1 A PHOTO RESI ST COVPOSI T ON BACKGROUND OF THE

I NVENTI ON The present invention relates to a photoresist 5
conpesi ¥ion suited for a |ithography using high-energy qqg¢rqa31i9ations such
as far sultraviolet ray (including exciner g | aser), electgon, beam

X-rdy, gm’tted light or the like. 4 Description of thel é;jﬁd Art 10
Wth higher integration of inte | Lt f or mage of a
pattern of a quarter mcron o%d%&l%#g)s Rcﬂé%:g%h éOﬁFSID‘IéJé%Nrequi red. In order
to satisfy such a requirenment, an excimer |aser |ithography capabl e of
produci ng 64 M DRAM and 256M DRAM hasattract edspecial interest. As

ar esi st sui t edgadrchOtNGN X el @S Tbivt hogr aphy, a so-called chem cal
anplification type photoresist utilizing an acid catal yst and

achem cal anpl i fi carheneifeacirtasheenetpbny el atRegatdi agphotorndmisheni cal
anplification type photoresist, the solubility of the exposed portion
in an al kal i cevebepsions switkedefiobya 26 thagwaphwnusanghdijghrsenesgsf an
acid, as a catalyst, generated froman acjid generator at_the )
radi ati on- expoRdHapapriSofuch as (far cBi taPNH Y BRBodi B B NG e GECLRET
pattern. For _hi gher_i.ntegragion_of sem condyctor integrated
circuits, thet38ahdri SASTHIIR %‘??}ge:%THSYSi zeémotf’g?{it Eé‘&?‘é‘pf? tg%eh dke.
rapi dly proceeded, and a chem cal anplification type resi st capabl e of
obtaining-a finer resist pattern has i ncreasingly demanded. Wth the

reduction inségerobttib® of th€m&lapalt awt a demand for the resist

_ patt.ern shape has

10 "With higher integration of integraféd circuits, the
forniation of a pattern of a quarter micron order has recently
Been required.' In order to satisfy such a requifqment, an
excimer laser lithography capable of producing 64 M DRAM and
256 M DRAM has attracted 'special interest. As a resist suited

‘15 for an excimer laser lithography, a sofqalled chemical
amplificationtypephotoresistutilizingeuiacidcatalystand

- a chemical ampli_ficatio_n effect has been employed. Regarding
the chgmical amplification type photoresist, the solubility
of the exposed;portion in an alkali develéper isichanged.by

20 a réaction in the presence of an acid, as a catalyst, generated
from an acid generator at the radiation-exposed ﬁortion,
thereby affording a positive or negative pattérn.

For higher integfation of semiconductor integrated
éircuité, the reduction in the processing size of lithography

.25 has rapidly proceeded, and a chemical amblification type

resiStlcapable of obtaining a finer resist pattern has
jincreasingly demanded. With the reduction in size of the
résist pattei'n, a demand for the resist pattern shape has
become severer and those capable of affording a nearly |

rectangular patte'rn have been required.
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becone severer and those capable of affording a nearly 30 rectangular

pattern .have been required. . Furthernore, it is required
t hat thé& photoresist is superior in transparency to radiation and that
phot ol i t hography i s conducted on.vari ous bstrates. In the case of a
substrate havinq a high reflectance to light, a 5 problemsuch as thin
profile and col I’apse of the pattern is . liable to occur. Therefore, in
order to avoid unfaichergpore, ifj dist xegosreed bhai Hha Ahateresyst is
reflected light fromthe substrate, a substrate provided with an

anti-refl ect @Pemian in tpansraremovade iLadbakiPRededihdfd. However,
when the 10 photalithography is conducted on the substrate provided w th
the anti - r ef PBEGOME FHOGH 3RhY Hes St ed iy ¥ard o) sghishiates. ( nhe the
resulting profile has a bottom extendi ng shape, where the interface
bet ween t he PR&CoRiStSWastERrReah@vimd 2 high gefdeGtanae |+ $1gktended,
or a necking shape, where the_ 15 interface_between the photoresist .
pattern ahd BRpRlem such@sdhin nroidtie 2udsEe+ieRde Pke pR&dern is
Aphot or esi st _hayi.ng .a wi de focus margin is,al so required. |, That is, it
S required LABPLE SRoGHTT ot THEFFEPREa pot PEARE O Ry oLdupRegRssary

origimel ek Bak! s ien e s Lol o Sl 0e P0e B S0one erom whe
oLl el o Ll 004 83, BEU R BEE B g PEEHIU SO 05, O
a2, W Q5 LGS Y g amer Wb, HRE RS PAYLIRE, Mt ™
phot Qr es]i_ost photolithography is conducted on the substrate provided with
the anti-reflective filr_n on the surface, there is a problem
that the resultingprofile has a bottom-extending shape,”where
the inte;face between Ehe photoresist pattern and anti-
reflective film is extended, or a necking.shape, where the
15 interface between the photoresiét pattérn and anti-
- reflective f£ilm is constricted like the neck.
| Aphotoresist having a wide focusmargin is also required.
That is, it is required that a photoresist can form a pattern
closed to the original maék pattern even if a focus is sligh_tiy
20 mbved.. Particularly, for forming an ﬁltrafine;pattern, the
above anti~reflective film is often provided in order to
preventicollapse of the patterh caused by reflected light,
énd, the.refore, a p;hotore.sist having a wide focus margin even
on a substra;_e pro_v-ided: with such an anti-reflective film :;LS

25 required . However, in a conventional photoresist

composition, there is a limit in the .focus margin.

SUMMARY OF THE INVENTION



conposition, thereis alimt in the focus margin. SUMVARY CF THE

| NVENTI ON An object of the present inventionis to
provi dea phot or esi st conposition which is superior in various
per formances such as sensitivity, resolution, heat resi stance, film

retention ratio, coating properties, 5 p|30fi le, etc: and is particularly
superior in pattern shape. : Anot her obj ect of the present
invention is to pABvPdect ofy thetR¥espst dayrntieonnifatPn®r@VWEdR focus
mar gi n and - capabl e of affording a good pattern profile, which is
near|ly -PREEQRGTLSL, OMRIPDHEECBUNBLLR d SHrorefeoni LA YRXdfYs 10
reflective film The present .inventors have studied intensively
to attain PerfREUENGHSeFUCh &S SeRSEFLVitaey IR BUARR t RA2E a

phot or esi st confosi tion %avi ngr excel | ent perfornmances can be . obtained
by using a speetFFETFEsi 1 Hhe $reRENPD AddHA 0 F O RASPFRRS TS /

conpl et ed. \ The present invention provides,a photoresist

conposi t Pon ROADLLEr n§ES " rale it HBRFTG CY ’6£¥ FOPRELPE, 1R RALtern 8RR, | ve
Structural units popresenbeddu U dil S ne jnbli TS L e (104180

a photoresist composition having a wide focus margin and

capable of affording a good pattern profile, which is nearly

rectangular, even on é substrate provided with an anti-
10 reflective film.

The present inventors have studied intensively to attain’
these objects. As a result, they have found thag.a
photoresist composition having excellent performan;es can be
obtained by_using a specific_resin. The present invention

15 has thus been completed.
| The present invention.provides a photoresist
composition comprising a resin having, in one molecule, the
respective structﬁral units represented by the following

forrt{ulas (), (IXI) and (IIX):

«v .



[err] = ~wherein Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr],
Rlerr]- and Rlerr] each * I ndependently represents hydrogen or an al kyl
having 1 to 4 . carbon atons; one of Rerr], Rerr] and R err]
represents an aliphatic 5 hydrocarbon residue and the rest each

I ndepengdent |y represents hydrogen or and4aliphatic hydrocarbon residue, or
two or three of Rlerr], R err] and R err] are conbi ned each ot her together

with a carbon atomto which they are bonded to forma hydr ocar bon
ring; and R represents_a group cleavable by an 10 action of an acid. By
cont ai ni ng t hi Fési rR%s a donponent of a photoresist, rectangularity
of the patternfsHape Ls particularly inproved. BRI EF .
DESCRI PTI ON : Fig J)is a partially enlarged planar
view of the cqnt gt (1
OH
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wherein R, R?, R?, R, R!2?, R'3?, R?!, R?? and R® each
independently represents hydrogen or an alkyl having 1 to 4
carbon atoms; one of R, R!® and R*¢ :'represen‘;:s_ an aliphatic
5 hydrocarbon residue and the rest each iréldependently
represents hy.drogen or an aliphatic h:;('drocarbon resiaue, or
Ewo 0‘3; three of R*, RS and R*® are combined each other together
with a carbon atom to which they are bonded to form a
hydrécarbon ring; and R represents a group cleavable by an |
10 ‘action o:f an aéid; B-y containing this resin as a component
of a photoresist, rectangularity of the pattern 's'hape is

particularly improved.

BRIéF DESCRIPTION OF THE DRAWING

15 Fig. 1 is a partially enlarged plé’nar view of the contact



yd
5  hole pattern fornmed in Exanple 9. DETAI LED DESCRI PTI ON OF THE.
| NVENTI ON The photoresist in the present invention refers to a
5 radi ation-sensitive filmmaterial which is used for formng afine
pattern on a substrate through a process conpri sing steps of forming a
thin filmon the substrate, selectively 5 irradiating the filmwth
radi ation (light *exposure) and devel oping the irradiated filnms. The
phot oresi st cholla mmattlérn afoemed tanBxa@engileésda bi nder and a '
radi ation-sensitive conponent or contains a resin having a
radi ati on-sensitive group itself. The photoresist includes a positive
phot oresi st .wherein the radiati on-exposed portion is dissolved in a
devel oper andDERA I&F3X JICR POFIONNOFs THEWEINTEENTIBN as a pattern, and a
negati ve photoresist wherein the radi ati on-unexposed portion is
di ssol ved in a deveTbpephatg@resist Hen elxpespresent dmventiomi nefexs &o a
pattern. Although the resin having the respective structural units
represent & byadiatignsgrvitivenid s nareripl) whagh LF ysegdnfpe fppmiag
to both 20 of them this resin is particularly effective as a binder |
resin of 2afdaec PAtEL TR calSUrptFRFEatPSRUT hE RFAR TS| SPMRKLEH g
contains an acid generator and utiljzes,a catalytic action of an acid

generated froftERE && FYeHgtatdrtnhblm on £hE SUBSE-BLERs L PBFELYRLY
25 "The ¢chem cal anplificatjon type photoresist_ contains a resin
conponent andléﬁagﬁ%Fiﬁg;ﬁ%ﬁofigﬂdwﬁﬁgc&p atppn (1i9BE,erRashrah 35§d

from the acid.gensrator At Lo oq;al2d' 3419% AR SRA O o8 oeains

10. a resin component as a binder and a radiation-sensitive
component or contains a resin having a radiation-sensitive
group itself. The photoresist includes a positive ’
photoresist wherein the radiation-exposed portion is
dissolved in a developer and the unexposed portion is remained

15 as a pattern, and a negative photoresist wherein the
radiation-unexposed portion is dissolved in a developer and
the exposed portion is remained as a pattern. Although the
resin having the respective structural units representéd by
the above foﬁ:mulas (I), (II) and (III) can be applied to both

20 of them, thisresinis pérticularly effective as a binder resin
of.a so-called chemical amplificatiori type photoresist which
contain§ an acid génerator and utilizes a catalytic action
.of an a;id generated from the acid geﬁerator at the
radiation¥exposed portion.

25 The themical amplif-ication type photoresist contains a
résin component and an acid generator and is capable of
generating an acid from the acid generator at the

radiatioh—exposed portion, and a catalytic action of the acid



6 Is utilized. 1In the case of the chem cal anplification type
posi tiive photoresist, an acid generated at the radiation- exposed
portion is diffused by the subsequent heat treatnent (post exposure::
bake: hereinafter abbreviated to PEB, 5 sonetinmes) to elimnate a '
proteetive group of the resin and 8o reproduce an acid, thereby
meki ng the radiation-exposed portion al kali-soluble. The chem cal
anplificatiohstypdlized. p@pithecasetof ddischonicabsamplification type
phot oresi st which contains a dissolution inhibitor 10 havi ng a
protective g?@ﬁﬁtégﬁamh9§ﬁr%§%%§rngnb?QQ@zﬂﬁﬂ%ﬁﬁted atofthen zadiation-
addition to an al kali-soluble res onponent and an aci d generator,
wher ei n sai deﬂP§§8ﬁuP96ﬁl°n is dlfﬁhssdtby ﬁh%éubm@uan&u Beakutreatment
inhibition ability to an al kal i -sol uble resin but |oses the
ability, t hafPP§t exposurg Rake kaheresrasitesn abbreeipsess ta FEB,

al kali-s |ub||||t{ after the above protective group was cl eaved by
the acti sometimgs); o 3&&&@%’@ a pr %e%tlp‘ﬁ%t%?‘é‘épstV\Eb?erﬁsanr asidn

oo h i BE8bEE Be et kR ReRLSer tre FRdi e beea ey
TG R DTN G T LS
reUaual 1y R ERFRVEOPIREE JE %hﬂéﬁ?ﬁaﬂsﬁﬁi‘ﬁﬁ csi st contains a crosslinki ng
chem cal wa RpP PTG el T L pRBRBRge o ATt 4E ARG RUSPEL tho
radiati 906~ expo%gg&ta BQ‘ tsec.dd f\;éj%%\.&y ca%%blo %%t cegatvn.ng by an action

of an acid, in addition to an alkali-soluble resin

component and an acid generator, wherein said dissolution-
inhibitor itself 'ha_s a dissoiution inhibition ability to

~an alkali-soluble resin but loses the ability, that is,

15 the alkali-soluble reéin restores its alkali-solublility,
after the above protective group was cleaved by the action

of the acid, and |

2) a photoresist wherein a resin component has a protective
group capable of cleaving by the action of the acid and

20 the resin component itself is insoluble or slightly soluble
in an alkali but becomes alkali-soluble after.th'e above
protfactive_ group was cleaved by the. action of the acid.

. ) Regardi;xg the -chemical amplification type negative

photoresist, the resin componenté are usualky alkali-soluble

25 and the phoﬁoresist contains a crosslinkingagent, inaddition
t6 this resin component and acid generator. : In the chemical

amplification negative photoresist, the.acid generated at the

radiation-exposed portion is diffused by PEB to act on the




7 crosslinking agent, thereby curing the binder resin of the

radi ati on-exposed portion. Exanples of the chem cal anplification type
positive or negative photoresist include a photoresi st wherein a group
corresponding to the acid 5 generatorvttmu i's, a group cleavable by the
action of |ight to generate an acid, is bonded to the side chain of

t he resin. The resin having ﬁhe respective structural units
represent ed dyoshdinkdng BoenH asheyeby|cyring the Pimdern resin of the

di ssolution inhibition ability to the alkali devel oper 10 particularly by
the presenceadizhésnreeposad mrrtbent or hupaples of(ltlhey ghamigalyr oup R
therein is cleaved by the action of the acid. Wien the anount of this
structural AmRlsfiFBtignatype pPogitiye or neig§t€d’rﬁ)éﬁhé’cqq}%¢§/lFﬁc+’é§§B§e
the resinitself is ingoluble 15 or slightly soluble_in an al kali but
becomes al k& iPReFAERELISE Whérqeelrnmegﬁfaeapmrﬁ%o?@w 5o( the

cl eaved by the action of the acid. Accord&gg%§h this resin is

particul ar | \FERBFAFOT, that 1fe 3 GHHR FHIAEAP therRaFign of” light
L Wnre R RERD 2 S i e w8
formia (I ?{g]ﬁle{fﬁé%?ﬁ%ﬂﬁ‘}%f S reParr i ST irag g o
Phose o miseorsreRted BP FRITEROTE FONGAR" My (3 F qu%ﬁrjfﬁéshﬁfe?r]
Rerr] andm;% %%’18gcﬁnpre erg{)ﬁtlor? Qf;diogent%r %Peaifﬂélba& p’%]ﬁPﬁr to 4

carbon ato eac Yy Tepresents hy rogen

S[ng'r?ei ng I;E%‘F @}%&9&%‘1—.},}% 15% I-.Ta.'écg urcEE&a?ﬂ‘.j\@TtaQ%%‘éer&
prese
(III) _and the group R therein is cleaved by the action of the
acid. When the amount of this structural unit of formula
(ITI)
is comparatively increased, the resin itself is inéolublé

15 or slightly solubie in an alkali but becomes alkali-soluble
after the groupR in the fbrmula (III) was cleaved by the action
of the acid. Accordingly, this resin is particularly useful
as the reéin component of the chemical amplification type
positive photoresist composition.

20 The position of a hydroxyl group in the formula (I), a
group -OC (=0)CR*R!R*® in the formula (II) and a group -OR in
the forfnula (II1) oﬁ the benzene ring is arbitrary, but is

. éeneraliy a p-posi_tion to the position r;:onnected to the main
polymer chain. “In these formulas, R, R?, R3®, R, R?, R13,

25 R, r?? and R each represents a hydrogen or an alkyl having
1 -to 4 carbon atoms, but_ eac;'h preferably represents hydrogen

or methyl. Considering the raw material circumstances, it

is advantageous that R', R?, R, R!?, R?! and R?? represent



8 . hydrogen and Rerr], Rerr] and R err] each represents hydrogen o

nmet hyl ..

In the fornula (11), one of Rerr], Rerr] and R err]

may represent . an aliphatic hydrocarbon residue and the rest nmay eac

i ndependent|y represent hydrogen or an aéiphatic hydr ocar bon 5 residue.
Exanpl.es of the aliphatic hydrocarbon re

al kynyl or the like, but alk eneral |y advant ageous. The nunbe
a%’?@affaa

of carbon ahpAFogen asdR®, RY I@lraﬂ

FERHIAP e MARCFRY Pemethyl.

conparatively large such asabout 20, buti,ggengral | yfonabout 1t 04.
Alternatively, & t?\%of%FmFPiPeéIBf FpRerqf By er?‘] 3RE R ePRY RBPrESent
conbi ned each ot her et her vmth a.c rbon g}ato whi ch the%care

bonded to f®Rn? 1PhaeF1Iﬁ/d? ?%ﬁ PPnge

Rerr],

i fES% FVf n@

ponded,  LhReRRRAST e SEHIRA yﬁr%%r?%ﬁ?raf’%’ a7 e
(S o T gty eoo%e%&%?%{ f?%‘d?fka% ryckaacafh“% Hhier o
fﬁébﬁgsitﬁh”ipé oA e SrEeEeh [ LYY B the ilepe, PR, BRRSReE
om neﬁaéta%%“'s?% &éév\’%a“‘é‘é’?%hf nefis nu@%ﬁ?ﬁﬁrfitca%gnm% oR=t RE, A%

o corr SR AR O i,

pi val oyl ,

In the formJFa

aci d. I

di ssol ut'i on |nh| ition ab

| due I ncl udes al kyl, al kenyl,

r

h -

r

are
15

m

I ARG 25
hf%?#?%e*%?‘?é%;?&?%%%l% e%[}% ?ﬁ?&&y.%ﬁ‘&@ R
CeloP B/ ALY JHHM  PROS e&ﬁiivﬁlgrrﬁ’é'ﬁsbééhbﬁﬁblned Nayndother
Ity to an kal i devel oper but are unstable

to the aci dyoExamewithenefbrbBa! #868m to which they are bonded to form

15

20

25

a hydrocarbon ring. When such a ring is formed by R, RY®
. ."I

and R'® as well as the carbon atom to which they are bonded,.

a crosslinked polycylic ring is obtained. When such a ring

is formed by two of R, RS and R!® as well as the carbon atom

- to which they are bonded, a monocylic ring is obtained. The

number of carbon atoms constituting the ring is from about
5 to 10. Among them, the case where two or three of R4, R1S

and R'® represent alkyl, particularly methyl, and the case

where two of them are combined each other together with the

carbon atom to which they are bonded to form a ring are

advantageous. Specific examples of the group corresponding

to -0C(=0)CRMR!SR® include isobutyryl, pivaloyl,

cyclohexanecarbonyl, cyclopentanelcarbonyl and t-rhe. like.
In the formula (III), R is a group cleavable by'the actlon

of the acid. It can be various known protective groups which

have a dissolution inhibition-ability to an alkali developer

but are unstable to the acid. Examples thereof include



9 tert-butoxycarbonyl, tert-butoxycarbonyl nmethyl, 1- al koxyal kyl
such as 1-ethoxyethyl, 1-nethoxyethyl, 1- pr opoxyet hyl ,

1- |sopr0poxyethyl 1- tert-butoxyethyl, 1- I sobut oxyet hyl ,

1- but oxyet hyl , pentyloxyethyl 5 %yclopentyloxyethyl

1- hexyloxyethyl cyclohexyloxyethyl 1- heptyloxyethyl

1- cycloheptyloxyethyl 1- met hox propyl 1- ethoxyg op and

1- met hoxy- 1- H@FHVPHQ%HYC%ﬁRP@YXeSFeﬁéﬁhut°xyc%§%PF %ﬁedlether such

as tetrahydro 2- pyranyl met hoxyt et r.ahydr o- ra
6- et hoxyt et r &hYFEFYA Waﬁmh agol- Féhoaqml&% rg}ﬁ% eeny1,

5- h hyd nd 5- 2-
orotecttve groapexvernvl Y T RSeoteporvAr o S eEET %&%aﬁyecw
t ted et rt I d S
brotect s ve gheaputoxveshaly bi epkelRiRY, ripetttodvBF R 1B I owi ng
o an a1 FuGIRBeRtd oxSEigh, 1-hey LiaveRnbry L ekFReBRY A Rer L.
h 1to 4 t 20 d I
Cyol oal kyl *of ~BERRU P EYh ¢ LoPycTo Ry ERRAS e T, 0 Rt herimfrd
| kyl h h t t d k
oL e o R a1 -SRI A A1 KUl 25y O
atons may bec{}e'ﬂ.@:r %’é’t\(ﬁlé/técfrgghéycgu%% %.%O"Getgloahydro—z-pyranyl, 6-

methoxytetrahydro-2-pyranyl, 6~-ethoxytetrahydro-2-pyranyl,

g ahese

10 tetrahydro-2-furyl, S-methoxytetrahydro-2-furyl and 5-
ethoxytetra-2-furyl. Among these protective groups, 1-
alkoxyalkyl group or 2-residue of chlic saturated ether is
particularly preferred. Such a px.:'ef,erred protective group
R can be specifically represented by the following foimula'

15 (ITTa):

R24 _
i .

