5 SEPTEMBER 2005 THERMALLY CURED UNDERLAYER FOR LI THOGRAPHI C APPLI CATI ON 5
FI ELD OF THE | NVENTI ON The present invention relates to deep UV |ithography
used in sem conductor manufacturing and nore particularly t 'B%Mé’@g‘m%
| ayers for chemcally anplified bilayer resist systens. 10 BACKGROUND TO

phot ol | thog ?Jp'h.“tﬁ%ﬁé%&ieéﬁ%@h%ﬁtﬁ%ﬁbﬁﬁgﬂ@ﬁe%”

i nterconnecting structures on ICATOMN ¢ devices. Until recently,
g-line (436 nn) and I-line (365 nm wavel engths of |ight have been used for
the bul k of mcrolithographic 15 applications. However in order to achieve
smal | er .di nensi ons of resol :ﬁéeﬁ ok hﬁ-j \?Enn n i ght used for

m crol i ?hography in sem congde ¥R uew"T has been reduced into the

deep WV regions yid &é@eﬁm.mtﬂ&s remtesThe BEap! By \mﬁdgrg h{ Qugieehn W

wavel engths is that resists used at the higher wavel engths” were too

absor bent aemzondustensianufectutingsand moee garticuriyt tol unrzdaerdeaplaWrsl faght

wavel engt hs, new resist. . terials | ow optical absorption and enhanced
sensi ti vi tlde’frﬂié?@y aH@i’H%@i "@:}ﬁ%rnﬁeééﬁwsygﬁﬁﬁ ified resist materials have
recently been devel oped 25 through the use of acid-labile polymers in order
to neet the above nentioned criteria. They have shown great prom se in

i ncrea3dng resol ution. AEKGROLINDITERTHE= INW IQN resist systens have

many shortcom ngs. roblemis_ stan ve effe i ch occur when
nonochromatic i s'gf%qroge& g'(ﬁ“ﬂ& Progction: gg%%ﬂ r“'@?l%ﬁ’ﬁ@é’%??'&‘?e during
30 exposur &yrotBgsdLIITBESiMS I agtide Sldiie BRI lh%rbbﬁné&ﬁgsﬁtrﬂ&%@@%n ,
resolution and causes linewi dth variations. For exanpl e, standing waves in

a positive mrcneelet:trhamei@/la@wdenhg/retcenﬂ)esgjllme (486anlrrr)cancet-llmé1(a365 nm)
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15  applications. However, in order to achieve smaller dimensions of
resolution, the wavelength of light used for microlithography in
semiconductor manufacturing has been reduced into the deep UV regions
of 254 nm and 193 nm. The problem with using deep UV wavelengths is
that resists used at the higher wavelengths were too absorbent and

20 insensitive. Thus, in order to utilize deep UV light wavelengths, new resist
materials with low optical absorption and enhanced sensitivities were

needed.

Chemically amplified resist materials have recently been developed

25 through the use of acid-labile polymers in order to meet the above-
mentioned criteria.  They have shown great promise in increasing
resolution. However, chemically amplified resist systems have many
shortcomings. One problem is standing wave effects, which occur when
monochromatic is reflected off the surface of a reflective substrate during

30 exposure. The formation of standing waves in the resist reduces resolution
and causes linewidth variations. For example, standing waves in a positive
resist have a tendency to result in a foot at the resist/substrate interface

reducing the resolution of the resist.



| 5 SEPTEMBER 2005 In addition, chemcally anplified resist profiles and
resolution may change due to subst rate poisoning. Particul ar I% this effect
occurs when the substrate has a nitride layer. It is believedEPREMBER2095,]
N-H bonds in the nitride filmdeactivates the acid at the nitride/resist

| nterface. For arbaRafioh! Reffiediy! ambiigd 188Kl bofidls Ahd RSIURIE fhga. and
either resist scummng, or a foot al the resist/substrate interfate

Furt her nor echéngdngeaﬂmhsmba&!necnoismihgs Paﬂmulaelyt }ﬂmsoéf&ﬁtocaaddws varmephl fied
resist layer be t . m ri sub 0.18 10 m
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chemi cabl y pogitive regist; dus sesultsrlormtunso@:bdmpsea sancheitteert e e scommingl aks had
to be renoved, which in turn decreased the etch resistance. 15 Utilizing an
under | ayer %"raLfPR)té‘téﬁﬁtre$'§Vﬁﬁ'qsﬁré’tte itedPSRed on the substrate before the
chemcal anplified filmis applied can reduce the above-nentioned probl ens.
The undercoat absorbs nost of the deep W |ight attenuating standi ng wave
effects. | n addi Fudhermdre, uhthegcagtic paepe«:tt gali®s desagiinev athieorchafmichky aci d

Cayer” can- cambiied Zesis BYan ke R, rdpabBaro 5 it douin s etnce RS h ¢ ne
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substrate mcal ly anpli |ed resist 1s then applied on the undercoat
| ayer, expossisthnceleeph thatiregikt inamge teatetespeah be tfamsferreddesn into thee
chemcally anplified re5| st topcoat. The bilayer resist systemis then
pl aced in aWNOKiRG SHPELAE- et'%g("%‘fﬁﬂ i R 1Q Jestease; RS ceodt e t he
ar eas \Aherecﬁé}ﬁ.c‘én wﬂf.bw régRt, 'afrbﬁ%tnb%?béés mh%eﬂﬂors@rm%%mkst% 30
devel opnment em cally anplif resist in a | ayer systemtypically
cont ai ns sifo bereranded SNImbbsn ahheietomeaﬁemﬁt@emhmgylgtanqel asma et ching by

15

Utilizing an underlayer or undercoat film that is placed on the
substrate before the chemical amplified film is applied can reduce the
above-mentioned problems. The undercoat absorbs most of the deep UV
light attenuating standing wave effects. In addition, the undercoat prevents

20 deactivation of the acid catalyst at the resist/substrate interface.
Furthermore, the undercoat layer can contain some aromatic groups to

provide etch resistance.

In the typical bilayer resist process, the undercoat layer is applied on

25 the substrate. The chemically amplified resist is then applied on the
undercoat layer, exposed to deep UV light and developed to form images

in the chemically amplified resist topcoat. The bilayer resist system is then
placed in an oxygen plasma etch environment to etch the undercoat in the
areas where the chemically amplified resist has been removed by the

30 development. The chemically amplified resist in a bilayer system typically
contains silicon and is thus able to withstand oxygen plasma etching by
converting the silicon to silicon dioxide, that then withstands the etch

process. After the bottom layer is etched, the resist system can be used
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converting the silicon to silicon dioxide, that then withstands the etch
process. After the bottomlayer is etched, the resist system can be used 2 5
SEPTEMBER 2005 for subsequent processing such as non-oxygen FEMBER200
chem stry that renoves the underlying substrate. Even though the undercoat
attenuat es starg:ll ng waves and 5 %bstrate Bm S oses ot her

it
pr obl ens. HPF Sy LRRRSSSY M SYGY 8 S08rYEE ; ng@téméﬁﬁwmataml ified

resist sol vrgmovggrmﬁ RBALH ,hb dumRtatd S interm xing between the top and
under coat | ayers, e reso dtion and sensitivity of the top resist |ayer

will be detrinmentally affected. 10 In addition, if there is a |large

difference in the index fract vveenthe chem cal lified resi st
and the underco Vqrhy PUQL éﬁ‘? W prcqaéf @itgpug@ t?‘@”g'ﬁﬂer"&%‘éﬁrgpl a0dr causi ng

st andi ng “@%sﬁéf&ﬁééohﬂhﬁt hepds%%'&her pr-BE)'ib'“‘msth?rsf %gl'né)%ﬁé% an? é?é the
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i ndex of refraction of th h}woﬁl ayer

o acts vl SteBfid Slueat b spBLsad, diddedhalbRbn e TriSlem Thdrar ¢ hey

are 50m9t's@r§|t'ﬂlﬁ§?’o@?r$é’fdiﬁr@sls@%@éﬁﬁllgédé?ﬁrﬂéﬁ%ﬂ@tdf@&téﬁ aromatic groups. 20
Some sem conduct or manufacturing deep UV exposuré tools utilize the sane

wavel ength of light to both expose the resist and to allgn the exposure
mask t

the | t d t t
absor bg(ﬁt et hgy szl'(g%?% 'I?EiB?%EeesﬂfZ@dléégef & eﬁ%ﬁ%‘%:ﬁ%ﬁﬁe 'Qg%lﬁéjfa{%{r@%ﬁ%?ed to be

usef ul . Fbve%f@éenlthetaeerﬁraaeraﬁ%tﬁeuabé%istlawﬁme ARTEFRRAUapEO UGt wiliandi ng 25
waves may occur. A fornulator must bal ance these conpeting objectives.

addi ti on, s'eﬂ@ctmfﬂme:cadsrq@méayﬁérqaupmstphdl@gaN@te;ﬁffee@u isttheoesisto pl asrra
chem’stry e e onparable to
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Furt her nor ée FRide WEssaiilly rAs®hSor &0Have tRAr afROENESs Minipfiged, and

15  the imaginary portion “k” of the index of refraction of the two layers must be

optimized to minimize reflectivity effects.

Another problem with undercoating layers is that they are

sometimes too absorbent because of incorporation of aromatic groups.

20 Some semiconductor manufacturing deep UV exposure tools utilize the
same wavelength of light to both expose the resist and to align the
exposure mask to the layer below the resist. If the undercoat layer is too
absorbent, the reflected light needed for alignment is too attenuated to be
useful. However, if the undercoat layer is not absorbent enough, standing

25 waves may occur. A formulator must balance these competing objectives.

In addition, some undercoats have very poor plasma etch resistance
to plasma chemistry. The etch resistance of the undercoat should- be
30 comparable to the etch rate of novolak resins in order to be commercially

viable.

Furthermore, some undercoat layers require UV exposure in order

3



3 5 SEPTEMBER 2005 to formcross-1inks before the radiation sensitive resi st
topcoat |ayer can be applied. The problemw th W cross-li C

| ayers is that they require |long exposure times to form suf Iwgﬁhz(agg
cross-links. The | ong exposure times severely constrain throughput and add

h d . The W | s al d
provi de. unitp v Rieslineareib™ K PBRmLi Gy < oReeRdoie T B rmy be
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under coat ers are cross-linke t.he robl emwi th
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cured undercoat | ayers in l'i thography utilizing conpositions

cont ai ni ng CO@@HQéOQISMBUWIOfﬁm@WQ)ﬁaﬂ|S@@@ed@ﬂl§a’f@ﬂ§ t hermal acid

gener i/d conmpounds and am ne crosslinking agents. The

hydr oxy=functionalized polynmers proposed for use in such thermally cured
underl ayer 25 cop@masi indsieodgebeare ernelinRIsbpheatin eerwE@éthﬁéW ate
(BPMA) and 2- hydroxyet hyl met hacryl ate (HEMA), generally enployed with a
t her mal amrdblgenewélmﬁh\@seoupdema{ﬂmrsm:ﬁhas togy | reei§l highs gueng and an

indor cont (Y02 RRpant 19 AT KFles el M RE B! o0 R eku 78

order to be commercially useful, undercoat layers should be curable at

15  temperatures below 250° C and for a time less than 180 seconds. After
curing, the undercoat should have a high glass transition temperature to
withstand subsequent high temperature processing and not intermix with

the resist layer.

20 Therefore, it has recently been proposed to utilize thermally cured
undercoat layers in deep UV lithography utilizing compositions containing
certain  hydroxyl-functionalized polymers, thermal acid generating
compounds and amine crosslinking agents. The hydroxy-functionalized
polymers proposed for use in such thermally cured underlayer

25 compositions have been copolymers of biphenyl methacrylate (BPMA) and
2-hydroxyethyl methacrylate (HEMA), generally employed with a thermal
acid generating compound (TAG) such as cyclohexyl tosylate and an

amine crosslinking agent.

30 However, such proposed thermally cured undercoat (TCU)
compositions have presented the following issues:
(a) solubility and compatibility of the current generation 248-nm TCU

in common edge-bead removing (EBR) solvents such as

4



(a) solubility and conpatibility of the current generation 248-nm TCU in

common edge- bead renoving (EBR) sol vents such as 4 5 SEPTEMBER 2005

propyl ene glycol nmono methyl ether acetate (PGVEA), ethyl |w¥EBIEMBER| 2005
et hyl ethoxy propionate (EEP), and the |ike; (b) standing waves presunmably,

under coat wit h subbePAERedco e Ry tRel aher RESAREESREA Bl o 2 the

TCU i magi ng | ayer latiate i BLYr. fetieg etAdxy Proplith 06 OPESS i eCiikEposi ti ons,
al t hough optical constants were able to be reasonably matched, standing
waves and scummng at the TCUIL interface could not be totally elimnated.

