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25 The trend towards the miniaturization of semiconductor devices has led to
the use of new photoresists that are sensitive to lower and lower wavelengths of
radiation and has also led to the use of sophisticated multilevel systems to
overcome difficulties associated with such miniaturization.

The use of highly absorbing antireflective coatings in photolithography is
30  one approach to diminish the problems that result from back reflection of light
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It is necessary to have a bottom antireflective coating that functions well at
exposures less than 300 nm. Such antireflective coatings need to have high etch
rates and be sufficiently absorbing with the correct refractive index to act as

25 antireflective coatings.

SUMMARY OF THE INVENTION

The invention describes an antireflective coating composition which

30 contains a novel polymer without an aromatic chromophore, which finds



nmore nitrogen and/or sulfur atonms or contain one or nore al kene groups.
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more nitrogen and/or sulfur atoms or contain one or more alkene groups.

The present invention also relates to a coated substrate comprising a

substrate having thereon an antireflective coating layer formed from the

25 antireflective coating composition disclosed herein, where the antireflective
coating layer has an absorption parameter (k) in the range of 0.01 < k < 0.35
when measured at 193 nm. In addition, the present invention also relates to a
process for forming an image comprising, a) coating and baking a substrate with

the antireflective coating composition disclosed herein: b) coating and baking a

30  photoresist film on top of the antireflective coating; c) imagewise exposing the

photoresist; d) developing an image in the photoresist; e) optionally, baking the



ha: half neasure WD 2010/ 004378PCT/|1B2009/ 005486 Fig. 2 shows di spersion
curves show ng anonal ous di spersion effect for coating exanple 2, neasured
by spect rwecopiw4EBl i psonetry. wa denotes wavel engt h. 5PDETB0EDS486

DESCRI PTI ON OF THE | NVENTI ON The invention describes an _
antireflective coating conposition which contains a novel polymer without
an aromatic chronophore, which finds 10 applications in anti-reflective
coating materials in high NA Iithography. The materials have ultra high
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2010/ 004BUBHETIVEBHDO MAQ2E86 the refractive mdex n' of the antireflective film and '
lowers the absorption parameter 'k’ of the antireflective film; and b) forming the
15 photoresist film on top of the antireflective film. In some instances, the diol, triol,
dithiol, trithiol, other polyols, diacid, triacid, other polyacids, diimide, diamide, or
imide-amide can be chosen such that the absorption maximum of the polymer in
the antireflective coating composition is less than the exposure wavelength for
the photoresist and where the exposure wavelength is between the half height of
20  the absorption band of the polymer in the antireflective coating composition and
the absorption minimum on the long wavelength side.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 illustrates the principle of anomalous dispersion with the following
meanings:

Ca: Cauchy correlations

Ex A: Exposure A (high n low k region)
30  ab: absorption band

ha: half measure
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The present invention also relates to a coated substrate comprising a
substrate having thereon an antireflective coating layer formed from the
antireflective coating composition disclosed herein, where the antireflective
coating layer has an absorption parameter (k) in the range of 0.01 < k < 0.35

5 when measured at 193 nm. In addition, the present invention also relates to a
process for forming an image comprising, a) coating and baking a substrate with
the antireflective coating composition disclosed herein; b) coating and baking a
photoresist film on top of the antireflective coating; c) imagewise exposing the
photoresist; d) developing an image in the photoresist; e) optionally, baking the

10  substrate after the exposing step.

The present invention also relates to a coated substrate comprising a
substrate having thereon an antireflective coating layer formed from the
antireflective coating composition disclosed herein, where the antireflective

15 coating layer has an absorption parameter (k) in the range of 0.01 < k < 0.35
when measured at 193 nm. In addition, the present invention also relates to a
process for forming an image comprising, a) coating and baking a substrate with
the antireflective coating composition disclosed herein; b) coating and baking a
photoresist film on top of the antireflective coating; c) imagewise exposing the

20  photoresist; d) developing an image in the photoresist; e) optionally, baking the
substrate after the exposing step. In addition, the present invention also relates
to a process for forming on a substrate an antireflective film and a photoresist
film sensitive to an exposure wavelength, comprising a) forming an antireflective
film on a substrate, where the antireflective film is formed from the antireflective

25  coating composition of present invention where the diol, triol, dithiol, trithiol,
diacid, triacid diimide, diamide, or imide-amide in the antireflective coating
composition is chosen in such a way that the absorption maximum of the polymer
in the antireflective coating composition is less than the exposure wavelength for
the photoresist and where the exposure wavelength is between the absorption

30 maximum and the absorption minimum on the long wavelength side of the
absorption band of the polymer in the antireflective coating composition, resulting
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in an anomalous dispersion contribution to the refractive index of the
antireflective film that raises the refractive index 'n' of the antireflective film and
lowers the absorption parameter 'k' of the antireflective film; and b) forming the
photoresist film on top of the antireflective film. In some instances, the diol, triol,
5 dithiol, trithiol, other polyols, diacid, triacid, other polyacids, diimide, diamide, or
imide-amide can be chosen such that the absorption maximum of the polymer in
the antireflective coating composition is less than the exposure wavelength for
the photoresist and where the exposure wavelength is between the half height of
the absorption band of the polymer in the antireflective coating composition and
10  the absorption minimum on the long wavelength side.

As used herein, aromatic chromophore means an arene containing
chromophore that contains only carbon atoms in the ring structures: for example,
phenyl, naphthyl, and the like.

15

Examples of the diols, triols, dithiols, trithiols, diacids, triacids, and diimide

include, for example,
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Br
HS SH

CN o)
~ [ \l\ | /J/ HS SH
N

HS LN
s N"sH
SH
i RS~
HS/”\wr/\\SH NS P SH



where each R8 is (CH2)n-0-(CH2) m CH3, each R11 is hydrogen or Cl-C6 al kyl,
nis 1to4 and mis O to 3. 10 (the nunbers in (A) indicating atom nunber
for conpowodorenoi3trg) Exanpl esoftetra(al koxymet hyl) gl yceCTaBza09/005486

|, mayi ncl ude, e. g.,

tetra(nmet hoxynmet hyl )glycoluril,tetra(ethoxynethyl)glycoluril,tetra(n-
propoxynet hyl ) gl ycol uril,tetra(i-propoxynethyl)glycoluril,tetra(n- 15

but oxymet hyl ) gl ycoluril, tetra(t-butoxynmethyl)glycoluril, substituted

tetra(al 0) gl | Wiy | sosuchpas tayl

t et ra( met hgxynet hyl ) gl ycpol ur\f, 7- e r a( met hpxymnet hyl ) gl ycol uril,

7-(i- or n- | tetra( metgxynet hyl|) gl lurjl, i -eLse t-)butyl
( IgXy 8 yl aly f—lzN Hyt-) y

t et r a( met hox t hyl ) gl ril, 7,

t et ra( met hoxygret hyl ) gl ycoluril, 7,8- 20diethyltetra(nethoxynethyl)glycol
uri I,7,8-di(i-orn-)propyl tetra(methoxynethyl)glycoluril,7,8-di

(i -orsec-ort-)butyl

t et ra( met hoxynet hyl ) gl ycol uril,g-methyl-8- i-orn-)pcr)opyl

tetra(nmet hoxynet hyl ) gl y¥col uril ,Yand the Ii¥e. O

Tet r a( net hoxy,ﬁhﬁu\[ | IM avai | abl &_under the t/r@%k POWDERL I NK
ndustr i Ng. , OH HO N~ N

0
from Cyt ecHpP ey (el OH

|
i
oZ N~ Mo onro

O

Ho)I\/\N N/\/U\O H HO/[?\/\)N\ N/\/[OJ\OH

NHO
O O

o
Ho/“\/\N N/\/lkOH H O/“\/\N N /\/”\
o)

>\‘

0" N 7O o

OH

O N

\

The polymer of the present invention is self-crosslinkable with assistance
5 of an acid generator.

, and the like.

The aminoplast can be substituted by two or more alkoxy groups can be
based on aminoplasts such as, for example, glycoluril-aldehyde resins,
melamine-aldehyde resins, benzoguanamine-aldehyde resins, and urea-



25 PONDERLI NK 1174). O her exanpl es include nethyl propyltetranmet hoxynet hyl
glycoluril, and net hyl phenyltetranet hoxynethyl glycoluril. WO

2010/ 004 3v6RCIHM0BZ809/ 005486 Q her am nopl asts ar @CTaRmeY/005a8d v

avai l abl e from Cytec I ndustries under the trademark CYMEL and from Monsanto

Chem cal Co. under the trademark RESI MENE. Condensation products of other
am nes and am des can al so be 5 enployed, for exanple, aldehyde condensates
of triazines, diazines, diazoles, guanidines, guanimnes and al kyl - and

aryl - subgldpbydestesinier i Bxarnples obthesaldbhydeipeluadJormdlabmilie) dcalatodhygand
aryl -sub it,Ht eo?ng‘?l m nes., Sone e]xarrpl es of such conpounds are”

N, N - di methy!" S5, "HeRssur BEee @ 4R dlkanyderoups  aigg usefahi Menomeric,

acet oguaslaylates, giyooklril-fermaldétilde festind -4 alh Nex 5- ,

Otri azi ne, G-Gm?t %h( § 4-di am no, 1, B,ﬁfrﬁ}ez%e%ﬁﬁgi arrc?rr]l%t ?)l(aamzr())lﬁe,ls

tri am noFYA(KAVRlkyDlveelbEbr@ing thedoliowing-stycture di ne, 3, 4, 6-tri s(et hyl ami no)
- 1,&F 5-triazine,tris(al koxycarbonylam no)triazine, N NN ,N -

t et ramet hoxynet hyl urea and the |like. 15CQt her possible am noplasts include
conpounds havOng the follow ng structures: 0 (CH3OCH2)2NN(CH20CH3)2 1 NN

R
8\N 1 ° I‘:\BI/R8

Ryi—s Ry (A)

where each Rg is (CH2)s—O—(CHa)n—CHs, each Ri1 is hydrogen or C4-Cs alkyl, n

is1to4,and mis 0 to 3.

10 (the numbers in (A) indicating atom number for compound naming)

Examples  of tetra(alkoxymethyl)glycoluril, may include, e.g.,

tetra(methoxymethyl)glycoluril, tetra(ethoxymethyl)glycoluril, tetra(n-
propoxymethyl)glycoluril, tetra(i-propoxymethyl)glycoluril, tetra(n-
15 butoxymethyl)glycoluril, tetra(t-butoxymethyl)glycoluril, substituted
tetra(alkoxymethyl)glycolurils such as 7-methyl tetra(methoxymethyl)glycoluril, 7-
ethyl tetra(methoxymethyl)glycoluril, 7-(i- or n-)propyl
tetra(methoxymethyl)glycoluril, 7-(i- or sec- or t-)butyl
tetra(methoxymethyl)glycoluril, 7,8-dimethyl tetra(methoxymethyl)glycoluril, 7,8~
20 diethyl tetra(methoxymethyl)glycoluril, 7,8-di(i- or n-)propyl
tetra(methoxymethyl)glycoluril, 7,8-di(i- or sec- or t-)butyl
tetra(methoxymethyi)glycoluril, 7-methyl-8-(i- or n-)propyl

tetra(methoxymethyl)glycoluril, and the like. Tetra(methoxymethyl)glycoluril is
available under the trademark POWDERLINK from Cytec Industries (e.g.,

25 POWDERLINK 1174). Other examples include methylpropyltetramethoxymethyl
glycoluril, and methylphenyltetramethoxymethyi glycoluril.

10



N( CH2OCH3) 2 CH3CCH2, ., CH20C H3 NN C H3 0 CH3OCHZHNNNHCH2OCH3 NN

NHCH2OCH3 CH3OCHZHNNNHCH2OCH3 NN N( CH2OCH3) 2 CH3OCHZHNNN( CH2OCH3) 2 N N
WO 2010/004378 PCT/IB2009/005486

Other aminoplasts are commercially available from Cytec Industries under
the trademark CYMEL and from Monsanto Chemical Co. under the trademark
RESIMENE. Condensation products of other amines and amides can also be

5 employed, for example, aldehyde condensates of triazines, diazines, diazoles,
guanidines, guanimines and alkyl- and aryl-substituted derivatives of such
compounds, including alkyl- and aryl-substituted melamines. Some examples of
such compounds are N,N'-dimethyl urea, benzourea, dicyandiamide,

formaguanamine, acetoguanamine, ammeline, 2-chloro-4,6-diamino-1,3,5-

10  triazine, 6-methyl-2,4-diamino, 1,3,5-traizine, 3,5-diaminotriazole,
triaminopyrimidine,2-mercapto-4,6—diamino-pyrimidine, 3,4,6-tris(ethylamino)-
1,3,5-triazine, tris(alkoxycarbonylamino)triazine, N,N,N',N'-

tetramethoxymethylurea and the like.

