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Recently, several color picture tube

modifications have been suggested One of these

modifications is a new faceplategpanel contour concept

which creates the illusion of flatness. Such tube

20 modification is disclosed in our pending applications
nos. 2136200A, 2136198A and 2147142A. The faceplate

contc :r of the modified tube has curvature along both the
majo: and minor axes cf the faceplate panel, but is
nonspherical. 1In a preferred embodiment described in

25 these applications, the peripheral border of the tube (_
screen is planar or at least visually appears to be
substantially planar. In order to obtain this planar or
substantially planar peripheral border, it is necessary to
form the faceplate panel with a curvature along its major

30 axis that is greater at the sides of the panel than at the
center of the panel. Such nonspherical shaping of the
faceplate panel creates a problem involving shadow mask
shape and aperture column~-to-column spac1ng in the shadow
mask.
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35 . -2e RCA 80, 908A In_the first line screen-slit sk
type tubes, the shadow masks were alnbstzspherlcal and the sRpAr&Pi3R8af
tns,adjacent aperture colums along the major axis (horizontal separation)
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SpaCIHQIS - from the minor axis, the curvature of the mask would have
o to be decreased to obtaln_acceptable location or packing
of the screen lines. it sﬁould be noted that the screen
| is formed by a photographlc process that uses the ‘shadow
‘mask as a photo master._ However, reduclng the curvature
20 of the shadow mask redices its stiffness and increases
distortions of the mask during tube operatlon. Therefore,
‘the shadow ‘masks for the new substant1a11y planar tubes
’:have contours 51m11ar to the faceplate contours. Such
mask contours are generally described in the
25  above-referenced Application no. 2136200A.
~ 'However, that application does not provide a specific
' equation for mask contour and does not teach a specific
aperture column-to-column spacing variation for such mask.
In any event, ‘the prlor column~to-column spacrng
30 var1at10ns are unsuitable for these newer mask contours
" "Therefore, there is a need’ for a ‘new ‘aperture -
:fcolumn-to-column spac1ng for use in the shadow masks of
‘such newer tubes. ' ' .
In accordance with the present invention, an
35 'improvement is made in-a color picture tube having a |
slit-aperture type shadow mask mounted therein in spaced
relation to a cathodoluminescent line screen. In the



30 variations are unsuitable for these newer mask contours. Therefore,

there is a need for a new aperture columg_to-colum spaC|rm)§éX the ~
shadow masks of such newer tubes. In accordance with the present |ﬁ%e tION¢Os
an 35 i nprovenent is nmade in a color picture tube having a slit-aperture’
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FIGURE 1 is a plan‘view, I'n axi al section, of a shadow mask col or
pi cture tube |ncoHMNfﬁ¢n € ﬁB?EPngﬁadom/nask in accordance.with the

present si nventi on and p&@@Rghgtlglal dnlﬁlhhe DTy Eﬂﬁﬂéﬁiﬁlon No.
8513366. 10 ﬁ& nt VIEM/Ofi? | ate_of .t he

col or p|ctuﬁ?qﬁﬂﬂ9¢e&£naagkggﬂ¥ Qa§ﬁo aPéUﬁﬁcfuqﬁ °€P%5 HBfd
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3a-3a, and the gy%hfﬁﬂéia :%%a r&§§1§§gti9n§ prL$H$E %g}lgatlon

FIGURE 4 isa a ront VIEw BF-The oF adOM/nask of e Co ure tube of -
FI GURE 1. FN@UREE@&%ﬁ%»conpound V|em15homnng the surface contours of the

shadowgask at the majpicegES2 28 EafrbBQ FikwW oFXithe Huddplare ébethe
di agonal , , 5¢c-5c, cross-sections ZR : (%ﬂéﬁii? nd 7 are
enl arged vi GRIH R#ﬁ?gﬁ%dBﬂpﬁBEQ ?ﬁkéﬁ EP“@iEE&b? spectlvely,
of FIGURE 4. 'FIGURE 3 is a compound view showing the surface
contours of the faceplate panel at the maJor axis, 3a-3a,
and the minor axls, 3b-3b cross-sectlons of FIGURE 2.
15 ' FIGURE 4 is a front v1ew of the shadow mask of
the ‘color plcture tube of FIGURE 1.