Addi tional ly, i 0 i Qnat e s been
proposed as ut Y(p} z%gbgﬁpﬁgv%soéhegﬁ%I%BE‘H@X%E%E%% §H@&1ugﬁ¥¥$%h ggdress edge
bead regmovi ng 15 chstica® pararakices (n MMB K) Df figd usedbat Withaceepbabhrdas a

| i t hographic solvent. SUMVARY OF THE | NVENTI ON Therefore, it is an object of
the present inventimaginglayesiildeanth EBR conpatible thermally curable

pol ymer that is useful for an undercoat 20 conposition and |ayer thereof
whi ch avoi ds or reduces the aforenentioned drawbacks. Another object of this
invention is to(grsaunimirspatthe TORVimEdiyg layer db) mt@daysrer to provide an
undercoat |ayer which is cured at tenperatures |less than 2500 C and for a
time of |ess than about 3 mnutes. It is a further object of this invention
to proy de an u i i | ubl resist's

sol vent systom ot BT P U FpbSgRs FRUR iR LS BAR RERLT

conpar abl eable tw\Wwe aksasobabsr matdhédy staedingpjnactes, arail saoimgieg anthd eat ures
of the present invention shall becone apparent as_described below. 30 The

present i nléi/llointeracs FRelderpting ttalbariratiied.i| HREitoRaley e theursml e
pol ymer cogpazith|PREERSR brpishdteYANAP) WAL 833 pFPYRd"additilizable for

solubilizing the TCU polymer and to address edge bead removing

15  characteristics, MMP is not generally acceptable as a lithographic solvent.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to provide an EBR

compatible thermally curable polymer that is useful for an undercoat
20  composition and layer thereof which avoids or reduces the aforementioned
drawbacks. Another object of this invention is to provide such a thermally
curable polymer to provide an undercoat layer which is cured at
temperatures less than 250° C and for a time of less than about 3 minutes.
It is a further object of this invention to provide an undercoat layer which is
25 insoluble to the top resist's solvent system, minimizes reflectivity effects,

and has an etch rate comparable to novolaks.

Other and further objects, advantages and features of the present
invention shall become apparent as described below.

30

The present invention is directed to an EBR compatible thermally

curable polymer composition comprising a novel hydroxyl-containing

5



5 5 SEPTEMBER 2005 pol yner, an ami no cross-linking agent and a thermal acid
generator. The thermally curable polyner corrp05|t| on may be dissolved in a
solvent and wused as an undercoat |ayer in deep W Ilthograﬁ BER 2005

addition, the present invention also relates to a photolithogr aphi c coated

Sbstrate GOMELST 80 AaSUASLT Aling BNETRI | Yosir 80, Wdergot, gqupositi on

on the sub draFadration- &St L AN st t hermal | y

cured undertn@ahanmnﬂﬂﬂéIpajrym&ucmpbmba mahePERSBREd ihny 8Bhedh dndr t her
relates to a process for using the photolithographic coated 10 substrate

for the prdbﬁ%ia%)ﬁndfndteéq??%f'aléqrr'{]&eﬁpééV Ifegrgehyners generally useful in
accordance with this invention will have the general fornmula 15 20 25 0O
-{-RO R wherein RLis Hor nethyl; R2 is the substituted or unsubstituted
C6- C1l4 mryl acriyl addition, tGe- ;ﬁééeatrmweﬁﬁ@ﬂnmwramsgwahMmmgra phie
substituted groups 30 may be phenyl, Cla al kyl or Cl al kox I's hydroxyl
functi onal |czqiqjed;1sq§hstraéqa k«ﬂmarcﬁ'pg afe SUbﬁ'@é@Wacﬁ vihatraalby cgee%lwctﬁrwafgr oup, R4

is a Cl- ClO @8@ % ﬁ{é”‘@ﬁgﬁ%t@l @ﬁldeg rad tfo?w %éhét.tﬂi SR stotfogtcrg%‘{sno% to 5

with the prow erée are ho nore than t car nthe [-R

40_1P gr ounhegtheRBwans' aur@li- uﬁd@rddame@jmpbsla@ﬁhedﬁ@the@rh@?é ctrid yrksent
substituted or unsubstituted C6-Cl4 aryl, 35 or substituted or unsubstituted
C7- 015 aI i dp¥etomItheE ap1aéRs toam@reRass fapsEing the riwtgldhographigBeatedis to 35,

and o | abﬂ]‘ﬂst%g %@, AR prgq%tg;&e gqlgpstrr‘rqég&e% 5 SEPTEMBER 2005 percent

ranges are m The aryl groups in the above
mentioned definitions are preferably C6-C 0 aryl groups, and nore
pref erably phenyl groups. The nol ecul ar wei ght of the polyners of

The polymers generally useful in accordance with this invention will
have the general formula
15

20

25

wherein R' is H or methyl; R? is the substituted or unsubstituted Cs-C14 aryl
acrylate or Cs-C14 aryl methacrylate group wherein the substituted groups
30 may be phenyl, Ci4 alkyl or Cy4 alkoxy; Ris hydroxyl functionalized C4-Cs
alkyl acrylate , methacrylate or Cs-C14 aryl group, R*is a C4-Cio linear or
branched alkylene; p is an integer of from 1 to 5 with the proviso that there
are no more than thirty carbon atoms in the [-R*0-], grouping; R’ is a Ci-
C1o linear, branched or cyclic alkyl, substituted or unsubstituted Ces-C14 aryl,
35  or substituted or unsubstituted C7-Cjs alicyclic hydrocarbon; and m is about

40 to 70, n is about 15 to 35, and o is about 15 to 25. The preferred mole



this invention will generally range from about 8,000 to about 100,000, 5
preferably from about 10,000 to about 24, 000. Conponents m and o i art
absorption, solubility and crosslinking functions when appl $§EP'5§M§E
material . Each monomeric unit is focused on one of the three functions

i sted aboy t ve 1 | on, nor a one nction. Thi s.
i npact is d&p %%ﬁ rﬁﬁs%ﬁg?%gn 'Oepoiglgﬁc @naé]d ?mlfs %Q I Spéﬁ)s '®hangi ng
t he anount tl@é mnﬁfentlbﬁéﬂe§@ﬁﬁlﬁ&1§))arénpr@fetriil@lyf(% ) aamrgr\baby phasna etch
resi stance and absorbance, which will strong var%/ he opti cal par anet er

k, whose iM@neuRIeERrabY BheﬂWéJrPéPFecﬂ_hérfn@@ﬁtJ%IWQig W%P@W%ﬁrs ofhe
S0l ubi |1ty R0 lan LA GEALANG AR RERPRbET AEeomaclBas Norggs obr 1 2t e

conNDnNoNers n foss erm ne t he'anbunt of

mononers re;pe%eabﬂyécbrbxab@ultnowm) abah@tmr,rmoba General ly, for 248 nm
m crol i thography the optimumrange of values for refractive index (n) and
conplex index (k) are about 1.56 to 1 76 and 0.125 to 0.275 respectively 20

DETAI LED DESCRI P EMRCODL VELN, of d h Y ion we
obtai n such EBR%%%‘ 6@{% Nﬁt h&r ndl y cur o?g&?rf’ﬁ“gy %?lgéll'dyngmrjmnorrerl C
units in theogginkimgy funktibns avteerdapplisedst®d TCnfatetifle Bathbhbhodmeabsor bance

characteristics. 25 Preferably, such npnoneric units are provided in the
pol ymer f r &ttt BefoCHBRS Ry @”étquﬂ“@n%?‘?é%’PCtmnéyltﬂt%é‘@Pé‘ﬁeFIUt MRANAEVE| at e

(EGDCPMA‘) s%m&?ﬂgégtfcgr g{r}ber\é"(thgy f@ﬁg}tﬂchﬁnuw éemﬁo?(lqo Indrerm B?Ct‘ﬁgl ate

(BPMA) and hydro ave three tormul ae:
7 5 SEPTEMBBRc#Zizdhohomge nmitedeindnenimpioyaky €hanging thls-@muummttoﬂ mopbmgrded by
using the ngSPer;%rnteda%?/t an)llr?tt ee%rmgflaéc%%n varly Sllglsma etch resistance and
absorbance, which will strongly vary the optical parameter k, whose
influence is on the reflection control of TCU material. The solubility and
15  eftch resistance can be optimized by choosing appropriate comonomers n
and o. The crosslinking rate is determined by the amount of monomer
represented by n in the above formula. Generally, for 248 nm
microlithography the optimum range of values for refractive index (n) and
complex index (k) are about 1.56 to 1.76 and 0.125 to 0.275 respectively
20
DETAILED DESCRIPTION AND EMBODIMENTS

In accordance with this invention we obtain such EBR compatible

thermally cured polymers by providing monomeric units in the polymer that
are desighed to modify the solubility/absorbance characteristics.
25  Preferably, such monomeric units are provided in the polymer from the
monomers ethyleneglycol dicyclopenteneyl methacrylate (EGDCPMA) in
combination with monomeric units of biphenyl methacrylate (BPMA) and .

hydroxystyrene (HS), that have the following three formulae:

cn;
EGDCPMA

¥ 9_\/}_/

2\( \‘\‘ HZC-CHJJ_ 2" _@U
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Acs' 5 as the polynerization nononmer in the polynerization reaction mxture
and, after the polynerization reaction has taken place, diluting the
reaction mxture with nmethanol and sodi um et hoxi de i n net Wﬂ“(l@.;&&m%)%
solution) for nethanolysis. 10 The phenolic OH functional group in PHS w |l
be responsible for cross-linking reaction with a nelamne or glycoluril
type of cross-linker and the ethylene glycol group in EGDCPMA and phenolic
f uncti onal Igrgﬁmralnthenusirnnystpmeoﬁ&)somiuiﬁ piawdddby usires ther asmloneet s

pol yet hyl e col o thyl ether acetate (PGVEA) , ethyl lactate ( EL)
, et hyl h%%?go%ﬁg\ﬂﬁaﬁgggsgsg (EEP) and the like. The absorbance at 248-nm
can be cont“tC | ed through terpolynerization with acetoxystyrene by
adjusting thelratio between biphenyl nethacrylate, acetoxystyrene and the
et hyl ene gly functionalized nononers 20 The thermally curabl e pol ymer
conposition cghprises a hydroxyl- containing nononmeric unit. Any suitable
hydroxyl contatning polyner may be used such as polymers conprising nonomer
uni ts of hydroxystyrene hydr oxyal kyl acryl ate or hydroxyal kyl

et hacry| atgs xaapsizaliof wdmhher Wl AyREkYbIGRISAIR GhlRs BAGT Y1 at es
nononer units are hydr oxyet hyl 25 acrylate or nethacryl ate,

3- hydroxypraﬁwlth@cpplyamerlm’uormerébmmoyll hne, takenhpldcexiuting ther yeattoror

A

acryl ate orsgiidmaFoy htlti®am@PSEEr units contains primary hydroxyl groups,
al though secondary and tertiary alcohol 30 groups or mxtures of prinmary and

secondary or primary, secondary and 8 5 SEPTEMBER 2005 tertiary al cohol

b d, Suitabl f . h
> hydr Sypropyl 8 ﬁw“' 58 SHel AL StodtS TR Yyt s TeSadnsbl dor
4- hydr oxy pedrbyd- nm% réh@tléﬁ WifBt ) S ke or %Wﬂfrmwdeezsvbr@fstw@tr%noor

nmet hacryl ate, and ke. The preferred hydroxyal kyl acrylate or
the ethylene glycol group in EGDCPMA and phenolic” functional group in

PHS may promote solubility in the ester-solvents polyethylene glycol mono
methyl ether acetate (PGMEA), ethyl lactate ( EL) , ethyl ethoxy propionate
15  (EEP) and the like. The absorbance at 248-nm can be controlled through
terpolymerization with acetoxystyrene by adjusting the ratio between
biphenyl methacrylate, acetoxystyrene and the ethylene glycol

functionalized monomers

20 The thermally curable polymer composition comprises a hydroxyl-
containing monomeric unit. Any suitable hydroxyl containing polymer may
be ueed such as polymers comprising monomer units of hydroxystyrene,
hydroxyalkyl acrylate or hydroxyalkyl methacrylate. Examples of suitable
hydroxyalkyl acrylate or methacrylates monomer units are 2-hydroxyethyl

25 acrylate or methacrylate, 3-hydroxypropy! acrylate or methacrylate, 4-
hydroxybutyl acrylate or methacrylate, 5-hydroxypentyl acrylate or
methacrylate, and 6- hydroxyhexyl acrylate or methacrylate and the like.
Preferably, the hydroxyalkyl acrylate or methacrylate monomer units
contains primary hydroxyl groups, although secondary and tertiary alcohol

30 groups or mixtures of primary and secondary or primary, secondary and

8



5 nethacrylate is 2-hydroxyethyl acrylate or nethacrylate. The hydroxyl
cont ai ni ng pol yner should conprise aromatic nononer units toﬁﬁ)a £ Q 6% Kk
of the resist, preferably biphenyl acrylate or nethacryl at é,s apht ny‘?‘ 0
acrylate or nethacrylate, and anthracenyl 10 acrylate or nethacrylate. In
addi tion, RV PRl GQReN U I further
conpri se rr:t)%@a r%Ldrzli?‘toé r?%?ﬁb?gngég ch:iOI ésftazé} eggﬂu (l:ryloﬁlcs%bronlrdrjgﬁ%acryl I C
acihdI to nalla{acdhlmnse arﬁl lIbIhyedhrij/p'mplyl Huylatbl@ necthaphtatef Irbpdrmosybutyilt s,

et hyl ene gl yc met et her acr te and, nefhacryl ates, ethylene glycol
phenyl et h@%@@ﬂ%&%\f&?%ﬁ%ﬂa& at é‘é‘?thi@'yiﬁt%t %D’@F@‘Yb%ﬂ Cf@{y| ~ et her
acryl ate and mREDRGIMIAT 854 aMe GiRe | iThe- £gr L1y ogpri sing
uni ts of hydroxystyrene, b?gtﬁenil met ha Fy%gte ggclg%y%g*lcggm%ntggneyl oxy)
et her d&erylnetesctade isrBthalroyyethglsadngate ar metisrylateer age nol ecul ar wei ght  of
about 8,000 to 40,000, nore preferably 10,000 to 24,000. 20 Suitable
solvents for the undercoat include ketones, ethers and esters, such as

