;] ke3e5Q@B5N46T88@-! ~ 09 APR 2003 SHADOW MASK AND BASE NMATERJAL- (THEREFOR
BACKGROUND OF THE | NVENTI ON The present invention rel at es ¢90APRa2A3 masks,

i ncluding stretched nasks. Pore particularly, the present invention relates
~to a shadow mask having a highdefinition pattern formed by a predeterm ned
etching process after an extrenely 'snooth surface condition has been

formed by carrying out surface treatmgnt, e.g. rolling, shlng
- physical polishing, or electrolytic polishing. ShadOM/nag @"wm mmﬂ“

stretched nmasks, used in color picture tubes are produ
surface of a netallic material is coated with a phot osensi ti vE&'f%sin
(photoresist), and the photoresist- coated surface is exposed through a

desired pattern brou%aS[L ﬁagorne on tMﬁ&EHIAEe?EEﬁ%SSES ﬁﬁter a

phot oresi st pattern hi's “way, carried out to
form desired apertures, holes, etc. As metallic materials for shadow masks,
iron, ironnickel alloys, iron-nickel-cobalt alloys, and so forth are

general |y used. These mat eBAGKGRGUND phiepetiie dINSJENIOWN nuous casting or ingot

casting process and t hen sub;e‘?ect ed to bl oom nqgo hot rolli n% and cold
rol1ing to produde® stieetehebt e iR 'R et SPRdoMe NS siing pr ocess, an

CXposur e PRILAIM AL STLLLURLa R MET T palii iRL£PE 2003 SoLauant 1nto

vacuum con a surface of a netall I I’TB.t erlia rrng osur e

process. Ther&iien r&ldbes cesea dhaddmineldlalhdavigng aigmpot h surface,
because the exposure pattern sticks fast to the surface, the gas trapped in
the centraflepioritbrn caniotrn eb@iitgd Bey raemyiest: termigied etichidigf fi cult to

ef f ect evacuatlon or_this reason, the nventd onal . s sks are
produced B UTHY ?g YH TheTtEH '?r;'i)ﬁ th R AR égl&n ﬁ‘é‘ order of
from 0. 20 t%@ﬁ Of&fﬂ@d %%I@amymg Qiu@eauﬁadé 1§ Ataage koyghness Ra and of
the order of 2.0 umto O umin terns of nBX|nun1roughness RmaX.
Meanwhi | e,rcsllrﬂaxiwv netsdksi arse o6 i Goimput evhydiigpilayolishing, or

electrolytic polishing.

Shadow masks, including stretched masks, used in
color picture tubes are produced as follows. A surface of
a metallic material is coated with a photosensitive resin
{(photoresist), and the photoresist-coated surface is
exposed through a desired pattern brought in wvacuum
contact with the surface. After a photoresist pattern has
been formed in this way, etching is carried out to form
desired apertures, holes, etc.

As metallic materials for shadow masks, iron, iron-
nickel alloys, iron-nickel-cobalt alloys, and so forth are
generally used. These materials are prepared by continuous
casting or ingot casting process and then subjected to
blooming, hot rolling and cold rolling to produce steel
sheets or alloy sheets.

In the etching process, an exposure pattern is
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«units for high-definition display are demanded to have a structure in which
the pitch of apertures for passing electron beans is smallg9o APR 2063
aperture portions are fornmed with high accuracy. Consequently, netallic
_materials for such shadow masks need to be subjected to extrenely fine
etching or other simlar processing. Ln pattern formation, the |arger the
anmount of etching, the smaller the effect of irregularities fornmed in the
resist pattern; the smaller the anount of etching, the |arger the effect of
de- f or mat ilmmowiht hintesivscupat cenrpoh wilthi agunipaeaiof regwtdllashadow
mask for a high-definition di sgl a% unit is rodu%‘%ld b¥ subj ect i ﬂg a base
material tRAFFREA brOCESRY NGt CPIHETT BiICH Sind RPEATAEmal P BRBunt of

etching. Therefore, fefor gt iRy g theskestistsnatdQr N et ahafd ggled in the
pattern forned 1n the base materia 09 APR 2003 3 even nore noticeably.
Accor di nglaxpdhere hastbeens bl desrafeks f dro amseimicey,i ahef @asshadow mask
and an etching nmethod, which allow formation of a hjgh-definition pattern.
An obj ect tofapprd pieseht ¢eavert aPylsland gB\Atde e didye beatrerioaledoapabl e of

