ANTI REFLECTI VE CQOATI NG COMPCSI TI ONS Fi el d of Invention
The present invention relates to an absorbing anti
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with a refractive index greater than 1.8, a
crosslinking conmpound and a thermal acid generator.
The invention also relates to a process for form ng an
i mage using the antireflective coating conposition.
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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
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leading edges manudactaiing applicativgs today, photoresist reso tlon on the
order of less than 100 nm is necessary. In addition, it is almost always desirable

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.
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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,
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avoid problems with polarization, linearity, variations in critical dimension through

pitch, which are diffraction related problems. A higher refractive index is preferred,
but material constraints in lens materials and high refractive index fluids have
limited the expectation for photoresist refractive index values to near 1.9 at the
imaging exposure wavelength. Photoresists used in dry lithography typically have
a refractive index of 1.7. Photoresists having a refractive index of 1.9 and greater

are being developed for immersion lithography.



but material constraints in |lens materials and high
refractive index fluids have limted the expectation
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t he i magi ng exposure wavel ength. Photoresists used in
dry lithography typically have a refractive index of
1.7. Photoresists having a refractive index of 1.9 and
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and the refractive index should be equal to or higher than the photoresist for
obtaining proper interference effects through a wide range of angles and to
maximize transmission from the photoresist into this layer. The higher refractive
index in the upper antireflective coating then requires that any antireflective layer
beneath it have a similar refractive index value to maximize transmittance into

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-
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lithography layers.

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.



additionally a need for a bottomantireflective
coati ng which has well defined etch characteristics
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Integrating antireflection properties with hard mask
IS becomi ng increasingly useful at many |ithography
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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.



antireflective conposition the functional noiety

capabl e of increasing the refractive index is selected
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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

i mrer si on nmedi um of higher refractive index. Figure 2

de &igure Ssdeseribes ¥arpples abpoydmareéct i ng group, Y. Figure

3 describes sone exanpl es of the backbone unit, W

Figure 4 descri bes sonme exanples of end group,
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| escrlbes exanpl es of hal ogenated nononeric units and
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antireflective coating conposition and a process for
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i ndex of greater than or equal to 1.8 at the inmaging
exposure wavel ength. The antireflective conposition
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composmon and a process for using it in forming an image. The spin-on
antireflective coating composition which is coated below a photoresist is capable
of having a refractive index of greater than or equal to 1.8 at the imaging
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
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crosslinked and conprises at |east one functionality
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antireflective coating conposition is used to forma
film below the photoresist and the photoresist is
croésﬂﬁﬂﬁg tHE rh@?'Witﬁ'tﬂ@ & PEQF?M@O&Ym pSSRET hé lbré&*ﬂc@ of a
mer i a aperture o I"ens I's greater than
theriatly gemerated asich okher polyanér gahadditionadly @m@ﬁrﬁ funedionality

e T

Functicieaities thatnndéreasathd lsefnaatbaé)hﬂemfara latamdiongrdups that can be
exposur e, r adi atéon used to ex ose the photore t anﬂo
g yl ne,

polarized; opnRAYE Vi patﬂfecof\emg i §HFthga% hliQlg|

th|oE\|{;é?\a‘§éé35tﬁlbh?lk hAg hafd&PY6ch b8 chiib?o RBroffN&®d Ridod For example,
rmal'ly generated acid. The polynmer can additionally

if the dwgragess in adyrical eiganic potymear arereplacechiy haleggrs, a matérial
wuth%'f\ éihte'l':u ncé{étlg%\ﬁfol%e(lt\piﬁ bRl Stflaihah i gﬂrdétrﬁe rﬁ?zft@ﬁalg higsPlenl to

e€s that 1ncre efractive
have rhigheraefraetivenindives gsoctpas tdease paiyrbersp bLiactionadities that are
have hi atom ¢ nunbers, suc ulfld
absgbie, e bei P BE FERGPIETE BhicBngHnoTs st dhosBl radjifion, used to
expbbé ﬂié)ph&bﬁégistaé@ ifSXPI3rin® lane XN xpoburieh mdiwémgans ring
in a typical tganlc olymer are replaced b nh
fumalonatﬂes. are wiusafuh erds efyhstifyted |%dé‘i‘sug$t|t“"89 phenyl.

Fun%ﬁéﬁ%@@g ttf'uﬁl' g d5tid Yor 'BRikd 'cﬁ:Ls%llﬁﬁ b?%%ér&ah?‘ﬁ%nerated

ractive i1 ndices, suc nse yners.
acnd:ara: igeoerally t knowry, suchaase pabe@lmbuemxyahy@rexwmﬁarboxyhc acid,
te chronophore that absorbs radiation used to
|socg§€%%§ %t%e photoresist, e.g. for 193nm and bel ow
exposure nmonoaromati c ring functional i tes are useful,

h bstj t ut ed tituted
U ONTORIE e Reresiels WS Tarestad BrRIVe sy i dpw.

hovJ@)OelEl thEéss pBlyhers ﬁﬂﬁﬂﬂﬁ&@s@ﬁd Sredfét aﬂ%@ﬂiﬁé' I?ol?ﬁféw useful for
such as phenolic, epoxy, hydroxyl, carboxylic acid

anti rej@@y&ﬁa@@gsewst bethyRerease deei refragive tiolexs aad deyghiserbing
at the FARARSH uSED 1R Ekp IR tHAISRotBfRist "AWPhmersion lithography where

the antireflective coating composition has a high refractive index (n) to reduce
reflectivity, the absorption (k) of the composition does not necessarily have to be
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 o(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%.



however, these polynmers for photoresists are not

absor bi ng. Polyners useful for antireflective coatings
wOo@B/0Bg18h | ncrease the refractive i ndex and bBCT/IB2007/002876

absorbing at the radiation used to expose the

photoresist. In imersion |ithography where the

antireflective coating conposition has a high

refractive index (n) to reduce reflectivity, the

absor t| on (k) 2of the osition does not necessarily

haye- irgh * (e ty is rel at eBquagontine

refr a(‘J!,Js,yé ngnel)’ dve(&exan*d%ab%or ptions of the

photo(resist) and bottom antireflective coating (BARC)

as given in yation 1, th fl ect t
Coryignifanal (i RaEbive Stiersalipss hsed b PRagiEgoly. Havd' a
refr&Qive S oPhroui 1 Rlat @td bxfsosursl wavisiagth, amdemtel dodiventional

coefficient, which is related to the absor ptio

antireflettivec Foafings( ¢cgated belaw H&Qﬁeoﬁh@tpr%éiﬁélﬂﬁ’{ﬁt% r@ifﬁctlvsmeex
I

ang{ {5, a1 oS FolBets eaghiSCid, o

polykc@dmes,ntpolyalleﬁphotmlmiheltss pobyjesterst haned polysiloxanesy In

immergiog e B EeRvh e Ak pl KeSHvd R Gt BRnbe botlheen
the aﬂbdtmd &f {/aﬂgb!;\tﬁ tﬁ@«’s}ihdt@‘és@t)ahGCBABUmstlmsas pOSSIbIe and the
actupb Yalies afom Jeineophptomst B BARC, 8 (gt BRdEbegitde. THUS, in
im pof]bﬁ ﬂ{H r&ﬁﬂf’%? F\X)aﬂIeeﬁ)r tH@éNtﬁbﬁéét% coafthy of B?éaﬂer than 1.8

yeste S pO ySI oxanes. | n i mrersion
is desurabkgr aphy ar &f valuei ont thei dowerd sided ipydesiablengThyg in one

fer
g{\gpt cgfctgfz Qviéﬁkﬁy]egleg |\ge\r;vg%z£tl éoscgﬁ%?é?ﬁoar{n g‘\%t rﬁgactlveulnldex
(n) ‘séajre&tgr nfari_?thpand tre aﬂmptrofsakf is iartbe M@éh ofsabituy 9. o about
0SSl . us it , . I
0.3.85 Th b aranePopt aboitD- 1 4o dhayit of 38 SRELART tHickGess” of the
antﬁ#@bﬁ@é)'c%aﬁ T%S Tah ¥ageefrem abeut agehnsitéleabicut 300 nm. The
desirab us in one enbodi nent of the present

funcawnahtuﬂh@tcpmv@e@m m¢gea,s@riﬁd!aetret5ﬁctt\4$em¢@¥ ©ch¢he palymer are
ele%%ﬁ@:{l‘ﬂ%gh%@ﬁ\ﬁﬂ%gé 32[}1810331 aRBbhd 'ﬁ?@aﬁfé‘ﬁ?é ?ﬂ'élﬁﬁ. 6ti¢h as

to abou
—(s)nansxéz pfc1ablaxutand) Il whereoist a (pogBiveTinteger.| Thess &m@grgahtles
may {)e 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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antireflective coatings can range fromabout 10 nmto
about 300 nm The functionality that provides an
WO pamseasel i n the refractive i ndex of the pol yneeT/m2007/002876
el ements with high atom c nunbers and can al so be
pol ari zabl e groups, such as -(S)n-, -S&2-, -d, -Br,
and -1, where nis a positive integer. These
functionalities may be present in the backbone of the
a‘i’rﬁé}%%f s@h papan alferé?ﬁbﬁg’?‘sq oltdry 'WIstlﬁU‘erseaﬁd Neolyirethanes,
unt of theSe functionalities will increase the
polyastera polyamidesdeontaigingbsuliug grouRs, semss ofiwhicharg ﬁélawarbelow
r,of the antireflective coating conposition
in Sggjgtlgg%fgﬁge the nononeric unit with sulfur groups in
t he backbone as shown in Structure 1, where R' is
S t he pol yner backbone. The sulfur noi ety may be
linear or be part of a cyclic structure with other
o bons. Rl- (S)n-,- (1)Exanples of such polyners are
anmpngst ot hers, pe(—qu—fQ—rﬂ’és:(S) pol yur et hanes,
pokyester, polyam desccontaining sul fur groups, sone
of which are shown below in Structures la-1d. (Ila)
() - ( [POR'-(SNn-)- AP)PN-RV-(S) n-)- OO (lc)
(1d) where Rl |s part of the pol yner backbone and can