2- hept anone, cyqglhghexanene. sRwisae o8l omsagt e ate,
propyl ene gl ycol net h@i e?her acet'a e,p t hyl Iac?ayé,m‘)er%tﬁgl érﬁ%@%‘te,

met hyl 3- metdroxger opito tatbajartenetd i of2hpyresist,i pteferablgt iphemd &5yigits/col

nonoi sopropyl ether, diethylen | ycol nonoethyl ether, diethylene glycol

i et hyl . eCheMEieEYREe | inERhRY) %ﬁ@@ntqroﬁ‘?tggﬁ"ﬂ;&t@ @BEY%%%%H bl e
thermeld y GURAREE or PRIYREEryGAIPOShT haditioWhited HRYmMBRy USREbieCTpdIgh et ng an
undercoat |ayer in 30 deep” UV lithography. The thernally curable polyner
conposi t i ocompmgdicns ewyaalspdiusthelr -corrrisenmegopus ryusts, obiathmten glyasss- | i nki ng
agent and a, thernal,. acid generatqr. and sol vent. n the congosition is
neated. AR REARYICR Befinay ik SrodRinats BTk olg ol BiBT o the o
5 SEPTEMBERxaR{e st i{dHyphé Onmits Ardth@efé Ogi§cdll Ridthg é@\@ﬁtaérz@lﬂétérﬁw in a

very strong electrophilic group. This group reacts with a hydroxyl group on
t he methacrylates, ethylene glycol phenyl ether acrylates and methacrylates,

15  diethylene glycol methyl ether acrylate and methacrylates and the like.
Preferably, polymers comprising units of hydroxystyrene, biphenyi
methacrylate and  2-(dicyclopenteneyloxy) ether acrylates and
methacrylates have a number average molecular weight of about 8,000 to
40,000, more preferably 10,000 to 24,000.

20

Suitable solvents for the undercoat include ketones, ethers and
esters, such as 2-heptanone, cyclohexanone, propylene glycol monoethyl
ether acetate, propylene giycol methyl ether acetate, methyl lactate, ethyl
lactate, methyl 3-methoxypropionate, N-methyl-2-pyrrolidone, ethylene

25  glycol monoisopropyl ether, diethylene glycol monoethyl ether, diethylene
glycol dimethyl ether and the like.

This invention relates to an EBR compatible thermally curable

polymer composition, which may be used for forming an undercoat layer in

30 deep UV lithography. The thermally curable polymer composition
comprises a hydroxyl-containing polymer, an amino cross-linking agent and

a thermal acid generator and solvent. When the composition is heated,

the thermal acid generator generates an acid that protonates the

9



hydr oxyl - cont ai ni ng pol yner formng a cured cross-linked polymer matrix. 5
Any suitable am no cross-Ilinking agent may be used in the present

application such as nethyl ol ated and/ or nethyl ol ated and et mePFRTEYBER 2005
mel am nes, nethyl ol ated and/ or nethyl ol ated and etherified guanam nes and

the like. Bhefiéridl e dn@ifbN @ré$Nhskihg nb%ﬂt agapithghaKe a heergeraionl
formula: 1 R7/ 15 N R wherein Y is NRIOR' or a substituted or
unsubst i t utelectTphdics gieyp. orThds - @®UParedadts gwishpa hydrorg geowp 1omrtee

i ndependent hydr n or a group.of the formulg - oH or - CH20 R12
wner ot n- 3OS RO Rgrkoing} iR <10 et POTMER Imasle o
sui tabl e nel am ne cross-1inking agents are nethoxyal kyl nel am nes such as

hexamet hoxymet hyl mel am ne, tri et ho_xi.mat hyl mel am ne, )
hexamethoxyet hylAy avitalle amistor eiessHioxing agent may e need in the present

hexamet hoxypr el am.ne, penta oxypr | el am 25 and, the |ike. The

preferred r%pi'%{ﬁ nc?".b?‘é.-?? nmert%ngfé‘g%q< 5%‘9’%&%%@ . N I?W&” 'ﬁ1dne.

Preferred anbRANRESSHctIBhtEdiMdForahfath\WEEHIEW Mnde b tvarifed Cch@stdrhinker from

Sanwa Chemi cal Co. Ltd., Kanaxawa- ken, Japan, Cynel 303 and Powderlink from

Cytec | ndusand ¥ likestT Raprefeged, amitonchsisslinkingdagghts hane the geoedalgener at or

of the present jnvention has the general fornula: 10 5 SEPTEMBER 2005 O
I5tmula’

10 R e
R7/ Y TN\Rg

15
wherein Y is NR'°R"" or a substituted or unsubstituted Ce-Cia aryl or C1-Csg
alkyl group; and R® to R'; are independently a hydrogen or a group of the
formula —CH>0H or
-CH,0 R"* wherein R is an alkyl group of about 1 to 8 carbons.

20

Examples of suitable melamine cross-linking agents are

methoxyalkylmelamines such as hexamethoxymethylmelamine,
trimethoxymethylmelamine, hexamethoxyethylmelamine, tetramethoxy-
ethylmelamine, hexamethoxypropylmelamine, pentamethoxypropylmelamine,

25 and the like. The preferred melamine cross-linking agent is
hexamethoxymethyl-melamine. Preferred aminocrosslinking agents are
MW100LM melamine crosslinker from Sanwa Chemical Co. Ltd., Kanaxawa-
ken, Japan, Cymel 303 and Powderlink from Cytec Industries, West Patterson,
New Jersey.

30

The thermal acid generator of the present invention has the general

formula:

10



11 R13-O-S ---~, R16 0 5 where R13 is a substituted or unsubstituted al kyl,
cycl oal kyl or aromatic group wherein the substituted group is a hal ogen,
al koxy, aromatic, nitro or amino group; and Rl4 to R18 are 5ﬁ@@ﬁ¥#ﬁﬂﬁkﬂw5
sel ected from hydrogen, 10 |inear or branched Cl1 to C4 al kyl, al koxy, am no,
al kyl am no, aryl, al kenyl, hal ogen, acyloxy, cycloal kyl, or annul at ed
cycloal kyl, aromatic or heterocyclic. Thepreferi®ed thermal acid generators
are cycl ohexyl p- toluenesul fonate, neogthyl\p-tal uenesul fonate, bornyl

p-tol uenesul fonate, cyclohexyl {riisofropy, xenesyi fonate , cycl ohexyl

4- met hoxybenzene 15 sul fonate. Ror Pr \ ne | acid generators are
cycl ohexyl p- toluenesul fonate, nenthyph p-tQ nesul fonate and cycl ohexy |
2,4,6- triisopropyl benzenesul fonate. Annuated ptans that the cycloal kyl,
aromati § or heterocyclic ring is 20 connected onto the benzene ring of the
thermal acid generator such as, for exanple, the annul ated aromati c shown
bel ow Annul ated aromatic 25 The thermal acid generators described above

Thermal " aci 8196 Bonds 21 SHESUBHRE o L BRRS IR Al SudSRRNL LY B "and
t hey cannotgroppaghéed the Sebstisaedidronp® alhaldyedl, Aty 28roitn MO HRE it

generator. The thernally cyyabl e,pol ymer conposition preferably contains, on
a 11 5 SEPTENBERII®OS anst B $oR dsasadidepeagently selectedbfom hydgogaind nore

bt e 1o (BT u Brah a6 "o et YRR A VP BP o Rleail'® AU
conposi ti onhalggdn ef aeabky  cyerulkyd, ter 28nmdlated apgtisaikg, PariAaas! Yrabout 3

to 6 wt. % The anount .
heterocyclic. The preferred thermal acid generators are cyclohexyl p-

toluenesulfonate, menthyl p-toluenesulfonate, bornyl p-toluenesulfonate,
cyclohexy! triisopropylbenzenesuifonate, cyclohexyl 4-methoxybenzene
15  sulfonate. More preferable thermal acid generators are cyclohexyl p-
toluenesulfonate, menthyl p-toluenesulfonate and cyclohexyl 2.4,6-

triisopropylbenzenesulfonate.

Annulated means that the cycloalkyl, aromatic or heterocyclic ring is
20  connected onto the benzene ring of the thermal acid generator such as, for

example, the annulated aromatic shown below

Annulated aromatic

The thermal acid generators described above should- not be

considered photoacid generators. Any sensitivity that the thermal acid
30 generators would have to UV light should be very poor, and they cannot

practically be used in photolithography as a photoacid generator.

The thermally curable polymer composition preferably contains, on a

1



5 of the thermal acid generator in the thermally curabl e polymer conposition
Is preferably about 0.5 to 5 w. % and nore preferably about D
The thermally curabl e pol yner conposition of the present invseﬁlf']igﬁlf‘ﬁ]}m&%j
not begin significant cross-linking until it reaches a tenperature of 10

about 50 C. . oyl - el bel I rmation
2t T oom t eniSEs SRLice A, FHRRF7p 0 S5, OF, A B PR RG00 B2 10 47
resul ts in wonYuof frytirexyd abntegsingnoolymee. W itk armanmtadf s aatinosgosthe
substrate when the thernmally curable pol yner conposition is used as an
under coat | #dPd3gent dpothe ﬁ@gmﬂhﬁwgwem%'vmeés@mppw%m'P&fe&@@w el at es
to a photol L haos 3phioGy L oAthH m%‘u‘é’?{réf%?@o& fut 3! 1095 w3 %‘!b?h{eaérﬁouﬂt
thermal |y cured undercoat conposition on the substrate, and a

radi at i 6n- sehthet iheemakacistgenapatoatin tme thdvmallyezurableyp dyned congersitizat

conposition, The thermally cured updercoat 20 conposition conprises the
thermal |y cBrRif eéagtylfi}aﬁ%ﬁ %%Fﬂ)gé’ﬁt %ﬁ”éﬁ%‘?re E'Sﬁ%gg%%bo&“ @r%-l %cont ai ni ng
pol ymer, an ami no cross-linking agent and a thernal acid generator that has
been heated to forma cross-linked matrix. Any of the polymers described
above may be use@hagheimeallyhguhabiey polyordraiompasipon winthe p2dsert énysreent

invention further relates. to. a process for using the photolithographic
coat ed subs?'?%‘mg Y rbagip Sfﬂ%qu?dﬁi%ﬂs%ﬁ”'?'ﬁg iUEHil dreaehes estereReRatysi Ay t he

steps qp: PaRYIdispe Ehe BfRfiehht RPGAMNiNg COabGA 580DET FthLiead TBIGY S€
exposi ng thé ér!%ttgisgt [ on-seﬁs?lt %vfe resi st It%pcoat tg g%tl ni'c %aod [{gdggt I on; and
form ng a rismstionmageocbyn demglespiung wiectr adill atécduves éasshel difer esGel t opcoat
with a deve} oper. to fO{tm.open ar.{sas in the radiation-sensi E.i ve resist

topcoat. |In'% HONGESUlty &N PREFYRIIGTY CORUWS AR _r“@Sa‘f“dé'Z‘)rYﬁﬁ_é 'PRORCHRE®  be
renmoved in {aes@pamtaneaen e ttﬁ@rn%lgeéﬁﬁsg pEJhl i PSSR 'ié’@s?@%sﬁ 125

