DESCRI PTI ON  ANTI - REFLECTI VE COATI NG FORM NG COWPCSI TI ON FOR LI THOGRAPHY
CONTAI Nl NG POLYMER HAVI NG ETHYLENEDI CARBONYL STRUCTURE Technical Field

[ 0001] The present invention relates to a conposition for form ng an
anti-reflective coating. Specifically, the present invention relates to an
anti-reflective coating that is wused as an underlayer of a photoresist

| ayer in |ithography process for manufacturing a sem conductor device, to
a conposition for formng the anti-reflective coating, and to a nethod for
form ng photoresist pattern by useDESCRWPTIOMoosi tion. Background Art

[ 0002] Conventionally, in the manufacture of sem conductor devices, mcro-
processi ng by |lithography using a photoresist conposition has been carried
out. The ANEHBREMEEEMENGOATINGIFORMIBNG COMPOSITIONFORILIDHOGRAPH YA t hin
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epicted, developing it to obtain a resist pattern, and etching the substrate using the
resist pattern as a protective film. However, in recent progress in high integration of
semiconductor devices, there has been a tendency that shorter wavelength actinic
rays are being used, i.e., ArF excimer laser beam (wavelength 193 nm) has been
taking the place of i-line (wavelength 365 nm) or KrF excimer laser beam (wavelength
248 nm). Along with this change, influences of random reflection and standing wave
of actinic rays from a substrate have become serious problems. Accordingly, it has
been widely studied to provide an anti-refiective coating between the photoresist and
the substrate (bottom anti-reflective coating).
As the anti-reflective coatings, inorganic anti-reflective coatings made of titanium,
titanium dioxide, titanium nitride, chromium oxide, carbon or a-silicon, etc. and organic
anti-reflective coatings made of a light absorbing substance and a high molecular
weight compound are known. The former requires an installation such as a vacuum
deposition apparatus, a CVD apparatus or a sputtering apparatus, etc. 1n contrast,
the latter is considered advantageous in that it requires no special installation so that
many studies have been made. For example, mention may be made of the acrylic

resin type anti-reflective coating having a hydroxy! group being a crosslink-forming



substituent and a |ight absorbing group in the sane nol ecul e as di scl osed
in US Patent No. 5,919,599 and the novol ak resin type anti-reflective
coating having a hydroxyl group being a crosslink-form ng substituent and
a light absorbing group in the sane nolecule as disclosed in U S. Patent
No. 5,693,691. The physical properties desired for organic anti-reflective
coating include high absorbance to light and radioactive rays, no
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coating and photoresist.

In addition, in a lithography process by use of ArF excimer laser beam (wavelength

193 nm), recently pattern collapse has become a problem with miniaturization of

photoresist pattern. It is thought towards this problem that pattern collapse is

prevented by making photoresists thinner and thus lowering the aspect ratio.

However, there is fear that making photoresists that acts as a mask in etching process

of semiconductor substrate thinner would cause any problems in substrate processing

by etching.

Therefore, it is considered for solving these problems to apply a process in which a
layer of inorganic material that is called a hard mask is used as an etching stopper.
As the hard mask, materials having absorption in a light of wavelength 193 nm, such
as silicon oxide nitride (SiON) or silicon nitride (SiN) are used in many cases. Thus,
it is considered that an anti-reflective coating used together with such a hard mask is
required to have a small attenuation coefficient (k) compared with the existing anti-



it is considered that an anti-reflective coating used together with such a
hard mask is required to have a small attenuation coefficient (k) conpared
with the existing anti 2 reflective coatings that are not used together
with a hard nmask. For exanple, in case where an anti-reflective coating
having a filmthickness of 20 to 50 nmforned on a hard mask of silicon
oxide nitride (SION) or silicon nitride (SIN) is used, it is presuned that
an attenuation coefficient (k) of the anti-reflective coating at light of a
wavel engeflecti@Scoatings thal areaiot usbd togethar with @.Hard maske x dioplexampds, in case
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conposition. Means for solving the Problem[0005] Taking the

above- n@ﬁga@gﬁg ogr!ﬁ\?&ﬂfonSt atus into account, the present inventors eagerly
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coat i ngP&xfelem terke selvedityibglaysitiosr ocess by use of a |ight having a short
wavel engido4]  An object of the present invention is to provide an anti-refiective coating

having a strong absorption to a light having a short wavelength, particularly ArF
excimer laser beam (wavelength 193 nm). Anocther object of the present invention is
to provide an anti-reflective coating that causes no intermixing with a photoresist layer
and is easily removed by dry etching compared with the photoresist layer. Further,
an object of the present invention is also to provide an anti-reflective coating that is
suitable for using together with a hard mask.

In addition, an object of the present invention is to provide an anti-reflective coating
-forming composition for lithography for forming the anti-refiective coating.

Further, an object of the present invention is to provide a method for forming
photoresist pattern by use of the anti-reflective coating forming composition.

Means for solving the Problem

[0005] Taking the above-mentioned present status into account, the present
inventors eagerly investigated, and as a result of it, they found that an anti-reflective
coating excellent for lithography process by use of a light having a short wavelength
can be formed from a composition containing a polymer having an ethylenedicarbonyl
structure, and they completed the present invention.

That is, the present invention relates to the following aspects:



can be formed froma conposition containing a polyner having an

et hyl enedi carbonyl structure, and they conpleted the present invention.
That is, the present invention relates to the foll ow ng aspects: 3 - as a
first aspect, an anti-reflective coating form ng conposition for

| it hography conprising: a polyner having a repeating structural unit of
formula (1) or (2): OHOHHOHI I I 1 I I RLOCGCCGCCGCQCCC (1) I 1
' 111 OR Al A2 A3AM A A OOOHOHHOMH T'1 1 1 1 1 +0-

O C C C QifaGirstadptet, dtlamreéflectide Adativy firmify sbepesitioR forkittof@aphy
mdependentlx of each other are hydrogen atom nethyl, ethyl or hal ogen
atom A'CQDPMSAY: A4 A5 A and A independently of one another are

hydr ogeng t rrmﬁﬂiyla repestidyy strudtutas uitof formuié (flaom@):a (3) or (4): 0 I
11 11 O - -04C -QL*C). O;T?) ~n O (4) wherein Q 1s C, _tb5alkyl ene,
phenyl ene, napht hyl ene @r ant bt yi@hHA and tHle (PH;H/I ene, naphthyl ene and
ant hryl enes may be subst|| t ut edlby Ia shbstltulent sellegt ed t mthe group
consi sting of . Sal ky}, 'Ircf(: v ro, i ano, hydroxy and
C, _ sal kyl thio, d n2 |n epe|nd tIy of ea h ther are a nunber of 0 or
1, X, 1Is érou rrula 30r ( 6-C -CC -NGCG

O O H OHH H OHH
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R R, A1A2A3 A456

wherein R, and R, independently of each other are hydrogen atom, methyl, ethyl or
halogen atom, A,, A,, A,, A, A;, A and A, independently of one another are hydrogen
atom, methyl or ethyl, Q is a group of formula (3} or (4): '

O

—o{c Q1{c 0— /Lij\_x1

(4)

wherein Q, is C,_.salkylene, phenylene, naphthylene or anthrylene, and the phenylene,
naphthylene and anthrylene may be substituted by a substituent selected from the
group consisting of C, ;alkyl, halogen atom, C, salkoxy, nitro, cyano, hydroxy and C,.
«alkyithio, n, and n, independently of each other are a number of 0 or 1, X, is a group
of formula (5), (6) or (7)

N

— 4 Vg
R4 R4 o Rs O
(5) (6) (7)

wherein R, and R, independently of each other are hydrogen atom, C,alkyl, C,.
calkenyl, benzyl or phenyl, and the phenyl may be substituted by a substituent




I 1 111 1l RARAEOR O (5 (6) (7)) wherein R3 and R4 i ndependently of
each other are hydrogen atom C 4alkyl, C3. Bal kenyl, benzyl or phenyl,
and the phenyl may be substituted by a substituent 4 selected fromthe
group consisting of C, $al kyl, hal ogen atom C, . Sal koxy, nitro, cyano,
hydroxy and C, -Sal kylthio, or R3 and R4 together may form C3.sring, R is
C, .6alkyl, C3. b5alkenyl, benzyl or phenyl, and the phenyl may be
substituted by a substituent selected fromthe group consisting of

C, $al ky|sel@@téd§m’m ﬁe)grm@ cosistiogyof G\ alkgl, hajogren, atohny @; galkomy, dhitro, cyano,
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defined above;, - as a third aspect, the anti-reflective coati ng formng

conposi t9 9 V?'gtr' l'ithography as described in the second aspect, wherein the
conpound axfa §econd asped) thesanti-refleptivencobating foomimgl confpidsition-fod lithograpincas

¢Co Cdescribed in the first aspect, wherein the polymer is a polymer produced by
polyaddition reaction of a compound of formula (8) or (9) with a compound of formula
(10):
R4 COOH

Pt (8)

HOOC Ry

HOOC COOH
= e
Ri Rz

H H 2
HC——C--C Q— C C—-—CH (10)
A 2 As A4 A5 As
wherein R,, R,, A,, A, A, A, As, Ag and Q are as defined above;
- as a third aspect, the anti-reflective coating forming composition for lithography as
described in the second aspect, wherein the compound of formula (10) is a compound
of formula (11):

0
H n
HC—C—C—0—
Y H
2
< }—c 0— C—C\-—-CHZ (11)
0
Cﬂm

wherein Y is C, alkyl, halogen atom, C, salkoxy, nitro, cyano, hydroxy or C,salkylthio,
m is an integer of 0 to 4, and when m is 2 to 4, the above-mentioned Y may be
identical with or different from each other;



(11) H2 () XOCCHR IHH2 Q (YYMwherein Y is C, -6al kyl, hal ogen atom
C, 4al koxy, nitro, cyano, hydroxy or C,.Salkylthio, mis an integer of 0 to
4, and when mis 2 to 4, the above-nentioned Y may be identical with or
different fromeach other; 5 - as a fourth aspect, the anti-reflective
coating formng conposition for |ithography as described in the first
aspect, wherein the polyner is a polyner having a repeating structural
unit of formula (12): OHOHHHOH 1 I I I 11 HOCGCCCQGCGGCGC OHH

H H H H_(d23 féurth a¥petitcthe datieflastiveéodting fabmaing compesition fdrtlithagraphy ast he
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OCCC@B-CCC14 OCH O HHH OHHO H whkr©H 2 is a group of fornula
(15), (16)y or (17): {1 I |
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wherein Q is as defined above;

- as a fifth aspect, the anti-reflective coating forming composition for lithography as
described in the first aspect, wherein the polymer is a polymer having a repeating
structural unit of formulae (13) and (14):

H OHH H OHH

0
1t b b
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—C U hhh hhh] @
0 H
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wherein Q, is a group of formula (15), (16) or (17):
o O O
u L J
O —, _C—0— —N""N— —N" "N—
| Rs R4 Rs
(15)
(16) (17)

wherein Y, m, R,, R, and R, are as defined above, Q, is a group of formula (18}:



00 OCO -NJ-N -NN OIl / O_~OONO (YYmMR5 (15) R3 R4 (16)
(17) wherein Y, m R3, R4 and R are as defined above, B is a group of
formula (18): 6 0 0 11 11 -O-CU-QCQ O (18) n3 n4 wherein A is

C, _75alky'llene, n3 and n4 independently of each other are a nunber of 0 or

1, - as a sixth aspect, the anti-reflective coating form ng conposition for
| ithography as described in the first aspect, conprising further a
crosslinking conmpound; - as a seventh aspect, the anti-reflective coating

form ng conmposion foQ!lithography as described in the sixth aspect,

rglher anygai d conpound; - as an eighth aspect, the
€
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- as an eighth aspect, the anti-reflective coating forming composition for lithography

as described in the sixth aspect, wherein the crosslinking compound is a nitrogen-

containing compound containing 2 to 4 nitrogen atoms substituted with methylol or

alkoxymethyl,

- as a ninth aspect, the anti-reflective coating forming composition for lithography as

described in the seventh aspect, wherein the acid compound is a sulfonic acid

compound;

- as a tenth aspect, the anti-reflective coating forming composition for lithography as

described in the seventh aspect, wherein the acid compound is a combination of a

iodonium salt based acid generator or a sulfonium salt based acid generator with a

sulfonic acid compound,;

- as an eleventh aspect, a method for forming photoresist pattern for use in

manufacture of semiconductor device, comprising the steps of:

coating the anti-reflective coating forming composition for lithography as described in

the first aspect on a semiconductor substrate, and baking it to form an anti-reflective

coating,

forming a photoresist layer on the anti-reflective coating,

exposing the semiconductor substrate covered with the anti-reflective coating and the

photoresist layer to light, and _

developing the photoresist layer after the exposure to light; and

- as a twelfth aspect, the method for forming photoresist pattern as described in the

eleventh aspect, wherein the exposure to light is carried out with ArF excimer laser

beam (wavelength 193 nm).

