1 «FORMVATI ON OF PRQIECTI ONS AND SPACERS AND RADI ATI ON SENSI Tl VE RESI N 4
COWPOSI TION FOR THE SAME Field of the Invention 5 The present invention
relates to a radiation sensitive resin conposition used for the formation
‘of projections and/or spacers for vertically aligned liquid crystal display
devi ces, projections and spacers for vertlically aligned Iliquid crystal

di spl ay devices nade of the radiation 10 sensitive resin conposition, a
vertical ly aFORMETION@F BROJEQTIAGNS ANDDSPXCHRSIAND RADTATIONGSENSITIVE ect i ons

and/ or the spacers, and a _nethod of formng the projections and/or the
spacers. 15 Description ofRESHY SPMBPSATLON FORy T Wal di spl ay device is
nost wdely used in flat panel displays. Along with the spread of OA

equi pnent such as personal conputers and word processors as well as liquid
crystal TV sFieldec£nthgedngentigni renents for the 20 display quality of TFT
(thin filmtransistor) liquid crystal displays (TFET-LCD s) are becom ng
nore and “hore sevefze Pr@fgnd'-f ipyentian redatestio @rfpdiedireanhti¥® i s now
t he nost pop ' ;] f u LRg pZzing filns
whose.al i ni ber ohPorEbLbl J08H 20k ERE PYghQETbRdpE ProfdeRlbds 0.,

si des of twoasdpetrsgiarenmnfopyrdrtatgidiyealighedtinglelsd crgshalr@ispYad to as
"transparent = el ectrode substrates" hereinafter) and an alignment filmon
the inner si@@¥igesy hBreUBCtianspaR&nFPRFREE EAE ¥GBsirald¥, alighedposing a

nematic |iqui S ' n o a LWL sting the
al i gni ng dir%ggﬁ%ﬁ %?§?EgirﬁﬁgP%ggcééggggga%aég %?ogggngggﬁé%?égde side to
t he ot hero el sehsndevesrdein\Vbemposntpohar azedrtighllysalnghddntigpod the TN

LCD, linearly polarized |light which has passed through one of the 2
crystal display device comprising the projections and/or the

spacers, and a method of forming the projections and/or the

spacers.

15 Description of the Prior Art

A liquid crystal display device is most widely used
in flat panel displays. Alongwith the spread of OA equipment
such as personal computers and word processors as well as
liquid crystal TV's in recent years, requirements for the

20 display quality of TFT (thin film transistor) liquid crystal
displays (TFT-LCD’'s) are becoming more and more severe.

Out 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

25 other by 90° on the outer sides of two substrates having
transparent electrodes (to be referred to as "transparent
electrode substrates” hereinéfter) and an alignment £ilm on
the inner sides of the two transparent electrode substrates,
interposing a nematic liquid crystal between the alignment

30 films and twisting the aligning direction of the liquid
crystal at 90° from 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



pol.ari zers passes through the liquid crystal while its polarization
direction is shifted, whereby it can pass through the other polarizer,
resulting in a bright state. Wen voltage is applied to the both
Yransparent electrodes 5 to make liquid crystal nolecules upright, linearly
pol arized |I|ight reaching the liquid cryg@tal passes through the liquid
crystal without shifting its polarization direction, whereby it cannot pass
t hrough t he poharipetsrpassesrthunbughgthe hiqdidkcsyatal whiteaitsr, when
the applicatiop of voltage,is .10 stoppe the LCD returpns to the bright
state. AIthdﬂ%ﬁa¥h%35b%%eg#ﬁFEEiP%e%Enggggﬁﬁgr %PegﬁBgr?grcaPopﬁsﬁathode-ray
tube(CRT) i Nt R6HEH Ofn& RSB LpSTEr £24PT rd SPLLLNG ! Di |4 tir Ogh ¢ heedeont side
due to technical Tnprovenents in recent years, it has a big problemto be
sol ved, 15 When veltagedrs @appliied g &dhgl eotRstoamspireme sldetriadss to this

Thi's. ver 8 cabt iokie Gowifcrnarak yol aPube HRRtEii: CInRaReY ROPTRoe
bi ref ri ngence; goderddbdig ind 12881aVErys £l (bas?%scrt)&%%bhhenépgimt ive

ani sotropy in dielectric constant and a vertical alignnént filmare
conbi ned t ogeryetahimd thout siniHping ditsrpe banizatbor ddseicrt i0N , Wiz raby

di scl din,"Liquid Crystals", Vqol. 3, No. 2 L 117 (1999) .and, JP-A
11958605  (FhebaBhd RASe thEouah Fhite PEhRT R Ne 47T an ERARLFSROZH bl i shed
Japanese patgatyapii€at impRrearFed WHER % agfillage ich 3P\ beHagasid he

aligning direction of the liquid crystal near the alignment filmis kept
al nost JVdrti shoppefie tIMWALCEDraturesctdl the boaghtisstahd.vi ewi ng angl e and

WA LD | s al so exkbiandh; fhe Sbave il Ll beasnds Saiat of P REARR 1 cal 1y
i spl ay si de nas SRRy D L D oL ope
at a positioepdpffieibhliityonnt hbesfrontfsifie dnentpatenhnical
improvements in recent years, ‘it has a big problem to be solved,
15 that is, a narrow viewing angle.
As one of the solutions to this problem, an MVA
(Multi-domain Vertically Aligned) LCD has been developed.
This vertically aligned liquid crystal display device
makes use of a birefringence mode in which a negative liquid
20 crystal having negative anisotropy in dielectric constant
and a vertical alignment f£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
25 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 liquid crystal. Therefore,
30 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



3 -electrode, such as a projection shaped like a triangular cone or

sem -convex lens, is fornmed in the sane pixel area on the transparent

el ectrode substrate on the light incident side as domain restricting means
for enabling the liquid crystal 5 in one pixel area to take a plurality of
aligning directions. 1In general, in the3liquid crystal display of the prior
art, in order_to keep the interval between the two transparent el ectrode
substrates, ¢ha¢trade; gachens yppodeRtianishangthéiken tslangylpr@en®acers

made of a regj . C ] re 1 C r r one
of the subst?%{geegr,{l ﬁ@{\g}fr}%lﬁ/\oggﬁﬁ%‘gg@l Eﬁg %an? ait%{e%,%?rtla tgﬂeﬂ)éill gap
is determ nefamhypahénti el@terodé dutestateion tBenteéghtcentadaentessde e of
difference in djianmeter anong the projections _and spacers cannot be

elimnated, 38 JRMAD TESTECHHUMRGNE FPOHER SN the higutdiFYFt3Lin the
cell gap 5caufﬁ%n@’PE§l81 £ 0 {4168 %ﬁfur&fi%%%ﬁél%?ﬁlﬁgtﬂ%ﬁf& a net hod

of form ng projectrons and spacers by using a ot oresi oud%'this

nmet hod has advant apegedneatalf, Aa thpatlliepiidngrystpbsédisprapod thetpshepe

control is easg,_the 20 above publication fails to disclose the conposition
si

of the phot@FEsildt OBRAGT tockpep thenbRbertRl bREWESTHERL Fi6) Beat sRAreahd
SPacer . o CelEOtkoaaTRLEsRbeLhe PRALOLES! Ehetisgdy ! ap! BEnstantmt | On Of

proj ections and spacers for vertica crystal display
devi ces are gphenibalor rbdatlike sphcepbaradeofsh sdwmin cvrhaerahighatée | m

hardness, provide projections and spacers_havi ng excel|ent surface

smoot hndd ah8Sfar 1§F FPEFFEE 2R ?ﬁﬁﬂaﬁf’erre neQf She %‘E?ﬁ?lr%ﬁeﬁ he
substrate of yReROtAL e ulSIREL (dk-d Adiilatiba, SAnk gnBLBL oy e | cal ly

aligned liquid cryst di splay device shou be free fromstickihg and
di splay nondetéomimed. b¥hthepgiamaterobft hbepspaearsi.nventi on has al ready
Since a certain measure of difference in diameter among
the projections and spacers cannot be eliminated, as means
15 of avoiding a problem such as nonuniformity in the cell gap
caused by the above difference, JP-A 2001-201750 proposes
a method of forming projections and spacers by using a
photoresist. Although this method has advantages that fine
patterning is possible and that shape control is easy, the
20 above publication fails to disclose the composition of the
photoresist and the performance of the formed projections
and spacers.
The requirements for the photoresist used for the
formation of projections and spacers for vertically aligned
25 liquid crystal display devices are given below.

That is, the photoresist should have high film hardness,
provide projections and spacers having excellent surface
smoothness and hardly produce the development residue or
stain on the substrate of a portion not exposed to radiation.

30 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



proposed a radiation sensitive resin conposition for formng 4 projections
and spacers at the sane tine, which conprises [A] a copolyner of (al) an
unsaturated carboxylic acid and/or an unsaturated carboxylic anhydri de,
(a2) an epoxy group-containing unsaturated conpound and (a3) an 5
unsat ur at ed conpound ot her than these, [B an unsaturated polynerizable
conpound and [C] a radiation sensitive polynerization initiator,

proj ecti ons BRBISphéers ARdeSBRCerfecatathat FeMestHBeti VRicRsFoMRBEEBRSI ti on,

pacers (15 RASGEEBRAZRSE O (BT & RBTRIRIRA EnPoGRPLET IR RRIGE NS, (i ve

resi n conposahi ansatatatetiocatrbexiytdvaanhygdafidpr, oj(act)i ans epawyg spacers for
vertically aligned |iquid crystal display devices has juit begun. The
t

i .
devel opnent SFgHPﬁéﬂp adningonnsstuzaded cempeund 29fpdésdi B8R capabl e of
fevel O 7 < ! .
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technically very inportant™to cope wth e fast spread
requi r enent spbayméeIzbBDewcompoand hadofClganmadiartdomisensieigee. 20
Summary of the_lnvention It is an object qof the present invention which has

) . ) e p
been rmade iH°}V@ﬁF6FaFH8naBBJ§i?FPEapPBHJFStﬁPB§iEBda?PQGFEFiBﬁdes%ﬁsitive
resin conposkheOR 3§ i%ﬂrshﬂ%iEQ%@aEFQEnOEo%éogﬁﬁh%ﬁl'Qﬁ& angdAghigpacers

for vertically aligne I qui crystal display devices, nore specifically a
radi ati on semystaledispilaycdepdset compwhisdihgcaheppoojdetponseandonbe and

spacersﬁg ving _excel | ent syrface s t hness, hardly produces the

devel op &t FgéFﬁaé 6ﬁgfﬁe398§§59égggof an 30 unexposed portion, hardly

causes the separ at jgfe@brt h@hePERIBEbpABALABE aP26AAALiBAIsEABiRAQY de a

vertically aligned liquid crystal display device having excellent

vertically resin composition useful for the formation of projections
and spacers for vertically aligned liquid crystal display
devices has just begun. The development of a new radiation

15 sensitive resin composition capable of forming projections

and spacers having excellent performance is now technically
very important to cope with the fast spread of TFT-LCD and
the requirements for TFT-LCD which are becoming more and more
severe.

20

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

25 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

30 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 voltage retainability

and a short after-image erase time and almost free from



alirgnabilty for liquid crystals, high voltage retainability and a short
after-image erase tine and alnost free from5 sticking and display
honuniformty, and a nethod of formng the projections and/or the spacers.
O her objects and advantages of the present invention wll beconme apparent
fromthe followi ng description. 5 AccordPng to the present invention,
firstly, the above objects and advant ages  of the present _i nvention are

attained bySHEGKIRAENGhAL8RLAY; RRAYREF OrRbhoaNd GnmGRReR HhAATERI (A) at
| east one alg@%ip_ é@forgseséﬂh/s&l_.e@ﬁgdso‘;é%gg.he group consisting of a
n havin

novol ak resi a wel ght average 10 nol ecular weigh in terns of
pol ystyrene neasurGithdry opglectgeand aidvan tagesmtfoghepne sén 2 idd@ntd a20, 000

and a hydrox yrene resin having a i gh ver age | ecul ar  weight in
terns of poI‘\}if@rté?f@%a%Qﬁ%ﬁe% gm \S&%e}a?flo?f’”rg?\r%‘f%’g?%’p%' of 10,000 to
100, 000, 5(B) a IOOWédHEﬁi'rgP% e PRBARRL Divén €OGR! s yOf tRe above

pol yfuncti onal nmononer and a nonofunctional nonomer and (C) a

phot opol ynerokziec¢s andnadvanbagearmf thegresenisdaventionnape @tdained and/ or

' tically ali d.lLiquid tal djspl devi havi
aftor-i mge BY AFAALIGR 5855350VE TPaLR CHRPIRLETOR HPIeh Commiassh:

invention, sggpRd ye.aéb%nea@pxglpbgszﬁﬁlé&%s%vgaiég%dqfro&mehergem{jﬁ
i nvention are attained by projections for vertically aligned liqu

crystal dispteysievinesofimd chovebakeries i hareingowewebahtit averagensiti ve
resin c osition. .25 Accarding,. to the.present invention,  thirdl t he above
objectsqgﬁd %%%%ﬁ?%ﬁ%éw%ﬁéﬁh on%E@%t°?rR%§k?§%F e %?%%?ﬁ%% b%ygibacers for
vertically apéanestionutkremiatégraphppbay2, ceyi €6s200000 ane arde of the
above radiation sensitive resin conposition. 30 According to the present
i nvention, iRYERRXYSty¥ene| pesin hawlngod cvebghttaveragadiekheaabarof the

present 1nveRliQht in terms of polystyrene measured by gel permeation

chromatography of 10,000 to 100,000, (B) a polyfunctional

15 monomer or a combination of a polyfunctional monomer and a
monofunctional monomer and (C) a photopolymerization
initiator, and which is used to form projections and/or
spacers in a vertically alignéd liquid crystal display device
having an after-image erase time of 100 sec or less.

20 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.

25 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.

