1. PLANAR MBVBER FOR SHADOW MASK OF CATHODE- RAY TUBE AND MANUFACTURIRE s copy!

METHOD OF SHADOW MASK _ The present invention relates to a planar
menber for a shadow nask of a cathode-ray tube and a nethod for
manuf acturi ng a shadow nask using the planar nenber. As

illustrated in Fig. 7, a color cathode-r tube 1 wth a flat face
I ncl udes a gl ass panel 2 having a substantially flat face screen 3. Panel
pins 5 are attached to the inner surface of the glass panel 2, for
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The present invention relates to a planar member for a shadow
mask of a cathode-ray tube and a method for manufacturing a shadow
mask using the planar member.

As illustrated in Fig. 7, a color cathode-ray tube 1 with a
flat face includes a glass panel 2 having a substantially flat face
screen 3. Panel pins 5 are attached to the immer surface of the
glass panel 2, for supporting a metal frame member 7 for a shadow
mask 9. Plate springs 8 attached to the outer surface of the frame
member engages the panel pins 5, so that the shadow mask 9 stretched
on the frame member 7 is fixed at a predetermined position in the
glass panel 2. Electron beams 10 emitted by an electron gun (not
shown in the Figure) pass apertures of the shaﬁow mask 9 and hit
corresponding spots of a fluorescent screen 4 formed on the inner
face of the glass panel 2.

Some electron beams do not pass the apertures but hit the
shadow mask 9. Consequently, the shadow mask is heated and may
suffer a thermal expansion. If the'shaddw mask is deformed by the
thermal expansion, color purity may be deteriorated when the electron
beam mishits a proper spot of the fluorescent screen after passing
through the aperture at a deformed portion of the shadow mask. In

order to suppress the deformation of the shadow mask due to the



shown in the Figure) pass apertures of the shadow mask 9 and hit
correspondi ng spots of a fluorescent screen 4 forned on the inner face of
t he gl ass panel 2. Sone el ectron beans do not pass the apertures
but hit the shadow nmask 9. Consequently, the shadow nmask is heated and may
suffer a thermal expansion. |If the shadow mask is deforned by the thernal
expansi on, color purity may be deteriorated when the electron beam mshits
a proper spot of the fluorescent screen after passing through the aperture

at a deforned portion of the shadqQw nask._In order tp suppress.the
fef or mat | onHSFRE hORBTARN Bk a0y Gashed 15 uStally ghven'BPoctthin
2 t hermal expansion, the shadow mask 9 is usually given a certain

tensi on by YRISdPRPRHRldingephyle; being ftgetehadan rihignErane pepber. 7. I n

the prior art, a planar nmenber 21 shown in Fig. 8 was used
In the prior art, a planar member 21 shown in Fig. 8 was used

for stretching and welding the shadow mask 9 on the frame member 7.
This planar member 21 includes a beam-selecting area 22 with a lot of
small slots or apertures for passing an electron beam, which are
disposed at a predetermined pitch aﬁ& pattern, and an area 23 without
apertures surrounding the beam-selecting area 22. The beam—selecfing
area 22 has a substantially rectangular shape to be a shadow mask.

The beam-selecting area 22 is positioned on the frame member
7, ahd a tension is applied to the beam-selecting area 22 by pulling
the four sides of the planar member 21, i.e., the area without
apertures. Then the planar member is welded to the frame member 7.
The area without apertures 23 is cut off along the outer rim of the
frame member 7. Thus, a shadow mask assembly, i.e., a color
selecting electrode is manufactured.

As mentioned above, the beam-selecting area has a lot of
apertures and the surrounding area 23 has no aperture. Therefore,

~ there is a big difference in tensile strength between the beam-

selecting area 22 and non-aperture area 23. Consequently, when the
four sides of the planar member 21 are pulled outward by a
predetermined force, the extension amount is different between the
beam-selecting area 22 and the non-aperture area 23, resulting in a

wrinkle being generated at corners (24 in Fig. 8) of the beam-



f.or stretching and wel ding the shadow mask 9 on the franme nenber 7. This
pl anar nmenber 21 includes a beamselecting area 22 with a |ot of snal
slots or apertures for passing an el ectron:beam which are disposed at a
predeterm ned pitch and pattern, and an.area 23 w thout apertures
surroundi ng the beam sel ecting area 22. Fhe beamselecting area 22 has a
substantially rectangul ar shape to be a shadow nask. The
beam sel ecting area 22 is positioned on the frane nenber 7, and a tension

is applied to the beam sel ecting area 22 by pulljng, the four sjdes of the
pl anar nenbiflesting area. fheypinkleifpthe %ﬁ?@??%’@g?nﬁ' r?é'ﬁatﬁ% H*‘é%rlsrrenber

Is welded to the frame nenber 7. The area w thout apertures 23 is cut off
al ong the ofR &€ 2 shasewmask, payreanesise deter ipgation; of HGRIGR PREILY .SHISRD| v,
i.e., acolor selecting electrode is nmanufactured. _ As_ment i oned
above, the genespandencenef dhebensspassisg apertyperansy EBe £M9tt o thar r oundi ng
area 23 has _no aperture. Therefore, there is a big difference in tensile
strengt h beflweseenrt iseueen nop| Fufitngt sheanzinkdad nestiekerture area 23.
Consequently, when the four sides of the planar nenber 21 are pulled
outward by a Another problem of the prior art is that the boundary portion

of the beam-selecting area 22 and the non-aperture area 23 has a

tendency to break when the four sides of the planar member 21 are

pulled to the outside. As a result, it is difficult to raise a yield

rate in the manufacturing process.

The planar member for a shadow mask according to the present
invention comprises the beam-selecting area having a plurality of
beam-passing apertures arranged at a predetermined pitch and pattern,

a first band frame portion enclosing the beam—selecting area, a
second band frame portion disposed around and spaced from the first
‘band frame, a plurality of bridge portions bridging the first and
second band frame portions at plural points, and a plurality of outer
areas with plural apertures, defined by the first and second band
frame portions and two bridge portions. The connecting part of the

. bridge portion with the second band frame portion is reinforced in
such a way that the width of the bridge portion increases gradually
to comnect with the second band frame portion.

