1 CCOLOR DI SCRI M NATI ON MASK FOR7ELOR Pl CTURE TUBE 5
BACKGROUND OF THE | NVENTI ON : The present invention relates to a
col or di scrimnation mask for a color picture tube, which can be

used for any type of color picture tube, e.g. a shadow mask tube or an
aperture grille tube, in color televidion 10 and conput er col or displays.
In color picture tubes for color television and conput er col or

di spl ays, a nmask for color selection is used so that el ectron beans
are applied to predeterm ned phosphors. As the color selection mask, a
shadow mask 15 forned froma netal sheet provided mﬁth a | arge nunber of
smal | hol es or erture grille provided with a larg nunber of slits
i s used. Conput er 1OR DISSIRIPE NATROAD MASK FORC&DprpPéQTUBEt dFBEnN th a
smal | pitch that is capable of di spl ayi ng i mages of high resol ution.

20 When a color picture tube is used continuously for a | ong

period of gtinme, ‘a col or di scrgghREkbGGD "GP ke BvENTIoN Shadow mask or an
aperture grille, is heated because accel erated el ectrons collide

against it, and di sThetpfiebynt invéheionml reXpbesitm.a Wokormy cause the
el ectron beans to be 25 raduaII% di spl aced rel ative to the phosphor
screen, disgrinipatioBoneskskprtaj goloe RiFHIERl twkge which can be

Under these C‘#ég&gg&??gﬂiett herﬁghﬁé}g‘geﬂlg{&%‘)s&%g e. g:tegh&waue of

preventing co
mask tube or an aperture grille tube, in color television

10 and computer color displays. )

In color picture tubes for color television and
computer color displays, a mask for colbr selection is
used so thét electron beams are applied to predetermined
phosphors. As the color-selection mask, a shadow mask

15 formed from a metal sheet provided with a large number of
small holes or an aperture grille provided with a large
number of slits is used. Computer color displays demand a
color picture tube with a small pitch that is capable of
displaying images of high resolution. '

20 When a color picture tube is used continuously for a
long period of time, a color discrimination mask, e.g. a
shadow mask or an aperture giille, is heated because
accelerated electrons collide against it, and distorted by
thermal expansion. This may cause the electron beams to be

25 gradually displaced relative to the phosphor screen, '
resulting in color shift in the colored image..

Under these circumstances, there has been proposed a

technique of preventing color shift due to thermal
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2 expansi on by using a nickel-iron alloy having a | ow -
coefficient of thermal expansion, e.g. Invar, as a material for a
color discrimnation mask in place of the conventional | ow- carbon
steel sheet or the like. 5 However, Invar and other simlar alloys
suffer from the problemthat it i2s difficult to formfine apertures in
the sheets of these alloys in conparison to the carbon st eel sheets.

As ‘shown in Fj Whi |.S:8.SeCLE Y sAapert portion of
a col or disch%Pﬁéfﬁgﬁ %gskglgﬁegcgkggéi stﬁﬁ%%%éﬁ%éék%@ﬁ %Bg ﬁl is, in
general, etchedeffdoibathof therned etkRparsiohp &ogMm Invaw) lasparture 4 on
the el ectron beam entrance side 2 of the color discrimnation mask 1
and a | arge aPetegialsfer eheodpreddscrinénationimeskoinrpiace of the

di scrim nation nmask,1. The.di anmeter of an.aperture throu whi ch

el sct r on heanEoRReEtiEnad, sPHTREEDER SFePh: Bheet: $orohe Theas e smal 1 and
l'arge apergures 4 afjigwever, Invar ah8 étReflSIhIChPrHICESPs AL RERCEEdS
not only in the depth direction but also in the horizontal direction
20 at the satketprmeblemhéhatode, isf déffbcalti o efdantEthelempertures in
apertures al so becone large in size in the horizontal direction,

resul ting in &pereheessopI| fhgeedpbhpysrin comparison |§o e 1 cREROBS
excessively I§£ggldg§§EE§r are formed, a correspondingly |arge anount
of nmetal is renpved romthe base material. Consequently, the strength

of the col or dascshdwhaihopigask, rell€esisindesddidngl view of anWth
the upsizing of the display screens of col or pi cture tubes, color
di scri m A& i oapertusehportavsoofegoaelor discrimination mask, the color
discrimination mask 1 is, in geheral, etched from both
sides thereof to form a small aperture 4 on the electron
beam entrance side 2 of the color discrimination mask 1
and a large aperture 5 on the obverse side 3 of the color
15 discrimination mask 1. The diameter of an aperture through
which glectron beams pass is determined at an intersection
6 of the small and large apertures 4 and 5.
In the etching process, etcﬁing proceeds not only in
the depth direction but also in the horizontal direction
20 at thg same time. Therefore, if etching is effected deep,
apertures also become large in size in the horizontal
direction, resulting in apertures of large diameter.
If apertures of excessively large diameter are
formed, a correspoﬁdingly large amount of metal is removed
25 from the base material. Consequently, the strength of the
color discrimination mask reduces undesirably. '
With the upsizing of the display screens of color

