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J# 1 FORMATI ON OF PRQIECTI ONS AND SPACERS AND

RADI ATI ON SENSI Tl VE RESI N COVPCSI TI ON FOR THE SAME

Field of the Invention 5 The present invention relates

to a radiation sensitive resin conposition used for

the formation of projections &nd/or spacers for

vertically aligned liquid crystal display devices,

prigiR&T r%‘%{ﬁﬁ%? $ AND\SFAGERS IAFDaR$@¥kTEOIﬂ SENSITIVE
crystal di Sp' AYRESYNCEoMPBEPT N PR  #h2E

sensitive resin conposition, a verticalTy a gned

liquid crystal display device conprising the

proj ecti g S.pandf or the spacers, and a nethod of
fdﬁkﬁﬂgiﬂﬂelﬁigﬁgﬁﬂﬂﬁﬁgland/or the spacers. 15

Descri pifnenpsbsbhe fRivet A rélht@ﬂ'@o ﬁfﬁ’éﬁﬂtﬁéﬁ BeRkitive
device is nost wdely used in flat panel displays.

A TRRLMIQIPReRl iRt atsed fox etam mmatmmﬁwmmM
G SpRRdrieL REARERADLY SR 13Rpa SR hat ggsplay

dimmesn,u aprd jeaifi sl a(ﬁdﬂsrpédé:m tfcn Steatiidal Il X gned
cryst di spl ays (TET-LCD s) are becom %%m)re and

LR S EW L AR qegmaderef hiekafiation
Neé@ﬁdfﬁix)&'}ésirﬂ%rﬁﬂ&%n P%R}é‘ticﬂlf%v Léiflv%oéie liquid

manuf actured by formng two polarizing f
algxgra vyl dippdaycisviite comprisingddte p26 jectdonsyand/ an the

ter%é%goﬁes b‘&eéb@é};ﬁ erre%%%;r& tF?a%%p%? ?gt?s?raenrglor the

elspdcexrte, substrates” hereinafter) and an ali gnnent
filmon the inner sides of the two transparent

el ectrode substrates, interposing a nematic liquid
C s it 1 Sl HF T éﬂfmt 30 films and twi sting the
al7gnin id crystal at 90 from

one el edt Adamig gensdalhdispiey devdceods moisdewidiedy used
"0 BRSS! STy 8 el LA T epgoment
(ﬁsudnadsibersonal computers and word processors as well as
liquld crystal TV's in recent years, requirements for the
display quality of TFT (thin film transistor) liquid crystal
displays (TFT-LCD's) are becoming more and more severe.
Cut of the TFT-LCD's, TN (Twisted Nematic) LCD is now
the most popular. This LCD is manufactured by forming two
polarizing films whose aligning directions differ from each
other by 90° on the outer sides of two substrates having
transparent electrodes (to be referred to as "transparent
electrode substrates” hereinafter) and an alignment £ilm on
the inner sides of the two transparent electrode substrates,
interposing a nematic liquid crystal between the alignment
films and twisting the aligning direction of the liquid
crystal at 90° £rom one electrode side to the other electrode
side.
When non-polarized light is incident upon the TN LCD,
linearly polarized light which has passed through one of the
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pol ari zers passes through the liquid crystal while its
pol ari zation direction is shifted, whereby it can pass
t hrough the other polarizer, resulting in a bright
state. Wen voltage is applied to the both transparent
electrodes 5 to make liquid cr#stal nolecul es upright,
linearly polarized 1light reaching the liquid crystal

p R FRTBURRIIRS | Thypuph dibes tldaudd oors b fwhidke iits
PY Al | i | r | t hr qugh
PRI Al el ety e dd, SHIBGPE LN YL
THdneafdle rthemodhetth pcdEiizeat,i arsafl tiold age & drifht state.

S ed, the L returns to the bright state. Although
eI Spd trge &5 BEBLEEE LA EHe o fornspatet, electrodes

C%&ﬁﬂker%di&)@%hlirﬁbié‘éﬁ@e@ﬁp?%@hrté‘siiﬁé‘éjrf??‘Brlarized

r epr oduci ity on the front side dué to technica
i rBve Feaching thechtquddorysitalhpesaebi thpoogh drhe diquid

b te diS, i_ew I As
oo guk B o g s PEod e LR R ETREF £ SRomBerebY
Vertt icatinlot pleisgnelyolGh bhe &Eedér dyrdepask, fdiwlting in a
verti cal |l allaﬂed liquid crystal display device makes

uSeTt SEASeref TRATRAEECHO IS thiSi BRPAIABEAPRRE (fifiage 1is
26 ) {Hy KD RAGINE IR A ARlect Tl C

constant and a vertical alignnen m are conbi ned
t oget heAidhougdt then abowviec N LEPabecymesdequali orTNupébior

ag di_s it Li.qui ystal,s . Vol. 3, No. 2, n

T o SeS e et B Y 3 B i Ot R el g o
heregpirodmAlts 1Aty wiexaid fsdmb sidd idhed o) apaasical

pat ent application”). Even when no voltage is applied,

as-TRFE VAT hin Fecent ¥eaks . dhdas gliw pEphiemitakesolved,
t R 11N MRNin -4 WL it aiﬂ(;gl%t_ vertical, the MWA
an

LCD has excel l ent contrast viewi ng angl e and does

iR TarE e ibicapiy e
N Bonia, e ooai Tl 1A EED BA, ede fgiRadpe.

producti on process.

cryst al Thispreytidevigaligiddnigaiantrestal dxkpdy deeice
di splay side _has a slit in one_pixel area and a

p sk ML RGTRIZipgense mede dd WhaRhdR Megakive Adapid
t REvavd1 Hadiify Wy Mnisotropy in dielectric constant
and a vertical alignment £film are combined together and not
an optical rotatory mode as in TN LCD as disclosed in "Liquid
Crystals”, Vol. 3, No. 2, p. 117 (1999) and JP-A 11-258605
(the term "JP-A™ as used herein means an "unexamined
published Japanese patent application"). Even when no
voltage is applied, as the aligning direction of the liquid
crystal near the alignment £ilm is kept almost vertical, the
MVA LCD has excellent contrast and viewing angle and does
not need rubbing for aligning the 1liquid crystal. Therefore,
the MVA LCD is also excellent in terms of production process.
In the vertically aligned liquid crystal display
device, a transparent electrode on the display side has a
slit in one pixel area and a projection having a slope at

a position different from the slit of the transparent
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el ectrode, such as a projection shaped like a

triangular cone or sem-convex lens, is forned in the
same pixel area on the transparent el ectrode substrate
on the light incident side as domamin restricting neans
for enabling the liquid crystaB 5 in one pixel area to

| A fad, guph AR 2 PR IR o FhARE Ak & W iangnlar cone
Orcﬁ:eéeh‘i keaRekhCeh Bt &y @orﬁ%ﬁ“@ﬁ%ﬁ@%a&ﬁ@ogiﬁgﬂs ?rgn the

el ectrode substrates, that Is, the cel constan
spiFanspATrant ededtiriodes pabstratedenotha Yigit imcident side

C ' e d. The s ers_a scattered ove

oS Bl b red b Y EFEng Mead HeRl SpabTaRf b pd it orystar
| dm oaéasixehdreaet s elakega pliviraldedye b dehhing Berections.
di aneter. of the spacers. Since a certain neasure of

differ eﬁé‘egPHeHP&rre% rth&rr%afhg'uiti HE Y e 8dspAsayapdl the prior
SRAGE! $n UMY £ %R ?.B%@Iv%ﬁ. %@?ﬁé’e L éﬁe%w@%glaﬂs %rent

a problem such as nonuni formty i gap ca
mphﬂﬂ;nﬂﬂausuhﬁﬁnahasaexhﬁR,&suﬂrhéﬂﬁﬁmm)gxpnnunﬁtant,

met hod .of formn ections and spacers usi n
oAtk SR ElRE ERacei Radendt usaitte caymate are
f used.patrher fpacers apessthtte2Bd st ohRAPE 1HAELBstAtes,
easy, the 20 above publication fails to disclose the

c HSEs ithieo AW StlhétrsﬁeSoaﬁgu Lamipatede Epféiffé?ﬁrmﬁié- glp is

t Ph f%ﬁi qui renent s
for the photo eS|st use §ﬂﬁQEﬁ$o#hatﬁ%§ of
pr 0j ect i%umm@esﬁad.armdmraeﬂdtﬁémﬁe dneaili ankter among

UId cr,yst dIS devi ces are bel ow. That

B Rrokitdondt SRadtpaeerhcatto by Al iminatade a5 means
pro@/adeiﬂaﬂjgeatpﬁémamlﬁm%r ﬁoﬁ@ﬁﬂ.ﬁgrﬁlﬁﬁ| i®"the cell gap
surface _snoothness and hardly produce the devel opnent

r UGS Sy %uahoaﬁ g€ fempaceat dPof 30pdrRPdASAoproposes

Zl)élog%g:g)#cﬁn ? cryst aI E?‘ﬁ: g dléi\/}}qge cgélﬁ%gldﬂ% qgri&g a

fmtsmaﬁmmg ahdtuoughthimmnhdd)hastqdvaﬂ'tmges that fine
B A BoBRTRT ahB B SdBS SHERY 55 gy the

fewmpﬁbm:@t%w €8$13Nfo SPESEL Ss@ltH RohPpTR it i¥h of the

Wgﬁﬁlé?ﬂ?¥g€ﬁiid the performance of the formed projections
and spacers.

The requirements for the photoresist used for the
formation of projections and spacers for vertically aligned
liquid crystal display devices are given below.

That is, the photoresist should have high £ilm hardness,
provide projections and spacers having excellent surface
smoothness and hardly produce the development residue or
stailn on the substrate of a portion not exposed to radiation.
The obtained vertically aligned liquid crystal display
device should be free from sticking and display
nonuniformity.

The applicant of the present invention has already

proposed a radiation sensitive resin composition for forming
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[A] a copolynmer of (al) an unsaturated carboxylic acid
and/ or an unsaturated carboxylic anhydride, (a2) an
epoxy group-containing unsaturated conmpound and (a3)
an 5 unsaturated conmpound ot her than these, [B] an
unsaturated polynerizable co#épound and [C] a

radi ation sensitive polynerization initiator,

pREGAGHRNS ARG RRAGEF Sritfe tO SAMe tdfent Which comprises
i g Ry SETRRP) b he itk decd MdrbotipiE aq gasor
s pac ans st e@ (e Rodiiic ddhyeeide | hiazipval ogpoeey  of

dj at t t for th
F SR S e d SRS gty
a|ur£§3ﬁ_d.1ﬂdt@d Eonpeirdl cheY ahand@HeERs, 3 jawStunRa%rated

The devel opnent of a new radiation 15 sensitive resin

d}?&d&rﬁqi@fﬁt&sﬁam@wnq &0 § ravjradiathkon srnsighoes s
"RBREEIL S BT A I Yo g o

tluhewnadﬂ&ﬁmnnssénsﬂti&é?EdSIh\MumﬂbsﬂtidnuxandmhlEIghid

and r evere. 20 Summary of the | nvention It is an
TR AP 1 AL OGS 1M i R UG Lo et the
wgﬁadgfginapﬂxngnggizgﬁogm to provide a radiation
sensitive resin conposition used for the formation of
25 prOJ Howeyed .atdyeo deyiedepmenito ofy @ wagddidtical isgmed tive
e e CIfI L
]%l at | on @%sﬁ%ﬂ@g%ﬁnygo%n%gfnﬁ on%\j"\?{?’ O%aﬁr%jec’cions

p raond G gurenjse did 1o v rtdch 191ya @dd gynfedy iligruadie erlyeitial display
produ es the devel opnen

; deie s ash st hedh e JReEASEE GRmEBESEh S sAaLation

hajetish taams eesiine céﬁBBEi‘tH.Sﬂ é’ﬁpéﬂfe & Cﬁc?ﬁl{ir@‘ ?r@'ﬂ@ctions
spacers, and can provide a vertically gnhed

c ranﬂ 8Pageyg| m‘r@@quﬂalmtg p@x@@m@mcevbstnmrtpynhnically
[ t

;Y Rkt v BORE LR Pl 4O LpRdd s mer-pop ana

althestefluteehents 5 o1s TFTkLOD winic:Hd asal Beyc i mbmermtry more

and a nmethod of formng the projections and/or the

s .

Summary of the Invention

It is an object of the present invention which has been
made in view of the above situation to provide a radiation
sensitive resin composition used for the formation of
projections and/or spacers for vertically aligned liquid
crystal display devices, more specifically a radiation
sensitive resin composition which can provide projections
and spacers having excellent surface smoothness, hardly
produces the development residue on the substrate of an
unexposed portion, hardly causes the separation of the
projections and spacers, and can provide a vertically aligned
liquid crystal display device having excellent vertically
alignabilty for liquid crystals, high veltage retainability

and a short after-image erase time and almost free from
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O her objects and advantages of the present invention

W || becone apparent fromthe follow ng description. 5
According to the present invention, firstly, the above

obj ects and advantages of the present invention are
attained by a radiation sensibive resin conposition

whi ch conprises (A at |east one al kali-soluble resin
sdEGkdng poM dhspiapupPnwkEI It ). @ndanpethod afefiomming
hay ' v, C [ weigh in terns of
pgﬁ\ﬂf;?‘)yr?oeir%%%sﬁrag{d‘?@ é@?éméﬁ’ga?é#ergsti on chr omat ogr aphy

of 2, 000ther26b§8stanand advahtegeri pretite MddedtBinieéntion
me%ag: average nol ecular weight in terns of

o e el BH NS SRR Iy
of 10, 0AQ:clo?ali¥Yy L8%bhd &eeeaemﬂmmﬂaki}éta (O above

or a conbination of a polyfunctional nononer
medfeaia ppdadwmnbrges afdti€pregendt dpventrdonzate attained

50y U Bl 5 SR S AVEL U, B

dewi)cat lwnstngnannid I-$dRgflerasentddedfed 8QomCEhd® group
| ess. 20 According to the present invention, secondly,

t FORSHFRIR DT PAHRE At aRidy davdng e Yiiahdhaverage
| AR O R R 1. 1B %ﬁsﬁ %ﬁ?é%ﬁé)rmé’{ﬁfﬁ"r% gel

aligned liquid™ crystal evi'ces which are
ofpetmeadtiore gladimgticgraphgngift i2,000din 2 fkididm 25

A i o the present_.innvention, .thirdl t he .above
SRR ey antt UEAE Hav Y aliant dRargs aimstar
atwedighayl 1im)t eIRAC &S polly st§irlen@aer salredn & lgiequ E@rmeation
C%ﬁﬁ%ﬁ{ di splay devices which are nade of the above

r AP HARNY iQfe 1H0P t@od983i0000n (B0 2nped¥fuAgtignal

t MprimRsteior BN48RbiAAL1bA 5ﬁea &%ﬁ[}}fhrf&@f&ml f¥n AP nd a
f the pre are

obj ects and advantages o sent 1 nvention
amogiofam diyl onade tnvorbmer f endi 1§ ) propbotioprd ymedication

s S vertical | i gn | iquid crystal displa
SRS, I WL AL o U B AL o
cagladers iha vértheadby\wa ilgadidal i QUG etitsvisttia\lecu@giarsﬁ1 device
conposition on a substrate; (b) exposing part of the
chaving an AfteTdage frase time of 100 sec or less.

According to the present invention, secondly, the
above objects and advantages of the present invention are
attained by projections for vertically aligned liquid
crystal display devices which are made of the above radiation
sensitive resin composition.

According to the present invention, thirdly, the above
objects and advantages of the present invention are attained
by spacers for vertically aligned liquid crystal display
devices which are made of the above radiation sensitive resin
composition.

According to the present invention, in the fourth place,
the above objects and advantages of the present invention
are attained by a method of forming projections and/or
spacers for vertically aligned liquid crystal display

devices, comprising the steps of:
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(c) developing the coating filmafter exposure to 5
forma pattern; and (d) heating the coating filmafter
devel opnent. According to the present invention, in

the fifth place, the above objects and advant ages of

the present invention are att& ned by a vertically
aligned liquid crystal display 10 device conprising the
above prlectd Nho sroathingfoldam of ddwe abovwrl taddaiion
an after-I1nma e i ess._.Ih

pr esent inve%ﬁﬁlﬁv}%ﬁt ﬁsﬁs%%%%ﬁgnde({naiq su-EJsetrate;
her ei nunideyr . exjioRad) pardn ofehbit cvatingi il oM dddikition:

The conponents of the radi ati on sensitive resin

conposi t(ioC{}n Léeechlf‘iﬁf}'r{%g:qT%r‘f%ﬁde 110 @y gposure to
and/ or spacefdrm o partd:Sal landl igned liquid crysta

di splay devices of the present invention (to be sinply

referred&lb J@adsing dhietdanting filn \af tegsidevelopment.
conposi ty I na [ il ] e descr,i be

nor i puniaroatng €l prb8Eh devenion i tnk Facen place,
al e iatsolelDiejedtasiandisaTlant ddes W IeR praset Ahvdrition
a novolak resjn and/or, a qé?roxystyrene resin. 25 The

atftiR atdAdingd by R ivientlcatly addappd biayie mrarstal display
pllﬂ’«ﬁ’icé‘%ﬂ%}ﬂﬁ@ﬁﬁfe | dbd e PESTESCEo & A5k dthe above
cat al yst. anpl es of the phenol™ used f or the

pregRgeR s gndhaiamenckfiter-dmagei aceadet phenof ,100 sec or
(}é?' ol, mcresol, p-cresol, 2,3-dinethylphenol,

2,4=di et hyl phenol , 30 2, 5-d: Lnet hyl phenol ,

2, 6- di naHyy Ipdement A rdrel i WilllIeny ,described in detail

3,.5-d-tinet hyl phenol , 2,3,5-trinet hyl phenol
&hﬁﬁﬁ*quéﬁﬁy!phenm, resor ci nol
2-HEd S04 {516 W 0t iveé-Fd i I S Sd Ddon Ny droqul none,

at echol , 7

girr)c;gal%mﬂ f%onmﬂru:’tttgal i rtdte radiatiion eaﬁldlsmwmﬂs;in
Ol 655, S0P o AL L0 T ko573 b

2, dpatiers hdherattical By alhigmédyl pperd/crystal display
3,d5- di met rg/l phenol
evices of the present invention (to be simply referred to
as "radiation sensitive resin composition” hereinafter) will
be described hereinunder.