The method for manufacturing a shadow mask according to the

present invention comprises the steps of preparing the above-

mentioned planar member, applying a tension to the planar member by



predeterm ned force, the extension anount is different between the
beam sel ecting area 22 and the non-aperture area 23, resulting in a

wri nkl e being generated at corners (24 in Fig. 8) of the beam

3 selecting area. The winkle in the beamselecting area 22, which is
be a shadow mask, may cause a deterioration of color purity since
correspondence of the beam passing aperturg and the spot on the
fluorescent screen nay shift at the winkled portion. Anot her
probl emof the prior art is that the boundary portion of the
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member, and removing the outer part of the planar member around the

welded portion.

According to the present invention using the above-mentioned
planar member and method, the outer area with dummy apertures around
the beam—selecting area can be adjuéted to have the same tension
stress as the beam-selecting area. As a result, when the four sides
of the planar member are pulled outward to apply a tension to the
planar member, the deformation amounts of the beam-selecting area and
its surrounding area become substantially equal so that the
generation of wrinkles at four corners of the beam—selecting area can
be suppressed. In addition, stress concentration at the connecting
part of the bridge portion with the second frame member is relieved
and breakage-of the planar member is avoided when the four sides of
the second band frame portion are pulled outward to apply a tension
to the planar member, since the connecting part of the bridge portion
with the second band frame portion is reinforced in such a way that

~ the width of the bridge portion increases gradually to comnect with
the second band frame portion. The width of the bridge portion may
increase linearly or along an arc line or similar curve.

It is preferable that the first and second band frame
portions have substantially rectangular inner and outer rims, and

substantially rectangular outer corner areas with plural apertures

to -



i nvention conprises the bean}se+ébting f@rea having a plurality of
beam passi ng apertures arranged at ‘a predeterm ned pitch and pattern, a
first band frame portion enclosing the beamselecting area, a second band
frame portion di sposed around and spaced fromthe first band frane, a
plurality of bridge portions bridging the first and second band frane
portions at plural points, and a plurality of outer areas with plura
apertures, defined by the first and second band franme portions and two
bri dge portions. The connecting part of the bridge portion with the second
band frame portion is reinforced in such a way that the width of the
bri dge portiare defdimedses theaskcantiybando frammportidn And Hawosbrisige perfdons ane
portion. The net hod for manufacturing a shadow mask according to
the present Alteemtivalyotpei Sostt bands feaee pbrpiaphas mpbshantilade-
menti oned pl anar menber, applying a tension to the planar nenber by
rectangular inner and outer rims, the second band frame portion has
substantially octagonal inner and outer rims, and substantially
triangular outer cornmer portions with plural apertures are defined by
the second band frame portion and ‘two bridge portions. Thus, when
four sides of the second band frame portion are pulled outward to
apply a tension to the planar member, a tension imbalance is avoided
between the middle and ends in each side of the rectangular beam-

selecting area.

It is also preferable that the size of the plural apertures
in the outer areas is smaller in the area near to the second band
frame portion than the area near to the first band frame portion.
Thus, a uniform tension is applied to the whole area of the beam-

selecting area by varying the size of the aperture arranged in the

outer area at a predetermined pitch.

In the accompanying drawings:
Fig. 1 is a plan view of a planar member for a shadow mask
according to a first embodiment of the present invention;
| Fig. 2 is a plan view showing a variation of the planar
member for a shadow mask of Fig. 1;

Fig. 3 is a plan view of a planar member for a shadow mask

according to a second embodiment of the present invention;



4 pulling the four sides of the planar nenber outward, welding the first
band frame portion of the planar nmenber to a netal frame nenber, and
renoving the outer part of the planar nmenber around the welded portion.
According to the present invention using the above-nentioned planar nenber
and nethod, the outer area with dunmy apertures around the beam sel ecting
area can be adjusted to have the sane tengfon stress as the beamsel ecting
area. As a result, when the four sides of the planar nenber are pulled
outward to apply a tension to the planar nenber, the deformation anounts
of the beamselecting area and its surrounding area becone substantially
equal so that the Fgenet dsiarperbpextiiviel ebewanffawhadow mask agsemhly (color
beam sel ecting area can be suppressed. In addition, stress concentration
at t he conneefectingpai¢ctrbdéheadoprdiyg portheopresdnt imentéomnd frane nenber
Is relieved and breakage of the planar nenber is avoi ded when the four

sides of the secomdgbafid ahdadB show tanopxanpd epof lmxthodtfurr dndreaspyg ythe

tension to the planar nenber, since the connecting part of the bridge

portion width of the bridge portion at the part connecting to the second band
frame portion along an arc line;

Fig. 6 is a plan view of a planar member for a shadow mask
according to a third embodiment of fhe present invention;

Fig. 7 shows a partial section of a color cathode-ray tube
that uses a planar member for a shadow mask according to the present
invention; and

Fig. 8 is a plan view of a planar member for a shadow mask in

the prior art.