. picture tubes, color discrimination masks have also become



3 | arge in size. Furthernore, television and conputer di spl ays are
now manufactured on a.worl dw de scal e. Therefore, color picture tubes
and conponents thereof are transported over great distances on a

gl obal scale. In 5 long-haul transport of |arge-sized color picture tubes,
there is an increasing possibility that they will be vi brated or
receive a large inpact by falling or other .accident during transport.

Accordi ngly, I :deman r : 'dﬁa% deal with
vi brations an%ggﬁe %é ?%%gét %f%%e%ﬁ%érrp%eﬁr&eél&fﬁ?g@ngy re(;ée%ve during
transport. displaysl| areheowamenofaataredt chea wolbdwillecscaleati on
menber, which is held by a_frame |ike an aperture grille, because it is
stretched frofPeKeiogper caAQr| BPhEtuspdbabes and crpongnts (HrexePbrapecture

tube receives,a_large, . | npact. . .t | or _discrimnaty on er..may be
Vibrated - thapBpAEFed; ovhY, BErakedRoFRneta R g TR FefBe e

di scrim nag i omofgRRgh1berRAsEeker Bedlakgueyeredi Folde FRSure t@hed, cOl OF
di scrimnation méenber that is pressed in 20 conformty to the curved
surface confi gheaei ds ah tithereasingl pospilbilibyt tibet | they avhhadoey mask

when the col or | picture tube receives a Iarge iggactﬂ a(ggrt of the
curved sWibgatednornhrecerver aotarte PRt dP¥cFaiiing ioh oER®E!

may be defor I o] y =5l z r. p3i.ct 5.t ube ]
o o al opl oy REciAERECHEEIRGY £xpREHEEEL 2 Hod dinddf{ EHELE® i o ot
col or picturefbubmenbogessibl BeedBaised to deahowricts eeibrh Lon®f adir y|t ure

and a col or picture tube having a flat surface are likelier to get
damaged. 10 impact which color picture tubes may receive dqring
transport. |
In the case of a stretched color discrimination
member, which is held by a frame like an aperture grille,
because it is stretched from the upper and lower sides
15 thereof, when the color picture tube receives a large
impact, the color discrimination member may be vibrated,
but there is a very weak possibility of the color
discrimination member being deformed. However, in the case
of a color discrimination~member that is pressed in
20 confo;mity to the curved surface configuration of the
color picture tube like a shadow mask, when the color
picture tube receives a large impact, a part of the curved
surface in the center of the color discrimination member
may be deforméd irrecoverably. Large~-sized color picture
25 tubes with large display screens have a better chance of
- getting damaged. A color picture tube whose surface has an
increased radius of curvature and a color picture tube

having a flat surface are likelier to get damaged.



4 When the dianmeter of the | arge apertures increases,

nei ghboring apertures may join each other undesirably. Therefore, it
is difficult to reduce the pitch between the apertures. Accordingly,
it has been difficult to obtain a 5 color discrimnation mask having a -
sufficiently small aperture pitch to provide fine display.

Meanwhi l e, it has been known that the smaller the - grain size of a

mat eri al used, the t her t yre I ter
et chi ng; therefore,ﬁgﬁgrgﬁﬁiPﬁ%m%gggeHﬁotﬁﬁdég¥§éda§g%%g?§%nP§§9§FS% fon
beans passi ngneighboriowgapeituaieer mayeyoiandabhneeharcahdesiehptii.on mask
of hi gh gyalit i s obtained. However, if the grain.size IS

reduced, the PQMQﬁérﬁatétré@u@éileﬁéﬁeF9r€?d§CFo het PiEch betpeenethed

f hi [ ' b | al f f | . .
Fur ther mor e, GPEL RS ApePtaradtEarhbties Degh FHEREIHRI 7 wptatfct ng

the grain sizeo1bieser8minhtion maiki HRQIAGLhesheroBiahP19 SAL®L .
sel ection mask havi ng excel  ent charactéristics. There is
al so known a sipedtdurenpi tichr fred prpvigenfiae2@ispiakel -iron all oy in which
trace conponents of the material and the surface cleanness are

