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I nvention The present invention relates to an
absorbing antireflective coating conposition
conprising a polynmer with a refractive index greater
than 1.8, a crosslinking conpound and a thermal acid
generator. The invention also relates to a process
for formng an i mage using the antireflective coating
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substrate is next subjected to an image-wise exposure to radiation.

The radiation exposure causes a chemical transformation in the exposed
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 (positive photoresist) or the unexposed areas of the

photoresist (negative photoresist).

Positive working photoresists when they are exposed image-wise to
radiation have those areas of the photoresist composition exposed to the

radiation become more soluble to the developer solution while those areas not



exposed remain relatively insoluble to the devel oper
solution. Thus, treatnent of an exposed
positive-working photoresist with the devel oper causes
removal of the exposed areas of the coating and the
formation of a positive inmage in the photoresist
coating. Again, a desired portion of the underlying
surface is uncovered. Negative working photoresists
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that the developed photoresist wall profiles be near vertical relative to the
substrate, photoresist images are free of residues, have good depth of focus and
the photoresist have good long term and short term stability. Good lithographic
properties are important for the photoresist. Such demarcations between
developed and undeveloped areas of the photoresist coating translate into
accurate pattern transfer of the mask image onto the substrate. This becomes
even more critical as the push toward miniaturization reduces the critical

dimensions on the devices.



the use of new photoresists that are sensitive at
| ower and | ower wavel engths of radiation and has al so
led to the use of sophisticated nmultilevel systens,
such as antireflective coatings, to overcone
difficulties associated wth such mniaturization.
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in order to further improve the resolution and depth of focus of
photoresists, immersion lithography is a technique that has recently been used to
extend the resolution limits of deep uv lithography imaging. In the traditional
process of dry lithography imaging, air or some other low refractive index gas,
lies between the lens and the wafer plane.  This abrupt change in refractive
index causes rays at the edge of the lens to undergo total internal reflection and
not propagate to the wafer (Figure 1). In immersion lithography a fluid is present
between the objective lens and the wafer to enable higher orders of light to
participate in image formation at the wafer plane. In this manner the effective

numerical aperture of the optical lens (NA) can be increased to greater than 1,



where NA., =nsine, where NAwet is the nunerica

aperture wiwth immersion |ithography, n; is refractive
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are being developed for immersion lithography.



A conbi nation of imersion |ithography and high
refractive index photoresists coated over one or nore
antireflective coatings provides the inmaging of even
smal l er features with resolution nmuch bel ow 40 nm
However, in order to prevent the deterioration of
photoresist image quality fromreflection fromthe
substrate, it is desirable to reduce reflectivity to
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the lower, more absorbing, antireflective layers.

Antireflective coatings that are spin castable are preferred over those that
are vapor deposited, since vapor deposited films require expensive vacuum

equipment and tend to coat conformally. Increasing the refractive index of a spin-



are vapor deposited, since vapor deposited filns
requi re expensi ve vacuum equi pnent and tend to coat
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Therefore, there is a need for a bottom antireflective coating which has the
appropriate etch control and is capable of adequately preventing reflection for
use in immersion lithography where a high NA lens is used. In immersion
lithography, the antireflective film having optimum lithographic parameters of film
thickness, absorption, reflectivity, etc. can be achieved by increasing the
refractive index to closely match or exceed the refractive index of the photoresist

which is coated over the antireflective coating.



t hi ckness, absorption, reflectivity, etc. can be
achieved by increasing the refractive index to
closely match or exceed the refractive index of the
photoresi st which is coated over the antireflective
coating. 6 The present invention provides for a novel
spin-on antireflective coating conposition which is
coat ed bel ow a photoresist and is capable of having a
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refractive mdex is selected from —(S)n-, -SO.-, -Br, and -1, where n'is an integer.
The invention further relates to a process for imaging the antireflective coating of

the present invention.

Brief Description of the Drawings

Figure 1 shows the difference in the optical path of light rays entering at
the extreme edge of a lens for air and an immersion medium of higher refractive
index.

Figure 2 describes some examples of connecting group, Y.

Figure 3 describes some examples of the backbone unit, W.

Figure 4 describes some examples of end group, X.



Fi gure 3 descri bes sone exanpl es of the backbone unit,

W Figure 4 describes sone exanples of end group, X

7 Figure 5 describes exanples of polymers. Figure 6

descri bes exanpl es of hal ogenated nononeric units and

pol yneric units. Figure 7 shows exanples of refractive

i ndi ces of various polyners as a function of

wavel ength. Figure 8 shows nore exanples of refractive

i ndi ces of various polynmers as a function of

wavel engt h. Detail ed Description of the Invention The
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bel ow g photoresist is capable of having a refractive
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exposure wavel ength. The antireflective conposition

cogﬁ;ises a polymer with a refractive index greater

t hiniguwse 7eghaws examplesof fefeactive dndigee epyalipes polymers as a
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coating conposition is capable of being crosslinked
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as 4 functiorooblvatalengpabl e of absorbi ng the exposure
radi ati on used to expose the photoresist. The
antireflective coating conposition is used to forma
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exposure wavelength. The antireflective composition comprises a polymer with a
refractive index greater than or equal to 1.8 at the imaging exposure wavelength,
a crosslinking compound and a thermal acid generator. The polymer of the
antireflective coating composition is capable of being crosslinked and comprises
at least one functionality capable of increasing the refractive index and at least
one functionality capable of absorbing the exposure radiation used to expose the
photoresist. The antireflective coating composition is used to form a film below
the photoresist and the photoresist is imaged using immersion lithography,
especially where the numerical aperture of the lens is greater than 1.2, and the

exposure radiation is below 300nm.

The polymer of the antireflective coating comprises a functionality capable
of increasing the refractive index, a functionality capable of absorbing the

exposure radiation used to expose the photoresist and functionality capable of



8 crosslinking the polymer with the crosslinking
conpound in the presence of a thermally generated
acid. The polyner can additionally conprise a
functionality that inparts hard mask qualities
(lowers the etch rate) or increases the etch rate.
Functionalities that increase the refractive index are
atons or groups that can be polarized or have high
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high. Reflectivity is related to the refractive indices and absorptions of the
photo(resist) and bottom antireflective coating (BARC) as given in Equation 1,
where R is the reflectivity, n is the refractive index and k is the imaginary
component of the refractive index known as extinction coefficient, which is
related to the absorption coefficient a(A) as a function of wavelength (A), by k =
o(L)/(4m). It is desirable to have a reflectivity of less than 1%, preferably less

than 0.35%.



than 0.35% 9 R = (nresist -n BARC)2 + (ker;sr -
kaaxc)2 Equation | (nre,r+neaxc)z +(k.estsr+kxaxc)z
Conventional photoresists such as those used in dry

l'i thography, have a refractive index of around 1.7 at
t he exposure wavel ength, and the conventi onal
antireflective coatings coated bel ow t hese

photoresi sts have a refractive index ranging from1.5
to-1.7. Convengi anal ntlgeflective coatings are
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funqtunaalﬂudwomr@vwgsmmrmesnrthetreir@ctwe ingleve O they polymer are
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inear or c structure wt
—(S)gar$oas-Cl, -Br, and -1, where n is a positive integer. These functionalities
may be present in the backbone of the polymer or pendant from the polymer.
Increasing the amount of these functionalities will increase the refractive index to

obtain a value of 1.8 or greater.

The polymer of the antireflective coating composition can comprise the
monomeric unit with sulfur groups in the backbone as shown in Structure 1,
where Ry’ is part of the polymer backbone. The sulfur moiety may be linear or be

part of a cyclic structure with other carbons.

—-R;—EIn—]

(1)
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+ Rl'-(S)n_) (1) 10 Exanples of such polyners are
anongst ot hers, polysul fides, and pol yurethanes,

pol yester, polyam des containing sul fur groups, sone
of which are shown below in Structures la-id. o
+N-FO-RL'-(S)n+ O (la) (Ib) ,NR'-(S)n+- OO (lc)
(1d) where RL' is part of the pol yner backbone and can
be exenplified by al kylene, aryl, aralkyl, and any

Exa‘?ﬁcfglg% of RIS ﬂ@*sy%rdrﬁoﬁtﬁt bthé’i‘g dpedl]l% ufiicde3, ARd E1StﬂRi'iurethanes

to or reater t odi ment of
polyssksr| polyamidesecantaioing sdiur gronpsh ppemecof wisich ase shewn below

in %ﬂg’gci agd in US 4,493,927. O her nmononeric unit(s)

present to forma copolyner, or the unit
can forma honopol ynmer. Structure 2 shows a nononeric
{Sin—where the sul fur group is pendant fromthe
olymer. Y ,)n (XYm (2) where Wis the backbone
oAyt of the polynmer, Y is a connecting group or a

di gect val ence bOPr(aL €ﬂ—|<x—ﬂ$ﬂ4(9)mﬁ,— n an integer greater
than or equal to 1, mgs an integer greater than or
equal to zero, X is a pendant group, and optionally X
afld) Y may be conbined tdlbprma cyclic structure. The
sul fur group may be connected

‘(—“—O—R,'-(S)n—)— —f—"——N—R;—(S)n—)-
0 0

(1c) (1d)

where Ry’ is part of the polymer backbone and can be exemplified by alkylene,
aryl, aralkyl, and any other typical polymeric unit, and n is an integer equal to or
greater than 1. One embodiment of Ry’ is alkylene, more specifically methylene.
Structure 1a is described in US 4,493,927. Other monomeric unit(s) may also be

present to form a copolymer, or the unit can form a homopolymer.

Structure 2 shows a monomeric unit where the sulfur group is pendant

from the polymer.