30 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:



are attained by a nmethod of form ng projections and/or spacers for
vertically aligned liquid crystal display devices, conprising the steps of:
b6 (a) formng a coating filmof the above radiation sensitive resin
conposition on a substrate; (b) exposing part of the coating filmto
radiation; (c) developing the coating fi® mafter exposure to 5 forma

pattern; and (d) h ing the coatin f|| t er _devel opnent. Accordlng to
t he present invent F?a)h g ormiRd 13 1§ Ef{TI"Féfa RS TRALFEL Wivant ages

of the present '“Ve”t'QQenéﬁfaéﬁtféﬁﬁﬂ éBhéPéf%ié&aéﬁyaaéﬁﬂﬁﬁﬂa{éqUId
crystal display 10 device conprising the above projections and/or the above

spacers and havi ng(lah éxposimggart a;zfet'hlerreoatlmgofsbm e radisstidmhe
present invention 't $ %f scribed in detai ﬂﬁﬁ nder 15 Radj ation
sensitive resin co&% § o7 B2 orponer? l?ﬁ % %El?ﬁpgiﬁg?t Qe resin
conposi tispn used for theofRravpaeresh; PARdections and/ or spacers for
vertically aligned liquid crystal display devices of the present invention

(to be sinply refetdbd heabingsthe sgoating %%#Bi@fb%rr@%VQl@Bmﬁ@tition"
hereinafter) wll ,be des e relnunder I | esin The
? & rji:% %‘ %ﬁ?f«? VR QOI? % e g#’a‘?(ireﬁ n

al kal i -sol ubl e re5|%cu Iventrton” “is a ov

and/ or a hydtﬁéyabwenebjeétﬁ arnd® J@@ax&t@y@s NOF Ot 1k prssént Sidmt 1wl by
pol ycondensing a phenol and an al dehyde in the_presence of an_acid

catal yst. ERBfAprEsayied hy pheebticably faddldned plapdtacrpAtal dhepiawol ak
203 i mathy| SREACE capB5TaEad, tp RBERR prB3ERETthe abalof EReMibBUENC
spacers and having an after-image erase time of 100 sec or
less.
The present invention will be described in detail
hereinunder.

15 Radiation sensitive resin composition

The components of the radiation sensitive resin
composition used for the formation of projections and/or
spacers for vertically aligned liquid crystal display
devices of the present invention (to be simply referred to

20 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,

25 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,

30 2,5-dimethylphenol, 2,6-dimethylphenol,
3,4-dimethylphenol, 3,5-dimethylphenol,
2,3,5-trimethylphenol, 3,4,5-trimethylphenol, resorcinol,
2-methylresorcinol, 4-ethylresorcinol, hydroquinone,

methylhydroquinone, catechol, 4-methylcatechol,



3, 4-di net hyl phenol , 3, 5-di net hyl phenol, 2, 3,5-trinethyl phenol,
3,4,5-trinethyl phenol, resorcinol, 2-nethylresorcinol, 4-ethylresorcinol,
dydroqui none, nethyl hydroqui none, catechol, 4-nethylcatechol, 7
pyrrogal | ol , phloroglucinol, thynmol and isothynnl Qut of these phenols,
preferred are phenol, n}cresol p-cresol, 2, 3-di met hyl phenol ,

2, 4- di ent hyl phenol , 5- dlnethylhenol 3, 4- dlneth | phenol
3,5-dinethyIEﬂ%ﬁﬁﬂal%°%ndPngr%9¥V¢¥Eﬁ%yI5%%%%1 aq%elﬁﬁﬁﬂﬁm%%enols may be
used alone or in cHppi g he above
phenols are wused In ggﬁ%?%%?l@{?ﬁm’f&reg%re ?Egt o%lg&l'n %J(gsgl

conbi nati on p#cnesobsoz andimethg$phen@bnb2na%dbembhylphan@lesol and

conbi nati on 81 SELReERTLARAOL D bokn SERHITPHREROL ¢ s HAMSHIGPHRAY L ool and

2,3, 5-trigmet iy phenok . ¢ £PRDERGI hREn 1 . phenol , 2,3 di met hyl phenol and
met hyl phenol | “ conbi nation of 15 n}cresol 2, 3-di met hyl phenol and

i

i met hyl phenoIThe ahien phienio 1sf may chesrded a,l&n@ wtmlma@m

i met hyl ppe conbi nation _of _mcresol 4-di ent h hen and
ot iyl Shehgp OE dHit it WBRRoEw, SE L BOEE, oF ERG ERoYY I Bhehote Hhe

i met hy| @beaokn é8mBoRat 8h | ogar@feﬂreaeé@.hblaaelahgemai@aenal and
trimet hyl phenol , conbi nat on of mcresol, p-cresol and

|nethyIpﬁghbnaté@ﬂbpﬁamréﬁeéﬁlnﬁ%@eﬂoﬁreﬁoéreggmblﬁﬂﬁlon of

o BrERSpo1 SR o5 Rl P RASHRE, eoipiiBidon #fi;praggr ana

tri rret byhphmethyﬁsnaﬁbms obmbheatiérhytemt er8sopoaygondensed with the
h nol include_fornmal dehyde, trioxan, parafornal dehyde benzal dehyde,
acet al dehyde?- %r@%?ﬁﬁhﬂéﬁ?ﬁ%Olrpﬁ@ﬂ?*&éﬁ%ﬁpd@ﬁy@ecrﬁsﬁ%eﬂyﬁpropyIaldehyde

2,3,5-trimethylphenol, combination of phenol,
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, 3, 5
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2,3-dimethylphenol and 3,4-dimethylphenol, combination of

15 m-cresol, 2,3-dimethylphenol and 2,4-dimethylphenol,
combination of m-cresol, 2,3-dimethylphenol and
3,4-dimethylphenol, combination of m-cresol,
2,4-diemthylphenol and 2,5-dimethylphenol, combination of
m-cresol, 2,5-diemthylphenol and 3,4-dimethylphenol,

20 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-dimethylphenol, and combination of m-cresol,

25 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, ca-phenylpropylaldehyde,

30 pB-phenylpropylaldehyde, o-hydroxybenzaldehyde,
m-hydroxybenzaldehyde, p-hydroxybenzaldehyde,
o-methylbenzaldehyde, m-methylbenzaldehyde,
p-methylbenzaldehyde, furfural, glyoxal, glutaraldehyde,
terephthalaldehyde and isophthalaldehyde. Out of these



30 *P- phenyl propyl al dehyde, o-hydroxybenzal dehyde, m hydroxybenzal dehyde,

p- hydr oxybenzal dehyde, o-nethyl benzal dehyde, m net hyl benzal dehyde,

p- et hyl benzal dehyde, furfural, glyoxal, glutaral dehyde, terephthal al dehyde
and i sopht hal al dehyde. Qut of these 8 al dehydes, fornal dehyde and

o- hydr oxybenzal dehyde are preferred. Th& above al dehydes may be used al one

or in conbination _of t or re., 5 The gnount of the_ al dehyde is
preferably Oafa‘{i ¢hydey): %aﬁg@?ﬁ i a‘b%ly .%"Ylberiz.%l‘iﬂycg‘%s%%? on 1 nol of
the phenol .pdbgePp¥@! ak resin in the present invention is particularly
preferably a pol ycondensate of mcresol and 10 fornmal dehyde, pol ycondensate
of mcresol, p-crdéhg abptrefaldehyidey nay polupednaborator bh qambigadiion

2, 3-xyl enol ggdt f ormal dehyde, pol ycondensate of mcresol, 2,4-xylenol and
f or mal dehyde™or %%I?Edﬁ%ﬁ%Sate of mcresol, 2,5-xylenol and formal dehyde.

15 Exanplses of t hergidheatialosiths eth deiyddas ptemsrdianrsa ionreof2 tdhe
phenol and the al dehyde include hydrochloric acid, nitric acid, sulfuric
aci d, form cn@ki dnorgxpreferably Qcktte hdt diokdagsrren fomal & dhend
p-toluenesul£9€ﬁ§lacid. 20 These acid catal ysts maybe used al one or in

0

conbi nati on WO or nore. The anount of the acid catalyst is generally 1

X 10-5 to 5 x 10-fThemowsbakl ©asiln i tHe e gdrenalnveiei ol yondensat i on
reacti on between the phenol and 25 the aldehgde is carried out_in the
absence or pPRYSELERLIBFLY 2PEef GEAPLY F& PPl ¥EcoREeRFRLE oPH AT SFREPHARPAI cohol s

such as ; gret Bgpaghi1 aéhPA80! poly6RRENSAte | 6P RPEF50 BN NePUL30hnd
formaldehyde, polycondensate of m-cresol, 2,3-xylenol and
formaldehyde, polycondensate of m-cresol, 2,4-xylenol and
formaldehyde or polycondensate of m-cresol, 2,5-xylenol and
formaldehyde.

15 Examples of the aclid catalyst used for the
polycondensation of the phenol and the aldehyde include
hydrochloric acid, nitric acid, sulfuric acid, formic acid,
"oxalic acid, acetic acid, methanesulfonic acid and
p-toluenesulfonic acid.

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

The amount of the acid catalyst is generally 1 x 10°°
to 5 x 107! mol based on 1 mol of the phenol.

The polycondensation reaction between the phenol and

25 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

30 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



et hers such as tetrahydrofuran, dioxane and propyl ene glycol 30 nononet hyl
et her; and ketones such as ethyl nethyl ketone, nethyl isobutyl ketone and
2- hept anone. These solvents may be used alone or in conbination of two or
nore. The anount of the solvent when the polycondensation 9 reaction is
carried out in the solvent is generally 20 to 1,000 parts by wei ght,
preferably 50 to 800 arts b

based aqn 100 part %pt of the
total of theF$AEIID %r‘?"g? sin othg, $q dt%r@r{ﬂﬁlac#ﬁ(
pol ycondensail@ébr;f‘ékcttg %9 W@h.ﬁﬂt Cﬁﬂe@@réyﬁaw xoadbuslgsét@wwl tto the

reactivities of the reaCtion raw materials is general 10 to 200C. To
carry out theapedyennbthsparts beraeight fl)the qm'aiolof dhealmg@ptdonand an
acid catalyst_are {ed to a reactor 10 at the sane tinme, or (ii) an acid
catal yst is ¥4 Patert g%tor and then a phenol and an al dehyde are added

along witsh the praeeednperatuze’d@ehePolyrditRniyA560 eefbt 168 wilich
catalyst. To collect a novolak resin after the end of the pol ycondensati on

reaction, ( |¢¢I) b%@ﬁh@@@t@ﬁﬂ@%@@r@c@rdm &£ &he ingaalistidihess afai sed to
130 10 230 Ga00 XQLel bl eclB h2kor) 311 O G HOLELy  ElUESgpeESUTe L0
Vo TV

coll ect the S|n a novo I esl tarned b

pol ycondensat I on T@ émﬁm@cm@fp@m@&mﬁsﬁidmecmmcak res) racol | ected
by the above method (iii) is dissolved in a good solvent_ such 20 as ethyl ene
gl ycol et hyPh%E’ﬂ%r %éiﬁﬁbydélﬂﬁﬁ%ﬂ@élwll’% AYP &4 iy asepGtotet hyl

3- met hoxyypr o qﬂg% t{w@ , | &Re r

met hyl i )sbgbufpi:/l gtalgﬁe e'hé’%fg anD ?géane ]%é%ﬁano %%%S%%élacg%:%teat e,
the resultiagdstheniaphenail ardd \mnt Ialvllahgdeoara addedsal omgtwisticthizgh as

e O BEeRbRlRg b RS £ BS80S RLSGIBI A resin 1o
To collect a novolak resin after the end of the
polycondensation reaction, (iii) the inside temperature of
15 areactionsystemis raisedto 130 to 230°C andvolatilematter
is removed under reduced pressure to collect the novolak
resin, or (iv) a novolak resin obtained by polycondensation
in the absence of a solvent or the novolak resin collected
by the above method (iii) is dissolved in a good solvent such
20 as ethylene glycol methyl ether acetate, diethylene glycol
ethyl methyl ether, methyl 3-methoxypropionate, ethyl
lactate, propylene glycol monomethyl ether, methyl isobutyl
ketone, 2-heptanone, dioxane, methanol or ethyl acetate, the
resulting solution is mixed with water or a poor solvent such
25 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 welight in terms of
polystyrene measured by gel permeation chromatography (GPC)
30 (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.



The wei ght average nol ecul ar weight in ternms of polystyrene neasured by gel
pernmeati on chromatography (GPC) 30 (to be referred to as "MN' herei nafter)
of the novolak resin is 2,000 to 20,000, preferably 3,000 to 15, 000. A

radi ati on sensitive resin conposition having excellent coatability,

devel opability, sensitivity and heat rest@t ance can be obtalned by using

t he novol ak resin ng_the apaove the rese I nvention, the
above novol ak resiﬂ%\% PHeseR d‘rﬁﬂed%oﬁ th c 5’t°vc9 a&fr?%nﬁrm%re The
above hydroxystysé@caléhéNotSiR SOMYIRAt 0bnabpNEwo ObriMoE®NDI nation of two
or nore of hydroxystyrenes such as 5 o-hydroxystyrene, m hydroxystyrene,

p- hydroxystyrene Bhénah ke Dy ARosE EEATE e SAPh {8 8XHOLYIRT [9F #tielhe and
p- hydr oxy- a-p g V! S 1 c I tyr ene and
at | east other polynefﬁggb e ngngﬁgrdpﬁ§§%%F%ih%§§§%ggg§ﬁ8$¥%o f#%f*iable
monomner isncl odRyd#Oxgsyyeere, amahiidtskysepesnal kpthgdoopyssypehépear or

branched al kyl group having 1 to 10 carbon atons, the sanme shall apply
herelnafter)oahﬁ §P¥Yeﬂem§§hY%athe§eob@ahHéHOEY gu@@thY&SFﬁgeﬂﬁeabénzene

ring of styr e uen Kk | oal kyl
group, Iine H¥Rg§b#aﬁ§%h§ESF¥%§§ g%ogpE ﬁm@i ?k %t gég gnog ons,
hal ogen atonhydrbxpsgynepe aydnatgleast atheo gomymenizablermgnonpr

di ol efins such as t adi rene nd chl aoroprene; acryl ates
Cboh as eyl (ookempros (o€ e |STRLE 15 fitter {1l £ Hilinad NS

(et h) agrgy! a&€¥ﬁ§n8r‘}f-§tlé%ﬁs($e@é§cwi f,gz%@’ié" iﬂ?éa@ G‘Erﬂfa"’r‘*ﬁg Erylate,

sec- buty acry acryl n- pentyl
neopentyl (nmelkydgxdup gavgyzgl bhex P cqrhampioms.atke sane ghelivapwiexy!

