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20 areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam
and X-ray radiant energy are radiation types commonly used today in
microlithographic processes.  After this image-wise exposure, the coated
substrate is treated with a developer solution to dissolve and remove either the
radiation-exposed or the unexposed areas of the photoresist.

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



25 antireflective coating conposition disclosed herein, where the
antireflective coating | ayer has an absorption paraneter (k) in the range
of 0.01 kwe 20108H43W8en neasured at 193 nm I n addition, POE/IPLOYIBHS6
invention also relates to a process for form ng an i mage conpri sing, a)
coating and baking a substrate with the antireflective coating conposition
di scl osed herein; b) boating and baking a 30 photoresist film on top of the
antireflective coating; c) imgew se exposing the photoresist;
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20  ftrithiol, diacid, triacid, diimide, diamide, or imide-amide optionally contain one or

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
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with the antireflective coating conposition disclosed herein; b) coating
and bakPRYER DEEBIRIION OF i THE BRAWINGS the antireflective coating; c)
i mgewi se exposi ng the

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



20 photoresist; d) developing an inmage in the photoresist; e) optionally,
baki ng the substrate after the exposing step. In addition, the present

i nvent i orwalew/med7ates to a process for formng on a S UIPETNRL089/005486
antireflective filmand a photoresist filmsensitive to an exposure
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where the antireflective filmis fornmed fromthe antireflective 25 coating
conposition of present invention where the diol, triol, dithiol, trithiol,
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coating COﬁpOEItIOﬂ i s chosen in such a way that the absorption maxi num of
t he pol yner n'gt ﬁeS"é)rWS fispetsian Q@V@ﬁaihon@g:@mm@qumSp@slwsefoMéqr t he

e Dot woon B AR O o sy BB e pelphe e R A he”l ong

wavel eng‘ﬂ’ﬁV@BG@Thof t he absorption band of the polyner in the antireflective
coatigng conposition, resulting WO 2010/004378PCT/1B2009/ 005486 in an
anonal ous dlsper5|on contribution to the refractive |ndex of the
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arene contai ni ng chrom)phore that contains only carbon atonms in the ring

structures; ﬁler phenyl, naphthyl, and the like. 15 Exanpl es
of the diols '?'Eﬂ@ e‘dW@rﬁQ@lﬂﬁg ‘compasitisinsof thieuesent invértioindegmprisksdi | m de
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and optionally a 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,
20  diimide, diamide, or imide-amide optionally contain one or more nitrogen and/or
sulfur atoms or contain one or more alkene groups.to improve absorbtivity at a

wavelength useful in IC manufacturing and achieve high n value for the
antireflective material.

25 The present invention is also related to 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 mixture thereof, where the diol, dithiol, triol,
trithiol, diacid, triacid, diimide, diamide, or imide-amide optionally contain one or

30  more nitrogen and/or sulfur atoms or contain one or more alkene groups.
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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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present invention is self-crosslinkable with assistance 5 of an acid
gener at orwo 2010/004378he am nopl ast can be substituted by tPraw/BLOOYVOISESEl KOXY
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0 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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tetra(al koxymegihyl ) gl ycolurils such amo?-nethyl OH

tetra(met hoxynet hyl )glycoldril, 7- ethyl ( t hoxynet hyl ) gl ycol uri

7-0- or n-)mop tetra( t hyl) gl , 7-0-orseg-ort-) butyl
tetra(nethq;kggﬂgyl)glyc | ur 7, 8-di met iy SN2

t et r a( met HOxy et hPH) gliecodr T oy 7, 8- ZOQyQFﬂyéﬁgtra(net xy thyl ) glycol u
ri 1,7,8-di(i-orn-)propyl

tetra(nethoxynethyl)glycoluriI 7,8-di(i-orses-ort-)butyl tetra(methoxym

et hyl)glycol wuri I, 7-nethyl- i -orn-)propyl OH

tetra(net thyI <ycolurll ~and the |ike.

Tet r a( met hox ne;ﬂzl | ycol ur i ayai e under the trademark POADERLI NK
fromCytec | (e.q. 25 P I NK 1174)OHC1her exangles include

met hyl propyl t efjr thoxynethyl ril, and

met hyl phenyl @oxynethyl co ril. 2\ ON ~ N
° x /” \NJ
OH HO N HO
OH
X
OH
N N HO
TN
o " HO. Z N
HS™ N7 “sH OH '\N/ﬂ\o
H
Br
HO HO
Br
HS
_A~_-CN o] SH
[ | HS SH



WO 2010/ 004378PCT/ 1 B2009/ 005486 O her am nopl asts are comercially
avail able from Cytec I ndustries under the trademark CYMEL and from Monsant o
Chem cal wo.2010mde378t he trademark RESI MENE. Condensat i on PpmaB2009/805a$6 ot her
am nes and am des can also be 5 enployed, for exanple, aldehyde
condensates of triazines, diazines, diazoles, guanidines, guanimnes and

al kyl - and aryl -substituted derivatives of such conpounds, including alkyl -
and aryl-substituted nel anmi nes. Some exanpl es of such conpounds are

N, N -di zouwiea, odi cygndi de, for uanam ne,

acet oguanani ne, [ amrel i n\e, 2-¢hl oro-4 @ -gklmaf?e?\o 1, 3,
10tri azi ne, hyl - 2, 4- 0135tra| i ne, 3,\3
i nopyri midi]f ne, 2-m , 6-di “pyri e
ne, 3,4, 6-tri g et hyl am no) - 1, 3, 5-triazine,tris (al koxycargonyl am
ino)triazine, NN N ,N - tetranethoxynethylurea and the |ike. 15O her
possi bl e am nopl asts i nclude conpounds having the follow ng structures:
( CH3OCH2) 2NN( 8—12001—!3)2 N N(CH2OCH3) 2 0 CH3OCH2" NN2CCH3 N)

HO)J\/\N/U\N/\/[iOH Hoj)\/\NiNA/CU)\OH
o P

l]\l 0O

ino MHizazoI e, triam

OH

/“\/\ /\/lk g ]
HO N N OH HO/“\/\N N/\/J\
O

',\' o© N
H

\

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-



CH3OCH2HNNNHCH2OCH3C H30 C H2H20 C H3 "NN N N NHCH2OCH3 0
%OgHZHNNNHCHZOCI—BC | -130C H2H20C H3 N N, , N N(CH200H3) 2
CH3 OCH2 HNNO, 2bi(0ie2328H3) 2 N( CH2OCH3) 2 i ncl udi ng t hei r analPogaBz008/005486 _
derivatives, such as those found in Japanese Laid- Open Patent Application
(Kokai) No. 1-293339 to Tosoh, as well as etherified 5 amno resins, for
exanpl e methylated or butylated nmel am ne resins (Nrethoxymethyl- or I
N-but oxymet hyl - mel am ne respectively) or nethylated/butylated glycolurils,
f or exanfldghyds esinsheExampids iof theeaidehyie NefueldtioNealddhy2R4 a@gtgldép,y@ebal

i ' ' | anj d ns are comrerci al
aval | abl EoUTGIT TR PR B G AP cS) ATePHBGbMROIETBASE AG).
or Mapr eal&ylated @Wo@hlril-%%@ldéﬁy@l@e?éﬁﬂﬁss-arérhﬁnag%pl_%?n':?gé'ggxéfﬂblgofg asts can

eded, as crosslinking agents In esent invention.
al so be u§e?dlk%gn(yﬂg

tetra lycoluril having the following structure
5
O
o
R
WTONTE
Ry 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



her types of crosslinking agents include O HO and derivatives
tahe(raeonDS One exanpl e of g repeating unit fromthe polymer of the present
i nvent i orwO00/ME378- R11) ( (1A) X /NN O where Z is a re®CauB2009/0es4gh ol
trio!l, dithiol, trithiol, other polyols, diacid, triacid, 10 other
pol yacids, diimde, diamde, imde-amde, or mxture thereof; X is -0R3, -

