1 DESCRI PTI ON POLYMER COVPOUND, PHOTORESI ST COVPCSI TI ON | NCLUDI NG THE
POLYMER COVPOUND, AND RESI ST PATTERN FORMATI ON METHOD 5 TECHNI CAL FI ELD The
present . invention relates to a polymer conpound; a | ow nol ecul ar wei ght
conmpound which is preferable for preparing the polymer conpound; a

phot oresi st conposition including the polynmer conpound; and a resi st
pattern formation nethod. 10 Priority is klainmed on Japanese Patent
Application No. 2004-045522, filed February 20, 2004; Japanese Patent
Application No. 2004-134585, filed APEBCREBIION04; Japanese Patent
Application No. 2004-179475, filed June 17, 2004; Japanese Patent
Application No. 2004-252474, filed August 31, 2004; and Japanese Patent
Application No. 2004-316960, filed October 29, 2004, the contents of which
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general ly known main techniques. One is a technique on an exposure
wavel en§th or a nunerical aperture of a reduction projection exposure
appar atus known as a stepper or a scanner. The other is a technique on
resi st characteristics such as priTECHYICA3EHIELDON of a phot oresi st
conposition in which a nmask pattern is printed by the aforenentioned
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accuracy of a
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compound which is preferable for preparing the polymer compound; a photoresist
composition including the polymer compound; and a resist pattern formation method.
10 Priority is claimed on Japanese Patent Application No. 2004-045522, filed
February 20, 2004; Japanese Patent Application No. 2004-134585, filed April 28, 2004,
Japanese Patent Application No. 2004-179475, filed June 17, 2004; Japanese Patent
Application No. 2004-252474, filed August 31, 2004; and Japanese Patent Application
No. 2004-316960, filed October 29, 2004, the contents of which are incorporated herein

15 by reference.

BACKGROUND ART
It is no exaggeration that miniaturization of a semiconductor integrated circuit

pattern has been accomplished due to the progress of photolithography and peripheral

20  techniques thereof. This photolithography includes two generally known main
techniques. One is a technique on an exposure wavelength or a numerical aperture of a
reduction projection exposure apparatus known as a stepper or a scanner. The other is a
technique on resist characteristics such as printing resolution of a photoresist

“composition in which a mask pattern is printed by the aforementioned reduction

25  projection exposure apparatus. These have improved processing accuracy of a



2 sem conductor integrated circuit pattern by nmeans of photolithography.
The wavel ength of |ight sources used in the reduction projection exposure
apparatus has been increasingly shortened in response to a demand for high
resolution circuit patterns. In general, the g-line (436 nm or i-line (365
nm of a nmercury lanp is 5 used in the case of a resist resolution of about
0.5 mor 0.30 to about 0.5 m respectiveﬁy. The main spectra of the g-line
and i-line are 436 nm and 365 nn respectively | s0, a,KrF exciner |aser
(248 uny " aFEPERRG I BEIREHE] OO Retes Y Tpans phooUiEE e case of a resi st
resolution of 0.15 to about 0.30 pm or about 0.15 mor_ |ess, respectively.
Furt hernore, use T wavekngéadilight squaess usgdi mzhe rgductigaprejestion aEposEE | aser
(126 nm, and EUV (extreme ultraviolet light, wavel ength: 13 nun) is being

i nvest i gat eppdratue haebeehdnéreadifgly shdrtunad i fegporae seatianadlifor digh retslgiai ed
circuit pattern. As far as a photoresist conposition is concerned, the life
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currently pro y C photoresi st w an org

inorganic antj.-reflectiwve filmor.b Vi S| an exposuyre system and the
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is being devel oped. Al so, provision of a photoresist conposition for ArF has
been desi resgectivélch The meia specatsl of theog-ling andriziise preddaam amd 345 mmpr ospecti ve
fine pattern with a node of about 90 nmor less in |ithography using an ArF

exci mer | as@pectiught hexlsmraKrF éxcirhodasd (¥4 8ishmhand HeAd edcareriaicd (B3B8 fd) exci mer
| aser has drawn attention as a technique 20 for processing a prospective

fine patte 1 : ; t i m'tionis
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10  laser (126 nm), and EUV (extreme ultraviolet light, wavelength: 13 nm) is being
investigated in order to further miniaturize a semiconductor integrated circuit pattern.

As far as a photoresist composition is concerned, the life of a photoresist.for KrF
in lithography using a KrF excimer laser is currently prolonged by combining this
photoresist with an organic or inorganic anti-reflective film or by devising an exposure

15  system, and the photoresist composition with an eye to about 110 nm, which is below W/2,
is being developed. Also, provision of a photoresist composition for ArF has been

b desired, which is preferable for the mass production of a prospective fine pattern with a

node of about 90 nm or less in lithography using an ArF excimer laser. Furthermore,
lithography using the aforementioned F; excimer laser has drawn attention as a technique

20  for processing a prospective fine pattern with a node of 65 nm or less, and a photoresist
composition is being developed which is applicable to fine processing by lithography
using an F; excimer laser.

Since it is difficult for a conventional positive photoresist including an alkali

soluble novolak resin and a quinone diazide group-containing compound as main

25  components to achieve such a fine pattern, a photoresist applicable to a far-UV ray with a



sol ubl e novol ak resin and a qui none di azi de group-contai ni ng conpound as
mai n 25 conponents to achieve such a fine pattern, a photoresist applicable
toafar-U/ray with a 3 further shortened wavel ength (200 to 300 nm; an
excimer |aser such as KrF, ArF, or F2; an electron beam and X ray has been
desired to be devel oped. As such a photoresist, a chemcally anplified
resi st has drawn attention and is being &tively devel oped, in which a
catalytic reaction and a chain reaction due to an acid generated on exposure
t o radi at i dhrtBercdhortered waydlongdh (208do 0@ nmiyan éxsirder lgser sueh asi igthe ArF,anliz;hi gh
resolution and sensitivity can be achieved. A resin containing an acid
di ssoci abl ean ele@mnl hiaig and Khiapihhs Bgnglesivg fosherdiveloped. UsLeisich adphotstdidtye
chemcally anplified resist. Exanples of an acid dissociable, dissolution
i nhi biting : {4t ' ibY 2R RIHekd eS| ' :
acetal gr ou%?&g%ugfa?%a{lr%dg?ﬁ%h]&gg gat%ﬂst%ghb%s a Hteiedrgtgg 83?; |d§g?”8€%i: LA
tert-butoxycarhonyl group,.and.tert-butoxycarbonyl nethyl group as an . acid
i Ss00i ab) 2 CAIEEOTALH MR PER R Do raach Sopaasen Saosite shenaen
di sclosed in the follow ng non-patent references 1 to 3. Also, as described
in the ol |canibsgeadtrednihe quandnmnield is 1 ar kigherc and high uesotutivarand eensitiGtyfaaom a
tertiary ester conpound of (meth)acrylic acid, for exanple
2-al kyl - 2- astaizhnetyd. (nmeth)acrylate, is generally used as a structural unit
containing an acid dissociable, { dissolution inhibiting group in a resin
conponent of a co ! : A, i; Sdooi ik O ai o
specification, " a}g}%p‘l{ %‘9{3%5}5@ aﬁr??iﬁ?dr%%? ﬁlggf%;? ?%dlgﬂé(?g‘nhg)?%ﬁ?@gﬁ gs?n?lbgl y
referred to as."(nmeth)acryl.ic,acid', "acrylic acid derivative" and 20
"n?thacrylﬂ@eég}%pﬁ%ﬁ%%éF%W@ﬁhﬁF@ﬁgﬁQQ§ﬁ'ver referred to as "(neth)acrylic
d

aci

Examples of an acid dissociable, dissolution inhibiting group used in the
10 chemically amplified resist include an acetal group, a tertiary alkyl group such asa
tert-butyl group, tert-butoxycarbony! group, and tert-butoxycarbonylmethyl group as an
acid dissociable, dissolution inhibiting group for a fluorinated alcohol as disclosed in the
following non-patent references 1 to 3.
Also, as described in the following patent reference 1, a structural unit derived
15 from a tertiary ester compound of (meth)acrylic acid, for example 2-alkyl-2-adamantyl
(meth)acrylate, is generally used as a structural unit containing an acid dissociable,
dissolution inhibiting group in a resin component of a conventional ArF resist
composition.  In the present specification, “acrylic acid” and “methacrylic acid” are
collectively referred to as “(meth)acrylic acid”, “acrylic acid derivative” and
20 “methacrylic acid derivative” are collectively referred to as “(meth)acrylic acid
derivative”, and “acrylate” and “methacrylate” are collectively referred to as
“(meth)acrylate”.
However, an acid dissociable, dissolution inhibiting group used in these
chemically amplified resists disclosed in non-patent references 1 to 3 has a problem in

25  terms of the improvement of resolution and the formation of a fine pattern with a good



derivative", and "acrylate" and "nmethacrylate" are collectively referred to
as "(neth)acrylate". However, an acid dissociable, dissolution inhibiting
group used in these chemcally anplified resists disclosed in non-patent
references | to 3 has a problemin 25 terns of the inprovenent of
resolution and the formation of a fine pattern with a good 4 rectangularity
because an al kali dissolution inhibitingdeffect in a unexposed part is
insufficient (thickness loss occurs in a resist pattern.). Provided that an
i nt roduct i dectRrgudaritytbepgisg an ¢lkaligksselutipp énhibjfing sifestiin a upesmosed paryisgr oup i s
increased to inprove an alkali dissolution inhibiting effect in a unexposed
part, ther dnfifficiant(dackipso hiseorduns intwdesibihyattetrsk  Frodtleddaead intedudtivheaeed.
Al so, as described in the patent reference 1, a conpound formng a cyclic or

| near ¢ er eaf ol diidocfible BiblshorPish A o Bt Oercaled B BIAE Y kiliact O 1

wel | -known as a compound formng an acl socl a ution

i nhibiting group. E er, thereis a limtation to the .nunber, of, types of
an avai | ab@ssaﬁﬁlang'@%ﬁ%&ﬁ“‘iWa&{nﬁéﬁ’o%m’, tHids & fi%Obge%HBﬁﬂtheﬁ&not
working as a chemically anplified positive resist because an acid

di ssoci abl &f dgfestisiingreassdi nhi bi ti ng group is not dissociated unless an acid
generator is wused, in which acid strength of a generated acid is strong,
for exanpl e an omlsessalescribed i Serpatenit feféreni I, aabathoahd Yorsind oaydicaei d i on
at an anion part. Al so, there is another problemin that sensitivity is not

suffi ci ent. |pagReARASHY1 BR8SHRA LbubxtIFho STthELYAC hda IowehAROAR S & 2

generated ac e I nprovenent” of these 'probl ens hi ghly been
e | TR Biie! & S0 G, dRRIB BiShink i, THOARB el
a limitation to the number of types of an available acid generator. In other words, there
10 is a problem of not working as a chemically amplified positive resist because an acid
dissociable, dissolution inhibiting group is not dissociated unless an acid generator is
used, in which acid strength of a generated acid is strong, for example an onium salt
containing a fluorinated alkylsulfonic acid ion at an anion part.  Also, there is another
problem in that sensitivity is not sufficient when an acid generator is used, in which acid
15  strength of a generated acid is weak. The improvement of these problems has highly
been desired.
[Non-patent reference 1]
T. Hagiwara, S. Irie, T. Itani, Y. Kawaguchi, O. Yokokoji, S. Kodama, J.
Photopolym. Sci. Technol. Vol. 16, Page 557, 2003
20 [Non-patent reference 2]
F. Houlihan, A. Romano, D. Rentkiewicz, R. Sakamuri, R. R. Dammel, W,
Conley, G. Rich, D. Miller, L. Rhodes, J. McDaniels, C. Chang, J. Photopolym. Sci.
Technol. Vol. 16, Page 581, 2003

[Non-patent reference 3]

25 Y. Kawaguchi, J. Irie, S. Kodama, S. Okada, Y. Takebe, 1. Kaneko, O. Yokokoji,



Phot opol ym Sci. Technol. Vol. 16, Page 557, 2003 20 [ Non-patent reference
2] F. Houlihan, A Romano, D. Rentkiewicz, R Sakamuri, it. R Damel, W
Conley, G Rich, DD MlIler, L. Rhodes, J. MDaniels, C. Chang, J.

Phot opolym Sci. Technol. Vol. 16, Page 581, 2003 [ Non-patent reference 3]
25 Y. Kawaguchi, J. Irie, S. Kodama, S. kada, Y. Takebe, 1. Kaneko, O.
Yokokoji, 5 S. Ishikawa, S. Irie, T. Hagiwara, T. Itani, Proc. SPIE, Vol.
5039, Page 43, 2003 [Patent reference 1] Japanese Unexani ned Patent

Appl i cat i orb, Ighilkesta, Bubid, Fatlagiwarg T. Heni, B®c18RE] Yol. 5088, Rag©EBREIIGF | NVENTI ON
The present invention has been acconplished in consideration of the

af orenmenti oned prphtgreferéfed 13n obj ect of the present invention is to
provi de a pol yner conpound ich can constitute a photoresi st conposition

capabl e of havin | uthan:  f ' f 1 H&r 4 h a
favorabl e rect ang%‘%{aﬁF %(9%%%? g?dn?%gﬁf%cl)@g%qné?% lﬂ%&??@%ﬁ%@%ﬁ@rlm |3f:s even
when acid strength of an acid generated froman acid generator is weak, and
havi ng favorable sensitivity, Al so, other objects of the present invention

are to provide a conpound preferable for preparing the polynmer conpound, a
phot ore8i st conposition incl JdSAEAHRPBOFMEYENGPNuUNd, and a resi st

pattern formati on nethod wusing the photoresist conposition. 15 To achieve

the af orenmenti ongthe Poisent ifiveritida HAE BS@McchRYRiHeals cORYErRMIW/hEd | ntensive
research in which various acid dissociable, dissolution inhibiting groups

were { aforementioned problems, and an object of the present invention is to provide a polymer

compound which can constitute a photoresist composition capable of having an excellent
resolution, forming a fine pattern with a favorable rectangularity, obtaining favorable

10 resist characteristics even when acid strength of an acid generated from an acid generator
is weak, and having favorable sensitivity. Also, other objects of the present invention
are to provide a compound preferable for preparing the polymer compound, a photoresist
composition including the polymer compound, and a resist pattern formation method
using the photoresist composition.

15 To achieve the aforementioned objects, the present inventors have conducted
intensive research in which various acid dissociable, dissolution inhibiting groups were
introduced into an alkali soluble group of a polymer compound for a photoresist
composition as a protecting group, and the resist characteristics of these polymer
compounds were investigated. Then, for the first time, it was found in the case of using

20  an acid dissociable, dissolution inhibiting group containing a specific cycloaliphatic
group that a fine pattern with a favorable resist pattern shape and improved resolution
can be formed. The present invention has been completed on the basis of the above
knowledge. In addition, it was also found in the case of using an acid dissociable,
dissolution inhibiting group containing a specific cycloaliphatic group that more choices

25  of an acid generator and a highly sensitive resist composition can be obtained in



introduced into an al kali soluble group of a pol yner conmpound for a

phot oresi st conposition as a protecting group, and the resist
characteristics of these polynmer conpounds were investigated. Then, for the
first tinme, it was found in the case of using 20 an aci d dissoci abl e,

di ssolution inhibiting group containing a specific cycloaliphatic group
that a fine pattern with a favorable resgst pattern shape and i nproved
resolution can be forned. The present invention has been conpleted on the
basi s of tb@npdrises wiknthelcestge. fotmingadiatidatissociableadissd!stborf imhibitinggrbpbgase of
using an acid dissociable, dissolution inhibiting group containing a

speci fic cyghpalbRhatiofaltosifduhd ahidifofins B eVdROr dime it teArpalkdlc@PRitREOr and
a highly sensitive resist conposition can be obtained in 6 tconparison with

the case o pabl e, dissolution inhibiting group by
using a co%vé&gﬁéﬂgfpa@o@géﬂﬁ %lywﬁg&ﬁ forms a cyclic or Iinear terti ary

al kyl ester with & ar boxyl ‘g P met h? acry i C aCaJ?(pJf ymer Qorrpound
of present i nventCiRSWIHEARROINGR Heﬁ%ﬂ ey 1%}@ sofu evﬁﬁ%‘ﬂlél

| east one hydrogen atom of the al kali sol uble group ( is substituted by an
aci d dissowhateincgt ldist su¢ bydrogen athiniftthevalk g mlpbl(:lgn)upr(e)pses@rmnmﬂ byam gener al
formula d): --CH2-0+CHA. -R (1) (wherein Rz represents a cycloaliphatic
group whi Chig ankadiMsie MsdRiRniNEBItEE gréd (0Re dﬂé&ﬂ&dm %@z!raq?%}hﬁilz{‘(l?n oxygen
atom a nitrogen atom a sulfur atom or a 10 hal ogen atom (herei nafter,
these atons are collectively referred to as a "heteroatont.), and n

represents O or an integer of,1 to 5 and the pol yner conpound exhibits
changed al kali sol us+CH G)n{dﬁHi t| on of an acid. It is preferable
th?t the al kali sol uble group (i) be at least one selected from an

(1)

(wherein R; represents a cycloaliphatic group which contains no more than 20
carbon atoms and may contain an oxygen atom, a nitrogen atom, a sulfur atom, or a
10 halogen atom (hereinafter, these atoms are collectively referred to as a “heteroatom™.),
and n represents 0 or an integer of 1 to 5.), and the polymer compound exhibits changed
alkali solubility under the action of an acid.
It is preferable that the alkali soluble group (i) be at least one selected from an
( alcoholic hydroxyl group, a phenolic hydroxyl group, or a carboxyl group. When the
| 15  alkali soluble group (i) is an alcoholic hydroxyl group, it is more preferable that a carbon
atom adjacent to the carbon atom bonded to the alcoholic hydroxyl group be bonded to at
least one fluorine atom.
It is preferable that R; in the general formula (1) represent a cycloaliphatic group
which contains no more than 20 carbon atoms, may contain a heteroatom, and contains
20  an adamantane backbone. Moreover, it is preferable that R, represent a cycloaliphatic
group containing at least one hydrophilic group, and that the hydrophilic group be at least

one selected from the group consisting of a carbonyl group, an ester group, an alcoholic



al cohol i ¢ hydroxyl group, a phenolic hydroxyl group, or a carboxyl group.
When the 15 alkali soluble group (i) is an alcoholic hydroxyl group, it is
nore preferable that a carbon atom adjacent to the carbon atom bonded to the
al cohol i ¢ hydroxyl group be bonded to at |east one fluorine atom It is
preferable that R, in the general formula (1) represent a cycloaliphatic
group which contains no nore than 20 caf’lbon atons, nmay contain a

het eroat om and contains 20 an adanant ane backbone. Mbreover, it is

pr ef er abl e hyfroKyRaroppitheresn Iming grQuUpapahMBANEOFOMD cont ai ning at | east one
hydrophilic group, and that the hydrophilic group be at |east one selected
fromthe group censivl corgpafndafcie presgnt irgreatign isavpresdnesd gy generdforatudohol i c
7 hydroxyl group, ether, an imno group, and an am no group. A novel
conmpound oﬁzﬁhe present invention is represented by a general fornula (2):
R2 Ooff/o ~).R (2) f. 5 (wherein R and n represent the sanme as the

af orenenti oned; and R2 represents a hydrogen atom a fluorine atom a | ower
al kyl group contaigyng 1 to 20.carbon atons, or a fluorinated |ower alkyl
group containing | 4 atons.), and a pol ynmer conpound containing a
structural unit (al) fromthe conpound represented by the general
formula (2) is incl pol ymer conpound of the present invention. 10 A
phot or esi st conpos¥ti on of th&ypresent imwention includes a base materi al
resin conponent (A) (hereinaf'hgﬁﬂga¥3 as a "conponent (A)".)
whi ch exhibits changed al kali so ility underBthe action ()an acid; and
an aci d generator conponent

( 5 (wherein R; and n represent the same as the aforementioned; and R; represents a
hydrogen atom, a fluorine atom, a lower alkyl group containing 1 to 20 carbon atoms, or
a fluorinated lower alkyl group containing 1 to 20 carbon atoms.), and a polymer
compound containing a structural unit (al) derived from the compound represented by
the general formula (2) is included in a polymer compound of the present invention.

10 A photoresist composition of the present invention includes a base material resin
component (A) (hereinafter, may be referred to as a “component (A)”.) which exhibits
changed alkali solubility under the action of an acid; and an acid generator component

( (B) (hereinafter, may be referred to as a “component (B)”.) which generates the acid on
exposure to radiation, wherein the base material resin component (A) is a polymer

15  compound of the present invention,

A resist pattern formation method of the present invention includes forming a
photoresist film on a substrate using a photoresist composition of the present invention;
exposing the photoresist film; and developing the exposed photoresist film to form a
resist pattern.

20 According to the present invention, it is possible to provide a fine pattern with

high resolution and a favorable resist pattern shape (rectangularity). Also, an acid



(B) (hereinafter, may be referred to as a "conponent (B)".) which generates
the acid on exposure to radiation, wherein the base material resin
conponent (A) is a polyner 15 conpound of the present invention. A resist
pattern formati on net hod of the present invention includes formng a
photoresist filmon a substrate using a photoresist conposition of the
present invention; exposing the photoreg st film and devel oping the
exposed photoresist filmto forma resist pattern. 20 According to the
present i nuitsbeiable, dissdlsti@oimbibitirg group cavbaldissociatabbypaiehanracid géaeratirgh
resolution and a favorable resist pattern shape (rectangularity). Al so, an

acid S di ?ﬁﬁhe&gsﬂa@ihmsy%ie@u&%m Wbk afd agng1% dﬂtzﬁﬁ?&joﬁatb?éj by even

an acid generator- generating an a whose acl trength Is weak, and it is

possible to obtain favorable sensitivity. 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS FIS@Sﬂlmiys a figure showing the sensitivity profile obtained by
using ArF exposure in Exanple 4. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
10 A detail ed description of the present invention is as follows. In the
present clainms and specification, a "structural unit" neans a nonomer unit

constitfting a polyner coBRIBROESCRIPHEONIEETHE DRAWBNGSd specification, an
al kyl group, an al koxy group, or an al kyl ene group nmay be |inear or

branched unl ess giyhef asﬁ%l.gersﬁavinéﬁhé ﬂen?itigﬁ'!f }Sm% Plﬁtgglgff l@g lugﬂlé%?%iptﬁs)urﬁ .

i nvention, at |east one rogen atomo roup
t hi s nol ecul % S PUJJS“ tuted by an acid dissociable, dissolution
1n Example 4.,

BEST MODE FOR CARRYING OUT THE INVENTION
10 A detailed description of the present invention is as follows.
In the present claims and specification, a “structural unit” means a monomer
unit constituting a polymer compound.
In the present claims and specification, an alkyl group, an alkoxy group, or an
alkylene group may be linear or branched unless otherwise noted.
15 In a polymer compound of present invention, at least one hydrogen atom of an
alkali soluble group (i) in this molecule is substituted by an acid dissociable, dissolution

inhibiting group (ii) represented by a general formula (3):

-——cw—-—-o—(—%—);m

(3)

(wherein R represents a cycloaliphatic group which contains no more than 20
20  carbon atoms and may contain a heteroatom, and n represents ( or an integer of 1 to 5.).

When a polymer compound of the present invention is used in the system of a



inhibiting group (ii) represented by a general formula (3): (wherein R
represents a cycloaliphatic group which contains no nore than 20 20 carbon
atons and nmay contain a heteroatom and n represents O or an integer of | to
5.). Wen a pol ynmer conpound of the present invention is used in the system
of a9 chemcally anplified positive resist, a dissolution inhibiting

effect in an al kali developing solutiongs shown before exposure, whereas

al kali solubility due to deprotection is showmn after exposure and a PEB

(post  exposehemitxly angplifipdqmeiise bestssdi sdohstigroibibitingosffeoinnh alk0indeveldpingn
aci d dissociable, dissolution inhibiting group (ii) containing a

cycl oal i phadghgion i9% tw?bé’ﬁafee Fxﬁ@ @Her&aﬁeall@;l%o%ﬂﬁﬁﬁﬂ &gqugﬁafe&abn s%pm&ha (1)

or (3). Since the al sol Ity I's greatly c e and after

o ovi dea TS mﬁ?ﬁ?@%‘:e&@éﬁ% exie e Bire FinreSeEhise b pyReF Serdieipting of

the present invention inproves etching resistance. In particular, when a
hydr ophi | i ccogteatioan acid dissomable. disseltior inhibiting arouadiiy camaigingsowicksiiphatic

di ssolution inhibiting group (ii), the adhesion of a resist pattern to a
substratse grsup rapreseattd bynhe dfoeenadntioned geretal dommada k) gpgd ern to an al kal i
devel oping solution is inproved, thereby reducing the devel opi ng defects.

(i bi 1m0 group (11 {16 A Al LAl 1 SOT bl € 80D (1] & GEderibedSelow i n
d | . kal h
Subet ut ed by el el peg PR ffﬁ@%%b@ﬁ? e DR PROPRGIERAD) 11

ot her words, mhen an alkali sol ubl e group (i) is . an _alcoholic hydroxyl

group, a c AEBERYON. g Alsp, 2 PRIYBeLFERRAUNE of fher RIRSANt Hveufien la‘rPf‘a‘éelSGtChm%som abl e,
di ssolution inhibiting group (ii) is bonded to the oxygen atom of the al kali

resistance. In particular, when a hydrophilic group is further introduced into an acid

10 dissociable, dissolution inhibiting group (ii), the adhesion of a resist pattern to a substrate
is improved, and the affinity of a resist pattern to an alkali developing solution is
improved, thereby reducing the developing defects.  Also, mask linearity becomes
favorable.

[Acid dissociable, dissolution inhibiting group (ii)]

15 An alkali soluble group ti) is described below in detail. An alkali soluble
group (i)} contains a hydrogen atom which is substituted by an acid dissociable,
dissolution inhibiting group (ii). In other words, when an alkali soluble group (i) is an
alcoholic hydroxyl group, a carboxyl group, or a phenolic hydroxyl group, an acid
dissociable, dissolution inhibiting group (ii) is bonded to the oxygen atom of the alkali

20  soluble group (i) in which one hydrogen atom has been removed.

The acid dissociable, dissolution inhibiting group (ii) is represented by the
general formula (1). In the general formula (1), R; represents a cycloaliphatic group
which may contain a heteroatom and contains no more than 20 carbon atoms, preferably
2 to 20 carbon atoms, more preferably 3 to 20 carbon atoms, most preferably 5 to 12

25 carbon atoms. The cycloaliphatic group may contain a substituent group. A value of n



20 sol ubl e
di ssoci abl
general fo

group (i) in which one hydrogen atom has been renoved. The acid

e, dissolution inhibiting group (ii) is represented by the
rmula (1). In the general fornmula (1), Rl represents a

cycloaliphatic group which may contain a heteroatom and contains no nore
than 20 carbon atons, preferably 2 to 20 carbon atons, nore preferably 3 to
20 carbon atons, nost preferably 5 to 1225 carbon atons. The cycloaliphatic

group nmay

contain a substituent group. A value of n 10 is preferably O

or

1. The wor gs prfdrf)@i0igg'1.i n the present claims and specification is defined

as a relative conception to the word "aromatic",
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whi ch means a non-aromati c
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om 10 cycl ohexane, cycl opentane, adamantane, norbornane,

bl d@ohp (@RS clic Sloby). N beialphatiBibyp NRMBPIMABE o a group
e

nmene, isobornane, tricycl odecane, or tetracycl ododecane.
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ati ¢ groups ’been
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| group, a nethyl norbornenyl group, an ethyl norbonmenyl group,
or a tetrachydrocotierabsysatyatedp is industrially preferable, and an adamantyl
grdup is nost preferable.

Examples of the cycloaliphatic group include a monovalent group derived from
cyclohexane, cyclopentane, adamantane, norbornane, norbornene, methylnorbornane,
ethylnorbornane, methylnorbornene, ethylnorbornene, isobornane, tricyclodecane, or
tetracyclododecane. The cycloaliphatic group can be appropriately selected to be used
from among many cycloaliphatic groups having been proposed in an ArF resist. Among
them, a cyclohexyl group, a cyclopentyl group, an adamantyl group, a norbomyl group, a
norbornenyl group, a methylnorbornyl group, an ethylnorbornyl group, a
methylnorbornenyl group, an ethylnorbornenyl group, or a tetracyclododecanyl group is
industrially preferable, and an adamantyl group is most preferable.

It is more preferable that R, in the general formula (1), which represents the acid
dissociable, dissolution inhibiting group (ii), represent a cycloaliphatic group containing
at least one hydrophilic group. It is preferable that the hydrophilic group be a carbonyl
group (preferably a ketonic carbonyl group), an ester group (-COOR}), an alcoholic
hydroxyl group, ether (-OR), an imino group, and an amino group, and a carbonyl group
is most preferable because it is easily available.

Examples of the acid dissociable, dissolution inhibiting group (ii) include the

groups represented by the following chemical formulae (4) to (15).



