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lost due to a greater percentage of the raster being lost by falling
outside of the apertured array. This invention pertains to a cathode-ray
tube      During initial operation of the cathode-ray tube, including a
shadow mask having an array of apertures  the shadow mask Is heated due to
the impingement surrounded by a nonapertured border.          5   of the
electron beams upon the mask, which absorbs In manufacturing a cathode ray
tube for use in  as much as eighty percent of the energy of the beams.
color television, a panel assembly is formed which  The shadow mask Is made
of relatively thin metal includes a shadow mask having an array of
apertures  which heats more rapidly than the thicker support mounted
adjacent a substantially rectangular facep-  frame which serves as a heat
sink, thereby resulting late panel with major and minor axes orthogonal to
10  in a temperature differential which causes the maskto each other and to
a central longitudinal axle passing  expand at a greater rate than the
frame. Since the through the center of the panel. The faceplate panel
shadow mask is peripherally welded to the frame, this Is made of glass and
has a somewhat spherical or  more rapid expansion of the shadow mask Is
resisted domed contour with curvature along both the major  by the fame,
thereby resulting in mask doming. Such and minor axes. The apertures In the
shadow mask  15   mask doming causes the electron beams, passing are
typically slit-shaped and arranged in columns that  therethrough, to
misregister with the associated phos- substantially parallel the minor axis
of the tube, and  phor elements of the screen, resulting in color impuri-
the adjacent apertures in each column are separated  ties. This movement
can be largely compensated for from each other by bridges or webs in the
mask. The  by the use of temperature-responsive frame supports apertures
are formed typically by etching utilzing  20  which cause the mask-frame
assembly to move photolithographic techniques. The overall shape of  toward
the screen in response to the temperature, the apertured array determines
the shape of the pic-  increases in the mask, thereby restoring
registration. ture on the faceplate panel of the tube.             Another
effect of mask healing, and one that can The shadow mask has a nonapertured
border      not be compensated for by temperature-responsive comprising an
unetched portion which surrounds the  25  frame supports, ii expansion of
the mask under cer- etched array of apertures. The borderis disposed bet-
tain conditions wherein temperature gradients exist ween the perimeter of
the apertured array ends bend  within the mask itself, thereby causing the
mask to line adjoining a mask skirt. The skirt substantially par-  dome.
Such doming causes mask misregistration and allels the central axis and Is
supported by a shadow-  variations in misregistration to occur at
relatively low mask frame oriented orthogonally to the central axis.  so
overscan, typically three to five percent of total scan. Theframe is
supported by springs that engage mount-   Since more picture information is
available at low Ing studs that extend inwardly from glass sides of the
overscan conditions, It is desirable to be able to mini- faceplate panel.
The overall shape of the frame, and  mize doming misregiaster and
variations in doming the bend line of the supported mask, is similar to
that  misregister while operating the cathode-ray tube at of the glass
sides of the faceplate panel.   35  relatively low overecan. The color
cathode-ray tube employs three elec-    In accordance with the present
invention, a ca- tron guns for emitting three electron beams which  thode
ray tube Includes a shadow mask having an pass through a common deflection
yoke, with one   array of apertures mounted adjacent a substantially beam
for each primary phosphor color, Le.,red, green  rectangular faceplate
panel with curvature along and blue. The beams are "shadowed" by the aper-
40  major and minor axes orthogonal to each other and to tured mask, so
that each beam can strike but one  a central longitudinal axis passing
through the center color of a segmented catholuminescent screen of red,  of
thefaceplate panel. The shadow maskhasa border green and blue phosphors
disposed close to the mask  of varying width disposed between the perimeter
of on the inside surface of the faceplate panel. At the  the apertured
array and a bend line adjoining a point where the electrons from one of the
guns  45  peripheral mask skirt which substantially parallels the impinge
on the screen, one of the color phosphors is  central axis and is supported
by a shadow-mask deposited in a line that approximates the size of the
frame oriented orthogonally to the central axis. The msk aperture. All
other parts of the phosphor screen  cathode-ray tube is characterised In
that the width of are in the "shadow" of the phosphor mask, as far as  the
border is narrowest at the major axis, preferably this one gun is concemed.