Effect of the Invention
[0006] The present invention relates to a composition for forming an anti-reflective



manuf acture of sem conductor device, conprising the steps of: coating the
anti-reflective coating form ng conposition for |ithography as described in
the first aspect on a sem conductor substrate, and baking it to forman
anti-reflective coating, formng a photoresist |ayer on the
anti-reflective coating, exposing the sem conductor substrate covered with
the anti-reflective coating and the photoresist layer to light, and

devel opi ng the photoresist |ayer after the exposure to light; and - as a
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{ .
t he preé ntTon conprises a polyner having a repeating structural
unit of formula (1) or (2) and a solvent. In addition, the anti-reflective

havi ng  Bert e 1o CRaG bBfu R Inkofidl <20 | 2“?2;' or (2) 0 & crossli ki ng

compoun0@0@] aTke lantirreflestiver¢nating forming composition for lithography according to
the present invention comprises a polymer having a repeating structural unit of
formula (1) or (2) and a solvent. In addition, the anti-reflective coating forming
composition of the present invention comprises a polymer having a repeating
structural unit of formula (1) or (2), a crosslinking compound and a solvent. Further,
the anti-reflective coating forming composition for lithography of the present invention
comprises a polymer having a repeating structural unit of formula (1) or (2), a
crosslinking compound, an acid compound and a solvent. Also, the anti-reflective
coating forming composition of the present invention can comprise other components
such as surfactants and rheology controlling agents, etc.
In the anti-reflective coating forming composition of the present invention, the polymer
having a repeating structural unit of formula (1) or (2) is an essential component.
The proportion of the polymer having a repeating structural unit of formula (1) or (2) in
the solid content in the anti-reflective coating forming composition of the present
invention is 50 mass% or more from the viewpoint of anti-reflective effect, preferably
60 mass% or more, for example 50 to 100 mass%, or 60 to 9 mass%, or 70 to 95
mass%. The proportion of the solid content in the anti-reflective coating forming
composition of the present invention is not specifically limited so long as each
component homogeneously dissolves in the solvent, for example it is 1 to 50 mass%,
or 5 to 30 mass%, or 10 to 25 mass%. In this specification, the solid content means



the anti-reflective coating form ng conposition for |ithography of the
present invention conprises a polyner having a repeating structural unit
of formula (1) or (2), a crosslinking conpound, an acid conpound and a
solvent. Also, the anti-reflective coating form ng conposition of the
present invention can conprise other conponents such as surfactants and
rheol ogy controlling agents, etc. In the anti-reflective coating formng
conposition of the present invention, the polymer having a repeating
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proportigig oz%the solid content in the anti-reflective coating form ng
corrposit(i AT t he present invention is not specifically limted so |ong as

each — canwemeula (Wpep@nRounl R dndemendentlyof eaeh s:gihareare,hy_rdmgmxat_qm,e it is 1
e ol TSth e CrERIRESS SR AunBerfints Ay ARLA A hdenchdbrtfi el R o
for Im gg m%sérbimrégﬁn htortagethyhyr éthymQ isha grouphef f_sxrhulanﬁ)mdﬁbﬂe'l‘he i ﬁ
exc edq. e antl:r ectl,v t « CO, I t hogra
accolrjdi glj"?%eflﬂ m 5 e ?tﬂﬁk%ﬁﬁ&ﬁ%ﬁ%%@ﬁﬁ%ﬁfwggwﬂ% a rgpegt ?/ng
st (r]I uctu galf?rlwnjla f(3)‘, (L(r:]is 134}, aalkyldne, phefiglene), napbthylene ¢rigntbryigrs, ard thend R2

I hdepen n or _e € . en
o APTSRyengnaRithyRnd nd SRMIERS i 6% Slbst ) o sBbdtuef sciBLea

hydr ogefromh ¢hve groafphydnsistingt of\C...alRyl, hatogenoatony IC.falkeuy,anire) cyanag, hydrorye
hal ogen _at i B &J\H}OH ne atom chlorine atom brom ne atomor iodine atom
In for Qq?]@)a Y ' Is C, _15al kyl ene, phenyl ene, napht hyl ene or anthryl ene,

and t he [0008]nyCenerete epéamipidscofaharatkyd ndude methytesthisk isapsepyl thadyl@nda
& 5al kENGTonRRY 8o C o Pl dioyes R Ay [ e @?‘ﬂ%@ééﬁ"é@ﬁ‘i‘?gﬂ atom
exanpl epentyloxye isapkypoxyrandidyclomexyoxy, etcy|Gonareleremmples-of the llkyitaio
oY1 SN o G Tl rable s ysinerghiesye “Thery.
al ky! t hhalogencitoneinchides | flucriog asomy chiorie atope hrgming atom, 6 ipding AtAMo and
cycl oheyd 1-hi8 exghipled Bfthe alkylene include straight-chain alkylene such as methylene,
ethylene, n-propylene, n-pentylene and n-octylene, etc., branched alkylene such as
2-methylpropylene and 1,4-dimethylbutylene, etc., and cyclic alkyiene such as
cyclopentylene, cyclobutylene, cyclohexylene and 2-methylcyclohexylene, etc. In
addition, in case where Q, is phenylene, naphthylene or anthrylene, the bonding
position thereof is not specifically imited. That is, for example there may be cases
where phenylene is bonded at 1- and 2-positions, at 1- and 3-positions, or at 1- and
4-positions, where naphthylene is bonded at 1- and 2-positions, at 1- and 4-positions,
at 1- and 5-positions, or at 2- and 3-positions, where anthrylene is bonded at 1- and
2-positions, at 1- and 4-positions, or at 9- and 10-positions, and the like, every cases
are possible. In addition, n, and n, independently of each other are a number of 0 or
1.
[0009] In formula (4), X, is a group of formula (5), (6) or (7). And, in formula (4}, in
case where X, is a group of formula (6), the structure thereof is represented by
formula (4-6), and in case where X, is a group of formula (7}, the structure thereof is

represented by formula (4-7).



hal ogen atom i ncludes fluorine atom chlorine atom bromne atom or iodine
atom Concrete exanples of the al kyl ene include straight-chain al kyl ene
such as nethyl ene, ethylene, n-propylene, n-pentylene and n-octyl ene,

etc., branched al kyl ene such as 2-nethyl propyl ene and

1, 4-di met hyl butyl ene, etc., and cyclic al kyl ene such as cycl opentyl ene,
cycl obutyl ene, cycl ohexyl ene and 2-net hyl cycl ohexyl ene, etc. In addition,
in case where Q is phenylene, naphthylene or anthrylene, the bonding
position therEiL i S not speci |caIIy limted. That is, for exanple there
may be cases ere phenylen s bonded at 1- and 2-positions, at 1- and
3-positions, ¢r at 1- and 4- 05|t|ons wher e napht hyl ene i s bonded at 1-

and 2- p03|tN at 1- and gtions, at 1- and 5-positions, or at 2-
and 3-posi th'ons, wher e ant | yI e IS bonded at 1- and 2-positions, at 1-
and 4- posi r at 9- 05|t|ons and the |like, every cases are

possi bl ) n, ananZ |G)jependently of each other are a nunber
of 0 or ) n%lnforrmlal(4) X, is a group of formula (5), (6) or
(7). And, in°forntla (4), in gase where X, is a group of fornula (6), the
structure thereof is represented by formula (4-6), and in case where X, is
a group of fdgfaqla (7), the(atz cture thereof is represented by formul a
(4-7). 9 0O IN- - NXN- OON--~-ORBRA1I R5 (4-6) (4-7) In
formul ae (5) and (6) R3 and R4 independently of each other are hydrogen

atom C, -,alkyl, C3_5al kenyl, benzyl or phenyl Concret | e f t he
al kyl arlref@-nuu@s (B)sanché)t Reaad Rujpdependantly of eagh stherargs \ﬂdﬁ%g%

I ncl ude égkgp?}nyélk%ﬁﬂ' ﬁeﬁ‘if}{l é"\ Ylet @onb?eté%?ﬂﬁléb of the a]k),ﬂra‘{é Qmﬁm

subst i t ut! y &°su

fr om t he cons g3 B i
C, . Sal kyhentipmedghovet o.@om;;eﬂgme@mp e gft @@,ﬂmp ué’g,gmggge na utenyl,
6a| Kyl t Rio. Ig‘%ﬂq‘gft?&r? tiﬁ_é(?ﬁﬁ ?%%bbhﬁlbﬁhiﬁl’éd b?b@b‘éﬂﬁ@ﬂlt ablectédfromathe gr oups

ment’i one ove { oge

formC3.5rin
i ncI udi groumeonsjstingaf ﬁtﬂkﬂmﬂﬁg%%amnaﬁdswx% B‘t Hoﬁlﬂ%‘bo hygrexy,a r?ql Ca
i ncl udesikwifieP UEBRErdt: Rtampids bPIRMYIRYI SalkbRPand aligithloode groaps iasg.
mentioned above. Further, R, and R, together may form C,ring including the
carbon atom to which R, and R, are bonded. Such a ring includes cyclobutane ring,
cyclopentane ring and cyclohexane ring.
in formula (7), Rs is C, salkyl, C,salkenyl, benzyl or phenyl, and the phenyl may be
substituted by a substituent selected from the group consisting of C,salkyl, halogen
atom, C,calkoxy, nitro, cyano, hydroxy and C, salkylthio. Concrete examples of the
alkyl, alkenyl, alkoxy and alkylthio are groups as mentioned above.
[0010] Concrete examples of the repeating structural unit of formula (1) or (2)
include for example the structure of formulae (19) to (34).
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In formula (7), R5 is C, .gal kyl, Calkenyl, benzyl or phenyl, and the phenyl
may be substituted by a substituent selected fromthe group consisting of
C, .eal kyl, halogen atom C, .6al koxy, nitro, cyano, hydroxy and

C, . 6al kylthio. Concrete exanples of the alkyl, alkenyl, alkoxy and

al kylthio are groups as nenti oned above. [0010] Concrete exanples of the
repeating structural unit of formula (1) or (2) include for exanple the
structure of fornmulae (19) to (34). 10 HOOHO OH CGCCOCCCNNGCC
OCeHHH HRHH OHONO(19) 1QOHOOHOoOH ,GCCOCCCGCGN

N-CCCtOCCHZI—H—I?HHZ (?Hioo C2H50 20)HOO—IOOO—|111
11 1 ,,C OCC CCO CGIC O 2 111 OH(21) HO
OH0O 1 i @if?u C:C'& —Cé_é_iccl; OCCHZHH(ZH)ZH
H2 O H{20—+CeCH 0 0 OH cH?szcHz -C 2 HH2 H2 H
H2) Ou o%(zlgl) 11 O
(19) |
0
G WG
,C—C—0—C—C—C—N" "N—C—C—C
0—-C—C H, H H H, H Hy
5 &< o
CoHg  CoHs
(20)
H oM 9o 9 o
¢C“C—OmC—C—C—O—C—<::>—C—O_C—C—C
O-%*? HoH Ho Ho H Hy
He ? OH
4C—C—O—C—C~C—0—C C-0—-C—C— C
0-C—C Ho H Hy Z::S H, H H2
o o ?
_é 4p—c—o~c—c—c—o—c &-0-c—-C- cj—

0-C—C Hy H Hy \[::( HyH H
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O0OHO H tOCCOCCCGCNNGGG~ HHH2 HHOANOH2Z HH2 (24) p O Ho
H~ ~-OCCGCOCGCCGCGCGNNGCGCGCCH HHR2 HHR OO HH (25 CGHs C2Hs OO
HOOM™M 11 111. 111-c¢ -{-OCCOH-OC-COHHH \\ 2HH2 2 2
HH((26). 00 OHOO ™ 11 11 1 11 0OCCGCOCGCCCGCOCCGCOGCCH HH
2 HH2 HH(27) OOCHQ | OOH +0CGCOGGCGCOCGCOGCGGCCH H HH
H HHR HH(28) 12 HOOHOO0OOMH ~CGCCOCGCCCGCOCZSOCGCH HH2 H2 H
H2 11 OH (29) HOOH OH
Q
T 9 oH . ¢
~€O-C C—O0—-C—C—C—N N—C-C—C%
>M< Hz H HZ)\ /&HZH Ho
H H O N° 0O
(24) L\ﬂ
9] O OH Q OH
D J

CoH CoH
@5 2° 2
" 0 OH 0 . OH
{-o—c c—o—c—-c—c—o-—-c—@—c-——o C—C—C
== HoH H, Ho H Hy
H H
(26)
0 o o OH
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,c-CGOGCGCGCGOt
oH 11111 OCG
COCGCGCGCGOC zsH2
COCCCGCOGC)-0
11 11 1 1

COCCC OCCHHH HR4HR HH 11 O
HH HH2 2 2 HH2 u OH (31) O0 CHO O
HH2 2 HH2 HH(32) OOOHOH 11 11 1 1 _
CCGC- t0OCH HH 2 4 R HH2 HH(33) O

H
OH
1

(30
f

) HOOH
o-C

O CH OH

-~-0CCOCCCGCOC-0CGCCGCCFr H2 HH2 H2 6 H2 HH2 HH(34) 13

[ 0011] The polyner having the repeating structural unit of formula (1) or
(2) <contained in the anti-reflective coating form ng conposition for

| i t hography accor d| 0 the presept invenption c be prod by for
exanpl e a poI yaddi t| eact | on corrp nd of orrrul a ( r 9) with a
conpound f or mul aJQ_ __Ahe _I ___ hayingg the r al unit
of formulfa (1) can anphe a d :g regaction of a
corrpoundét(b /1ic aci d c ddnd 2of 20|£| ﬁa