. FIGURE 5 1s a compound v1ew showlng the surface
contours of the shadow mask at the maJor ax15, 5a-5a, the
minor axls,_Sb-Sb, and the d1agona1 5c-5c, cross-sections

20 of FIGURE 4. o
FIGURES 6 and 7 are enlarged V1ews of the shadow
mask taken at c1rcles 6 and 7, respectlvely, of FIGURE 4.
FIGURE 8 1s a graph show1ng aperture
column-to-column spac1ng varlatlons in a convent10nal -
25 spherical shadow mask and in a shadow mask according to o/
the present 1nvent10n '
FIGURE 1l shows a rectangular cathode-ray tube in
‘the form of a color p1cture tube 10 havxng a glass '
envelope 11, comprising a rectangular faceplate panel 12
30 and a tubular neck 14 connected by a funnel 16. The panel
' comprlses a v1ew1ng faceplate 18 and a peripheral flange
or sidewall 20, which is sealed to the funnel 16 by a
glass frit 17. A rectangular three-color |

cathodolumlnescent phosphor screen 22 is carried by the



FIGURE 8 .is a graph showi ng aperture colunn t o- col urm spacing variations in
a=conventional 25 spheri cal shadow mask4and in a shadow nMaskCACBOr 8084 to
thzpresent invention. FIGURE 1 shows a rectangular cat hode-ray tube in the

form of a col or picture tube 10 having | ass envel ope 11, conprising a
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with an ext erfaitialdbgt coplahhectonreygent pathsatitvudgtb they akesi8024 to
schenatlcallysﬁhomn surrﬁgndlng the neck .14 and funnel 16 in the

nei ghbor hood €{ReFFe u tion, for subjecting the three beans 28 to
vegtj cal -and hori zont al Thegtubec 10 of, RIGUREAA tie dessignérriodre ausedin

the with an external magnetic deflection yoke, such as the
15 yoke 30 schematically shown surrounding the neck 14 and
‘funnel 16 in the neighborhood of their junction, for
subjecting the three beams 28 to vertical and horizontal
magnetic flux, to scan the beams horizontally in the
direction of the major axis (X-X) and vertically in the
20 direction of the minor axis (Y-Y), respectively, in a
rectangular raster over the screen 22.
FIGURE 2 shows the front of the faceplate panel
12. The perlphery of the panel 12 forms a rectangle w1th
- slightly curved sides. The border of the screen 22 is
25 shown with dashed lines in FIGURE 2. This screen border
- is rectangular. - :
- A comparison of the relative contours of the
exterior surface of the faceplate panel 12 along the minor
. axis; Y-Y, and major axis, X-X, is shown in FIGURE 3. The
30 exterior surface of the faceplate panel 12 is curved along
. both the major and minor axes, with the curvature along
 the minor axis being greater than the curvature along the
. major axis in the center portlon of the panel 12. For
example, at the center of the faceplate, the ratio of the
35 radius of curvature of the exterior surface contour along
the major axis to the radius of cﬁrvature along the minor
axis is greater than 1.1 (i.e., there is a greater than
10% difference). The curvature along the major axis,



direction of the major axis (X-X) and vertically in the 20 di rection.of

the minor axis (Y-Y), respectively, in-<e®Tectangul ar rasterRMeBOt,Besscreen
22+ FIGQURE 2 shows the front of the faceplate panel 12. The periphery of \/ .
the panel 12 forms a .rectangle with slightly curved sides. The border of =:-

the screen PoveYers issmnglh \jess oFééh‘étbel‘F%Er?h pertren2of thes -screen
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exterior surfa .of the cepl at el 12 alon the mnor axis, Y—Y, and
maj or axis, &t% oﬁ?oﬁ’f“aqcﬁi) e(ﬁ%REaé}’ T‘Fl‘ér%tu exBLPPYr tBEr PRICTof the
facepl ate parxels 1lheiay divey edigdsomf e fémepﬂaaﬂe aﬂhd_graateaxmarwthle Lhe
t t rejalong the
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center of tR&ef %@mrétlepqm%tqu @ietfmcaslateableuemes flatdew,e of the