—C-0-R%® (1ma)
r_'?zs

wherein R*® represents hydrogen or an alkyl having 1 to 4 carbon

atoms; R2® represents-. an alkyl having 1 to 4 carbon atoms;

. 20 and R?* fepreserﬁ:s an alkyl or a cycloalkyl or R?5 and R?® are

é:ombined each othea;: to form an alkylene chain which may be
.Isubstituted with an alkoxy.

' In the formula (IIIa) ,'when R?* is an alkyl, the number

of carbon atoms may be comparatively large such as about 20,-

25 Dbut is generally from about 1 to 4, that is, a lower alkyl.



25 but is generally fromabout 1 to 4, that is, a |lower alkyl.

10 . Wen Rerr] is a (Jerr] to (Jerr] cycloal kyl, exanples thereof

i ncl ude cycl opentyl, cycl ohexyl, cycl oheptyl and the |ike. Exanples of
t he al kyl ene chain fornmed by Rlerr] and R err] include trinethyl ene
and . tetranethylene (each one is combigned together with a carbon 5

atom to which R[erCr3]tdt$8bonded or an oxygen atomto which Rerr] is
bonded to famg:gﬁ%i&%%%u& i Qﬂaﬁ{ol%stEﬁéi‘glﬁ‘irﬂl?&’%éae'?cléiiﬁﬁ):ﬂs,
rally a to

wel | as part branched al kyl'ene chai n havi ng out 0 carbon

atons. The aljoil s ghai ByeaBhat Pand thathslidd Ut edabidlednoal kowy
havi ng about "1 to 4 carbon atons, 10 such as nethoxy, ethoxy or the liKke.

Preferred exan}Bsn®fchain #4¥Endd WP R2EPsLSE e nbY udie thamBi iy {éhbadnd
i ncl udes those wherein R err] 1s hydrogen and R err] and R err] are

respectivel ¥ Hyhdtvhylene (EQERESABPLS, cdmBih@EY @idydthdr b ek yRr@pyboar
the 1ike. In the present invention, preferred proportion of the

15 respgct ipwomwivdlieiiiict R 1s bepdedaeotednbyxi/berf avmt av Which RS {kl)
and (111) varies depending on the kind of the photoresist. General ly,

t he proport bonhddd the SérmicautatrahyBriofinesent tilg or abyethehiyaradwréhl )
Is selected within a range froml| to 30% by nol and the proportion of
t he structurdinginids repliseast edrtiG iy theahohed &ldyleneschebiactedrimd hin
a range from10 to 70% by nol according to the kind of the

phot or esi st abfhen 4 to Isigeyrlesn tdieomesi Moenpbhydens chssixheay mlso be
anplification type positive photoresist conposition, preferred
proportion substitubedstititan &lkowy hfvine dbendl i §¢ |4 darhoen Eiens,
range 25 fromabout 2 to 20% by nol, nore preferably not |ess than 5%

by nol Hhd setchmeye methoxaboetha®sy, oy woe, 1ukel e prefemrafl examples of

the group represented by the formula (IIIa) includes those
wherein R?* -is hydrogen and R?° and R?® are respectively an alkyl,
for.example, l-ethoxyethyl, 1—ethexyprppyl or the like.
In the present invention, preferred prbportion of the
15 respective structural u_nits represented by the formulas (I),
- {(II) and (IIXI) varies depending on the_kin.d of the photoresist;
Generally, the proportion of the stru:ctural unit represented
by the formula (II) is selected.with}ﬁ-a gange from 1 - to 30%
by .mol and the proportion of the structural uniﬁ represented
20 by the formula (III) is.selected within a range from 10 to
70% by mol according to the kind of the photoresist. When
using as the resin component of the chemical .amplification
t&pe pos‘itive photoresist composition, preferred proportion
sf the structural unit of the formpla.}II) is within a range
25 .from about 2 to 20% by mol, more preferably not less than 5%
bﬁ mol and not more than aﬁoutgls% by mol, while preferred

proportion of the structural unit of_-' the formula (III) is

within a range from about 15 to 50% by mol. When R in the

‘



proportion of the structural unit of the fornmula (II11) is within a

range from about 15 to 50% by nol. Wwen R in the formula
(1) is a 1-al koxyal kyl . such as 1-ethoxyethyl, 1- et hoxypropyl or the:
| i ke, preferred proportion of the. structural unit of the formula LA
(I''lI'x inthe resin is not |ess tttan 15% by nmol and not nore than 40% °
by nol, nore preferably 5 not nore than abeut 35%by nol. |In this case,

the total formullr QuOri) ofis of ibg1gbiycivedl shkh ak thadsxybanih!) and

t he structural unit of the forrmula (I11) is preferably not fore

than aboui - 4b¥olkypHipysed eRet hekeholrdifet elf pti®dr@Sidn of the The
resin having the respective structural units of the 10 above fornul as

(1), (Il)sepdctuira)l caikeobt ehaefbrih@lackalnhein the ts LOPDS B i1ddw the
respective substituted styrene conpounds represented by the foll ow ng
formul as €h¥h, 15¥)bantbl and @M¥lt) more than 40% by mol, more preferably
5 not more than about 35% by mol. In this case, the total
proportion of the structural unit of the formula (II_) and the
structural unit of the formula (III) is preferably not more
than about 45% by mol based on the whole units of the resin.
'The resin having the respective structural units of the
10 above formulas (I), (II) and (III) canbe obtained, for example,
_by copolymerizing the respective substituted styrene
c.ompouz:;ds represented by the foliowing formulas (IV), (V) gnd
(VI): |
R' R®

1 1
C=—C

R2 @ (V)

R2 ' (VI)
OR

15 wherein R!, R?, R3, R!!, R!2, R!3, R4, R!5, R!®, R?!, R?2, R?} and



[err] OR 15 wherein Rerr],Rerr] Rerr],Rerr], Rerr]
,Rlerr], ,Rerr] R,Rerr] ,Rerr], Rlerr],Rerr] and
12

R are as defined above. Alternatively, the resin can be
produced by reacting pol yvi nyl phenol s having a structural unit
represented by the formula (1) with &2 acid halide represented by the
foll ow ng 5 frormula (VII) [err] wherein R err], Rerr] and

Rlerr] are asﬁ\dg{_éngg @Qt{ﬁ(ﬁne@%&éepresents a hal ogen, and a

conmpound for leading to the group Rin the . formula (I1l) 10 in an

arbitrary order. Gﬁﬂ%@%‘rﬂa)bu;é‘i)ﬁ NeLB0dekS n can a@aaﬁfaaa%a bﬂW‘ﬁEaEEhﬁg
method is enployed, Rerr] int e fornula and Rerr] in the

formula (111) LRG 19MEn S Bafifg BNsthae zfaﬁ.rﬁk'.\'&.ﬂa =¥ My,
Rlerr] and R[%?% a?‘e}lt he sanme as J‘I'~22g vvrsn cra R[erlr] a?gemeﬁ%éa%%tthﬁe

same as R errformda (1) wieh oo Hamlche&déﬁﬂegentaa Bf{Ot'ﬁebe.nlebﬁng

above formula (I1l) is di-tert-butyl dicarbonate when i's
tert-butogycagbenuia aud)s: tert-butyl chl oroacetate when R i's
tert-but oxycarbonyl nethyl. Wien Ris a group represented by the above
formula (lIl1la), it is an unsaturated ether 20 conpound of the follow ng
formula (VII1): RM

X=C c ~R" (VI)
R16

wherein R'*, R'S and R!® are as definedl abové; and X represents
a halogen, |
and a compound for leading to the group R in the formula (III)

10 - in an arbitrary order. Generally, this method is
advantageous. When thi.s method is employed, R!'' in the fofmula
(I1) aﬁd R?! in the formula (III) are the same as R® in the
formula (1). Similarly, R'? and rR?? are the same as. R?, while
R*? and R??® are the same as R3.

15 ~ The compound for leading_ to t'fh'e gr':oup' R in th_e above
formula (III) is di-tert-butyl dicarbonate when R is
tert-butoxycarbonyl, and is tert-butyl chloroacetate when R
is tert-butoxycarbonylmethyl. When R ié a group represented
by the above formula (IIIa), it is an unsaturated ether

20 éompouné. of the following formula (VIII):

H24 )
R ) |
R28-C=C—0—R%* - (wI)
,;'127



[err] 13 wherein R err] is as:
defined above; Rerr] represents an al kyl or a cycloalkyl; and R err] .
and R[err] each independently represents hydrogen or an al kyl provided
that the total nunber of carbon atong of themis fromO to 3; or

Rlerr] .and Rl err] are conbi ned each 5 Sher to form an al kyl ene chain

whi ch may be subst | tutﬁd.vm'th _an_al koxy? 26 Exanpl es of the

pol yvi nyl phendlareiaviRy assesugafigred abovfiit Rf epfeRERSEA LSy athe fley en
(1) include polyvinyl phenol _ﬁnd ol ;i sopropenyl phenol . Exanpl es of the
aci d hal i de - aGY3gR { eangy R hand Rl gach Hnderendestiyopanyssents
chl ori de, i val oyl chl oride, cycl ghexanecarbonyl chloride,

cycl opent aneé’%d‘&ﬂﬂ#n(ﬂﬂ ary adkyl PRavided that the Cotpl nupherpf Ramhorhe
formula (VI1) may be used in an anpunt rqguir%g tp convert the_unit of
the fornul a @oemsnt thes dsufrRg CnEopdf yRF §1 pABAoRs i@fi® P iRfd Mchhe
formul a (L1). For. exanpl e en 1-30% of, t he hydroxyl _group in_thg

pol yvi nyl %heﬁ’(ﬂ}é‘gq fo-6ATEY R 'chFNV\ﬂe%ﬁ RELR YhLeha %rl?ﬁulsélbgstlé)‘ﬁ??,w’t%
acid halide of tﬁ@cfornula (M 1) may be used in the anount within a
range from 03FL & 0*YB- equi val ent based on 20 the hydroxyl group in the

| yvi nyl ph ls. _A | i d ' 1S . '
Quant | (3t vely - SRTLY RE FRE BRAGALOr CERBRGAS HAV-IRE. Fof MBS St
when e ac! SoHe FAPRSEREST areE Eor P | £ECRk b8 po1yRhndiliidnos

and polyisopropenylphenol. Examples of the acid halide

10 representedby the formula (VII) includes isobutyryl chloride,
pivaloyl chloride, cyclohexanecarbonyl chloride, '
cx_clo;ﬁent'anecarbonyl chloride or the like.

! The acid halide of the formula (VII) may be used in an
amount reﬁuirgd to convert the unit of the formula (I)

15 éonstituting the polyvi_nylphenols inlto theunit of the formu.la
(II). For example, when 1-30% of the_ hydroxyl group in the
polyvinylphenols is convefted into an ester in the formula
(IT), the acid halide of the formula (VII) may be used in the
amount within a range from 0.01 to 0.3 equivalent based on

20 the hydroxyl group in the polyvinylphenols. A very
complicated operation is required to quantitatively
determia:'le the _amounﬁ, of the unit of the formula (II),
s-pecifiz:ally ester portion thereof. Accoi'ding to the results
-of a test, when the acid halide of the formula (VII) is reacted

25 with fhe poly’vinylphenois, they reécts nearly quantitatively
if the amount of the acid haiide is not so large. Therefore,

it is possible to regard the amount of the acid halide charged

as an amount conversed into the structural unit of the formula



25 with the polyvinyl phenols, they reacts nearly quantitatively | f

the anpunt of the acid halide is not so large. Therefore, . it is

possi bfe to regard the anount of the acid halide charged as an anount
conversed into the structural unit of the fornmul.a

14 . (). In the formula ( |41|) representing the unsaturated

dthers, the portion corresponding to Rlerr]Rlerr]C=is added to a
hydroxyl groux) n the pol yvinyl phenols to becone an al kyl 5

corresponding to the group Rerr] in the formula (lI1la). 1In the
formula (M11), wmentké &ndRRlaar@Thbi nedresendrinartcié kyheaguratedhain,
the total nunber of carbon atons of this al kyl ene chai n and R err] in

the sane foretiberss shelbertihancomesmindhngaktiyREfR*?’C= isladdedotord of
Rlerr] and Rlerr] in the formula (lI1la) only by 1. 10 Specific exanples of
t he unsat ur dbeticexhkroronpodnd the polepyispApbennl s ri@fmqgma @vl 1adkyl

I ncl ude ethyl vi nyl ether, nmet hyl V|nyl et her, fro yl vinyl ether,

i sopr opyP wmrespon‘é!—h@rtorﬂb%t%nm%@rﬂll e Hepe ﬁ%m 31 (LIRS -et Karthe’
tert-butyl vinyl ether, sec- nyl ether, n-pentyl vinyl ether,
15 cycl opent%ﬂrw%@l(vét%rf Wheﬁ&ylaﬂﬂ ﬁy? aéfteh%‘Pmbé?&Fﬂo%%)?ﬂrm an akkyﬂ&ne
ether, ethyl 1-propenyl ether, methyl 1-propenyl ethe

i sopr openyl haer; t&%?PtElr@f’h]?PrlepFéﬁ'é?ﬂﬂaéﬂ‘?b?of thls?#&ﬂﬂ?&r%%%%n
3, 4-di hydr o- 2H- 5- di hydr o: 2- et hyl

3, 4- di hydr 020 tibwfmwrz rrgukadﬁﬁaﬁl&lerz%h?n&%?%%?m%%%n%he

unsatu atgd et hegscprrpound re

:‘Blr(ﬁm a (vi9hai rhﬂ@‘)%e s% Rn 8rd% ﬁ'oun’t r%laﬁlf'BE Sa(cagﬁgﬁf‘\b)y gnhfyt% tini t
of the EBr peézj.glccoenJS{grlnéEtelsn%ft Q:%éa QXrg e%:her compound

represented by the formula (VIII) include ethyl vinyl ether,
methyl vinyl ether, n-propyl vinyl ether, isopr_o;i:Yl Rfinyl
ether, n-butyl vinyl eth_er) isc_:butyl vinyl ether, tert-butyl
vinyl e’f:her, sec-butyl vinyl ether, n-pentyl vinyl ether, :
- 15 cyclopentyl vinyl ethe_r, n-hexyl vinyl ether, cyclohexyl
' vihyl ether, ethyl l-propenyl ether, methyl 1-propenyl ether,
methyl isopropenyl ether, ethyl 2-methyvl-l-propenyl eth‘er,-.
2,3-dihydrofuran, 3,4-dihydro-2H-pyran, 4,5-dihydro-2-
methylfuran, 3,4-dihydro-2-methoxy-2H-pyran, 3, 4'-d‘ihydro—
20 .2—ethoxy—2H—pyran and t].:le' like.
The unsaturated ether compound represented by the
formula: (VIIX) _maiy be used in an amount required to convért
the unit‘ of the formpla (I) constituting the polyvinylphenols

into the unit of the formula (IIIb):



into the unit of the formula (I11b): [err] wher ein

Rlerr], Rerr], Rerr], Rerr], Rerr]-and Rerr] are as defined above.

. For exanpl e, when 10-50% by nol of the unit of the formula (I)
constituting the polyvinyl phenols is converted into the unit 5 of the
formula, (1.11b), the unsaturated ether conpbund of the formula (M11)
may be used in an anmount within a range from 0.1 to 0.5 equival ents or
an amount |arger slightly than the above range. Since this reaction
does not proceeds 4 guantitatively, necessarily, the incorporation rate
of the 10 gro pF?epr sented by thg formula (I11a) is decided by

anal ysi s. — ' en the polyvinyl phenols and the acid
hal i de can befconidquctgd by di ssol vi Ng t he pol yvi nyl phenol s “having a
structural unjt f ntedVPy t he ormﬂ;ﬁéy) into 15 a suitable solvent
and adding the acid the fqrnul (M1) in the presence of a
basi c catal ys\. . . AX hes f the solvent used in this reaction

i ncl udes | ycol etG%rhﬁgfgrs uch as ethyl cell osol ve acet at e,

met hyl cel | osol ve acetate, Bpropyl ene glycol nononethyl ether 20 acetate
and propyl ene glycol nonoethyl ether; glycol nono- and di et hers, such

as ethylcel | ggal- g, gRtNhyi cesl 00l Veis 19 R16 are as defined above. For

example, when 10-50% by mol of the unit of the formula (I)
constituting the polyvinylphenols is.converted into .the unit
5.::. of thé formula (IIIb), the _unsaturate_d ether compound of the
formula (VIII) may be used in an amount within a range from
0.1 to 0.5 equiv'alents or an amount larger slightly than the
above range. Since this reaction does not proceeds
quantitatively, necessarily, the incorporation rate of the _'
.10 group represented by the formula (IIIa) is deqided bj(_':
_analysis. l

The reaction betwee.n. the polyvi':nylphenols and the acid

halide can be conducted by dissolviing‘_ the polyvinylphenols

. havipg a st'ructurai unit repreéented by the formula (i) into

15 a suitable solvent and adding the ac’id'. halide of the formula
(VII) in the presence of a basic catalyst.

