEr 4si tRe AP R TR LSS e WPPSE FHIPARCOFNEXi €EX; and at

e PP OfkaEO5 0L, nd 12 IRk P Sedilf apetiurespatiern o
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columns, comprising the odd numbered columns 1, 333 and
335, have ultimate end apertures 41, 43 and 45 of increased _\—)
length, as compared to the length of the penultimate
apertures 51, 53 and 55, respectively, in each of the
columns. A second set of columns, comprising the even
numbered columns 0, 2 and 334, have decreased tie bar pitch
at the ultimate end apertures 40, 42 and 44, as compared to
the tie bar pitch at the penultimate apertures 50, 52 and
54, respectively, in each of the columns. The last tie
bars 60, 62 and 64 before the ends of the aperture columns
in the second set are shorter than the next to the last tie
bars thereof 70, 72 and 74, respectively, measured in the
longitudinal direction of the columns; and the ultimate
apertures at the ends of all of the aperture columns end on
a smooth border line 80. Comparing this improved pattern
of apertures and tie bars at the aperture.array borders
with the regular pattern without the improvement shows that
the ultimate apertures 41, 43 and 45 in the odd numbered
calumns have been lengthened to extend to the array border
80, and the penultimate apertures 50, 52 and 54 in the even

numbered columns have been shortened. The purpose of



colums. A second set of columms, conprising the even nunbered colums 0, 2
and 334, have decreased tie bar pItCh at the ultinmt geen®5n821tures 40, 42
and &4 "as conpared to the tie bar pitch at the penultlnate apertures 50,

52 and 54, respectively, in each of the colums. The last tie bars 60, 62
and 64 before the ends of the aperture colums in the second set are
shorter thantengthendng dhehaltinatei apprruredeiredihg@dd nughered
respectively, neasured in the longitudinal direction of the colums; and

the ul ti mat CAPIIUES & HHEIBARS BPY aF1e P2 iR BiferiAtE &5 RFRE &H¢ on a.

snoot h bor der I|n 80, Co ing this roved attern of ertures and tie
bars at the 3HRRY REF WS a;%%(r‘fﬂérg W?h 2% I%ﬁe"btéﬁeefﬁoa(ﬁ fhout t he

| Mpr overrent 30oNs %Pﬁt o ‘ék%h”?&?.o%&ﬁ &&E fﬁﬁ taé}& fgg I‘%‘or gy dd

nunber ed colunns ave een ["en ene o) ex e ar e#'80 and

th | t URs h
beSanRErtA%ﬁ%%’fﬂ%@s%%?ﬁe AEsPs fga%?%ﬁngt%ng% f9hite
apertur es | addigadiith R Hatd 160k UMEnk Eed Of b MHAIRIA o Tunth D Heha! Nal

woul d be near the array border. ten, a small partial aperture near a

border wi Il #xwd £ty HYrAeq) @Bﬁbéﬁs&ﬁﬁ&n%@ﬁ NSe hdtly ety drea\dveg an
undesirabl e step or discontinuity in the border. Because a tie bar is

el im nat ed faunbdiel el un@lsups agestunt heoarthy iroerersed dnipans autgutust be
made in the even nunbered colums to account for the increased |ight output
caused by the tie bar elimination. This compensation is
\_ made by the reduction of the length of the penultimate.
apertures in the even numbered columns and by the
consistent placement of a tie bar at a fixed distance from
the array border in the even numbered columns.

In a tube having a 27 inch (68 cm) diagonal
viewing scfeen, the tie bar width (on the side of the mask
facing the gun) at the last tie bar in the even numbered
columns, which priorly ranged ffom about 4.8 mils (0.12 mm)
near the ends 6f the minor axis to 5.9 mils (0.15 mm) at
the corners of the mask, was reduced to 4.3 mils (0.11 mm),
and the pitch for the l;st tie bars was reduced by 20
percent, resulting in the shorter penultimate apertures in
the even numbered columns.

In making the improved shadow mask, a flat sheet
of metal is coated on both sides with a photoresist
material. The coated metal sheet is then exposed through

. photomasters that contain the aperture patterns for each
side of the mask. Thereafter, the photoresist material is
developed, and the photoresist at the locations of the

intended apertures is washed away. Then, the metal sheet



caused by the tie bar elimnation. This conpensation is nade by the
reduction of the length of the penultimte apertures i ggi even nunbered
colums and by the consistent” pIacaﬂent of atie 3 i xed di st ances#
fromthe array border in the even nbered col urms In a tube having a 27
inch (68 cm diagonal viewi ng screen, the tie bar width (on the side of the