15 Other possible aminoplasts include compounds having the following
structures:

11



N(CH2OCH3) 2 i ncluding their anal ogs and derivatives, such as those found in
Japanese Lai d- Open Patent Application (Kokai) No. 1-293339 to Tosoh, as
wel | as ewbenioidoex¥ys5 am no resins, for exanpl e nethyl at @dTaB2dowrbosksd ed
mel am ne resins (N nethoxynethyl - or N-butoxynethyl-nel am ne respectively)
or nethyl ated/ butylated glycolurils, for exanple as can be found in
Canadi an Patent No. 1 204 547 to Ci ba Specialty Chem cals. Various nelam ne
and urea resins are commercially avail abl e under the N cal acs (Sanwa

Chem cal Co.), Plastopal 10 (BASF AG, or Maprenal (Cgiant GrbH)

tradenanes. The above nenti oned am nopl asts can al so gﬁ\gsed, when needed,
as crossl¢HQ R N rNGE-QFdent i nvent i BHsOCkh. QsiH;
crosslinking agents}incliude HON NOH 5 and derivati ves| t hereof.
One exanple of ar Nng unit fromthe pol ymer of t & resent invention
is O I
N(CH,OCHj), CHg
O
CHZ;OCH,HN N NHCH,OCH, CH,OCH,_ )k _CH,OCH,
| N N
NN L
\( o
NHCH,OCH,
0]
CHy;OCH,HN. __N.__NHCH,0OCH, CHLOCH,_ /“\ _CH,0OCH,
| N~ N
. g
N(CH,OCH,),

CHZOCH,HN

YNYN(CH_QOCHB)Q

Ne N

N(CH,OCHj),

including their analogs and derivatives, such as those found in Japanese Laid-
Open Patent Application (Kokai) No. 1-293339 to Tosoh, as well as etherified
5 amino resins, for example methylated or butylated melamine resins (N-
methoxymethyl- or N-butoxymethyl-melamine respectively) or
methylated/butylated glycolurils, for example as can be found in Canadian Patent
No. 1 204 547 to Ciba Specialty Chemicals. Various melamine and urea resins
are commercially available under the Nicalacs (Sanwa Chemical Co.), Plastopal
10  (BASF AG), or Maprenal (Clariant GmbH) tradenames. The above mentioned
aminoplasts can also be used, when needed, as crosslinking agenis in the

present invention,

12



-[ RI1)( R(1A) NNO where Z is a residue of a diol, triol, dithiol,
trithiol, other polyols, diacid, triacid, 10 other polyacids, diimde,

di am de, woide/mms7de, or mixture thereof; X is -0R3, - PCTRB200$/005&6R3,
orOwhere R3 is hydrogen, unsubstituted or substituted al kyl, unsubstituted
or substituted al kene, unsubstituted or substituted al kyne, or
unsubstituted or substituted 6-nenbered ring optionally having one or nore
nitrogen and/or sulfur atons within the ring; each of R4 and R5 are

I ndependent | y, r . t: ith the atonms to which they are
attached foré?i%r5&?%3%5??%$gﬁﬁ§Fbgﬂggngﬂ ed 5- or 6-nenbered ring
optionally having one or nore nitrogen and/or sulfur atonms wthin the
ring; and each of Rl1l is hydrogen or Cl-6 al kyl. o

HO/I?\/\N)OI\N/\)(J)\OH HO\/\N)J\N/\/OH
A Ao

N

OH
HO" O
and derivatives thereof.
5
One example of a repeating unit from the polymer of the present invention

is '

0
—[“WNJ\N/_O_Z_]—

Ry R, (1A)
« _/N\[(N¥O\
O

where Z is a residue of a diol, triol, dithiol, trithiol, other polyols, diacid, triacid,

10  other polyacids, diimide, diamide, imide-amide, or mixture thereof; X is —ORs;, —

O(0O=C)Rs, or O where Rj is hydrogen, unsubstituted or substituted
alkyl, unsubstituted or substituted alkene, unsubstituted or substituted alkyne, or
unsubstituted or substituted 6-membered ring optionally having one or more
nitrogen and/or sulfur atoms within the ring; each of R4 and Rs are independently
15 Rs or Ry and Rs together with the atoms to which they are attached form an

unsubstituted or substituted 5- or 6-membered ring optionally having one or more

13



Further exanples of repeating units include 1--.-NYN CH2 11Nf NH_ NYN OH
H3COH2Ce. 1\ L' Cl -1 20CH3 H3COH2f CH2OCH3 CH2-0 00, r --f-H2CG-N N-CH2-0 N)
ONO OH WO 2010/004378 PCT/TB2009/005486

nitrogen and/or sulfur atoms within the ring; and each of Ry; is hydrogen or Ci.
alkyl.

Further examples of repeating units include

HaCOHaF GH2OCH,

—{—H,C YNj/N cHg—o\/\N/kNJ/ ———H,C” H\(NYNH CHp- \/\Nj‘)\NJ/

N Ao e Ao
HSCOHZC/N CHR0CHg H CHQOCHa H

H3COHy GH,0CHg

TG W/N\(N\CHF NSNS _{_H2C/NHVNYNH\CH20\/\/\O_}_
A -

HSCOHzo/ “CH,0CH, : GH,0CH,
H3GOH, ?HZOCHS
NH
——{——HZC/N j/Nj/N\CHE—o ——H,C” W/NYNH\CHQ—O
LY S
~ NH
HSCOHQC/N CH,0CHg “CH,OCH,4

o] O—]
X S
—HHO—NT N——CH— O~ N E . EHZOCHG o J/o—]—
. PR -~ ~ —
A, — e P o0~
N A
H T O N (o]
OH HaGOH,C” ~CHz0CHg H
OH
b GH,0CH,8
N H CHzocHa

N
———H,CT Y \I( “CHr—0

Y O—— _[_~H20/NY YN\CHa \[ j\
Ny

HaCOH,G™ CHZOCH Y
e HaCOHaC/ “CH,OCH;

14



NyN NH \ CH2OCH3
H3COH2CH20C113 L) OH
WO 2010/004378

H CH2OCH3

H GH,OCH,

——[——HQC/N j/NYN CHZ—O\/\/\O_
\l/N

HaCOHEC/N GHL0CH,

—[—H,C j/Nj/N CHg—O\/\/\O_}_
YN

HSCOHZC,(N CH,0CH,

—[———H?_o/z \'/NW/E:\CHZ—O\/\N )OKN J/ i
e Ao

HSGOHQC/N “CH,OCH, S

0,

15

HCH2OCH30-]- 110r -[H2Cy y CH2-0 NN

PCT/IB2009/005486

GH,0CH,

———H,C YNYN CHz—o\Cj\o

3conulez,/'\l CHoOCH,4

—[—H,0” j/NYN on—o\Esj\O

3COH20/N GH,0CH;,

0
_[—\NJKN/— O\/\/\O_]_
o NN
Yo
0
—[ﬂN)kN/—O\/\/\O_]_
N N
g \[O( N
0 0 J/ o
—[*\NJKN/—O\/\NJK



[-H2CN'y ---r. CH2-0S,, N,,, NS O4+ N H3COH2e CH2OCH3 yNCo) NLO
H3COH2e' CH20CH 3 0 00 0)I\KLO 0 OH

WO 2010/004378 PCT/IB2009/005486
0
o} 0 o= — \N/LN/_ O\/\/\o_]_
NG URUN ¥ S 6 4
N
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O NNNO CeLO OOHCH

WO 2010/004378 PCT/IB2009/005486

o O_/NI(N\—O\ oA
0 —[—“\N)OI\N/'O\/\/\O_]_
‘—[—*\NJKN/—O\/\/\O_]__ >—<
0 o o—" N\[(N\_o\

e
UL TG

— :
)I\N\/.\K[(ko OH
AN
o]
o]
0 -—[_\N)kN/— N
—[—\NJKN/‘O\/\/\ >——<
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WO 2010/ 004378PCT/ 1 B2009/ 005486 000 ONKLO 000 O)N--LO The
polymers of this invention may be prepared by any of the standard

pol yrmer i 280i20m/0e3780ds known in the art, especially con®#emaB2009n05486

pol ynmeri zation 5 techni ques. The polynmer may be synt hesi zed using sol ution,
enmul si on, bul k, suspension polynerization, or the like. Typically, the

am nopl ast is condensed with a diol, triol, dithiol, trithiol, or a mxture
thereof, at elevated tenperatures, and optionally in the presence of an
acid, to give the polynmer of the present invention. A typigal ratio of
annlnoplast to diolg trlol dithiol, trithiol, ofher polfyol s, 10di aci d,

triacid, othen_palﬂang jimde or nixtur sNthéT/\ ange between 1:2 to
about 3:1, fur@her ron1abouP_T“1 5 to abou 5: 10”Trevaci d generat or used
with the pres lent i on, preferably actheymatoaci digenerator is a
conpound mhlﬁh heated to tenperatures greater thagol5 90C. and | ess
t han 250C. , getsﬁates an acid. The acid, in conbination/with th§+_
o—— o)
g 3 1 N SN ¥
—[ﬂN>)—k<N/—0\/\N)k/L hs >_< )N\ /K
7 >=N N_ N
s S N¥o [0 \ g o] N\ />—S/_ \[( ¥0
HO—@—O I N HOH » 1,
0 o o
o —OWNJKN/—O\/\N N/(
- “NJ\N S N_ N © N/J\O
>_<—\"O_<__>_O/_ Y ~—0 H
—[—NTN\_O\ s © oH

>*< NN N
o N\[(N¥ H O)\N/J\O
S AN 5 /——NYN¥O S
/ o)

N LN 0”7 N7 Yo
(0] N>\_N/>_S/_ \I(l/ e H
—O—\N)kN/——S on
/_NHN\-*O
-
r~
r 0 o N o0 e
o o. N o \Tl:fi 0 o N _o
_ﬂ%—\N)kw/\ngj¢ —_k—\TiEF/\W _ﬂ_ﬁ\xfgg/:jiq;fi
>“< N_ N
"—O/—N\"/N\——-O o —o/— wo( \_o\ —0 /—NYN\-‘O\
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crosslinker, crosslinks the polyner. The antireflective coating |ayer after
heat treatnment becones insoluble in the solvents used for coating

phot or esiwop10z0a378urt hernore, is al so i nsol ubl e in thepalrkRtiosreosdsvel oper
used to inage the WO 2010/004378PCT/1B2009/ 005486 photoresist. Preferably,
the thermal acid generator is activated at 90C. and nore preferably at
above 120C., and even nore preferably at above 150C. The antireflective
coating layer is heated for a sufficient length of time to crosslink the
coat i ng. Exa | es of aci ds and thermal acig genegatorsg are putane sul fonic

aci d, 5tr|fl cacrd na oflur but an | f fhni coaki t robenz t osyl at es,
such as 7~ wi /"ben €9—12; 4- di ni benw ¥—

2,6-dinit rob)er(zyl t osy ni t robenz osyl at g9 enesul f onat es such
as 2-triftud 'l‘reL@yl 6 nrltrobenzyl 4- Io\f(obeﬁ;enesullfonate

2-trifluoro hy1-6-ni troBenzyl 4-nitro behzenesul fonate; phenolic

sul fonate esters such aso yl, 4-nmet hoxybenzenesul fonate; al kyl 10
anmoni um sal ts of organic acids, such as triethylamoniumsalt of 10-
canphor sul fonj,c aci g, and, the brke Ther malo aci dogener tors are

preferred; ove freelacids t flou cﬁ\gs—nﬂ&/ak@ék y—in the
novel anti ref‘ﬂ\ tive coffpo %qﬁnce it possr\%/e' at 15 over tinme
t he shel f st ,Jlty ofo tireflectivesokution be affected by the

presence—qf_‘f"iﬂe\aei\d, if e polymer Wwete t\6?r—8ssl ink"in solution. Thernal
aci d generatoos are only agtivated when the®antireflective filmis heated
on the substrate. Additionally, m xtures of thermal acids and free acids
may be used. Although thermal acid generators are preferred for

crosslinking t(he polcyrrer go eff(bcr ently, anoantr pef | ecﬁr ve ating

conposi tign cg r an SO be used,
wher e heati nd‘ c ossl i n poI . Exa s of afr cid are, wthout
limtation, ng acr h as suI f onicraci ds. SuP ic acids such as

t ol uene euifonr(c\a-erd tr| lic acid or f xtJres of these\are preferred. 25
The novel conpesition may further contain a phot oaci d generator, exanples
of which without limtation, ‘are oniumsalts, sulfonate corrpounds,

ni trobenzyl esters, triazines, etc. The preferred phot oaci d generators are

onium salts and Ifonateeter of h m de I henyl
oant um sal t dneaoRTRRoAL IS NP EnRE oA T BRgLA Fl fttingerd" e
triakyl %glyfn%\‘r%ﬂbﬁ%étﬁod§ﬂﬁowﬁh%fth€ 88, bdpricrall coﬁh@nﬁtrdmmcﬂ'ymemﬂnl nki ng

cat al yst's “can used he corrposrtron Exanpl es of sol vents qlr( t he
coat bng techpgees. i Ore |p|®IMHWemﬁYCbﬁo€fy§'th%2tQ9r gsing solution, emulsion, bu

suspension polymerization, or the like. Typically, the aminoplast is condensed
with a diol, triol, dithiol, trithiol, or a mixture thereof, at elevated temperatures,
and optionally in the presence of an acid, to give the polymer of the present
invention. A typical ratio of aminoplast to diol, triol, dithiol, trithiol, other polyols,
10 diacid, triacid, other polyacids, diimide or mixtures thereof range between 1:2 to

about 3:1, further from about 1:1.5 to about 2.5:1.