SEPTEMBER 2005 topcoat by any suitable process such as oxygen plasma etching
t o form an an undercoat layer in microlithography.
15
The present invention also relates to a photolithographic coated
substrate comprising: a substrate, a thermally cured undercoat
composition on the substrate, and a radiation-sensitive resist topcoat on
the thermally cured undercoat composition. The thermally cured undercoat
20  composition comprises the thermally curable polymer composition that
comprises a hydroxyl-containing polymer, an amino cross-linking agent and
a thermal acid generator that has been heated to form a cross-linked
matrix. Any of the polymers described above may be used as the
hydroxyl-containing polymer.
25
The present invention further relates to a process for using the
photolithographic coated substrate for the production of relief structures
comprising the steps of: providing the photolithographic coated substrate,
imagewise exposing the radiation-sensitive resist topcoat to  actinic
30 radiation; and forming a resist image by developing the radiation-sensitive
resist topcoat with a developer to form open areas in the radiation-sensitive
resist topcoat. In addition, the thermally cured undercoat composition may

be removed in the open areas of the developed radiation-sensitive resist

12



image in the thermally cured undercoat conposition. One advantage of the
thermal |y curabl e polymer conpositionis that 5 it nmay be cured at a
tenperature of |ess than about 250 C and for a tine |ess t harsEdMBERF00S
seconds. This nakes it particularly useful as an undercoat |ayer for a

comror ci A1 SUSHUEN o BRERRR B AS ek SRR Bl £ 8P g RN M o 11 on

is cured atinaganetas theemallgcwranuidé cbat 25Mp6sitiod. 10 more preferably between
tenperatures of 180 to 220 C. The preferable cure tinmes are from about 30
to 180 seconds and nore preferably from about 60 to 120 seconds. Both the
under coat and t | atd an- g 1 it r N y applied
to a substrate @”i%g{\ﬁﬁ%@gﬁ?ﬁgé%@%rﬁgﬂ@mﬁ@%ﬂ%@ﬁfﬁ&@%&w Ifssgtlrh?tt)i lized in
an orgafi c isolayerd cared dtheternpeiatge ofelgsbehamppbiedsdy Cspnd faroatinmg,
di ppi ng, knife coating, |am nat ig, Pr,ushi ng, . sprayin and reverse-roll

ge

J y 7
coating. THes<&RAN myouki @hesson @én’é‘@égﬁyt R?&M%RX/&ISG&! 3% @bout 0.1
to nore th ; W . or the
Fadi at i on- Shger AL IBEE rBbS! SR AGRTRIbRIRE ok conSirdfie Oy
| ayer. Aft aeretihgporiaat ifog copenatciadniability. s&referdbly s theg ¢manallyycumnyed by
curing or drying. Suitable solvents for both the undercoat and top

radi ati on- £ GeMPositieg ip&ered shierrRiyes batwaes, 150 etV hRedt er s,
such asgn et HTFéng i y. 6 (2- t

cycl opz%t anrﬂ%{g, Ege%%lbgﬁgggﬁeoene, [-yérrrgltnﬁgg;%fliﬁpdr(%;g?gng? alcc:@t% a@%?é]%ble

2- met hoxy etdua dimes2 aree ffloox \adoluarddl to 286tderopds mid amtapreferablyetiomxy- 2- pr opy
| acetate, 1,2- dinethoxy ethane ethyl acetate, cellosolve acetate,

propyl ene ABPEPOER 1RORSCORYE et her acetate, propyl ene gl ycol nethyl et her
acetate, nmethyl Jlactate, ethyl lactate, nethyl pyruvate, ethyl pyruvate,

et hyl 3- nethoxypropi onate, N-nethyl-2-pyrrolidone, 1,4-dioxane, ethylene

gl ycol nonoi soBatpytheetuhdercodi eard lte@eragiatioolsensitoet bpmpashtiens diret hyl ene

glycol1513 u%if%?rﬁ?;la\é%%ﬁego?g a substrate by known coating methods. The

compositions are solubilized in an organic solvent and the coatings may be’
applied by spin-coating, dipping, knife coating, lamination, brushing,
spraying, and reverse-roll coating. The coating thickness range generally
covers values of about 0.1 to more than 10 um and more preferably from
20 about 0.1 to 1.5 um for the radiation-sensitive resist and about 0.3 to 3.0
um for the undercoat layer. After the coating operation, the solvent is

generally removed by curing or drying.

Suitable solvents for both the undercoat and top radiation-sensitive

25  compositions include ketones, ethers and esters, such as methyl ethyi
ketone, methyl isobutyl ketone, 2-heptanone, cyclopentanone,
cyclehexanone, 2-methoxy-1-propylene acetate, 2-methoxyethanol, 2-
ethoxyethanol, 2-ethoxyethyl acetate, |-methoxy-2-propyl acetate, 1,2-
dimethoxy ethane ethyl acetate, cellosolve acetate, propylene glycol

30 monoethyl ether acetate, propylene glycol methyl ether acetate, methyi
lactate, ethyl lactate, methyl pyruvate, ethyl pyruvate, ethyl 3-
methoxypropionate, N-methyl-2-pyrrolidone, 1,4-dioxane, ethylene glycol

monoisopropy! ether, diethylene glycol monoethyl ether, diethylene glycol

13



mononet hyl ether, diethylene glycol dimethyl ether, and the |like. The

sol vents enpl oyed in the undercoat and top photoresist conppsiti 1 be
chosen with a view toward their conpatibility with the pol yﬁéﬁ"#@w#"st he

undercoat and top photoresi st conpositions. For exanple, Thtchoice 5 of

sol vent f OFnér{b‘?nf’mF QRIS %qe@graa%sbgykelndﬁﬂgt NetRENCEM AL! Qi t hepgof

depends princi pa on the type of “functionalities'incorporated in the acid

| abi | e pol goents Bepidyetcomciheg gedecasbandand phmocssidti cgmpesitiods wihie
sol vent should be inert, should dissolve all .the conponents in the
phot or esi sP® &Pﬂfﬁlndw b@ ﬁ'ﬁ}ﬁ’eﬁod‘@rar@e'ér?é’m%aailé"?téd’&'ﬂi‘ gﬁemm@rhéesqon
conponent s 1aNdngBRYYLE e tb%‘;ﬁi%YBV&@t?:mpgéiMbHQ qﬂf&reéxé%ﬁ’&lk', Ahtdiice

radi ation-sensitive resist topcoat of the present invention may e any
sui t abl5e r atlisahviemb-fertise tphotonesist siompasitian taygi thed Icpnaertnatmre dhéreofanpl i fi ed

(i scussed PRPENSS sBarEY ascies oty 5 EingRul el sne e din 8 95 o a

bi T-ayer T el SYGHRI HODHARGAAH! QISR ke HEToBlingl bRt atflesi | con
to protect 1t fromoxygen plasma etching. The radiatidn-sensitive resist
wi || al so soleat nstoydhobeairiedt, 20ogdndisapivey {IPAGE conpomedis Tihe tRAG

conpounds be of an itaple type such as sul fonium.or iogoniumsalts,
n!trobenzy%é@r@f@{' ﬁ%U%SUPPoHQPé OeS?@YsciﬁH“Fﬂ'e anigbpnn}%'f altq‘?, t he PAG
will be pressiponehts #d 3RBUWARLbOfe-AtNable op dQ%JPassd-Mlinghe wei ght of the
pol ymer. 25 Any suitabl e photoacid generator conpounds may be used in the

phot oresi st conposition. The photoacid generator conpounds are well known
and i ncl ude, forT exanp oni um sal t
[

|.e such as.di azonium. sul.foni um
201 f oxont um and THedaaiHnSr LN sk BHEPaher hairrasTbin Eie S dbAl
gener at or gaNRAYNYSitME Miditiopssshsither rexiafip! & id ntypleafpt £néhetfidday- 5558978
and 5468589 which are incorporated herein by referéence.” Suitable exanpl es of

phot oaci d gemdifietgesishsensgitive tacgdiafon ity deepAdMeaegidnosiatteas theseoi n
p-tol L%%nesgksfcgggé in .S ngéntt%gse,nfigzl,‘}ﬁ aSnEcFEg %Eg %g.o%?eferably, for a
bilayer resist system, the radiation-sensitive resist will contain silicon to

protect it from oxygen plasma etching.

The radiation-sensitive resist will also contain a photoacid

20 generating (PAG) compound. The PAG compounds may be of any
suitable type such as sulfonium or iodonium salts, nitrobenzyl esters,
imidosulfonates esters and the like. Typically, the PAG will be present in

an amount of about 1 to 10% based on the weight of the polymer.

25 Any suitable photoacid generator compounds may be used in the
photoresist composition. The photoacid generator compounds are well
known and include, for example, onium salts such as diazonium,
sulfonium, sulfoxonium and iodonium salts, and disulfones. Suitable
photoacid generator compounds are disclosed, for example, in US-Patent

30 Nos. 5558978 and 5468589 which are incorporated herein by reference.

Suitable examples of photoacid generators are phenacyl p-

methylbenzenesuifonate, benzoin p-toluenesulfonate, ¢-(p-toluene-

14



sul f onyl oxy) nmet hyl benzoi n 3- (p-tol uenesul f onyl oxy) -2 -hydroxy-2-phenyl -1 -
phenyl propyl ether, N-(p dodecyl benzenesul f onyl oxy) - 1, 8- napBtSEPTEMBER 20051
N-(phenyl - sul fonyl oxy) - 1, 8-napt hal i mi de. 5 Qther suitable conmpounds are

0- ni tr obenzal dehydes Whl ch rearrange on actinic irradiation to give
o-nitr osobéH'fQj?Yéo’a/dF@éh)dD@'hzcaé 31(p-teluansserfonyigenyddvaery-2-phenyl-1-

2,6-nitrob pdgxg Io [b%!?w '
a,a a-tri c or og enbne a@;&q&’éc@ er %ﬁé?é'@' ﬂé 1 ? agmhoarh(r)rélggt ophenone,
and sul f onand das(m"rc-myo&utﬁemwdx;oxyaaydmh@lmones 10 such as

2- hydr oxybenzophenone net hanesul fonate and 2, 4- hydroxybenzophe none
bi s(nmet hanesul fonate) . Still other suitable exanples of photoacid

generators are %%%ﬁ%ﬁgb%@hﬁgﬁ%gm rqﬁ?b&ﬁiémﬁﬂzé%u“'h&w um chl ori de,

triphenyl sul fon tr enyl sul foni um uorophosphat e,

tri phenyl stédraarigenon betaitlivadiatdos ¢matve, o-nitiquobeykesid! dcds sach as 1-
hexaf | uor oarsenate, tri ph%(r;ill sul f oni um trifluoronmethanesul fonate,

di phenyl et HWOQG’PF%W?UWeéW PrutrobgRaak Y&WWP@GY'PB%”W%%P@M de,
phenacyl te%%%{‘&%ﬁ?ﬁchl ‘?BQ gﬁ%ﬁ&#é’éhg e?‘t @&g

ni t r ophenacyl'tett ahy rot A A g T hydr oxy- 2-
met hyl phenyldrnexabtycetophlanopqrayrhd slmﬂfomhleeterslef ondrhwach:&mmloeeSpf sui tabl e
photo g&g }2orsfor use in this jinvention ar

0I ueh

bi s( p MF?GY%?@PRQO”MWP%W‘WEﬁ'“dz%“-
t ol uenesul hg(?% ?%) & bis &Mﬁhé’sdﬂf‘dﬁé‘té}“ fonyl-1-(1,1
sul tonyl")

di net hyl et I azonet hane,
di et hyl et hyl sul f onyl )d| azonet hane, b| s( 1 rret hyl et hyl sul f onyl ) di azonet hane,

bi s(cycl ohexyl s azomet hane, 1- ol uenesul fonyl -1- 30
cycl ohexyl car bogy{ 8%’2') qaﬁggxamaleﬁeq]fr@]oﬁ%ac(lggenerator are
tol uenesul frwh),@meh@m%ma%e aqdnéwmelJn%mm%emM (s‘&x1fon§um
met hyl t hi opr opi ophenone , 2, (p-tol uenesul fonyl Jpent-3- one,
1-di adé-1| - meindwItepihér@ﬂymlfamqmmaﬂgommmsohete Zrigienylsulfonium
hexafluoroarsenate, triphenylsulfonium hexafluoroarsenate,
triphenylsulvfonium trifluoromethanesulfonate, diphenylethylsulfonium
chloride, phenacyldimethylsulfonium chloride,
phenacyltetrahydrothiophenium chloride, 4-
20  nitrophenacyitetrahydrothiopheniumn chloride and 4-hydroxy-2-

methylphenylhexahydrothiopyrylium chloride.