Examples of the solveﬁt used in this reaction includes
glvcol .éther eéters .;,uch as ethylcellosolve acetate,
methylcellosolve aéetate, propylene glycol monomethyl ether

20 acetate and propylene glycol monoethyl ether; glycol mono-
'arzld die;hers, such as ethylcellosolve, methylcellosolv_e,
propyléne glycol monomethyl ether, p;opylene glycol

monoethyl ether and diethylene glycol éiime'thyl ether; ethers



propyl ene gl ycol nononethyl ether, propylene glycol nonoet hyl et her
and di et hyl ene glycol dinethyl ether; ethers -
16 “such as diethyl ether, tetrahydrofuran, 1,4-dioxane, 1, 3-

di oxol ane and dii sopropyl ether; esters sy h as nmethyl acetate, et hyl
acetate, butyl acetate, isobutyl acetate, %thyl | act at e, et hyl

pyruvat e,

nmet hyl propi,onate and ethyl propionate; 5 ket ones such
acet one, mﬁ%ﬂ@he?ﬁyﬁlﬁQhﬁiaegﬁﬁkpt%ﬁgﬁégydroéﬁﬁ&?ohixéﬁ%ﬁ?%ﬂﬁ?hgfh§T

I sobut yl

ket ; d ti, d b h I d tol :

The amount 1L keI ane S A4 Sonromph P BAEd: 875 228l ReB AT PONTY raTBEebE
bout 1 t 00 t i ght t of t | yvi nyl.ph | s.
0" ' Bearel ebare pBhedT SarsRber TrePaGELA Thar boan ree 1T,
as hexyl am

| SnPPRYaORete TRy PRoo SR AT erpyi ‘BRI S: |
| ani ne: . : | am
H%e, @orq}gg a\llﬁlélx ?S e%%%%%rné ’ﬁ?}ﬁ S%f ug Qhﬁgi QE@& mfarr?é}?eptanone ’

ani l i ne,

and 2- napht

di pentyl

di nonyl am n
di phenyl am

n

edé{c Z{. %Pgicgﬁgﬁlea @1{23? ’m&l‘ﬁ?% 2.¥ % rglg{éltk"h)}le altcrﬁ’l cg,?é ,l d£H§ Q{'}% atl ic.

| .am_n

alm ne, m ne, octyla

lary am nes Ssuc rinmethylam ne,

tripropyl amk%dr&é%?ﬂ%&'sa%%ﬁias xyﬁ.re@n.%e%% q;rHleené[i g@i(é(lﬁ%ﬁ'ﬁt of the

triheptylam

trioct m ne; "trinonyl amne, tridecyl am ne,

met hyl di but yé:ﬁi%(%ﬁt fgtéyﬁﬁaﬁf%ghgﬁjgﬁaéectea ﬁwlad&aaﬁﬂ ¥ BBout 1 to

nethyldjcyclo_e_ _ :
met hyl di nonylggn 92y ¢ BBLRY Wl i¢RRY IR Nene

ptyl am ne, nethyldioctylam ne,

Ayhdigrutph @b Heyvidglphenols.

am ne,

e
et hyl di pentyl anm'ne, ethyl di héxyl am ne, et%yldihEptylanlne,

10

15

20

25

Examples of the basic.catalys;.include primary amines
such as hexylamine, heptylamine, octylamine, nonylamine,
decylamine, aniline, 2-, 3- and 4-methylaniline, 4-
Aitroaniline, 1—naphthylémine and 2-naphthylamine;
secondary amines such aé dibutylamine, dipentylamine,

dihexylamine, diheptylamine, dioctylamine, dinonylamine,

.didecylamine, N-methylaniline, piperidine and

diphenylamine; tertiary amines such as triethylamine,
trimethylamine, tripropylamine, tributylamine,
tripentylamine, trihexylamine, triheptylamine,
trioctylamine, trinonylamine, tridecylamine,.
methyldibutylamine, methyldipentylamine,
methyld%hexylamine, methyldicyclohexylamine,
méthyldiheptylamine, methyldioctylamine,
ﬁethyldinonyiamine;methyldidecylémine,ethyldibutylamine,
ethvldipentylamine, ethyldihexylamine, ethyldiheptylamine,
eéhyldioctylamine, ethyldiﬁony;amine, ethyldidecylamine,
tris[2-(2-methoxyethoxy)ethyl]amine, triisopropanolamine

and N,N-dimethylaniline; diamines such as ethylenediamine,

#n



et hyl di octyl am ne, ethyl di nonyl am ne, ethyl di decyl am ne,
tris[2-(2-methoxyethoxy)ethyl]am ne, triisopropanol am ne and

N, N-diret hyl ani | i ne; di am nes such as et hyl enedi ami ne,

17 t et ramet hyl enedi am ne and hexanetgylenedianine; and

unsatuyrated cyclic am nes such as inidazale, pyri di ne, 4-

met hyl pyritdi ne, 4-nethylini dazol e and bi pyridine. The anount of the
basi ¢ cat al ysttetramntebybeneddmmd neaggel diexgonethy lemedianigeppengder nol
of the acid halide. This reaction can proceed under a norma
pressure, but unsatwegtaflsoybdicommistesl suchkrag fad@earle esevradddnean 4-
el evated pressure. This reaction is usually conducted at a

t enper at ur e | vethy keyr ddboel i Agmesihml igtidaeotel aask himyaidinei1o Theal i de
for about 1 to 96 hours. A resin having the structural units of the
fornulas (1) @&mPyntrf shepeasheratrlyselig sedected firawp sengrpef Ipdout
reaction product to a normal post-treatnent ogeration such as
extractiond clystal100aapbnper fRd Oifkdhe acidiBplig® conpl etion of the
reaction. Alternatively, the 15 resin can _be isolated as_a solid after
the conpletion of tTRLS reaggien;epn proceed unggr; RePREFEL PRESSVHY i St

bet ween t he pol yvi nyl phenol s and_t he unsaturated ether compound

repr esent ed E?‘%%éléﬁggé condugged padey g Iﬁe‘ﬁ'ﬁe‘gé’%ﬁﬂﬁfFeﬁr gr% §q§mattaﬁﬂ'e
solvent in the 20 resence of an acid.catal yst I n %‘Q‘i % r&‘eac%i on, the
sane sol PERSSIFShowr 5 TRRCF&8EB %&ﬂﬁﬁ%ﬁe"aﬂ &-&8& #hdti de

can al so be used. The anpunt of .the solvent is approp Latel sel ect.e
froma range SERRBLTCIES oI SoARE By i an P aa OF WAL divepr SR

resin. 10 halide for about 1 to 96 hours. A resin having the structural

units of the formulas (I) and (II) is obtained as a solution
by subjecting the reaction product to a normal post—trea:tment
operation such as ex;raction,_ crystallization or the like
after the completion of the reaction. Alterna{tively., the-
15 resin can be isolated as a solid after the completion of-..the_
reaction. |
Furthermore, the reaction between the po_lyvinylpheriols
and f;he unsaturated ether compound representéa by the above
formula (VIII) can be conducted in a su.itable -solvent iﬁ the
20 presence of an acid cétalyst. In this ieaction, the same
solvent as shown in the reaction with the above acid halide
can alsc? be us_,ed. 'i‘he amount of the solvent is appropriately
. selecte;i from a range of about 1 to 100 parts by weight per
a part of the raw resin. |
25 Examples of the acid catalyst fused in this reaction
iﬁcludes inorganic acids 'such as hyd-rochloric acid and
sulfuric acid; amine salt of inorgénic acids, such as

triethylamine hydrochloride and pyvridine hydrochloride;



25 Exanpl es of the acid catalyst used in this reaction i ncl udes

I norgani ¢ aci ds such as hydrochloric acid and sul furic acid; am ne
salt of inorganic acids, such as triethyl am ne hydrochl ori de and
pyri di ne hydrochl ori de; . . 18

or gani,c carboxylic acids such as oxalic E%id; organi c sul fonic agids

such as p-tol uenesul fonic acid, canphorsulfonic_acid, .

n- pr opanesul fastganieic@rhexlieahdssyohies axpdicagidnarganic sypifonic
organi c acids, such as pyridine p-tol uenesul fonate 5 salt and .

tri et hyl ani n@pids|sHe &8 Pokgddengsul forigehe, camphprsyd fraic aebdyst
Is selected froma range_of about  Q.001 to 100% by, nol pased on the
unsat ur at ed E1RFORFAPSUAFOBLCI Reid andiprhyFanegylonic acid; angamine
reacti on can proceed under,a norpal pressure, byt . 10 can_al so be
conduct ed und@lt P RKFRYLHr2CLGFe 6Pc§na§IBM£%QPne p-bpiuspesulfigrate

ot of Bhe SanARGEE SERY LR Rk pHARRSF O LABRL® AL 06 TRmAmouAt
in wh [ ti f th Lt of f I ) t
o the 15 Ohiie BEIEhE RGN 18 PRORaRed B e L2de 10 RHOR By 601
bj ti t t] duct .t I t-t t t ti
Such as extr 4 MOR® BYyubhhaged g tHE bRgatierted SHeE compouaR P E TR
of the reacti . A%;egffﬁkgely, t he resin can be isolated as a solid
after the coﬁ%1é?f n © 20 reaction. The resin having the

ERPRCtl e St Wl WSt on cASUERSORAINALE RO, Chiendli Ul
t he_ aci le can also be conducted under a reduced pressure or an elevated
pressure. This reaction is.usually conducted at a
temperature lowexr  than a b;oiling' point of the unsatu'l':.;ated
ether compound for ab<_>ut 1"|to 96 hours. A resin wherein a
portion of the unit of the formula (1) is convertéd ilnto the
15. unit of the formula (IIIb) is obtained as a solution by
subjecting the reaction product to a normal post-treatment -
oberation such as extraction, crystallization or the like
after the completion of the reaction. Alternatively, the
resin can be isolated as a solid aftex the completion of the
20 reaction.
The resin having the respective structural units
represe;nted by the fbrmulas (X), (II) and (III) canbe obta_.ined
.by the ‘reaction between the polyvinylphenols and the acid
halide represented by the formula (VII) and the reaction with
25 the compound for leading to the group R in the formula (III),
sﬁch as anunsaturated ethef represented by the formula (VIII),

in an arbitrary order. It is generally advantageous that the

polyvinylphenols are first reacted with the acid halide




hal i de represented by the fornula (VI1) and the reaction with- 25 the

conpound for leading to the group Rin the formula (I111), such as an
unsaturated ether represented by the formula (VII1), in an arbitrary
order. It is generally advantageous t hat t1t§e pol yvi nyl phenol s are
first reacted with the acid halide

19 represented by the formula (VI1) and then Yeacted with the

conpound for FERARAENLES Ry Frwuf EmwlanéVEd) narsd (they reacted with the
According to the nethod expl ai ned above, a resin wherein the unit
represent ed HSOPREURGr FRTa (9391ing dte hEhgngirours R epResbRt O TP kel 5 bl a

(I'11) are incorporated in an arbitrary proportiqQn can be oltained. The
resin. thus obPEFREG 1T LBt RR MR tOd €xl 3 IReAA{WVR 0B BREAT BRErRin
photoresist. The protective group_incorporation proportion can, be

adj ust ed by p‘?%ﬁaﬁ’r’lﬁ{; 5%%5?34; JPY r E8En "m‘é’rﬁ?n I{% 8RS AN the

10 D0 35 O SRS Uy Ui kg FSH SERR HBKAS U2 LA
aredi fferentan ”g,é}g%t hem . ln the att%r case itTi S adgant equs to
use those haVf : ?’ap&ﬂﬁ)oaﬁ%’t?’?/eﬁf_lc §s& ﬁao’tré%?‘tve R¥ otiB llﬁcg‘ 5t ation
15 DroPOr OO SAIA RS Al D510y 4% A 068 CBBBEngn, 4B %he
7m0l i B8 e ISP RS g cor Ml o ddBokeRkl
Lo, e AROBERAUEREA Wy Mol 15 SURRLETIRY, or xsine RIBFILES
include y@ri Qise abkabbr30ldbldd esidSrporation proportion of the unit
represented by the formula (II) and that of the unit
represe!nted by the formula (II1) aredifferent and mixind them.
In the ']lat;er case, it is advaﬁtageous to use those having
a comparatively close protective group incorporation
15 proportion in combination. The resin thus obtained can be
. used alone as the resin component of the photoresist, or can
also be used in combination with the othef resin, wherein the
- amount of the resin thus obtained is preferably not less than
50% by weight based on the whole resin component constituting.
20 the photoresist.
Exémples of the other resin, which can be used in the
present: invention, include various _alkali;soluble :pésins-,
. énd res:ins wherein a phenolic hydroxyl group has a dissolution
+ ‘inhibition ability to an alké.li developer and is partially
25 protected with a group which is unstable to the acid. =
E}.camples of the alkali-—solﬁble resin include. novolak resin;

polyvinylphenol resin; polyisopropenylphenol resin;

copolymers of vinyl phenol and acrylic acid, methacrylicacid,




and resins wherein a phenolic hydroxyl'group has a di ssol ution
inhibition ability to an al kali developer and is partially 25 protected-

W th ‘a group which is unstable to the acid. Exanpl es of the
al kal i -sol ubl e resin include novol ak re ¢nr3] “pol yvi nyl phenol resin;
pol yi sopr openyl phenol resin; copolg rs of vinyl phenol and acrylic

aci d,” methacrylic acid, 20 .

acryl oni t ridagy henhyribes leethyiimethaenylaks ymatdiyh@chtate. natelc

mal ei ¢ anhydrjde, i sopropenyl phenol, styrene or a - met hyl st yrene; and
copolynprsaﬁldﬁmmabpaqyaphdeldﬁnilSOPrQEP@MLPhﬁRQE'néFKEEP?IPE’thd,
acrylonitrile, nethyl 5 nethacrylate, nalei¢ acid, nal iﬁ anhydri de,
styrene or @thylSt%?ﬂ?lisﬁ%ﬁépﬁﬁé&%rFegﬁné-W%ﬁ%%yﬁg BaP ia?‘lﬂléyj
hydrogenated to | nprove transparency. As far as the . _. resul%’n resinis
sol ubl e i nagralkal reigdn BeEpacoilif RRFS, 2cTHLIAREEFikE  nkE be

I ncorporated into a phenol nucleus., _10 The group for_protecting the
phenol i & hy@@@f}r{j}-éﬁﬁao?ﬂatlﬁéé’e acid, dT‘?{%lFF-QSGI”g’é’IJe“r%%‘i n§t¥,ﬁﬁnge°5ar"i ous
groups sanme to those exemplified above_as in.the for (reny.

A chenlcaL?ﬂﬁﬁEﬁfﬁEYFSﬁetypEHEﬁStGﬁﬁﬁﬂﬁ %@%a?&?o be‘§%#%£%%g¥ an acid
generator in ition to the resin described abqye. . _Thi i d generator
can be vari ‘&%ﬁ’ﬁ%ﬁﬁésté’aﬁmreove roPSHeAS S i'ng%asﬁ faalelt1d§%381elgposi ng the

subst ance it sel {tgrrlga]&%'ﬁi%l Jrssgs%ozfu]gfnpgﬁsiéﬁ%]@f%?i LN £, SUDST BRGEy L O

radi ati on. T use a mxture of two or’nore
CormOnes on cnE L Rk FLES o LB ARHRE Boe o srpatel RN
conpougg, Qfﬁg%'r%"ﬂﬂ]%@%95&@%t&%@eﬂgdphéﬂbﬁq_@ fy&%o%kyl group of these
alkali-soluble resins can be various 'groups same to those
exemplified above as R-in the formula (III).
A chemical amplifj.cation type photoresist usually
comprises an acid generator' in addition to the resin describe_éd'_ ;
15 above. This acid generator can be various compounds capable
- of generating.an acid by exposing the substance itself or a
resist composition containing the substance to radiation. = It
can also be used as a mixﬁure of two or more compounds.
Examples thereof include onium salt, organohalogen compound,
20 compound havinga diazométhanedisulfonyl skeletqn, disulfone
compound, ortho-guinonediazide compound, sulfonic acid
compound and the like. Examples of the onium salt includes
iodoniux'tl salt, sulfonium salt or the like. Examples of the
anion constituting these onium salts include p-
25 tc?luenesulfdnate ion (p—éH3C5H4éO4'),
tfifluoromethanesulfonate- .i-on (CF38037}, tetrafluoroboraté
ion (BF;"), hexafluorophosphate ion (PF¢ ),

hexafluorocantimonate ion (SbFs~) or the like. Various




conpound and the |ike. Exanples of the oniumsalt includes I odoni um
salt, sulfonium'salt or the |ike. Exanples of the .anion constituting
t hese oniumsalts include p- 25 toluenesulfonate ion
(p-CHerr](err]Herr]Sqerr] ), trifluoronmethanesul fonate ion
(CFlerr.]SO err]), tetrafluoroborate 2bn (BF[err]), hexafl uorophosphate
ion (PF[err]), hexaf | uoroanti nonate ion (SbF[err]) or the liKke.

Vari ous haloalkyltriazine compounds are inc2lded imathel kyltri azine
conpounds are included in the or ganohal ogen conpound. The conpound
having a -orghrdlvakbyanecdiomploiord| ghe etamposnd bevpowgnda wher ei n

di azonet hane is substituted with two of aryl sul fonyl, 5 al kyl sul fonyl
cycl oal kyl sdifamyhetbénedishd fdiml fdreleton demeowmnpourd cehpaeich havi ng
-Sgerr]Sgerr]-. Exanple of the ort ho- qui nonedi azi de conpound

i ncl udes 1, Aiazometbeareqiisnemidtiziweed 2yiths oot eaxegisnl fongl,

napht hoqui nonedi azi de-(2)-4- or -5-sulfonate ester. 10 Exanples of the
sul f oni cb aciad kxohpelfdnyhcl gyelostldy bful fonydl k@tsul f Giec Gicswlfeseer of
hal oal kyl sul foni c acid, ester of arylsulfonic acid, ester of
canphor sul f empend &F Bheompound Rw@vimed eRQePPes- ofExeohecololthe
conponent constituting these | esters includes pyrogal, 2- or

4-ni t r obenz@rtievrsinonegdiazddg manrmendy inglystes 1 N hydroxyi mi de
conmpound; oxi nme . conmpound or the like, In the present jnvention, the

oni um QQQ%QQ%mﬁﬁﬂggiﬁééﬂﬁg(Qhﬁ%ﬁﬁﬁ%fﬁﬁﬁé&i§ﬁq%ﬁwlls%életom

dlsul fon comound, sl fonic.acid compouypd ot e Like are, o popreferanty

as the fﬁrdé%iﬁg égrof the sulfonic acid compound include ester of

| alkylsulfonic acid, ester of haloalkylsulfonic acid, ester
'of.arylsulfonic'acid, ester of camphorsulfonic acid or the
1ike,andexamﬁlesofthealcoholéomponentconstitutingthese
esters includes pyrogai, 2- or 4;nitr6benzyl alcohol;

16 2,6-dinitrobenzyl ‘alcohol, N—hydrpxyimiae compound, oxime

- compound or the 1ike. In the present invention, the onium
salt, compound having a diazomethaﬁedisulfonyl skeleton,
disulfon compound, sulfdnic aqid cgmbounh or the like are

' preferably used as the acid generato;. .

20 Specific examples of the onium salt as the acid generator
include p-tolyldiphenylsulfonium p-toluenesulfonate, p-
tolyldi?henylsglfonium trifluorometﬁénesulfonate and thel
iike. épecific examples.of the compound having a
aiazomethanedisulfényl skeleton incl&de

25 bis(cyclohexYlsﬁlfonyl)diazomethane, i;
bis(phenylsulfonyl5diazomethane, bis (p-

E tolylsulfonyl)diazomethane, bis(2,4jf1

xylylsulfonyl)diazomethane and the like. Specific examples



i ncl ude p-tolyl di phenyl sul foni um p-tol uenesul fonate, p-

t ol yl di phenyl sul fonium trifluoronmet hanesul fonate and the like.