(A) alkali-soluble resin

The alkali-soluble resin used in the present invention
is a novolak resin and/or a hydroxystyrene resin.

The above novolak resin is obtained by polycondensing
a phenol and an aldehyde in the presence of an acid catalyst.

Examples of the phenol used for the preparation of the
novolak resin include phenol, o-cresol, m-cresol, p-cresol,
2,3-dimethylphenol, 2,4-dimethylphenol,
2,5-dimethylphenol, 2,6-dimethylphenol,
3,4-dimethylphenol, 3,5-dimethylphenol,
2,3,5-trimethylphenol, 3,4,5-trimethylphenol, resorcinol,
2-methylresorcinol, 4-ethylrescrcinol, hydroquinone,

methylhydroquinone, catechol, 4-methylcatechol,
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5 and 2, 3,5-trinmethyl phenol. The above phenols may be
used alone or in conbination of two or nore. Wien two
or nore of the above phenols are used in comnbination,
preferred conbinations include a conbination of
mcresol and p-cresol, conbination of 10 m creso
and 2, 3 - di-nethyl phenol, conbination of m creso
aRyrrpgaldialst mnlmwucinnimbitm@h arfd msordsool and

2, 5- dI s\ i natiQ cresaql nd

235 { DUEPR FifRe, predEds o aRefrel 58 ahianaY ‘- cresol.,
2g}dﬁdﬁﬂﬂnﬂzﬂﬁyﬁﬂmeﬁﬂyiﬁhéhdhlﬁﬂlﬁ“dﬁ&ﬁﬁﬂylphenol

combi nation of 15 mcresaol, 2, 3-dinethyl phenol and

2 L e el . 3 domedhivdphenod.c BeSodimethylphenol
2&%&ﬂjﬁ§f§dﬁ¥§ﬁg¥hfyﬂ% my14- di - met hyl phenol,

conbi nati‘on of mcresol, 2,4- dlenthylphenol and
2, 5- d|n@bhyaphvnophenohﬁnm&y|hanuebd alonesar ,in combination

2.5-dlenth henol nd 4- di

2 st i o B WREE, €96 St R 1A e Abeyey Phenols are
2 uded lin eunbihen, prefiftad JofidB o &@sP include a
p-cresol and 2, 3-di net hyl phenol, conbi nati on of

meambdaation: of @-crare b amddummqihemmbmﬂqmtqﬁm

|
o Brsaanar. o et riendys SRBLALEDR of mAesol and
2,23,45-dmatemmrmwmﬂo,| comamtssamfoﬁ maﬁmma o be

p condense i th en [, include for deh de,
t %ﬁig}me&z}ygpgn} Iﬁﬁf@’ Qfgﬁ'ild"é:e ehyde,
pmﬁy'lsmlm I ylrld hyd Ia30 P:L h th o L?hel'ndOlh d
a en ro al de e - phen ro al de e,

o 2 R R En a@.wgﬁwﬁw" hiedothydeombination of
p Ciﬁ[;.(yfﬂtq, h _Qﬁm/
m%yl benzalagde yde Ylﬁﬁlrféé%hlyl enza’l de ydeg',%yfllPr}?euré]T',
glopmbdinatglon arfalmtednedml, t2er3ehintect et el aamdl

i sophthal al.deh de. Qut of these F 8. al dehydes,
fé’ ﬁﬁdg'éﬁ%’é' %Wﬂ\?ﬁ:z‘ﬁndé?ﬁ/ ) ee"yﬁprr ef erred.
The mmmﬂiﬁe:meiﬁﬂ A 26 sUBAthetn§1Phend1) CRMBHLARLHIRR of

of two or nore.
m-cresol, 2,5-diemthylphencl and 3,4-dimethylphenol,

combination of m-cresol, 2,3-dimethylphenol and

2,3,5-trimethylphenol, combination of m-cresol, p-cresol
and 2,3-dimethylphenol, combination of m-cresol, p-cresol
and 2,4-dimethylphenol, combination of m-cresol, p-cresol
and 2,5-dimethylphencol, and combination of m-cresol,
p-cresol and 2,3,5-trimethylphenol.

Examples of the aldehyde to be polycondensed with the
phenol include formaldehyde, trioxan, paraformaldehyde,
benzaldehyde, acetaldehyde, propylaldehyde,
phenylacetaldehyde, oa-phenylpropylaldehyde,
f-phenylpropylaldehyde, o-hydroxybenzaldehyde,
m-hydroxybenzaldehyde, p-hydroxybenzaldehyde,
o-methylbenzaldehyde, m-methylbenzaldehyde,
p-methylbenzaldehyde, furfural, glyoxal, glutaraldehyde,
terephthalaldehyde and isophthalaldehyde. Out of these
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5 The anount of the aldehyde is preferably 0.4 to 2.0
nmol, nore preferably 0.6 to 1.5 nol based on 1 nol of
the phenol. The novolak resin in the present invention
is particularly preferably a pol ycondensate of

m cresol and 10 fornmal dehyde, 8pol ycondensat e of

m cresol, p-cresol and fornmal dehyde, pol ycondensate of
madidsivrde, Fomnakdghydel arfd rovdisitozddye ool Mt satee
of ol, 2,4-xylenol and formal dehyde or
p&F&%%%%%ﬁ%ate of mcresol, 2,5-xylenol and

f or mal damedabolté dduRyidRs Rbyihrusedth Taiabysin Yoabihdtion
the ol ycondensati on of the phenol and the al dehyde

i HydHYSr oric acid, nitric acid, sulfuric acid,

formc agjed.amoded i Ffled lae 3¢l | f,oqic
acid and p??Bluenesulfghfgégﬁkg. %% $ﬁg§§&%@ﬁ%5%.4 2.0
c acdll .y orenpreafenady d.@ndoorl .i5n modnibiased en lofotlwef the
Oor ,1Tor . The amount of the acid catalyst is generally 1

x PIERRL o 5 & 10"l nol based on 1 nol of the phenol
The pol WHeN grR%AlEKO /s AC ind  Hae piaaianith 8 nfeeitalond G

25 the aldehyde is carried out in the absence or
Iarly prafarabliba s lacardanaats | afem-dragald@nd

p

al el a nggﬂ I pan(

i-propz}ﬁio and ?—le:géano : Saeﬁtﬁs“?&succ%%ﬂ aﬂ]oére“l and

t dlamaidtediydenn podiycoadensate pfomylcresocdl,y@Ql3-%@lenol and
onet.hy| her; .and ketones sych as ethyl neth

R BepR ol o S oReh aAofe R 802 and

S ot 1B BrUSETy Cdrilén St é RECATBEBZLL O Of -} Mh X ana

nore. The anpunt of the solvent when the

p _ 8-on V 9 reaction is carried out in the

R R N L Ry

p@clydondegisattial dafhecheotpemol tdral rtdeectdalaiehydav include

n?hﬁiéégﬁioric acid, nitric acid, sulfuric acid, formic acid,
oxallc acid, acetic acid, methanesulfonic acid and
p-toluenesulfonic acid.

These acid catalysts may be used alone or in combination
of two or more.

The amount of the acid catalyst is generally 1 x 1073
to 5 x 10! mol based on 1 mol of the phenol.

The polycondensation reaction between the phenol and
the aldehyde is carried out in the absence or presence of
a solvent.

Examples of the solvent include alcohols such as
methanol, ethanol, n-propanol, i-propanol and n-butanol;
ethers such as tetrahydrofuran, dioxane and propylene glycol
monomethyl ether; and ketones such as ethyl methyl ketone,
methyl isobutyl ketone and 2-heptanone.

These solvents may be used alone or in combination of

two or more.

The amount of the solvent when the polycondensation



10

15

20

25

30

5 The tenperature of the polycondensatlon reaction

which can be suitably adjusted according to the
reactlvities of the reaction raw materials is

generally 10 to 2000C. To carry out the

pol ycondensation reaction, (Ip» a phenol, an al dehyde

and an acid catalyst are f ed to a reactor 10 at the
s@FRAGIAN ¥ qanpiedh eut dircadthe yalventf dis tgerenaddgt R0 to

I ith,
218, S Ak 08 2L ELBEIITE, %5 0050 8haBd i Vbsone
amabemtcai stcto paitt £ My eddight ol ARk HH 1 off t@fe iaction

end of the %flycondensatlon reaction, (I111) the inside
t e AR $.15 a reaction systeml|s raised to 130

to 23 OGrHe éﬂﬂp(\!ﬁhi‘ﬁke%f@ﬁ&‘ifolfc%rfd%m\éﬁ:q.dwg@éct:|.on which

reduced pressure to collect the™ novo resin
(:¢an bey swikablk adlistebtatomiing qcmltymorme:samiari.es of

I n.the ab f

ML PR ot Bt fttnofe (99 FLER L ofo hore
good SO|'1\tﬁrdaz&k1a€fbt&D m‘e %Mﬁmﬁworﬂm&%tﬁiﬁerﬁ) a
acet at e, d| eth ne glycol ethyl nethyl ether

3-Rha %%Y'ée an@/ ApI aci G cadad Yt apg fetk tg) qmﬂactor

”W'EBE@a:h RURRS . oEEL Y]

2- hept anonee oxgne{ ahhg%ﬁ&)éatal Egcfeet%a:g a rheeaCtor

r@mﬂtthagu Qophterzmi iasdmanedldehﬁdwaazee axlded polong with the
as n-hex t an

h
SRR dt a8 Bt R TR ene b PP cetalyt

separ at e tcmncddteca rovlila e SIMEA tar e tdifa v Ak
resin. The wei ght average nol ecul ar weight in terns of

pASHSIMIRN AN EPaSE 6é#ﬁ=éa¥h@ni%m%aﬁ%§pmﬁure of
( ?ﬁact%gn@ﬁ% iSf:%fis%% {(868 A\/%I 0° g%ﬁ Ogl%tifél)mfltter

of the novoladk resinis prefera
3,1900Emaved , urghex veduchdtpresssEnsia i ol last nthe novolak

c osi tion,hayin | ent

TRt o RV S RaiTan, FR1n ABHATbeP Y pravcondanapston
ohitri e abys enteN @£t heso2vehekor Iee mdvI40 fdil k¥ ected
Myv. 10 In the present invention, the above novol ak

r 831 khengbove methed(44d ) ots 04 ssodyiesain chaepdi splyent such
MY o tHA IO v REYRLYT @Eﬁef ea°’ée§‘té1.se a m&ﬁ'ﬁeﬁ glycol

alone or Iin Cofbination of two or
hﬁ:iﬂw@snajlﬂanlese@m aee Bhyl h%/-dll@)bdysxmmm.onate ethyl

m hé/cdl:r 0'2%’ S’tp.yl:'r en ene g¥gcr:8f¥r§tr}/omeq:%yl ether, methyl isobutyl

ketone, 2-heptanone, dioxane, methanol or ethyl acetate, the

resulting solution is mixed with water or a poor solvent such
as n-hexane or n-heptane to precipitate a resin, and the
precipitated resin is separated to collect a polymer fraction
of the novolak resin.

The weight average molecular weight in terms of
polystyrene measured by gel permeation chromatography (GPC)
(to be referred to as "Mw"” hereinafter) of the novolak resin
is 2,000 to 20,000, preferably 3,000 to 15,000. A radiation
sensitive resin composition having excellent coatability,
developability, sensitivity and heat resistance can be

obtained by using the novolak resin having the above Mw.
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0- hydr oxy- a- met hyl styrene, m hydroxy-a-nethyl styrene
and p-hydroxy-a-nethylstyrene or a copolyner of at
| east one hydroxystyrene and at | east other
pol ymeri zabl e nononer. Exanples of the other
pol ymeri zabl e nononer include 1010 styrene,
a-al kyl styrenes (al kyl group is a |inear or branched
al kyI gﬂ@u’phhmemyr&t toveotdanhobthatahave hhvolakerediais may

a t§ tyrene der,i atlves obtalned by
st 5 %I ng&[aeh e:"erecnoef\usr’rj‘lx'l i ot" SHyrafe By M-S east

one sulthiel hbere nyahonysaykyhegfeyﬂn hgla)aﬁdwmeﬁr @fdalone
IlnegH or .15 branched al koxyl group havi ng to 10

GPBRENaRAPB R DT HPFPO°§rW°@%¥W%}'F%|§UCh as

- A € -HyiRxy mgﬁq
i%%}lﬁ&;di enté; eﬁ.rs%prmeﬁ{e and ﬁoropre e; é@% rene.
(meﬂiy)a:cmwh m-mthxmyﬁam,ylnf\thdroﬁm-{r?ﬁmﬂf&}?—ene and
ne acryl ate crylate nme acryl ate
‘h’f;da‘ ‘aﬂ'é"ethit]rﬁﬂﬁ%& )Ryratae °°P<(]ri6'i‘?ﬁ a‘b’ﬂ?ﬁy'fatl@as'c one
(Mbﬁ@"%y&té}e ar(dTﬁth)la!H% Pther fdBiMErZat 13 Snonomer.

(et h) acryl at e, (et h)acrylate, such as nethyl

(net h) a@?‘?ﬂé’tlés &fhfhe ﬁrbpgpyplmﬁ)za@ﬁw mogomer include

(ne h acry? ?ikthQEE%ngqr egfoﬁgéﬁ%%a¥ggf§p%$é%anched

cyﬂdﬂqyﬁegybupmavmgllcyoIlcﬁ}en;rbon(anmms adhel same sHdM apply
hereinafter) and styrene derivatives obtained by
substituting the benzene ring of styrene by at least one
substituent such as alkyl group, haloalkyl group, linear or
branched alkoxyl group having 1 to 10 carbon atoms, halogen
atom, nitro group, cyano group, amido group or ester group;
diolefins such as 1,3-butadiene, isoprene and chloroprene;
(meth)acrylates such as methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, i-propyl
(meth)acrylate, n-butyl (meth)acrylate, sec-butyl
(meth)acrylate, t-butyl (meth)acrylate, n-pentyl
(meth)acrylate, neopentyl (meth)acrylate, cyclohexyl
(meth)acrylate, 4-i-amylcyclohexyl (meth)acrylate, allyl
(meth)acrylate, propargyl (meth)acrylate, phenyl
(meth)acrylate, benzyl (meth)acrylate, phenethyl
(meth)acrylate, l-naphthyl (meth)acrylate, 9-anthracenyl
(meth)acrylate, cumyl (meth)acrylate, adamantyl
(meth)acrylate, tricyclo(5.2.1.0%%]decan-8-yl
(meth)acrylate, anthraquinonyl (meth)acrylate, piperonyl
(meth)acrylate, salicyl (meth)acrylate, cresyl
(meth}acrylate, glycidyl (meth})}acrylate,
1,1,1-trifluoroethyl (meth)acrylate, pentafluoroethyl
(meth)acrylate, heptafluorc-n-propyl (meth)acrylate,
heptafluoro-i-propyl (meth)acrylate, triphenyl methyl
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propargyl (nmeth)acrylate, phenyl benzyl (neth)acrylate,
phenet hyl 1-naphthyl (neth)acrylate, 9-anthracenyl

cunmyl (neth)acryl ate, adanantyl

tricyclo[5.2.1. 02*6] decan- 8-yl ant hr aqui nonyl
(meth)acrylate, piperonyl sdalcyl (nmeth)acrylate,

cresyl egC|dyI (netggacr late, 1,1,1-trifluoroethyl
rfﬂqiaha) hﬂammm)tqﬂmdr imetth ) acrylate,

eptaf |
hept{a Iwuglg"eﬁ: rl% né%%ﬁr%&{hﬁa‘:ﬁj{% %hy#ulﬁéjt hyl
e (I thjmetriy)ladrey |aid, fui-AudyE dimetth)d arg ndeet hara

(@%@Cﬂ{mi@éﬂide?uﬁw minale R 2 Yamidn

e )-8 e, I t hyl
E net hg?}éﬁrgﬁ d(e éd%lmal?g{é/hy?m( nmet h)dg‘c%%fr?dey

Ntemh)raqmd@}rllde( rré{.m-aizir-w-amqmrl (el agrypraphde,

Néme?ly ;ﬂ;{g t?ﬁeat ISJYny al(‘ Tel acr IYE.’I.m(me’th)acrylamide

(rmﬁm)ea,c r{ydectini )radm;lcaﬁmufa n adel;éirfJ untnyahe fluoride,
yl i dene quorlde vi nyl _chloride, vinylidene

cATIIgeng) £ NUATIHey A%l Ghd oride, Nyi-lnﬁ}ﬁd&fwechloride.