Thus, the position and size  so  being no greater than five percent of the
distance from ofthe apertures in the shadow mask are important ulti-  the
minor axis to the bend line along the major axis. mately to achieve good
color purity. The rectangular  FIGURE 1 Is a plan view, partly in axial
section, area scanned by the electron beams as they are def-   of a
prior-art cathode-ray tube having a shadow lected horizontally and
vertically is called the raster.  mask adjacent a faceplate panel. The
percentage of the raster which exceeds the  55     FIGURE 2 Is a front view
of the faceplate panel perimeter of the apertured army in the shadow mask,
taken along line II-II of FIGURE 1. along the major axis, is known as overs
can. The gre-   FIGURE 3 Is a partial cross-sectional view taken ater the
overacan, the more picture information that is  along line III-III of
FIGURE 1. 2    



3                  EP0278709B1                    4 FIGURE 4 is a partial
cross-sectional view taken  in order to achieve a rectangular picture or
screen 26 along line IV-IV of FIGURE 3.                  on the faceplate
20, typically the perimeter 52 of the FIGURE 5 is a partial cross-sectional
view of a ca-  apertured array 50 extending along the direction of
thode-ray tube, similar to that of FIGURE 3,incor-  the major axis (X) is
curved slightly outward, and the porating one embodiment of the present   5
perimeter 52 extending along the direction of the invention.
minor axis (Y) is curved slightly inward to form a "pin- FIGURE 6 Is a
partial crosssectional view taken  cushioned" shape, as shown in FIGURE 2.
along line VI-VI of FIGURE .                      The shadow mask 30 has a
nonapertured border FIGURE 1 shows a prior-art cathode-ray tube 10  54
comprising an unetched portion which surrounds having a glass envelope 12
comprising a substantially  10  the etched array 50 of apertures 36. The
border 54 is rectangular faceplate panel 14 and a tubular neck 16  disposed
between the perimeter 52 of the apertured connected by a funnel 18 The
panel 14 comprises a  array 50 and the bend line 38 adjoining the mask
skirt viewing faceplate 20 and a peripheral flange or   40. Since the
overall shape of the shadow-mask sidewall 22, which Is sealed to thefunnel
18 by a glass  frame 32 is similar to that of the sidewall 22 of the frit
24. The faceplate 20 is curved along both major  15  faceplate panel 14,
the bend line 38 in the shadow and minor axes, X and Y, orthogonal to each
other  mask 30 Is also slightly curved outwardly. Conse- and to a central
axis, Z, passing through the center of  quently, the border 54 is
relatively wide at the major the  faceplate  20. A  rectangular three-color
axis, as shown by distance A in FIGURE 2. Also, the cathodoluminescent
phosphor screen 26 is disposed  shadow mask 30 and frame 32 have trunoated
cor- on the inner surface of the faceplate 20. The screen   20  ners 56,
such as disclosed in U.S Patent No. 26 Is preferably a line screen, with
the phosphor lines  4,599,533, Issued to F.R. Ragland, Jr. on July 8,
extending substantially parallel tothe minor axis, Y, of  1986. the
cathode-ray tube 10 (normal to the plane of FIG-  FIGURES 3 and 4
illustrate the effect of different URE 1). Amask-frame assembly 28,
comprising a co-  overscan conditions on the prior-art cathode-ray tube
or-selection electrode orshadowmask30 attached to  25  10. The shadow-mask
frame 32, which is oriented an L-shaped frame 32, is removably mounted
within  orthogonally to the central axis (Z), is supported adja- the
faceplate panel 14 In predetermined spaced rela-  cent the sidewall 22 by
mounting studs 58 which tion to the screen 26 by springs 34. The shadow
mask  extend inwardly from the sidewall 22 and engage the 30 Includes a
plurality of slit-shaped apertures 36, and  springs 34. The shadow mask 30
Is typically made of has a peripheral bend line 38 adjoining a mask skirt
30  0.15 mm thick steel, and may be welded to the inside 40 which
substantially parallels the central axis (Z)  of the frame 32, as shown In
FIGURES 3 and 4, to and is attached to the inside of theframe 32. An inline
form a MIFA (Mask Inside Frame Assembly). FIGURE electron gun 42, shown
schematiclly by dashed lines  4 shows the electron beams 44 impinging on
the In FIGURE 1, is centrally mounted within the neck 16  shadow mask 30
atzero percent overscan, at five per- to generate and direct three electron
beams 44 along  35  cent overscan, and at ten percent overscan. At zero
Initially coplanar convergent paths through the aper-  percent overseen,
the edge of the raster, or the area tures 36 In the shadow mask 30 to the
screen 26.  scanned bythe electron beams 44, coincides with the The
cathode-ray tube 10 of FIGURE 1 Is designed  perimeter 52 of the apertured
array 50 at the major to be used with an external magnetic deflection yoke,
axis (X). At five percent overscan, the edge ofthe ras- such as the yoke 46
schematically shown surrounding  40  ter impinges on the shadow mask 30 in
the vicinity of the neck 16 and funnel 18 In the neighborhood of their  a
perimeter bead 60 disposed near the bend line 38 junction, for subjecting
the three beams 44 to vertical  of the mask 30. At ten percent overscan,
the edge of and horizontal magnetic flux, to scan the beams   the raster
roughly coincides with the bend line 38 at horizontaliy In the direction of
the major axis (X) and  the major axis (X), as shown In FIGURE 4.