OH OH

H O
!
,/C—c—o-—c-»c—c—o{—ca—o-—c—c—-cj}

Ho H Hp H- HoH H

(30)
H O OH OH
/c--c—o—c—c-—c—-o(—c)—o—c—c C
o—(":—ci:/ Hy H Hp 'Hp® HxH Hy

H

{-o

0 OH OH
c—o—cac—c—o{—c)—o-c—c——c

HoH Hy  Ho* HyH Hy
‘H

(33)
OH OH

I
c o—c-—c--c—o{—ca—o—c ¢—C

HyH Hy " Hp® HzH Hp

(34)

H
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formula (8) with a conpound (di epoxy conpound) of forrmula (10) (the
followng reaction equation (R-1)). The polyner having the repeating
structural unit of formula (2) can be produced by for exanple a

pol yaddi ti on reaction of a conpound (dicarboxylic acid conpound) of
formula (9) with a conpound (di epoxy conpound) of fornula (10) (the
follow ng reaction equation (R2)). 14 RLCOHO HHO HCCCQCCCH
HOOC R2 + Al A2 AB A A5 A6 (8) (10) (R1) OHOKHHHOHHRL
OCCCQCCC A A2 A3MAA ORO(1) HOCCOOHO HHO >--< RR2
+ H-QCA-CHI (9 Al A2 A3 M5 A6 (100 (R2) 0O HOHHHOMHO _
OCCCQCCUOG RL R A A2 ABAM A5 A6 (2) Wen only the conmpound of
formula (8) and the conmpound of forrmula (10) are used for producing the

pol yrer i re i n ructural unit of f. | a Ltad S assuned
that t hiﬂﬁiiﬂ %ﬁ?’%‘?“”ﬁ%&‘f ﬁ&d‘ﬁﬁ' %ﬁ%ﬁém&lﬁ@ °Bkﬁ)y the
struct urcmfrwéﬂé@ rmﬂeaauﬁﬂ-}emtwe@eaﬁmg\mrﬁﬂmgxcbmpgbm?n;fbr lithogratp hiyreccerding
portion of, the oun Q
Pormoundodhe Piaseitiivertipn CndaBioliupsf by ke g 5 EOhEHfieh Thadih,o(%
r eloeat i mnmdumil wfarmulm (8) @f ( Qpnitmb h&drlii?ound ¢f formalasdOpd that the resulting
pol yner 0 stanti.a t
(2) a5 ritiBeis Devinbribpatreating it bnB Setortnife ( sifthe biaufiostibyRér °
[0012] Idxanm!@aqi(ﬂy@dﬂlﬁom eeantion \of audorhheund @dicarboxylic acid coppouadpof f or mul a
(8) or (f Rmula?B) with a compound (diepoxy compound) of formula (10) (the following

reaction equation (R-1)). The peolymer having the repeating structural unit of formula

(2) can be produced by for example a polyaddition reaction of a compound

(dicarboxylic acid compound) of formula (9) with a compound (diepoxy compound) of

formula (10) (the following reaction equation (R-2)).
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with a conpound of fornmula (10) in a solution state dissolved in an organic
sol vent such as benzene, toluene, xylene, ethyl lactate, butyl |actate,
propyl ene glycol nononethyl ether, propylene glycol nononethyl ether
acetate and N nethyl pyrrolidone, etc. In the reaction, a quaternary
ammoni um salt such as benzyltriethyl anmoni um chl oride, tetrabutyl anmoni um
chloride, and tetraethylammoni umbrom de, etc. can be used as a catal yst.
The reaction tenperature and reaction tine of the reaction depends on the
conpounds used therefor, the concentration thereof, or the like, but a
reaction time ranging from0.1 to lﬂb ho s or reaﬁlion tenperature

ranging fromBQq to ZOQnD(BHSU|tab talyst is used,
it can be usedq amount of O. 6fné;s a dﬁzgﬁ the total nass
of conposﬂsing ddltldﬁ th |on o t e cponmpound of formula
(8) or ( the co und of is ‘@ atio of 3:1 to

1: 3, preferably €82 to 2:3, or 5 4 to 4 5 of10) 1 shomn in the S??ﬂ?und of
formula (8) or (9) . the conpound of formula (10) In the anti-r ective
coating form ng conposition for I|thograp y, §éﬁ§iﬁ:ng to resent
invention, a polymer obtained by a actl xtur conmpounds

of formulae (8) and ( oflfo b also
used. In this case, _

repeating struete+» ynit of (1) nd'th repe stéﬁe tural uni t
of formula (2). Int ' n ‘ 1 e

formulae (8) and (9) i , the uséd proportion |s a m)l ar ratjfo of 3:1
to 1:3, preferably 3:2%0 3, or 54t31£1)5 or 1:1 shown in the m xture
of the conpounds of fornulae (8) and (9 t he conpound of fornula (10).
The reaction of the conmpound of forrmula (8) or (9) with the conmpound of
formula (10) can be carried out as follows, for exanple. The conpound of
formula (8) or (9) and the conpound of fornula (10) are dissolved in a
suitable organic solvent in a nolar~ ratio of 5:4 tga4:5, or 1:1 so that
total coppCati on oCOMOMH corrpouq@e i sHL0 to Ko ss%or 15 to 35 mass%

Then, a quater ni um sal tH4 asC_b t+Cet-yHamoni um chl ori de
or the like is ddde |n an gmount |of 1jto 5 npss$ qr 0.5 to 3 mass%
based on t heRot al £ of the copﬁpftm? A% for Al aAE8 (9) and the
conpound of for m.(Qa) (10) Ther eaf t 2@ t| on Can be carried out at a

reaction tenperature of 80 to 150C for a r on time of 3 to (ﬂ-zburs.
[ 0013] The conpound of formula (8) includes for exanple fumaric acid,
di hydr oxyfumaric acid and chl orofumaric acid, etc.

O H OHH H OHH

—— —60 - O— C--C C--Q—Cl}—C—C
Bl At Az Az As As Ag
Ro
2)

When only the compound of formula (8) and the compound of formula (10) are used
for producing the polymer having the repeating structural unit of formula (1), itis
assumed that the resulting polymer is a polymer having substantially only the
structure of formula (1) as repeating structural unit except the end portion of the
polymer. When only the compound of formula (9) and the compound of formula (10)
are used for producing the polymer having the repeating structural unit of formula (2),
it is assumed that the resulting polymer is a polymer having substantially only the
structure of formula (2) as repeating structural unit except the end portion of the

- polymer.
[0012] It is preferable to carry out the reaction of a compound of formuia (8) or (9)
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The conpound of fornula (9) includes for exanple maleic acid, nethyl mleic
acid, brononaleic acid, dibrononaleic acid, isopropylnmleic acid and
phenyl mal eic acid, 16 etc. The conmpound of forrmula (10) includes for
exanpl e di gl ycidyl terephthalate conpounds such as diglycidyl
terepht hal ate, diglycidyl 2,5-dinethylterephthalate, diglycidyl
2,5-diethylterephthal ate, diglycidyl 2,3,5,6-tetrachl oroterephthal at e,
diglycidyl 2,3,5,6- tetrabronnterephthalate di gl yci dyl

3, 8: ;LIOt ﬁg%@@ngfr of Tofint ep(ﬂph'q % tsélu'ﬁgﬁ sﬁétbrcﬁé%di%@heérﬁéi&dhﬁi gblgent
di met hylmmhambmaeneexoluade g ietfyyl Iazctgt%;]i/)gml {gc@,qtgr erpyiRnegi¥colet ¢, and

| ! gl yci dyl
"sopht nahdfighetyl BT Shopyles Yyl o far IRPLACE abetalle aRd -G, 1!
3-nitr mmﬂh’ylm’aﬂ dene,d?-tgl ylﬂ t!‘ﬂ fegctﬂlbrﬁ)qg@tﬁmwlaaﬂrgomu& éﬁ#@ﬁag |as

2- hydr%@ KA Ro gin%ﬁlﬁh%'te%aBMﬂ!lémMo?ﬂmﬁtchﬂirﬂeeandl gl ycidyl 2-

met hoxyi s

I'yci dyl 5-phen sopht h and further
i ncl ude§etrae@wmm9numbm idee el #3D eds ﬂhaé@tﬁhﬂg é’f’@;{? agliehal at e,

di gl
i g| ﬁ: g&lnp%r%tﬁ dé éﬁ@'g%%@tt]t tﬁne@J'f%é’#‘éé&ﬁbn%eﬂ:eﬁd@oh&hé@@hiplﬂ.mﬂbtdseﬂat e,

haI ate ht hal a %

di gI yC| dperefornthe @%ﬂ'&‘l%‘?@t eregf, ﬁfltﬁ?li' lﬂ’ﬁﬁhﬂﬁﬂ?ﬁ '@"géﬂﬁj AP dPay!
? orrrul a b%f?&ﬁ'ﬁg{r desBﬁ{lﬂ%ﬁn Ierec[zllaﬁ c %@P 520010 v q o

| u X | | as
175" gMbehghe Rotas is ued, 1o Be pePt a3 seutiRt 0 e LRSS baLEd
1, 3- gl glohothglbtain%atéé' I Olhmamdl nt 1, 3- (]ZI-I gl yC| dyI g met hyl hydant oi n,
1, 3-di ci e - ant o
iydant ot addiion, iepipeoRAn o e UL oThtEEHof (6) Sid hieEitilund of
ﬁ g dltglfdﬁmmu §1§) i%téwioiéi*rﬁﬂbbﬂa modmtgﬁ eram)ﬁadmhogat 3pmﬂ5rl4-t6415,tc{uy1 1d |

antoin ne an Ci

d h%(:t() Pﬁyﬂa&? %@?@?I@b)gh;dan%/m n,

5- pent afBPWRI B rt@e %Mﬂr& (gﬁ

1, 3-di glwmeiuhn-'ieﬂ&mwlcobmdgmmm cbrramutgiryror tithographydaacoydingitelthe

e O esdik el d w&#%?”?ﬁ%«f fnst AL B8 ol of "

bar bi t urdrenige @B)Céﬁﬂ) rmh md:nm poidndofifaympta (10)-canbedalsotusedoarm thisir i c

?Clgdd, é’p%q-:dbg réslélijl ﬁlg |_p5 r{llérg ﬁol%h%hgvﬁpghé i%;})%atﬁﬁ;' Sructural unit of formula
1, 3-di gmca heﬁ‘e@bhﬁh Strustubaltydit dffolmular 3. aln thie reaction, when a mixture of
L3 S oiodl o s DB BRI b feparion's 3 ot
S5- et hyl 053(11'fon‘EBhpieférabllyJBﬂrlpla 3par Hidttord: 5, arct:d shown in the mixture of the
1,3-dig| XF%IP%YI ds oﬁ qué/ (8) arPd (9) : the compound of formula (10).
The reaction of the compound of formula (8) or (9) with the compound of formula (10)
can be carried out as follows, for example. The compound of formula (8) or (9) and
the compound of formula (10) are dissolved in a suitable organic solvent in a molar
ratio of 5:4 to 4:5, or 1:1 so that total concentration of both compounds is 10 to 40
mass% or 15 to 35 mass%. Then, a quaternary ammonium salt such as
benzyltriethylammonium chloride or the like is added in an amount of 0.1 to 5 mass%
or 0.5 to 3 mass% based on the total mass of the compound of formula (8) or (9) and
the compound of formula (10). Thereafter, the reaction can be carried out at a
reaction temperature of 80 to 150°C for a reaction time of 3 to 30 hours.
[0013] The compound of formula (8) includes for example fumaric acid,
- dihydroxyfumaric acid and chlorofumaric acid, etc.
The compound of formula (9) includes for example maleic acid, methylmaleic acid,
bromomaleic acid, dibromomaleic acid, isopropylmaleic acid and phenylmaleic acid,
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bronoal | yl barbituric acid, 1,3-diglycidyl-5-(1-cyclohexyl)-5-ethyl mal onyl
urea, 1,3- diglycidyl-5-ethyl-5-(1-nethylbutyl) malonyl urea,

1, 3-diglycidyl-5,5-diallylnmalonyl urea diglycidyl, and

1, 3-diglycidyl-5-ethyl-5-n-butyl barbituric acid, etc. [0016] Further, the
compound of fornmula (10) includes for exanple diglycidyl isocyanuric acid
conpounds such as allyldiglycidyl isocyanuric acid, ethyldiglycidyl 17

i socyanuric acid, propyldiglycidyl isocyanuric acid, isopropyldiglycidyl

| socyanuggd.c acid, phenyldiglycidyl isocyanuric acid,

2-chloro enyldlegC|dyI | socyanuric acid, benz Id|g yci dyl isocyanuric
acid, an momuopungmmmwia(t%)ayahudeséoragxampletddglwzldvlltﬂepmaalatﬁnpound of

f | |
Compound ol HitiPac BW R@pitrdlate %gcwgid“éi"‘%‘ﬁwt%%ﬁfml yc?di‘f ©
é 2- ngprdlﬂhmw&eﬁ-dl& g;emubalaa.@ugiy@dxj@ a@Ls-neteaqhmefgpé i

T
Comsoun 14901 B oA ﬁ@*ﬁzﬁbﬁm;ﬁé@r s e
di car bo B&@t@maﬂimﬂ@se@ubala% diglyeiglyl 215t mrﬁmmt alate, dighyeidpbdbat e,
etc. [ Qfidh@dthyiter Ih%!a : aridl}ﬁ ﬂ'sdd@ﬁlof'&éf&ﬂh%élé@ et@fah@ia&ofuﬁélueégrml e

di gl
1I 8 Z;IC|%@J&ﬁlﬂﬁ@sapma!ﬁi@@pm@unda.sglpf)%Sdifoglgqsdzflgggemﬁ@tar@gHPE%/A Bokyl at e,

di gl yci Qiféhléro‘?scﬁifﬁhélﬁ@(w auﬂa;-hﬁebyécﬁﬂmala@ ai .wlz-ﬁs&nagapmnaaate
di car boxyl at e gl.yci dyl o3