It is nore preferable that R, in the general fornula (1), which represents
the acid dissociable, dissolution inhibiting group (ii), represent a
cycl oal i phatic group containing 20 at |east one hydrophilic group. It is
preferable that the hydrophilic group be a carbonyl group (preferably a

ket oni ¢ carbonyl group), an ester group (-COOR), an al coholic hydroxyl
group, ether (-OR), an imno group, and &h am no group, and a carbonyl group
is nost preferable because it is easily available. Exanples of the acid

di ssoci abl e, dissolution inphibiting group (ii) include the 25 groups

represented by the follow gchemcal formulae (4) to (15). 11 00000 4

(4) (5 OLO CH OH 13 O OHO (6) (7) (8 (99 oLOOOOH <ln "'~a
(4) )

oLy W
2. ¢. O "OUr
2

(6) (8) (9)

3 o
(10) (12) (13)

(14) (15)

[Alkali soluble group (i)]
An alkali soluble group (i) in a polymer compound of the present invention is
known because examples are cited in the aforementioned non-patent references, and a

5 KiF resist, an ArF resist, and an F; resist have been proposed. These generalty known



vi~ 0_1~" (10) (11) (12) (13) (14) (15) [A kali soluble group (i)] An

al kali soluble group (i) in a polyner conpound of the present invention is
known because exanples are cited in the aforenenti oned non- patent
references, and a 5 KrF resist, an ArF resist, and an F2 resist have been
proposed. These generally known 12 exanples can be used as an al kal
soluble group (i). Exanples of the al kaljpsoluble group (i) include an

al cohol i ¢ hydroxyl group, a phenolic hydroxyl group, and a carboxyl group,

and there iexamplesican baubednstan allatiselblogpap (NN ERemplesstite alatiedhittn, it is
preferable that the alkali soluble group (1) be at 5 |east one sel ected

froman al ot ' oxyl
group. Am%&%ﬂhg%nggﬂé gfﬂé!)c ﬁgfﬂ?&ép%d;g’?)g%Mg?@ll}%@%q%’?gﬂ ggﬁg ’ edcﬁﬁaggé{yip has
hi gh transparenc nd appropriate al kali solubility. Al so, anong al coholic
groups, it 3%““&%?2“5‘?@ ! ﬁt’glqnﬁgﬁleéem&n at om adj acent to the carbon

at om bonded to the al coholic hydroxyl group be bonded to at |east one
fluorine atom 10n thecprasenbinyentéor jtds preferable dha talkdlesauble gpiup (yhtrapxy |
group, an al coholic hydroxyl group-containing alkyloxy group, an al coholic

hydr oxyb gredsposesdievteti fiem aalakaohody B depkylgironn a phendlit latdeRolgtduphyed oxy|
group-contai ni ng al kyl group. Exanples of an al kyl oxy group, an

over al kylasy Ay ESun S e Mol an Rl BEARR, doniheichhybeiecdl R0 T,
N o S A
o ‘?py' O e refitable that b darbor atem Adjacent fo the ¢arbon atom bonded to the alcohalic
hydroxyl group be bonded to at least one fluorine atom.
10 The alcoholic hydroxyl group can be a simple hydroxyl group, an alcoholic
hydroxyl group-containing alkyloxy group, an alcoholic hydroxyl group-containing
alkyloxyalky! group, or an alcoholic hydroxyl group-containing alkyl group. Examples
of an alkyloxy group, an alkyloxyalkyl group, and an alkyl group include a lower
alkyloxy group, a lower alkyloxy-lower alkyl group, and a lower alkyl group,
15  respectively. Herein, the word “lower” represents 1 to 4 carbon atoms.
Specific examples of the lower alkyloxy group include a methyloxy group, an
ethyloxy group, a propyloxy group, and a butyloxy group. Specific examples of the
lower alkyloxy-lower alkyl group include a methyloxymethyl group, an ethyloxymethyl
group, a propyloxymethyl group, and a butyloxymethyl group. Specific examples of
20  the lower alkyl group include a methyl group, an ethyl group, a propyl group, and a butyl
group.
Also, at least one or all of the hydrogen atoms of an alkyloxy, alkyloxyalkyl, or
alkyl group in the aforementioned alcoholic hydroxyl group-containing alkyloxy,

alcoholic hydroxyl group-containing alkyloxyalkyl, or alcoholic hydroxyl

25  group-containing alkyl group may be substituted by a fluorine atom. Preferable



| ower al kyl oxy-I ower al kyl group include a nethyl oxynet hyl group, an

et hyl oxynet hyl group, a propyl oxynet hyl group, and a butyl oxynet hyl group.
Speci fic exanples of 20 the | ower al kyl group include a nethyl group, an

et hyl group, a propyl group, and a butyl group. Al so, at |east one or al

of the hydrogen atons of an al kyl oxy, al kyl oxyal kyl, or alkyl group in the
af orenenti oned al cohol i c hydroxyl group-gentaining al kyl oxy, alcoholic
hydr oxyl group-containi ng al kyl oxyal kyl, or al coholic hydroxyl 25

gr oup- cont a¢xampdesahéipte gn slgphotizyhyideoxyil bsiuptashatniby ak yidxy@roupeinavioioh at
Preferabl e 13 exanples include an al coholic hydroxyl group-containing

al kyl oxy grighi oh® ofMHedyddgen laRASs o%%ll%ﬁoﬁf‘ﬁm‘hbé@ﬁﬁﬁﬁﬁ‘teé%?'K‘ﬂd&'m@@to% eyl oxy
part is substituted by a fluorine atom an al cohol i ¢ hydr oxyl

Stomt of ant RO EREconiliPal- B tByed Fbup FihicBAEIeR chf St " °9°"

al coholic 5 hydroxyl group-containing alky oup in which at |east one of
t he hydr ogelivdaegsasitens ghan alkylpry gag eﬁpswbétltgtﬁégm 3 ieastperpjory, and asralepholie om | n
ot her words, preferable exanples include an al coholic hydroxyl

gr oup- cont ahyafirergy] igkoupramitdiyingalkyd gonmp, in swhichl atdéest ome ofithelhpdippen atoms of an

gr oup- cont ai ni ng fluoroal kyl oxyal kyl group, or an al coholic hydroxyl

gr oup- cont ajyINGodg ﬁ%eﬁitﬁﬁéh b9a@HRrind Btk anrﬂl &&r%orab PrébaBRlxamplgdr oxyl
group-contai ni ng fluoroal kyl oxy group include

§E,X b ilE it Ifféglehlﬁﬁéf? Eéﬁ%flﬂg *ﬁé@g@ ft*@p%n?@‘ o éﬂ%époaék#ﬁ% %%@%%lggl?éeml) kalnd :
:(U”E ! U | EHOpP T e bOI B R SEE. & T b Sy SR 2O Di2-
up. Exanples 15 of t he al coholic hydroxyl group-containing fluoroal kyl
gr oup i ncl ugteuprcontaining fluoroalkyl group.
10 Examples of the alcoholic hydroxy! group-containing fluoroalkyloxy group
include a 2-bis(trifluoromethyl)-2-hydroxy-ethyloxy group ( (HO)C(CF;);CH20- ) and a
3-bis(trifluoromethyl)-3-hydroxypropyloxy group ( (HO)C(CF3),CH,CH,0- ).
Examples of the alcoholic hydroxyl group-containing fluoroalkyloxyalkyl group include
a (HO)C(CF3)2CH,0-CHs- group and a (HO)C(CF3),CH,CH,O0-CH;- group. Examples
15  ofthe alcoholic hydroxyl group-containing fluoroalkyl group include a
2-bis(trifluoromethyl)-2-hydroxy-ethyl group ( (HO)C(CF5);CH;- ) and a
3-bis(trifluoromethyl)-3-hydroxypropyl group ( (HO)C(CF;);CH,CH,- ).
Examples of the phenolic hydroxy!l group include phenolic hydroxyl groups of a
novolak resin and poly-(a-methyl)hydroxystyrene. Among them, a phenolic hydroxyl
20  group of poly-(a-methyl)hydroxystyrene is preferable because it is inexpensive and
easily available.
Examples of the carboxyl group include a carboxyl group of a structural unit
derived from an ethylenic unsaturated carboxylic acid. Examples of this ethylenic

unsaturated carboxylic acid include an unsaturated carboxylic acid such as acrylic acid,

25  methacrylic acid, maleic acid, or fumaric acid. Among them, acrylic acid and



2-bis(trifluoromethyl)-2-hydroxy-ethyl group ( (HO C(CF3)2CH2- ) and a
3-bis(trifluoronethyl)-3-hydroxypropyl group ( (HO C(CF3)2CH2CH2- ).
Exanpl es of the phenolic hydroxyl group include phenolic hydroxyl groups of
a novol ak resin and pol y-(a-net hyl ) hydroxystyrene. Anong them a phenolic
hydr oxyl 20 group of poly-(a-nmethyl)hydroxystyrene is preferable because it
i's inexpensive and easily avail able. Ex | es of the carboxyl group include
a carboxyl group of a structural unit derived froman ethylenic unsaturated

car boxyl i ¢ AgthsbryfiX adR afSpreferitlé Se@ubvhenhe intkpeabivé aheehspahbiapld ¢ acid
i ncl ude an unsat urated carboxylic acid such as acrylic acid, 25 nethacrylic

et hicr yl  dCaiia 8F e tFREbE Gt ARG UL pandi ve nd casity

avai | abl e. [ Conpound of the (Present invention and structural unit (al)] A
novel conpound ofA tiel spmpemwrd pithe prasent Invaalion émpybe refermed © as@ oW ow

nol ecul ar wei ght conpound” in conparison with a polynmer conpound of the
present 5 moelearai weight comppnds @ntempanigom withld mphymer gemsuatl of tremetsant 16) : R2
O OOCH2) R r (16) (wherein R2 represents a hydrogen atom a fluorine

atom asl ovRvenfibkyis represthteCONS Bl IwARE derlcPal 29maas Py): atons, or a fluorinated
| oner al kyl group containing 1l to 20 ~carbon atons; "Rl represents a

cycl oal i phatic group which contains 3 to 20 carbon atons 10 and nmay contain
a heteroatom and n repyesents O or an integer of 1 to 5.). Also, a polyner
conpound contai ning a stényct ural t (al) derived fromthe conpound as a

( O\/o—(—cﬂz—)n—R1

(16)

(wherein R; represents a hydrogen atom, a fluorine atom, a lower alkyl group
containing 1 to 20 carbon atoms, or a fluorinated lower alkyl group containing 1 to 20
carbon atoms; R; represents a cycloaliphatic group which contains 3 to 20 carbon atoms
10  and may contain a heteroatom; and n represents 0 or an integer of 1 t0 5.). Also, a
polymer compound containing a structural unit (al) derived from the compound as a
monomer unit is included in a polymer compound of the present invention.
( _ The structural unit (al) corresponds to a structural unit derived from a novel
compound of the present invention in which the alkali soluble group (i) is a carboxyl
15  group derived from acrylic acid which may contain a substituent group (R»), and a
hydrogen atom of the carboxyl group is substituted by an acid dissociable, dissolution
inhibiting group (ii).
In the general formula (16), R, represents a hydrogen atom, a fluorine atom, a
lower alkyl group containing 1 to 20 carbon atoms, or a flucrinated lower alkyl group
20  containing 1 to 20 carbon atoms; preferably a lower alkyl group containing I to 4 carbon

atoms or a fluorinated lower alkyl group containing 1 to 4 carbon atoms, and examples



nmononer unit is included in a polynmer conpound of the present invention. The
structural unit (al) corresponds to a structural unit derived froma novel
conmpound of the present invention in which the alkali soluble group (i) is a
carboxyl 15 group derived fromacrylic acid which may contain a substituent
group (R2), and a hydrogen atom of the carboxyl group is substituted by an
aci d di ssoci abl e, dissolution inhibitingsgroup (ii). I'n the general formula
(16), R2 represents a hydrogen atom a fluorine atom a |ower alkyl group
cont ai ni ng therksr iRBluES b AIh AR, af Eth?l éﬂoti?,rd ﬁt@F?Kigrb@m/Qxf budVlkotbugaadp 20
era

containing 1 to 20 carbon atons; pre y a | ower al kyl group containing 1
to 4 carbon. | uoy,j I J.ni o4

car bon ato%ﬁ%ﬁ@%@@é %%@%&?Wn@%%%‘b‘é‘%%ﬁﬁgfrgﬂﬁg, Ia%nﬂ’lké hyl
group, a propyl . group, a butyl group, and trifl uoronethyl group, Anong
them a hymr%@h?eab%wsgﬁaeyaﬂyﬁé@%ypn%%@ﬁ caly W@ékagfepfg\fd%@éﬁ A dEe t hey
are inexpensive and easily available. A value of nis O or an integer of 1

to 5, preféntapdnofd tors, pref&ablydf@rlabl e exanpl es of a conpound represented by
the general formula (16) include a conmpound represented by a foll ow ng

general sfor mul a (PldbiabPex@niples/dPa-coSlpdund repesthtél by (H@REd FRtILABES Nt S

the sanme as the aforenentioned, X represents two hydrogen atons or an oxygen

2t om and el &L EERNEeBsdnda by o by Binct i ), X *Present s tuo

hydr ogen at ons,

Ra2 o

( )—{ X
\/-H—@g
(17)

(wherein R; represents the same as the aforementioned, X represents two
hydrogen atoms or an oxygen atom, and n’ represents 0 or 1.).
10 In other words, when X represents two hydrogen atoms, a methylene chain
(-CH;-) is formed.
( Among compounds represented by the general formula (17), more preferable

examples include compounds represented by the following general formulae (18) to (20).



(-CH2-) is forned. Anpbng conpounds represented by the general formula (17),
nore preferable exanples include conpounds represented by the foll ow ng
general formulae (18) to (20). 16 R2 O O (18) (wherein R2 represents the
sane as the aforenentioned.) R2 O 0O 6(19) (wherein R2 represents the sane
as the aforenentioned.) 17 R2 0 00 V (20) (wherein Rz represents the
sane as the aforenmentioned.) [Polyner cdfpound] The pol ystyrene equi val ent
wei ght average nol ecul ar weight (Md) determned 5 using gel perneation
chromat ography (GPC) of a ponnE£ conpound of the present

(18)

(wherein R, represents the same as the aforementioned.)

R2
io
0
0]

)

(19)

(wherein R; represents the same as the aforementioned.)



invention is preferably 5, 000 to 80,000, nore preferably 8, 000 to 50,000 for
use in a photoresist conposition, although there is no limtation to these
ranges. Al so, the degree of dispersion (Mv/ M) is about 1.0 to 5.0,
preferably 1.0 to 2.5. M is a nunber average nol ecul ar weight. 10 A
precursor of a polynmer conpound of the present invention before introducing
an acid dissociable, dissolution inhibitifg group (ii) can be conposed of
one, or two or nore structural units containing an al kali sol uble group
(i). Hereinafter, as a matter of conveni ence of explanation, a "precursor”
or a "polyner conpound” may be referred to as a polynmer conpound before or
after introducing an acid dissocia@%e, di ssolution 15 inhibiting group (ii),
respectively, so as to distinguis oth. One, or two or nore structural
units selected from nmonomer uni including the 18 al coholic hydroxyl
group, the phenolic hydroxyl group, and the carboxyl group are used as a
structural unit including the alk ol ubl e group (i). In addition to
those, a structural unit includidg the alkali soluble group (i) can further
include a structural unit used i a conventional polynmer conpound for a
phot oresi st conposition. 5 Exanple§ of a structural unit including the

al kali soluble group (i) include ructural units containing the alcoholic
hydr oxyl groups in which a carboqgaton1adjacQ9t to the carbon at om bonded
to the al coholic hydroxyl group is\bonded tg-at | east one fluorine atom as
represented by the follow ng chem A ae (21) to (29); structural
units containing a phenolic hydroxy p as represented by the follow ng
chem cal 10 forrnulae (30) to (31); juctural units containing a
carboxyl group as represented by d Iomﬁn%:fgtnical formulae (32) to
(35) and (45) in which R7 represefits a Rydroge om

13

(wherein R; represents the same as the aforementioned.)
[Polymer compound]

The polystyrene equivalent weight average molecular weight (Mw) determined

5  using gel permeation chromatography (GPC) of a polymer compound of the present

invention is preferably 5,000 to 80,000, more preferably 8,000 to 50,000 for use in a
photoresist composition, although there is no limitation to these ranges. Also, the
degree of dispersion (Mw / Mn) is about 1.0 to 5.0, preferably 1.0t0 2.5. Mnisa
number average molecular weight.

10 A precursor of a polymer compound of the present invention before introducing
an acid dissociable, dissolution inhibiting group (ii) can be composed of one, or two or
more structural units containing an alkali soluble group (i). Hereinafter, as a matter of
convenience of explanation, a “precursor” or a “polymer compound” may be referred to
as a polymer compound before or after introducing an acid dissociable, dissolution

15  inhibiting group (ii), respectively, so as to distinguish both.

One, or two or more structural units selected from monomer units including the



Herein, it is preferable that the structural unit represented by the
chemcal formula (22) be used in conbination with a structural unit derived
fromtetrafluorinated 15 ethylene as represented by the chem cal formula
(23). (19 _(CFZz CF2* FOO~ 3 3 HOCF3 CF3 CF3 F3C CF3 F3C OH F3C OH OH
(21) (22) (23) (24) FF 1LOO=0O0N-e QO OFHO CF3 F3C CF3 (28) F3 F3C
F$30 CF3 HO HO CF3 HO CF3 F3C CF3 OH {g5) (26) (27) (29) CH3 CHZ- CH+
-f-CH2-CH~- OH (30) OH (31) 20

alcoholic hydroxyl group, the phenolic hydroxyl group, and the carboxyl group are used

as a structural unit including the alkali soluble group (i). In addition to those, a

structural unit including the alkali soluble group (i) can further include a structural unit

used in a conventional polymer compound for a photoresist composition.

5 Examples of a structural unit including the alkali soluble group (i) include

structural units containing the alcoholic hydroxyl groups in which a carbon atom adjacent

to the carbon atom bonded to the alcoholic hydroxyl group is bonded to at least one

fluorine atom as represented by the following chemical formulae (21) to (29); structural

units containing a phenolic hydroxyl group as represented by the following chemical

10 formulae (30) to (31); and structural units containing a carboxyl group as represented by
the following chemical formulae (32) to (35) and (45) in which R’ represents a hydrogen
atom.
Herein, it is preferable that the structural unit represented by the chemical

formula (22) be used in combination with a structural unit derived from tetrafluorinated

15  ethylene as represented by the chemical formula (23).



CH3 O OO0 0O0(32) (33) OOLO (34) HO (35 H The polynmer conpound is
synt hesi zed by a known net hod or nethods disclosed in the non-patent

ref erences. Exanples of a nethod for introducing an acid di ssociabl e,

di ssolution inhibiting 5 group (ii) by replacing a hydrogen atom of an

al kali soluble group (i) in a precursor include a follow ng nethod:

synt hesi zi ng a hal ogenat ed net hyl et her c ound by using an al cohol
conmpound cont ai ni ng a hal ogen at om such as chlorine or brom ne; and
reacting this hal ogenated nethyl et her conpound with an al kali soluble group
(i) in a preqursao ;s

inhibiting grg J1). A 10/det\ai | ed
chloronethyleh‘i.r onpound, SwhtZh is a 8 \
al kal i sol ubl eMgQup (i) seleeed from an alcohollc 2 a

carboxyl group, orya phenolic hydroxyl
al kal i sol ubl &3@
di ssol ution i nh'-lll crg CFy

FaC” oy S on OH
(1) (22) (23) (24)
K F
<'f
( 0 0 0 F SI—0
g 0 0 Fod Nors
FaC——CF3
8 .
FaC F3C CF
A HO CFa FaC——CFs Ho
OH
(25) (26) (27) (29)

( —(-CH"'—CH—)_ ~-CHy~—CH—

oH (30) OH  3n



group (ii) represented by the general fornula (1). The chl oronet hyl et her
conpound can be synthesized by a known nethod 5 represented by the
following reaction forrmula. In other words, the desired chloronethyl ether
conpound can be obtai ned as foll ows: addi ng parafornmal dehyde to an al cohol
conpound; injecting a hydrogen chloride gas at 2.0 to 3.0 equival ent anount
per this alcohol conpound; conducting thg reaction at a tenperature of 40C
to 100C under acid conditions due to hydrochloric acid; and conducting
distillation under reduced 10 pressure of the product after conpletion of
the reaction. In the foll ow Feaction formul R corresponds to a group
represented by "-(CH2),/ R " desired conpou 20" + HOR b
Cl-CH2- O R Exanpl es
4- oxo- 2- adamant hyl  Thl\or onet
formula (36), 2-adamanthyl 15\chl oronet hyl ether repres
follow ng chem cal formula (37)f &® 1- adanant hyl chl or gnet hyl et her
represented by the follow ng chem cal formula (38). 9 Z9 ~-/Cl O--/C QC
(36) (37) (38) A polyner co und of the present invenfion, which is derived
froma precursor containing phen&ééc hydr oxyl groupjas an al kali sol uble
group (i), can be 20 obtained by r ting a poIy-(a-nﬁthyl)H?éﬂoxystyrene
resin with the hal ogenated 24H net hyl et her conpound, for exanple. A polyner
conpound of the present invention, which is derived froma

by the

o —0

| (34) /

H T (35)
H

The polymer compound is synthesized by a known method or methods disclosed
in the non-patent references.

Examples of a method for introducing an acid c_iissociable, dissolution inhibiting

5  group (ii) by replacing a hydrogen atom of an alkali soluble group (i) in a precursor
include a following method: synthesizing a halogenated methylether compound by using
an alcohol compound containing a halogen atom such as chlorine or bromine; and
reacting this halogenated methylether compound with an alkali soluble group (i) in a
precursor so as to introduce an acid dissociable, dissolution inhibiting group (ii). A
10 detailed method is as follows: reacting a chioromethylether compound, which is a

starting material, with any one alkali soluble group (i) selected from an alcoholic



precursor containing a carboxyl group as an alkali soluble group (i), can be
obtained by the follow ng nethod, for exanple: reacting the hal ogenated

nmet hyl et her conpound with 5 an unsaturated carboxylic acid such as acrylic
acid or nethacrylic acid; and polynerizing the obtained unsaturated

car boxyl ate. An acid dissociable, dissolution inhibiting group (ii) can be
introduced into an alkali soluble group2i) by reacting the hal ogenated

nmet hyl et her conpound or another conpound containing a cycloaliphatic group

W th a str ulstdioat] gumig, acarboayinirogp,ain aghkedlic iydraol ghdup igaggcutdor. I Episesent ed
by the chem cal fornmulae (21) to (35) or a conpound from which this

structural BlfkaliSoftled Yotp (¢} PEpITRIEd I8 &?{?ﬁ’@‘d‘&‘é Rtioh Mhilfifs €Nt
i nvention can aLea lotc))t aln 1? B;Qﬁp%f yn%ri zci ng@y:tﬁigi o(g'?lesus ne s’tru(():t l}(r)apﬁll}ﬂlﬁt or
conpounds frommhich the structural .uniis,are derived, if necessary. Al so,
a novel con%rBHlﬁ@WIFBW?%?%&f@rge%atﬁme%r@) und) of the present 15

i nvention can be produced by reacting acrylic acid, which may contain a

substituent groubhq fugromgthyletherecomioynd pan kesymthesized bl aknewnperibel  The

i ntroduction of a substituent group (R2) can be perforned by an optional
process.5 [ Repiestrasd by thedivfiowirg remdtioA fpmmadlar ebi sthercoondeshé desiredf t he present
i nvention includes at | east a base 20 material resin conponent (A) which

exhi bi ts Chaﬂ&%ﬁlea{ﬁ?%r c\?\)h‘ﬁi{ﬁbtﬁhéi kY bd!bBiEhed BeflBWs O dRHho patRfoRth ey a8 aci d

.S
generat or conponent ch generates the acid on exposure to Tadiation.
Furthernore, the base materi al r.esin conponent is,t.he aforenentioned
ol yher " corBet cORPHEE o FRb SR RAR tahot P S5 DEauRaBRLRRRu 26T t ne
present invention can be positjve or negative as 25 far as it _includes the
abctve char ahisal¢ahol egmpound; conducting the reaction at a temperature of 40°C to 100°C under
acid conditions due to hydrochloric acid; and conducting distillation under reduced

10 pressure of the product after completion of the reaction. In the following reaction

formula, R corresponds to a group represented by “-(CH;),-R;” in a desired compound.

HCI
(CH:O)y  + HO—R —_— Cl—CH,—O0—R

Examples of the chloromethylether compound include 4-o0x0-2-adamanthyl
chloromethyt ether represented by the following chemical formula (36), 2-adamanthy]
15  chloromethyl ether represented by the following chemical formula (37), and

1-adamanthyl chloromethyl ether represented by the following chemical formula (38).

o o._C o._-©
o._-©

(36) (37) (38)

A polymer compound of the present invention, which is derived from a
precursor containing a phenolic hydroxyl group as an alkali soluble group (i}, can be

20  obtained by reacting a poly-(a-methyl)hydroxystyrene resin with the halogenated



In the case of a negative photoresist conposition, an alkali soluble resin
is used as a conmponent (A), and the alkali soluble resin is blended with a
cross-linking agent. Wen an acid is generated froma conponent (B) on
exposure during formation of a resist pattern, a cross-Ilinkage occurs
between an al kali soluble resin and the cross-linking 5 agent under the
action of the acid. Then, an alkali solubje resin is changed to be al kal

i nsol ubl e. Exanples of the cross-linking agent include an anino-type

cross- | i nkiighylagheptorfipéiihdaforaxampri ne contai ning a net hyl ol group or an
al koxynmet hyl group, urea, or glycoluril. In the case of a positive

phot or est st cOMPOBbiy il cdmBATRANIALpiely HhHOIE A8 1s1 Rk bln 4 ool ubl e

structural unit co I nn ssoci ab ron 1n I1ting group

(ii). An acid dissociable, Iutlonln 1 ou (||) dIS oci at ed
nder ¢ he. FEESUEHT CORAIPEFORR PP e ol SR (DR on
exposure. Then, a whole conponent (A) is changed from be| ng al kal i

i nsol ubl e tthe fﬂélmgngmlcﬁmd fookexashple: reactong tiie hajlogenaptdenethy ethen cempounduwith a
mask pattern, or this exposure foll owed by post 15 exposure baking (PEB) are

performsd dmhinBufaid@iboxyliohcid st€lshsdcrial 4ced 65 methasrypesed; arnﬁ;ﬁdl?mgnﬁi@nged
to al kali soluble, whereas an unexposed part renains al kali insol uble

wi t hout chqﬁlg ta’;ﬁghﬁ;aglgg%g%gggggﬁtve resist pattern can be formed by al kal i

devel opnment. " T'h e ca I've photoresist conposition, a polyner
conpound of the S ed .as a caonponent
pol ymer conpound p@-b ‘gaﬁ? e’ﬁl:‘@ﬂ]dr‘lthE 1@9@P8&§¥°‘@K§Eﬁ‘h§e 1) OQ‘P%éll?to | ubI e
group (i) is used as a precursor in the base material resin conponent (A), a
ratio of alkalirsobible gloun i) by seastiag thelplegenateit mathethetamppuod or angtharo al |
structural units constituting the conponent (A) is preferably 50 to 95
mol % nor e cpfpberidbdntainmgtaocydaliphdiic groeh withatsttets uahlcynt@minoaddkatpdl %
Meanwhil e, the ratio of a structural unit protected by
10 soluble group (i) represented by the chemical formulae (21) to (35) or a compound from
which this structural unit is derived. Furthermore, a polymer compound of the present
invention can be obtained by polymerizing the obtained structural units or compounds
from which the structural units are derived, if necessary.
Also, a novel compound (low molecular weight compound) of the present
15  invention can be produced by reacting acrylic acid, which may contain a substituent
group (R»), with the halogenated methylether compound.  The introduction of a
substituent group (R2) can be performed by an optional process.
[Photoresist composition]
A photoresist composition of the present invention includes at least a base
20  material resin component (A) which exhibits changed alkali solubility under the action of
an acid; and an acid generator component (B) which generates the acid on exposure to
radiation. Furthermore, the base material resin component (A) is the aforementioned
polymer compound of the present invention.

A photoresist composition of the present invention can be positive or negative as

25  far as it includes the above characteristics.



25 an acid dissociable, dissolution inhibiting group (ii) is preferably 3 to
50 nol % nore 24 preferably 7 to 30 nol % and nost preferably 10 to 25
nol % Wen a pol ynmer conpound cont ai ni ng an al coholic hydroxyl group as an
al kali soluble group (i) is used as a precursor in the base material resin
conponent (A), a ratio of a structural unit containing an alkali soluble
group (i) to all structural units constlﬁytlng 5 the conponent (A) is
preferably 50 to 95 nol % nore preferably 55 to 90 nol % and nost

preferably 55 tofdmbsbs MRt bRotofdit Edthibdkitiin, in Akl SbMbRIrclifid goed

protected by an acid dissociable, dissolution inhibiting group (i

D To 25 miae CrebplRh R %‘k@éﬁélﬁgl‘%‘%@%wnblgl%%%%3reasnﬁ%l%‘fﬁ§t% ?L?L?ﬁ'gy

a car boxyl oup as an al kalj sol uble (i) is used as a precursor in
the base \?’hﬁn &) aqid 15 genewRslEERR cemponmt (BS op eEpasuEIAwIng ipERatpnsafiauct ur al
unit (al) derived froma conpound represented by the general fornmula (2) be
used as a steistgphteral a orvist-linkageected beywean aaalidiliciohbdeieainl and thd croed-liriking
inhibiting group (ii). 15 In this case, a polymer, which is obtained by

copol ynsr i ég&ﬂ unbér thE %&%Mﬁhe AT Tﬁéﬂ lan%ﬂ&h%ﬂm%‘le FeSRE ol gh’&wﬂi@z{lké{f" ts

generally used in a chemcally arrp ifiéed photoresist conposSition, can be

ot ractor ol Toatie. MRy ¢ BroRETRRRE Bbst Metpos AR R0l uthRE T o

exanple, a structural unit formng a cyclic or Iinear tertlary al kyl est er
with a 20 @EFEERGH agi Bglnype e%@m)wiypqhal%gmp@ apaloxymsthy] BouphEest her
structural unit. A structural unit derived fromat |east one conpound
se%ected f rogly@ohuoill owi ng general formula (39) can be used as a structural
uni‘t (al). Since these structural units
In the case of a positive photoresist composition, a component (A) includes an
10  alkali insoluble structural unit containing an acid dissociable, dissolution inhibiting group
(i1). An acid dissociable, dissolution inhibiting group (ii) is dissociated under the action
of an acid which is generated from a component (B) on exposure. Then, a whole
component (A) is changed from being alkali insoluble to being alkali soluble.
Accordingly, when exposure through a mask pattern, or this exposure followed by post
15  exposure baking (PEB) are performed during formation of a resist pattern, an exposed
part is changed to alkali soluble, whereas an unexposed part remains alkali insoluble
without change. Therefore, a positive resist pattern can be formed by alkali
development. In the case of a positive photoresist composition, a polymer compound of
the present invention is used as a component (A).
20 When a polymer compound containing a phenolic hydroxyl group as an alkali
soluble group (i) is used as a precursor in the base material resin component (A), a ratio
of a structural unit containing an alkali soluble group (i) to all structural units constituting
the component (A) is preferably 50 to 95 mol%, more preferably 55 to 90 mol%, and

most preferably 65 to 90 mol%. Meanwhile, the ratio of a structural unit protected by

25  anacid dissociable, dissolution inhibiting group (ii) is preferably 3 to 50 mol%, more



contain an acetal group (-R-OR; an al koxyal kyl group), an acid

di ssoci abl e, dissolution inhibiting group (ii) tends to be easily

di ssoci ated under the action of an acid in 25 conparison with a structural
unit (a2) described below, for exanple. Therefore, even an 25 acid
generator generating an acid whose acid strength is weak (such as a

di azonet hane-type acid generator, an OX|gp sul fonate-type acid generator, or
an onium salt containing canphor sulfoﬁl acid in an anion part, each being

! 00 A pRSSESAI A7 0 L8 LD
Same as t he af or SRERATOIGSN ORHES EHLARE ACpiobe S9dions! EREP SRARek ur a
unit (al) be at least one selected fromstructural units represented by the
fol | owi ng &uablegaoupf (b isubedas(@rpcursor(ia fe. bage materal @sin S@Nentl@)( avativei n R2
represents the sane as the aforenentioned.) 26 R2
of a structural unit containing an alkali soluble group (i) to all structural units constituting
5  the component (A) is preferably 50 to 95 mol%, more preferably 55 to 90 mol%, and
most preferably 55 to 85 mol%. Meanwhile, the ratio of a structural unit protected by
an acid dissociable, dissolution inhibiting group (ii) is preferably 3 to 50 mol%, more
( preferably 5 to 35 mol%, and most preferably 7 to 25 mol%.
[Structural unit (al)]
10 When a polymer compound containing a carboxyl group as an alkali soluble
group (i) is used as a precursor in the base material resin component (A), it is preferable
that a structural unit (al) derived from a compound represented by the general formula
(2) be used as a structural unit protected by an acid dissociable, dissolution inhibiting
group (ii).
15 In this case, a polymer, which is obtained by copolymerizing the structural unit
(al) and other known structural units generally used in a chemically amplified
photoresist composition, can be used as the base material resin component (A).
Examples of the other structural units include the following structural units (a2) to (a6).
For example, a structural unit forming a cyclic or linear tertiary alkylester with a
20  carboxyl group of (meth)acrylic acid is well-known as the other structural unit.
A structural unit derived from at least one compound selected from a following
general formula (39) can be used as a structural unit (al). Since these structural units
contain an acetal group (-R-O-R’; an alkoxyalkyl group), an acid dissociable, dissolution

inhibiting group (ii) tends to be easily dissociated under the action of an acid in

25  comparison with a structural unit (a2) described below, for example. Therefore, even an



O OO ( (41) (wherein R2 represents the sane as the aforenentioned.) R2
O OO O (42) (wherein R2 represents the sane as the aforenentioned.) 5

Li ne edge roughness is reduced by using a structural unit (al) represented
by any one of the chem cal fornulae (40) to (42) as a structural unit
containing an acid dissociable, dissolution inhibiting group (ii). Al so,
since even a weak acid can dissociate ag acid dissociable, dissolution
inhibiting group (ii), various acid generators 27 can be used. In addition,
exposur e naidigenaadr gaEostinpeanaachwhgegicil aredgihnpmedk dsuchxposure area margi n
is a problemin that a shape and size of a resist is changed due to the

di ff erenceqboGONeRRape At JAQatlirna! Gdmb @ulﬁorfaﬁé—%g@%%ﬁﬁt&%ﬁanqnhﬁncell of

an exposure 5 apparat’ds a resist i1s located, rip part or a central

part). An acgetal -type prptectin roup of .the present inventipon has very |ow
dopr ot ect | Ot BB EARPRORPBR At i ABie i PR AREabsd FeiPhi
exposure energy, y g . e . .

dissoctate an acid dissociable, dissolution inhibiting group (ii) sufficiently.