3 Vi [ :ﬁgﬁg
N- phen;%rg:d%%ddg . 11%04%1 (}I}? pir?eé/ny [%/ rﬁy ‘dine,

N4cydinsH@ayr dddin nivianyen dacewa(tmt - phenylmaleimide,

a_ylo The of t-he ot her
m;ﬁiﬁgﬁ%?ﬂﬂgé¥1%§41r¥ﬁ c(ﬁﬁﬁﬁﬁﬁiiﬂﬁl?%ﬂ}de and

hm(mm)wmmnmmme poI ymeri zabl e nonomer

preferably 30 wt % or |ess, nore Ereferabl 20 wt % or

| ess baE SHHFﬁBtt%f dherthes Relymerizabhemeprmer in the
& oEhen@iRir 8} AP drie?BhE Eﬂ@?ﬁr?g{eofb?oﬁkﬂgﬂzable

than 3 w% the alkali” solubility of
cHsEIofNas 1Fpreterably Hhwitdf ta::tlasgﬁ FogehpdeSayably ewt$

55 PRI B o SIT B8 WS i iR Bpeent
{hydﬂnuyﬂﬂ&ne@@Lymérizable monomer is higher than 30 wt$,
the alkall solubility of the obtained copolymer may be
unsatisfactory.

The hydroxystyrene resin particularly preferred in the
present invention is, for example, poly(p-hydroxystyrene),
copolymer of p-hydroxystyrene and
o-methyl-p-hydroxystyrene or copolymer of p-hydroxystyrene
and styrene.

The hydroxystyrene resin can be prepared by
polymerizing a hydroxystyrene and optionally other
polymerizable monomer with a polymerization initiator in the
presence of a solvent.

Examples of the solvent used for the preparation of
the hydroxystyrene resin include alcohols such as methanol,
ethanol and diacetone alcohol; ethers such as
tetrahydrofuran, tetrahydropyran and dioxane; ethylene
glycol ethers such as ethylene glycol monomethyl ether and
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o- met hyl - p- hydr oxystyrene or copol yner of

p- hydroxystyrene 25 and styrene. The hydroxystyrene

resin can be prepared by polynerizing a hydroxystyrene
and optionally other polynerizable nononmer with a

pol ynerization initiator in the2 presence of a solvent.

30 Exanpl es of the solvent used for the preparation of

t thyldnex gdvgedmmnaesthyl ethede ethybahs glycivlagslkyl ether

f f hanol d_.di acet.one .al cqhol_; hers such
Teldiitae MY AN SR VIR S acetdte ana
etdttiylitne Yl aitief5 Stidr afcstidne SNBidt¥léne glycol
nmononet hyl ether and r 12 ethyl ene gl ycol nonoet hyl

etdidierotfighe RS JARIIYIRNG |9tert menenekhyl witens

@A I t %ﬁﬁ éqg#
Sltd%éol et%yely‘aeajiyh@ gﬁé&er%‘g%{e};?ytldi et %It':ne g li/ffo‘lm/é: ?%1
s idmethydi extthdmenalig thogol ems rggpddly | disdtteyl &ther and
di gt hyl. ene gl ycol nonqethyl ether, .diethylene glyco
e SR T Tk e et hy B e G g v ool
dieginudseBacH ¥€ PraPyinerlipto1ehbrbne BRORYS @r JipteRlylene

et hers such as propyl ene gl ycol nononet hyl ether,

pradFacdeonge Rl afdiniot RyPPELARE glyicsdynene-ptpropyl ether
; t 0 n Ol
ARt R 15/ock) st ALUATE Blakt lomomytene g1ycol

acadikatle e tdheah alaetpxteisylsulr:h g‘syp:od:ol pyrédey | gepdel methyl ether
acet at pro ne col et et her acetate,

oS AR GIph b e et akeer AEOBFHERE
prmﬂﬁrax@f;webl d-grEpyl ether st e ;anlarﬂﬁaﬁafﬂ@ne glycol
glycol al kyl ether 15 propionates such as propyl ene
girdtHediheranatakepinreneleng) gkgtehaf vt gtheny |

e i I - y I
FASARIRRL S BhEn o BRYRETERE JHfien Refthgllethbl Bropionate.
proaqmipyianey gyt iect Hydd redidbeeh grropsicciatas, tpodapyrlenengylycol

| : t h thyl eth ket ,
BB BRBSE S Sk PRt AP BEOPYARTS SLTChd R kel ether
afpropiftiiates! rorditlt RFdrBiddtons ehalle aftf¥luene and

acetate, n-propyl acetate, n-butyl acetate, nethyl
2 RISy ketoneshgushopsJRatyl f iyl ketone, cyclohexanone

étér%bﬁj O IR W QRO Al fan t dFRIAY] N P SRl s such
as methyl acetate, ethyl acetate, n-propyl acetate, n-butyl
'acetate, methyl 2-hydroxy-2-methylpropiconate, ethyl
2-hydroxy-2-methylpropionate, methyl hydroxyacetate, ethyl
hydroxyacetate, n-butyl hydroxyacetate, methyl lactate,
ethyl lactate, n-propyl lactate, n-butyl lactate, methyl
3-hydroxypropionate, ethyl 3-hydroxypropionate, n-propyl
3-hydroxypropionate, n-butyl 3-hydroxypropionate, methyl
2-hydroxy-3-methybutanoate, methyl methoxyacetate, ethyl
methoxyacetate, n-propyl methoxyacetate, n-butyl
methoxyacetate, methyl ethoxyacetate, ethyl ethoxyacetate,
n-propyl ethoxyacetate, n-butyl ethoxyacetate, methyl
n-propoxyacetate, ethyl n-propoxyacetate, n-propyl
n-propoxyacetate, n-butyl n-propoxyacetate, methyl
n-butoxyacetate, ethyl n-butoxyacetate, n-propyl
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hydr oxyacetate, n-butyl hydroxyacetate, nethyl |actate,
25 ethyl lactate, n-propyl lactate, n-butyl |actate,
nmet hyl 3- hydroxypropi onate, ethyl 3- hydroxypropi onate,
n- propyl 3-hydroxypropi onate, n-butyl

3- hydr oxypr opi onate, nethyl 13

2- hydr oxy- 3- net hybut anoat e, net hyl nethoxyacetate,
ettmiutoryadrataice: at-Qutybriopytorydoayace! atethyl but vyl

t G th etate, ethyl
SR ORARE S a8 Windt OB R ofihate . n-propy1
EﬂﬂHmeMﬁhﬁyﬁﬁbgiﬁﬁ&Bé ﬂLTHﬁ¥EDQﬁﬁé%E6 t£%§W$naEFt Tethyl
ropoxyacetate, n-pro r opoxyacet ate, n-

- B TIPRERERRA QRa et (1B - drift XPRTRE OB EOnat y | n-DEOPYL
LA onded! by PR
gﬂnﬂ-bhtnxﬂnﬁgnﬁqmammaeehyhﬂfﬂﬂ@gﬁoxypropionate n-propyl

-qyet hoxypropl onate,. n-but 0X i onat
AR TBE SRR i e Bty A DOE RERb P aRara: @ethyl

'3NMHﬂHox§bﬁbﬁiéﬁa®6”(H%K¥EHSLmeﬁh$k§ﬁ%opionate n-propyl

2- et hoxypropl onate, neth n- but oxypropl onat e,
etdryne @m@ww orxmtzeutyln pregihoxypropionate, methyl

o ﬁh%%%xy pr Opl ona??tj 3 ﬁwwﬂé’f’é Onﬁ"tﬁropyl

3mmmmmmm m—lmtmyla é%tmm«ymamwat:ﬁethyl

n tyl net ho ro onat net hyl 10
s B SRR A 1yt ke TR RF SR B QR Lonate
NPyl ﬁﬂﬁw@@ﬁ&dﬁm&ten Pty

3- et hoxypr opi onate, nethy 3-n- propoxyproplonate
W'IE:QPWWW% ateé:hy @Woxypropionate ethyl

met hyI%ut OXYypr op1 on#{;&]{ h -ﬁ-@ﬂ@&?ﬁp&ﬁﬂ&g@é and

3Indhundkybmmbunnngpropmqnamyl 3 n- but oxypr opi onat e
and n- These oIvents nma

be used t‘%‘r?e%?‘ ‘ﬁg}’ﬁg‘% :%Fm‘ﬁﬁ 1ong, 0%, ’l‘ftﬁ?é'.'bil*}%t on of

ammﬁnoﬁﬁmdﬁgasolvent in the polynerization 20 reaction

is preferably 20 to 1,000 parts by wei ght, nore
pr ef er affiye FOPUNS x50 %t@%nﬁelﬁhtt%éﬁdmmtion

ﬁg{éeaﬁﬂ{on V%?%ofg %tﬁ ?ﬂ IQI]I;I(% | at USG %lht fore

preeesientaloky 100 to 500 parts by weight based on 100 parts by

welght of the total of the reaction raw materials.

The polymerization initiator used for the preparation
of the hydroxystyrene resin is generally a known radical
polymerization initiator. Examples of the known radical
polymerization initiator include azo compounds such as
2,2'-azobisisobutyronitrile,
2,2'-azobis-(2,4-dimethylvaleronitrile) and
2,2'-azobis-(4-methoxy-2,4-dimethylvaleronitrile);
organic peroxides such as benzoyl peroxide, lauroyl peroxide,
t-butyl peroxypivalate and
1,1’ -bis-{t-butylperoxy)}cyclohexane; and hydrogen peroxide.
When a peroxide is used as the radical polymerization

initiator, a reducing agent may be used in combination with
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of the hydroxystyrene resin is generally a known

radi cal 25 polynerization initiator. Exanples of the
known radi cal polynerization initiator include azo
conpounds such as 2,2'-azobisisobutyronltrile,

2,2' -azobis-(2,4-dinmethylval erlohitrlle) and

2,2' -azobt s- (4-met hoxy-2, 4-di net hyl val eronltrile); 30
ortdi F@d3&radx PedymeFikatdopehndyLatpsr axi dccedax ri@yutiator

d ' _
per oxi Qs tn%tt)é 4] %.rv%x)ﬁ%t\ﬁ%é y&rae&)daljineqo |de

(t- butylperox cyc exane and K en p
Wihgyrd.zzo e topat echee lr:estmedoae dﬁmdnki)ﬂ lthahdoﬁéwimirft»)ﬂe?& pepared
itiataor, e in ent m e used in conbination
vﬁ% fE g this o (e i Gt S50uR o this above
t e ﬂéﬂ}&té}{e wAthal pabteEREbhVer &) B%noalis RInERPK T ggroup,

oxXystyrene resin, one or nore than one nononer

?mﬁ@dgrgypmmpb@paﬁgltmw ﬁnd qrmthwat-bky [thegr @hpvefother
r rene W cll
2oL D G 0% Mol SE AR e 28

optliimniaidte tdree aﬂmtmcﬁitﬁr gipy/er | zabl e nononer are
pol yneri_zed _ and hydrolyzed to elimnate the protectlon

group. HR e RrEssRt inyention. wtmraw
1050%33‘4&'114;9,0&%& Ofhd R dRoRyRBHE 28 s BSh roved

i npr oved hydr ogenati on or “the |1 ke before
ofbxt HWGWQQQD@,@G ere thesiyke defnHuse. 100, OOO

P o oEoeRAOnb e 33e 8PRreRE HELIE 1550, 000, o, 109, 000,

S@rEfidnablyesi ), dd0 CsTBXE, G0mN BV usd ngy Adle yrene
resol ution, developability and heat resistance an

gFEF iR S ik °‘€Fe\P@Yop?atHarq’tayti%03%‘é?%HYQn¥%ﬁin
C bR ARt 8 G v IR ' 18 d oh %ﬂ@blfeéaﬂ%ﬁé of the

hydr oxystyrene resin |nclude Mal Kar'i ncar M and
vaealionabildiy agd beatirasiatamee pad gohdhalana® between

Lt ‘% 33%1 jﬁggo 0 Spd C‘q?1 Li 4 ¥WHCh
1
ardge X yrrer a%héj %%Ap\)go it “?a'n %/(ﬁbo %/ Gi/ ene and
parti al Iqonmedmigﬁnagt adamaﬂmét;a:ddtﬁfmbf theé hiydeoxystyrene
present i nyention, the above derox styrene
resin include Malkarincar M and Malkarincar PHM-C (of Maruzen
Petrochemical Co., Ltd.) and VP-15000 (of Nippon Soda Co.,
Ltd.) which are homopolymers and copolymers of a
hydroxystyrene and partially hydrogenated products thereof.
In the present invention, the above hydroxystyrene
resins may be used alone or in combination of two or more

and may be mixed with the above novolak resin.

(B) polyfunctional monomer or a combination of a

polyfunctional monomer and a monofunctional monomer

Examples of the polyfunctional monomer in the present
invention include di(meth)acrylates of an alkylene glycol
such as ethylene glycol or propylene glycol;
di(meth)acrylates of a polyalkylene glycol such as
polyethylene glycol or polypropylene glycol;
poly(meth)acrylates of a polyhydric alcohol having 3 or more
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resins may be used alone or in conbination of two or
nmore 25 and may be m xed with the above novol ak resin.
(B) pol yfunctional nmonomer or a conbination of a

pol yfuncti onal nmonomer and a nonof uncti onal nononer
Exanpl es of the pol yfunctionalismononer in the present
30 invention include di(neth)acryl ates of an al kyl ene

gIbhFssoxwly @ranpetsndhedas @giwadrior, proiged thiel gl poapane ,

di S _of L kyl e | ycol . such as )
ORI 5 o o FoBB B PRERT B g 1 s s
palodirfeted) aarodwriies tferediol WM (Gre tH ehie) 1 Ak Nihich as
or re J 15 hydroxyl groups _such as glycerin,

t @ HAp e Te5idin dBqihane dlesidy. alkyd resin,

digaanicaey thdd 1P larf) & i GA] BueAld a%ﬁin%tﬂ%i%:?ﬂes of a

products thereof: oligo(neth)acrylates such a
p@olamear hagdag a dyidroxyledrang @adsbothaltieythinedisn such as

BB AR o Bhraf I PRAGHS teflRars.
apolydspphehed Haadin @ hadrosyd BydupXut HodwuP takrmibis or

term nals, _ polyisoprene having a hydroxyl group at

b BN FBARRHALT e haylpgap hrdrarsie IRAVPNAL Pafitexpinals;
gza%e#t)rﬁg'csﬁ %It J(}y ég{(ﬂyet %yls"]’ogr%osah at é’?lr]'&?‘{"% (B‘h atﬁwee'se
pol yf un®uitowdl timesenpodyf upcitiomailh paaomeatses of a

| yhydr i I |, havi 3 I
R e T R At PP ST AR 3 AL Sohe] e oo more
phgfarioxed. dgutaps iaml |ddcdrboiBiing Adi@ R fi%d products

triacrylate, trimethyl ol propane trinethacryl ate,
péMexsf ne Arefanted yFreeifpeatld¥r ytRimeshylolpropane

t rdpRichRaratleat & in%ﬁiéf"l |1 | obh 7RG 3T ﬁﬁ of

pent aeryt hritol rtrla ry Bﬁgaéhm0|ﬁfggiﬁg r&éﬁ%ﬁed
peediae rydthniditla dintdonla te,r ipemtasgrythatidol

pent,aeryt hritol 20 tetraacryl ate, aerythrjto

t g‘tl}ig“ SERR%, S caé’r"gt‘fﬂ‘{%’gi%et%et Sh A,
dipeertazaptitiitcll triatt@IRt8aEYHEfic acid modified product
di pentaerythritol hexaacrylate and dipentaerythritol

h&faMertaeTy i tale (s Yiate . meanfaeEtiptdane
! HeASTRE AN a REN A B4d¥ i tol tetramethacrylate,

dipentaerythritol tetraacrylate, dipentaerythritol

tetramethacrylate, dipentaerythritol hexaacrylate and
dipentaerythritol hexamethacrylate are preferred, and
trimethylolpropane triacrylate, pentaerythritol
triacrylate and dipentaerythritol hexaacrylate are
particularly preferred because the obtained projections and
spacers have high strength and excellent surface smoothness
and a stain and the film residue are hardly produced in an
area other than a portion where projections and/or spacers
are formed.

The above polyfunctional monomers may be used alone
or in combination of two or more.