—(—vlv—)—
Y

|
on
X)m
)

where W is the backbone unit of the polymer, Y is a connecting group or a direct
valence bond, S is sulfur, n an integer greater than or equal to 1, m is an integer
greater than or equal to zero, X is a pendant group, and optionally X and Y may
be combined to form a cyclic structure. The sulfur group may be connected
directly to the polymer backbone, W, or through a connecting group, Y. The

backbone unit may be a substituted or unsubstituted alkylene group, siloxane,

11



directly to the pol yner backbone, W or through a
connecting group, Y. The backbone unit nay be a
substituted or unsubstituted al kyl ene group, sil oxane,
|1 titanates, or a substituted or unsubstituted
alicyclic group. The connecting group, Y, may be any
organic noiety that connects the sulfur group with the
pol ymer backbone and nay be exenplified by an ester,

tltar?étéé:yd‘r'd §utSHti%{@d o?tuh%bstﬁhtléd |aﬁ8@llc GtblS MEhe @d)rkr)mﬁing group,

Figure 2 gives exanp roups. anpl es of
Y, mme bepany @Eganio mnietyi that PWQ?&%H’!R)ﬁ@'anQEOUHn‘H“H‘ e polymer
rou
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alkegrep uqdkynes edatb Flgurenﬁyglfles telxampbe qit t{agtmmt &)@nmleaa rof the

ol Bt o e SR A BB B rggvn

Figlre®! Mhesuifep ﬁfdlétﬁ)enaﬂﬁtﬁfrd?ﬁ ltiyarpolyridianaycoe theeend grbup itself,
The sul fur noiety may al so be cyclic attacaegl al rectl
or gy furtepbe atiached to @'PﬁtbﬁbgfoHPhngBﬂﬁ Xmay § N¥RRgesether,
n r X. 5 @escrib
estr] Aine ol 4 AL T oSproe Sifie T HHERS. X. Tiflre ® Bedoribes
sonm(polpmefsﬁtataanbgwedot hers by cycl ohexene adamant ane
and nor bornane. Pol yner Polymer Polynmer Y (\ S)n/ slIn
(S)n 3(a) 3(b) 3(c) The cyclic ring or rings
CONMpel sulfig mbletgﬁuiafytalsmeewcllumﬁaeheo directy itc:; ¢he pelymer or
backbone of t ol yner, n, St uct s d, Je
throsiah Rer Gucle GIRITCEAS SHOWTL SO 32 b b B, whgre ¥ nd
n aP®lasMBEsAePBRRIdUsIy VAR alkylened fﬂﬁh}ﬁb@! é)@‘em[)allfled amongst

structures, such as cyclic al kyl enes.
others by cyclohexene adamantane and norbornane

Polymer Polymer Polymer
Y
God Q
(S)n
(S)n
3(a) 3(b) 3(c)

The cyclic ring or rings comprising the sulfur moiety may also comprise the
backbone of the polymer, as shown in Structures 3d, 3e and 3f, where the cyclic
sulfur is present in the polymer backbone or pendant from the cyclic structures,

such as cyclic alkylenes.

(S)n
(S)n

3(g) 3(f) 3(g)
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3(g) 3(f) 3(g) 12 Sone exanples of cyclic structures
containing sulfur are shown in Structures (5a-5c).
Exanpl es of cyclic sulfur nononeric structures are
given in Structure 4a-4d, where these nononers may

f orm honopol ymers or be copol ynerized wth other
mononers. Si(Q3 Oz z z z (4a) (4b) (4c) (4d) s
eS/s | -11P~ s Were Z = S-s (5a) (5b) (5¢c) and Qis

s Y S 1 CORASHSRARER, B B sy S

(5akic).aBraraples rof ZSicliORulfGr mamphetg S8ict@es arel giyen 3 Staicture

[ ZS| (al kyl ket oxi ne) 3, I n, one enbodi nent  of .
<) e bishpr henigrs 2 tru rBRRgSAGE Brbe Sopbinerized
wittoothat Alonbhwdis.l, and in anot her enbodinent nis in the

range of 2-4. The polyner of the antireflective

oatdong nmay al so co ise as the functional group

/\}\}%h i ncraigyes the refpacti veAndex, a sul fone group,
whoch may ;be in the backbone he pol ymer or
pephdant fr'omthe pol ymef backbowe ™,Structure 6a shows
where the sulfone is present in the backbone and

Qapucture Gbphows whiare the syldjone group is pendant
fromthe pol ymer backbone. 13 Y O2)n

S
\
E /S g S
P
) s
S—s

(32) (5b) (5¢)

Where Z =

and Q is known as hydrolytic condensation moieties known in the synthesis of
silicones such as ZSi(OH)s, ZSiCls, silane ester ZSi(ORy)s, acyloxy ZSi(OCO
alkyl)s), or oxime ZSi(alkylketoxime)s

In one embodiment of the polymer comprising —(S),- described above, n is

greater than 1, and in another embodiment n is in the range of 2-4.

The polymer of the antireflective coating may also comprise as the
functional group which increases the refractive index, a sulfone group, which may
be in the backbone of the polymer or pendant from the polymer backbone.
Structure 6a shows where the sulfone is present in the backbone and Structure

6b shows where the sulfone group is pendant from the polymer backbone.
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-(R'"-502)- (XYM (6a) (6b) where R1' is part of the
pol ynmer backbone as above and can be exenplified by
al kyl ene, phenyl ene and cycl ohexene, and where Wis

t he backbone unit of the polyner, Y is a connecting
group or a direct valence bond, n is an integer
greater than or equal to 1, mis an integer greater
than or equal to zero, X is a pendant group, and
optionally X and Y may be conbined to forma cyclic
structure. Anal ogous structures as shown for sul fur
cont ai ni ng polyners_g e may be used for sulfone
cont ai ni ng pol yners, Wﬁ%re sul fone is substituted for
sul fur. The pol ymer oﬁ the antireflective coating may
al so conprise as the bznctlonal group whi ch increases
the refractive index, Hallde group, such as
chF@Hi-882)-br oni de and“r%dlde whi ch is attached

dire b y to the polyneqtgackbone or attached to a
groug pendant fromthe pol ymer backbone. Sone

ndlBISCTE bl o34 oy HAPRPAE it ity o gt by
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Ana?}éﬂqﬁou.@r &E’l%tﬁl%@ 5075 hﬁ%pt%f | RAfut Chnidi dﬁgre;ﬂﬁym I%VhB@ve may be

uring process n one e
usetifacsilfonal dontaining polyimnmers cabers sulfene ds Slamtituted |f¢fdmlfubf
the conposition, a polynmer conprising a sulfide
noi ety is preferred. 14 The refractive index of

POITHEE pBlyinserUst ahé yaritReffastiod @datir@nmaw\adﬂoem:gtﬂmlse as the
such as 630nm or 589 n since.it. is easr@jr to h
fungtiorial graupMhighatncraases dhe \[glrartivegindeye 8 Ralidesg rlOHB stch as

chkfrﬁ{er BRIrhide éd?)di%ﬂldé!' Whldmgra?ééﬁeé @Treéﬂlmﬂ\e%dl mer backbone

mers, as shown in Figures 7 and Anonmal ous
or aﬁa@bed b cin geaups pendgnt Ao the inolyragr bwboeﬁp&meemonomeﬂc

umtgr%g ncgegghge& W FRAY @ PEiyRf 'RR! by SxkRfifed By Sructures
(7a-7e) in Figure 6. The halides can replace the hydrogen or alkyl group in any of

the polymeric structures.

Generally antireflective coating compositions comprising polymers with
sulfur moieties, such as sulfide and sulfone, as the functionality that increases
the refractive index of the compositions, are preferred for compatibility with the
device manufacturing process. In one embodiment of the functionality that
increases the refractive index of the composition, a polymer comprising a sulfide

moiety is preferred.
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exposure wavel ength. However, if the absorption (k) is
kept at less than 0.3, then the effect of anonal ous
di spersion has | ess negative inpact on the refractive
i ndex, but may increase the refractive index sonewhat.
Thus if a polymer has a given value of refractive
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grounshand thalides &s enmepdedi M@wmagmlmly@ptﬁjsontammg carbon,

conpound, benzophenone-based conpound,
hyda ehgdgﬁ%? ﬂ or an unsubstituted heterocyclic

The refractive index of the composition can be adjusted by changing in the
polymer the concentration of the functionality that increases the refractive index,
which is, increasing the concentration of the functionality increases the refractive

index.

in the polymer, the functionality comprising the absorbing chromophore
may be one which absorbs the radiation used to expose the photoresist, and
such chromophore groups can be exemplified by aromatic functionalities or
heteroaromatic functionalities. Further examples of the chromophore are without

limitation, a substituted or unsubstituted phenyl group, a substituted or
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aromatic ring containing heteroatons selected from
oxygen, nitrogen, sulfur; and a m xture thereof.
Specifically, the chronophore functionality can be
bi sphenyl sul f one- based conpounds, napht hal ene or

ant hracene based conpounds having at | east one
pendant group sel ected from hydroxy group, carboxyl
group, hydroxyal kyl group, alkyl, alkylene, etc.
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PROfAERBone of the pol ymer are known and disclosed in 16

The functionality in the polymer used to adjust the etch rate of the
antireflective coating may comprise moieties that increase the etch rate or
moieties that decrease the etch rate. Moieties that increase the etch rate under
reactive ion oxygen conditions are oxygen containing groups such as ethers,
esters, ketones, aldehydes, carboxylic acids, amines, urethanes, etc., where
these functionalities may be pendant from the polymer or are in the backbone of
the polymer. Moieties that reduce the etch rate under reactive ion oxygen
conditions can be groups that contain silicon. Silicon may be present in the
polymer generally known as siloxanes. Siloxane and silsesquioxane polymers

which can be used as the backbone of the polymer are known and disclosed in
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the US patent application with the serial nunbers