Further examples of suitable photoacid generators for use in this
invention are bis(p-toluenesulfonyljydiazomethane, methylsulfonyl p-

25 toluenesulfonyldiazomethane, 1-cyclo-hexylsuifonyl-1-(1,1-
dimethylethylsulfonyl)diazomethane, bis(1,1-
dimethylethylsulfonyl)diazomethane, bis(1-
methylethylsulfonyl)diazomethane,
bis(cyclohexylsulfonyl)diazomethane, 1-p-toluenesulfonyl-1-

30 cyclohexylcarbonyldiazomethane, 2-methyl-2-(p-
toluenesulfony1)propiophenone, 2-methanesulfonyl-é-methyl-(4-
methylthiopropiophenone, 2,4-methy1-2-(p-toluenesulfonyl)pent-3-
one, 1-diazo-1-methylsulfonyl-4-phenyl-2-butanone, 2-

15



5 SEPTEMBER 2005 (cycl ohexyl carbonyl - 2- (p-t ol uenesul fonyl ) propane, 1-

cycl ohexyl sul f onyl - | cycl ohexyl car bonyl di azonet hane, 1-di azo-_1;

cycl ohexyl sul f onyl - 3, 3- di net hyl - 2- but anone, 1-diazo-|-(1,1—é%EPTm“BERsz
di et hyl et hyl sul f onyl ) - 3, 3-di net hyl - 2- but anone, 1-acetyl-1-(1 5

met hyl et hyl sul f | ape, ¢ di AR 2sul fonyl ) -3, 3-

di met hyl - 2- but éggﬂé%gﬁﬁé@g{)q@&ﬁ%‘é’%ggﬁﬂ%ﬂ}ﬂﬁr%&%ﬁjﬁpﬁmt hyl -2- but anone,
1-di azo- 1-(p-t (ltllyammulsftfnwlfl)1d3'cmexylcaﬂ3dnyﬂdxam?m,ethqna;I1odrazy+1-
benzenesul  onyIAEBTERIS-NOMYD IS K Z5PL B ARBE n AUSEA T oy -acet at e, 10
cycl ohexyl 2-di hon s by . qdi1@zo- 2- (p-

t ol uenesul fOI’]W?@%&@?@?F’S%?ﬁIﬁ ?ggj]eﬁtzrﬁieﬁg?tgg?ul}éﬁgéﬁl tgﬁgttygjdg, 6-

di ni trobenzyl prethyisthgsulféromaiazor@ethadenil ichabenzip-topienesulfonyl)-3,3-

ot oo o R a o1 g B S b S ey -
-tris(3, 5-dibr QjmaAon@,lyﬂa%&sphﬁswdnlm@ﬁ@ﬁnﬁ)r@nda-lmethyn-z-buéa%ne,-

N-(2,4,6-tribromophenyl)-N -(p- toluenesul fonyl)urea. 2 e phot oaci d
gener at or conpaycstbhexyt 3diazal2y(pdotpeogedfony!lHeetatantammbstydR-ddoal- 0. 0001 to

20% b i ght qf I | i nd f bl b 1%t 0% b
S I s S St R R oA L R A
added 49 the Z5cRIMEQI 23iaro-SYEREhEs Qibny AR RASB LRSI X gz 35k -addi tive

is to scavenge protons present in the photoresist prior to being'irradiated
by the actini c toluadiestiifonyl)athtateadaifpolarayl p-tatuenesudonatel, @6+age of the acid

| abi | e groups .t he undesirabl e acids,, {hereby increasing the perfornmance
and stability Cﬁ 'trtoﬁgnFQﬁ'QgewlfS’Q?geer?t-%‘g?zn'gf’gﬁ%@ B'n the conposition
shoul d be 30 Sitgfﬁhéﬂo@ﬁé{h?meh%\@ésmﬁ%mé‘he phot oaci d generator because it
woul d not be desirable for the base to interfere wwth the cl eavage of the

acid labile groups after the photoresist conposition is irradiated. The

preferigd range oot NfiRAESAARR BBt EReRISRPL: 1o about 3% to 50% by
hexafluorotetrabromo-bisphenol A, 1,1,1-tris(3,5-dibromo-4-
hydroxyphenyl)ethane and N-(2,4,6-tribromophenyl)-N'-(p-

toluenesulfonyl)urea.

20 The photoacid generator compound is typically employed in the
amounts of about 0.0001 to 20% by weight of polymer solids and more

preferably about 1% to 10% by weight of polymer solids.

In an additional embodiment, base additives may be added to the

25 photoresist composition. The purpose of the base additive is to scavenge
protons present in the photoresist prior to being irradiated by the actinic
radiation. The base prevents attack and cleavage of the acid labile groups

by the undesirable acids, thereby increasing the performance and stability

of the resist. The percentage of base in the composition should be

30 significantly lower than the photoacid generator because it would not be
desirable for the base to interfere with the cleavage of the acid labile
groups after the photoresist composition is irradiated. The preferred range

of the base compounds, when present, is about 3% to 50% by weight of

16



16 5 SEPTEMBER 2005 t he photoaci d generator conpound. Suitable exanples of
base additives are 2-nethylimdazole, triisopropylam ne,

4-di net hyl am nopryi di ne, 4,4'- diam nodi phenyl ether, 2,4,5 5($‘F%TW9FR2005

i mdazol e and 1, 5- diazobicyclo[4.3.0]non-5-ene. 5 Dyes may be added to the

phot or esi st ' S ' f . e i L4 ctinic
radi ati on V\t/zg%g‘fﬁedggéﬁa ﬁ%@%b"i%ﬁ dr%’gjt'1 %Hgﬁégne%@%(%ngog?ﬁ %ﬁbgﬁggnust be
capabl e of amet Rstattdilingdaiuie prtoicesopytzonidie! | 4dsnemglaminognadinel hedhal
treatments.  Exanples of suitable %iyes 10 are flugrenone derivatives,

ant hr acene YamineAiPheRY!lor eﬁb%ne 8rd va W'Rj&'.yl olmazoieci A dyds-that are

sui tabl e f%a?i&&%ls !.§.b]r?d?{rﬁ%?{eti ons are described in U S. Patent No.
pho

5593812. The toresi st conposition may further conprise conventional 15
addi ti v®s such as adhesion pronpoters and surfactants. A person skilled in

the art will be able to choose the appropriate desired additive and its
concentration. TH¥ES MAYBE @Hdﬁgrt?ﬁ'é‘? pBchgﬁeéé f%'%r%?%g?sap%?rpf'%rﬁfng a

pattern on e &%Eegﬁaﬁ%_em@hEeﬁh;eor%erdtfo%swtabslefngm.ovw ORRRE mdteps:
a ph ne of th

application of otoresi st coating conprising conpositions
descri bed ghmsen tioe cohpasithst and enustnegenapskleeapeghstanding te poateissg t o

St Skt e, SRRl e B B E L BB ER, o
radi ati@n dirasmiorenbhemdriatiess sahptdcahe e ARes BossteRBOISNATVEL

structured coating remains on the substrate. For the production of relief
struct ur es,Othes  speltitic i dyess thadi aiey suitables fori photaragisthi @enpegtiersl dre act i nic

radiation. The term ' | ew se' e 30 includes both exposure through a
phot omask c‘%ﬁﬁcé'})ﬁfjr{@ %ggg@%ﬁa%%§%qzatter n, exposure by nmeans of any
sui tabl e source of actinic radiation, such as for exanple, a conputer

control l ed | aser_beam which is noved ] )
The photoresist composition may further comprise conventional

15  additives such as adhesion promoters and surfactants. A person skilled in
the art will be able to choose the appropriate desired additive and its

concentration.

The invention further relates to a process for forming a pattern on a

20  substrate which comprises the following process steps: application of a
photoresist coating comprising one of the compositions described above to

the substrate; imagewise exposure of the coating to actinic radiation;
treatment of the coating with an alkaline aqueous developer until the areas

of the coating which have been exposed to the radiation dissolve from the

25 substrate and an imaged photoresist structured coating remains on the

substrate.

For the production of relief structures, the radiation-sensitive resist is

imagewise exposed to actinic radiation. The term ‘imagewise’ exposure

30 includes both exposure through a photomask containing a predetermined
pattern, exposure by means of any suitable source of actinic radiation,

such as for example, a computer controlled laser beam which is moved

over the surface of the coated substrate, exposure by means of computer-

17



over the surface of the coated substrate, exposure by neans of conputer 17 5

SEPTEMBER 2005 controll ed el ectron beans, and exposure by - or
oAbk 3105

W rays, through a correspondi ng mask. The inmagew se expo
acid in the exposed regions of the resist which cleaves the acid labile

groups resdhirblied iele@rdiPbyams. %af&dg%u?&%@%éaﬁe!dmkﬁa@ Y)EiLP@'r%?’s after

i mgewi se 5 exposure, the chem cal nplified resist w e subjected to a

post exposhnosigheatcongsppedingenask hathe/imagawisg expgdigeegendrataseacitdi on of
the photoacid generator with the acid |abjl roups. Affer .i magew se
exposur e ath_bltr&%%xﬂga‘?d;rﬁgﬁpﬁeﬁtfh& retsljﬁﬂ, Vﬁ@?br‘ﬁ’ﬁ%{es %ﬁ?t‘aﬁ@t %%IS_S% “Bfeas of
the top radbaitieg i 8drh¥ewhrbi istaqticdut)Rilank! YrypemyedaBy inthgsoiset i on in a
aqueous devel oper. The choice of the particul ar "devel oper depends on the
type ofS phexpeesgiest thei whpaicalyukarplibiedt Fesishatilirze csubjeetegoty rerposisi n or

t he photol ysis product.s gener at The vel oper, cajp conprise eous

sol uti ons gﬁ(pgagrgsg\pghmﬁéqﬁg}eﬁ&p@t 1%“%%&/88?@’?%%65 %@tﬁgg%“qnhg?ggﬁ may have
been added pnBasddid denetatoPivRh @hd did dBNEelGPPRIs are aqueous al kal i ne

sol utions. These include, for exanple, aqueous solutions of alkali netal

silicates, phosphates, hydroxides and carbonates, but in particul ar of
tetra al kyl anmonj um .hydr oxi des, and nor.e ef erab tetr t hyl anmoni um
hydr oxi de (T!\/Al-l)r}%‘fyqrfmﬁaegsqm%%,expﬁléﬁ 9gpyar§85§ﬁgirpaﬁsuﬁpgig$ & g agents
and/ or1(Pr gané CegPdaerNtsre6dnoflthe b6p AMREbA-9ehdifve Rt i8Sty pidifly

radi ation-sensitive resist used for the bilayer process descri'bed "above
wi |l typi cagmpvednbgi dissolutiooninod Ranecss | developacor pbeacbdicenot thee 25

resi st after deyel nt. After,.imges, are farned in the r.adiatiaqp-

Gonsi (i ve. PRCTEIET FREEbsrdinerios, o AR wBbrarigthiesidl: i adiatlaf bhitis

envi r onnenta6EPbF Shebalkeehesa dhaie Photaipsier pyietts gahengedi | frhbe _
renoved in the area unprotected by the resist. The silicon incorporated in

the radi at (dGNEPRS| €AWV CORRISR ANYERESSPOILEONS dIfokPEES iRewhith@Sganico an 30
oxygen ! agaR A oPRkEFES tdiBof ARdyPhald BELREJMEL! BRI BRltef8L! ©f

developers are aqueous alkaline solutions. These include, for example,
aqueous solutions of alkali metal silicates, phosphates, hydroxides and
carbonates, but in particular of tetra alkylammonium hydroxides, and more
preferably tetramethylammonium hydroxide (TMAH). If desired, relatively
20 small amounts of wetting agents and/or organic solvents can also be

added to these solutions:

The radiation-sensitive resist used for the bilayer process described

above will typically contain silicon or have silicon incorporated into the

25 resist after development. After images are formed in the radiation-
sensitive resist, the substrate will be placed in an plasma-etching
environment comprising oxygen so that the underlayer coating will be
removed in the area unprotected by the resist. The silicon incorporated in

the radiation-sensitive resist forms silicon dioxide when exposed to an

30 oxygen plasma and protects the resist from being etched so that relief

structures can be formed in the undercoat layer.

18



structures can be forned in the undercoat |ayer. 18 5 SEPTEMBER 2005 After

t he oxygen plasma step, the substrate carrying the bilayer _relief str ure
is generally subjected to at | east one further treatnent sténgPm]&ﬁﬁ es
the substrate in areas not covered by the bilayer coating. Typically, this

can be inplant atAmd} e %x?g’é}‘?"rﬁlasmgeﬁ@?g%é’rklms_tr‘%'ﬂé’téy?fyli TR &iljkr ON the

substrate or an etching of the substra This is usual foll owed by the
renmoval of rehef stagitste isqgsnengllyf swected toudideasit ene Yyitloa trgatment step
fluorine/oxygen plasma etch, The previously proppsed copol yner conprising
BPVA and PERRCH Sha035s 36 SHBFES e ATER G A ERROY dif Al BHPECSBAont o ang
li thographifgpa@liyenkis eu¢hbasnipRkAsiofrlofaBddbpsnt. i k&posltitsh b damenkr gr oup of
HEMA was used as’ the crosslinking functional group. In the preferred

t er pol yaver nodteriak opribsesibstiate @itarefchiegrelf tha subrsprats.merhis asrpisiuglivng BPVA,

AcSt (whic urther .. et hano t Q. p-hydroxystyren ). .an GDCPMA, t he
apvm uni ¢ oeked B B FoRBIaLdnRE BEsReoHIEINE K Pt AR R vl ue
of the undesfigyie/oxydes fES4nétehi n the pol ymer has two further roles in
addition to its roles of absorbance and plasna etch resistance. It provides

the functionality for cross- linking which is nore effective than the

hydr oxy functio Ity I , aondl e HS as. it t 0X nene
precur sor copol ;ﬁLer !pi%\ggyggg@ﬁpg}?%ﬁ%%gé"@m, MRAPEY @ﬁ%e@%ﬁﬁé’%ﬁo‘ék
naturei®f BRubR i A0S Iof UREUE BROEoRPRIIBR sole8Atse BRANERodraphRoksbehist Y Of
the polyner. The 3 d nonomer, an ester having at |east one ether |inkage,

enhances saélughias tRGWIEAdily aed thpdikendhedydrexytigrovr of StEMA voas peegmsr . The
Pventi on reFareS ¥ BicRERTbistse hing Piesiiry SPiebahe; AT araseh
crossl i nkalheerticdupnahiegh a stdipgiyhiers eboiprising BIPMAEBRcSpmpatichl urtissr vent s.
The present invention provides a thermally curabl e polynmer conposition,
which i s udBelianpbisedrioupiEEsEayRrtio) aBept ORGP dhaoREMA unit in
15  the polymer contributes towards optimizing the n & k value of the underlayer.
The PHS unit in the polymer has two further roles in addition to its roles of
absorbance and plasma etch resistance. It provides the functionality for cross-
linking which is more effective than the hydroxy functionality in HEMA.
Secondly the HS as its acetoxystyrene precursor copolymerizes randomly with
20 BPMA, which changes the block nature of BPMA in microstructure of polymer
and enhance the solubility of the polymer. The 3" monomer, an ester having
at least one ether linkage, enhances solubility of polymer and increase etch
resistant of polymer. The present polymer system is compatible to EBR
solvents.
25
The present invention relates to a polymer composition comprising a
thermally c‘rosslinkable group which is highly soluble in all EBR compatibie
solvents. The present invention provides a thermally curable polymer
composition, which is useful for an undercoat layer in deep UV lithography.
30 This undercoat layer polymer can be cured at temperature less than about
220°C and for a time less than about 2 minutes. This undercoat is

insoluble to the top resist's solvent system and has an etch rate

comparable to novolaks. The undercoat layer polymer composition of this
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30 This undercoat |ayer polynmer can be cured at tenperature |ess than about
220C and for a tinme less than about 2 mnutes. This underco I i nsal ubl e
to the top resist's solvent systemand has an etch rate con%tﬁﬂalﬁquﬁlug&

novol aks. The undercoat | ayer polynmer conposition of this 19 5 SEPTEMBER

2005 i nventihvamtibashaNan retex @ffrelfr@f:h@ﬁgm ank)(tdnéble) by BBAIRItY iTRasi tion
that can be optimzed to mnimze re Iectlon at the inmaging

| ayer/ underbleay%ﬂt'mliﬁ*ﬂ etd agwninazRl Wﬂ‘l'@ﬁ%o%cahﬁhﬁg iraaginddayedgurdariager