The acid generator used with the present invention, preferably a thermal

acid generator is a compound which, when heated to temperatures greater than

15  90°C. and less than 250°C., generates an acid. The acid, in combination with the
crosslinker, crosslinks the polymer. The antireflective coating layer after heat
treatment becomes insoluble in the solvents used for coating photoresists, and

furthermore, is also insoluble in the alkaline developer used to image the
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5 glynmes, ethers, glycol ethers, glycol ether esters, ketones, |actones,
cyclic ketones, and m xtures thereof. Exanples of such solvents include,
but are rwOD 2biomoszmd t o, propyl ene glycol nethyl ether, pcopBleeseosgsey col

met hyl ether acetate, cycl ohexanone, 2-heptanone, ethyl

3- et hoxy- propi onate, propylene glycol nethyl ether acetate, ethyl |actate,
gama val erol actone, methyl 3-methoxypropionate, 10 and m xtures thereof.
The solvent is typically present in an anmount of from about 40 to about 99

i ght I t t t
Leerul PHOERStrRSraTay alng TR Ee vetdif g bt Biedn 98T 208 Mata T © 19
conposi brefitabi)est HESE HR0PEY eirkil eoyis tracR. piiiemrabiy et aboyet Hi0°Cackhene sol vent
conprises about 1 to about 10%of the sglve k st y- val er tone is a
15usef vantireiiedtive coaling fayer is heatedier 3 3y ﬁ'teng n@ﬁb WPWBF“?%? 'ﬁ'ﬁ bresent
CONposi 66#&80 EQaM?fdé dt a%iq]saQr%JEhe%Ql 2O Yhetaibie HBWVikare velfaiic abidy el ati ve

to the so portion of e conposition.” The anbunt of the crosslinker in

t he Hr esiflict acmpwafiumbutamﬁers nigs @gid, chitiohenay! loayatesnesupit 88 €o about 50
wei ght (V | ative t | t he s SRR Nosyiafe, agount  of
the aci @ BEW&? Wt ‘%ﬁe, gﬁet tfét?\'i l ‘?83 s%tﬁ rc?riescan gg‘%@iﬂ)r é))rsnSr wei ght % to
about 1lgitraBEeA taéylaiéabon@nbsunfdsrmts@sm@ mettrrihmromerth}é&mh'pb%nzw én. 25The

pr esent conposrtlon can o |t| n typically
Found | ehiamBeResnesppRte, Sat g oBRiBear EirRerondin e Bepgp EliOhite
”Dnorferpﬁeﬁ’dﬁéssulr&%é &teehelign &uphang, I@mknm@bamesurfanﬁteswdiw'
pronoters, antifoamng agents, etc, provided that the LFerfglgrran _@ i's not

t n

negtd i vemyncrrrmactseus @io organic aClQﬁ,n@é'ChhéscB aNManiyrg top of

t he subs jected to dry etching, it is envisioned

t hat th85@§h§rs§”§“'8§a°.d§ h %ﬁe ??cr ently low netal ion level and purity that
the properties of the sem conductor devi ce are not adversely affected.

T t t h t I t

Contaiming SyRATRRIdEBL CtafrS Bum pictBira okRbid gL ptiudh FELTRERS NS

extract Qé@‘b@ﬁ&%ﬂr ﬁﬁﬂhe?ﬁamadtnteﬂlezctﬁﬁlmﬁnpdwrmmsmtrt st pansibdé thaé]E Ftl i ons
dt t es e optica ar act sti g ti,reflective

c 0al§ng ourbow el Sl SBbI0oT Fie Saislar cuaoEliahytih b2t PY bl | o

i thogr @Fé@eﬁ;\cgr@rtﬁﬁta@ St 'tr?esgotﬁme?%&éﬁmrésélihﬂ if sonitin, aThep@aRagitler (k) of

t he nov COITPoSI |on or 19 exposure ranges from apout 0.1 to about
1.0, prektacabdrs Areomnhbadtivated Wbeabibl&t aptirpfectiusr &lmprist BealsryOR (18 about

0.11 to a out 0.3 I r V, e

Cef ract SOBSYHige ACHP P g BLtfies T A ag3s BB oo PERIS"Gay belidd® )
from abqholigh m@rrﬁbloabrdZQGneﬂatma@ret peefgoed fabswogslinkinge e otyererst i cs of
this conposi t| on at 193 nm reflective f order of
abo@f Z@ffiﬁ*QﬂTWa@rb@nﬁé’@fdPCWﬁl QO%QQpa?WPeﬂr'a?rﬁP%\Fé'}ﬁ &bégﬁ%%ﬂﬁenﬁum ng a
nonar omag, Ilﬂﬁﬂﬁoéé‘taﬁsha ySHEH S UsBaS Whees FidatiMg c&bsélﬁr?(snme psiymem and

| ower wave engt ere’ the photoresist filns are thin UZ&? act as an
et ch nadixapiiles qfrmfraatam@far@cwth@uir limjiation, Stronghéc'%’b%‘r @éss 8¢ whi ch
the antire t Witgadd ¥ used
in the &MY c%’f‘ﬂh&ﬁ% a:,é?cfsné ust ry ﬁ’gw télﬁfan su Qﬁrlgi?fgﬁ%i@%@‘egwt hout

|i mitatigepréfielredon, silicon substrate coated with a netal surface, 25
copper coated silicon wafer, copper, substrate coated with antireflective
coaPng, al uninum polyneric resins, silicon dioxide, netals, doped silicon
di oxi de, silimgRn ﬁBvbf'&ﬁnp@drﬁdrPQ’ﬁa}DXﬁﬂmeﬂi toritdlie, o ipghmboanid ngendrdy,

tantal um tungsten, copper, polysi

i con, ceram s, ﬂ | urmi nurd co dong
m xt ur esexagaples wh whisBnwilzounbimiaties, argcAniEML §alts:| § cﬁ?ﬁ'lﬁd Ad t he
Like. The SS8AT 3bfrdBYagZiRBR! RS TRBYreferred photoacid generators are onium

salts and sulfonate esters of hydoxyimides, specifically diphenyl iodnium salis,

30 triphenyl sulfonium salts, dialkyl iodonium salts, triakylsulfonium salts, and
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30 nunber of layers made fromthe materials described above. The
coating conposition can be coated on the substrate using techni ques well
known t o wbasw/®ki7’Bl ed in the art, such as di pping, Spi RCOAB200Y0ESASE
spraying. The filmthickness of the anti-reflective coating ranges from
about 0.01 pmto about 1 pm The coating can be heated on a hot plate or
convection oven or 5 other well known heating nmethods to renove any

resi dual solvent and induce crosslinking if desired, and insolubilizing the
anti-ref jwe ' t e [ %l t th Nt flective
coating gﬁﬁa%ﬁeﬂgﬁgé%Pgé?sgtm¥ﬁé gk@ 2?3@@'?gﬁgﬁﬁgﬁﬂfﬁgﬁéPg?ﬁr@ Fggfrom
about 90Cdmpositleut 250C. |If the tenperature is bel ow 90C then insufficient

| oss of solvent or insufficient anount of crosslinking 10 takes place, and
at tenperatures above 300C the conposition nmay become chem cally unstable.
A filmof phoEgdrapiestofisplvichinfor diad edatiny ¢ompaditidrninclielecdlovisdls aastensef | ect i ve
coating a&d bakeﬂ to sub tantiallz rempve the pqg%oresi t solvent An edge
bead & enBVBIESHeRINGLS. NFal coihgrs, e8IVeple ctSAt P5iE st kgIQNeSD [actonesy YClitiges of

the subskéhgs,Ushd ShiRiuRSE BRPSofMVEantphedVet slich RBIvehis inkRide, but ald'@be are two
types of photoresist conpositions, negative-working and positive-worKking.

When neglimite@ towapreprigne rdyasl exsthyl eibenhdxepylens ghicel metud edhemerpdatai se to
radi ati o S esi it jation
bocone | SlOGBiE 2 HenldiBnb gt s S PR ST olyB8 B,

r eact i onethec acsiatehethyl lbiate gamposadlemwatond, nétbyipSotethesysopionate] ng

remgjn rel ati.vel oluhle to such. g solution. Thus, trea t of ap exposed
negald e Bd ks Beredl fne RoRSElindyaRel bt S atatint s 1o Ahsi exposed
areas of 40he BPSUODESWSIHhE Paldemll BNdekthin FHsGRided tIRd RIMRGAL Vectbh@ge in

t he coating, thereby uncoverin desired portion of the underlyin

! : , a , , . .ng
subst r at 80N @RiBalse UBRUL _dw_lnln@gfwv herasterstics elosoaniivediecives cafgi ted. On
the ot h?&or‘ﬂ?B&tioMﬁ%rPQs%& Wvlﬁzwdkéﬁgerﬁ&mv%@ﬁ PdsehPIRBShEIORE Soffehit €XPosed
i mge-wi se to radiation, those areds of the photoresist conposition exposed
to t he redinatisem aboubitetonabeutst)%bdfetheosalentdsysieropey-valdrolacione(ie.g. a 30

r earJ,ang ng,.reaction occurs) while those areas not exposed remain
rel a{$veﬁ€gff¢1|§8ﬁ?ﬁls ?\fe@?'t he devel oper solution. Thus, treatnment of an

exposed positive- WD 2010/ 004378PCT/1B2009/ 005486 wor ki ng photoresist with
t he devel oper__causes renlpval of the exposed areas of the coati n(% and the

creation of aTB%s@mPW_ ?n‘H@fepPW”iq{g'”pm?t Bresent copmositioy. cagaeny T8Mesi r ed
portion gholithgodndaghy b4 % SloLRGe welghi MONSAIR@: to the solid portion of the

composition. The amount of the crosslinker in the present composition, when
20 - used, can vary from 0 weight % to about 50 weight % relative to the solid portion
of the composition. The amount of the acid generator in the present composition
can vary from 0.1 weight % to about 10 weight % relative to the solid portion of

the composition.

25 The present composition can optionally comprise additional materials
typically found in antireflective coating compositions such as, for example,
monomeric_dyes, lower alcohols, surface leveling agents, adhesion promoters,
antifoaming agents, etc, provided that the performance is not negatively
impacted.

30
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5Negat i ve wor ki ng photoresi st and positive working photoresi st conpositions
and their use are well known to those skilled in the art. Along with the
posi ti ve wodormemai’sve photoresi sts nmenti oned above, whi ehTaBmosysugxal |y
done dry, 193 nminmmersion |ithography is a viable solution for 10 nodes
down to 45 nm node and beyond. Wth absorptive underlayers at 193 nm | ow
"k" BARCs are nore suitable for optinum substrate reflectivity control
based on sinulations. On the other hand, the BARC fil mneeds to be thin

enough to havﬁngésthée&n%cfsiﬁio?ﬁlseﬁbéﬂébté(n 1G5 of&hy¥ sURlrhtd 8AHYS Farthr thi n
filmlithography. The low filmthickness requires high n value for BARGCs.
Thi s i nveuhieaiad dedey elsbingait isl snvsioned thaidhe cempoaitionds ebsyfticieniolevinhi ch

Cai - ) C o | bsor bi
103 R RT eBE TRl 8 brpBEGER o g iicohf ety Botibe afiRpEosor B! 19
deri vat i adversdpeaffecteht Treatnmeaks suativas pagsingf a aohishoofsthdl pplgmer,oar ef f ect s
'he. dye. CHRBSTNR ONELEE BUte SURP e PGP Ehaltn rCDENGS Jelupe. ~
absor banfigafid:9 3antnexiractionestob8sRENE&Y BehyR®S tdlretRiclahe TdrRERrAlGH by, a n

value that is above the val ue Eﬁrﬂedi cted fromthe Cauchy correlation is
consi der @gtaiigns anghiccieddes ppdicast i re hal f of the absorbance band in high

The optical characteristics of the antireflective coating are optimized for
10 the exposure waveiength and other desired lithographic characteristics. As an
example the absorption parameter (k) of the novel composition for 193 nm
exposure ranges from about 0.1 to about 1.0, preferably from about 0.2 to about
0.75, more preferably from about 0.11 to about 0.35 as measured using
ellipsometry. The value of the refractive index (n) ranges from about 1.25 to
15 about 2.0, preferably from about 1.8 to about 2.0. Due to the good absorption
characteristics of this composition at 193 nm, very thin antireflective films of the
order of about 20 nm may be used. This is particularly advantageous when using
a nonaromatic photoresist, such as those sensitive at 193 nm, 157 nm and lower
wavelengths, where the photoresist films are thin and must act as an etch mask

20 for the antireflective film.