(ot hy acr y1 absreparbyprdnip) SEYPApCachiRRENMYE CPRRINSAIY ot "1 hpht
(nEth)aCry|ab&bs@i&ﬁtthCeH¥|benzene ring of styrene by at least one

substituent such as alkyl group, haloalkyl group, linear or

15 ©Dbranched 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

20 (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

25 (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

30 (meth)acrylate, salicyl (meth)acrylate, cresyl
(meth)acrylate, glycidyl (meth)acrylate,
1,1,1-trifluoroethyl (meth)acrylate, pentafluoroethyl
(meth)acrylate, heptafluoro-n-propyl (meth)acrylate,
heptafluoro-i-propyl (meth)acrylate, triphenyl methyl



(meth)acrylate, cunyl (neth)acrylate, adamantyl (neth)acryl ate,
tricyclo[5.2.1.02' 6] decan-8-yl (nmeth)acryl ate, anthraqui nonyl
{meth)acryl ate, piperonyl 30 (nmeth)acrylate, salicyl (meth)acrylate, cresyl
(nmeth)acrylate, glycidyl (meth)acrylate, _1,1,1-trifluoroethyl

(meth)acryl ate, pentafluoroethyl (net h)]a]cryl ate, heptafl uoro-n-propyl

th I t af | =i - J th t tri I thyl 11
(1ot 1) acr y1 2Bt lSRE Rl o o chy AP R mt TR T RRE ) SR (e Reey IRl
3- (N, N-di met hy{ R '@irié oyl ani®s fpospyl alfe th Vdytylate] haegy! ate and
furfuryl (nmeth)acrylate; and (neth)acrylam de, N, N-dinethyl

(et h) acry| atfefeh) acxyhate)j apdFurfgr il atrgtRhacreylat e daod- propyl
(et h) acryl apg L =& aDr oY _ r ] yl

(et h) acryl aﬁ%@q)%%gﬁ%%gnwlynéﬁ%g%ﬁgl grlr‘nég?éjjggﬂgse!?ﬂ?%bt h)acrylonirile,
acroleins vimyM, fdiether, (megthyscophemidepri g di+nyproepydri de, vinylidene
chloride, 10 N-vinyl pyrrolidong, 2-yinylﬁ%$idhre, 3-vinylg¥[idine,

4-vi nyl pyri dipethilfetylapide N NrdhehiPRaP¥E} ni Beth)acrylamide,

N- (4- hydr oxy, bﬁﬂg | 5 hexy, | (HE; .

acryl oyl pht hlgl | m@ﬂrﬁ%%gﬁ%%%&§a€hg¥oétﬂ%%%%%§t% mnlor%r“elrd% n the
15 copol yreramnide he(hgthpagsyorheibad ateobeher pbhyhefluabide, nononer is

preferably 30, ww%or le npre preferahly 20w % or. ] ess based .on the

Potal of i hovirbiorae ShuefPas. Nefpehichdertag e i ronomer

i s higharg thﬁﬂvﬁﬂ%ri\f)%:roiﬂéoﬁélfahLvﬁﬁ}i‘ﬂfi&in@f 8boiRPipyPedigepol ymer may
ac

be 20 unsati sf ory. The hydroxystyrene resin particularly preferred in
the present4iviieylppnidinef oviaydnpretapel yNpphouyingieimede), copol yner

of by OxYSL ¥ SREaPOL B TRL e IMERQ XA 47 E06nGky $RRELYEe Obna
N-(meth)acryloylphthalimide.

The content of the other polymerizable monomer in the

15 copolymer of the hydroxystyrene and the other polymerizable
monomer is preferably 30 wt% or less, more preferably 20 wt$
or less based on the total of the monomers. When the content
of the other polymerizable monomer is higher than 30 wt$%,
the alkali solubility of the obtained copolymer may be

20 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

25 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.

30 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



The hydroxystyrene resin can be prepared by polynerizing a hydroxystyrene
and optionally other polynerizable nononmer with a polynerization initiator
in the presence of a solvent. 30 Exanples of the solvent used for the
preparation of the hydroxystyrene resin include al cohols such as nethanol,
et hanol and di acetone al cohol ; ethers suth as tetrahydrofuran,

t et rahydropyran and di.oxane; ethy]ene | ycol. et hers such as.ethyl ene glycol
mononet hyl e®hBY18Rg gLy c ﬂ?f‘@ﬁﬁ’&Eﬁg}ge%oﬁggﬁlﬁpee?ﬂé‘foﬁ Eﬁ'ﬁﬁ'e%?egq ycol

al kyl ether 86e58£85s88RNadSe EhPYERBEGDYYSD méBAYY | e BAEL a0l €4 Caritd

et hyl ene glycol ethyl ether acetate; diethylene glycol ethers such as

di et hyl ene geybplenengh¥chy| ethihdr etBedi acayatae digtbylanaogingplet her,

di ot iyl one oPyigrePRER RE: Afh CBrmelhohRAEETcndnRRLaR khker <’ Slon ae

propyl eneg gl geaethynenseghytott iehoepPhgpybeher, giyeehyneneeyhytott her,

pr opyl ene glégol mono- n- propyl ether 10 and iropylene gl ycol nono-n-but vyl
et her; propyfénetByycethes| kjiethrdengcalnced diekhyd gitBpyI 8Re gl ycol

met hyl et her 4. e y h he , | ene,
propyl ene gI9%§Fﬁ%?%§8pgﬁ9g¥he§%2ggtggghg%dgng%ylEﬁgﬁgﬁg%glgﬁgeg%tyl et her

acet ate; propyherns gigikt@s pirbplylehkbeglyicop momontestitnd ettheraspomypldmae
gl ycol nmethyl _ether propionate ropyl ene gl ycol _eth

p | ether propionate,
propyl ene gl §&FOIR 1Y o e hBRT pRRSIRHARE SHACRH Ao R ROPIG SHA%h
ether prepi gpgt snggy;geaa@ §|19¥Gioﬁéﬁéoﬁsbﬁ’c'§i] 88nkpl Uﬁf‘égy?‘ﬂénexgif&?i

ket ones such as net et hyl “ket one, cycl ohexanone 20 an
4- hydr oxy- 4- adki}| ePhernicelbakes ssurhtdse propydenes gdlycodsmethny | e ther at e,

2~ hydr oxy- 2- REERGERr oBFBRELERCCBRIPSD SHyUFcRvAcS 2RRERYP o RRPBRATES et hy
hydr oxyacet abeop¢lBiik gIiyeh DxY-pe0bFilce tKePdbrl afteldfd Yyaopiydlete GEFEY1
lactate, n-butyl ether acetate; propylene glycol alkyl ether
15 propionates such as propylene glycol methyl ether propionate,
propylene glycol ethyl ether propionate, propylene glycol
n-propyl ether propionate and propylene glycol n-butyl ether
propionate; aromatic hydrocarbons such as toluene and
Xylene; ketones such as methyl ethyl ketone, cyclohexanone
20 and 4-hydroxy-4-methyl-2-pentanone; and other esters such
as methyl acetate, ethyl acetate, n-propyl acetate, n-butyl
acetate, methyl 2-hydroxy-2-methylpropionate, ethyl
2-hydroxy-2-methylpropionate, methyl hydroxyacetate, ethyl
hydroxyacetate, n-butyl hydroxyacetate, methyl lactate,
25 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
30 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



257ethyl lactate, n-propyl lactate, n-butyl |actate, nethyl

3- hydr oxypr opi onate, ethyl 3-hydroxypropionate, n-propyl

3- hydr oxypr opi onat e, n-butyl 3-hydroxypropi onate, mnethyl

2- hydr oxy- 3- met hybut anoat e, net hyl nethoxyacetate, ethyl nethoxyacetate,
n- propyl methoxyacetate, n-butyl 30 met hb yacet ate, nethyl ethoxyacetate,

et hyl et hoxyacetate :propyl ethoxyacetate - I acetate, nethyl
n-propoxyace?éﬁ%EOEY%ﬁgtﬁ£%r056 9g¥£t%fgygégg?gﬁggkgn-ﬁ%ggg¥ya0etate,
n-butyl n-propasynReryptepioRaby| ebhbut pxmaerdbRYPropibiats; but pxypeet at e,
n-propyl 13 n-butoxyacetate, n-butyl n-butoxyacetate, nethyl
2-nethoxypro%f@ﬁﬁb@?yﬁ¥ﬁPF°QaﬁﬁthBXéBFBbi3nﬂ?£P°HYBF6599nate' methyl

2- met hoxypr opi p - ypr api ; -
2-ethoxyprop?oggﬁégyggﬁeységgéhg§§§?gp?o%g?gggﬁ?ng§§F¥%'ZPePﬁgggéropionate,
n- butyl % etheayhorppoopienatet hylbulyh- Ruebkygpyppophaheteet ngthyl

2- n- but oxypr opi onat e, n-grogxl 2- n- but ox proEionate,_n-butyI

2- n- but oxypr dpPoRYteXYREPRYPRate @ TR g BpPYhq¥EPrepiopate’, n-propyl

3- met hoxypr opLRDBLBoxPpPbBRYhat &; TRIKIPLYPRORL BlRb&ypRoBYbihte, methyl .
3- et hoxypropi onate, nethyl 10 3-ethoxypropi onate, “ethyl 3-ethoxypropionate,
n- propyl 3-2thmexhpxypronionate, bathirl33emhthopypprphanatenenhpiropyl

31 b opoxypr R oRAFErTRPBiPgEe-oRiBEEN o ReERP s tarebRaBRY, methyy
3-n- but ety pr gpeenskeprephvhate, 3ethput axEphORYPRBpEONALE!, ORYbropyl

3- n- but oxypropi onate and_ n-butyl 3-n-butox§gropionate. These sol vents may
be used al ond-8thPXYPEABLABRLER BFfPULYd drefBPE¥YPYREiQRBLALr BETAHE sol vent

0 Lhe POl YTRLLZ3LLEB.EREEIChRRA, | ScRVS' QLANLYoRBBEDL00AARI LS DY vel ght.

nore prefera parts by ght base parts’by weight of
the total of ntpeopgacBi-nrptaporgpeopdbaatéhenpblygdri zation initiator used
for the prepgtgtbggpoxypropionate, methyl 3-n-butoxypropionate, ethyl
15 3-n-butoxypropionate, n-propyl 3-n-butoxypropionate and
n-butyl 3-n-butoxypropionate.
These solvents may be used alone or in combination of
two or more.
The amount of the solvent in the polymerization
20 reaction is preferably 20 to 1,000 parts by weight, more
preferably 100 to 500 parts by weight based on 100 parts by
weight of the total of the reaction raw materials.
The polymerization initiator used for the preparation
of the hydroxystyrene resin is generally a known radical
25 polymerization initjator. 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);
30 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



of ‘'t he hydroxystyrene resin is generally a known radical 25 polynerization
initiator. Exanples of the known radical polynerization initiator include
azo conpounds such as 2,2'-azobisisobutyronitrile,

2,2' -azobis-(2,4-dinmethylvaleronitrile) and
2,2'-azobis-(4-nethoxy-2,4-dinethylvaler%%itriIe); 30 organi c peroxides such

117 br o (o B AR PR O T b R HE S GBYOF o i e

is used as the radigain polvePiaziié Qetidd loRiPrfeparinglugnelg agent may be
used in conmbination with 14 the radical polynerization initiator as_a redox

initiator. ARYRFORYSEYRERE LT hOReoPT QT GNAR PRE MARARSKR \RFERITRA 1 esi n,
| L. hyd |
one or mreeﬂgg%{/gﬁgc%ﬁgﬁepgﬁgﬁ&fgc ﬁ)‘dP{) th%}:QQ toge Pﬁ'@n%%Ge ydr oxy

group of th oxystyrene wth a proteCtionh group such as an al kyl

group, acethydoooyetyrepdonizityd proheetdch gpdbuprsaidlyasten abkys gxtdupy,
pol yneri zabl e nononer are pol ynerized and derol zed to_  elimnate the

protection gRORRYL 9T ROF RASHRCY INGEALP GiR PnEifymaﬁ%gaﬁ%es)ogﬁcPtﬂﬁr
sof teni ng P%&iyﬂéri?ﬁf&%&fi&!ﬁ&i‘fﬂé %ﬁ%r?ef?¥e@eahﬁpﬁfﬁfgly9¥d to

hydr ogenati oh or the ke before use. t he hydroxysStyrene resin is
10, 000 to 1l0elioDnatertherpbbpedtti@00gtoupO, 000. By usi ng the hydroxystyrene

resin having the ove My, _a radiation sensitive_resin 15 conposition having
a pattern shape, ?ﬁ%oe%ﬁiéﬁﬁ?eﬁ vih%ﬁﬁﬁi??;y_%ﬁdtﬁ%%fp?5%95¥a % and good
bal ance ket “Q@ﬂteﬂfﬂ?'ﬁ&ﬁb& loft ¥hanghy &Eaey s tyée Gk 138 malt B NBfbroved

Comrercially avail able products of the hydroxystyrene resin include
Mal kari ncar RY ah@dmagepathenr opHihe LbkeNbefioER USe-Petrochemnical Co., Ltd.)

gBSOYShéfgogf(gfhy r3%5g?&?%ﬁ@gg%g%ﬁgﬁéhS%afgg?gﬁgg292?@9I%?gga%ﬁgﬂ%hereof.
preferably 15,000 to 50,000. By using the hydroxystyrene
resin having the above Mw, a radiation sensitive resin
15 composition having a pattern shape, resolution,
developability and heat resistance and good balance between
developability and sensitivity can be obtained.
Commercially available products of the hydroxystyrene
resin include Malkarincar M and Malkarincar PHM-C (of Maruzen
20 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 pfesent invention, the above hydroxystyrene
resins may be used alone or in combination of two or more

25 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
30 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



In"the present invention, the above hydroxystyrene resins nmay be used al one
or in conbination of two or nore 25 and may be m xed with the above novol ak
vesin. (B) polyfunctional nononer or a conbination of a polyfunctional
nononer and a nonof uncti onal nononer | es of the pol yfunctional nononer
in the present 30 invention include di( h) acryl ates of an al kyl ene gl ycol

pol yal kyl endutyea ko S RB A Tethodtly, SHAFNRERR S ) o

pol y( met h) agien tdexsy tHr Bt giblothddpea takeginrilali agd 3 Ddartoseyic aeyjdr oxy!l
groups such as_glycerin,_trinmethylol propane, pentaerythritol or
di pent aer yt HdETied PERWE BT PLIFRIITE ) 3FTHRERS tFR S

ol i go( et h) aﬁ;:c;_y & Esr SUPb ré’soiﬂ,esﬁféthfrpé)?ﬁ’n%%ﬁ?i na]yﬂfy&\t resin, alkyd

resin, 5 silicohe resinand spiran resin; di acrylates of a polymer
havi ng a5hydsikitome aesin dnd hspiran magsisucdi GeetiphbagrlBtdmitakii@ne havi ng
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pol yfunctional nmononers, poly(neth)acrylates of a pol yhydric al cohol having
3 or nore petvksoprene gravirg i ydroxy i greuprl abddtile erminadiss ont her eof

f d.. Specifjcall i.met hyl 15 tri | .
r et byl ol RObRRPT e et are TS PHEPERIT Mrath pt BREY Grfpars:
pent aer yiohr i 40d t#{s Bl (MEEY ) &Lyl SYLExyé EnPl] sho®phated product of

pentaerythritol triacrylate, succinic acid nodified product of
pentaerythritol trQGetdHaciiese Lobefunatianal MINOMLXR: r aacryl at e,
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hydroxyl groups and dicarboxylic acid modified products

thereof are preferred. Specifically, trimethylolpropane
15 triacrylate, trimethylolpropane trimethacrylate,
pentaerythritol triacrylate, pentaerythritol
trimethacrylate, succinic acid modified product of
pentaerythritol triacrylate, succinic acid modified product
of pentaerythritol trimethacrylate, pentaerythritol
20 tetraacrylate, pentaerythritol tetramethacrylate,
dipentaerythritol tetraacrylate, dipentaerythritol
tetramethacrylate, dipentaerythritol hexaacrylate and
dipentaerythritol hexamethacrylate are preferred, and
trimethylolpropane triacrylate, pentaerythritol
25 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
30 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



di pentaerythritol hexanmethacrylate are preferred, and trinethyl ol propane
triacrylate, pentaerythritol 25 triacrylate and di pentaerythritol
hexaacrylate are particularly preferred because the obtained projections
and spacers have high strength and exceLIent surface snoot hness and a
stain and the filmresidue are hardly pr Quced in an area other than a

bol yi uncti oriFSRERBREY o2iald ot SRl U 5. wedeBinoael i 1R BP0, rore.