1, 3-pen EC'QV'O%'PMQSP}WQOQI" hﬂ'@%;gli ?dytil i B’ﬁé atrﬁhégﬂ%dﬁ@ %'édzdl gl yci dyl

1, 4- but gRthoRy a%mé}dtétﬁad digwcwyl @yﬁheh s@pﬂtﬁﬂl%té“et@r aadylahér indludegci dyl
1, 6- hexape dica di gl yci dyl

1, 4- hex&tiglyeipy-ptiba F%F@npauggwuews dilglmfaﬂﬁﬁ%a*aleo% év‘?ée and
di gl yci Mophtﬂalawwy@tuyﬁ; b@&ltéﬁr@chleﬁo@htﬂéma% Neidyl anddishibrephitaiate] a

LS nZL%é’m@réwﬁeaﬁiqiro%@%e"Eeﬂdng‘iyﬁeﬂ zﬁ@pﬁgmﬁ@tﬁaﬁa@ﬂ%w@qﬁaﬁe
et her, hnd-digt mar@git@{ranh&bpﬁtr@yéteeéher 1, 4- napht hal enedi ol di gl yci dyl
T L CRNETe o A b i AL ECSe bl B
1, 4- benagagstion c@lm bMﬁﬂ@lshcwbbar 3-dig|yﬂc|d9ﬂutydanwuml1 gidiglycidglys, Sediphenyl
Lo hogiedia é?g*aﬁkwévrféfﬁmethﬂﬁag s A b SR,
etc. [@@&igly%?d)ilf&em?llﬁ ybhydaritom), 4,3-didlycidyhS-loerayd hpdarntbirf, dr3ul a (11)
g:iga:)ﬁoﬂg ﬁ'%ﬁyqfifgﬂ cé)i'y‘? 8@(@&@3&@%}%&? ’I"t‘?'ﬂﬁ}é ?&ﬁa'ﬂ%‘%ge? of 0 to
4, and diyytidylisSsmathiyd h@dahhm afyBthiglycidyl-5,5-tetramethylene hydantoin, 1,3-
diglycidyl-5,5-pentamethylene hydantoin, 1,3-diglycidyl-5-(4-hydroxybenzyl)
hydantoin, 1,3-diglycidyl-5-phenyl hydantoin, 1,3-diglycidyl-5-hydroxymethyl
hydantoin, and 1,3-diglycidyl-5-(2-cyanoethyl) hydantoin, etc.
[0015] In addition, the compound of formula (10) includes for example diglycidyl
barbituric acid compounds such as 1,3-diglycidyl-5,5-diethyl barbituric acid, 1,3-
diglycidyl-5-phenyl-5-ethyl barbituric acid, 1,3-diglycidyl-5-ethyl-5-isoamyl barbituric
acid, 1,3-diglycidyl-5-allyl-5-isobutyl barbituric acid, 1,3-diglycidyl-5-allyl-5-isopropyl
barbituric acid, 1,3-diglycidyl-5-B-bromoallyl-5-sec-butyl barbituric acid, 1,3-diglycidyl-
5-ethyl-5-(1-methyl-1-butenyl) barbituric acid, 1,3-diglycidyl-5-isopropyl-5-p-
-bromoallyl barbituric acid, 1,3-diglycidyl-5-(1-cyclohexyl)-5-ethylmalonyt urea, 1,3-
diglycidyl-5-ethyl-5-(1-methylbutyl) malonyi urea, 1,3-diglycidyl-5,5-diallylmalonyl urea
diglycidyl, and 1,3-diglycidyl-5-ethyl-5-n-butyl barbituric acid, etc.
[0018] Further, the compound of formula (10) includes for example diglycidyi
isocyanuric acid compounds such as allyldiglycidyl isocyanuric acid, ethyldiglycidyl
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mentioned Y may be identical with or different fromeach other. In the
nmeantinme, when mis 0 to 3, (4-m of other positions are hydrogen atons.
Concrete exanples of the al kyl, al koxy and al kylthio include groups as
menti oned above. Concrete exanples of the conmpounds of formula (11)

I ncl ude the above-nentioned diglycidyl terephthal ate conpounds, diglycidyl
i sopht hal ate conpounds, and diglycidyl phthalate conpounds. [0022] For
exanple, in case where fumaric acid and diglycidyl terephthalate are used

th
7 o SEPYARAA OH o B ot Bl U Bl g,
havi ng t BReRyldighycicyd issrcyapyiigiaeid, %@b}orae %mﬂ@ghr&tdyh@ograwmed unit. In

addi ti ong m S e conpound
of for m%"‘%‘ﬁ' R PO It Sdcy i Sta et

d f diql
1, 4- but k00 T&eg‘F%PG‘}'i‘(? e?wgmub?'réoﬁ %gst ﬁs?ﬁemqw@mapnqum

it is  egbhfRhgRS Eéhﬁd‘uﬁd&%&éﬁhhfuﬂ%yﬁhyl@ﬁ-daﬁ)h%él@hdﬂﬁfarﬂi@wmé diggycidy!
structur or mul ae y@aylrﬁgeat | str | ynits. [0023]

The pol yﬁérn%“‘ﬂ%'faﬁ@d"‘ﬁ{g?mat&n?l‘ qj@“*? {CRY fposi tion
for |itdiggeriyny @ﬁgﬂﬁtﬂhfémetd]cérb@xﬂé@s@[ﬁ i nvention includes a pol yner

BZV'pPgth@a 8hy prfftm? St o1 GrmbieHA0) phude Girgrrope dighiaah SoREeEHbound
of for mﬂ:@a:bb&}laté @@r%buﬁb@ sn@ﬁ hiﬁ'dli E @Wlfamﬁl‘éceaeIQMJ-diﬁarbdi)ejléteg:étwe
coat 119 B35L"h S9aRea. e e sERrRURLD) FRSHle AP SrPEOBNERR. o o
f or nul aealiphalic al‘vérl(:d;Matel meHd@rMa\s diglyicidyh 1 2-cysiohmanef ditanbonyiate, 15)
(360 O dhptbin 3 o it bl SRl Ehorbpre i BT
phenyl ertbglyaﬂyland-pmltanddilmnmwétp, dlbly@a:mh1p¢-bentameejlcarbnuy|hmf diglycidplr 1.
ot SRR HES RS AR bl Bl BB P e
such ashébfbatylale nrgtmdﬂrﬂeiimmdarie dicdibvaylage, diglygideht6-texane d:garboxylate
b G AR R B e, SN SR PO RS UEiafL I
(13) anoB-hmanedrcdnbo)grlwléuaﬂd diglycidyct, 24hexhnewi¢arbexylatepetds a conpound
St A 10 oo RERR Sl RoLhsh A0 B MarRls bRAEAN Sl
conpoungsmpanads isech@agpbdmbphthdlenedibbdiglycidyl ether, 2,6-naphthalenediol

diglycidyl ether, 1,2-naphthalenediol diglycidy! ether, 1,4-naphthalenediol diglycidyi

ether, 1,8-naphthalenediol diglycidy!l ether, anthracene-9,10-diol diglycidyl ether,

diglycidyl resorcinol, diglycidyl catechol, 1,4-benzenediol diglycidyl ether, 1,4-

butanediol diglycidyl ether, 1,6-hexanediol diglycidyl ether, 1,3-propanediol diglycidyl

ether, 1,5-pentanediol diglycidyl ether, and ethylene glycol diglycidyl ether, etc.

[0021] As the compound of formula (10), the compound of formula (11) can be

mentioned. In formula (11), Y is C,alkyl, halogen atom, C, galkoxy, nitro, cyano,

hydroxy or C, qalkylthio, m is an integer of 0 to 4, and when m is 2 to 4, the above-

mentioned Y may be identical with or different from each other. In the meantime,

when m is 0 to 3, (4-m) of other positions are hydrogen atoms. Concrete examples

of the alkyl, alkoxy and alkylthio include groups as mentioned above. Concrete

examples of the compounds of formula (11) include the above-mentioned diglycidyl

terephthalate compounds, diglycidyl isophthalate compounds, and diglycidyl phthalate

compounds.

[0022] For example, in case where fumaric acid and diglycidy! terephthalate are

used as the compound of formula (8) and the compound of formula (10), respectively,
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(35). /9Y HHOHC -C@-CCCH (35) HHHHHH For exanple, when fumaric
acid, 1,3-diglycidyl-5,5-diethylbarbituric acid and di gl yci dyl

1, 2-cycl ohexane di carboxyl ate are used for the production of the polyner,
it is estimited that the resulting polyner is a polyner having the
structure of formula (20) (in fornmula (13), Q2 is a group of fornula (16)
in which both R and R4 are ethyl) and the structure of fornmula (29) (in
formula (14), B is a group of fornula (18) in which both n3 and n4 are 1,

pol yner (L RURHECEEHCRRUIARD AGRTEE S pblinil Wiy (e siotut aiina The
cont ai ne(:21|)rasméemﬂtmgrsémcwal writ. c daaddiione fori exgmplepipsaseavhererfumaric
l'i t hogr aQJSIM i 6sed %’iﬁe cbﬁudoﬂﬁdﬂff?&?ggla '(QYE%WRWQ i % Qﬁggfjemhéate

reaction a conp rormul a

(10), asa%ﬂﬁ-BH@d'ealswalquvhemla%rearew@dl aithe qqmpcauui efifermula ¢19. Bnpounds
of form’és?tﬁ‘nét%l:l that thEdbsuBhl PolyiREm8 WnEislymie? Rading the TROEAMSs BRftrfllde t0 4

groups that can be reacted With an epoxy, for exanple hydroxy, thiol,
car boxy (@14 agHi(38) a%f@eat@ﬂcﬁtﬂﬁﬁﬁfféh%ﬁs having 1 to 4 epoxy groups and the

like, cepoRg]uge’ écﬂ?ﬁbhééntairfecﬁﬁctﬁé %Nléfeﬂé(&% dd%ﬁﬁg fOfrhingG d‘d?rw&ﬁfoir e

used am)un t her for exanp to 100 ma or

used S
50 nassqﬁ hograpl Y&CC?U'"EQ)t%%@%@?%f‘t’%f‘m'@&“@ﬁsﬁ)@P'WE@E ﬁ)ﬂ?"sﬁ'ﬁf the tot al
anount gép éhmgfmﬁl%ltcﬁfféﬁﬁﬂw(ﬁz .( Budtra gb@)nérm%{n s peEbdutetisy aeact i on.

The conpoyn avin oups, t can an epoxy, for
exampl e P ‘ﬂ‘ﬁf?‘g tign O?é‘éfpgﬁﬁﬁ'cﬁin‘ﬂ't'é&ﬁ%ﬁomQPE" Pﬁ@?rﬁlﬂ’(\g Hh) exanmpl e et hane
gl fjhl 0|t [0?2 Hh@ﬁﬁﬂ@ndﬁ édmtainedlin%@Qﬁﬂ@éﬁlfediivéfvoahng forming cognhpos:tlon for
i me am n e car pox cyanuric
ot ¢ sapy sa&?rﬂfreﬂo{ﬂa‘ﬁsdm#mﬂméerﬁtqnoé'sgf BoRRdTdiaving e | ane
S' ﬁmdne repeatirey @ﬂructugal@hhﬁl@@gcﬂ{ﬂ#m damepfianol and 4, 4 - o4
i hydro one avi ng 0,4 epoxy
o onps. TSR QB eletird ¢ fogna%o&@ GE@"}W} Do JR st oS
L etr ﬁgl Y@nmuh (dleﬁm Inaké pheimwhiel Nang | R3I RE ahdr%gi)azré CC @fu?dobﬂov@t hdn, and
i sp en i et i ke t ti-reflective
coat 1 no IR §SY ShefS Gresalyiond HnenyfEnee iy and e iepsRaeRll SE8ach Biner ats ng
the r epaaiumt;elsof(ﬂlot ar alTherdlkylede frmluddsefo(' éxample Sraightichain adiaderse sgtly or
as methylene, ethylene, n-propylene and n-pentylene, etc., branched alkylene such
as 2-methyl propylene and 1,4-dimethyl butylene, etc., cyclic alkylene such as
cyclopentylene, cyclobutylene and cyclohexylene, etc.
The above-mentioned polymer having the repeating structural units of formulae (13)
and (14) can be produced by reacting fumaric acid with a compound selected from the
group consisting of the compounds of formula (11), diglycidyl barbituric acid
compounds and diglycidyl isocyanuric acid compounds, and the compound of formula
(35).