adj.usted or the Meppyhallep| dkehapi Baent keawnsthaf uthedsmal kespbhefic
direction. Ho %ﬁ%’s&%sh§§ e&SE%%QEﬁ SSHé{?ggéééggghég thﬁnagg%gé?egf t he

shadow mask having satistractory character

present invenwadn isirfaceseyedbme aftéegedBingh ehedesplay €harackeristics
due to degradation of the aperture configuration in a col or

di scrim nel i oRe no wadesiked shdiatdmnegfanieohranckeansrpasaingy and to

through the'apertures, and hence a color selection mask of
high quality is obtained. However, if the grain size is
reduced, the etching rate reduces. Therefore, a long time
is needed for etching in comparison to the base material
15 of soft steel. Furthermore, truly round apertures cannot
be formed only by reducing the grain size. Therefore, it
is impossible to obtain a color selection mask having
excellent characteristics.
There is also known a shadow mask formed by using a
20 nickelfirdn alioy in which trace components of the
material and the surface cleanness are adjusted or the
crystal plane orientation is adjusted to a specific
direction. However, it has heretofore been impossible to
obtain a shadow mask having satisfactory characteristics.
25 - An object of the present invention is to prevent
degradation of display characteristics due to degradation
of the aperture configuration in a color discrimination

mask made of a low-expansion nickel-iron alloy and to



5 elimnate difficulties in achieving a fine pitch, such as - a

reduction in strength:resulting froman increase in di aneter of the

| arge apertures and undesired joining of nei ghbori ng apertures. 5
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a sectional view of
an aperture portion of a col or dbscrimnation nask. Fig. 2
Is a diagramillustrating a nethod of 10 neasuring the maxi mumgrain

di aneter. - . PP . L@g%%g T NVENT | h h The
pr esent inven?%%ﬁl%?gei8é§féc3%F6?§ |2%§Yﬁyﬁd%ion n&%tt?o? %p%oI%?
picture tube.aThedget@én ih sHreffth PESUDEIAGSKrim AWrimeréaos fn

ni ckel -iron all oy steel sheet nade of a nickel-iron alloy containing
34%to 38di.bpeterghf thenilakge. apasturefednd repdesingd Hielning 0 H

si ze nunber of npoi, less than %0. The grain dianeter in a . Cross-section
in a directi oR®pENPBRYPEUPRPTFB BRe rolling 20 direction is not |arger
than 50 [gyr]m The average grain dianeter in the elongation direction
is not |arger than 30 [err]m The nickel-iron alloy steel sheet is
provided with apert ur eBRDEFeDESCRIPTEONQOR THE tBRAWINGS/i ded on the

nickel -iron alloy steel sheet. 25 , ,
Fig. 1 is a sectional view of an aperture portion of

a color discrimination mask.
Fig. 2 is a diagram illustrating a method of

10 measuring the maximum grain diameter.

SUMMARY OF THE INVENTION
The present invention provides a color
discrimination mask for a color picture tube. The color
15 discrimination mask is formed from a nickel-iron alloy
steel sheet made of a nickel-iron-alloy containing 34% to
38% by weight of nickel. The nickel-iron alloy has a grain
size number of not less than 10. The grain diameter in a
cross-section in a direction perpendicular to the rolling
20 direction is not larger than 50 pym. The average grain
“diameter in the elongation direction is not larger than
30 pm. The nickel-iron alloy steel sheet is provided with
apertures by etching using a pattern provided on the
nickel-iron alloy steel sheet. '
25
DESCRIPTION OF THE PREFERRED EMBODIMENT .
According to the present invention, a color

discrimination mask is formed by using a nickel-iron alloy



DESCRI PTI ON OF THE PREFERRED EMBODI MENT According to the present

I nvention, a color . discrimnation mask is forned by using a

ni ckel -iron all oy 6 whi ch has a
smal | grain size and in which the grain diameter in a cross-section
cut in a direction perpendi cul ar o the material rolling direction is
not | arger than 50 [err]m The use of such a nickel-iron alloy 5
maKes it possyikeht Ra8bhakRad1Ccgraindissei Shdaih Ophi@Skthe grathch has a
| ow coefficient of thermal expansion and is superior in the .