The anpunt ofeifrt porythecairasi - ﬁamﬂnné resifhe(pyesent invention is

preferably 5 to 1,000 parts by weig nore. 16 preferably 20 to 500 parts
by wei ght based orWhem E%?t%ﬂ%@ntw%?gﬁ¥ed?°%ﬁ%u%FR%?Pa%0W%%W%e¥eé?n (A).
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parts by weight. .alkali developahility may deteriorate, o tain and t he
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the pol yfunctional  nonomer may be substituted by a monofunctional nononer.
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t he conpounds en rated for_the drox ren h t yneri zabl e
ronomer of & Rebot BERRoURSR S PERIsPyLEne FaayRE" SnalRzbanss AoRERE 0wyl fc
aci ds suah as (netnhatmedﬂﬁE§uﬂﬂiinvéﬁumvn: pard, ofathél Pé DgelttLowel d and

cinnam c acid; unsaturated dicarboxylic acids and anhydrides thereof such
as mal ei ¢ acW8n°mﬁﬁ]@P¥ Hﬁh?HPFHétuFGﬁaPYCaa@PB°fPP&GéﬁPéla@P6°mPFacon|c 20

anhydride, citr aCOE gfég ofit é‘%%v% ABR¥ELLEe 13091 ABRBRAR! £néfhde

unsat ur at ed polycar I C aci s havin
the same monomers as the compounds enumerated for the

hydroxystyrene and the other polymerizable monomer of the

15 above hydroxystyrene resin; unsaturated monocarboxylic
acids such as (meth)acrylic acid, crotonic acid,
o-chloroacrylic acid and cinnamic acid; unsaturated
dicarboxylic acids and anhydrides thereof such as maleic acid,
maleic anhydride, fumaric acid, itaconic acid, itaconic

20 anhydride, citraconic acid, citraconic anhydride 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

25 mono[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

30 mono(meth)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



three or nore carboxyl groups and anhydri des thereof;

nmono[ (et h) acryl oyl oxyal kyl Jesters of a pol ycarboxylic acid having two or
nore carboxyl groups such as 25 nono[ 2- (net h)acryl oyl oxyet hyl ] succi nate and
nono[ 2- (et h) acr yl oyl oxyet hyl ] pht hal at e; ﬁnsaturated carboxylic acids such
as nono(neth)acrylates of a pol yner havt g a carboxyl group and a hydroxyl
group at bot nal exenplified by w carboxypol ycaprol act one 30

nono( et h) ac y?ghgé % @%%her unsat ur at ed car boxyl ates such as

met hoxydi et hyl ene @ty cof ﬁﬂ@ﬁ@)lﬁmqﬂtﬁicﬁtlom hoeydnie 106 Ny e dre
(nmeth)acryl ate, nethoxy ylene | ycol (neth)acryl ate, nethoxydi propyl ene
gl ycol (net%?%%f%T%?EYg 23H9HP$£}59°%hBﬁB§ybFBﬁéP E?me(nﬁrﬁ§éerylate Qut
of these no o} e r

nmono( 2- acryp@§ Qﬂf%?gﬁgc?ﬁéﬁos€i ¢ %ﬁﬁgﬁg ?ngﬁgﬁy o nu?actured by
Toagosei ﬂjmmmna(2+mdthacnybylokydthyl5succ1nate

nono( 2- met hacryl oyl oxyet hyl ) succi nate, w- carboxypol ycapr ol act one

nonoacr yl at e®~ cﬁFéﬁFUB?}ﬁGP?EQ&PSFQE?OH@“H@HSﬁé e &eryl at e,

et hoxyLri et gyLengoRl k69 capEY abEondehiRkkEL haEbysRe ol yeol methacrylate.

met hoxydi pr opyl ene acryl ate, oxydi pfopyléne gl ycol
met hacr yl at emetRokytirbgphglene nglypobpycrntaye.at meghdxytriethylene

2- hydr oxy- 3- phenoxypr I thacrvl ate. The_aboye functiona noner s
my be used STEReL BReRACE T R FoRhSrv A LB BT e S TR tR T GREIATRET t he
nmonof unctg on@étRERPAEHPrbpyREREEHRPEYL ﬁ@tnh%:yualtess nor e preferabl y 50 wt %

or less based on the total of the.polyfunctional _nononmer and the
nDnofunctlonarhYﬁﬁﬁﬁﬁeﬁ PEG“PEYPﬁﬁBY6péF?HéPFSaPPGn initiator The term

"phot opol ymes L g 35180yl BLbhah8kyp2SpYieletAacrylate.
The above monofunctional monomers may be used alone
or in combination of two or more.
15 The amount of the monofunctional monomer is preferably
90 wt? or less, more preferably 50 wt% or less based on the
total of the polyfunctional monomer and the monofunctional

monomer.

20 (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

25 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.

30 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,



thé present invention neans a conpound which forns active species capable

of initiating the polynerization of the above conponent (B), such as a

tadical, anion or cation, by causing 25 deconposition or the cl eavage of a

bond upon exposure to radiation (to be %gferred to as "exposure”

hereinafter). The photopol ynerization initiator is, for exanple, a

bi i m dazol e a 0 ungd, - ot | _1radica

gener at or orfgfggﬁggﬁndgﬁggfﬁgggaf}fthgnﬁ h@l g%%ﬁ%ﬁﬁéggiE§h%ples of the

bi i m dazol e widmbdezblec| ude 2, 2' - bi s(2-chl orophenyl )-4,4",5,5" -tetrakis(4-

et hoxycar bonyl phenyl)-1., 2'-biim dazole , , ,

2 5 bt o( 2 bf chOERLRLE) 4 adUemkoBoDRERY Rk 4 (4 5.5 ~tetraphenyl-1,2'-

et hoxycar bony! phefysdrd, 2' - bii m dazole, 18
2'-bis(2-ch|orophenyl$-4,4',5,5'-tetrapheny|-1,2'- bi i m dazol e,

2,2' - bi s@2, 42 d2 chbbs bphéngt triichlosophenyl ) aphényb. 3, 2tetbaphenipkol e, 5

2,2 -bis(2,4,65trichl orophenyl)-4,4",5,5 -tetraphenyl- 1,2'-biimdazole,

2,2'-bis(2-b+0%nb%£ﬂ@+§§£?§e:5,5'-tetraphenyl-1,2'- bi i m dazol e,

2,2' -bis(2, 42 dp bret®phepidbmophényd) 54; 1€l 5 gphetytrdpRenyil1 b2t mi dazol e and

2,2 -bi:s(2,4,6-tribronmophenyl)-4,4",5,5 -tetraphenyl- 1,2 -biimdazole. The

above bii m dakbmdaz@be. conpounds have excellent solubility in a solvent,

do not produge,fofej E as an dndis uct,and a

precipitate,Eh%vggﬁ%g%’22%%?%?@??%3%%2)c%h?régtg cg%£¥§ﬁP§£g?o%b%e a curing

reacti oo bybeipbdazelai ahda smal |l amount of energy and does not cause a

curing reaction in an_unexposed gortion. Therefore_,the coating filmafter

exposure i s €rearP¥st?vhdBatFHPE ﬁ°EB?EHlQO4p6rt§oﬁ'FﬁgBFﬁBP%nY “an al kal
devel oper angd an_ypeHigdzole.

The above biimidazole-based compounds have excellent

solubility in a solvent, do not produce foreign matter such

15 as an undissolved product and a precipitate, have high
sensitivity and contrast, can fully promote a curing reaction
by exposure with a small amount of energy and does not cause
a curing reaction in an unexposed portion. Therefore, the
coating film after exposure is clearly divided into a cured

20 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

25 l1-phenyl-2-hydroxy-2-methylpropan-1-one,
1-(4-i-propylphenyl)-2-hydroxy-2-methylpropan-1l-one,
4-(2-hydroxyethoxy)phenyl- (2-hydroxy-2-propyl)ketone,
l-hydroxycyclohexylphenyl ketone,
2,2-dimethoxy-2-phenylacetophenone,

30 2,2-dimethoxy-1,2-diphenylethan-1-one,
1-[4-(methylthio)phenyl]-2-methyl-2-morpholinopropan-1-
one and
1-(4-morpholinophenyl)-2-benzyl-2-dimethylaminobutan-1-

one.



portion having high solubility in an alkali devel oper, thereby making it
possible to form projections and spacers which are not mssing, |ost or
under cut. Exanpl es of the above acet ophenone conpound include 25

1- phenyl - 2- hydr oxy- 2- net hyl pr opan- 1 - one,

1- (4-i-propyl phenyl)-2-hydroxy- 2- nethylp*opan | - one,

4- ( 2- hydr oxyet hox - rﬁﬁ%; y

1- hydr oxycycl ohexﬁ’%@r}ﬁs égt%‘g ,%-og:?l%gth%g%gﬂeﬂeny ac eélprearil:oor]{:e, 30

2, 2- dinethoxyndlﬁﬂeﬂudnzqﬁhﬁﬂunel-aqmé dimethyl 4- methoxybenzophenone,

1-[4- (et hyl t hji 0) phen neth | - 2- npr nopr o, one and

1- ( 4- mmor phol 4 rfb d%ﬁ% ﬁaép %9%1 $%& ?P?ékﬁiéﬁhydeone 19 Exanpl es of
the above Ot‘{leézi%ééééo prEh e, g@ﬂ&if&&éeﬁmia@@tbﬁ%mnone :

3, 3" -di net hyl - nethoxybenzophenone 4-di et hyl t hi oxant hone,
4- a2|dobénzaﬂ%&#@@&renmfatwimﬁzﬂﬂtmhﬁnﬂﬁnmlmea2|dobenzalacetophenone, 5

azi dopyr ene, 1H% dla;ﬁdhﬁh %iggﬁhényl dj azo-4' - met hoxydi phenyl am ne,

4-di azo- 3- amtine,

bi s( 2, 6- di me hxybherzayd thekxyd fphényEahiheent yl phosphi ne oxi de, di benzoyl,
benzoi n isobutyl ether, 10 N-phenylthioacridone and triphenyl pyrylium

per chl orat e. bl%i@uﬁﬂQ%m%ﬁhQ*ﬁb%&ﬁﬂﬁlbo%pﬁuﬁdtﬁém¢ﬁ@Y%P%$Fﬁ%P% hime group
i nclude 1,3, iéés( B i% - 15486L 2L
1 'ether,

1, 3- bls(trlc or ofre % é&% orophen ﬁ? 2 trrazrne,
1, 3- blsaDrlcm+phem&ﬂtbdoaéridemalmm@phenyhenglpyrylium‘péﬁchlorate
1,3-bis(trichloromnet 2- et hox en S-tri Z|ne
1, 3-bi s(trichl ororﬁ?’fq{%/? e%o 4% %t%&%ﬁé’f‘@ﬁ und PPV 20, trléiﬂl%‘fettbri’el above
acetophenone% &Epoﬂﬂéfudétfeﬁ 9Pt L8| tridei SAbmEERPI AL 9L £r AL g@TPOUNdS
having a trihal oneth

1,3- bls(trlchloromethyl) -5-(2-chlorophenyl)-s-triazine,

1,3-bis(trichloromethyl)-5-(4-chlorophenyl)-s-triazine,

15 1,3-bis(trichloromethyl)-5-(2-methoxyphenyl)-s-triazine
and
1,3-bis(trichloromethy1)-5-(4-methoxypheny1)-s-triaZine.

Out of the above acetophenone compounds, other optical
radical generators and compounds having a trihalomethyl

20 group, l-phenyl-2-hydroxy-2-methylpropan-1l-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

25 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.

30 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 polymer compound (to be referred to as "polymer

optical crosslinking/sensitizing agent” hereinafter) may be



20 ‘group, 1-phenyl -2-hydroxy- 2- et hyl propan-1| - one,

1-[ 4- (et hyl t hi 0) phenyl ] - 2- net hyl - 2- nor phol i nopr opan-1- one and

1- (4- nor phol i nophenyl ) - 2- benzyl - 2- di net hyl am nobut an-1- one are preferred
because they have high sensitivity, and 5 the formed projections and
spacers hardly conme off fromthe substrate during devel opnent and have high

Strength. Ikddie prespind UG Oth EHE AIVE pRULEPRNERLLZE1 08N

initiators nay be used al one or i nati on nore. 30 In the
present invemitoptert asasequiredel ected from the group consisting of a

sensitizer, a curi accel er r nd an optical crps ki ng agent or
opti cal sensitizeﬁ’%‘lﬁﬂfo’%&foﬁ‘ %iﬁ rg%’r?bﬁﬁﬁ %Lb‘g referred to as
"pol ymer  opf | £elp £ OEHhé iy IS SEOPHé n Zb e REEET " here| nafter) may be 20
used in conbination with the above photopolynerlzatlon initiator as

requi redd Exbndl deisfdiethnbaminglrerzopkenore} ude
4, 4' - bi s(di npt b 5 4 | . |
2 et byt o E PR TADRIRRENFone © (- nd NN ABAGASR e o one

et hyl - 4- di nedthypra r@brezepl émindbéhdyabexy! - 1 4- di net hyl am nobenzoat e,
2, 5-bi s(4-di et hyl am nobenzal ) cycl ohexanone,

7-di et hyl ani #of X@Mh&&ﬁﬂﬁ%‘éﬁh&@}%@aﬂﬁ??ﬁtand
4- (di et hyl am @)g{l@{go&lfeﬁhgf&gﬁggegﬁaiEg%g_pgl\{g EHB?QQ accel erator include

chain transfer agents suc nmer capt obenhzor m azo
2- rrercaptoobe'hz@ié\tlagbam.nd Be(tadietibnraniaobenzogb)coumarin and

2, 5-di mercap hi adi azol 2- mer capt o- 4, 6- di et hyl am nopyri di ne,
1- phenyl - n% &%b %??géB?gé%ﬂﬁ 3-mercapt o- 4-met hyl - 4H 1, 2, 4-tri azol e.

Examples of the above curing accelerator include chain
transfer agents such as 2-mercaptobenzoimidazole,
2-mercaptobenzothiazole, 2-mercaptobenzoxazole,

15 2,5-dimercapto-1,3,4-thiadiazole,
2-mercapto-4,6-dimethylaminopyridine,
l-phenyl-5-mercapto-1H-tetrazole and
3-mercapto-4-methyl-4H-1,2,4-triazole.