H H R
HEp-0-arG-gon @
HHH H H H

For example, when fumaric acid, 1,3-diglycidyl-5,5-diethylbarbituric acid and diglycidyl
1,2-cyclohexane dicarboxylate are used for the production of the polymer, it is
estimated that the resulting polymer is a polymer having the structure of formula (20)
(in formula (13), Q, is a group of formula (16) in which both R, and R, are ethyf) and
the structure of formula (29) (in formula (14), Q, is a group of formula (18) in which
both n; and n, are 1, and Q, is 1,2-cyclohexylene) as repeating structural units.
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in a conbination of two or nore polyners. The pol yner having the repeating
structural unit of formula (1) or (2) contained in the anti-reflective
coating form ng conposition of the present invention has a nol ecul ar

wei ght of for exanple 1000 to 200000, or 3000 to 100000, or 4000 to 30000,
or 5000 to 20000 in terns of weight average nol ecular weight. [0027] The
anti-reflective coating form ng conposition for |ithography according to
the present invention can contain a crosslinking conmpound. The crossllnklng

conpoundrg OTHEPSA I hif bf fREMAAPDWIAR) haV| ng at
| east t 0@2 osTsI i nk yrfﬂg?ﬁbk?gé]&&‘&?ﬁgﬁ%rﬁd}ﬁeﬁweﬁgr abh%‘\%k@(ﬂ? For
corrpound%omfaiﬂeﬁld“ theugntireflestive qagting tesming C?"!RS’sﬁ'o@r 85 YeACHOS 'BS such

as | SOCYWE%@&MﬁventW%h Bé %%tﬁxceﬁW@)@é&hhﬁf%drﬂpﬁumaﬁforﬁmh (8
al koxynet hyl am noegr ous.)”Iﬂj etc used, r@ﬁe crossl i |ng coppoun

i ncl ude @fi ﬁﬁfwmﬁﬂﬁzﬁ%aﬁmmﬁ) cahaye. 2(')“ ceedrar ﬁ*énfour
nltrogena@dm@istw@éambeﬁd%ﬁ@nﬁa 2&0 O)abﬂﬁexwmpbmhdglsabhas

Concr o1 RgmbRRTS Revitad W4 segos bhan b el o Ao S Mexambic |1 e
hexamet heydeoRy, itiibl, carbEHY ARl afrfirid, BEL bﬁﬁbﬁmdwhdbmm?@ﬁtmmep@xybr&ﬁb 6-

tleér Zkgsélgcf &Qﬂ@{ gg%u %ﬂ%&gg?gﬁwgpgﬁqsa% Vheg these other compounds are
t et r aki afged]texused Biougt Herkof isifor xamplest ty 10O masstparts) or Seto 50 tha8s 3-
A QYOO AN A Rk St O 8153 YIRS S HETRO el the
1, 3- bi s(cmmbmmdmﬂfwmuléeE(S) th (1) heatyuszdiinithereddtionne, etc. In addition,
e ol BB RTREAAT 2 oo BATBHE bR bRy MO oy, s oo
conpoundeydnexy, thiok carsbxyyard amino, &y. éci@be forlexample ethisnendithiol, Qy3rel 300,
Yo e Bl St e i, 2R S ABARLE S YR
Cymel  Tarifloxyethylisotyarturiclachl, trised-barbakgpropylisoayaniris aCid; ethylererdianif® 65)
11 - PhelERe JPE shieFe iR Baotb i aroop(hd R 4T 1Tk ang
Cheni st m‘yhydrmahmimmﬂadfo(mc add thefike. Beckani ne J-300S, Beckani ne P-955,
can be. (oscarfifus i dito 4oai QigtBs ihcifus Tt e s @ ¥BRUREobIF
isocyanuric acid, tetraglycidyl diaminodiphenyimethane, bisphenol-A-diglycidyl ether,
and bisphenol-S-diglycidyl ether, and the like.
[0026] In the anti-reflective coating forming composition of the present invention, the
polymer having the repeating structural unit of formula (1) or (2) may be used singly or
in a combination of two or more polymers. The polymer having the repeating
structural unit of formula (1) or (2) contained in the anti-reflective coating forming
composition of the present invention has a molecular weight of for example 1000 to
200000, or 3000 to 100000, or 4000 to 30000, or 5000 to 20000 in terms of weight
average molecular weight.
[0027] The anti-reflective coating forming composition for lithography according to
the present invention can contain a crosslinking compound. The crosslinking
compound is not specifically limited, but crosslinking compounds having at least two
crosslink-forming substituents are preferably used. For example, compounds having
two or more, for example 2 to 6 crosslinkable groups such as isocyanate groups,
epoxy groups, hydroxymethylamino groups, and alkoxymethylamino groups, etc. can
be used.
The crosslinking compounds include nitrogen-containing compounds having one to
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by use of acrylam de conpounds or nethacryl am de conpounds substituted with
hydr oxynmet hyl group or al koxynet hyl group, such as

N- hydr oxynet hyl acryl am de, N- net hoxynet hyl met hacryl am de,

N- et hoxymet hyl acryl am de, and N- but oxynet hyl net hacryl am de, etc. Such

pol ymers include for exanple poly(N butoxynethylacrylam de), a copol yner
of N-but oxynet hyl acrylam de with styrene, a copol yner of

N- hydr oxynet hyl mat hacryl am de with net hyl met hacryl ate, a copol ynmer of
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st ruct ur@lep"’ﬂﬂ'in?' tr%?‘#ﬁf‘ﬂ“?ﬁ}ﬂg?”f%qqarﬁﬂ@“?oﬁgu%% a crosslinking
react i ontetrakiz(hethtexyrasthyhglstbkeil, i v8 468 etrakis(betlosymethyd)glycoluriidl Bak6a | ow
snaly  irekib SR ESDEReaRi S e TSP e A e Tt lect i ve
Ivent o e e e e nel e ot
exanpl o BePORPOMEI 2 AEE0sE azoftng . F 3PP ORGP frGD 4.5
; L i :‘j | ugrdimeattrlmsxy@r 2-&'1?1dnazoligomgielc. F?fédﬂiﬁriémlrth@ct@sﬁaﬁagwoimm,s may bey| }c _
i d, . i u | - oni c
2o d, 2 s HlebGirpaah orifinaihriolts W ST rBUEBRRRAA gbe
1- napht mélandns cbmpounds cnanufadtupgd byl iMitsuiriCitea@phtiitchl (nadenanerCymeti d,
. : : ; , ool
et d, oro0 BRSO E Gl SO RHR 300 Rl SR BN EN e delfing Bt RRRS! Y1 ! ©
addi t i orftradée aane: Mycoat G06¢ Myicoat 508), glyicdlugé cempounds (inade gemer: &yemeln aci d
ith h ' = . h ;
benzoi n?§Z9§§§Q§f9ﬁ*nﬁﬁE§§i9§ﬁ8§y§%i ziﬁgﬁﬁmﬁiﬁﬁﬁ 'f);\“,)&“ SR,
p-trifl vesiosttragée hamee [flOMAN 2 ' ) '
henvl - bi it i N _ i d
et uotbald O RE e s manbidchedhy PaRor MR FHCHERITC%: odoni um
sal t typrearpbtated (eade oames Beckamini 3009, Beckamine PrihtaBackanying i) isade,
di phenylg ogoni um trifluoronethane sul fonate, diphenyliodonium

nonaf | uoro-n-"but ane sul fonate, di phenyliodoni um perfl uoro-n-octane
sul f onalreaddiiophtheydrosslinkingrcompptinds thaticandieeysed include polymers produced

bi s(4- 1 gt SRUAHANEMYEE EORPBLHEY SR EtRACrylamide compounds substituted with
hydroxymethy! group or alkoxymethy! group, such as N-hydroxymethylacrylamide, N-
methoxymethylmethacrylamide, N-ethoxymethylacrylamide, and N-
butoxymethylmethacrylamide, etc. Such polymers include for example poly(N-
butoxymethylacrylamide), a copolymer of N-butoxymethylacrylamide with styrene, a
copolymer of N-hydroxymethylmathacrylamide with methylmethacrylate, a copolymer
of N-ethoxymethymethacrylamide with benzylmethacrylate, and a copolymer of N-
butoxymethylacrylamide, benzylmethacrylate and 2-hydroxypropylmethacrylate, and
the like.
These crosslinking compounds can take place crosslinking reaction due to self-
condensation. In addition, they can take place crosslinking reaction with a hydroxy
on the polymer having the repeating structural unit of formula (1) or (2). Due to such
a crosslinking reaction, the formed anti-reflective coating becomes tough, and has a
low solubility in organic solvents. The crosslinking compounds may be used singly
or in a combination of two or more.
[0028] The anti-reflective coating forming composition for lithography according to
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suffonate and bis(4-tert-butyl phenyl)iodoniuntrifl uoronethane suffonate,
and the like, sulfoniumsalt type acid generators such as

tri phenyl sul f oni um hexaf | uoroanti nonate, triphenyl sulfoni um nonafl uoro
n- but anesuf f onate, tri phenyl sul foni um canphor sul fonate and

tri phenyl sul foniumtrifluoronethane sul fonate, and the |ike, and

sul fonei m de conpound type acid generators such as N
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cont ent NEOSSTHIBEY AR MTBRMAsu I GRE ?“*é*ﬁgnﬁ;%’ Hiuordifbiibd e Sol!

st r uct ursadifonisi acid2 4-ginitioberizy), RheWEPls(tSlc losemethyhs-risging, @dNmass% or 60

to 90 ”ﬁﬁﬁ;’ G%?nﬂﬁfde%ﬂ%ﬁ%n éﬁééd‘#&h@ug? éi@”P?Hé‘QcidSchﬁﬁ?t?ﬁmbs 1to 50

mass% or mass9 e anti-r | ecti ve coatl ng rormn
COnposi tmeind@iodqmumr@étetmpe ﬁﬁlﬁ%@ﬁﬂ&fﬁt%%ﬁtlﬁh 8 dll’fll@wb@d%lﬁm havi ng t he

t d
onat he TexERleHepoRpe, piphen) fbdBildin'tidudtoniathand sediiats ipfifndoRm 1"
is as fcslqnaﬂyorq-néautaﬂe suléorpaieﬁiﬁheMWﬁglw@eM@ﬂ?@@ageﬁuﬁem@L uni t of
f | % that
277, 2 ot St pho SO, o s e {10

mass% énﬁonatatartsf rzsh%t%tt-butylnhﬂﬁybmﬁ!@nugntrtﬂuomqﬁbaee@‘»UEonatelenﬁﬁagd}é(@,r 0.1
to 5 magafbniliPsit tcyyéea ?bﬁé?&tbn%cédcﬁeaé?ﬂ%bﬁglshHéﬁuﬂﬂhémééﬁtﬁﬁoﬁétet he

present i nvention tal n conponents such as other polyners, [ight

absor bi #iphesiisaieaim meaﬂ@@rp n b@tﬂ!\eﬁulfth@feagmhngl§HH°@le &¥MRAPE, and t he
like, | Guf&wdteethd triphenylsulfonium trifluoromethane sulfonate, and the like, and

sulfoneimide compound type acid generators such as N-
(trifluoromethanesulfonyloxy)succinimide, N-(honafluoro n-
butanesulfonyloxy)succinimide, N-{camphorsuifonyloxy)succinimide and N-
(trifluoromethanesulfonyloxy)naphthalimide. As the acid compound, the sulfonic
acid compounds, iodonium salt type acid generators, sulfonium salt type acid
generators or sulfoneimide compound type acid generators are preferably used.
The acid compounds may be used singly or in a combination of two or more. For
example, as the acid compound, only sulfonic acid compounds may be used. In
addition, as the acid compound, a combination of a sulfonic compound and a
iodonium salt type acid generator, or a combination of a sulfonic compound and a
sulfonium salt type acid generator, or a combination of a sulfonic acid and a
sulfoneimide compound type acid generator can be used.

[0029] When the anti-reflective coating forming composition of the present invention
contains the polymer having repeating structural unit of formula (1) or (2) and the
crosslinking compound, the contained amount thereof in the solid content is as
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The ot her polynmers include polynmers produced from addition pol ynerizabl e
conpounds. They include addition polynerized polyners from addition

pol ymeri zabl e conpounds such as acrylic acid ester conpounds, nethacrylic
acid ester conpounds, acrylam de conpounds, nethacryl am de conpounds,

vi nyl conpounds, styrene conpounds, mal ei m de conpounds, mal ei ¢ anhydri de,
and acrylonitrile, etc. In addition, they include for exanple pol yester,
pol yam de, polyim de, polyam c acid, polycarbonate, polyether, phenol
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car boxy|dompmind is f8r éxampley0.89-to dfhnhat%ror Catd3Syhass%cary that of the acid
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10- br omjo03aht Tha @atieeflectivexgdatingdormingactmpesitioreef hePesentsinbentjon caraci d,
1-anthr (.C ' - nt. : n e
riol . ORI SRUREREDIHTH & ole MR INAEED g oo eSS .
hydr oxyleentrolliogagents dnthsarfattants)ianddbe dike 3f desicdbnzoi ¢ aci d,
2,4, 6-trhr 204 6- 10 (oI g Lo ) B T Y o IS benzoi c
aci d, Zﬂ‘%ﬁﬁg |P B&@ﬁ‘ﬁ%-‘éﬁﬁ’%%%@&%@gp‘é@?c%%,aggﬁiroﬁf?%%-e gk%g%r oxybenzoi c
aci d, andnipoundst r Theyinclddd additieg palyroerizecpolymees fromvadditiome | i ght
absor bi | LS 40.1 to
20 nacs POVIRTRALE cbietBfts shOF pEEES IR brfel EDffPounds) BlemaRi i ad
i ncl udeestar coxepminespaciyldmidescompouwrsis) methacrylapnde compasndgl vioyt hal at e,
di et hyl e RS I ; | Ut | sodecyl
pht hal afgmp%?'h? %’eStV%ﬁee, &gﬁ{) %‘f%&giﬁgg}éﬁnﬁ&@n S s&ghméﬁsagk?'h-%%ﬁ%y%dadi pate,
di i sobuagtylenitritede. din additiory| theyinchuds fasexample polyestaiapelyamide,he | i ke,
polyimide, polyamic acid, polycarbonate, polyether, phenol novolak, cresol novolak,
and naphthol novolak, etc. When the other polymer is used, the used amount
thereof is for example 0.1 to 40 mass% in the solid content.
[0031] The light absorbing compounds can be used without any limitation so long as
they have a high absorption for light at photosensitive characteristic wavelength
region of photosensitive components in a photoresist layer provided on the anti-
reflective coating. The light absorbing compounds include for example
benzophenone compounds, benzotriazole compounds, azo compounds, naphthalene
compounds, anthracene compounds, anthraquinone compounds, triazine compounds,
triazine trione compounds, quinoline compounds, and the like. Concrete examples
are for example 1-naphthalene carboxylic acid, 2-naphthalene carboxylic acid, 1-
napththol, 2-naphthol, naphthyl acetic acid, 1-hydroxy-2-naphthalene carboxylic acid,
3-hydroxy-2-naphthalene carboxylic acid, 3,7-dihydroxy-2-naphthalene carboxylic
acid, 6-bromo-2-hydroxynaphthalene, 2,6-naphthalene dicarboxylic acid, 9-
anthracene carboxylic acid, 10-bromo-9-anthracene carboxylic acid, anthracene-
9,10-dicarboxylic acid, 1-anthracene carboxylic acid, 1-hydroxyanthracene, 1,2,3-
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mal ei ¢ aci d conpounds such as di-n-butyl naleate, diethyl naleate, dinonyl
mal eate, or the like, oleic acid conpounds such as nethyl ol eate, butyl