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



R4 -N R5 0(0=C) R3,
al kyl, unsubstituted or
al kyne,
one or
are independently 15 R3 or

are attached form an unsubstituted or
nor e
and each of R11 is hydrogen or Cl-6 al kyI

optionally having one or
ring;

orOwhere R3 is hydrogen,
substituted al kene,
ovounsulosi7st ut ed or substituted 6-nenbered ri ngproptBmosbdsyshavi ng
nore nitrogen and/or sulfur atons within the ring;

substi t ut ed
substi t ut ed

unsubstituted or
unsubstituted or

each of R4 and R5
R4 and R5 together with the atons to which they
substituted 5- or 6-nenbered ring
nitrogen and/or sulfur atons within the
Furth exanpl es of

repeatin unlts i ncl ude CHZOCHSIOA—-l--O I 9®ONO) N
P ?c HZ)ZNYNYN(CHZOCHS)Z /'h"\) C(Ij-l\l)OCH )
|
Na. N KN)
|
N(CH,OCHj), CH,
CH,OCH, HNY YNHCH200H3 CHaocHZ\I\IJKI\J/CI—QOCH3
- L
NHCH,OCH,
CH;0OCH, HNY YNHCHzOCHs CH3OCH2\N/“\N/CHZOCH3

10

NY v

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
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
(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



NH LOH ' CH20C Ha HOH N3C01- 12f -1--112eN 11t H2-0),,-1-1120y HN

,IN_4 Ny\Ny NHHICOH2CCH 20C H3' C |1 -120C H3 C -1200H3 | NyN 11"C H2
-01:::10 wb-2016800344861- Nt H 20CH 3' OE1300HE NH PCT/IB2009/005486

Other types of crosslinking agents include

0]

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
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0-1-0-0 I- jt, 1-1 --[ HC NAN- CH2-0l H2CI AN-CH2-0",".---"NAN) N I ..
0 OH HCH20CH3 | N, -1--1112e T-11'CH2--- Ow NyN H300 H2eN ' CH 20

NA H
CH3 HCH2EbBi2010/004378

PCT/IB2009/005486

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

alkyl.

Further examples of repeating units include

HgCOHzF ?HzOCHG

o} O——
-—-[——HZC/NYNW/N\CHQ—O\/\N /IKN J/

SRS

HSCOHZC/N “CH,0CH,

HaCOH; CH,OCH;

|
—[—~H2<:/N j/N\I(N\CHz—o\/\/\)_
NYN ==

N
HaCOH,C~ CHoOCH,

HSCOHE ?HZOCHS

—{——Hzc/NjéNw/N\CHz—o
NYN \(ij\o_]_

HSCOHQC/N “CHOCH,

~—f——HoC—N" “N—CHz—O __~

AN

NYN
NS

HiCOH,C” CHOCH,

O——
—{——ch’N'i(N\,(NH\CHg-o\/\N j\N J/
' Ao
“CH,0CH, H

OH

T o o,
Nﬁ/N —

N
CH,0GH,

——[——HZC/N HW/NYN H\CHg—o
OO

NH
CH,OCH,

——

b CH,0CH, o o——
_[-‘Hzc/NYNYN\CHz_O\/\N)J\NJ/
N. N
Y O)\N/KO

N
HyGOH,C™ “CH,0CH, H

H CH,OCH;,

| ]
—[——HZC/NYNYN\CHQ—O S
N TL

Y s N0~j—

N
HaCOH,G”~ CHOCH,
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NINI -1-H20"1111CH2- 0 S,, NyN --. HICH20CH3 I .-N]-.----[-H2C t
H2-0,,... ".S.) NYN.... 82N.0-]- H3C OH "LCH2OCH 3 -E-H2e |
OHet H2OUB2014/0pM7BI3COH2e LCH20C Ha PCT/IB2009/005486
H §H20CH, GHZOCH,
——{——HQC/NW/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

— ww el
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0 The polyners of this invention nmay be prepared by any of the
standard pol yneri zati on net hods known in the art, especially condensation
pol yrer i 280i2010/4376€chni ques. The pol ymer may be synt hesipzedBred/ngf4s0l ut i on,
emul si on, bul k, suspension polynerization, or the like. Typically, the

am nopl ast is condensed with a diol, trio!, dithiol, trithiol, or a mxture
thereof, at elevated tenperatures, and optionally in the presence of an
acid, to give the polymer of the present invention. A typical ratio of

am noplast to diol, triol, dithiol, trithigl, other pelyolsg 10 diacid,

triacid, othﬁ{mpol aC|dsO gi\itj’rge or t ufl es Jra ebetween12to
about 37T, “karwhe? Valyout To45 to a ?%/62\ aci d °géner at or used
with the pre)sdnt |nveg preferably a erator is a
conpound g vdmNéﬁN\M@en hea ed to tenperaturey greéat er than 15 90C. and | ess

t han 250C. , nerates an ?m d. The acid, |h conmbi nation wth the
crosslinker, crosslinks thieowpol yner. The antireflective coating | ayer after
heat treatnment becomes insoluble in the solvents used for coating

phot or esi sts, sand ert her re, ois also insaubledn the al kﬂi ne devel oper

used to i the 04378PCT/ He28Q2N054 referably,
t he ther—rﬁgﬁal )C]\INd generaﬂ“ %%E?llvat ed at\90C. and %Agr ef er abl y at
above 120C., d even ef erably at oke 150C° ntireflective

coating —I—ery_rwr\@ated fhﬁ a sufficiert e[ﬁg\ﬁcof timd to crosslink the
coating. Exanples of acidsiand thermal aci d’ generators are butane sul fonic
acid, 5 triflic acid, nanoflurobutane sulfonic acid, nitrobenzyl tosylates,
such as 2- nit robenzyl tosyl ate, 2,4-dinitrobenzyl tosyl ate,

2,6-dinitrobenzyl taosylate, 4 &i trobenzyl osyl abe; %Mfonat es such

as 2-tri r oet 6-ni tlro

2-trifluoro h 1-6-nitr bez h—trob nesul f on henollc
sul fonat e est such 4- et hoxyLQLq enesul Pon e, al kyl 10
amoni um—sa/—sj(of—e(gam c

ci ds such a8 trﬁgtzhiﬁ\ammm salt of 10-
canphorsul fonie acid, and the I|ke

The polymers of this invention may be prepared by any of the standard
polymerization methods known in the art, especially condensation polymerization

5 techniques. The polymer may be synthesized using solution, emulsion, bulk,
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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Thermal acid generators are preferred over free acids, although free acids
may al so be used, in the novel antireflective conposition, since it is
possi bl e wbabiold®43rser tinme the shelf stability of the amrCirnBidogoedsissee
solution will be affected by the presence of the acid, if the polymer were
to crosslink in solution. Thermal acid generators are only activated when
the antireflective filmis heated on the substrate. Additionally, m xtures
of thermal acids and free acids nay be used. Although thermal acid

generators are preterred f crassl i nki h T fnlqGd ly, an
anti-r eﬁh%‘&ﬁ‘ﬁ\?&pﬁc@krﬁw& %%8@%6&?1& Q%g}oiibﬁ%‘%%é%g %%ecre Jg'rqghgﬁssl i nki ng
agent NE¥tRhBI) ACabers 120kE!, eariteatémgnorcopadibmably ahabpoeytl°C. Bienpl es of a
free acid are, without limtation, st ro#tg. agi ds S‘JCh 33 sul ﬁigﬁ#ﬁ aci ds.