11/ 425, 813 and 11/425,817, and to these the
functionalities that increase the refractive index,
functionalities that are absorbing and
functionalities that are crosslinking, described above
may be attached. Thus siloxane or silsesqui oxane

pol ymers nmay have pendant noieties used to increase

the Lﬁé é)%‘férﬁoé:pghegt?df} wth *}h@%e*nEPﬁﬁ géﬁé?ﬁ ng AEAPUS 1'425 817,

al ni ng nol ety described previously or
anditoctm’se nbé |ftarmt|ohaitlasssmat m‘t':hmsmihet refrastive tfuieb(nﬁlf@aglaa"tles

i ARt Bl e R Sha0 e,

be %rrtb@weTm Y @Rxahel BF tsils@squidinex polyhieis edajoynave pendant
conprising at |east one repeati n|% unit de

d
moiglia reed t%f'"‘f@??ﬁjl"%”%‘(t%(ﬂ 'F@%w ff/fﬁyse gbﬁéff?"éwsw,
chréﬁ'lgéﬁér%g cbh eg EndiBlyedaschibed pkdifodsigbr arcéﬁ'{tﬁﬁétlo‘v‘l%f these.

escr i previously; A 1S an ‘unreacted
Thef moixty osed tcgmcqasefreﬁactrmodex nww kensylfuriaased; sigh ag those

COntP;gre @bglyﬁdg SPSS\HP%QE%%‘) pfey po %?le%'ﬁ)r)r(ghé ?og/gtn%gc unit may
be exsmplifietich nh;liﬁsu aUIetasrane rep@ahting unlt derived from a monomer

o ) SR BB B b A 00 TSR o i

refraéméomdB?e déscﬁb@@'p?éMoGQVpA' 81 419 URrédutedMPiEtioRal GroLp. of a
Jor R5 are independently selected from

the
mon@met whmht wrmﬁ «ithegef thepbave rereating dinitge apd i 6@'&5 within the
rangéeﬁlI< us! 13656”%30%@ g%gﬁﬁérbﬁgy@égg)\é dQsﬁgbd By structure,

(R‘sng(mmygism?s.ag@ ctsxoasd(a“ﬂisjoym rwheremy Pal d8 e moiety
B h t.
corfiitaa S LSRN srpuh NS & Myt RIS a Beiflon e asaue.
R® r et @/ nf’r ar@tmcﬂépbfﬂregnyns@mmmnmhe unbietys withethel high
al koxj des Qiafléfj or netal Eﬂgem de
refr@%\feamp%)qsfcm PW@{'% %t & arhydhegarBen Sroig f<a<t; 0<b<1,
0<<:Q)ﬁ°098’i1yr8?\'dsa WWere, L2 1 DiRsy @riaribng bPthese ZYF%%f pdlymers

I's’a halogen atomand the netal is preferab
may alsedteatsetlr om t he group consisting of gernmani um
titianium tin, antinony, tantalum hafnium and
zirconium Thus conbination of netals other than Si,
sucBry afalbgy amewhmatrpgm(ol\vmlrdsaiﬁgdt prscessebris dased tam the
si |l oxanes or . b e rocedure for

vkl P derseti fepeiars of BistalEoRBaicomPRUed cupE as
metl) QU dXIes2(fAetll(OR;2),) or metal halogenide (Metal(Ha)p) leading to the
formation of metal oxo-polymers, where Rz is an alkyl group, 2<p<4, Ha is a
halogen atom and the metal is preferably selected from the group consisting of
germanium titianium, tin, antimony, tantalum, hafnium and zirconium. Thus
combination of metals other than Si, such as titanium analogs, would work as
hybrids with the siloxanes or by themselves. A procedure for making suck hybrid

metal materials can be found in patent US 2005/0277274 A1.
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17 Pol yphosphazene, -P=N-, type of polyner having a

hi gh refractive index may be used and may further

conprise a chronmophore and a crosslinking group

descri bed herein. In the above definitions and

t hroughout the present specification, unless

otherwi se stated the terns used are descri bed bel ow.

Qlkyl nmeans |inear or branched al kyl having the

es) r @iy I :

al %9' %Suﬁ;ﬂlgg‘%geﬁer al FPBWC anod a t‘ﬁag%frg‘lﬂgllei |gdex
mayobe asgd and ray turtheo nomphse)a cr&:mahbce amj/alqrcs@nbiugsgroup

e nEthyI ethyl, n-or iso-propyl, n-iso, or
des?rg?e(‘f)'b‘ﬂ . linear or branched pentyl, hexyl, heptyl,

octyl, decyl dodecyl, tetradecyl and hexadecyl .
Unless otherMAse stated aIk% refers to 1-20Q0. carbon
o

at bnthroabeye deH@tI@@%ane ‘throughout thepRresayt sreGifisation, unless
othé}?(lg o Siaf2d tRE ¥ Cs]‘:ué areJd¥skAbR Eb&v@HP! e of mono-cyclic

groups in e substituted cyclopentyl
cyclohexyl and cycl oheptyl groups. The substltuents

A, Al b o7 e, Y Pl SBSBERC Humoer of

carborbatonmgdibad vakeriaes Tile2alRyllgrioap it agenerally aliphatic and may be

cyel &;éq'v%% (i SpReYRG SulAbleA L Bioxph Ean daRIny. v, or

|so-€) I, inkio, (Er)‘@ﬂfﬂtﬁg fiear of bfatchied p’énl‘;)l'heg( Lﬂé‘btyl Nédtydgecyl,

cIo[5 9] undecane, tricyclo
dodewlytey]adaqﬂmhexade@ylc Usjiessaothepvige @f@t@deelmeref%rﬁdo 1-20

carkfl FEE By 308 el A0 s B B RS e ke
Suitgbleu pgaraples ob shoriaieydlis . alWl kgroape igclode §wus§tutied/ &yelnpentyl,
cvolbit oo RS SoPS b NeSlb G Pl aff BB acvele
alkygrgwnfs déétﬁib@dl Hetbind Suitableabikydlie nekyd @bap§ iHehidd antﬁsiltuted

with (C al kyl oups in_the main carbon chain
bicyclef2. 3I1ﬂ|9¢[§ﬁ@egroup g‘AP BrRe2lgF8mgs can abisycl P[ﬁ:?l]lf@ta“e

bicyRRf3 Efz]%a%ea' 5?&2 ebfeyclo@ X 91ecahOURhd rihé hﬁkeﬂ' Exlaﬁﬁ%s of

eré alkyne’refers to a triple bond
tncya:llkene adybr s t@rQim$bI e binplde Es s ertricydlo[p.40. Oea Q}yndﬁ@ane

ocarbon ne.
L T R e T LA
tricyﬁﬁ[ﬂ)’el.EO.QHG]decane. As mentioned herein the cyclic alkyl groups may

have any of the acyclic alkyl groups as substituents.

Alkylene groups are divalent alkyl groups derived from any of the alkyi
groups mentioned hereinabove. When referring to alkylene groups, these include
an alkylene chain substituted with (C-Cg) alkyl groups in the main carbon chain
of the alkylene group. Alkylene groups can also include one or more alkyne or
alkene groups in the alkylene moiety, where alkyne refers to a triple bond and
alkene refers to double bond. Essentially an alkylene is a divalent hydrocarbon
group as the backbone. Accordingly, a divalent acyclic group may be methylene,
1,1- or 1,2-ethylene, 1,1-, 1,2-, or 1,3 propylene, 2,5-dimethyl-2,5-hexene, 2,5-
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1,1- or 1,2-ethylene, 1,1-, 1,2-, or 1,3 propylene,

2, 5-di net hyl - 2, 5- hexene, 2,5- 18

di met hyl - 2, 5- hex-3-yne, and so on. Simlarly, a

di val ent cyclic alkyl group may be 1,2- or

1, 3-cycl opentylene, 1,2-, 1,3-, or 1,4-cyclohexyl ene,
and the like. A divalent tricyclo al kyl groups may be
any of the tricyclic alkyl groups nentioned herein

dlm@ﬁmg/y (85. )?lé (Xﬁé é‘ﬁ(ﬁga"dnc Sﬂﬁﬂé%ﬁls aQﬁ\FHIé’f'\trby@hé Qlkﬁl“?@)ﬁbbﬁé\y be
s’ i nc ol ylI, xylyl,
1,2-a0r ht, awmopentymﬁw *52- bl 3 phe nyﬂgyclphemm n?‘l‘% the dllke A

T e T

heréingbogékyl , al koxy, acyl or aryl groups nentioned
herei nabove. Simlarly, appropriate polyval ent aryl
groups as desired nay be used in this invention.

Re Nr@semaRimatR: §roaps | dnthh alto/ aledirban ltorBs midleding phenyl,
i ncl ude phenyl enes, xylylenes, naphthyl enes,

tolyb.wfvérﬂaré\tmé anthtacyh diphenyls, /ia'?rc@ka?nyi@am phepyisgand Hie like.
Theg[aag oggé'rﬂ?gli‘ﬁ%& rlfév'sﬁgst}ter‘a %\chcéh Ofr i ?A’Bgaropnate

and exa oxy, ethoxy, n-pro g
subs’ﬂ;topntspeg alkyl, balkaxyy acysl;cd»IanbtygroupStmbutl@)@d hereinabove.

S o e n B Y, SRR ey BESTREI is

invehtiof! Repaientaaie. exAniéy bf aRakmt airyll groups!ircivdd phenylenes,
attached substituents. The substltuents may be any
xylylenes, naphihiignes.iphgnylenesy and thelikez, anpl es of
nonoval ent aral kyl having 7 to 24 carbon atons
i ncl ude phenyl met hyl, phenyl ethyl, diphenyl nethyl
1, Alkaxy meana.s,ylag;hﬁqt branched ghalnlalgoxy baging b,to 20 carbon

ato%mghgﬂﬁqpﬁgﬁégr P hBfokl BinoxPRERBEGE fsopropoxy, n-
butcbqscnsdhlinbx;?r eembutulxyi ngedmn')ayab hexydakysndmpmylgxybe actyaxy,
t ar n n n
R B
ethﬁé&g@}x?s are 1-phenyl -1, 2-et hyl ene and
1- phenyl propyl ene. 19 Furthernore, and as used herein,

the term"substituted" is contenplated
Aralkyl means aryl groups with attached substituents. The substituents

may be any such as alkyl, alkoxy, acyl, etc. Examples of monovalent aralkyl
having 7 to 24 carbon atoms include phenylmethyl, phenylethyl, diphenylmethyl,
1,1- or 1,2-diphenylethyl, 1,1-, 1,2-, 2,2-, or 1,3-diphenylpropyl, and the like.
Appropriate combinations of substituted aralkyl groups as described herein

having desirable valence may be used as a polyvalent aralkyl group.