Speci fic exanpl es of the conpound having a di azonet hanedi sul f onyl
skel eton i nclude 25 bis(cyclohexyl sul fo%l ) di azonet hane, _

bi s( phenyl sul f onyl ) di azonet hane, bi s(p- t ol yl sul f onyl ) di azonet hane,
bi s(2, 4- xyl'yl sul fonyl ) di azomet hane andthe |ike. Specific exanples
22 of thefdkbel Bésaldonwermpeendddngilpidaydinhenyiodésudifone, di-
p-tolyl disulfone, phenyl p-tolyl disulfone, pheq¥j p- - met hoxyphenyl
di sul f one arp-théyili Bdsuddangi colesgawpl Bsteflyl diswbigues opbernyct -
conpound i nclude N 5 (phenyl sul fonyl oxy) succi nimde, N-_, '
(met hyl sul f orpeEReXyPEIENY Iniddsulfone and the like. Specific examples of

(trifluoronethglsquonyLoxy)sy&cininide, N-

(but yl sul f onytBRy sydEemdicnaid pempound incdmsorNul f onyl oxy) succi ni ni de,
N 10 (trifluoronethylsul fonyl oxy)phthalimde, N

(trifluor@ret ﬁ?b§ﬂl¥ﬂ-§h‘§1f&¥%l@&ﬁh’c%‘é‘l:?h?éié‘}d?-'nil\h obenzyl

p-tol uenesul fonat e, _4-nitrohenzyl p-tol yenesul f onate, 2, 6-nitrobenzyl
p-t ol uenesul f bRGEEY1EY ﬁ?ﬂiiﬁﬁ%kﬁ&#ﬁyplmlde'p??bluenesulfonate,

1-b | - 1- phenylgethyl p- .15 fol \f onat.e . | ed :
bensoi 1 t osyl AEE} FLaorngdthyasld PoRlERY) SO R Y <o e

-tol | f | lied, .8t hyl ol benzoin tosyl ate),
B o RE R PO TR oS R R RV Ret oni tr1 e and "t he
i ke.

camphorsulfonyloxy)succinimide, N-

10 (trifluoromethylsulfqnyloxy)phthalimide, N-
(triflﬁoromethylsﬁlfonyloxy)naphthalimide, 2-nitrobenzyl
pjtoluenesulfonate, 4-nitrobenzyl p—toluenesulfonate;.
2:%—nitfobenzyl p—tolugnesulfonate, 1,2,3-benzenetoluyl
p-toluenesulfonate, l-benzoyl-l-phenylmethyl p-

15 toluenesulfonate (commonly called name: benzoin tosylatej,
2-benzoyl-2-hydroxy-2-phenylethyl p-toluenesulfonate
(commonly dalied name: a -methylolbenzoin tosylate), a-
(p-tolylsulfonyloxyimino)-4-methoxyphenylacetonitrile and
the like. |

20 'Among them, the cémpound having a
diazomethanedisulfonyl skeleton, particularly
bis(cyc}oalkylsulfohyl)diazomeﬁhane such as
bis(cyciohexylsulfonyl)diazomethane is preferably used
because a photoresist compositioﬁ containing it as Ghe acid

25 ggnerator exhibits good resolution and affords a nearly
réctangular'profile. Oon tﬁe other hand, the onium salt such
as p~tolyldiphenylsulfoniump-toluenesulfonate is cleaved by

the action of radiation to generate a strong acids such as



20 Anong them the conmpound having a di azonet hanedi sul f onyl

skel eton, particularly bi s(cycl oal kyl sul fonyl ) di azonet hane such as

bi s(cytl ohexyl sul fonyl ) di azonet hane is preferably used because a

phot oresi st conposition containing it as_the acid 25 generator exhibits
good resolution and affords a nearly 23rectangular profile. On the other
hand, the oniumsalt such tas

p-t ol yl di pheny+ sollieniesul-fiorlicaedd, f oharebysmakéngettbpossibld&caehhancef
radi ation to generate a strong acids such as

23 p-t ol tkaesehébhiviayi df thermbytorksigt coppeosiifiiono dritbemetore,
the sensitivity of the photoresist conposition. Therefore, it is also
preferable. it is alspbnprefertedmeal anplification type positive

phot or esi st , 5 it is known that the performance deteriorated by

deacti vation &h thechemd call ampdifd cattdmn sVperp9$ jhivehsteresasthe
i nproved general |y by adding an organi c base conpound as a quencher.
In the pr®senttiifykpomanthat the peyd grmdnree ddpteriorateg by daackicat ian
organi ¢ base conpound. Specific exanples 10 _of the organic base conpound
used herein i?nﬁlngbé priifadyl lowed £p netandc R fdeheldski AEPOREFE) 198R e
octyl am ne, nonyl am ne, _decylam ne, aniline, 2-, %@
and4-nethy|an+mPﬁ8Yed gengrgildyy I%qQ%HQ-ﬁBpHFH?P& Sghfompound as a
'2- napht hyl am ne; secondary am nes such as dibutylaniﬁg, diggnt¥l m ne,
15 di hexyl anffReRCHPRept yRam AT F R VIIRPRE: OFi nd iyt §f 180 PreterTed to

di decyl am ne, _N-net hyl ani |  ne, piperi.di he and | phenyl anine; tertjary

2 nee. such SEOFPRACKs BHFRean S285RiF BERH SarRE At pRBRH T e xamp 1 &5

tributqu@ru%f the organic base compound used herein include primary
amines such as hexylamine, heptylamine, octylamine,
nonylamine,decylamiqe,aniline,2—,Z}-and4?methylaniline,
4-nitroaniline, l-naphthylamine and 2-naphthylamine;
secondary amines such as dibutylamine, dipen;ylaﬁine,

15 dihexylamine, diheptylamine, dioctylamine, dinonylamine,
didecylamine, N-methylaniline, piperidine and
diphenylamine; tertiary amines such as triethylamine,
trimethylamine, tripropylamine, ﬁributylamiﬁe,
tripentylamine, trihexylamine, triheptylamine,

20 trioctylamine, trinon?lamine, tridecylamine,
methyldibutylamine, methyldipentylamine,
methyld}hexylamine; methyldicyclohexylamine,
.methyld;heptylamine,‘methyldioctylamine,
methyidinonylamine,:methyldidecflamine,_etﬁyldibutylamine,

25 ethyldipehﬁylamine, ethyldihexylamine, etthdiheptylamine,
eéhyldicctylamine, ethyldinonylamine, ethyldidecylamine,
tris[2—(2—methoxyethoxy)eﬁhyl]amine, triisopropanoclamine

and N,N-dimethylaniline; quaternary ammonium salts such as




tripentylam ne, trihexylamne, triheptylamne, 20 trioctylam ne,

trinonyl am ne, tridecyl am ne, nmet hyl di but yl am ne, nethyl di pentyl am ne, "
‘et hyl di hexyl am ne, nethyl di cycl ohexyl am ne, met hyl di hept yl am ne, '
met hyl di oct yl am ne, met hyl di nonyl am 25 met hyl di decyl am ne,

et hyl di.butyl am ne, 25 ethyldi pentyl am n&” et hyl di hexyl am ne,

et hyl di hept yl ani ne, et hyl di octyl am ne, ethyl di nonyl am ne,

et hyl di decyl atietgabutylamnep pun2hyginessdde hokigeings) HWae as
triisopropanol am ne and N, N-di et hyl ani | i ne; quaternary amonium salts
such as -ethylenediamine, tetramethylenediapine a%trabutyl anmoni um
hydr oxi de; di am nes such as et hyl enedi am ne, tetranet hyl enedi am ne and

hexamet hyl enediefanREhuiRRedsanings caneynFatirated syl g amines sueb ae,
pyridi ne, 4-nmethyl pyridine, 4-pethylimdazole .5, and bipyridjpe, . These
organi ¢ base AGHBHARIE cRYHEILRE 4'met&?361r%¥rbﬁil¥1ﬁ'cér?&F%HEYJoH“b#aF\%eor _
nore kinds_of them,In .. the present inyention, use of the tertiary
amine is 5 a9 BIRNGIIAR el GHETE ARIAG RS S IRPEURaS. TitrEed
an organi ¢ base conpound. is preferred which is not evappk at.ed at the
prebaking te Sr L5041 h%&m]?’fn?glpé‘nﬁifné:d"oe\% 3t cinds r‘% Ty of®
the resist fil %or-rred on the sgbstrate to x&rlt te .t he efffr(l:é,ig.g.
Eﬂose havi ?g_ & ﬁ’ﬁfger]?toiﬁv%? ﬁ8f1_'l é‘lff t _nfh_e _ ﬁ&ﬁéfg’r ]a&‘ In
e present invent. on, [ ca i.ficati
typepositi vepﬁ’&r&lecs‘%risaf% %Lé%teﬁic%ﬁeranhd(g’g@o?%rtw a Pngxaﬂ]?‘ec base ggfnaounds’
generator togeth L.t ' ! . f [ esi
domponent i 5 SrepErBty pres S BE T E P R offed N is not kBB
10 at the prebaking temperature so that it is remained even after
prebaking of the resist £film formed on the substfate to exert
the effect, e.g. those having a boiling point .of not less than

B

150C.

In the present invention, for.the éhemical amplificatidn
15 typepositive phqtoresist composition made by formulating'the
acid generator together with the resin component, an amount
of the resin component is preferably from 50 to 98% by weight,
more preferably from 75 to 98% by weight, and an amount of
the é.cid generator is preferably f:r;'om 0.05 to 20% by weight,

20 more preférably from 0.-2 to 20%, by weight based on the totai ,
solid content in this composition.. When the organic base
compoun-.d is fo_rmulat_ed as the quencher, it is preferably used
‘in an an;ount within a range from 0.001 to 10% by weight based
on the total solid content. The roughness of the profi_le can
25 be improved, the focus margin can be widen and the resolution
.cé.n be improved, by adjusting the amouﬁt of this quencher to
a higher value within the above range. Such. an effect becomes

remarkable when the amount of the quencher is adjusted to 0.2%



nore preferably from75 to 98% by wei ght, and an anount of the acid
generator is preferably fromO0.05 to 20% by weight, 20 nore preferably
from0.2 to 20% by wei ght based on the total solid content in this
conposi tion. Wien the organic base 2grzrrpound is formulated as the
gquencher, it is preferably used I n amount within a range from0.001 - -
to 10% by wei ght based on the total solid content. The roughness bt

the profil éoxareight de highevedasedeohothe tatgiln sediidecanbemt akd the

resol ution can_be inproved, by adjusting the anmount of this quencher

to a egreegsaryeni-t hin the above range. Such an ef fectbecones

remar kabl e when the anount of the quencher is adjusted to 0. 2% i

25 by wei ghPnokhfi ghberpasad ovher the apmayntdofofbentausnerer is

conposi tion, On the other hand, when the anount_of the gquencher

i s i ncreeseasednethei acydneracEating e tha POTIAN ofdizadiatien is

trapped_by the quencher and the sensitivity is, often | owered. When

ften lpo
usi ng aScorfFRPECRRY G THPRSS RS ABAcES W IRPIF LKty s ofter Jyered.
bi s(cycl oal kyl sul fon or,_ it i

ot oettve MRS LT GPEatOeLaaNiEY & S LoRsFRasREA LY bl thene

-tol | f te,, p-, 10. talyldi | sul_f oni trifl | f te, etc.
oA ForPhE (N oY L F e Bk ABR R s £5 EHpr Brad
th itivity._ Thus, .by.usi t he. d havi
(i azomot har R GER byl K abo bt Sl 6R1 i aet o, ShEbm RAE SR ha by

I ncreasi ng t@°f£g§$%¥l|8%x&gﬁl&%u°%nﬁ%r .—gglu%geskﬁo%\fae{@ﬂ;?' n roughness, an

[ rrprovemantpT nr a am | Acrease ocus gin can be
accorrphbsh%f}?ﬂdiphenylsulfonium trifluorosulfonate, etc. in '

combination as the other acid generator in order to improve
the sensitivity. _Thus, by u§ing the compound having a
diazomethanedisulfonyl skele::‘.o'n'and onium salt in
combination and by increasing the amount of the quencher, an
15 improvement in roughness, .an improvement in resolution and
- an increase in focus margin can. be accomplishéd and, .
furthermore, -é.sreduction in sensitivity'can also be inhibited.
When using these two acid generators in combination, it is
preferre'd to adjust a weight ratio of the comp_ound héving a
20 diazomethénedisulfonyl skeleton to the onium salt within a
range from about 100:1-50.°
If;necessa_ry, the photoresist composition of the present
inventi;n can contain various additives commonly used in this
;field,f- such as dissolution inhibitors, sensitizers, dyes,
25 adhesion mod’ifiérs, substrate dependence modifiers, water
rétaining agents and the like. Sometimes, the portion to be

removed may be remained thinly on the substrate depending on

the kind of the substrate on which the resist is coated, and



furthernore; a reduction in sensitivity can al so be inhibited. VWhen
using these two acid generators in conbination, it is preferred to

adj ust*a weight ratio of the conpound having a 20 di azonmet hanedi sul f onyl
skeleton to the oniumsalt within a ré%ﬂge from about 100: 1-50..

I f necessary, the photoresist conmpositio f the present “invention can
contain various additives comonly used in thjs field, such as

di ssol uti on ErEbia greterehent pfethe ffsin £dbm gaRedHRERFEPEr BY
substrate dependence nodifiers, water regaining ents and the |ike.

Sonetimes, tKOTPRVAHIT & sBall ampuRs\RE anay sgr%a%ggnﬁﬁqﬂﬁ,me@:tﬁﬁ'@r

substrate depending on , ng kindg of the substrate gn which the resist
i s coated, aﬁH.Ch as succinimlide. Since the presence o Z»Gater 1%E@|gué|_red

retention of the thin filmcan he adjusted by ., formul ati ng., a I 1
anDuntlof a §Gb§ﬁ%§¥?%%p€hﬁeﬁ8é ;gkﬁ Chzmlgﬁéh%ﬁﬁiﬁéﬁé?ﬁﬁ?ﬂgg&gﬁnce

t he f ter, i i red t te.th id.i h i cal
apl 111 oot | oRBOE S5 48 piitih ASIS £20 RE S ERCE Y Y SRR VE P BCer %
by addi n t he wat er .retai ning agent. W ' h di t.i , LLh
Pot ol moont 5ot HBRSs Hesed i SHAnE | oJRey WaThACthagRGaaatk e, Ml
total solid content inth ki . '
conponent s a&é’; ' 5@%% h‘% ﬁgh@Togis;gfg\§§ntth§‘51 t%ba?uggoggﬁ Z‘ﬁ%rgé?ll gtr}?la\(?eq he
total solid gs%”tt%%t tota '%oﬂhhbgn%herrﬁpgﬁlf%ﬂg] égm%)%sﬁ.@/%&}'. wei ght to
prepare a resist solutron, which 1s coated on the substrate such as

silicon — vafermIhesolyenlshsedser eidhdtiees 20 <Ons a3l Ofne

di ssol ving the respective conpo and can be those whic 15 are

conventiggal Ly 1usett isd thbt the! doncEXdPieod kA @%fe total solid content
is within a range from 10 to 50% by weight to prepare a resist
solution, which is coated on the substrate such as silicon
wafer. The solvent used herein may  be any oné capable' of
dissolving the respective components and can be those: wh_i'ch__' :
15 are conventionally usgd in this field_. Examples thereof
include glycol ethef esters such as ethylcelloéolve acetate,
methylcellusolve acetate, propylene glycol monomethyl ether
acetate and propylene glycol monoethyl ether; glycol mono-
and diethers, such as ethylcellosélve, methylcellosolve,
20 propylene glycol monométhyl ether, propylene glycol
monoethyl ether and diethylene glycol dimethyl ether; esters
such_as; ethyl _lactat_e, butyl acetate and ethyl pyruvate;
].cetones‘ such as 2-heptanone, cyclohexanone and methyl
~isobutyl ketone; lactones such as y -butyrolactone; and
25  aromatic hydrocarbons such as xylene. These solvents can be
uéed alone or two or mo're .kinds of 'them. can be used in
combination.

From the resist film coated on the substrate, a pattern




i ncl ude gl ycol ether esters such as ethylcell osol ve acetate,

met hyl cel | usol ve acetate, propylene glycol nononethyl ether acetate
and propyl ene gl ycol nonoethyl ether; glycol nono- and di et hers, such
as et hyl cell osol ve, nethyl cellosolve, 20.,_propylene glycol nononethyl

et her, ,propyl ene gl ycol nonoet hyl etfér and di et hyl ene gl ycol di net hyl
et her; esters such as ethyl lactate, butyl acetate and ethyl pyruvate;
ket ones suchissuubédpyadfommecd wHoheglanthe zespestthive stepssebgtylasket one;
| act ones such as y -butyrol actone; and 25 aromatic hydrocarbons such as
xyl ene. Thaseesbbkénus pattieening erxgmsswtencPBB awd devedoprndmidsisinghem
can be used in conbi nati on. Fromthe resist filmcoated on

t he substratan alpaltiedeveloper. 27

is usually formed through the respective steps such_as pr e- baki ng,
patterni ng exposufhe ﬁE%lawanae@aamm&ﬁﬂ i ger illysta|ts theewdepent
The follow ng Exanples further illustrate the present 5 inventjon in
detai| bt aeveetips be ¢ehaildedattareinet thde conseppedttRrlehpit|fhene
Exanpl es, percentages and parts, which represent the content or
amount, are W%irg?ﬂr%ﬁlf essin the BExamplese ReBFEALages andRARES: IW@hp o
1 (la) Partial pivaloylation of polyvinylphenql . hn a flask,
100 g (0. 83 FRPr&ESHLp LR APHSTHE Uni }OBRE, arepg?kgz YRRy PBRESS ) and
1.2 kg of propyl ene gl ycol nonet hyl et her acetate were charged and
stirred to o‘?'g%%FVésgh\é%Péﬁg.

llO Synthesis Example 1
(1la) Partial pivaloylation of polyvinylphenol
In a flask, 100 g (0.83 mol as a p-vinylphenol unit) of
_poly(p—vinylphenol)and;.2]q;ofpropyleneglycolmonomethyl
ether acetate were charged and stirred to dissolve the resin.
15 After the completion of thé,"éissolution, 524 g of the solvent
"was distilled off by vacuum distillation under the co‘nditién_s
of a temperature oﬁ 60C and.é.pressure of.éo Toxrxy. To this
resin solution, 12.6 g (0.12 mol, 0.15 egquivalents based on
hydroxyl group of poly(p-vinylphenol)) of triethylamine was
20 added. After the solution was heated to 50C, 10.4 g (0.083
mol, 0.1 egquivalent based on hydroxyl group of poly(p-
vinylphgnol))ofpivaiqylchloridewasaddeddropwisé. After
sﬁirring at Sot:fqr 3 hours, 224 g of propylene glvcol
monomethyl ether acetate, 800 g of rﬁethyl isobutyl ketone and
25 6Q8 g of an aqueous 0.5% oxalic acid solution were added and
a.phase separation of the résulting-solution.was conducted.
The phase separation after adding 608 g of an agueous 0.5%

oxalic solution to this organic layer was conducted twice,



15 After the conpletion of the dissolution, 524 g of the sol vent was

distilled off by vacuumdistillation under the conditions of a
tenperature of 60[err]C and a pressure of 20 Torr. To this resin
solution, 12.6 g (0.12 nol, 0.15 equival epts based on hydr oxyl group
of pol y(p-vinylphenol)) of triethylanmi ne Was 20 added. Afser t he
solution was heated to 50[err]C, 10.4 g (0.083 mol , 0.1 equival ent
based on hydfei}bwedolny ofagluing p- Furthermorghetdl9 )reFfubtBEoPT ST i de
was added dropw se. After stirring at 50[err]C for 3 hours, 224 g of

propyl'ene gl Yager was warsdvest [iHires Heimegevath 68609y aff it zroatyr
ketone and 25 608 g of an aqueous 0.5% oxalic acid solution were added
and a phndea phasatdenproitioe vas @endecEsfut i SReWREIeBAFuLEYRT was
The phase separation after adding 608 g of an aqueous 0.5% ., oxalic

sol ution to thhcemtgatiad baydiskad leshadd &8 godyent to obtain 388 g of
28 foll owed by washing. Furthernore, the resulting organic | ayer
was washdd tar sesimmseM%iP®B08 g of deioni zed wat er and a phase

separation was conducted. The organic | ayer S, oncent ed b .
distilled off theThHe RARCILEHERPH Sﬁsté%ﬁmg?% ?‘é&?ﬁn oﬂﬁ iatztﬂﬁs Zesin
The concentration of the solid g t of this resi sol ution wa

det er ni ned b§oaRtPRHYAS iiﬁﬁeFB‘l%g%ﬁgé’s?naﬂ‘ﬁaPPr a?:'i%%g. §§¥§%Ssﬂb&ﬁcf 6%
Conver t od | nvBSpsal . ABRRE (108 obof B ARV EEEA R AP aP EoRaY (B ti al 1y
D et PP TEREL poi, s, et ANSEES, B foR ol oS
above(ﬂfa’.?1%%3Partial 1-ethoxyethylation of partially pivaloylated
polyvinylphenol
In a flask, 8§ﬂ2'g (0.19 mol as original p-vinylphenol
unit) of the resin ;olution obtained in the above (la), 0.023
gof p-toluenesulfdnic acid monohydrate and 315 g of prop;'rlene.. )
15 glycolnmnomEthyletheracetatéﬁerecﬁarged,stirredaﬁdthen x'
| ' concentrated:undef the conditions of a temperature of 65C
and a reduced pressure of 20 Torr. After 159 g of ﬁhe résin
solution obtained by concentration.was cooled to 20T, 5.9
g (6.082 mol, 0.42 equivalents based on hydroxyl group of
20 poly(p-vinylphenol)) of-ethylvinylether was added dropwise
over 10 minutes_ﬁsing a dropping funnel. After stirring at
25°C for 3 hours, 14i g of methyl isobutyl ketone, 47 g of
éropyléﬁe glycol monomethyl ether acetate an§ 118 g of
< ~deionized water were added and a phase separation of_the
< 95 resulting solutionwas conducted. Thephase separationafter
wéshing'the resulting orgaﬁic layer with 118 g of deionized
water was repeated three times. After the orgénic.layer was

concentrated by distilled off the solvent, the residue was




guaFnﬁifbluenesulfonic aci d nonohydrate and 315 g of propylene 15 glycol

nmononet hyl ether acetate were charged, stirredandthen. concentrated
under t'he conditions of a tenperature of 65[err]C and a reduced
pressure of 20 Torr. After 159 g of the sin sol uti on obtai ned by
concentration. was cooled to 20[err]C, 5. (0.082 nol, 0.42

equi val ents- based on hydroxyl group of 20 pol y{p-vinylphenol)) of

et hyl vi nyl et el vaat addest Ttwpsdl sby addimeeridD gi ofit exousiliwheg Iy epRI Ng
funnel. After stirring at 25[err] C for 3 hours, 141 g of nethyl

i sobutyl ketmoapométlhylofether acepikenarsg vt thenodisinillldiierofifethee and
118 g of dei oni zed water were added and a phase separation of the 25
resul ting soboflvembtwts cnaint®ll.g ofhe mhepyleepagdycod mbhemethyl eadlkmg
the resulting organic layer with 118 g of deionized wat er was repeated
three tines.agetete wolortgeon cof apbe wasin. concentrated by distilled off
the solvent, the residue was 29

sol vent - Subst i t ut Sdeh\comdtinrayoy of phepysehid| gopkent ofhpdviethesin
ether acetate and further distilling off the solvent to obtain 91 g of
a propyl ene gpyusiiomasedayrrained by angevareaaddian itondsyness r &ichit 5
The concentration of the solid content of this resin sol ution was
det er mi ned bya&n28vdfor afPoRAN.- thYmesthegpgoportion@f phRe7ds | n
addition, the groportion of _the 1- et hoxyet hyl at ed group out " of the
hydroxyl gr oBpRrYethylsfied HXown| pRENGD tRE %Dé%ﬁ?ﬁyﬁeawmsairhg a