The amount of the polyfunctional monomer in the present

invention is preferably 5 to 1,000 parts by weight, more
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25 triacrylate and di pentaerythritol hexaacrylate are
particularly preferred because the obtained projections
and spacers have high strength and excellent surface
snoot hness and a stain and the filmresidue are hardly
produced in an area other thas a portion where

proj ections and/or spacers 30 are fornmed. The above
pEBeharatlohA0 wonbAer panty by webghtllased ayn i10D0 parts by

c [ [ f ot r. nore.. .The amount of the

pol ;yf%ﬁ%:tol%gnta e r?ov‘sfrafoa?rleir'ﬁonl‘%%e preseht AB¥nvention is

pref er abihenS the hmdQd thaft They peivEtinctivnallGonomer is
preferably 20 to 500 parts by weight based on 100 parts
byPMiefhithan th@ai& by daighte e Piuonatihand rurface

gyt e dd 6 RV SHPS1HOE @ro@%’lﬁ'ﬁné &na $PBleSs rﬂ%ﬁ@seg:ome

parts by weight, the strength™and surface snoot
ofunsed igtfiad teary .pr ¥heot thesamouh ts jac éasgenrytiee AV00 parts

u tisfactory. n_the a is_| er than 1,000

o, e T5He, A hatl Bkbrabi s ey Hefaaprate. of a stain
deirf ithlealFa 1mOre@18hai Nayand phedtééd (e ddlUdB B thRr than
produced in an area other than a portion where

proj R WiiRke Prgiecdilong andyiqf EPaRlh aue formed.
Present rneggt B?ggeﬁgr%m%n{ Sn DBt UE HiAbo1 PRURT L ona1

may be substit nonotf unct® onal non
Exeongimes afayt e shdet itnrtefdi gt iz0 madnobmorteroriaic imetsomer .

the sa nmonqner s .as, t he conpoun enunerated for the

hydr oxy BETPRIESaRE ENE TRE MRSAHIG AL domsier dRcLude
t ithe Hanfh i diEt <D aks tiHe: onpRAints WiiMdraled for the
nmonocar boxyl i ¢ acids such as (meth)acrylic acid,

c MKy siginene andh|theo ather Podameriz@bdienmeromesciof; the

uqﬁﬁﬁugqhﬁﬂ: j .4 o &ﬂyk ' f
such as nal g:ﬁé}s‘z}g , r#a efi'c Lgﬁwy rl%ﬁ%dﬂ%ﬁ acid, ¢
i teaigls sunh @s i (meddnliae X0 ian aakd degradidriac adid .aci d,
citraconi c an ydride(ﬁnd nmesaconi ¢ acj d; unsaturated
p&H I At h arh Finnante @ity snsatnrgted

0IGiRE bHYy JARN 61 8§ eh d ARKPET i de SRMRIHETH Sich as maleic aciad,
acryl oyl oxyal kyl J]esters of a polycarboxylic acid

h&ALeE At FABGHA afichpsl tARGRIes gk, itaconic

AR D dR ad I @l dY | d S diflE aﬁ'ﬁ'ﬂrdride and
mesaconic acid; unsaturated polycarboxylic acids having
three or more carboxyl groups and anhydrides thereof;
mono[ (meth)acryloyloxyalkyl]lesters of a polycarboxylic
acid having two or more carboxyl groups such as
moneo[2-(meth)acryloyloxyethyl]succinate and
mono[2-(meth)acryloyloxyethyl]phthalate; unsaturated
carboxylic acids such as mono(meth)acrylates of a polymer
having a carboxyl group and a hydroxyl group at both terminals
exemplified by w-carboxypolycaprolactone
mono{methj)acrylate; and other unsaturated carboxylates such
as methoxydiethylene glycol (meth)acrylate,
methoxytriethylene glycol (meth)acrylate, methoxypropylene
glycol (meth)acrylate, methoxydipropylene glycol
(meth)acrylate and 2-hydroxy-3-phenoxypropyl
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nono[ 2 - (neth) acryl oyl oxyet hyl ] pht hal ate; unsaturated
carboxylic acids such as nono(neth)acryl ates of a

pol ymer having a carboxyl group and a hydroxyl group
at both termnals exenplified by w

car boxypol ycaprol actone 30 noricv (nmeth) acryl ate; and
ot her unsaturated carboxyl ates such as

memebhlhatidatene gl ycol (nmeth)acryl ate

et hoxy gty | th)Lacryl ate,
nethoxygﬁ%byq%ﬁgﬁgﬁgb%%gf et Og%?y pomeérs, preferred are

ﬂ%@ﬁ%ﬂmm)sﬂd@ﬂﬁw:%ﬁﬁ l:ﬁe{lﬂe: Md15t30(¥,
- I OXYy- o- NnoxXypr o ne acr at e. (0]

;MR SR L 0 s o e A U 0. Tea),
M A PG G TodySURA Nl iddfgde nane: M 5300,

manuf act ur ed by "Toagosei em cal Industry Co., Ltd.),

?mmnﬁrqdkyn?IgmﬂgingﬁnQnﬁrmdﬁaamfy¥ame,

o- car hoxypol ycapr ol act.onenonoacr yl. at e,

(& R Ve o Bt S oo R St ate
matdthosyteidttyisne QIWadl adnylaits, methoxytriethylene
nmet_hoxytrl et hyl ene glycol nethacryl ate,
rnﬂ#ﬁﬁﬂﬁﬂﬂﬁﬁﬂﬁﬂ?ﬁﬂ?ﬁﬁ5uﬂﬁthQ§ﬁQAEﬁQﬂyh§Pe glycol acrylate,
MRl AR O} X 1)9}1‘-‘8 .

2- hydr oXy- -phgﬁg:'ﬁlyep%opy J'a(rg(ir%y aft“fe]:%}a]ﬁEI !

2-ZmhrdnoKy3- ylmstdrxlatieatand The above

_fgﬂft' nal noners may be used al.one or in

g?r:‘g} na q’éﬁr%fp%owrr?ﬁy. “f&hﬁ?ery Wit of the

monof unthleo Ao vieh MPTHE unT tllonhar Mdnvmed@ Walp bel usedS alone
nore preferably 50 wt % or | ess based on the total of

t IfF ot yamRm D ffndie AT nonof unct i onal
mononer ppelambhin e PRE NdHIE it Whal gb?%ﬁh?ris? gu%tf%?r@bly

~phot opol yneri zation initiatorn as use the present
| rRewtitfoprndess . amereqmuafendtiich S0owts artless bamsd em the

L o 1 bt ARSAGEI AP S W ABRE oma

Cantmioh@e 25 deconposition or the cleavage of a bond upon
exposure to radiation (to be referred to as ~ exposure
herei nafter).

(C) photopolymerization initiator

The term “photopolymerization initiator” as used in
the present invention means a compound which forms active
species capable of initiating the polymerization of the above
component (B), such as a radical, anion or cation, by causing
decomposition or the cleavage of a bond upon exposure to
radiation (to be referred to as "exposure” hereinafter).

The photopolymerization initiator is, for example, a
biimidazole compound, acetophenone compound, other optical
radical generator or a compound having a trihalomethyl group.

Examples of the biimidazole compound include
2,2'-bis(2-chlorophenyl)-4,4',5,5 -tetrakis{4-
ethoxycarbonylphenyl)-1,2'-biimidazole,
2,2'-bis(2-bromophenyl)-4,4"',5,5 ' -tetrakis{4-
ethoxycarbonylphenyl)-1,2'-biimidazole,
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The photopol ynerization Initiator is, for exanple, a

bl i m dazol e conpound, acetophenone conpound, ot her
optical radical generator or a conpound having a

tri hal omet hyl group. 30 Exanples of the biimdazole
conpound i nclude 2,2'-bis(2-chl®&rophenyl) -

4, 4" 5,5 -tetrakis(4- ethoxycarbonyl phenyl)-1, 2’

- b# i $n ksl 2;chorpophgry D) v ohbphehyt jetiraphenyl-1,2 " -

5,54 i S(4- ethoxycarbonyl phenyl)-1, 2'-bi m dazol e,
18‘51]%4‘];‘55%%(1%‘%2 chl or ophenyl ) -

4,2, 3 51l s (21 4 afbhenldrdplReny ) 4 41) 4da7)] 2) - Ce Craphéd @l 41,2 -

di.ch] orophenyl)-4,4",5 5" -tetraphenyl -1, 2' -
bil?%"ﬁﬂa‘g%%fg‘s 2, 2" - bi s(
2,4, 16510 of SPheryinTdrdphenyl y 1 £14 epHesy] eedrdphenyi -

bi i m dazol e,
2,0 2 hikkimigarebtenyl )- 4, 4' , 5,5 -tetraphenyl -1, 2' -

biijngd ' . .

> b2 (RS o bronophenEll 1.4 48 | & ThevRRRhEREkT 22
1®biimidazand £ and

2,2' ~pis(2 4, 6-tribronophenyl)-4 4',5 5'-tetraphenyl -
1% 2 G174 (a1 SLDRORORIAREL 114 ol b o= EpRaP vhod' -
haygi st d fdtangol ubility in a solvent, do not produce
foreign matter such 15 as an undi ssol ved product and a

prac? pitds €2 . hafrethipomephenyl 14/, 4hob coht telstaphoemy 1 -
fLHIg.;Efqmié%fbfgfing reaction by exposure with a

smal T anoun enhergy and does not cause a curing
react i oITHe abovenbipmsddzpletbased IdaPdOi@s Have excellent

Co%%iﬁ%&ijlln after exgosure is clearly divided into a

cuf ToF oA FALEPEBE 19 ROANPEPRYFP fieTelgRdratirr such
AradiNedIn@ts P I+ Hraydie g é%f&%&iﬁﬂ’?ié‘, vl 44 dn
devel oper, thereby making it possibleto form

pregistt bkt yasdgnntrast waas fuddy poomotesi agrihggteamtion

6 SatlonyE UL g1 sBARNE SESIAENETB0R BBLEOHEH couse

1-4 eurimepeautdon in? anhyféfyys@d npdhyien opamdreftre, the

dGalrsd PG AFRULPOPYsats 1Y Th2RT BLORMA Eho0% cured
portion insoluble in an alkali developer and an uncured
portion having high solubility in an alkali developer,
thereby making it possible to form projections and spacers
which are not missing, lost or undercut.

Examples of the above acetophenone compound include
l-phenyl-2-hydroxy-2-methylpropan-l-one,
l-(4-i-propylphenyl)-2-hydroxy-2-methylpropan-1-one,
4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-propyl)ketone,
l-hydroxycyclohexylphenyl ketone,
2,2-dimethoxy-2-phenylacetophenone,
2,2-dimethoxy-1,2-diphenylethan-1-one,
l1-[4-(methylthio)phenyl]-2-methyl-2-morpholinopropan-1-
one and
l-(4-morpholinophenyl)-2-benzyl-2-dimethylaminobutan-1-

one.
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1- hydr oxycycl ohexyl phenyl ket one,

2, 2-di met hoxy- 2- phenyl acet ophenone, 30

2, 2-di met hoxy- 1, 2- di phenyl et han-1 - one,

1-[ 4- (et hyl t hi o) phenyl ] - 2- et hyl - 2- nor phol i nopr opan-
| - one and 1-(4-norpholinopheryd)-2

- benzyl - 2- di et hyl am nobutan-1- one. i 19 Exanples of

the abo¥&agPHes 8ftthaahoys ehhegerrtigad} satkiqadegenerator

b R
DR soghion s, 55 O A AR nenone.

42aA1ﬂiﬁﬂhyiﬁhﬂuxﬁnthbmaJdbhmtddbanﬁammanﬂng 5

4 SRS e0 BI Ao agecprgnore.

waﬂ@awmﬂwylarair&odi@nﬁr&mm
6- di met hoxybenzoyl ) -2, 4, 4- trlnethylpentylphosphlne

oﬁ-&éazm rrzrmhowﬁzh% lasymeyl ether, 10
K ]&gﬁ enylpyryllum
perc Q%%%F% q%& %glé) Jfﬁg yove conpound having a
t miisd| nréetdiyde thgayenizogtlijde? , 4, 4-trimethylpentylphosphine
1,3,5-tris(trichlorqneth S- tr|a2|ne
1.9¥ ey tdfils?ﬁﬂzé’ry&rreg’rﬁﬂz)%ﬁ?( o HARA ) - s-tri azi ne,

1N}ﬂﬂéﬁﬁﬂﬁﬂﬂﬁdﬂfﬁﬂﬂﬂéﬂﬁmﬁ1ﬁﬁphenylpyrylium perchlorate.
chl or ophenyl ) -s-tri azi ne,

1, 3- bi sEampliesr ofcthsy |a)bowe( gopponndyiraielng ya srihaigmeshyl

1%% tnrcilc orom=,\t5nytll"sj'SS(t(rliL r&'i/eph r%' I) %1az§zr}eﬂe
.1 Gmbiﬁ(ﬁﬂﬂnhﬂnnam&thyIMﬂEHVBthIﬁﬂhphﬁhylkﬁdﬁﬁrlazine

o8 s A, BT S Y SRR ¢ aeine.

'ﬂﬂkﬂﬁﬁs*%ﬂlﬂﬂlﬁﬁbﬁ%ﬁﬁ?ﬂ%ﬂSﬂﬁyﬂﬁéﬂhdﬂybhenyl) -s-triazine
1- (4- (et hyl thio)
pi#asy| | - 2- et hyl - 2- nor phol i nopropan-1- one and

él Eret hy %ﬁnﬁﬂmﬁé ﬁe)bgg:é(ypr"% e A A t"-hz'-i"ELZine

have hi glmtseflsurte abbye aveatopiterdne Eompodnisojeiémpptical

an pacers har cone, of f fro e substrate durin
AR IE Henb A SR Ay B RaiRg (e ke byl
| 4g 0N - ﬂHEhfﬂﬂ%Uiydroxy-z-methylpropan-1-one,

1-[4-(methylthio)phenyl]-2-methyl-2-morpholinopropan-1-

one and
l1-(4-morpholinophenyl)-2-benzyl-2-dimethylaminobutan-1-
one are preferred because they have high sensitivity, and
the formed projections and spacers hardly come off from the
substrate during development and have high strength.

In the present invention, the above
photopolymerization initiators may be used alone or in
combination of two or more.

In the present invention, at least one selected from
the group consisting of a sensitizer, a curing accelerator
and an optical crosslinking agent or optical sensitizer
composed of a poelymer compound (to be referred to as "polymer

optical crosslinking/sensitizing agent” hereinafter) may be
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phot opol ynerization initiators may be used alone or in
conbi nation of two or nore. 30 In the present

i nvention, at |east one selected from the group
consisting of a sensitizer, a curing accelerator and
an optical crosslinking agem:Zﬂ optical sensitizer
conposed of a pol ymer conpound be referred to as

" ya%n mhiémt%é@mlh Kitey / tahotapadgmearization

th%ﬁ} %ﬁi used in conbination with
ove otop ynerlzatlon initiator as required.

ExaaneExampﬂbs alfothes aboiviel ehsindzede include

2 i“b@%& E‘S 31¥ ﬁlaﬁg)%gﬁnzthﬁnone 5

'4d 4t A IRARBAI AR W z o pHfb ridHdTE

thylan1noprop|ophenone et hyl - 4- di met hyl ani nobenzoat e,
ﬂ#@@ﬂmipoﬁqgtrmhﬂncmﬂ ndbdameshylaminopropiophenone,

4-Aifl qﬁél c cl ohexanone , 10
Bg.' SJtlh(ﬁ am no- ]%?13‘ %t%lh?lzﬁ am%obenzoyl )coumarin and
4 x—@mymeamm MMyla:rﬁwnémaﬁe the above
curlnq accel erator. i ncl ude chaln transfer agents such

ad > HE AR AHNPPARZA L ) crHoheRs ez ot hi azol e,
2 7 IRIAMRIRANAYY Bl et }%l?axré.rﬁ)‘ﬂéﬁr Rttt ana

thladlazole 2-nmercapto-4 di met hyl am™nopyr | ,
14oH Syl iﬂﬂﬁﬂbﬂﬂ¢qmﬁrazole and

3- | h
abg‘irecﬁ,‘%%‘gwé BLeY 53i€ Shote Sa'iaff fifaiprdbhg Tricdgile chatn
agaminsfemn mrwﬁersmnmi I‘Kirdﬁ\daig:ob%nledﬁ@ttﬂdﬂﬁil@,r oup

WEHCh can %§E¥e as an qgptical crosslinking agent
nzothdazols. |qrmereapbobezoRz® or si de

cmlsndiﬁza@a@;&%-qf 3, he fialagiBiz Apound i ncl ude a
condensate of 4- a2|dobenzaldehyde and pol yvi nyl

aQmmﬁﬂcanﬁﬂniyﬁﬁﬂimQﬁhzﬂam1nnpyniﬂiamzaIdehyde and
2 g N, 9P0L Y e O
ammmtﬁ—mmteadimn 1,2,4-triazole.

Further, the above polymer optical
crosslinking/sensitizing agent is a polymer compound having
a functional group which can serve as an optical crosslinking
agent and/or optical sensitizer in the main chain and/or side
chain. Examples of the polymer compound include a condensate
of 4-azidobenzaldehyde and polyvinyl alcohol, condensate of
4-azidobenzaldehyde and phenol novolak resin, homopolymer
and copolymer of 4-acryloylphenylcinnamoyl ester,
poly-1,4-butadiene and poly-1,2-butadiene.