Alkylenearyl means an aliphatic alkylene moeity with pendant aryl groups.

Examples are 1-phenyl-1,2-ethylene and 1-phenylpropylene.
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to include all perm ssible substituents of organic
conpounds. In a broad aspect, the permssible
substituents include acyclic and cyclic, branched and
unbranched, carbocyclic and heterocyclic, aromatic
and non-aromati c substituents of organic conpounds.
Illustrative substituents include, for exanple, those
descri bed herei nabove. The perm ssible substituents

CapyRReritte O andRsCustiithérBfh, SRdRerdh "substitReqnis é&ﬂemplated

appropriate organi c compounds. For purposes of this
to irictudenall permissible $ubtstitueatsopisorganie campeundsg&h arkipad aseect,

I s

carbaielic arad hefeyocyiclie, arahraticizewl dn-aendtat emtnﬂltmrﬁs oTIorgamc

comgpiedh, Shutn SRR O3S 5008 A o

herelhgbdv@! YHBpePidsitie BUBSRIENtS R4AMd O @S&Ynch@ dnridef danme or
any known rret hods, such as free radical

diffesetyfer APRLDriale OfasIccCBPYYRSS: FAF iPYrROosesidhisjaMerlin. the
hete?g*{:tﬁmés stk W%é&g@la@' Md”f@&@ﬁ)s&fsﬁ}ueﬁ@ and/or any

Mer PZat i on rried out™in a so
permlssibiaa substitee¢rts cnfamrgagnsu compouhdst describedvinerein which satisfy
t echni on. of the v
the yEieaced o ine helrBRBBR. ol benidia GO Miéhed tope timited i
any infigHrRA B9 the peftissibR: subdatuentssissrganic Zospduntbe
exposure radi ation, those to adjust etch rate, those
to crosslink the poI ymer, etc. are adjusted in the

poh’ﬁﬁ%ol%@eg'dfethhhﬁ‘p Bt \’rﬁf@nhd)ﬁ hASY aRhinfadee oM fﬁwcﬁnown

rise other nonomeric uni ts, such
metheds;ycﬂsuah amsydfreaesrad(qabt IpolieRsization, APmig| eprlymerization,

N e

mayabbycHriied, out yinl @ aoblenti semulsion, matalbma;dlyms ,aandisgtheri kiydwn
al cohol i soc cant t hi.ol s,

, brid nononers .
techayigyesa Jhe; p ﬁ%ggno'é%l"é'?é]'onﬁﬁgﬁs aﬁsgﬁ%daﬂ'&%’ lously,
thos¥ |K§|*eﬁ§é'r8ﬁaé?d\)eaﬁ6éx tibse WealEtrb aNe lergesure! ragiatian, those

of the polyner may range from about 1500

to atdwsgbeigh ragm, thoge tor eroeslin her PohmANo ic. 42t @djustedh duthe
ool B AR AR i 0TS s
othérsmbabmerit , W03, sublerasgoyalict anhydridesi (rpetwagrpatdse allgdenes,
mon%%tyclic units, multicyclic units, etc. Examples of other monomers used to
form the polymer are maleic anhydride, cycloolefins, vinyl carboxylic acids, vinyl
alcohols, isocycantes, thiols, and hybrid monomers such as silanols, silanes

esters, acyloxy silianes, and ketooxime silanes.
The weight average molecular weight (Mw) of the polymer may range from

about 1500 to about 180,000, preferably from about 4,000 to about 60,000 and
more preferably from about 10,000 to about 30,000. When the weight average
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obtained for the antireflective coating and when the

wei ght average nol ecular weight is too high, then

properties such as solubility, storage stability and

the like may be conprom sed. The antireflective

coating conposition conprises a polyner, a

crosslinking agent, an acid generator, and a sol vent

conmposition. A variety of crosslinking agents can be

&sC n t n

molgaier PG s OABAY 11000, 8 o, Hirf JBRANGOKIRS, 2ot
obtaindd/ farr therantheﬂemtws enmngfa%When dhenyeight average molecular

oSSR o PR S 88 sqBbi 568 S et e

maydib¢y 6inprorhisedpol yneric gl ycolurils, benzoguanan ne,
urea, hydroxy al kyl am des, epoxy and epoxy am ne
resins, blocked isocyanates, and divinyl NONONEr s.

Nbﬁﬁ@%fﬂ.?eﬂe@ﬂ@%étﬁ@ ¢dnifSodiforAEath Fb lymeiEh ardsafinking
glycolurils Iike tétraki s(rret hoxyrret hyl ) gl ycol uril;

agenah @nzacishgeneratast and aisslvent ¢ampositionyi shydr oxynet hyl
p-cresol nmay be used. Crosslinking agents disclosed in
US 2006/ 0058468 and i ncorporated herein by reference,
whe earidtg of r@esslinkinignagerig eaan be usepoihyﬂrler cabpesitien dbythe

ting. at | t I . h
ProqeER.IVETION o250 VBB SR DURY T et ('abopRisink the
polymyéHif e PredeRcaBran hcﬂtmay Balsedn E)@mpﬂesg rvamumynﬂamn of

used. The thermal acid generator (TAG used in

such csassiinking agentsoarerespinseconfalping, Melamings s methylo 'apSWCO'U”'
polyglg&?rg/d m@?‘"’an I%f BbhRzo n%?ﬁlﬁev‘ﬂﬁ‘r' eah hzéfbx?ecﬂﬂl é’ifthEst Eﬁoxy and

d propagate cross Inklcﬂ%
epopy exmine resinshblacked risocyanatesaandcdiviayl mqmoafeésr eMOrI@m&"C

melfinie “dkPu” B hefi e 2flamiel o Vit S ke
tetraks EngiheXyenethylyglypdol@ilpv e and 20 Gromatic ev emeth;alots like 2,6

referably at ab 150C. The ht t filmi .
bistNEP et o arese ey B UeKh qeRosi TG E0petS; SHEiPSed iR US

2006/tR58268 | A ifecipBrak MlerdiRchyabiedéndt, WRERN BiedicPoslifking
netal -free i odoni um and sul foniumsalts. O her

agesk isng pelymsn obiziaed by depgtingoalelaast oneglyraiudkcormpeyndyith at
least SHe' FERADE Yontbimbiad Staifing 8t Ikt BREWydroxy? roup and/or at

least one acid group may be used.

The thermal acid generator (TAG) used in the present invention may be
any one or more that upon heating generates an acid which can react with the
polymer and propagate crosslinking of the polymer present in the invention,
particularly preferred is a strong acid such as a sulfonic acid. Preferably, the
thermal acid generator is activated at above 90°C and more preferably at above
120°C, and even more preferably at above 150°C. The photoresist film is heated
for a sufficient length of time to react with the coating. Examples of thermal acid
generators are metal-free iodonium and sulfonium salts. Other examples of

TAGs are nitrobenzyl tosylates, such as 2-nitrobenzyl tosylate, 2,4-dinitrobenzyi
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tosyl ate, 2,6-dinitrobenzyl tosylate, 4-nitrobenzyl
tosyl ate; benzenesul fonates such as
2-trifluoromnethyl-6-nitrobenzyl

4- chl or obenzenesul f onate, 2-
trifluoronethyl-6-nitrobenzyl 4-nitro

benzenesul fonate; phenolic sulfonate esters such as
phenyl, 4-met hoxybenzenesul fonate; al kyl anmoni um

tosyﬁ:fllat ? @Elnﬂhor su?l 165418, 4HEBbasz r%{‘ Mo{iR¥e; 2pBRAINESURGHtes

foni’c acid. |odoniumsalts can be
suckexergsl | fEéniﬂlhyomethyhﬁmmbamybsuﬁfmbsnzelwuﬁomﬁfe 2-

tnflu&r%rp%{hugg-@ | fonly k r%r[F% Baﬁl?e égggﬁﬁ%t%nbhenohc sulfonate esters

suchia( phersa, wnhétbmslb)ehzmk!sulfbnaiten ialkyl Guarneninar galtsnob organic
fl uorosul fonate, i odoni ucgb%uat er nar%| anmnonj

acidsy puglt A% Fie3RYIRMEIANTYHsEHi A O-caraPh BRI ACy L oy palts

can@MBaI U”é)@érﬁélflflédor opy! f otohiumh de. fidorediilfctiate)f  iodonium
- aromatic é hracene, napht hal ene or benzene

tris(Hleorosafanybmetkides oripdoribing s (Heorsuifenylimethides mpiasipaigm

o gl B Sf SBincy ggore
ioddPiurh erqaiatemarye A@onidn nas(ﬁucxosmiopyl)mmmm atand t yodenium
ol S S S u0PoGe. RAE §prrAefacene

napﬂ#ﬁﬁaﬁre SUSENZENE derivafivé$) Gulfenib 2id afiite sQ@(carl%Eemployed
whi ch is a dodecyl benzene sulfonic acid anin

as tb&pmﬁewchid'%th/Shﬁ‘é@ﬁW iy U-3- Bab p'y‘l’%r%‘%fﬁ)pééi 4 200 729,
4,2%@@%%@? é?r.&)ggnpl‘éfﬁl%b\owmésﬂ\beﬁnll Nﬁi}e\!\’%.' YeryGeinvolatility at

nove mposi t1on may farther contain
tempegatares aumtdegr Mt0a220°C. Exeampiee ©f FFAGH are thpsesatd by King

|nd¢#tgr{és0§tg{:\§r;plagé§%egacli %{B)%al ) Sé“ ! oﬁlﬁfﬁﬁ% un?% 32295, and

CD}Q@BQECWMBﬁiBQ{ abds |b%rneeﬂél lsummlé &btosammé §a4t §appaied at 25-
esters of hydoxyi m speci fically diphen IOdnk\ug]onn