R SR e T CAME N
pol yvi nyll()ohexpxglgnetic resbnancé (NMR) spectrometexr. lIt was 36.9%.
(1c) Partial l-ethoxyethylation of partially pivaloylated
polyv i;-ny lphenol
I;a. a flask, 85.2 g (0.19 mol as original p-vinylphenol
unit) of the resin solution obtained in the above (1la), 0.013
15 g of p-toluenesulfonic acid monohydrate and 315 g of propyléne
" glycol monomethyl ether acetate were charged, stirred and then
concentrated runder the conaitions of a temperature of 65TC
- and a .;reduced pressure of 20 Torr. After 157 g of the resin
solution obtaiﬁed by concentration was cooled to 20C, 3.2
20 g (0.045 mol, 0.23 equivalents based on hydroxyl group of
poly(p-—vinylphenol).) of ethylvinylether' was added dropwise
over 10;‘ minutes usiﬁg a dropﬁing funnel:. After stirring at
25C for 3 hours, 138 g of methyl isobutyl ketone, 46 g of
propylene glycol .monomethyl ether acetate and %15 g of
25 dgaionizéd water was added, and a phase separat':f:on of the
sélution was conducted. The phase separation after washing

the resulting organic layer with 115 g of. deionized water was

repeated three times. After the organic layer was



In a flask, 85.2 g (0.19 nol as original p-vinylphenol . unit) of the
resin-solution obtained in the above (la), 0.013 15 g of p-toluenesul fonic
aci d nmonohydrate and 315 g of propyl ene gl ycol nononet hyl ether acetate
were charged, stirred and then - concentrated under the conditions of a
tenperature of 65[err]C and a reduc pressure of 20 Torr. After 157
g of the resin . sol ution obtained by concentration was cooled to
20[err] C, 3. Zor@elt{£AtB45LYDHsR A3 RTW FAl eheSssbavedton thelrmwxyidgeowpsof
pol y(p-vi nyl phenol)) of ethylvinylether was added dropw se over

10- m nut es uddDvénd+snbsid thivetke by Adéingt 156 ry aff propy2epnegliedbr 3
hours, 138 g of nethyl isobutyl ketone, 46 g of propyl ene gl ycol
mononet hyl etgtoméethgleetherl Hrarafe 2bddéEuatiheed dves el lhdngadddd, tleed a
phase separation of the solution was conducted. The phase separation
after washi ngsolventheo odsdin 8% grofid priopyckend tlVqsl gneriometbyil zether
wat er was repeated three tines. After the organic | ayer was

30 coBcerdeatatiebgodinstiion exf dfie thessnl-vent, the residue was

sol vent-substituted by adding 156 g of propyl enegl ycol mononet hyl et her
acetate and furtheFhdi sonkleinfgasfifon hef thessioldft qanedrhi AEgEhg Hfresin
propyl ene gl ycol nononethyl ether 5 acetate solution of the resin. .
The concent r o bat bbntwes sigtervsnednpy (An teWapeEarAon tos@ryppss wagd it
determ ned by an evaporation to dryness, and it . was 30.6% _In addition,
the proporti ove®f30nE%1- In agdisipanyihe corgPeubsion fF tRe hAydroxyl
group in 10 poly(p-vinylphenol) was deternineqlb using a NVR,
spectronetehe¢h°%H§tQU;8¥Pd group out of the hydroxyl group in

10 - poly(p-vinylphenol) was determined by using a NMR
spectrometer. It was 20.8%.
(1d) Adjustment of l-gthoxyethylation_percentage ;P

2.61 g of the resin solution obtained in the abovel(lg): _

and 7.39 g of the resin solution obtained in the abovefkié)i;“

15 were mixed to.obtéin 10 g of a ;esin solutioh correspoﬁaiﬁg{“
to the solid content concentration of 30.1%. This resin is
composed of each structural unit of the following formula,
wherein the pivaloylation percentage of the hydroxyl group
in poly(p—vinylpheﬁol) is about ib% and the 1-

20 ethoxyethylation percentage of the hydroxyl group is about

25%. This resin is referred to as a resin R1l.

- FcH,~cH} 4-cH,—CH 1 L cH,~cH ]
OH| - O-G-C(CHa) O—CH~0—CaHs
) - o) - " CHg

Synthesis Example 2




(1d) Adjustnent of 1-ethoxyethylation percentage 2.61 g of the
resin_solution obtained in the above (1b) and 7.39 g of the resin

sol uti-on obtained in the above (1c) 15 were mixed to obtain 10 g of a
resin solution corresponding . to thg solid content concentration of
30.1% This resinis conposed of Jch structural unit of the
follow ng formula, wherein the pival oyl ati on percentage of the
hydroxyl gr@@ Partial poy¢lphexaylesiein3ylatibouril®nlandinhiphenoll

et hoxyet hyl ati on percentage of the hydroxyl group is about 25% This
resin is referréd ttofdask.r d9i0ngR10.83 mol as agpryinylphemndt mesits) BNl e.
2 31 (2a) Parti al

cycl ohexanpediW@ai Hry bahenopdland Ay2pkedl propylene glygod mbaokethyd g
(0.83 mol as_a p-vinyl phenol unit) of poly (p-vinylphenol) and 1.2 kg
of propyl eREhqiy aget@nionerry¢hargedaand s biver o £ nEis shargydheangsdm .rr ed
to dissolve the resin. 5 After the conpletion of the dissolution, 467 g
of the B0l défer the Gaupdesion af Hhre Hissetubirai stfViafbshengedvens

condi tions ,of | _ ) T
this Vesi AL 85hdtietnot E P vacpym dighi Ligtinonynden Ehescondegions
hydr oxyl group of polygﬁéyinylphﬁgol)) of triethylamine was 10 added.
After the 98l 8t FeRPREs e &F 68 Sopefr papressprg 6. @83Torr. To this

resin solution, 12.6 g (0.12 mol, 0.15 equivalents based on
hydroxyl group of poly(p-vinylphenol)) of triethylamine was
10 added. After the solution was heated to 50°C, 12.2 g (0.083
mol, 0.1:equivalent based on hydroxyl group of poly(p-
vinylphenol)}) of cyclohexanécarbonyl;chlo:ide was added
dropwise. After stirring at 50C for?3 hours, 167 g of
propylene glycol monomethyl ether acetate, 800 g.of methyl
15 isobutyl ketone and 608 g of an aqueous 0.5% oxalic acid
" solution were added and a phase separation of the resulting
solution was conducted. The phase sepafation after adding
608'__g of an agqueous 0.5% oxalic solution to this organic laver
wasiconducted twice, followed by washing. Furthermore, the
20 resulting organic layez:was washed three times with 608 g of
deionized water and a phase separation was conducted. The
organic; layer was cohcentrated.by distilled off the solvent
hﬁo obtain 379 g of a resin solution.
The concentration of the solid content of this resin
25 - §qlution:was'determinedﬁby an evaporation to dryness, and it
wés 29.9%.' About 10% of the hydroxyl group of poly(p-

vinylphenol) of this resin is converted into

cyclohexanecarbonyl.

a_tenperature of 6Q[err]C and a pressure of 20 Torr. To



nol, 0.1 equival ent based on hydroxyl group of poly(p- vi nyl phenol))
of cycl ohexanecarbonyl chloride was added dropwi se. After stirring at :
50[err]C for 3 hours, 167 g of propyl ene gl ycol nononet hyl ether :
acetate, 800 g of methyl 15 i sobutyl ke%gne and 608 g of an aqueous 0.5%
oxal i G, aci d sol ution were added and phase separation of the

resul ting sol ution_was conducted. The phase separatjon after adding
608 g of an (2ledaF iz, brathoxyetyIAtiont AfsPaFEAR LY ayer was
conducted tw ce, followed by washing. Furtherpore, the 20 resulting
organi ¢ | ayE¥okehsnatrerrhrey latess RAY A ERglghenel  deioni zed water and
a phase separation was _conducted. The 0 ganic,,laxe was ,concentrat ed
by distilled of f ¥h@& £Hardn 83-8 ‘-%doot}t%impimﬁ PotI% ?is?ﬁV%BV ol

The concentration of the solid content of this.resi 2 sol yti.on S
doterm ned BPpisl ePaEBParsehn s HsLeechningd &8 theaboks dia Cnghdiz3 0o

of the g%dlr ai(%% pg-rtooﬁﬁp %IFOf %%1311{ﬁﬁg\égr%%ir.'ﬁ{r{or}}/clﬁp&ggga a(.)de TBTSS g'roef:s iag'oipirlene

convert
32 2b) _P ial 1- | i f i all .
cycl ohexgneggty%rﬁ}ﬂ;ﬁgflgﬂ'%% %@%%%g%ﬁ??te%%gage w2t .Egarr%eéi ’f?%%l'f':regf%dgt h('?d'l 19

| i gi | - Vi | ph | it), of th i | i bt ai i
The above (saRlcdinrale®Sder the BhmAisdimiarct B PanBss s S At S16 g
of propyleng 4 o rg%ié%%{ji AW o £ he R 358t atAﬁ'é’@f 6‘15‘?{‘@ gsd h%'rrgsﬁql and

t hen concentr nder e conditions of atenperature o

and- a 1 educed DIaSSUT S, 08 s 204TBL! o ALLEIC AR 8 OfiakNBobled o 200) Wign

obt ai ned by~concentration was €
' 10 g (0.08 mol, 0.42 equivalents based on hydroxyl group of

poly(p—w}inylphenol)) of ethylvinylether was added dropwise
over 10 minutes using a 'dropping funnel. After stirring at
25C for 3 hours, 141 g of methyl isobutyl ketone, 55 g of
propylene glycol monomethyl ether acetate and 118 g of
15 déionized water were added.and a phase separation of the
- resulting solution was conducted. The phase sebaration after
washing the resulting organic layer with 118 g of deionized
water was repeated three times. After the organic layer was
concentrated by distilled off the sol"vent, the residue was
20 solvent-subétituted by ‘adding 122 g of propyleneglycol
monomethyl ether acetate and further distilling off the
solvent; to 6bta}in 87 g of a prcpylene glycol monoz_ne'thyl ether
écetate solution of the resin.
H The concentration of the soiid_.; content of this resin
25 solution was determined by an evapo:;ation to dryness, and it
w‘as 30.7%. 1In addition, the proportion of the 1-
ethoxyethylated group out of the hydroxyl group in

poly(p-vinylphenol) was determined by using a nuclear



10 g (0.08 nol, 0.42 equival ents based on hydroxyl group of

poly(p V|nylphenol)) of ethylvinylether was added dropw se over 10

m nut es using a dropping funnel. After stlrrlng at 25[err]C for 3
hours, 141 g of nethyl isobutyl ketone, g of - propyl ene gl ycol
nDnonethyI et her acetate and 118 g of 15 3dei oni zed water were added and a
phase separatloﬁ of the resulting solution was conducted. The phase
separation ampgRetic ngsanarce hENMBSuSPaR:XMMRFCE - | aYbrwast B6LBE g of

dei oni zed water was repeated three tines. After the organic |ayer was
concent r at ed { B¢} diOshiay qpntial hb-ebhoxmetiHatendaé wagtizdly

sol vent -substituted by adding 122 g _of propyleneglycol nononet hyl

et her acetatéyﬁﬁ@hﬁ%ﬁﬂﬁﬁaﬁhQ%Y¥¢Fﬁé Pl yiviaylphedglyent to obtain 87 g of
a propyl ene gl ycol nonaonethyl eth acetate solutjon of the resin.

The concentrat|onIGfatﬁéa§8P|§3c§n9eﬁP &f Fﬁﬂsaﬁe§ﬂ+g¥ﬁﬁlsRﬂY&?b%PRﬁ§°l

det er mi ned. an _ev ation to dryness,..and, it
addi ti on, théanépB?t'%b §Syh§ofution 0&%&%‘?% &F’é’da&PH@p@at) 'oP Phe

hydroxyl gr Oup %p toluep gulpfgﬂfgla%qec{' %o\ﬁ%sdrdaeé%eragdﬁggﬁ%ﬁgtséggpgésﬁgnce

nucl ear
(NMR) spectr X her art I.a

t
1- et hoxyet hyﬁffﬁgﬁ rmn%a??%? efFﬁer aCEpA S SRS Y Berir itiFred and then

pol yvi nyl pheno as ori

p- Vi nyl phenoF°nc§ntEFi‘ltﬁd d’fnqeﬁé t?ré%lﬁo’ggF'ﬁtl%&% (?d]{ & nte ?ﬁrf‘ﬁgrﬁbﬁ'\fe 6(529)
0.012 nonone?ﬁy? %g?@ﬁcg%éggh%eagf g¥d algand, §6 o?ftHEOP¥E§g?

gl ycol ate vere c sti'rre
concent rfbt ed L] otnh%b%oa ql d%n}? é’éngeﬁggg% turr.sfe::v.sOfcgc:Sl d to 20C, 3.2

g (0.044 mol, 0.23 equivalents based on hydroxyl group of
poly (p-vinylphenol) ) of ethylvinylether was added droi:_w’ig_e
over 10 minutes using a _dropping funnel. After stirring at'
25C for 3. hours, 138 g of methyl isobutyl ketone, 32 g'c;f
15 opropylene glycol monomethyl ether acetate and 115 ¢g of |
. .delionized water was added, and a phase separation of the B - -
solution was conduci:ed. The phase separation after washing
the resuiting organic layer with 115 g of deionized water was
repeated. three times. After the organic layer was |
20 concentrated by distilléd off the solvent, the residue was
solvent-substituted by adding 95 g of propyleneglycol
monomet_f'hyl ether acétate and further distilling off the
sblvent to obtain 92 g of a propylene glycol monorqethyl ether
~acetate solution of the resin. |
25 R The ‘concentratidn of the solid content of this resin
s.olution was determined by z;m evaporat_'ion to dryness, and it
was 28.0%. In addition, the proportion of the 1-

ethoxyethylated group out of the hydroxyl group in



and a reduced pressure of 20 Torr. After 157 g of the resin 10 solution
obt ai ned by concentration was cooled to 20[err]C, 3.2 g (0.044 nol,

0. 23 equi val ents based on hydroxyl group of pol y(p-vi nyl phenol )) of
et hyl vi nyl et her was added dropw se foq\%?r 10 m nutes using a dropping
funnels After stirring at 25[err] C 3 hours, 138 g of nethyl

i sobutyl ketone, 32 g of 15 propylene glycol nonomethyl ether acetate and
115 g of poY¥ilBnviay loheno Wasvasidddteand nied Hag eusepar & MR of t he
solution was conducted. The phase separation after washing t he

resul ting orIRAFEXPEREECTH t RL1 WSSy 18%F. 3Rei oni zed water was - repeat ed,
three tines. After the organic_|layer was 20 concentrated by distilled off
the sol vent, (3Rt Pdinghaemds of l-ebheuretbydation cdebgenddiosy 95 g of

propyl enegl ycol mononet hyl et her acetate and further distilling off
t he sol vent £0%3b¥Rh W Fstim selopyienotgéneddnothehgbovehdb)
acetate sol utign oé the resin. 25 The concentratjion of the solid

content 8f 3RS §edfrg Of the XRTLA SRIuBLLE ARFSINSA N P RBOVEN (RE)

A S I L it
ggect r ong?le?/éé)li%/ﬂ%]\éslsgqgg% G ntéae d%a‘t%gjr:gﬂg?gabﬁ/%u% ’g% 9.?'— &%ﬁox%%ﬁy?%? ignis
(20) | 5 afPPI8eG GF PRED, BLFNCLBRAL O b S nEaS: ROUNE L o 5By a-
vere mxed L4 OOLANNCRE 80 BRI SALULL P0G P20 Y ge of [hdM®

f
solid conte concentration o
10 hydroxyl group in poly(p-vinylphenol) is about 10% and the

l-ethoxyethylation percentage of the hydroxyl group is about

25%. This resin is refe:rred to as a resin R2.

[ CHp— CHA— ~CHy~CH— [ CHy—CH

OH 0-9

O~CH~0~C,Hs
CHa

15 synthesis Example 3
(3a) Partial l-ethoxyethylation of polyvinylphenol
In a flask, 40.0 g (0.33 mol as an.-p-vinylphenol unit)
of poly;(p—vinylphénoi_l.), 0.052 g of p-toluenesulfonic acid
mbnohydi‘ate and 480 g of propylene glyéol monomethyl ether
- 20 | é.cetate were chargéd, stirred and then concentrated under the
conditions of a 'telhperé.ture of 65C and a reducéd pressure
of: 20 Torr. After 194 g of- the resin solution obtained by
concentration was cooled to 20TC, 13.2 g (0.18 mol; 0.55

‘equivalents based on hydroxyl group of poly{p-vinylphenol))




conposed of each structural unit of the follow ng formla, wherein the.
cycl ohexanecar bonyl ati on percentage of the 10 hydroxyl group in -
pol y(p-vi nyl phenol ) is about 10% and the 1- et hoxyet hyl ati on percent age
of the hydroxyl group is about 25% This resin is referred to as a
resin R2. [err] 15 Synt hesi \:Exarrple 3 (3a) Parti al

1- et Hoxyet hyl ati on of pol yvi nyl phenol t In a flask, 40.0 g (0.33
mol as an wasiagfpledubpuiiste) over 16f molut €9-ws inpgpactodPriogofangeds.
p-tol uenesul fonic acid nonohydrate and 480 g of propyl ene gl ycol
mononet hylaAgt ber st2@riagetat 25Uer forhdrigedyrsst-BROeg afidnehbylcdsobuttydt ed
under the conditions of a tenperature of 65[err]C and a reduced
pressure ketope,287 ek pAPPFAenggdyeo it nenoms thyb aiien assta transy
concentration was cooled to 20[err]C, 13.2 (0.18 nol. 0.55 )

equi val ent30®agedfodchpaimpad watRIp Wwergop iand pheta§e separation

35 was_added dropwi se over 10 minutes using a dro gi ng_ funnel .