sul f oni @nthieilentive centing laysr ircheated feioh serfigienflength pY TRe R OFIMNNG Ur es of

t hese aécgatmg?ﬁ%ﬁwg%s A2cids and HPMAPHEY feABRASIstAr8butae bufdriieacidpnt ain a
phot oaci d génerat or, exanples of which wthout limtation, are oniumsalts,

sul fnatriflicc awish unaixflurchutaine reuoniss @eids , nitrebenavhdesylates, S8 geeferred

phot oacid pgenerajors.are pni S ul4 gnat: S /dgxyi m des,

speci fi'&'&f’ﬁ?nﬂfl pf?é%fﬂte’i %&ﬁ%ﬁgs%%&” trt?bhéégy ifofais) utr%gglgﬁls, di al Kyl

i odoni UAREBEASYI tédyildtkybendchesilionated such as a-trifidorometisylthaitrebenzydie or nore

cross-linking catal ysts can .he used in the co Si.ti of

sol vent shipgbengeneyfionale, egrpuem ‘%ﬁ%'FfBB%”?;W gaﬂ%?g’g“égi%@ﬁ ' gl ymes,

et hers, hgbydR! saifdiRfS  eHbMC BlictPlRE PhBRYIS B melimixgbenzericstiionats; abiyt! i

ket ones, and m xtures thereof. Exanples of such solvents m@lgflde‘;%but are
c

not10 i namebrien Sebpyole msganio cacidaetstigh a8 hisiethyrmppnte §o t hyl

et her ag | 2= hept anone, ethyl 3-ethoxy-propionate,
propyl eﬁ%‘tt@@'&sgﬁé‘@g%&@%@ﬁ@? "g%et ate, ethyl lactate, gamm val erol act one,
nmet hyl 3-net hoxypropi onate, 10 and m xtures thereof. The solvent is

typically present in,an amount of fr.o 4 a i percent.
In certain i ﬁg?ﬁ?ﬁ,ﬂ@}%ﬁ%ﬂa ?tair%ﬁr%?'rp?@g? %'ﬁlgeés)gk@ghg@ﬁuﬁ ugég?é?iﬁ%n hel pi ng
flow chafcdIgs ibetuses, Rf thehfvanhifirefibetiiel stnpasttio sirvenipisspassinte tWatn used in
| ayered systens. \Wien present, the |actone sql vent .ﬁ:grrpr' ses ﬁbqﬁt lto
abolb 10¥ebiimenthesshallesiablips pbife potirefleriyieselpfion id el@ﬁfscz?’% YI'48t one
sol vent aRy irBsdlif® iArRHGYN. Th@Real htidn can
vary frBFﬁSaetggﬁt&%S MBI,;IL%@)/E{)IQ(%\:E%%%@?%%BS% Ok) relative to the Isol id

por t i on gehetderscarpasiyt iactivattiewhrouie sntineflectiveodlimiiskbeated eRehsr esent
conposi ti when 20 used, . vagr i 9 t i ght %
ol b veubaratio AdgonH e rpifes o thed dlad Bl e pbRietRgl be ik O7C ¢
gener at qithblgh Bephaisatid gonpesirsi are pesferrad yiof ravossdinkingethghipolymas about 10

weight %relative to the solid portion of..the conposit.i nresent

congBsi teffisientiyn %Fblaﬂgﬁﬁwcﬁ‘v@oﬁ?fﬁl@eC%@HP?'?'BF\aqo 219 &bgr\?@ﬁggﬁng' found in

ant | ref | 66LdiRinG 044dr Imap RS 5d @BEdS Wharahealing crssdtike, thopalymeer.c dyes,
ohol s, “surface

| ower alc eveling agents, adhesion ‘ﬁr ormtcj{es, ant i f oam ng
agent s, Bamples of ialéectacid arae wWibpablimiaten.  sirans: a¢idsasici Py Sf‘WIﬁHlﬁ ed. 30

acids. Sulfonic acids such as toluene sulfonic acid, triflic acid or mixtures of these
are preferred.

25
The novel composition may further contain a photoacid generator,

exaniples of which without limitation, are onium salts, sulfonate compounds,
nitrobenzyl esters, triazines, etc. The preferred photoacid generators are onium
salts and sulfonate esters of hydoxyimides, specifically diphenyl iodnium salis,
30 triphenyl sulfonium salts, dialkyl jodonium salis, triakylsulfonium salts, and

20



Since the conposition is coated on top of the substrate and is further
subjected to dry etching, it is envisioned that the conposition is of

suf fici enwbyoloonuimet al ion | evel and purity that the prepenB2eyo@hsd he

sem conductor device are not adversely affected. Treatnents such as passing
a solution of the polymer, or 5 conpositions containing such polyners,

t hrough an ion exchange colum, filtration, and extraction processes can be
used to reduce the concentration of netal ions and to reduce particles. The

optical g t i C f Nt d-ef i ag%:gi e i for 10
t he expofg]ttl}fa{él%\%a\%%r%r’fg’;t%ngnglII Eltq%%r Eh%sgiﬁrngg{gl Ptgh gr ap%c%%hgsggt@ ?g‘%i cs. As
an exanptemnpbstiamsor pti on paraneter (k) of the novel conposition for 193 nm
exposure ranges fromabout 0.1 to about 1.0, preferably fromabout 0.2 to
about 0.75, nore preferably fromabout 0.11 to about 0.35 as neasured using
el | i psonet ry. EXdvaples| oigoblentdor tigd ceatingveormpolttion( imcludengeshdls,aestegput 1. 25
to 15 about 2.0, prefera Ig fromabout 1.8 to about 2.0, Due to the good
abso tiB'H"@%ar%{Eg"é‘vi ysQl séthers, holycel o RIS 85t81S: dfetenes. nlactanesy qyRliG,

antiref | pebhys ahd MixRled HRrO61dEXafipieP et bud? sBeARYinBRideS B8t afdlindt | S
particul arl y advant ageous when usi ng a nonaronnatic photoresist, such as
¢

t hose seligited @ propyigse rglycol Brethyh ether. Insoryen@gbicehatetiy! alielr acetale,

phot or esj ' r & L d ) g c

Bt et 1 SRgeeBng; &roBtdholCoffyE M gBiontle briBiethBEL BB e
coat i ngsethee acotate detbginabiatey yanomat vabereldcygries; ahdthylu3-enkthoxypdrepiesatec onduct or
industry. Sui.table, substrates incluyde, wthout limtatio ilicon, silicon
substd ot andaikDepSIrEreal FBe SPvelf edvacalbPidin haPolits Fomrtilt er.
copper, aghot ABéE 99angighivipbicent I @bhat insearea! g adekitivl BEHMActeNS yeri ¢
resins, silicon dioxide, netals, doped silicon dioxide, silicon nitride,
silicon sXiveisnist bsefel in ihelping iy Gharmstersties apfuie entipliestive coplirg |

pol ysi li . ] i i ; | 4 j nd ot her
Bch G oo PP T e o o ey 50
nunber ofompsises alvade 1f oabauiel Gfat efr thel soldenicsyisterd. apoaterolactone isTae
coatjhg co itiaon can.be coated on the substrate using techniques well
knovdn§t Ou§%§@§céq<qelsioi\§nit.n the art, such as dipping, spincoating or
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 ovéhe FMeuRd ﬂfth%/@PIY”Pﬁfoan?er‘?Sﬁ@t (FOIIAFHIONOCRIR MR flgm,

resi dual agehtv¢n v@élgh’d DAY LR SIS Weiti ™8 tatflRStd &b sBid dorgs Pithé zi ng the
anti-reflective coalings to prevent 1nterm xing between the anti-reflective
coat i ng e@apesiiophdherameunt ofTihe prosslinikesdn rthe guesentt eerpeesition.ewhen f r om
abo 90 | £ LS ' ficient
IosléJé %f g%%@ec%%%ryﬁﬁsu fw%gigt% té%ﬁﬁ g%?” egglgséﬁgll?@%g@% %](g‘gjebs&;ﬁ) ace, and
at t enpeohther eampdsitien. IbeGrhbenicafnthe @icid generaior e tloapreseatcompbsitiomst abl e.
A filmof photofresist is n_coated on f f the erngst antireflective
Coat i ng._ caBaiEa & 1tBebO R R Ry R kel i refhlfe KERRLIELR R oF an “ecige
bead remiedoriBysitish.appl i ed after the coating steps to clean the edges of
the substrate using processes well known in the art. 15 There are two
types of photoresist conpositions, negative-working and positive-worKking.
Whe egative r ki doSt hEi e i Wi.se to
radi 2 on 1 haiS SRt eaoERon, o4if CRABHA Lonilel ARAREHe) TRASE T
becone | picallpl fovind tro aaticdleetivgp exoating ucoropogitions sacbr as,s fori ekamgle20
reaction_occur s% a/\,hi lﬁ t he 'éngxl osel(jI areas .of the Sohoch]%r esi st cqati ng
remain rE]OQPmPéCy Y5 URVET RIGO8REN SHMRGT Lﬁvlegﬂ.g Gg,’ e3P RO N exposed
negat i veaifolinity ' &gdri$, \sitd, N peoviiatk | thaerthe apedsmiaitevas adt trlkgativsly exposed
areas of the photoresist coating and the creation of a negative inmage in