vertically In the direction ofthe minor axis (Y), respect-  45  It is
hypothesized that at relatey low overscan ively, in a rectangular raster
over the screen 26.  conditions, typically three to five percent of total
scan, FIGURE 2 shows the front of the faceplate panel  the prior-art design
of FIGURES 3 and 4 permits a 14 of the cathode-ray tube 10. The periphery
of the  "cold ring" to form Initially between the bend line 38 panel 14 Is
substantially rectangular, with slightly out-  and the vicinity of the bead
60. Since the heat loss wardly curved sides. The edge ofthe screen 26 is
re-  50  from that portion of the border 54 heated by the imp- tangular,
and is shown by dashed line 48 in FIGURE  inging electron beams 44 is
primarily by radiation, it 2. The slit-shaped apertures 36 In the shadow
mask  takes a relatively longer period of time for this 30 are aligned in
substantially parallel columns with  peripheral "cold ring" to be heated by
conduction. The web portions separating the slits within each column,
resulting temperature differential in the border 54 so as to form an array
50 having a defined perimeter  55 creates a reaction force In the plane of
the shadow 52, as shown in FIGURE 2. The overall shape of the  mask 30
which causes excessive doming prior to the apertured arry 50 determines the
shape of the pic-  long-term heating of the "cold ring" portion of the bor-
ture on the faceplate 20 of the cathode-ray tube 10.  der 54. 3    



6                  EP0278709B1                    6 FIGURES 5 and 6 show
one embodiment of an     also have this "pin-cushioned" shape in order to
inventive cathode-ray tube wherein a shadow mask  reduce the width of the
unetched border 64 between' 62 has a border 64 which minimizes this
undesirable  the perimeter 68 of the apertured array 70 and the temperature
differential in the border 64 at low over-  bend line 66. scan. It was
determined that the width of the unetched   5  The present shadow mask 62
achieves improve- border 64 was crucial to the amount of doming misre-
ments in doming misregister performance at low over- gister and its
dependence upon beam overscan vari-  scan, and the dependence of doming
misregister ations. In particular, It has been discovered that the  upon
beam oversoan variations is reduced. The pur- width of the border 64 should
be relatively narrow at  pose of having a relatively narrow border 64 at
the the major axis (X), being no greater than five percent  10  major axis
(X) is to minimize the temperature gradient of the distance from the minor
axis (Y) to the bend line  from the center to the edge of the mask 62, and
to 66 along the major axis (X). Preferably, the width of      maintain an
unchanging temperature gradient for a the border 64, as shown by distance B
in FIGURE 5,  range of overscan conditions, I.e., for typical beam Is
narrowest at the major axis  (X) Ideally, the  overscan variations during
tube operation. As a result, unetched border 64 disposed between the
perimeter  15  the relatively narrow border 64 minimizes doming mis- 68 of
the apertured array 70 and the bend line 66, is  register at low overscan,
and provides a shadow shaped so as to allow the border 64 to be completely
mask 62 which is less sensitive to overecan varia- scanned by the raster at
low overscan conditions  tions. (typically three to five percent of total
scan), thereby  It should be understood that although the prefer- more
uniformly heating the periphery of the mask 62  20  red embodiment has been
shown with respect to a and reducing doming misregister. As shown i`n FIG-
slit-type shadow mask, the present invention may URE 6, the edge of the
raster, at four percent over-  also be applied to cathode-ray tubes having
other. scan, is Just beyond the bead 72 and roughly     types of masks,
including those having circular aper- coincides with the bend line 66 at
the major axis (X).  tures as well as to masks attached to the outsides of
For a [err] picture tube, the distance B is  25  their respective frames.