b Nax;yl (s)a.r-)ai kyl , and any
ot hgr gypl caﬁ% pol yrrerl , and n'is an int eger

equal To or greater than . One enbodi nent of R1' is
al kyl epey nore specifically (n®thylene. Structure la is
described in US 4,493,927. O her nononeric unit(s) may

whétJeSM he ﬁﬁﬂ&ﬂ&ﬁé pofyrhél hackbene Gnd'&in berexehmplified bycakylene,
form a honopol yner. Structure 2 shows a nonomeric unjt

arylyqealyl; apd guyquperéyggﬁl plymerigapit, 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



fromthe polymer. -CGw) Y n (XYm(2) where Wis the
backbone unit of the polyner, Y is a connecting group
wW@®@e008/08k18eCt val ence bond, S is sulfur, n an iPCEIE2007/002876
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 nay be conbined to forma cyclic
structure. The sul fur group may be connected directly
titaddled, 6t PalidRited 3% ABMSStited Alicydlicytetip aT e baresdating group,
group, Y. The backbone unit may be a substituted or
Y, may Bissany greanie mgietyribatconnects the st gfouRnwith dhe gplymer
LNt £t [, CYUEM .
bacRd shif iy e WRHIARL b 8 Ao MY BB, IREE. aktene,
alkeren ratkyre, t éte. Figdrer 2 ggivep exatiple d Yoprowps. txakles: of the

and may be exenplified by an .ester | | 1C\Qr : .
polgRFafomRITg dirbactitonramt A7y RE cobpeBi ifgup P fGven in
Figerea1aine sufiful niiéty pendiaiarh ese pblyhier meay ertiie end group itself,

conprising the backbone unit apd i]he connect i na@gﬁgu&h
or may Wirbeq be attachedtiqyanether greye. XuWnare #onay be by , ether,

e ROl h kt XelFigure's aBicribes
oot AR D g TE LR ade e Crlf Ghipy SCgure’s o
soniepolyoheos)that canlberysedst er, al kyne, etc. Figure 4

descri bes sone end groups, X. Figure 5 describes sone

pol ymers that can be used. The sulfur noiety may al so

be Thecsulfurahbieghathydalse tiel gydic attached|dineetly do thepolygier or

thrcsiel bs” s alkyidhes a5 st SBuithires ity 55 808 fcppee ¥ and
n afy ds BestribEdepRYIGIRY. By chy cAR}iéhés tn@yrbBISkermplifRdSampngst

cycl ohexene, adanmant'ane and norbornane. 3(a) 3(b) 3(c)
others by cyclohexene, adamantane and norbornane.

Polymer I?olymer Polymer
Y Y
(Jj | |
(S)n Q
(S)n
(S)n
3(a) 3(b) 3(c)

The cyclic ring or rings comprising the sulfur moiety may aiso 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.

e X

(S)n
(S)n

3(g) 3(f) 3(g)
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The cyclic ring or rings conprising the sulfur noiety
may al so conpri se the backbone of the polyner, as
W@ bsn3sien St ructures 3d, 3e and 3f, where the PgTIB2007/002876
sul fur is present in the polymer backbone or pendant
fromthe cyclic structures, such as cyclic
al kyl enes. Sone exanpl es of cyclic structures
contai ning sul fur are shown in Structures (5a-5c).
' r ' t iar
Sorff FFRnplecCor PP Sriliny’ oJRARTR] R ASNOR iR Suuotures
(5af5e).nExampies| ofnayclic sulfbe manooieyicestiyctdregiare @verin Structure

1o RS ekAhok bt i (O LB s oo
wittketbenmionohiees.synt hesi s of silicones such as ZSi (OH) 3,

ZSi Cl 3, silane ester ZSi (ORx)3, acyl oxy ZSi (0OCO
)3), or oxinme ZSi(al kyl ketoxinme) 3. In one

enpodi nentsi@), t he pol ymgr conpgtsing -(S) n- descri bed
above, n i§ greater tham 1, a anot her enbodi nent
nls in the range of 2-4. The pokymgr of the

antireflective coating nmay al so conprise as the

faa)cti onal gretp whi chdé)ncr easegld)he refracti ve index,
a sul fone group, which may be in the backbone of the
pol yner or pendant fromthe pol ynmer backbone.
Structure 6a shows where the sulfone is present in the

backbone d Struct 6b sho ere the sul fone
group iewpersdant ”T‘Fg[rngihe oty
where FV I I P

wh

backbone.n (6a) (6b)

part of “¢fie poly packbone as above and
can_be exenplified by aIkernes\gﬁenylene and

Whete{ Ghexene, and where Wis the backbone unit of the
polymer, Y is a connecting group or a direct val ence
bond, n(3& an int e&sg’s greater t Sh or equal to 1, mis
an | nteger greater_than or eq#al 10 zero, X iﬁ a .

andpgqlgaimown 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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group, and optionally X and Y may be conbined to form
a cyclic structure. Anal ogous structures as shown for
W@ 00B08818DNt ai ni ng pol yners above may be used POF/1B2007/002876
sul fone containing polyners, where sulfone is
substituted for sulfur. The polyner of the
antireflective coating may al so conprise as the
functional group which increases the refractive index,
a halide group, such as chloride, brom de and i odi de,
which is attached directly to the pol ynmer backbone or
attached to a group_geggant fromthe pol yner backbone.
Some nononeric units ﬁﬁe described in Figure 6. The
pol ymer can be exenpl i¥fied by Structures (7a-7e) in
Flgure 6. The halldes'@ n repl ace the hydrogen or
aIk group i n any oflb%e pol ynmeric structures.
1 (&)antlreflectq coati ng conpositions
conprég ng pol ymer s mnggﬁsulfur noi eti es, such as
sul fi‘de’ and sul f one, he functionality that

wndgb 55 ST SO HPHBOHE B Shol BoREERESS rabited by
alkymwfmehylenegandqamﬂmxeha amck whebo W i ttte backblepe unit of the
that increases.the refractive in

POy SIRAIOGHNG S g nr e Ao g. Bl ahARSHer wegter

thah or Baﬁéletbrﬁdnw anfiffegaf bieater theaor@quad ty Beros )<I i$ a pendant
usual Iy measured at [ ong wavel engt hs, such as 630nm or

gromgamnopélpn@ldy X and ¥auagrbe Gomb"iﬂsi tg fofng wam: SHygture.
dudest \é@#fﬁ e%nﬁé RhEaRT ﬁf‘ss‘?fful; '%%nfa‘?ﬁlhé dlmeisn degveiimdy be

reas nost al yners, Fi gures

usea fansLlf®ne Aontaihiog you;rwerwh@ie Sldtfoseds bybsimst@d e Sfust
t he exposure wavel ength can nodul ate the refractive
i ndex curve around the exposure wavel ength. However,

i f TtHae Pa%ﬁé’rpbf ahe (#ntireffedtiopt cadtinge ssayt fubso Q:oﬁ)prislaeas the
the eftect of anonal ous di spersi on has Ie S ng%at ve

functignat oreyp wWhich icreases be i Riaxivey [idexa g hialidecdoup; fuch as
chidrRie] BRrhide drdHdtidR0 WA - attEBHéd 'dfreétl;pﬁi EESoIIAET Backbone

gl vén value of refractive index at | ong wavel engths
or atEEbeddo agyourhpendantJranaithe dolyreer h@ésgbonel SOH@ RiogREteric

unitBlarYRCABEA TS Figid &.NAHE BOVATEr M 68 x@mihifibdlby! 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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antireflective coatings used in imersion |ithography.

Therefore, the increase in the refractive index
wore@sssasl at | ong wavel engt hs for pol yners w | PCHIB2aYX002876

gi ve an even higher value at shorter wavel engths, such

as 193 nm An increase in refractive index of one

pol ynmer over another polyner at |ong wavel engths wl|

be anplified to a greater extent at wavel engths | ess

theg $ e ihdes W&ﬁﬁ@rsqfs Jsﬁﬁﬂ@ﬁfeb&ﬁre'd@i%n@bva‘v@léﬁgths

wavel engt hs can be 'used as a predi ctor of
such @soﬁamnalor 589snmj Sincalikis ¢arierctesdo spe it d9 ka@wnvtbat as the

w50, BhoRRBEE T AR Wtk wff 5 or B it s

as smnbwmnﬂ Fignateb a1 qmﬂ_as Aﬁomalmardu:bdmon eaused by @bsorption at the

nMers con d Th
expBirt aBEVIENaN A ofMOERIZTS oo S TANG o BHCK e CUp. Brafch ghe
exp&LRE HaVBIdrigth. oy N the A HORBIE(K) ikepat tdsstthan 0.3, then

functionali téuéhat i ncreases the refractive i ndex
the wffeethof anomalous adisprysionehas rssnhegativeimpact 198 the fefractive

mdefx pﬁf h%?%ﬁ%)% % ﬁa%lﬁvé el drasihie T Ug@fxa 85@#569@”@3 a

Ity conprising the abs
gweuhva:luepd:forefraWye biadex eatwong hwavaiengibst (360rG010 awm)othen this

G HRE AR R VAR B

antiftflebRlecEStirRBRised |ﬁunﬁﬁereml IIthd)g?aph)FUTﬁé?eforeXtaafphe&asé in
t he chronopphore are without limtation, a su

the gairagtive iadax MeasHIBA N PNG waus'enat*wsspp'tvmeéa il alway3 give
an é\fét'\n HéF \/EMS% SHYAY Ak el SHD  sLRhSad 358 trih €AlnQhcrease in

unsu tltute phenant hryl group, a substituted or
refrapttyalindex of ene n@lmehpwegamtber polymer shlongasaxelengths will be

b
refractiveaindier gat &drey eaiveltengtied eaheble fuset asygepredittonr of emhich

m xture here perdflcal

funcglﬁpgwﬁﬁhwﬂga? nareasy | I?%, rgﬁﬂctalg ex at shxrtert I\qlv(?avelengths

Figltbs Phany | & shbwnpehincRAse aAnetasive MaeRtdTapstp@ens with sulfur
ant hracene based conpounds having at |east one pendant

groypsoapd dalides &g ¢:qramr|qa§id§oo§@n\@nggr@al polymers containing carbon,
hydrogen and oxygen.