Out of these sensitizers, curing accelerators and
polymer optical crosslinking/sensitizing agents,

4,4’ -bis{dimethylamino)benzophenone,
4,4'-bis(diethylamino)benzophenone and
2-mercaptobenzothiazole are preferred because they have high
sensitivity and the formed projections and spacers hardly

fall off from the substrate during development and have high
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Qut of these sensitizers, curing accelerators and

pol ynmer optical crosslinking/sensitizing agents, 30
4,,4' -b: Ls(di met hyl am no) benzophenone, 4,4'-bis

(dl et hyl aml no) benzophenone and 2 -

mer capt obenzot hi azol e are pref2ddrred because they have
high sensitivity and the fornmed projections and
sﬁ%&%@?qﬁﬂdly fall off fromthe substrate during

devel opgntnhand, aawe thii9keR t9on21 13" gﬁgqgﬂﬁégyiation

present invention, the photopolynerizati ator Ts
priafigdatior dscersfeatabdly &f confhiing tdamolef e dnipionirdh zarics

at_ | east pne.sel ected fromthe ar copsi stin 5 of
ccanpRtind REatst ekt bhE BTN HR e BRe fdndth cgnSisting
t kifaz@le tdpfEirbrd! [doMbAREE! Vetl2Wphdidiedeith M8 &na
of the above conbi nation include a conbination of

2 thiagoderbagqd ApPHay 1Iaccelerator .. t et r aki s(4- 10

et hoxyc - ‘- R Lnid .

4, 4" -bi ??%?%twﬁ%agrﬁwr%?ég%z Sghlé%ngf’gk’%o% fibipation include
2 2'combdff@aticn afophenyl )-4,4" 5,5 -tetrakis(4-

et.h r | phenyl ) -1, 2" -bi,indazale,
2 2 A RO ot e < mpdi s (-
1 e(tho¥idaidd 1) 122" -biimidazole and

benzyl - 2- di met hyl am nobutan-1- one, conbination of

2 44 pivdEel diefbarlasHag ) bengophenone ; sqmiinatdon of

et f Igyaﬂ - ' -4 b @ daz

42}2%%%(93?;‘%‘%”?1 am r% "é(elﬁz-gp'%eﬁo@rfgoa -g!r?g:rfd(isu'

1 -ethopystandaniy lphEneyh) 12 -2TettidimiBamy ol | nopr opan- | -
one,, ,C ination _of 2, 2'-bis(2-

- SR e ngtic) bz atiegiope ane

e @y iIRIKENy 1) -2 -benzf1 18 - thylaminobutan-1-
4, 4" - bi s(di net hyl am no) benzophenone, 25

198 ( AombAnatiiomiRdny | ] 2- et hyl - 2- mor phol i nopr opan- | -
0ne 2N 1% (I GARLUPHERHY - U € 5, O 3LDAT (O -

ethoxycarbonylphenyl)}-1,2'-biimidazole,
4,4’'-bis(diethylamino)benzophenone and
1-[4-(methylthio)phenyl]2-methyl-2-morpholinopropan-1-
one, combination of

2,2’ -bis(2-chlorophenyl)-4,4"',5,5 ' -tetrakis(4-
ethoxycarbonylphenyl)-1,2"-biimidazole,

4,4’ -bis(dimethylamino)benzophenone,
1-[4-(methylthio)phenyl]l2-methyl-2-morpholinopropan-1-
one and 2-mercaptobenzothiazole, combination of
2,2'-bis(2,4-dichlorophenyl)-4,4",5,5 ' -tetraphenyl-1,2"-
biimidazole and 4,4’ -bis{diethylamino)benzophenone,
combination of
2,2'-bis(2,4-dibromophenyl)-4,4',5,5 ' -tetraphenyl-1,2"-
biimidazole, 4,4'-bis{diethylamino)benzophenone and
1-{4-morpholinophenyl)-2-benzyl-2-dimethylaminobutan-1-
one, combination of

2,2'-bis(2,4-dibromophenyl)-4,4',5,5 '-tetraphenyl-1,2"-
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2,2' -bis(2,4-

di chl orophenyl)-4,4" 5,5 -tetraphenyl -1,2' - biim dazol e
and 4, 4' - bis(diethyl am no)benzophenone, conbi nation
of 30 2,2'-bis(2,4-dibronophenyl)

-4,4' /5 5 -tetraphenyl -1, 2' - B2 m dazol e,

4, 4' -bi s(di et hyl am no) benzophenone and

1-badstanedie .n doHe mids (Aisddygd anp ng reanadphenwiitand | -
one,r £ [ f e oV -dipr nyl

)ri 4-,{4?'0 C{EAH ﬁleﬁifg’ﬁéﬁeﬂ%(ll]%%e\z/ﬂézl %i I i a?‘o nepropan-1-
4 ofie bisgidd iceiniblrerti irom) fehzophenone and .

o SRS A 1 AP TS DR RN A -4 6 5 5 -tottaphonyl-
itlrzaf?-og':?{%@fg-alﬁz OMI e])e— .42144.44: ‘S.0% & ((BlnfAMAM 0 ) benzophenone,,
bils(ldirhmeivkhio) inhenapgHeoret hy -7 -moumtdhiindnxypan- 1 -
ptb%@"aln?d;?- dagf'f)oer Q&I i nozorl%oan-l - one and 2-

mer capt obenzothi 2016, nhtihae °pre‘sent i nvention, the

total aTmunheopriesentadavenidon)e thempeotad, ardandt RE the
opti cal radiifl 8enerator 10 and the conpound havi ng

e Gnd . pFBPCPERRY WAL Gadicad gRngRator
tind 8k ESRpHRRE AP €31hANom: Phil 3RS it§1§rEQE?'lgbly

anount of the sensitizer and the curing ~accel erator

pré&x @it#plor dess Birthedotal dfe the ghajfopdigmerization

OISR 8 O LAAND G AR ot AR B ng

agrydeliexrayodf dsapryf@OAbDAra® walk beSkesdwfethecf @f&DIOF the
| ess by wei ed on 100 parts b

18Q parts or ht bas y
o ORS LR 143 YA AT Ao SR, SRS Hedo e SROEAE of
PRAORRIIARIY it ia] Hld<al10mKith nsZ.LQ:ﬂﬁ%engg%I}t is

invention is preferably 0.01 to 0 parts by "wel

nmr?fmr@lft@mmqp pargs300 Jpezss mre;\mrgﬁﬁqrm i1A0 @erts or
| 1
DBy bt Rasdd dICADR PN bls ARE O A P2 s R TR oL

p lecimpadnder i zation initiator is smaller than 0.01 part

by 25 wejght, sone of the forned projections and
spacer s ThByAHRUR FiOk Fhg PRAIGPY onjipitsator in the

| PRI enGEht28nPYs preferably 0.01 to 500 parts by weight,
more preferably 1 to 300 parts by weight, particularly
preferably 10 to 200 parts by weight based on 100 parts by
weight of the component (B). When the amount of the
photopolymerization initiator is smaller than 0.0l part by
weight, some of the formed projections and spacers may be
missing, lost or undercut due to incomplete curing by
exposure and when the amount is larger than 500 parts by weight,
the formed projections and spacers may fall off from the
substrate during development, and a stain and the film
residue may be produced in an area other than a portion where

projections and/or spacers are formed.

(D) melamine compound

Preferably, the radiation sensitive resin composition
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exposure and when the anount is larger than 500 parts
by weight, the forned projections and spacers may fall
off fromthe substrate during devel opnent, and a stain
and the film 30 residue may be produced in an area
other than a portion where prajections and/or spacers
are formed. (D) nelanm ne conpound Preferably, the

r &f PNt i nvendsion doppden iermp3ises a heelamine

pr C{]V%%'I MO r@%ﬁ(hg:%;g)rfloﬁﬁ%wg lf% mi(al)(l() Jto bve

conp un repr ésente "1 ow ng

berefieafiyd b tas a'Smé'Imil:am rm)mpnmn:lln&DX'D)hereinafter)
herei nafter): R 12 NR RR3 (1) NNN RS W5
wherein R1, R2R R§4 R5 and R6 are each
|ndependently a ydrogen atomor -CH2OR, and Ris a
hydr ogen at om oy_A4.near or branched al kyl group having
1 to 6 carbon ajons. Exanple )of t he nel am ne conpound
(D) include®&l0 Kel ne Rl kyllol mel ami nes such as

N, N- di met hyl dNrel Bni

N, N, N, N -tetpanet hyI mel am ne, hexanet hyl ol nel am ne
and hexa-n-butyrol nel am ne; and

al koxynet hyl nel am nes such as

Nt AP IRIOX RAEL RY] )il @ BRa RS hoi
N, N, N, N -tetra(methoxymet hyl) nel aa'rrrle’neeac 15 ndependently a

hé)ﬁm%m oy yGHLGR rendhRdis a hydrogen atom or linear

S O TR R T o1 Aot
e 23&"33@'“2% thie2 meAdhnind0 bompiltihd 320, #3Audy 0,

701, 1141, 1156 _and 1158 (of M tsui 20 Q/anamd Co.
LREYamige:, alkyiplaelamiges. guch ami, N-gdgethyigdmedgmine,

- 8P Gy, NN 9@ ke P\Bamelth m@f&nﬁ{@ MeSanfalt ﬁ.@neﬁ@nine and

-30 (of ‘Sanwa Chemi ca Ltd.). In the present
i mﬁéfmwuitmlamﬁ;nm;\rﬂn@ aidwpwmﬁmyl(r@lm@;nd@ such as

U3P G- O Hoat S 11 01, two or more.
N,N,N’',N'-tetra(methoxymethyl )melamine,
hexa(methoxymethyl)melamine and
hexa(n-butoxymethyl )melamine.

Commercially available products of the melamine
compound (D) include Simel 202, 238, 266, 267, 272, 300, 301,
303, 325, 327, 370, 701, 1141, 1156 and 1158 {(of Mitsui
Cyanamid Co., Ltd.), Nicalak Mx-31, -40, -45, -032, -706,
-708 and -750, Nicalak Ms-11 and -001 and Nicalak Mw-22 and
-30 (of Sanwa Chemical Co., Ltd.).

In the present invention, the above melamine compounds
(D) may be used alone or in combination of two or more.

The amount of the melamine compound (D) in the present
invention is preferably 1 to 500 parts by weight, more
preferably 5 to 250 parts by weight based on 100 parts by
welght of the alkali-scoluble resin (A). By using the
melamine compound (D) in this range, a composition showing

suitable solubility in an alkali developer can be obtained,



25 The anmount of the nelam ne conpound (D) in the
present invention is preferably 1 to 500 parts by

wei ght, nore preferably 5 to 250 parts by wei ght based
on 100 parts by weight of the alkali-soluble resin
(A). By using the nelamne cobbound (D) in this range,
a conposition showi ng 30 suitable solubility in an

al R PrREPEtdpaes ¥ath Spacerehaetng 8ot ahppejcan performed.

ang p S1{@VédRoSus®od shape can be forned. (E)
ph?ﬁﬁ%mn%’r‘a’a ably, the radiation sensitive

resi n cdnefgnably, thetihadintbemsensidivieonesim tdomposition

5 h Mv of |
© R G R et SRR AL I8 il 0R 2 ritte
5 (Bompeaured nedBig . afbteP £S1efs tiitarPheNPiE @Y REFerred
(E) include poly(vinyl phenol s) such as

pdtS (3% viPREHIEHS | gompowRd y( Eﬂwhﬁﬂ"%ﬂéﬁﬂ:?r)

ggl zgg %%WW nyﬁh]{eﬂr%%r;/élpf ow erI uI ar \NEI ght

pfpnﬂcﬂﬁtlmplmmms } epucts end qmbby( ¢ heidpl plosnoD) ,

8 R7 RT
il (- 1oraatolsl (gl Golmptitentl § aoyq (o
10 (@I‘Y (- AEdpropgényiphetdd and’ ~
poly(3-methyl-4-vinylphenol); and low molecular weight

phenolic compounds represented by the following formulas (2)

to (8):
/(OH)b
O Lo
(CHs)/ T CHa),
EASTE
. @
15 (CHa)/ (CH3)q
#)s O
(D Q) e
(CH3)p (CH3)q
(Ho)a\ (OH)b
& ) 5)
(CHay h 7(cHy)q
|
\?/

(HO),  (CHa),
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(OHc | (6) R7 '"iCH3)r (CH3p (013)q (HCa R7
b R7T ~1 Hc R \-'"-~-OH)d G G C [/ 17\J 7 (CH3(
(CH3 p ( CH3)q (CH3)r 3 s (7)) (HOa R7 (CHb R7
d_ CC(8 (CH3~R7r CH3)s CH~~\ ( 3)g (HO C
(CH3)r wherein R7's are eachi ndependently a hydrogen
atomor nmethyl group, and a, b, ¢, d, p, g, r and s
are each a nt eger Q 5 @OHp, 3,and satisfy (a + b + ¢
&dt’ : R Sk

+d) z 2. ,
_ efpoly (@
Aad Gationic
©@Rggol” i n the presence of

he e
poly(V|nyIphe@pIs
(vlnylphe@gggj/ n QSinyl
boron trifluoride or hydrogen 10 iodide as a

pol ynmeri zati'on of a
pol ynerization initiator or the radical polynerization
of a vinybﬂp nol in tpe prqeanpe of (OH),

azobi si so ;t\ r ﬁlde % //JOHM
pol yneri zati o :fzsza \\\
product s p oI nc

Bl

MARUKAL Y M ( of uzencHggt I ochenicky ., Ltd.)(CHs)s
Mv of the poly(vinylphenol) iIs preferably | ess than @

(OH)y, _,
R —1 _(OH)
)} /\ /ﬁ ,L > : ©
\ \CH
(CHs (CH:a)q R (CH3)s

\9'
(HO), {CHjs),

wherein R’'s are each independently a hydrogen atom or methyl

group, and a, b, ¢, 4, p, g, r and s are each an integer of

0 to 3 and satisfy (a + b + ¢ + d) = 2.

Out of these phenolic compounds (E),
poly(vinylphenols) are preferred. The poly(vinylphenols)
can be synthesized by the cationic polymerization of a
vinylphenol in the presence of boron trifluoride or hydrogen
iodide as a polymerization initiator or the radical
polymerization of a vinylphenol in the presence of
azobisisobutyronitrile or benzoyl peroxide as a
polymerization initiator.

Commercially avallable products of the
poly(vinylphenols) include MARUKALYNCUR-M (of Maruzen
Petrochemical Co., Ltd.).

Mw of the poly(vinylphenol) 1s preferably less than
10,000, more preferably 1,000 or more and less than 10,000.
When Mw of the poly(vinylphenol} is 10,000 or more, the
development residue may be produced in an area other than

a portion where projections and/or spacers are formed.
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10, 000, nore preferably 1, 000 or nore and | ess than
10, 000. Wen Mw of the poly(vinylphenol) is 10,000 or
nore, the 20 devel opnent residue nmay be produced in an
area other than a portion where projections and/or
spacers are forned. 26 Mwv of 26 | ow nol ecul ar wei ght
phenol i ¢ conpound is preferably 1, 000 or |ess. Wien Mv

of the MwSfoled@ramataigier pedshit Pheadde Fopmenmd 1s
| prighaibihangde Q5}01e§§§0|m{bérpﬁw JdBYn %‘%‘Hn&iééﬁ%g?deﬁght

the present invention, the above phenolic conpou
( Phenplise aprmpuicd phemol risc bigheat itivanofl 1000 ,oresolation

T t...0f t.he phenolic conpound (E) in the present
i%n{%ﬁﬁis?rpare'erably 0.1 to 300 parts by weight,

nmore  pref ehelpneserdtoiabOnpabhs the ¥BbYB! phASEi ®BoMPBunds
parts by 10 weight of the alkali-soluble resin (A . By

usiflg e Bhatiad Ak dhd- Y mombinatilon gfgdwo or more.
sensi ti vineYafBiint 'S UM Al G2ic RardBURY (%) 10 Uillebresent

additives 15 The radiation sensitive resin‘conposi
ofinvent imre slentpriefiegrablgn ey tfauralie ipaoongpriys evedtdier, more

addi ti ves .as , requir.ed. The ot her ditives inc¢lude a

di® ééreﬁ_ Yild ?uégoagar&%é’ypiw&ﬂ@ﬁ& é’@ﬁe%at"l“v Ogr parts by
y fldigh tDichEiHe KA s Rtfle 2R sptenl) fi Qg' R¥iagPReE

pht hal ocyani ne derjvatives; polyner conpound such as

pEARAAGRAC fampeind Jddi )y dihyitde Tangen| sepmiddividtly ander
OrxterQJJ)ﬁtfi' ' od aﬁ[cﬁé_l&;e@; noni onic, cationic or

ani oni ¢ surfactant; "adhesi on accel erator such as vinyl
trinmethoxysil ane, vinyl triethoxysilane, vinyl 25

tris - et t hoxy) sil ane, N-(2-am noethyl)-3-
aﬁinéﬁ?ﬁﬁy?ﬁgiﬁgVaﬁnethoxysiaIne, N- ( 2- ami noet hyl ) - 3-
am nopr apyl adTRithony $enditivedresin composition of the
am nopropyl tri et hoxysil ane, 3-

g RFRESERy FroiaR tamao Spnithese cogprise other additives as
9l AGedRr opyl et hyl di met hoxysi | ane,
2