ol eate, tetrahydrofurfuryl oleate, or the |like, stearic acid conmpounds
such as n-butyl stearate, glyceryl stearate, or the |like. Wen the

rheol ogy controlling agent is used, the used anount thereof is for exanple
0.001 to 10 mass% in the solid content. [0033] The surfactants include for
exanpl e, nonionic surfactants such as polyoxyethylene al kyl ethers,e.qg.,

pol yoxyeéﬁlﬁ}eﬁiéﬁd tAYY, ELhﬁrBWmeﬂﬂim@é @-aﬁt‘lﬁi’ééﬁe #iol) Penzoic acid, 4-
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sorbitan triol sor.bi st earat.e ne
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n tu n.ln
trade n I%ﬂ&,&%ﬂs@é&@g d’ﬁ?&ﬁm 5&@ F%c?%@&%?mgﬁﬁ%gaﬁhﬁl"&gt ed),
trade nanaleic/sRMicofpdiindd@Suth asfdﬂm:hw Babiite, mmm2d1n03m2l8m104,

ool yner SKis B AR EPwBlp ARk ot FRan i pteate. Bl ol ™05 o7

sur f act Mmydwfummddﬂmtesonw&/hka stearicadid campounds suobasrn—hqusteamiﬂ, t he

Ut ot B st S TpTRE. Sk 880 EPyRAInG SHERE s ot e e

anti-r eiahvmintﬂeereohisn fog ekampien. 00d rtp Al masstedh théeolighcestent. | nvention is

Ot SDERRBHE ke TR Bl BtoP B pE ol PRE s ot o

et hyl enpotyoxyethylemeraikylletherst eqg., poigokydthylené daoylether mlucacyewlgne

ool oS0 Larisaha, By Lyl pORRRTE e B sngl 10 e ! veo

pr opy! epelygkyethylemeralkyltailyl ethiehs; re.g.c polyoxyethyleppl aoty pl'@lnptethqar opyl et her

acet at ey} Bl UGS S SH)F phEFbINBthef BRY! péIGbARRRyIENS/FBROXYBRIYYRene block
copolymers, sorbitan fatty acid esters, e.g., sorbitan monolaurate, sorbitan
monopalmitate, sorbitan monostearate, sorbitan monooleate, sorbitan trioleate,
sorbitan tristearate, etc., polyoxyethylene sorbitan fatty acid esters, e.g.,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monopaimitate,
polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan trioleate,
polyoxyethylene sorbitan tristearate, etc.; fluorine based surfactants, e.g., trade name:
EFTOP EF301, EF303, EF352 (manufactured by Tochem Products Co., Ltd.), trade
name: MEGAFAC F171, F173, R-08, R-30 (manufactured by Dainippon Ink and
Chemicals, Inc.), trade name: FLUORAD FC430, FC431 (manufactured by Sumitomo
3M Limited), trade name: ASAHI GUARD AG710, SURFLON S-382, $C101, SC102,
SC103, SC104, SC105, SC106 (manufactured by Asahi Glass Co., Ltd.);
organosiloxane polymer KP341 (manufactured by Shinetsu Chemical Co., Ltd.), etc.
The surfactants may be added singly or in combination of two or more. When the
surfactant is used, the used amount thereof is for example 0.0001 to 5 mass% in the

solid content.
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cycl ohexanone, ethyl 2-hydroxypropi onate, ethyl

2- hydr oxy- 2- nmet hyl propi onate, ethyl ethoxyacetate, ethyl hydroxyacetate,
met hyl 2-hydroxy- 3-net hyl but anoate, nethyl 3- nethoxypropionate, ethyl

3- et hoxypropi onate, ethyl 3-ethoxypropionate, nethyl 3- ethoxypropionate,
met hyl pyruvate, ethyl pyruvate, ethyl acetate, butyl acetate, ethyl

| actate, and butyl lactate, etc. These solvents are used singly or in
conbi nation of two or nore. Further, high boiling solvents such as
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and thereafter the substrate is baked to fabricate an anti-reflective coating. The

conditions of baking are suitably selected from baking temperature of 80 to 250°C and

baking time of 0.3 to 60 minutes. Preferably the baking temperature is 130 to 250°C

and the baking time is 0.5 to 5 minutes. The thickness of the anti-reflective coating is

for example 0.01 to 3.0 um, or preferably for example 0.03 to 1.0 pm, or 0.03 t0 0.5

um, or 0.05t0 0.2 um.

Then, a photoresist layer is formed on the anti-reflective coating. The formation of

the photoresist layer can be conducted by well-known process, that is, by application

of a photoresist composition solution on the anti-reflective coating and baking.

The photoresist to be formed on the anti-reflective coating of the present invention is

not specifically fimited so long as it is sensitive to an exposure light, and any of

negative type and positive type photoresists can be used. The photoresist includes a

positive type photoresist consisting of a novolak resin and 1,2-naphthoquinone

diazide sulfonic acid ester, a chemically-amplified type photoresist which consists of a

photoacid generator and a binder having a group which is decomposed with an acid
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a photoacid generator, a binder having a group which is deconposed with an
acid and increases the alkali dissolution rate, and a | ow nol ecul ar wei ght
conmpound which is deconposed with an acid and increases the al kal

di ssolution rate of the photoresist. Also, it includes fluorine
atom cont ai ni ng pol ymer type photoresist as nmentioned in for exanple,

Proc. SPIE, Vol. 3999, 330-334 (2000), Proc. SPIE, Vol. 3999, 357-364
(2000), or Proc. SPIE, Vol. 3999, 365-374 (2000). Subsequently, exposure to
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The developer includes for example alkaline aqueous solution e.g., an aqueous

solutions of alkali metal hydroxide such as potassium hydroxide, sodium hydroxide or

the like, aqueous solution of quaternary ammonium hydroxide such as

tetramethylammonium hydroxide, tetraethylammonium hydroxide, choline or the like,

an aqueous solution of amine such as ethanolamine, propylamine, ethylenediamine

or the like. Further, surfactants can be added in these developers. The condition of

development is suitably selected from a temperature of 5 to 50°C and a time of 10 to

300 seconds.

Then, removal of the anti-reflective coating and processing of the semiconductor

substrate are conducted by using the photoresist pattern formed as mentioned above

as a protective coating. The removal of the anti-reflective coating is conducted by

use of a gas such as tetrafluoromethane (CF,), perfluorocyclobutane (C,F,),

perfluoropropane (C,F,), trifluoromethane, carbon monoxide, argon, oxygen, nitrogen,

sulfur hexafluoride, difluoromethane, nitrogen trifluoride and chlorine trifluoride, etc.

[0036] Before forming the anti-reflective coating of the present invention on a

semiconductor substrate, a fiattening coating or a gap-fill material layer may be
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used, it is preferable that the flattening coating or the gap-fill materi al
| ayer is fornmed. The sem conductor substrates on which the anti-reflective
coating formng conposition of the present invention is applied my be
substrates on which an inorganic anti-reflective coating is forned by CVD
method or the like, and the anti- reflective coating of the present

I nvention can be fornmed thereon. Further, the anti-reflective coating of
the present invention can be used as a Iayer for preventing an interaction

bet ween fdime3ubsh Ezaéémﬁfé?'e %?ﬁlé&iﬂuﬁfcﬁ%u& vﬁr‘?@’l‘é‘l g%été[p@.‘ébr Holéiard | on
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[0037] A tager Haawﬂg agﬂmf:tnarh et Prévente d@m@mmmumrfoﬁmum the éutﬁétraae of
furnaric ci.d, benz Itrle or.i de we
di ssol véti gﬂ"@@ UQE% %‘Ft""%?‘b GX‘HRE arTSdJ el 'ﬁge'f’rfoit ure was

react ed raéuding @\nfyq:Fmé’d'uhQ éﬁécltéf the k|‘!ih®tclire§|st5 Rlyet bpithe Qém&tcmdllmdr sublstraty .
GPC anal ysi s, showed that wei ght average nolecul ar wei ght of the obtained

pol yner gclElg @V?rr n terms of standard polystyrene). |In the nmeanwhile, it
| s assunraddbitioh, tmﬁa@m@ﬂemdemhﬂn@fom@cﬁfrmlthwnuh'eﬂeam/d d:’@atlrgﬁominge of

Ll s TR hs il bt At oam AL B8 AR Bn) S o
Cheni calg it¥for thendubathate 5n Q\ihlch ofa Holemarefortied, amahwhizhag u;edfm dual
Y| aiaabene brass UMY i art Bl Usde i Yeening Heht 16t fteRirif e
surface of semiconductor substrate having unevenness.
Hereinafter, the present invention will be described based on examples further
concretely but the present invention is not limited thereto.
Examples
Synthetic Example 1
[0037]  After 12.00 g of glycidyl 1,2-cyclohexane dicarboxylate, 4.60 g of fumaric
acid, and 0.45 g of benzyltriethyl ammonium chloride were dissolved in 68.22 g of
propylene glycol monomethyl ether, the mixture was reacted at 130°C for 24 hours to
obtain a solution containing a polymer. GPC analysis showed that weight average
molecular weight of the obtained polymer was 5800 (in terms of standard polystyrene).
in the meanwhile, it is assumed that the obtained polymer is a polymer having the
structure of formula (29) as a repeating structural unit.
Synthetic Example 2
[0038] After 10.00 g of 1,4-butanediol diglycidyl ether (manufactured by Yokkaichi
Chemical Company, Limited), 5.92 g of fumaric acid, and 0.58 g of benzyltriethyl
ammonium chloride were dissolved in 66.01 g of propylene glycol monomethyi ether,
the mixture was reacted at 130°C for 24 hours to obtain a solution containing a
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the m xture was reacted at 130C for 24 hours to obtain a solution
containing a 27 polyner. GPC anal ysis showed that wei ght average nvol ecul ar
wei ght of the obtained polyner was 4800 (in terns of standard
polystyrene). In the neanwhile, it 1is assuned that the obtained polyner is
a polynmer having the structure of forrmula (30) as a repeating structural
unit. Synthetic Exanple 3 [0039] After 12.00 g of diglycidyl phthal ate
(manuf actured by Nagase Chentex Corporation, trade name: Denakol EX721),

4.56 g opolyniar i GRT afalysitsHbwisd maWeugmrawlré & wiclsdulzrwaightiof thel or i de