Furthermore, the invention approximately 10.2 mm (0.4 Inch), while the
distance  may be applied to tubes having differently contoured from the
minor axis (Y) to the bend line 66, along the  shadow masks, including
those with spherical, bira- major axis(X), Is approximately 251 mm (9.9
inches).  dial and more complex curvatures. Since the perimeter 68 of the
apertured array 70, which determines the shape of the picture on the  30
screen, does not change, the shape of the bend line  Claims 66 is now
determined by the perimeter  66 of the aper- tured array 70, rather than
the frame/glass interface.  1. A cathode-ray tube including a shadow mask
In otherwords,the bend line 66 and mask skirt 74 are       having an array
of apertures mounted adjacent a sub- physically disposed inwardly away from
the frame 76,  35  stantially rectangular faceplate panel with curvature
except at the truncated corners 78 of the frame 76.  along major and minor
axes orthogonal to each other Consequently, if the border 64 Is to be
completely  and to a central longitudinal axis passing through the scanned
by the raster at low overcan conditions, the  center of said faceplate
panel, said shadow mask width of the border 64 is determined by the shape
of  having a border of varying width disposed between the overscanned
raster, the most critical location  40  the perimeter of said apertured
array and a bend line being where the edge of the raster intersects the
adjoining a mask skirt, said skirt substantially parallel- major axis (X).
Ing said central axis and supported by a shadow- Implementation of this
design for the shadow  maskframe oriented orthogonally to said central
axis, mask 62 requires the use of mask-to-frame supports  characterized by
the width (B) of said border (64). which allow the shape of the mask 62 to
deviate  45  being narrowest at said major axis (X). appreciablyfrom the
shape oftheframe 76. In the pre-  2. A cathode-ray tube as defined in Claim
1, sent embodiment, the peripheral mask skirt 74 has a  characterized by
the width of said border at said major plurality of outwardly projecting
weld pockets 80  axis being no greater than five percent of the distance
attached, respectively, to a plurality of weld flutes 82  from said minor
axis to the bend along said major axis. projecting Inwardly from the
shadow-mask frame 76,  50  3. A cathode-ray tube as defined in Claim 1 or
2, as shown in FIGURES 5 and 6. Also, in the present  characterized in that
said mask skirt (74) has a embodiment where the perimeter 68 of the etched
plurality of outwardly projecting weld pockets (80) away 70, extending
along the direction of the minor  attached, respectively, to a plurality of
weld fluts (82) axis (Y), is curved slightly Inward to form a "pin-cus-
projecting inwardly from said shadow-mask frame hioned" shape, the segments
of the bend line   66  55   (76). which intersect the major axis (X) curve
Inwardly  .  4. A cathode-ray tube as defined In Claim 1 or 2, toward the
central axis (Z), as shown in FIGURE 5. In  characterized in that the
segments of said bend line this embodiment, it Is necessary that the bend
line 66  (66) intersecting said major axis (X) curve Inwardly 4    



5                  EP 0 278 709 B1                6 FIGURES 5 and 6 show
one embodiment of an     also have this "pin-cushioned" shape in order to
inventive cathode-ray tube wherein a shadow mask  reduce the width of the
unetched border 64 between 62 has a border 64 which minimizes this
undesirable  the perimeter 68 of the apertured array 70 and the temperature
differential in the border 64 at low over-  bend line 66. scan. It was
determined that the width of the unetched   5  The present shadow mask 62
achieves improve- border 64 was crucial to the amount of doming misre-
ments in doming misregister performance at low over- gister and its
dependence upon beam overscan vari-  scan, and the dependence of doming
misregister ations. In particular, it has been discovered that the  upon
beam overscan variations is reduced. The pur- width of the border 64 should
be relatively narrow at  pose of having a relatively narrow border 64 at
the the major axis (X), being no greater than five percent  10   major axis