The substrates over which the antireflective coatings are formed can be
any of those typically used in the semiconductor industry. Suitable substrates
include, without limitation, silicon, silicon substrate coated with a metal surface,

25 copper coated silicon wafer, copper, substrate coated with antireflective coating,
aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide, silicon
nitride, silicon oxide nitride, titanium nitride, tantalum, tungsten, copper,
polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide and other
such Group IlI/V compounds, and the like. The substrate may comprise any

30 number of layers made from the materials described above.

22



wavel ength area. When a noderately strong dye is used, the high n |ow k

mat eri al should ideally have absorption nmaxi ma, Amax, such that the actinic
25 wavel engtzhio/®4378e sane as t he wavel ength k. that is a&cTthaioy/hesisgsht of

t he absorption band on the hi gher wavel ength side of the absorption band
(Fig. 1). The absorption maxi ra Amax noving fromthat position in the
shorter wavel ength direction up to a half length (Amax - k) forces exposure
wavel ength A to fall into a typical high n low k region indicated in Fig.

1. The anpli tT’r‘E@céﬁtm&;%n‘iﬁésﬁ &é’r?b%%ohfé&eén fleisidstiat Osihg tocHniQidsy

det er m ned t he ition of Amax but also influenced by the strength of
absor banwell bae\eid toﬁh@se(slaﬂ@d in reoaitcsueh asidipping.rspngoadingl &, spragagl y any

i ncrene & tK%ngsscgpgﬁnaﬁﬁgétfo%gﬁac%a |R$rgrﬁﬁ§e§ E}%nﬁj)éﬁonf’"ﬁ quane{B?he | ow k

strong a ance corr e ano I'Spersiron ar
r equi renmnutmf pih €Tty gaatirg BARGH heated drhe Iammlatajdecohvefctlenhmmeoent and
sel ection and materi al

dd h i d d | 5\ h
o as coareheh Nal dtovi) Beaina maians 1O £B06TS oy SR SONa L aBA MR 00 nm

pref er abtppsORINRENR debfred 28naNhSoIGHiliARg ananiHii@eflastive cotirRiReto pidusne or
ketone, into the polyner structure. An exanple of dispersion curve based on

Coat i ng IBeimpYiag Qetvxﬁﬂryﬁh@rarﬂlrr@ﬂegwﬁ erading %Wﬁl@omreﬁlé‘?t STH&AWefﬁ?f rqu g 2,
oo ebb‘?lt?g]tplg RSB I(%ﬁ]lgb&ﬁ%%%%%t ]QE?Q%EWP?-I 1%5&&% assum ng t he

Cauchy 1 orre on resulis 1Tn an n value o
mat er i aI belethCﬁﬁ)st}blanemmﬁdibnt lass oholverbdiasofficieht ammuat pherosslinkésgured to

be hus, a ref i ndex i,ncre f 30 | attrihuted to the
ai 5ot Bheated 1 ABlePeRlER AR fis, doimosioR, MRV HEEL ¢ e
opt | rrum d:h@hlcaw aistiblRO A filirosF. pHAbiies B @ Hh@nkdat@nbh eoye df tmpmmo@al

i ndices used in the antireflective coating is not the sane as

absor pt | IMIrpHeFeLGPaNg Gngahikedcionpisntialy iregoye the PHpiaresist ?P'Y@@t l'i quid
sol uti OnAnBﬁﬁe%%arreHo Br ﬁa%gl i IRk el ¥ise baatg@ﬂétbﬁgwaﬁaﬁ hd bgges to

changes of chem cal an envi ronnment s as solvent, additives and
p055| bl eolcthesubsirateaising @ITWGSSESN@” sedis ésthedarhl |y in sol ution may 20 not
ch ht for antireflective coating. The invention has studied many | ow k
materials with various carefully selected dyes and the structures are
p_r esented in Tire awertwo Itypdshef pheteadisi oorapbsitions, t iegative-vebrking amd ol ,

dithiol, pésrltln}eh\l/vglrkmg I\f\'l%en netgre{tlve vx(/jorkmg photoresist compositions are exposed
image-wise to radiation, the areas of the resist composition exposed to the

radiation become less soluble to a developer solution (e.g. a cross-linking

20 reaction occurs) while the unexposed areas of the photoresist coating remain
relatively soluble to such a solution. Thus, treatment of an exposed negative-

working resist with a developer causes removal of the non-exposed areas of the
photoresist coating and the creation of a negative image in the coating, thereby
uncovering a desired portion of the underlying substrate surface on which the

25 photoresist composition was deposited.

On the other hand, when positive-working photoresist compositions are
exposed image-wise to radiation, those areas of the photoresist composition
exposed to the radiation become more soluble o the developer solution (e.g. a

30 rearrangement reaction occurs) while those areas not exposed remain relatively

insoluble to the developer solution. Thus, treatment of an exposed positive-
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25 diimde, diamde, or imde-amde in the antireflective coating
conposition can be chosen in such a way that the absorption maxi num of the
pol ymer, wWo 2btve0a38i ref | ective coati ng conposition whi clrCraBregdosigs f or m an
antireflective filmon a substrate, is |l ess than the exposure wavel ength
for the photoresi st and where the exposure wavel ength is between the
absorption maxi nrum and the absorption 30 m ni rumon the | ong wavel ength
side of the absorption band of the polynmer in the antireflective coating
conposi tj on: rf§h°df L I i j ¢ hfdastst t he
refractitv{’/cglallﬂﬁJ ex %r%‘si{%ﬁgd Itgntg?r%?vlge t ?\%éufisisqurﬁ%?%rf éﬁggzb?%g ?g‘ar active

i ndex ' rihe obatingeanchthie ekhtien of e positive andge dwthesphateresist pplind Agsitanet er

"k' of the antjireflective fil I 2 s, the diol, trio!,

di t hi ol 2 ‘5‘?’?”{6}9':%‘?%‘0'6%@? megg?ngsm&nggysdpﬁfar\@gegfd, ot her pol yaci ds,

diimde, diam de, or imde-am de can be 5 chosen such that the absorption

maxi mum of the polynmer in the antireflective cpatin pnposjtjon.is |ess
Vé/a f&)ﬁ‘@rephﬂ

t han5t he expd\&daivia WPddng n RhgIoresist B0 r BFILYE 5 reSiosur e

wavel engidinpssitRHs MRIhbR BisBalré wWesi@bivnab thdte slar ptthearhand of the pol ymer
in the antireflective coating conposition and the absorption m ninmum on the

| ong wavel ength side. In either instance, an anonal ous 10 di spersion

contribution nefr | i ; Ry ESriddV: Ial ults in
raising the r@&?gg{ﬁp \}gé ip%*e“yg%ﬁbr}%ﬁéthgée pgﬁﬁrgﬂ%'l%erﬁ%ve fd I ?onq\}ghg) hfcg‘swer s the
absor ptiare fypicaligtdene’ dry, dio3t hve Bmmiersidri dithogvaphyi ise viableoselgtionffort he

i nstant inyention c rises coatin strate W th Lreflective
coatﬁ%’ng RS SQWH I?ngggﬁbP?@‘? ﬁagi)eggm@r}&ﬁﬁ(#s?;p VB ggﬂgyég\?gmg?’o'ﬁ%and

heat i ng |bire'ks BAHCAAR RBra stitdié ddreopimuiaBubstraterrefigetivitgrcontrbbbase | known
heating nmethods at a sufficient tenperature for suffi ieﬂ_t | ength_of tine
to renmoven sifeulatiens. gn g wiar hane t ‘?&%ﬁ*@ﬁl&”&wc&ok&/ thing e By, to a
suffici e t - q?éd; ' iihNitARdtRasORtTHY

sol uti oﬁq%v gé%%tgt%rere]ssl‘lég%wyrﬁ?f&r{ a %%gélﬁfggggeiﬂkgﬂ]ﬁ"emdéve o%@?. An edge
bead r enoweiilmtijcknesspeduires high ¢l walue foreBARGss Tois inventéiaibdescitbesa ng

| .k in the art, T i i ot f
o 7 RetfEeaiShreGulse SPRrBhliop MR EeHrhaMs ANARR! EAEPRIA HoR. L0 .
| oss of ér@h\éﬁi@tdy@g. Tm@gg% iCszlieteﬁtabemlbmgatotfgamgsmm tﬂeitngcpnm\xenltia;knezul5 tﬂaacte, b?nd
at tenperatures above , .ne r eco C mca upst apl e.

A fil m)o’l‘mal%ﬁﬁ’&ao?@sirglenﬂbr%dtﬁ ﬁggﬁgtfq’gst m HB’&PEE“ otﬁﬁ?%ﬁéaﬁx{qg@ of

anti 1 ef | &8s AidcRion ok Rl oSBT Alebdia Y excheimhatgy esi st

sol vent . e photoresist is |rrag|_e-W| se exposed and devel oped in an aqueous
devel opeby ajudieipys eheine of theadyal Thesdyst wittnabsprbaaer maxima iowerdhap thain be

i nc%sgr%%p%%ggQEBSCErBSB@%%@pﬁg 5 ed 1B ARVRLIRFRPh ﬁ\&’%q*ﬁe%ﬁ»etﬁgép syre. The

pro rng- an otoresists’I's we nown to those
skill ed hnvdlbe that ianabove dipg i value dpredictachdrompetbef Cauthyecasfelatigi 48 used.

Th tt bstrate.can then be dry.etched | i table. et hanb
Lo BroveTareras Jagha WIS e T Nl of (B¢ akgbrbated [HHRGT g e
remai ni ngapliehGincaical AhdMG AfoduiatelyCBirdms kyeMar isats Biaskighan dokniown i n

the art for etchi n? organic antireflective coatings, such as 02, Cl12, F2
and CF4 aetetal | sheslbidealyehaye Rpsgaiion RisiRa; Amehesught thating Betiliess is 5
genegal | a [ FsPHRE SRtre ' ' haay be
pl a?e% b‘>e('iial{\?\£lg}rtl}&[hhfe;S méjigragrﬁeeacst Fr\%e: coa%elnr%h a)\ﬁgmfa%gggéltgﬁ%’rf gi‘?%*ta?g _Fr event
i nt er m xabsprptond bard emvinei igher wavélgngt side lof ihe bserptips keind (Fig. 1)avent i on.