0
N
R (39)
(3
(wherein R’ represents a group represented by the chemical formulae (4) to (15),
and R, represents the same as the aforementioned.)
Among them, it is preferable that a structural unit (al) be at least one selected
from structural units represented by the following chemical formulae (40) to (42).
R2
o]
o
| >
0]
(40)
10

(wherein R, represents the same as the aforementioned.)



thereby it is hardly affected by acid di spersion or deactivation. It is
believed that the exposure area margin is inproved for these reasons. 10 In
addition, thermal stability is inproved because a structural unit (al) shows
a higher heat deconposition point than a tertiary ester conpound of
(meth)acrylic acid such as structural unit (a2) described bel ow
Accordingly, storage stability is also pgproved. Mreover, it is possible
to performPEB at | ow tenperature because a structural unit (al) shows a
lower Tg (glass transition point) than a structural unit (a2) 15 descri bed
bel ow and di ssoci ates a protecti ng exposure (a structural unit
(a2) dissociates a protecting gfou ). In other words, it is
possible to easily control di cid gener at or; therefore, it is
possible to easily control a resist patti\ern.shape. In addition, the PEB
mar gi n becones favorable. Al so, excellent rgsolution and a favorabl e shape
of a resist pattern can be provided evensqin an inorganic 20 substrate such
as a Si ON substrate. A conponent (A) of phot or esi st conposition of the
present invention can include a structur unit (a2) described below as a
structural unit containing an acid dissogiable, dissolution inhibiting
group (ii), although the ratio of the st@Quctural unit (a 1) 1in a conponent
(A) is preferably 50% by nass or nore, noNe preferably 80% by nass, 25 and
nost preferably 100% by mass. 28 [Structupal unit (a2)] A structural unit
(a2) is a structural unit derived froma ¢neth)acrylate containing a
nmonocyclic or polycyclic group-contain-ag—ae d di ssoci able, dissolution

i nhibiting group, and exanpl es thereof de a structural unit containing
an(aC|d 5 di ssociable, dissolution in njg group other than a structural
uni‘t (al). These can be (41)

(wherein R; represents the same as the aforementioned.)

Rz

(4 2)

(wherein R; represents the same as the aforementioned.)
5 Line edge roughness is reduced by using a structural unit (al) represented by
any one of the chemical formulae (40) to (42) as a structural unit containing an acid
dissociable, dissolution inhibiting group (ii). Also, since even a weak acid can

dissociate an acid dissociable, dissolution inhibiting group (ii), various acid generators



used in an anmount range that does not deteriorate the effect of the present

I nvention. Exanples of a nonocyclic group include a group in which one
hydrogen atomis ( renoved froma cycl oal kane, for exanple an aliphatic
nonocycli c group such as a cyclohexyl group or a cycl opentyl group.
Exanpl es of a polycyclic group include a 10 group in which one hydrogen
atomis renoved froma polycycl oal kane syuch as adanmant ane, norbomane,

i sobornane, tricycl odecane, or tetracycl ododecane which is a bicycloal kane,
a tricycl oghkapasedor a tetracycl oal kane. In other words, an aliphatic
polycyclic group can be cited. Herein, these monocyclic or polycyclic groups

have been propo i ' 85 it is

possi ble to opti zﬁgﬁ“?‘ﬂ"% é‘&{u@%ﬁnﬁl‘ag%aﬁds%pgggre ronﬁﬁgﬁé{s%\ég%‘hf)@ggl ic or

pol ycyclic _groups. Armn t.hem aI| tic polycyclic, roup such as an
adamant y| &9 aﬁlreareﬁarﬂaasmﬁwp bi In %a"aﬁjétap égzepﬁ anstangsiis t s
pref erabl e because they are eaS|Iy avallable industrlally In detail, at

| east one she differenat ofienverageland recrdinatemin heell Gt ivdwiinparyefecal off amrenxpbsurg 43)
(44), or (45) is preferable because they are excellent in resolution, dry

et chi ngsr egppirafis @ resist@s RASted % ﬁéhph@ﬁl sz%mCa céitralpéR (43) (wherein R3
represents a hydrogen atom or | ower al kyl group, and R4 represents a

lower alkyl gr OuMacggl-type protecting group of the present invention has very low
deprotection energy and a deprotection reaction can proceed with only exposure energy,
thereby it is hardly affected by acid dispersion or deactivation. It is believed that the
exposure area margin is improved for these reasons.

10 In addition, thermal stability is improved because a structural unit (al) shows a
higher heat decomposition point than a tertiary ester compound of (meth)acrylic acid
such as structural unit (a2) described below. Accordingly, storage stability is also
improved. Moreover, it is possible to perform PEB at low temperature because a
structural unit (al) shows a lower Tg (glass transition point) than a structural unit (a2)

15  described below and dissociates a protecting group during exposure (a structural unit (a2)
dissociates a protecting group during PEB.).  In other words, it is possible to easily
control diffusion of an acid generator; therefore, it is possible to easily control a resist
pattern shape. In addition, the PEB margin becomes favorable. Also, excellent
resolution and a favorable shape of a resist pattern can be provided even in an inorganic

20  substrate such as a SiON substrate.

A component (A) of a photoresist composition of the present invention can
include a structural unit (a2) described below as a structural unit containing an acid
dissociable, dissolution inhibiting group (ii), although the ratio of the structural unit (al)
in a component (A) is preferably 50% by mass or more, more preferably 80% by mass,

25  and most preferably 100% by mass.



HO- COR6 R5 (44) 5 (wherein R3 represents a hydrogen atomor a | ower

al kyl group, and R5 and R6 independently represents a |ower al kyl group.)
30 RBRHZrCO ~C: C CCOOR7 (45) (wherein R3 represents a hydrogen
atomor a |lower alkyl group, and R7 represents a tertiary alkyl group.) In a
structural unit represented by the general fornmula (43), a carbon atom 5
adj acent to the oxygen atom (-0-) in an ter part of (meth)acrylic acid is
a tertiary carbon in a ring backbone such as an adamantyl group which is a
tertiary aljRyhctaraPupit (&¥pnpl es of R3 include a hydrogen atom a nethyl

group, and a | ower alky group containing about 2 to 5 carbon atons,

i ficall || : , : hy|
specitical 'y a tlAgalcnlhl Lﬁil’ng@%f%%yﬁtﬂu%@il 61ﬂlt‘8¥hvecgf6{31’§/{f’a %@a, ki 18t i Zobutyl

group, a propyl group, an group, an n-

HECCRAL RN T N R AT P L

containing about 1 to 5 carbon
inhibiting group, and examples thereof include a structural unit containing an acid

5  dissociable, dissolution inhibiting group other than a structural unit (al). These can be
used in an amount range that does not deteriorate the effect of the present invention.
Examples of a monocyclic group include a group in which one hydrogen atom is

removed from a cycloalkane, for example an aliphatic monocyclic group such as a
cyclohexyl group or a cyclopentyl group. Examples of a polycyclic group include a

10 group in which one hydrogen atom is removed from a polycycloalkane such as
adamantane, norbornane, isobornane, tricyclodecane, or tetracyclododecane which is a
bicycloalkane, a tricycloalkane, or a tetracycloalkane. In other words, an aliphatic
polycyclic group can be cited. Herein, these monocyclic or polycyclic groups have
been proposed in an ArF resist. In the present invention, it is possible to optionally

15  select and use one from these monocyclic or polycyclic groups. Among them, an
aliphatic polycyclic group such as an adamantyl group, a norbornyl group, or a
tetracyclododecanyl group is preferable because they are easily available industrially.
In detail, at least one structural unit selected from the following general formula (43),

(44), or (45) is preferable because they are excellent in resolution, dry etching resistance,

20  and so on.



atons, specifically a linear or branched, |ower alkyl group such as a nethyl
group, an ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a 15 tert-butyl group, a pentyl group, an
i sopentyl group, or a neopentyl group. Herein, it is preferable that R4
represent an al kyl group containing no |l ess than 2 carbon atons because
they tend to have a higher acid dissocigbility than a nmethyl group. However,
a nethyl group and an ethyl group are nost preferable industrially. In a
structural unit represented by a general formula (44), a carbon atom 20
adj acent to the oxygen atom (-0-) in an ester part of (meth)acrylic acid is
atertiary 31 carbon in a tertgary alkyl group in which a ring backbone
such as an adamantyl group exfsts. R3 represents the sane as in the general
formula (43), and R5 and R6 dependently represents a | ower al kyl group
that is the aforeneﬁbg%;; n%g; or branched al kyl group contai ni ng about
1 to 5 carbon atons tend to have 5 a higher acid
di ssociability than a 2- | - 2-adamantyl group. Herein, it is
industrially preferablel?ggﬁ §?f R5 apd R6 represent a nmethyl group. In
a structural unit repreddrted by RI formula (45), a carbon atom
adj acent to the oxygen atom (-0-) iR 3 or ester part than the ester part
of (meth)acrylic acidis a tertiaryye N a tertiary al kyl group, and
the other ester part and the ester p§ meth)acrylic acid is |inked
t hrough a ring backbone such as a teu hcycl ododecanyl group. In a
structural unit represented by the ; | a (45)(452 represents the
sanme as in the general formula (43 ¥egents a tertrary al kyl group
ugh as a tert-butyl group or a ert - anyl™~group, preferably a tertiary
al kyl group containing about 4 to 5 carbon atons. Herein, it is
industrially preferable that R7 represent a tert-butyl 15 group.

(wherein R® represents a hydrogen atom or a lower alkyl group, and R*

represents a lower alkyl group.)

2 _C
o o
R® R®
(
(44)
5 (wherein R’ represents a hydrogen atom or a lower alkyl group, and R’ and R®

independently represents a lower alkyl group.)



Al so, anong these structural units represented by the general fornulae (43)
to (45), the structural unit represented by the general formulae (43), in
which R4 represents a methyl group or an ethyl group, is preferable because
it is excellent in resolution. [Structural unit (a3)] 20 A structural unit
(a3) is a structural unit derived from (neth)acrylate containing a

| act one- cont ai ni ng nmonocyclic or polycycjjc group. A lactone functional
group is wuseful for inproving the follow ng characteristics of a
photoresist filmformed of:g phot or esi st. conposition of the present

i nvention: the adhesion t&a substrate and the affinity to a devel oping
solution. 25 Herein, a ctone ring neans one ring containing a structure of
-0CO-, and th ; is counted as a first ring. Accordingly, a group
contai ning only\ad-actole ring is Q as a nonocyclic group, and a
group contai ni ng her cygclic st ToJe
referred to as a p éﬁy€¥?3*g p tjheir structures. 5 As a
structural unit (a3)}¥ any struct OGR’hout any particul ar
limtation as long as it contai ) gnéE Jf uncti onal group and a
cyclic group. In detail, exanple ' p=-containiag nmonocyclic group
i nclude a group in which one hydrogen atomis renoved gr A1y-butyrolactone,
and exanpl es of a | actone-containing polycyclic group include a group in
whi ch one hydrogen atomis renpoved froma 10 bi cycl oal kane, a

tricycl oal kane, 1 edar. &AGH LN e group. In
particular, a grgﬁbe??lh%vw{?%ﬁgégg% @tg?%eélen atog%ql&géﬂel%g\é%h?%%?a
Iactone-containing ]%ric Eloalkare represented by the follow ng structural
fo(rgrrul a (4BEPIGEIE RS 1@@/% Y8PUh e because it is easily avail abl e

in

ustrially.
In a structural unit represented by the general formula (43), a carbon atom

5 adjacent to the oxygen atom (-O-) in an ester part of (meth)acrylic acid is a tertiary
carbon in a ring backbone such as an adamantyl group which is a tertiary alkyl group.
Examples of R? include a hydrogen atom, a methyl group, and a lower alkyl
group containing about 2 to 5 carbon atoms, specifically a linear or branched, lower alkyl
group such as an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an
10 isobutyl group, a tert-butyl group, a penty! group, an isopentyl group, or a neopentyl
group.
Also, examples of R* include a lower alkyl group containing about 1 to 5 carbon
atoms, specifically a linear or branched, lower alkyl group such as a methyl group, an
ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
15  tert-butyl group, a pentyl group, an isopentyl group, or a neopentyl group. Herein, it is
preferable that R* represent an alkyl group containing no less than 2 carbon atoms
because they tend to have a higher acid dissociability than a methyl group. However, a
methyl group and an ethyl group are most preferable industrially.
In a structural unit represented by a general formula (44), a carbon atom

20  adjacent to the oxygen atom (-O-) in an ester part of {(meth)acrylic acid is a tertiary



Oo (46) [/ (47) O 15 33 Also, specific exanples of a structural unit (a3)
I ncl ude a structural unit derived from (neth)acrylate containing a
| act one- cont ai ni ng nonocycl oal kyl or tricycloal kyl group, and nore specific
exanpl es include a structural unit represented by the foll ow ng general
formulae (48) to (50). R3 H.--iCff "I'"lIIl GC-0(48) OS5 (wherein R3
represents a hydrogen atomor a |ower al lﬁ/l group.) R HHO-~O0(49 O
(wherein R3 represents a hydrogen atomor a | ower al kyl group.)
carbon in a tertiary alkyl group in which a ring backbone such as an adamanty] group
exists. R’ represents the same as in the general formula (43), and R® and R®
independently represents a lower alkyl group that is the aforementioned linear or
branched alkyl group containing about 1 to 5 carbon atoms. These groups tend to have
5  ahigher acid dissociability than a 2-methyl-2-adamantyl group. Herein, it is
industrially preferable that both of R and R® represent a methyl group.
In a structural unit represented by a general formula (45), a carbon atom
adjacent to the oxygen atom (-O-) in another ester part than the ester part of (meth)acrylic
acid is a tertiary carbon in a tertiary alkyl group, and the other ester part and the ester part
10  of (meth)acrylic acid is linked through a ring backbone such as a tetracyclododecanyl
group. In a structural unit represented by the general formula (45), R? represents the
same as in the general formula (43), R” represents a tertiary alkyl group such as a
tert-butyl group or a tert-amyl group, preferably a tertiary alkyl group containing about 4
to 5 carbon atoms. Herein, it is industrially preferable that R’ represent a tert-butyl
15  group.
Also, among these structural units represented by the general formulae (43) to
(45), the structural unit represented by the general formulae (43), in which R* represents
a methyl group or an ethyl group, is preferable because it is excellent in resolution.
[Structural unit (a3)]
20 A structural unit (a3) is a structural unit derived from (meth)acrylate containing
a lactone-containing monocyclic or polycyclic group. A lactone functional group is
useful for improving the following characteristics of a photoresist film formed of a
photoresist composition of the present invention: the adhesion to a substrate and the

affinity to a developing solution.

25 Herein, a lactone ring means one ring containing a structure of -0-C(QO)-, and



34 RBH' /C HI -O O(50) OO (wherein R3 represents a hydrogen atom
or a |lower al kyl group.) Exanples of R3 include a hydrogen atom a nethyl
group, and a lower al kyl group containing about 2 to 5 carbon atons,
specifically a linear or branched, |ower alkyl 5 group such as an ethyl
group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl
group, a tert-butyl group, a pentyl group an isopentyl group, or a
neopentyl group. Anong these structural units represented by general

formul ae (48)ridgis(coOhted as a firstringct Wcabrdingly, adeoupveshtdining onlbaiiagtonk ainp gne
ester of (nmeth)acrylic acid containing an 10 ester bond at a-carbon, nanely

(meth) acr yigtfe fo ¥ PHbUESCRE RS, arkPa FIS)P{ eSRAtnRt: &Mﬁﬂd}%h%@@c{t@es for mul a

(50) is preferable becausé it~i1s excel In the inhibition and reduction
ef fects agai,nst oximty .effect, Also ,a sitructural unit r.ived from
nor bor nanegﬁa}iiPBi%g g rgé 1B ?ﬁ?‘%\@ra;?lai%owcggflﬁ ,gmHBﬁEgas'/‘all(ef‘Fe?fﬁg%Er yl ate of
nor bor nane-| actone, as represented by the general fornmula 15 (48) or (49)
i s preferaBirectBdause it has a favorabl e shape of an obtai ned resi st
pattern, for exanple rectangularity. In particular, a structural unit
represefited by t#e of strutrat un{t49)), asy gretenlblitcandeaissd witheutadng\partehfaect i s
qui te high.
limitation as long as it contains both a lactone functional group and a cyclic group. In
detail, examples of a lactone-containing monocyclic group include a group in which one
" hydrogen atom is removed from y—butyrolactone, and examples of a lactone-containing
polycyclic group include a group in which one hydrogen atom is removed from a
10  bicycloalkane, a tricycloalkane, or a tetracycloalkane, each containing a lactone group.
In particular, a group in which one hydrogen atom is removed from a lactone-containing

tricycloalkane represented by the following structural formula (46) or (47) is preferable

because it is easily available industrially.

o—=¢ (46)

/ (47)
0O

15



35 The structural unit (a3) can be used alone or in conbination of two or
nore being different fromeach other. The adhesion to a substrate, the
affinity to an alkali devel oping solution, and the etching resistance of a
photoresist filmare further inproved by introducing two or nore | actone
backbones being different fromeach other into a 5 resin backbone.
Preferabl e exanpl es of the conbi nation of3l actones include a conbination of
a nonocyclic lactone and a polycyclic | actone. Also, a conbination of a

structural unit dewkbyepecificeRuhprRs b astrydterabuit (a8) Métudedl sheic@ifd vaR derived
represented by the general fornmula (50) and a structural unit derived from

(met h) acryl =1 S : e ornul a
(48) or (oot R 8 b o R R vl R Bl o
to a substrate are inproved. Structural unit (a4)] A stryctural .unit (a4)
o & otr oot PG A RORPTES ORI RS & siitieb Gk e R By dhfiiping

gr oup- cont ai ni ng pol ycyclic group. By containing a polar group, a structural
unit (ad) meiazﬁnwet(ﬁé)@f(gﬂhity of all the resin conmponent (A) to an

al kali devel oping 15 solution and the alkali solubility in an exposed part,
thereby contributing to inproving resolution. Herein, as a polycyclic
group, the sane polycyclic groupr®an be used as in the structural unit
(al). Exanples of the polaj, group include a cyano group, a carboxyl group,
and a hydroxyl group, and hydd@xyl group is preferable. As a structural
unit (ad4), any structugalf gnit _gCaN be used w thout any particular 20
limtation, as |ong agkr<é onf% ﬁ%\g pol ar group-containi ng pol ycyclic
group. In detail, a struclural}jufit containing a hydroxyl group-containing
ad ntyl group, particulafrly ~st+Qctural unit represented by a foll ow ng
general formula (51) is pref bl e cause it possesses the effects of

i nproving dry etching resi nce a {ng a cross-sectional
| (48)
o0——cC \
0
5

(wherein R? represents a hydrogen atom or a lower alkyl group.)

( H
AN
I

C:::Si) (49)

/

0

(wherein R? represents a hydrogen atom or a lower alkyl group.)



surface of a pattern rectangular. 36 R3 O Ob OH)h ( (51) (wherein R3
represents the sane as the aforenentioned, h represents an integer oflto3.)
Anong them a structural unit is preferable, in which h represents 1, and a
5 hydroxyl group is bonded to the 3rd position of an adamantyl group.
[Structural unit (a5)] A structural unit (a5) is a structural unit derived
from(nmeth)acrylate containing a polycy Aic gr oup- cont ai ni ng, non-acid

di ssoci abl e, dissolution inhibiting groug other ( than the structural units
(al) to (a4). 10 A structural unit derived from (neth)acrylate containing a
pol ycyclic group-containing, non-acid dissociable, dissolution inhibiting
group neans a structural unit capgﬁ?e of enhanci ng the hydrophobicity of
all the conponent (A before nd after exposure, thereby inhibiting alkal
solubility. In other words, e stjuctural unit (a5) is a structural unit

contai ning a group whi ch re jces @l kali solubility of all the conponent 15
(A) before exposure, soci at ed under the action of an acid
generated from a conponent ) aft exposure, and which possesses a

di ssolution inhibiting prope y (g al kali solubility of all the
conponent (A) as long as it doy/’not becone al kali 37

(50)
( O

(wherein R® represents a hydrogen atom or a lower alkyl group.)
Examples of R? include a hydrogen atom, a methyl group, and a lower alkyl
group containing about 2 to 5 carbon atoms, specifically a linear or branched, lower alkyl
5 group such as an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a tert-butyl group, a pentyl group, an isopentyl group, or a neopentyl
group.
Among these structural units represented by general formulae (48) to (50),a
{ structural unit derived from y-butyrolactone ester of (meth)acrylic acid containing an
10 ester bond at a-carbon, namely (meth)acrylate of y—butyrolactone, as represented by the
general formula (50) is preferable because it is excellent in the inhibition and reduction
effects against a proximity effect.
Also, a structural unit derived from norbornane-lactone ester of (meth)acrylic
acid, namely (meth)acrylate of norbornane-lactone, as represented by the general formula
15 (48) or (49) is preferable because it has a favorable shape of an obtained resist pattern,
for example rectangularity. In particular, a structural unit represented by the formula

(49) is preferable because the above effect is quite high.



I nsol uble when it is changed to al kali sol uble by dissociating an acid

di ssoci able, dissolution inhibiting group (ii) of the structural unit (al)
or (a2). The structural unit (a5) does not overlap the structural units (al)
to (a4). In other words, the structural unit (a5) does not contain any of
an acid dissociable, 5 dissolution inhibiting group (ii) in the structural
units (al) and (a2), a lactone group in ghe structural unit (a3), and a
polar group in the structural unit (a4). As a polycyclic group in the

structural unit (BR)strubhifal SANEaPRIaN ¥ GkédalghObPincambiktiod $Eéwa dr drd he
structural unit (a2). As a structural unit (a5), many structural units can

be used, why b x%@i?fﬁre]n?ﬁ%ﬂpéé%maﬂfé?alfy éﬁi‘x@ n#a glﬂasﬁée ﬁl%'fﬁ Mol dphicdi

mat eri al . tructura derive froma Ieast one

selected fromjirijcyc odec t h) aqr Iate damanty cryl at
tetracycl oo‘%&éﬁ?&%l Sokwphﬂ t!hgpi:gﬁglg T&‘ﬁls %thr%%tﬁlwgﬁg% HERTAY it
Is easily available industrially. These exanples of a structural unit (ab)
are repr essnngddinng tvd eminnte lgetnes backbomesibeng diffent hoh=ah otheointp 4 hem  a
structural unit 15 represented by the general formula (52) is preferable

because sa sBaRDacibons. Opie@érﬂﬁd exﬁﬁﬁle%f ﬂh@fcbﬁlfbiha%@ﬁbf BRtones RRMiglaar ity is
particularly favorable. l---~ HC(52) 38 (wherein R3 represents

a hydrogen c%%ﬁ{onaofla%oc%llfcyﬂactghg Hid g polycyclic lactone. Also, a combination of a

structural unit derived from (meth)acrylate of y—butyrolactone as represented by the
( general formula (50) and a structural unit derived from (meth)acrylate of
norbornane-lactone as represented by the general formula (48) or (49) is most preferable
10 because etching resistance and adhesion to a substrate are improved.
[Structural unit (a4)]
A structural unit (a4) is a structural unit derived from (meth)acrylate containing
a polar group-containing polycyclic group. By containing a polar group, a structural
unit (a4) can improve the affinity of all the resin component (A) to an alkali developing
15  solution and the alkali solubility in an exposed part, thereby contributing to improving
resolution. Herein, as a polycyclic group, the same polycyclic group can be used as in
the structural unit (al). Examples of the polar group include a cyano group, a carboxyl
group, and a hydroxyl group, and a hydroxyl group is preferable.
As a structural unit (a4), any structural unit can be used without any particular
20  limitation, as long as it contains a polar group-containing polycyclic group. In detail, a
structural unit containing a hydroxyl group-containing adamantyl group, particularly a
structural unit represented by a following general formula (51) is preferable because it
possesses the effects of improving dry etching resistance and making a cross-sectional

surface of a pattern rectangular.



RBH C f o EO(53) (wherein R3 represents a hydrogen atomor a | ower

al kyl group.) R3 c /-C H2 (54) 5 (wherein R3 represents a hydrogen atom
or a |ower al kyl group.) Exanples of R3 include a hydrogen atom a nethyl
group, and a lower al kyl group containing about 2 to 5 carbon atons,
specifically a linear or branched, |ower alkyl group such as an ethyl
group, a propyl group, an isopropyl groupg an n-butyl group, an isobutyl
group, a tert-butyl group, a pentyl group, an isopentyl group, or a
neopentyl 10 group. [Structural unit (a6)] A structural unit (a6) is a
structural unit which does not overlapR?he structural 39 wunits (al) to
(ab), which is represented by a foll owjn eneral formula (55), and which is
derived froma conpound cont ai nj c group X bonded to acrylate

whi ch may contain a substituent\group a fluorinated organic group
bonded to the cyclic group X . The fludrinated organic group is formed by
repl aci ng at | east one hydrogen at om of O

o),

( (51)

(wherein R® represents the same as the aforementioned, h represents an integer
of 1to 3.)

Among them, a structural unit is preferable, in which h represents 1, and a

5 hydroxyl group is bonded to the 3rd position of an adamanty! group.

[Structural unit (a5)]

A structural unit (a5) is a structural unit derived from (meth)acrylate containing
a polycyclic group-containing, non-acid dissociable, dissolution inhibiting group other

( than the structural units (al) to (a4).

10 A structural unit derived from (meth)acrylate containing a polycyclic
group-containing, non-acid dissociable, dissolution inhibiting group means a structural
unit capable of enhancing the hydrophobicity of all the component (A) before and after
exposure, thereby inhibiting alkali solubility. In other words, the structural unit (a5) is a
structural unit containing a group which reduces alkalt solubility of all the component

15  (A) before exposure, which is not dissociated under the action of an acid generated from
a component (B) after exposure, and which possesses a dissolution inhibiting property

reducing alkali solubility of all the component (A) as long as it does not become alkali



5 organic group with fluorine and contains an al coholic hydroxyl group. Wen
a base material resin conponent (A) includes the structural unit (a6),

al kali solubility is inproved. In addition, resolution is inproved due to

t he enhancement of dissolution contrast. R2 O O CPF2p+t X OH CgF2g+l s
(5 5) 10 R2 represents the sane as the aforenentioned, X represents a
divalent or trivalent cyclic group, Y regpresents an al kyl ene or al kyl eneoxy
group containing | to 6 carbon atons which is divalent, p and q

i ndependentihgolutde whee itis ahariged agalkaldfolible bySlissacidtingan agid disadisblan i nt eger

of I or 2. In the general formula (55), as a divalent or trivalent cyclic

group reprecﬁgsgpﬁgn%ibi}égi)é'gouf(%gﬂ}%ggu%&llaﬁlgx%gcg%hout any particul ar

limtation as long as It roup, [ es thereof include

o Phat L a0, R L B B o A, HR SRSl LSRN 51 0P

particular, it is preferable that an aliphatic cyclic group be used in a
phot or esi stothesovapds iths Brictuspl yniHadkdass mobctdangse of ieadid disspeizldacy of a
photoresist filmis inproved. Wen X is divalent, s represents 1. Wen X
i's trival entissoRitiof prtdbiging $rdip (1 in the structural units (al) and (a2), a lactone group in the
structural unit (a3), and a polar group in the structural unit (a4).
As a polycyclic group in the structural unit (a5), the same polycyclic group can
be used as in the structural unit (a2).
As a structural unit (a5), many structural units can be used, which are
10  conventionally known as an ArF positive resist material. In particular, a structural unit
derived from at least one selected from tricyclodecanyl (meth)acrylate, adamantyl
(meth)acrylate, tetracyclododecanyl (meth)acrylate, or isobornyl (meth)acrylate because
it is easily available industrially. These examples of a structural unit (a5) are
represented by following general formulae (52) to (54). Among them, a structural unit

15  represented by the general formula (52) is preferable because a shape of an obtained

resist pattern such as rectangularity is particularly favorable.

Ra

/
A

o~ "o

IQ——IX

(52)



ot her words, when X is trivalent, two fluorinated organic groups are bonded
to X. 5 As an aromatic cyclic group, various aromatic nonocyclic or

pol ycyclic groups which are divalent or trivalent can be used w thout any
particular limtation. Exanples thereof include a group in which two or

t hree hydrogen atons are renoved froman aromatic hydrocarbon, and exanpl es
of the aromatic hydrocarbon include benzgge, naphthal ene, and ant hracene.
10 As an aliphatic cyclic group, various aliphatic nmonocyclic or polycyclic
groups which arQudkﬁﬁiEﬁﬁmﬂmemmbw@ﬂﬁmtneamnbEaUﬁﬁﬁaﬂbdgﬂmbjany particul ar
limtation. Exanples of the aliphatic cyclic group include a group in which
two or three hydrogen atons are renoved froman aliphatic cyclic
hydrocarbon, and exanples of thegd iphatic cyclic hydrocarbon include an

al i phati c nonocyclic hydrocarbory such as cycl ohexane or 15 cycl opentane and
an aliphatic polycycl ydrocaf.bon. The groups in which two or three

hydr ogen atons are rehu%ﬁd f hese hydrocarbons can be used as an

al i phatic cyclic group ng t an aliphatic polycyclic hydrocarbon is
nore preferable, and exapp Ies t her eof include adamantane, norbornane,

nor bor nee, nethylnorbonane ~e{ hyl nor bomane, met hyl nor borrene,

et hyl nor bor nene, iobornang“tricycl¥decane, or tetracycl ododecane. The

al i phatic pol ycyclic hydrocarbon can\be appropriately selected and used
from anong many cycl oal i phatic groug avi ng been proposed in an ArF resist.
Anong t hem adanant ane, nor bor ngngs” nor Beg nee, net hyl nor borrane,

et hyl nor bomane, net hyl nor bor nehg, r bonene, of gstracyclododecane i's
preferable industrially, and 25 [norbornage i s nost 6? erable. 41 Y
i“gﬁ‘oxy grgip containing 1 to 6 carbon atons

X

req¥esents an al kyl ene or al

(wherein R represents a hydrogen atom or a lower alkyl group.)

e

H2 /C\O

( (54)

5 (wherein R represents a hydrogen atom or a lower alkyl group.)