confi gur ati onddamepert ines. ckbesosectiohecut indk adverectidnt he | arge
apertures provided qQn the obverse side of.the sk is snall, and the
aperture pitcHngeﬁglFE BEeg9 Eﬁ@dWEFﬁﬁ}ﬁf ¥ﬂL1%Rﬂc§E%ﬁ§ﬁﬁ9Qﬁ*ﬁu?%E mask
enabl es hi gh- LAkt | digpl.ay t r rﬁﬁ?ﬂ {ckel-i r -
specifically, g?&é%r gggﬁt ES|6n ent i%}\@ﬁls a({sf; on @ nltchee filrfgé?lng{ltlﬁa}(t when
subj ected 3 0 makbsndt poseiiblel 80 obtairnavedlowtdisetinidaytion maskenl y
along the grain, 15 boundaries. Therefore, even in the case of a netallic
mat eri al _havi Wgighshas| aglawncepficient spfethprmal e¥ransionar@nts when

the |l arge graj ce_reno b tchi h e -confiquration of
t he apertur gssﬁéagéggsf& ‘éﬁg Fﬁg?lgufgg%%ré (gFa %e%%%ﬁ'ri g&g{r.e?%er, . 1_:(1)1e I n
the col or disgihmbbali 88 FReEK18£§6" 8p8Bthfes NSrovided'&F e idhPEdON, the
grain size nunber neasured by theée grain size measuring nethod defined
by ASTM E112 §id& of th&0m&sk is pmall; awhg tie Apestudarpiltdch nios e

pref erabl y not less than 11. If the grain size nynber, is small, truly

25 round Hher FafBSedanfECHed iy ndde color dléchWénﬁtiQnoﬂaﬁﬁé grains is
g; gf g;:ggt ?Oér\}éﬁilggrhiBﬁDdefin?.QiLﬁr&:l%lé{f & BIpdAEHed han 50 [err]m
More specifically, the present invention is based on
the finding that when subjected to etching, a metal is
removed not uniformly buf unevenly along the grain

15 Dboundaries. Therefore, even in the case of a metallic
material having a small grain size, if large grains are
present, when the large grains are removed by etching, the
surface configuration of the apertures degrades along the
large grain boundaries.

20 In the color discrimination mask according to the
present invention, the grain size number measured by the
grain size measuring method defined by ASTM E112 (JIS
G0551) is preferably not less than iO, more preferably not
less than 11. If the grain size number is small, truly

25 rouhd apertures cannot be obtained.

The size of the grains is preferably not larger than

50 ym. If grains larger than 50 um are present, even if

the grain size number is 10 or more, the surface



the grain size nunber is 10 or nore, the surface

7 configuration of the apertures degrades, and the roundness al so
degr ades. - The average grain dianeter in the elongation

direction is preferably not larger than 30 [err]m If there is 5

ani sotropy in the size of the grains,7etching proceeds preferentially
in the uniaxial direction. Because the material for a shadow mask is
produced by r | the [ n | e

i rectons  SonbEfuttion of 08 RALHLR Fruiaded YIS Tddhangsg, g
10 - proceeds prebesemtaddsy in the elongation direction. Consequent |y,
etching proceeds at a higher rate in the directions perpendicular to

t he sheet thicknessThéaaverage grdicmn dliagedtienn iof thee elmggattilinckness,
resulting in ., ungdesirabl nl arged | arge apertures,. 15 The |,
above- descr i b EOLHRMeSS ?%eﬁﬁé%lrglﬁerbow f?lrg r than 3ff dmapdfc fhese 15 the
case of slgt-ghpp r{qr TrUryl -s‘%%g;ﬁgsap@(_ré I ,Itotbaﬁéd' earity
of apert ur5es %%ﬂg %# @?%hsllnzg c%n tcf)}gei roved, ag‘g.rlf‘gf pl S a so§possi bl e
to reduce thepseferait bdEl ¥ Uiesti®rumihoial hdixduteicre, sBdeausdd the the
mask. Therefore, it is possible to obtain a color di scrim nati on mask

for high-defimaEenhali Eor 58 shadew dgrask i iprodured Wnesadidd g ddged at a
Sl 1P, anins aza A SrFoPte SYSTILER YA ity bet, belon by
sheet contai NhdgESRYed1ar to VEAONMh&t Ntici@ine ¥ CRCLBEAANGN §, NetichSn
nunber of 11 ‘as nmeasured by the grain size neasuring nethod deflneg by
10 proceeds preferentially in the elongation direction.
Consequently, etching proceeds at a higher rate in the
directions perpendicular to the sheet thickness than in
the direction of the sheet thickness, resulting in
undesirably enlarged large apertures.
15 The above-described roundness is concerned with
circular apertures. In the case of slit-shaped apertures
or sldt-shaped apertures, the linearity of apertures
formed by etching can be improved, and it is also possible
to reduce the size of apertures formed on the obverse side
20 of the mask. Therefore, it is possible to obtain a color
discrimination mask for high-definition display in which
fine aperturés are arranged at a small pitch.
The present invention will be described below by way
of examples.
25 Example 1:
A nickel-iron alloy steel sheet containing 36% by
weight of nickel, which had a grain size number of 11 as