exterior sughdqe &g Wu?ASO% Wife BAKpPate éft% fofaghkl%aeé swvcghure
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i {1 or ence) Sages” O H2e %%Léﬁ%&menmg 1y in g pland P and  RCA
80, 908A howdedlinel 2 BudstHaerdidlly hecttmgel ap rwhe{ralheoﬁ%aﬁl atﬁ and
1T ea36s idhe' s RSl SRR 2 e The BLERERRL A 1 et o
than the 5 sejected tousmsabhe tzlie)rtg:ammmrbmeen thehdt fiferdasi ]gnt tehe
Facep at b ecigratures” s180RF e il Tnd \HiadE odls. ¥, IRCaPBFRkERRed,
a pl ane P agmbedimenta dhiescaatiuxe rakong gthermirer pasisl isoatoabout I,
line. The %VBf@Q@a&b&v%hﬁ&ﬁﬁﬂé”&hf&ﬁtﬁ&éﬂﬁlﬁﬁg'éhe major axis in the
15 central portion of the faceplate. o :
By using the dlfferlng curvatures along the
‘major and minor axes, the points on the exterior surface
of the panel, directly opposite the edges of the screen
22, lie substantially in the same plane P. These
20 'subetantially planar points, whén viewed from the front of
the faceplate panel 12, as in FIGURE 2, form a contour
line on the exterior surface of the panel that is
substaptially a rectangle superpoéed on the edges of the
screen 22. Therefore, when the tube 10 is inserted into a
25 'telev151on receiver, a uniform width border mask or bezel
can be used around the tube. The edge of such a bezel
that contacts the tube at the rectangular contour line
‘also is subétantially-in the plane P. Since the periphery
_ border of a picture on the tube screen appears to be
30 planar, there is an illusion created- that the picture is -
- flat, even though the faceplate panel is curved outwardly
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 |
35 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 5a, 5b and
5c, respectively, in FIGURE 5. The mask 24 has a



del ected to smooth the transition between the different curvatures al ong
the major and minor axes. In a preferred =8%bodi nent, the cur RFAIr&C,908A
al \Qﬁg the m nor axis |s at about 4/3 greater than t he curvature along the
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' 15 smoothly fit the major axis curvature to the required mask
beriphery and can include a curvature variation as is used
along the major axis. Such mask contour exhibits some
improved thermal expansion characteristics because of the
increased curvature near the ends of the major axis. The
20 relation of improved thermal expansion characteristics
from increased curvature is discussed in the
above—referenced U.s. Patent 4,136,300.
Table I presents the fourth order curvature of
the novel shadow mask along its major axis, X-X, for a
25  tube having a 27 inch (68.58cm) diagonal viewing screen}.
The first column of Table I represents distance from the
minor axls, Y-Y.' The second column is the dlstance from
‘the minor axis taken to the fourth power.. The third
column represents. fourth power calculations for Z-axis or
30 sagital heights. Such calculations are based on the
equation, Sagital height (mils)=0.1314x (inches)4



curvature near the center of the nmask and dreater curvature.,at the sides of
the mask. The contour of such a 5 skh3dow mask can be gerRgxl80, 908 &i ned _
by describing the major axis, X-X, curvature as a large radius circle overw &
about the central portion of the mpjor axis, and a smaller radius circle
over the renmi nder of the nmjor axis. _ﬂﬁﬁﬁlér "more specifically, the
sagi tal height along the 10 maj.or axi-s varies substantially as the fourth
power of distance fromthe mnor axis, Y-Y. Sagital height is the distance
froman imaginary plane that touches and is tangent to the center of the
surface of the nask(1ﬂ$ﬁb§yrvature1aahaghél to the (Min@) axi's,- Y-V, is
such as to 15 snoothly fit the nmjo[4axis curvatur 4 he requi red mask
periphery and can |ne#d%e—a—curvatu+e£¥a++éu|on azLﬂggéégd al ong the maj or
axis. sSuch mask contoud exhibits some Onproved thermal expansion
characteristics becauselof t he |ncreaseq curvature near t he ends of the
maj or axis. The 20 rel ation of inproved thermal expansion
characteristics frominreased curvatud® is discusse@in the
above-referenced U S.. Patent 4,136,300g3jTable |- preggnts the fourth order
curvature of the novel shadOM/nask algng its mpjor axis, X-X for a 25
tube having a 27 inch (%$8.58cn) dlagoﬁé Vi ewi ng scﬁ%%n. The first colum

of Tahlge | represents dgstance fromtiggsnm nor axis, g¢Y. The second colum

is the distance fromthg mnor axis ﬁg? en to the f 0 {h power. . The third

col umm represents fourth power cal cu Pons for Z-axXi's'or 30 sagital o
hei ghts.. Such cal cul at?ons are base@40d t he equatﬁm& Sagi tal hei ght o/
(mls)=0.1314x (|nches)éerr] -7- 4096 53gCA 80, 908 A TABLE