TSk faciilg JihdiiDe i Johe kages! Eob?{:ri{lntﬁg'ea £y AugTbergl col ums,

whi ch pri orI y range om a out near the ends of the

m nor aX'a?:etth{l‘eg pathte A0 £5% me etmt Bea60bRCE Be ThadihCcdtiskst sMask reduced to
4.3 mls 11 m), and the pitch for the last tie bars was reduced by 20

percent, sneRUldy R@erturiee shapelsethpaANdbes Mhe RPErtiuke Spdtitdhie ten .
nunbered col ums. I n maki ng the inproved shadow nask, a flat sheet of netal

i s coat edthen soieersisdele wift khe maskor eBosh ofitehiésd aﬁ)ﬂ:xmat ed netal sheet

is then exposed through photonmasters that contain the aperture patterns for =
each si dpaditenns @arek shbwar eapeecposeticopheach esthxr nit 671GIRE $ .devel oped,

and the photoresist at the |ocations of the intended apertures is washed

away. Thdm RIGUREFetSal tdiec@perturespattennsgfox ealumns ¢ @nddt Rrg des, to
formthe apertures. The aperture pattern for the gun side of the nmask

consi st s SSOvWERAt é'-lhearb‘QPF&'r ér§ﬁ3pg§r9ﬁ§n dbee Je#r%g%ﬁoélf%% 4¥attern for the

screen side of th Bot h of t hese ert.ur
represent t% aperture patterns ggr the screen side of the

mask, and the smaller areas 49 represent the aperture
patterhs for the qun side of the mask. The aperture
pattern for the screen side of the mask is continued beyond
the .array border 80, but a tie bar is inserted at the
border on the gun side of the mask, so that all of the
ultimate aperture patterns for the gun side of the mask end
exactly at the'array border. Because these tie bars exist
on the Qun side at the array border, the etched apertures

end exactly at the array border for all columns.

Wu



patterns are shown superposed on each other in FIGURE 5. In FIGURE 5, the
apertwure patterns for colums 0 and 1 are shown at t?gAy@ﬁpé grray bor der
The Mat ger areas 48 represent the apegture patterns-tTof the % reen side of

the mask, and the snaller areas 49 represent the aperLULE_QQLLELDE_%QL_lﬂe
gun side of the mask. The aperture pattern for the screen side of the mask
I's continued beyond the array border 80, but a tie bar ,mmum!'m fahe -
border on the gun side of the mask, casaiMSat all of the I wu"
patterns for the gun side of the mask end exactly at the ar‘ray bbrder.* .
Because these tie bars exist on the gun side at the array border, the
£tched apertures end éxactd yodort pdciurgy thbedbaviog al ishediowmmask  RCA
85,841 9 CLAIMS 1. A color picture tube having a shadow mask nount ed
therein, safgumick bheragna satdamrgh drayiard harectwingh lewo Pesdghsitles and
two short sides, a major axis which passes through the center of said mask
and paral | eMdthatHo| RPIsFAESS oM Lwe MBCHEX S dfsi cR padess axdsohhchhe

center of said mask_and garallels sai d short sides, and sai.d nmask having an

aperture ar PAPSERcFhIPHERsERe-SPRkRT Ahetaist Mask agte@ara ldgigmiaithat
essentially paral l,el said mnor axis, and .end at a border of the aperture
array, adjaé%ﬂ? §6§F§u?88 fnme22h %ﬁﬂ%ﬂﬁ#ﬁéﬁlﬂfﬁf a&&f@&ggytkfecﬁgﬁgrin
said mask, thebig PR LAaCPE-£PI YD N PLYSSided, Ba said mask
having an aperture array including slit-shaped apertures

— aligned in columns that essentially parallel said minor
-axis and end at a border of the aperture array, adjacent
apertures in each column being separated by tie bars in
sgid mask, the tie bars in one column being offset in the
longitudinal direction, paralleling the minor axis, from
the tie bars in each adjacent column, and the spacing
between tie bars in a column being the tie bar pitch at a
location on the mask; comprising

a first set of columns, comprising every other
column, having inéreased.tie bar pitch at the ultimate end
apertures, as compared';o the tie bar pitch at the
penultimate apertures in each of the ¢olumns,

a second set of columns, comprising every other
column not in said first set, having decreased tie bar
pitch at the ultimate end apertures, as compared to the tie
bar pitcﬁ at the penultimate apertures in each of the
v ' columns, the last tie bars before the ends of the aperture

célumns in said second set being shorter than the next to

the last tie bars thereof measured in the longitudinal

direction of the columns, and



| ongi tudi nal _directlon. . par erIing the minor.axis, fromthe ti'e bars in
each adj ac%r’!’ Hmmu" %mFe spaci ng between tie ﬁf‘fAS 85”8 lcol um being..
thette bar cCrr ath, i on onjtghe mask; conprising d first set of “w

columtms, conprising every other column, having increased tie bar pitch at
the ultinmate end apertures, as conpared to the tie bar pitch at the

penul ti mat e apert ur éshe mlgdgatef apketuoesnat, the secde b edl Dfof Alhams,
conprising every other colum not in said first set, having decreased tie
bar pitchaRertHEeurelnane endingern v esmoetsh homslered ine.the tie bar pitch
at the penultinmate apertures in each of the colums, the last tie bars
before the ends of the aperture colums in said second set being shorter
than the next to the last tie bars thereof neasured in the |ongitudinal
direction of the colums, and RCA 85,841 the ultimate apertures at the
ends of all of the apertBr@otQr PHEtere Hpesubstantiabbydd® |ine. 2. A

col o Pl Sk LDE. SUUSLANLI AL Y 8 NELELPBELS" £, CBRS" ADSSmpLiDs ST o

drawings.