-ﬁ%§4aepdxycyclohexyl) et hyl tri net hoxysi |l ane, 3-

chl or opToey btbekrybddatiesyintimde a dispersion aid such as
blue pigment derivative or yellow pigment derivative as
exemplified by copper phthalocyanine derivatives; polymer
compound such as polyvinyl alcohol, polyethylene glycol
monoalkyl ether or poly(fluoroalkylacrylate); nonioconic,
cationic or anionic surfactant: adhesion accelerator such
as vinyl trimethoxysilane, wvinyl triethoxysilane, wvinyl
tris(2-methoxyethoxy)silane,
N-{2-aminoethyl)-3-aminopropylmethyldimethoxysialne,
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane,
3-aminopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropylmethyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-chloropropylmethyldimethoxysilane,
3-chloropropyltrimethoxysilane,
3-methacryloyloxypropyltrimethoxysilane or
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3- chl oropropyl trinet hoxysil ane, 3-

met hacr yl oyl oxypropyl tri net hoxysi | ane or 27

3- mer capt opr opyl tri met hoxysi | ane; anti oxi dant such as
2, 2- thiobis(4-nethyl-6-t-butyl phenol) or

2,6-di -t-butyl phenol; ultravid®t |ight absorber such
as 2-(3-t-butyl-5- neth | - 2-
hmmmsowkww%@mxl@@ 7z eionidankosych as

b Zl%H#HEEb ch as sodium
p?y‘égcry ate. - soﬁ?’ﬁ_LH aﬁrh%%%“%%% S%Jnm tive resin
cci?n;rﬁ)si:t-l t)-rbwtfylzbm?ndn mysfnanicjt,mtgn?igmt Iaas}:?ﬁ%ﬂ sych as
[ ui ol vent- before use to bhe
oGt el e AR e remtony Lin § s o Rehensqtria
i Sz.cELQé ot &ﬂk@ﬁf* B&%;ﬁfeﬂ&?e S@neBbagh®htibh inhil%ltor such

preparation of the above conposition solution as

ad§ tsqfblaygn malyacierlatieh the conponents (A) to (E) and
other 15 additives and has suitable volatility.
Exanpl es of the solvent include (poly)alkylene glyco
nonoablykenet kers such as et hyl ene gl ycol nononet hyl

et her, hyl ene ycol mnonoet hyl ether, diethylene
gl ycol r?g’r?o %él*he'%ensch TR [ Re el Ny SARROS ISR 1IRf t

etgidgerdd ﬂ@éﬁi&ﬂ%@'g’éxﬁrm&o dr PR a e:ltr{1 'suitable

di et hyl ene gl ycol nono-n-butyl” ether, triethylene
glspdorerp befereyusetirebe pmp@xmlafme cgctrymitrmaomdtion

th A
ol yeoi o aBtERBTeSdifonc TUBET B Ra YR el BRUHT Rpvent
g.tﬂl:er thei prepiat&ﬂfoglqﬂ:mhe%m@dndsiﬁiﬂw solution as far
i pr ene col nono-n-pro et her ro
B JRASE Sl TR BRI ) REOPH D% ctner
NyEE Ve s %ﬁ@rhﬁ‘dsdiﬁdﬁwwmﬁw nonoet hy!
ether; (poly)al kylene glycol alkyl éether acetates

such as Eamplesofgthe solventyinclude (anmhalaelkxelm @lgcol

I .8t acget t 0
Oriifbatiyl etileld siincas! Sle1 b8 U FIE babiR il @hher,
preamyl«sme o Mo 1 nmﬂqétrqth@thm,etmtawmbxm QI G Ie

col e et her acetate; other ethers such as
AL SRR o R T L aeh (LY o AR QAT ) SR

mﬁﬂéﬂhfiéﬁ@ SIS oS Y Rl YoHe ] RiAWR RIS glycol
mono-n-butyl ether, triethylene glycol monomethyl ether,
triethylene glycol monoethyl ether, propylene glycol
moncmethyl ether, propylene glycol monoethyl ether,
dipropylene glycol monomethyl ether, dipropylene glycol
monoethyl ether, dipropylene glycol mono-n-propyl ether,
dipropylene glycol mono-n-butyl ether, tripropylene glycol
monomethyl ether and tripropylene glycol monoethyl ether;
(poly)alkylene glycol alkyl ether acetates such as ethylene
glycol methyl ether acetate, ethylene glycol ethyl ether
acetate, diethylene glycol methyl ether acetate, diethylene
glycol ethyl ether acetate, propylene glycol methyl ether
acetate and propylene glycol ethyl ether acetate; other
ethers such as diethylene glycol dimethyl ether, diethylene
glycol methyl ethyl ether, diethylene glycol diethyl ether



10

15

20

25

30

28 and tetrahydrofuran; ketones such as nethyl ethyl
ketone, nethyl isobutyl ketone, cycl ohexanone,
2- hept anone and 3-heptanone; al kyl |actates such as

methyl lactate and ethyl [|actate; other esters such as
thyI 5 2- hydroxy 2- et hyl prop8onat e, et hyl
drox - neth | propi onate, nethyl

pEan; gratones n%lﬁ%x% reptyhtethyktkgtone,
3 ﬁéhwpw@bewiek?tsa@y' gcfgﬁgeewaﬁel Oga{igptswxg and

et hoxyacet ate, ‘ethy hydr oxyacet at e,
2- hymmkgfn@nﬁetdi\}dyﬂuﬁycaaegs]s}lch as methyl lactate and ethyl
| acet

%ﬂg#és_ggﬁagiégﬁ?é§p?%ﬁ oﬂ%t%et%¥ﬁyl acet at e,

n WWOX?GEIﬁéEhylpﬁéﬁﬂdha@@?t@tﬁ‘yln butyl acetate,
1- butyl acetate, n-anyl acetate, i-anyl acetate,
n

% YAroFEp? oReERY1REPRIionate y e thy h-Imeghiiodynrenikanate,,
0Py | 1
oy PRy o it Y Sfpr e buhdte  mOLhyl S Se Bk optgppce.
a@tlmal? el aa'ehoxypybp horabacettihyl aathexpgtetate, ethyl

oxobut rat ar o carbons such as tol uene
- G e ™ T 2 Sipibutyrate,
Nmaﬁémhﬁyrx%eti@@ﬂybﬁ&ﬂﬂw@éml formam de and 20

N, N- di net hyl acet am de. These sol vents nay be used
al%ﬁé%‘iﬂ-ﬁc%%hwb%hﬁpron@n@te metylFacehate, ;n-propyl

G %ﬁgé EPE‘%? ac e%%%]? ac ep g?ﬂ éll(géo 0? O%teggggl acetate,

cammy;l mdtabaprwamyhm@btdt@ptm{mhty]l propiviate, ethyl
benz | cohol I ate ethzl benzoat e

oY rafs o Rt PRl RETERES o ot P OBKL SUEPRREnen-butyl
ety £ret € AR Spyr iy L6 | %‘Eﬁyﬁa%ﬁﬂ.ﬁ?é@a Oh-gk nglyiwruvate,
egcoI henyl ether acetate e used I n conbi nation
w.% th %ﬁmet%ﬂh@%lé%.www‘ﬁgtgow@net,hmy be

the A %Ef% th af8m2t£éthg&r8 at nQrsHBﬁfﬁsc%% ?%ne and

vents, propyl'ehe gl'ycol nonone
etxyl eme; gaw@otanhmxylietaeidanmié¢s swcnpghene gl yco

rﬁﬁrﬁéthy pyrroflg Q§ﬂﬁy$fh tﬂyfformamyge Ager 29
N,N~-dimethylacetamide.

These solvents may be used alone or in combination of
two or more.

Further, a high-boiling solvent such as benzyl ethyl
ether, di-n-hexyl ether, acetonylacetone, isophorone,
caproic acid, caprylic acid, l-octanol, l-nonanol, benzyl
alcohol, benzyl acetate, ethyl benzocate, diethyl oxalate,
diethyl maleate, Y-butyrolactone, ethylene carbonate,
propylene carbonate or ethylene glycol phenyl ether acetate
may be used in combination with the solvent.

These high-boiling solvents may be used alone or in
combination of two or more.

Out of the above solvents, propylene glycol monomethyl
ether, ethylene glycol methyl ether acetate, propylene
glycol methyl ether acetate, propylene glycol ethyl ether
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acetate, diethylene glycol dinethyl ether,

cycl ohexanone, 2- hept anone, 3-heptanone, ethyl

| actate, 3-nethyl -3-met hoxybutyl propi onate, ethyl

3- met hoxypropi onate, nethyl 3 -ethoxypropionate, ethyl

5 3-ethoxypropionate , n-buty? acetate, i-buty

acetate n-anyl _ acetate, _ i-anyl acetate, n-butyl

N aciol ,edya leqﬁﬂg%y dpmﬁﬁgg% etgegyrggglohexanone,
N2yt ing At it Bldd , dBHV Al AL, DI ef er T ed
fromthe viewpoints of solubility and coatability.

y Somethit lac-eret oy hwtaflgnapd casa ttehe efthyil gh- boi | i ng

I f, of t Ive |.s referab 10
o BB mor RSP R O e Vst e P . € 00,
par-tetﬁwycywayﬁond:@em-mhtam dwﬂaa:éoy ﬂ/sﬂnatyl Hedthfte,

aIkaI|- sol uble resin (A). The conposition solution
miy 3B It iacedad® wil1amy 11 gogrtiitiep o e butiylly @ropignagean ethyl

o] a qgggh: 5 f
01@) %f%olyr}grﬁt%g gf- ons daoc spag‘g:gs}l dg{slfetr#%etl I\éﬁ‘go&hyl
smiygelq@emt ayeggm:m‘ed lfeometlhmdri@*.vpozmﬁmbm swlubility and
% ns and/ or cers for vertically aligned
et e 17 RRFBoO HReTeRS 1F PHREpFLeantS the
|mwgﬂqua1lidg1gdxydﬁﬁ5ent i nvention, only projections
for vertically aligned |iquid crystal di spl ay devi ces

or t he Theopmeups ot e sodvend isrpreferablyyleQ ityhnd@.000
I r f
s fr i) S AR P SOb Co N U BRELY Wlne
arh@/sad spadHy pafrdus bwmetl.lgba'.l of tile ghkdlligqolldbleysdésin (A).

di spl ay eV|ces of, .tthe pre i nventi 0 ses the
Stops SFHe SPTRGAKYIST BIRENG MATmRSY TAC TR
S@ﬁ%.'lti'p\b&'e Q1% Ha@?ﬂ?oﬂ tdp@hiﬁ‘fg WhemRiteseqE ach]ut 0.5 um
invention on a substra exposi ng part of

c®REOT$ MSem t o radi ati on; (c) devel opi ng the coating
filmafter exposure to form a pattern; and 30 (d)
heating the coating filmafter devel opnent. Each of

t Methiogl @ s tiaygmind |privg edrSicomish echdhespeicarxler .

A description is subsequently given of the method of

forming projections and/or spacers for vertically aligned
liquid crystal display devices of the present invention.
In the present invention, only projections for
vertically aligned liquid crystal display devices or the
projections and spacers for vertically aligned liquid
crystal display devices are preferably formed on a substrate.
The method of forming projections and/or spacers for
vertically aligned ligquid crystal display devices of the
present invention comprises the steps of:
(a) forming a coating £ilm of the radiation sensitive
resin composition of the present invention on a
substrate:
(b) exposing part of the coating f£ilm to radiation;
(c) developing the coating film after exposure to

form a pattern; and
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In the step (a), the conposition solution is applied to
the substrate and prebaked to renove the solvent so as
5to forma coating filmof the radiation sensitive
resin conposition. The above substrate is nmade of
gl ass such as float glass or ¥bda gl ass, or
transparer}t E‘l astic such as pol yet hyl ene

Slat

t er epht K eafdngy the &8 tiade fidiediter fevedapmenty
sul f one ga@h &@lﬂf@ﬁﬁggét@teﬂ_@%isililbﬁér@é&f@e@ﬁere&&gﬁder.

optionally subjected to a suitable pre-treatnent
as chenilpalthet stapnéa) , wilhér compd sinel oo gullivigiagdant applied

pl.as treatnent, i | atin sputterin gas ,vapar

P35 W e oA e LR PR co as
C P Eirn @N cHAtUiNgO E 116 (dFe e Hddlasiord satdANve resin
coating technique such as spray coating, roll coating

oCARCELtd PR coating may be enpl oyed. The thickness of

t he coatp ' r.e ' ' r.ef I
L0 " SHBSAILSRRRSDEaR 32 B SUAPE P G1aes
poaf endal glase,toritfapsparsnt @lasehalsuah aengollivethylene

ORI IatE . arvRy irhene SoaihshRls bR, o ke SRR

f @ulkdne &% pblybasbohAtele BAERUBE tred mafYf H'®ptionally
coating filmis exposed 25 to ultraviolet radiation.

TR 10 BHsHaken RTey thaahmen tpsidnmk ghemical

Py o oTQqf j L.Qns p I
TR YAth o Su10hiY Wbl S platnl 3t ment
byLams iplgatisgsi mpuet femingagashardpuy batdctpiion eat ivaca
s%acer .Qatterns, 30 or (b) the coating filmis exposed

t e(?é’sd& %i'ng a phot omask having a projection pattern
and a piret agpily Rav BEmPoBARAON sPALELLLRA- tO RRAR! AWMk rate,
havi ng projection and spacer patterns which differ

f Pofled@Plst Ko ting taahniquam cuqhaaHSREA carting roll

R aa e e AR T ey’ b Khe3Rq. 21 D!

coat i ngThel thickeepssefl theecdaytirsg Nl tafittera prebaking is

phot omask . havi.ng a projection pattern or a photonmask

hg@:ieﬁf@rably 0.1 to 10 um, more preferably 0.2 to 5.0 pm,
particularly preferably 1.0 to 4.0 pm.

As for prebaking conditions which differ according to
the type and amount of each component, the coating f£ilm is
prebaked at 70 to 120°C for 1 to 15 minutes.

In the step (b), part of the coating film is exposed
to ultraviolet radiation.

To expose part of the coating film, a photomask is
preferably used. To form both projections and spacers on
the substrate, (a) the coating film is exposed once by using
a single photomask having both projection and spacer patterns,
or {b) the coating £ilm is exposed twice by using a photomask
having a projection pattern and a photomask having a spacer
pattern. A photomask having projection and spacer patterns
which differ from each other in transmittance may be used

as the photomask used in the method (a).
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a spacer pattern. In this case, the nethod of formng
other 5 projections or spacers required for a

vertically aligned liquid crystal display device is

not particularly limted and a known nethod may be

used. The radiation used for &dposure is visible
radiation, ultraviolet radiation, far ultraviol et

radi at i 0, ERTB&Ither BTCheGH 9RS R SBREEF S PThRe substrate,

preferaid u&ﬁf@nﬂﬁ& fedady s 0@%&%%@“}?% a

radiation 1s preterably about 10 to
t Ipélosloa@qlt;lavﬁim amor@cticmnpas:mmmbarpe@lvwdmam having

devel € an_unngcess on SO as
Lo BperSE PatEFEner PhIRLS FArferthe RRinhghot LeRafis Stner
dqmﬁ fepsridrs p:rlefs;fa?ﬁzins %WSEOJ.SC& Ukd o @41 B8P aligned
i norgani ¢ al kali such as sodi um hydroxi de, potassium

h;}&&%dd&rwlurﬂi@almhaieéri%a%m@ paghiscvlagdy Jibmited

n@ﬁﬂfl r am ne such as 20

et hyl am ne n- propy| amegedé@&s%condary am ne such as

dl et hyl a'ﬂdmeadmatdinnmm@mdxampesurtaeisnaisyim raddation,
trinethyl a net t hyl anj ne,