Preferred embodiments of the present invention are explained
below.
(First Embodiment)

Fig. 1 shows a planar member 11 for a shadow mask according
to a first embodiment of the present invention. The planar member 11

~ includes a beam-selecting area 12 having a rectangular shape, a first

band frame portion 14b surrounding the beam-selecting area 12, and a
second band frame portion 1l4a disposed around and spaced from the
first band frame. The first band frame portion 14b and the second

band frame portion 14a are connected to each other via plural bridge

portions 1l4c.



with the second band frame portion is-ieinfokted in such a way that the

wi dth of the bridge portion increases gradually to connect with the second
band frame portion. The width of the bridge portion may increase linearly

or along an arc line or simlar curve. It is preferable that the

first and second band frame portions have substantially rectangul ar inner

and outer rinms, and substantially rectanqylar outer corner areas with

pl ural apertures 5 are

defined by the second band frame portion and two bridge portions.
Al'ternatively, the first band frame portion has substantially rectangular
i nner and outer rinEheriehgré st diead 13aMe3p et 03t dasinl byt aiet Faddty

octagonal inner and outer rims, and substantially triangular outer corner

portions wi tAndls¢eahd 2RaA! frms pértidhs i @Y Dya and bridge portions 14c.
These outer areas 13a, 13b and 13c have a lot of small slots or
apertures arranged at a predetermined pitch and pattern similarly to
the beam-selecting area 12. The slots or apertures in the beam-
selecting area are for the electron beam to pass through, while the
slots or apertures in the outer aregé 13a, 13b, 13c are disposed so
that a uniform tension can be applied to the entire portion of the
beam-selecting area.

Four sides of the second band frame portion 14a of the above-
mentioned planar member 11 are engaged by a tool (not shown in the
Figure) and pulled outward, so that a tension is applied to the
entire portion of the planar member 11. Then the first band frame
portion is positioned and welded to the frame member (7 in Fig. 4).
The outer portion of the welded portion, i.e., the outer areas 13a,
13b, 13c¢, bridge portion 14c and the second band frame portion l4a
are cut off. Thus a shadow mask assembly (i.e., a color selectihg
electrode) 17 is obtained. This color selecting electrode 17 is

~ fixed to the inner face of the glass panel 2 in the way same as shown
in Fig. 7.

The outer areas 13a, 13b, 13c are necessary for applying a
uniform tension to the entire area of the beam-selecting area 12 that
is to be a shadow mask 9 when the planar member 11 is pulled at four

sides. Thus, generation of wrinkles due to a tension imbalance is



t he second band frane portion and two bridge portions. Thus, when four
sides of the second band frame portion are pulled outward to apply a
tension to the planar nmenber, a tension inbalance is avoided between the
m ddl e and ends in each side of the rectangular beam selecting area.

It is also preferable that the size of the plural apertures in the outer
areas is snmaller in the area near to the gecond band franme portion than
the area near to the first band frame portion. Thus, a uniformtension is
applied to the whole area of the beam selecting area by varying the size
of the aperture arranged in the outer area at a predeterm ned pitch.

I n t he accosyapséssgddimvtihbegBeam selecting portiod 1% (shalanmuslew)of a pl anar
menber for a shadow nask according to a first enbodi nent of the present

i nvention; In &ddjitidn] sthe width uf ethies boidgeg parvivni &% i imeredsddhe

pl anar menber for a shadow mask of Fig. 1; Fig. 3is a plan

view of a pladoag areaberliner ta cohadow tvbslke second band frame portion 14a.
If the connection part of the bridge portion l4c was not reinforced
as mentioned above, i.e., width of the bridge portion l4c did not
increase to connect to the second band frame portion 14a, stress
would concentrate at the connecting ﬁart of the bridge portion 1l4c
with the second band frame portion 14a and cause a breakage at this
part.

Since the connection part of the bridge portion is reinforced
as mentioned above in this embodiment, stress concentration at the
connection part is relieved. As a result, breaking at the connection
part is prevented when a tension is applied to the planar member.

If the radius of the arc along which the width of the bridge
portion increases is too small, the concentration of the stress at
the connection part is not relieved effectively. On the contrary, if
the radius of the arc is too large, the purpose of the outer areas
with apertures, that is to apply uniform tension to the entire area

'of the beam-selecting area 12, may not be performed.

In an example, the radiys of the arc was 6 mm, The size of
the fluorescent screen 4 was approximately 260 mm x 330 mm, the outer
dimension of the planar member was approximately 380 mm x 450 mm, the
beam-selecting area 12 of the planar member 11 was approximately 240

mn x 320 mm, and the width of the first and second band frame portion



according to a second enbodi nent of the piresent i%vention

6 Fig. 4 is a perspective view of' a shadow mask assenbly (col or
sel ecting el ectrode) according to the present invention; Fig. 5A
and 5B show an exanple of nmethod for increasing the wdth of the bridge
portion at the part connecting to the second band franme portion along an
arc |ine; Fig. 6 is a plan vleM/gf a planar nmember for a shadow
mask according to a third enbodi nent of the present invention;

Fig. 7 shows a partial section of a color cathode-ray tube that uses a
pl anar nenber for a shadow mask according to the present invention; and
Fig. 8 is algbanlds enddiridgel poradomaticenas A0 mnshadow nmask in the prior

art. The size and pitch of the apertures that are arranged in the
outer areas 13a, 13b and 13c are preferably selected so that the
outer areas 13a, -13b and 13c have the substantially same.or a
slightly larger tensile strength than the beam-selecting area 12. In
an example, the outer area 13a had a tensile strength substantially
the same as the beam-selecting area 12. The outer area 13b, 13c had
a tensile strength substantially the same as the beam-selecting area
12 in the area closer to the center vertical axis 15, and had a
larger tensile strength than the beam-selecting area 12 in the area
far from the vertical center axis 15.

More specifically, the beam-selecting area 12 and outer area
13a had a vertical aperture pitch of 0.29 mm, a horizontal aperture
pitch of 0.24 mm and an aperture size of 0.25 x 0.05 mm in the area
near to the vertical axis 15, while they had a vertical aperture

- pitch of 0.29 mm, a horizontal aperture pitch 0.25 mm and an aperture
size of 0.25 x 0.06 mm in the area far from the vertical axis 15.
The outer area 13b, 13c had a vertical aperture pitch of 0.29
~mm, a horizontal apefture pitch 0.24 mm and an aperture size of 0.2§
x 0.05 mm in the area closer to the vertical axis 15, while they had
a vertical aperture pitch of 0.29 mm, a horizontal aperture pitch
0.24 mm and an aperture size of 0.05 x 0.05 mm in the area far from

the vertical axis 15.