t he coat IMRActether eby uncovering a desired portion of the underlying
subsggate surface on which the 25 photoresist conposition was deposited. On
t he ot her hand, when positive-working photoresist conpositions are
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exposed i mage-w se to radiation, those areas of the photoresist conposition
exposed to the radiati on becone nore soluble to the devel oper sol ution
(e.g. a onemvmwasrgenent reaction occurs) whil e those apeadaBrod/oEigosed
remain relatively insoluble to the devel oper solution. Thus, treatnent of
an exposed positive- working photoresist with the devel oper causes renoval
of the exposed areas of the coating and the creation of a positive inage in
t he photoresist coating. Again, a desired portion of the underlying surface

s U”COV?red-SiﬁﬁgQﬁé!d&nﬁ@itﬁjn”E; PEREA’ G5 1Sh ANfle Pbistratee ahBTiK| ffther _
phot oresi st conpositions and their use are well known to those skilled in

t he art.sukjesigdiw dry elsbingoitiis endsigned thajdhe cemposition ds pEsuffieiently loMmed above,
whi ch ar | ne.. dr I ' | N .abl e

ol ut' ortesal R vl ) it i ERSE R RalchaBEAP R ke afs ibEO

under | ayadwersely lIdfectad. Treatnidrts BiidEsasipassingea solutiahl ef ther polgmenuor
substrate refl.ectivi t}/a[.czont r ol ?ed on sinmulations. On,the other hand, the

b
BARC ¥ i | f"RRRREORS, 9oataiping %‘r‘ﬁﬁhdﬁ’ YBeifaViBrQUALy ARy I} SXCBaNGR 1Y for very

smal | f efitrtfi®s At eRirsction! Robbédtaocap by. usietd rRuck! thetdbnekn®estsorl BfIUI T es
hi gh n value for BARCs. This invention describes an 15 antireflective

coati ng CeiH &N ashtaseddee pariclsns a novel polyner with non- aromatic dyes.
The dye is less absorbing at 193 nmthan that of conventional 193 nm BARG
e.g. phenyl or its derivatives. The invention takes advantage of

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.
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anomal ous di spersion effects near the absorption maxi ma Amax (excl udi ng
Amax) by a judicious choice of the dye. The dye with absorbance nmaxi na

| ower t hawmotznm/@@76xposur e absorbance (193 nn) is used POTABHORVE4$yper n
val ue. Theoretically, a n value that is above the value predicted fromthe
Cauchy correlation is considered high, which covers entire half of the
absorbance band in high wavel ength area. When a noderately strong dye is
used, the high n low k material should ideally have absorption maxi ma,

Amax, such tgme %ei gﬁféd@ﬁ&% BLeRaldY bistHdSuLERER asinghecy@iengt h A+

that is at h e absorption band on the higher wavel ength side
of the awslbkpoworiodhose cRlled inifhe ARe st s lipRing,nspineRAtinGe SASAYIAG- f r om

h ' i,0: ' ' f h
ey P ofhe B ickites” QRIS Bt ooty afinb EbASE ridkh eBoft RS WiFRELT, LA™
regi on iashutat @eh.i The-coatinly cdmdeahpatetiuste aokott later ef canveaciien3tvenndex

fluctuati ' t det ) ned by th I ti f byt. al
i | Gnceo el DRgiTa STOTERG G B e R esRLal RPARE ek B

relati Onc-:roéélirﬂkm%ﬁidésﬂed, BRaihyolabMzihg ahe naitt refibctiveV abathgeaid preveahi eved as
| ong as the dye has extrenely strong absorbance corresponding to the

anonmal oudteImiyieg bebyeeasy g, anthieflpsliyacoating anshibatpheforegist. ohheaplietertRG 1inits
th | § t i ' d
e 1 ol 86 G domeFRUGNGERR oI SBCC IR 28095, I Erfh st B &

absor pt i nelowedd°CathieatingdficiatiOiosd 80 salvenipoieineuffibient betonetof ¢rodsiirddngim such
as cyanuri.c acid, alke al kyne or, ket L.nto the polynmer structure. An
exantil o GKoaiGase o oL e BeRils e B R0, S Snis Ry SRy e i m

Synt hesi ghdnfieam) ensthbles ASIOVSF pHbtbregist & theRasateol Yop! i ihe @hpdrpeiet ric

spectroscopy, The prediction based on Cauchy 10 correlation results in an n
val ue of antirgheciiveepatingnangskakasytor skbstantially Zpmpoxe the pbglgrasist saeNtact ual n

! hor omerit " ORISR BaYSr R Fipiel o nd oarkit Sopd1d BpARhe Khube
exposur eofiiesubaigate usinghprocessas Well soownén tetarhum hi gh n | ow k position.
15
There are two types of photoresist compositions, negative-working and
positive-working. When negative-working 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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151t shoul d be nmentioned that optical indices used in the antireflective
coating is not the sane as the absorption property of organic conpound in
its pure woramomo437a its liquid solution. The absor pti onrspaBooginosase a dye
in coating may shift due to changes of chem cal and physical environnment
such as solvent, additives and possible chem cal reactions. A dye behaves
ideally in solution may 20 not be right for antireflective coating. The

i nvention has studied many | ow k BARC naterials with various carefully

sel ecte : a6l i dastdie present
Cvent 1 QUGHED tloreSe Bt 1 WetRICRHGP cBESERoba bf the ?é?gééq at aci.d 25

di i ni de theliceaiingpanadthe oiedtiomof deositiive imagain thef phajeresist ceatinth\d@posi ti on

be ch ' h j i f th I ,
The ant 1 rreafoy LB PereetIph s PRel AR50, 0 Porman - o 1

antireflective filmon a substrate, is |l ess than the exposure wavel ength

for the photaresist and where the exposure wavel ength is be en_.t.he
absoPpt i on mAYGIAING anlOMNg adigsesish #Hdn RP %vqrhg\q oﬂbgﬁaé%ftengt h

side of ddaghRfMsRindRel #3E 96 welknbAMEBRode sKillR iAthe @f | ective coating
conposition, resulting in an anonal ous di spersion contribution to the
refractive index of the antireflective filmthat raises the refractive
index 'n" of atiretl ect | fd iStel r Mdvenwiiianet er ' k
of “the ant s r AP IRhIREReSv Ehd ddRio8 Prbtesisisimens Hoiié,a'aEBri‘%r_, di thi ol
trit hi olareotypiealipaonel dry, diodcieh, innmeestord Jithoghaphyptsl padable, selution dex,

diam de, oy imde:-anmde can be cho .such that th r_pti xi mum of
the 1501 yaiElesi JPWhis T Beeart pevaBs D eanssh e gB RIS Bl e
exposur gopake BAMIEafeOmokd Suifdé Poragptpiura Rubeirgtearctibetivity ontrobbageck| engt h
is between the half height of the apbs rA{)tion band, o ol ynmer in the

f th
ant i r ef | @t sinydations: Gy thee @i hansh tﬁ‘h% e Tipseeeds %E’ﬁﬁﬁn . W fhe 1 ong
wavel engl sy redL&cﬁ's}e%ivh@?ér?\ﬂ%@sn%@ RARNES & thin Gilrdl| IBIRSYrEPIAN The
ot ndex o

contri bution e refractive i the antireflective filmresults in
rai si ng lotvefilmethickoess eequickexhigh'n wdlue fier BARGsefThiscinveetion pesciik@s|awer s t he

b tion. t k' of th i.ref | fl th

Mottt SHBRTR St cBorbBlioR MG b ca oVE dotber S fopt ocy v

f\ oating @rﬁ?ﬁ@l@lbdy;eérf{l@@dvé i§liﬁstg albscfmir}gmﬁ o nm{tl_aarptm exﬁbohvm?ighiab‘rﬂ:hlnd )
eating the _substrate on a hotpl ate or canvecti on oven or r.owe nown
heat i ng Bt BOHC a8-0a RIGNYI &réﬁ{) d@@ﬁ'ﬂg’@ét f%’ﬁngﬁ?ft?g?%rﬁdc‘)’%f?&%ok)f time
to rendvg,dhgloaealidptisidR | efRRts naMdihe Assdrptith MRRIARINDE (eXcludiRERSSRIY. to a

sufficient extent so that the coating is not soluble in the coating
sol ut i onbyé judigihus cheise of the dya Thexdyeawitfe sbsorhpres maxirgalaweyiban they edge