CRATRPRA A SO taon.( FAE WEHERT FOLOE Tadiathonmeect zon

SydaMor &Jﬁdﬂdﬂ&ﬁw@@ﬂ&erdﬁwﬂﬂﬂﬂm@@rflaraqation

or triethanolamne; alicyclic 25 tertiary am ne such

as pyrrdhe dosiepaf] tihee radigtiom s inredesiabdy about 10 to

N gset azo0l i di ne,

I aza |cyclo[5 4.0]-7-undecene or
1 5- di aZabitdrec|sted J.A).- &hmmt&ngarﬂir]m i Mvteila:p,ed with
anmi ne ..such as pyridine, collidine lutidin e

qithé §EvsdoREx: EPnEPYO YA BRI ARSSFISITR PaKt{on S0 as

etﬁoalﬁzlﬁyla@l?ﬁamrmfg@ d:t&é}fntet raet hyl ammoni um
hydr oxi de ter-sol ubl e organi c solvent such as

met hanoThe abevieadikaddd Asved oper igc paef enallyh @na@@nigous
Puéﬂ]h'gc ggg\éﬁopneﬁlqorcﬂ%gﬁ?e\%%alr%gr#égIﬁgs\igro‘a&g]\%}ﬁ?dr?g de,
orpdtees dlivee hpedadoel dep | sodilim acairidrea tey ed apihemtsi1icete,
SRS fPRLD 48 HRPES ALk Sebde sucn as
ethylamine or n-propylamine; secondary amine such as
diethylamine or di-n-propylamine; tertiary amine such as
trimethylamine, methyldiethylamine, dimethylethylamine or
triethylamine; alkanol amine such as dimethylethanolamine,
methyldiethanolamine or triethanolamine; alicyclic
tertiary amine such as pyrrole, piperidine,
N-methylpiperidine, N-methylpyrrolidine,
l1,8-diazabicyclo[5.4.0]-7-undecene or
1,5-diazabicyclo[4.3.0]~5-nonene; aromatic tertiary amine
such as pyridine, collidine, lutidine‘or quincline; or
guaternary ammonium salt such as tetramethylammonium
hydroxide or tetraethylammonium hydroxide.
A water-soluble crganic solvent such as methanol or
ethanol and/or a surfactant may be added to the above alkali

developer in a suitable amount.
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5 in running water f or 30 to 90 sec and dried wth
conpressed air or conpressed nitrogen, for exanple. In
t he subsequent step (d), the coating filmafter

devel opment |Is heated with a heater such as a hot plate
or oven (to be ref erred to &% ~ post-baki ngw

her ei nafter) to form 10 predeterm ned projections

and/ or £pEEdes dexelopmendar Gy deyelopmant ofdioweare
t FERRY Pt ar ﬂ&@fﬁﬁébhxyléé?ehisl% o) Caﬁadtﬁ %eVeg[S)pment

Is about 5 to m nutes on a hot plat'e and
t ¢ige mﬁwm@anﬁm @bzt hda AN fseaed pr Oj ections

h t f | 15 0,1 to 3.0 . .
rofer abiy %o alkals BEkR ket ttle | Spating Bl 5, rgnsea
t dnl ranpingTkayebayer Bdaid 90 Seécamdl dPL&d &fidill Yohph@ssed

50 W nore preferably 2 to 30 particul arly
pradfe O3 ISPMPLES SRH mﬁtrﬂ’a?@nspa%\?r SEMARLE hei ght of

pref eralhy thel Qu 1‘1: regjgby tzgt%r ?dgr ef ea@ 4 tgo %lﬁnafter

particularly prefe 3to5 ave a
sideyedfopmeafie izbheafetdowifh apmeater esuq:m ederaliiot pliate or

100 ticyl | f er abl t Vertical |
ARt P eFGe S BF crans R vt BeFRangE ke dcke Form
alpr@ieat drinluidl Grefett intD i /B ispacelis [ he present

i nvention conprlses proj ecti ons nmade of the radiation
sensi ti M8 £OF Posdmpadiingo gositheons .cedhe tempeaatiuae is

CpseeP S0 g st o Bl R8I o P inutes
afone @ iy @lartas eantd rabooft B0 te @O milmee s plrrefaar abten.

2 b0 I b RSt
MRE. 104 o( 8). 00Lm( fhore (ﬁfefefég{:’f AR $£Rlo C?Wni‘g;'oﬁsgfﬁiéb@larly

havi ng a predeterm ned 33 ernis fo
sipreferatiy dudsttatle 5 WWbJeEhEHnbaVare bommeu edzehof

I h th [
Rt L e % U FEL BTy £RE s, B toppariy
r@ﬁeﬂarﬁbﬂx;3Sﬁvrmmumcoatlng or printing and heated to
5 forma gUId cr st al alhgnnent film The above

substraF@% oPaﬁpaés tohitapEp RrEFerably 1 to 10 um,
more preferably 2 to 8 um, particularly preferably 3 to 5

um. They have a bottom size of preferably 5 to 150 um, more
preferably 5 to 100 ym, particularly preferably 10 to 50 um.

Vertically aligned liquid crystal display device

The vertically aligned liquid crystal display device
of the present invention comprises projections made of the
radiation sensitive resin composition of the present
invention and/or spacers made of the radiation sensitive
resin composition of the present invention and has an
after-image erase time of 100 sec or less, preferably 50 sec
or less.

The vertically aligned liguid crystal display device
can be manufactured by the following method (e) or (f).

(e) A transparent conductive film having a predetermined
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pl astic as described in the nethod of formng
projections and/or spacers. Atin oxide (Sn02) film
or an ITO filmmade of indium 10 oxide-tin oxide

(1 n203-Sn®2) may be used as the transparent
conductive film To formthe t3¥3ansparent conductive
filmpattern, photoetching or a nethod using a

pRAGRIK ifafoFBedsey onepside o6 e sifs ixale opreiiedtdons
[P TVIR T VLS LOR] age i r f.he

[ rfi%::& o%e adheg)!rl o%hge?%}gﬁétﬁ ﬁgg g%%?a%%%‘?éet%%&é%gieti{ha de' and
ora fligquiidaaspatahtalbgmimgiagerdt im appllieletditthe Gubstrate

tal, .ali t fil f [ | si € d
OB PEHTRY:, PhiPhe? SHRELRS S L Ehpe A Hitea to
t Fprard adensfa td}@,ﬂgz@tgﬂw e e transparent 20

conductive film The heating tenperature after the

appl i catThén apovensubstaate dsyede Qfi glias§ sgerransparent

praf I < r,ef 12Q to _250C.
TR PG Rt aesr e, AR B ¥olilns siisctions
2amd/afrersgdoerk 001 to 1 m nore preferably 0.005 to

0.5 tm,_ (f ) TwQ of the suhstrates having.a liquid

cryst al Aal(tﬁ'ﬁnﬂﬁ%e ??P?ﬁ)f d‘frir}é'd°5ya{‘h€rgb%lg73e‘“ MR PF dpdium
Al I ERAITE G 1ldee (Imgugﬂbn@r)yﬁagl bé| Wit tHd Prlasfhadent
surfaces of the substrates are 30 opposed to each other

byrorsBitdye Hellaed | gap therebetween, the outer edges
Cinesy &L TR Bhe? G A U . o

degfhiatee toh inye atird aesthad ddimg b Pheiamtagiodndihebe used.
adhesiv% | ayer, .and t{lf filling hole . is seal ed Uf to
const r uéFiRY todhe applicgtion ofthe liquid ¢rgstal gdigning
OFpintsUrfrR Yy tdedrHhin indtdladifldiod N twéen the
the other surfaces of the substrates constituting the

| ispwfpas p&t bhe crubstrate gimshet brapsparentconductive £ilm

DB BT 0 k08! Stk B, i 3] aane

r esompowrshtcat A Enractdonialy taganti van ¢onlpdindl MagX ibéde applied

b%:lcl %ne surtace of the substrate having the transparent
conductive f£ilm.

The heating temperature after the application of the
liquid crystal aligning agent is preferably 80 to 300° C, more
preferably 120 to 250°C.

The thickness of the liquid crystal alignment £ilm 1is

preferably 0.001 to 1 um, more preferably 0.005 to 0.5 um.

(£) Two of the substrates having a 1iguid crystal alignment
film formed by the above method {(e) are prepared, the liguid
crystal alignment £film formed surfaces of the substrates are
opposed to each other by keeping the cell gap therebetween,
the outer edges of the substrates are joined together with
an adhesive, a liquid crystal is filled into the cell gap
defined by the surfaces of the substrates and the adhesive

layer, and the filling hole is sealed up to construct a 1liquid
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Exanpl es of the above liquid crystal include nematic
10 liquid crystal, snmectic liquid crystal and
ferroelectric |liquid crystal such as

p- n- decyl oxybenzyl i dene- p- am no- 2-

met hyl butyl ci nnamate, out of 34nhich nematic liquid

crystal is partlcularl preferred. 15 Specific ]
eéﬁ‘ﬁlté?@' lihe %%%a%% titdhe iogdied EP?EPEPS ?hdhpidiquid
Sehivisftaa baie,! tﬂbH: di &1 )ﬁ{eab%hei‘zgﬁi‘fgéégdof ¥ dubstrates

crystal s, biphenyl-based 1iquid crystals,
wt@mmmew ¢rm1:dl cejdtars jodsedrthasegective

'bEPS LA Bl AR ¢ iiln VIS Atniey

Wmvaéd |qU|d crystals, dloxane based liquid crystals,
blcyclooctane based |iquid crystals and cubane- based
liquid Chpseboye adhes §téﬁ|c PFqG?Gm@ﬂfstéP SPporYagFesin

Chlslii D & agdif!

chof%stefyl carlgﬁhte |r5ﬁHEgent come%%%ﬁI
a\spalcelyiss under the trade nanmes of C- 15 and CB-15 (of
Merk Co y dded to t abqve liquid

cryst a E¥aPEieh B8 RE AREYS A InE oxabah o lige pematic
OltiRfuididr@anl0f smaetike lligiid rpstladl o7 Ifdrrclectric
pal ari zer conposed of an H film which has absorbed

|é&QH§4Mﬁq$§§9ﬁxﬂ%ﬂﬂlﬁﬂ aIcohoI i s stretched and

o S R el B R T R A i

ce:ltitu lods emmn atemairiat eldlquzlei fadystal3is "ﬂaruia:iﬂ&tnlqn
sensEF've esin conposition of the present Invention
uSEF &F% e formation of projections and/or spacers f

or vertispaldi¥id egamg1és B Ehe ¥Bbb Khrdt By 1idRMIC %i'ystal
such as col or di splay devices provides projections 5

ad@cdysice r5§h4ef\ﬁ iy basee L g &s mrﬁré@elerm BERK¥shasedr diguiad

pr %q.‘ ﬁ}e d 85N gubstrate of an
unexpose por ardly causes t pee |ng, | ack or
I@ﬁgnmibmdipnﬂanaﬂbax&dziﬂnumﬂnnuxstaﬂsAxasuanﬂbakedi

VG e AT L O NS,

biphenylcyclohexane -based liquid crystals,

pyrimidine-based liquid crystals, dioxane-based liquid
crystals, bicyclooctane-based liquid crystals and
cubane-based liquid crystals.

A cholesteric liquid crystal such as cholestyl
chlorlde, choleteryl nonanoate or cholesteryl carbonate and
a chiral agent commercially available under the trade names
of C-15 and CB-15 (of Merk Co., Ltd.) may be added to the
above liquid crystal before use.

The polarizer to be joined to the outer surfaces of
the liquid crystal cell is a polarizer composed of an H £ilm
which has absorbed iodine while a polyvinyl alcohol is
stretched and aligned or a polarizer manufactured by
sandwiching a polarizing £ilm composed of the H £i1m between

cellulose acetate protective films.
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10 vertically alignability for liquid crystals, high
voltage retainability and a short after-inmage erase
time and alnost free fromsticking and display

nonuni formty. The method of form ng projections and/or
spacers for vertically alignéd |iquid color crystal

di spl ay deV|ces of. 15 the present invention enables

fine patt¥r 4ﬂ}3?¥ﬂﬂI§QQ§A§§WQN?%§ﬁﬂIQQmRﬁS¥ﬂ%ﬂﬂ3Qﬁu$he
Sigaee ddift dive i IPtYSUR SEAC) e o Pt;ﬂgo;j%ctions

formng fine projections and spacers having
eés] faehspaheracier NQFﬂ:@Cpﬂ-éWs&llgmeéﬂ.auluﬁdanmpstd:ﬂ. diisplay

yi Ie ol | owi xampl es rovi de

! e fede sSTRSCPor (PN Lfo ] Y AR B e, Bt et ons
| iaehtspacdnd Heidd enccewﬁhﬁ cmﬁefet@gaéh@&tﬂﬂéadl Hardly
25 Synthetlc Exanple 1 57 g of mcresol , 38 g

hes %e‘fﬁl%P"?Pt wiesiqus mn d@rﬂ/d%ﬂeﬂimg of an
g d 26
e
eqfi spedpwpjbctions amd spamerssbindr eangpcbothide rOvertically

oS e Ao PR S e vt ma v s de ignt
S ettt ia MBS dqudd&tﬂ.ciit FRallifuid ke-yisdmgy, a‘hlibﬁ Qoltage

the oil bath was raised to 1500 C and the insid

tklite and arshent addercdmage esase tt}n@@nﬂm@most
i tet I SO0 §¥q1 n the
rﬁ%ﬁ%@? n&v\jhs cogglaavgi Anp%'oaﬂ enper atur eﬂfo be

col | ect gthe iﬁlerthoﬂeefnfmin@@rmjjmmm andy et kplacers for
acet te t ent of .30 wt % t hanol . 5 and

Rt od addanet HRous0a187, sl MG aley petuigps of
wr&hbr@fsehm $noehtlbANenaBBHE 1 v pat terirRfl #Beilitates
left. Thereafter, the solution was separated into two

| dhe SonETPl pfcsharer apdyeizeathe gt and bottom size) and
|
Cane g A 160 o%?‘}soq:grg.ga% _tF‘llnSe %‘g@gl ac%i%% Oa?llﬁ s‘f)% Brs having

havi ng "an Mwv resi
dadiggratoare @scaedslient( AhlRracteristic prOperties stably at a

high yield.

Examples
The following examples are provided for the purpose
of further illustrating the present invention but are in no

way to be taken as limiting.

Synthetic Example 1

57 g of m-cresol, 38 g of p-cresol, 75.5 g of a 37 wt%
formaldehyde aqueous solution, 0.63 g of oxalic acid
dehydrate and 264 g of methyl isobutyl ketone were fed to
a flask equipped with a cooling tube, stirrer and thermometer,
and the flask was immersed in an oil bath to carry out
polycondensation for 4 hours under agitation while the
solution was refluxed. Thereafter, the temperature of the

0il bath was raised to 150°C and the inside pressure of the
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Synthetic Exanple 2 After 176 g of p-t-butoxystyrene
and 5.8 g of azobisbutyronitrile were fed to a flask
equi pped with a 15 cooling tube, stirrer and

t hermonmeter and 250 m of propylene glycol nononethyl
ether was further added to di s¥olve these conponents,
poI nmerization was carried out at 75C for 4 hours.

aglt vep resngpdto 3 tosdmuHg dpjThaery tazquemgge volatile
S
cg}rlﬁﬁ%]o g%‘?d%ﬁ&grwf%/ﬁ%ffelgg%oﬁ?g@{&%?‘%ﬁ % ?ﬁ%rg
50t)smpexﬁtum dgybeneolgcbed netihils eebanh waetithen \BESsolved

of q%ﬁ'd to tﬁqrsee reacti on solution, the reaction

8 3wz?§erf1 &O A $OBEENTRALLPD RF 030 ME%f \aid methanol
t NHIRE wd S welrRe adiaaanie hAYAht¥es . 3SepRé st &8 dhge time the
sol vent was renoved under reduced pressure, 25 and the

r é%%ﬂghMQOE eehtks e wtien omwwi@ﬂmmﬁaﬂmLﬁnd theft.

d h
TR DRSS RSP SRl al¥eCtpg gavers, ana
(AEl) . Lwent Nidyer Exeaspt stkeh %.113 g:cﬁ‘fcentrated and dried to

azqbi sj sobut ﬁronl trile and 300 progyl ene col
rm‘?Fb |2 8P é‘ll%FESF%oh‘l“bi%gquhW 8§uP pPRa- wi %n°V°1ak

COoRdd 119 iéihfesfgﬂéfe?d A rd G NBL L, 25 g of

nmet hacrylic acid, 15 g of styrene and 60 g of benzyl
rret hacryl’'ate were further added, the inside of the

],y%s by 37 nitrogen and the
ﬁ‘ha ur%%?é’{'éweéggl ution was raised to 70C while it
vvas sti fwkrgamd \g a8 prad i irditand SyErQtdl €

for g ?ol%hs to carry out polynerization. After the
ey r Aty 4 BIR S Heed &R 13 LA RTEPRAdigILth a

r Q@B@pfh@ EAbeUrrither hﬁautﬁéﬁeorﬁ&@& Iaaa 59& W1l §F pi&dylene

dried under vacuumto obtain a copol yne
rreﬂmqumcmomt@yl gtpasrﬁeaarﬁmmmadﬁeﬂhm rdisselve these

T (. o SmelPe i Vas | Bnt &y S ¥ 78-c for 4

Extmmi'se Thbi@afders ksy) \gEIoghta &f witite sliﬂ&luri(o%ab)ida?aqueous

t he co%)%/n%nﬁtsl n Agﬂééﬂgtggﬁl:ypz? b'ga:}.,\r?ég res%.n solution to carry
out a hydrolytic reaction at 100°C for 3 hours. 500 ml of
propylene glycol methyl ether acetate was then added to the
reaction solution, the reaction solution was rinsed in 1,000
ml of deionized water three times, the organic layer was
separated, the solvent was removed under reduced pressure,
and the resulting reaction solution was dried under wvacuum
to obtain poly(p-hydroxystyrene) having an Mw of 24,000.
This poly(p-hydroxystyrene) is designated as resin (A-2).