hi gh-definjtion etching.ip. formtion of .a high-definition shadow mask and
to provi de ¥ ght djesfi(gjrtf%%ugﬂgtaooﬁfrr%s E eéﬁ%éﬁ‘c%ghl PTI ON OF THE DRAW NGS
Fig. 1is a diagiamfiofs deseddibi nhd hedraticenhispabetwegaikhgkoughness
of a surface of a base nmaterial and a pattern forned thereon. Fig. 2 is a

di agram f gsrathasesd Bhyngus treg rred et eisdd s Betwiegn stilrd aaec uwbagyineksaspat t ern

and transmttance. Fig. 3 1s a sectional view show ng an exanple of an
aperture porthildh OFr shhdoi®heEsic? SOMIRY -G e 1PNYERIFSORETRENBRES ent

i nvention.) Y Ovides, & JBSRINBILIJY R CRUET Jrl Be gyl age roughness
Ra of a sl aperturesi de surface of the shadow mask is not nore than 0.25
um at a cuf-@fifm vial uee s &b B marinamd dheyloesdseR L ne average roughness Ra
of a |arge aperture-side surface of the shadow mask is |arger than the
center |ine averlggv nedRdRy SRSKge Uil LraserPuLersfgsrsarf ace by at

Tl
mvent i on B ded R R e Py e e AR H RE R S et o1
line averag8-ucture in which the pitch of apertures for passing
electron beams is small, and the aperture portions are
formed with high accuracy. Consequently, metallic
materials for such shadow masks need to be subjected to
extremely fine etching or other similar processing.

In pattern formation, the larger the amount of
etching, the smaller the effect of irregqularities formed
in the resist pattern; the smaller the amount of etching,
the larger the effect of deformation of the resist pattern
on etching.

In this regard, a shadow mask for a high-definition
display unit is produced by subjecting a base material to
fine processing at a small pitch and with a small amount

of etching. Therefore, deformation of the resist pattern

is reflected in the pattern formed in the base material



‘09 APR 2003 4 roughness Ra of a small aperture-side surface of the base
material is not nore than 0.25 um and the center |ine aveagPR 20ghness Ra
of a large aperture-side surface of the base nmaterial is larger than the
_center line average roughness Ra of the small aperture-side surface by at

|l east 0.25 umand is not larger thang um Preferably, in the shadow mask,
the center |ine average roughness Ra of the small aperture-side surface is
“in the range of from0.01 to 0.25 (err)m and the center |ine average

roughness Rawindhe hat geeapey ure-cirdd nsunf,acdeire hast Beenangeefanfad om
0.26 umto 1.0 um Preferably, the base material for a shadow mask is a
metallic b%tSTe argv @t ¢ anaheviaré %@Jlrf%twi%ugaﬁtesag& agn eyothing dedhdvbr eof

adj ust ed b Ie t ope nethod s f roII|n chemi cal
ol i shin %o ?ETP]‘?E g C‘?e]cgﬂ}oct S SCRI PTI ON OF
THE PREF%RRED 'té&@'%!% ]g;reemsérrw%}gﬁl& hased g@ovte o izndi ng that

a shadow mask, inclu ng a stretched mask, which has parti cul arIy excel | ent

char acteriksééecana:mm_t ok pa e dofy tSﬁjH—ldtgfitthe:lsmrfe&@hllh@jughness of a base
material, which is used to formthe shadow mask by etching, smaller than
that of tHeweivian ioha bba daiftieritian Hrdladpagiskyiang ttiee peemtilde

aperture-si ur roughness, and further specifying the difference
bet ween tﬁ%qsﬁ%} J é&g -S &gigﬁf?ag% roughness and the | arge

aperture-side surface roughness 09 APR 2003 5 In general, it is
necessary in order to performfine processing to forma resist pattern of
hi gh accuracy on a.stfBR%EEﬁDESGR£R$Em&éHﬂdﬂml@ﬁﬂWINﬁé present appl i cant
has noticed that_the surface, roughness of the bhase ter is a factor in

hi ndering the fdrifhtilontof® £l 9% AaSErdPREghScER éﬁﬁonéﬁépproposed
a techni q%%tﬁfe%?&ﬁ%&ﬁxﬁg?ﬁ?%ﬁ APl Rt R Ny e %%é%oﬁtgteﬂﬂﬁlpﬁ?t%ie”t

i nvention ow wth reference to the acconpanyl ng
drawi ngs. Fighttleds foxhagriaradean . describing the rel ationship between the
surface roughness of a base material and a pattern fornmed thereon. Parts
(A1), (Bl) and (fdp)- ¢f is a diagram for describing the relationship
between the accuracy of a pattern and transmittance.
Fig. 3 is a sectional view showing an example of an

aperture portion of a shadow mask.