A concrete method for increasing the width of the bridge



Pﬁéferred enbodi nents of the present invention are explained below
(First Enbodi nent) Fig. 1 shows a planar nenber 11 for a shadow
mask according to a first enbodi nent of the present invention. The planar
menber 11 includes a beam sel ecting area 12 having a rectangul ar shape, a
first band frame portion 14b surrounding the beamselecting area 12, and a
second band frane portion 14a di sposed around and spaced fromthe first
band frame. The first band frame portion 10b and the second band franme
portion 14a are connected to each other via plural bridge portions 14c.
! portion along an arc at the connecting portion with the second band

frame portion is shown in Figs. 5A and 5B. As shown in Fig. 53,

small slots 20 are arranged in a predetermined pitch and pattern,

which are exaggefated in the figure. In order to increase the width

of the bridge portion 14c along the arc line 18, slots 20 in the

upper-right area with respect to the arc line 18 are filled up. Each

slot 20 on the arc line 18 is also filled up in the upper part of the

slot from the horizontal line at the intersection point of the

vertical center axis 19 of the slot 20 with the arc line 18. If the

remaining vertical dimension of the aperture after filling up the

upper part is less than 0.05 mm, the whole slot is filled up. Thus,

the width of the bridge portion 14c increases along the arc line as

shown in Fig. 5B, where the right side of the arc line 18 is the

bridge portion 1l4c.

Using the above-mentioned planar member 11 for a shadow mask,
the percentage of defective parts in the process in which the planar
member is welded to the frame member 7 under tension was 2%. On the
other hand, the percentage of defective parts was 15 % when using a

~ planar member whose bridge portion 14c conmects to the second band
frame portion 14a without increasing its width.

In the above-mentioned example, the radius of the arc 18 ﬁas
6 mm, but this value should be selected in accordance with the size

of the cathode-ray tube or other dimensions since the size of the

planar member and a tension to be added to the member depend on the



There are outer areas 13a, 13b and 13c defined by the.first and second
band frame portions 14b, 14a and bridge portions 14c. These outer areas
13a, 13b and 13c have a lot of small slots or apertures arranged at a
predeterm ned pitch and pattern simlarly to .the beamsel ecting area 12.
The slots or apertures in the beam selecting area are for the electron
beam to pass through, while the slots or apertures in the outer areas 13a,
13b, 13c are di sposed so that a uniform&tnsion can be applied to the
entire portion of the beamselecting area. Four sides of the
second band franme portion 14a of the above- nentioned planar nmenber 11 are
engaged by aitzeodf (thetcsthode-ray thlse. FTherarke aiwb,palomg whithwethd, wisitht bfit a
tension is applied to the entire portion of the planar nmenber 11. Then the
first band fthenBridger potionslfoSntiredsed, ackh bel sgylated twiehfotihee omrvesr (7
in Fig. 4). The outer portion of the welded portion, i.e., the outer areas

13a, 13b, IMeeridtitgeypahel eidthd6f ahe bPRigkeporeionaMk fmagnindrense on 1l4a

are cut off. Thus a shadow nask assenbly (i.e., a color selecting

el ectrode) lAnesrDBptaadi sSieskm Thimigtoor selecting electrode 17 is

The planar member 11 of Fig. 2 is different from that of Fig.

1 only in the shape of the connection part of the bridge portion 1l4c
with the second band frame portion 1;a. In other words, the corners
of the outer areas 13a, 13b and 13c adjacent to the second band frame
portion 14a have a rounded shape in Fig. 1, while they have a linear
cut shape in Fig. 2. The bridge portion l4c of the embodiment shown
in Fig. 2 also is reinforced at the comnecting part with the second
band frame portion 1l4a, since the width of the bridge portion 1l4c
increases gradually to connect with the second band frame portion
14a. Therefore, the embodiment of Fig. 2 has the advantage same as

the embodiment of Fig. 1.

(Second Embodiment)
Fig. 3 shows a planar member 11 for a shadow mask according
~ to a second embodiment of the present invention. This embodiment is
different from the first embodiment shown in Fig. 1 in that the
. second band frame portion 14a has an octagonal shape and the four
outer corner areas 13c have a substantially triangular shape. Other
portions and areas have the same shape as the first embodiment.

¥When the planar member 11 of this embodiment shown in Fig. 3



tjxed%%b the inner face of the glass panel 2 in the way sane as shown in
Fig 7. The outer areas 13a, 13b, 13c are necessary for applying a
uniformtension to the entire area of the beamselecting area 12 that is
to be a shadow mask 9 when the planar nenber 11 is pulled at four sides.
Thus, generation of winkles due to a tension inbalance is
8 suppressed in the beam sel ecting portjpn 12 (shadow mask 9).
In addition, the width of the bridge portion is increased along an arc
line to connect to the second band franme portion 14a. |If the connection
part of the bridge portion 14c was not reinforced as nentioned above,
i . e., wdth isf usés ithe dspmepeffictncdnt bedobtaiord andhesplenap manhaec3hows t he
second band frane portion 1l4a, stress would concentrate at the connecting
part of the iw Fige lpor In @ddition, the planar member 11 in Fig. 3 can relieve

{he concentration of a stress at the corner portion of the planar

member more effectively than the planar member shown in Fig. 1 when

the four sides of the planar member are pulled to the ocutside. As a

result, the planar member is reinforced at the four cormers. Thus,

the planar member shown in Fig. 3 is hard to break and applies a

uniform tension over the whole area of the beam-selecting area 12.