Examples of R? include a hydrogen atom, a methyl group, and a lower alkyl
group containing about 2 to 5 carbon atoms, specifically a linear or branched, lower alkyl
group such as an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a tert-butyl group, a pentyl group, an isopentyl group, or a neopentyl

10 group.
[Structural unit (a6)]

A structural unit (a6) is a structural unit which does not overlap the structural



which is divalent, and there is no particular |[imtation although a

nmet hyl ene group is preferable. It is preferable that each of p, g, and s
represent 1. Anmong them a conpound represented by a follow ng general
formula (56) is 5 nost preferable. Rp O O F3C CF3 OH (56) (wherein R2
represents the sane as the aforenentioned.) [OQher structural units] Al so,
in a positive photoresist conposition of,the present invention, a copol yner
10 can be used as the conponent (A), whi is formed by appropriately

ComE N 19 S48 Bl N BRI SO AR o S 0611 VbR Y

containing a resistance anci n rou

di ssoci abl e qutlon i nhi bitjng group, whi i s, known as
convent i onélle“"?fiéﬁmc?a‘}qfﬂpo SR CoRtARE Y IF\EéO hléq nded 10 pra¥ts Wﬁiﬁh Ry

contai ning an ethyl eni c doubl e bond for enhancing al kal | solubility, such as
(et h) acr ylcbutaitba subistituentedreur armta dpommatédiorganic gamipchondeditoathk npolic grompXer
used for producing an acryl 42 resin. Exanples of the acrylic acid

derivative T'h@(ﬁdéﬁﬁat%& by aﬁfcegroﬁﬁ‘xs%hﬁéh By RpcRpydt 1ea9miequarog%n<a%mm group
is protected by a dry etching resistance-enhancing group or  non-acid

5 acryl at e iSRRI PN dpl e B Rec B AR BR D L PR RS !

terpineol, or an ester of . .
material resin component (A) includes the structural unit (a6), alkali solubility is

improved. In addition, resolution is improved due to the enhancement of dissolution

( contrast.
Rj
o
0
\ CpF 2p+1
x!
Y OH
CqFa2q+1
929 S (55)
(
10 R, represents the same as the aforementioned, X’ represents a divalent or

trivalent cyclic group, Y represents an alkylene or atkyleneoxy group containing 1 to 6
carbon atoms which is divalent, p and g independently represent an integer of 1 to 5, and
s represents an integer of 1 or 2.
In the general formula (55), as a divalent or trivalent cyclic group represented by
15 X, any group can be used without any particular limitation as long as it is a cyclic group,
and examples thereof include aliphatic and aromatic cyclic groups. Among them, an

aromatic cyclic group can be used in a photoresist composition for KrF exposure. In



acrylic acid and 3-bronoacetone. Al so, exanples of the nethacrylic acid
derivative include a nethacrylic acid derivative corresponding to the

af orenenti oned acrylic acid derivative. Al so, exanples of the carboxylic
acid containing an ethylenic double bond 10 include acrylic acid,

met hacrylic acid, maleic acid, and fumaric acid. Exanples of a known nononer
used for producing an acrylic resin inclpyde an alkyl acrylate such as

nmet hyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate,

i T L T O T

2- hydroxypropyl .acrylate, and a nethacrylate 15 corresponding.to the

al kyl acry| &0@Ppogipen Fexnpaumbecapss tba}{rﬁ@spéfqnexp p Rhotgrasist fin g improyed. o

pol ynmer compound which is preferable as the base material resin conponent
(A) used in a podWhdénX¥’ isdsvalint,coepesints hn When B8 iptrizslent, sirepresenisch, Ia

copol ynmer including structural units (al) and (a3) is preferable because the

resol uti ono@fr dgdd Mes haRerRbledt, tWs obriRAbd SfAnRWAIR de¥HRRkEX I N
particul ar, a polyner conmpound including structural 'units (al), (a3), and

(a4) isc.nore preferabhle. 0,..a polyner conpound incl.udi ng t nmut ual |'y
G t1er ot struct toan ared? O8us BB, YRty ol TIPS RULHY POty e B £
When a pol ynmer conpound of  the present invention is used in a binary system
25 (a copoMairargtivdenter tivalentiean be ysgd withaut gyparticulardimitainss ¢ Espmplest he
structural unit (al) is 43 20 to 80 nol% preferably 30 to 60 nol % per the
sum of al | tlsreafdhcludd a groupsn ohidhhtevo or dipe hedriogérPatonanee teheved dpar 4d on of t he
structural unit (a3) is 20 to 80 nol %
( aromatic hydrocarbon, and examples of the aromatic hydrocarbon include benzene,
naphthalene, and anthracene.
10 As an aliphatic cyclic group, various aliphatic monocyclic or polycyclic groups
which are divalent or trivalent can be used without any particular limitation. Examples
of the aliphatic cyclic group include a group in which two or three hydrogen atoms are
removed from an aliphatic cyclic hydrocarbon, and examples of the aliphatic cyclic
hydrocarbon include an aliphatic monocyclic hydrocarbon such as cyclohexane or
15  cyclopentane and an aliphatic polycyclic hydrocarbon. The groups in which two or
three hydrogen atoms are removed from these hydrocarbons can be used as an aliphatic
cyclic group.
Among them, an aliphatic polycyclic hydrocarbon is more preferable, and
examples thereof include adamantane, norbomane, norbornene, methylnorbornane,
20  ethylnorbornane, methylnorbornene, ethylnorbornene, isobornane, tricyclodecane, or
tetracyclododecane. The aliphatic polycyclic hydrocarbon can be appropriately selected
and used from among many cycloaliphatic groups having been proposed in an ArF resist.
Among them, adamantane, norbornane, norbornene, methylnorbornane, ethylnorbomane,

methylnorbornene, ethylnorbornene, or tetracyclododecane is preferable industrially, and

25  norbornane is most preferable.



preferably 30 to 60 nol % Wen a pol ynmer conpound of the present invention
is used in a binary system5 (a copolynmer of structural units (al) and
(a6)), the proportion of the structural unit (al) is 20 to 80 nol%
preferably 30 to 60 nol % per the sumof all structural units of the
conponent (A), and the proportion of the structural unit (a6) is 20 to 80
nmol % preferably 30 to 60 nol % Wen a #bl yner conpound of the present
invention is used in a ternary system (a copolymer of structural units
(al), (a3), and (azpyesentganpgH tor alkytenedXy groep somtaining hto @parbor atioinsi s 20
to 60 nol % preferably 30 to 50 nol % per the sumof all structural units of

t he conponegtick #)divdlg, fidbertis a0 paftichlaelifktatied lt®ugH itheth e pougds t 0 60
nol % preferably 20 to 50 nol % and the proportion of the structural unit

(ad) is 10&?’%‘35%1"" rrq{ f@ r g%&é@%ﬂpécggfb,o %ﬂdgpp\%lgs[ewlﬂpn t he proportions of

all struct unirts i h onent (ck) are n the af orenenti oned
ranges, it is possible .to obtain a positive 15 resi,st conpositio xcel | ent
in resol uti on and*Bpys %‘F%Pﬁ&mﬁ’%‘?ds‘tgﬁﬁé@?m%)éﬁf@F%W#@Fqulofsﬁﬁﬁﬁlﬁzséflst he
present invention is used in a quaternary system (a copolymer of structural
units (&l), m¢sapiefergble), and (a5)), the proportion of the structural unit
(al) is 25 to 50 nol % preferably 30 to 40 nol % per the sumof all
structural units of the conponent (A), the proportion of the structural unit
(a3) is 25 to 50 20 nol % preferably 3R2to 40 nol % the proportion of the
structural unit (a4) is 10 to nol ¢ referably 10 to 20 nol % and the
proportion of the structural ¥4 3 to 25 nol% preferably 5 to 20
nol % Wen t he proportions of ral units in the conponent (A) are
within the aforenentioned ranges, it i$ possible to markedly inprove depth
of (focus of an isol ated pattern formed obt ai ned positive resist

t hereby i nproving resolution. 44

F3C CF3

OH (586)

(wherein R; represents the same as the aforementioned.)
[Other structural units)

Also, in a positive photoresist composition of the present invention, a copolymer

10  can be used as the component (A), which is formed by appropriately combining

structural units derived from: (meth)acrylic acid derivative containing a dry etching
resistance-enhancing group or non-acid dissociable, dissolution inhibiting group, which
is known as a conventional, chemically amplified positive resist; carboxylic acid
containing an ethylenic double bond for enhancing alkali solubility, such as (meth)acrylic

15  acid, maleic acid, or fumaric acid; and a known monomer used for producing an acryl



The copol yners of structural units (al) and (a3); structural units (al) and
(a6); structural units (al), (a3), and (a4); structural units (al), (a3),
(a4), and (a5) can be copolynerized and used with a structural unit (a2) or
ot her structural units in an anount range that does not deteriorate the
effects of the present invention. 5 The pol yner conpound including the
structural unit (al) can be obtained by ggopolynerizing nononers, from which
structural units are derived, according to a known radical polynerization
met hod or tdasinl i ke using a radical polynerization initiator ( such as

azobi si sobutylonitrile (AIBN). An amount of the base material conponent (A)

in a photoresist . J st ed
according to a deés:)%%% ga&ghc %c?dﬁ@r?xéag{vg,?&?ﬁc}é &}lﬁg{e ﬁl%H ag&d%q(lryp
exanple, this an*)unt %usted to cP ovi de ef erabl e oncentratl on of a
solid part S184RP B ERTOEH] G uPA Biptecied %:(e:é@)ez FGRPCe RIS EPERGEed i nto
an end of the polyner conpound by simnmultaneously using a chain transfer
agent such ree-did diSscCiubl s b o{rdia)iag Sugusichgs nhphthylaceriates heanapd

pol ymeri zation. A copolyner containing a hydroxylal kyl group, in which at

| east onme hygfig@enoxaéyRibhekylaradhteydn &t P a!:r§11§ Héigtahll ‘t@r?ﬁﬁebb[ ofan kH&rdfne
atom is excellent inthe reduction of a devel oping defect and LER (Iline

edge r OUQhEBI% Hylic &?f%ﬁf?%&%ﬁc&oh?e (gsﬂe )Yé%lphés ofﬂ[l%ﬁ%% r?ﬁ% aéﬁ)écn%gmé

suitable a gener r “conponen roresist corrpo it on of

t he present, inyention can be, se|l ected from anong, known coppoynds whi
generate arncl I3 8 msthacR s eHLdanyap aeiporrsBandy IR hhF & TgpeRped ary! igési at or

(B) include an onium salt-type acid generator such as an iodoniumsalt or a
sul f oni um gigrivatiem oxi me sul fonate-type acid generator; a di azomet hane-type
aci‘d generator such as bisal kyl - or
Also, examples of the carboxylic acid containing an ethylenic double bond
10 include acrylic acid, methacrylic acid, maleic acid, and fumaric acid.
Examples of a known monomer used for producing an acrylic resin include an
alkyl acrylate such as methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate,
n-butyl acrylate, isobutyl acrylate, n-hexyl acrylate, octyl acrylate, 2-etylhexyl acrylate,
lauryl acrylate, 2-hydroxyethyl acrylate, or 2-hydroxypropyl acrylate; and a methacrylate
15  corresponding to the alkylacrylate.
[Polymer compound including structural unit (al)]}
As a polymer compound which is preferable as the base material resin
component (A) used in a positive resist composition of the present invention, a
copolymer including structural units (al) and (a3) is preferable because the resolution
20  and the shape of a resist pattern become favorable. In particular, a polymer compound
including structural units (al), (a3), and (a4) is more preferable. Also, a polymer
compound including two mutually different structural units (a3) in the base material resin
is preferable.

When a polymer compound of the present invention is used in a binary system

25  (acopolymer of structural units (al) and (a3)), the proportion of the structural unit (al) is



25 bi saryl - sul fonyl di azonet hanes, pol y(bi ssul fonyl)di azonet hanes, or 45

di azonet haneni t robenzyl sul fonates; an i m nosul fonate-type acid generator;
and a disulfonic acid-type acid generator. Specific exanples of the onium
salt-type acid generator include trifluoronethanesul fonate or

nonaf | uor obut anesul fonate of di phenyliodonium 5 trifluoronmethanesul fonate
or nonaf | uorobut anesul fonate of bis(4-tegt-butyl phenyl)iodonium
trifluoronethanesul fonate, heptafl uoropropanesul fonate, or

nonaf | uor olngttars@sHbILA Tatferably 30 fordlemyl%s ki o isuiof allistrutrard Bithafn@sul f onat e,
( hept af | uor opr opanesul fonate, or nonafl uorobut anesul f onat e of

i (4 met D) Gl ANy Blop hidH S5O SRIABRCH GO0 80 molse

hept af | uor op anesul'f onat e, non uor obutanesul fonate 0o
di met hyl (4- hydr hi v | fonium trifluoronmethanesul fonate,
hept af | uord’ﬁ%/fgﬁﬁ%g@&@gﬁ%)y or nonaf | uorobut anesul fonat e of
nonophenyl di net hyl sul foni um and trifl uoronet hanesul f onat e,

hept af | uor opr opan&ben & pplymer compeiondadi] the prebent anmvestidn snwed irod binary system
di phenyl nononet hyl sul fonium Anbng them an onium salt containing an anion

of 15 flsuor(hBapdifmet bfstnerlrblamie (f0iadd i(£8)),ithe Propbeioalif ehe SRArANNATLITS sal t
contai ning a canphor sulfonic acid ion in an anion part, whose acid :

STt Lot RS S R PR L

chem cal fc%;n%%kgnt((ig,) a'ndlkge gg%ort%n%?%ﬁe%tmctural unit (a6) is 20 to 80 mol%,
preferably 30 to 60 mol%. When a polymer compound of the present invention is used
in a ternary system (a copolymer of structural units (al), (a3), and (a4)), the proportion of

10 the structural unit (al) is 20 to 60 mol%, preferably 30 to 50 mol% per the sum of all
structural units of the component (A), the proportion of the structural unit (a3) is 20 to 60
mol%, preferably 20 to 50 mol%, and the proportion of the structural unit (a4) is 10 to 50
mol%, preferably 20 to 40 mol%. When the proportions of all structural units in the
component (A) are within the aforementioned ranges, it is possible to obtain a positive

15  resist composition excellent in resolution and dry etching resistance.

When a polymer compound of the present invention is used in a quaternary
system (a copolymer of structural units (al), (a3), (a4), and (a5)), the proportion of the
structural unit (al) is 25 to 50 mol%, preferably 30 to 40 mol% per the sum of all
structural units of the component (A), the proportion of the structural unit (a3) is 25 to 50

20  mol%, preferably 30 to 40 mol%, the proportion of the structural unit (a4} is 10 to 30
moi%, preferably 10 to 20 mol%, and the proportion of the structural unit (a5) is 3 to 25
mol%, preferably 5 to 20 mol%. When the proportions of all structural units in the
component (A) are within the aforementioned ranges, it is possible to markedly improve
depth of focﬁs of an isolated pattern formed of an obtained positive resist composition

25  and to sufficiently inhibit and reduce a proximity effect, thereby improving resolution.



HsC O (57) Specific exanples of the oxinme sulfonate type acid generator
I ncl ude a- (nethyl sul fonyl oxyi m no) - phenyl acetonitrile,

a- (et hyl sul f onyl oxyi m no) - p- et hoxyphenyl acetonitrile, 5

a- (triful oronet hyl sul fonyl oxyi m no) - phenyl acetonitrile,

a-(triful oronet hyl sul fonyl oxyi m no) -p-nmet hoxyphenyl acetonitrile,

a- (et hyl sul f onyl oxyi m no) - p- net hoxypheny{vgcet oni trite,

a- (propyl sul f onyl oxyi m no) - p- met hyl phenylacetonitrile, and

ot 1oy e kel OB R e AR 5 o

a- (et hyl sul f onyl oxyi p- met hoxyphen e1s pr

Speci fic exanpl es of bjs(al kyl sul fonyl): or

bi s(aryl su|S¥fB"ﬁwa§ %it%égﬁéﬁi‘?a%%i(ﬂgfmpﬁ@r% iuagﬁg’égsﬁﬁe(w’ﬁé‘dééﬁd’aﬁ@ﬁer at or
i ncl ude bi s(isopropyl sufonyl)di azonet hane,

bi s(p-t ol uenpslymeongd el used mathhestaictural unit (a2) or other structural units in an amount

bi s(1, 1-di net hyl et hyl sul f onyl ) di azonet hane,

bi s( cycl ohexeshitfdesy hotdieter it Ma&fects of the present invention.
bi s(2, 4-di met hyl phenyl sul f onyl ) di azonet hane. Al so, specific exanples of the

pol y(bi ssul f onyl 4l i nel . .

1, 3-bi s?phenyl sul g%)%/ |é§g§ﬁ1§?%¥§lﬁ#§l@% Bt%cgérr?}au 1(%511 S?Jnntc)ie %\l?talcrilg%g osition
int 135C), .1, 4-bi h | sul f [ th | f | ) but ang d B,

gglzgrrposi t ic)aﬁolmenﬁlbé(ﬁ%)or%n%%%rorg Qvﬁc%l s?r%gtrlrl?al u}ﬁtg gre d%;%ea, alécg} lei'lg(tggnpoun

1, 6- bi s(phenyl sul f onyl di azonet hyl sul f onyl ) hexane (conpound C, nelting point
132C, decorkpowntradical poiymerizag@) methodior the like using a radical polymerization initiator
0- bi s( phenyl sul f onyl di azonet hyl sul f onyl ) decane (conpound D, deconposition

poi nt 147C) ;sudh & obiskybhivaiyilsBpny! di azonmet hyl sul f onyl ) et hane (conpound
E, (5 deconposition point 149C),

1, 3-bi s(cycl ohexw sih &aRve ﬂ{e%gérﬁ]ta@‘ilafwrﬁmw 3R 3 Bhotoresist composition of
10  the present invention can be adjusted according to a desired thickness of a resist film to
be formed. For example, this amount is adjusted to provide a preferable concentration
of a solid part described below.
Also, a —C(CF3),-OH group can be introduced into an end of the polymer
compound by simultaneously using a chain transfer agent such as

15  HS-CH;-CH,-CH,-C(CF3),-OH during the aforementioned polymerization.

A copolymer containing a hydroxylalkyl group, in which at least one hydrogen
atom of an alkyl group is substituted by a fluorine atom, is excellent in the reduction of a
developing defect and LER (line edge roughness: unevenness of line side wall).
[Component (B)]

20 A suitable acid generator component (B) used in a photoresist composition of
the present invention can be selected from among known compounds which generate an
acid on exposure to radiation. Examples of the acid generator (B) include an onium
salt-type acid generator such as an iodonium salt or a sulfonium salt; an oxime
sulfonate-type acid generator; a diazomethane-type acid generator such as bisalkyl- or

25  bisaryl- sulfonyldiazomethanes, poly(bissulfonyl)diazomethanes, or



(conpound F, deconposition point 153C),

1, 6-bi s(cycl ohexyl sul fonyl di azonet hyl sul f onyl ) hexane (conpound G nelting

poi nt 109C, deconposition point 122C),

1, 10- bi s(cycl ohexyl sul f onyl di azonet hyl sul f onyl ) decane (conpound H,

deconposition 10 point 116C). ( 48 COWOUND A ON2 OON2O Il 1T Il 11

111 SGS(CH)3 -S-CGS 0000 OCUND B ON2 OON2O I I 1l

SCS(CH)4 -S-CGS L1111 000 COVOUND CON2 OON2 O Il 11

I O _c_sutd2dRethanémiPobenkyishiforlates; an iminosulfonate-type acid generator; and a
disulfonic acid-type acid generator.

Specific examples of the onium salt-type acid generator include
trifluoromethanesulfonate or nonafluorobutanesulfonate of diphenyliodonium;

5  trifluoromethanesulfonate or nonafluorobutanesulfonate of
bis(4-tert-butylphenyl)iodonium; trifluoromethanesulfonate, heptafluoropropanesulfonate,
or nonafluorobutanesulfonate of triphenylsulfonium; trifluoromethanesulfonate,
heptafluoropropanesulfonate, or nonafluorobutanesuifonate of
tri(4-methylphenyl)sulfonium; trifluoromethanesulfonate, heptafluoropropanesulfonate,

10 or nonafluorobutanesulfonate of dimethyl(4-hydroxynaphtyl)sulfonium;
trifluoromethanesulfonate, heptafluoropropanesulfonate, or nonafluorobutanesulfonate of
monophenyldimethylsulfonium; and trifluoromethanesulfonate,
heptafluoropropanesulfonate, or nonafluorobutanesulfonate of
diphenylmonomethylsulfonium. Among them, an onium salt containing an anion of

15 fluorinated alkyl sulfonic acid ion is preferable.

Even an onium salt containing a camphor sulfonic acid ion in an anion part,
whose acid strength is weak, can be used among the onium salt-type acid generators.

Specific examples can include the compound represented by the following chemical

formula (57).



10

15

N2 OIl Il Il ~ SGS(CHR)10-SCGS a |
ON2O 011 - I Il I Il

O COVMPOUND F ON2 OO0 N2 O Il Il

OO00 COMPOUNDGON2OON2O II Il Il G

| 1

46

CHs

HaC o
s® CH,S0,

(57)

Specific examples of the oxime sulfonate type acid generator include
o-(methylsulfonyloxyimino)}-phenylacetonitrile,
o-(methylsulfonyloxyimino)-p-methoxyphenylacetonitrile,
o-~(trifuloromethylsulfonyloxyimino)-phenylacetonitrile, a-(trifuloromethylsulfonyloxyi
mino)-p-methoxyphenylacetonitrile, a-(ethylsulfonyloxyimino)-p-methoxyphenylacetoni
trile, a-(propylsulfonyloxyimino)-p-methylphenylacetonitrile, and
o-(methylsulfonyloxyimino)-p-bromophenylacetonitrile. Among them
o~(methylsulfonyloxyimino)-p-methoxyphenylacetonitrile is preferable.

Specific examples of the bis(alkylsulfonyl)- or bis(arylsulfonyl)-diazomethanes
of the diazomethane-type acid generator include bis(isopropylsufonyl)diazomethane,
bis(p-toluenesulfonyl)diazomethane, bis(1,1-dimethylethylsulfonyl)diazomethane,
bis(cyclohexylsulfonyl)diazomethane, bis(2,4-dimethylphenylsulfonyl)diazomethane.

Also, specific examples of the poly(bissulfonyl)diazomethanes include
1,3-bis(phenylsulfonyldiazomethylsulfonyl)propane (compound A, decomposition point

135°C), 1,4-bis(phenylsulfonyldiazomethylsulfonyl)butane (compound B, decomposition

SC-S (CH2)2-S- G S

Il ¢)- S CS(CH)3



O0 OO COPPOUND OHN2 OO NO 12111 Il 11 -CGS-(CH2)10-S-CGS O 11 i

[l 11 0 0 0 0 49 An acid generator (B) can be used alone or in conbination
of two or nore. The content of an acid generator (B) is 0.5 to 30 parts by
mass per 100 parts by nass of the conponent (A), preferably 1 to 15 parts by
mass, nore preferably 3 to 10 parts by mass. Wien the content of an acid
generator (B) is within the above range, 44t is 5 possible to obtain a
honbgeneous solution, to inprove storage stability, and to perform pattern
formation sirtiia7ent, 1y6-bis@derdnafny(dddombiiey i nohRSiant (copiprRnt (G, erkiemn
further include a nitrogen-containing organic conpound (D) according to

need. It i %%qgﬁ%’ly%éggﬁﬂg@?%inglﬁ?%l Cam)unt of a 10 nitrogen-containing

or gani ¢ corpoundcan ally anplified resist conposition
as an acid djffusion inhibitor. In.t present inventiqn,, a generally known
ot ogen. contOabiagRYsaarAd Stsimes i B DEE e RAP RIS dsfoBr s

conposi tion. Exanples of the nitrogen-containing organic conpound include
an am ne arpirdid7°&nbdibistcxdohiexylsslfexddipzanetbflsulienydieihase {coatpoad &in
aliphatic secondary am ne such as diethylam ne, dipropylam ne,

di but yl 3m nReopotiRepdint 849°0%; 1,3Bistd yicRinakyISulfeHyldidiomsy1a\&fonyl)propane
(compound F, decomposition point 153°C),
1,6-bis(cyclohexylsuifonyldiazomethylsulfonyl)hexane (compound G, melting point

109°C, decomposition point 122°C),

1,10-bis(cyclohexylsulfonyldiazomethylsulfonyl)decane (compound H, decomposition

10 point 116°C).



(a trialkylamne in which three al kyl groups bonded to nitrogen can be the
sane or different.) such as trinethylamne, triethylamne, tripropylam ne,
tributylamne, tripentylam ne, N, N-dinethyl propylam ne,
N- et hyl - N- et hyl but yl ami ne, trihexylam ne, 20 triheptylamne, trioctylamn,
tridecanyl am ne, tridodecylam ne, or tritetradecanylamne; a tertiary
al kanol am ne such as N, N-di met hyl nonoet hagol am ne, triisopropanol am ne,
N, N- di et hyl nonoet hanol am ne, triethanol am ne, or tributanol am ne; an
aromatic terti aryen F‘rgoanDchh as N, N-di met hyl ani line, NN-dethylaniline,

I ne

N- et hyl - N- met hyl an| megHyl t ol ui din N-M’ret | di phenyl am ne,
2?t rﬂlt?he yl am ne. SO?Exa,pibl gljs/ NG anmoni um
salt include salts / \ éer&a_y al %)@Fﬁr)o rn%l / Q) anmoni um

ion, a tetranethyla mjj on, jetrae ni um | in,
t et rapropyl ammoni umef, aqA et rab | anmoni um ign, t et~Fapent yl ammoni um
ion; and a hydroxyl group-containi'ng organic carboxyllc acid such as lactic
acid. 5 Anrong t hegompoeiergbl e exanpl es include a lower tertiary

al kanol am ne such as tr| ehanpl,anOne, trii sopr@paM a@ ne, or

tri but anol anm ne; an r| al kyI||a2m e containing| 61ito A5 @ atoms such

N- et hyl di phenyl am ne

as trihexyl am ne, by IS (- 8r-dC a1 RS —ICQ S ay

tri dodecyl am ne, or L1rif et rfledecanyljam ne becausle t hese |lar e\ e [ ent in

reduci ng thickness Ioss inQhe topQpart of a fiDe resi & pattern 10 A

ni t rogen-cont ai ni n rggjanr c conmpound (D) can be used in a range of usually

0.01 to 5 parts b(} NBe® 100 parts by mass (&B th base naterlal conponent

(A), preferably 0.0 S%ar ) Wor e prefera 21 3 ts by rrass

When the content of nertt hi n bovye r
St (0 o diedink N 1

possi ble to obtain
—ait acicgi genergt ed on expo re and | to

inhibiting effect of

COMPOUND D
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15 prevent a so-called deterioration of exposure sensitivity due to an
excessive inhibition of acid diffusion. [Acid conponent] Also, a

phot oresi st conposition of the present invention can farther include an
organi ¢ carboxylic acid, or an oxoacid of phosphorous or a derivative

t hereof as an 20 optional conponent for the purpose of preventing the
deterioration of sensitivity due to thegqddition of the nitrogen-containing
organi ¢ conpound (D). Preferable exanples of the organic carboxylic acid

i nclude mal oni ¢ agi ghid géderdtér (FYQJafl be Bed lofEChitin cBHbindtios odlewé or BRAZOI C aci d,
and salicylic acid. Exanples of the oxoacid of phosphorous or the derivative

t her eof include &%J#' I : i I I h as
phosphoric acid, Tgécﬁﬁﬁgfyl ‘@%i?géagﬂra@g,‘f‘z‘?q%?gﬁé%?} gﬁgss%{%gtogﬁ%i%phoni C
acid or an este% derivati veééyher of ngCh 58 hosphoni c acifd, di_met 5y|
phosphonat @358t HESEMRAONFHASHRSHATRLY pifehy PHHOSHRAH: B105E PiFerably ey
phosphonate, or dibenzyl phosphonate; and phosphinic acid or an ester

deri vat i ve patiebratassucWhas thstnostent of an and gensratphdhys phibsptie abeverange, it is

al t hough 5 phosphonic acid is particularly preferable anong them The

or gani c5cambesihleits oBirda héthogdnBeusuohaiingtodimppbasdabas® tability, ahe telpsrformt | ve
thereof can be used in a range of 0.01 to 5.0 parts by nass per 100 parts

by mass of q§ﬁ§ t £l nponent (A), preferably 0.05 to 3 parts,
nore pref erptggﬁr/‘ . at?%l sglrf%g%l%t "by mass. [Organic solvent (E)] 10 The

phot or esi st._.conposi tiaon of the present invention can be produced by
di ssol vi ng [-ABPRBEY d?gj[ erial resin conponent (A), the acid generator (B),

the nitrogen-containing organic conpound (D), and optional conponents
acc(or di ng t o needhe photoresist composition can further include a nitrogen-containing organic

compound (D) according to need. It is generally known that a small amount of a

10 nitrogen-containing organic compound can be added to a chemically amplified resist
composition as an acid diffusion inhibitor. In the present invention, a generally known
nitrogen-containing organic compound can be added to the photoresist composition.
Examples of the nitrogen-containing organic compound include an amine and an
ammeonium salt.

15 Examples of the amine include an aliphatic secondary amine such as
diethylamine, dipropylamine, dibutylamine, or dipentylamine; an aliphatic tertiary amine
(a trialkylamine in which three alkyl groups bonded to nitrogen can be the same or
different.) such as trimethylamine, triethylamine, tripropylamine, tributylamine,
tripentylamine, N,N-dimethylpropylamine, N-ethyl—N-methylbutylarniné, trihexylamine,

20  triheptylamine, trioctylamin, tridecanylamine, tridodecylamine, or tritetradecanylamine;
a tertiary alkanolamine such as N,N-dimethylmonoethanolamine, triisopropanolamine,
N,N-diethylmonoethanolamine, triethanolamine, or tributanolamine; an aromatic tertiary
amine such as N,N-dimethylaniline, N,N-diethylaniline, N-ethyl-N-methylaniline,
N,N-dimethyltoluidine, N-methyldiphenylamine, N-ethyldiphenylamine, or

25 triphenylamine.



in an organic solvent (E) to be a honpbgeneous solution. One, or two or nore
organic solvents (E) can be selected to be used from anong known sol vents
for a chemically 15 anplified resist. Exanples of the organic solvent (E)

i ncl ude ketones such as y-butyrol actone, acetone, nethyl ethyl ketone,

cycl ohexanone, nethyl isoanyl ketone, or 2-heptanone; polyhydric al cohols
and derivatives thereof such as ethyl enecgl ycol, ethylene glycol
nonoacet at e, di ethyl ene glycol, diethylene glycol nonoacetate, propylene

glycol, 20 propy|mhgnfédydthe AMARARME aﬂﬁlncﬁuersawéfear@awrmw'alky%&mhbﬁamn
nDnonethyI et her, nDnoethyI et her, nDnopropy et her, nDnobuty et her, or

nonophenyl .et opyl ene cet at e; ethers such as
di oxane; nlg g hearss gaﬁlgrﬁ Iﬁx hg{eyrf%%&hgro IHW lon, aa@/r éﬁam%lll Hefat e,
et hyl acetate, butyI acetate, methyl pyruvate, ethyl pyr uvate met hyl

met hoxypr ofFi&#HueRy! aram@iwpone@ SIAPEHOBNBARIE 10T el tegRPRINY lAMTWNIEALES can be
25 used alone, or in a mxed solvent of two or nore different solvents. In
particul ar ,anﬂhadlyﬁx?oxyhgmqi—(smtaim!ng ordanjercapydxytie agidysadh anaadnatidy| et her
acetate (PGVEA) and a polar solvent is preferable, and the mxture ratio

can be gppropri atz%‘nbfn?ﬁfeﬁf Bretadbletxam@Re '1615?15&;& B'Uve?ierﬁ&r?%!l&hblaﬁﬂn@éucﬁ GVEA

and a pol ar sol vent t hodgh the mass ratio of po ar so vent IS
preferably hi [ t.0 ref er B/

Spec 1 1 cal 1§/t B8 Eordooaolinife pr R tabid PR E R R o
the mass ratlo of P EA is preferaply 2:8 to 8:2, nore preferably37to

7:3. Al so, 1965 Garbouptems vesh %dﬂhgﬁcwvﬁotr@érfaﬁ@laﬁdng«ﬁﬂa@m one sel ect ed
from PGVEA and EL is preferable as an organic solvent (E). In this case, as
or, t he ni xtideenylatriine, ttidelenpasineavr tritdttadetartyhanihe besausathdsd dre ekedllentrini s
pr e(f erably 70:30 to 95:5. The anobunt of a conponent (E)
reducing thickness loss in the top part of a fine resist pattern.
10 A nitrogen-containing organic compound (D) can be used in a range of usually
0.01 to 5 parts by mass per 100 parts by mass of the base material component (A),
preferably 0.05 to 3 parts, more preferably 0.1 to 2 parts by mass. When the content of
a component (D) is within the above range, it is possible to obtain an improvement in a
pattern shape due to a diffusion inhibiting effect of an acid generated on exposure and to
15  prevent a so-called deterioration of exposure sensitivity due to an excessive inhibition of
acid diffusion.
[Acid component]
Also, a photoresist composition of the present invention can further include an
organic carboxylic acid, or an oxoacid of phosphorous or a derivative thereof as an
20  optional component for the purpose of preventing the deterioration of sensitivity due to
the addition of the nitrogen-containing organic compound (D).
Preferable examples of the organic carboxylic acid include malonic acid, citric
acid, malic acid, succinic acid, benzoic acid, and salicylic acid.