SUMMARY OF THE INVENTION

The present invention provides a shadow mask wherein
the center line average roughness Ra of a small aperture-
side surface of the shadow mask is not more than 0.25 um
at a cut-off value of 0.8 mm, and the center line average
roughness Ra of a large aperture-side surface of the
shadow mask is larger than the center line average
roughness Ra of the small aperture-side surface by at
least 0.25 pm and is not larger than 1 pm.

In addition, the present invention provides a base

material for a shadow mask wherein the center line average



‘Fig.. 1 show patterns obtained using a base material with a | arge surface
roughness by carrying out etching after the formati on of a9 APR 20Ot t ern.
Parts (A2), (B2) and (C2) of Fig. 1 show patterns simlarly formed by using
~a base material having a small surface roughness. As shown in the sectional
viewin part (Al) of Fig. 1, when a syrface of a base material 1 having a

| arge surface roughness is coated with a photosensitive resin 2 and exposed
~to ultraviolet rays 4 with an inage pattern 3 placed in close contact with
t he surfaasudindderien as a eguahnls aertutdies sy fand aceughinese isadar ge,
irregularities 5 locally diffract the exposure |ight, causing deforned
portions @@teperhris Mithd e dthathd photidveridid ithe cesiterpditern. As a
result, the res i 0 pat ter rades. .In the case of a base

mat eri al ﬁgﬁ?ﬁﬁﬁé%gﬂgﬂF“%ﬁ§p§%éﬁé5hgﬁﬁgﬁgf%§§§§ISMﬁl?ﬁ nggafﬁzf of
APR 2003 G Gadle matfasist Rattaided nagd nom deherratiga Lhseehial ned.
Parts (Bl) and (B2) of Fig. 1 are plan views showi ng a case where a
strai ght - lionslpetd<erke icf fdrarethalAs agfeovinuner spaet sQiBIhcef blyi gt |, when t he
surface roughness is large, a resist pattern 7 is deformed and cannot
accur at el Y &5 dHfet Hth S S tirkingtt -Jausee s Hdse. WHEn t he surface roughness

is small, as sh j ri (;B2 f _Fig. straight-line.pattern is
obt ai ned. 'Partgw%éé%%ﬁifK(§§k%% EPS%Ofﬂgﬁo%’t%gesﬁgﬁggro}gﬁﬁerture
portions &daramrd dyugindinRbasednen siha 1abpeedeserihed Egsrstepatt erns.
As shown in part (Cl) of Fig. 1, in the case of the deforned resist
pattern, iy ddd arande farfeomodvéd ipm thoe 0a@ér fauy; eapdr thencent@meref ore, if
this is a@plied to a s@ng%%gﬁgk thg irregularities na¥_black of f the
el ectron bedlfi WEAH i WFEEuR? ©F J& dPhI5cERFALRIFTrFadfation. In the
case of the 3GeW ale heHhet PAfeF aSmsnoWs LR pary §Q).of Fig. 1, an
accurate aperture pattern can be forned. Fig. is a dragram for descri bing
t he rel ati onshi priedewadd v, héhacbasacypabkbraapatoera shadéwansaktiange. Let
us describe the rel ationship ,b(it ween the pattern accuracy and transmttance
with regaf@tedlds s Medediit BaviPIngyrdfcex aAPFRNe§HES oRakOkhsi npl e
confi guratj;on.. | ny.apert yr ri.l.l.e ele] J of 150 um
and an ap%ﬁ?%ﬁet@ﬁ%%%gggggugkfatﬁg E?agggfgtgh%em?gﬂégoég%gééﬁgmn in part
(A) of Figrod ambnighenvélinga detodpali poldbkh3ngm phyebed) edgeiohihfe tape
portion, the transmttance partially reduces by as nuch as 09 APR 2003 7
20% AccopdidnglectaodriiGsPRd1ERL8Japerture grille suffers a narked
degradation of inmage quality. If the anount of deformation is of the order
of 1.0 um as shown in part

DESCRIPTION OF THE PREFERRED EMBODIMENT

09

The present invention is based on the finding that a
shadow mask, including a stretched mask, which has
particularly excellent characteristics can be obtained by
setting the surface roughness of a base material, which is
used to form the shadow mask by etching, smaller than that
of the conventional base materials, and specifying the
small aperture-side surface roughness and further
specifying the difference between the small aperture-side
surface roughness and the large aperture-side surface

roughness.