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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car boxyl group, hydroxyal kyl group, alkyl, alkyl ene,

etc. Exanples of the chronophore noiety are al so given
WO 00838005/ 0058929. Mdre specifically the chrpemmB06%002876

may be phenyl, benzyl, hydroxyphenyl, 4-nethoxyphenyl,

4- acet oxyphenyl, t-butoxyphenyl, t-butyl phenyl,

al kyl phenyl , chl oronet hyl phenyl, brononet hyl phenyl ,

9- ant hracene net hyl ene, 9-ant hracene et hyl ene, 9-

unsaﬁ%ﬂg@& %ﬁ%ﬁ?{/l%ﬂoﬁgha saﬂgt thted! &r &%Ub!ﬁﬂu?eﬁi Eherllé'ht%}?group,

ronDp ore group int
a sabtmuiedubemmsubsmmmmapbtl’qd ghapyla gutiqnpe-besm ezpmpound

v e B o R I S syt ptromvel

arorhafid!Fiti eBAAININg AbterbabeaRydalectsd &bmmimdrphﬁrqden auitlir; and
br ononet hyl phenyl .. The concentrati

a @hteieo pﬂhl@f@fnosgp(}lflpﬂlyt h@%opgmoq?prge&n%pnghty can be
b|sp?1y1{/lbﬁl'f&ﬂa{1b5&bel chpBlLis 2Nn&pfithAchbONoc Oahftiraésnd  blabed

ess an 0.3 in'the upper layer antireflective
corrwat\dsl glaMan: At ileast roneoneraﬁlﬂntvﬂfphptSﬁéeQiﬁ@tffﬂf'@shYﬁmXWB@UP,

carldfJE 308, S BRI Ol Tl Blyihen b= ks b e

chrcfjmomme&nbuﬁqt arenﬁrseagmert ire US 2005/0068929. Mot specifidadly the
ecrease the etc t

Chr QGRS By der AheAh b S ha TP e, 4

ace@k?ﬁﬁéhﬁ ORbatdxypeergyl 0 UBﬁtnyéhylaSalﬁylbﬁéﬁyl %ﬁtd?dsmethylphenyl

ones, al dehydes,” carboxylic acids, am nes
brompeettatrhenybt cS anmﬁ@qe@et hesthyiensst | Saathrasens nalfvisae, 9-

ammsp méwer{eh [nvﬂfe‘f'\é nig hﬁé’a&KBS&ﬁlé?ﬁ bhahe

hat uce t e et rate under
chrcureapﬂore egrom |rdh§ng&iymem dlsubstitste:bm unsupstiutad pheny! group is

usofCBIA P g RS PO 2ScBRYBREn,

tbLﬁcb)lyEﬁéﬂyll OXQIlﬁltyﬂﬂhéﬂWrS wikyipheagn bechicrethetisylpthenyl,  and

bone of the polyner are known apd di scl osed.inthe

bromgmeh me"a/bplTh@alcPBﬁ’P’th'ﬁnt RE ey CHIOTRRARLE s moiety in- the
pol;ﬂrﬂéﬁg sl_teét]'%tl @E&hu&%ﬁ%@el%bv@é}q ekhdtibRTettiefent (k) of less than

functio tres that 1 ncrease the refractive index,
0.3fipnthe armpplert layer tanireflectiveheaatiponyhighy is unc cratast jwithedhe
pho&g}géls@re crosslinking, described above may

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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be attached. Thus sil oxane or silsesqui oxane pol yners
may have pendant noieties used to increase refractive

w0 nabex3sBch as those descri bed previously, chredmDmB200%2®2876
cont ai ni ng noi ety described previously or a
conmbi nation of these. The noiety used to increase
refractive index may be sul fur based, such as those
conprising sul fide or sul fone described previously. A

theSUé aSﬂJnX i WitHthe 8R4I hﬁm%?s!fﬁhmfzseai Pind 11/425,817,

rrsin east one repeating unit derived froma
andrtmtheee thé famotionhlities( that mma[qaﬂ]e) veﬁ)actmm indexRfuricgonalities

t f th t i o |
thaf rgcibsgiiey A ERRBlES Bt Hrd Gogfiihd, Yebped Soove may
be fattachedNThugr Gilpxatie ar naiisesgrioxsmec bolymel'_s reay Heveopendant
molelify 4560 4o jinease ACATRIARSD SHbS Hage HeSERS proviously
chr@rﬁ%?ﬁbr*&%oh)élﬁlh? nidietydeschibed Blevisushy a(cmmatmn of these
R3Siq 3 c(Siq 4/2)d(RARSSI O e, ere,

Thenmiotaty ugesiny increageaetraelivel indRX ﬁgaygb%ﬁwfurmsrag %uq'i’oasetfxpse

oSl e Py SUPERIAEH ot Rufy A PRI aFmay
be ﬁ&fjmpliﬂeﬂ\h.y ¢omkmsmbaatleabbmhqorawehbug u;m dedved from a monomer
of i3 GRS B ohere Bt saeiented Jord e B fhehioh
refrﬁ@ﬂnbé"fﬁfd%xrﬂé‘scﬁbé@ d?@vndﬁﬁyi ABg @nainegacted fenctiopal gtoup of a

i nvol ved i n sol % @Erocesses i's based . on Q
monwebwwhsfoama aithet ohdha ABAve Eepaatipgunits; and j falls within the

rangﬁé(?l|< %r& bx Y t aI :z-ig rhe!%? f&%&eﬁrgﬂleh%% ‘ﬂ?? structure,

R‘waaﬂ@z&@a/i k(B $@whtSI6mz)dﬂ4ﬁe$|Q)e, omhep'@l y rslSpvmﬂm.O'etY

corifnd & AbeIHG o B 83 G Brbi g B FRERopAGT oroue
R? GORSiantlion ROfarg enmrmntly tsietavtetnfrom rthe anoietppmyth the high

t ant al um haf ni and zircon Th moi t f
refraglivg ndgk elesch p@VlOl@ﬁycﬁ"%'éLhW% hon %?9.{%&3 Ao Lgb<1.

0<AM9F [§=@S1; eI &4 dp Wid b d he . DthexadiRsions obthebbﬁyﬁéﬁ sfgsolyrflers
procedure for making suck hybrid netal materials can

mayp alspdgisedn pat ent US 2005/ 0277274 A
1. Pol yphosphazene, -P=N-, type of polyner having a
hi gh refractive index
By analogy, the chemistry involved in sol-gel processes is based on the

hydrolysis and condensation reactions of metallo-organic compounds such as
metal alkoxides (Metal(OR;2),) or metal halogenide (Metal(Ha),) leading to the
formation of metal oxo-polymers, where Rq2 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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may be used and may further conprise a chronophore and

a crosslinking group described herein. In the above
waledosnsgiBons and t hroughout the present speci f PCHIB2067/002876

unl ess otherw se stated the terns used are descri bed

bel ow. Al kyl neans linear or branched al kyl having the

desi rabl e nunber of carbon atons and val ence. The

al kyl group is generally aliphatic and may be cyclic

or c : i

cafoEheatgrenS, PGS Bl policraiafing'2Viigh 7efhaiaSindex
mayt be usédand, may hﬂ‘mer «:om;uriae ahchiomephyte and aydrosdliakingl group

oGt decyl, dodecyl, tetradecyl and hexadecyl .
desg&r%Jslg e6her wi se stated, alkyl refers to 1-20 carbon

atom rmelty The cyclic al kyl groups may be nono
cyclic or cyclic. Suitable exanple of nobng-c

al kythey ab‘ay)% d%ﬂ@tl%% agd BQEQUQDPE"dt'LeyE'I%E@h?%c'f'cat'%n URless
oth&%ﬁe@i&l’&’i'the?&?rh Y PARRIGh IBPHERY. The substituents

be any o e acyclic groups descri bed
hereln Sui tabl e blcycllc aIkyI groups i ncl ude

o1 Q0 oAt S sF Srafiontl ABGA Bing s degirable mumber of
carttb'r:ﬁatltinf(s[ and. @lmn&}e alkyl @rlolupabcde'h&alad diipateatie, aramhay be
o5t S0P b S B S BRI 385, o
|so-|?|%p h, %l&@d&%ﬁ%utwIlriééﬁ"o?b?ar%h%d(beﬂﬁ WWWI @dtﬂ decyl

ycl o] 6] d nent i oned herein

dodegyl! tectraglenyll arg;L ba@ﬁqu umms @ﬂi\?r\wsetsﬁ@teac%vli '@f%ﬂskt9l 1-20

oo, T SEIE Pl 2 Hy Sk ¥8 ol

Suitablet emﬂlﬁh of emmjao%mc aﬁhﬁn?(maperinclugetwbatlmct ieyclopentyl,
ese, i ude an e

oyclheriy epd-55i00pRY| istindo TR SUPREGRERT Ay HicRh Kb apyotic

alkyd fgeo@wé@ﬂbeﬂrm@m Aukgblensicylie iRyl cgroups w;lu.dm butsktituted

one or nore kyne or al kene gr oups in the, al ki;}qufoctane

b'CYﬁ{ﬂ[%?WhQMQF‘@ al kynebieysie2L.-21gckangy i pl e bBIFYCIQ

dgid e I a
b.cy%Idf:?Q? @(Zﬁﬁets Eﬁgr gélg%ﬁﬁﬂ}ecgﬁé, iR thy M. 2EkMhpRE of
tricyclic alkyl groups include tricyclo[5.4.0.0.2,9]undecane,
tricyclo[4.2.1.2.7,9]undecane, tricyclo[5.3.2.0.4,9]dodecane, and
tricyclo[5.2.1.0.2,6]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 alkyl
groups mentioned hereinabove. When referring to alkylene groups, these include
an alkylene chain substituted with (C-Cs) 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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group as the backbone. Accordingly, a divalent acyclic

group may be nethylene, 1,1- or 1,2-ethylene, 1,1-,
wa2@s/038181 1, 3 propyl ene, 2, 5-di net hyl - 2, 5- hexeP&T/1B2007/002876