Examples of the oxoacid of phosphorous or the derivative thereof include

25  phosphoric acid or an ester derivative thereof such as phosphoric acid, di-n-butyl



is not specifically limted and is appropriately determ ned according to the
thi ckness of a coating filmand the concentration capable of coating on a
substrate. CGenerally, the concentration of a solid part of a photoresist
conposition is 2 to 20 nass% preferably 5 to 15 mass% and nore preferably
5to 12 mass% 15 [ O her conponents] Al so, a photoresist conposition of the
present invention can further include mgscible additives such as generally
known di ssolution inhibitors, additive resins for inproving properties of a

phot or esi stphbighate, stidipaatyd phosphote; plapRoHic acid 0fkh BGePde@nativey/therddf afchiagi zer s,
stabilizers, colorants, and hal ati on preventi on agents according to need. 20

G oup, or B oL b e oy SHL oS e PSRN aic '

di ssol ution. ,i nhibiti,n rou i f the present invention, can be used as
a di ssol ut ke ﬁrﬁq'ﬂﬁﬁllﬂ%?%’%@Pé?%%?€0585%$é§3830§w18?9§8r AR FYFT i nhi bi t or
include a conpound in which an acid dissociable, dissolution inhibiting
group (ii) defivative thereefemweh aspesphivirc 29iderphenyphosphiait iacidsalgwiughl e group (i)
, particularly an al coholic hydroxyl group, a phenolic hydroxyl group, 53

or a caf boylibsphbsidrcid i8 paRicalEly peefibRaMichetBEme s TBBdkdadid Aridyglis hedcdrur al
units represented by the chemcal formulae (21) to (35). In a photoresist

conpositio ' udj ﬁ{éed@r. oReAH “'mf j ' gpl e,
di rsrgo! uti onlalei %)ﬁ%%ﬁldﬁg:l}ﬂ?%mrﬁsﬁ he lit‘;aée rrglgglra?a r%%ﬁ%p?i?lggg?gﬁggFﬁl on
wher eas. b RNt DL BISORG 0] Pate by SIS B BF BBt Brrenl SRRAOR o Pre UL S,
Therefore, it is possible to prevent thickness |oss of a resist pattern and
to providé &Paﬁth@lﬁem@”@rﬁbm(fhtmi gertysmesit i on. | n particular, a conpound

of {the present invention contains an acid dissociable,
[Organic solvent (E)]

10 The photoresist composition of the present invention can be produced by
dissolving the base material resin component (A), the acid generator (B), the
nitrogen-containing organic compound (D), and optional components according to need
in an organic solvent (E) to be a homogeneous solution. One, or two or more organic
solvents (E) can be selected to be used from among known solvents for a chemically

15  amplified resist.

Examples of the organic solvent (E) include ketones such as y-butyrolactone,
acetone, methyl ethyl ketone, cyclohexanone, methyl isoamyl ketone, or 2-heptanone;
polyhydric alcohols and derivatives thereof such as ethylene glycol, ethylene glycol
monoacetate, diethylene glycol, diethylene glycol monoacetate, propylene glycol,

20  propylene glycol monoacetate, dipropylene glycol, or the monomethyl ether, monoethyl
ether, monopropyl ether, monobutyl ether, or monopheny! ether of dipropylene glycol
monoacetate; ¢yclic ethers such as dioxane; and esters such as methyl lactate, ethyl
lactate, methyl acetate, ethyl acetate, butyl acetate, methyl pyruvate, ethyl pyruvate,
methyl methoxypropionate, or ethyl ethoxypropionate. These organic solvents can be

25  used alone, or in a mixed solvent of two or more different solvents. In particular, the



di ssolution inhibiting group containing a cycloaliphatic group in this

nol ecul e; therefore, 10 the alkali solubility is greatly changed under the
action of an acid. Accordingly, according to a polynmer conpound of the
present invention including the structural unit derived fromthe conpound,
it is possible to obtain a photoresist conposition in which rectangularity,
resolution, and sensitivity are favorableyin the systemof a chemcally
anplified positive resist, and favorabl e photoresist characteristics are

expressed hpikedselvim @pr%ﬁﬁl&e@?@ﬂﬁi@hhﬁthyﬁiEﬂfﬁpédéftdt@(l’(ﬁmﬂ I dnldCoddroup can

be dissociated by an acid generator generating a weak acid. Mreover, in a

phot or esi st pg?gﬁjré' g‘ijr?’lé’)\f‘,’\ﬁ& he ‘H‘%‘%‘?g%ﬁ: c{%}ﬂ?@%ﬁag{}griﬁfeﬁp&{i&gﬁgﬂ st ance can be

i nproved. I'n i‘cu en a PSP ntroduced into a
phot or esi st _canposi tion.of .t.he t i.nvention, t adhesi on of .a fesist
pattern to cgnsgggrgﬁggpfgwltilfgtyiq@#ﬁ@@&mlgmqlﬂéogwggﬁwygﬂﬁmeqsggn@ el opi ng
defects can be obtained due to the inprovenent of the affinity of a resist
pattern to B{sMEAolardelment ps prgfesdilymithin a rangh of di9%teidst, mnjpw%/ltabbrﬂ:&to t he
present invention is preferably used for patterning of a sem conductor

i ntegrated gprcuit by means of lithography. In particular, an excellent
resolution property can be obtained in fine patterning by using a |ight

source 22 W11 2 USRI MU PR LTI B R, o

F2 excimer |aser _ hem "a _ _ “preferable.
o an ol ecttion s POMEARETS pirfeBPl FbiEa BB GrH0 he SRGdbRT
invention includes formng a photoresist filmon a substrate using the
af 3}( enment i onixdd polyewrayistyrobwtoos iand ehleas oex pdedtedyfromeP @Mt AoarebEL s fil m and
devel opi ng the exposed photoresist filmto forma resist pattern.
preferable as an organic solvent (E). In this case, as for the mixture ratio, the mass ratio
10  of the former and the latter is preferably 70:30 to 95:5. The amount of a component (E)
is not specifically limited and is appropriately determined according to the thickness of a
coating film and the concentration capable of coating on a substrate. Generally, the
concentration of a solid part of a photoresist composition is 2 to 20 mass%, preferably 5
to 15 mass%, and more preferably 5 to 12 mass%.
15  [Other components)
Also, a photoresist composition of the present invention can further include
miscible additives such as generally known dissolution inhibitors, additive resins for
improving properties of a photoresist film, surfactants for improving coating property,
plasticizers, stabilizers, colorants, and halation prevention agents according to need.
20 Also, a compound containing an alcoholic hydroxyl group, a phenolic hydroxyl
group, or a carboxyl group, each being protected by an acid dissociable, dissolution
inhibiting group (ii) of the present invention, can be used as a dissolution inhibitor.
Preferable examples of the dissolution inhibitor include a compound in which an acid

dissociable, dissolution inhibiting group (ii) of the present invention protects an alkali

25  soluble group (i), particularly an alcoholic hydroxyl group, a phenolic hydroxyl group,



A phot oresi st conposition of the present invention fornms a resist pattern
according to a conventional |ithography process. This process is as follows.
Firstly, a photoresist conposition is coated on a substrate by neans of
spin-coating or the like, and 10 then dried to forma photoresist film
Next, the photoresist filmis selectively exposed through a mask pattern,
and then Post Exposure Baking (PEB) is pggforned. Finally, the exposed
photoresist filmis devel oped using an al kal i ne aqueous solution to forma
resi st pat taracaridexyé groupainpostonalcongpopems esisespandibge tqpghe fstrnerach] aaitor di ng to
need. There is no limtation regarding the |ight source, although exanples

of the |ighepredént&Pyy B dh@ﬁﬁdé!jﬁ)rﬁluia%r(ip)\'for@y) Wlhﬁiﬁo%&ﬁt%ﬂﬁbbm%nzoo nm or
| ess, speC|f|caIIy an ArF exciner |aser, an F2 excimer |aser, EUV (extrene

ul travi ol et. ht) el ec bea Sof t a d Panticylarly
or ef or abi o BRete BPreinERonER pBnd Pk el ifteigPE i fifen “ﬁ%?é‘&F t&)an A
exci nmer | aser, and an F2 exci ner Iaser In the case of usi ngl @Wﬁ)

conpound (cmﬂwmss madariagreain@Ver diseptpdemmbirtingeliost msamalkalhd QRSWH'E bﬁn 20
ArF excinmer laser is particularly preferable. Mreover, a photoresist

conposi i orshofvntheéore prxpesarnd, whevean tikah sblmbﬂhpﬂh@atﬂ@rdtact‘mm igkleotn afterbeam The
conditions for a resist pattern formation nethod including the rotation

nunber of theohEs] STh&eRkd @&s@&%l@"t EE@'&&;&%&%@'I&EHFE@ g%éfh%ndto
condi tions, Post Exposure Baking (P condi tions, alkal evel opnent

condltlons can b hos 25 v aIIy used. In detail, the rotation
nunber zﬁf@‘(’}p % %@aﬁsmsw@gglgﬁaéﬁo?lgg) "specifically about 2,000 rpm The
pr ebaki ng (PB) tenperature is within a range, of ,70C to 130C, These
condi tions for m dNPEEIGHAT G SAMRAUIR oA therireSeRb R epfioTRey N TTOAGH AissocEablfos ur e
can be perfornmed through a nmask. A conventional binary mask or a
phase- shi f tdisselkionanhibgingaroumeontainmgle dyoloakphatictgrowp iexins surlecul&ierefore,
t enper ature of Post

10  the alkali solubility is greatly changed under the action of an acid. Accordingly,

according to a polymer compound of the present invention including the structural unit
derived from the compound, it is possible to obtain a photoresist composition in which
rectangularity, resolution, and sensitivity are favorable in the system of a chemically
amplified positive resist, and favorable photoresist characteristics are expressed because
15  an acid dissociable, dissolution inhibiting group can be dissociated by an acid generator
generating a weak acid.
Moreover, in a photoresist composition of the present invention, etching
resistance can be improved. In particular, when a hydrophilic group is introduced into a
photoresist composition of the present invention, the adhesion of a resist pattern to a
20  substrate is improved, and the effect of reducing developing defects can be obtained due
to the improvement of the affinity of a resist pattern to an alkali developing solution.
A photoresist composition of the present invention is preferably used for
patterning of a semiconductor integrated circuit by means of lithography. In particular,
an excellent resolution property can be obtained in fine patterning by using a light source

25 with a wavelength of 300 nm or less, for example a KrF, ArF, or F» excimer laser.



5 Exposure Baking (PEB) is within a range of 90C to 140C. As for alkali

devel opnent conditions, the devel opnent is perforned using a 1% to 5% by
mass of TMAH (tetranethyl ammoni um hydroxi de) devel oper at a tenperature of
23C, for 15 to 90 seconds, followed by rinsing with water. 10 EXAMPLES
(Synthesi s exanple 1) Synthesis of 4-oxo-2-adamantyl chloromethyl ether (The
conmpound represented by the follow ng chegical formula (58). Hereinafter,
the conpounds in Exanples may be referred to as a conpound nane foll owed by

a formul a AmbBhethest!ah A3F ek&ifler lasébis RasepRIGEbIEC NN ARNRE 230 edif
4- oxo- 2- hydr oxyadamant ane, and a hydrogen chloride gas was injected at 2.5

equi val ent i - .0l - =2 Then, the reaction
was conductcg)g:&%?1 tugn![% Z?r}f)eeér} gfegflengé&%b%%ﬁ%l?é§%qﬁgﬁ%ise%ﬂﬁ?P gém't he conpl etion of
the reaction, the product s distillate nder reduced pressure_ so,as to
obtai n 4- oxo- 2- adaifaHt Hettesh WHB’PHW“&‘% thecRrrgsat Hyenton msludseforsingsy t he
followng 20 chemcal fornmula (58). (Synthesis exanple 2) Synthesis of

2- adanmant y|photdresisifiitnhyi a stbsrate (15i9Y thdPabehommehetbplyderevisiscoatmeitionp

2- hydr oxyadamant ane, and a hydrogen chloride gas was injected at 2.5

equi val gnt & EheRRotdrélist Amb YA @é%ﬁflﬂﬁ%m%ﬂ sed PRBtordsRe filrh 8@ EdrhO) Was

conduct ed at ﬂgi,‘;l!tiléerrpgfrhature of 50C for 12 oursﬁoAf ?)er the conpletion of 25
t he reactiqgsistt Qﬁe roduct was distillated under reduced pressure so as to
obtain 56 -adamantyl chl oronmet hyl ether (compound 2) represented by the

following chemcal . fornula (59), ) ) )
A photoresist composition of the present invention forms a resist pattern

according to a conventional lithography process. This process is as follows. Firstly, a
photoresist composition is coated on a substrate by means of spin-coating or the like, and
10 then dried to form a photoresist film. Next, the photoresist film is selectively exposed
through a mask pattern, and then Post Exposure Baking (PEB) is performed. Finally,
the exposed photoresist film is developed using an alkaline aqueous solution to form a
resist pattern.  Herein, a post baking process can be performed according to need.
There is no limitation regarding the light source, although examples of the light
15  source include a far-UV ray with a wavelength of 200 nm or less, specifically an ArF
excimer laser, an F, excimer laser, EUV (extreme ultraviolet light), an electron beam,
soft X ray, and X ray. Particularly preferable examples of the light source include a KrF
excimer laser, an ArF excimer laser, and an F; excimer laser. In the case of using a
polymer compound (copolymer) using a novel compound of the present invention, an
20  ArF excimer laser is particularly preferable. Moreover, a photoresist composition of the
present invention is applicable to an electron beam.
The conditions for a resist pattern formation method including the rotation
number of the resist coating, the prebaking temperature, exposure conditions, Post
Exposure Baking (PEB) conditions, alkali development conditions can be those

25  conventionally used. In detail, the rotation number is about 1,200 to 3,500 rpm,



(Synthesis exanple 3) Synthesis of 1-adamantyl methyl chloromnethyl ether (60)
Par af or mal dehyde was added to adanant ane-| -net hanol, and a hydrogen 5
chloride gas was injected at 2.5 equival ent anounts per this
adamant ane-1 -net hanol. Then, the reaction was conducted at a tenperature of
50C for 12 hours. After the conpletion of the reaction, the product was
distillated under reduced pressure so assto obtain 1l-adamantyl net hyl

chl oronmet hyl et her (compound 3) represented by the follow ng chem cal

formul a (6Qpeci@clyCibdaN2000p. OThE pfebaking $PB{ efhpef£&hk id Rithyfagsbs exanpl e
4) Synt hesio%)e%lf 2-%arrantyl IcI)]>3<ym=3t hylp rretlhggry% a?r)é)e(ag% I%nlﬂzigyb i;71_g‘gf

et ranydr ofan, 18080 PcIERRALN fofmaGhels, B 0hiethes RS KSR ol O O Of

triethyl am ne "'was~added er stirring at room temnper f
tetrahydrofuran, in ich 15 of the compound 2 (59), was di ssol ved, was
added 15 dr%ﬁﬁ%r@.ca;%@ﬁrr}gw thmygﬁta Pa5m M?&@?Iamﬁfabmerry esKBdr s, t he
precipitated salt was renoved by filtration. The obtained filtrate was
evapor at ed, phdsesstoftweaskican 50 @sed asof maskt foy belegtbeakposunas HEk taimphrapue of Past er
(100 nL X 3), and then evaporated again. After |eaving at freezing point or

lover, & Weipsee!BatipPEEHNe @ithasa ﬁh%@bpwc 16149°C C OB gorikcd1Sdevelopiesd t O

as the conpound 4 and represented by the chemcal formula (61). 20 The
infrared ab 1| . tien, nugcl LG resonance
spectra ( FONRYSSrE PR o Bk B RE B W s e BB <5 e ne
foll s m).:

ortons |?te(n‘%lme)thyl ammonium hydroxide) developer at a temperature of 23°C, for 15 to 90

seconds, followed by rinsing with water.

10 EXAMPLES
(Synthesis example 1}  Synthesis of 4-oxo0-2-adamantyl chloromethyl ether (The
compound represented by the following chemical formula (58). Hereinafter, the
compounds in Examples may be referred to as a compound name followed by a formula
number such as (58).)

15 Paraformaldehyde was added to 4-0xo-2-hydroxyadamantane, and a hydrogen
chloride gas was injected at 2.5 equivalent amounts per this 4-oxo-2-hydroxyadamantane.
Then, the reaction was conducted at a temperature of 50°C for 12 hours.  After the
completion of the reaction, the product was distillated under reduced pressure so as to
obtain 4-0xo0-2-adamantyl chloromethyl ether (compound 1) represented by the following

20  chemical formula (58).

(Synthesis example 2)  Synthesis of 2-adamantyl chloromethyl ether (59)
Paraformaldehyde was added to 2-hydroxyadamantane, and a hydrogen chloride

gas was injected at 2.5 equivalent amounts per this 2-hydroxyadamantane. Then, the

reaction was conducted at a temperature of 50°C for 12 hours.  After the completion of

25  the reaction, the product was distillated under reduced pressure so as to obtain



57 2907, 2854 (C-H stretch), 1725 (C=O vibration), 1638 (C=C stretch);

"H NWVR (CDC13, internal standard: tetranethylsilane) ppm 1.45-2.1 (m
17H), 3.75 (s, 1H), 5.45 (s, 2H), 5.6 (s, 1H), 6.12 (s, 1H O (61]) 5
(Synthesis exanple 5) Synthesis of 4-oxo-2-adanmantyl oxynethyl nethacryl ate
(62) In 50 m. of tetrahydrofuran, 2.2 g of nethacrylic acid was dissol ved,
and then 2.5 g of triethylam ne was adde After stirring at room
tenperature, 50 nL of tetrahydrofuran, 1nh which 4.3 g of the conpound 1

(58) was dizsslahéfl] cMRforASHSICkth&d BRhbSifid %fréﬁéseﬁiddﬁ:f)ﬂ thd fétlowiR® Bhdrgigaier at ur e
for 12 hours, the precipitated salt was 10 renoved by filtration. The

obt ai ned fl&_n{ t V%gas evaporated, dissolved in 100 nL of ethyl acetate,
washed W|t ter (50 nmL X 3) and then evaporated again. After
| eavi ng at free2| ng poin a white solid substance was obtai ned.

This conp&dyhgsis exsmple gjorﬁﬁétggmﬁ o] -aéamativiamethyd chlorumethElesthaddo®ly cheni cal

formula (62). The infrared absorption spectra (IR) and the proton nucl ear
magnet i ¢ r esonanPerafmedechydSwas kKR addmarianes bmohend], andehgdrogasur ed, and
the results are as follows: IR (cm): 2926, 2861 (C-H stretch), 1725 (C=0

stretch a
st rame% hylagrlélﬁgﬁ egascw) ﬁ%r@él&%ﬂ)z at 2. %%d\l%l( L érgaa%o%ms pemlﬁg mnamaﬁheq ﬁl@thaml)_lb c 68

(s, 1 H, %%ri tflé reactl&q wgg condu&e@% 9 te(rr%?e)rature of 50°C for 12 hours. After the

completion of the reaction, the product was distillated under reduced pressure so as to
obtain 1-adamantylmethy! chloromethyl ether (compound 3) represented by the

following chemical formula (60).

0 OvCI O\/CI
‘ 0\/ Cl

(58) (59) (60)
10

(Synthesis example 4) Synthesis of 2-adamantyloxymethyl methacrylate (61)
In 200 mL of tetrahydrofuran, 6.9 g of methacrylic acid was dissolved, and then
8.0 g of triethylamine was added.  After stirring at room temperature, 100 mL of
tetrahydrofuran, in which 15 g of the compound 2 (59) was dissolved, was added
15 dropwise. After stirring at room temperature for 12 hours, the precipitated salt was

removed by filtration. The obtained filtrate was evaporated, dissolved in 200 mL of

ethyl acetate, washed with pure water (100 mL X 3), and then evaporated again. After

leaving at freezing point or lower, a white solid substance was obtained. This
compound is referred to as the compound 4 and represented by the chemical formula (61).
20  The infrared absorption spectra (TR) and the proton nuclear magnetic resonance spectra

('H-NMR) of the compound 4 were measured, and the results are as follows: IR (em™):



(Synthesi s exanple 6) Synthesis of 1-adamantyl methyl oxymethyl nethacrylate
(63) In 200 nL of tetrahydrofuran, 5.5 g of methacrylic acid was di ssol ved,
and then 6.5 g of triethylam ne was added. After stirring at room
tenmperature, 100 nL of 5 tetrahydrofuran, in which 12.9 g of the conpound 3
(60) was dissol ved, was added dropw se. After stirring at roomtenperature
for 12 hours, the precipitated salt was sfenoved by filtration. The obtained
filtrate was evaporated, dissolved in 108 m. of ethyl acetate, washed with

pure water Xop00 gzl (K- I’-‘Ds.tret%ﬂ?j 1“79?((3%%5@&9@@%900%@&@&)% U NMIRACD

col orl ess oily compound hi’s cofpound is referred to as'the conmpoun 6 and

10 represente bso tra and
t he proton tﬁﬂ’@%tﬁpgﬂg]gtﬁ&?@gﬁygg 3%88‘? gﬁ%&f}é Eﬁaﬁlﬁfﬁ @Tf@néagcg hd 6
were neasured, and the results are as follows: IR (cm): 2904, 2850 (C-H
stretch), 576, {d5@ 54 ¢etHh), 1638 (C=C vibration): ' H NVR (CDCL3, i nternal
standard: tetranethylsilane) ppm 1.46-1.96 (m 18H), 3.22 (s, 2H), 5.34
(s, 2H), 5.6 (s, 1H), 6.15 (s, 1H 40 O-/O ~~~!'11JJJ (63) 15 <Synthesis
of resins | to 5 gontaig ng the structural unit (al)> (Synthesis exanple 7)
Synthesis of resim\1 (Ahe pol ynmer conpound represented by the 59 follow ng

chem cal formul a Her ei nafter, e polyner conpounds in Exanples may
: nuanr @;; by a fornula nunber such as (64).)

be referred to as//a rés
“an,.-8."0 e conpound 4 and 5.4 g of

In 50 nL of tetrahydrof g
y-butyrol actone nethacryl ate were dissol ved, arfgiyhen 0.52 g of

azobi si sobutylonitrile

(*. 5  (Synthesis example 5) Synthesis of 4-0x0-2-adamantyloxymethyl methacrylate (62)
In 50 mL of tetrahydrofuran, 2.2 g of methacrylic acid was dissolved, and then
2.5 g of triethylamine was added.  After stirring at room temperature, 50 mL of
tetrahydrofuran, in which 4.3 g of the compound 1 (58) was dissolved, was added
dropwise. After stirring at room temperature for 12 hours, the precipitated salt was

10 removed by filtration. The obtained filtrate was evaporated, dissolved in 100 mL of

ethyl acetate, washed with pure water (50 mL X 3), and then evaporated again. After

leaving at freezing point or lower, a white solid substance was obtained. This
( compound 1s referred to as the compound 5 and represented by chemical formula (62).
The infrared absorption spectra (IR) and the proton nuclear magnetic resonance specira
15  (*H-NMR) of the compound 5 were measured, and the results are as follows: IR (em™):
2926, 2861 (C-H stretch), 1725 (C=0 stretch), 1636 (C=C stretch); "H-NMR (CDCls,
internal standard: tetramethylsilane) ppm: 1.62-3.85 (m, 15H), 4.2 (s, 1H), 5.4 (s, 2H),

5.65 (s, 1H), 6.15 (s, 1H)



5 was added. After refluxing for 24 hours, the reaction solution was added
dropwise to 1 L of n-heptane. The precipitated resin was separated by
filtration and dried under reduced pressure, and then a white powder resin
was obtained. This resin is referred to as the resin 1 and represented by
the chemcal formula (64). The nol ecular weight (Ma) of the resin 1 was
21,100. Also, the carbon 13 (hereinafterggcarbon 13 neans 10 carbon with a
mass nunber of 13.) nuclear magnhetic resonance spectra (13C-NWVR) were
nmeasured, and the results showed that the conposition ratio (hereinafter,
the unit of conppsitiogratio is nol@ ) in the chemcal fornula was mn =
0.49:0.51. mn O (64) (Synthgsis exanple 8) Synthesis of resin 2
(65) 15 1n 20 nL o .0 g of the compound 4, 0.68 g of
y-but yrol act one thachIate, of 3-hydroxy-|-adamantyl

met hacryl ate were di sso ‘Edh/aﬁh .08 g of azobisisobutylonitrile was
added. After refluxing for 24 hours,~the 60 regoyion solution was added
dropwise to 2 L of n-heptane. The precipitated reSin was separated by
filtration and dried under reduced pressure, and then a white powder resin
was obtained. This resin is referred to as the resin 2 and represented by

t he chemi .mul 65) . oIh I I j fith [
11500, A S8R Bt oh suhelF of FanBmiT e thubgihe By BEBa TR eI amy
were nmeasured, and the results showed that the conposition ratio in the
cheni cal fornul a Ina80 mlnof tetralydzafugang 5.5 olamethacrylic acid was dissolved, and then

6.5 g of triethylamine was added.  After stirring at room temperature, 100 mL of

( 5  tetrahydrofuran, in which 12.9 g of the compound 3 (60) was dissolved, was added
dropwise. After stirring at room temperature for 12 hours, the precipitated salt was
removed by filtration. The obtained filtrate was evaporated, dissolved in 100 mL of

ethyl acetate, washed with pure water (100 ml. X 3), and then evaporated again so as to

obtain a colorless oily compound. This compound is referred to as the compound 6 and
10  represented by chemical formula (63). The infrared absorption spectra and the proton
nuclear magnetic resonance spectra ('H-NMRY) of the compound 6 were measured, and
the results are as follows: IR (cm™): 2904, 2850 (C-H stretch), 1727 (C=0 stretch), 1638
( (C=C vibration); "H-NMR (CDCl;, internal standard: tetramethylsilane) ppm: 1.46-1.96

(m, 18H), 3.22 (s, 2H), 5.34 (s, 2H), 5.6 (s, 1H), 6.15 (s, 1 H)

H:\/o\/@

<Synthesis of resins 1 to 5 containing the structural unit (al)>

(63)
15

(Synthesis example 7) Synthesis of resin 1 (The polymer compound represented by the



mnl OOOCG OO OOOHO(65) (Synthesis exanple 9) Synthesis of resin
3 (66) In 20 nL of tetrahydrofuran, 1.0 g of the conpound 4, 0.68 g of
y-butyrol actone 10 nethacrylate, and 0.44 g of 3-hydroxy-I|-adanmantyl
acrylate were dissolved, and then 0.08 g of azobisisobutylonitrile was
added. After refluxing for 24 hours, the reaction solution was added
dropwise to 2 L of n-heptane. The precipifated resin was separated by
filtration and dried under reduced pressute, and then a white powder resin

was obt ai pgl b B S Ilrr}q,- i | ted by
the chenica @ v%l;? giri?rli}ﬁﬁl fbéfg)ﬁla @ ' m%glég?gl?tﬁfg%ﬁ &( W Oaﬁ& lh ?ér% 3 was
10, 800. Al so, };the car.bon 13, nucl ear ﬁ@oﬁsﬁ'c resonanc E‘Ctr(%rét 3C- NWR)
ver e meas e, CeAREFTERAC A28 ssitngaberdp }A ORI RS Aatio was
mn:l = 0.29:0.45:0.26. Mn OO0 OOO OO::) HO2 9 (66) (Synthesis
exanpl e 10) Synt hre§0 snloéf tewaliydrefufa7$.0 g of the compound 4 and 5.4 g of

y-butyrolactone methacrylate were dissolved, and then 0.52 g of azobisisobutylonitrile

5 wasadded. After refluxing for 24 hours, the reaction solution was added dropwise to 1

L of n-heptane. The precipitated resin was separated by filtration and dried under

reduced pressure, and then a white powder resin was obtained. This resin is referred to

as the resin 1 and represented by the chemical formula (64). The molecular weight

(Mw) of the resin 1 was 21,100.  Also, the carbon 13 (hereinafter, carbon 13 means
10 carbon with a mass number of 13.) nuclear magnetic resonance spectra (PC-NMR) were

measured, and the results showed that the composition ratio (hereinafter, the unit of

composition ratio is mol%.) in the chemical formula was m:n = 0.49:0.51.
n
l/ﬁ o

(64)

(Synthesis example 8) Synthesis of resin 2 (65)
15 In 20 mL of tetrahydrofuran, 1.0 g of the compound 4, 0.68 g of y—butyrolactone
methacrylate, and 0.47 g of 3-hydroxy-1-adamantyl methacrylate were dissolved, and

then 0.08 g of azobisisobutylonitrile was added. After refluxing for 24 hours, the



In 20 nL of tetrahydrofuran, 1.0 g of the conpound 4, 0.68 g of

y-butyrol actone 5 nethacrylate, and 0.44 g of norbornane-I| actone

nmet hacryl ate (a nononer corresponding to a structural unit represented by
the general fornmula (49) in which R3 represents a nethyl group) were

di ssolved, and then 0.08 g of azobisisobutylonitrile was added. After
refluxing for 24 hours, the reaction sol Qion was added dropwi se to 2 L of
n- hept ane. The precipitated resin was se§ rated by filtration and dried

nder red . j r 1.0 i.ned. Thi
lrjesi nis ‘rJgrggcrt}oé%oﬂgﬁgiﬁsﬁagd?dggﬁohbﬁé&éﬁ&@%{ﬁ%@@%d 'Iz)l-;@sérﬁ% C E:edr)npﬁ%al or mul ;s
67). The nol ecul,ar i ght of . the resin 4 was,12,000., Al so, the carbon
15 el oo agratity flEado mddhedDindet o audesp RIS, a7 Bich@aUiieRo WA g

results showed that the conposition ratio was mn:l = 0.37:0.42:0.21. 62 m
n 000 Owhsnd pliisyesithigsefsrres tmgsl the tesin Band tepsissnted by g chemiqabs) | n
20 mL of tetrahydrofuran, 1.0 g of the conpound 4, 0.68 g of y-butyrol actone

net hacryl atformalad6$). 441 redleDaDOE PRTRW ST BB eesiED RasNY)seb.e ARo!MBeEMbn
corresponding 5 to a structural unit represented by the generai formul a

of azobrsi SITPERE e g nbE ki ©XCHRRIGH e HeRBRH 5y 4RI 70 ©

reacti on sol uti s added, dropwise.to 2 L o
showeg &a%e compositx%n rgtxv\é 1sn the chemical frormula was m:n:1 = 0.34:0.42:0.24.