‘(B) of Fig. 2, the partial reduction in transmttance is reduced to about
100, and the inmage quality degradation is reduced to the WIAPR 260%®nt.
Regarding the simlar linearity difference, in the case of an aperture
grille having a pitch of 300 umand an aperture size of 60 um the
above-descri bed partial differences ip transmttance are 10% and 5o,
respectively. Thus, the difference in image quality is reduced.

" Accordingly, when a high-definition shadow mask is produced by etching, the
linearity of thelredgeseonélapettisenpoessang is adarenel pdirfani apinéo the
image quality of a CRT using the shadow mask. As the pitch and the aperture
size are rRBYERASIRIoFRAefOrB AntFehsSk PRELEET I M thidH aGrRITAGH rdis# onal

di fference enet j ithes e rture
portions a?lépfgeéft\?eg{e%e?%gtéﬁgg#‘%%%geiéwa |t‘\{/r£gl\/eeg&%§reglttn%?$&§§%nf }ﬁsg. 31is
a secti onahotiewd shigak Ngh@nsexpaps erShgiile 8PSt Wi PRIdd AhtASi Shoyn in the
figure, in a shadow nask, the aperture dianeter 11 of an aperture portion
10 fornmed dyfatehi ngnfhbondeoiing stliesfofmat bers e fvet erdsilsti paddtearnr gied by
the aperture dianeter on the snmall aperture 12 side, and the aperture

condi ti on BHI% MRCSHETFY apeP Y (RECHPS Y e BEFULIEG fe diamngs g Fent

Ther ef or e, : re.sh e smal |l aperture 12 side is extrenely

i nport ant ]i\ %e??ﬁé#nlgohi%ﬁ?%e I?](P’[i on i mage di spl ay. 09 APR 2003 8
Accordingly, it T ipmesdantiddaitidie wilrlf ace decughness Hehaty afiftact s the
aperture shape on the small aperture side during etching should be held
within a FeRGE rhglele ReEARaRY HHe A Ed S on the | arge aperture side,
if the surface roughness_ i et I I Wi, t hi n peci fi,ed range
as in the case o l%g‘hg slrrsalafS d;lpaeq]fa&} 2f-05| e Sur fbggg rtg)j%gﬁﬁggz:,loflﬁ@lé}perture
shape on therhasgeapesitfacs | dgate s o be Haeemad teirdtih 1exthienel y hi gh
accuracy. However, if the |large aperture-side surface roughness is small, a
probl em oqratermMharned thetemiow Masiksi Ap) es$Bibraed (@ltoofornmity to the

shape of the display surface of CRT before it .is fitted tg the CRT. In
general , b@f%‘reltﬂbc}/"br tstq%}smq%aplrnt?ccgéjf’,mtgné’ bRSGoWH> §I%aﬁswér?rli’ea*’l ed by
heating to & Jemer el & AfgRANG 1R, NG ARG Lhys e%%aﬁgegg%grt R3f, the
press form ng process can be readil’y perforred w thout producing a crack or

the |ike. flarmadtel anne@dld noe girsdc s, t bt .t oPEOtshabdwy, mesks atie€ stagked up
and heated in this state. Therefore, if the surface roughness is small, the

contact ar¥a Higt wdeFRAIERIHGENS SHdjid@dity dREBSH RsK§1ng pabgse so that
di ffusion riaq{%iir}jgl 'TPa\(zi%%cb%{ sQr[%l]lhe '%Cec%%igﬁgegﬁe adj acent shadow nmasks
er y.

to join toge I NnSepara erefore, in the shadow mask according to
the present inventistown He lthegeecapdcharevsedeisuphace (noyghpess i s set at
a value larger than the small aperture-side surface roughness, thereby
prevent i ng ishadow sk f5HaAE @G g brgst mpsesaah bt heviadr engarge anneal

surface roughness is coated with a photosensitive resin 2
and exposed to ultraviolet rays 4 with an image pattern 3
placed in close contact with the surface, if there are
regions where the surface roughness is large,
irregularities 5 locally diffract the exposure light,
causing deformed portions 6 to occur in the resulting
photosensitive resin pattern. As a result, the resolution
of the pattern degrades. 1In the case of a base material