After 8tirefnghat respditing feplathenr sr,assszccprgéhevﬁtﬁeét-hy1g BsBh&SA

ket one, 87 g of pr.opyl ene glycol nononethyl_ ether acetate and , _ 200 g o
dei oni zed TRPRF2RALE afHEY wWAShAngHRR ZeHF BingPrIanyf Yawey agifh 20§

sol ution was condycted. The phase separation after washi r}%the
resultingQﬁﬁgnﬁﬁlpgﬁﬁeqMW§F%@dwas repeated three times. After the

organic layer was concentrated by distilled off the solvent,

f

the residue was solvent-substituted by adding 330 g of
10 propvleneglycol monomethyl ether acetate and further
distilling off the solvent to obtain 158 g of a propylene
glycol monomethyl ether acetate solution of the resin.
! The concentration pf the solid céhtent of this resin
.sqluﬁion.was determined“by'gnhevaporatipn to dryness, and:it
a~:ﬁl5 was 30.0%. In addition, éhé-bfoportion of thé i—
'éthoxyethyléted group out of the hyéroxyl group in
poly(p—vinylphénol) was determined by using a nuclear
magnetic resonance (NMR) spectrometer. It was 41.6 %. This
resin is referred to as a resin RX1.
20 (3b) Partial l—ethoxyethylation of polyvinylphenol
In a fiask, 40.0 g (0.33 mol as p-vinylphenol unit) of
poly(p-yinylphenol), 0;033 g of p-toluenesulfonic acid
ménohyd;ate and 48Q g of propvlene glycol monomethyl ether
acetate were charged, stirred and then concentrated under the
25 cqnditions:of a temperature of 65C and a reduced pressure
of 20 Torr. After 152 g of the resin solution obtained by
concentration was cooled to 20T, 8.4 g -(0.12 mol, 0.35.

equivalents based on hydroxyl group of poly(p-vinylphenol))



g of deionized water was repeated three times. After the organi c |ayer

was concentrated by distilled off the solvent, | the residue was

sol vent “substituted by adding 330 g of 10 propyl enegl ycol nononet hyl
ether acetate and further distillin86off the solvent to obtain 158 g
of a propyl ene gl ycol nononet hyl ether acetate solution of the resin.

The concentatéeRy2%inha et0ld: weantaMed@f At BbRikeSbler 10 HOhuUed UsEhg
determ ned by an evaporation to dryness, and it 15 was 30.0% In

addi tion, theappppehli Tundfel he alfter stebPOxYebiyalEdrar08PHOUL s 0f3dde
hydroxyl group in pol y(p-vi nyl phenol) was determ ned by using a

nucl ear g bEgRelhs Y cisyloneel ( N¥RbraneciZ®ngt 6F. pridpywiend lgby&o1Thi s
resin is referred to as a resin RX1. 20 (3b) Partial 1-ethoxyethylation
of pol yvi nyhphoenmelthyl ether addtatélaitk 2040y 8 £034 Do zedl wase p-wasaged)ol
unit) of pol y(p-vi nyl phenol ), 0.033 g of p-toluenesulfonic acid
nonohydibat eanddadBlageoisauantyt tor gEychle malaneidwy | wathebnducteatet gthae
~were charged, stirred and then concentrated under the 25 conditions of a
t enper at ur ephfsé5gepar@tdnh aafieetceashiagsithe resubfi?§ doganicAllbgrerl52
g of the resin solution obtained by concentration was cooled to
20[err] C, 8with-ZO0 HPofimleidnBoed wat erwas repics thad ahreye hyceesxy| Adtep of
pol y( p-vi nyl phenol)) 36 of

et hyl vi nyl ether owganddddaykopwasecongeriratedt by ddistg lled affir bhpi ng
funnel. After stirring at 25[err]C for 3 hours, 320 g of met hyl

i sobutyl kesoheent28tieofrasrighye eres gégtuknt -subrainbiret &gl byt Addiage B30
and 200 g of deionized water was added,- 5 and a phase separation of the
sol uti 8 wes eénpyoprad.ergmlycol phagmestdrpalr @tbarabcetawsang fhsther

resul ting organic | ayer
' distilling off the solvent to obtain 159 g of a propylene

glycol monomethyi ether acetate solution of the resin.
The concentratipn of thé solid content of this resin
solution was determined by an'evaporationhto dryness, énd it
15 was 27.6 %. In addition,:the proportion of the 1- |
ethoxyethylated group out of the hydroxyl group in
voly(p-vinylphenol) was determinea by using a NMR
spectrometer. It was 21.9%. This resin is referred to as
a resin RX2.
20 (3c) Adjustment of l-ethoxyethylation pércentage
6.65 g of the reéin RXl solution obtained in the above
(3a) and 3.35 g of the resin RX2 solution obtained in the above
(3b) we;e mixed to obtain 10 g of a resin solution
corresponding to the éolid content concentration.of 29.2%.
25 Tl;lis resinis cbmposed of each structural unit of the following
fdrmula, wherein the l-ethoxyethylation percentage of the
hydroxyl group is about 35%. This resin is referred to as

a resin RX.



wi th 200 ‘g of deionizedwaterwas repeatedthree tinmes. After t he
organi ¢ | ayer -was concentrated by distilled off the sol vent, the
resi due was sol vent-substituted by adding 300 10 g of propyl enegl ycol
nmononet hyl ether acetate and further 37 distilling off the solvent to
obtain.159 g of a propyl ene gl ycol nononet hyl ether acetate sol ution
of the resin. . The concentration of the solid content of this
resin solutlon was determ ned by an evaporation, to dryness, and it

15 was 27. ionl ke RioppLiion of the 1- et hoxyet hyl at ed
group out of t 4w roxyl gfoup ?n pol y(p-vi nyl phenol) was determ ned

by using a egtropeter. was 21.9% THis resin is referred to

a regin ) (3k) Adj nt of 1-ethdxyethylation percentage
6 65 g of th reS|n 1{solption obkained in t bove - (3a) and 3.35 g
of the resin| Rx2 sofQH bn opt ai nedQnGHeQB (3b) were mxed to
obtain 10 g 6f a resin~sol ulion %),Llrespondl n to the solid content
concentration of 29.2% 25 This resif Ps conposed of each structural unit
of the follow ng formul a, wherein the 1-ethoxyethylation percentage of
the hydroxyl group is about 35% This resin is referred to as a
resin RX. - : 37 [err]

Ex_ample 1
13.5 Parts (calculated on the solid basis of the resin)
5 of a propylene glycol monomethyl eﬁhe‘r acetate solp.tion of
the resin Rl obtained in (14) of Synthes'is Example 1, 0.5 parts
of bis(cyclohexylsulfonyl)diazomethane as an acid generator,
0.02 parts of methyldioctylamine and propylene glycol -
monomethyl ether- acetate were mixed and dissolved so that the
10 total amoimt‘of propylene ;;lycol monomethyl ether acetate
becomes 69 parfs. Thisl solution was. filtered through a
fluororesin filter having a pore diameter of 0.1 um to prepare
a resist solution. |
Using a spin coater, the above solution was coated on
15 a silicon wafer washed by a conventi'onél method so that the
film thickl;less after drying becomes 0.72 um. Then, this
silicon_w‘afer was prebaked on a hot plate at 90°C for 90 seconds.
The coaéed film after prebaking was exposed to light through
a chromium mask having a pattern while changing a dosage in
20 ' steps, using a KrF excirﬁer laser stepper having an exposure
wé.velength qf 248 nm [*NSR-1755 EX8A” manufactured by Nicon

Coxrp., NA=0.45]). The wafer after light exposure was heated

on a hot plate at 100C for 90 seconds, thereby performing



Exanmple 1 . 13.5 Parts (calculated on the solid basis of the resin)

5 of a propylene glycol nononethyl ether acetate solution of t he
resin RL obtained in (1d) of Synthesis Exanple 1, 0.5 parts of bis
(cycl ohexyl sul fonyl ) di azonethane as an 3&i d gener at or, 0.02 parts of

met hyl di octyl am ne_and propyl ene gl ycol nononet hyl ether acetate were
ni xed and d¥BBol3Rd e die tdrﬂ-:bl‘i@)])é%ﬁga?eﬁﬁﬁﬂ'ﬁp 8 Eﬁ@p??‘@ﬂéedgpﬁé'&llon
nononet hyl . et her acet at e becones, 69 gar és. This soplutjon s filtered
through a - was epperGrtedn Mg &atkiog BrpoHEtaWaTedsvetoned Hittop an

repare a resist | ution., Usi n spi n coater, the above
gol 5t i on wWeRILGIHE( oﬁ%%1§°]élts’i‘?r?‘c%% %?E?mﬁ/&gwg@“&f’%l%n@%ﬁFPﬁQe & hod

so that the , filmthickness after drying becones 0.72 [err]m Then,
this PPredn \%apé’rs‘vﬁsv‘?)r%?)ﬁ{iﬁﬁn'on a hot plate at 90[err]C for 90
T B ot B e R B SRASHRAEE B BRSSPl
9% BT LPReh SRS (5B, TR fron el S 9, 210
after d!s' 9[‘%?{%%’3%%%% R@a}c%ncb. 7hi¥ AP L oY AL o G’
P50 EfbBe JNAGIIG, £ 0cid Arobot N SXBBRELA0NI) Ol aodte
pattern,  (eFECOTIRRLARRIE MR A it 8 iner bl PRk PRl i of
M CrosqePe.q . 25 pm becomes 1:1, while 0.24 um corresponds to a minimum
size(resolution)ofthelineandsﬁaceseparataﬂatthedosagé

of the effective sensitivity.

LExampi'e 2

- 16 - The same test as in Example 1 was conducted, except for.
using a propylene glycol monomethyl ether acetate solution
of the resin R2 obtained in (2d) of Synthesis Example 2 in
place of the solution of the resin Rl used in Example 1. As
-a résult, a fine péttern of 0.24 ﬁm was resolved with good
20 profile at é dosage of 86 mJ/cm?. This pattern had also no

round top and was almost rectangular.

. Comparalive Example 1

The same test as in Example 1 was conducted, except for
25 using a propylene glycol monomethyl ether acetate solution
of the resin RX obtained in.(3c) of Synthesis Example 3 in

place of the solution of the resin Rl used in Example 1. As

a result, a fine pattern of 0.24 um was resolved at a dosage



A fine pattern of 0.24 [err] mwas resolved with good profile at a
dosage of 76 ml/cnferr]. This pattern had no round top and was ~al nost
rectangular. 76 ml/cnierr] corresponds to the dosage (effective
sensitivity) at which a line and spac&attern of 10 0.25 [err]m becones

1:1, swhil 24 _[errn]l mgorres ond to a mni Siz resolutlon) of
the line %n%B Qléémbepa VEY <&t S &, a@fatﬁ%u’égf'é%g%’é e
sensitivit The sane test as in Exanmple 1 was
conduct e&r%é?t]e%twil%rnogpgoﬁé 'ng a propyl ene glycol nonomethyl et her
acetate sol ution of the resin R2 obtained in (2d) of Synthesis Exanpl e
21in place of the solution of the resin Rl used in Exanple 1. As

a result ern of 024[err]mvvas resolved with good 20 profile
at a dosab’e Hfé%é!%)f This pattern had al so no round top and
| ve.Exa The sane

| 1
e ?:%aéi “%fmglva%ﬁar&a@ ara%eB?l%’Xﬁ%ﬂ%%%ﬁlﬂgb? o ony! ene ol o
oLt Exa% LF4ERE B8k i Y 1ask e bBSH Fhdatngsphers &f usod in
S © LoAScoq by dEEHbhents b PRI 250" (G S P R o

a dosage Pro not g(r)(rj]
e g Sy RIS orenen g1 8 g
acetone were charged and stirred to dissolve the resin. Then,
10 164.2 g (1.623 moi) of triethylamine was added and the
solution was heated to 35-40t . To this resin solution, 130.5
g (1.082 mol, 0.1 equivalent based on hydroxyl group'of
poly(p-vinylphenol)) of pivaloyl chloride was added dropwise
over about 10 minut'es.. After stirring at 40C for about 3
15 hours, 10.4 kg of methyl isobutyl ketone was added and the
solution was washed With an agqueous 0. 5_~% oxalic solution three
times. A phase separatioh after washing the resulting-
organic laver with deionized water was conducted five times.
The organiC'layer.was.concentrated by distilled off the
20 solvent t.o- obtain 4.994 kg of a resin solution.
The concentration of the solid content of this resin
solutlon was determined by an. evaporatlon to dryness, and it
. was 27. 5% About 10% of the hydroxyl group of poly(p-
vinylphenol) in this resin is converted into a pivaloyl ester.
25 (4b) Partial 1—'ethoxyethylation of partially pivaloylated
pc;lyvinylphe'nol
In a flask wherein the atmosphere is replaced by nitrogen

for 10 minutes 150 g (0.32mol as original p-vinylphenol unit)



In a round bottom fl ask wherein the atnosphere is repl aced by nitrogen
for 10 mnutes, 1.3 kg (10.82 nol -as p- vi nyl phenol unit) of

pol y(p-vi nyl phenol) and 5.2 kg of acetone were charged and stirred to
di ssolve the resin. Then, 10 164.2 g40(1.623 nol) of triethylam ne was
added ;and the solution was heated to 35-40[err]C. To this resin

sol ution, aBotle resig galyRopppbteinesydin fheneboyeed 4 hylddxyI9 ¢foup
of pol y( p-vi nyl henolé) of pival oyl chloride was added_dropw se ,

over aboutm@ghyinisebsutxitketener apdg0aflioy s ¥ T §Rtuapssilioniss RGHS,
10. 4 kg of nethyl isobutyl ketone was _added and the sol uti onwas
washedw t menohydsats wekepRhpracsorndi ohirrpde After hpe tempgrzlare
separation after washing the resulting organi ¢_l ayer with dei oni_zed
wat er was edrithuics e Jfutdon iwass adjusteahdopyamitc 20dyer7 va g dénddt Peddd by .
distilled off the, 20 solvent to obtain 4.994 kg of a resin | uti on.

The coﬁben@fa@?%ﬁlﬁﬁnyﬁétﬁﬁﬁ(YQﬁnﬁQQﬁdmﬁrQPW§sgegVﬁr a °u§oi§tW6ﬁuﬁ§§
determned by an evaporation to dryness, and it . was 27.5% out .10%
of the hydiekps JrPPR¥HAYRRRL - -AfWﬁﬁqb%é?&‘a“r?Pt‘“fﬁ%srtéﬁ’?? gith
converted into apivaloyl ester. 25 (4b) Partial 1-ethoxyethylatio f
partial | y Baiaraprdngdat 25 Lyqy pwerphesabout 3 hourg., 1§Sf$é’sﬁ3mﬁ§g‘r3’3i n
ggeoﬁfgfﬁgfgéﬁy%§9[ plagﬁg 0 §9ééégggn Then,fgrp(%égrggégra%QQnga&%£§?4gnl

f th [ | uti btained in the.ab 4a)., ,138..7 f t h
iosobu'ta ylrei‘légﬁﬁgngnéﬁg.’gﬁﬁg Qﬂeiflglp-gfgﬁglé%e \ég"@grn?%é’tﬁlc% long‘zoﬁ%ﬁ'ghtf&ng’taesy wer e

Char 950 oS S A b TRELELY R oxfle Ll Rl o
added drOpgéﬁge%%%%t%%PB§'&nghﬂﬂg%%'off the solvent, propylene.lecol
monomethyl ether acetate of three times weight of the soi.ﬁtio'n
-after'concentraticu1Was added.l Then, methyl isobutyl ketone
was distilled off by azetropic distillation to obtain 167.5

15 g'of a propylene glycol.monémethyl ether acetate éolution of
thelresin.

The concentration of thé solid content of this resin
solution was determined by an evaporation to dryness, and it
was 28.7%. In addition, the proportion of the 1-

20 ethoxyethylated group out of the hydroxyl group in
poly(p-vinylphenol) was determined by using a NMR
spectrometer. As a result, it was 22.3%. This resin is
referreé to as a resin R41.

(4c) Other partial l-ethoxyethylation of partially
25 pivaloylated polyvinylbhenol
. The same operation as in the above (4b) was conducted,
except for changing |

the amount of ethyl vinyl ether used;



using a dropping funnel. After the solution was stirred with

mai ntai ning at 25[err]C or | ower for about 3 hours, 165 g of nethyl

i sobutyt ketone was added. Then, a phase separation after washi ng the .
resulting organic |ayer with deionized wvder was 10 conducted four tines.
After this organic |ayer was concentrated by distilling off the

sol vent; prehgnerbegbypotint of thwmaeditylselbeioacebabdneld tibr dda)i nessed
wei ght of the solution after concentration was added. Then, nethyl

| sobutyl kewasechangeths thestandwatt ddf tiye agehepprawdnateldiatlisomricd tHxtai n
167.5 15 g of a propylene glycol nononethyl ether acetate sol ution. of

the resin. of the solkEntpnsenthatti ahaifr theopolkitd ccntienthaigéed sanesi n

sol ution was determ ned by an evaporation to dryness, and it was
28. 7% | n addiet istmi,rzivey primer afaeroftiteheaddi t 20ne biforetdtzhly | at myll getiyerout
of the hydroxyl group in pol y(p-vi nyl phenol) was determ ned by using a
NVR 5 speppbropetiarteis. a Trausolidt cwas 2t 3%6ndansragdion icsf the -
referred to as a resin R41. (4c) Qther partial 1-ethoxyethylation of
partially 28&sudibdadomgbdudd ol pnidnyhehenethoxyethylatien pencapmaeiacdh as
I n the above (4b) was conduct ed, except for changing t he amount
of ethyl vibhe byleoxydedroup in poly(p-vinylphenol) in each resin 4fre
when the anmpbunt of the resin solution obtained in S4a) used was
changed, thshawouan Beblite lot HoogethenwithatBeavidlukst of thepresia R4L
solvent, so that their proportions unchanged; and the stirring tine
after the adbteigedbfiretye abaye déidr. '
10 '
[Table 1]
Name - of Concentratio Pivaloylation l-ethoxyethylation
resin n of solid percentage perxcentage
content ({based on charged (measured value)
. ' amount)
_ R41 28.7 %- 10 & _ 22.8°%
'R42 - 28.7 % _ 10 % 26.5 %
R43 31.6 % © 10 % 35.7 %
R44 ’ 27.8 % 10 % " 40.5 %
R45 29.9 % 10 % 18.0 %
R46 . 32.1 % 10 % 13.2 %
R47 30.4 % 10 % 11.4 %
R48 ' 25.0 % 10 & 27.9 %
R49 - 30.8 -.% 10 % 16.2 %
Example;3

L]

The respective solutions of ﬁhe resins R41 to R47

15 obtained in (4b) or (4c) of Synthesis Example 4 were prepared
by mixing in the amount shown in Table 2 (calculated on the
salid basis) so that an average protection percentage
(pivaloylation.ana.1—ethoxyethylatixurperéentage) becomes a

value shown in the same table. Each resin solution, solid



5 appropriately. The solid content concentration of the resul ti ng

sol ution, and the 1-ethoxyethylation percentage of t he hydroxyl group
in poly(p vi nyl phenol) in each resin are - shown in Table 1, together
with the values of the resin R41 ob#2i ned in the above (4b). - 10

[ Tabl e 1] Nane of Concentratio Pi val oyl ati on 1- et hoxyet hyl ati on

resin ~ n of ,soljd

(based on SRR QheaifabOaRgc)s 5 part¥ Ui Mixed with 0.5
RA1 %% gls (cgglgl’bfxyllgul/%ﬁgyl ) dla%efn%g}g/aﬁe As an ac%a%neratgg, 7%

con{:ent

10 %
ggg ?2 0. d%dpainatg/ o%7t.8c1 dr2-(2 Igebhgﬁcyéotho%)ethyl]aégp% %gs a
10 % quﬁ.&cgqeﬂ'?’ &. ({35 RREES R§# tetrakfggyiaﬁmonlum hyd%(?x'bg%/ as the RAO

11.4 %
30.8 %

respect|5ve SO uﬁ [ onn&}eﬁ’he rleg’ssl %ar%§13¥ ?O&ﬁrﬁ%ﬁ%t algﬁl ?%1 a(s &watg 4c)
of Synt hesi é%%ﬂ@%& e eRar t Sheyg in
Table 2 (cé%%u ate oﬁg%ﬁE aflh Qaﬁ§gﬁt5aéﬁs%#g§% ene%§1éﬁkﬁgggﬂ%?otectlon
per cent age o \VARF:] tﬁﬂ;g nmes a
val ue shovmr e|snlr% ﬁguégﬁe%)agr%}%y%é?gm n sﬁjf %%&hﬁg‘&%ﬁ&@ét%%@

42 CORGBIN 58 it RS 11 tdr 83 RAASugHBSE hSLEr¥sti i §te§rﬂ§vmg of
bi s (cyclohexylsulfonyl) di azonet hane as an aci d generator, 1 parts

of tris(2-G sdwd hexyrbRexy et yll f%ﬁh”@oaﬁrépare HUSDENEE | sglg%lﬁﬁ-{ts of
t et rabut yl amoni um hydroxi de as the ot her quencher, 0.135 parts of

pol ypropyl ene glvso- 43 a@leditral) agtal Bohgoad o NEoB0oPgRhI A i ncl udi ng
t he anount fromthe
anti-reflective film manufactured by Brewer Science Co. was
coated on a silicon wafer washed by a conventional me'thod,
and then baked to form an anﬁi—reflective film having a film
.thickne-ss of 600 A. Using a spin coater,.the above resist -
16 solution was coated thereon s'o.-that a film thickness éfter
dryving becomes 0.52 um. Thén, thi's: éilicon wafer was prebaked
on a hot plate at 90C for 90 seconds. ‘I‘h.e coated f£ilm after
prebaking was exposed to light through a chromium mask having
a semidense pattern with a width ratio of line to space of
20 1:1.5 while changing a dosage in steps, using a KxF excimer
laser stepper having an exposure wavelength of 248 nm
[“NSR—2205 EX12B” manufac_:tured by Nicon Corp., NA=0.55, ¢
=0.8). The wafer after light exposure was heated on a hot
plate at 100°C for 90 seconds, thereby performing PEB, and
25 tben the deblocking reaction of the exposed portion was
co'nducted. .The reaction product was devéloped with an

agqueous 2.38% solution of tetramethylammonium hydroxide to

obtain a positive pattern.



resin sol uti on)' of propyl ene glycol nononet hyl et her acetate. Thi s

solutionwas filtered through a fluororesin filter having a pore

di anet'er of 0.1 [err]mto prepare a resist solution. 10 " DUV- 42"
(neutral) as a conposition for organic43 anti-reflective film '
manuf act ured by Brewer Science Co. was coated on_a silicon wafer
washed by a convBheifsrnedpeisern was ohgerved haraeiectsPmBhcroscope,
anti-reflective filmhaving a film | _thickness of 600 A Using a_spin
coater, tHnAKk&HeS FBsiffeqbivediens bhivdsYooderdh: pbiasNS ancharo&ifig m
t hi ckness after dryi_ ngbecones 0. 52 &err] m_ Then, this

si | i conwaf &fSESpredarated aceprding: te the fobbpeirgcrasnayy sddthds.