2,5-di nmethyl -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-cycl ohexyl ene,

and the like. A divalent tricyclo al kyl groups may be
dim@ -Qfs-ﬁ&@?lyhb%ﬁ& 56 ol K¥thildHyo ﬁnﬁvélsﬁttdyén@dlkgegn%ub may be

above. Aryl “or aromatic groups contain'6 to 24 carbgn
1,2-aoonk3icyciopantyteneh eh, 1,%ol or 1.4gyglphexidgng, hgnd the like. A

. . ) j I i S- S, . i S- .
el YiRfeto iYL BRLIRS Py Mo SLHIeP ol éle Akiioned
hergintdbogey of the appropriate substituents e.g. alkyl,
al koxy, acyl or aryl groups nentioned herei nabove.
Simlarly, appropriate polyvalent aryl groups as

desirjiest GRNdIR YoRfsidontdih B td12aNddrbon alsras esclodiayi pirenyl,
exanpl es of divalent aryl groups include phenyl enes,
tolykyqywl,erm&\,th)ﬂawhraﬂyb@Bherb'?ﬁor%ﬁph@mﬁd& trigrahepyie andkiie like.
k ' : [ I i Bk
gl G 008 o it e, BG0G0 S g, 5o e
substitibotsy £.get Alliyly , alkexy; oeykyor anyb pgropps ymentionesk yhereinabove.

. L.sgbut oxy. .tert-butox ent vyl oxy, . .
SimyI3RYy RORYPriBE: pouaIet aplgibtis 26, aediR By be used in this
invehtight Rephssentaavg, examplepyt divaent lapyygroapsl intiude phenylenes,

et hyl oct yl oxx. Ar_aéé%ll neans 3{ . groups wth attached
xylylenss: napfihylenes;Riphgiylenes, and %‘l%f’-be any such as

al kyl , al koxy, acyl, etc. Exanples of nobnoval ent

aral kyl having 7 to 24 carbon atons include

phedxyemeans stiaighy|ast brancherl shainyalkexyhprving, 1 to Z0 carbon
2-dj thyl -, - - . )
storps 2 RGN S searpley ALKy, EioRy, Hpropop, isopropoxy. n
butexyybiisetiutaxys dértbutsdyi t peatylagyal kgkylgxyupepigoxy, octyloxy,
S TR R e o L e
ethbétpldayi ¢ al kyl ene noeity with pendant aryl groups.

anpl es are 1-phenyl-1 ,2-ethyl ene and
1- phenyl propyl ene. Furt hernore, and as used herein, the

t erARajkH Ridank UG grdubsC Rith SATRIcAER Ssubstituents. The substituents
may be any such as alkyl, alkoxy, acyl, etc. Examples of monovalent aralkyl
having 7 to 24 carbon atoms include phenylmethyl, phenylethyl, diphenyimethyl,
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 perm ssible
waasosgisent s i ncl ude acyclic and cyclic, branedietB2a0m@02876
unbranched, carbocyclic and heterocyclic, aromatic and
non-aromati ¢ substituents of organi c conpounds.
Illustrative substituents include, for exanple, those
descri bed herei nabove. The perm ssi bl e substituents

CapyAReritte O andRsCustiiihé e, SRERerph “QJthlﬂjtéﬂ't isf @ntemplated
appropri ate’ organi ¢ compounds. For purposes of this

to irictudenall permissiblensubstituentmef erganicaepmpeynsisein adiroad @spect,
the E%rgti %@?Iu St gﬁltg' B{éqﬂ&lﬁdéggg%oaa%ﬁgé %éﬁ%&%&?ﬂnd unbranched,

[ organi ¢ ¢ éscri ereln
carbalcyclit aad hefeyodyutic, vaz‘oamlbemdomon hmrhatice satastibuents Thiosganic

i nventi is.not in e Limted i.n manner.
comppunti, TRISHRtEs LuboLiReR (0TS doHEmHe Hiaeikghied
herelfidbdv@l YRBpePinidsitsle BUBSRMENtS R4AHd Ofe @SaYn(h@ amﬂmdgamm or

any known net hods, such as free radi cal

dlffeﬂi@l'tyfﬁéﬁpﬁmﬂﬂéfﬁ OfgAMICCCHBPYHRLS: T4 iRYFPOSRs: rthiscinuention, the
hete‘f’@%tﬁmés SBcuk W?@éfﬁaoé' Md"fegéﬁ')sﬁsﬁtuemhe and/or any

msrlzatlon ried out Tn a sol vent
permlssibiza substiteerts afaorghgisi campouhdst describedvienest M&h‘iQ’jUé@tleY

e FRECRHEES 4 801 heb. AL BVBRAUTE OB ERYp v

any inigter bl ftles petrfisabRosubstiti@nexgiasrgaricioatipaiunds, t hose
to adjust etch rate, those to crosslink the polyner,
etc. are adjusted in the polyner to give the desired

[ efik.0 |
o SRECHAPREE JShLopIRBRE ERoR i TS NRI 9 lnown

metheds, h) suahy | @sesfreal kipdioabs, posERAtIoNC _ Upies. polymerization,
hete[@é%ﬁ G b&ta t§nd ohiderHOA ngﬁﬁlc‘(%eg)t w%BWn%nzatlon

§0°°f 67 e pol'ymer "are el c anhydri
mayc el cartied i out, mva replvenitr eroulsion; retfall catalysiy,| and cadherd known

o R Srorkt 5035 SR G TRRRIRES gRHShe iy,

thod€Clo0AKicBBe Teird@iRe ind&e tHE3OtY alsectb aBe expbarel radiation ghibse
of the polynmer may ranggzﬁfrom about 1500 to about

(M)
to adjstogioh fgitef moasnp ErOSRINL AR PRIVNRY. (94C-aBERLRJISIRshdn the
poly?ﬁ@r to give the desired lithographic performance. The polymer may comprise

other monomeric units, such as cyclic anhydrides, (meth)acrylates, alkylenes,
monocyclic 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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nore preferably from about 10,000 to about 30, 000.

When t he wei ght averagenol ecul ar wei ght is bel ow
wa2@803s818hen good filmform ng properties are POL/IB2007/002876

obtained for the anti reflective coating and when the

wei ght average nol ecul ar weight is too high, then

properties such as solubility, storage stability and

the |like may be conprom sed. The antireflective

mol&&#Al %lgﬁtﬂ”'goﬁélbwoﬁ‘ RPTRAES &Jodd Rivh BRhing@properties are not

crosslin agent, an acid generator, and a sol vent
obtajnep bari nheoantnreﬂaqweectoptlog andowben rike ngelgbteﬂvgasarm@l@cular

o R CETRRR 1S3y ok BB b S B e

mayoloé gompromisele presence of an acid may be used.
Exanples, without limtation, of such crosslinking
agents are resins containing nelam nes, nethylols,

9l yheldatirdfiechid M@éifri d;Y(%i’t'idH d:érﬁpn&%lﬂ pelyAIER T Bfosslinking
urea, hydroxy alkyl epoxy and epoxy am ne

agentanrasid gensriad, arybeyamflb@oma% 1IQf-vi nyl nononers.

Mononeri c mnel am nes |i ke hexanet hoxymet hyl el am ne;

glycolurils like tetrakis(methoxymnethyl)glycoluril;

and sametptof ccrosslimkingl agents kaan2bé uaeslhmdﬂwwmpwtlon of the
e used . Cross

I nk I
pregRet J08 St 5.4B8Y SHIZPIfC SrBoPaF LA T oy 1By el sRaSk e
polyistiif: tidBreseRss bi Ak b rage bk useda Exampies, withosit heitatiyn, of
reacting at |east one glycoluril ound wi
such @Aasslipiag ageets e tezﬁ'ﬂﬁaewawm mq?ﬁrFﬁ@eat meé%\g?'so%(w'“f"
polyﬁ%( 2 fﬁ&ﬁ&hﬂ p b2h |h§ Agfealhgd Ry %ﬁld@y eB@xy and