30% aptnety in prqwl@mlyecehm@hvhmh%rafm@ Kigg nqupfri S@

068??% a triakylsulfoniumsalts, and mixtures thereof.
e am)unt of the polynmer in the present conposition
can vary from about 95 weight %to about 50 wei ght %

pr erabl about 85 wej ght
orbep ey dgripostinn: Ti Verher, SRR .a0BroEseL o Bior.
exailﬁ_ﬁlflesf of Mmmefvtnmr?w dinsitiitiod, pes tanium ofaltsh esutfongies compaunds,
e anount of the c ke
nitrobenzyl esters, triazines, eEcOS’H\(Ie r;])refrerreg photoacid generators are onium
salts and sulfonate esters of hydoxyimides, specifically diphenyl iodnium salts,
triphenyl sulfonium salts, dialkyl iodonium salts, triakylsulfonium salts, and

mixtures thereof.

The amount of the polymer in the present composition can vary from
about 95 weight % to about 50 weight %, preferably about 85 weight % to about
70 weight % and more preferably about 80 weight % to about 70 weight %,
relative to the solid portion of the composition. The amount of the crosslinker in

the present composition can vary from 5 weight % to about 50 weight %,
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the present conposition can vary from5 weight %to
about 50 weight % 22 preferably 15 weight %to about
30 weight %relative to the solid portion of the
conposition. The anpunt of the acid generator in the
present conposition can vary fromO.1 weight %to
about 5 weight % preferably 0.5 weight %to about 3
wei ght % and nore preferably 1 weight %to about 2
prefSRidHY S%elgﬁﬂ @l iovﬁodtﬁ 30 ReighPhb @'elaﬁ’\Fé t&fheoéolﬂlﬁortlon of the
conpositio he solid conmponents_ of
compuositiosf | B amunbat thega@drg%r@ratpbm ti\eepfﬁﬁﬁ@dcomli)‘?fﬂt'cﬁ‘ can

r f i b
vl B4 oI G RO BB Ay o about
weighti Yoadrde e \prefiesaliipr WIa[ghal% ito @bloat 2i weight %, i ra@tuve to the
ncl ude, for exanple, a glycol ether

osi tion
S°"‘§8gﬁ\9§tqf\ﬂ%e Q%HX%IQ% hyl cellosolve, nethyl

cel |l osol ve, propylene glycol nononethyl ether,
di et hyl ene gl ycol nononethyl ether, dlethylene gl yco

morbetselid comnanents of theyantieflegtion Goatingsempositigp e mixed
wﬂh%%%k() ﬁF Br ?L)Ytﬁ%s oF \9@(5:%1% tﬁétﬂ@&soh‘?é il 85Iy L&MBoREMS Qif the

r ester derivative such
antlaaleetnhg/boaimg oSlmtabdae acluelatsdpr thet anfireftastive soatirg composition

| h
e ST T S, TR Y g B
meth{id d@ﬂ?ﬁol?@ et ;ﬁtbtpylen‘ii@(r]I @gbckblt ﬁmaom‘eﬂw;l bﬁmr C d!gthykanes uglycol
as die oxyl ate and dje ate. dicarbo
morgmeihyLher. SRiRYIgaS SheRyRERSeGY, B dirroayiane Skel ety
etheﬂ*r %bfﬂ) &5‘% ?‘inwl Hr‘o%?ﬁbfﬂe? o?@eth%/léh@xylycélaﬂlh@twlaétﬁér a

l'act a et hyl at e

glyogxl pﬂmra‘tﬁer mmlaéwayaucb ashgiybesligsobysi @ﬁﬁé@f@ methyd galigsolve
acegaﬁé oS g&@é%q '{;B;cam n‘t@fﬁytrleetﬂﬁr gggﬁé?,%%rﬁﬁﬂlﬁtesa&ch as

ster sUc
ethyl-avzttdto X pbutyli avetate, ared IamyI atcetatéroc@rpoxmateaarfedi bstskgy Acids

o B oA AR e eaetonf S
ethyﬂBﬁé‘y Elyebh ydjlaliéﬂatén eandiC ptaflylerC e%l?étﬂ dtaﬂéltaitasé naad o hgdroxy

exanone or 2-heptanone;

carbr@wiatgs Sugh pscmeltyl iacale; GHY! éﬂ‘“é%‘ﬁ@letMtQ‘lXﬂo'aé?h@Pd ethyl-3-
hyd%ﬁpi%?féh Al keiGiid &bt Y6oh 84 ﬁtbtﬁﬁ g?rg«ﬁ’g% oPEtHYi .amwa@ean

actones such as yrola an amd
alkalgcarbakylice avid hesdgr diucht byl me@nénadeetbpxyproplonate ethyl 3-
ethoxyproplglllzgtgr ram deéthaim sol e2-@?}‘?oxy-2-methylproplonate, or

methylethoxypropionate; a ketone derivative such as methyl ethyl ketone, acetyl
acetone, cyclopentanone, cyclohexanone or 2-heptanone; a ketone ether
derivative such as diacetone alcohol methyl ether; a ketone alcohol derivative
such as acetol or diacetone alcohol; lactones such as butyrolactone; an amide
derivative such as dimethylacetamide or dimethylformamide, anisole, and
mixtures thereof.
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m xtures thereof. 23 The antireflective coating
conposition conprises the polyner, crosslinker and
acid generator of the instant invention and a suitable
solvent or mxtures of solvents. O her conponents may
be added to enhance the performance of the coating,
e.g. nononeric dyes, |lower alcohols, surface |eveling
agents adhesion pronoters, antifoam ng agents, etc.

Ffﬂﬁe?‘ﬁii?ﬁ%‘%\‘{é ‘?%?Fé 8051?83@85 fg’f‘mfigféggh%gylygber,aarggginker

and ac“ﬂt n@lﬂsﬁaoaf tHe?hgltan_?_ Emshwbmgnd Ig&smﬁbfwsmmem raixturés of
nealveylrrpace ese seconda

solyanle: (Qh eFRrepoReNts May b adgs é%sf'%@?eeﬁ% ?&fownge  the

coaﬁ’iﬁ@ g?n*@{oﬂ?encp&ﬁsekﬁ\?&rwcdﬂb% ARHEE Iéifeluﬁ@ b@eﬁ@,' Mﬂﬁéswn
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for 193 nm exposure ranges from about ab
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preferably from about 1.85 to about 2.3, and
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X8 155 G TE PG BRGS0t Biecndvel compAbas USed, B4 2l ypper
lay&int a Afiltlilaps BAREtsEheffStor 198 rirh@xposureabhgsd frem abhduno.1

Since the antireflective filmis_coated on t0ﬁﬁof t he

to abmd (0-3ae raprpured ugingrellipsomste: t Eae valugr §f tBedRIragfive ipdex
(n) réngkvfr&hq{iﬁ\% hhgto a&#lﬁ J.6 | Sretetalify o fabShlﬁﬂbeo l®Wut 2.3,

I on and suf|C|entd£1r|ty
angh mepe préferabhy fromeabmiti1cd talabowlr2.d dvitigeflestive fitms of the order

or GRS ST 55y et B, THRaBRRERE M Araeous
whé®lusiiy a nonaromatic photoresist, such as those sensitive at 193 nm,
157nm and lower wavelengths, where the photoresist films are thin and must act
as an etch mask for the antireflective film. Since the antireflective film is coated
on top of the substrate and is further subjected to dry etching, it is envisioned that
the film is of sufficiently low metal ion level and of sufficient purity that the
properties of the semiconductor device are not adversely affected. Treatments
such as passing a solution of the polymer through an ion exchange column,
filtration, and extraction processes can be used to reduce the concentration of

metal ions and to reduce particles.
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filtration, and extraction processes can be used to
reduce the concentration of netal ions and to reduce
particles. 24 The antireflective coating conmposition
is coated on the substrate using techniques well
known to those skilled in the art, such as dipping,
spin coating or spraying. The filmthickness of the
antireflective coating ranges fromabout 15 nmto

abqut 2 . The _coat | [ S: £
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nm {d'8bSRIZ00BAME CThd @08y isither heatetedres hed platé ge corivection
tenperature i s fromabout 90C to about, 250C.
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has the highest refractive index, and is the novel
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A ﬁ@'gg_{ Bhoorsoisiis than comisd o igp phheStppelaaf phfipfiflel ddating
and! BRkER tbYsitseahtially t feehSRMtO Phatdresist BaNeht.y . ABuedgidlbead
substrates include, wthout limtation, silicon,

remover goay deneppliack afishiibel GAatingastiBs A0 cleant Kige edgepH i the
sub%ﬁ?{eﬁ%%é}o%ggsmgﬂ kn&WOR Rflhe, stbstrate coated with

nti ctive "coating, a um num pol yneric resins,
silicon dioxide, netals, doped silicon dioxide,

sildcon nitride, tantalu pol.vsili.con, ceran CS, o

1 Jhen aHPRtEae rovar Bhitha e ER|eets lodifh 8t foatings are
forniéd Baibe Wny! Jf ibseotypietingd ased inethe westicariductor industry. Suitable
substrates include, without limitation, silicon, silicon substrate coated with a metal

surface, copper coated silicon wafer, copper, substrate coated with antireflective
coating, aluminum, polymeric resins, silicon dioxide, metals, doped silicon
dioxide, silicon nitride, tantalum, polysilicon, ceramics, aluminum/copper
mixtures; gallium arsenide and other such Group |II/V compounds. The substrate

may comprise any number of layers made from the materials described above.
Photoresists can be any of the types used in the semiconductor industry,

provided the photoactive compound in the photoresist and the antireflective

coating absorb at the exposure wavelength used for the imaging process.
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may conprise any nunber of |ayers made fromthe
materi al s descri bed above. Photoresists can be any of
the types used in the sem conductor industry,

provi ded the photoactive conpound in the photoresi st

and the antireflective coating absorb at the exposure
wavel ength used for the imagi ng process. 25 To date,
there are several major deep ultraviolet (uv) exposure
technol ogi es that have provi ded significant

advancenment in mniaturization, and these radiation
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ydrocarbons are jincorporat