The coated film after pr ebaki ng. was exposed to light through a

chr oni um mEKSHAYPngre shoyrsdf diaktepidttern with a width ratio of line to
space o 20 1:1.5 while changing a dosage in steps, using a KrF excinmer

| aser sPepper having an exposure wavel ength of 248 nm [ " NSR- 2205

EX12B" manuf act ur by .Ni con Cqrp.,, NA=0.55, [err =0.8]. The wafer

: Lo BY
after 1ight expo@ﬁ%cééé’ehégpé&tdﬁ’é:%btlt was qf ’éeﬁFnEG%‘[ r FCHM-BLGH
seconds, thereb persggjrsim n% PEB, and 25 then the,debl ocgi,g% tﬁggcti on of
the expose®IRAYE GF cha crgss EeefionrRe ReSEMEERT S odd dB¢Eroped

Wih AN | pafEbE0UR.2iR8%qu O ol S B R M TR JYSERX 4o g
The 191 TS BLLET R RRR0 S Ne B ) L o 02080 sy Bl LT,
gccordiﬂg to the,[HhodENgoBRLNCe WiE reprd SSMLLS 8% SPQWe' B T88LE >
wherein a semidense line and space pattern having a line width
of 0.18 um and a space width of 0.27 um is resolved at 1:1.5
when light exposure was conducted at a dosage of the effective
sensitivity by moving the position of focus upward and
15— doﬁmward. It is considered th'a_t a- :f;:cus margin is wide, that
;s, good, if the depth of fOCﬁS'iS not léss than 1 um.
Profile: It was judged by a cross-sectional shape of a
semidense line énd space pattern having a line width of 0.18

m and a space width of 0.27 um formed at a dosage of_ the

20 effective sensitivity.

av o«



Effective sensitivity: It was represented by a m ni num | dosage at which

a crqss section of a sem dense |ine and space pattern having a |line
width of 0.18 [err]m (space width is 1.5 times as that, i.e. 0.27
[err]m) beconmes 1:1.5, accurately. 16H4 Depth of focus: It was
represent ed pyalilg @1ge of focus wherein a sem dense |ine and space
pattern having a line wdth of 0.18 [err]mand a space wdth of 0.27
[err]mis resol ved at 1:1.5 vvhen l'i ght exposure .was conducted at a
dosage o 3 oS

‘ ' P bf
upward and«o 15oﬂmwnmard 14tibs conatdexy&dhirhat a.zfrecus rfatvga n |s Wi de t hat
is, good, if tF®ld&npth of PIGERPIES tHeR | 88 thaﬁe&s$err] m

Profile: 1t was S Gdded by a cross- SSEFTURAT shadd’™¥ a = semidense line
and space pattellp h267\£l ng a line wdth of 0. 18 [err]mand a space
wi dth of O 27T F I'pefq ned at a dosage of the 20 effective sensitivity.
- 44 [ Tabl e 2] Run ppositio i val o RecEld-ec-
Depth of ProfiR/7.3%3. of I‘lggl n I a’[hloofgl) : Beétsklf‘g)%‘;/met hyl33“ t iopdar
f ocus (sol i dP*™®* percentage tion sensi - cont ent)
percent age  RrR4Z/GI308 —RAIT6 279 parts—
Rect an- 1 RA5/ 7p2g2dE 10 % 20 % 28 nﬂ/cn{err] 1 35
[err] magulzar .. ¢ sq7 parss 20 R42/ 6. 20R3/cm® 1.35 2
R46/ 6. 597 18 Yres 20 % 28 mi/cnferr] 1.35 [orr] gu
parts R43/ 4, 778 parts
Rect an- R/ s | ~ Rectan-
gul ar, . . gular,
3 Rav7/8.722 10 & 20 % 26 mJ/cm® 1.35 z m Slightly
) parts " round
top
R44/3.989. _
parts Rectan-
4 wevsisu 10 % 20 & 24mI/em? 1.35 pm SuidE
parts : : top

5 Example 4
The respective solutions of the resins R48 and R49
obtained in_(4c) of Syntheéis Example 4 were mixed in the
amount of 4.385 parts and 9.115 parts (calculated on the solid
basis)lrespectively to obtain a resin solution wherein the
10 average‘po&aloylation percentage is 10%, the aﬁerage 1-
ethoxyethylation perdentage is 20% and the solid contentlis
13.5 parts. This resin solution was mixed.with.O.S parté of
bis(cyclohexylsulfonyl)diazomethane as an acid generator,
0.05 parts of p~tolyldiphenylsulfoniump-toluenesulfonate as

15 the other acid generator, 0.01125 parts of tris[2-(2-



3 R47/8.722 10 % 20 % 26 mi/cnferr] 1.35 [err] m-

Slightly parts

round ° " . ' t op
R44/ 3. 989 parts 45

Rect an- s R47/9.511 10% 20 % 24 m)/cnferr] 1.35

[err] m Rounglethoxyethoxy)d@¥yE]lanine as a guencher, 0.03375 parts of
top 5 Exarrp?( The respective solutions of the resins
R48 and R49-tetraahtgillaaﬁhdﬂwxﬂcmafoswaéﬂ%sé st aspherd gurechex£doi m3she
anount of 4.385 parts and 9.115 parts (calculated on the solid basi s)
respecti vel yodptebd figo BypeepirlepldiilotwoharcbnwiBer t0tadivdmyagent and
poval oyl ati on percentage is 10% the average 1- et hoxyet hyl ati on _
per cent age i85 2P4raed (ihe lanlim ctiné eshott fromlIte paasbn sErhuslbasl £
solution was m xed wth 0.5 parts of :

bi s(cycl 5he>ga|:cpyﬂ.en¢lgﬁyazmnmﬁWmethylaétHermmat orThis soliit 1m wavs S
of p-tolyldi phenyl sul fonium p-tol uenesul fonate as 15 the other acid
generator, OfDld@bepathsoobh ai 8l@efdresin filter having a pore diameter

45 met hoxyet hoxy) et hyl ] am ne as a quencher, 0.03375 parts of

t et rabut yl anmbn® uin pydritox ipdseEesr € he melsdrstqmmh’eiono. 135 parts of

pol ypropyl ene gl ycol as a water retaining agent and 85 parts

(i ncl udi ng t he anBanngf tbist hesiesi sodultutdron)a gfest was conducted in the
propyl enegl ycol nononet hyl et heracetate. Thi ssol uti onwas filtered
through a flsrmer®wsnnefr |aserithakagprdepdr.e disametrasult, bthe(efflamtriveto
prepare _a resist solution. : Usmgthls resi st solution, a test was

conduct 88 i reemeitivityawasndfnad /am’i ntBeadppshs o FAE ogusc wals: | 1.¢gham and

effective 10 sensitivity was 40 mi/cnferr], the depth of focus was 1.8
[err]mand the profile was almost rectangular.

Example 5
TWo kinds of resins synthesized in accordance with
15 .Synth'esis Example 4 were mixed tobrepare' a resin mixture
wherein the pivaloylation percentage of the hydroxyl group
of po.ly(p-vinylphenol) is 10% and the: l-ethoxyethylation
percentage is 20%. The same test as in Example 3 was conducted,
except that the resin and the quencher weré replaced with the
20 resin mixture obtained above and each quencher shown in Table
3, respectively. ‘The i'esults are shown in Table 3. In Table
3, quenchers are represented by the following abbreviations.
Kind of quenchers
25 . TMEA: tris[2-(2-methoxyethoxy)ethyl]lamine
. TBAH: tetrabutylammonium hydroxidé

DCMA: methyldicyclohexylamine



_

the profile was al nost rectangul ar. Exanpl e 5 Two ki nds
of resins synthesized in accordance with 15 Synthesis Exanple 4 were

m xed Yo prepare a resin mixture ~~ wherein the pival oyl ation percentage
of the hydroxyl group of pol y(p-vi 46l phenol) is 10% and the-

1- et hoxyet hyl ati on percentage is 20% The sane test as in Exanple 3
was conduct{@éble 3] except that the resin and the quencher were repl aced
with the m e ST enoptatred—gheygand— SOTEET abl e
3, respecjiﬁg?y. The résul'ts are showp; oc ,
quenchers are’represented by the fol | ga,B9-abbreviations. ' Ki nd of
quenchers 25 TMEA: tris[2-(2- mpthexyet hoxy) et hyl ] am ne '
TBAH: t et Fabut-y-aaepnEopThygoxtde DEMA— yt-ch ne
46 (Tabte 3] o4 0. 01 parPdenghend/cm

Profile No- t+tve focus

sensi - 2 T s 001 parts 26URUVER’ 1.35 umm RestIBEWLOXOIL
parts 26 -p3tenter+t—t—35terty nm-Rectangut=ar TVEAH 0-5_01 parts
2 + DCVA O par /crerr] 1.35 [err] mm Re&estguobatar,

2 TEAMBO. ofgéﬁrﬂ%ff g’%ﬁtg‘;m 36’ mpdemingul 3 4 am  S1igAtiys DOMA
0.01 parts 36 ml/cnferr] 1.35 [err] nmSlightly round top

Rect angul ar A—FBAM 002 parts—30mircnierri—— 2 ervi—m™m
Slightly Rectapguhdxi op

Rectangul ar,4 = TBAE 0.P2\papt®2 partd0 mI/cyd nd/2npewe] Siightd¥r]mm
Slightly round top

) Rectangular,
5 DCMA 0.02 parts 36 mJ/cm® 1.2 pmm Slightly
: round top

Synthesis Example 5
(5a) Partial pivaloylation of polyvinylphenol

5 In a flask, 1.2 kg (1010 mol as p—Vinylbhenol unit) of
poly{p-vinylphenol) and 6.0 kg of acetone were charged and
stirred to dissolﬁe the resin. After the completion of -the
dissolﬁtion, 151.6 g (1.5 mol, 0.15 equivalents based bn
hydroxyl group of poly(p-vinylphenol)) of triethylamine was

100 added. After the solution was heated to 35C, 120.4 g (1.0
mol, 0.1 equivalents based on hydroxyl group of poly(p-
vinylphenol)) of pivaloyl chloride was added dropwise. . Afteri
stirrin% at 35C for 3 hours, S-kg of ether acetate and 4 kg
of an aqueous 0.5% oxalic acid solution were added and a phase

15. separation of the resulting'soiﬁtion was conducted. A phase
s:eparation after adding 4 kg of an aqueous 0.5% oxalic solution
to this organic layer was conducted twice, followed by washing.

Totheresultingorganiclayer,6]q;ofethylacetatewasadded.
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round top Synt hesi s Exanple 5 (5a) Partial pival oylation of
pol yvi nyl phenol 5 In a flask, 1.2 kg (10.0 nol as p-vinyl phenol H
unity of pol y(p-vi nyl phenol) and 6.0 kg of acetone were charged and v
stirred to dissolve the resin. After 4/he conpletion of-the

di ssqlution, 151.6 g (1.5 mol. 0.15 equival ents based on hydr oxyl

gr oup of ol 5&% oRY! pé‘%gfé rr]%p%%@%@é&' %?‘5%% W@%mﬁ% ¢ %d?.%sﬂ tfhg 29

sol uti on"was ed fo 1 equiv

based 0”8%;%9{%”1&&“ ci:fh Bokéf(cpﬁ‘ de:.on:".’é?&g&{‘lg%r]v@? @éga'fjg%m' de

was adde rOpW Se. ours

et her S:H?& esnanq‘hdélgﬁ'ganl Cﬁ[a}}gér“]&gfé?ﬁée@?ggﬁl %@d %yaﬁl%t%%i’éao@ff"ere

added an ase separ a solut Ion was conduct ed.

A phase pq s%a%ﬁé QN 3 ttertk%ag.h%ndt K Q ea@ Heaws Oﬁﬁﬁ 1 d%Cto

sol ution IS organic yer was con ucte

washifgg 2.8 kg!0 ARGEOFULLING FOLEAPNCab Y Ste xﬁaEQac?cie&”Bﬂ LAMM Foyas

add Furthernore, a phase

separ at i g%saf:BﬁE:e‘Pﬁ% uc?"di%i‘iihﬂg of f tH¥ g@ﬁ%ﬂ@a{salw 8 ob i Qf

dei oni ze ter was con frve times. The organic | ayer was

concentr gt ed 1y 5Esélkgggnogglutloﬂrmesolvent so that the anount of the
solution is reduced to 8 kg. After 7.2 kg of ethyl acetate was

added, the soluyd Oébncent%%l%‘?l”%f‘ttfl?é edo Y adicxirtdr thdo £F f:hB.Be r&@jvent
again to obtain 4.5 kg of a resin solution.

concent r g1t idn W aaﬁéh&ﬁmé&rs Qfn eWapdBst fon to ds;qh@és@n 488 it
determ ned, by an evaporation to dryness, and it 10 was 31.0% About 10%-
of tie hl(i@.rsmgﬂ @ OURSuPOLYéPof the hydroxyl group of poly(p-
vinylphenol) of this resin is converted into pivaloyl.
(5b) Partial l-ethoxypropylation of partially pivalox}iated
polyvinylphenol
In a flask, l._5 kg (3.16 mol as original p—vinylphenol
15 unit) of the resin solution obtained in the above (5a), 0.21
g of 10-—camphorsu1foriic acid and 1.2 kg of ethyl acetate were
charged, stirred and then heated td 35C. Using a dropping -
funnel, 194.5 g (2.26 mol, O .'63 equivalents based oﬁ hydroxyl
group of poly(p—-vinylpidenol)) of ethyl l-propenyl ether was
20 added dfopwise over 20 minutes. After stirring at 35C for
3 hours, 929 g of ethyl acetate and 929 g of deionized water
were add.ed to the solution aﬁd a phase separationwas conducted.
Further: a phase separation after washing the resulting
organic layér with 929 g of deionized water was conducted four
25 times. After the organic layer was concentrated by distilled
off the solvent, the residue was solvent-substituted by adding

2.1 kgof propyleneglycol monomethyl ether acetate and further

: distilliﬁg of.f the solvent to obtain 1.62 kg of a propylene



vi nyl phenol) of this resin is converted into pival oyl. (5b) Parti al

1- et hoxypropyl ation of partially pival oyl ated pol yvi nyl phenol

In a f1ask, 1.5 kg (3.6 nol as original p-vinylphenol 15 unit)_of t he
resin solution obtained in the above (%8, 0.21 g of

10- canphorsul fonic acid and 1.2 kg of ethyl acetate were char ged,
stirred argilY®eh Hepera@thy BethelspRgtatdH cﬁs:phh@lon ofy Gmeweqm 59
(2.26 nol, 0.63 equival ents based on hydroxy grou

pol y( p- vi.nyl phe'ﬁB?) FopCesRAt1om 8f eﬁéﬁ M@dv%%n ent Séd&yncﬁ HRFEB over

20 m nutes. _After Stll’l’lﬂg at 35[err]C for 3 hoursg, 929 g of ethyl
acetate arﬁPbQ@l@nd‘f’a%é?%‘h E’éanﬁét by an eV%E?EaE&G’é‘dFB @ﬁ@nesst and it

sol uti onandaphase separati onwas cqgnducte a phase separation
after wastiag 3hed ?‘esuT]El?nEr°p°rt6r9j"arﬂ% ‘?l'é?e} %gﬁxm"@yd‘fa%@oﬂF?é‘H’

wat er s conducte ur tinmes. After the or | ay

concenPr atBHbyet sERP guydroxylofqr?m éHI PolY (R H i?ﬁﬁ@ogvés was '
sol vent - subst i t ut edhy 2. of enegl ycol nmet hyl

et her acet®ReSHRYE rPPfel’*lSlq’g 3 IR, FPﬁ té’ﬂ’rpﬁqé’}/sol%gn‘t’afozgoa% ‘n 1.62 kg
of a propyl ene

mononet hyl (3¢ hefantind: L s6PPPHRT WY 1akiresPh. partlaﬁy W@ﬁ%i@ﬁ?ﬂat i on

of the solld](conte t.of this resin sol ution was determ ned by an
evapor at i &P VY 8§§ dit was 33.8% The pr oportion of the

éof;?gxzr)w%lh:%%l ?%\gégk 1 dso?kt& n(|3nfaderﬁ)y S;:s)ﬁérégr R Fe&lrné’n%?lé?noﬂ't was
26 100 | pdRr o Ul Yoy IoryeamAatignaals Bt b hun valoy ot 51
p-vinyl phegn%lf 10-camphorsulfonic acid and 1.2 kg of ethyl acetate were
charged, stirred and then heated to 35C. Using a drébping
funnel, 166 g (1.93 mol, 0.53 egquivalents based on hydrokyl
groﬁp of poly({p-vinylphenol)) of ethyl l-propenvl ether was
15_'addedldropwise over 20 minutes. After stirring at 35C for
3 hours, 929 g of ethyl écetate and 929 g of deionized.water
were added to the solution and a phase separation was conducted.
Further, a phase separation after washing the resulting
organic layer with 929 g of deibniz‘ed water was conducted four
20 ﬁimes . After the organic layer 'was concentrated by distill‘ed .
offthesolVent,ﬁheresiduewassolvent—substituﬁadbyadding
2.3 kg of propyleneglycol monomethyl ether acetate and further
distilling off the solvent to obtain 1.46 kg of a propylene '
glvcol monomethyl ether acetate solution of the resin.
25 The concentration of the solid content of this resin
éélution.was determined by an evaporation to dryness, and it
was 36.8%. The proportion of the l-ethoxypropylated group

out of the hydroxyl group in poly(p-vinylphenol) was



10 unit) of the resin solution obtained in the above (5a), 0.21 g of

10- canphorsul fonic acid and 1.2 kg of ethyl acetate were char ged,
stirred~and then heated to 35[err]C. UBing a droppi ng funnel, 166 g
i(1.93 nol, 0.53 equi'val ents based on hydf8xyl group of

‘poly(p-yinyEPhenol)) of ethyl 1-propenyl ether was 15 _added dropw se over
20 ni nuf es. defrqrRized Py nysingz s N spectyomafar - 9kt gvaf e8né#d-acetate
and 929 g of deionjzed water .

ver eaddedt oti35oI AL BHERERHHh 8Le e RERAFBRRABYIRdIQR PeT CentRGR her, a -

phase separation after washing the resultjn . rganic layer with 929 g
of deioni zed wat &h%e%bﬂdﬁeg&&w&upit@mg%éa tgﬁf la?r"vi%e%? hried| Bher

was concentrated b istille ) ff the solvent, the residue .

e vent - subrasin e fyEhnn phtained in Ehsr SRS (HeD| VeRE et 2

et her acgetate ,and further isfilling off the solvent to.obtain 1,46 k
e oh, Psh (AL I8 or 2 a8 e DB L oP RS o iR
25 The concentrati on of the SOluﬁﬁéonEFQ% of this resin .solu%ion
vas det er i Oy O CRRARFRTRONIE L QRSO L 1h F9Rtent CQpRenkratiopg

ti f_t 1-eth ted gr. t.of _the hydroxyl ro
proport! on ofe e T RlNOAPLEPHILCHI0P cne pRYA18H1ERE I HeRUdn PLSHP

of 1 ot hoxy o P At SrROBer BrHBet Foty (b viRY TERSHE L ik P Wud Qe 1
f 1e g™ =° TFest]

mixed in e Phe detrmr ok EEh 08 b er a8 S PG ORI ot Bk 1

20l Ut oflg COLRSANONOY ihber sgLL0 o oL, c0RCRR! LY 10Tl in 15 36 1%

Regarding thArs resin, the pivaloy i on percentage yl
group in poly (p-vinylphenol) is about 10% and t he 1-ethoxypropyl ation
percentage of the hydroxyl group is

Example 6

The same test as in Example 3 was conducted, except that

the resin was changed to the resin R5 obtained in (5d) of.