Ayl
erma aCI gener at or % used in
epopy eurine neamenblqo;hedayoctyenate,s @nd rnn rrprlomﬁrsUpMﬁnomenc

heat i ng era ch ;
meigfiteey dRE° o csaRPUREY ety FRIAPRRL. bR e
tetr@n@(mhoxylméthﬂ )dlyootunil] onanoar tdromlatic | y mxethflletsr ed like a 2,6
stron i.d such as asulf L Prefera

bisREPRIStA RrotfRb faah be weil: Spapinking aBpGedstlestddn US
ZOOWG?:BQGQfﬁf&%dbrﬁéraP&P%réﬂo@ réfeflefoee Nwharee the crosslmkmg
preferably at above 1500C. The photoresist film

agenbigt @ golymer obtained by reacting at least one glycoluril compound with at
least one reactive compound containing at least one hydroxy group 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-dinitrobenzyl
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for a sufficient length of tinme to react with the

coating. Exanples of thermal acid generators are
waoredoahsgisee i odoni um and sul fonium salts. O hepPCT/1B2007/002876

exanpl es of TAGs are nitrobenzyl tosylates, such as

2-ni trobenzyl tosylate, 2,4-dinitrobenzyltosylate,

2,6-dinitrobenzyl tosylate, 4-nitrobenzyl tosylate;

benzenesul f onat es such as

tosy?atér i Hg{mﬁilgi 18syith! Qbﬁiﬂéléénzyl tosylate; benzenesulfonates

chlor obenzenesul f onate, 2-
sucln ri fasuoraﬂnfﬂllgrometwl-ﬁrmlﬁ@bml 4- drehlgrobenzenesulfonate, 2-

o RESREHGS IRy BIF bl LR, BOPRGR St esers
sucls dst |shén‘yl o4-grethoxybeindenestifohates alkyl emhrynbamrm salisnot arganic
| odoni,um s

acidgy s 75 PRI SRR A IO RO Rl ks aF@igtfeniym satts

cant i pgfl Uéké}ﬁfdilfféww byet higonidredonfludrosulfonates,  iodonium
- bis(fluorosul fonyl)nethide, iodonium

trlS(ﬂu@fpsmlMWBmﬂthléﬂyl )'Pf»’h)féitém i da%ﬁﬂuefﬁsefﬁam}fﬂ%thwemnmoumm
bls({lu&8%@ﬁiﬁgl)m9h' ib i hr’gGH@Pr‘%{ arémﬁ’fﬂmﬂhumluorosulfonate,

osul f ony and” i odoni um quat er nar
iodomitm ni quatdsnanyf | ammemiln o s (fluerogefonsl)methide,y and  iodonium

auafiary anmu PR g resuREp e n A ee 8 4 SEc (apthsacene.
napﬁmaié?fé (Egé%zﬂ@l c!Ar&g/ggvé?é% g;iﬂzdlbsadld)ggﬂne salts Ban IBetemponed
as ﬂ?PeT%@amciPd("Pﬂath‘ﬁG distiosein vgﬂ/ 'ﬁ %6?2&%’%‘1 8%%&729
4 Zéﬁ%@ Rl ?g7 BebVPRstehtly BROFACEHAIMBLES aof/eﬁAlﬁﬁv %Iﬁ’ullty at

ose sold King I ndustries under Nacure and
temparadgres snmmmc;m 20 O\do@nmepie @6, TAGS awxhgaqsgeld by King

il pbeNagare Sod TR g Uty TG € Al LBy 5225, and

CD’S?QEQE ggt/?w |$Lar G@ﬁiéﬁylmknlzédel%mtfd)rﬂe ,actwamma%alc@mppned at 25-
e nove

30%6!5%\6%@9&9%@%9'&@@rmetBQ'posI o Kig: f&‘ﬁ' hbgweik, Eonn.

0685R") gtl on, are oniumsalts, sulfonate corrpounds,
nltro enzyl esters, triazines, etc. The preferred
phot oaC| d generators are oniumsalts and sul fonate

nﬂlle gﬂfﬁos oﬂe?)?ﬁ‘fj %ﬁ@g{:rj 3ht mdbppﬁaﬁggcido inkFtor,
exaﬁﬁilé§ ,of twmakywumdm dmmltatmaalares,omnd salts, sulfonate compounds,
nitrobenzyl esters, triazines, etc. The preferred 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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m xtures thereof. The anmount of the polyner in the
present conposition can vary from about 95 weight %to
wW@bwen3dol wei ght % preferably about 85 wei ght P@%/1B2007/002876
about 70 wei ght % and nore preferably about 80 wei ght
%to about 70 weight % relative to the solid portion
of the conposition. The anobunt of the crosslinker in

the present conposition can vary fromb5 weight %to

%55[1 Qv I to”ats R 3 @Bight 96 retatigdito e SolrbportioR ®f th
pref\%ew 3 é‘ghg% \?eat?% the so |gé£)ortll on0 of the Pottio °

composthioni tTrmwammet ahthmacndfgqrﬁéatab|mtf\§e9réﬁa@to¢°mﬂo=i'?@ can
varyp{gg e(S]g ﬁ&gﬁﬁ? fg n‘”‘\"{@r’y °/(b pgg?epaﬁ%‘ﬁ% ARight=s %o about 3

prefera % 1t0 about
weigti %Mnc%rand prefeeatpy df weight )% 1o \mmoghfz weigbt Sk oetatize to the
relative to the solid portion of the

%
soh%‘ﬁﬂﬁ@gquot%comﬁgs@g i d components of the

antireflection coating conposition are m xed vvith a
solvent or m xtures of solvents that dissolve th

solThe selichromnanentst ok e amtireiiactips Goatjag £gaPeRton ‘are mixed
wﬂh%”s'bﬂ}%hf o MiXERsS of f’élvér“@ tRAY HiE SIS Bhd S eéf‘h Bfents of the

osition may I nc for exanple, a glycol ether
antldﬂlectrm coating. c&wmkeshlyemedpt tt@oamlgeﬂemlyﬁy:patmg composition

PG B §000E0 0 SRR St tesove
metﬁ?lgctfe}llgﬁdgv@t f‘;?'glpyldher gmcbe nmﬁgbmemryl d eﬂtdrhydiueﬂtylme glycol
LR TR AR T
ethétS éﬁb[tBWéné I db?q{ %p?P%Hﬂatreor rﬂiéth)ﬂen@e%;llyﬁaohmthyl ether; a

ene ycol nonomet hyl " et her acet at e;
9'Y@ﬁmwsé@feders\cﬂ§we @ycbtawetfwbéel&tselvena%@% mgthylgellosolve

sl FEHOBRSHF ooE HRARE P hudect Sueppiouath o
ethyifaggtatep h&)uiyl cdmem;teearity eyt agetatesl catbaxyates eofa«ﬂlé)asm acids
sucB S ot BBy SR P YO S o

ethf@bié OyRE) Gﬁdetﬁf&ﬂm@ pl‘t)tﬂ'lémy Giyesli afiwdetatep knd o hgdroxy
ester such as

carkewiplge sH8l 37 m@tfafiulapté{@? é?tﬁ u%{a%t%@f' r@f (e and ethyl-3-
hydroXJEPrBpIohRIP R IRIGHEestel BYéh ds methyl pyruvate or ethyl pyruvate; an
alkoxycarboxylic acid ester such as methyl 3-methoxypropionate, ethyl 3-
ethoxypropionate, ethyl 2-hydroxy-2-methyipropionate, 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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et hoxypr opi onate, ethyl 2-hydroxy-2-nethyl propi onate,

or met hyl et hoxypropi onate; a ketone derivative such as
woreaoRpssiet hyl ket one, acetyl acetone, cycl openPErBe97/002876

cycl ohexanone or 2-heptanone; a ketone ether

derivative such as diacetone al cohol nethyl ether; a

ket one al cohol derivative such as acetol or diacetone

aI cohol ; lactones such as butyrol actone; an am de

ST B BB G5 a8eS I pptmer cppsinr
andaaniid gehératdri ofehe dmitamlgmzmmmsand arsuitabler $Qlw1tt<11remlxtures of
sohBRtsunItsh carpnests ey e Sdier iy SBFAE 8 pdiaiet e

coaﬁﬁé 8 PonbBAE dyasPreReRafcofibls, Barfackl rveling agbmsc adhdsion
perfor mance of the coating, nonoper i
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promomoaatlfogwm@@gqr&ept%g st seconfiaRy ?ﬁ‘y%ﬂﬁm?lé?rk as,
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oISy G2 B B Shay 568 o elmismposin.
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t d,
ma, s U HEBGol PelpBRR Eerid PR BFE BREF (kY Frifrably
the hﬁ\cﬁm@%*tﬁlﬁ(bdmhéﬁs I@fmfb‘étcﬂblsm Wélghaﬁf&)ohthe)totalmcﬂlds of the
ymer is kept below 5 % of the total

po
comgiosttien, BHR Geieraly ZHDW%IQBF % é\“&’b?‘{ﬁ"aff'%.%ﬁ?’aﬁy hﬁ@"’" 10
we@’(t nore preferably bel ow 10 wei ght % The opti cal
haracteristics of the antireflective coati ng are
optl m éeld for the exposure wavel ength and ot her
re [ [
hgb%%t} 8{ %ﬁ%Fa%ng}gsﬁ% I?)‘? tf?{ta‘f'ﬁl e?feﬁg\?% géﬁé nﬂé‘ g%g‘)gﬁtrfzoeﬁ for
the @(pdsm wavelength a\rtq,/ethelr weaired ithdgraehic BhR@Cieristies. fAS an

exaflﬁgpig nm%%ﬁggﬁé\egérﬁ %r pclhae?tﬁ])(gvtev gpmgoglflgs E’ggd GshrfSpper

layér% rRRTutiEyer BIEAC (dthefr@e 3 9BIMIMexposiirerafiges fraoabout 0.1
5, preferably fromabout 1.85 to ab

to a}hosnt 8BS yneassiiec ysing alliesometan o e ya eAﬂftzmee‘ﬁ?’é‘EI'Y‘%/ index
(n) Eér{q;g% fgam _F@%uf’"l 3l é’(god‘ib%) ?référﬁﬁiytf%rﬁ%%t 3B foraL 2.3,

his is partic dvant ageous
and more preferably from about 1.9 to about 2.1 Antireflective films of the order

of about 10 nm to about 300 nm may be used. This is particularly advantageous
when using 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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when using a nonaromatic photoresist, such as those
sensitive at 193 nm 157nm and | ower wavel engt hs,
wob@se3gibe photoresist filnms are thin and nustP@EDIB2867/002876
an etch mask for the antireflective film Since the
antireflective filmis coated on top of the substrate
and is further subjected to dry etching, it is
envisioned that the filmis of sufficiently |ow netal
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remoyer imay gy appliest allar ftherraatisgceiRpsstor FgANothe; gdges of the
subg{lj'g%g%“ir%B%’og:gg%%‘wﬁf‘kﬁb\}vmrpfhe@mt oresi st is then

e uppernost antireflective coating
and baked to substantially renove the photoresist

i g | %ﬂ tautgégﬂgg ?cgvegle @g#}'&e ﬂgev Z%éig%}/eggs? ﬁ@éﬂtihﬁd o?féo%rti nbé‘ Care
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, 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 |1I/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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substrate using processes well known in the art. The

substrates over which the antireflective coating or
weoasisgysl are formed can be any of those typi ceCT/IB206%2876

in the sem conductor industry. Suitable substrates

include, without limtation, silicon, silicon

substrate coated with a netal surface, copper coated

silicon wafer, copper, substrate coated with

antireflective coating, alum num polyneric resins,

silicon dioxide, netals, doped silicon dioxide,

si ITac odatej tthiede, ateandenevah nmajbysdiéép:otuﬂra\zieleam(wé exposure
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relatively high glass transition tenperatures. US