Further, the above polymer optical

20 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

25 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,

30 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



Furt her, the above pol ynmer optical 20 crosslinking/sensitizing agent is a
pol ymer conpound having a functional group which can serve as an opti cal
erosslinking agent and/or optical sensitizer in the main chain and/ or side
chai n. Exanpl es of the pol yner conpound %Pclude a condensate of

4- azi dobenzal dehyde and pol yvi nyl al cohol, condensate of 25
4-azidobenzaég§$¥$9hgnd phenol novol ak resin, honopol yner and copol yner of
4- acryl oyl phenyl cT nhanoyl ester, poly-1, 4-butadi ene and pol y-1, 2-but adi ene.
Qut of these sensiln zehe ,prasemy icwsitEiat orthamho popghyne mixatihdn
crosslinking/sensitizi agept s 0 4,.4'-bis(dinethyl ani no) benzophenone,
07 bi ot CHRGT S e DR BESREF ALY o oomd TS LSRR oBEr3 o TS R B S
preferred begamssundndareldash onee88lbEYEHYEPOM thee gbetprsbril 8 €id ons and
spacers hardly fall of f fromthe substrate during devel opnent and have

hi gh 21 5strehga¢etophenengreempeundychenzpphenenphsenpstimeri andi on
initiator is Q{eig b%g CQ”P{H tégg fé gtgéinidazole conpound and at
AT BT ROgras adreter

| east one sel'écte roup consirsting 5 of acet ophenone conpound,

benzophenone sensiprefsrred etdmpled cobatns bovedcanshiLfdmwrindnederred
exanpl es of the above conbination include a conbination of

2, 2' - bi s(2- chl ePBPHRAYLD 08" 5 5' _tetrakis(4- 10

et hoxycar bonyl phe 1 21 aPLiA] Lg and ' is(4-
4,4'-bis(die?hgl:ﬁ¥%£§b%ﬁ%ggh%ﬁ%ﬂg%pcoh%ihgf?ontgFrakls(

2, 2" - bi 4(@- cbétboxpbanpbiylipieny]l -1t 2f rhkim{dazole and

and 15 1 (4 kokprbie b BhyRendonihcnFonnchane n, FARPTBRELAR. 0 one.

conmbi nation 9f 22,815P2sER16PbPhEAPENYAL) 44,4, 55 -Betiakiaks(4-
ethoxycarbonylphenyl)-1,2'-biimidazole,
4,4'-bis(diethylamino)benzophenone and

15 1-(4-morpholinophenyl)-2-benzyl-2-dimethylaminobutan-1-
one, combination of
2,2'-bis(2-chlorophenyl)-4,4',5,5" -tetrakis(4-
ethoxycarbonylphenyl)-1,2'-biimidazole,

4,4’ -bis(diethylamino)benzophenone and

20 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,

25 1-[4-(methylthio)phenyl]2-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

30 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'-



et Hoxycar bonyl phenyl ) -1, 2' -bii m dazole, 4, 4'-bis(diethylam no)benzophenone
and 20 1-[4-(net hylthi o) phenyl ] 2- et hyl - 2- nor phol i nopropan-1- one,

conbi nati on of 2,2'-bis(2-chlorophenyl)-4,4",5 5 -tetrakis(4-

et hoxycar bonyl phenyl ) -1, 2'-biim’dazo|e,22

4, 4" - bi s(di net hyl am no) benzophenone, 25

1-[ 4- (et hyl ¢ hi -&g§g¥ ]2 t hwl 5 ' JeF:Tal}

2-nercaptobé%£%?%|azo %Z %gﬁbrﬁgff%%ggngémfﬂ@fﬂ brefidiie *fla

2, 2" - bi s(2, 414l £h(me Uphktlyld ) ghehyb] Z-me hy bphengrplioPinopropanakol e and

4, 4" - bi s(di et hyl ami no) benzophenone conbi nati on of 30
2,2'-b!s(2349ﬁ¥br%ﬁ%d%@ﬁ9+ﬁgﬁ%%n,%fS'-tetraphenyl-1,2'- bi i mi dazol e,
4,4' - bi s(di eg hy! api 902 b£Ng OPREERISrGPlenyl)-4,4",5,5 ' -tetraphenyl-

1- (4-mor phol i nophenyl ) - 2- benzyl - 2- di met hyl ami nobut an-1- one, conbination of
2,2' -bis@2,41d2br le 4 4. 45;Bis{&imephehgmino pbenzophenongazol e,

4, 4" -bi s(di et hy} apg C o .
1-[4-(nethyI%hr%)gh%ﬁ%?fgﬁﬁgpﬁ€$ﬂg%ﬁ%ﬁgﬁ%? %o%r%%ggy?}i%%%FO%%% tombi nat i on
of 2, 2'-bis(end, éndrahedbcapbebyhzo¥hilazdlé. -tetraphenyl - 5

1,2' -biimdazol e, 4,4 -bis(dinethylam no)benzophenong,

1- [ 4- (et hyl t hi o) pHenkhtg PTRISRT - LoYRR B | n@'té)o‘i%\‘ﬁq--alb?fé“‘érﬁff the

2- er capt Obeaééwg')ﬁélg&ﬁe é&n;%tﬂ.gnc?,r eéféﬂblth@feabwealtPsdiem'glo D) %iﬁfe the

acet ophenone conpoun the o r optical radical generator
conpoundGhavang the comploome hariggoa rnihairogfechhatll gre0pwi Soprefeasablyf t he

total of the_photopol ynerizati Lnptiator t otal ampunt. of the

sensitizer aﬁ@ Y g RErrigs cgﬁsrﬁ?t?#iggpf%?egﬁ%%VP%%meﬁgﬁ?t+%Es of the
total of theinphoheeptyrtid €ath0andiidt 8Eaitfe sanditikbReind tBeadrliig of 15
t he pol yner optical crosslinking/sensitizing agent is preferably 200 parts

or | ess, noracgeteraher\is prefenablyr 80 wtd or less of the total of the
photopolymerization initiators, and further the amount of

15 the polymer optical crosslinking/sensitizing agent is
preferably 200 parts or less, more preferably 180 parts or
less by weight based on 100 parts by weight of the biimidazole
compound.

The amount of the photopolymerization initiator in the

20 present invention is 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 0.01 part by

25 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

30 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



| eSs by wei ght based on 100 parts by wei ght of the biinidazole conpound.
The anopunt of the photopol ynerization initiator in the 20 present invention
is preferably 0.01 to 500 parts by weight, nore preferably 1 to 300 parts
by weight, particularly preferably 10 tp, 200 parts by wei ght based on 100
parts by weight of the conponent (B). en the anmount of the

phot opol ymerd £ afA & pridddd £t Hvd st SR H@F t KR NcSinPi &4 ta Bie Pam¥¥ed ght, sone
of the forned projections and spacers nay be m'ssing, |ost or undercut due
to i nconpl et@oRRAUNY FePregerd@de bandheh&oliligwing fiarmula Hriger( tichdre 500

Cibstrate adigr Y Yok LS aiodie “PRE“ St Bindfhar e oy be

o]

substrate during opnent’, resrdue may be
produced in an area otheR't hag?a portion where projections and/or spacers
are formed. (D) nel am ne coNpound Preferably, the radiation sensitive resin
conposition 23 of the presgnt I nvention further conprises a nel am ne
conpound represented by t low ng formula (1) (to be referred to as
"mel am ne conpound ()" ﬁim aftery: @®@IN-R2 " ~L R-N-N-N'R3 (1) RS R4 5
wherein Rl, R2, R3, Ra&yy re each independently a hydrogen atom or
-CHZOR, and R is a hydrpgen atonhi,or |linear or branched al kyl group having 1
to 6 carbon atons. ExanBles of tfhe mel am ne conpound (D) include 10
mel am neg al kyl ol mel am nes such as N, N-di net hyl ol el am ne,
N,N,N',N'-tetranethylplnglangne,4he§anethylolnelanine and

hexa- n- but yrétemetmi Ro; RindRAl kRky RSt BpAnBf aareceachicindependently a

N, N-di (et h%}‘&?&&é(ﬁ)é‘@éﬂrgﬂ“icnzon, and R is a hydrogen atom or linear
or branched alkyl group having 1 to 6 carbon atoms.

Examples of the melamine compound (D) include

10 melamine; alkylolmelamines such as N,N-dimethylolmelamine,
N,N,N’,N’-tetramethylolmelamine, hexamethylolmelamine and
hexa-n-butyrolmelamine; and alkoxymethylmelamines such as
N,N-di(methoxymethyl)melamine,

N,N,N’ ,N’'-tetra(methoxymethyl )melamine,

15 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-

20 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.

25 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
weight of the alkali-soluble resin (A). By using the
melamine compound (D) in this range, a composition showing

30 suitable solubility in an alkali developer can be obtained,



N, N, N, N -tetra(net hoxynet hyl ) nel am ne, 15 hexa(net hoxynet hyl ) nel am ne and
hexa( n- but oxynet hyl ) mel am ne. Commercially avail abl e products of the

frel am ne conpound (D) include Sinmel 202, 238, 266, 267, 272, 300, 301,

303, 325, 327, 370, 701, 1141, 1156 and 58 (of Mtsui 20 Cyanam d Co.,
Ltd.), N calak M-31, -40, -45, -032, - , -708 and -750, Nicalak M-11
and -001 andy ﬁﬁbﬁchbgg Ails aégréq{av%ﬁj"@(?qlﬁi@ﬁabe%n bélfbomed.N the
present invention, "the above nel am ne conpounds may be used alone or in
conbi nati on &) tmhﬁlmlimr@omp@mqhe anount of the rrel am ne corrpound (D) in
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of the prese I nvention conprises a pheno |c 5 conpound havi ng an
Mv of |ess than 1ExdMplds df thed ephrearblii compeimho{B )X xrm‘ﬂpmmd (E)

herei nafter) I es of the phenolic co und [ ncI

pol y(vi nyl pt‘%‘?l]o‘(é‘f Rytphero ?y“(‘b‘”?n?‘@l%& pyvi aﬁ’ }nyl phenol ),

pol y(p- Vi nylg&%ﬁeh)u 11919éa{&i))l fpﬁwiwfﬁﬁéﬂoﬁv _

pol y( 3- net hyl - 4- vi nyl phenol ) ; ow hol ecul ar wei ght phenolic conpounds
r epr eseded mlﬁlm-impmﬂwlmmh)s g to (8): (HOa R7 ~~~(OH)b C (2)

(Chis)p R- (1%_5.3§83-methyl-4-vinylphenol); and low molecular weight

phenolic compounds represented by the following formulas (2)
to (8):
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(HO), (CHy),



(O (/a0 (3) 15 (CH3)p (CH3)q (HOa (OHhb (4) (CH3)p (J (CH3)g R7 (OH)b
(HO8a QCO0 (CH3 (CH3)g (HOc (CH3)r 25 (HO a R7 (OH)b R7 (OH)c R7 R7
C~(CH3)r (CHs)4 (CH (HOa R7 (OHb R7 ~\"(OHc R7 (OHd 17 17 17

(CB11lp R (CB)y R (CHB)r R (CH3)s (7),5(HOa R7 Hb R7 (OHd c (8) (CH3r
\H3)Q R7 (CH3)s (HOc (CH3)r V\/nerein 725 are each independently a hydrogen
atomor nethyl group, and a, b, c, H r and s are each an integer of
50to 3 and satisfy(H@®,+ b + g7+ 2 % ﬁAﬂ tmeap phenollc conmpounds

(E), poly(vinyl phenol s)<ar prlef ?ﬂ Thle i nyl phengq) can be
6 ,&; nyl phen In the presence

synthesi zed by the cationic nﬁ%;TﬁIIO
of boron trifluoridé ogeﬂ di dR’as (GH®¢i zation initiator or
t he radi cal polynerlzatlon of a V|n henol in the presence of

azobi si sobutyronitrile or benzoyl perOX|de as a

(HO), R’
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(CHa)q (CHg)y (CHa)s
(M
(OH),,
(HO 7 R’ (OH)
a<__ ¢ 7 ¢ = ®)
WAESY. NN
X X L7 CH
(CHgjp N (Cra)g R (CH3)s

(Ho)c (CH3)I'

wherein R’'s are each independently a hydrogen atom or methyl
group, and a, b, ¢, 4, p, q, r and s are each an integer of
5 0 to 3 and satisfy (a + b + c + 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
10 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 available products of the
15 poly(vinylphenols) include MARUKALYNCUR-M (of Maruzen
Petrochemical Co., Ltd.).
Mw of the poly(vinylphenol) is 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
20 development residue may be produced in an area other than

a portion where projections and/or spacers are formed.



polynerization initiator. Commercially avail abl e products of the 15

pol y(vi nyl phenol s) include MARUKALYNCUR- M (of Maruzen Petrochem cal Co.,
1td.). Mv of the poly(vinylphenol) is preferably |Iess than 10,000, nore
preferably 1,000 or nore and less than 10, 000. Wen Mwv of the

pol y(vi nyl phenol) is 10,000 or nore, the %O devel opnment residue may be
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conbi nati on méytaeterioPate. The anount of the phenolic conpound (E) in the
present invention is preferably 0.1 to 300 parts by weight, nore preferably
1 to 1505parts by Weitheirresert davesdioa.t the@boMs pepgAligrcqmrounds

al kal i -sol ub res Y I ng.+he p | n i I S range,
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di spersi on atWVeRERORs1S PPHEEERTF AL O abr FQaf PV PBF L5 ePY o¥P P heOBRri vat i ve

as 20 exenphibigdabYyCPPPS' 150 Hat-0s ey o sior Ivaddd &n PR YWl £ Ggpound
such as pol yvi nyl al cohol, polyethylene glycol nonoal kyl ether or

pol y(fl udr oav&yghtr9fathe; abbalbnselubtatresie O&) aniBniusing ftds ant |

adhesi on accghehalob SHElons3 VBT in EATE' BOAYE! | B08s1 YhOYky ! Lhgt hoxysi | ane.

resolution can be improved.