The inte diate layer .is an inert pol cast frpom wher e
exanpl esji_gg ﬁ@rpﬁ'WMmﬁ'rg"abm%ym EBWégSgR(&S' Wil ﬁ}edégo}f)er%%?éﬁgth
direction up to a half length (Amax — A.) forces exposure wavelength A to fall into a
typical high n low k region indicated in Fig. 1. The amplitude of the refractive
30 index fluctuation is not only determined by the position of Amax but also influenced

by the strength of absorbance based on a Kramers-Kronic relation. In principle,
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In addition, a nultilayer system for exanple, a trilayer system or
process is also envisioned within the scope of the invention. In a trilayer
process fwoewanpd7’e, an organic filmis formed on a subPCTABBOI/ANF486
antireflection filmis formed 15 on the organic film and a photoresi st
filmis formed on the antireflection film The organic filmcan also act as
an antireflection film The organic filmis forned on a substrate as a
lower resist filmby spin coating method etc. The organic filmnay or may
not the%ééfrﬂlséh¥ NK&EmMnt r’bfhﬁa'&::ﬂﬁ?(‘é @aﬁ’f HeahébvaPRis! a8 th¥ 8| hasoating
met hod etc he organi c Imis tforned the antireflection Tilm for
exanpl e @titmelp siongHa sgrb.arm @yé@pﬁed@gdo the %npm@lpus iisnessien rasea.st film
After a t t c%i il i1 mby
spi n-cogﬁ}'éln Igg't IJ-'EI\'e n%’f‘%@‘lnf"g i5 h%ﬁﬂ:s%evapoﬁ@ %d{h%a A?ﬁ%ﬂiﬁggl S carried
out in oasrdwncbmant andtardsr dﬁllengks mgdyeaaceléomnntanqorrmt@ml delvelopnmtant.ef | ecti on

filmfr term xin th an in to st fil fter e

ant i ref IO\&?[ {‘]%Y? ?'l‘ch?lsgf y&qqmeora%’qéd%%g/gﬁe% nI [exEna e%?efpeaé&'hereon as
an upper1gehins breiblably Sstiveef aF0L 14D mtdieH a@adyahan@ae@ bmené dIRyriegort he
photoresist filmas with forming the antireflection fiim After phot or esi st

fil m conffRieng, itp itke &Qmm@dswtﬁrﬁi At 6X8MRlE REIRRrEeR curyp bagadtiny i s
carried f eXPSYSREh st

cxposur < haind el 2, (pohy RS T Syistic, ERRIE =) KPR 1T 0wt 1o
obt ai n ameasined [B0psing eflipsometric speutioshepy. tTid predicticediasedmnoGasehy s such
Wnen bot t er s formed wth ar et ch t e bottom
I aye1r ?\orf‘ﬁg‘lé%% Ué én 3”& Vf’"é'ef Bf i@g” €q§§ n%\%ﬁp%gﬁ%dﬁ%eg reégl st

| ayer con@espdréstn TRO RicRiANingalsé Ior mmwm is aeatsumobfo bdre. 930t Thusdi at e
| ayer, an antiref|lection |ayer based qn the ﬁﬁé'oﬂef ecti

tl
conposi t edrachye ingexjperemant gl Rl i attribued dp ?ﬁeﬁ%'PP)P%PeGH aﬁoa Qh?gt he
antirefl ﬁl%té)gﬁsh@’\ﬁével&étﬁﬁs h@%’éfac‘tl? at ﬁ{en@&urm{mqﬁgﬁ‘ﬁ 16w kQositRpl st | ayer

conposi tion otoresi st conposition. In this case, exanples of the
conposition for form ng the internediate | ayer may incl ude
pol y&i | sesqui kbx&tmldaézeem@tllonednﬂﬂapcﬂp}melr jndieas asedhivsihe eatiteflgoties (TEOS)

d the | . .Ih | t
sl the L G0 . bl R G2 AR b RO o o
inter WEdb@ﬂeefdrmyaf in |Tshﬁq11‘udpadhﬁﬁin$frhleaartﬁsrorpMmsﬁecttrmn obfa dy@hoicoathsy st

conposi tion preferably conprises a p nmer without a silicon atom, A top
resi st IﬁWrSWB A itQ CRANges R 'C@\h%ﬂ%my%aéﬁﬂwws%w%a%s seiVefdlvant age

of provi QH@EV&JQE‘& b8§s1l5|%%‘?1'e\°ﬂ|bélr}eé&|o?lst ﬁ%f%éiﬁve%%@éllﬁﬁ%mt@h ﬁﬁayﬁ pol ymer

containing 15 silicon atons. Then in the sanme fashion as the | ayer resist
procss n@tnbeommi f@bmrefwcbm toORHNG| Wbannvqnt@a\ bais t&i@dledﬁna@ml@w kayer is

d b I
baki ng. (PAEC dhaSrbleRbR Rt EAEEM, Seqk AR Bl the SRBLMRPRRTE |
f ol | owedpiaseatethinnkisavotkf urt her |ithographi c processes. 20 The

foll ow ng exanpl es provide detailed illustrations of the nethods of
produci ng and utilizing conmpositions of the present invention. These

exanpl es are fpihd ﬁﬁééaﬂﬁ%véhﬂwﬁvme tHe0 dlol, Mirfol, OdiitHiS1S tfithd, diBeids ¢esd of t he
invention in any way and shoul d not be construed as prOV|d|ng condi tions,

par a?fet ediimisle, danide, onimideanide in fe antireflodiyecsaatingicpgppsitiongiamebe ¢ o
practicechhe PiPteh 4 W& A theEXOMbEoh THAkiRRRh SofRFRTBbGMEr3th the

antireflective coating composition which is used to form an antireflective film on a
substrate, is less than the exposure wavelength for the photoresist and where the
exposure wavelength is between the absorption maximum and the absorption
30 minimum on the long wavelength side of the absorption band of the polymer in

the antireflective coating composition, resulting in an anomalous dispersion
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32 grans of tetranethoxynethyl glycoluril, 13 grans of tris-(2-

hydr oxyet hyl ) cyanuric acid and 100 grans of cycl ohexanone were charged
into a 50M0rodoasyk with a thernoneter, a cold water coRrdEnBENY/AIFdSE
mechani cal stirrer. The reaction m xture was heated to 80C. After a

catal ytic anmount of para- 5 toluenesul fonic acid nonohydrate (0.14 g) was
added, the reaction was nmaintained at this tenperature for 6.0 hours. The
reaction solution was then cooled to roomtenperature and a - 30 solid%

pol yrer lg%dtfa}% W3 Rack idde f eihRIantiekigsieatilmeindbtrabst e pol yrrer
I s about g/ nol . 10 Synthesi s Exanple 2 29 grams of
t et r anet tefraptive ingdex dgh'yaf dhe aintireftestivg fing apdl lowers the-ahspmitionyeamnefeicyanuri ¢

id d, .1 f.. h : Lnt Q. K with
Fher momelcar 8 e SiuyeL it i A8 natEhos W AEF tid) Byl fnith dihegal (1 @
react i onpotyels Udiacida sridvidtatbet pol§acids Adingide adiaatide yori imideraaiide cén be
i o] rgsen T eL e Abenrbonsmag e giite FadRR R PR AniRgt i was
then cootefingQonfsitioRTBesy e tﬁé‘féxgct)suréf\)vmlél"léf}ﬁ AR lth@phorégist Mt was

obt ai ned. Thé average nol ecul ar wei g of the p mer i s about 2000 g/ nol.

ol
20 Synt hwbete the exppeure wavelengdh is getikeenithe hak gighd ef thezakpospiiondpand

tris-(2- NUL ' 12 & Of hepeyp wer e
char ged {5‘%%&?6%&”% 1& ?{gs‘%{%&ftl%&g%g@@r rgr%ﬁlgta g@?ﬁaa@/olqhgwat er Stj:m(;]ndenser
and a negifimuoalorsthe rieng Waeelemgthusidewadnheithardinstance) @rarahomalausy of

par a;t ol yenesul foni.c _acid nohydr at e. was d. After. 16.h, eaction
i xtlﬁ e aﬁge@w %‘EPW“B‘%HQQﬁI? 5% ﬁ&‘?’rénvc%’x &Cejﬁl'?’a%lrﬁ% Wé?il.@ “%P@Scfﬂ uril was
added. Thgsing &% reiractias inddxThaohe’ @itiréfiuctive dimernat lowerd thie difsdptionur s.  The
reaction solution was then cooled to room 30 tenperature and a pol yner

sol ut i onPakaeses ki ofdae antiefledtive Pou378PCT/ 1 B2009/ 005486 Synt hesi s Exanpl e 4
32 grans of tetranmethoxynethyl glycoluril, 13 grans of tris-(2-

hydroxyet hyl) cyanuric acid, 1.9 g of 1,4-dithiane-2,5-diol and 100 grans
of 5 cycl ohexAnwoeesseofethehinsigat! invention cOOPISES fAOAHRY & SUbsiraie ¥itiodet er, a

o ShuSBRR SR PSR o S RSB bt o
nonohydr ahé hegtidd i) substraaddada hotpgateesratdnyactiars oven ot atheedvelt kndvirs
el CHEM R MRCE L CHE TN R N e
Exanpl e fe coating solvent, and crosslink the polymer if necessary, to a sufficient extent
so that the coating is not soluble in the coating solution of a photoresist or in a
20 aqueous alkaline developer. An edge bead remover may be applied to clean the
edges of the substrate using processes well known in the art. The heating ranges
in temperature from about 70°C to about 250°C. If the temperature is below 70°C,
then insufficient loss of solvent or insufficient amount of crosslinking may take
place, and at temperatures above 250°C, the polymer may become chemically
25 unstable. A film of a photoresist composition is then coated on top of the
antireflective coating and baked to substantially remove the photoresist solvent.
The photoresist is image-wise exposed and developed in an aqueous developer
to remove the treated resist. An optional heating step can be incorporated into
the process prior to development and after exposure. The process of coating and
30 imaging photoresists is well known to those skilled in the art and is optimized for

the specific type of resist used. The patterned substrate can then be dry etched
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29.2 grans of tetranethoxymethyl glycoluril, 8 granms of tris-(2- 15

hydr oxyet hyl ) cyanuric acid, 5.4 g of trithiocyanuric acid and 100 grans of

cycl ohexawoneiwvmszscharged into a 500 nL flask with a trermBred/ersssa col d
wat er condenser and a nmechanical stirrer. The reaction m xture was heated
to 80C. After a catalytic amount of para-tol uenesul fonic acid nonohydrate
(0.15 g) was added, the reaction was naintained at this tenperature for 6
ggursi The 2|0 reaction solution was then cooled to roomtenperature and a
sol i d% ; | 14t 1 S i [ | £ 2 grans
of totr ald ROETRE o Uidrien e RE oxpBk B Bfchs SR didofocter ©
cyanur i dilacindth Bebregnaihing suojenesist ecting ds dinaeichl maslk.eYarous gasesgai@ns of

cycl ohexanone. wer e ar .into a.500. flask wt h ers a cold
wat er cém?é“ﬁk@r nﬂ'%go'frgfcﬁ'éﬂﬂ gan ?&rgbgctwﬁecqaggg?ﬁ %ﬁéﬁé%@ﬂ%@z heat ed
to 80C. #Md @F,aasavdl Ms etruroetthingf gassakholbeinetd beniThiagrdcessoizohydr at e

(0.15 g) 30 was added, the reaction was nmaintained at this tenperature for
6.0 Kourgenerally knawyrpas g/QiguePes$s- B2009/ 005486 reacti on sol uti on was then

.0

cooled to roomtenperature and a - 35 solid% pol ymer sol ution was obtai ned.

Synthesis Example A 5 600 grans of tetramethoxynethyl glycoluril, 96
granms of styrAméntgtmediateatayet 20ay eapiaced betwesn e aplisgtlertiveoaedtitthy| et he

mechani caic 14 Ppapei g Ef et Ibeuftodln, iREE, SRRl o BIFHRTT,

cat al yt i scopepofnthi®inveation. The trtburediatel bgei s aniidenpobmyelr cast fraas aadded,

r

the react intained gt this t t for 5 hrs. Th i
Sof U1 orSHEt; RBRELRIaRIoD 51 TSR BR, BIRal i ioRg® AMFRAMAIote 11t rate was

slowy poured into distilled water while stirring to precipitate the
pol ymer. The polynmer was filtered, washed thoroughly with water and dried
in a vacuum oveadditzag agniitayire sestent smedmpleha taygimstem, or process

is also envisioned within the scope of the invention. In a frilayer process for
example, an organic film is formed on a substrate, an antireflection film is formed
15  on the organic film, and a photoresist film is formed on the antireflection film. The
organic film can also act as an antireflection film. The organic film is formed on a
substrate as a lower resist film by spin coating method etc. The organic film may
or may not then crosslinked with heat or acid after application by spin coating
method etc. On the organic film is formed the antireflection film, for example that
20 which is disclosed herein, as an intermediate resist film. After applying the
antireflection film composition to the organic film by spin-coating etc., an organic
solvent is evaporated, and baking is carried out in order to promote crosslinking
reaction to prevent the antireflection film from intermixing with an overlying
photoresist film. After the antireflection film is formed, the photoresist film is
25 formed thereon as an upper resist film. Spin coating method can be used for
forming the photoresist film as with forming the antireflection film. After
photoresist film composition is applied by spin-coating method etc., pre-baking is
carried out. After that, a paitern circuit area is exposed, and post exposure
baking (PEB) and development with a developer are carried out to obtain a resist
30 paitern.
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15 obtai ned had a wei ght average nol ecul ar wei ght of about 17,345 g/nol and

a polyd
but anet

1.0 g of benzyltributyl anmoni um chl ori de,

I spersity of 2.7. Synthesis Exanple B 2020 g of

etweacardox37Bi ¢ aci d di anhydride, 20 g of (+)-di mechygB2oos/0dsasd r at e,

into a flask with a condenser, thermal controller and a nmechani cal

Under n
solutio

propyl e

and 70 g of PGQVEA were charged

stirrer.