Two basic classes of photoresists sensitive at 157 nm, and based on
fluorinated polymers 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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5,843,624 discl oses polyners for photoresist that are

obt ai ned by free radical polynerization of naleic
wa@nivgssise and unsaturated cyclic nononers. AnRCDIB2061002876

known types of 193nm photoresists nmay be used, such as

t hose described in US 6,447,980 and US 6, 723, 488, and

i ncorporated herein by reference. Two basic cl asses of

photoresi sts sensitive at 157 nm and based on
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b |
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tadi ene (Shun-ichi Kodanma et al Advanées in&rlesi st
TedHatorakly the ehpiosesisiss ipagewiseppxRosedal yeavsiengiijsbetween

ségf}ﬁ 2 amUS 6, 818, 258 ) or copol ymeri zation
abo})ﬂ?k% f ug?%élgléne V\nmtnh an olefin (WD 01/98834-A1).

These materials give acceptabl e absorbance at 157 nm

but ir | i D '
Co ATRE e ar i PISSERE B, BYOIFe SO R, Eipadilod PRRRES. The
exp@kafe Mmay sba@ndene Tishg typialt| egposarefequipmert sThanexposed

f be bl end id bal b he hj gh
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phdtbreBiRaTRE Gévalbperié pidlepdbly BA d&Rea0s anelibiesolutisheomprising,
Phot oresi sts that absorb extrene ultraviolet radiation

for (exampler tetmnseihylapamenieny bidrexidgnd e deMeiRRe My, durther
con%r‘sv(\a,a gléfféecﬁé'?‘ﬁé)y kﬁg{‘\ﬁgﬂéﬁ‘% Hetihgistep ddFPBEhESpBIIEd to the

process prior to development and after exposure.

Preferably the photoresist comprises a polymer and a photoactive

compound.

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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about 13.5 nmto about 250 nm After the coating

process, the photoresist is imagew se exposed. The
wWe@xpesssiel may be done using typical exposure epCi/[BRBoN002876

The exposed photoresist is then devel oped in an

aqueous devel oper to renove the treated photoresist.

The devel oper is preferably an aqueous al kal i ne

sol ution conprising, for exanple, tetranethyl anmonium

r de. v ri r R i i
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pol ymer and a photoactive conmpound. The process of
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of gases, in a suitable etch chanmber to renove the
compasiioes glothe qresesit trivention.i r Ehese texampies @rewnet interded,

r emai.ni.n t ' f] . et i id
oS P LSBT e P PpdRuioR L R Saly 4R8Pl o
be @bhsthedd ast prowidingitdonditionsuphraaseteroe ings ivehicly rabst, be

..CF4VQa, CF4/ CE{;S,{ OZC?r 2/ Q2. [Each tof t he docunents
utilized exqlusively in,BrAgE 1o PracliGe ESPAINKRMOMN by reference
inits entirety, for all purposes. The foll ow ng
specific exanples will provide detailed illustrations
Exanfplesie et hods of producing and utilizing conpositions
of the present invention. These exanpl es are not

i ntended, however, to limt or restrict the scope of
Exdangdeiinventi on in any way and shoul d not be construed

as providing conditions, paraneters or values which _

nusTtablee 1 ihiokiszthd refractive indey of at 688 @m pb varicis pelymens with
andO rv\}:i‘t %erltt glrg&/[?snttﬁgtnin%)r(ga eI ?ﬁc’e Eréﬁga}v% |lndex. it can be seen that
conventional hydrocarbon types of polymers give a refractive index 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 sulfur, 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 shows the refractive index of at 589 nm of
various polyners with and wi thout groups that increase
wao bh@snosfisact i ve i ndex. It can be seen that conREniB2007A102876
hydr ocar bon types of polyners give a refractive index
in the range of 1.4 to 1.5. Polymers conprising sul fur
i ncrease the refractive index to about 1.6 and hi gher.
The greater the nolar concentration of the sulfur,
chloro, brono or iodo group, the higher the refractive
i ndex. At shorter wavel el QB 1 the refractive index is
even higher. Thus incorporating groups such as sul fur,
chloro, bromp or iodo Relafizableelements e refractive
i ndex of an antirefl edqialyeercoati ng conposition at the
exposure wavel ength. The antireflective coaRefrgrtive
Potyagte by fornulating a sminsti ors cor@iri sBng t Felepdl yner

i ch conprises sulfur, c¢hloro, brono or roups,
P°&{1"FF'HH??‘W%H"W§G and an abdor bi ng chronophor quﬁsg
Po@(sbﬂ&himmhan@la@@n’pound avthermal aci d gener agéf and a

nt c osition. Thejyconposition can be, and
Po@?ﬂ?&%n A eglrgscri bed in Cgrrpar ative Fornul ation Exanple
POWetWMedowdmtnri zabl e el dments in pol ymer R&Btactive

Pog@ln}ﬁ%ﬁlﬁrongﬁis G Br Index* Poly(ngthyl hexy|513
| Oxane) 43 Pol y(i sobutyl nethacryl ate) 447

POP@:zy@FH%I%'@CUﬂ%e) V 1.4539 Pol y¥t hyl ene, WN
%Y pol yvi nyl chl oroacetage) 1. 513, £y
%n,[)rg Qethyl nmethacrylate) L/ 1.517 Poly(1

"oropro yI N 1.56
Poly{2-(pheny|suIfonyl)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/c_refractiveindex.html. Presumably derived
at 20°C at wavelength of 583 nm (Na D line)
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met hacryl ate) 1.527 Pol y(nmethyl m chl orophenyl
sil oxane) V 1.56 Pol y{2-(phenyl sul fonyl) et hyl

woredoBasaiyl at e} 1.5682 Pol y(2, 3-di bronmopropyl  PCT/IB2007/002876
met hacrylate) 1.5739 Pol ystyrene 1.5894 Pol y(propyl ene
sul fide) 1.596 Pol y(p-bronmophenyl nethacrylate) V
1.5964 Pol y(vinylidene chloride) 1.6 Poly{2, 2-propane
bi s[ 4- (2, 6- dichl orophenyl)]carbonate} V 1.6056

’ | thacrylate) 1.608
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Conpar at'i ve thetic Exanple 1
mol) To the flask, was added a mlxture of 43.0 g of deionized water (DI) water,

18.0 g of acetic acid, and 127 g of isopropanol. The mixture was heated to reflux
and kept at that temperature for 3 hours. Then, the mixture was cooled to room
temperature. The solvents were removed under reduced pressure to aftford
258.7 g of a colorless liquid polymer with the units shown below. The weight
average molecular weight was approximately 7,700 g/mol, determined by gel
permeation chromatography using polystyrenes as references.

¢
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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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A three-neck 5001L round-bottom fl ask, equipped with a

magnetic stirrer, thernoneter and condenser, was
web@sgssd3wi th 136.1 g of 2-(3, 4- PCT/IB2007/002876

epoxycycl ohexyl ) et hyl -tri net hoxysi | ane (552 mmol ),

68.0 g of phenyltrinethoxysilane (343 nmmol), and 136.0

g of nethyltrinethoxysilane (1.0 nol). To the fl ask,

was added a m xture of 43.0 g of deionized water (D)
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oand k of the Sicontaining
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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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To the flask, is added a m xture of 43.0 g of

dei oni zed water (D) water, 18.0 g of acetic acid, and
wa 200893881 | sopropanol . The nmixture i s heated tRCTEE200)02876

and kept at that tenperature for 3 hours. Then, the

m xture is cooled to roomtenperature. The sol vents

are renoved under reduced pressure to afford 258.7 ¢

of a colorless liquid polymer. The wei ght average

CoBhERiIvE Fynthid Exafbie 3RPT oxi matel y 7, 700 g/ nol ,

determned by ger perneati on chromat ography usi ng
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o e added. The reaction was kep 5y p
Ifée reacti qn sol uti on was —+to \H
HO oH
O O E'D>_/ o 0 \%O‘l H

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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cooled to roomtenperature and slowy poured into
| arge anobunt of water in a high speed bl ender. The
wpodogmssidwas col | ected and washed thoroughly we@B2007/002876
water. Finally the polymer was dried in a vacuum oven.
410 g of polyner was obtained with a MV of about
30,000 g/ nol. Conparative Synthetic Exanple 2b 1000
grans of tetranethoxynethyl glycoluril, 500 grans of
neopentyl glycol and 3000 grans of PGVEA were charged
|nto a 5000 m_ flask with a thernonmeter, a cold water
: XamprE t.al stirrer. Thereactlon
mxture was heated to 85C. After a catalytic amount of
pariar antirefiectivel doating camp@snrondv@ajpe&p@r%gyaﬂﬁﬁ@b/ing Re4 g of

ponf G oA, 5L SAGHert 2B EBubeq Bond, rom
comipileat ?Vrﬂh@enﬂ f2b: Itaﬁ"fdedo .048e g)otrlbeﬂwlamﬁmmjmmsyaltt atfedO-

n wat er .and_ co t
camm%&f@mcyawt'm%@fé&% o7ng soluyod s m@fﬁ{?@&%’ﬂug%’o@m
filte@lr @ms wer e obtai ned). The pol yner obtained had a

wei ght average nol ecul ar wei ght of about 8,000 g/ nol
and a pol ydi spersity of 3. Conparative Fornul ation