(X) is to minimize the temperature gradient of the distance from the minor
axis (Y) to the bend line  from the center to the edge of the mask 62, and
to 66 along the major axis (X). Preferably, the width of  maintain an
unchanging temperature gradient for a the border 64, as shown by distance B
In FIGURE 5,  range of overscan conditions, i.e., for typical beam is
narrowest at the major axis (X).  Ideally, the   overscan variations during
tube operation. As a result, unetched border 64 disposed between the
perimeter  15  the relatively narrowborder 64 minimizes doming mis- 68 of
the spertured array 70 and the bend line 66, Is  register at low overscan,
and provides a shadow shaped so as to allow the border 84 to be completely
mask 62 which is less sensitive to overscan varis- scanned by the raster at
low overseen conditions  tions. , (typically three to five percent of total
scan), thereby  Itshould be understood that although the prefer- more
uniformly heating the periphery of the mask 62  20  red embodiment has been
shown with respect to a and reducing doming misregister. As shown in FIG-
slit-type shadow mask, the present invention may URE 6, the edge of the
raster, at four percent over-  also be applied to cathode-ray tubes having
other scan, is just beyond the bead 72 and roughly     types of masks,
Including those having circular aper- coincides with the bend line 66 at
the major axis (X).  tures as well as to masks attached to the outsides of
For a [err] picture tube, the distance B is  25  their respective frames.
Furthermore, the invention approximately 102 mm (0.4 inch), while the
distance  may be applied to tubes having differently contoured from the
minor axis (Y) to the bend line 66, along the  shadow masks, including
those with spherical, bira- major axis (X). Is approximately 251 mm (9.9
Inches).  dial and more complex curvatures. Since the perimeter 68 of the
spertured array 70, which determines the shape of the picture on the  30
screen, does not change, the shape of the bend line  Claims 66 is now
determined by the perimeter 68 of the aper- tured array 70, rather than the
frame/glass Interface.  1. A cathode-ray tube Including a shadow mask In
other words, the bend line 66 and mask skirt 74 are     having an array of
apertures mounted adjacent a sub- physically disposed Inwardly away from
the frame 76,  35  stantially rectangular faceplate panel with curvature
except at the truncated comers 78 of the frame 76.  along major and minor
axes orthogonal to each other Consequently, If the border 64 is to be
completely  and to a central longitudinal axis passing through the scanned
by the raster at low overscan conditions, the  center of said faceplate
panel, said shadow mask width of the border 84 is determined by the shape
of  having a border of varying width disposed between the overecanned
raster, the most critical location   40  the perimeter of said apertured
army and a bend line being where the edge of the raster intersects the
adjoining a mask skirt,said skirt substantially parallel- major axis (X).
ing said central axis and supported by a shadow- Implementation of this
design for the shadow  mask frame oriented orthogonally to said central
axis, mask 62 requires the use of mask-to-frame supports  characterized by
the width (B) of said border (64) which allow the shape of the mask 62 to
deviate  45  being narrowest at said major axis (X). appreciably from the
shape of the frame 76.In the pre-       2. A cathode-ray tube as defined in
Claim 1, sent embodiment, the peripheral mask skirt 74 has a  characterized
by the width of said border at said major plurality of outwardly projecting
weld pockets 80  axis being no greater than five percent of the distance
attached, respectively, to a plurality of weld flutes 82  from said minor
axis to the bend along said majoraxis. projecting inwardly from the
shadow-mask frame 76,  50  3. A cathode-ray tube as defined in Claim 1 or
2, as shown in FIGURES 5 and 6. Also, in the present  characterized in that
said mask skirt (74) has a embodiment where the perimeter 68 of the etched
plurality of outwardly projecting weld pockets (80) array 70, extending