- other additives -

15 The radiation sensitive resin composition of the
present invention may further comprise other additives as
required.

The other additives include a dispersion aid such as
blue pigment derivative or yellow pigment derivative as

20 exemplified by copper phthalocyanine derivatives; polymer
compound such as polyvinyl alcohol, polyethylene glycol
monoalkyl ether or poly(fluoroalkylacrylate); nonionic,
cationic or anionic surfactant; adhesion accelerator such
as vinyl trimethoxysilane, vinyl triethoxysilane, vinyl

25 tris(2-methoxyethoxy)silane,
N-(2-aminoethyl)-3-aminopropylmethyldimethoxysialne,
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane,
3-aminopropyltriethoxysilane,
3-glycidoxypropyltrimethoxysilane,

30 3-glycidoxypropylmethyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
3-chloropropylmethyldimethoxysilane,
3-chloropropyltrimethoxysilane,

3-methacryloyloxypropyltrimethoxysilane or



N- { 2- am noet hyl ) - 3- ami nopr opyl net hyl di net hoxysi al ne,

N- (2- am noet hyl ) - 3- am nopr opyl t ri net hoxysi | ane,

3-am nopropyl tri et hoxysi |l ane, 3-glyci doxypropyltrinmethoxysilane, 30
3-gl yci doxypr opyl net hyl di net hoxysi | ane, 7
2-(3,4-epoxycyc|ohexyl)ethyltrinethoxysi%ane,
3-Ch|OrOpr0pyLﬁ@fé&béb§?aﬁ9%¥ﬁihéﬂﬁoxy§ifaharoaﬁeﬂakiaAHEtE@éusagane,

3- net hacryl oyl oxypropyT tri et hoxysi [ ane or 27
3- mer capt opr dpytthiokisbdysethnk- 6 aht bokyiphengiithons

2,2 thi obi (4 gt byl - £ 1o butylphengl ) ot s 026~ 8l he Pub¥bBRERCLaCH! fgavi of et

| i ght absorb&t”s

2- (3-t-butyl 25¢pethyhtylhydnesyphedyhydboriibhenPeNzot ehdoboBeheobrial koxy
benzophenone; and coagul ation inhibitor such as sodiunlpo[gacrylate. -
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I nvention isageggagh&ypgi§§8#%§gtgp a suitable solvent- before use to be

prepared as a conpositfon soltution. A suitable solvent is selected and used
as the solvent for the preparation of the above conposition solution as far
as it does not react with the conponents (A) to (E) and other 15 additives
and has suitémﬁ?%ﬁﬂﬁﬁiWity. Exanpl es of the solvent include (poly)alkyl ene

glycol  nonoal kyl sh8ersqsaeilofSsSASYEEHE BEYER! cOMPOSEEIVA SENERe €Lyl ene
gl ycol nonoet hyl ether, diethylene glycol nononethyl ether, diethylene

gl ycol righoeprgkeathényventidnetnybenerglyvodiasadvadpinpgl suihabledi et hyl ene
0Lyt Soe BB RSy RV SRRt gh TRBRBBL R R A peaon,
propyl ene gl ycol namaeitydlebaientdipreandctieal ghicese IRl REMEr
TPy N g Y o STeDATAL1OR of the above CoNpesitiod bolution as tar)
et her, prepa 1Y

as it does not react with the components (A) to (E) and other

15 additives and has suitable volatility.

Examples of the solvent include (poly)alkylene glycol
monoalkyl ethers such as ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether,

20 diethylene glycol mono-n-propyl ether, diethylene glycol
mono-n-butyl ether, triethylene glycol monomethyl ether,
triethylene glycol monoethyl ether, propylene glycol
monomethyl ether, propylene glycol monoethyl ether,
dipropylene glycol monomethyl ether, dipropylene glycol

25 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

30 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



di propyl ene gl ycol nono-n-butyl ether, tripropylene glycol nononethyl ether
and tripropyl ene glycol nonoethyl ether; (poly)alkylene glycol alkyl ether
acetates such as ethylene glycol nmethyl ether acetate, ethylene glycol

ethyl ether 30 acetate, diethylene glycol,nmethyl ether acetate, diethylene
gl ycol ethyl ether acetate, propylene glycol nethyl ether acetate and

propyl ene gl I et ; e, i ne
gl ycol di net %ﬁ? %? {e%ﬂlyg%gf f/ eheﬂég??/%%r@ﬁn%? h%/zkl’]elgﬁy 2%1%2%# %%ﬁ ene

gl ycol di et hpeéthyhetsgButuhdketonahydyolohaxankneondshentananenanflyl et hyl

3 hopt anonc: S SRR EARARE &, BOEL AR R RBIYR Mdha PRV EAFAHR SRS of her

esters such asctet8yl obhdrhgdtexy- 2usht A%l peepyonate, et hyl
2-hydroxy-2-nethélpropionate, met hyl 3-nethoxyEropionate, et hyl
3- net hoxydr opr BHAFrexXyndtROERB1IREABLXYPRERF 0RBREL et hyl 3- et hoxypr opi onat e,

oo R B B RLOREH e PR s ompponate.

3- et hyl - 3- nethpkybuigthorppeoptienatehymethglaBeethopyppybionateat e, i - propyl
acet at e, n-butﬁl acet at e, i-butgl acetate, n-ﬁ | acetate, i-anyl acetate,
n-butyl propPbHEte3-ethoKrYPEQPYPRRES . nepPBhyPL g%YPSFE?tFJp?BBVF butyrat e,

n-butyl 15 bH&&E@&?&cQ@E@¥L[H@Eﬁﬁﬁf&-ﬁ?&%@xfﬂ@lm@%g?lﬁﬁf§fﬁﬁg,pyruvateg
met hyl acetoacetate, ethyl acetoacetate and ‘et hyl -oxobutyrate; aromatic

hydr ocarlfbns3smehhyd -Bomathexyhutylarehateand carboxylic acid am des such as
These. sol vends RegThs sRekbaRERY 5 o RELBARERA S Y bRCEAG o A Fur t her.
a hi gh-boi | i agesateent-mtogynaceeaty), eibutlyl &t8tate fii-butgAydcetdee,
acetonylacetggghyisggggggg?,i_amyl acetate, n-butyl propionate, ethyl
butyrate, n-propyl butyrate, i-propyl butyrate, n-butyl

15 butyrate,methylpyruvate,ethylpyruvate;n—propylpyruvate,
methyl acetoacetate, ethyl acetoacetate and ethyl
2-oxobutyrate; aromatic hydrocarbons such as toluene and
xylene; and carboxylic acid amides such as
N-methylpyrrolidone, N,N-dimethylformamide and

20 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, ilsophorone,

25 caproic acid, caprylic acid, l-octanol, l-nonanol, benzyl
alcohol, benzyl acetate, ethyl benzoate, diethyl oxalate,
diethyl maleate, Y-butyrolactone, ethylene carbonate,
propylene carbonate or ethylene glycol phenyl ether acetate
may be used in combination with the solvent.

30 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



25 ‘caproic acid, caprylic acid, 1l-octanol, 1-nonanol, benzyl alcohol,
benzyl acetate, ethyl benzoate, diethyl oxalate, diethyl naleate,

f-butyrol actone, ethylene carbonate, propylene carbonate or ethylene glycol
phenyl ether acetate nmay be used in comjy nation with the solvent. 30 These
hi gh-boi Il i ng sol vents may be used al one 'or in conbination of two or nore.
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500 to 5, 000 parts by weight based on 100 parts by weight of the
al kal i - sol ubP¥reat ¢ ars) prefaered frem thevieReinhs ofysetubility&®diith a
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Met hod of forn ng pr ti'ons acers escription’is subsequently
gi ven ofiot hehiglh finoli bing 2€oiwemt ng proj ecti ons and/ or spacers for vertically

aligned liquid crystal display, devices of the prese i ntiqn, ln the
present inventi on,lf{lb‘?1la§n é’%t FBﬁss‘?Jo‘fenF/é'Tst Pﬁﬁf‘fagﬁ'ﬁg_ﬂég e 3‘3%(9 yst al
Id! spl gy devi 88t 8oy WE1igRE Oinfsrd pREFBRELINBEY Tof 9! 046 Pardd by wadliighted
I qui
g based on 100 parts by weight of the alkali-soluble resin (A).

The composition solution may be filtered with a

15 Millipore filter having an opening diameter of about 0.5 um

before use.

Method of forming projections and spacers

A description is subsequently given of the method of
20 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
25 crystal display devices are preferably formed on a substrate.
The method of forming projections and/or spacers for
vertically aligned liquid crystal display devices of the
present invention comprises the steps of:
(a) forming a coating film of the radiation sensitive
30 resin compositioh of the present invention on a
substrate;
(b) exposing part of the coating film to radiation;
(c) developing the coating film after exposure to

form a pattern; and



25°crystal display devices are preferably formed on a substrate. The nethod
of form ng projections and/or spacers for vertically aligned liquid crystal
di splay devices of the present invention conprises the steps of: (a)
formng a coating filmof the radi ation% nsitive 30 resin conposition of
the present invention on a substrate; ( ? exposing part of the coating film

to radiation; (c) % | t C ' f&dmaléed %@ﬁ dor forma
pattern; and 30 (%?fhggg?%g H@ﬁ%dﬁﬁ%ﬁg i¢n1a?%er %eve 6%6 nt. Each of
t he above steps wEaclhhefdtserabdmeke seéepsmwibieibe deactrhbedthggreiajynddre.

iti | ution | lied.to,th bstr at d baked to 1. th
solvent so as 5 3P rdimatabAR)ng the APBPOFHELP R At RhioR ers i FHRALGRs: n
conmposi ti on. tJhen@boys ErREL T & pBebBEKEd Of o Hratisvs Ueke aSo vt < ass or

soda gl ass, or transparent plastic such as pol yethyl ene terephthal ate,

pol ybut yl5enete efepht Aateatingofydmhef thespadiahionrsppsjtiveonasdn The
substrate ma obe og%iggally subjected to a suitable pre-treatnent such as
chemcal trE3TRBRLWTRH a sil ane coupling agent, plasma treatnent, ion

plating, sputterinphe @ddvéaPlistLRES ii@Mmade vECHLESs Gelehsas FQBatldlass appl y
the conposition solution to the substrate, a suitable coating technique
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e, o EnestegphfRatishy MathIalige Bcebpkabes, Dpekgrplly 0116 10,
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treatment with a silane coupling agent, plasma treatment,

jon plating, sputtering, gas vapor reaction or vacuum

deposition.

15 To apply the composition solution to the substrate,

a suitable coating technique such as spray coating, roll
coating or rotational coating may be employed.

The thickness of the coating film after prebaking is
preferably 0.1 to 10 um, more preferably 0.2 to 5.0 pm,

20 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

25 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,

30 or (b) the coating film 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).



In‘the step (b), part of the coating filmis exposed 25 to ultraviolet

radi ati on. To expose part of the coating film a photonmask is preferably
wused. To form both projections and spacers on the substrate, (a) the
coating filmis exposed once by using ajgingle photomask having both

proj ection and spacer patterns, 30 or (b)’3 the coating filmis exposed tw ce

by using a phot omagg fdﬁﬁ’éﬂﬂhﬁrFﬂﬁﬁéﬂi%soéitﬁdbé@oﬁ M5 ePBEKabaYi Ng a
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el ectron 10ahdas kho¥n a@itdiodomayubepusled.ably ul traviol et radiation. The
dose of the radiation is géeferabl about 10 to 10,000 J/nma. .In the step

(c), the coating f TR Faddatien dvfor eyinogmggprs JYeFdibdseFagiatéfBve an
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al kali devel oper 1s preferably an aqueous solution of an inorganic alkali
such as b0di beamy droXi-dediatdioas dbutnphredevrbdy, udddavdodatbyvadiationdi um

cthyl am ne or - pr AR5 BRFRG B = 58BN AARY A aPRe L BReSeT BiE: RYPER AD 5P
di - n- propyl amionepot g/m?ary am ne such as trimethyl am ne,
met hyl di et hyl am ne, di et hyl et hyl am ne or

In the step (c), the coating film is developed with

an alkali developer to remove an unnecessary portion so as
15 to form a predetermined pattern.

The above alkali developer is preferably an agueous
solution of an inorganic alkali such as sodium hydroxide,
potassium hydroxide, sodium carbonate, sodium silicate,
sodium metasilicate or ammonia; primary amine such as

20 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

25 tertiary amine such as pyrrole, piperidine,
N-methylpiperidine, N-methylpyrrolidine,
1,8-diazabicyclo[5.4.0]-7-undecene or
1,5-diazabicyclo[4.3.0]-5-nonene; aromatic tertiary amine
such as pyridine, collidine, lutidine or quinoline; or

30 guaternary ammonium salt such as tetramethylammonium
hydroxide or tetraethylammonium hydroxide.

A water-soluble organic solvent such as methanol or
ethanol and/or a surfactant may be added to the above alkali

developer in a suitable amount.



tri‘et hyl am ne; al kanol am ne such as di net hyl et hanol am ne,

net hyl di et hanol am ne or triethanolamne; alicyclic 25 tertiary am ne such as
pyrrol e, piperidine, N-nethylpiperidine, N nethylpyrrolidine,

1, 8-di azabi cycl o[ 5. 4. 0] - 7-undecene or - di azabi cycl o[ 4. 3. 01- 5- nonene;
aromatic tertiary amne such as pyridine, collidine, lutidine or quinoline;

or 30 quaternary 'é”ﬁéx?éi%ﬁﬁ’&rt‘tfisdipf}t %;@igyr}l@,ﬁrprgme,pydroxi de or
ubl e

t et r aet hyl ammoni um hydr oxi de. wat er - so organi ¢ sol vent such as
met hanol or devébophemhd/mthe biké may batemmloyed adaddthe ddweldpmantal kal i

devel oper in_a suitabl e.anount. 32 _Puddl e _devel gpnent, dip devel opnent,
shower develeﬂ%nfsoPr?ﬂ%r?ﬁig ﬁﬁ@uBeyeﬁﬁl%ggd?eﬁnd the devel opment tinme is
preferably about SateesQliieeri dhiclopidnal,i thevebapingt filheisaatdswnfilmis

rinsed 5 in running water for 30 to 90 sec and dried with conpressed air
or conpr &sseln HuUnLRg vaFter EoangPeto |3 tSee sndsdgiledtwithe cqmpressad coat i ng

filmafter gf¥€%§p§§ﬁﬁﬁé§fg§2ﬁ?ﬁ5$gﬁg afgga%génggh as a hot plate or oven

(to be referred ef el naf o0 form 10 predeterm ned

proj ecti ons and/ orIspeser subdeqlient POBép bodk) notkeoncoatdmg, £1ihee d£v@er at ure
is preferably 150 to 250 C and the tinme is about 5 to 30 mnutes on a hot
pl ate and ab8@velerrendoisiheated ivith v heatemseuchudst 8riell B3R QT ons

have a hel gty gh (HPbEAE dhreldtl ols Bodt AL pBP AL AR Y 18- fod® 2.0
lun, particularly preferably 1.0 to 1.5 Eun. They have a bottom si ze of
preferalloy lptredéfepminedrprpjetéiabsyaddyor38ppaprparticularly preferably
3 to 10 Eun. The s acgrs have a ? I ght o% Erefera lé % to 10, m 0 nore
preferably 2 to 8 Q5 PPELT R %gr‘é‘?‘é 1b19ns. ¢ FReFREY Rab® a bottom
size of prefgrabb¥ab1{0 5P QoPPH09 8 £hd the time is about 5 to 30 minutes
on a hot plate and about 30 to 90 minutes in an oven.
The thus formed projections have a height of preferably
15 0.1 to 3.0 pm, more preferably 0.5 to 2.0 um, particularly
preferably 1.0 to 1.5 pym. They have a bottom size of
preferably 1 to 50 um, more preferably 2 to 30 um, particularly
preferably 3 to 10 um.
The spacers have a height of preferably 1 to 10 pm,
20 more preferably 2 to 8 um, particularly preferably 3 to 5
um. They have a bottom size of preferably 5 to 150 pm, more
preferably 5 to 100 um, particularly preferably 10 to 50 um.