Exail ﬁemné'ﬁcg%'tﬁgfénﬁggﬂgﬁiv@%a\itiﬁg fBRH@QﬁJ)ﬁ W ¥@sluated
prepar'e y drssolvin g of polymer from _
usurtg)A]?I@f EXPvAX$y20mM photoresistnfavaildie fron2 AZ® ElqutiopiceMaterials,

at t h 2b d, 0.048
Sorpéiller Bk mB artreELive G Trof LR hare aPiian was. epted on a
thinl f4}/e9 mrFTm§OBAH®WaM%Mé | frehed\Z [Electgdni© . Riatterials,
filter. The performance of the anti-refl ective coatl nq_
Somevilig) é‘N)oﬁnV\%lEC%\/él‘lau%& apd Jrakegd Av(G00°Ex §> he

antfﬂ@cﬂ{/@ﬁhﬂ/\rg@%ﬁ\‘\d F)W\ﬁ/ef I\G‘? i€ (dth . 5 86d (1©NVatue of (l) 16 Using

omer vi antireflective fi
AZ® R tAXd 1208\Vghatolesist @nzmasnttﬂm wasorpated and baésyd rat 130°C

o 5 S R bt S8 59 o

expaburdOfLC fTHe eRposmbdwater 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, 3.2 g of
benzyltributylammonium chloride, and 1500 g of PGMEA is charged intoa 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
w@bwBossasi st a 270 nm fil mwas coated and bakeRCHIB2007/002876

1300C for 60 seconds. The wafer was then i nagew se

exposed using a 193 nm exposure tool. The exposed

waf er was baked at 1300C for 60 seconds and devel oped

using a 2.38 wt % aqueous sol ution of tetramethyl

ammoni um hydr oxi de for 60 seconds.. The |ine, and Sd)%c?oom

Theggaetiamis kapkat 65 08 BEutige M NE camffioRyStiar isdrpole
temg%r‘féll'hﬂécm fs?c?ﬂgﬁ;god?gd Sh'#rge ARBESt of WHtERTA 0 Ndie speed

cacy o ottomanti-reflective coating.
bler@lent Tret pelymeniselleztedand yashed therougblyrwithh yIFinally the

aci d_di. j of pyronellitic dianhydride, 84
pd%T%ﬁ$g?%&ﬁﬁgbégﬁggﬁge§0.4 g of glycol 2, 3.2 g of
benzyl tri but yl ammoni um chl ori de, and 1500 g of PGVEA
is charged into a 5L - flask with a cqopdenser,
thermal controller and a nmechani cal stHgger.

e

nit\rogen and stirring, the mxgure is
HOokepy”atoH000C for 16 hrs. Thek 7P
Qn [ OX fr

@ B0 @, 8&Fropyl en
,' s ;
roomte e

ovd'y “Boured intP | a anBunt of water i

ature and
a high

speed bl ender‘.}'l’_h)eO ) Ps cal | ect ed d washed

t kyRuahl y whoh wat gr. Fi IIy e polymer is dried in

a vacuum oven. dycol 2 Fornul ation Exanple 2. An anti

reflective coating conposi tRobyindr® prepared by

di ssolving 2.4 g of polymer from synthesis exanple 2,

0.2 g MX-270 gavai | abl e from Sanwa Chem cal ,
For le . Kanagawa, Japan) and 0.048 g

tri et hyl anmoni um salt of 10-canphorsulfonic acid ip

18@ryatarfipctivencoalipouearaposiian 15 pranased iy disgpvingoat 9 of
poI)Irh(I-JrI flom synthesis example 2, 0.2 g MX-270 (available from Sanwa
Chemical, Hiratsuka-city, Kanagawa, Japan) and 0.048 g triethylammonium salit
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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The antireflective filmis expected to have (n) val ue

of 1.97 and (k) value of 0.16. Conparative Synthetic
wex@spssa3B 10 nl _ of diamne 3 as a 5% aqueousPGDIB2O7TN02876

is pored into a 50 m _ beaker. 10 drops of 20% sodi um

hydr oxi de solution is added with stirring. 10 m _ of

sebacoyl chloride as a 5% cycl ohexane solution is

pouring down the wall ofthe tilted beaker. Two | ayers

r

the Eﬁ%%éﬁ@hghmgyﬁs Wi a@ﬁér Ufg%nc‘j Flf)é:égl ek l?(ﬁ’rﬁé“&tethfefflﬁ@rface
between thiedediquids. dutsmgwbrmst the mluner MS;pldfeﬂmuttai the camter

a3 VR R 15 1 B Bt i e por

hanflingpar ati ve Fornul ation Exanple 3. An anti reflective
coating conposition is prepared by dissolving 10 g of
pol ymer from synt hesis exanple 3, 2 g MX- 270

(ava| loabl e f&g_r@‘n“% Cheni cal ),
benzyl Su m t riethyt a §—<T ?89&‘]*
soI ution in PGWE), 2g of p-toluenesul fonl C ac
triethylammoni umrgal t (10% sol ution in PGVE), and 46Qy
70/ 30 PGVEA/ PGVE. The solution was filtered through
0.2mm filter. Synthetic Exanple 3 10 nL m xture of
dlamne 1 nd2 1:1 ) as a 5% aqueous solution is
Co a r. 10 drops of 20% sodi um
oxi de_so| uti on is added with stir
%gcasmreem e eRAIAY COBRRRIG) i exered di, cisgabing 10 g of
polmrﬂdiﬁ sQﬁtﬂ@sfsr@(aWﬂilé 309 gtNﬂX 470 (Rdilana ko SEHWa'@dé@m&al)

separate and pol'ymer forms at the interfa

29 cwlamlbﬁnmeulfwm |tqethw§mrmmlwg gallr (d 8ffs Solutien ﬂbP@ME) 29 of
-to\r’]i%%g%@ﬂ%?ﬁg aglg# t}r/n%%hpﬁeﬁﬁrgﬁﬁiﬁh?éalf‘%%l OhtondhEMES, L4 Tsog

70/30 PGMEA/PGME. The solution was filtered through 0.2um filter.

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.

0 0 0
ooyt FQP@_M - —P”—w—LNHO—M-F‘—O e BTN

Diavine 3

RN~ N,

Diarmine 4
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washed with water before handling. oJLp j La
Darri nedFormul ati on Exanple 3. An antireflective

W@ oaBisg3ctonposi tion i s prepared by di ssol vi ngpADIRRO@H002876
pol ymer from synthesis exanple 3, 2 g MX-270
(avail abl e from Sanwa Chem cal ), 2g
dodecyl benzyl sul fonium tri et hyl ammonium salt (10%
solution in PGVE), 2g of p-toluenesul fonic acid

j | iqum salt (10% solution in PGQVE), and 46
Forti %ﬁé%. The sol uii on was filtered through 0
t
hav E rleﬁ‘lg tlve g@ilﬁg;: o b@i%h N3 ;frébé?ebsbyﬁﬂi&%ﬁ\ﬁ’ﬁ’? 10 g of

eat r than arative exa
polﬁmepﬁwmtswﬂwmmme FERgie22) (aailalgledronh Sanpa Chemlcal)

20 BEARSREH iy PV R LR BB e oo

p-tdlieridsatforic Geid trmmmmdhmdabqw%mdldnaka AGME), and 460g

70/3%8@'\4%%“@ Sy sekitandvasdHisred oSt DB Brar | on

into 4L of hexane, filtered and dried in a vacuum

desi ccator. The pol yner vvaq(groduced with a 98. 5%
yi eihe. amtirefleetive: filh is cennestachio thave (M ovalerr®2i greatesyihan

5@ %PR N2 Pol mer 3Conparative Fornul ations 4
co ergﬁ\%rrm aﬂsor’] consists of 9.21 g of polyner 3
copol ymer (conparative Exanple 4), 2.76g MX-270

c avai.l ahl e fr.o Sanvlva Chem cal ), 2g
0 triet hyI ammoni um sal t (10%

C it 49 P hepA dhe Bardate o B TV BIPH AT ERRThaategpm!

tetrZﬂ{r&@fdPéﬂ@%PﬁB/Ed 25NRIBN e 8biBlhetDin tHait Srdisro e urieround

I s" shown_ bel ow.
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
o o} (0]

(0] (0] o o

(o} —_
K‘ K@ 12hr, reflux under N2 S ©
OH OH

Polmer 3
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MX- 270 DbS/ VBh3N PTSA/ Bh3N Synt hetic Exanple 4. 25g of
benzyl nethacrylate, 25g of hydroxyethyl nethacryl ate,
wQ@200g/08f135ul fi de nmononer 4, 500m tetrahydr of UPGNIR2084)02876
and 2g AIBN is conbined, in that order, to a 1L round
bottom fl ask. The solution is refluxed for 12hr under
nitrogen. After cooling, the polyner is recovered by
precipitation into 4L of hexane, filtered and dried in

Co,ﬁPg(,%ﬁy ffbﬂﬁﬁlaﬁﬁfi‘é r. The reaction schenme for this

bel ow. 2wt % ocrrfo.)Al BN 5rri

gg&é‘%b%%bt???}& %}]5; %ﬂ 91%]1316;)* PW B@olﬁmefr (GSeraratlve

Examplé gaf 2.269! yMXr27f(r orfawjlableet rfmnexeﬁmivea 3,ChenTiégl), 29

MX-270 (a e from Sanwa e
docguBRgBSHEPILER ey At nnp oGS PEME) 29 of p-
toluéﬁééﬁlfdﬁfb hBidAfMRylam@oRiun? shirl (Yenesolufioniie RGME), and 460g

triethylamoniumsalt (10% solution in PGQVE), and 46Qy

70/3@)P§cM Bciihe f‘l’ﬁ@“'ﬁ@?'ﬂrﬁméh'ﬁdﬁmﬁﬁ”f??ﬁ %h‘ﬁ’l"'bE’@'S’M’r e
is shown bel ow. MX-270 DBSA/ BhSN PTSL/ Bh3N The
formulation is processed in the sane vvay as in

Ld(kon

Conpar ative Formul ati on Exanple 2. Exa Fornu

5 0. 05¢g PM phenyl nE e- co- .

net hacryl ) oftoom Si gma- | ch Co— —cSt Low

M ssouri , %di‘j@l ved in 70/ ﬁg{copyl eyI col
r

nononet hyl et t at e/ o yEeneg
nmononet hyl et her. After fil ter| ng, the solution was

spin onto a 4in silicon wafgks at 20Q0rpm Baking,
caused sone

Svynthetic Exampile 4.