In this embodiment too, the width of the bridge portion 14c

is increased gradually along an arc to connect with the second band

frame portion 14a similarly to the first embodiment. The arc line

can be replaced with other similar curves or a straight line as shown

in Fig. 2

(Third Embodiment)

Fig. 6 shows a plan view of a planar member 11 for a shadow
mask according to a third embodiment of the present invention. This
embodiment is different from the first embodiment of Fig. 1 in that

~ the four corner portions have no apertures. In other words, the
planer member 11 of this embodiment has no outer corner area 13c with
a lot of apertures, which exists in the embodiment of Fig. 1. The
first and second band frame members 14b, 1l4a are connected by wide
bridge porticns 14c at the four corners. This embodiment, which has

no outer corner area with apertures, can provide the same effect as



wi th the second band frane portion l4a and cause a*ﬁreakagé’at this part.
Since the connection part of the bridge portion is reinforced as nentioned
above in this enbodi nent, stress concentration at the connection part is
relieved. As a result, breaking at the connection ."part is prevented when a
tension is applied to the planar nenber. ~ “If the radius of the arc
al ong which the wiwdth of the bridge portion increases is too small, the
concentration of the stress at the connettion part is not relieved
effectively. On the contrary, if' the radius of the arc is too | arge, the
purpose of the outer areas with apertures, that is to apply uniform
tensi on to tthe abavepertioaed mbodimdydsm sirlicectiieny gre:puter grepsnbia,bedb
per f or med. In an exanple, the radius of the arc was 6 nm The size
of the fl uovidhcapartscezem fowmsidepr oxi mately 260 mm x 330 nm the outer
di rensi on of the planar nenber was approximately 380 mm x 450 mm. the
beam sel ecti ng ar edotBowdr,t ke pllanar meebérrlllof wis sappvahinentt day ridgenm x
320 nm and the width of the first and second band franme portion

portions 14c whose connecting part with the second band frame portion

14a increases its width along an arc. In other words, the cormers of

the outer areas 13a, 13b adjacent to the second band frame portion

14a have arc shapes. As a result, stress concentration in the

corners of the outer areas 13a, 13b adjacent to the second band frame

portion 14a is relieved, so that breakage is prevented from occurring

in these corners. The shape of these corners is not limited to an

arc, but may be a similar curve or a straight line.

The second embodiment shown in Fig. 3 can be combined with

this embodiment. In the planar member 11 shown in Fig. 3, the

apertures in the four triangular outer cormer portions 13c may be

filled up. Then, the outer corner portions 13c may be replaced with

wide bridge portions 14c. In this case too, the effect similar to

that of the planar member 11 shown in Fig. 6 can be obtained.

As mentioned above, the planar member for a shadow mask and

the method for manufacturing a shadow mask using the planar member

according to the present invention can suppress the generation of

wrinkles at corners of the beam—selecting area with beam passing

apertures arranged at a predetermined pitch and pattern when the

planar member is pulled at four sides to be provided with tension and

is welded to the frame member. In addition, the stress concentration



9  14b, .14a%and bridge portion 14c was 10 nm The size and pitch
of the apertures that are arranged in the outer areas 13a, 13b and 13c are
preferably selected so that the outer areas 13a, 13b and 13c have the
substantially sane.or a slightly larger tensile strength than the
beant sel ecting area 12. In an exanple, the outer area 13a had a tensile
strength substantially the sane as the bggn}selecting area 12. The outer
area 13b, 13c had a tensile strength substantially the sane as the
beam sel ecting area 12 in the area closer to the center vertical axis 15,
and had a larger tensile strength than the beam selecting area 12 in the
area far f@éntheeopaeetingl parinoérthexbsidgs portion withvihe aperi (sasandy, the
beam sel ecting area 12 and outer area 13a had a vertical aperture pitch of
0.29 nm a fendzframal paptdonuise relieved so that a breakage is prevented from

occurring in this connecting part.

| The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The
embodiments disclosed in this application are to be considered in all
respects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims rather than by the
foregoing description, all changes that come within the meaning and
range of equivalency of the claims are intended to be embraced

therein.



pitch of 0.24 nmand an aperture size of 0.25 x 0.05 nm i i _
to the vertical axis 15, while they had a vertical aperture pitch of 0.29
nm a horizontal aperture pitch 0.25 nmmand an aperture

0.06 Mmin the area far fromthe vertical axis 15. mmﬂkum“mmmmm
13b, 13c had a vertical aperture pitch of 0.29 mm a horltoﬁtal apers ure
pitch 0.24 mm and an aperture size of 0.2 X 0.05 mMmin the area closer to
the vertical axis 15, while they had a tical aperture pitch of 0.29 mMm
a horizontal aperture pitch 0.24 nmand an aperture size of 0.05 x 0.05 mMm
in the area far from the vertical axis 15. A concrete nethod for

I ncreasi ng tQIAIMSdt h of the bridge

10 portion along an arc at the connecting portion with t he second band
frame portion is shown in Figs. 5A and 5B. As shown in Fig. 5A

1. A planar member for forming a shadow mask of a cathode-
ray tube, comprising:

a beam-selecting area having a plurality of'beam-passing
apertures arranged in a predetermined pitch and pattern;

a first band frame portion surrounding the beam-selecting
area;

a second band frame portion disposed around and spaced from
the first band frame portion;

a plurality of bridge portions bridging an outer rim of the
first band frame portion and an imner rim of the second band frame
portion at plural points, the connecting part of the bridge portion
with the second band ﬁrame portion being reinforced in such a way
that the width of the bridge portion increases gradually to connect
with the second band frame portion; and

a plurality of outer areas with plural apertures, defined by

the first and second band frame portions and two bridge portionms;
2. The planar member for a shadow mask according to claim
1, wherein the width of the bridge portion increases linearly to

connect with the second band frame portion.