15 Synthesis Example 5. As a result, the effective sensitivity
was 28 mJ/cm?, the depth of focus was 1.5 um and the profile

was almost rectangular.

Example 7

20 ' The same test as in Example 4 was conducted,_ excépt that -
the resin was changed to the resin RS obtained in (Sd).of
Synthesis Example 5. As a result, the effective sensitivity

2

was 44 ml‘T/cm , the depth of focus was 1.8 um and, the profile

was almost rectangular.
25
Eiample 8
The same test as in Example 5 was conducted, except that.

the resin was changed to the resin RS obtained in (5d) of



10 about

. 20%

This resinis referred to as a resin R5.

The same test as in Exanple 3 was conduct ed,
changéd to the resin R5 obtained in (5d) of
5as 28 ml/cnferr], the depth of

resul t,

the effective sensitivity

focus.was 1.5 [err]mand the profile
Exanpl e 7 sy@bthesis EkempdeeSt.esThasresubtanplre $hesn dondadilesl 4 .ox @yt

t hat

was al nost

except that
15 Synthesis Exanple 5. As a

Exampl e 6
the resin was

rectangul ar.

the resin was changed to the resin R5 obtained in (5d) of

Synt hesi s Zblmepviasions sepemganting ehéckindeofequenichierys in Takds 44

ml/cnferr],

t he depth of focus was 1.8 pm and,

the profile

was al nost

rect angul @xe 2§ explagwngdhlin gExample 5. The sane test as in Exanple 5 was

conduct ed,

the resin was changed to the resin R5 obtained

in (5d) of o
Example 5. The results are shown in Table 4. The
represéntiRplehe RInd of quenchers in Table 4

Exanpl e 5 S— ol
e e

of
sensi
parts

10

15

except that
' 50 Synt hesi s
abbrevi ati ons

are as explained in

RO £ fec- Cpcbbbfh of

tive Fb¥%fs focus
sdd4l1y + TBAH 0. 01
28 mi/cnmferr] 1.5 [err] nmm ReaGtiangul ar TMEA 0. 01 parts.
TMEA 0.01 parts 2
1 + TBAH 0.01 parts 28 mJ/cm | 1.5 yx mm Rectangular
TMEA 0.01 parts. 2
2 + DCMA 0.01 parts 30 mJ/cm® 1.5 g mm Rectangular
' . Rectangular,
TBAH 0.01 parts 2 .
3 + DCMA 0.01 parts 36 mJ/cm 1.5 g mm Slightly
round top
: ) Rectangular,
4 TBAH 0.02 parts 30 mJ/cm® 1.2 g mm Slightly
round top
Rectangular,
5 DCMA 0.02 prts 36 md/em’® 1.2 g mm  Slightly

round top

Exampledg

The respective solutions of the resins R48 and R4S
obtained in (4c) of Syﬁthesis Example 4, resin RX1 obtained
in (3a) of Synthesis Example 3 and resin RX2 obtained in (3b)
of $ynthesis Example 3 were prepared.by'mixing in the amount

shown in Table 5 (calculated on the solid basis) so that an

»
»

average protection percentage becomes a value shown in the
same table. Each resin solution, the solid.cdntenﬁ of which
being 13.5 parts, was mixed with 0.2 parts of

bis(cyclohexylsulfonyl)diazomethane as an acid generator,
0.1 parts of bis(p—tolylsulfonyl)diazomethane as the other

acid generator, 0.01 parts of methyldicyclohexylamine as a

B RgEite Depth



+ DCVA 0.01 parts 30 mi/cnferr] 1.5 [err] mm Rectangul ar TBAH

0.01 parts Rect angul ar, + DCVA 0.01
parts 36 mJ/cr‘r{err] 1.5 [err] mm Slightly

Rect angul ar, 4 TBAH 0.02 parts 51 30 mi/cnferr] 1.2 [err] nmm
Slightly _ round top
"Rect angul ar, 5 0 p 36 A £

Slightly 'quenche¥f, 0 Dgygpapgs Jf %:etra ut{ﬂ ﬁ'aﬂ\{o% u]m hy%r%:{lodlzjén% top

v nea 1 n VT P ERAEL R L e b P b 1R £, 88F £ iRy
Synt hesi s E@Q@éfn%ngeg e?ﬁ:' n d?)@l Oﬁé?ltge%f %I%C_Sé)gnlml eogss)én%?%féé%ate

Exanpl e 3 were prepa he anoun own i n

(cal cul at ed g Ligoaal ﬂoﬁia&'ﬁe)r 2914 B Ahes (iRYAIROESPLRLOGHLONE £rom

percentage be ue shown ach resin

sol utiong ngaéoj,gglgo%%%t%fgnm hpr&,?sﬁ azomf}ﬁcélpﬁﬁhéme%@&mé‘ﬁgewth

0.2 parts of I's( exyl sul f'ony ane as an acl'd generat.or,

0.1 parts ofydbghPel Ol ¥hsul ERAUUAZUL PANC Q! RALRUYH -2 £1ludFbflesin

generator, 0.01 parts of.nethyldi cycl ohexylamne as a

51 quenehtt exrOnQ06nBakt 802k BebRARINEY | SMPN YR *B’djrﬁ‘éﬁ&résatﬁémst
ot her quencher, 0.135 parts of polypropylene glycol as a water .
retaining agesiucPoBl parts of succinimdée as a substrate dependence
nodifier and 65 parts (including the amount from 5 the resin solution)
~of propyl ene gl ycokingnoepliftytoatBe!, the alieeé e ishisd 18 i RBsVE@Sated
filtered through a fluororesin filter having a pore diameter of 0.1
[err]m 10 prepaseshlieshstvafer wadHdd &y a conventional method so that

a film ehickness___after drying becomes- 0.66 um. Then, this
siliconwafer was prebaked on a hot plate ai_: 90°C for 60 seconds.
The coated film after prebaking was exposed to light through
a chromiummask having a pattern of contact hole while changing -
15 a dosage in steps, usir;g a KrF excimerx laser steéper having
an exposure wavelength of 248 nm [“NSR-2205- EX12B”
manufactured by Nicon Corp., NA=0.55, ¢=0.8]. After the -
completion of the light exposure, the wafer was heated on a
hot plate' at _105'.’C for 60 seconds, thereby performing PEB,.
20 and then the deblocking reaction of the exposed portion was
_cpndu.cted. The reaction prodﬁct was developed with an
aqueous,‘; 2.38% solution of tetramethylammonium hydroxide to
obtain a positive pattern. Although the portion for exposure
in chromium mask was -square . in the positive pattern thus
25 o_]etained, the exposed portion is converted into a columnar
h'c.Jle 1l as shown in Fig. 1 and the surrounding unexposed portion

is remained as an image 2. In this example, the ratio of

diameter “a” of the hole 1 to the closest distance “b” between



Using a spin coater, the above resist solution was coated 10 on a silicon
waf er washed by a conventional nethod so that . a filmthickness after
dryi ng* becones 0.66 [err]m Then, this silicon wafer was prebaked on a
hot plate at 90[err]C for 60 seconds. 52 The coated filmafter prebaking
was exposed to light through a chrom ummask having a pattern of.

cont act ho ?gﬁeln% ml‘pglly( qtcéq‘?aageq n; st EB }8@ a KrF exciner

| aser steppe avi ng surée wavel engt nm [ " NSR- 2205

EX12B" ‘i‘fh Cfg}{%ltﬂgdgy tN:&QH Bbs ol §§ an Sﬁ.%]ctr%rﬂucr%fstcecfp%

conpletion of the 11 exposure, er was™ heated on a ‘at e

at 105[err}cs fﬁieﬁ@ﬁ%@%@%tx@ég%:.FE%.rJJPcE)C”V‘a'&ﬂD@?Of SRR TR on

debl ocki ng reaction e exposed portion conduct

product WeQQV&QPEQt%tih the foll@%%@ﬁﬁanﬁe%g% g0Vt £ 20195 are shown

t et ramet amonl um hydroxide to . tain apositivepattern.
Althoughthggoﬁgb@gfgu exposure |n chron1un1nask was square , in the
positive pattern thus 25 obtained, the exposed portion is converted into
a col umar. hole 1 as shown in Fig. 1 and the surrounding
unexposedportion is remained as an image 2. In this exanple, the ratio
of di anet eeffectfvd ool €idity t ke ﬁheseébréls%&ﬁm by'a RENAeRE

52 adj acent hoIe walls (pitch aib) is to be 1:2. The

f or nedpat t @ Bagesr egasréeet tby £ aPmed efdri e H1d DS tRPLing a hodRddiBaikter
theeffective sensitivity, depth of focus andprofile

mereevaluabEdbnuhEﬁﬁdIawwagpmnﬁhr4a:Ehen£Su1t3areshomn'-5 in Table 5.
Ef fective sensitivity: It was represented by a m ni num dosage required
to forld a cont abeptdl @ethdfdaus a ITwlvasliveptesented by a range of focus
wherein a contact hole having a hole diameter of 0.25 um is
resolved accuratelyat apitch (a:b) of 1:2 wh'en light exp'osure
was conducted at a dosage of the effective sensitivity by
moving the position of focus upward and downward. It is
15 considered that a focﬁs margin is wide, that is,. good, if the
depth of focus is not less than 1 um. |
Profile: It was judged by a cross—secti.onal shape of a

contact hole pattern having a hole diameter olf 0.25 um formed

at a dosage of the effective sensitivity.

£ -



of 0.25 [err]mat a pitch (a:b) of 1:2. 10 Depth of focus: It was

represented by a range of focus wherein a contact hole having a hole
dianetér of 0.25 [err]mis resol ved accurately at apitch (a:b) of 1:2
when |ight exposure was conducted a®3a dosage of the effective

sensitiyvity bymapje 89ving the position of focus upward and downward. It is
15 consi dereo[ taﬁ)at a focus margin is wde, that is, good, if the
depth of focus is not less than 1 [err]m , Profile: It was judged

by a cross-gesti-pral—-shape—ot—a— ceR-a hot-e H-err-hayRe—a—he
di anet er of yb. 25%g S&dikm é&h&ydeﬁﬁge ofiide ef bentd ve te
sensitivity. {solid percentage tion sensi- 53 [ Tabl e 5]
Run Conpositi orf°RPfRFd| oy-  1- percentpgq oc- EiVEHth of Profile  No.
of resin T rariraB/é6.750et hoxyethyla- t(lve TOCUS (solt1d
percentage tion parts gensj - content) per cent age
tivity L B.36%0 parts RX1/ 6. 373 .
Rect an- 11 %’gﬁﬁm SR 3439 o 42 mIACM ACPT et P
[err] m gular RX2/ 0. 377 parts R49/ 4. 050
parts 21037 s | Rectan- 2
'3 % ——34%49/4.0540N0/ cmj err] L. 05 [err] m gurar RXI79— 450
parts RX1/ 8. 29garts 3 parts _ (Com 2 Rectan-
34% 35R0/ 68 rdse 0-75 T&r] m  Rbuhd pari? ™/ Ton) -/, g@tar
top part garts '
RX1/8.292
parts
oo rx2/5.20 - . 34 % 3smy/em®  0.75 p m f__‘ggnd
son) parts
5 The photoresist composition of the present invention

using a resin having the respective structural units
reﬁresented by the above formulas (I), (II) and (IIXI) affords
excellent resolution and excellent profile in t;_he exposed area
of high-energy radiation. On a subst_rate provided with an
10 organic anti-reflective film, excellent profile is afforded
and a focus margin is also wide. Accordingly., by using the
composition of the present invention, a fine photoresist

pattern with high accuracy can be formed.

il
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5 The photoresist conposition of the present invention using a
resin having the respective structural units repr esent ed li the above

feggreTH g?\tgle?sol l(J'I[ : z)ngggeilcle: I)eﬁI L?(rn(‘jlsl e b4 t he exposeda“wm I"I"I "Ill " IIII

hi gh-epergy radiation. On a substrate provided with an orgam é
anti-reflective fil excellent profile is afforded andafocus mar gi n
is also w Waatacksretaghed 1§y using the conposition of the present

i nvention, a fine ph%t or esi st attern wth high, accurac

-f or ned. 1. °t\Hﬁ?s+§tc‘?°a‘F£%ﬁlF§°n °°mpr1’~smgﬁé‘ ng@;?g%ng,

resin havin one Iecu

¢ :
Couboct | velst PRRERLAYyT e chd FesuARsdve Str“t‘f;F‘{rrFé S e Ter g
(. @ %rxlrd th (d I}.ollowzn.ng formulas (I), (II[) rld (III):

1 3 :
[ROF N
C—C
K‘#)Q | (1)
- OH '
1 ]
12
. R @ ORM (1)
1t 1 i5 :
O-C-C—R
R2! R |
/c:; L\ |
( L2 ) (ID)
OR . |

wherein R, R?, R?®, R'?, R!2, R13, .R21,:R22 a}:nd R** each -
indepéndenﬁly represents hydrogen or an alkyl having'llto 4
carbon atoms; one of R, RS and R!'® represents an aliphatic
hydrocarbon residue and the rest each independently

10 represe%ts hydrogen or an aliphatic hydrocarbon residue, or
two or three of R4, R'® and R'® are combined each other together |
with a carbon atom to which they are bonded to form a
h§drocarboq ring; and R represents a group cleavable by an

action of an acid.

F15 0 2. The photoresist composition acfording to claim 1



wherein Rlerr], Rerr], Rerr], R[err] Rerr], Rerr}—— R[e—r-r*]——R[‘er‘rT“and

R err]. each | ndependent |y represents hydrogen or

4 carbon atons; one of Rerr], Rerr] and R[err m Eﬂmw ‘m

al i phatic hydr ocar bon resi due and &Be rest each

represents hydrogen or an aliphatic hydrocarbon residue or t wo or

three of Rlerr], Rerr] and R err] are conbi ned each other together

wi th a carbonvieepeihorWir?h Rhey réf ¢ Hfdnsied RY tepmesent hydwelyenasharr?,

ring; and R represents a group cleavable by an action of an acid. 15

2. The ph@'dr esdsR*t egutsi independendilyy rieprd sémt hydrogen or methyl.

55 wherein Rerr] , Rerr], Rerr], Rerr], Rerr] and Rerr] .

represent hyd¥ogen theRPhotoxﬁ]sa'.samdcmﬁosémlidm@;MM@hnbytloepﬂ@:'smt1

hydr ogen or nethyl. The phot oresi st conposition according to claim
wher eiwh&fein] R'R] eR’r“] aaddR¥f ein|the £hembdeml%L)( |¢jcacepresents

represents 5 nethyl. 4, The phot oresi st conposition according to

claim1l 5 méklheln the proportion of the structural unit represented by

the formula (I1) is within a range from1 to 30% by nol . 5. The

phot or esi st cbnposi t TBR PRECOTRSIEE ccerpPmition aqgerding te Hainriul a

(1'11) is represented by the foll owi ng formula (LIla): [err]

wher ei n R[ er r{h@EBiLBs FsP:ﬁ?HPSﬁéﬁno?fa‘FP%IEktylr'uﬁ‘&\}ifﬁé ynif Yepgeserted by

at ons; err] represents an al k having 1 to 4 carbon atons;
R ] epformula (II) ys w:?th:.% a range from 1 to '30% by mol.

S. The photoresist composition according to claim 1
10 whereinR in the formula (III) is represented by the following

for_muia (XIXxa):

R24
—C-0-R%®  (Ia)
hes
! wherein R? represents hydrogen or an alkyl having 1 to 4 carbon
. atoms; R** represents an alkyl hav:iz_l_g 1 to 4 carbon.at.:o:ms;
15 and R*® represents an alkyl or a cy¢loal¥yl or R?*® and R*® are
combined each other to form en' alkylene chain which may be
substituted with an alkoxy. . |
- 6. The photoresist composition according to claim 1
wherei,nithe proportion of the stfuctﬁral unit represented by
20 the forrrtula (ITI) is within a range from 10 to 70% by mol.
7. The photoresist composition according to claim 1 which
.further comprises an é.cid generator and is a chemical
arnplification positive type photoresist.
‘8. The photoresi.st composition .'a‘lccording to claim 7

25 wherein the acid generator comprises a compound having a



15 and R err] represents an al kyl or a cycl oal kyl or R[err] and Rlerr] are
conbi ned each other to forman al kyl ene chai n whi ch may—be——— substitute

wi th an al koxy. 6. The photoresi st composition accordin 1
wherein the proportion of the structurabbunit represente “I“Lllmﬁlil I "-r
formulaa (111) is within a range from 10 to 70% by nol .

photoreS| st conposition according to claim1 which furt her corrprl ses :
an aci d genkiazomeshdnieslizuwhitonyhl skeletamlification positive type

phot or esi st . 8. The photoresi st conposition according to claim?7
25 wherei@the adTUegBhet@mﬁSkﬁ#m#@@ﬁ@SauaﬂﬁxﬁﬁﬂoﬁéipﬁgQ? claim 8

56 - di azonet hanedi sul fonyl skel et on. The phot or esi st

conposi ti orwlaereidi et caRewnd haVlmeraelﬁﬁﬁﬁ@méﬁhﬁ@tﬁﬂ?%f-ﬁBYé

di azonet hanedi sul f onyl skeleton is bis cycloalkylsulfonyl)dlazonethane
5 10.  Thekehetoredisstoicoigusl erbdlyaerdihmy 1} gigramatdrane. wherein the
acid generator further conprises an oniumsalt. é The é)fot orgsi st
conposi 6i onl@ecor dFRY PHOtOASAUTE COMRASA&LPT RCGAFGiPTalto iglaim

p-tol yl di phenyl sul foni um p t ol uenesul fonate or

p-t ol yl di pHERGF &P Bhﬁuﬁf:l:@og?rlieﬂa&&%rf-é’clh%%u??’aﬁatlées an opjum SAlL.

phot oresi st_conposi tion according to claim7 which further conp ses
an organic blse Co‘FrJﬂSuF? otores:.gt composition accordlng to cla .rl.b

wherein the onium salt is p-tolyldiphenylsulfonium p-
toluenesulfonate or p—tolyldiphenylsulfonium

10 tr:.fluoromethanesulfonate
12. The photores:.st compos:.tlon according to claim 7 which

further comprises an organic base compound.