Itrogen and stirring, the mxture was heated to 110C. A cl ear
n was obtained after -1-2 hr. The tenperature was kept at 110C for 4

hrs. After 25, caRbd fi gr%%plég?& RfsuRF\Rien 8BotoRf 1a§6£1s0irhed Mth

ne oxide and 3 ris

68 g of

2, 3-epoxypropyl ) isoCyanurate were m xed

wi t h™ t hea abiboe efolh maskn. Omiep pkthet basionmviay ekt indgrmelinte dayerds fergiedrhe

reactio
| arge a

o0 Rt At ERRl Rl o RO RRTA Cofaith SRt HiliRe By

into
ected

and washieg défhtbednigintedisité faysat an .ankrefiection 134@r 12bed 00+ 8¥8 Baliefl82t00/ 005486
the pol yner, was dried i

wei gt a%t'éi‘@ecqm%%ﬁﬂ’%gf %@-ﬁ\{ gaﬁéjsuq%/\?%ﬁioggﬁ{&%@{&ﬁ%ﬁ%eﬁg&f?h&ed with a

For nul at 4@pefrecditR!18ydr, @ top layer is formed by using a top resist layer composition

10

15

20

25

30

of a photoresist composition. In this case, examples of the composition for
forming the intermediate layer may include polysilsesquioxane-based silicone
polymer, tetraorthosilicate glass (TEOS), and the like. Then films prepared by
spin-coating such a composition, or a film of SiOy, SiN, or SiON prepared by
CVD may be used as the intermediate layer. The top resist layer composition of a
photoresist composition preferably comprises a polymer without a silicon atom. A
top resist layer comprising a polymer without a silicon atom has an advantage of
providing superior resolution to a top resist layer comprising a polymer containing
silicon atoms. Then in the same fashion as the bilayer resist process mentioned
above, a pattern circuit area of the top resist layer is exposed according to
standard procedures. Subsequently, post exposure baking (PEB) and
development are carried out to obtain a resist pattern, followed by eiching and

further lithographic processes.

The following examples provide detailed illustrations of the methods of
producing and utilizing compositions of the present invention. These examples
are not intended, however, to limit or restrict the scope of the invention in any

way and should not be construed as providing conditions, parameters or values

which must be utilized exclusively in order to practice the present invention.

EXAMPLES

Synthesis Example 1
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1.0 g of polyner solution from Synthesis Exanple 1 was dissolved in 7 g of
propyl ene glycol nononethyl ether acetate/propylene glycol nononethyl ether
( PGVEA/ PGNBR010DN080Issol vent to make a -4 wt % sol uti on. TireTmB 0YN@48hen was
filtered through a micro filter with a pore size of 0.2 pmand coated on a
silicon 10 wafer and baked at 200C for 90 seconds. The wafer was submtted
for evaluation of optical paraneters using a spectroscopic Ellipsoneter.
The optim zed refractive i ndex "n" at 193 nm and t he absorption paraneter

"k" are |isteg igafabl 1tetr%1ﬁ1e@ﬁ’é}lyh@hﬁ0 MRIOM EXJRNS 2f  tris- ;2 -1.0 g of

pol ymer sol utlon Tarom ynt hesi s Exanp was dissolved in 7 g 0
PGVEA/ P(WEr@(y/eﬂwl)sQIawnc acigl amttd 0@ granw%@/glohexmpnawgrewwaeé iRRen was

filtered t S ted on a
%0 o111 coaonaiBheadifil heihShebl § i fafuidfieRbelat Rtnaerafed T OF 3
for evalsiiater OTheofeaefibn edikiupanastieatesl tos807G. Aftepa catahdicopheurildfippsonet er .
The optim zed refracti.ye index "n" at, 193 nm and, t bsor pt.i on ararreter
e B Pluenestifania anid monobat ; (B Fimitas Hoiety e fodtipRy

poI yrrer rﬁQin‘tﬁlhé’d‘ AR Rebdiairs fE?(@rUﬂh@uas ViHfe fésctiohveslufioh Zv@ ﬂfen

PGVEA/ PGQVE 70/ 30 solvent to nake a -4 wt% solution. The m xture then was

filter edcadtedigyroam ip@peratine and g t B0aslisie pelymercyolgion Was AXRiBedt ed on a
30 sili E@grﬁé?w? gle\ﬁeg %gﬁsﬂfm&q\s%%%ﬁf‘éﬁ)o %}p&)lwafer was submitted

for eval uation using a spectroscopic Ellipsoneter.

The WO 2010/ 004378PCT/ I 82009/ 005486 optim zed refractive index "n" at 193
nm and t bso I on paranmeter "k" are listed in Table 1. Coating

For at HH FB(F‘ 1.0 g of polyner solution from Synthesis
Exanpl e 4 was di ssolved in 7 g of PGVEA/ PGVE 70/ 30 solvent to nake a -4 w %
solution. The m xture then was filtered through a mcro filter wfh a pore

size of 0.2 pf aﬁﬂif@%apfadtQSWr%etQPWr&%thyl\/\/a@&?dHHH B8k rams Rodripde-
seconds. p, G WARAT cy@urRUAtHd Bh8% 00%grams of cyclohexanone were charged mto

a 500 mL flask with a thermometer, a cold water condenser and a mechanical
15  stirrer. The reaction mixture was heated o 80°C. After a catalytic amount of para-
toluenesulfonic acid monohydrate (0.14 g) was added, the reaction was
maintained at this temperature for 6.0 hours. The reaction solution was then
cooled to room temperature and a ~ 30 solid% polymer solution was obtained.
The average molecular weight of the polymer is about 2000 g/mol.
20
Synthesis Example 3

6.1 g acetic anhydride, 13 grams of tris-(2-hydroxyethyl) cyanuric acid and

120 grams of cyclohexanone were charged into a 500 mL flask with a

25 thermometer, a cold water condenser and a mechanical stirrer. The mixture was
heated to 100°C and 0.11 g of para-toluenesulfonic acid monohydrate was added.

Aftei 16 h, the reaction mixiure was cooled to 80°C and 32 grams of
tetramethoxymethyl glycoluril was added. The reaction was maintained at this
temperature for 16.0 hours. The reaction solution was then cooled to room

30 temperature and a polymer solution was obtained.
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10 evaluation of optical paranmeters using a spectroscopic Ellipsoneter. The
optim zed refractive index "n" at 193 nmand the absorption paraneter "k"
are |isteaoizniofmigd7e 1. Coati ng Fornul ati on Exanpl e 5 15PCT/IB2004/0@k485 of

pol ymer solution from Synthesis Exanple 5 was dissolved in 7 g of

PGVEA/ PGVE 70/ 30 solvent to nmake a -4 w%solution. The m xture then was
filtered through a micro filter with a pore size of 0.2 pmand coated on a
silicon wafer and baked at 200C for 90 seconds. The wafer was subnmitted for

20 eval {h% lsoéxémépec@ parameters using a spectroscopic Ellipsoneter. The
optim ze ractlv i ndex "n" at 193 nm and the absorption paranmeter "k"
are Ilsted |n Table 1. Coating Formulation Exanple 6 25 1.0 g of pol yner

solution fro Synt he5| | i 7 &GVE 70/ 30
solvent to v@%ﬁéﬁgﬁ\eﬁbog(me Sﬁgﬁ]t hgan gga %I I'tered t hrough a
lrjnﬁrg f ![hlygg%%mﬁyl) ayamrrle stide 100 Do fadithiineeb-elibl oanch 1901 greons vedf er and
aked a

f 90 d
D R i e P s 22 BhE el B Y, bt i, /bt on o
2010/ OOWQPEJM&%%?%QO&%@M@M@& e ARlcliv® nhiReex was' heateaaa nm and

t he absorption paraneter "k" are listed in Table 1. i cal

par amet e80°©vAftaaa|o@talytmam@ua1t ¢fngarar§elnan9$uif@ﬁl%a@aﬁm%0hydf%e 60 Q? & k

reasur enpil gd&‘éd,jtﬁg (B%tion AL ndintained at this temperature for 6.0 hours. The

reaction solution was then cooled to room temperature and a ~ 30 solid%

10  polymer solution was obtained.
Synthesis Example 5

29.2 grams of tetramethoxymethyl glycoluril, 8 grams of tris-(2-

15  hydroxyethyl) cyanuric acid, 5.4 g of trithiocyanuric acid and 100 grams of
cyclohexanone were charged into a 500 mL flask with a thermometer, a cold
water condenser and a mechanical stirrer. The reaction mixture was heated to
80°C. After a catalytic amount of para-toluenesulfonic acid monohydrate (0.15 g)

~ was added, the reaction was maintained at this temperature for 6.0 hours. The
20 reaction solution was then cooled to room temperature and a ~ 30 solid%

polymer solution was obtained.
Synthesis Example 6

25 29.2 grams of tetramethoxymethyl glycoluril, 16 grams of tris-(2-
hydroxyethyl) cyanuric acid, 9.6 g of Isocyanuric acid diallyl ester and 100 grams
of cyclohexanone were charged into a 500 mL flask with a thermometer, a cold
water condenser and a mechanical stirrer. The reaction mixiure was heated to
80°C. Afier a catalytic amount of para-toluenesulfonic acid monohydrate (0.15 Q)

30 was added, the reaction was maintained at this temperature for 6.0 hours. The
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Coating Formul ation Exanple n k 1 1.92 0.25 2 1.93 0.27 3 1.88 0.20 4 1.91
0.25 5 1.87

WO 2010/004378 PCT/IB2009/005486

reaction solution was then cooled to room temperature and a ~ 35 solid%
polymer solution was obtained.

Synthesis Example A

600 grams of tetramethoxymethyl glycoluril, 96 grams of styrene glycol
and 1200 grams of propylene glycol monomethyl ether acetate (PGMEA) were
charged into a 2L jacketed flask with a thermometer, mechanical stirrer and a
cold water condenser and heated to 85°C. After a catalytic amount of para-

10  toluenesulfonic acid monohydrate was added, the reaction was maintained at this
temperature for 5 hrs. The reaction solution was then cooled to room
temperature and filtered. The filtrate was slowly poured into distilled water while
stirring to precipitate the polymer. The polymer was filtered, washed thoroughly
with water and dried in a vacuum oven (250 grams were obtained). The polymer

15  obtained had a weight average molecular weight of about 17,345 g/mol and a
polydispersity of 2.7.

Synthesis Example B

20 20 g of butanetetracarboxylic acid dianhydride, 20 g of (+)-dimethyl L-
tartrate, 1.0 g of benzyltributylammonium chloride, and 70 g of PGMEA were
charged into a flask with a condenser, thermal controller and a mechanical stirrer.
Under nitrogen and stirring, the mixture was heated to 110°C. A clear solution
was obtained after ~1-2 hr. The temperature was kept at 110°C for 4 hrs. After

25  cooling to 60°C, 40 g of PGMEA, 60 g of acetonitrile, 68 g of propylene oxide and
30 g of tris(2,3-epoxypropyl) isocyanurate were mixed with the above solution. The
reaction was kept at 52°C for 40 hrs. The reaction solution was cooled to room
temperature and slowly poured into large amount of water in a high speed

blender. The polymer was collected and washed thoroughly with water. Finally

31



0.24 6 1.94 0.25 Litho Fornulation Exanple 1 102.2 g of the polyner
solution from Synthesis Exanple 1 and 0.35 g of the polyner solid from

Synt hesi swhxamploes78 was di ssolved in 80 g of PGVEA/ PGVEPCTOBB0)/0Ease/ent t o
make a 1.2 wt % sol ution. 0.35% of dodecyl benzene sullfonic acid

/triethylam ne and 1% of triphenyl sul foni um nonafl uorobutane sul fate was
added in the polymer solution. The mxture then was filtered through a
mcro filter 15 with a pore size of 0.2 pm Litho performance eval uati on of

Litho F | f [ iihvg coatin
For ml 2t RO s B b o A e Lo g AZO |~
T83472 pheigidravsiage hptecdlac weight AV efratah B200@0éRdlal s USA Corp. ,
Sorerville, NJ). A silicon wafer was coated with AZO 1C5D bottom
antireflective coating conposition (AZ Electronic Materials USA Corp.,
Soner vi IdaatinhBorineldtienmxa@ntgle nm thick film Then a 21 nmthick film of
Litho Fornul ati on Exanple 1 was coated over and baked at 200C 25 for 90
secofds. Then a 190 nmthick filmof T83472 photoresist solution was

1.0 g of polymer solution from Synthesis Example 1 was dissolved in7g
of propylene glycol monomethyl ether acetate/propylene glycol monomethyl ether
(PGMEA/PGME) 70/30 solvent to make a ~4 wi% solution. The mixture then was
filtered through a micro filter with a pore size of 0.2 ym and coated on a silicon

10 wafer and baked at 200°C for 90 seconds. The wafer was submitted for
evaluation of optical parameters using a spectroscopic Ellipsometer. The
optimized refractive index “n” at 193 nm and the absorption parameter K’ are
listed in Table 1.