beaa e”g%R%[gHFéiéb?oeerR@é t@e?’ ,lgm g G th%h?é%%g%fr nt\}é?ue?‘#%%'?éﬁc%uy,zé ng

processe nOWN" | N eating ranges In tenperatu rom
about 70€ valuabibat i258aove fthé healienpediatad drans thel OaugbyC, carredatiamdsif fi ci ent

| oss of sol vent oy. [nsyfficient amunt rposslinkin t ake ce, and
at t enpe?%{"tst'f?eé?daé'gbe "El!l% CQRE AN '{ﬁré}a?ffrrgg tﬁ%cﬂﬁorhﬂﬂqﬁ%ﬁﬁgﬁ@ﬂst abl e.
A film ofyagelBRgOBRE. SWRSIROMddeptelySstrbey) dyeaikedsat) thephigh fihew k
antireflective coati ng and baked to substantially renpve th@ephot Qresi st

e

sol vent . mkRsiab itk ddleallyi baversahsomtin B1axivad Mamd %@@?eﬂ'@% i ACYNHC aqueous
developey, {/geﬁﬁ{ﬁDYsetﬁ@%aHee%Iseﬂ]é ‘%\?alvgengﬁ? OPfiapN8! athﬁéﬁ'ﬁhﬂgr;ﬁtt 8P th&n be
|ncorpora?e IMto the process prior to development and after exposure. The
process absarption bgndrm Bei nighéenyapslengthesitls 1f the abebiptiondyand ¢Fig-hbse
skilled in the art and.is optimzed for. t specifl.c f i used.
The pat tjﬁgﬁ?\ SQURGOP MEHMR ey Hlefﬁ’"l?effawhé{]ﬁﬂ%@"“ frh{he? é’ﬁ%&ﬁ’ﬁa ez?ﬂcﬂﬁ chanber
to renovgirddiRnaXPRSE Balt Wdte R, X hored éxposlireaiavelentit Mo fltinta e
remai ni ng{@phot oresi st acting as, an etch mask. Vari "Pusdggg te@sare known in

the art Pelcabthigh ﬁdOWrﬁdﬁgi@%aiﬁfjicﬁ*@q eidyd- cld A : refmctiv . F2
and £54 gRiewehiku@lioR iAot &I BERIARRESy tHEYSitidh 11K,.2blt alShiimiueheedss is

by the strength of absorbance based on a Kramers-Kronic relation. In principle,

24



5 generally known as a bilayer process. An internediate | ayer may be
pl aced between the antireflective coating and the photoresist to prevent

i nterm xXiwQ,200m®4378 envi sioned as |lying within the scopecofiBrded/sosusevent i on.
The internediate |ayer is an inert polyner cast froma 10 sol vent, where
exanpl es of the polymer are pol ysul fones and pol yi m des. I n addition,
a nultilayer system for exanple, a trilayer system or process is also
envi sioned within the scope of the invention. In a trilayer process for
exanpl ewa@éi’lgloéﬂfi‘rlh&efﬂénﬁnéfs f\%m@dcawba SMETERIR 1My AstIeelyE@ddson film
is for e organic film and photoresist filmis forned on the
ant i r ef | @dteimely fstriong ahmrbﬂr@amqrreappndmriOaﬂhgoamalags AlisnefsiPh &re@ct i on
film T or Q u t it pf i1 mby
spin coati nglg%tlﬁo%h%'fgc&é%gﬁg}rﬁ%andl}gg?llﬁl %ﬁtﬂa@ @Pﬁérraﬁengﬂ ‘hed;?sc(?rossl i nked
with heaénmarncamedt ahde;ddsp«pﬂailleagé@m UyesqeiectuonaanmmahmaiMVetopmem t he
orga \}‘y g{\ilsfornefdthe antl Iectl n& for exarrg,{athatI 0 whi ch
s o1 Blsu YR pusGeSSLY el il v P aieofbtian s Befis yo%g the

antir ef | £305 hV) phibrabRovaaeehi170- 190 ﬁrh%u@h%rby@nﬁhd: Btiely alkehs, dll@id &g et c.
an organic solvent is evaporated, and baking'is carried out in order to

pronot e keteR intrk ithiy PPB’&T(‘,Q"' ﬁﬂlctt@repr@’v@ﬁ@mplﬁa 0&@5%'1’@&‘4% besedhay om
i nterm EHafpIO e e%i @fé)% s ipigf bection
filmi sxdg rTr)éjd ﬁ@ SI st |

d thereon as an upper
resi st fnnleasur@rilby nsjag eﬂrpsan&dmdspmhrobeome éla\ef medfcmlomb?gedm Ghuehyt esi st

comit 1 Farerest FtRecnig B Vaec St 1169 b, el B kBheLI 0 i ca

out. Afteanddamént. Hh@@‘ct@l’rl\\@ilu@@f th@m@enaﬁ isKeesachkd itk PEB. Thgmsur e
baki ng (PEB) .and devel opment with a devel gper are carri eq‘ out to gbtain a

resi st 3@&@9{'@ index incremexf @f (k30 dg F‘Tt%@‘g?d riedhe dispessienLifest alietdthen a
bottom | gy 2 o%u WA th s ﬁopésia%g af i opRalm Hibh haew Kfpdsitenbot t om | ayer,

an interne IIfayer Is formed by Using an |nterrred|ate reS|st | ayer
conpositi on cont aining silicon atonms. On top of the internediate | ayer, an
ant i t&f | ectl ol $heopdst bea seahtioned hﬂélaamptlcelf irslicesomised ipodtta mglitadleptied t i on of

t he prese i nvent.i i S for Final | h | ection

| ayer, %B‘gl ﬁfé?t tﬁg %’?%‘8 Hﬂ‘% %@Bgﬁgs?q rg%g)%ecfon@]&dngd; t?sgn of a
phot or eSpﬁrTe RAMPeSint |t33nqwdﬂsdllhldﬁ me—;nbwrpmw eﬁecﬁtfumhﬁ & dye drs icbatiny f or
formng the internediate | ayer may in de I | sesqui oxane- hased

sili cone"%l%h‘i%ﬂ”eF%PP%RQQ%@S‘?“Q”@Q@'@"&J élfw%?@&vomaﬁa Y8 39 RAVeRthen il s
pr epar edafitidds §tﬁﬂceb§é?@|b'd?ﬁnﬁé&r‘re§cﬁ"f9ﬁpﬁ_sdﬁé Shaves |ée5§|!y| |H‘S@fut|§h9ﬁay SiN, or
Si ON prepar ed used as the internediate |ayer. The top resist

| aye?0 coﬁ@bbetm@ﬁ fof aaﬂnmf@cbveesxogtln@o?&b@snvemwnph@:ﬁ etudipy raalmbﬂ@\yels a
|
A thout DA thaftnde wfifl s, ek S80RY, Afbant R Shldinds BB 0

atop repiesbntemylarthlswmkj sing a polymer containing 15 silicon atons. Then
in the same fashion as the bilayer resist process nmentioned above, a
pattern circuit area of the top resist layer is exposed according to

standard proCpiiHeepreseHP HRAMEBA] the BHESHiEXPIRS UdithidlakitAw!,( fIEEH, amstid
devel opment are carried out to obtain a resist pattern, fol| owed by etching

and 2% t démide; disseidaper @lﬁ@@@é@l@@%thezwlreﬂectwrr@aﬁlag|C@mn9glt@k‘aﬁ?ﬁ1 R& provide
detal | edchaddte i gﬁgﬁgevgéeyn&m {1 BBdsAbn RRARHEIAGAH Bhivhict! 1 the

conposi trons o I nventl on ese exanp es afe not’ i ntended,
however , anfireflectivie cmatmgsmmrmsni;oheNlmclmgaausﬁd tohfermrareantirefiedtiveditm onesy and

shoul d not e can rovi di ng. condj,tions raneters .or | ues

>5whi ch Atkstase Tess Ban s Ble-s PO BRRGIof W o RbRR Enpiniierd duy

i nvent i oBxpdaiMd/Rids@lengih e Wetw@nie @bdorption 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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30 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 yrner | ' : efiad i ihght t{e pol yner
I s about @%ﬂtg’? rr‘éﬁa .ﬁhﬁo ;?%? egﬁ@&a%;n{)hléeﬁgﬂﬂéh%ﬁvegﬁgﬂrg’?ﬂggg rg%é%s