M xture: GRGIRELER g%%a?v}aé@@q br s ﬁ?tg“%{C%L}ER' wetenedo! tn Prreaniile it ng o
pglt ymer drs@%lﬁumw thait mesmmmftﬂymbﬁis]gm?@n?ra?mnmhl etmturw Iﬂfﬂ‘t’r;uri@’(BO)he

obt ai ned_pal yner,. was erns o andar 0 ren n

meanwhi Iﬂg %W@“%ﬂﬁﬂé& '&rﬁ\'nt t he obt ai ?led pol yrrgr Y: )alt ;e)oleilrrer hav?ng t he
struct urSynthbtlé@mm (22) as a repeating structural unit. Synthetic
ogace QRS o, afiv B apit Bl biletle B lmah Bl ABy NoadE [hetibtrcy o
ggi c213 anGofpadstiony tmfddammyet DenakdﬂyEEXZﬂﬂjpmﬁﬁrg ohfurnariteasids andiDstiog wéd 11 n
1300 1 or SRS HEBYF Aot cniBBaE WRre HlssBlysilin delft § S blomusre abBE 21 2
s BSWEd tmanonmitmetlweu@mimtelewas eeacted ghd 3040 farri24 boursitoabtaiola/seutioms |
10000 | |

that  t neoulifRlFEE boBERIG e 2nshi Sited s Wi RS frotedyewaiht T°
(2312 ?nS) of the pbtained petynten was 7200i(in. tedns ohstandakk polystyréng)004nthef t er 30. 00
Cho cal Beuhic. {1 fsstifled BEUROUB bSR3 BolyMEhing Y Sifdture
benzyl t rﬂféﬂﬁﬁwla (aahaﬁampeatlm stnectuealemm ssolved in 175.60 g of propyl ene

gl ycol H@q gpf the m xture was reacted at 130C for 24 hours to
obt ai n lut1 on o ai ni ng pol ynmer. GPC anal ysis showed that wei ght

aver age [ﬂ%@]cul Hftercicg® gaif dlgiyécldyiliempl‘éhalﬁtﬁ (manufackired by dNagaset er ns of
ey GRS 05 REor bR bRy 471) S A5 gl a0 8o
st ruct urgoef hanzyltnethyl ammomum chloride were dissolved in 92. 23 g of propylene glo
monomethyl ether, the mixture was reacted at 130°C for 24 hours to obtain a solution
containing a polymer. GPC analysis showed that weight average molecular weight
of the obtained polymer was 10000 (in terms of standard polystyrene). In the
meanwhile, it is assumed that the obtained polymer is a polymer having the structure
of formula (21) as a repeating structural unit.
Synthetic Example 5
[0041]  After 30.00 g of monoallyl diglycidyl isocyanuric acid (manufactured by
Shikoku Chemicals Corporation), 12.55 g of fumaric acid, and 1.23 g of benzyitriethyl
ammonium chloride were dissolved in 175.60 g of propylene glycol monomethyl ether,
the mixture was reacted at 130°C for 24 hours to obtain a solution containing a
polymer. GPC analysis showed that weight average molecular weight of the
obtained polymer was 22000 (in terms of standard polystyrene). In the meanwhile, it
is assumed that the obtained polymer is a polymer having the structure of formula (19)
as a repeating structural unit.
Synthetic Example 6
[0042]  After 13.75 g of monoallyl diglycidyl isocyanuric acid, 5.00 g of glycidyl
1,2-cyclohexane dicarboxylate, 7.67 g of fumaric acid, and 0.75 g of benzyltriethyl
ammonium chioride were dissolved in 108.7 g of propylene glycol monomethyl ether,
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Synthetic Exanple 6 [0042] After 13.75 g of nonoallyl diglycidyl

I socyanuric acid, 5.00 g of glycidyl 1,2-cyclohexane dicarboxylate, 7.67 g
of fumaric acid, and 0.75 g of benzyltriethyl amonium chloride were

di ssolved in 108.7 g of propyl ene glycol nononethyl ether, 28 the m xture
was reacted at 130C for 24 hours to obtain a solution containing a

pol ymer. GPC anal ysis showed that wei ght average nol ecul ar wei ght of the
obt ai ned pol yner was 14000 (in terns of standard polystyrene). In the
meanwhi | the iixtue was vezsied 3t 301C fatehoed tpabtainra sclutiomobytainingpavi ng t he
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gl ycol m)norret ure was reacte or ours to

obt ai n apalymer.i dEPEOamaiVﬁBrSQOWEGﬁbaWeIth arerageanglecylas weight oftbe wei ght

I 8
ot andar Paf g it f%% 100D th 1Rk i 3eshd2el R IBRe), 1R the reetiier
pol yrer i asaum@uyhat heaatitaipedipolyneuistaipelymsr haammmeestrt(citgpsaa{ lmd;neas
repeat|3gggéﬁ#3 dﬁ%réﬂ@éﬂﬁgs%iﬁﬁfu@ts'zxa”pl e 9 [0045] After 11.32 g of

nonoal | 'socydnuri c acl of 1,4- butanediol diglycidyl
et her, QsmhgtlmExamm(ch acid, and 0.93 g of benryltr| ethyl amoni um
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cont ai nibwganediol diglycidyl ether, 9.47 g of fumaric aC|d and 0.93 g of benzyltriethyl
ammonium chloride were dissolved in 125.5 g of propylene glycol monomethyl ether,
the mixture was reacted at 130°C for 24 hours to obtain a solution containing a
polymer. GPC analysis showed that weight average molecular weight of the
obtained polymer was 9800 (in terms of standard polystyrene). In the meanwhile, it
is assumed that the obtained polymer is a polymer having the structures of formulae
(19) and (30) as repeating structural units.
Synthetic Example 9
[0045] After 11.32 g of monoallyl diglycidyl isocyanuric acid, 8.00 g of 1,4-
butanediol diglycidyl ether, 9.47 g of fumaric acid, and 0.93 g of benzyltriethyl
ammonium chloride were dissolved in 118.9 g of propylene glycol monomethyl ether,
the mixture was reacted at 130°C for 24 hours to obtain a solution containing a
polymer. GPC analysis showed that weight average molecular weight of the
obtained polymer was 8000 (in terms of standard polystyrene). In the meanwhile, it
is assumed that the obtained polymer is a polymer having the structures of formulae
(19) and (30) as repeating structural units.
Synthetic Example 10
[0046]  After 14.32 g of diglycidyl terephthalate, 5.00 g of glycidyl 1,2-cyclohexane
dicarboxylate, 7.67 g of fumaric acid, and 0.75 g of benzyltriethyl ammonium chloride
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pol ynmer. GPC anal ysis showed that wei ght average nol ecul ar wei ght of the
obt ai ned pol ymer was 8000 (in terms of standard polystyrene). In the
meanwhile, it is assuned that the obtained polynmer is a polymer having the
structures of forrmulae (19) and (30) as repeating structural units.
Synthetic Exanple 10 [0046] After 14.32 g of diglycidyl terephthalate, 5.00
g of glycidyl 1,2-cyclohexane dicarboxylate, 7.67 g of fumaric acid, and
0.75 g of benzyltriethyl ammoniumchloride 29 were dissolved in 111.0 g of

propy! engegd ui‘s@,bwéanﬁm v ofphpylerid @y e&mﬁbﬁan | efheAthedniturd e for 24
hours to Obtalnﬁi @ rtlon cont ai nin % %@hg{ C anal ysis wed t hat
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anmoni u ngyuc ?@”HSssolved in 111.89 g of propyl ene glyco
nDnonethsynm@heEyahnmgnnxture was reacted at 130C for 24 hours to obtain a
solutio ain d .t hat er age
ol ccul A0URH Gt 9B e Touekihleranhi e ARG a3 25 -BHgk
pol yft yrqaoaljboxylaté WESTYgawf\fﬁbtriaeic acld, :cemdalmﬁrgaof tiérﬂyltﬂd?layl afnsoniant ¢hdbdeer i s
a pol yner 21 2 I ng
struct ur‘g?r @Vé%%ﬁ{a#g H§ Ign%gnfqygﬁa%oﬁqtﬁyl %féeg%%ﬁlﬂ“”g?%m dyl
t er epht heheteet at31 BOCgop 4 hotrd td abiach alsollitiphyetintaihinged pelymes. 2GRL of
fumari c agi
di ssol vt $85w Sy WarRlonb Siknbot mabritar MRt BN iF BT uAs. s
react ed 8800 (18 @Enfsoof Rdndhandrpolystyr@nedi nintheoheanwhile; dris assumgdahagbthener .
GPC anal ysli | ght ' t ai ned
ool ynor diBameBdifier S3f halfie? Ry ohB T BRBE o B fad B uiind ERGR 7o
i s assumepeafing striretucdlumiteed pol yner is a pol yner having the structures of
formul a . s repeating structural units. Synthetic Exanple 13
[ 0049] %"{n@étfgég%g idl glycidyl terephthalate, 7.00 g of 1, 4-butanedi ol
di gl yci Q048]  After 15.47 g of diglycidyl terephthalate, 3. 50 g of 1 4-butaned|ol diglycidyl
ether, 8.29 g of fumaric acid, and 0.81 g of benzyitriethyl ammonium chloride were
dissolved in 112.3 g of propylene glycol monomethyl ether, the mixture was reacted at
130°C for 24 hours to obtain a solution containing a polymer. GPC analysis showed
that weight average molecular weight of the obtained polymer was 7000 (in terms of
standard polystyrene). In the meanwhile, it is assumed that the obtained polymer is
a polymer having the structures of formulae (21) and (30) as repeating structural units.
Synthetic Example 13
[0049]  After 10.32 g of diglycidyl terephthalate, 7.00 g of 1,4-butanediol diglycidyl
ether, 8.29 g of fumaric acid, and 0.81 g of benzyltriethyl ammonium chloride were
dissolved in 105.7 g of propylene glycol monomethyl ether, the mixture was reacted at
130°C for 24 hours to obtain a solution containing a polymer. GPC analysis showed
that weight average molecular weight of the obtained polymer was 6500 (in terms of
standard polystyrene). In the meanwhile, it is assumed that the obtained polymer is
a polymer having the structures of formulae (21) and {30) as repeating structural units.
Synthetic Example 14
[0050] After 15.16 g of diglycidy! phthalate (manufactured by Nagase Chemtex
Corporation, trade name: Denakol EX721), 5.00 g of glycidyl 1,2-cyclohexane
dicarboxylate, 7.67 g of fumaric acid, and 0.75 g of benzyltriethyl ammonium chloride
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ether, 8.29 g of fumaric acid, and 0.81 g of benzyltriethyl amonium
chloride were dissolved in 105.7 g of propyl ene glycol nononethyl ether,
the m xture was reacted at 130C for 24 hours to obtain a solution
containing a polynmer. GPC anal ysis showed that weight average nol ecul ar
wei ght of the obtained polyner was 6500 (in ternms of standard
polystyrene). In the neanwhile, it is assuned that the obtained polyner is
a polymer having the structures of formulae (21) and (30) as repeating
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f or mul aeSyMAptiaExaqiPe 16s repeating structural units. Synthetic Exanple 15
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di ssol vefelpeatinglstr@ctgramnpisopyl ene glycol nononmethyl ether, the m xture was

react ed hours to obtain a solution containing a-polyner.
GPC anal gtno%\éerﬁbletzﬁ%t wei ght average nol ecul ar wei ght of the obtai ned

pol yrer [0&&2]680G\f(err16t:§f goof diglycidymhdhalate; 13y30 g rof ied-butanediad diglgeidpli | e, it

|'s assuigptod B3g § BEARRLAL 88D, BRY YWY g'of benzyltriethyl ammonium chloride were
dissolved in 115.9 g of propylene glycol monomethyl ether, the mixture was reacted at
130°C for 24 hours to obtain a solution containing a polymer. GPC analysis showed
that weight average molecular weight of the obtained polymer was 6800 (in terms of
standard polystyrene). In the meanwhile, it is assumed that the obtained polymer is
a polymer having the structures of formulae (22) and (30) as repeating structural units.
Synthetic Example 17
[0053]  After 10.91 g of diglycidyl phthalate, 7.00 g of 1,4-butanediol diglycidyl
ether, 8.29 g of fumaric acid, and 0.81 g of benzyltriethyl ammonium chloride were
dissolved in 108.1 g of propylene glycol monomethyl ether, the mixture was reacted at
130°C for 24 hours to obtain a solution containing a polymer. GPC analysis showed
that weight average molecular weight of the obtained polymer was 5600 (in terms of
standard polystyrene). In the meanwhile, it is assumed that the obtained polymer is
a polymer having the structures of formulae (22) and (30) as repeating structural units.

Example 1

[0054] in 10 g of the solution containing the polymer obtained in Synthetic
Example 1, 0.5 g of tetramethoxymethyiglycoluril (manufactured by Mitsui Cytec Co.,
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a polynmer having the structures of fornulae (22) and (30) as repeating
structural units. Synthetic Exanple 17 [0053] After 10.91 g of diglycidyl
pht hal ate, 7.00 g of 1,4-butanediol diglycidyl ether, 8.29 g of fumaric
acid, and 0.81 g of benzyltriethyl anmmonium chloride were dissolved in
108.1 g of propyl ene glycol nononethyl ether, the m xture was reacted at
130C for 24 hours to obtain a solution containing a polynmer. GPC anal ysis
showed that weight average nol ecul ar wei ght of the obtained pol yner was
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solutions for lithography prepared in Exanples 1 to 17 were coated on

sem conductor substrates (silicon wafers) by nmeans of a spinner,
r espect iDigsglution desbint RlaoterasistGolverter s were baked at 205C for 1 ninute on

a hot plighsef 0 HHJHALACELE SOhtNG féRfthd BEmMpobitiol doNufdHAFF ithography
prepared in Examples 1 to 17 were coated on semiconductor substrates (silicon
wafers) by means of a spinner, respectively. The coated silicon wafers were baked
at 205°C for 1 minute on a hot plate to form anti-reflective coatings (film thickness
0.10 um). The anti-reflective coatings were dipped in solvents used for photoresists,
such as ethyl lactate and propylene glycol monomethyl ether, and as a result it was
confimed that the resulting anti-reflective coatings were insoluble in these solvents.
Test of Intermixing with Photoresist
[0057] The anti-reflective coating forming composition solutions for lithography
prepared in Examples 1 to 17 were coated on semiconductor substrates (silicon
wafers) by means of a spinner, respectively. The coated silicon wafers were baked
at 205°C for 1 minute on a hot plate to form anti-reflective coatings (film thickness
0.10 um). On each of the resulting anti-reflective coatings, a commercially available
photoresist solution (manufactured by Shipley Corporation, trade name: UV113) was
coated by means of a spinner. The coated wafers were heated at 120°C for 1 minute
on a hot plate to form photoresist layers. After exposure of the photoresists to light,

post exposure bake was performed at 115°C for 1.5 minute. After developing the
photoresists, the film thickness of the anti-reflective coatings was measured and it
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0.10 pm. The anti-reflective coatings were dipped in solvents used for
phot oresi sts, such as ethyl lactate and propyl ene gl ycol nononethyl ether,
and as a result it was confirned that the resulting anti-reflective
coatings were insoluble in these solvents. Test of Intermxing with