measured by the grain size measuring method defined by



8 ASTM E112 (JI'S G0551) and a thickness of 0.12 mm was coat ed at
both sides thereof with a water-sol uble casein resist. After drying,
the resists on the two sides of the sheet stock were patterned by
using a pair of glass 5 dryplates having predeterm ned patterns drawn

t hereon, respectively. 8 Next, exposure, hardening and baki ng
processes were carried out. Thereafter, the patterned resist surfaces

were sprayed ki ﬁl??rﬁbiscabgégf 3@? i]:ﬂgcﬁﬁdéé'gof émlzt e&é‘éure of

60[err] C and a specific gravit Baune gree of heavy
| iquid) as ancehtbdnstldehd81HbBethereofSW£thfaOﬁitqr-éalubleeéabeﬁm was
carried out froma side of the sheet stock where small apertures were

to be formed.resist. AfA%tezpr@mr&mﬂaj rafull 9t 58y thilee $wea @ istesh oforbhed,

the 15 side o% E Ehe t stock gé %& with.the snall a er#ures was
covered with 3n®Eti B-PESi WPARt PRESPRD | 4Ping g Pt of GlagTin or

ul traviol & - cariypUatesi Ha@h@rpﬁédeﬁérﬁ\ﬂ%dtﬂ?&tterne‘} N dwiPERd tESS, Wer e
filled with the acid-resistant resin erial. Subsequently, etching.

was simlarl yreapectilvelly.20 from a side of the sheet stock where |arge

apertures were to be fornmed, thereby, formrmbéarge apertures such that
they joined the ass%%¥51eﬁxEﬂ§P¥eap@@?@@%%ngﬁﬂQ) king REQGREFES ST es.

Ther eaf ter. tpg,Leshnofpterial AELAke the pd@3alod i LAMBySG D an

al kal i ne aqueous so ron t sk h aving cireul -
apertures. were s ra 88 ﬁb@hastﬁérﬁiec:éhp&ria@ STRUOVo B 1k Sa obt ai ned

were eval uated by t O||OMAn eval uation nethod. The

10 temperature of 60 C and a specific gravity of 4§° Beh
(Baume degree of heavy liquid) as an etching liquid. More
specifically, first, etching was carried out from a side
of the sheet stock where small apertures were to be formed.
After predetermined small apertures had been formed, the

15 side of the sheet stock provided with the small apertures
was covered with an acid-resistant resin material, e.g. a
paraffin or ultraviolet-curing resin material, so that the
small apertures were filled with the acid-resistant resin
material. Subsequently, etching was similarly carried out

20 from a_side of the sheet stock where large apertures were
to be formed, thereby forming large apertures such that
they joined the associated small apertures to ferm
through-apertures. Thereafter, the resin material and the
resist were removed with an alkaline aqueous solution to

25 obtain a shadow mask having circular apertures.

The characteristics of the shadow mask thus obtained

were evaluated by the following evaluation method. The

results of the evaluation are shown in Table 1 below.



results of the evaluation are shown in Table 1 bel ow :

9 Exanpl e 2: : A nickel-iron alloy steel sheet was etched in

t he same way as in Exanple 1 except that the nickel-iron alloy

used in this exanple had a grain size nunber of 10 and was 5 different
fromthe nickel-iron alloy used in Ex&mple 1 in - terns of the maxi num
grain dianeter and the average grain dianeter in the elongation
direction. Th@ 1@ctaristics of a shadow mask obtained in this
exanpl e were ev ate in the sane way as in Exanple 1. The results of
the 10 evaluatlon ar aighedr ironTablleylsteel éheparwa$vetéhedpin ﬂhe

