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|qyent|on rel ates to shadow nmask type cathode-ray tubes ((CRT's) and, /.
p rticularly, to the 5 cont our of shadow masks in such tubes. There dr
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CRT s over about a 9-inch (22.9 cm diagona#lscreen si ze: spherical, and
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above-nenti oned dom n robl em ccordance wih t he I nventi on,
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{aken at |inesirvatdrd. arsudly decrdasespeciha@dy, maskFtihatire
increases a problem known as doming. Doming occurs when
certain parts of the shadow mask become hotter than other
parts and move outwardly from the general contour of the
mask.
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The present invention provides a shadow mask
contour for use in CRT's having reduced faceplate
20 curvature which reduces the above-mentioned doming
problen. .
In accordance with the invention, a cathode-ray -
tube includes a shadow mask mounted therein which has
curvatures along its major and minor axes, of which that .
' 25 along the major axis is greater at the sides of the mask
N than at the center of the mask. '
In the drawings: :
FIGURE 1 is a plan view, partly in axial
section, of a shadow mask color picture tube in which one
30 embodiment of the present invention is incorporated.
FIGURE 2 is a front view of the faceplate panel
of the tube of FIGURE 1, taken at line 2-2 of FIGURE 1.
FIGURES 3, 4 and 5 are cross-sections of the
faceplate panel of FIGURE 2 taken at lines 3-3, 4-4 and
35 5-5 respectively, of FIGURE 2. ' -



-2 _FIGURE 6 is a conmpound view show ng, the exterior surface contours of*
Bcepl ate panel at the croess-sections of FIGURES 3, 4 and 5. FIGURE 7
onmpound vi ew showi ng the exterior 5 surface contours of a faceplakgf v
panét™ of . anot her tube enbodi nent. FIGURE-8 is a plan view of a shadow mask
that may be used with the faceplate panel of FIGURE 7. FIGURE 9 is a

- conpound vi ew showi EJGURE 6chiss@ compowms ¥fievwhshsvwidigy the e X e iiar s t aken

at |ines géﬁ%gce9égﬂﬁn39§ %?‘%ﬁeoEd@%Ei eS drli e khd s a side view of
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by a gl asembodiiméRt. A rectangular t hree-col or phosphor screen 22 is

carried by the innegy p,qa&awa@toef 18 sHAMow G490 £8a @ ef er abl y
a line screen, with t I nes extendlng substant+al|y parallel to
t he n1normaY|beYu$e§fWNd% te pangl AL EIGHRES - Fi GURE 1)

'sb\lelt g:tnat i ve: Y, tthg FIGORE cgaridoe T oo 2 dioutid agiiew Ahewing apertured col or
i on el ectro or i s renpy t
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1, is centrally muggggmgo& N e dI vt © £SARS B Er 2Radbh Sfask N ee

el ectron beans 28 a anar convergent paths through the nmask 24 to .
t he scree#mbgdxﬂqﬂﬁrmulvely, the el ectron gun can have a triangul ar or \/

gg'bgegonflgurat'oanE@RE 1 shows a Tisctatipuldr cdathédderdyi subesi gned to

15 (CRT), in the form of a color picture tube 10 having a '
glass envelope 11,_comprising_a rectangular feceplate ’
panel Lzland a tubular neck 14 connected by a funnel 16.
The panel comprises.a_viewing faceplate 18 and a
peripheral fiange or:eidewall 20, which is sealed to the

20 - funnel 16 by a glaés;f:it_l?,_ A rectangular three-color
phosphor screen 22 is carried by the inner surface of the
faceplate 18. The screen is preferably a line screen,
with the phosphor lines extending substantially parallel
to the minor axis Y-Y of the tube (normal to the plane of

25 FIGURE 1). Alternatively, the screen can be a dot screen. . _
A'multi-apertured color selection electrode or shadow mask “
24 is removably mounted within the faceplate panel 12 in '
predetermined spaced relation to the screen 22. An inline
~electron gun 26,.shown schematically by dotted lines in

30 FIGURE 1, is centrally mounted within the neck 14 to
generate and direct three electron beams. 28 along coplanar
convergent paths through the mask 24 to the screen 22.
Alternatlvely, the electron gun can have a triangular or
delta configuration.