5,807 endt U5 G OPAUSHESe PRAREIAY S oR 1) Mngeposure.
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i'SC r's for “photoresist
hydrogen ratids lwhi¢h meprose |etlxzh resmmr}oee tha/aalsm) praviderttansparency at
anhy

uns t ur at ed C rmnomer f, t
lownsndlfe and o Bave et Biobiad oA Tsitn ARk s us
5,848 @28 di§@6§é§3ﬁﬂlyméry$or PhétbresiSiOthan Giré/Sbtaifed yBhiece aadical

i ncorporated herein reference. Two basic cl ass

polm@fléatm aftrsalgicranhydrde Andiunsafatest Gyche Nosers. Rhy S the
kncva%bQ 3t $93mn! J)H?S‘fér%sﬁ’té H\az%réq?é@d Ei,l?f%é’ﬁlld"ééh@éscnbed in US

are kn bstanti a transparent at
6,447 880\endd) S 628,488 andl inserpofatad nerein by tefetaticeohol
phot oresists is derived from pol yners contai ni ng
groups such as fluorinated- norbornenes, and are
hormpe basky claede rof qehptdresists zedsithve fat otSYenm, and based on

f|u<§r|rn%?es %ro ynnt1ers with pendant fluoroalcohol groups, are known to be
substantially transparent at that wavelength. One class of 157 nm fluoroalcohol
photoresists is derived from polymers containing groups such as fluorinated-
norbornenes, and are homopolymerized or copolymerized with other transparent
monomers such as tetrafluoroethylene (US 6,790,587, and US 6,849,377 ) using
either metal catalyzed or radical polymerization. Generally, these materials give
higher absorbencies but have good plasma etch resistance due to their high
alicyclic content. More recently, a class of 157 nm fluoroalcohol polymers was
described in which the polymer backbone is derived from the cyclopolymerization

of an asymmetrical diene such as 1,1,2,3,3-pentafluoro-4-trifluoromethyl-4-
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nononers such as tetrafl uoroethylene (US 6, 790, 587,

and US 6,849,377) using either netal catalyzed or

radi cal polynerization. Generally, these materials

gi ve higher absorbencies but have good plasma etch

resi stance due to their high alicyclic content. Mre

recently, a class of 157 nm fluoroal cohol polyners was

descri bed in which the pol yner backbone is derived
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theafd are known in the art. After the coating process,
the photoresist is imgew se exposed. The exposure
may be done using typical exposure equi pnent. The
exposed photoresist is then devel oped in an aqueous
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sui tabl e etch chanber to renove the exposed portions
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The process of coating and 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 with an etching gas or mixture of
gases, in a suitable etch chamber to remove the exposed portions of the

antireflective film, with the remaining photoresist acting as an etch mask.
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antireflective film with the remaining photoresi st

acting as an etch mask. 27 Various etching gases are

known in the art for etching organic antireflective

coatings, such as those conprising CF4, CF4/02, CF4/

CHF3, 02 or Cl12/02. Each of the docunents referred to

above are incorporated herein by reference inits

entirety, for all purposes. The foll ow ng specific

. ovi cail 1 Lust . _ _

VarfGi3biRg baos, B KnOn R, by ot HTAG dr e i ective
coatihgs, Buels astthoseveomprising CTlire sSEF £0apF £ Chire Qagir Clo/Ox.

i ntended, however, to limt or restrict the scope of

the invention in any way and should not be construed

as EAcAVHAHY deRiiehisoFeferrpdr taNBbGVes ab¢ iMadrpormtaditwiein by
must be utilized exclusively_in order to practice the

refepenaseint its ﬁogqqty,dﬁr g@d?wpgges. = Qﬁﬁpgoqmga%geglf@ exaypRles will

proVidé HSfca'ilgﬁt !ill(ﬁtrhfi‘é*%x & thE PRANOEB Obf VSHblGeiAg Pahd MRitifizing
with and wthout groups that increase the refractive

conipusigions | of then preserdeimvention. cbhestexamwlieshade oeelr Biended,

t ype f 0ol ' ' i; '
o5 P T Koo, St A ), B shRRTo
be cohstAfdd we provitkng @oablitiohs, pafanaetdrshioghealuesT tvehighn enusir be

_the mol ar concentration of the sul.fur,.chloro, bronpo
utiligpd xSRI iThOrden P RagHES theRIeSERBVTHN | nex. At
shorter wavel engths, the refractive index is even

hi gher. Thus incorporating groups such as sul fur,
Examiples o, brono or iodo would increase the refractive

i ndex of an antireflective coating conposition at the

exposure wavel ength. The antireflective coating is
Examagle iby fornul ating a solution conprising the pol yner

whi ch conprises sul fur, chloro, brono or iodo groups,

a CTabs i ishivimsthandfractivebiadeiohgt 689 onm phearousapolymers with

anc I S AT B SEBANBC R B b e
conkéxﬁg&ﬁﬁéﬂgq:%ggﬂidnbﬁﬁeé f PoljRraigiveea frefraativatindex in the range
of 1.4 to 1.5. Polymers comprising sulfur increase the refractive index to about
1.6 and higher. The greater the molar concentration of the sulfur, chloro, bromo
or iodo group, the higher the refractive index. At shorter wavelengths, the
refractive index is even higher. Thus incorporating groups such as sultur, chioro,
bromo or iodo would increase the refractive index of an antireflective coating
composition at the exposure wavelength. The antireflective coating is made by
formulating a solution comprising the polymer which comprises sulfur, chloro,
bromo or iodo groups, a crosslinking and an absorbing chromophore, a
crosslinking compound, a thermal acid generator and a solvent composition. The
composition can be made and imaged as described in Comparative Formulation

Example 2.
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Table 1 Pol arizable elenments in polynmer Refractive
Pol ymer none S CI Br Index* Poly(nmethyl hexyl
siloxane) 1 1.443 Poly(isobutyl methacrylate) | 1.447
Pol yet hyl ene oxide) 1 1.4539 Polyethylene, |ow
density 1 1.51 Poly(vinyl chloroacetate) "1 1.513
Pol y(2-chl oroethyl nethacrylate) 4 1.517 Poly(1
3-di chl oropropyl nmethacrylate) "1 1.527 Pol y(met hyl
m chl or ophenyl siloxane) '1 1.56 Poly{2-(phenylsu
| fonyl )ethyl nethacryl aff@pled! 1. 5682 ~Pol y(2, 3-di
bronopropyl methacrylate) 1 1.5739 Polystyrene 1
1.5894 Pol y( pr opyl end’dl@izablreglementsing
Pol y( p- br omophenyl netpelymen ate) ~I 1.5964
Pol y(vinylidene chloride) 1 1.6 Pol y{2, 2- pRefpantive
Polyingr4- (2, 6 di chl or ophenydne} carSbonalle} Hr 1. 60f&i6x*

Pol ent achl or ophenyl thacrylate) J 1.60
Po'war%ﬁleéﬂﬁmxm yrene) 4'1. 6098 Vaas
T

Poly(isobutyl methacrylate) 1.447
Poly(ethylene oxide) V 1.4539
Polyethylene, low density v 1.51
Poly(vinyl chloroacetate) v 1.513
Poly(2-chloroethyl methacrylate) v 1.517
Poly(1,3-dichloropropyl

methacrylate) v 1.527
Poly{methyl m-chlorophenyl

siloxane) ) 1.56
Poly{2-(phenylsulfonyl)ethyl

methacrylate} ' v 1.5682
Poly(2,3-dibromopropyl

methacrylate) V 1.5739
Polystyrene v 1.5894
Poly(propylene sulfide) V 1.596
Poly(p-bromophenyl methacrylate) v 1.5964
Poly(vinylidene chloride) ) 1.6
Poly{2,2-propane bis{4-(2,6-

dichlorophenyl)jcarbonate} v 1.6056
Poly(pentachlorophenyl

methacrylate) v 1.608
Poly(2-chlorostyrene) v 1.6098
Poly(phenyl alpha-bromoacrylate) , v 1.612
Poly(2,6-dichlorostyrene) v 1.6248
Poly(chloro-p-xylene) ) 1.629
Poly(p-phenylene ether-sulphone) ) 1.65
Poly(styrene sulfide) V 1.6568
Poly(pentabromophenyl

methacrylate) \ 1.71

*taken from http://www.texloc.com/closet/cl_refractiveindex.html. Presumably derived
at 20°C at wavelength of 589 nm (Na D line)
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Pol y( phenyl al pha-bronoacrylate) J 1.612

Pol y(2, 6-dichlorostyrene) J 1.6248

Pol y(chl oro-p-xylene) 1 1.629 Pol y(p-phenyl ene

et her - sul phone) 4 1.65 Poly(styrene sulfide) 4 1.6568

Pol y( pent abr onophenyl nethacrylate) d 1.71 *taken

from

htt pJ/ www. t exl oc. com cl oseVcl _refractivei ndex. htm .