t et r anet tefraptive ingdex dgh'yaf dhe aintireftestivg fing apdl lowers the-ahspmitionyeamnefeicyanuri ¢

id dy .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 onpdtyels udiacida sridvidtathett pol§acids Adiinsite adieatide,yori imideramide can be
i i nGPSRD TRSED e ARBEIROOR oG it 5 PREMBCAL 1% AN GTEETSh s
then coot@gingLohRRIBiticATB sy HRR tﬁé‘féxgct)suréf\)vmlél"léf}ﬁ ARItiEPhoRédist A 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. Aftet. 16.h, eaction
i xtlﬁ e aﬁge@w %‘EPW“B‘%HQQﬁI? 5% ﬁ&‘?’rénvc%’x %&?a%ﬁ%%'%é?‘@l “%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

| d, wat er,. and ' St - i Xt L
on 1817 BhuBRRARRE e RO ey I b Bbrihd F Bllymef S M blesPh Rivehtio Ve
monohydr ahé h}@e@tirj@ﬂg& ﬁuwétraid%?(h hbtm?t!eec&roctdrfmcﬁm oven o{ gtheedveult kn(ajdvitlrs
te erature for . ours. . e reactl on ol url on S N COOol e 0
oo ot Hpdingmetfiods 0 AiicontBTG S oL SHUlcIEh SRLh BEimE iR sinovs

the coating solvent, and crosslink the polymer if necessary, to a sufficient extent

room

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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Synt hesi s Exanple 5 29.2 grans of tetramet hoxynet hyl glycoluril,
8 grans of tris-(2- 15 hydroxyethyl) cyanuric acid, 5.4 g of

trithi ocymounioooazzsd and 100 grans of cycl ohexanone wer @cthBzogedosdst o a 500
mL flask with a thernometer, a cold water condenser and a nechani cal
stirrer. The reaction m xture was heated to 80C. After a catal ytic anount
of para-toluenesul fonic acid nonohydrate (0.15 g) was added, the reaction
was nmaintained at this tenperature for 6.0 hours. The 20 reaction solution

was t hen_ cogl. 0 r z oLy I tion was
obt ai ned” oL BICEABAGEPE it/ Al oxBosed Bl U 78 AHEEENSRNS

gl ycol urfilin, with ipeamenaihing rpretgr2sishpdiing getamy efchaypaskirVarieusi gases. &eg of

| socyanuric acid diallyl, ester and 100 granms of .cvcloh e re charged
into a ?619%"? ﬁ‘%@ﬁ?%’ﬁtﬂ’g'%%@&?ﬂ%?'& r?ﬁ%&'é’gl %P%Qéé’r g%cgﬁgg(r@érd\gn% a ’
nmechani cgdd ©F, 8TwellR bBREt &ONINGT Yassse kinawn higathed atto TBNC.préddsar isa

cat alﬁytlc anount of para-toluenesul fonic acid nonohydrate (0.15 g) 30 was
added® tYrRNareBCENYN 323 WAV RICABRF-at this tenperature for 6.0 hours. The

WD 20101004378PCT/ 1B2009/ 005486 reacti on sol ution was then cooled to room

tenperature and a - 35 solid% polynmer solution was obtai ned. Synthesis
Exanple A An intermediate layer may be placed between the antireflective coating

and the photoresist to prevent intermixing, and is envisioned as lying within the
scope of this invention. The intermediate layer is an inert polymer cast from a

10  solvent, where examples of the polymer are polysulfones and polyimides.

In addition, a multilayer system, for example, a trilayer system, 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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5 600 grans of tetranethoxynethyl glycoluril, 96 granms of styrene

gl ycol and 1200 grans of propyl ene glycol nononethyl ether acetate (PGQVEA)
wer e charwedoiomoas7a 2L j acketed flask with a ther nonmet ePCTABZIHNISES
stirrer and a cold water condenser and heated to 85C. After a catalytic
anount of para- 10 tol uenesul fonic acid nonohydrate was added, the reaction
was mai ntained at this tenperature for 5 hrs. The reaction solution was
then cooled to roomtenperature and filtered. The filtrate was slowy

poured into dijhéd ﬁdayé@frﬁéisdtvmbbéssﬁfsiswch%éhrpam&@hpiagaﬁ B fohRed@ithmer . The
pol ymer was filtered, "'washed thoroughly wth water and dried in a vacuum
oven (259 cahanmseiok maskbt@n tepipf theheotiont {ayer, arpinigrmadiate laaf is feaght

aver age | ecul ar . wej ._Of 7 . ol ; |y di | f 2.7.

Syt oot O ESEH AL ntSEgal R fouct Soifiadidib sofihiy Bk ARRSS 0 1 .6 ¢

% (+)]:dti|<3)pedfh}1ib ibtermﬁdtatatl@er,lalﬁ) ag::tilm‘flellt:mya:]yerib:asesdlmﬁmanﬁreﬂmtm de, and
g of PGVEA were char into a flask wt ,t

cont ol | ‘Eqat'QﬂcP%”H%sdﬁ'%{h%ggrl‘e & ‘??%r".“’%‘é?\émr '%F%F%%Q%E’r 4 l%lr fr’?i%het he

m xture 1 ' ' A8Sp [ itichr 2 hr .

The tenpae»?g?%baggyfé%t]@ gtla%élrg%%&gbﬁpgp@Af ter %Zgéﬁl:‘g&di %nﬁ_ﬁ"t%%rc, 4(r) g

of P(Gg/Eng 8opkpteresisl ce@NPeFiiion, Ingéhig gaseprxgiefe abxthaeCRROSIHOY foF

tris(2, 0 | ' gt b g ; j on. Th

Fenct ooty e MorasBARY B i, WidT dL R pmeaRed SRedd od 1o

r oom t enpalymenrtetraodhesilivdty ghass ELEQS), candthye likeolinen dimswareparied Ry hi gh

SP e bl oB8 A RBreEafoph A of oS BRSO B ot er.
oven. 40cyDahape)sed aaheiteithadidieNalér. Theabg iésisMayaanysdsition ofra Wei ght
(MN of about 32000 g/ npl. . _ -
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
15 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.
20
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

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

Synthesis Example 1
30
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Coating Fornul ati on Exanple 1 5 1.0 g of polyner solution from
Synthesis Exanple 1 was dissolved in 7 g of propylene glycol nononethyl

et her aceveteiqpweirgl ene gl ycol nononet hyl et her (PGVEA/ PGYEB200Q0@d86s0l vent
to make a -4 wt % solution. The m xture then was filtered through a mcro
filter wth 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 eval uation of
optical paraneters using a spectroscopic Ellipsonmeter. The optim zed

refractive i ”ﬂec%r"a ths bt 11%@@[“8 n’iéiﬁylat@W&ﬁﬁlonmarg?é‘fﬁkerof "kris-pz-e listed

in Table 1. 15 ating Fornu ol ymer
sol ut i orhydroxyewhx ¢cyanusic Beicphe 120\mgm§|<§§m:k¢@§xamprw \getﬁ CMEWIW@VE 70/ 30

sol vent t :m;,c( re hrough a

mcro fid ggwtf%sgﬁgﬁ étﬁ anéﬂq&%& %lem and coa r{d%ﬁg%r‘r’]‘@rzd h%ﬁf.?@g%l waf gr

and balkesiin@? Pifedction afixisies wad hieafBugo&iPEr Aftesa satatytict ardotintrof gpaga-uat i on of
optica ranmeters using a s oscopj c Ellips ter, The timzed

refract |t9 engidionic,-aci moﬁ)‘ﬁ?@%’d @hﬁi s 33 aﬁeﬂartgﬁe{%‘? ?'B " W% 1isted

i n Tabl emérnteaﬁe&xhi‘tthi%gt drehaé i 1o 6x fonte ﬁnel r8adlionf s@mwﬁm\rassﬂwmt ion from
Synt hesi s Exanple 3 was dissolved in 7 of PGVEA/ PGVE 70/ 30 sol vent to