Vertically aligned liquid crystal display device

25 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

30 after-image erase time of 100 sec or less, preferably 50 sec
or less.

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

(e) A transparent conductive film having a predetermined



préferably 5 to 100 pm particularly preferably 10 to 50 pm Vertically
aligned liquid crystal display device 25 The vertically aligned Iiquid
trystal display device of the present invention conprises projections nmade
of the radiation sensitive resin conposition of the present invention
and/ or spacers made of the radiation sensitive resin conposition of the

present i nv%ﬁw&@&% Fse%maa ﬁﬂ &id esridenﬁﬁetﬁéaé?o§ill.f@té’f jRAG s | ess,

preferably sec ess e vertically alrgned [Tquid-crystal display
devi ce can dee nendent tawr ddhebgonductdivieofiidy bt bloel degvermgthod, (@md A

transparent canductjve film havin redetermn 3. pattern i.s formed on
one st de of % ndaiust EryaseT, AT aREnd ALEEE oF FeRdd o cohAe SRR 11 m by
the above neppachblBbatand,deipd niletsicalatahgdbinpragenhgi Sn@mud s ttd t he
substrate by roll coating, spinner coating or printing and heated to 5 form

a |iquidScryse®Em allimwbdtcryshal Thbigmaert stbbitrate is made of glass or

t ranspar ent plast t s
and/ or spacers. I?na%g(&e %@?%%A%_ I%o‘éﬁé]q&rgjfa{%m mag:e &%q%r?(fn% 10
oxi de-tin oxpmstm&m s ived he tisednetthddeof réorpiaie dro sotdioris ve
film To forn1the transgarent conductive filmpattern, photoetching or a

net hod usi nPRA4PHt BRBEKE Fray be used. Prior to the application of the
liquid crystal aligniy olﬁ.e 02) anixﬁ‘Qﬁhta?l 90! Beimi HRELVEE AdNESInPD

between the surface o su strate or e transparent conductive fil m
and the 10l quoxlide ysimloxddgnifienOsf 5hoy) mayubet nopdl asi the et raygauent or
functional tita onp nd may be applied to the surface of the substrate
havi ng t he t?%’?\@ ﬁ ggmc:onductive film The heating tenperature after

the application OfTéfEbrm the transparent conductive film pattern,
photoetching or a method using a photomask may be used.

Prior to the application of the liquid crystal aligning

15 agent, in order to further improve adhesion between the
surface of the substrate or the transparent conductive £ilm
and the ligquid crystal alignment f£ilm, a functional silane
compound or a functional titanium compound may be applied
to the surface of the substrate having the transparent

20 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 f£ilm is

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

(£) Two of the substrates having a liquid crystal alignment
film formed by the above method (e) are prepared, the liguid
crystal alignment film formed surfaces of the substrates are
30 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



liquid crystal aligning agent is preferably 80 to 300 C, nore preferably
120 to 250C. The thickness of the liquid crystal alignnent filmis 25
preferably 0.001 to 1 pun, nore preferably 0.005 to 0.5 pun. (f) Two of the
substrates having a liquid crystal aligng?nt filmformed by the above

met hod (e) are prepared, the liquid crystal alignment filmformed surfaces

of the substipigpadideil. Ogglm%f&%ﬁaeﬁe%@@ér%mgwft PRe OBl du 48P

t her ebet ween, e outer edges of the substrates are joined together with
an adhesi ve,cuy$talicekl ydthdt is,f theé eathen sunfaaes ofghhe sidistmeaitds t he

surfaces of the substrat and the adhesi.ve -layer, and.the filling hole is
seal ed up tocggﬁgfgﬂiéfngqﬁiquf'ﬁuﬁﬁ CL %&Ia?e%tla%e jl%le?%%%:f’é‘?sq%%t er
surfaces of poeatrigerd ifir yelal €6l bbthhat al siquhe erpetasuaispeayof the
substrates constituting the liquid crystal cell are joined to respective

pol ari ze5ss i@@¥i€@er to obtain a liquid crystal display 5 device. The above
dhesi Tt . ot - . d
adnesi ve 1s, Tor ﬁ?ﬁgpéﬁovgna&ﬂ8§¥%§efén fSPnE?%@bggbaaﬁ”é ﬁ?%agggl?gr

al um num oxi de balT's"as ~spacers. anpl es of ve |1 Crys

i ncl ude nematbntalflihgqdi duelingt agensmandi alumdgnun oxydtabaabd &srroel ectric
l'iquid crystal such as

p- n- decyl oxyBRAZ§FEdene- p- ami no- 2- net hyl but yl ci nnamate, out of which

nematic liquid cry ' tyvul fser 8 4 2t es of
t he above nematic ?%%?jdég%fstﬂglféj a?’?éaléuc]fghgclﬁl F?ggt%gsdegqlé?g%%gl%yst al s,

azoxy- bdded Liquid crysgtadl ssmbcphen}ligbidedriystjaldandyfearogelectric
phenyl cycl ohexane-based, | iquid créstals, ester-based liquid crystals,
t er phenyl - ba éguFFqﬁFHSE SFBFE,a 0 bi phenyl cycl ohexane-based |iquid

crystals, pgrhhidcgeoRgbedzyilgibtecpyahnahsd-2dmexanevadyedihhaihde,
out of which nematic liquid crystal is particularly
preferred.

15 Specific examples of the above nematic liquid crystal
include Schiff's base liquid crystals, azoxy-based liquid
crystals, biphenyl-based liquid crystals,
phenylcyclohexane-based liquid crystals, ester-based
liquid crystals, terphenyl-based liquid crystals,

20 Dbiphenylcyclohexane-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

25 chloride, 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

30 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 £film composed of the H £ilm between

cellulose acetate protective films.



crystals, bicyclooctane-based liquid crystals and cubane-based |iquid
crystals. A cholesteric liquid crystal such as cholestyl 25 chloride,
chol eteryl nonanoate or chol esteryl carbonate and a chiral agent
commercially avail abl e under the trade n s of C15 and CB-15 (of Merk
Co., Ltd.) may be added to the above |liquid crystal before use. The

pol ari zer to be | qj . L qui stal cel
is a polarizer coﬁ%gggr %%éég?éﬁgéﬁ%?gﬁﬁggﬁéiéé %éﬁ%é%gﬁiéggéﬁeEﬂ ile a
pol yvi nyl al ppésént sinvéntichedseddfati ghedformatpohaofzprojeatiansured by

sandw ching a polarizing fiLl m conpos of . the Hfilmbetween.  cellul ose

acet ate protf%’&‘t???/’élsﬂalct‘?%s 58T Vﬂf?’ﬁfgﬁr}i ?ﬁﬁggﬁﬂslr]ﬁf/’é?%‘gﬁﬁa& A on of
the present aQVf:eés%hétseaisfdarlot:haifsPtLayt 88%18EsPpPbRLEL O Sro FIUK Menspacers
for vertically aligned liquid crystal display devices such as col or display

devi ces provandsspacersethaning exdeipentrsunfisgragseqothneas, shardiy

snoot hness, har%lge pﬁﬁduges %hemde elognﬁnt Beskﬂge OB %Qgtsub trate of an
unexposed po?f? HCRa ?y GuGSRMTH 5% t HS, FatR®oPUPB552 61 °tnd

proj ections ahexpeseer soBfitos Aaxrdly daubese thiet pelel ingl, i JAER b1 QUi gk cryst al

di spl ay devi ce having excellent 10 verticallg alignability for liquid
crystal s, higf the Prpdeqtdonsapd FPFcars QAT Parvdde) aatrrekeaklYi ne and

almost TreeaiighLg!1eklig 8adsthsP ﬂgpggugﬁ%@' ﬁﬁyaﬁpgegg{amegnef form ng

proj ections andfor spacers vertic I ghed or crysta
di spl ay ldevi cestbéally abhibgpabikityi fiwenliguiénabysetals nehigh twohitage

facilitates the congiﬂl of %ggfe and sjze (gﬁight and thtOﬁ\gize and is
capabl e of fﬁ?ﬁ?ﬁﬁa ' _ét}ﬁr%‘} PBRT LA t'_%’f)é P HERAMY timgoan (R/Jé;:%'?('fzel | ent
characteristggelr P8Rt 583cRiAB! ¥ndl d2sphhghnbh@hdcoffity. '

The method of forming projections and/or spacers for

vertically aligned liquid color crystal display devices of

15 the present invention enables fine patterning, facilitates

the control of shape and size (height and bottom size) and
is capable of forming fine projections and spacers having

the above excellent characteristic properties stably at a

high yield.
20
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.
25

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
30 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

0oil bath was raised to 150°C and the inside pressure of the



Exanpl es The foll ow ng exanples are provided for the purpose of further

I klustrating the present invention but are in no way to be taken as
Fimting. 25 Synthetic Exanple 1 57 g of mcresol, 38 g of p-cresol, 75.5 g
of a 37 wt% fornal dehyde aqueous sol utign, 0.63 g of oxalic acid dehydrate
and 264 g of nethyl isobutyl ketone were Ped to 30 a flask equi pped with a

001 119 € ubee: SLL Loy - 880 LRUTBIRE mufid o BSOS Ko WRAITE 28D 20 O

bath to carry ou ol ycon fon 1o hour s at1 o e the
sol uti on wasmattévxedndThrenather molbent eepenawdasecoblelietoorbohat h was
rai sed to 150C and the inside pressure of the 36 flask was reduced to 30 to

50 nmHg in 3ABRPEALBTRCHRRE FOLICCLEET - nalREf TeFHP MAsn thAB dbFTRhVedsin was
cool ed to 1o9f ot RPPCAGELEEe Lo RE ldeitirtiolioE BESHRsVaRd MetahsEol ved

in ethyl acetate t0 a concentration of 30 wt % and net hanol 5 and water were
added i n Janpandswatértwere adhded.in tamomntse 1.8eitdmesoantihDs9sbime i tre
respectively

stjrre d left.. .Thereafter, . .the sol ution_.was.s rated into
ool Taver o Yuniohtr8e, BRSs Pavurifle FRRbRCHAVeTysnsoirratodndd ot ed t o
obtain a novghakeh®skbi, heé bialt MK @asBs&PQratbisimey thdk laFBrkesandi s
designated as resin (A-1). Synthetic Exanple 2 After 176 g o

p-t - but oxyst fhendowad dagey wAS 2akBnsbutyr eARcept&akede andddrded tPask

equi pped w t .15 | t , I LR €T v of
propyl ene gl gggFlﬁn%?n&%%e g‘rn %é’rlﬁ’g ?ﬁgl?wa ded to ‘di ggggvég?%%]é

conponerte, pebyfieiszabs@gnatedcasr rediaui(Aat)(5C for 4 hours. Thereafter,
50 g of a 5 % sulfuric acid aqueous solution was m xed with the obtained

resin solution to carry 20 out a hydrolytic reaction at 100C for 3 hours.
500 m  of Synthetic Example 2

After 176 g of p-t-butoxystyrene and 5.8 g of
azobisbutyronitrile were fed to a flask equipped with a
15 cooling tube, stirrer and thermometer and 250 ml of propylene
glycol monomethyl ether was further added to dissolve these
components, polymerization was carried out at 75°C for 4
hours. Thereafter, 50 g of a 5 wt% sulfuric acid aqueous
solution was mixed with the obtained resin solution to carry
20 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,
25 and the resulting reaction solution was dried under vacuum
to obtain poly(p-hydroxystyrene) having an Mw of 24,000.
This poly(p-hydroxystyrene) is designated as resin (A-2).

Synthetic Example 3

30 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



propyl ene glycol nmethyl ether acetate was then added to the reaction
solution, the reaction solution was rinsed in 1,000 m of deionized water
three tines, the organic | ayer was separated, the solvent was renoved under
reduced pressure, 25 and the resulting rgﬁction solution was dried under
vacuum to obtain poly(p- hydroxystyrene) aving an Mwv of 24,000. This

pol v(p- hydr oyysLYERe) o8 551 ARRIGLARS o 581 Pl Al s o Yllo LG ExaEp) © 3 90

3 g of azobi 8156 propyl ene ycol “nonoet et her
were fed to aof tawhlﬂ:eunppedsv\lstlﬂraedcgehrtmg huHEmaS.hltaliﬁbdaad tthaltrmrret er,
25 g of nethacrylic acid, 15 g of styrene and 60_g of benzyl nethacrylate
were furt heFeﬂHGEEtuFﬁef‘Pﬁsﬁ E}é’ué'ﬁ tACITLE IPUtaPoLYPerizatdqnyy After

i trogen, angnbhgotGaRer Fhur efbybhe raohUthaNrUAR:1Bho 88110 oA OGmMAY @ i

was stirred gently a mal ntai ned at that tenperature hours to carry
out pol yreeri ratiuced pféesure hehseokesnil tiayg reacvion fsra:imtm waacdrned

sol ution under .5 reduced resg re, the reiultin rea hlon utioa was dried
under vacuunPPgeEpYEFHIR £8p8 ?ﬁéF 8t cepP X@Pﬁl aCr¥tvFfefE14nd benzyl

met hacryl at eghgyeng &4 wnaylaneﬂ%fmeahav&@@ &n @lfw 85/81%’o©01we1T§h§
copol ymer is designated as resin (a-1). 10 Exanplel 100 parts by weight of

the resin (Ar@fiQsofnha5Lbipedhknt Thim copp lymers sy desighatefl as resin
dipentaerythrlt%) hexaacryl ate as the conmponent (B), 10 parts by wei ght of
15 2,2 bIS( I"6r ophenyl )-4,4" | 5,5 -tetraki s(4-

et hoxycardgonyl phenyl)-1, 2' - b||n1dazole 10 parts by weight of

4,4 - bls(dlethylan1no)benzophenone and 20 parts by weight of

2- benzyl - 2- dE#BMBYLak no- | - (4- nor phol i nophenyl )butan-1-0 20 ne as the

conponents (C), 20188 St v hPlof¥AB! reldh (a-1) as the component

(A), 40 parts by weight of dipentaerythritol hexaacrylate
as the component (B), 10 parts by weight of

15 2,2"'-bis(2-chlorophenyl)-4,4",5,5"-tetrakis(4-
ethoxycarbonylphenyl)-1,2'-biimidazole, 10 parts by weight
of 4,4' -bis(diethylamino)benzophenone and 20 parts by weight
of
2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)butan-1-o

20 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

25 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).