FoP et oelALASLER e AR ghl T8l Bhn Ue BORATLER Elmifasd®,

fol l owi ng pexriipstRE th aiotit bh@o@@lidk%r&nmepf@rrmﬁlﬁtﬂﬁ\es are by weight unless
ot herwi se specifie 10 A general synthetic procedure used for obtaining

pol ymers of this i nventi on by polynerization in tetrahydrofuran is as

are di ssol ved | s tRE (ol 4 Rt MRS FHBRR ol ofe R ARER 15"

equi pped We&bn@léﬁflhuwm@'ﬂdﬁﬁsgértanén@ pesehtdgels. af8epyr welyre whksheated to
65C with stirring and conti nued at the sanme tenperature for 20 h under N2.

After that othemwisespesiiadni xt ure was cool ed down to roomtenperature and an
al i quot was taken for GPC. The reaction m xture was diluted with 60 nl
met hanol and sodi um net hoxi de i n net hanol (10% sol ution) was 20 added to it

for metthanol ysi s. The) gexetdleynastic @rbcocrie azedifbeobiaimngpatymerebhy |
acetate was continuously renoved by azeotropic distillation using

Dean- St ar k thif dpyariionpnpolxmesizabioniin iRraludeiuean s (llewsr at ure, 20 g
Anberlyst 15 resin (ion exchange resin available from Rohm & Haas) was
added to the m xture to ion exchange of sodiumand stirred for 3 h. The 25

resin was filtered aﬁlthet heixisoe Wf imonovasrss linitiator pand edaimtrandfdr alyesiti | | ed
wat er. The solid polyner was isolated by filtration and redi ssol ved in 300
m THF. Th&%@|@rﬁe4lswge%ﬁréc1|5&g Jk&%w%@'wmﬁ%&wamﬁ bogoraflask| t rat i on,

15  equipped with a reflux condenser and a gas inlet. The mixture was heated
to 65°C with stirring and continued at the same temperature for 20 h under
N2. After that, the reaction mixture was cooled down to room temperature
and an aliquot was taken for GPC. The reaction mixture was diluted with
60 ml methanol and sodium methoxide in methanol (10% solution) was
20  added to it for methanolysis. The mixture was refluxed and the by-product
methyl acetate was continuously removed by azeotropic distillation using
Dean-Stark trap for 4 h. After cooling down to room temperature, 20 g
Amberlyst 15 resin (ion exchange resin available from Rohm & Haas) was
added to the mixture to ion exchange of sodium and stirred for 3 h. The
25 resin was filtered and the solution was slowly poured into 4 L distilled
water. The solid polymer was isolated by filtration and redissolved in 300
ml THF. The polymer was precipitated into 2 L isopropanol. After filtration,

the solid was dried at 60°C for 24 h under vacuum.
30 The general analytical procedures employed were as follows.

Molecular weights and molecular weight distributions were

measured using a Waters Corp. liquid chromatograph (refractive index

20



the solid was dried at 60C for 24 h under vacuum 30 The general anal ytical
procedures enployed were as follows. Ml ecul ar weights and nol ecul ar wei ght
di stributions were neasured using a Waters Corp. liquid chrotel JgIBER 2005
(refractive index 20 5 SEPTEMBER 2005 detection, MIIlennium (GPC V

sof twar e n 2 ol ums:
10- 4A, 52)0Ad%g§lg MLty Ag%edng\w SOrwaie" Yot i dhe 2‘8&% sition
neasurenent%herﬁd'gé%)m/ver?eB per 260 metnusbhugnres: PeiOkdA- BOGN  &heomal (fgsmavi netric

anal yzer. 5 The Iass transi nte rature, (Tg) of the polyner was
measur ed usTReNO'PEPRI RN r_rrﬁé Iﬁ?‘t“?’g np%ﬁ“f"@t‘ eﬁiﬁqoaﬂp%ta%.fﬂaawpme%t er at a

heati ng rat nmer vvas
anal yoed by YRR e B B e R R il et T

Exanpl e51 'I‘Ffeaegiaetsuhrans:flomwopenrasur[mﬁtg MehglponmneawlaylraEasméa 3sing, 0 303
nmol ), aceto rene 1 g, 0. nmol nd et hyl ene gl ycol

di cycl opent e VI’” {Ref P&E a@F%r%Tt@q%C?”@'ﬂgg& g)r ehet )a]*ge%m e Of at or
VAZO 67 (6. [

dodecanet hI‘R? ?\fﬁgg MK%%ﬁuEygﬁdﬁ%?rﬁgg%ﬁ?ﬁd?r&cﬂ ?'f Her| zed acco?dl ng to
t he gener al’ Grmusuaged)BmecermﬂQMHthRfsmﬂometerrpl oyed 4.0 g sodium

nmet hoxi de solution. Yield: 91.3g, 94% Mv = 14,666; MV M = 1.92. 5% wei ght
| oss at 310Cl1 Tg: 128C. conposition of polymers, mol % 69% bi phenyl

met hacyyl ate units; 16% hydr OXY$idﬂ?r%€?E%QﬂnEﬁe and 15% 20 et hyl enegl ycol

di cycl opent enyl et her met hacryl ate units mer nple 2 The m xture of
nmonomners [ 4- bi ph'élngflmlmtrhairfmowree(ﬁm Bl@hgnylomzmcryﬁate (7%BEtg>>Q/3@3yr ene

(14.23 g, 0.087 nol) and, et hyl | ycol cIo er
met hacryl at’BOBQBa ogY (?%g'?gng%:]sgarﬁj |Q1P%$at”8‘? ﬁ?’é”%o YCB. 0 wt % vs
nonomer s) @éyeaaémehpar&rﬁ@rr nd&tRBErylate dodesANGt l@l@és (MhoBP dhd Fhtisdoto Vs
initiator) were polynerized according to

VAZO 67 6.00 g, 6.0 wt% vs monomers) and chain transfer agent 1-

15  dodecanethiol (1.80 g, 30 wt% vs initiator) were polymerized according to

the general procedure above. Transesterification employed 4.0 g sodium

methoxide solution. Yield: 91.3g, 94%. M\, = 14,666; M./M, = 1.92. 5%

weight loss at 310°C, Tg: 128°C. composition of polymers, mol %: 69%

biphenyl methacrylate units; 18% hydroxystyrene wunits and 15%

20  ethyleneglycol dicyclopentenyl ether methacrylate units.

Polymer Example 2

The mixture of monomers [4-biphenyl methacrylate (62.74 g, 0.263

mol), acetoxy styrene (14.23 g, 0.087 mol) and ethylene glycol

25 dicyclopentenyl ether methacrylate (23.03 g, 0.087 mol)] and initiator
VAZQO 67 (6.00 g, 6.0 wt% vs monomers) and chain transfer agent 1-
dodecanethiol (1.80 g, 30 wt% vs initiator) were polymerized according to

the general procedure above. Tranesterification employed 5.0 g sodium
methoxide solution. Yield: 91.5g, 95%. Mw = 13,715; Mw/M, = 1.97. TGA:

30 5% weight loss at 305 °C; Tg: 124°C; composition of polymers, mol %:
60% biphenyl methacrylate units; 19% hydroxystyrene units and 21%

ethyleneglycol dicyclopentenyl ether methacrylate units.

21



t he general procedure above. Tranesterification enployed 5.0 g sodium
met hoxi de solution. Yield: 91.5g, 95% Mv = 13,715; Mv M = B SFRTEMBER200%%
wei ght loss at 305 C Tg: 124C corrposition of polymers, mol % 60%

bi phenyl nethacrylate units; dro e units and 21%

et hyl enegl ycol dicycl opentenyl ﬁﬂ%"‘ rré¥ %[eyfate units. 21 5 SEPTEMBER 2005

Pol ymer Examf”eT%eTHﬁxtmé(b‘Frn%rQTmé@n[Qnﬁgﬁﬁg%} ﬁ’é% %terfgzhégrg'@ 87(54.09 g,
. no

0.227 nol), acetoxy styrene (22. ylene g ycoI
di cycl opentmealyl aetexy netyhens y(2d. @9(213 8213 WP almdi) e]th;alade| nglycait or VAZO

5 67 (6.00 Wt % f 1- t hi ol
(180 g a6tuchrpoiepyisatomE e Yo 37 i AP S el g bt M Grer al |
proced e ghoye. ooTrgnS@@t &b | At RRoATERE PYAEH 6@%.9 %.%distﬁ@ﬂ é@éﬁ}om de

solution. Yield: 8575g, 91% Mv = 11,262/1.88; TGA: 5%
wei ght | os§10§eca|®®m|ol1(g 80198@0cxmtr°4w§|mitlatorbf:vqwlgomnenzmlac%rdmgam%

bi phenyl t hacr te units 8% h [0)4 e unit

et ﬁyl e%egl %|9‘38f¥‘f5%7cﬁ”858ﬂ't"§n9 OVt hﬁ—d ?Fb%lsﬁﬂif PBPee’UR%tyég @I@rﬁ?rd'@anpl e 4
o) At B o el ”@ﬁ? LB ILO T aay = 1io8;0- 159

di cycl opentl I5°ét\henghhﬁISIsaair3ﬂ0a€eTgl$1 8‘2% gpm:»oeﬁrzm ofgdglymneds cimal Po: t r ansf er

t hi ol 0 % tiat di in 83.6
S9or PAEAd T ashend gidedivite it bl WEiASEP ndonsts i @ Pounder
flow of N2etrgy|@n Ocoldicydsmshtbryitanef metacppticopgets Wi th a reflux 20

condenser and a gasS inlet. The mxture was heated to 70 C. Then, VAZO 67(r)
[free radical initiator, Dupont product, 2,2'-azobis(2-

met hyl butyronitrile)] (369, 6vvt% f. mon d) in 6.4g of PGVEA was
added slowy for 15 mnutes to the re%Xﬂ%W%%e and stirred for 24 h

oSyl S TR PERAS S PrEl e, RO BT G Y

15 0.158 mol), acetoxy styrene (8.54 g; 0.0527 mol) and ethyleneglycol
dicyclopentenyl ether methacrylate (13.82 g; 0.0527 mol) and chain
transfer agent, 1-dodecanethiol (1.08 g, 30 wt% of initiator) were dissolved

in 83.6 g of PGMEA (propylene glycol methyl ether acetate) (40% of solid)

- under flow of Nz in a 500 mL, round bottom flask equipped with a reflux

20 condenser and a gas inlet. The mixture was heated to 70 °C. Then, VAZO
67®@ [free radical  initiator, Dupont  product, 2,2’-azobis(2-
methylbutyronitrile)] (3.6 g, 6 wt% of monomer used) in 6.4g of PGMEA

was added slowly for 15 minutes to the reaction mixture and stirred for 24

h under N2. The disappearance of BPMA was monitored by GPC using a

25 UV detector at 254 nm. After 24 h, residual BPMA was <0.1%. The
reaction mixture was cooled to room temperature. Then, 2.0 g of sodium
methoxide in methanol (10 wt%) and 50 ml methanol were added to the
flask. The reaction mixture was refluxed for 3 h and about 25 ml of
methanol was removed by azeotropic distillation using a Dean-Stark trap.