(
m n i
o O O
o) 0 O
Q
o 0 HO
(65)
( (Synthesis example 9) Synthesis of resin 3 (66)

In 20 mL of tetrahydrofuran, 1.0 g of the compound 4, 0.68 g of y—butyrolactone
10 methacrylate, and 0.44 g of 3-hydroxy-1-adamantyl acrylate were dissolved, and then
0.08 g of azobisisobutylonitrile was added.  After refluxing for 24 hours, the reaction
solution was added dropwise to 2 L of n-heptane. The precipitated resin was separated
by filtration and dried under reduced pressure, and then a white powder resin was
obtained. This resin is referred to as the resin 3 and represented by the chemical
15  formula (66). The molecular weight (Mw) of the resin 3 was 10,800. Also, the carbon

13 nuclear magnetic resonance spectra (*C-NMR) were measured, and the results



n- hept ane. The precipitated resin was separated by filtration and dried
under reduced pressure, and then a white powder resin was obtained. This
resin is referred to as the 10 resin 5 and represented by the chem cal
formula (68). The nol ecular weight (Mvy of the resin 5 was 12,900. Al so,

t he carbon 13 nucl ear magneti c resonance spectra (13C-NWR) were neasured,
and the results showed that the conpositgpon ratio was mn:l =
0.36:0.42:0.22. 63 M'-~~- nl 00000 OOO0 (68) <Synthesis of resins
7 to 9 in whowdd duat tielcbinpssition kaiogwasn:n:is= an9a. 40006 ¢ hydroxyl group> The
follow ng resin 6 synthesized by addition polynerization was used to obtain
5the resins 7 to 9 in which the conpounds 1 to 3 were introduced,
respectively. The resins 6 to 9 are represented by the follow ng chem cal

formulae (69) to (,72). The , physi,cal propertjies values of these resins are
shown in Table 1. /64 LL O-f 0-}/

n i

'e) o
O> o) 0
o
( O O HO

(66)

o3

(Synthesis example 10) Synthesis of resin 4 (67)
In 20 mL of tetrahydrofuran, 1.0 g of the compound 4, 0.68 g of y-butyrolactone

5  methacrylate, and 0.44 g of norbornane-lactone methacrylate (a2 monomer corresponding
to a structural unit represented by the general formula (49) in which R’ represents a
methyl group) were dissolved, and then 0.08 g of azobisisobutylonitrile was added.

( After refluxing for 24 hours, the reaction solution was added dropwise to 2 L of
n-heptane. The precipitated resin was separated by filtration and dried under reduced
10  pressure, and then a white powder resin was obtained. This resin is referred to as the

resin 4 and represented by the chemical formula (67). The molecular weight (Mw) of
the resin 4 was 12,000.  Also, the carbon 13 nuclear magnetic resonance spectra

(*C-NMR) were measured, and the results showed that the composition ratio was m:n:1

=0.37:0.42:0.21.



- N LLLLXxUO U2 LLU MN LLLL x (~U LL 'LLgDl LLO Lx U O
U2 LL LLe

62

i

}bﬁ

(Synthesis example 11) Synthesis of resin 5 (68)

o3

In 20 mL of tetrahydrofuran, 1.0 g of the compound 4, (.68 g of y—butyrolactone
methacrylate, and 0.44 g of norbornane-lactone methacrylate (a monomer corresponding
5  to a structural unit represented by the general formula (48) in which R? represents a
methyl group) were dissolved, and then 0.08 g of azobisisobutylonitrile was added.
After refluxing for 24 hours, the reaction solution was added dropwise to 2 L of
( n-heptane. The precipitated resin was separated by filtration and dried under reduced
pressure, and then a white powder resin was obtained. This resin is referred to as the
10 resin S and represented by the chemical formula (68). The molecular weight (Mw) of
the resin 5 was 12,900.  Also, the carbon 13 nuclear magnetic resonance spectra

(*C-NMR) were measured, and the results showed that the composition ratio was m:n:1

=0.36:0.42:0.22.



x UC OLL (Synthesis of resin 6 (69)) 65 The resin 6 represented by the
chem cal fornula (69) was synthesized by addition polynerization using a
known nmetal catalyst. In the chemcal formula, x represents 100. (Synthesis
exanple 12) Synthesis of resin 7 (70) 5 In 70 nL of tetrahydrofuran, 5.0 g
of the resin 6 was dissolved, and then 0.15 g of sodium hydride was added.
After stirring until the solution systenghecane honpbgeneous at room
tenperature, 0.8 g of the conpound 1 was added dropw se. After stirring at
roomtenperature for 12 hours, the precipitated salt was renoved by
filtration. The pbtained f;il {raje was agded dyopw se to | of water. The
precipitated 1 i i i i der reduced
pressure, and t sol uti on was
added dropw s p4 puf ¢ water (80:20).
The precipitated resin wa garated by rati on an  ed under reduced
pressure, and then a whitg¢ powder resinf was obtained. fThis resin is

referred to as the resin 15 (Synthegi s exampl e 13)3Synthesis of resin 8
(71) In 70 nL of tetrahydyofuran, 5.0 gnof the resin &was di ssol ved, and
then 0.15 g ( of sodium Rydri de was ad fter stirry h| the

sol ution system becane

sol vent ofp

{ (68)

<Synthesis of resins 7 to 9 in which an alkli soluble group is an alcoholic hydroxyl
group>
The following resin 6 synthesized by addition polymerization was used to obtain
5  theresins 7 to 9 in which the compounds 1 to 3 were introduced, respectively. The
resins 6 to 9 are represented by the following chemical formulae (69) to (72). The

physical properties values of these resins are shown in Table 1.



honbgeneous at room tenperature, 0.7 g of the conpound 2 was added dropw se.
After stirring at roomtenperature for 12 hours, the precipitated salt was
renoved by 20 filtration. The obtained filtrate was added dropwise to 1 L of
water. The precipitated resin was separated by filtration, dried under
reduced pressure, and then dissolved in tetrahydrofuran. This resin
solution was added dropwise to 1 L of a ;m xed solvent of nethanol : pure
wat er (80:20). The precipitated resin was separated by filtration and dried
under reduced pressure, and then a white powder resin was obtained. This
resinis 25 referred to as the resin 8. 66-4l§‘fthesis exanpl e 14)
Synthesis of resin 9 (72) In 70 nL of, tetra Jfuran, 5.0 g of the resin 6
was di ssolved, and then 0.5 g of dilun1hyd de was added. After stirring
until the solution systefw gnogenenus at roomtenperature, 0.8 g of
t he conpound 3 was addedy® A;%eﬁ stirring at roomtenperature for
12 hours, the precipitatg ed by filfixation. The obtained
filtrate was added dropw of water. The prpCipitated resin was
separated by filtration; -rled under«;educed pressure, and then dissolved in
tetrahydrofuran. This regisn solutlonumas added dropwise to | L of a m xed
sol vent of nethanol The precipitated resin was
separated by filtration § % reduced pressure, and then a
white powder resin was olp ad. .hls:reS|n is referred to as the resin 9.
(Table 1) ( 67 Physical™s ertites val ues of resins 6 to 9
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(Synthesis of resin 6 (69))



Mol ecul ar wei ght Degree Conposition ratio (My) dispersion of (x / y) (Mwv/
M) Resin 6 8,500 - - Resin 7 10,900 1.49 0.78/0.22 Resin 8 13,400 1.37
0.81/0.19 Resin 9 10,800 1.37 0.73/0.27 <Synthesis of the resin 10 (74) in
whi ch an al kli soluble group is an phenolic hydroxyl group> 5 (Synthesis
exanple 15) Synthesis of resin 10 (74) In 200 nL of tetrahydrofuran, 24.0 g
of a poly-4-hydroxystyrene resin (73) rgpresented by the follow ng chem cal
formula (73) was dissolved, and then 2.4 g of sodium hydride was added.

After stirring unthelreéif® réprestnitedbysths chemarula@opass sikd bpom
tenperature, 12 g of the conmpound 2 was added dropw se. After 10 Stirring at

{1 rat on. e roimertealOH biipe xio bR SR AR R de MR ABER Y o 11

precipitated resin S separated by filtration, dried under reduced
pressure, éﬁ@ef%l(ﬂfssol ved in tetrahydrofuran. This resin solution was
added dropwise to 3 L of n-heptane. The precipitated resin was separated by
filtration (S8puothesis exhnyridé?) Sydbesedofpees @), and then a 15 white powder
resin was obtained. This resinis referred to as the resin 10. The

nol ecul 3r wei ght 1f MpmpothetiaBydeanae SU g 6f o eEsth 6RvdsMsbIvil)andfthd @14 gsin 10
were 12,400 and 1.28, respectively. Also, the proton nuclear nmagnetic

resonance spagkim nddhide WG] © ARESUAST uRlithd Sl oybich iigygd that the

conposition'r

homogeneous at room temperature, 0.8 g of the compound 1 was added dropwise.
( After stirring at room temperature for 12 hours, the precipitated salt was removed by

filtration. The obtained filtrate was added dropwise to 1 L of water. The precipitated

10 resin was separated by filtration, dried under reduced pressure, and then dissolved in
tetrahydrofuran. This resin solution was added dropwise to 1 L of a mixed solvent of
methanol : pure water (80:20). The precipitated resin was separated by filtration and
dried under reduced pressure, and then a white powder resin was obtained. This resin is
referred to as the resin 7.

15 (Synthesis example 13) Synthesis of resin 8 (71)

In 70 mL of tetrahydrofuran, 5.0 g of the resin 6 was dissolved, and then (.15 g
of sodium hydride was added. After stirring until the solution system became
homogeneous at room temperature, 0.7 g of the compound 2 was added dropwise.

After stirring at room temperature for 12 hours, the precipitated salt was removed by

20 filtration. The obtained filtrate was added dropwise to 1 L of water. The precipitated
resin was separated by filtration, dried under reduced pressure, and then dissolved in
tetrahydrofuran. This resin solution was added dropwise to 1 L of a mixed solvent of
methanol : pure water (80:20). The precipitated resin was separated by filtration and
dried under reduced pressure, and then a white powder resin was obtained. This resin is

25 referred to as the resin 8.



chemcal formula (74) was mn = 0.87:0.13. -~CH2-CH+ too | OH (73)

CH2-CH+ CH2-CH) Mn OH IO (74) <Synthesis of the resins 11 to 14
containing the structural unit (al)> 5 (Synthesis exanple 16) Synthesis of
resin 11 (75) In 45 nL of tetrahydrofuran, 3.0 g of the conpound 4 and 2.0 ¢
of y-butyrol actone nethacrylate were di ssol ved, and then 0.20 g of

azobi si sobutylonitrile was added. Afterggefluxing for 12 hours, the
reaction solution was added dropwise to 2 L of n-heptane. The precipitated

resin was ggpathadieekdnypltill} saithasis @Mesidoi(gh under 10 reduced pressure, and
then a white powder resin was obtained. This resin is referred to as the

resin 11 and repn i : ) | i ght
(Mv) and the de&g?g@fgf%ﬁﬂg&ﬁﬁ%ﬁﬁ Rﬁ@@g&?ﬁg&%@%ﬂ%%?@%@ﬁ%gﬁ and
1.96, 69 respectively. Al saq, the carhon 13 nucl ear.magnetic resonance
spectra (1SESRR ke sadirdd Affattime vl e STuinfda cmeathe
conposition ratio in the chemcal formula was mn = 0.47:0.53. Also, the
heat deconpwsiogenspusal rionmateshperasuregl fegrad thegompa@ndridwasiatided dropvasgpect i vel y.
5 1n the present synthesis exanples and the conparative synthesis exanpl es,
a 5  After stirring at room temperature for 12 hours, the precipitated salt was removed by

filtration. The obtained filtrate was added dropwise to 1 L of water. The precipitated

resin was separated by filtration, dried under reduced pressure, and then dissolved in

( tetrahydrofuran. This resin solution was added dropwise to 1 L of a mixed solvent of
methanol : pure water (80:20). The precipitated resin was separated by filtration and
10 dried under reduced pressure, and then a white powder resin was obtained. This resin is

referred to as the resin 9.

(Table 1)



heat deconposition point was neasured by using a thermal anal ysis apparatus,
DSC6200 (manufactured by Sei ko Instrunments Inc.), under the condition of an
increasing tenperature of 100 mn, and Tg (glass transition tenperature)
was neasured by using a thermal analysis apparatus, TG DTA6200

(manuf actured by Seiko Instrunents Inc.), 10 under the condition of an

i ncreasing tenperature of 10C mn. 0 Ong7p J1 Oo0 JD 0O zip (75)
(Synthesis exanple 17) Synthesis of resin 12 (77) In 60 m, of
tetrahydrofuran, 3.0 g of tRayscalpmpedied vahds 4f Rsmséftotthe conpound 7
represented by the follow ng chemcal forrmula (76) were dissolved, and 15
then 0.20 [gof azobi STsobgtyTonitrile Was add§§herds €7 g1 uxing for 12
hours, the reaction sol utijoMslasuladdaghtdriopwi se g{0_2 L off Gohgpbizioe ratithe
precipitatied resin was separat 394 filtlrati SHPEPNr | ed under(xy duced
pressure, fand then a V\:hitEF powder resin 70 wagwoliia) ned| This'resin is
referred tpo—as—the—tesrn—312and represented by -the—cheni¢al fo%mjlﬁr(ﬂ).
The nol ecul ar WRiegiite (Mn) |and t lgesogegr ee jof di spersion (Mv / M) _of the
resin 12 re 9,800 and 1.61, respectivelly. Al so, the catbon 13 nucl ear
magneti c [Fesonance spectia (13 CGNVR) wWere measured, angd~the Tesut ts—sthowed
that the 5 conp®skihi7on ratii o i n10,p@d chemijcal fonmd a was | mn 79/6720. 43.
Al so, the jheat deconposition point and the Tg were 234.5%C and 114. 1C,
respectively. O
Resin 8 13,400 1.37 0.81/0.19

Resin 9 10,800 1.37 0.73/0.27

<Synthesis of the resin 10 (74) in which an alkli soluble group is an phenolic hydroxyl
group>
5 (Synthesis example 15) Synthesis of resin 10 (74)

In 200 mL of tetrahydrofuran, 24.0 g of a poly-4-hydroxystyrene resin (73)
represented by the following chemical formula (73) was dissolved, and then 2.4 g of
sodium hydride was added. After stirring until the solution system became
homogeneous at room temperature, 12 g of the compound 2 was added dropwise. After

10  stirring at room temperature for 12 hours, the precipitated salt was removed by filtration.
The obtained filtrate was added dropwise to 1 L of water. The precipitated resin was
separated by filtration, dried under reduced pressure, and then dissolved in
tetrahydrofuran. This resin solution was added dropwise to 3 L of n-heptane. The
precipitated resin was separated by filtration and dried under reduced pressure, and then a

15  white powder resin was obtained. This resin is referred to as the resin 10. The
molecular weight (Mw) and the degree of dispersion (Mw / Mn) of the resin 10 were
12,400 and 1.28, respectively. Also, the proton nuclear magnetic resonance spectra

("H-NMR) were measured, and the results showed that the composition ratio in the



OFCCF3 OH(76) 71 Mn 00 O o0O0FCCF3 OH(77) (Synthesis exanple
18) Synthesis of resin 13 (78) In 90 nL of tetrahydrofuran, 6.0 g of the
conpound 6 and 3.9 g of y-butyrol actone nethacrylate were dissol ved, and
then 0.37 g of azobisisobutylonitrile 5 was added. After refluxing for 12
hours, the reaction solution was added dropwi se to 2 L of n-heptane. The
precipitated resin was separated by filtgation and dried under reduced
pressure, and then a white powder resin was obtained. This resin is referred

to as the dh@%dm%ﬁ@(mgwaggpﬂt:qﬂg-m ishe chem cal fornula (78). The
nmol ecul ar weight (Ma) and the degree of dispersion (Mv/ M) of the resin

13 were 12,800 and 1.87, 10 respectively. Also, the carbon 13 nucl ear
magneti ¢ resonance spectra f 13C NVR) re neasured, and the results showed
that the conposition ratioﬁw&h&-@#l formula was mn = 0.43:0.57.

Al so, the heat deconpositi poi nt Jand/4de Tg were 240.0C and 142. 2C,
respectively. 72

OH (73)

( —('CHz—— CH—)——€CH2—— CH—)—

s

(74)
<Synthesis of the resins 11 to 14 containing the structural unit (al)>
5  (Synthesis example 16) Synthesis of resin 11 (75)
In 45 mL of tetrahydrofuran, 3.0 g of the compound 4 and 2.0 g of

y—butyrolactone methacrylate were dissolved, and then 0.20 g of azobisisobutylonitrile
was added.  After refluxing for 12 hours, the reaction solution was added dropwise to 2
L of n-heptane. The precipitated resin was separated by filtration and dried under

10 reduced pressure, and then a white powder resin was obtained.  This resin is referred to
as the resin 11 and represented by the chemical formula (75). The molecular weight

(Mw) and the degree of dispersion (Mw / Mn) of the resin 11 were 12,300 and 1.96,



mn 0000 00O 2zZ6 ( (7 8 (Synthesis exanple 19) Synthesis of resin 14
(79) In 120 nL of tetrahydrofuran, 6.0 g of the conpound 6 and 7.6 g of the
conmpound 7 were dissolved, and then 0.37 g of azobisisobutylonitrile was
added. After 5 refluxing for 12 hours, the reaction solution was added
dropwise to 2 L of n-heptane. The precipitated resin was separated by
filtration and dried under reduced pressgée and then a white powder resin
was obtained. This resin is referred to the resin 14 and represented by

t he chem cal ht

di sper si onar %93}93“{%) ﬁe‘% Wgzﬁgﬁb%ig@@mg@édﬁggﬁ%& gﬁr éjg‘@@ﬁ%

Al so, the 10 carhon 1 nuc r magnet k"c resonance spectra (13C vvere
measur ed, dﬂ%ﬁs’t“f‘?é ek Ft"%s L CFWBP%W?R)’@PEHI%HWC&’FW# FPI{IWL ¥éfeni cal
formula was mn = 0.56:0. 44. Al so, the heat deconposition point and the Tg

wer e 233. 6@narr0.4309.5C, Alesgbe heat degompiBitich poilt antithe Bg werd=237. CE3and
147.9°C, respectively.
5 In the present synthesis examples and the comparative synthesis examples, a
heat decomposition point was measured by using a thermal analysis apparatus, DSC6200
(manufactured by Seiko Instruments Inc.), under the condition of an increasing
( temperature of 10°C/min, and Tg (glass transition temperature) was measured by using a
thermal analysis apparatus, TG/DTA6200 (manufactured by Seiko Instruments Inc.),

10 under the condition of an increasing temperature of 10°C/min.

( E

(Synthesis example 17) Synthesis of resin 12 (77)

(75)

In 60 mL of tetrahydrofuran, 3.0 g of the compound 4 and 4.0 g of the
compound 7 represented by the following chemical formula (76) were dissolved, and
15  then 0.20 g of azobisisobutylonitrile was added.  After refluxing for 12 hours, the
reaction solution was added dropwise to 2 L of n-heptane. The precipitated resin was

separated by filtration and dried under reduced pressure, and then a white powder resin



OH ~6 (79) ( <Synthesis of conparative resins 1 to 4 as Conparative

exanpl es> (Conparative synthesis exanple 1) Synthesis of conparative resin
1 (80) In 140 nL of tetrahydrofuran, 9.9 g of 2-nethyl-2-adamantyl

nmet hacrylate and 5 6.0 g of y-butyrol actone nethacryl ate were di ssol ved,
and then 0.63 g of azobisisobutylonitrile was added. After refluxing for 12
hours, the reaction solution was added opwise to 2 L of n-heptane. The
precipitated resin was separated by filtration and dried under reduced

pressure, R Jbigikdd WHid RsRAVRSEERH! B (NP2 sRPDANAGEpreseHd Bby t%%'cﬁerhﬁal
referred to as the corrparatlve resin 1 and represented by the chem cal 10

forrrula(8 ul ht. h of d|

vhy o - ¢ haoemGrAL 1 ¢8¢ ey st WinaOBd i Ee B Paiutt POE PMRheo. ¢ ne
car bon 13 nucl ear magnetl C resonance spectra (13C-NWR) were measured, and
the resul t $hestedineld wera?,§eandclobd s8TPEFIBISH: athlerithe Ffﬁbmth%ﬁ’ﬂ“é%ﬂr IR a was
mn 0.41:0.59. Also, the heat deconposition point and the Tg were 222.5C
and 158. 9Cresonsmecpeated (/> C-RMRDweredn@sufdd a(dhe yesultCstpesdahambe synt hesi s
exanpl e 2) Synthesis of conparative resin 2 (81) In 230 nL of
tetrahyserch{n?BmtléhQraﬁlogin%e érdmBbAbmalA9A RN W 0. mabhgcrm@t fhedfeds 15.0 g of

t he conpound wer e di ssol ved and then 0.74 g of azob|S|sobutonn|tr|Ie was

5 added. Aft f h ] | dded
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n- hept ane. The precipitated resin was separated by filtration and dried
under reduced pressure, and then a white powder resin was obtained. This
resinis referred to as the conparative resin 2 and represented by the
chem cal forrmula (81). The nol ecular weight (Myv) and the degree of

di spersion (Mv / M) of the conparative resin 2 were 10 8,780 and 1. 42,
respectively. Al so, the carbon 13 nucl earqnagneti c resonance spectra
(13C-NVMR) were neasured, and the results showed that the conposition ratio
in the chemcal fornula was mn = 0.64:0.36. Al so, the heat deconposition
point and the Tg were 215.7C and 133.3C, respectively. 75 n mo o 0 F3C
CF3 OH (8 1) (Copparative gynthesis exanpte 3) Synthegis of conparative
resin 3 (83) In 104 nL of tetjfahyd arative resin 3
(manuf act ured by us : r fwei ght = 7,640,
degree of disperSion = 1.93) ) chem cal fornula
(82) was dissolved, and then of sodi um hydritdeqwas added. After
stirring until the solution sysTem becane honbgenepus at room tenperature,
1.76 g of chloronethyl nethyl/ ether (manufactured @y Tokyo Chka Kogyo Co.,
Ltd.) was added dropwi se. Affer stirring at room tdnperature for 12 hours,
the precipitated salt was remdved by filtration. Th tained 10 filtrate
was added dropwise to 1 L of ter. The precipitatgdiresin was separated by

o]

FaC CF3

(7 7)

(Synthesis example 18) Synthesis of resin 13 (78)
In 90 mL of tetrahydrofuran, 6.0 g of the compound 6 and 3.9 g of
y-butyrolactone methacrylate were dissolved, and then 0.37 g of azobisisobutylonitrile
5 wasadded. After refluxing for 12 hours, the reaction solution was added dropwise to 2

L of n-heptane. The precipitated resin was separated by filtration and dried under
reduced pressure, and then a white powder resin was obtained. This resin is referred to
as the resin 13 and represented by the chemical formula (78). The molecular weight
(Mw) and the degree of dispersion (Mw / Mn) of the resin 13 were 12,800 and 1.87,

10 respectively. Also, the carbon 13 nuclear magnetic resonance spectra ( 13 C-NMR) were
measured, and the results showed that the composition ratio in the chemical formula was
m:n = 0.43:0.57. Also, the heat decomposition point and the Tg were 240.0°C and

142.2°C, respectively.



filtration, dried under reduced pressure, and then dissolved in
tetrahydrofuran. This resin solution was added dropwi se to 1 L of

n- hept ane. The precipitated resin was separated by filtration and dried
under reduced pressure, and then a white powder resin was obtained. The
yield was 5.0 g. This resin is referred to as the conparative resin 3 15 and
represented by the chemcal formula (83).7.4The wei ght average nol ecul ar

wei ght (Mnd) and the degree of dispersion (Mv/ M) of the conparative resin
3 were 14,000 and 2.14, respectively. The protection rate of a hydroxyl
group was 40.7% 76 1007 F3C CF8 (8 2 FBSCCFB FRC CF3 OH O ~O1I CH3
(s 3) (Conparative syn sts._ g e 4) i onparative resin 4
(83) The protection rafra ed i nt hesis exanple 3. In
other 5 words, the reaction e=conduct ed by usi ghe sanme process ot her
than adjusting the anount of ¢hloromethyl nethyl/ ether. The wei ght average
nmol ecul ar wei ght (Mv) and theOdegree of dispers@on (Mv/ M) of the
obtained resin were 13,900 and R.23, respectivel The protection rate of a
hydroxyl group was 20.8% This yesinis referred\to as the conparative
resin 4 and represented by theychem cal fornula (§3). \10 (Exanples 1 to 3)
Confirmati on of the exposure regol ution of a posi hot or esi st

( (7 8)

(Synthesis example 19) Synthesis of resin 14 (79)
In 120 mL of tetrahydrofuran, 6.0 g of the compound 6 and 7.6 g of the
compound 7 were dissolved, and then 0.37 g of azobisisobutylonitrile was added. After
5  refluxing for 12 hours, the reaction solution was added dropwise to 2 L. of n-heptane.
The precipitated resin was separated by filtration and dried under reduced pressure, and
then a white powder resin was obtained. This resin is referred to as the resin 14 and
represented by the chemical formula (79). The molecular weight (Mw) and the degree
( of dispersion (Mw / Mn) of the resin 14 were 11,600 and 1.60, respectively. Also, the
10  carbon 13 nuclear magnetic resonance spectra (*C-NMR) were measured, and the results
showed that the composition ratio in the chemical formula was m:n = 0.56:0.44. Also,

the heat decomposition point and the Tg were 233.6°C and 109.4°C, respectively.



The resolution of a positive photoresist was confirmed by using the resins 7
to 9. 77 An ArF exciner |aser was used for exposure. The positive
phot or esi st conposition was prepared by m xing each of the resins 7 to 9
with the acid generator, the nitrogen-containing organic conpound, and the
sol vent, each being described below. Resins 7 to 9 100 parts by mass 5 Acid
generator: TPS-PFBS 2.0 parts by mass Ni4yogen-containing organi c conpound:
triisopropanolamne 0.2 parts by mass O ganic solvent: PGVEA 1250 parts by
mass " TPS- PFBS" represents triphenyl sul foni um perfl uorobutanesul fonate, and
"PGQVEA" represents propyl ene gl ycpl nonet hyl ether acetate. 10 The
exposure resolution of thejpositl regi st was gonfirmed under the
conditions shown in foll 'tions for eval uating
ti-reflective film
AR-19 (manufactured by Shipley Sybstfate Ltd.) hCkness of resist 300 nm
fil m Exposure apparatus N kon NSRyS302 (NA 0. 60, I2/3 annul ar) Baking
condition PB: 110C, 90 seconds PE%> 90C, 60 secoﬁif

o

FsC CF,
OH

( (79)
<Synthesis of comparative resins 1 to 4 as Comparative examples>
(Comparative synthesis example 1) Synthesis of comparative resin 1 (80)
In 140 mL of tetrahydrofuran, 9.9 g of 2-methyl-2-adamantyl methacrylate and
5 6.0 g of y—butyrolactone methacrylate were dissolved, and then 0.63 g of
azobisisobutylonitrile was added. After refluxing for 12 hqurs, the reaction solution
was added dropwise to 2 L of n-heptane. The precipitated resin was separated by
filtration and dried under reduced pressure, and then a white powder resin was obtained.
( This resin is referred to as the comparative resin 1 and represented by the chemical
10 formula (80). The molecular weight (Mw) and the degree of dispersion (Mw / Mn) of
the comparative resin 1 were 8,700 and 1.83, respectively. Also, the carbon 13 nuclear
magnetic resonance spectra (°C-NMR) were measured, and the results showed that the
composition ratio in the chemical formula was m:n = 0.41:0.59. Also, the heat

decomposition point and the Tg were 222.5°C and 158.9°C, respectively.



Devel opi ng NVD-3 2. 38% (manuf actured by Tokyo Chka Kogyo Co. Ltd.),

condition 30 seconds 15 "Devel opi ng condition: NVD-3 2.38% (manuf actured by
Tokyo Chka Kogyo Co. Ltd.), 30 seconds" neans that the devel opnent was
performed by using NVD-3 2.38% (trade nanme, manufactured by Tokyo Chka
Kogyo Co. Ltd.) under the condition of a developing tinme of 30 seconds. The
eval uation of the exposure resolution is,shown in the following Table 3. 78
By using the positive photoresist conpos?%ions (Exanmples 1 to 3) including
each of the resins 7 to 9 which is the specific exanples of a pol yner
conpound of the present invention, it was found that a |ine and space
pattern of 120 nm was optained ¢n Ix 1 and hat the/patyern shape showed
rectangul arity. The expos i j i /cn2, and the
favorabl e sensitivit n of resolution and
exposure ( Resolution Sensitivi en2) Resin 7 120 nm
15 Resin 8 120 nm15 Resin 9 m 14 (Exanpl e The performance of
a positive photoresist was conf rnmed by using the sin 1 froma thickness
change of a resist filmwhen amexposure is changedy The positive
phot or esi st conposition was prepgred.by mxing the nAesin 1 wth the acid
generator, the

(Ta
i ne and space)

&) 0 (80)

( (Comparative synthesis example 2) Synthesis of comparative resin 2 (81)
In 230 mL of tetrahydrofuran, 10.6 g of 2-methyl-2-adamantyl methacrylate and
15.0 g of the compound 7 were dissolved, and then 0.74 g of azobisisobutylonitrile was
5 added. After refluxing for 12 hours, the reaction solution was added dropwise to 2 L of
n-heptane. The precipitated resin was separated by filtration and dried under reduced
pressure, and then a white powder resin was obtained. This resin is referred to as the
comparative resin 2 and represented by the chemical formula (81). The molecular
weight (Mw) and the degree of dispersion (Mw / Mn) of the comparative resin 2 were
( 10 8,780 and 1.42, respectively. Also, the carbon 13 nuclear magnetic resonance spectra
(BC-NMR) were measured, and the results showed that the composition ratio in the
chemical formula was m:n = 0.64:0.36. Also, the heat decomposition point and the Tg

were 215.7°C and 133.3°C, respectively.



ni trogen-cont ai ni ng organi ¢ conpound, and the solvent, each being described
below. Resin | 100 parts by mass 15 Acid generator: TPS-PFBS 2.0 parts by
mass N trogen-containi ng organi c conpound: triisopropanolamne 0.2 parts by
mass Organic solvent: PGVEA 1250 parts by mass As can be seen fromthe
sensitivity profile obtained by using ArF exposure, the performance of the
positive photoresist was able to be confpgned. Al so, the sensitivity 20 was
favorable. 79 (Exanples 5 to 8) The resolution of a positive photoresist
was confirmed by using the resins 2 to 5. An ArF excinmer |aser was used for
exposure. The positive photoresist conpositi was prepared by m xing each
of the resins 2 to 5 wt ganer at or ¥ ogen- cont ai ni ng
organi ¢ conpound, and th bei 'Ee|OML Resins 2 to
5 100 parts by mass ACI & generat\or: ALPS- PFBS 3. 0 S by nass

Ni t rogen-containi ng organi ¢ conpogsdy triisopropangl am ne 0.35 parts by nass
Organi ¢ sol vent: PQVEA 1250 partg by nass 10 GBL 1Q§nparts by mass " GBL"

represents y-butyrol actone. The @xposure resol uti om\of the positive
phot oresi st was confirmed under tYe conditions s (n follow ng Table 4.
(Tabl e 4) Substrate Organic anti-r ive film (manuf act ured by

Br ewer

FaC CF3
OH (81)

(Comparative synthesis example 3) Synthesis of comparative resin 3 (83)
In 100 mL of tetrahydrofuran, 15 g of the comparative resin 3’ (manufactured by
Promerus LLC; weight average molecular weight = 7,640, degree of dispersion = 1.93)
5  represented by the following chemical formula (82) was dissolved, and then 0.88 g of
sodium hydride was added. After stirring until the solution system became
homogeneous at room temperature, 1.76 g of chloromethyl methyl ether (manufactured
by Tokyo Ohka Kogyo Co., Ltd.) was added dropwise. After stirring at room
( temperature for 12 hours, the precipitated salt was removed by filtration. The obtained
10 filtrate was added dropwise to 1 L of water. The precipitated resin was separated by
filtration, dried under reduced pressure, and then dissolved in tetrahydrofuran. This
resin solution was added dropwise to 1 L of n-heptane. The precipitated resin was
separated by filtration and dried under reduced pressure, and then a white powder resin
was obtained. The yield was 5.0 g.  This resin is referred to as the comparative resin 3
15  and represented by the chemical formula (83). The weight average molecular weight
(Mw) and the degree of dispersion (Mw / Mn) of the comparative resin 3 were 14,000

and 2.14, respectively. The protection rate of a hydroxyl group was 40.7%.