having a small surface roughness, as shown in part (A2) of



‘09 APR 2003 9 softening process. Mrre specifically, the small aperture-side

surface roughness is set at a value not |arger than 0.25 up® APR@20G8 of the

center |line average roughness Ra specified in | SO 468-1982, |1SO 3274-1975,

| SO 42B7/1-1989, |SO 4287/21984 and | SO 9288-1985, which is nmeasured with a

styl ustype shape-neasuring apparatus ge.g. Tarysurf 6, nmanufactured by Rank

Tayl or Hobson Limted) at a cut-off value of 0.8 mm and the |arge

" aperture-side surface roughness Ra specified in said | SO standards is set

at a val uepi@rger 4 hesside saetédraperéarerai de a6 auglyass Ray by at

| east 0.25 pm The | arge aperture-side surface roughness affects the

aperture shape dfanthe (BlrigearapetBar ext Hihat i greap liehe viiamwge shaperitruy e- si de

surface roughness becones | arg artq%-ﬁapert e shape_becones wor se.
Rfe

r he |
Ther ef ore,® i %$29% ‘ﬂb%re%s%ri/tﬁfa‘fhﬁﬁ%”?%r & Lﬁ%i‘“&@ S u?‘FaEEOP“’Bughness
be not largerdhamdy e liid S r ahiehablifs thalrathe (gl Aperir e-si de
surface roughness be in the range of fromO0.01 umto ?g pm and the | arge

apert ur e- sigieysurd aces roughnessribe] | s tdwef draiege a0H taamod. 26 umto 1.0 um
It is particularly preferable that the |arge aperture-side surface
roughness decung tehley e geodied rign @, - aighto langs spaPreTheWbasethat er i al

according to the present invention can be.produced b t hod wherei n each
surface of W '<t%el* L}gggiesbsr o]d'ijcsé%arhb]y rol Isihrel)émalg‘t 88F¥i 28%5 P rolled by

using a rahly havi ng an-aAdjipstiethswdacsd auobpessnka, 09 APR 2003 to
obtain a predeterm ned roughness for the surface. The base material can

al so be producedant=a (@Etthe@hdwheErdi o fedtly.sar hoe dbheashapkedost eel sheet
i s polished by physical, polishing usin n._abrasive material, chem cal

pol i shi ng,2RATEMLOIRAYE I P65 iﬂsrﬁc}fg‘,'eciﬁ:}? Ei?ff&F‘éngp effrcan yhei aAbPNe—case of
physi cal Raldshimg: Lt dage rdheld 3l AcagnBi. PLeduesd uffipg orqa

pol i shi ngn%e%ﬁ?(} usi nergﬁa rgﬁ abrasive material or a flp(?lrfaﬁaﬁsq?%é L

mat eri al . ifhepold=shi R retchatk itsimigl argxdlst: phtasiue hBkeguabrokiasfi|m

abrasive material is particularly preferable because no powder particles
are broughtre diagmase uBdeqFaRT Proc &9 tion §- cadeihiereet hif stiriace
roughness .i s _adj,ust by i ef,chi l. L.gui I.t,.Ls_possiple to use an
etching | ilfuia&) ]’llgeﬁig&q i t:éz]r?érlg)ﬁ??nftg‘l%n tt@’%aﬁkgﬁbg%%k?%e?i r(ﬁ'ﬁ?’dgl(]]ggﬁf to form

a patterndpr ehchidigc Ve sepes fdagdgy itadhirghtby1 eonseperabed ferric
chloride solution of 50 Bh (Baune degree of heavy liquid) or higher can be
used. Exampleesadfe Bagediwttdonal slostbkecase thl Presgnuiabentésnstare an

i ron-nickel alloy, an iron-nickel-cobalt alloy, and a | bon steel. T
or oduce a CAREBN ok Bt R KT o BlpSRuf eopat {cPh TEBFoRGNt into

vacuum contaGt Widt b2 t3hf 2@ e ahase.material in the exposure process.
When the base material has a snmooth surface, the exposure pattern sticks

fast to the surfrage. 2Ther ef diegrihe fgas desappeing nthderekat iahspopt i on
cannot readily be renmpbved, and thus it is difficult tp effect evacuation.