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



:with‘an external magnetic deflection yoke, such as.the yoke 30 '
schematically shown surroundi ng the neck 14 and -3- funnel 16 in t@

N‘?hborhood of their junction, for subjecting the three beans 28 to
ical and horizontal magnetic flux, to sgaa the beans horizontal ly\
the direction of the major axis (X-X) and vertically in the 5 direction
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al ong the m nor2 axiThécpegipherycsft the panelt 12 Format wewmmmmm

axis, at least_Jn ent Lon of.th I The sur curvature

al ong the di ag%#h?ﬁﬁy ?é?gdg%% §m)oin ﬁ@ggfingg g%&g&%%n

di fferentlmur\siumswhthr@ashednh}nesamn FIGUREa26s. Thisa borxdexr rissi

enbodi nment , h’tee YiE along the mnor axis 25 is at |east 4/3 greater
ature

than the curv ong the major axis, at least in a central portion of
the faceplate. In the prErerspecifibgdcantourshaless she Miser Exdsi agonal

fromcenter to(myermgjofh&igcpgj.ggeahastﬁg AR agonAle atled SHAGh Of its
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Because @fs t herelldtive ngontiowrs us£stheoegtierdor surface of the faceplate
panel 12 along the minor axis, major axis and diagonal is
shown in FIGURE 6. The 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
20 Ith_e' curvature along the major axis, at least in the center
portion of the panel 12. The surface curvature along the
diagonal is selected to smooth the transition between the
different curvatures along the major and_minof axes. In a
' preferred embodiment, the curvature along the minor axis
25 is at least 4/3 greater than the curvature along the major
.axis, at least in a central portion of the faceplate. In the preferred
-embodiment, the contour along the diai;onal from center to corner of
'the faceplate has at least one sign change of its second derivative
'(that is, the second derivative of the equation defining the curvature
30 of the contour) such as shown in FIGURES 5 and 6.
Because of the differing curvatures along the
major and minor axes and along the diagonal, the height A
of the panel skirt 20 can be made constant around the
periphery of the panel 12, as illustrated in FIGURES 3 to
35 S. 1In order to achieve such constant skirt height, it is
necessary to properly smooth the faceplate contour between
the edge of the screen and the skirt. If such smoothing
presents difficulties, skirt height will vary slightly



. najor and m nor axes and al ong the diagonal, the height A of the panel

Yan be nade constant around the perlphery of the .panel 12, as .
din FIGURES 3 to 35 5. In order to achieve such constant ’Q;
, ght, it is necessary to propes&y snooth the.facepl ate contour
betmeen the edge of the screen and the skirt. If such snpothing presents
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substantially a rectan es of screen 22.
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" curved al ong both the ma 0£ m nor . axes. In on t uhe Jenhodi nent, the "
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t he Panel
- bezel that- contacts the tube at the rectangular contour

line also is substantlally in the plane P. Since the
periphery border of a pzcture on the tube screen appears
to be planar, there 1s an 1llus1on created that the

20 plcture is flat, even though the faceplate panel 1s curved
along both the major and minor axes.

In. one tube embodlment,_the faceplate panel is

'formed from  two smoothed cyllndrlcal surfaces, the axes of
which are perpendlcular The radii of the_twohcyl-ndrlcal

25 surfaces are chosen so that, when the two snrfaces are _ 3
made tangent at the"center of the'panel there is a plane | \
perpendlcular to the 2z axls that lntersects the surfaces
and forms a rectangle at the 1ntercept therewith. The
following equatlon can be used to determlne the geometric

30 parameters of the panel surface contour along the major

' - and minor axes:

2 a2 o e a2 2
R, - 1/2 J 4R, ~.21. = R, s l/zv/z4R2 - 2,%,
35
where:

'Ry = radius of curvature along the major (X}




“perpendi cular to the Z axis that intersects the surfaces and forns a

rectangle at the intercept therewith. "The follow ng equation can be us
to\égeterm' ne the geonetric 30 paraneters of the panel surface contour
I

g the major and m nor axes: [ERR] 35 where: R= radius of curvaturé”

al ong the major (X axis; [err] radlus‘éF curvature along the m nor
(Y) axis; [err] = cord Iengtmﬁg the panel in the mpjor (X) 5

axis direction; and [err] = ¢ ength of the.panel in the mnor (Y) axis
direction. The actual paRgl =caadiws iof dygmathur MLy ihe snigfori (&) es
parallel to the X-Z pl ane andagaglng 10 radii varying from one ‘'val ue on
the X axis to a relatively |arge value at the ends of the minor axis, and
by segnents of circles pinam ST lemgth 25, thee PAREIhAR e RAIOT AX) ng
from anot hgr val ue on the Y agixdist @dizeeition; end ively |arge value at the

ends of the major axis. ,The 15 r,adi t.he ni_nor. SJdsS s ter

than the radius on the n'§J20r W%%egg%@&ef%}ee&%le(ﬁa tg’reeé‘l]é} % at ure

“along the mnor axis than alonglshdMQQGNIoaxls The radii of the circular
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that, 20 when the faceplate i s vi Vi ew ng st ances,
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of circles parallel to the Y-2 plane and having radii -
\/ varying from another value on the Y axis to another
relatively large value at the ends of the major axis. The
15 radius on the minor (Y) axis is shorter than the radius on
the méjor (X) axis, wherefore there is greater curvature
along the minor axis than along the major axis.

The radii of the circular segments at the ends
of the major and minor axes are sufficiently large that,

20 when the faceplate is viewed at normal viewing distances,
portions of the faceplate at the edges of the screen
appear as straight lines. Such radii could be infinite,
whereby the periphery border of the panél would be truly‘
planar; or very long, whereby the sides of the periphery

o 25 Dborder would bow slightly out of a plane but still be
~ considered to be substantially planar.

The contour of the interior surface of the
faceplate 18 of the panel 12 is slightly different from
the exterior surface contour. This is because a certain

30 amount of wedging must be added to the faceplate thickness
to optimize the strength-to-weight ratio of the faceplate
parel, such as shown in FIGURE 5. The faceplate 18,
therefore, increases in thickness from its center to its
edges. In most embodiments, a larger amount of wedging

35 occurs along the minor axis (Y¥-Y) than along the major
axis (X-X). The amount of wedging required varies with
tube size and other design considerations. Generally, the
wedging required is of the order of approximately 1 to 3
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to that of the embodiment of FIGURE 6. The curvature
along the major axis, however, is much less in-the-gentral
portion of the faceplate and increases near the edges of

- the faceplate. _;n_this-embodiment, the curvature along

20

25

30

35

the major axis, near the edges of the faceplate, is
greater than the general curvature along the minor axis.
with this design, the central portion of the faceplate
becomes flatter, while the points of the faceplate
exterior surface at the edges of the scfeen substantially
remain in a plane P and define a rectangular contour line,
as in the previously described embodiment.
The'corresponding shadow mask for the CRT
faceplate panel of FIGURE 7 is somewhat similar in c¢ontour
to the panel. The contour of such a shadow mask can be
generally obtained by describing the major (X) axis
curvature as a large radius circle over about the central
75%_portion of the major axis, and a smaller radius circle
over the remaindef-of the major axis. The curvature
parallel to the minor (Y) axis is such as to smoothly fit
tpé major axis curvature to the required mask periphery ‘
and can include a curvature variation as is used along the
major axis. :
FIGURE 8. shows a plan view of one embodiment of

such a inventlve,shadow mask 32. The dashed lines 34 show

5



“Wth. .this design, the central portion_ of the facepl ate becones flatte

r
whi.l e ‘the points of the facepl ate exterior surface at the edges of the

- qheen substantially remain in a plane P and define a rectangul ar con

i as in the previously described enbodi mrent. The correspondi ng
shadOM/nask for the CRT faceplate panel of PM7®URE 7 is sonewhat simlar in
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t he najor ax|stapeendgsqﬁ;the major axis. e curvatures along the

15 -edges of the mask that parallel the major axis are less at
the sides of the mask than is the curvature along the
major axis, and, as shown in FIGURE 10, the second
derivative of the contour 36 along the minor axis is
opposite in sign to that of the second derivative of the

20 contour 38 at the sides of the mask 40 which are parallel
to the mlnor axis.

. As with the above-described faceplate panels,
the contours along the shadow mask diagonals must be
smoothed to compensate for the different curvatures. Such

25 smoothing results in a center-to-corner contour along the
diagonals which has at least one sign change in its second
derlvatzve, such as contour 9c¢ in FIGURE 9.