9 6561 862

15 9.5 8145 1070

Because of the novel approximately fourth
order contour, the spacing variations between aperture
columns that were used in prior shadow masks are
inappropriate for the novel shadow mask. Generally} the
20 a-spacing, that is, the spacing between the centerlines of
adjacent aperture columns, increases from center-to-edge
in the novel mask as does the a-spacing in the prior
masks. Such increase in a-spacing can be seen by
comparing FIGURE 6, representing the center of the mask,
25 with FIGURE 7, representing the edge of the mask.
However, in the novel mask, the variation in a-spacing
differs in a substantial and 1mportant manner from such
variations in prior masks. . '
The horizontal a-spacing between aperture
30 co6lumns in the novel shadow-mask 24 varies approximately
' as a function of the fourth power of distance from the
center or Y-axis of the tube. This fourth order a-spacing
variation is presented in Table II for a color picture
tube having a 27 inch (68.58cm) diagonal viewing screen.
35 In Table 1I, the f1rst column represents distance from the
minor axis, Y-Y, measured along the major axis, X-X. The
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vari ati ons between aperture co ifeu prior S ks
are i napproprlR@Mer f dxetanvel shadow mask. Generally, the 20 '
a-Spacing, that is, the spacing between the centerlines of adjacent
aperture columms, increases fromcenter-to-edge in the novel mask as does

t he a-spé%ing in the prior masks. Suchiﬂﬁéﬁeiie in a-spacing can be seen by
conparing FI GURE 6, representing the center of the mask, 25 wth FIGURE
7, representing the edge,of {he,mask. wever , 4in the n I sk, the
variation in a-spacing d‘??%$§s?n a suggpg £ and inpgxﬁéﬁt manner from
such variations in prior_ne¥ks. The hori zant al a-spacB@g.MEumé%n aperture
30 colums in the novel shadow mask 24 vapi es approxig&;q}y as a function
of the fourth power of distance fromthe center or Y-axi's ‘of the tube. This
fourth order a-spacing varidtion is presentdd in Table BIO.f0or a color

pi cture jigibe having a 27 ingh (68.58cm diggonal view nggsg een. 35 In

Table Il, the first colum represents distance fromthe mnor axis, Y-Y,
melesur ed al ong the major ax?s, X-X. The 81 30.1
- ' S 4 - 256 ) 30.3
5 625 ' 30.6
6 1296 -31.3
15 7 2401 - 32.4
8 4096 34.1
9 6561 36.6
-9

.67 8744 : 38.7

| - Comparable data. for a conventional
20 . substantially spherical contour shadow mask of similar
- size is presented in Table III. 1In this table, the first
column represents the distance along the major axis from
the minor axis. The second column represents the square
of the distance from the minor axis. The third column
25 . represents a calculated a-spacing based upon a function of
the second power of distance.



- 8- . RCA 80, 908A second columm represents the distance in
the first colum taken to the fourth po®@r. The third col ufifh &2 's a.
cal cul at ed a-spaci ng based upon a function of the fourth power of dlstancag 1

5 : TABLE I I I h
(Mls) X [err] ~ tﬁg&égiigég) (Inches):

30.0 1 1 -30.0 10 . 2

16 30.0 3 . 81 2 30.1 4 . 256 -
30.3 5 625 (1nches) 35 g1pches) 12481s)) 31.3 15
7 2401 X 3248 __X 409630+.097X 34.1 9