along the direction of the minor  attached, respectively, to a plurality of
weld flutes (82) axis (Y), is curved slightly inward to form a "pin-cus-
projecting inwardly from said shadow-mask frame hioned shape, the segments
of the bend line 66  55  (76). which intersect the major axis (X) curve
inwardly     4. A cathode-ray tube as defined in Claim 1 or 2, toward the
central axis (Z), as shown in FIGURE 5. In  characterized In that the
segments of said bend line this embodiment, it Is necessary that the bend
line 66  (66) intersecting said major axis (X) curve Inwardly 4    



7                  EP 0 278 709 B1               8 toward said central axis
(Z).                    orlent6e orthogonalement par rapport A l'axe
central, 5. A cathode-ray tube as defined In Claim 1 or2,  caractdrisG on
cs quo lalargeur (B) duditbord (84) eat characterized In that said shadow
mask (62) has trun-  la plus 6trofte sur ledit axe majeur tX). cated
corners (78).                                  2. Tube A rayons cathodlques
salon la revendica- c   dion 1, caractirIs6 en c. quo la largeur dudit bord
sur ledit axe majpur nest pas pius grand. que cinq pour Patentansprniche
cent de la distance duditaxe mineurb la ligne Incdin6e to tong dudit axe
majeur. 1. Kathodenstrahirohre mitelner Lochmaske, dbe   3. Tube A rayons
cathodiques selon la revendica- ein Fold von Lachern aufweistund In olner
tmwesent-  io  tion I ou 2, caracterls6 en ce quo ladite jupo formant
lichen rechlecidgen Frontglaswanne mit Krimmun-  masque (74) comport. une
pluralite de poches de gen langs elner grolien und olner Idoinen Achee, die
soudure (80) so projetant vers l'extdreurrelfies, res-
senkrechtzueinanderundzu elnerdurch die Mitte der  pectivement, A une
plurallte de ralnures de soudure Frontglaswanne gehenden longitudinalen
Mittel-  (82) .s projetantvers I'intdrleurb parilrde lastructure achse
verlaufen, montlert let und die olnen Rand  is  ombro-mi sque (76).
variterender Broete zwisohen dem  Umfang des        4. Tube A rayons
cathodlques solon la revendica- Loherleldes und elner Blegelinle angrenzend
an   tion I ou 2, caracteris6 en ce quo los segments de elnen Maskenflansch
aufwelsti welcher Im wesent-  ladite ligne indin6e (66) coupant ledit axe
majeur (X) lichen parallel zur Mittelachse verauft und duroh  se
courbentvers l'intrieur en direction dudit axe cen- einen senkrecht zur
Mlttelachso orlentierten Loch-  2o  trai (Z). maskenrahmen gehaltert tat,
daduroh gokennzelch-    5. Tube A rayons cathodiques seion la revendlca-
net, dal die Breite (B) des Randes (64) bel der  tion I ou 2, caractdris6
en ce que ledit masque grogen Achse (Q am schmalsten ist.
d'ombre (62) comport. des coins tronqu6s (78). 2. Kethodenstrahir~hre nach
Anspruch 1, dadurch gekennzlchnet, dal die Brelto des Ran-  25 des bol der
grogen Achse nicht gffer als 5% des Abstandes von derkieinen Achse
zurBiegelinle lingo dergro~en Aches let. 3. Kathodenstrahlr8hre nach
Anspruch I odor 2, dadurch gklonn.z.chnet, dao der Maskenflansch  3o (74)
elno Mehrzahl von nach sullen vorspringenden Sohwelltuschen (80) sufiwist,
die Jewels an elner Mehrzahl von Schwelllsicken (82) befestlt sind, die vom
Lochmaskenrahmen (76) nach innen vorspriq; gen.
35 4. Kathodenstrahir~hre nach Anspruch 1 oder2, dadurch gekennzeichnot,
dall die Segments der Blegelinln (66), die die grole Achese (X) schnelden,
nach Innen zur MIttelachse (Z) hin geknrmmtsind. 5. Kathodenstrahir8hre
nach Anspruch I odor 2,  40 dadurch gekennzskchnet, daB die Lochmaske
abgestumpfte Ecken (78) hut. Rovendicatlons                              45
1. Tube & rayons cathwdiques Induantun masque d'ombre ayant un syateme
d'ouvertures mont6 au voi- sinage d'un panneau de plaque expos.e sensible-
ment reclangulaire ave une courbe Is long des axes  5o majour et mineur
orthogonaux run a rautre, et A un axe central longitudinal passant A
travers Is centre dudit panneau de plaque exposee, ledit masque d'ombre
comportant un bard de largeur variable dis- pose ente Is p6rimetre du
systAme A ouvertures et  86 une ligne Indlin6e avolsinant une jupe Ibiment
mas- queladitejupeetantsensiblementparallle auditax central otsupportbe par
uns structure ombre-masque    