15  Coating Formulation Example 2

1.0 g of polymer solution from Synthesis Example 2 was dissolved in 7 g

of PGMEA/PGME 70/30 solvent to make a ~4 wi% solution. The mixture then

was filtered through a micro filter with a pore size of 0.2 ym and coated on a

20 silicon wafer and baked at 200°C for 90 seconds. The wafer was submitted for

evaluation of optical parameters using a spectroscopic Ellipsometer. The

optimized refractive index “n” at 193 nm and the absorption parameter “K” are
listed in Table 1.

25  Coating Formulation Example 3

1.0 g of polymer solution from Synthesis Example 3 was dissolved in 7 g

of PGMEA/PGME 70/30 solvent to make a ~4 wt% solution. The mixture then

was filtered through a micro filter with a pore size of 0.2 um and coated on a

30 silicon wafer and baked at 200°C for 90 seconds. The wafer was submitted for

evaluation of optical parameters using a spectroscopic Ellipsometer. The
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t hen coated over and baked at 115C for 60 seconds. The wafer was then WO
2010/ 004378PCT/ 1 B2009/ 005486 i magew se exposed using a N kon NSR-306D 193
nm scannewowiono@785 NA, under dipole Y illum nation of POTABZI0gDNWE4%d t h PSM
mask. The exposed wafer was baked at 110C for 60 seconds and devel oped in
AZ(r) 300 MF devel oper (available fromAZ Electronic Materials USA Corp.,
Sonmerville, NJ) for 30 5 seconds. The cl eaned wafer was then exam ned under
a scanning electron mcroscope. Line and space patterns showed no standing

Vaves, Prﬁ hd PrARde rmd{)f ; LiN993 nﬂgiaﬁatth%%aatﬁt)fﬂtﬁﬁcﬁar@fnét@te“I@Ocirbom

antl-ref rve coati Formul at1on 2.0 g of the
pol yner listddihiTabld 1.om Synt heS| s Exanple 1 and 0. 3 g of the polyner solid
from Synt hesis Exanple B was dissolved in 3 g of y-val erolactone and 60 g
of PGQVEA/ PGVE 30/ 70 solvent to make a 1.4 wt% solution. 1°)/0

dodecy! lphapersidiaitncemgle/a ri et hyl am ne was added in the pol ymer
solution. 15 The m xture then was filtered through a mcro filter with a

poredsize of 0.2 urn. Litho performance eval uation of Litho Fornul ation

Exanple 2 Th Pk Gsdahdiingt igon from
Litho 20 For ﬁuﬁpgt(lf) 8:9s@hnéﬁ‘%@ﬂg\';//gfh%gits%iduﬁgﬁﬁg T83472 phot or eglost

(pr oductofd?GMEAEEP&ME cﬂW&D sblveni i malkssa Gér wi% mﬂmmﬁheemlml)e th&nsi | i con

(A" E1 ottt Eekodtul € tiese ot WRh LRRATHzBCH GBIt RO EaRA GPEFCR f or "
90 secongiliconowhfer rand Eﬂ(elﬂlnatt 200K forl90 sdduewlsaTBE Wert hiasksubinittedfforLi t ho

For mul ati on anp s coated 25 pver. Then a 190 nm thick T83472
phot18r es@‘@duag)'épuﬂf ofPlie pyamsiersn ysE\k &4 SQBCGOSCOP'C Elhpsome#er. e

optimized refractive index “n” at 193 nm and the absorption parameter “k” are
listed in Table 1.

Coating Formulation Example 5
15
1.0 g of polymer solution from Synthesis Example 5 was dissolved in 7 g
of PGMEA/PGME 70/30 solvent to make a ~4 wt% solution. The mixture then
was filtered through a micro filter with a pore size of 0.2 ym and coated on a
silicon wafer and baked at 200°C for 90 seconds. The wafer was submitted for
20 evaluation of optical parameters using a spectroscopic Ellipsometer. The
optimized refractive index “n” at 193 nm and the absorption parameter “k” are
listed in Table 1.

Coating Formulation Example 6
25
1.0 g of polymer solution from Synthesis Example 6 was dissolved in 7 g
of PGMEA/PGME 70/30 solvent to make a ~4 wi% solution. The mixiure then
was filtered through a micro filter with a pore size of 0.2 ym and coated on a
silicon wafer and baked at 200°C for 90 seconds. The wafer was submitted for

30 evaluation of optical parameters using a spectroscopic Ellipsometer. The
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115C for 60 seconds. The wafer was then inmagew se exposed using a N kon
NSR- 306D 193 nm scanner with 0.85 NA wunder dipole Y illumnation of 0.9

si gnma wi tWORBMaesk. The exposed wafer was baked at 110E€cTaB208Qoesessonds and
devel oped in AZ(r) 300 MF devel oper (available from AZ El ectronic
Materials 30 USA Corp., Sonerville, NJ) for 30 seconds. The cl eaned waf er
was then exam ned under scanning electron m croscope. Line and space
patterns showed no standing waves, no footing and no scumm ng, indicating
1 f1 cack fniddie kO =S R84 hHP aR3hE MbsobdocpdianiBkatt ale Exanpl e 3
5 R g of e polyner sol ution ?rom Synt hesi s Exanple 2 was

di ssol vdidtedinTapleol. y- val erol act one and 95 g of PGVEA/ PGVE 30/ 70 sol vent to
make a 1.2 w% solution. 1% of triphenyl sul foni um nonafl uorobut ane sul fate
was added in the polymer solution. The m xture then was filtered through a
mcro filter Qptical E?(Welerl@\ﬁdla@ti(ﬂf frém2castingLiotrhulatien Eramplesel &vél(nat i on of
Litho Forpul ati on anpl e 3 The performance of the anti-reflective coating
f or mBl at& bM9asyFeNeRisAt 193mkul ati on Exanpl e 3 was eval uated using T83472
phot oresi st (product of AZ Electronic Materials USA Corp., Sonerville, NJ).
A silicon wafer was coated with AZ(r) 1C8D bottom antireflective coating
conposi|tTahie 1AZ El ectronic Materials USA Corp., Soherville, NJ) and baked
at 200C Coatirtd Feanabatiort Example ol $0 nm thilkk film| Then a 20 nmthick film
of LitHo Fornul ati on Exanple 3 9goat ed @A50ver.| Then a 190 nrn thick
T83472 |phot oresi st solution was |cpgged anjdp.baked atf 115C for 60 seconds.
The waf wWas therm T TEgeEW SE EX i goNirkon| NSR- 306D 193 nm scanner

with O. &p NA—uhder—dipote—Y—Hi 1fgn||ati o ghe0-97S| gna _with PSM mask. The
exposed—wafer—was—baked—at—1316C fEB 66——secH devel oped in AZ(r) 300

M F deyv I-lable from-AZ4E Letroni R al s 25 USA Corp.,

Soner vill® e, N1) for 30 seconds. 1T 4 2 vas t hen exam ned under

scanni ng el ectron mcroscope. Line and space patterns showed no standing

waves, qﬂtﬁoq%mam%ﬁﬁqmﬁ ng, indicating efficacy of the bottom
anti-reflTective coatl ng.
10 2.2 g of the polymer solution from Synthesis Example 1 and 0.35 g of the
polymer solid from Synthesis Example A was dissolved in 80 g of PGMEA/PGME
(70/30) solvent to make a 1.2 wi% solution. 0.35% of dodecylbenzene sullfonic
acid /triethylamine and 1% of triphenylsulfonium nonafluorobutane sulfate was
added in the polymer solution. The mixture then was filtered through a micro filter

15  with a pore size of 0.2 ym.
Litho performance evaluation of Litho Formulation Example 1

The performance of the anti-reflective coating formulation from Litho

20 Formulation Example 1 was evaluated using AZ® T83472 photoresist (product of
AZ Electronic Materials USA Corp., Somerville, NJ). A silicon wafer was coated

with AZ® 1C5D bottom antireflective coating composition (AZ Electronic
Materials USA Corp., Somerville, NJ) to form a 60 nm thick film. Then a 21 nm

thick film of Litho Formulation Example 1 was coated over and baked at 200°C

25  for 90 seconds. Then a 190 nm thick film of T83472 photoresist solution was
then coated over and baked at 115°C for 60 seconds. The wafer was then
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30The foregoing description of the invention illustrates and describes the
present invention. Additionally, the disclosure shows and describes only
the WO 200Q000378PCT/ | B2009/ 005486 preferred embodi merCs/iBioo/hs4ganvent i on
but, as mentioned above, it is to be understood that the invention is
capabl e of use in various other conbinations, nodifications, and
environments and is capable of changes or nodifications within the scope of
t he inventive concept as expressed herein, conmrensurate 5 with the above

t each! ngs and/or t ill or t
enbodi 99"‘6%%(‘??(9%%‘?95 Hang; %%E@g%ﬁg 6?1 p\%&?%}rﬁggggggﬁ @heg8?§ﬁ best
nodes  Kiyqyst drﬁuolar\@mmrmamntdm 9 sigemd with R8M niaskeTablexposedwaresk¥asg ed in t he

art to utilize the_invention such, ot her th t

var i ousbaird @t cbid’ Gngorr%lﬁef?ea ﬂ*éeﬁ%JPP?%dPaﬁﬁggﬁu cap_4 o%‘ngglg W[Jses gfe
the i nvgeﬂfalgﬂe rA% tgbdtrodid gvaRdridrs USAHtCom.,i Sonmrvillat djiefdrt30 1imit the
i nventi to the ormdlsclosed herein. Also, it is intended that the

appefidedeadraisis The deanad veder wasnbendexaningdiidesed SrBBAMRHPSTON o aj ns:
~ conMie heggpecﬁ.y\‘rieg?r?@@é% Eﬁ(%;mg%hb{niéﬂ (P SRR HRgNGavesP AbYEBing\dhe h does

an acid generator, and optionally a 5
crossl i pkisegmagagt mthMgEelfhacypol mmotmmﬁ-w@CHV%P@@Mr al unit derived
froman am noplast and a structural unit derived froma diol, trio!,

dithiol, trithiol, other polyols, diacid, triacid, other polyacids,

dllmdethﬁbmrqaaubﬁrEan@[@Qe or mxture thereof, where the diol, dithiol,
triol, trithiol, diacid, triacid, diimde, diamde, or imde-amde :

8ﬁtﬂ©nal |y colnt ain one or nore nitrogen and/or sulfur atonms or 10 contain
e or more a'Keng e dderant symhbastienpleat ang ocdgnsfshei on of
claim1l V\/nere(f e éﬁn %Bgﬁner gcflgﬁsjrg rect e{, f]rom FgHNNHﬂI% ot

polymer solid from Synthesis Example B was dlssolved in3 gofy- valerolactone

and 60 g of PGMEA/PGME 30/70 sqlvent to make a 1.4 wi% solution. 1%

dodecylbenzene sulfonic acid /triethylamine was added in the polymer solution.

15  The mixture then was filtered through a micro filter with a pore size of 0.2 um.
Litho performance evaluation of Litho Formulation Example 2

The performance of the anti-reflective coating formulation from Litho

20 Formulation Example 2 was evaluated using 783472 photoresist (product of AZ
Electronic Materials USA Corp., Somerville, NJ). A silicon wafer was coated with

AZ® 1C5D bottom antireflective coating composition (AZ Electronic Materials
USA Corp., Somerville, NJ) and baked at 200°C for 90 seconds to form a 52 nm

thick film. Then a 23 nm thick film of Litho Formulation Example 1 was coated

o5 over. Then a 190 nm thick T83472 photoresist solution was coated and baked at
115°C for 60 seconds. The wafer was then imagewise exposed using a Nikon
NSR-306D 193 nm scanner with 0.85 NA, under dipole Y illumination of 0.9
sigma with PSM mask. The exposed wafer was baked at 110°C for 60 seconds

and developed in AZ® 300 MIF developer (available from AZ Electronic Materials

30 USA Corp., Somerville, NJ) for 30 seconds. The cleaned wafer was then

examined under scanning electron microscope. Line and space patterns showed
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no standing waves, no footing and no scumming, indicating efficacy of the bottom
anti-reflective coating.