Synthetic Example 3

3 g of azobisisobutyronitrile and 300 g of propylene
glycol monoethyl ether were fed to a flask equipped with a
cooling tube, stirrer and thermometer, 25 g of methacrylic
acid, 15 g of styrene and 60 g of benzyl methacrylate were
further added, the inside of the flask was substituted by
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as the conmponent (B), 10 parts by weight of 15
2,2"-bis(2-chl orophenyl)-4,4",55" - tetrakis(4-

et hoxycar bonyl phenyl )-1, 2" -bii m dazole, 10 parts by

wei ght of 4,4'-bis(diethylam no) benzophenone and 20
parts by weight of 2-benzyl-2Zdinethyl am no-I-(4-

mor phol i nophenyl ) butan-1-o0 20 ne as the conponents
(@,J;trg;ayeghf tagx%y fetempeprtugymi td@0osolutide waseraised to

f i ' o dtd ) as. i
SRS BY AL S QUMD gnd o inid e enae
(1 p:—eéri(l)p@afqu{mmglfo)r ;(ﬁum f&,cﬂ??):r:@goﬁitﬂﬁ)wmtitcﬁi. andter

, S Wel 0 e -e 0oX Iopl onat e as
{HPS FTOFRPNHRS SRRy o F T (F FreRRE 1L AN 40R) under
t he i RpedsSUra!,i e Was 14 {185 %@ac“t‘_"ito% SoTRERLANGRS dried

filter having an opening dianmeter of 0 m to prepare
a welen iarwim do aitainore s lymes robine thaomokidc iamid,

(t L . si.ti.on sol ution '
e R AL R rnETRR A iR AR o e do0 (wesgn
C arginiss o 5yalsytsiogn (BhlsvespaPphé£did Addgnatdd 3GE resin
of a soda |line glass substrate having a silica (Si Q2)

1485 %or preventing the el ution of sodiumions forned

on the 38 surface with a spin coater and prebaked at

90 Cfor 4 mnutes to forma 1.3 pun-thick coating
f iB¥ampeerkeafter, the substrate was cooled to room

t enper at,uyl€ t.he coating.fil mwa ed tq 2,000
Snbe o KT BRE P PEE BT, HonERATR e aocihs seRgpent
3GRANM4A0 tgarrthitghwWeightllof dEEpenthergthritoQuakxdacrylate
photomask to be cured. Thereafter, the substrate was

i et SHRPTE (Rho WhiRAKS L Rhyiriahbefqueous
sol Ui i 91 2 230 dUprledY VUL 4 1 55 e demel ,4J i nsed

@ 4 X -
i n super pure materzﬂﬂ? ried wwth 10 air to forma
p&thaxycanhony kntenyak 4 h? Tibiimidagois - BakpartatbY %edght

f 20 i % f.orm Rroj %i hayi_n

oifte 47 ronefRikEnu el RRIbE Rk oPRapER Al Fo pacssnetont

regf due was not observed on the obtained substrate of

an uneﬁfosed‘fortion and the separation,
2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)butan-1-o
ne as the components (C}, 20 parts by weight of Cymel 300
(trade name, manufactured by Mitsui Cyanamid Co., Ltd.) as
the component (D), 10 parts by weight of poly(p-vinylphenol)
(Mw = 8,000) as the component (E) and 1,500 parts by weight
of ethyl 3-ethoxypropionate as the solvent were mixed and
dissolved together and the obtained solution was filtered
with a membrane filter having an opening diameter of 0.2 um
to prepare a solution of a radiation sensitive resin

composition (to be referred to as "composition solution (S1)"

hereinafter).

- formation of projections -
The composition solution (S1) was applied to the
surface of a soda lime glass substrate having a silica (S1i0;)

film for preventing the elution of sodium ions formed on the
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15 lack or loss of the projections was not seen. \Wen

the surfaces of the projections were observed through

an optical mcroscope, no roughened surface was seen

and the projections had excellent surface snoothness.
20 - manufacture of a vertical3& aligned liquid crystal
di%ﬁ%a device for evaluation The conposition

Neiksi

WP R idp FPREETIIN G PREPRSSRE R0 G AR CE miqutes
fi f JQ) T f on one side of a1
mglic{nhl CE g%ggéé)su -2%43&% (J'\}éﬁllgé %mboater 25 and

pr ebakedhareafldms therisunsxrate fwasneodlal pum-tdunck

caat | ' Thereafter, .the _sybstrate was cooled to

;S b L B B ol LR PP asEPORe RN Ee coed S 7/
f idfmitAravaxnese ¢atl®a?1880hdvig of waid1RHHELE 365 nm with
radi ati on having a wavelength of 365 nmwth a

hiyhiPhe PEGEEUFETRF LT R ApMPot Ipxr gh @ plketomagk to be cured.

S S ' ' % t '
PRt dED SRET RS Al Sl Mhn B2 9P ks

d epaett agpeidym rhydseik i de sagueyo i rseo Mettiem aatd 28°icedos tthminute
aig. .The suhstraie was then post-baked at. 250C for 30

i YR8 Ay E3REEAy 1P PHPST PHES 3SX 4l dried with

Sedirt toVEorH a p&ELErE M| eHe Wbd HiEn$ ¥R W€ post -baked
Subsequently, a liquid crystal aligning agent (trade

0° S B0 030 _metnu g F @ ciarme PRI SR et Jorakna g

naHe

ég*%fﬁg% [ ﬁﬂgéé e having a
ZVZ";"E‘? ng fi m%c? g tl%ée %gd%? iason senésl ive res?n
conposi tThen deoraliexpnterar amsisdue wase motdeoaferareslikai rtiaiee
havi,ng, no,coating,.filmwith a spinpner. .and heated at 80
C abhaingd RiPgtaAse AR AneKRERd BOFLLOR ans,Fhe sgpazAkLon,
a lddplick Crysd abf And PEsHedt 1dR VA thét tde&KNehenOfthe

600 A on the substrates. An epoxy resin-based adhesive
1FEFREhPfgthe RPRYOARAtdanGeveEe | absasreed fprrughtan optical
0

[t RS, B SRR T acRkCHEER Jid Bhs Bogeltons
t wnd drsteblaast swerfacpmessklinessach ot her by keepi ng

the cell gap therebetween, the outer edges of the
substrates were brought 15 into contact with each other

t o bpafhgastheelendak HIGRIINGF a1 i?ﬁéd?lﬁ@;tﬁ.@éﬁyé’ﬁam splay

cured. Then, a negative nematic liquid
device for evaluation -

The composition solution (S1) was applied to a
-transparent conductive film composed of an ITO film formed
on one side of a 1 mm-thick glass substrate with a spin coater
and prebaked at 90°C for 4 minutes to form a 1.3 pm-thick
coating £film. Thereafter, the substrate was cooled to room
temperature and the entire surface of the coating film was
exposed to 2,000 J/m® of ultraviolet radiation having a
wavelength of 365 nm with a high-pressure mercury lamp to
be cured. The substrate was then immersed in a 0.04 wt%
potassium hydroxide aqueous solution at 23°C for 1 minute
to be developed, rinsed in super pure water and dried with
air. The substrate was then post-baked at 250°C for 30

minutes to form a coating £ilm of the radiation sensitive
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crystal (trade nanme of M.C6608, manufactured by Merk
Co., Ltd.) was filled into the cell gap defined by the
surfaces of the substrates and the adhesive | ayers of
the outer edge 20 portions, and the filling hol e was
sealed up with an epoxy-based 3lhesive to manufacture a
vertically aligned liquid crystal display device for
ev%ﬁ%kﬁ|%ﬁWPqﬁ%tb%@a@%eﬁhwe$wb%ﬁf¢¥eal|gned l'i quid
crystal gi icey

evgluatlon re Hgﬁér% g§%§ﬁ Wh |ng$a%flg§lng "Egen't' trage
ewaammtaf)mmsmsmaj :mmgmimdretqz byl ISR @ddpodldtMon) was

al i ui d cr taI di s device 1is observed
A Led o’ HBE of R AR e PEVAPE BueoabEng Tidm of
of tHe rY¥diRedbnPeadkd it Svapls '1%%0%@1@foﬁlfo&ﬂe@thereo and

failure is not observed in the liquid crystal, vertica
al madide ¢ a ﬁslbé\téfla@&twﬂasg @m@baenng £1 v atiohta @pinner

O O HARY BHTE O ol SA58 AUELLIREE Bol | oo

di tsp | formd @v iLldepufidr cﬁ@staQCaMQﬁméﬂﬂrEillﬁ H&/1M$ &L thickness
vol %gﬁ% etalnablllty after 167 nsec fromthe tine
mﬂ% A 051 iths: FBRSEFatEFt atR P UFHFiRAl I Pased adesive

5 bén FRASLHE th Wik dhir S48 ]bﬂclsT%eT%ﬁlgltigﬁ gﬂy the Guter

- evaluation of after-inmage erase tine
r edgery whrthensubsirates by csprewry pfimOing, thel kiquid

0 PH13: bt ai b eri mposi a DC of 6.0
| AR a3 Bl RS Y REE RS0 902 B Snd Dot
apmreeobppbsém veréacial dyher ighacedping otk Y Bl gap
dIS | ay device at 70 C for 167 hours, the app Ilcatlon

i st st the PRker siges of ShepPbFIratgs were brought
erases cvntadit! witkh é?(ﬁ?'értﬁ@r {o b@(ﬁﬂgggu%epbéﬁﬁjé@tt'o jether,

sensitive conposition solution (to be referred
" b dbiet pdhesdretwam cusey. HBhem naf neg;ltwas rper@ladcced.iquid

YRS eI el of) R bR witPgre co-

ofLtde) e £i(1Ael) 1ntd &Ret belmog@prwmu(éd by the surfaces

Theg fillfter the formation of prc;! ections and the
of the substrates and the adhesive layers of the outer edge

portions, and the filling hole was sealed up with an
epoxy-based adhesive to manufacture a vertically aligned
liquid crystal display device for evaluation.

The obtained vertically aligned liquid c¢rystal display
device was evaluated as follows. The evaluation resﬁlts are

shown in Table 1.

- evaluation of vertical alignability -

The vertically aligned liquid crystal display device
is observed under a crossed-nicol when voltage is off and
a DC of 12 V (peak-peak) is applied. When an aligning failure
is not observed in the liquid crystal, vertical alignability

is evaluated as excellent.

- evaluation of voltage retainability -
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manufacture of a liquid crystal display device were
carried out in the sane manner as in Exanple 1 except

that the conposition solution (S2) was used in place

of the 25 conposition solution (Si) to nmake

eval uations. The evaluation résults are shown in Table

1. Conparative Exanple 1 100 parts by wei ght of the

resin (Afema Medtage Q&S V- 46 @ppdiedsite (the veTtically

t i ght. of [ t thritol aacryl ate
PR iR 3 8y BaT o BELY Nt e TR 300k 8% span
- oif dmdpmsnph)vélthgé,Eétaﬁnapkl$§#rafter 167 msec from the
S B e, SRS i a2 e
4Q PadPsudedi il tHd VN4 #5yo Technica Co., Ltd.

di net hyl am no-1| - (4- nor phol i nophenyl ) butan-1- one as the
conmponents (C) and 1,500 parts by weight of ethyl 5

3- ' h I i xed and
R e T S M L

filteredftierhaarepeahganarf waverhfaihgoa afir@pesndyg of 30 Hz
di aneter of 0.2 pmto repare_a radi ation sensitive
COibS YPUKagsiof 1 Vi BPERLNeA Y sEpardmRgsing a BC of 6.0
" GAMRREK WA uR9! WikdNan( &) ¥ehe! @1 Wa(d&dR vahtie) is applied
Thereafter, the formation of projections and the

metruftihet extdicad lyi glilgnedyiignidi ecpystalicldsplaprdevice at

cay ol 0 [ S e s. in_Ex le.1l e t

C ko L meb e o AR A Oy Recs ERBRSR R S time

ofbdfiure CaonEtStidx -Qimasgd Uis Gardsgd isuEkey evea nbd s red .

The 15 evaluation results are shown in Table 1. 42 1) m

0O }'9
Example 2

A radiation sensitive composition solution {to be referred

to as "composition solution (S2)" hereinafter) was prepared
in the same manner as in Example 1 except that the resin {(A-2)
was used in place of 100 parts by weight of the resin (A-1)
as the component (A).

Thereafter, the formation of projections and the
manufacture of a 1iquid crystal display device were carried
out in the same manner as in Example 1 except that the
composition solution (S2) was used in place of the
composition solution (S1) to make evaluations. The

evaluation results are shown in Table 1.

Comparative Example 1

100 parts by weight of the resin (a-1) as the
alkali-soluble resin (A), 80 parts by weight of
dipentaerythritol hexaacrylate as the component (B), 20
parts by weight of
2,2'-bis(2-chlorophenyl)-4,4",5,5 -tetrakis(4-
ethoxycarbonylphenyl)-1,2'-biimidazole, 20 parts by weight
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of 4,4"'-bis(diethylamino)benzophenone and 40 parts by weight
of
2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)butan-1-
one as the components (C) and 1,500 parts by weight of ethyl
3-ethoxypropionate as the solvent were mixed and dissolved
together and the resulting solution was filtered with a
membrane filter having an opening diameter of 0.2 pum to
prepare a radiation sensitive composition solution (to be
referred to as "composition solution (sl)" hereinafter).
Thereafter, the formation of projections and the
manufacture of a liquid crystal display device were carried
out in the same manner as in Example 1 except that the
composition solution (sl) was used in place of the
composition solution (S1) to make evaluations. The

evaluation results are shown in Table 1.
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WAJ 43 What is clained is: 1. A radiation sensitive
resin conposition which conprises (A at |east one

al kal i -soluble resin selected from the group

consi sting of a novolak resin having a weight 5 average
nol ecul ar weigh in terns of pol3styrene neasured by

gel perneation chromatography of 2,000 to 20,000 and a
heHOXYEd Ve EDEnd £S5 4. having a wei ght average nol ecul ar
wei ght Tin ternms of polystyrene neasured by ge

peTr-rreat iForradsatoiot crprepthhyd vof el A010 @ dimgo alsOiCk 1060 wi(ih a

unctional 10 nononer or. a ion Q
PRI OI HABRER S ik ShErEphHELe SRain Sbeghed £rom
aruhe( Q@roup Pl timg | FAtd ovd THE IFdHIn OGN £hed Sght

used to form projections and/or spacers in a
vEieTage Podiecyied werdahdle eyma ofi Bplyytueenedneasured by

h = f 5
S Y péthdes fn | AL ITFad o8 2 000 N5 26 46T Gand
t dzyﬂmxgstmm :femi:h eravimpra mghmm cmmmumhr

repre ented O||OMA fornula 1 R\N -

N t3{5Pne, Megsured; bY @l RetAigation
Rasrmcﬁn@@sﬁawﬂﬁmdmtdo/o &o MY, WY, A0 ?019%59%@10:1511
and Ris a hydrogen atom or |inear branched "al k

grIRUPIRRE 97y 31 COBbE nad&dean ot @rmolmmctﬂ?hml amrmmem and a
; Eftmdd it foudy SRR i NP1 ifbrd b S M et U AT
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TR T3 4 A SBrBLER L Yeed, b LA iy Sha B ha A oe
CryeEflg ahsaaf@e/rdﬁwag‘@sgmémﬁﬁ@ dRAPfsddCor less.

radlatlon sensitive resin conposition of any one of
claims 1 to 3.

2, The radiation sensitive resin composition according
to claim 1 which further comprises a melamine compound

represented by the following formula (1):

R1\ P R2

X
ﬂ N

(1
RS\N = R3
I

N N~
R® lla“'

wherein R', R?*, R’, R, R® and R® are each independently a
hydrogen atom or -CH;OR, and R is a hydrogen atom or linear

or branched alkyl group having 1 to 6 carbon atoms.

3. The radiation sensitive resin composition according
to claim 1 which further comprises (E) a phenclic compound
having a weight average molecular weight in terms of

polystyrene measured by gel permeation chromatography of
less than 10,000.
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5 5. Spacers for vertically aligned liquid crystal

di spl ay devices which are nmade of the radiation
sensitive resin conposition of any one of clainms | to
3. 6. A nethod of form ng projections and/ or spacers
for 10 vertically aligned |ligkd crystal display

devi ces, conprising the steps of: (a) formng a

caogting g4 . i ati i i j
Conpost tr ot S8 R P dihed Biusa crystar
subksplay, ddblddy vexjpdsiane peaxde off tihe cedtiatgdn Isenditive

radi ation; C evel oping the coatjng filmafter
e><‘g% ec?"épé?}oﬁﬂ?ré t?‘@? n?n%n%g(%i}aﬁ%tjr nP the
coating filmafter developnment. 20 7. A vertically

aligned liquid crystal display device conprising the
proj ect iSHRECYTS EpFi veut Y alHansshddguidferysbandisplay

fl%@é%ﬂb@f&fé hdBI%E A58 LddFaon Weséft e resin

composition of any one of claims 1 to 3.

6. A method of forming projections and/or spacers for
vertically aligned liquid crystal display devices,
comprising the steps of:
(a) forming a coating £ilm of the radiation sensitive
resin composition of any one of claims 1 to 3 on
a substrate;
(b) exposing part of the coating film to radiation;
(c) developing the coating film after exposure to
form a pattern; and

(d} heating the coating film after development.

7. A vertically aligned liquid crystal display device
comprising the projections of claim 4 and/or the spacers of
claim 5 and having an after-image erase time of 100 sec or

less.