3. The planar member for a shadow mask according to claim
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smal | slots 20 ar%e "arranged in a predeternined pitch and pattern, _which
are exaggerated in the figure. In order to increase the width of the

bridge portion 14c along the arc line 18, slots 20 in the 1uﬂmlmmmmuuﬂmﬁ
with respect to the arc line 18 are filled up. Each slot 20
line 18 is also filled up in the upper part of the slot frdmfhet ™ & *

horizontal |line at the intersection point the wvertical center axis 19
of the slot 20 with the arc line 18. If t remai ni ng vertical dinmension
of the aperture after filling up the upper part is less than 0.05 nm the

whole slot is filled up. Thus, the width of the bridge portion 1l4c
i ncreases allormhergdnathe width of thedRidge PPrEionsANCLAASLE IS AYRTCsTYe of
the arc line 18 is the bridge portion 14c. Usi ng t he
above- nent i cosnedt amth therbegondlbdnst fnamepeotigrask, the percentage of
defective parts in the process in which the planar nenber is welded to the
frame nmenber 7 under tension was 2% On the other hand, the percentage of
defective parts 'was 15 % when using a planar nmenber whose bridge portion
14c connects to thd.secPmrdpbamat mémbere foora sbaddw aask tansordingcteliady its
wi dt h.

1, wherein the first and second band frame portions have

substantially rectangular configuration, and substantially

rectangular outer corner areas with plural apertures are defined by

the second band frame portion and two bridge portionms.

5. The planar member for a shadow mask according to claim
1, wherein the first band frame portion has a substantially
rectangular configuration, the second band frame portion has a
substantially octagonal configuration, and substantially triangular
outer corner portions with plural apertures are defined by the second

band frame portion and two bridge portioms.

6. The planar membef for a shadow mask according to claim
_1, wherein the size of the plural apertures in the outer areas is
smaller in an area near to the second band frame portion than an area

near to the first band frame portion.

7. A method for manufacturing a shadow mask, comprising the
steps of:

preparing a planar member for a shadow mask, the planar



In the above- ment i oned exanple.—the—+adius of the arc 18 was -

cat hode-ray tube or ﬂmm“mu““:ﬂ‘ﬂﬂ since the size of the
and a tension to be er depend on'the

the cathode-ray tube. *Thé arc I|ne al ong which the width of

6_-' mm But
this val ue should be selected in accordance with the size of the
pl anar nenber
' si ze of

the brid

ge

portion 14c increases, can be repl aced mﬁh? ot her curves. Alternatively,

the width of the bridge portion 14c may i

rease linearly as shown in Fig.

2. The planar menber 11 of Fig. 2 is different fromthat of Fig.
1 only in the shape of the connection part of the bridge portion 14c

t he second hemberf daotudiogti on 14a. In other words, the corne

rs of the

outer areas 13a, 13b and 13c adjacent to the second band frane

a beam—selecting area having a plurality

of beam-

passing apertures arranged in a predetermined pitch and pattern,

a first band frame portion surrounding the beam-

selecting area,

a second band frame portion disposed around and

spaced from the first band frawe portion,

a plurality of bridge portions bridging an outer rim

of the first band frame portion and an inner rim of the second band

frame portion at plural points, the comnecting part of the bridge

W th

portion with the second band frame portion being reinforced in such a

way that the width of the bridge portion increases gradually to

connect with the second band frame portion, and

a plurality of outer areas with plural apertures,

defined by the first and second band frame portions and two bridge

portions;

applying a tension to the planar member by pulling the four

sides of the planar member outward;

welding the first band frame portion of the planar member to

a metal frame member; and

removing the outer part of the planar member around the

welded portion.

8. The method according to claim 7, wherein the width of



portion'14a have- é'roun&éd shape in Fig. 1, while they have a linear cut
shape in Fig. 2.. The bridge portion 14c of the enbodiment—showr—tn—Fg. 2

also is reinforced at the connecting part with the se
portion 14a, since the width of the bridge portion 143 ﬂ”ﬂﬂ&iﬂwaﬂﬁﬁﬁﬂually
to connect with the second band frame portion 14a. There
embodi nent of Fig. 2 has the advantage sane as the enbodi nent of Fig. 1.
(Second Enbodi nent) Fig. 3 shows 8 planar nenber 11 for a shadow
mask according to a second enbodi nent of the present invention. This
enbodinent is different fromthe first enbodi nent shown in Fig. 1 in that
the second bandridgerpopbidn dncdetsebakingar by ttagooaiecthupeh dhe sevend dand
outer corner areas 13c have a substantially triangular shape. O her
portions andfeameapohtiom.t he sane shape as the first enbodi nent.
When the planar nmenber 11 of this enbodi nent shown in Fig. 3

9. The method according to claim 7, wherein the width of

the bridge portion increases along an arc to connect with the second

band frame portion.

10. The method according to claim 7, wherein the first and
second band frame portions have a substantially rectangular
configuration, and substantially rectangular outer cormer portions
with plural apertures are defined by the second band frame portion

and two bridge portions.

11. = The method according to claim 7, wherein the first band
frame portion has a substantially rectangular configuration, the
second band frame portion has a substantially octagonal
configuration, and substantially triangular outer corner portions
with plural apértures are defined by the second band frame portion

~and two bridge portions.

12. The method according to claim 7, wherein the size of
the plural apertures in the outer areas is smaller in an area near to

the second band frame portion than an area near to the first band

frame portion.



12 I's used, the sanme effect can be obtained as the planar menber shﬁMn &
i'mn Fig. 1. In addit+en—theplamar menber 11 in Fig. 3 can relieve the

concentration of a st ner portion of the planar nenber nore
effectively than thgj am ﬂmlhown in Fig. 1 when the four sides of
t he pl anar nenber ar'e] & outside. As a result, the planar
menber is reinforced at the four corners._ Jhus, the planar nenber shown in
Fig. 3is hard to break and applies a unfform tensi on over the whol e area
of the beamsel ecting area 12. In this enbodi nent too, the width
of the bridge portion 14c is increased gradually along an arc to connect
with the second band franme portion 14a simlarly to the first enbodi nent.
The arc line can be replaced with other simlar curves or a straight l|ine
as shown in Fig. 23. A gatlioddf@nmadifi@cturing a cathode-ray tube, '
comprising the steps of:
preparing a planar member for a shadow mask, the. planar
member including,
a beam-selecting area having a plurality of beam-
passing apertures arranged in a predetermined pitch and pattern,
a first band frame portion surrounding the beam-
selecting area,
a second band frame portion disposed around and
spaced from the first band frame portion,
a plurality of bridge portions bridging an outer rim
of the first band frame portion and an imnner rim of the second band
frame portion at plural points, the connecting part of the bridge
portion with the second band frame portion being reinforced in such a
way that the width of the bridge portion increases gradually to
cormect with the second band frame portion, and
a plurality of outer areas with plural apertures,
defined by the first and second band frame portions and two bridge
portions;
applying a tension to the planar member by pulling the four

sides of the planar member outward;

welding the first band frame portion of the planar member to

a metal frame member;