A nickel-iron alloy steel .sheet was etched in

Exanpl e 1 excé&PQJW@W’@ﬁbJﬁﬁ@%@mpﬂﬁoﬁ grespt thatu§%§ Phc¥ﬁlsléQﬁnﬁlé°Had a

grain size nunber 5 and _15 di_fferent e Ion
used in Exaingef 1n By F?Pﬁglgf %Heang%agﬁn§%%§ &@S% grio égahe
average 5 gddififcdicdtelfdion Rhleh@iekendarbanadlbgchsea. inhExample 1 in
characteristics of a shadow mask obtained in this exanple wer e

eval uated in teemsad e aaximuBxgmplin diameserOandethet sveraghegrain
eval uati on are .Shown in Ta lve le 2: .. A
ni ckel -iron aPf&P Ilnsﬁ'-g’é’t e\k&é‘géf:c}ﬂ@dggﬁeF é°n°Exﬂgré‘%W‘é%“ﬁF@§dnpl e
1 except that ,teh S n e ain
P Ptfl‘é ang;‘&%es h@%’k g}#@(ned 1¥l eik e&%‘a@}(&xﬁ@é e@?#ué‘t&&

si ze nunber o erent Tromthe el-1ron alToy used in

Exanple 1 in in thieels@meotvalyn@smixi Exnamplai 0. diPhetsisittk (d® tdwer age grain
dianeter in the elongation direction. The characteristics’ of a shadow

mask obt akthed evalugitd oz ams shaene inyZpbaeed .
Comparative Example 1:

A nickel-iron alldy steel sheet was etched in the
same way as in Example 1 except that the nickel-iron alloy
used in this example had-a grain size number of 9.5 and

15 was different from the nickel-iron alloy used in Example 1
in terms of the maximum grain diameter and the average
grain diameter in the elongatiion direction. The
characteristics of a shadow mask obtained in this example
were evaluated in the same way as in Example 1. The

20 results of the evaluation are shown in Table 1.
Comparétive Example 2:

A nickel-iron alloy steel sheet was etched in the
same way as in Example 1 except that the nickel-iron alloy
used in this example had a grain size number of 10 énd was

25 different from the nickel-iron alloy used in Example 1 in
terms of the méximum grain diameter and the average grain
diameter in the elongation direction. The characteristics

of a shadow mask obtained in this example were evaluated



10 in the sane way as in Exanple 1. The results of 'the
eval uation are shown i:n Table 1.

Table 1 5 Grain Max. Av.grain Uniformty Aperture Roundness
D am of Di am of Aperture size grain diamin

conf'i gu- large small di améter : No. di am el ongation
ration aperture aperture direction 10

[err]m ([er&hnkhe same - way %é>1n(h§5ﬁbﬂh ﬁ[erfﬂéﬁreédfﬁéldﬁ the Exanpl e

1 11.0 37 242. 6 129. 2 127.2
Exanpl e 2 10.@va4ﬁatloﬁ0a&e shgandln Tabgeod. 98. 7 243.0 129.0
127.2 Conp.Ex.1 9.5 52 42.1 bad contour 96.1 247.0
131.7 127.0 _ undul ated 15
Conp. Ex. 2 10.0 52 30.9 bad Taggntgur 97.6 245. 2 131. 4
127.1 undul at ed

(Eval uati ap Method) 20 1. Uniformty Uniformty was

visual |y eval uated by applying |ight

Grain Max. Av.grain Uniformity Aperture Roundness Diam.of Diam.of 2Aperture

size grain diawm.in configu- large small diameter
No. diam. elongation ration aperture aperture
direction
10 am) () | *) ) (o (um)
Example 1 11.0 37 21.8 good good - 98.0 242.6 i29.2 127.2
Example 2 10.0 42 20.5 gooad good 98.7 243.0 12%.0 127.2
Comp.Ex.1 9.5 52 42.1 bad contour 96.1 247.0 131.7 127.0
undulated
15 Comp.Ex.2 10.0 52 30.9 bad contouz:‘ 87.6 245.2 131.4 . 127.1
" undulated

(Evaluation Method)
20 1. Uniformity
Uniformity was visually evaluated by applying light |
to the shadow mask from the small-aperture side thereof.
2. Aperture conflguratlon
The aperture configuration was observed with a
25 scanning electron microscope.
3. Roundness
With respect to one aperture in the shadow mask, the

aperture diameter was measured at at least 5 arbitrary



to the shadow mask fromthe smal | -aperture side thereof. 2. Aperture'

configuration

The aperture configuration was observed with a

25 scanni ng el ectron m croscope. 3. Roundness Wth
respect to one aperture in the shadow nask, the aperture di aneter was
nmeasured at at least 5 arbitrary 11 poi nts on the
circunference. The roundness was cal cul at ed - fromthe follow ng Eqg.