30  The solution was then cooled to room temperature and 10.0 g of Amberlyst
15 resin was added to it. The reaction mixture was stirred for 2h and the

resin was isolated by filtration. The solution was distilled to half of the

volume under vacuum <60°C to remove methanol and by-product,
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reaction m xture was cooled to roomtenperature. Then, 2.0 g of sodium
nmet hoxi de in nmethanol (10 wt% and 50 m nethanol were added to the fl ask.
The reaction mxture was refluxed for 3 h and about 25 m of> SERFHEMBER 200%
removed by azeotropic distillation using a Dean-Stark trap. 30 The sol ution
wasthenc r e 0 § erIy in was
added to |t%ﬁ‘ﬂeh‘ge(iatg‘%:)clwortrqg{nEBI;jtelillir]grr M@ng”gséﬂ f'\gr/° Orll'g ?‘%}'Ut'& evs\’s

i sol ated bynadét batadding TREMBAUtS O Wad,, di st §)7I0ed Mg/m,ali 095t hQndV0| urre
under vacuum <60C to renpve nethangl and by- roduct 22 5 SEPTENMBER 2005
propyl ene OFRDSIHAR BY IPOBIRIE, MPINK: I@9/°ab'ﬁbeW‘%r@ffh%<‘dV'ﬁée 3titst iZ9¥ewas nade

;% s(rjrglrgg %k%%l Meny%ﬁnet e:/coyyt lene I&%&S dﬁﬂo%&@ s‘%’itly(r(:i‘gng]j units

and 219% et hyéthizegliatealnidi cycl opent enyl et her 5 nethacryl ate uni ts. Polyner
Exanple 5 The m xture of nononers [bi phenyl nethacrylate [ BPMA] (37.74q;
0.158 nol ), acetoxy styrene (8.54 g; 0.0527 nol) and et hyl eneglycol 10
di cycl opent enyl ether mnet hacryIFac;|gmg X%?mﬂ 50. 0527 nol) and chain transfer
agent, 1-dodecanethiol (1.08 Initiator) were dissolved in 83.6
g of PGVEA (pr opmeenextgalr@'cnﬁlmrmbmdrs gbiptiengl etethagry (A YBHMARBY ) g; under
flowof N2 in g 50Q L, round bott fI as@ (g%w prged Wi t h a reflux condenser
@ C.

and a gas ith1 88 . MPhe aRiPLYr étﬂﬁgeh ‘édgft theand \eWensadyqd) [free

radi cajqg i ni r ; ( le)] (3.6
g, 6 wtq% ofotlérﬁ\%ﬁrreé‘rt%e §#n9‘$ﬂﬁ£@%%té&m§@m§sﬁgg§ M10va yo?gjrﬁe%» m nut es
to the readtansfemaganir é-dotlecanethha (1tGEhpedawtlheofwabiasdrpwrereidissaaseéd t o 80C

&PC usi ng. dh 9- e HGHMER rpoyas d CAPRERY B e Ase it (B RIS <0. 190

The m xtur¢nies fAPLEN, ihy 0B IHEAE HdiOm Tagua, g% ;g; g Q 1tp59%HUkrm9t hoxi de

in methanol” (10 W% and 50 ni net hanol were ad | ask
reacti on mcondeaser and a gas inlet. The mixture was heated to 70 °C. Then, VAZO

15 B7® |[free radical initiator, Dupont  product, 2,2'-azobis(2-
methylbutyronitrile)} (3.6 g, 6 wt% of monomer used) in 6.4g of PGMEA
was added slowly for 15 minutes to the reaction mixture. Then, the
temperature was slowly increased to 80°C and stirred for 4 h under Na.
The disappearance of BPMA was monitored by GPC using a UV detector

20  at 254 nm. After 3 h, residual BPMA was <0.1%. The mixture was cooled
to room temperature. Then, 2.0 g of sodium methoxide in methanol (10
wt%) and 50 ml methanol were added to the flask. The reaction mixture
was refluxed for 3 h and about 25 ml of methanol was removed by
azeotropic distillation using a Dean-Stark trap. The solution was then

25  cooled to room temperature and 10.0 g of Amberlyst 15 resin was added to
it. The reaction mixture was stirred for 2h and the resin was separated by
filtration. The solution was distilled to half of the volume under vacuum
<60°C to remove methanol and by-product, propylene glycol methy! ether.
Finally, a 30 wt% of solid solution was made by adding PGMEA to it.

30 removed by azeotropic distillation using Dean-Stark trap. Mw = 11,044;
‘Mw/Mn = 2.11 and composition of polymers, mol %: 60% biphenyl
methacrylate units; 19% hydroxystyrene units and 21% ethyleneglycol

dicyclopentenyl ether methacrylate units.
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was refluxed for 3 h and about 25 m of nethanol was renoved by azeotropic

distillation using a Dean-Stark trap. The sol ution was then I t
roomtenperature and 10.0 g of Anberlyst 15 resin was added S@Pi%ﬁ\flﬁ%égos

reaction mxture was stirred for 2h and the resin was separated by
filtration- The solution was distilled to half of the volume under vacuum
<60C to renove nethanol and by-product, propylene glycol nethyl ether.
Finally, a 30 wUnddrceat iodrrmdﬂtlnm'smf thapotpoersf ExdihpigsPCMEA werei t . 30

met hacryl at.e uni % dro rene units and 21% et hyl enegl ycol
di cycl opentf%rﬁ'ﬂ}ﬁ‘la&%&t?\?e%ﬁ ‘&IﬁFt s. renoved by azeotropic distillation

using Dean-Stark trap.M = 11,044, M/M = 2.11 and conposition of polyners,
nmol % 60% bi phenyl 23 5 SEPTEMBER 2005 Under coat formul ati ons of the
pol ynmers of Exanples 1 to 5 wéfréierf:@atrﬁnrmtéaltlomﬁhe fol | owi ng exanpl es.

Under coat For nmul t| o 1 For ,100 sol yti o t ot i ght %
solids), 14.02 WHBFBEFP%%QM tah‘a%W&@Méc&q{}g M%%%n%ge °
crossl i nkefp ol%)é"if ERBRTBE 3 4 4% MMoommé@mng%s%ﬁt@P)sér%“ on (20 wt%

solution in of cyclohexyl tosylate thermal acid
gener at or sﬁﬂerhloathO L(QOKan%(maiklenodiaman @ N (/Sﬁ)wt%osldﬂunmdlrand di ssol ved

i 80.1 | | | th th t at e .( PGVEA) . t
ol yirer o PauBATT e d88ey drdi 1Svile SN S Aeid gonmastar RSB | he
under cgat g@d)wt%)gomgn fih Plcaved) wré%ommﬁwanaoqséou%m@fsbom?fdf'ter- 15

Undercoat Formulation 2 For 100 g of undercoat solution (total 15 weight %
solids), 14;r0|2ylgnefgly@lbm&tbyl ethe Eacgtptee (PGMEA). ngN\Mﬂ@ﬂuMe crosslinker

| ut 0 W% I i i.n. P .875 | oh | at
hermal - aciBOVGEHT QEINEETAG o1 o8- Ueop TaMAs B PIRENERY. St EREomdi ned
and 20 di sgplgeptbadttsiich GasiltBraPicd thBlLyR Y o Blhyteihaeracet at e (PGVEA) .

15 Undercoat Formulation 2
For 100 g of undercoat solution (total 15 weight % solids), 14.02 g of
Polymer of Example 2, 4.0 g MW100LM crosslinker solution (20 wt%
solution in PGMEA) and 1.875 g of cyclohexyl tosylate thermal acid
generator solution (20 wt% solution in PGMEA) were combined and
20 dissolved in 80.1 g of propylene glycol methyl ether acetate (PGMEA).
The mixture (polymer/crosslinker/TAG = 93.5/4.0/ 2.5%) was rolled
overnight, and the undercoat solution was filtered twice through a 0.1 um

Teflon filter.

25 Undercoat Formulation 3
For 100 g of undercoat solution (total 15 weight % solids), 14.02 g of
Polymer of Example 3, 4.0 g MW100LM crosslinker solution (20 wt%
solution in PGMEA) and 1.875 g of cyclohexyl tosylate thermal acid
generator solution (20 wt% solution in PGMEA) were combined and
30 dissolved in 80.1 g of propylene glycol methyl ether acetate (PGMEA).
The mixture (polymer/crosslinker/TAG = 93.5/4.0/ 2.5%) was rolled
overnight, and the undercoat solution was filtered twice through a 0.1 um

Teflon filter.
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The m xture (pol yner/crosslinker/ TAG = 93.5/4.0/ 2.5% was rolled

overni ght, and the undercoat solution was filtered tw ce thrsSSERTEMBER 2005
Teflon filter. 25 Undercoat Forrulation 3 For 100 g of undercoat solution
(total 15 weight % solids), 14.02 g of Polynmer of Exanple 3, 4.0 g MAMOOLM
crosslinker solution (20 wt% solution in PGVEA) and 1.875 g of cycl ohexyl

tosylate thernmal acid gener % sol ution in PGQVEA) were
conbi ned and 30 dissolved in %% ré&gt%dr%[%}ﬁjq}nzg glycol methyl ether acetate

(PGVEA). The miPoruio® d pbliydercbat ssistiomkiertd TAGveigh 9%5464lidd), 2658 g vas rol | ed
overni ght, and the undercoat solution was filtered twce through a 0.1 m

Tefl on fi | tfélymen of ExppygmERObYOs. drd&r MY ORMnenogslinker 4aketion (20 g of

under cqat bu t.nt

Beampl & 4 SrtePBRohReMipababl T /B I P! SRepnEE iBr 8t 3 s B col ut on
in PGIVEA) @@@heﬂata?ﬁscmwn cxzoahe%ytomﬁsrylmt PAMERYaleRC ichngfned a4t sol ution
(20 wt% sol ution in e conbined and dissolved in 47.4 /g of

propyl ene @%ﬁ@é\{eq’rﬁt Wl"' Qtﬂ&tpr%é‘?%@ QlypbLERy! et agstate £GMEA).

(pol ymer / crgss! L nkgdl Yé@ymer?@r {l‘hk@h%mugh 25’6%1| %ds%_,g Wagl QBH g and the

under coat so utl on was ered tw ce % lter.
Under coat keemiyhat, iaon theFondd@Oapsolutiondess idéresiofwite drouyatal0. ﬂ,inwm ght %

sol i ds% 46. 759 of Polyner of Exanple 5 solution, 4.0 g MAMOOLM
crossl ithkerTeflonditesn (20 15 wt % sol ution in PGVEA) and 1.875 g of
cycl ohexyl tosylate thermal acid generator solution (20 wt% solution in
PGVEA) were conbined and dissolved in 47.4 g of propylene glycol nethyl
et her acetate (PGVEA). The mUtider eotFrynuiticar ®ssl i nker/ TAG = 93.5/ 4. 0/
2.59% was roll ed over I’ll? and the undercoat solution was fil tered tw ce
t hr ough a 0.1 mfor100go undercoat solution (total 15 weight % solids), 46.75g of
Polymer of Example 5 solution, 4.0 g MW100LM crosslinker solution (20
15  wt% solution in PGMEA) and 1.875 g of cyciohexyl tosylate thermal acid
generator solution (20 wt% solution in PGMEA) were combined and
dissolved in 47.4 g of propylene glycol methyi ether acetate (PGMEA).
The mixture (polymer/crosslinker/TAG = 93.5/4.0/ 2.5%) was rolled
overnight, and the undercoat solution was filtered twice through a 0.1 ym

20 Teflon filter.

Undercoat Formulation 6
For 100 g of undercoat soiution (total 15 weight % solids), 14.33 g of
Polymer of Example 1, 2.0 g MW100LM crosslinker solution (20 wt%

25  solution in PGMEA) and 1.875 g of cyclohexyl tosylate thermal acid
generator solution (20 wt% solution in PGMEA) were combined and
dissolved in 81.8 g of propylene glycol methyl ether acetate (PGMEA).

The mixture (polymer/crosslinker/TAG = 95.5/2.0/ 2.5%) was rolled
overnight, and the undercoat solution was filtered twice through a 0.1 ym

30  Teflon filter.
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20 Teflon filter. Undercoat Fornulation 6 For 100 g of undercoat sol ution

(total 15 weight %solids), 14.33 g of Polynmer of Exanple 1, 2.0 MALOOLM
crosslinker solution (20 wt% 25 solution in PGVEA) and 1.873 %EPJ@%EB(QH@WI

tosylate thermal acid generator solution (20 wt % sol ution in PGVEA) were
conbi ned and dissolved in 81, LR | ycol methyl ether acetate
(PGVEA). The m xture (pol yrrerLﬁ]gr%cr)gés ti nk@)ra)#%ég 95.5/2.0/ 2.5% was rolled
overni ght, and Fbe 100debtoatecobtisolationéstd!ilst weight Lavisords)hnoughgaf0. 1 m 30

Teflon filter. 25 5 SEPTEMBER 20 nder.coat Fornulatjion 7 For 100 g of
under coat E’BFXJ"P?’OW Examale 1590k @g/tvl‘fﬁ}ﬁ%%qra§§“,nkfa.89£yt@ndf20 Vﬁ?f?yrrer of
Exanple 1, 'Nﬂﬁﬂ(h ot | 9 |tk on 1 n PGQVEA)
and 1.875 Sglggog;lcl 0 e%ﬁ)%’i@g31@???%@?@64@2%0(3%%%\[&(%?3@0%&%oI ution (20 wt %
sol uti én i pePEidERY) solatien ¢Rorbttesolation irdP €AMEApdera cB8hbinegd ahdpr opyl ene

gl ycol methyl ether acetat P ) . he m xture (pol r/crosslinker/ TAG =
94753 0 Slsafvendn G0 e popuRPgircol BrPyiRhahacP AR SRR on was
filtered tw ' =fg ro/ 490 Fornul ation 8
For 100 g o o e o T 04 R 2 R B o3 o

Pol ynmer of oEzmnighteand the Qinglektid GoMtionosad filtdred teddauthiromglf 200. Wy sol uti on

i n PGVEA) %nﬂ 1.}375 g of cyclohexyl tosylate thermal acid 15 generator

sol ution (26MARIHEBI ution in PGVEA) were conbined and dissolved in 78.4 g
of prqpyl ene glycol nethyl ether acetate (PGVEA). The mxture

(pol ynmer/crosslinker/ TAG = 91.5/6.0/ 2.5% was rolled overnight, and the
undercoat solution was filterébhdenas Hanmoleglona8 0. 1 pm Teflon filter.