Science Ltd.) Thickness of resist 300 nm film Exposure apparatus N kon
NSR- S302 (NA 0.60, 2/3 annular) Baking condition PB: 110C, 90 seconds PEB:
110C, 90 seconds Devel opi ng NVD-3 2. 38% ( manuf act ured by Tokyo Ohka Kogyo
Co. Ltd.), <condition 60 seconds 15 The eval uati on of the exposure
resolution is showmn in the following Table 5. By using the positive

phot oresi st conpositions (Exanples 5 to 8 including the resins 2 to 5,

respectively,

whi ch are the specific exanples of a polymer conpound of the

present invention, it was found that a |line and space pattern of 120 run

was obtained on 1:1 and 80 that the,patter
The exposure (sensitivity) in this t
Resol uti on and exposure Resol ution Seé
Resin 2 120 nm 37 Resin 3 120 nm 33

shape showed rectangul arity.

ve.uas~) shown in Table 5. (Table 5)
i t0 (line and space) (ml/cnR)
Resi-ip 4 120 nm 37

\_/

(
FsC—{—CF; F2C——CF,4
OH Ok
7
CHz (g3)
( (Comparative synthesis example 4) Synthesis of comparative resin 4 (83)

The protection rate was changed in Comparative synthesis example 3. In other

10

words, the reaction was conducted by using the same process other than adjusting the
amount of chloromethyl methyl ether.  The weight average molecular weight (Mw)
and the degree of dispersion (Mw / Mn) of the obtained resin were 13,900 and 2.23,
respectively. The protection rate of a hydroxyl group was 20.8%. This resin is
referred to as the comparative resin 4 and represented by the chemical formula (83).
(Examples 1 to 3) Confirmation of the exposure resolution of a positive photoresist

The resolution of a positive photoresist was confirmed by using the resins 7 to 9.



Resin 5 120 nm 41 5 (Exanples 9 to 19 and Conparative exanples 1 to 8) The
positive resist conpositions, which have the conpositions shown in

foll owing Table 6, were prepared, and then resist patterns were formed under
the conditions shown in Table 7 and evaluated. The results are shown in
Table 8. 81 (Table 6) (D) Nitrogen (A Resin (B) Acid generator containing
organi ¢ Organic solvent conpound Exanpke 9 Resin 11 PAG 1 Tri et hanol am ne
PGVEA (750 parts by weight) (100 parts by mass) (3 parts by mass) (0.3 parts

by wei ght) kEh ArB@RciRar IdePwayiiedTon expb¥@8P! Thd Posiewd pholdre28G@dmposition was
Tri et hanol am ne PGVEA (750 parts by weight) (100 parts by nmass) (3.4 parts

b 0, - Wel C ' le 11 Resin 11
PAGS 111 ot HECRREL P saER I B E R PGP UR s Rl HRT D ose) (5

ts b 0.3 ts by.,weight) EL 00 t i ght le 12
Resin 12 PABTPErsa s aBbowRRRd FbRE SR e e el s by
mass) (3 parts by nass) (0.3 parts by weight) EL (500 parts by wei ght)

Exanpl e 13 Resisy/ 0¥ PAG Tri et hanol anmi ne PGVEA (750 parts b§0 patsghtiass( 100
parts by nmass) (3.4 parts by nmass) (0.3 parts by weight) EL (500 parts by

wei ght) sExanpid@ederafoesTPS-PEBRAG3 Tri et hanol am ne PGVEA (7590 ggy%sy\ei ght)
(100 parts by mass) (5 parts by mass) (0.3 parts by weight) EL (500 parts by

e gm g BT gEn-L3ntRG T orbaniC Ginpolid: HifEHBhATARInECVEA (§3QaARE} FalY
Organic solvent: PGMEA 1250 parts by mass
( “TPS-PFBS” represents triphenylsulfonium perfluorobutanesulfonate, and “PGMEA”
represents propylene glycol monomethyl ether acetate.
10 The exposure resolution of the positive photoresist was confirmed under the
conditions shown in following Table 2.

(Table 2)

Conditions for evaluating exposure resolution of positive photoresist

Organic anti-reflective film: AR-19 (manufactured by Shipley

Substrat
ubstrate Lid)
Thickness of resist 300 um
film

Exposure apparatus  Nikon NSR-S302 (NA 0.60, 2/3 annular)
PB: 110°C, 90 seconds

Baki diti
aking condition PEB: 90°C, 60 seconds
Developing NMD-3 2.38% (manufactured by Tokyo Ohka Kogyo Co. Ltd.),
condition 30 seconds
15 “Developing condition: NMD-3 2.38% (manufactured by Tokyo Ohka Kogyo

Co. Ltd.), 30 seconds” means that the development was performed by using NMD-3
2.38% (trade name, manufactured by Tokyo Ohka Kogyo Co. Ltd.) under the condition
of a developing time of 30 seconds.

The evaluation of the exposure resolution is shown in the following Table 3.



(100 parts by mass) (3 parts by mass) (0.3 parts by weight) EL (500 parts by
wei ght) Exanple 16 Resin 13 PAG3 Tri et hanol am ne PGVEA (750 parts by

wei ght) (100 parts by mass) (5 parts by mass) (0.3 parts by weight) EL (500
parts by weight) Exanple 17 Resin 14 PAG Triethanol am ne PGQVEA (750 parts
by weight) (100 parts by mass) (3 parts by mass) (0.3 parts by weight) EL
(500 parts by weight) Exanple 18 Resin %4 PAG Tri et hanol am ne PGVEA (750
parts by weight) (100 parts by nass) (3.4 parts by mass) (0.3 parts by

vei ght) EL BH@6inpaid SoshiveVitiotibsist BEitien 163 116 ARuding eAdnasFgheaam ne
PGQVEA (750 pgrté1 by ﬁv\{glge\two lo%cgg?tslby@%?? (5 parﬁ)ts by mass) (0ﬂa

parts by we ) ti ti esin |
PAG Triet h%g{l}%gr%grblevg ‘ﬁ%?/éﬁﬁ%%@e Mg& Ofgﬁ;éﬁtﬁlgl& COX“ npgﬁ&rBﬁ{h?fé%%%%rts by
mass) (3 parts by pass arts wei ght) EL 500 parts . by wej

Conpar at i vellsitsay § twéow&ﬁiﬁ iy spﬁ?f*e?aﬁ@ﬁbp% w@@%mlbb?% by
wei ght) exanple 2 (100 parts by nmass) (3.4 parts by mass) (0.3 parts by
vei ght) EL th80the patters shgpevsbioghd yectaignizsityat i e @popae at thistimesias 14 tPAE3
Tri et hanol am ne PGQVEA (750 parts by weight) exanple 3 (100 parts by mass)
(5 parts bymiRss)andGhsfaverdbie SnisiiRit G?Wa);_oﬁail{eaoo parts by weight)
Corrparatlve Conparative resin 2 PAG@ Triethanol am ne PGQVEA (750 parts by
wei ght) % 84 (100 parts by mass) (3 parts by mass) (0.3 parts by
wei ght) EL @gg garts by wei ght) Conparative Conparative resin 2 PAR

Tri et hanol am ne PGVEA (750 parts h t e le 5 (100 parts by mass)
(3.4 parts by mass) (0.3 par%é’ @9“55@“%%%] %_iln{‘ PREMEs by wei ght)
Conparative Conparative resin 2 PAG3 Triethanol ani ne PGVEA (750 parts by
vvel ht) ekanple 6 (100 parts by Meselutips parts Ry nass) SnsBivitsr t s by

weight) EL (500 parts by weight) iy _-n,] ve Cornparative ﬁjga,%h{z)S PAG
Trii sopropan.al_a,m=ng_BG5EA. ar] _cm.s.s,)_(_éapa,;u_by_ms)

(0.1 parts ht) (11%0 parts wej ght) Conparati ve arative ragsin
.sopwgﬁs% ? 08l Copp

4 PAG Tri Hol ami ng POVEA
Resin 8 120 nm 15
Resin 9 120 nm 14
(Example 4)
10 The performance of a positive photoresist was confirmed by using the resin 1

from a thickness change of a resist film when an exposure is changed. The positive
photoresist composition was prepared by mixing the resin 1 with the acid generator, the

nitrogen-containing organic compound, and the solvent, each being described below.

Resin 1 100 parts by mass
15  Acid generator: TPS-PFBS 2.0 parts by mass

Nitrogen-containing organic compound: triisopropanolamine 0.2 parts by mass

Organic solvent: PGMEA 1250 parts by mass

As can be seen from the sensitivity profile obtained by using ArF exposure, the
performance of the positive photoresist was able to be confirmed.  Also, the sensitivity

20  was favorable.



exanple 8 (100 parts by nmass) (2 parts by mass) (0.1 parts by weight) (1150
parts by weight) 82 The abbreviations in Table 6 represent the foll ow ng.
PAGL: tri phenyl sul foni um nonafl uor obut anesul f onat e PAR2:

bi s( 2, 4-di et hyl phenyl sul f onyl ) di azonet hane represented by the foll ow ng
chemcal formula (84) CH3 H3C CH3 1 11 ON2 OH3C (84) 5 PAG3: canphor
sul fonic acid of triphenyl sul fonium reprééent ed by the follow ng chem cal
formula (85) CH3 H3C S CH2S03 O (85) propyl ene gl ycol nononet hyl

et her acet a(E‘?zamﬂ;Res%'-tb ggt hyl lactate 83 (Tablé 7)

The resolution of a positive photoresist was confirmed by using the resins 2 to 5.
An ArF excimer laser was used for exposure. The positive photoresist composition was
prepared by mixing each of the resins 2 to 5 with the acid generator, the

5  nitrogen-containing organic compound, and the solvent, each being described below.

Resins2to 5 100 parts by mass

Acid generator: TPS-PFBS 3.0 parts by mass
( Nitrogen-containing organic compound: triisopropanolamine (.35 parts by mass
Organic solvent: PGMEA 1250 parts by mass

10 GBL 125 parts by mass

“GBL” represents y—butyrolactone.
The exposure resolution of the positive photoresist was confirmed under the

conditions shown in following Table 4.

(Table 4)
Organic anti-reflective film: ARC29 (manufactured by Brewer
Substrate )
Science Ltd.)
( Thickness of resist 300 nm
film

Exposure apparatus Nikon NSR-S302 (NA 0.60, 2/3 annular)

PB: 110°C, 90 seconds

PEB: 110°C, 90 seconds

Developing NMD-3 2.38% (manufactured by Tokyo Ohka Kogyo Co. Ltd.),
condition 60 seconds

Baking condition

15
The evaluation of the exposure resolution is shown in the following Table 5.
By using the positive photoresist compositions (Examples 5 to 8) including the resins 2
to 5, respectively, which are the specific examples of a polymer compound of the present

invention, it was found that a line and space pattern of 120 nm was obtained on 1:1 and



Substrate: organic anti-reflective filmAR-29 (manufactured by Shipley Ltd.)
Thi ckness of resist film 250 nm Exposure apparatus: N kon NSR-S302 (NA =
0.6, 2/3 annular) Baking condition: PB 100C/ 90 seconds PEB 100C / 90
seconds Devel oping condition: NVD 3 2.38% (nmanuf actured by Tokyo Chka Kogyo
Co. Ltd.), 23C/ 60 seconds The conditions for Conparative exanples 7 and 8
were the sane as the conditions shown iggTable 2 other than changing the

t hi ckness of a resist filmto 200 nm ( 84 (Table 8) Resolution (nm

Sensi ti vi t ythatlthepateend sisgpechowed feectpulafiganihe eQpdshide EBnsifxia)ph ¢hid mé Sas54
Exanmple 11 110 19 Exanple 12 110 17 Exanple 13 110 21 Exanple 14 130 10
Exampl e 15 440,19 abix3mpl e 16 110 23 Exanple 17 110 18 Exanple 18 120 28

(Table 5)
Resolution and exposure
Resolution Sensitivity
(line and space) (mJ/em?)
Resin 2 120 nm 37
( Resin 3 120 nm 33
Resin 4 120 nm 37
Resin 5 120 nm 41

(Examples 9 to 19 and Comparative examples 1 to 8)
The positive resist compositions, which have the compositions shown in
following Table 6, were prepared, and then resist patterns were formed under the

conditions shown in Table 7 and evaluated. The results are shown in Table 8.



Exanpl e 19 150 12 Conparative exanple 1 110 38 Conparative exanple 2 not

r esol ved

Conpar ati ve exanple 5 not
Conpar ati ve exanple 7 not

Conpar ati ve exanple 3 not
resol ved -

Conpar ati ve exanple 8 was | ost,

used,
In contra

st,

any resist pattern was not
the resist patterns of

resol ved+in

resol ved -

Conparative

| i ne and space were obtained in

Conparative exanple 4 110 26
Conparative exanple 6 170 36

resol ved - Thickness of the resist pattern -

and the pattern di sappeared.
exanpl es 2 and 5.

When PAGR was

5

Exanpl es 10qhm§6)and 18. Wien PAG3 was used, any resist pattern was not

resolved in Cbnparatlve 85 exanple 3, and the re5|st pattern of line and
space of g7FO—TmMrwas obtarmed—m wllpou attveTex nrconparison—to
t hese Conparative exa resol and sensi LVI " vele | roved. in
Eanpl 65 R, 14, and 100 et Rl eBer oy RO dnspete My
and a pitch of 240 nntmere 5 forned and i n|Exafprregnd 1P and 15 and
Conpar ative exanpl es | Fesid1#, 34 waSRAGeasured'nmmhmhnmﬁ a| MEMEUN B0 drts by weight)
| ndi cati ng PERPLYI ho1dgas tyuahressiaineNRINE36) Bl b) hilS] demabd pus ey
present B o | CRelmin ] ) PAG2' | Helhanclamine | PGMEA (750 pars by weight)
(100 parts by mass) | (3.4 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Example 11 Resin 11 PAG3 Triethanolamine PGMEA (750 parts by weight)
(100 parts by mass) (5 parts by mass) { (0.3 parts by weight) EL (500 parts by weight)
Example 12 Resin 12 PAG1 Triethanolamine PGMEA (750 parts by weight)
(109 parts by mass) (3 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
( Example 13 Resin 12 PAG2 Triethanolamine PGMEA (750 parts by weight)
(100 parts by mass) | (3.4 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Example 14 Resin 12 PAG3 Triethanolamine PGMEA (750 parts by weight)
(100 parts by mass) (5 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Example 15 Resin 13 PAG1 Triethanolamine PGMEA (750 parts by weight)
{100 parts by mass) | (3 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Example 16 Resin 13 PAG3 Triethanolamine | PGMEA (750 parts by weight)
(100 parts by mass) (5 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Example 17 Resin 14 PAG] Triethanolamine PGMEA (750 parts by weight)
(100 parts by mass) (3 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Example 18 Resin 14 PAG2 Triethanolamine PGMEA (750 parts by weight)
(100 parts by mass) { (3.4 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Example 19 Resin 14 PAG3 Triethanolamine PGMEA (750 parts by weight)
(100 parts by mass) (5 parts by mass) | (0.3 parts by weight) EL {500 parts by weight)
: Comparative | Comparative resin 1 PAG! Triethanolamine PGMEA (750 parts by weight)
( example 1 (100 parts by mass) (3 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Comparative | Comparative resin 1 PAG2 Triethanolamine PGMEA (750 parts by weight)
example 2 {100 parts by mass) | (3.4 parts by mass) | {0.3 parts by weight) EL (500 parts by weight)
Comparative | Comparative resin 1 PAG3 Triethanolamine PGMEA (750 parts by weight)
example 3 (100 parts by mass) (5 parts by mass) | (0.3 parts by weight) EL {500 parts by weight)
Comparative | Comparative resin 2 PAG1 Triethanolamine PGMEA (750 parts by weight)
example 4 (100 parts by mass) (3 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Comparative | Comparative resin 2 PAG2 Triethanolamine PGMEA (750 parts by weight)
example 5 (100 parts by mass) | (3.4 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Comparative | Comparative resin 2 PAG3 Triethanolamine PGMEA (750 parts by weight)
example 6 {100 parts by mass) (5 parts by mass) | (0.3 parts by weight) EL (500 parts by weight)
Comparative | Comparative resin 3 PAGI Triisopropanolamine PGMEA
example 7 (100 parts by mass) (2 parts by mass) | (0.1 parts by weight) (1150 parts by weight)
Comparative | Comparative resin 4 PAGI Triisopropanolamine PGMEA
example 8 (100 parts by mass) (2 parts by mass) | (0.1 parts by weight) (1150 parts by weight)




(manuf actured by Hitachi Ltd., trade nane: "5-9220"). The | ower 3a neans
that a resist pattern with the smaller roughness and even width is
obtained. The results 10 showed that 3a was 6.4 nmin Exanple 9, 5.4 rimin
Example 12, 6.9 ran in Exanple 15, 9.0 run in Conparative exanple 1, and
6.9 run in Conparative exanple 4. Fromthese results, it was found that LER
was reduced by using a structural unit (&R) of the present invention. Wen
PAG was used, resolution was about the sane, whereas sensitivity was 15

i mproved i n Exanplbsathrevigtjonssn Tabld 61@pregedx thedbbewid@. t o 21 and Conparati ve
exanple 9) ( The resist conpositions, which have the conpositions shown in

f ol | owi ng’ TBAGR: tripheNisfdeRabaatluciebiiRaufdasl St patterns were formed
under the packagi ng conditions shown in Table 10 and eval uated. The results

qener ator coACa: Py SR Py e et AT Rl BePlo b R 1 14

PAGL Trieth nol_arp' ne P (100 parts by mass) (3 parts by mass) (0.3 parts
by wei ght) ‘?l‘f?!i@a darpda 8f)wei ght) Exanpl e 21 Resin 12 PAG Tri et hanol ani ne
PGVEA (100 parts by mass) (3 parts by mass) (0.3 parts by weight) (1250
parts by weight) Conparative Conparative resin | PAW Tri et hanol am ne PGVEA
exanple 9 (100 parts by mass) (5 pggts by mass) (0.3 parts by weight) (1250
parts by wei ght) 3

20 N B Vaa N
< —/ TTT NN/

(8 4)

PAG3: camphor sulfonic acid of triphenylsulfonium represented by the following

CHz
HaC o

s® CH,80;
o

(85)

chemical formula (85)

PGMEA: propylene glycol monomethyl ether acetate

10 EL: ethyl lactate



PAGL: triphenyl sul foni um nonafl uor obut anesul fonate (Table 10) Substrate:
8-inch dianeter silicon wafer Thickness of resist film 200 nm Exposure
apparatus: Htachi Ltd. HL-800D (Accelerating voltage 70 kV) Baking
condition: PB 120C / 90 seconds PEB 120C / 60 seconds Devel opi ng condition:
NVD-3 2.3 8% (manufactured by Tokyo Chka Kogyo Co. Ltd.), 23C/ 60 seconds
5 (Table 11) Resolution (nm Sensitivitygiine and space (C/ema) LER (nnm
Exanple 20 90 70 7.2 Exanple 21 90 59 8.2 Conparative exanple 9 160 114 8
In Tabl e 1{Takdefpitivity and LER are as follows. Sensitivity: In Exanples 20
to 21, sensitivity was neasured when the size of a line and space pattern
of 100 nm[became 17 1. Tn Conparative exanple 9, Ssensitivity was 10 neasured
when t he siSnbstofte:argdnieamtivekfepthoefijipaARS2h (minufaured b Shipley tdl) 87 LER} In
Exanples 20 to 21, LER was neasured when the size of a |line and space
pattern off 100 nm becanme  1: 1. In Conparative exanple 9, LER was neasur e
when t he | Jhickness of resifidilmnd>dpaice pattern of 160 nm becane 1:1. Fromthe
af orenentijoned results, it was found that a resist conposition of the

Exposure apparatus: Nikon NSR-S302 (NA = 0.6, 2/3 annular)

—

Baking condition: PB 100°C / 90 seconds
PEB 100°C / 90 seconds
Developing condition: NMD-3 2.38% (manufactured by Tokyo Ohka Kogyo Co. Ltd.),
23°C /60 seconds

The conditions for Comparative examples 7 and 8 were the same as the

conditions shown in Table 2 other than changing the thickness of a resist film to 200 nm.



5 present invention was excellent in resolution, sensitivity, and LER even
when el ectron beamwas used as a |light source for exposure. (Synthesis
exanples 20 to 25) In the simlar process of Synthesis exanple 8, the resins
15 to 20 were synthesized, which have the comon structural fornula

descri bed below and the 10 different conposition ratios. The results are
shown in Table 12. 2 ~1 efllt GO CzOCg%) 000 O-9 OCNOH O z6
(Synthesis exanple 26) In 640 nL of tetrahydrofuran, 38.8 g of

(4- oxo- 2-actqgggtgyl oxy)nmet hyl nethacrylate (corresponding to the conmpound 5
in Synthesis exanple 5) and 25.0 g of 15 y-butyrol actone nethacrylate were

di ssol ved,—ant—then—241—g of —<azobtsisghutylonttritewas—adgded—After
refluxing|for 6 hours, the reaction g?ﬂT'ﬂHq s added droﬁﬁ"?@vg& 2 L |of
met hanol . [The precipitated resin wasireepdrspaeed by filltrati ofm#oad )dri ed ¢nder
reduced 8 preﬁ(ure &nd rhena whi te ﬁgévder resim was obtai Hsd. This T1esin
Is referred to a’é“r}?&e resin| 21 and rep ented by the structural formula
descri bed [D€T 0 1N ['ecul ar wei ght and the degree of gispersion (Mwv
[/ Mh) of tlhe r\é%“ﬁnglfq@ere 12, 400 and 158" 54
Example 11 110 19
Example 12 110 17
Example 13 110 21
Example 14 130 10
( Example 15 110 19
Example 16 110 23
Example 17 110 I8
Example 18 120 28
Example 19 150 12
Comparative example 1 110 38
Comparative example 2 not resolved —
Comparative example 3 not resolved —
Comparative example 4 110 26
Comparative example 5 not resolved —_—
(
' Comparative example 6 170 36
Comparative example 7 not resolved —
Thickness of the resist pattern
Comparative example 8 was lost, and the pattern —
disappeared.

When PAG2 was used, any resist pattern was not resolved in Comparative
examples 2 and 5. In contrast, the resist patterns of line and space were obtained in
5 Examples 10, 13, and 18.

When PAG3 was used, any resist pattern was not resolved in Comparative



2.01, respectively. Also, the carbon 13 nucl ear magnetic resonance spectra
(13CGNWR) 5 were neasured, and the results showed that the conposition ratio
was mn = 0.48:0.52. The results are shown in Table 12. CH3 CH H2 H2 4-4-
~ CAA COCO0 0 O=z--CbN1 O (Conparative synthesis exanple 5) In 200
mL of tetrahydrofuran, 18.7 g of 2-nethyl-2-adamantyl nethacrylate, 10 13.6
g of y-butyrol actone nethacrylate, and 9 g of 3-hydroxy-I-adamantyl

nmet hacryl ate were dissolved, and then 1. g of azobi sisobutylonitrile was

added. AL ChamfoRd § \SHEE feist Barldf6ftind d18 pSACAH 190 10 Wk bBRin S 20ded

dropwise to 1 n- hept ane. precipitated resin was separated by
filtration and drj.ed und?r reduced .resisutée, (gnd t hen a ite gowder esin
was obt ai nedPMRHPLVS @emple @ Iy campagison, tothese (Omparatiyegxampless Eesplutipnand o ¢
represented by the structural fornula described bel ow The weight average
nol ecul ar ViEhEAYILY Weye imaovadan degmptesdf, bhepéd8i on (Mv / M) of the
conparative resin 5 were 10,000 and 2.0, respectively. Al so, the carbon 13

nucl ear magneti c ies ambspuee PteraP®ith adine WAGhNYRPOwe snd®piiet efl40ansl wehe
results showed that the conposition ratio of the structural units

(r)ez-r 85 2 Bge‘%“om{e&, REd $t EXShHESD, 10%AYN 8 a8 BOHIpREHVD SLAUPINES A B: F5was

measured, which is a measure of indicating LER (line edge roughness: unevenness of
line side wall). In the present Example, 3¢ was measured by the length-measuring SEM
( {manufactured by Hitachi Ltd., trade name: “S-9220"). The lower 3¢ means that a
resist pattern with the smaller roughness and even width is obtained. The results
10 showed that 3¢ was 6.4 nm in Example 9, 5.4 nm in Example 12, 6.9 nm in Example 15,
9.0 nm in Comparative example 1, and 6.9 nm in Comparative example 4. From these
results, it was found that LER was reduced by using a structural unit (al) of the present
invention. |
When PAG1 was used, resolution was about the same, whereas sensitivity was
15  improved in Examples 9, 12, 15, and 17.
(Examples 20 to 21 and Comparative example 9)
The resist compositions, which have the compositions shown in following Table
9, were prepared, and then resist patterns were formed under the packaging conditions

shown in Table 10 and evaluated. The results are shown in Table 11.



H2 CH3 H2 CHH33 H H3 C 4m Q ;

(Conpar ative synthesis exanpl e 6)
synt hesi s exanple 1,
average nol ecul ar wei ght (Mv) and the degree of
conparative resin 6 were 9,200 and 1. 96,
magneti c resonance spectra (13C
results showed that the conposition ratio of the structural

nucl ear

t he conparative

In the simlar

respectively.
) were neasured,

Al

n\d COCO OO0 HCOOO™ 5
process of Conparative
resin 6 was synt hesi zed. The wei ght
di spersion (Mv / M) of the
t he carbon 13

SO,
and 10 the
units

15

represent edTaie bhe structural fornula described bel ow was mn = 0. 44:0. 56.
90 CH3 CH 4-4-c P44: C=0 C=0 0 1 O H3C (Table 12) Conposition ratio
Mol ecul arwerght—Degree of —arspgrstom (/w1 A}ditklo"g’é’i{l‘ v —Wvh)—Resi
0.4/ 0.4/ 0.2 9,7OO(JA.§§. . (Dﬁ.. . .
) Resin (B) Acid generator | containing organic Organic solvent
compound
Resin 11 PAGI Triethanolamine PGMEA
Example 20 . .
(100 parts by mass) (3 parts by mass) | (0.3 parts by weight) | (1250 parts by weight)
Resin 12 PAGI Triethanolamine PGMEA
Example 21 ) )
(100 parts by mass) (3 parts by mass) | (0.3 parts by weight) | {1250 parts by weight)
Comparative | Comparative resin 1 PAG1 Triethanolamine PGMEA
example 9 (100 parts by mass) (5 parts by mass) | (0.3 parts by weight) | (1250 parts by weight)

PAG1: triphenylsulfonium nonafluorobutanesulfonate

( {(Table 10)

Substrate: 8-inch diameter silicon wafer

Thickness of resist film: 200 nm

Baking condition: PB 120°C / 90 seconds

PEB 120°C / 60 seconds

Exposure apparatus: Hitachi Ltd. HL-800D (Accelerating voltage 70 kV)

Developing condition: NMD-3 2.38% (manufactured by Tokyo Ohka Kogyo Co. Ltd.),
23°C / 60 seconds

5 (Table 11)

(
Resolution itivi
line and sp(::: ) S(T(Sll;:ri?)r LER (nm)
Example 20 90 70 7.2
Example 21 90 59 8.2
Comparative example 9 160 114 8

In Table 11, sensitivity and LER are as follows.
Sensitivity: In Examples 20 to 21, sensitivity was measured when the size of a line and

space pattern of 100 nm became 1:1.  In Comparative example 9, sensitivity was

10  measured when the size of a line and space pattern of 160 nm became 1:1.



Resin 16 0.4 / 0.4/ 0.2 6,000 1.69 Resin 17 0.4/ 0.4/ 0.2 14,400 1.93
Resin 18 0.3/ 0.4/ 0.3 11,100 1.91 Resin 19 0.3/ 0.5/ 0.2 9,600 1.77
Resin 20 0.2/ 0.6 / 0.2 9,600 1.62 Resin 21 0.48 / 0.52/ 0 11,700 2.01

Conparative resin 5 0.4/ 0.4/ 0.2 10,000 2.0 Conparative resin 6 0.44 /
0.56 / 0 9,200 1.96 (Exanples 22 to 27 and Conparative exanple 10) 5 The
positive resist conpositions, which havegfhe conpositions represented by
foll owi ng Table 13, were prepared. Subsequently, an organic anti-reflective

film mat er igBR:( "RE A6 B0toD], BERWRES mSSuaiicehdd He siztewd@ineaﬂ@aﬁaw@ 29")

was coated on top of an 8 inch dianmeter silicon wafer and baked at 225C for
60 seconds r nia %%PI e.

t he substr<‘;{m{1&‘Ial ‘T%o ﬁo}legfnp%éﬁﬁr%ép cyrléeg] %va?%gag?#QOWh\%gs

uni formy cpat.ed n i nner d then dried by prebak| ng (PAB) under
t he cond.th%ﬁéeeﬁ% s spige Badtem of J @B%e?wwﬁg a resist |ayer.

Subsequently, the resist 5 layer was sel ectively exposed by using the ArF
exposure appar at Esomwhw&ﬂoealg&dmnd@fksmlm@, it wsRo®3Dthat areasist aarhposidbrbgf thé kon
Cor poration, NA (nunerical aperture) 0.60, 2/3 annular) through a mask.

Then, the %&@ﬁﬁﬂv@ﬂ%&ﬁ&%x&éllé&@& @H&hﬁ@ﬁ ,86ndigvidy, REBLERGALA®Nen €RER6n t he
condltlons shown in Table 14 foll owed by puddle developnent for 30 seconds

at 23C iN peam was used as a light source for exposure.
(Synthesis examples 20 to 25)
In the similar process of Synthesis example 8, the resins 15 to 20 were

synthesized, which have the common structural formula described below and the

10  different composition ratios. The results are shown in Table 12.

0> O 0
—C OH
o

(Synthesis example 26)
In 640 mL of tetrahydrofuran, 38.8 g of (4-ox0-2-adamantyloxy)methyl
methacrylate (corresponding to the compound 5 in Synthesis example 5) and 25.0 g of
15  y-butyrolactone methacrylate were dissolved, and then 2.41 g of azobisisobutylonitrile
was added.  After refluxing for 6 hours, the reaction solution was added dropwiseto 2 L

of methanol. The precipitated resin was separated by filtration and dried under reduced



10 a 2.38% by mass aqueous sol ution of tetranethyl anmoni um hydroxi de, rinsed
with pure water for 30 seconds, and then dried by shaking so as to forma
resist pattern of line and space (1:1) of 140 nm (hereinafter referred to
as a L/S pattern). 92 (Table 13) (B) Acid (D) N trogen-containing (A) Resin
generator organi c conmpound Organic solvent Surfactant (parts by nass)
(parts by mass) (parts by nmass) (parts bggmass) (parts by mass) Resin 15
PAG Tri et hanol am ne Exanple 22 PGVEA (1230) - (100) (3) (0.35) Exanple 23
Resin 16 PAfBesstrd, ehd trealaaniitespdadefesiil @309btaind.00Thi6 3gsir 3. r8fz)retxanpthe 24
Resin 17 PAG Triethanol am ne PGVEA (1230) - (100) (3) (0.35) Exanple 25

R 18 P CAEA 0. 26
roci n 19 pASIIeBH A0 A HEVRR ““*%%8‘3““?3 (%e% 00 ed?%m’go g% mittedRt & 22 e

Tri et hanol ani.n Y/ 0 Resi n
21 pac 1 Bt AR TR e feid %9*%8%’3‘(0 ((%53%5 E%E%%‘rﬁﬁmﬁ "(%’63?%@% rative
Conparative PAG@ Triethanol am ne 1

2.01, respectively. Also, the carbon 13 nuclear magnetic resonance spectra (“C-NMR)

5  were measured, and the results showed that the composition ratio was m:n = 0.48:0.52.

The results are shown in Table 12.