20C at wavel ength of 589 nm (Na
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thr e e I ;
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J gel .
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perh%%ﬁér?@ﬁl%ﬁ\atg rah‘u §bm§]po'g< yrbn§é a8 teferdricds. .
Conpar ative at i anple 1. 200 g of the epoxy
si | oxane polynep prepared in Exanple 1 and 7.0 g of
di phenyl i odor perfl uoro-I-butanesul fonate was
di ssolved in 1 xture of

—si-o, 7+  —{-si-o,: —(—éi—o,.ﬁ—

Comparative Formulation Example 1.

200 g of the epoxy siloxane polymer prepared in Example 1 and 7.0 g of
diphenyliodonium perfluoro-1-butanesulfonate was dissolved in a mixture of
propylene glycol monomethyl ether acetate (PGMEA) and propylene glycol
monomethyl ether (PGME) (70/30 PGMEA/PGME) to achieve 6.3 wt.% of total
solids and filtered. This homogeneous solution was spin-coated on a silicon
wafer at 1200 rpm. The coated wafer was baked on hotplate at 250 °C for 90
seconds. Then, n and k values were measured with a VASE Ellipsometer
manufactured by J. A. Woollam Co. Inc. The optical constants n and k of the Si-

containing film for 193 nm radiation were 1.668 and 0.180 respectively.
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propyl ene gl ycol nononethyl ether acetate (PGVEA) and
propyl ene glycol nononethyl ether (PGVE) (70/30
PGVEA/ PGVE) to achieve 6.3 w.%of total solids and
filtered. This honbgeneous sol ution was spin-coated on
a silicon wafer at 1200 rpm The coated wafer was
baked on hotplate at 250 C for 90 seconds. Then, n
and k values were neasured with a VASE El | i psoneter

M,{{ﬁ&g&‘gﬁmé@q by J. A Wollam Co. Inc. The optical
nd k of the Si- containing filmfor 193

nm LAt I
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d h
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acefieldRid, ah8- 1%7gg|_8f isopfopah6l. afHImixdie lé%éaﬂad% reflux and kept at

| sopr opanol he m xture is heated to reflux and kept
thahtemperature dompdheurs. e Then, theHpixiwe isigepled: taaopirytamperatyre.
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pressure to a
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,+ +si-ol.+ s Mononer Pol yner
MeO— S| OMe 9 S:[
:ES —{-si-0,:7+ Si-0,: 1+ —{-si-o,
Monomer 1 Polymer 1

Formulation Example 1

200 g of the epoxy siloxane polymer prepared in synthetic example 1 and
7.0 g of diphenyliodonium perfluoro-1-butanesulfonate is dissolved in a mixture of
propylene glycol monomethyl ether acetate (PGMEA) and propylene glycol
monomethyl ether (PGME) (70/30 PGMEA/PGME) to achieve 6.3 wt.% of total
solids and filtered.” This homogeneous solution is spin-coated on a silicon wafer
at 1200 rpm. The coated wafer is baked on hotplate at 250 °C for 90 seconds.
Then, n and k values can be measured with a VASE Ellipsometer manufactured
by J. A. Woollam Co. Inc. The optical constants n and k of the Si-containing film

for 193 nm radiation is expected to be 1.868 and 0.180 respectively.
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Formul ati on Exanple 1 200 g of the epoxy sil oxane

pol ynmer prepared in synthetic exanple 1 and 7.0 g of
di phenyl i odoni um perfl uoro-1| - but anesul fonate is

di ssolved in a mxture of propylene glycol nononethyl
et her acetate (PGVEA) and propyl ene glycol nononethyl
ether (PGVE) (70/30 PGQVEA/ PGQVE) to achieve 6.3 w. % of
total solids and filtered: This honbgeneous sol ution

Con‘ngalﬁg %@fﬂeﬁg ;@%%@bhl con wafer at 1200 rpm The
n hotplate at 250 C for 90
I .
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Comparative Synthetic Example 2b

1000 grams of tetramethoxymethyl glycoluril, 500 grams of neopentyl
glycol and 3000 grams of PGMEA were charged into a 5000 mL flask with a
thermometer, a cold water condenser and a mechanical stirrer. The reaction
mixture was heated to 85°C. After a catalytic amount of para-toluenesulfonic acid
monohydrate was added, the reaction was maintained at this temperature for 8.0
hours. The reaction solution was then cooled to room temperature and filtered.
The polymer was precipitated in DI water and collected on a filter, washed
thoroughly with water and dried in a vacuum oven (400 grams were obtained).
The polymer obtained had a weight average molecular weight of about 8,000

g/mol and a polydispersity of 3.
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Synthetic Exanple 2b 1000 grans of tetranethoxynethyl
glycoluril, 500 granms of neopentyl glycol and 3000
grans of PGVEA were charged into a 5000 nL flask with
a thernmoneter, a cold water condenser and a
mechani cal stirrer. The reaction mxture was heated
to 85C. After a catal ytic amount of
par a-tol uenesul fonic acid nonohydrate was added, the
reaction was maintained at this tenperature for 8.0

jve ifhrmulaton Fxampid it i on was then cooled to room
tenperature and filtered. The polyner was
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ca apicoRCidimAg) §RGMER , fhe SoliEe aElede Yhrguan 0.2um
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pol ymer from conparative synthesis exanple 2a, 1.2 g
of polynmer from conparative synthesis 2b and 0.048 g

tri [ t, of . i i Oo

L e e R L
usirfg AZ@ EXPhaXpt20R phatucesistf (avaitabie fiom 2@ Elecirontoaterials,
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fromthe above solution was coated on a .thin |ayer

Somenville, AlB- on csilisomamaieraaad | kalled At FR0RG fareld (usepds. The
_ L : 1 ; ke
anhgétﬂe%g@ch O}Nagg&éidé {gnljl e (W})éal‘a@ ot 1l 7£8Rd 1§fvaluedto #8k8sing
AZ® EXP AX1120P photoresist a 270 nm film was coated and baked at 130°C

for 60 seconds. The wafer was then imagewise exposed using a 193 nm

exposure tool. The exposed wafer was baked at 130°C for 60 seconds and
developed using a 2.38 wt % aqueous solution of tetramethyl ammonium
hydroxide for 60 seconds. The line and space patterns when observed under
scanning electron microscope showed no standing waves, indicating the efficacy

of the bottom anti-reflective coating.

Svynthetic Example 2.

210 g of butanetetracarboxylic acid dianhydride, 36 g of pyromellitic
dianhydride, 84 g of styrene glycol, 80.4 g of glycol 2, 32 g of
benzyltributylammonium chloride, and 1500 g of PGMEA is charged into a 5 L -
flask with a condenser, thermal controlier and a mechanical stirrer. Under
nitrogen and stirring, the mixture is heated to and kept at 100°C for 16 hrs. Then
760 g of propylene oxide and 3.2 g of benzyltributylammonium chloride is added.
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antireflective filmwas found to have (n) val ue of
1.77 and (k) value of 0.16. Using AZ(r) EXP AX1 120P
photoresist a 270 nmfilmwas coated and baked at 130C
for 60 seconds. The wafer was then i magew se exposed
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e,
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For mul ati on Exanple 2.

Formulation Example 2.

An antireflective coating composition is prepared by dissolving 2.4 g of
polymer from synthesis exam'ple 2, 0.2 g MX-270 (available from Sanwa
Chemical, Hiratsuka-city, Kanagawa, Japan) and 0.048 g triethylammonium salt
of 10-camphorsulfonic acid in 180 g PGMEA. The solution was filtered through
0.2um filter.

The antireflective film is expected to have (n) value of 1.97 and (k) value
of 0.16.

Comparative Synthetic Example 3

10 mL of diamine 3 as a 5% aqueous solution is pored into a 50 mL
beaker. 10 drops of 20% sodium hydroxide solution is added with stirring. 10 mL

of sebacoyl chloride as a 5% cyclohexane solution is pouring down the wall of
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An antireflective coating conposition is prepared by
di ssolving 2.4 g of polyner fromsynthesis exanple 2,
0.2 g MX-270 (avail able from Sanwa Chem cal,

Hi rat suka-city, Kanagawa, Japan) and 0.048 ¢
triethylamoniumsalt of 10-canphorsulfonic acid in
180 g PGQVEA. The solution was filtered through 0.2m
filter. The antireflective filmis expected to have
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Synthetic Example 3

10 mL mixture of diamines 1 and 2 (1:1) as a 5% aqueous solution is
pored into a 50 mL beaker. 10 drops of 20% sodium hydroxide solution is added
with stirring. 10 mL of sebacoyl chloride as a 5% cyclohexane solution is pouring
down the wall of the tilted beaker. Two layers will separate and the polymer
forms at the interface between the two liquids. Using forceps, the polymer was
picked out at the center and slowly drawn to form nylon. The polymer was

washed with water before handling.
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down the wall of the tilted beaker. Two |layers wl|
separate and the polyner forns at the interface
between the two |iquids. Using forceps, the polymer
was picked out at the center and slowy drawn to form
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co d&%ﬁ%ﬁa%%% |ng%?the pol ynmer was recovered by
precipitation into 4L of hexane, filtered and dried in
a__vacuum e§| ator. The pol yner was produced with a

a +on schene for this procedure
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tetrahydrofuran (THF) and 2g AIBN were combined, in that order, to a 1L round

Co

bottom flask. The solution was refluxed for 12hr under nitrogen. After cooling, the
polymer was recovered by precipitation into 4L of hexane, filtered and dried in a
vacuum desiccator. The polymer was produced with a 98.5% yield. The reaction

scheme for this procedure is shown below.