30
- formation of projections -

The composition solution (S1) was applied to the

surface of a soda lime glass substrate having a silica (Si0,)

film for preventing the elution of sodium ions formed on the



(trade nanme, manufactured by Mtsui Cyananmid Co., Ltd.) as the conponent
(D), 10 parts by wei ght of poly(p-vinylphenol) (Mv = 8,000) as the
conponent (E) and 1,500 parts by weight of ethyl 3-ethoxypropionate as the
sol vent were m xed and 25 di ssol ved togegger and the obtained sol uti on was
filtered with a nenbrane filter having an opening dianeter of 0.2 pin to

prepare a SokyifgBe Gfith hashfh ICUAtReNShA PR ANd a tCOFPEHJD Akt de

referred to as "conposition solution (SI) hereinafter). 30 formation of
proj ecti ons tdhformnpoli 8i pm-tbicki coattnyg #aImapplied to the surface of a

soda lime glass s strat haV| asilica (S102) fil r_preventing the
el ution of sodi um TOTS" ? gﬁetﬂébﬁ a érV%Eec%?#ﬁg;£§plﬁo%oater and
prebaked at Péfpérhburd ahdlum@ co ot L10g mﬂxﬂ.vfamiid%dttt@t RNQODI Oym?
Thereafter, the substrate was_ cooled to room erature_and the coating

filmwas Bexposatl terviebet Zagia ey h@l"tlF‘QvPo‘?’%Y eRgER i 382V PRgVHEh
to be car ed. = ity HRSek Sndb 80l Cany RRoBREE & bricRehatl Qg Sxpga: omask

pot assi um hyfihexedeétagiebhs substraneaWaEBﬁ}nﬁlersédrmnuhe0 Da wezdevel oped,
rinsed in su erﬂgure water and dried with 10 air to form attern. Then,

t he coating LU BEErexkde agueoysseiptign fhutdsCt ¥ of rﬁ"b‘l“b]:%ct i ons

having a pr@9%@&‘%\9@90§$@Perﬂ§béci'%r§%’ﬂer:atp%re-r%t@%vﬁhﬁp&?ﬂédrﬁ‘ﬂ:l‘ﬂue was
not observed on the obtalined substrate of an unexposed portion and the

separ atilgh, als jafkrwraipesdeshn .t hBhenojtdus cond ingsthbn wascpos Wieakede
Foughoned suPtaRB0NGetRECRDaBRER8opFS] SCFIoRE IR LORBeP FEAPIEr face — |
snmoot hness. gledebefiinetuchapk anvehki sabkyraltiegned |iquid crystal display
The development residue was not observed on the
obtained substrate of an unexposed portion and the separation,
15 1lack or loss of the projections was not seen. When the
surfaces of the projections were observed through an optical
microscope, no roughened surface was seen and the projections

had excellent surface smoothness.

20 - manufacture of a vertically aligned 1iquid crystal display
device for evaluation -~
The composition solution (S1) was applied to a

.transparent conductive f£ilm composed of an ITO film formed
on one side of a 1 mm-thick glass substrate with a spin coater

25 and prebaked at 90°C for 4 minutes to form a 1.3 um-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

30 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 f£ilm of the radiation sensitive



device for evaluation The conposition solution (Si) was applied to a
transparent conductive filmconposed of an ITOfilmfornmed on one side of a
14 mmthick glass substrate with a spin coater 25 and prebaked at 90C for 4
mnutes to forma 1.3 pmthick coating %glm Thereafter, the substrate was
cooled to room tenperature and the enti surface of the coating filmwas

exposed to 2,000 3w ngll'Ell [ha\éholtﬁre %gigﬁtr'a% having a wavel ength of 365

nmwi th a hi gh-pressure nercury anp be Cured. The substrate was then
imersed in a 0. 04wa%aqpehaiyl umlw.umiqiqsalrp.ﬂecajag‘mlng aganatt (ﬂﬁé‘déor 1

m nute to be develo d I n su t and dri h air. The
substrate wad3MgeRp ﬁ&d..SBQQ &t ?36 % ﬁg’ §§BSC959‘PB? Q¢ o¥fPng film
of the radi atabem%an%btbﬂé Sie r&ﬁbﬂsﬁeaﬁeatélﬂavmgt%o%tq 248m of
Subsequently, a liquid crystal aligning agent (trade nanme of JALS2095-S2,

manuf act ub ed tine ummm rsatnsdrt)mﬁasesalpmqmsnctmeefgrmeddfhearembéndat e

havi ng a coat]| ngsf1'i| mo g € ;hatvl on s sensi té ve (€6} Cﬁr]lm%o? t| Qn forrred
thereon and °8%7eSsfae 1a %u%fu SR A na Eien |ng T a Spl nner
and heated atan@h&ated dtnaorut e:o&nd xﬁﬂ@@t@tarﬂ(ﬁ(th@rf aft 1ahoorfoﬁ a heutn a
liquid crystal alignnment film havi a thickness of 600 A on the
substrates. A® &pamyar bignidceys @]H&iml@%(ﬁﬂt]drf MaYgra anthiRrkBREGe bal | s

were applied { ezout e e r Sel t he
T aui @ cryst o00; Anghnfhe TAEFLOASE'T, NSRS RS RBER, RiblbibE 1
opposed 10 eamlmtatﬂmeimg))alkmﬂpiung oxtidec ®all 1gawe rehapplldiede¢n, thkeoateer edges

of the substrates vvere brought 15 into contact with each other to be
pressure bon(?@(? “%ﬁ%sahesgiqée\ﬁaspr&d’rté‘d‘g'ﬂé’r‘? %d"—“’éé’at i ve
nenmatic i qU'cq:yé%_@is&ﬂﬁﬁhéﬁ@efmO%eW&emﬁﬁétM&Quﬁﬁt%EEsoo
Ltd.) was filled into the cell gap defined by the surfaces of th

substrat es am¢neheppises o |eacly otdfen iy deepingighe cell gap

therebetween, the outer edges of the substrates were brought
15 into contact with each other to be pressure bonded together,
and the adhesive was cured. Then, a negative nematic liquid
crystal (trade name of MLC6608, manufactured by Merk Co.,
Ltd.) was filled into the cell gap defined by the surfaces
of the substrates and the adhesive layers of the outer edge
20 portions, and the filling hole was sealed up with an
epoxy-based adhesive to manufacture a vertically aligned
liquid crystal display device for evaluation.
Theobtainedverticallyalignedliquidcrystaldisplay
device was evaluated as follows. The evaluation results are
25 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
30 aDCof 12V (peak-peak) is applied. When an aligning failure
is not observed in the 1liquid crystal, vertical alignability

is evaluated as excellent.

- evaluation of wvoltage retainability -



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

devi ce was evaluated as follows. The evaIHation results are 25 shown in
Table 1. - evaluation of vertical alignagllity The vertically aligned
liquid crystal dis devyi | seryedsu s &3CLQS -

voltage is off andﬂkg%ra§E¥§g¥ag§ %f(gegkg%ea ifgdagglfgg.oéﬁg%cﬁgfgligning
failure is nallighearvegqui@d divestaldidbplaysidelvicecfbrcad deqgaabal spgn i s
eval uated as _ex | ent. - _eval uation of .valtage retai ility__40 fter a
Vol tage of 5o8 TE7BRRS e TiiadR AR IRAR L O AR AT eE, $EPM thPsp ay
device for 6@ifmeCwAbnatkdadppPfcdblofESE voItdR0a s alitdippalal hnt Ynaféga 167
nsec fromthe time when the application of voltage is stopped in the end 5
i s nmeasur®d WSt ReaRUTr9ARWLthf they ¥HRedhpeifcToge. Techaica Coval &&di-on of
after-image erase tine After a rectangular wave having a frequency of 30 Hz
and a voltage of 3.0 V obtained by superinposing a DC of 6.0 10 V (peak

val ue) with an éfahiatidh \6f peftkevaimige i ragppltimeto the vertically aligned

liquid crystal display device at 70C for 167 hours, the application is

st opped and the tiffEteBedorectAn W1y -y daeing & freguersy ¢fi 30n3sur ed.

15 Exanple 2 r adaf 4 I i NAH &y Ei I ala PPy o) ferped to
as "conposit ial@r(l1 §§{'ﬁﬁ,%r? ?%g?'"bh\\éfoel na %Zdr %gﬁgkgg‘gggéﬁbi%mg%sgﬁg manner
as in Exdhpl ¥ {peakepaluahtwite amsA® qfA-62)0 Widpeaketrailnepl aseappli€@ parts

by wei ght of ,th in (A . t (A T fter, t
For mat Pon of T8 EPECIPBRECaiY (HEL SRR i LETLR S7or 41 S0 oy Jerarearbpl ay

device were g@rici 88r 167 hours, the application is stopped and the time

before an after-image is erased visually is measured.

15 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)
20 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

25 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
30 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



out” in the same manner as in Exanple 1 except that the conposition solution
(S2) was used in place of the 25 conposition solution (Si) to make

eval uations. The evaluation results are shown in Table 1. Conparative
Exanple 1 100 parts by weight of the resin (a-1) as the 30 alkali-soluble
resin (A), 80 parts by wei ght of dipentﬁgrythritol hexaacryl ate as the

conponent (B 20, r i f .

2, er - bi s( 2E CEF(# r'glp hdgﬁ'y ()Sqi?,% Mtlﬂgeqernaﬁpsh(eﬁone% ﬁggy"‘coa?%gﬁfl Ib hvg?]w};d_: 1,

2' -biimdazobg, 20 parts by weight 41 of 4, 4'-bis (diethylam no)
benzophenone d 40 res b i ght f .

2 benpyl - 2- d ABERFTAREROInSERY RaMORSr £16RERTPROLAAP RNy b AL 2P -
conponents (gheddd theCBmpanhkhtlY (#pidly 10500t Pikts Doy wliy BEORERPAL € as

the sol vent were m xed and di ssol ved together and the resulting solution was
filtered 5t B-athauybrapdohakeeas hthve mplaerdpamenegmdixgdeand dissolved to

prepare a ragdiatipn_sensitjive_co sition.solution (to,he referred to as
Peonposi L1 onBaPERREnand) rh¥hzRaMEETpy, 30188100 Fasi Far EorRl PEHIA on o
proj ections ppfbtARe FAAYERChHYEnEGl ad bbaHHHgCHY anBledi BBl BY 200 €8 vere
carried out in the same manner as in Exanple 1 except that the conposition
sol uti on (Si PreRa3resadrpfiprier senshtiveorpeBPeibhoBofatnbhops(fotbenake

eval uat | ons, - Ihg-k3aetd) Ua' ~BBnb88Yt18n2661800MA KB1TabhrbndReel)E — O 1

10 Thereafter, the formation of projections and the
manufacture of a 1liquid 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

15 evaluation results are shown in Table 1.
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0O~ a tO 00000a 0 mbzzz040 >u ONW.. ~7C W NWU k %
WWU 43 What is clainmed is: 1. Aradiation sensitive resin conposition
which conprises (A) at |east one al kali-soluble resin selected fromthe
group consisting of a novolak resin hag%ng a weight average nol ecul ar wei gh
in terms of polystyrene neasured by gel perneation chromatography of 2,000
to 20,000 and a hydroxystyrene resin having a wei ght average nol ecul ar

wei ght in ernB of yrene nmeasured by gel perneation chromatography of
10,000 to %ﬁf(ﬁﬁJCQ%%&gf polyfunctlonal nononer or a conbi nation of a

pol yfunctional nononer and a nonofunctional nononer, (C) a

phot opol yneri zation initiator, and which is used to form projections and/or
spacers |dla\Nﬁtﬁ&ﬁﬂﬂ?}Qﬂ|%9M§GtPVGUF681Er9§mﬁPSHFS9Fath@g|ce having an

after-inmage erase ti f, 11%% s%ceor ﬁ%’ 21 errlrgl ggn ne oam

represente%PTRF%ﬁﬁf (g§llomnﬁb for %f? g ES =ESIR f?? nﬁ R3 RAN N
from the group consisting of a novolak resin having a
weight average molecular weigh in terms of polystyrene
measured by gel permeation chromatography of 2,000 to
20,000 and a hydroxystyrene resin having a weight average
molecular weight in terms of polystyrene measured by gel
permeation chromatography of 10,000 to 100,000, (B) a
polyfunctional monomer or a combination of a polyfunctional
monomer and a monofunctional monomer, (C) a
photopolymerization initiator, and which is used to form
projections and/or spacers in a vertically aligned liquid
crystal display device having an after-image erase time of
100 sec or less, (D) a melamine compound represented by the

following formula (1):

R\ _R?
SN

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, and (E)
a phenolic compound having a weight average molecular
weight in terms of polystyrene measured by gel permeation

chromatography of less than 10,000.



11 wherein R, R, RB, R4, R5 and R6 are each independently a hydrogen
atomor -CH2OR, and R is a hydrogen atomor |linear or branched al kyl group
having 1 to 6 carbon atons, and (E) a phenolic conpound having a wei ght
average nol ecul ar weight in ternms of polystyrene neasured by gel perneation
chromat ogr aphy of |ess than 10, 000. 44% 2. Projections for vertically
aligned liquid crystal display devices which are nade of the radiation
sensitive resin conposition of claim1. 3. Spacers for vertically aligned
liquid cr?stalPn¢$¢¢waon$kﬁﬂmx¥ﬁRMWQﬁiLar@1ﬁ8@@doﬂlghédréévatﬁén sensitive

resin co 0s tion of claim th f fornln ections and/ or
spacers f 17 $%‘élrcf?fg a"l'}?]g%}éaaﬁ cﬂﬁr% O%SSF?ISI fiéfSItgﬁ %néeé conpri si ng
the stepsrefin(@dmpO&itih bLaatding ifi | mof the radiation sensitive resin
conposition of claim1l on a substrate; (b) exposing part of the coating film

to radiation; (c) developing the coating filmafter exposure to forma

tt X d heat th | t' fi.l f
Sgrtfggll nalf%%%ﬁ§$%l %?gﬁgil ?&%g?ége %égl%ve gtEEnSlFﬂéa%rOJectlons

of Cla'”‘ae@ﬂgégrwﬁb@hSQ@&Qﬁéﬁéﬁof(HHE'Féﬁf@@io&aﬁbﬂglﬁﬂv@fE@éih”ﬁge erase
time of 100 sec or less. 6. The radiation sensitive resin conposition

accordlngcbmposi%umm]pﬂ%m&aumllhe conponent (C) is a conbination of a
bi i m dazol e conpound and at | east one selected fromthe group consisting of
acet ophenone conpound, benzophenone sensitizer and thiazol e-based curing

acceleratgt. A method of forming projections and/or spacers for
vertically aligned liquid crystal display devices,
comprising the steps of:
(a) forming a coating film of the radiation sensitive
resin composition of claim 1 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.

5. A vertically aligned liquid crystal display device
comprising the projections of claim 2 and/or the spacers of
claim 3 and having an after-image erase time of 100 sec or

less.

6. The radiation sensitive resin composition according to
claim 1 wherein the component (C) is a combination of a
biimidazole compound and at least one selected from the
group consisting of acetophenone compound, benzophenone

sensitizer and thiazole-based curing accelerator.