It should be appreciated that the present
“invention is applicable to a wide variety of CRT's,

30 including shadow mask color picture tubes of line or dot

screen types.



t he si des—ef—the—task—thamr 75 the curvature along the major axis, and, as

S m I n FI ond derivative of the contour 36 al ong the mnor.
a (s op H !“ﬂ that of the second derivative of the 20 Nt ¥
cOoRt.0dr 38 the mask 40 which are parallel to the mnor - '

axis. As with the above- descrl beg_facepl ate panels, the contours along the
‘'shadow mask di agonal s nust be snoothed to conpensate for the different
curwvat urgsaIM8ich 25 smoot hing results in a center-to-corner contour along
the di agonal's whi gh has Aty dd%.afziayo%b% IhQENGY ian shiadosemank derivati ve,

such as contour 9¢ in FIGJRE 9. shoul d be appreci ated.that. the present
i nvent i oreunteshpt i Said aF‘-W%I'e S\thq &hp &P “§(th %"inﬁclaudl ng shadow

nmask colRipdd £ ti A iy iasc tindu lnr (Hctﬁﬂte mrea:emrtego@ruon ghrpughCLAI MS: 1.
A cat hode-ray tube includin sha idyipi d tube, said
shadbw et RASKRLRS £ t dﬂ y rec angL%?‘I Wi g

act I ve apertured portion
t hr ough d&ctive cﬂpea:tts.tnefd)rpdmm MHQM%W%@W%lﬁ%al d active

aperwreﬂ% 0L td On,m-ﬁ] G Y Ve SR HY dirfvd B AhgTigie  axes, wherein

the curvatite & or axis Is greater at, jhe. S des of active
aperturetamirt#’b#ﬁth%trg%ﬁaé% erths %‘f"{%Sal 0 e aperts'ﬁleczji. A tube
as def i neské {od’ @h4R lat Vies len et cofs healiadv e, has a different curvature

along. its major axis than along its mnor axis. 15 - 3. A tube as
defited in O ai m 12.whar tubet &8 definedr ¢n Glaim lhewbeégeinosaide shadow

sk Par ShLShirdakRondR) 8" gR¥EILERE gﬁg%@h:&hﬁgﬁhgeit fmgg%mst han the

curvat ur axi's-a es of € “nas -
than along its minor axis. W

15 3. A tube as defined in Claim 1, wherein the

curvatures along the edges of the shadow mask paralleling
the major axis are less at the sides of the mask than the
curvature along the major axis at the sides of the mask.

20

4. A tube as defined in Claim 1, wherein the
center-to-corner contour of said shadow mask has at least
one sign change of its second derivative.

25 .

- 5. A tube as defined in Claim 1, wherein the
second derivative of the contour along the minor axis is
of opposite sign to the second derivative of the contour

30 at the sides of the mask paralleling the minor axis.

6. A tube as defined in Claim 1, whe:_'ein the
curvature in each of planes parallel to the minor axis is
greater at the sides of said mask than near the major axis
thereof.

s



. 4 A.tube as defined in Cdaiml, whereln t he center-to-corner contour
saild shadow mask—tasat—teast one si gn change of its second derivati)
. 5 _A tube as d Wherein the second derivative of t
cont our al ong ﬁ“ﬁﬂu n%@‘ﬂ-‘“ of opposite sign to the second deri vetix
of the-.contour L * he._rrasg-paral leling the mnor axis. 30 6. A
tube as defined in daiml1, wherein the curvature in each of pl anes
parallel to the mnor axis is greater at the sides of said mask than near
the major axis thereof. -9- 1 7. A cathode ray tube having a
shadow mask subst anti al7ll.y Asch&hedabeayr tudeskavbed ai shaded emazsice to
Figures 8 and.B@uaiging 1 ﬁterwﬁbeéisfgnaégﬁwge&r@#ﬁ'gé%férén ¢ cathode
ray tube having a taceplate substantia as herel nbefore descri ed W th
reference totP Jdpases B gpdt ﬁe°5c€6%5ﬂy?’ﬂg°€r B0 ndccomRRRY s2@dow nask as
in any precedragidlgai.m 10 15 20 25 30 35

5

8. A cathode ray tube having a faceplate
substantially as hereinbeforg described with reference
to Figures 3-7 of the accompanying drawings and a shadow
mask as in any preceding claim.
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