2wt% (comb.) AIBN H
. 5mi THF/gram of monomers
0% o 0" o —_ 0“0 070
K‘ K@ 12hr, reflux under N2 S ©

Polmer 3
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OH OH Pol nmer 3 36 Conparative Fornul ati ons 4 The
formul ati on consists of 9.21g of polyner 3 copol yner
(conparative Exanple 4), 2.76g MX-270 (avail able from
Sanwa Chemical), 2g dodecyl benzyl sul foni um
triethylamoniumsalt (10% solution in PQVE), 2g of p-
tol uenesul fonic acid triethylamoniumsalt (10%
solution in PGIVE) and 460g 70/ 30 PGQVEA/ PGVE. The

e {,g ' EIS procedure is shown below. -A fO
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Synthetic Example 4.

25g of benzyl methacrylate, 25g of hydroxyethyl methacrylate, 25 g of
sulfide monomer 4, 500ml tetrahydrofuran (THF) and 2g AIBN is combined, in
that order, to a 1L round bottom flask. The solution is refluxed for 12hr under
nitrogen. After cooling, the polymer is recovered by precipitation into 4L of
hexane, filtered and dried in a vacuum desiccator. The reaction scheme for this

procedure is shown below.
S s o L
f 5ml THF/gram of monomers o O 0“0

OH

Suffide 5

37



S 3 12r, rdlfi Lurkr N2 "5 OH Inp!}J1 CH 99fide 5 37
Exanpl e Formul ati ons 4 The fornul ati on consi st of
9.21g of copolymer fromsynthetic exanple 3, 2.76g
MX-270 (avail abl e from Sanwa Chemical), 2g

dodecyl benzyl sul fonium triethylamoniumsalt (10%
solution in PGQVE), 2g of p-toluenesul fonic acid
triethylammoniumsalt (10% solution in PGVE), and 460g
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Mx-270 DBSAEGN PTSAEtAN

The formulation is processed in the same way as in Comparative Formulation

Example 2.

Example Formulation 5

0.05g Poly(vinyl phenyl sulfide-co-glycidyl methacrylate) from Sigma-
Aldrich Co. St. Louis, Missouri, was dissolved in 5mL 70/30 propylenegyicol
monomethylether acetate/ propylenegylcol monomethylether. After filtering, the
solution was spin onto a 4in silicon wafers at 2000rpm. Baking caused some
fogging of the film so a film which was only coated was used in the VUV-VASE
analysis. The variation of the Index of refraction through wavelengths is shown in
Figure 9, where it is clearly evident that the incorporation of sulfide moieties
increase the index of refraction especially in non-absorbing areas compared to

silicones and organic materials.

38



38 Exanpl e Formul ati ons 6 0.05g Pol y(2-vinylthiophene)
fromAl drich was dissolved in 5nL 70/30 PGVEA/ PGVE.
After filtering the solution was spun onto 4 inch
silicon wafers at 2000rpm The filmwas baked at 250C
for 60 seconds and then evaluated by VUV-VASE. |ndex
of refraction through wavel ength data is exhibited in
Figure 10 where it is clearly evident that the
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Example Formulations 8

0.05¢g Poly(vinyl chloride-co-vinyl acetate-co-2-hydroxypropyl
acrylate) from Aldrich was dissolved in 5mL ethyl lactate. After filtering the
solution was spin casted onto 4in silicon wafers at 2000rpm. Film was baked at
250°C for 60 seconds and then evaluated by VUV-VASE. Index of refraction
through wavelength data is exhibited in Figure 12 where it is clearly evident that
the incorporation of sulfide moieties increase the index of refraction especially in
non-absorbing areas compared to silicones and organic materials.
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pol yner, and a thermal acid generator, where the

pol ymer conprises at |east one functional noiety

capabl e of increasing refractive index of the

antireflective coating conposition to a val ue equal

or greater than 1.85 at exposure radiation used for
Claimgagi ng the photoresist and at | east one functional

noi ety capabl e of absorbing exposure radiation used

for imging the photoresist, and further where the
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ractive index I's selec
of1J$5Itodéi. 4. The antireflective conposition of claiml,
where the functional noiety capable of increasing the
refractive index is selected from-(S-S)-, -(SS9)-,
3. and -sbinSerS-anBreBpetiveb codling antposifidredari we pbotopasist t ¢apnprising a
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and unsubstituted heterocyclic aromatic rings
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sition.

Vcap?l%)ﬁ é{fﬁ{gﬁ%ﬁ%ﬁg%@%ﬁﬁ%mdgx (ﬁ selecté% {n rom’ (% (é-%‘?S)-, and -(-S-S-
S-S)-.

5. The antireflective composition of claim 1, where the composition has an

absorption extinction coefficient (k) value of 0.1 to 0.3.

6. The antireflective composition of claim 1, where the functional moiety capable of
absorbing exposure radiation is selected from compounds containing hydrocarbon
aromatic rings, substituted and unsubstituted phenyl, substituted and unsubstituted
anthracyl, substituted and unsubstituted phenanthryl, substituted and unsubstituted
naphthyl, substituted and unsubstituted heterocyclic aromatic rings containing

heteroatoms selected from oxygen, nitrogen, sulfur, or combinations thereof.
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absor bi ng exposure radiation is selected from
substituted and unsubstituted phenyl. 8. The
antireflective conposition of claiml, where the

pol ymer further conprises a silicon noiety. 9. The
antireflective conposition of claima8, where the
silicon noiety is a siloxane, 10. The antireflective

7. Co'mpﬁhﬁréﬂ&tlﬂ?é c@ﬂnéb%o’h off élélhhﬂWﬁ&Wﬁé firtgorsal monety capable of
crossl i nki ng @gent osition of
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gycol urils, hydroxy al kyl] am des )F/) r%
8. anTireantelenve sppeRuiPn efo@@ahétwéereéh% a@meﬁyﬂl er ‘comprises a

silicdmAGBEr s. 12. The conposition of claim1, where the
acid generator is selected fromiodonium salts,
tosyl ates, derivatives of benzene sulfonic acid salts,

9. anﬂh@&ﬁtir&ﬁécw@&orﬁﬁosnﬁﬂtﬁf&ﬁ\frﬁQewhérwtﬁ@&h@orﬁﬁbl@tﬁabtsﬂoxane
13. A process for formng an I mage conpri sing, a)

coating and baking a substrate with the antireflective

10. COPhd BSirEMBARS EdrhSokitiohf of €lafth M5 fulthePdongiirgnBcrasslinking agent.
baking a photoresist filmon top of the antireflective

coating; c) inegew se exposing the photoresist; d)

11. deygé e&hg&nm df IEREIR 10NwWhéEre theelossiPRing tageis eérbu@aaﬂohy
baki n substrate after the ex€05| n

melagh b JaStBYIole] QR PAHEISHC EHEP i PR AL Araides, ebdSy and

epokéfﬂ?ﬁﬁé"'rés@nsebfb%ﬁ&ﬂlsééyan%‘é%rﬁﬂdﬂ'lhﬂ nigorReg 13.5nmto
50nm 15. The process of claim13, where the

i magewi se exposure uses imrersion |ithography. 16.

12. ThehDESRBSSHiH of i), Uvﬁere"t'ﬂ@%@ld'@éﬁﬁfat&@é s@b&edfrom8oddnium
lens in imrersion |ithography is ﬂreater than

1.
salts) fosytptas, geretives FibespenauLgNc s W%@V@é.%f‘apht&a'ene

Su,fma $&8&.a polyner and a photoactive corrpound 18.
The antireflective conposition of claim1, where the
refractive index is in the range

13. A process for forming an image comprising,
a) coating and baking a substrate with the antireflective coating composition
of claims 1;
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.

14.  The process of claim 13, where the phoitoresist is imagewise exposed at
wavelengths between 13.5nm to 250nm.

15.  The process of claim 13, where the imagewise exposure uses immersion

lithography.

16.  The process of claim 15, where numerical aperature of lens in immersion

lithography is greater than 1.2.
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of 1.9 to 2.1. 19. The antireflective conposition of
claim 3, where the functional noiety capable of
absor bi ng exposure radiation is selected from
conmpounds cont ai ni ng hydrocarbon aromatic rings,
substituted and unsubstituted phenyl, substituted and
unsubstituted anthracyl, substituted and

17. UNprdplocésd ST@ianhaBanhérelthe photoasist béragrisBd polymer and a
unsubstituted naphthyl, sunstituted and unsubstituted
photprative 6PRPYNY- ar ommti ¢ rings containing het er oat ons
sel ected from oxygen, nitrogen, sulfur, or
Tbi nat i . . .
18. CoNFR AP A CEEIRHOR O FET HeNPeig g [SiAbegndex s n the range
of 1.0%®33! i nki ng agent. 21. The conposition of claim 20,
where the crosslinking agent is selected from
mel am nes, nethylols, glycolurils, polyneric
19. OYTRé Hitirbfactitey Esrapdsitnkaf lcladfiag @herecth® Roncasrhl nijety yapable of

am ne resins, blocked is anates, and di.vi nyl
abs%naﬁémsurw.d'aﬁﬂ@'sc%?ﬁ%%qo o8 roupoLnds fRrianing Bydroparaon
aronddtic¥ing € Ribafitaled iahd siab@sstitded pieanyl, edestitutsd as@libsubstituted
ates, derjvatives of

t osyl s, d benzene sul foni,c id ,
anthiacy! adpaLbLed %%urbﬁubﬁfgm?ﬁmﬁewﬁwg shpeited ged gr'“%éﬁ%ﬁ@e%
napHtRyl, sunstituted and unsubstituted heterocyclic aromatic rings containing

heteroatoms selected from oxygen, nitrogen, sulfur, or combinations thereof.

20. The antireflective composition of claim 3, further comprising a crosslinking agent.
21.  The composition of claim 20, where the crosslinking agent is selected from
melamines, methylols, glycolurils, polymeric gycolurils, hydroxy alkyl amides, epoxy and
epoxy amine resins, blocked isocyanates, and divinyl monomers.

22.  The composition of claim 3, where the acid generator is selected from iodonium

salts, tosylates, derivatives of benzene sulfonic acid salts, and derivatives of naphthalene

sulfonic acid salts.
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