(1) "using the

B #3!! ra@n@h@ & P ferendd@! UeheOtohiBnBBaSHES 8&%&&&%&@6

measur enent was carried out on at least 5 apertures,
roundness was frdm Ehval f@l bowingrEd he(jears sy time)ﬁna}dimumew el niauies.

Roundness (%

erture diameter mninumvalue / Aperture

di anet er nax,ﬁmmqﬁﬁLgfxtq©gmq££hred values. The measurement was carried

- Eq. (1)

i |l ustrat
rret hod of rreasurl ng t Xingy%uéaéﬁe&gral i c?na% roi%xdn%ss alrJ;5 EZ) egfa

Fig. 2 is g sestdalited i £MoRf tife SdEN Sralue dwttrnyn@a%%tédmraqefégend' cul ar
to the rolling direction. Each of grains 12 constituting a nickel-iron

al I oy steel

sheet 11 has a shape elongated in the rolling direction 13

“and crushed in the shget hlckne%§ direction 14 by rolling.

10

15

oundness (
= Aperture diameter minimum value / Aperture

diameter maximum value x 100
.o -"Eq.' (1)

4. Maximum grain diameter

Fig. 2 illustrates a method of measuring the maximum
grain diameter.

Part (A) of Fig. 2 is a sectional view of a sample
cut by a section perpendicular to the rolling direction.

Each of grains 12 constituting a nickel-iron alloy steel

‘sheet 11 has a shape elongated in the rolling direction 13

- and crushed in the sheet thickness direction 14 by rolling.

20

25

?art (B) of Fig. 2 is a diagram illustrating a
method of measufing each individual grain, in which
measurement is carried out by placing a ground glass
having a circle 15 with a preset diameter drawn thereon
over a grain 12 to be measured.

A ground glass having circles with diameters of 20,

30, 40 and 50 pm drawn thereon was placed over a test

Ppilece for grain size number measurement, and observation

was made under a microscope with a magnification of 200 to



20 Part (B) of Fig. 2 is a diagramillustrating a met hod . of

nmeasuri ng each individual grain, in which nmeasurenent is carried out by
pl aci ng a ground gl ass having a circle 15 with a preset dianmeter drawn
t her eon over a grain 12 to be nmeasured. 25 A ground gl ass
having circles with dianeters of 20, 12 30, 40 and 50 [err] mdrawn thereon
was pl aced over a'test ) pieCe for grain size nunber nmeasurenent, and
obsérvati on Wagy r @cape [ 200 to
12 500. V%Qh the C|rg$ IFago gngﬁn |éﬁ%§2?ﬁe acegiheg& i EBS
center of the dexigestofrihe, largdste kynsin Medehdtk was made/\/raestlte;r or not
there were two or nore regions extendin out of the circle. Wien there

were two or nﬂfltei?fé%ﬂ'(ﬂl% net thexrg MALFttWd 9 Wesed veed ofso exdengdmiat r ar y
poi nt on the r n boundary. of h reg ion tendln Qut o

circle, Ay oags Qi g© n% ’newﬁgv éefﬁe HERi ?n ?’énﬁgﬁe\/\lﬁggﬂ%?Fnea

as the maxpmurgraidghidli BivRd 6fas \Wiefnl Nefdh WY Qritatrawey %1nt on FRkE

regi ons extending out of the circle of 50 pm a 10 simlar measurenent mas

made using a grdirerbainddry iof tderh regiom extentdinge oadsiofy tiieantdtrele,i .
40 [err]m 30 [err]m, and 20 [err]m In this way, the nHX|nun1gra|n
di aneter was nag%iu% i d a1ght Linenhavidg e magiamwey élenlgﬁht Wasedgkdaeidon

direction Gl 2 Ui %n{ét%ra”eﬁﬁé?' PndPE GLRDOALL Oﬁ‘@%r%ﬁe

direction was osbt al neof’1
gral n di amet emore they RN GBiiatidig @it OF the circle of 5vdyh,ear]/Nerr]
- Ea- (210 similar measurement was made using a smaller 01;cle in the
order of decreasing diameter, i.e. 40 pm, 30 pm, and 20 pm.
In this way, the maximum grain diameter was measured.
5. Average grain diameter in the elongation direction
The average grain diameter in the elongation

15 direction was obtained from the following Eq. (2):

Average grain diameter in the elongation direction

=dxN, /N, -+ +Eq. (2)

20 ;n Eq. (2):

d: average grain diameter; the shape of the grains
measured by the grain size measuring method defined by
ASTM E112 (JIS G0551) was assumed fo be a square, and the
length of one side of the square was regarded as an

25 average grain diameter, which was calculated from the
square root of the average sectional area;