6561 36.6 9.67 ¢ 8744 o 38. 7 gorgpar abl e data for
a conventional 20 substantial |y spherical contour shadow mask of sinilar
size ispresented in Tablellil. "Inthis able, the fi % -lcol um represents

the distance along the maj»r axis fromthg.m nor axis. 3dng second col unm
represents the square of t%e di st ance froglthe m nor ﬁls The third col um
25 represents a cal cul at®d a- spaCIng based upon a fud@i%n of the second

power of distance. 16 . 31.6

S 25 32.4

10 6 36 33.5
7 49 34.8 .
8 64 36.2 o
9 81 ' 37.9
9.60 92.2 38.9

15 FIGURE 8 shows a graph_of the actual a-spacings

presented in Table II and in Table 1II, for visual
comparison.' The a-spacing of the conventional shadow mask
begins increasing near the minor axis and continues |
increasing toward the edge of the mask in rather smooth

20 fashion. However, the a-spacing of the novel shadow mask
is relatively constant throughout the center portion of
the mask and increases more rapidly approaching the sides
of the mask. _ '

The a-spacings of the novel mask at

25 c:ossésedtions parallel to, but off of, the major axis
also vary approximately with the fourth power of distance
from the minor axis, although'in a slightly different
manner. Table IV shows data, comparable to that of Table
11, for a cross-section of the novel shadow mask near the

30 border of the apertured pattern (Y=7 inches) which
paralléls the major axis. For cross-sections between the
major axis and the ¥=7 inch parallel crbss-sedtion, the
coefficients of X* lie between .001 and .00126.



iér . RCA 80, 908A TABLE'1%§7(Inches) <'ﬁig?%%ﬁ%wﬁa

r] - - .

JMls) X [err] - 30 . X2 0

80 0 5 1 1 30.1 2 4

30.4 3 ) - 9 _ 30. 16 31.6 5
. 25 . . 32.4 10 : : .gzégég—lg 36 - 33.5 7

49 ©34.8 8 .~ 64 . 36.2 9 - 81

37.9 9.60 - 92. 2 (1nches 38. 9( 1Rches Fif/RE )8 shows a

graph of the actual a-spaci:ngs Lresent%d ?@ Tgble I angﬁ?n %abhe [11, for

vi sual conparison. The -a=gbacing of theP¥anventional 39%a088%26¥sk begi ns

i ncreasi,ng near the mnor axis and continugs increasingzpogard the edge of

the mask.in rather snmooth 20 fashi on. wever, the a-gpﬁcing of the

novel shngM/nask is relati'vely constant throughout t he3CeRt er portion of

the mask and increases nor& rapidly approbéhing the sidse.of the mask. The
a-spaci ngs of the novel mask at 25 croSs-€ﬁctions paralésllto,-but of f of,
the major axis ‘al so vary approxi mately w the fourth power of distance
fromthe mnor axis, althodgh in a sligh%§ different nd@rpdr. Table IV
shows data, conparable to tdhat of Table ¢35 for a crosszgegtion of the
novel shadow mask hear the 30 border of the apertured pattern (Y=7
inches)lﬁhich parall el s thé’najor axi s.1%#%% cross-sectidhsbbet veen the
mej or axis and the Y=7 inchy parallel crpggisection, thezgogfficients of
[err] Iie between .001 and g 00126. :

o 4096 35.2
9 6561 38.3
9.78 8744 - 41.0



~10- . RCA 80, 908A TABLE IV (I nches) . (1nches) 4 1

(M1s) x [err] [err] 0.1~ 0 RCA 80 ﬁh‘) 5\,,3‘,
S N e, 50
ggb? 0 R 33.8 gs Ml’ 40% o 35.2196 ! 6561
38.3 9.78 8744 410  -11- RCA 80,908A CLAIM1. A

col or picture tube including a shadow mask nounted adj acent a
cat hodol um nescent |ine screen, said shadow mask including a plurality of

slit-shaped apert ures gy therel&lcﬁcaé/ chPeCQhB@ninc‘Mﬁ? q:tg heh £86%: O s Rf

said 5 mask along its nmajor axis varies in sagital as ap groéi mat el y' .-
the fourth pownteds adumme ¥ rmmowm@psspr@auldnﬁaﬁsreen- ai

shadow mask including a plurality of slit-shaped apertures
therein located in columns, wherein the contour of said

5 mask along its major axis varies in sagital height as
approximately the fourth power of distance from the center
of said mask. '