][mlke a -apolpdydcs varp |t@mper|ai@rena&<ﬂ @re idjapohimeresaldtiampas ghtaingscr o
ilter I f d
baked at sopePEE TudbdTathefin? b Hlriate Sboffadaliiay €00 Tt on of

optical par arreters usi ng a spectroscopic Ellipsoneter. The WO

2010 004§7§F gﬁﬁ}?il 05486 optim zed refractive index "n" at 193 nm and
t he "k" are listed in Table 1. Coating Formnul ation
Exanpl e 4 5

29 grams of tetramethoxymethyl glycoluril, 16 grams of tris-(2-
. hydroxyethyl) cyanuric acid and 100 grams of cyclohexanone were charged into
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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1.0 g of polyner solution from Synthesis Exanple 4 was dissolved in 7 g of
PGVEA/ PGVE 70/ 30 solvent to make a -4 w % sol ution. The m xture then was
filtered wbrowgh4zsm cro filter with a pore size of 0.2ppmiBzidy/e@aseed on a
silicon wafer and baked at 200C for 90 seconds. The wafer was submitted for
10 evaluation of optical paraneters using a spectroscopic Ellipsoneter. The
optim zed refractive index "n" at 193 nm and the absorption paraneter "Kk"
are listed in Table 1. Coating Fornul ation Exanple 5 15 1.0 g of

pol yrner nt hesis Exanple 5 was dissolved in 7 g of
PGVEA/ P #é}so%ux Ig]e‘tzto make a -4 wt% solution. The mi xture then was

filtered through a mcro filter with a pore size of 0.2 pmand coated on a
silicon wafer,.and bake t. 20 f T. itted for
20 eval uati of2of9 8'61% cal %SH 5}“?&1 é&@ ﬁ&lnéﬁg%g%%ct{%sg?%l C I | ps neter. The
opti m zegdfdyemgt)i variunidescidn'.Btg b9 3l mmamnetms»omjsmcpﬂmngmamét er "k
are listed in Table 1. Coati ng. For nul ogEgrrR] t% 251&59@2; | ymer
sol ubi ofyelpbaxasanenwsere cRREgRS Big &gl (WIS lBel Yt / thegngmne o 70/ 30
sol vent v? H'%ﬁd«%\seﬂ k% $RedHaniRAl stifér. Mhe! raetibh emixies wWdd heated tohr ough a
mcro filter wwth a pore size of 0.2 pmand coated on a S|I|003§v§fer and

baked at802004ftena oatalﬁm:@mynt aitearadeleenegidfonigoagid menahydraie (@ ation of

opti cal e Ehenoe. The

20101 o0 BReReae 36 (5rOBuf WSS HHnRRGRERE 1, empaRRIrE for BXholS. The | and
t he absageaitiopn spationevas thkhh eoated itsteom reMpblature. and a ~ 30 soligi cal
paranet er eval u?tlon fro coa ing formul ation exanples 1 to 6 (n 5 & k

measdr erROMEEFOIYEN Wiy O 1

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 0.24

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
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6 1.94 0.25 Litho Formul ation Exanple 1 102.2 g of the pol yner solution
from Synthesis Exanple 1 and 0.35 g of the polyner solid from Synt hesi s
Exanpl e Aveasiodiosxel ved in 80 g of PGQVEA/ PGVE ( 70/ 30) selcranioo/eosaske a 1. 2
wt % sol ution. 0.35% of dodecyl benzene sullfonic acid /triethylamne and 1%
of triphenyl sul foni um nonafl uor obut ane sul fate was added in the pol yner
solution. The m xture then was filtered through a mcro filter 15 with a
pore size of 0.2 pm Litho performance evaluation of Litho Fornul ation

Exanpl e r f bes T td & btdinsdwigt 4on from
Litho Zﬁw&un%gtv{’%\%ﬁ]p?ev#nm%%nélAf?(apgg ﬁt?mgpﬁéo T83472 phot or esi st
( pr oducweidhtAXeE gecnolecular Meight i(IVE) oiskoobB000 sam@lrville, NJ). A silicon
waf er was coated with AZ(r) 1C5D bottom antireflective coating conposition
(AZ Electronic Materials USA Corp., Sonerville, NJ) to forma 60 nmthick

film TioyatingFbrmiatiohExafdlemof Litho Fornul ati on Exanple 1 was coated
over and baked at 200C 25 for 90 seconds. Then a 190 nmthick film of
T83492 photoresi st solution was then coated over and baked at 115C for 60

seconds. The (v@ah&s g¥iiméN§dlution from Synthesis Example 1 was dissolved in 7 g
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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WO 20101004378PCT/ 1B2009/ 005486 i magew se exposed using a N kon NSR-306D
193 nm scanner with 0.85 NA under dipole Y illumnation of 0.9 sigma with
PSM mask wbeosxpexed waf er was baked at 110C for 60 secentdaBzwgowaese! oped
in AZO 300 M F 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 standi ng
waves, no footing and no scunm ng, indicating efficacy of the bottom

pol yer B REREE dde] (o BT BnnE BB TOR pitameter 1K o0 ol i

f r om SyiistegkinsTdbkeaatpl e B was di ssolved in 3 g of y-val erolactone and 60 g
of PGQVEA/ PGVE 30/ 70 solvent to make a 1.4 w % sol ution. 1% dodecyl benzene
sul fonic acid /triethylam ne was added in the polynmer solution. 15 The

mxture@&mmgvmnfmétmr@(bmﬂnéqugh a mcro filter with a pore size of 0.2
urn. Litho performance evaluation of Litho Fornul ati on Exanple 2 The

perf 8rmance of the anti-reflective coating formulation from Litho 20

For mul at i on Iﬁxgpp fepcﬁYJrW@%&\ﬁﬁJ)N%%i S‘}ﬁlh@glsT%@eW%Qrcﬁ&o‘i\ﬁec{ prpguct of AZ

El ectronic Mate p., Sonefville, A silicon wafer was coated
wi t h AZ@f 1RGN EAPCHME aiY30 eblvent tos makear |ﬂ49Wt:(9rﬁp$~$tIQﬁ ahe( lZ@(tEﬁeethetnonl c

For m - S92 M RECBrougToA ik, ifler, Wth £ PRr Biop o 00 21 pd ool D 1

Exanpl e S’tlioms\/vamtaed 2dkeavair 200P0efor H0LOECamals t Tﬁhe IwélfSBWEE sbhmitied dorst
soI uti on coat ?d and baked at 115C for 60 lé‘l]'he waf er s t hen

nmad@ni s '6’§‘e @ LSRR PREREHERSHSHISs F 1355)2?0 ﬂ‘?c‘s‘%?éffm P%ﬁ"{‘ﬁteé under

d' pol e Yoﬂtirﬁlﬂé@ '?@;Fré&ﬂ/eoiﬁdgx 9's hEAB3 WMrh laridSiMen&isdorptidie parxdrasted “waéw was
baked atl %1d0 Tobrl ?0 seconds
isted in Table

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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and devel oped in AZ(r) 300 MF devel oper (available fromAZ El ectronic
Materials 30 USA Corp., Sonerville, NJ) for 30 seconds. The cl eaned wafer
was t hen weaniomea7ander scanning el ectron m croscope. Lipo@/1Rndy/s(sase
patterns showed no standing waves, no footing and no scumm ng, indicating
efficacy of the bottomanti-reflective coating. Litho Fornulation Exanple 3
5 4.4 g of the polyner solution from Synthesis Exanple 2 was

di ssolved in 5 g of y-valerolactone and 95 g of PGVEA/ PGVE 30/ 70 sol vent to
make a A 0% i % of it §d i n e sul fate
was add(jaogaw\r{\%%g&t)%ﬁhyﬁg?désxolrﬁt?to#@?ﬁg&h]agb %?JESP hmgir?ﬂv\géﬂagﬁt?g%??t hr ough a
m cro filistegrinWiable &. pore 10size of 0.2 um Litho perfornmance eval uati on of
Litho Fornul ati on Exanple 3 The performance of the anti-reflective coating
formulation fromLitho 15 Fornul ati on Exanple 3 was eval uated using T83472
phot or esi st (Qytieell phradictéew@iagiorofiom ddtiagifainsulaisn EramplesSbiebunl | e, NJ).
A silicon wafer was coated with AZ(r) 1C5D bottom antireflective coating
conpBsi t& bMegauremepis A 198 Nk eri al s USA Corp., Somerville, NJ) and baked
at 200C for 90 seconds to forma 60 nmthick film Then a 20 nmthick film
of Litho Formulation Exanple 3 was coated 20 over  Then a 190 nmthick
T83472 |pfadtlerlesi st sol uti on was coated and baked at 115C for 60 seconds.
The waf|eCoatirsg FoemulatioreBExampdeposed usi ngka Ni kon| NSR- 306D 193 nm scanner
with 0.{86 NA, under dipole Y illjuhbpati onfl@50.9 sjgma -with PSM mask. The
exposed aaf er was baked at 110C [fpp360 secmpds and| devel oped in AZ(r) 300
M F developer (avaitabie frommAZ Eggetronigofyateripls 25 USA Corp.,