CH
’%’ £

C=0
o ]

0 / E
© C
o::'/"

(Comparative synthesis example 5)

—

In 200 mL of tetrahydrofuran, 18.7 g of 2-methyl-2-adamantyl methacrylate,

10 13.6 g of y-butyrolactone methacrylate, and 9.5 g of 3-hydroxy-1-adamantyl
methacrylate were dissolved, and then 1.64 g of azobisisobutylonitrile was added. After
refluxing for 6 hours, the reaction solution was added dropwise to 1 L of n-heptane.

The precipitated resin was separated by filtration and dried under reduced pressure, and
then a white powder resin was obtained. This resin is referred to as the comparative

15  resin 5 and represented by the structural formula described below. The weight average
molecular weight (Mw) and the degree of dispersion (Mw / Mn) of the comparative resin

5 were 10,000 and 2.0, respectively. Also, the carbon 13 nuclear magnetic resonance



PGVEA( 1250)
PAGR (2) Triethanol am ne PGVEA(1250) XR- 104
(0.8) (0.25) PGVE (500) (0.1) GBL (25) PAG: triphenylsul fonium
nonaf | uor obut anesul f onate PAR: 4-net hyl phenyl di phenyl sul f oni um

- exanple 10 resin 5 (100) (3) (0.25) Conparative Conparative
exanple 11 resin 6 (100) PAG3

nonaf | uor obut anesul f onat e

( PAG3: tri(4-tert-butyl phenyl)sulfonium

trifluoronmethanesul fonate 5 XR-104 (tradggnane):

produced by Dai ni ppon I nk

and Chem cal

(Tabl e 14) spadtia (¥
PEB condi ti ons

22 38nm 22%;,
225 nit 95C

95C / 90 sec S
seconds 10§)Cﬁﬁﬂé(bﬁseconds

| ncorporated PQVE: propyl ene glycol nononethyl ether 93
-N&GR) weref meéasurkd] arndhs sesaits Biehaikkhaghé BABpositimeratio it er i al

S,

|l ower: filmthickness resist filmconditions ARC-29 Exanple
i : ﬁi&% Exll{%géa 29 38 nm
§étg%&'§glc%nﬁ ge@%géé%/asbd%ﬂgggg% s1 %S anprq%&%i%gﬁ% 225 run

BC / 90 seconds ARC- 29 Exanple 25 38 nm 225 rim 95C / 90
Exampl e 26 ARC-29 225 rim 95C / 90 seconds 105C /

90 seconds

H2 H2 CH3 H CH
ct | C 2
o~ 55 £ ~
iR
Q o) O/

(Comparative synthesis example 6)

In the similar process of Comparative synthesis example 1, the comparative
resin 6 was synthesized. The weight average molecular weight (Mw) and the degree of
dispersion (Mw / Mn) of the comparative resin 6 were 9,200 and 1.96, respectively.
Also, the carbon 13 nuclear magnetic resonance spectra (BC-NMR) were measured, and
the results showed that the composition ratio of the structural units represented by the

structural formula described below was m:n = (0.44:0.56.



Exampl e 27 ARC-29 225 nm 95C / 90 seconds 105C / 90 seconds 38 nm Exanpl e
28 ARC-29 77 mm 250 run 120C / 90 seconds 120C / 90 seconds Conparative
ARC- 29 225 run 125C / 90 seconds 135C / 90 seconds exanple 10 38 nm

Conpar ative ARC-29 250 run 120C / 90 seconds 120C / 90 seconds exanple 11
77 nit The follow ng eval uation was perforned, and the results are shown in
Table 15. (Exposure nmargin) 5 Exposure ggrgin, which is obtained by
exposure (sensitivity) (Eop) to exactly resolve a L/S pattern of 140 run on
1:1 and fluctuation range of exposure (fluctuation range of sensitivity) to

resolve a L/'S pattern of 140 nmf @@4p was cal cyl at gy using the
follow ng formula. Exposure rrhﬂzgi nI:%E(126 npyla (X54 nm} X 100 / Eop
10 Eop: sensitivity to oS;ii,aCa\L/ ern of exactly 1:1
(mi/cn2) E (154 nn): sensitivity™-o gai N L/'S pattiegn of 150 run

(m)/cnmz) E (126 rim: sensitivity tiQ_ghtain an'L/S pattern of 126 nm
(mJ/cn2) 94 (Table 15) Exposure g (%9 Exanple @2=©.0 Exanple 23
15.9 0O l

O
H,C
0==C
O
(Table 12)
Composition ratio | Molecular weight | Degree of dispersion
(m/n/l) (Mw) (Mw / Mn)

Resin 15 04/04/02 9,700 1.88
Resin 16 04/04/0.2 6,000 1.69
Resin 17 04/04/0.2 14,400 1.93
Resin 18 0.3/04/0.3 11,100 1.91
Resin 19 03/05/02 9,600 1.77
Resin 20 02/06/0.2 9,600 1.62
( Resin 21 0.48/0.52/0 11,700 2.01
Comparative resin 5 0.4/04/0.2 10,000 2.0
Comparative resin 6 0.44/0.56/0 9,200 1.96

(Examples 22 to 27 and Comparative example 10}
5 The positive resist compositions, which have the compositions represented by
following Table 13, were prepared.
Subsequently, an organic anti-reflective film material (manufactured by Brewer
Science Ltd., trade name “ARC-29") was coated on top of an 8-inch diameter silicon

wafer and baked at 225°C for 60 seconds, thereby forming an anti-reflective film asa



Exanmple 24 16.8 Exanple 25 13.1 Exanple 26 15,5 Exanple 27 13.4
Conparative exanple 10 12.7 (Exanple 28 and Conparative exanple 11) The
positive resist conpositions, which have the conpositions shown in 5
foll owi ng Table 13, were prepared. Subsequently, an organic anti-reflective
filmmaterial (manufactured by Brewer Science Ltd., trade nane "ARC 29")
was coated on top of an 8-inch dianmeter sghlicon wafer and baked at 225C for
60 seconds, thereby form ng an anti-reflective filmas a substrate. 10 On

t he subst r agipstréitbe obt ai ned positive photoresist conmposition was uniformy
coated by using a spinner and then dried by prebaking under the conditions

shown in Table 14y giehebef etgé HloRdindhulohEd Bsih Y Bloror B BSRMRRI mshe T esT o

| ayer was selectlvely exp os osure appara

e oot Mty el B0 2 TR R por ey mbrione (DR o t%?hen the

exposed photoresi st was subjected to a PEB treat nent under the conditions
shown i n Tagsinditionsshownive dabs 1 hubetely Bemingopresist layenr Sobsesuontdis thetresiSC in  a

2.38% by mass aqueous solution of tetramethyl anmoni um hydroxide, rinsed with
pure wet erlaf@rwaschedoslsexpssrd byhein fgdhmﬂ: Sposhelapparatin (davdlendtiRrigBani)esi st

pattern of line and 5 space (1:1) of 130 nm (hereinafter referred to as an
L/'S patternggr.g302 (manufactured by Nikon Corporation, NA (numerical aperture) = 0.60, 2/3
annular) through a mask.
Then, the exposed photoresist was subjected to a PEB treatment under the
conditions shown in Table 14 followed by puddle development for 30 seconds at 23°C in
10  a2.38% by mass aqueous solution of tetramethylammonium hydroxide, rinsed with pure

water for 30 seconds, and then dried by shaking so as to form a resist pattern of line and

space (1:1) of 140 nm (hereinafter referred to as a L/S pattern).



The follow ng eval uati on was perfornmed, and the results are shown in Table
L/S patterns (1:1) of 130 nm 3a was neasured, which is a

16.
nmeasure

deviation (a) cal cul ated

(LER)

As for

of

i ndicating LER Herein,

3ais 3 tines value (3a) of a standard
10 fromthe results which are obtai ned by

measuring the widths of a sanpled resist pattern in 32 points using the

| engt h- measuring SEM (manuf actured by H pachi

Ltd., trade

The lower 3a neans that a resist pattern with the smaller

even w dt h (iTsbleldai ned.

(Table 16) LER (3a) (nm

( Exanp

name: "S-
roughness
le 28 4.8

9220").
and

Conparative exanple 1] 9.3 15 Wihen the results of Exanples 22 to 27 were

conpared W th Thofe of _ Conpaf at |(B§A&Xanp} eD)MNirogkd-cof@mingOUNd that T he T esi st
conposi tfions in ExanpfbdsB2 tp 27 uere excellont i n,axposdreninmbhgin béviee:
t hey had a struct Ur @hrtstbtimasspf | t gnsf)?r esent| i nve[p$)| on.. 20 |Asws bywimeesh |t fperts by mass)
results lof Fyarrpl 28 were coppale Y i 5_ t hnq(Ba o y?lxamsrﬂjaralti ve _examn le 11,
it was flo gntl{?t t heRewigdfst conpdabii on i n Exiethgpblemp8 wals, gllent_in
96 LER (légyrft esis exampl e 2f7) 1 n@R00 ni| of tetdrzhydrof ur aﬁﬁ%iﬁéﬁg of
(4- oxo- Z-adamanty oxy%elgﬁt@yi TW—WWWWS—
I N Synt hie&xanpeanpl e h00) 3.6/g o 3) 0.35) PGMEA (1230} —
Resin 17 PAGI1 Triethanolamine
E le 24 —
xample (100) 3) (0.35) PGMEA (1230)
Resin 18 PAGI1 Triethanolamine
E le 2 —
xample 25 (100) 3) (035) PGMEA (1230)
(' Example 26 Resin 19 PAG1 Triethanolamine PGMEA (1230) _
P (100) 3) (0.35) (
Resin 20 PAGI1 Triethanolamine
Example 27 (100) 3) 0.35) PGMEA (1230) —
Example 28 Resin 21 PAGI Triethanolamine PGMEA (750) N
P (100) 3) (0.3) EL (500)
Comparative Comparative PAG] Triethanolamine PGMEA (1250 .
example 10 resin 5 (100) (3) (0.25) ( )
Comparative Comparative PAG2 (2) Triethanolamine szﬁg ((5133;) ) XR-104
example 11 resin 6 (100) PAG3 (0.8) (0.25) GBL (25) (0.1}

PAG1: triphenylsulfonium nonafluorobutanesulfonate

PAG2: 4-methylphenyldiphenylsulfonium nonafluorobutanesulfonate

PAGS3: tri(4-tert-butylphenyl)sulfonium trifluoromethanesulfonate

XR-104 (trade name): produced by Dainippon Ink and Chemicals, Incorporated

PGME: propylene glycol monomethyl ether



y-butyrol act one net hacryl ate (GBLMA),
net hacryl ate were di ssol ved,
refl uxing for
dropwise to 1 L of n-heptane.
filtration and dried under reduced pressure,

added. Af

ter

12 hours,

10 then a

and 9.5 g of 3-hydroxy-I|-adamantyl
and then 1.64 g of azobisisobutylonitrile was
t he reaction solution was added

The precipitated resin was separated by

and

whi te powder

resin was obtained. This resin is referred to as the resin 22 and

represented by the structural

formul a descri bed bel ow. The wei ght average

nmol ecul ar (Heblgh#) (Mr) and the degree of dispersion (Mv/ M) of the resin
22 were 10,200 and 1.72, respectively. Also, the carbon 13 nucl ear magnetic
resonance spectra 1a§nmnveﬂﬁfe measured, and the results]Showed that th
conposi tijon ratio pf tl}a&rqﬁaqegglturdl Ghitkess 95 rle pPraisking @4Bhy thePE?tc%#(&;oﬁal
formul a descri bed oei?oersfyast?1 n. 13 0. i@ filn 0. 2 ( nodoBditions H2 + \
"X-/ C2~GH3 Q' C k- 280 O C-z~'.Q CHI OQOH I1C 0O (Synthesis
exanpl e Zséxaﬁqélezb” 200 MRCH tetrdhydr29§%an, 15957c)993?£cond 105°C / 90 secon
(4- oxo- 2- ntyl axy) rreBzhvyil met hacryl ate (cor|respon ing to t he conpount
i n Synt hgsTs—exanp U g of  y-butyrot gctone methacrytate(G3EvA);
and 9.5 ( Bzfaarr;’;}iehydroxy I_'ﬁ? amantyl meRhaar yl at @599 setbsis ol} vadseCcanlsetdnen
1.64 g of azobisisabutvl?) MBrile was_added. Afiter 5 refluximng for 12 hours
t he react|i gn sol yt| on waRkCazgded df opwi to | L tane 2:
preci pi tatg’ﬂa’r}pg&%n was seps at ed by fizﬁgf‘“&ti on agg )&Plsﬁgndﬁnderm? ddtgpnds
pr essur e,—aft ARC29
Example 25 225 nm 95°C / 90 seconds 105°C / 90 seconds
38 nm
( ARC-29
Example 26 225 nm 95°C / 90 seconds 105°C /90 seconds
. 38 nm
ARC-29
Example 27 225 nm 95°C / 90 seconds 1¢5°C /90 seconds
38 nm
ARC-29
Example 28 250 nm 120°C / 90 seconds 120°C / 90 seconds
77 nm
Comparative ARC-29 225 im 125°C /90 seconds | 135°C /90 seconds
example 10 38 nm
i ARC-2
Comparative 29 250 nm 120°C /90 seconds |  120°C /90 seconds
example 11 77 nm

10

The following evaluation was performed, and the results are shown in Table 15.

(Exposure margin)

Exposure margin, which is obtained by exposure (sensitivity) (Eop) to exactly

resolve a L/S pattern of 140 nm on 1:1 and fluctuation range of exposure (fluctuation

range of sensitivity) to resolve a L/S pattern of 140 nm + 10%, was calculated by using

the following formula.

Exposure margin = {E (126 nm)

— E (154 nm)} X

100/ Eop

Eop: sensitivity to obtain a L/S pattern of 140 nm on exactly 1:1 (mJ/cm®)

E (154 nm): sensitivity to obtain an L/S pattern of 150 nm (mJ/cm®)

E (126 nm): sensitivity to obtain an L/S pattern of 126 nm (mJ/em?)



then a white powder resin was obtained. This resin is referred to as the
resin 23 and represented by the structural fornula described above. The
wei ght average nol ecul ar weight (Mv) and the degree of dispersion (Mv/ M)
of the resin 23 were 9,800 and 1.60, 10 respectively. Also, the carbon 13
nucl ear magnetic resonance spectra (13C-NWR) were neasured, and the results
showed that the conposition ratio of theggtructural units represented by
the structural formula described above was mn:I = 0.3:0.5:0.2 (nol%.
(Exanpl e 29Yabieéspositive photoresist conposition, which has the follow ng
conposition, was 15 prepared. (A) Resin: resin 22 100 parts by mass ( (B)
Aci d generator: TPS-PFBjed.U parts by mass (D) N trogen-contai ni ng organic
n

conmpound: tri et hanol am 0.35 parts by massExpéuganigin (309! vent : PGVEA EL =
6:4 750 parts by mass 20} Subsequently, an organic anti-refljective film
material (trade nane "ARC- 29" manuf act yured by Brewer Science Ltd.) was
coated on top of an 8-ingch di B¥APE22si|idon wafdfland bakid at 205C for 60
seconds, thereby form ng—an—-anti-reflective filmwith a filmthickness of
38 rimas a substrate. On theggyppbgate, |the aforggentioned positive

phot or esi st conposition was 25 uniformy (coated by using a{spinner and then
dried by prebaking at 95 Tor 90 seconds,| 98 t(hnereby tormjng a resist |ayer
with a filmthickness of{ 225 BxampBadhsequently, tHé8resist |[layer was

sel ectively exposed by using the ArF expgsure apparatus (wavel ength: 193 nm
gl/S?I? S302 (manufactured by Ni kgpmg%rzgor atijon, NA (IQ'I.IIITEI’I cal |aperture) = 0.60,

(' Example 26 15.5
Example 27 134
Comparative exampie 10 12.7

(Example 28 and Comparative example 11)
The positive resist compositions, which have the compositions shown in
5  following Table 13, were prepared.
Subsequently, an organic anti-reflective film material (manufactured by Brewer
Science Ltd., trade name “ARC-29") was coated on top of an 8-inch diameter silicon
wafer and baked at 225°C for 60 seconds, thereby forming an anti-reflective film as a
substrate.

10 On the substrate, the obtained positive photoresist composition was uniformly
coated by using a spinner and then dried by prebaking under the conditions shown in
Table 14, thereby forming a resist layer. Subsequently, the resist layer was selectively
exposed by using the ArF exposure apparatus (wavelength: 193 nm) NSR-S302
(manufactured by Nikon Corporation, NA (numerical aperture) = 0.60, 2/3 annular)

15  through a mask.



annul ar) through a binary mask. 5 Then, the exposed photoresist was
subjected to a PEB treatnent at 105C for 90 seconds foll owed by puddle
devel opnment for 30 seconds at 23Cin a 2.38%by mass aqueous sol ution of

t et ramet hyl anmoni um hydr oxi de, rinsed with pure water for 30 seconds, and
then dried by shaking so as to forma resist pattern of |line and space (1:1)
of 140 nm In this tinme, the sensitivitygswas 23 mJ/cn2, and the exposure
margi n was 10 15.4% Wen Exanple 29 was conpared with Conparative exanple
10, it was found THehatheieRposed photoresinopas stibjented 1o FXEBMeatnzéht vaderakeel l ent in
exposure margin. | NDUSTRI AL APPLI CABI LI TY 15 As descri bed above, a pol yner

conmpound ofeot BigioRE inl THOR 4 R)ﬂo},\?ggﬁﬁgﬁlﬁlefd%clo%ﬂéﬁ%f sé?:fo?&‘s fiAecppttern

excellent in rectangularity, speci a fine pattern tor exposure of a

KrF, ArF, or lLaser. 99 CLA NS A pal yner co und .conpri sing: an

al kali sol L?b%'ggo{?rbgdBas(siaﬁ?"‘%ﬁé%ﬁ“ﬂn6’}Et“@@ﬁ?%{arﬁﬁnggﬁ%%ﬂﬁ&t%@w&ﬁgr%l kal |
sol ubl e group (i) is substituted by an acid dissociable, dissolution

i nhi bi ti ng vgatenfer 89 sgcondprand drnediicd\byshakingsa s tooform|aaresist patternapflingagin - R,
(1) (wherein R represents a cycloaliphatic group which contains no nore
than 205 capban(lal)efy3aneh feeindrt edferreditoax\,gdriS ahiet.)a nitrogen atom a

sul fur atom or a
The following evaluation was performed, and the results are shown in Table 16.
(LER)
As for L/S patterns (1:1) of 130 nm, 3¢ was measured, which is a measure of
indicating LER. Herein, 3o is 3 times value (3¢) of a standard deviation (o) calculated
10 from the results which are obtained by measuring the widths of a sampled resist pattern
in 32 points using the length-measuring SEM (manufactured by Hitachi Ltd., trade name:
“8-9220"). The lower 3o means that a resist pattern with the smaller roughness and

even width is obtained.

(Table 16)

LER (3G) (nm)

( Example 28 48

Comparative example 11 93

15
When the results of Examples 22 to 27 were compared with those of
Comparative example 10, it was found that the resist compositions in Examples 22 to 27
were excellent in exposure margin because they had a structural unit of the present
invention.
20 Also, when the results of Example 28 were compared with those of Comparative

example 11, it was found that the resist composition in Example 28 was very excellent in



10 hal ogen atom and n represents O or an integer of 1 to 5.), and the

pol ymer conpound exhi bits changed al kali solubility under the action of an
acid. 2. A polynmer conpound according to claim1l, wherein the alkali soluble
group (i) 15 is at |east one selected froman al coholic hydroxyl group, a
phenol i ¢ hydroxyl group, or a carboxyl group. 3. A polyner conpound
according to claim2, wherein a carbon ajepm adj acent to the carbon atom
bonded to the al coholic hydroxyl group is bonded to at | east one fluorine

20 atom 4.1 BER.pol yner conpound according to claim 1, wherein the
cycl oal i phatic group contains an adamant ane backbone. 100 5. A pol yner
conpound according to claim1l, wherein Rl represents the cycloaliphatic
group containing at | east one hydrophilic group. 6. A polynmer conpound
according t g La|n1 théﬁln the hydrophilic group is at |east one

sel ect ed f (O¥gt sisting of a carbonyl group, an ester group, an
al cohol i ¢ hydroxyl group, ether, an imno group, and an am no group. 7. A
conpound r epr eserdt @0 mL of tgeatedadiufany PLD g (f3¥-oxoRadan@ntyl@Qnigthyl V n ( 3)
(wherein R2 represents a hydrogen atom a fluorine atom a lower alkyl group
cont ai nng nlethébr?l@tec(@éxbéﬁpoﬂdlﬁgﬁo thelcompbltP5 in 8y RHediPnRImp Y113 G OoP

containing | to
y-butyrolactone methacrylate (GBLMA), and 9.5 g of 3-hydroxy-1-adamantyl
methacrylate were dissolved, and then 1.64 g of azobisisobutylonitrile was added. After
refluxing for 12 hours, the reaction solution was added dropwise to 1 L of n-heptane.
The precipitated resin was separated by filtration and dried under reduced pressure, and
10 then a white powder resin was obtained. This resin is referred to as the resin 22 and
represented by the structural formula described below. The weight average molecular
weight (Mw) and the degree of dispersion (Mw / Mn) of the resin 22 were 10,200 and
1.72, respectively. Also, the carbon 13 nuclear magnetic resonance spectra (°C-NMR)
were measured, and the results showed that the composition ratio of the structural units

15 represented by the structural formula described below was m:n:1 = 0.4:0.4:0.2 (mol%).

i

ol
\
CH,»
/
O ®) o
O OH

(Synthesis example 28)



carbon atons; X represents an oxygen atom and n' represents O or 1.). 8. A
conpound represented by a general fornmula (3): R2 0 OG+CH?.-~-- n'" (3)
(wherein R2 represents a hydrogen atom a fluorine atom a |ower al kyl group
containing 1 to 20 carbon atons, or a fluorinated | ower al kyl group
containing 1 to 20 carbon atons; X represents two hydrogen atons; and n'
represents O or 1.). 9. A polynmer conpougg according to claim1, conprising
a structural unit (al) derived fromthe conpound according to claim7. 101

10. A polymer corpQoodL cbwpahrirofran, $5.7@cdf (4 Axohadaniaitylodeiieded from the

conmpound represented by a general formula (2), and a structural unit (a3)

derived frQﬁ@théd??l%@é%&frb’ég@h&ﬁé?@ﬁ%kd&%ﬁ%uﬁ%ﬁ%S?@t& ég%ﬁ;ﬁ eﬂlé@gl ) gyclic or

pol ycyclic group resents a

cycl oal i phat | 0 h nt n ato and may
contain an’ ol%'%'gﬂ é& Qla f#%@%ﬁﬁleg@ﬁnigé r}%yddtr d”% gsogen at om
n represents 0 an integer to 5. and R2 represents a hydrogen atom a
fluorine atrmthacaylﬁtwmreéjn%ylve@raedﬁh@bh%g o Agpbisisabupdonisilporpsaddeds, Adera

fluorinated |ower alkyl group containing 1 to 20 carbon atons.). 11. A
pol ymer Sconmpuing &rdQribung theoreadtainsolflionwhsradded ddopwiderto ¢ tluseh-hesthde. ( a3)

The precipitated resin was separated by filtration and dried under reduced pressure, and
then a white powder resin was obtained. This resin is referred to as the resin 23 and
represented by the structural formula described above. The weight average molecular
weight (Mw) and the degree of dispersion (Mw / Mn) of the resin 23 were 9,800 and 1.60,

10 respectively. Also, the carbon 13 nuclear magnetic resonance spectra (>C-NMR) were
measured, and the results showed that the composition ratio of the structural units
represented by the structural formula described above was m:n:1 = 0.3:0.5:0.2 (mol%).
(Example 29)

The positive photoresist composition, which has the following composition, was

15  prepared.
| (A) Resin: resin 22 100 parts by mass
(‘ (B) Acid generator: TPS-PFBS 3.0 parts by mass
(D) Nitrogen-containing organic compound: triethanolamine 0.35 parts by mass
Organic solvent: PGMEAEL = 6:4 750 parts by mass
20 Subsequently, an organic anti-reflective film material (trade name “ARC-29”,

manufactured by Brewer Science Ltd.) was coated on top of an 8-inch diameter silicon
wafer and baked at 205°C for 60 seconds, thereby forming an anti-reflective film with a
film thickness of 38 nm as a substrate.

On the substrate, the aforementioned positive photoresist composition was

25  uniformly coated by using a spinner and then dried by prebaking at 95°C for 90 seconds,



conprises at least two nutually different structural units derived from
(nmeth)acrylate containing a |actone-containing nonocyclic or polycyclic
group. 12. A polynmer conpound according to claim 10, further conprising a
structural unit (a4) derived from (neth)acrylate containing a pol ar
group-cont ai ni ng pol ycyclic group. 13. A polyner conpound a conprising a
structural unit (al) derived fromthe cggmpound represented by a general
formula (2): R>2 <00 /O-CFlIZ~R, V (2) (wherein Rl represents a

cycl oal i phalerebygformmgiditesizt lagat witing fiha thivkeest béD220m. c Subswueaidtbytheasdstmay
contain an oxygen atom a nitrogen atom a sulfur atom or a halogen atom

N represenysePwak s@bctivalyPagios byludify the APExBEsrERFRIANS ByaelBAZHE 9?3‘31;%5 gm a

fluorine atom a |ower dlkyl group containing 1 to 20 carbon a

ons
fluorinate al k [ nt ai ni ng.1 0 _carbon atons. 102 a
St et urat RS PA e e 1P SR) BRisitin, s GREREA R RS 0080
CgFays, s (4) (wherein R2 represents the sane as the aforenentioned, X
representsaan‘dﬂﬁ)élllréﬁghabinaﬁm&k-ent cyclic group, Y represents an al kyl ene
or al kyl eneoxy group containing 1 to 6

5 Then, the exposed photoresist was subjected to a PEB treatment at 105°C for 90

seconds followed by puddle development for 30 seconds at 23°C in a 2.38% by mass
aqueous solution of tetramethylammonium hydroxide, rinsed with pure water for 30
seconds, and then dried by shaking so as to form a resist pattern of line and space (1:1) of
140 nm.  In this time, the sensitivity was 23 mJ/cm?, and the exposure margin was
10 15.4%.
When Example 29 was compared with Comparative example 10, it was found

that the resist composition in Example 29 was excellent in exposure margin.

INDUSTRIAL APPLICABILITY
15 As described above, a polymer compound of the present invention is useful for
formation of a fine pattern excellent in rectangularity, specifically a fine pattern for

exposure of a KrF, ArF, or F; laser.



carbon atons which is divalent, p and q independently represent an integer
of 1 to 5, and s represents an integer of 1 or 2.). 14. A photoresist
conposition conprising: a base material resin conponent (A) which exhibits
changed al kali solubility wunder the action of an acid; and an acid
generator conponent (B) which generates the acid on exposure to radiation,
wherein the base material resin conponengg(A) is the polymer conpound
according to any one of clains 1 to 6, and 9 to 13. 15. A photoresist
conposition according to claim14, fur@b&MSonprising a nitrogen- containing
organi c conpound (D). 16. A resist pattern formation nmethod conpri sing:
formng a photoresist filmon a substrate using the photoresist conposition
according to claim14; exposing the photoresist film and devel oping the

exposed ph(]t‘ oresig Eolgnlnlep C(Enqpc];u(%lrdrtr:]oamprrll%isnlg:St pattern.

an alkali soluble group (1), wherein
5 at least one hydrogen atom of the alkali soluble group (i) is substituted by an

acid dissociable, dissolution inhibiting group (ii} represented by a general formula (1):

—CH,-0-+-CH, 3R,
(1)

(wherein R, represents a cycloaliphatic group which contains no more than 20
carbon atoms and may contain an oxygen atom, a nitrogen atom, a sulfur atom, or a
10 halogen atom, and n represents 0 or an integer of 1 to 5.}, and
the polymer compound exhibits changed alkali solubility under the action of an

acid.

2. A polymer compound according to claim 1, wherein the alkali soluble group (i)

——

15  is at least one selected from an alcoholic hydroxyl group, a phenolic hydroxyl group, or a

carboxyl group.

3. A polymer compound according to claim 2, wherein a carbon atom adjacent to
the carbon atom bonded to the alcoholic hydroxyl group is bonded to at least one fluorine

20  atom.

4, A polymer compound according to claim 1, wherein the cycloaliphatic group

contains an adamantane backbone.
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5. A polymer compound according to claim 1, wherein R, represents the

cycloaliphatic group containing at least one hydrophilic group.

6. A polymer compound according to claim 1, wherein the hydrophilic group is at
least one selected from the group consisting of a carbonyl group, an ester group, an
alcoholic hydroxyl group, ether, an imino group, and an amino group.

7. A compound represented by a general formula (3):

Rz fo)

Ho\/o—(—cm—}n—@
(3)

(wherein R; represents a hydrogen atom, a fluorine atom, a lower alkyl group
containing 1 to 20 carbon atoms, or a fluorinated lower alkyl group containing 1 to 20

carbon atoms; X represents an oxygen atom; and n’ represents O or 1.).

8. A compound represented by a general formula (3):

Ra o

)_{o\/o—(—cm—)ﬂ—@
(3)

(wherein R; represents a hydrogen atom, a fluorine atom, a lower alkyl group
containing 1 to 20 carbon atoms, or a fluorinated lower alkyl group containing 1 to 20

carbon atoms; X represents two hydrogen atoms; and n’ represents 0 or 1.).

9. A polymer compound according to claim 1, comprising a structural unit (al)

derived from the compound according to claim 7.
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10. A polymer compound, comprising a structural unit (al) derived from the
compound represented by a general formula (2), and a structural unit (a3) derived from

(meth)ﬁcrylate containing a lactone-containing monocyclic or polycyclic group.
CHy Ry
O\/ n (2)
(wherein R, represents a cycloaliphatic group which contains no more than 20
carbon atoms and may contain an oxygen atom, a nitrogen atom, a sulfur atom, or a
halogen atom; n represents 0 or an integer of 1 to 5; and R, represents a hydrogen atom, a

fluorine atom, a lower alkyl group containing 1 to 20 carbon atoms, or a fluorinated

lower alkyl group containing 1 to 20 carbon atoms.).

I1. A polymer compound according to claim 10, wherein the structural unit (a3)
comprises at least two mutually different structural units derived from (meth)acrylate

containing a lactone-containing monocyclic or polycyclic group.

12. A polymer compound according to claim 10, further comprising a structural unit

(a4) derived from (meth)acrylate containing a polar group-containing polycyclic group.

13. A polymer compound a comprising a structural unit (al) derived from the

compound represented by a general formula (2):
c R
NoTe TR
(wherein R, represents a cycloaliphatic group which contains no more than 20
carbon atoms and may contain an oxygen atom, a nitrogen atom, a sulfur atom, or a
halogen atom; n represents 0 or an integer of 1 to 5; and R, represents a hydrogen atom, a

fluorine atom, a lower alkyl group containing 1 to 20 carbon atoms, or a fluorinated

lower alkyl group containing 1 to 20 carbon atoms.), and
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a structural unit (a6) represented by a general formula (4):

Ra

CoFaper

x_,..—D

CoFaant
o s (a)

(wherein R; represents the same as the aforementioned, X’ represents a divalent
or trivalent cyclic group, Y represents an alkylene or alkyleneoxy group containing 1 to 6
carbon atoms which is divalent, p and q independently represent an integer of 1 to 5, and

s represents an integer of 1 or 2.).

14. A photoresist composition comprising:

a base material resin component (A) which exhibits changed alkali solubility
under the action of an acid; and

an acid generator component (B) which generates the acid on exposure to
radiation, wherein

the base material resin component (A) is the polymer compound according to any

one of claims 1 to 6, and 9 to 13.

15. A photoresist composition according to claim 14, further comprising a nitrogen-

containing organic compound (D).

16. A resist pattern formation method comprising:

forming a photoresist film on a substrate using the photoresist composition
according to claim 14;

exposing the photoresist film; and

developing the exposed photoresist film to form a resist pattern.