Litho Formulation Example 3

4.4 g of the polymer solution from Synthesis Example 2 was dissolved in 5
g of y-valerolactone and 95 g of PGMEA/PGME 30/70 solvent to make a 1.2 wi%
solution. 1% of triphenylsulfonium nonafluorobutane sulfate was added in the
polymer solution. The mixture then was filtered through a micro filter with a pore

10  size of 0.2 um.

Litho performance evaluation of Litho Formulation Example 3

The performance of the anti-reflective coating formulation from Litho

15  Formulation Example 3 was evaluated using T83472 photoresist (product of AZ

Electronic Materials USA Corp., Somerville, NJ). A silicon wafer was coated with

AZ® 1C5D bottom antireflective coating composition (AZ Electronic Materials

USA Corp., Somerville, NJ) and baked at 200°C for 90 seconds to form a 60 nm

thick film. Then a 20 nm thick film of Litho Formulation Example 3 was coated

20 over. Then a 190 nm thick T83472 photoresist solution was coated and baked at

115°C for 60 seconds. The wafer was then imagewise exposed using a Nikon

NSR-306D 193 nm scanner with 0.85 NA, under dipole Y illumination of 0.9

sigma with PSM mask. The exposed wafer was baked at 110°C for 60 seconds

and developed in AZ® 300 MIF developer (available from AZ Electronic Materials

25 USA Corp., Somerville, NJ) for 30 seconds. The cleaned wafer was then

examined under scanning electron microscope. Line and space patterns showed

no standing waves, no footing and no scumming, indicating efficacy of the botiom
anti-reflective coating.

30 The foregoing description of the invention illustrates and describes the

present invention. Additionally, the disclosure shows and describes only the
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R11IRil N NR8/8 0 where each R8 is (CH2)n-0-(CF12) m CF13, each Rl1l is
hydrogen or Cl1-C6 alkyl, nis 1 to 4, and mis Oto 3, O
( CH3OCH2)wbIM OHe@3BI3) 2 N N CH2OCH3 C H30 C H2, N N  MCPHZOBI0$18)5286CH3

preferred embodiments of the invention but, as mentioned above, it is to be
understood that the invention is capable of use in various other combinations,
modifications, and environments and is capable of changes or modifications
within the scope of the inventive concept as expressed herein, commensurate

5 with the above teachings and/or the skill or knowledge of the relevant art. The
embodiments described hereinabove are further intended to explain best modes
known of practicing the invention and to enable others skilled in the art to utilize

the invention in such, or other, embodiments and with the various modifications
required by the particular applications or uses of the invention. Accordingly, the

10  description is not intended to limit the invention to the form disclosed herein. Also,
it is intended that the appended claims be construed to include alternative

embodiments.
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0 CH3OCHZHNNNHCH2OCH3 NN NHCH2OCH3 CH3OCH2NN, , CH20C H3 0
CH3OCH2HNN' NHCH2OCH3 NN N(CH20CH3) 2 C H30 C H2ZN N H20 C H3 '

CH3 0 CH2 HNMO CHOOHHZ S 2 PCT/IB2009/005486
Claims:
1. An antireflective coating composition comprising a polymer which does not

contain an aromatic chromophore, an acid generator, and optionally a
5 crosslinking agent, where the polymer comprises a structural unit derived from an
aminoplast and a structural unit derived from a diol, triol, dithiol, trithiol, other
polyols, diacid, triacid, other polyacids, diimide, diamide, imide-amide, or mixture
thereof, where the diol, dithiol, triol, trithiol, diacid, triacid, diimide, diamide, or
imide-amide optionally contain one or more nitrogen and/or sulfur atoms or

10 contain one or more alkene groups.

2. The antireflective coating composition of claim 1 where the aminoplast is
selected from

38
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where each Rg is (CH2)s—O—(CHz)m—CHs, each Ry is hydrogen or C4-Cs alkyl, n

is1to4,andmis 0to 3,
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NN., CH2OCH3 CH3OCH2 0 ,N, /CH2OCH3 C H30 C H2 0 CH3OCH2 | OCH N23
Cl-120C1-13 CH3...CF12

WO 2010/004378 PCT/IB2009/005486
X g
CH,OCH,
\ CH,OCH CH,OCH
/% | 3 2\N)kN/ CHOCH,
N_ N / ) (
/ \[( “CH,0CH, N NS
7
CH,OCH, ! CH,OCH, Y CH,OCH,
o

CHSOCHZ\N _CH,OCH,
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N
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/ “CH
CH,OCH, \H/ CHOCH,
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or where the aminoplast is

O
R
Ry 1%'411
N N
/ ~

[ e
5 0

where each Rg is (CHy)~O—(CH.)m—CHs, each R4 is hydrogen or C4-Cg alkyl, n

is1to4,and mis 0 to 3.

3. The antireflective cbating composition of claim 1 or 2 where the diol, dithiol,

10  triol, trithiol, diacid, triacid, diimide, diamide, or imide-amide are selected from
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0 0 CHOCH 32\ W CH20C1-13 N N N CH30CH2H3 0 0 CH3OCH2\ N zN NCH20CH3
NI\ 1\ CH3OCH2CH200H3 or where the am nopla.st is 50 where each R8 is
(CH2) n- O-wORA@)YmuIZBI3, each R11 isis hydrogen or Cl-C6 alPkyliB2009/h@s4d6 t 0 4,
and mis 0 to 3.
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3. The antireflective coating conposition of claiml or 2 where the diol,
dithiol, 10triol, trithiol, diacid, triacid, diimde, diamde, or
i m de- amwe 2aronosBected from CH OH Br HSS SH BirCHIE8H1005486

0 o) o)
O N O N O NH_0
NH,
NH NH « NH  HN
o)
o)

/\/([)l\OH HO/([)]\/\N)O]\N/\)(J)\OH ‘
o)\N/Ko O)\T/KO

4. The antireflective coating composition of any one of claims 1 to 3 wherein

5 the polymer comprises a repetitive unit of structure (1A)
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O
NI (i —

R, 1%—<—R1 1 (1A)

§ _/NYN\__O\
o)

where Z is a residue of a diol, triol, dithiol, trithiol, other polyols, diacid, triacid,

other polyacids, diimide, diamide, imide-amide, or mixture thereof; X is —ORj3, —

O(0=C)Ras, or O where Rj is hydrogen, unsubstituted or substituted

5 alkyl, unsubstituted or substituted alkene, unsubstituted or substituted alkyne, or

unsubstituted or substituted 6-membered ring optionally having one or more

nitrogen and/or sulfur atoms within the ring; each of R, and Rs are independently

Rs or R4 and Rs together with the atoms to which they are attached form an

unsubstituted or substituted 5- or 6-membered ring optionally having one or more

10  nitrogen and/or sulfur atoms within the ring; and each of Ry is hydrogen or Cy
alkyl,

or a repetitive unit selected from
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4. The antireflective coating conposition of any one

of claine 1 to 3 wherein 5 the polyner conprises a repetitive unit of

struct ur ew028j0/008781 R11) ( R11( 1A)
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where Z is a residue of a diol, triol, dithiol, trithiol, other polyols,
diacid, triacid, other polyacids, diimde, diamde, imde-amde, or mxture
t her eof ; WOi281/ORZ8 - -N7 R4 R5 0(0=C) R3, orOwhere R3 i CyBL009@05486
unsubstituted or substituted 5 alkyl, unsubstituted or substituted al kene,
unsubstituted or substituted al kyne, or unsubstituted or substituted

6- menbered ring optionally having one or nore nitrogen and/or sul fur atons
within the ring; each of R4 and R5 are independently R3 or R4 and R5
together with the atoffs®to which they are attacheg form@q unsubstituted or

subst it ut egi-5+ %N%ﬁrr%mh)eecp\e/d\r/\?g optional | haV| or more 10ni trogen
and/or sulfur ato thin the hg; and eac ' s o en or Cl-6
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%e'rl'gs a%i reflective coating conposition of any one of claims 1 to 4

uher e\ inC ‘Be Eorrpom tion further conprises a polyner that contains an

chrormphor(e)ac{)mr?pwgﬂg- R Sirﬁcfalrglmar W[]i gh does not comCaiB20ao@EIgEAL | C
( _ _ uni erived froman amn

structural unit derived froma diol, triol, dithiol, trithiol Oplo??\terand :

pol yol s, diacid, triacid, other i i .
. v ,» Ol pol yacids, diimde or 10
where the diol, dithiol, trio!, trithiol, diacid, triacidm )(;}[:J:r?dtehere()f’

di am de, or im de-am de opti onal |y cont al@ one (pr rmbe nitg ogen and/ or

sul fur atomm one nor e_g
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5. The antireflective coating composition of any one of claims 1 to 4 wherein
the composition further comprises a polymer that contains an aromatic

5 chromophore.

6. A polymer which does not contain an aromatic chromophore comprising a
structural unit derived from an aminoplast and a structural unit derived from a diol,
triol, dithiol, trithiol, other polyols, diacid, triacid, other polyacids, diimide or
10  mixture thereof, where the diol, dithiol, triol, trithiol, diacid, triacid, diimide,
diamide, or imide-amide optlonally contain one or more nhitrogen and/or sulfur
atoms or contain one or more alkene groups, the polymer comprising a repetitive

unit selected from
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WO 2010/ 004378PCT/ 1 B2009/ 005486 000 --[ HIi 7. A coated substrate
conprising a substrate having thereon an antireflective coating | ayer
formed frwom2otoeoasTsi refl ecti ve coating conposition of amgTarmoobossscl ai ns 1
to 5, where the antireflective coating | ayer has an absorption paraneter
(k) in the range of 0.01 k < 0.35 when neasured at 193 nm
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8. A process for formng an inmage conprising, a) coating and baking a
substrate with the antirefl ective coating conposition of any one of clains
1 to 5; MWokpioowai7sng and baki ng a photoresist filmon taop/Biood/hes486
antireflective coating; c) imgew se exposing the photoresist; d)

devel oping an image in the photoresist; e) optionally, baking the substrate
after the exposing step. 9. A process for formng on a substrate an
antireflective filmand a 15 photoresist filmsensitive to an exposure
wavel ength, conprising: a) forming an antbreflagtlvedflln1en a substrate,

where the a |refI°ect|\ﬁfo|I is for % e coating
conpositiion 1 to 5 010/00437 PCT/IB 009/ 005486
V\herethe())i-e(, trlol)\gnggnol trithiol |aC|d &rmacied dii m de, di am de,
or img%ww the a tlreflectlve—@/_ rrp05|t|on is chosen in such
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7. A coated substrate comprising a substrate having thereon an antireflective
coating layer formed from the antireflective coating composition of any one of
5 claims 1 to 5, where the antireflective coating layer has an absorption parameter

(k) in the range of 0.01 <k < 0.35 when measured at 193 nm.

8. A process for forming an image comprising, a) coating and baking a
substrate with the antireflective coating composition of any one of claims 1 to 5;
10  b) coating and baking a photoresist film on top of the antireflective coating; c)
imagewise exposing the photoresist; d) developing an image in the photoresist;

e) optionally, baking the substrate after the exposing step.

9. A process for forming on a substrate an antireflective film and a

15 photoresist film sensitive to an exposure wavelength, comprising:

a) forming an antireflective film on a substrate, where the antireflective film is

formed from the antireflective coating composition of any one of claims 1 to 5
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coat i ngontiipiient toihe tgEraphie, X § ?s@'gﬁrg FEpetitive unit selected from
refractive index 'n' of the antireflective film and lowers the absorption parameter

10 'K of the antireflective film; and
b) forming the photoresist film on top of the antireflective film.

10.  The process of claim 9 which comprises
15
a) forming an antireflective film on a substrate, where the antireflective film is
formed from the antireflective coating composition of any one of claims 1 to 5
where the diol, triol, dithiol, trithiol, diacid, iriacid diimide, diamide, or imide-amide
_in the antireflective coating composition is chosen in such a way that the
20 absorption maximum of the polymer in the antireflective coating composition is
less than the exposure wavelength for the photoresist and where the exposure
wavelength is between the half height of the absorption band of the polymer in
the antireflective coating composition and the absorption minimum on the long
wavelength side, resulting in an anomalous dispersion contribution to the
o5 refractive index of the antireflective film that raises the refractive index 'n' of the
antireflective film and lowers the absorption parameter 'k’ of the antireflective film;

and

b) forming the photoresist film on top of the antireflective film.
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11.  The process of claim 9 or 10 wherein the diol, triol, dithiol, trithiol, diacid,

triacid diimide, diamide, or imide-amide is that of claim 3.

12.  The process of any one of claims 9 1o 11 wherein for the antireflective

5 coating composition, the polymer comprises a repetitive unit selected from
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