Phot oresi st [0057] The anti-reflective coating form ng conposition
solutions for lithography prepared in Exanples 1 to 17 were coated on

sem conductor substrates (silicon wafers) by means of a spinner,
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Similarly, a photoresist solution (trade name: PAR710 manufactured by Sumitomo
Chemical Co., Ltd.) was coated on a silicon wafer by means of a spinner. The
coated silicon wafer was baked at 95°C for 1 minute on a hot plate to form a
photoresist layer. Then, dry etching rate was measured with RIE system ES401
manufactured by Nippon Scientific Co., Ltd. under the condition in which
tetrafluoromethane was used as dry etching gas. The dry etching rate was
compared between the anti-reflective coatings formed from the compositions of
Examples 1 to 5§ and photoresist PAR710 manufactured by Sumitomo Chemical Co.,
Ltd.. The results are shown in Table 1. In Table 1, selection ratio means the etching
rate of each anti-reflective coating formed from each composition of Examples in case
where the dry etching rate of the photoresist PAR710 is regarded as 1.00.
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Simlarly, a photoresist solution (trade nanme: PAR710 manufactured by
Sumtonmo Chemical Co., Ltd.) was coated on a silicon wafer by neans of a
spinner. The coated silicon wafer was baked at 95C for | mnute on a hot
plate to forma photoresist |ayer. Then, dry etching rate was neasured
with RIE system ES401 manufactured by N ppon Scientific Co., Ltd. under
the condition in which tetrafluoronethane was used as dry etching gas. The
dry etching rate was conpared between the anti-reflective coatings forned
fromtheyggmppsitions of Exanples 1 to 5 and photoresi st PAR710

manuf actured by Sumitono Chemical Co., Ltd.. The results are shown in
Tabl e 1. tio peans fhe_etchlnn rate of each

anti-reflective coati ng formed frqm eachggepmisRhtion of Exanpl es in case
where the dry etching rate of the photoresist PAR/10 is regarded as 1.00.

33 Tabl e . ‘Exanple 2 1.61

0. 11 1. SExEpiDIe 3 1684 0.40 1611 Exarpl e 4|g, 50 0.44 1.6 Example 5 1.83
0.33 1.9, Exa i 77 0.26 1. Exanmple 7 73 0.20 1.7 Exanple 8 1.76
0.24 1. 9EX#¥R 672 0. 22 1%11Exarrp|e 11051 59 0.34 1.6 Exanple 11
1.59 0. 25xémpie;§xanp1 6412 1.57 436 1.6 Example 13 1.58 0.28 1.6 Exanple
14 1.55 ?%B|e 15 1.57 %.25 1.6 anple 16 1.54 0.34 1.6
Exanpl e )farj'_np 0.28"'996 From t 8% results % Table 1, it was found t hat

t he ant iExarhbecﬁl ve tBatings prapaged fromtde anti-reflective coating

form ng £2 I’FRSISeIéI ons 9.} t he pr esoc?ﬁé i nventi qr‘b had a

Example 7 1.73 0.20 17
Example 8 1.76 0.24 1.9
Example 9 1.72 0.22 1.8
Example 10 1.59 0.34 1.6
Example 11 1.59 0.26 1.6
Example 12 1.57 0.36 1.6
Example 13  1.58 0.28 1.6
Example 14 1.55 0.32 1.6
Example 15  1.57 0.25 1.6
Example 16 1.54 . 0.34 1.6
Example 17  1.56 0.28 1.6

From these results in Table 1, it was found that the anti-reflective coatings prepared
from the anti-reflective coating forming compositions of the present invention had a
higher selection ratio of dry etching rate compared with photoresists. Therefore, time
required for removing the anti-reflective coating by dry etching can be shortened, and
undesirable phenomenon that film thickness of photoresist layer is reduced
accompanied with removal of anti-reflective coatings by dry etching can be inhibited.



hi gher selection ratio of dry etching rate conpared with photoresists.
Therefore, time required for renoving the anti-reflective coating by dry
etching can be shortened, and wundesirable phenonmenon that filmthickness
of photoresist layer is reduced acconpanied with renoval of
anti-reflective coatings by dry etching can be inhibited. 34 CLAIM5S 1. An
anti-reflective coating form ng conposition for |ithography conprising: a
pol ymer having a repeating structural unit of formula (1) or (2): 0O HOHH H
OHH | Igjlame! RL _ OGCCGCCGCQGCGGC (1) ORI A A2 ASAM AS A6O OOH
OHHHOH T'T'1 111 O_O0OCCCQRCGCCj- (2) Al A2 A3 AMA A5 A6 RL R2
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ethyl orq, hal Ogeﬂnﬁhﬂ%ﬂé’ctlve%atlﬁgyfor%n RampSsititfoflithoafsitsneanplisingf  one
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wherein R, and R, independently of each other are hydrogen atom, methyl, ethyi or
halogen atom, A, A,, A, A,, As, As and A, independently of one another are hydrogen
atom, methy! or ethyl, Q is a group of formula (3) or (4):

0
N

N N—

o{c Q1{c 0 P

(4)
wherein Q, is C,_,salkylene, phenylene, naphthylene or anthrylene, and the phenylene,
naphthylene and anthrylene may be substituted by a substituent selected from the
group consisting of C, salkyl, halogen atom, C, salkoxy, nitro, cyano, hydroxy and C,.
. ealkyithio, n, and n, independently of each other are a number of 0 or 1, X, is a group
of formula (5), (6) or (7)

N

C C—C N—C—
l ] L
R4 R4 O Rs O

(5) -~ (6) (7)

wherein R, and R, independently of each other are hydrogen atom, C,salkyl, C;
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-G -GG -NC RARAOR O (5 (6) (7)) wherein R3 and R4 independently
of each other are hydrogen atom C, .ealkyl, C3_ 35 6al kenyl, benzyl or
phenyl, and the phenyl may be substituted by a substituent selected from
t he group consisting of Cl_6al kyl, halogen atom C, $al koxy, nitro, cyano,
hydroxy and C,.al kylthio, or R3 and R, together may formC3.6ring, R is
C, $al kyl, C, 6al kenyl, benzyl or phenyl, and the phenyl may be
substit ut ed by a substituent selected from the group consi sting of

C, . al kyl
al ky falmc}ﬁi’qge%hdﬂiaesohwaéﬂ@mé _Ipﬁléﬁyl %aW@QQbstltbhéﬂrbv(d saﬂéhtuent

C, . 6al kyTthi o, |-reflect|vec

Conposi t$©|ﬁcﬁegrff¢mtth©@F@M?Oféﬁ!&@gﬁ@f@wﬂh‘y L.aleggm at 0\% ETB! 9€ﬁﬂol s a
pol ymer W&é&éﬁ%ﬁdw amyuﬁﬁdbfw&na%%?efhe@inéy foﬁv‘@ﬂDOlﬁﬁg isf QF fakyd, (:§) O
(9) with ound' fornmul a (9)

) o b s Ao iy sy ReRbY 8 SHBE RO .
R2, A, dedecttd frift thé\arodb cEisistidPorC Aalide Halegeradews . C 3alkblg, nitro, cyano,

anti-reflective coatin form g conposition for |ithography accor di ng to
cl ai m 2, hyghexyapdiGrea Wﬁ'@uﬁﬁ of formula (10) is a conpound of fornula
(11): H Hsolvent G- CCGCOC OH ~I>JH-02 (11) CCCH

2. The anti-reflective coating forming composition for lithography according to
claim 1, wherein the polymer is a polymer produced by polyaddition reaction of a
compound of formula (8) or (9) with a compound of formula (10):

R COOH

=TT @

HOOC R,

HoOoC COOH
Pan (©)
R R2

H H R
HC C C-Q—C— c CH (10)

A1 Az A3 A4 As As
wherein R,, R,, A, A,, Ay, Ay, As, Ag and Q are as defined above.

3. The anti-reflective coating forming composition for lithography according to
claim 2, wherein the compound of formula (10) is a compound of formula (11):
O
H i

Hzc-——/c C—0— c

Ha
<>—c o— c—-—c CH, (1)
o

(Y)m

wherein Y is C, qalkyl, halogen atom, C, qalkoxy, nitro, cyano, hydroxy or C,zalkylthio,
m is an integer of 0 to 4, and when m is 2 to 4, the above-mentioned Y may be



H2 O (YYmwherein Y is Cl-,al kyl, hal ogen atom Cl1.6al koxy, nitro, cyano,
hydroxy or Cl.(r)alkylthio, mis an integer of 0 to 4, and when mis 2 to
4, the above-nentioned Y may be 36 identical with or different from each
other. 4. The anti-reflective coating form ng conposition for |ithography
according to claim1l, wherein the polyner is a polynmer having a repeating
structural unit of formula (12): O HOHHHOHH HOCGCCCGCQCCGC OHHH
HHH(12) O H wherein Qis as defined above. 5. The anti-reflective

coati ng ,agﬁmﬂgv,ﬂpémﬁégén@noﬁpéaéﬁbﬂ@raphy according to claiml1, wherein
the polyner is a polyner having a repeating structural unit of formnulae
(13) and (14): OHOHHHOH HOCGCCGCCE-GCCGC HHH HHH (13) OH OO H

\?h'“" HOH | | ITHe bnﬁ-r%ﬂefctﬁé Gokting Binfin sﬁ?onlfbﬁlthbbfdﬁriyl doobrdihy té
erern c%in% ? \?Ihgge?# eopolypnrer is a pgo yn)ler l'gavu%g a relgeat?ng structura? unit o?formula
(12):

wherein Q is as defined above.

5. The anti-reflective coating forming composition for lithography according to
claim 1, wherein the polymer is a polymer having a repeating structural unit of
formulae (13) and (14):

H OHH H OHH

o
T
H 0—C—C—C—Q,-C—C—C
—C W RG] o
o) H
o

(14)

wherein Q, is a group of formula (15), (16) or (17):
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11 11 CCO0- -NAN -N", N -OCrL(Y)YMO-:--j.>\ O0y0 (15 R3 R4 RS
(16) (17) wherein Y, m R3, R4 and R5 are as defined above, @B is a group
of formula (18): OO0 11 11 -0 {CHU4~CO- (18) n3 n4 wherein Q4 is

C, _15al kyl ene, n3 and n4 independently of each other are a nunber of 0 or
1. 6. The anti-reflective coating form ng conposition for |ithography
according to claiml, conprising further a crosslinking conpound. 7. The
anti-reflective coating form ng conposition for |ithography according to
claim®6, conprising further an acid conmpgynd. 8. The anto reflective
coating form ng conpositi for lithography according tog claim®6, wherein
the crosslinking conpound 's a mtrogen- ont ai ni ng conpolind contai ning 2
to 4 nitrogen &}ons sti ui@d_wi hArhytg—or alkepNMetN4— 9. The

anti-reflectivd co orm ng conpos tlon for I i t hography according to
yd corrpound i & . 10. The
{j\pl m ng co Si ogr aphy aetording to

0

claim 7, "Wh
anti-reflective coawm

claim7, wherein the aci mpound is R corFBJ;nat | on of i odoni um sal t
based acid gener 3?}) or a sulfonium sa? based acid gerléPator with a
sul fonic acid cong d. 11. A nethod for form ng photoresist pattern for
use in manufacture of semiconductor de\i@e, conprisinfl¥he steps of,
coating the anti-reflective coating form ng conposition for |ithography
accor di nghérein $8m¢ Rg) R} And R are @si definéd @bove s Gh i agreup ehfbrivada (1B)it to
forman anti-r Iectlvgcoatl ng, formng a photoresist layer on the

anti-refl ectl coatin exposi ng the sem conductor substrate covered with

t he antl-r and tlgj photoresi st layer to light, and
devel opi ng ayer( ter the exposure to light. 12. The

met hod for form n photoréslst pattern according to claim 11, wherein
wherein Q, is C,_,salkylene, n, and n, independently of each other are a number of 0 or

1.

6. The anti-reflective coating forming composition for lithography according to
claim 1, comprising further a crosslinking compound.

7. The anti-reflective coating forming composition for lithography according to
claim 6, comprising further an acid compound.

8. The anti-reflective coating forming composition for lithography according to
claim 6, wherein the crosslinking compound is a nitrogen-containing compound
containing 2 to 4 nitrogen atoms substituted with methylol or alkoxymethyl.

9. The anti-reflective coating forming composition for lithography according to
claim 7, wherein the acid compound is a sulfonic acid compound.

10. The anti-reflective coating forming composition for lithography according to
claim 7, wherein the acid compound is a combination of a iodonium salt based acid
generator or a sulfonium salt based acid generator with a sulfonic acid compound.

1. A method for forming photoresist pattern for use in manufacture of

semiconductor device, comprising the steps of:
coating the anti-reflective coating forming composition for lithography according to
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the exposure to light is carried out with ArF exciner |aser beam
(wavel ength 193 nm. 39

claim 1 on a semiconductor substrate, and baking it to form an anti-reflective coating,

forming a photoresist layer on the anti-reflective coating,
exposing the semiconductor substrate covered with the anti-reflective coating and the

photoresist layer to light, and
developing the photoresist layer after the exposure to fight.

12. The method for forming photoresist pattern according to claim 11, wherein
the exposure to light is carried out with ArF excimer laser beam (wavelength 193 nm).
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