f
For this PEIYEED the AEREACYoREl 2pPattets PRIt bra@™hbtaPCeheets having

Let us describe the relationship between the pattern
accuracy and transmittance with regard to an aperture
grille, by way of example, which has a simple
configuration. In the case of an aperture grille having a
pitch of 150 pm and an aperture size of 30 pm, the
transmittance is 20%. As shown in part (A) of Fig. 2, if
there is a deformation of 3 pm on each edge of the tape

portion, the transmittance partially reduces by as much as



‘09 APR 2003 11 surface roughnesses of the order of fromO0.20 pmto 0.70 um
internms of center |ine average roughness Ra and of the orgg@ARR 28089 umto
4.0 umin ternms of maxi mumroughness Rrmax. However, the problem of contact
failure in the vacuum contact can be sol ved by using one of apparatuses
proposed by the present applicant, for, exanple, in Japanese Patent
Appl i cation Unexam ned Publication (K ) Nos. 3-265835, 3-265836 and

- 3-265837. More specifically, two pressure-controll able vacuum chanbers are

i ndependenp by, privisiedi gl poth chrless nig amiexpesistiRatdern d o perd,ar m
evacuation fromboth sides of the exposure pattern. Therefore, the exposure
pattern i sabmeughtl dagoadefitiavt oW thagheqbakityat drfi dihd raomurhie «fent er

t hereof by a pressure difference prooduced. across the exposure pattern.
Accordingl9?f?Fm?§lBBS%FbP§ g epPEQEﬁt°%o1ﬁ§ﬂW&ﬂ B PR iR ni ght

ot her wi se leggf&fn?gﬁbyzyhehgaga%i@hr‘k@&u&ﬁ&bei&em mgegég}é’@ pl the

exposure pattern. e present 1 nvention w be describe oW nor e

speci fi cal b¥diyedayoohbexanpbes. akdapt esnans @oapat vtdyer &xamdesi s The
surfaces of a 0.12-mmthick cold-rolled base material having different
surface rounghnesdesoobhehatvpibrsstant. reverse sides thereof were subjected
t o degreasing ag&irin in& nd t hen ed wth a, .photoresist, consisting

t

essentially of Fht '%i%bm%%g% 1 Y Yo N diidhridiat e so
that the tB&ggngfsaﬁfalgggtﬁbetgfsﬂéthﬁir% Arpi dih ol shdeyp A JLhen, the

coat ed 09 APR 2003 photoresi st was dried.” Next, two-stage eté%lng

process waspeaturedsount 606 0 epar etlae sdtasiow drskr ead ngptaitalapert ures 120

umin d an&%%%e?éggggdiéntgggsrﬁpg aef\ngg a(uare[ el u%l aarnci[ rg%a,nglleespogctoivzeéglyn.m
Thus, the difference in image quality is reduced.

Accordingly, when a high-definition shadow mask is
produced by etching, the linearity of the edges of
aperture portions is extremely important to the image
quality of a CRT using the shadow mask. As the pitch and
the aperture size are reduced in order to increase the
definition, small dimensional differences between the
irregularities on the edges of the aperture portions are
reflected in the image quality even more noticeably.

Fig. 3 is a sectional view showing an example of an
aperture portion. As shown in the figure, in a shadow mask,
the aperture diameter 11 of an aperture portion 10 formed
by etching from both sides of a base material is
determined by the aperture diameter on the small aperture
12 side, and the aperture condition on the small aperture
12 side affects the display quality. Therefore, the

aperture shape on the small aperture 12 side is extremely

important in performing high-definition image display.



'The shape of the apertures thus obtained was eval uated by neasuring the

di aneters of 80 apertures and obtaining an aperture di anetgg ARR/ 2a0Bon a.
The results of the neasurenent are shown in Table 1 below. The aperture

di anet er was obtai ned by (rmaxi num di ameter-m ni num di aneter)/2 for each

i ndi vidual aperture neasured with an gutofocus depth gauge (LFM 2500,

manuf actured by Union Optics) . Regarding the surface roughness, the center
“line average roughness Ra specified in | SO 468-1982, |1SO 32741975, |1SO
4287/ 1- 1984ccd SN 428¥/ 21L984 ampot §6hO288a 1 X85 vasr fmas urQghimdds a

styl us-type shape-neasuring apparatus (e. g. Tarysurf 6, manufactured by
Rank Tayl okh#ebsbhetlfi tod) apeT AUEt Shike Al U ofsTr Bl mheDidishadiove masks

havi ng the ,sane surface roughnesses re st.acked up and anneal ed by heating
for 15 ni n(a‘tl&n%te%ﬁ%tn?nsgﬁflggnggprﬁ%f% b : lyHQraogsnge%]r%#t’?ad’ggeen' m xed in
the ratio of 1: RdyryiRyrahé 0Juikdde drdamPaldNyOfa G uthen ad,hg ¢

heat -treat ed shadow masks were checked for occurrence of joining between a
pair of adilaeentrthacdononabkess 199sAPR2GOFIED N ivwhliee Within a