N;: the number of grains cut by a line segment with a

predetermined length in a direction (sheet thickness



20 In Egq. (2): d: average grain dianeter; the shape of
the grains nmeasured by the grain size neasuring nethod defined by

ASTM E112 (JI'S Q0551) was assuned to be a square, and the | engt h of one
side of the square was regarded as an 25 average grain dianmeter, which was
calculated fromthe square root ol3the average sectional area;

Nl err]: the nunber of grains cut by a line segnent with a pr edet er m ned

length in a di geedéelonsheel . L LKESPire tlon)(?%fp qdlcular to the
13 direction, i.e. ziaxis direction) perpéndicular to

diréction in vdumntimgimimimrﬂxelgr@aiaedqere elongated;N2: the nunber of
grains cut by a line segnent in a direction (rolling direction or a
di rection perpendi cd¥zar e5numbeﬁh@fr6rﬁnng gutebvuénllmeeseqmenﬁ inaxis

di rection) aIIe Ihe irection in wh t he gralns

el ongat ed, thé *rﬁ *&Rﬁrl E?ﬁF%ﬁﬂn?qeﬁ1 H¥%ﬁ§lPﬁaPer ﬁgicqﬁﬂ¥l i ne
segnent used tg qﬁi@lfbi\lﬂmg]dnecuon, e FU- 2acly il epikcRndrerr].

nmeasurenmnents were nade in | east 5 V|sual fiel ds using the test
pi ece used to pewsliel to thé Ithmcnmrsuzre whaiich tthe mRrainsaweseof the
neasur ed val ues The color discrimnation mask

for a col or pl%]t‘m%a ed, t‘E}b% Ja’é&)r%ﬁ%&f‘%tb haweing ddensamey dendéh ies ttdated
by using 15 £ QW EX 'QWJ?‘{(%‘*‘{ adﬂ@ﬁnstNeel sheet having a
I'n

grain size number Wt ern1ne range and’ further havi ng a
grain dianeter wthirpm dHcﬂﬂQif.ElNP afd Nangtaslirements et hadeod ndlaltoy

steel sheet is provided with apertures
least 5 visual fields using the test piece used to measure
the grain size, and the mean value of the measured values
was used.
The color discrimination mask for a color picture

tube according to the present invention is formed by using

15 a low-expansion nickel-iron alloy steel sheet having a
grain size number within a predetermined range and further
having a grain diameter within a predetermined range. The
nickel-iron alloy steel sheet is provided with apertures
by etching using a pattern formed on the sheet. In the

20 case oﬁ linear apertures, the linearity of the apertures
improves. In the case of circular apertures, the roundness
improves. In addition, because the dimensional accuracy of
the large apertures provided on the obverse side of the
mask can be improved, it is possible to improve the mask

25 strength and hence possible to obtain a mask for high-

definition display, which has a fine pitch.



by etching using a pattern forned on the sheet. In the 20- case of linear

apertur i i of the apertures i nproves. In the case of

ci rcul aiﬂgmm‘g'ugml&gnroundness i nproves. I n addition, because the
di nensi c ursacys ofx the |l arge apertures provided on the obverse
si de ‘of the mask can be inproved, it is possible to inprove the mask

25 strength and hence possible to obtain a mask for high- definition

di spl ay, which has a fine pitch. 14
VHAT WE CLAIM | S: 1. Aco OerWEC?%%$%a%IOH mask for a col or
pi ct'ure tube, sald Botolodi dtscrimbhabdbonanksk ofgr i $idglér Nbikehre
iron alloy steel sheet nmade_of a nickel-iron.alloy 5 containing 34%to 38%
by wei ght of nEEkék,SﬁﬁérGPﬁoa digrriminatipn cnasg mpxisbeg| @ssickeh-10,

2ol ng | GFBhCR] ﬁyf"‘stﬁsac%ﬁéé*&fﬁ%ﬁ'ﬁﬁg%b&?pﬁﬁfgiaﬁﬁ%?x?héfiée”i'véfééé e

Sai d i CRel i T oS Ty 0t aa Sheat Pboy ryc L REIOE RELRST, heldBR 2 gPRln

et chi ng using aipethemher ispnoti ledsothani 10 i akel aigraiml diamstee! ishget .
qross—section in a direction perpendicular to a'rolling
direction is not larger than 50 ym, and further an average
grain diameter in an elongation direction is not larger

.10 than 30 um,-said nickel-iron alloy steel sheet being

provided with apertures by etching using a pattérn

provided on said nickel-iron alloy steel sheet.