25g of benzyl methacrylate, 25¢g 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
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fogging of the filmso a filmwhich was only coated
was used in the VUV-VASE anal ysis. The vari ati on of
wo beshssiex of refraction through wavel engt hs | BCHIB2WI/002876
in Figure 9, where it is clearly evident that the
i ncorporation of sulfide noieties increase the index
of refraction especially in non-absorbing areas
conpared to silicones and organic material s. Exanpl e

E ' 0. 05g Pol y(2-vinyl thi ophene) from
Exclfd ¥ onl@ianga ) P00 7Y b V0! 30 PaVEA POVE. Aft er

e OPLofulzBp Fonist A 71D, oAb flon Syl Efiple 3.

2.76¢ ARy 0aaldilable @oal Gained hewiibal)/ASE. dddedgtbeogylsulfonium

. refraction thro wayel engt ails exhihited in. .
ey g EONIGM, ol o1 De (S0IoBa PORIFR A o iESulrBric acid
triethPaAfrdriai it Ofoos sbluties iINMPGME £ andB0REEE 30 IRGMEAUXGME.

of refraction especially in non-absorbing areas
Thecformpulatian fer this| preerdse dhehawmBelow. nat eri al s. Exanpl e

Formul ati on 7 0.05g Pol y( pent abr onophenyl

nmet hacryl ate-co-gl yci dyl nethacryl ate) from Al dz) ch

was dissol yed in 5nL cycl ghexanone. \After filt\efing

t he sﬁ\(ﬁl\iﬁqﬂvjé];spun gegonto 4 ihch si 19 coh

waf erghat 2900 Fi | % baked-&t 2500C¥pr 60

seconds) and ¢ he al uat by VUV-AASE. Ind of

regTRGYi on t ouglf havel@nghh dat Jexhi biged in
11 where it7is cPearl¥ evidént that the

i ncorporation of sulfide noieties increase the index

of refraction especiall y"™f non- aps@rdi ng afess:
conpared to silicones and organic materials. Exanple

F ' 8 0.0 Ly Vi i.de- ca- Vi :
T Ritlebhdt Brokpsest 408 syirlipy il iEGoRParti R quiaton
Exathpled.ved in 5nl ethyl lactate. After filtering the

solution was spin casted onto 4in silicon wafers at

2000rpm Fil m was baked at 2500C for 60 seconds and
ExdrhiSie FoYmultdibA® by VUV-VASE. | ndex of refraction

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.
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t hrough wavel ength data is exhibited in Figure 12

where it is clearly evident that the incorporation of
wa@doBiogEa3nDi eti es i ncrease the index of refrack¢DIB2007/002876

especially in non-absorbing areas conpared to

silicones and organic materials.Clains 1. A spin-on

antireflective coating conposition for a photoresist

conprising a polymer, a crosslinking compound and a

Exér,hgrerm{m@atgng%nerator where the polynmer conprises at
onal nviety capable of increasing the
refd #'chﬁ @Wﬁﬁ%thﬁgﬂﬂeﬁ@) Eilrbtn'l FRBHSS ke dfé%@tv‘eagln 5mL 70/30

tIO toayv ueeua or greatert an 1.8 at
PGMEWE’GME rAﬂieraﬁltemmgdbedoMon iwasgspun omte pinchailieongyafers at

2o 38 U, 207G, B e GRS Bl et

VUVW)ASEeﬁhId&k of Zefraldtienamiough fwaelength datwssnmlhu&doh Figure 10
claim1, erethei"refractlve nde in th range ofh
wheTsgLs dlegrly evideptihap tas Mgoreratioll sufidedppigtes Hetsas® the
ind&% &P PsttdctisA é%fpeEiaﬁi/ A hoRlabdorbihi§ Bfedd'orpared! Bnslicones and
noi ety car) I ncreasing the refractive index is
orga(@)materlas\mere n is an integer, -(S2K a halide, or
is selected from-(S)-, -(S95)-, -(SS9S5)-, and
-(-S S-S 5)-. 4. The anti refl ective conposi tion of any
Exampledformiudstion 71 to 3, where the conposition has a
absorption extinction coefficient (k) value of about
0 10.05g &’bMper&aBron‘ioph'éhyl methace;ﬂateed:o-glchdvhpemacndmebfrom
one, of cl ona
AR ae sigronasCior gy detisraibte; AHPHIAMEIES SluLBR s spun

cOdté@ B ANALN SRic6R WRER S02000HAT il ad! IfiRidi &t 2507Csfor 60
substituted and unsubstituted Rhenyl substituted and

seqondabendt thesy evaluated by VUNSYABE: eidgxd of refigstion utheeugh
wa%]%ﬂ@ﬂ: Hz%t lsaéﬁﬁﬁi{éot E‘f ?ﬁ{lﬁ?dﬁu IHARS G fs“Fl%erVWHéW'that the

nsu ed heteroc ic aromatl c
mconplmgatlornont aulfide gmbisties da¢crease $bé dodex oﬂ rrefractigry eapecially in

non—aE)so ing’ ar%gls fc:om’pared t%osrﬁPc'o%aets PG r&gﬁ ic ?r?étenals.

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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6. The antireflective conposition of any one of clains

1 to 5 where the polyner further conprises a silicon
worpi0ensg13mwhi ch can be a sil oxane.7. The antir ePCEDB200002876

conposition of any one of clains 1 to 6, where the

pol ymer conprises a sulfur noiety and a silicon

nmoi ety, which can be a -(S) n- noeity, where nis an

integer, and a sil oxane noiety. 8. The antireflective
(nwﬁgpp05|t|on of any one of clains 1 to 7, further
——conprising a crosslinking agent and a thermal acid
generator 9. The conp03|t|on of claim@8, where the

%SF; 'IE)BEIan ﬁr%&g,? ve Icpgts Ct ﬁgﬁ'@? ngyr::Egb ot fbes?st coanpnsmg a

poIW\hé?y'a amséﬁﬁkmgmvmpcamﬂ anoxa/ thefinmest a@au gmeraloocmere the
i socyanates, and diviny nDnoFe e compositio
ek e

pO'Y@‘I'efaﬁ?/“BH%eSofat deastneng faﬂ‘aw@a PB' Pﬂ%a &i of
refractive Shaek &t fh’éOHhﬁr@ﬂQ&Iv@”bééﬂnbscohBSMhaﬁ &8, a value equal or

erivatives of benzene sulfonic acid salts, and
greater thaat 1.Beat expassp radintion: used fomineaging dhe Fhptpregist anpd at

R TP RADHE, Pl oo T fr

imagmg’pbsphotoresiét any one of clainms 1 to 10; b) coating
and baking a photoresist filmon top of the
antireflective coating; c) imagew se exposing the

2. phaherfirstlectide compRsMBhNE diim MR@RetetHe @fractive index is in
photoresist; e) optionally, baking the substrate after

thef&f@%@(@@@“h@ 8ip@Aboul2:5. The process of claim 11, where
the i magew se exposure uses immersion |ithography. 13.
The process of claim 12, where nunerical aperature of
3. | efheiantireftestive onnippmlhogroapm}mﬁsogﬂewheﬁe thedungtional moiety

capable of increasing the refractive index is —(S)n-, where n is an integer, <(SOz)-,
a halide, or is selected from —(S)-, -(S-S)-, -(S-S-S)-, and -(-S-S-S-S)-.

The antireflective composition of any one of claims 1 to 3, where the
composition has a absorption extinction coefficient (k) value of about 0.1 to about
0.3.

The antireflective composition of any one of claims 1 to 4, 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.

The antireflective composition of any one of claims 1 to 5, where the

polymer further comprises a silicon moiety, which can be a siloxane.

40



WO 2008/038131 PCT/IB2007/002876

7. The antireflective composition of any one of claims 1 to 6, where the
polymer comprises a sulfur moiety and a silicon moiety, which can be a —(S)n-

moeity, where n is an integer, and a siloxane moiety.

8. The antireflective composition of any one of claims 1 to 7, further

comprising a crosslinking agent and a thermal acid generator.

9. The composition of claim 8, 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.

10. The composition of any one of claims 8 and 9, where the acid generator is
selected from iodonium salts, tosylates, derivatives of benzene sulfonic acid salts,

and derivatives of naphthalene sulfonic acid salts.

11. 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 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.

12.  The process of claim 11, where the imagewise exposure uses immersion

lithography.

13.  The process of claim 12, where numerical aperature of lens in immersion

lithography is greater than 1.2.
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