LargeSmal | Di f f er enceApert ureJdoi ni ngapertur eaperturein Ra .
bet weendi afiRe@F 51eRR RANTC)aF del ReNY Ja% i dée FNd mARAREHEDERS o

10. 620. 150. 470, 35 e
20. 750. 200?%%%%%‘%@%?3. Fo° sHE B Dt B S diien. 'BE S0, 180. 1 50. 030. 37
occur r edCofpe 5x1:30 - & Be 408 34 Ds 54n® N E»g.t@p.e’s{a;&eh@q.ylmg(}poccur r edConp.
Ex. S0. 180. 900. 220. 51occur redConp. Ex. 61. 120. 200. 920. 55none

daccuracy.

However, if the large aperture-side surface
roughness is small, a problem occurs. That is, a shadow
mask is press-formed in conformity to the shape of the
display surface of a CRT before it is fitted to the CRT.
In general, before the press forming process, the shadow
mask is annealed by heating to a temperature of 600°C to
900°C and thus softened so that the press forming process
can be readily performed without producing a crack or the
like. In the annealing process, 10 to 50 shadow masks are
stacked up and heated in this state. Therefore, if the
surface roughness is small, the contact area between each
pair of adjacent shadow masks is large, so that diffusion
joining may occur on heating, causing the adjacent shadow
masks to join together inseparably.

Therefore, in the shadow mask according to the
present invention, the large aperture-side surface
roughness is set at a value larger than the small
aperture-side surface roughness, thereby preventing shadow

masks from sticking fast to each other during the anneal-
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rolling. 2. A base material for a shadow mask wherein a center |ine average
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nore than 0.25 ymat a cut-off value of 0.8 nm amel‘%,f i n measuring range
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2003 15 4. A base material for a shadow mask according to claim2, wherein
said center |indhgvdedge ProeghnEss sReeofurhacsniiPhghpessurbistte surface is
in a range.of fraomQ.01 um t Qg (%.h%Slum an id centﬁgﬁtlrl,ne aver age

roughness ‘RE gpeﬁhglfhfggqﬁbé%ture-s?&gesﬁgFiggrﬁg'in arige ¥t ¥Fem 0. 26
~ to 1.0 pArge aperture-side surface roughness becomes larger, the
large-aperture shape becomes worse. Therefore, it is
necessary that the large aperture-side surface roughness
be not larger than 1 pum. It is preferable that the small
aperture-side surface roughﬁess be in the range of from
0.01 pym to 0.25 um, and the large aperture-side surface
roughness be in the range of from 0.26 pm to 1.0 pm. It is
particularly preferable that the large aperture-side
surface roughness be in the range of from 0.55 pm to
0.75 um.
The base material according to the present invention
can be produced by a method wherein each surface of a
steel sheet produced by rolling a steel ingot is rolled by

using a roll having an adjusted surface roughness to
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case of physical polishing, the base material can be
produced by buffing or a polishing method using a roll
abrasive material or a film abrasive material. The
polishing method using a roll abrasive material or a film
abrasive material is particularly preferable because no
powder particles are brought into the subsequent process.

In a case where the surface roughness is adjusted by
using an etching liquid, it is possible to use an etching
liquid higher in concentration than an etching liquid used
to form a pattern by etching. More specifically, a highly
concentrated ferric chloride solution of 50° Bh (Baume
degree of heavy liquid) or higher can be used.

Examples of base materials usable in the present
invention are an iron-nickel alloy, an iron-nickel-cobalt
alloy, and a low-carbon steel.

To produce a shadow mask by etching, an exposure
pattern is brought into vacuum contact with a surface of a
base material in the exposure process. When the base
material has a smooth surface, the exposure pattern sticks
fast to the surface. Therefore, the gas trapped in the
central portion cannot readily be removed, and thus it is
difficult to effect evacuation. For this reason, the

conventional practice is to use metal sheets having
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of the order of 2.0 pm to 4.0 ym in terms of maximum

roughness R,,. However, the problem of contact failure in

the wvacuum contact can be solved by using one of

apparatuses proposed by the present applicant, for example,

in Japanese Patent Application Unexamined Publication

(KOKAI) Nos. 3-265835, 3-265836 and 3~-265837,

More specifically, two pressure-controllable vacuum
chambers are independently provided at both sides of an
exposure pattern to perform evacuation from both sides of
the exposure pattern. Therefore, the exposure pattern is
brought into contact with the base material from the
center thereof by a pressure difference produced across
the exposure pattern. Accordingly, it is possible to
prevent formation of a space which might otherwise be
formed by the gas remaining in the central portion of the
exposure pattern.