Fig. 6 shows a plan view of & planar menber 11 for a shadow _mask according—
to a third enbodi nent of the present invention. This enbodinment is

different fromthe first enbodiment of Fig. 1 in that thenﬂmn“ﬂﬂﬁm“ullu““‘
porti ons have no apertures. In other words, the planer ne ] L
embodi nent has no. outer corner area 13c with a lot of apertures, which
exists in the enbodinent of Fig. 1. The fjtst and second band frane

menbers 14b, 14a are connected by wi de briTdge portions 14c at the four
corners. Thi s enbodi nment, which has no outer corner area with apertures,

can provide the sanme effect as
13 * the above- nentriespeinge the diuwtentpartspficthet planarapenher: apoundetl2e 133, 13b

wi th apertures on four sides. Mor eover, the planar nmenber 11 of
t hi s enbodi meldedqortionige obtain the shadow mask; and

attaching the shadow mask inside a glass panel of a cathode-

ray tube.



portlons 1l4c whose connecting part with the second band frame portlon 14a .
increases its width along an arc. In other words, the corners of the outer
areas 13a, 13b adjacent to the second band frame portion 14a have arc..
shapes. As a result, stress concentration in the corners of the outer .-
areas 13a, 13b adjacent to the second band franme portion 14a is relieved,
so that breakage is prevented fromoccurring in these corners. The shape
of these corners is not linmted to an ak, but nay be a simlar curve or a
straight Iine. The second enbodi nent shown in Fig. 3 can be

conmbined with ' P I a n3ﬂ¥ 1 39 3
the apertures é%‘g our . &{Uz?n srﬂ!Ip‘ar %eg éorne l%o%tllzﬁs crhn‘\gy be
filled up. Then, the ouﬂ@?“]d¥¥ﬁﬁk Qnﬁ

aced with wde
bridge portions 14c. In this case too the effect simlar to that of the

pl anar nenber 11 shown in Fig. 6 can Rﬁ%fgﬁ ned. As nmentioned
above, the planar nenber for a shadow nd the nmethod for
manuf acturi ng a shadow mask usi ng the planar nenber according to the
present invention can suppress the generation of wri nkl es at corners of
t he beam sel ecting area wi th beam passi ng

planar member (11) for a shadow mask is provided, which is

o) =

hard to generate wrinkles in or break when being pulled at four sides
to apply a tension to a beam-selecting area (12) with beam-passing
apertures. The planar member (11) comprlses the beam-selecting area
(12), a first band frame portion (14b) surrounding the beam—selectlng
area (12), a second band frame portion (14a) disposed around and
spaced from the first band frame (14b), a plurality of bridge
portions (14c) bridging the first and second band frame portions
(14b, 14a) at plural points, and a plurality of outer areas (13a,
13b, 13c) with plural apertures, defined by the first and second band
frame portions (14b, 14a) and two bridge portions (14c). The
connecting part of the bridge portion 14c with the second band frame
portion (14@) is reinforced in such a way that the width of the

bridge portion (l4c) increases gradually to comnect with the second

band frame portion (i4a).

Figure 1



apertures arranged at a prédeterfd ned pitch and pattern when the pl anar
menber is pulled at four sidés to be provided with tension and s wel ded
to the frane nenber. In addition, the stress concentration

14 at the connecting part of the bridge portion with the outer (second)
band frame portion is relieved so that a breakage is prevented from
occurring in this connecting part. The i nvention nmay be enbodi ed
in other specific fornms wthout departipg fromthe spirit or essenti al
characteristics thereof. The enbodinents disclosed in this application are
to be considered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended clains rather than
by the foregoing description, all changes that conme within the neani ng and
range of equivalency of the clains are intended to be enbraced
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t her ei n. 15 CLAI M5

1. A pl anar nenber for form ng a shadow mask of a cat hode- ray tube,
conpri si ng: a beam sel.ecting area having a plurality of

beam passi ng apertures arranged in a predeterm ned pitch and pattern:

a first band frame portion surroundi ng the beam sel ecting ar ea;

a second band frane portion di sposed around and spaced from the first
band frame portion; a pIuraIii% of bridge portions bridging an
outer rimof the first band frame portion and an inner rimof the second
band frane portion at plural points: and

l4c
q
y
f

14c
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a plurality of outer areas with plural apertures, defined by the first
and second band frame portions and two bridge portions, wherein a
tensile strength of the outer areas'with plural apertures in direction in
whi ch the planar nenber for formng: a shadow mask is pulled is increased
gradually fromthe vicinity of the first band frame portion to the vicinity
of the second band frane portion in such a way that the wdth of the
bridge portion increases gradually to gggntect with the second band franme

portion. 2. The planar nenber for a shadow nmask according to
claim 1. wherein the width of the bridge portion increases linearly to
connect with the second band frane portion. 3. The pl anar

menber for a shadow nmask according to claim
16 1. wherein the width of the bridge portion increases along an arc to
connect with the second band frane portion.
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4. The pl anar menber for a shadow mask according to claim 1, wherein the
first and second band frame portions have substantially rectangul ar
configuration, and substantially rectangular outer corner areas with
plural apertures are defined by the second band franme portion and two

bri dge portions. 5. The pl anar nenber for a shadow mask
according to claim 1, wherein the first band frame portion has a
substantially rectangular configurationgsghe second band frame portion has
a substantially octagonal configuration, and substantially triangul ar
outer corner portions with plural apertures are defined by the second band
frame portion and two bridge portions. 6. The pl anar nenber
for a shadow mask according to claim 1, wherein the size of the plural
apertures in the outer areas is smaller in an area near to the second
band frame portion than an area near to the first band frane portion.