Soner viHe—NH—Fer—30—seconds: T.|'§1L,i eanegs was then exam ned under

scanni ng—eleetronr—erosecope—ti .[:B?nd S 4 rns showed no standi ng
waves, Mng_and no—scurm-ng——indieat Rg—effHracy of the bottom
anti-reff®ective coati ng. 30The f 1@@04'_ng_d%gér_i_px_i—bn of the invention

illustrates and describes the present invention. Additionally, the
di scl osq[iﬁos@@rmlm @ﬁasrﬁbliebles only the WD 2010/ 004378PCT/ |1 B2009/ 005486

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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preferred enbodi nents of the invention but, as nentioned above, it is to be
understood that the invention is capable of use in various othér

combi nat iwoepimmas7Bi cations, and environnents and is capalliB200$/0@shanges or
nodi fications within the scope of the inventive concept as expressed
herein, commensurate 5 with the above teachings and/or the skill or

know edge of the relevant art. The embodi ments described herei nabove are
further intended to explain best nodes known of practicing the invention

and to enable others skilled . f idd ' ' ' h
or ot hefMadaidi B dRG9vF M%'ﬁ\ﬁ%ﬁ%&?%dﬁ f%gbﬁgrngmﬁggis?g@l lr)]ystJ (r:\e’
parti cujfderapdle CRlluPRLON o106 sigind tith iRSM maskn Thesxppsechyefer wake 10

description i t intended lim ' ' |
ner of ' bakesh a1 110°G fort Ghdiegopiaanch geuapertian Ar: afo gl SRULEEES, 0°°
| ncl ude RleliggiRanbive ATRIEiERN MatcFll SA Gorphn Santervitig) a0l ifoe dbat i ng

conposi tion conprising a polyner which does not contain an _ar.onmat
chr cBropbecandsan Thei dearart wafer WagnineppeXaniaedyunfes %ﬁ&?@'f’ﬂk‘?'ﬁﬁ"ﬁ“@&t ,

where the %lﬁ/pgﬁe r@ﬁe?%ﬁ%é@&ée gaﬁé%H%Bg/i@,\Hl A standiRg Wwakks, hefodingpandiopl ast

andasm'_ _ i T derive roma ol, triol, dithiol, trithiol, other
pol yol sno@dicagintingtindiaaiing effichey opibieymtiods antitrefigctive corting: de, i m de- ani de
or mxture_fth_ereof,_V\here the diol, dithiol, triol, trithi oi, di acid ’
triacid, diimde, diam de, or imde-am de optionally contain one or ’rmre

ni t r ogen Rk ofhudtbh Bkagiphs® or 10 contain one or nore al kene groups 2
The anti rgt?l ective coating conposition of claim1l where the amgnopr)aét i s
sel @@ted from R8 /RB NNNRBW R8 NN "N', R8 R8

2.0 g of the polymer solution from Synthesis Example 1 and 0.3 g of the
polymer solid from Synthesis Example B was dissolved in 3 g of y-valerolactone
and 60 g of PGMEA/PGME 30/70 sqlver{t 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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0 RB\NN,..R8 R11R11 /N, N7NN, r, Ren8 O where each Ft8 is

(CH2) 11-0- (CH2) m CH3, each F111 is hydrogen or G -C6 alkyl, nis 1 to 4,
and m i s WOt2010304378 CH3OCH2) 2N, N' N( CH2OCH3) 2 N N N( CH2001IPi8raB2009/005486
CH3OCH2HNNNHCH2OCH3 , N 0 CH3OCH2% "-CH20CH3 N N N) CH3 0 OH3 OCH2CH20C H3

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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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
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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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or where the aminoplast is

O
R
Ry 1%'411
N N
/ ~
[ e
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 CH30CH2 zN CH2OCH3 N N CH20OCH3 CH3OCH2 or where the am noplast is 5
where each R8 is (CF12)n-0-(0-12)-CH3, each Ris hydrogen or Cl-C6 al kyl, n
is 1 to dwoant/omi’s O to 3. 3.The antireflective coati rgTaBIOOYBISHEON Of
claiml1l or 2 where the diol, dithiol, 10trio!, trithiol, diacid, triacid,
diimde, diam de, or imde-amde are selected from HS N SH 0,,SH N ONO

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

Hoj\/\N I N/\/([)l\OH HO/([)]\/\N)O]\N/\)(J)\OH
o)\N/Ko o)\rv/go

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

5 the polymer comprises a repetitive unit of structure (1A)

43



N SH O LNN'-"NNN-1111-' 011-- N NNO SH HS S SH Br SH Br SH

WO 2010/004378 PCT/IB2009/005486
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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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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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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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claims 1 to 5 where the antireflective coating |ayer has an absorption
parameter (k) in the range of 0.01 k < 0.35 when neasured at 193 nm 8. A
process for formng an image conprising, a) coating and baking a substréte
with the antireflective coating conmposition of any one of claims 1 to 5; 10
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1 1 oAl B g T e Sampos. &1 o0 of Ay one of
cl ans wavelength ma@@@homamwﬁ B',;&Sgﬁoat xhthe SIROSHdH AhidlnfBy one of
the long wavelength side of the absorption band of the polymer in the
antireflective coating composition, resulting 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

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.
30
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where the diol, triol, dithiol, trithiol, diacid, triacid diimde, diamde,
or imde-amde in the antireflective coating conposition is chosen in such
a way thavoths/mlgser pti on maxi num of the pol ynmer in thepramtiBzed/hEasd ve
coating conposition is |ess than the exposure wavel ength for the

phot oresi st and where the exposure 5 wavel ength is between the absorption
maxi mum and t he absorption mni mumon the | ong wavel ength side of the
absorption band of the polyner in the antireflective coating conposition,
resulting in an anomal ous djspersion contr hutd:qn fgiasigl ve 1 ndex
of thelhnt | 7% PERGERFPGIAIR P ihri O wheiel! %eewragftbglétdmigw A ot the

ant i 1 ef o] biffidb Lishids) draRieam satiaiidaim Par amet er 10 k' of the
antireflective film and b) formng the photoresist filmon top of the
antireflective film 10. The process of claim9 which conprises 15 a)

form 3200 iﬁéiér‘agésesc | %A dee"?PBIaﬁn§ hgd A atghersitefer theearaineflactifeect i ve
filmis=for romtne a%tlre | ective coating cqn&gsiti n of any one of
cl apiTs chatitly Bompesition, fthe giobimertaormirisediat ePETItVa wilt $/1BFEd O o, tri aci d
diimde, diamde, or imde-amde in the antireflective coating conposition
is chosen in such a way that the 20 absorption maxi num of the polyner in
the antireflective coating conposition is |less than the exposure wavel ength
for the photoresi st and where the exposure wavel ength is between the half
hei ght of the absorption band of the polymer in the antireflective coating
conposition and the absorption mnimumon the | ong wavel ength side,
resulting in an anomal ous di spersion contribution to the 25refractive index
of the antireflective filmthat raises the refractive index 'n' of the
antireflective filmand |l owers the absorption paranmeter 11(' of the
antireflective film and
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b) formng the photoresist filmon top of the antireflective film 30 W)
20101004378PCT/ 1B2009/ 005486 11. The process of claim9 or 10 wherein the
di ol , triwb,20ovaold7el , trithiol, diacid, triacid diim depCtiiBmogie)s4swr
imde-amde is that of claimS3. 12. The process of any one of clains 9
to 11 wherein for the antireflective 5 coating conposition, the pol yner
conprises a repetitive unit selected from WO 2010/ 004378PCT/ |1 B2009/ 005486
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