The present invention will be described below more
specifically by way of examples.

Examples and Comparative Examples:

The surfaces of a 0.12-mm thick cold-rolled base
material having different surface roughnesses on the
obverse and reverse sides thereof were subjected to
degreasing and rinsing and then coated with a photoresist
consisting essentially of casein containing 1% by weight
of ammonium dichromate so that the thickness of the

photoresist after drying would be 5 um. Then, the coated
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prepare a shadow mask having dot apertures 120 ym in
diameter arrayed in the shabe of a reqular triangle of
0.28 mmn.

The shape of the apertures thus obtained was
evaluated by measuring the diameters of 80 apertures and
obtaining an aperture diameter deviation o. The results of
the measurement are shown in Table 1 below. The aperture
diameter was obtained by (maximum diameter-minimum
diameter) /2 for each individual aperture measured with an
autofocus depth gauge (LFM-2500, manufactured by Union
Optics) .

Regarding the surface roughness, the center line
average roughness Ra specified in ISO 468-1982, IS0 3274-
1975, ISO 4287/1-1984, IS0 4287/2-1984 and ISO 4288-1985
was measured with a stylus-type shape-measuring apparatus
(e.g. Tarysurf 6, manufactured by Rank Taylor Hobson
Limited) at a cut-off value|of 0.8 mm,.

20 shadow masks having the same surface roughnesses
were stacked up and annealed by heating for 15 minutes at
800°C in an atmosphere of hydrogen and nitrogen mixed in
the ratio of 1:9 (volume ratio) with a dew point of 10°C.
Then, the heat-treated shadow masks were checked for

occurrence of joining between a pair of adjacent shadow

nasks.

1000
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Large Small Difference Aperture Joining

aperture aperture in Ra between diameter

side Ra side Ra two sides a

(y1m) {ym) {ym) (y1m)

Example 1 0.62 0.15 0.47 0.35 none
Example 2 0.75 0.20 0.55 0.39 none
Comp.Ex.1 0.56 0.52 0.04 0.58 none
Comp.Ex.2 0.18 0.15 0.03 0.37 occurred
Comp.Ex.3 0.15 0.49 0.34 0.54 none
Comp.Ex.4 0.32 0.15 0.17 0.39 occurred
Comp.Ex.5 0.18 0.40 0.22 0.51 occurred
Comp.Ex.6 1.12 0.20 0.92 0.55 none

As has Dbeen stated above, in the present invention,
the etching base material has different surface
roughnesses on the obverse and reverse sides thereof,
which are set within predetermined ranges, respectively,
thereby obtaining favorable aperture shapes on both the
small and large aperture sides. In addition, it is
possible to prevent joining of shadow masks by thermal
diffusion during annealing .in a CRT manufacturing process.

Thus, it is possible to obtain high-quality shadow masks

for high-definition display.
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is not more than 0.25 pm at a cut-off value of 0.8 mm
namely, in measuring range of 0.8 mm and a center line
average roughness Ra of a large aperture-side surface
of said shadow mask is larger than said center line
average roughness Ra of the small aperture-side surface
by at least 0.25 pum and is not larger than 1 pm and
including a metallic base material having surface
roughnesses on both sides thereof adjugted by the

method of rolling.

2. A base material for a shadow mask wherein a center line
average roughness Ra of a small aperture—-side surface
of said base material is not more than 0.25 pm at a
cut-off value of 0.8 mm namely, in measuring range of
0.8 mm and a center line average roughness Ra of a
large aperture-side surface of said base material is
larger than said center 1line average roughness Ra of
the small aperture-side surface by at least 0.25 pym and
is not larger than 1 pm and including a metallic base
material having surface roughnesses on both sides

thereof adjusted by the method of rolling.

3. A shadow mask according to Claim 1, wherein said center
line average roughness Ra of the small aperture-side
surface is in a range of from 0.01 pm to 0.25 pm, and
said center line average roughness Ra of the large
aperture-side surface is in a range of from 0.26 pm to

1.0 pm.
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from 0.26 pm to 1.0 um-