FIG. 4




7. A nmethod for manufacturing a shadow fiask, c®nprising the steps of:
preparing a planar nenber for a shadow mask, -t he pl anar

17 menber i ncl udi ng, a beamsel ecting area having a
plurality of beam passing apertures arranged in a predeterm ned pitch and

pattern, a first band franme portion surrounding the beam
sel ecting area, a second band frane portion di sposed
around and spaced fromthe first band f$&%e portion, a

plurality of bridge portions bridging an outer rim of tEf first band frane
portion and an inner rimof the sgcon banq# ij,1
] L 20

-l

18
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ﬁféne portion at plural points, the connecting part of the bridge portion
wth the second band frane portion being reinforced in such a way that the
wi dth of the bridge portion increases gradually to connect with the second

band franme portion, and a plurality of outer areas with
plural apertures, defined by the first and second band frame portions and
two bridge portions; applying a tension to the planar nenber by
pulling the four sides of the planar ngy@er out war d; wel di ng t he
first band frame portion of the planar nenber to a netal frame nenber;
and renoving the outer part of the planar nmenber around the

wel ded portion. 8. The nethod according to claim7, wherein

the wi dth of

1
Vd
+~14a

- )
L —— Q| . —
S - -
é—"_ == \L §
p— r_'—..::.i —:-
C
e || o o S ©
& . ) ]
| O
. L S~
o L-s
<3 1 -—
-—
§ "
1 et




18 the bridge portion increaseé_linearry?to colanect with the second band

frame portion. 9. The nmethod according to claim7, wherein the
width of the bridge portion increases along an arc to connect with the
second band frame portion. 10. The nethod according to claim

7, wherein the first and second band franme portions have a substantially
rectangul ar configuration, and substantially rectangul ar outer corner
portions wth plural apertures are deffppgd by the second band frane
portion and two bridge portions. 11. The nethod according to
claim7, wherein the first band frane portion has a substantially
rectangul ar configuration, the :

10




o

sesond band frame portion has a substantially octagonal configuration, and
substantially triangular outer corner portions wth plural apertures are
defined by the second band frane portion and two bridge portions.

12. The met hod according to claim7, wherein the size of the plural

apertures in the outer areas is snmaller in an area near to the second band
frame portion than an area near to the first band

frame portion.
19 13. A nethod for nmanufa 9§ring a cat hode-ray tube,
conprising the steps of: preparing a planar nenber for a shadow

mask, the planar

X~ o
N
\ A
N =
\ -
(ap) (4]
d ad

FlG. 8
(PRIOR ART)

s e e e

b oms e an —

o wmn amm e — -
e




menber i ncl udi ng, a beam sel ecting area having a plurality
of beam passing apertures arranged in a predeterm ned pitch and pattern,
a first band franme portion surrounding the beam selecting area,

a second band franme portion disposed around and spaced fromthe first band
frame portion, a plurality of bridge portions bridging an
outer rim of the first band frane portion and an |n ond
band frane portion at plural points, tiy% connecting
portion with the second band frame portion being reinforee nnsuc
that the wdth of the bridge portion increases gradually to connect mnth
the second band frame portion, and a plurality of outer
areaS\MtipﬁﬁQ#%u apertures, defined by the first and second band frane
portions and two bridge portions; applying a tension to the

pl anar menber by pulling the four sides of the planar nenber outward;

1. A planar member for forming a shadow.mask of a cathode-
ray tube, comprising:

a beam-selecting area having a plurality of beam-passing
apertures arranged in a predetermined pitch and pattern;

a first band frame portion surrounding the beam-selecting

area,

a second band frame portion disposed around and spaced from

the first band frame portion;
a plurality of bridge portions bridging an outer rim of the

first band frame portion and an immer rim of the second band frame

portion at plural points; and

a plurality of outer areas with plural apertures, defined by

the first and second band frame portions and two bridge portionms,

wherein the outer areas with plural apertures are reinforced gradually in

directions in which the planar member for forming a shadow mask is pulled.

2. The planar member for a shadow mask according to claim
1, wherein the width of the bridge portion increases linearly to

connect with the second band frame portion.

3. The planar member for a shadow mask according to claim
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wel ding the first band frame portion of the planar nenber to a netal

frame menber;

-renmoving the outer part of the planar nmenber around the ded

0r tj
SF;?snp;Pr; Sg?dgwcg??\lé);de?ndray t ube. attaching the S|mmmﬂﬂ ||iH1“le

on

* N

15
CLAIMS
1. A planar member for forming a shadow.mask of a cathode-

ray tube, comprising:

a beam-selecting area having a plurality of beam—passing
apertures arranged in a predetermined pitch aﬂd pattern;

a first band frame portion surrounding the beam-selecting
area;

a second band frame portion disposed around and spaced from
the first band frame portion;

a plurality of bridge portions bridging an outer rim of the
first band frame portion and an inﬂer rim of the second band frame

portion at plural points: and

a plurality of outer areas with plural apertures, defined by

the first and second band frame portions and two bridge portions,

wheréin a tensile strength of the outer areas with plural apertures in direction

in which the planar member for forming a shadow mask is pulled is increased

gradually from the vicinity of the first band frame portion to the vicinity of the second

band frame portion in such a way that the width of the bridge portion increases

gradually to connect with the second band frame portion,

2.  The planar member for a shadow mask according to claim
1, wherein the width of the bridge portion increases linearly to

connect with the second band frame portion.

3. The planar member for a shadow mask according to claim
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