For 100 g of undercoat solution (total 15 weight % solids), 13.83 g of
Polymer of Example 1, 6.0 g MW100LM crosslinker solution (20 wt%
solution in PGMEA) and 1.875 g of cyclohexyl tosylate thermal acid
15  generator solution (20 wt% solution in PGMEA) were combined and
dissolved in 78.4 g of propylene glycol methyl ether acetate (PGMEA).
The mixture {(polymer/crosslinker/TAG = 91.5/6.0/ 2.5%) was rolled
overnight, and the undercoat solution was filtered twice through a 0.1 ym
Teflon filter.
20
Undercoat Formulation 9
For 100 g of undercoat solution (total 15 weight % solids), 13.13 g of
Polymer of Example 1, 10.0 g MW100LM crosslinker solution (20 wt%
solution in PGMEA) and 1.875 g of cyclohexyl tosylate thermal acid
25 generator solution (20 wt% solution in PGMEA) were combined and
dissolved in 75.0 g of propylene glycol methyl ether acetate (PGMEA).
The mixture (polymer/crosslinker/TAG = 87.5/10.0/ 2.5%) was rolled
overnight, and the undercoat solution was filtered twice through a 0.1 pm
Teflon filter.
30
Undercoat Formulation 10
For 100 g of undercoat solution (total 15 weight % solids), 14.02 g of

Polymer of Example 1, 4.0 g Powderlink crosslinker solution (20 wt%
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20 Undercoat Fornulation 9 For 100 g of undercoat solution (total 15 weight
% solids), 13.13 g of Polyner of Exanple 1, 10.0 g MM OOLM crossl i nker
solution (20 wt% solution in PGVEA) and 1.875 g of cycl ohex}¥ERHEYPER2005
thermal acid 25 generator solution (20 wt % sol ution in PGQVEA) were conbi ned

The m xt ur SOLLS it MER Andl 8PP ERFo R B By t@éﬁ%ic‘?ﬂ?f e
overni ght, gandrdtbesoltien¢@atwt¥oseittionimBSMEA) eced cbwitieed Bhdugh a 0.1 pm
Teflon filter. 30 Undercoat Fornulation 10 For 100 g of under coat sol ution

(total 15 WSSOMELINE N &Y p@@v'@@egs'mo' nihyHehep poRtai P eMEA) 0 g
Ponder || nk THeSB BBV HL0D i QDTNAL26, B SBPTBYERR 2GR POl LT on [

PGVEA) and exy osyl ate therna d” generator solution
(20 M%solouérmgnht IanBCE’wEAlhdmcmttsolmlone/daaﬁmeredlts«s@é thedugim a8 1lrg of

propyl ene qJ col_nmethyl ether acetate (PGVEA). The m xture

(pol yrer / cr&H8Ni €& / TAG = 93.5/ 4.0/ 2.5% was rolled 5 overnight, and the
undercoat solution was filtered twice through a 0.1 pm Teflon filter.
Undercoat Formul ation 11 For 100 g of undercoat solution (total 15 weight %
solids), 14.10g of 10 Pol ymedndé&caapFerraylation 1d MMOOLM crosslinker
solution (20 wt % sol ytio

in P tosyl ate
thermal acid gen&¥atddrd QEPU?"?@H [ @é“%&i@lﬁwswm Wvéroé?y‘?:fonbl ned

and difgsol f PGVEA
The mﬁfurmmg{ ?/%(ea??csglssﬁ ?%%W%h@%ﬁé@g;\g&g%@tuo% Wz%reéo(ﬁpﬁo )

over ni ght, imRGNERA) ]a@duhﬂgcfaa;tclcﬁ@xuthoemlammefrmalacmgemmmrtﬂmmm a 0.1 pm
Teflon fil t(% 'wt‘yngoelt (o)r?tm E&rmgA?were comblned and dissolved in 80.4 g of

propylene glycol methyl ether acetate (PGMEA). The mixture

(polymer/crosslinker/TAG = 94.0/4.0/ 2.0%) was rolled ovérnight, and the

15 undercoat solution was filtered twice through a 0.1 ym Teflon filter.

Undercoat Formulation 12
For 100 g of undercoat solution (total 15 weight % solids), 13.95g of
Polymer of Example 1, 4.0 g MW100LM crosslinker solution (20 wt%

20  solution in PGMEA) and 2.25 g of cyclohexyl tosylate thermal acid
generator solution (20 wt% solution in PGMEA) were combined and
dissolved in 79.8 g of propylene glycol methyl ether acetate (PGMEA). The
mixture (polymer/crossiinker/TAG = 93.0/4.0/ 3.0%) was rolied overnight,
and the undercoat solution was filtered twice through a 0.1 ym Teflon filter.

25

Undercoat Formulation 13
For 100 g of undercoat solution (total 15 weight % solids), 13.80 g of
Polymer of Example 1, 4.0 g MW100LM crosslinker solution (20 wt%
solution in PGMEA) and 3.0 g of cyclohexyl tosylate thermal acid generator

30  solution (20 wt% solution in PGMEA) were combined and dissolved in 79.2
g of propylene glycol methyl ether acetate (PGMEA). The mixture
(polymer/crosslinker/TAG = 93.0/4.0/ 4.0%) was rolled overnight, and the

undercoat solution was filtered twice through a 0.1 um Teflon filter.
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For 100 g of undercoat solution (total 15 weight % solids), 13.95g of

Pol ymer of Exanple 1, 4.0 g MALOOLM crosslinker solution (2 0 0 i on
in PGQVEA) and 2.25 g of cycl ohexyl tosylate thermal acid ggﬁﬁ?ﬁ:@%‘@é %i on

(20 Wt % solution in PGVEA) were conbined and dissolved in 79.8 g of

propyl ene glycol nethyl ether acetate (PGVEA). The m xture

(pol ynmer/crosslinker/ TAG = 93.0/4.0/ 3.0% was rolled overnight, and the
under coat solution was fil terl.ﬁthetrmba:tchﬁrhnﬂamim a40.1 pm T Teflon filter. 25
Under coat For rrul atlon 13 For 100 g  of undercoat solution (total 15 weight %

solids), 13.80 lgobf0 Igo‘PWe%@at%‘ﬁtﬁﬂ'é tetal 4, ON%'QM/\%O@@M r b3 95 HREr
sol ution (ﬂgly%@of%l%%% tgq?)‘w Qs,lﬂk s&%ﬁbﬂ@%ﬁ osyl ate

t hermal aci d’generator solu 1on1n wer e conbi ned
and di Ssolscﬂdt:omun?BQVIE@)@fndp) opy @‘rm/cgjhmyl tosylralta'the?tﬁmraoatet ate (PGVEA).

The m xture pon r/cr ssli| ker/TAG 4.0% was rolled
over ni ght, g%ﬂﬁfaﬁ{ ? s‘ﬁﬂ"dﬂqrb'ﬂ '?/ég/‘é)/?‘)l ‘f’@?eeﬁoﬁ‘mrt%‘ 8Rfough a 0.1 pm

Teflon fil EAY%EE%@ 100 g of
under coat &l@ %|¥%%n§ totg Qﬂﬁg%ggg@@)&ﬂﬁ%%&eog?é&gﬁmr of
Exanpl e l,THe ﬁngtquﬁGllyMertoroﬁlthWAGseI9utﬁ)/4r0/(520°/dl)m%§5rcﬂkeldut| on in PGVEA)
and 3.75 g of cycl ohexyl toslyl ate thernal fam d, generator soI ution (20 wt %
sol uti on i?lVEﬁ@éA angd the LpABicRatisaivgon yassyiared tviceAsraug 810-hudpy ene
glycog rret)qggorg I@g,r acetate (PGVEA). The m xture (polyner/crosslinker/ TAG
=91 P4 0 % was rolled overnight, and the undercoat solution was
filtered tw ce through a 0.1 m 10 Teflon filter. The general procedure

enpl oyed for raphic testing the dercoat fornpul ati ons was as
Foll ove. 18 A of bs Ssnenaripoapueemnyat d6r iHOR am IR0 PRom an under coat
fornul ati oy, g0 et e AhticPwasS ak bl sec to yield a 0.50 mthick film

15 A silicon wafer was spincoated with undercoat from an undercoat
formulation and baked at 205 °C for 90 sec to yield a 0.50 ym thick film.
The imaging layer (TIS 2000, a chemically amplified resist available from
Arch Chemicals, Inc Norwalk, CT) was spincoated over the undercoat and
baked at 135 °C for 1 min to yield a 0.25 pm thick film. The coated wafer

20 was then patternwise exposed using an Ultratech 248 nm Stepper. The
wafer was post exposure baked at 125 °C for 1 min and puddle developed
for 60 sec in 0.262 N aqueous TMAH. The wafer was rinsed with DI water
and spun dry. The patterns were analyzed by scanning electron
microscopy (SEM). Images from SEM showed the bilayer resist could

25  resolve features as small as 0.13 pm.

The general lithographic performance of the TIS-2000 compositions

of this invention was:
30 photo speed range: 30 to 40 (mJ/cm"‘);

resolution range: 0.120 to 0.130 (um), and
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The imaging layer (TIS 2000, a chemcally anplified resist available from
Arch Chem cals, . Inc Norwal k, CT) was spincoated over the undercoat and

baked at 135 aC for 1 mn to yield a 0.25 mthick film The tHERBHMRER0050
was then patternw se exposed using an U tratech 248 nm Stepper. The wafer
was post exposur. ) fQr i n dl e devel oped for 60 sec
in 0.262 N aqueéﬁ%gﬁkﬁﬁpﬁ¥héﬁagggﬂ'8 %aﬁﬂhgg%£€H¥%9D| wat er and spun dry.
The patterns were anal yzed by scanning el ectron mcroscopy (SEM. | mages
from SEM showed t he bil ayer resist could 25 resolve features as small as

0.13 m The genefh resules thgpHinogserhietagingeoidhetapmmostionsosetdafibsi t i ons

of this in i . hoto speed range: 30 to 40 (mJ/cnR); resolution
range: 0.1 @“ﬁ%@'??@@%%?% and 28 5 SEPTEMBER 2005 depth of focus: 0.70
to 1.0 80, 130Lrmfeatures). The results of the lithographic testing of the
conposition is set forth in the followwng Table 1 5 Table 1: Summary of the
Formul ati ons and I nage Quality Evaluation of the Undercoat Fornul ations.

Ex- Pol y- Pol S - B! laUs ; :
anpl enmer nmer Iy'—laﬁy?ﬁglsﬂl'ﬁé%ég i%g(tgrae!ﬁss ti gﬁ%&gr ar}%lerﬂ? ?Sr%lfr%l)'tée%vearly Iaggpat ed
ms) 20wt %at or | i nes sol i d( gr afithé Qrickr2oat Fomnulatibndr esi st/ un- der - coat

(rL/uL) interface

Ex- Poly- | Poly- | Cross- | Cross- | Thermal | PGMEA | Resolu-

ample | mer | mer [linking | linker acid (grams) | tion
(gra | Agent | (grams) | Gener- Isolated

ms) 20wt% | ator fines

solid (grams) (0.13

20wt% 7m),
solid resist/un-
der-coat

(IL/UL)
interface

quality

1 Poly- | 140 | MW10 [ 4.0 1.875 80.1 No
mer |2 oLM footing at

1 IL/UL
interface

2 Poly- { 14.0 | MW10 [4.0 1.875 80.1 No
mer |2 OoLM Footing
2 at 1L/UL
interface

3 Poly- {140 | MW10 |40 1.875 80.1 Scum-
mer |2 oLM ming at

3 IL/UL
interface

4 Poly- | 14.0 | MW10 | 4.0 1.875 80.1 No
mer |2 OLM Footing
4 at 1L/UL
interface
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quality 1Pol y-14. OMALO4. 01. 87580. 1No mer 20LM ooting at 11 LJUL interface

2Pol y-14. OMALO 4. 01.87580. 1No mer 20LMFoot i ng 2at

3Pol y-14. OMALO 4. 01.87580. 1Scum mer20LMring at 3IL/UL interface

| L/ UL i nt eSFSEPTEMBER 2005

4Pol y- 14. OMALO—4-01-87580-1No—nmer20-M-ootipng—4at L/ UL int 5
SEPTEMBER | 2005 5P6PY- 1419 MW T |¢7880. 1N8-8%8r 20 #Robt i npNgat 1L/ L
TPl y. 14, MALO’ 3| DE 8781 0RSS ing mer 80LM 1 BP0l y] 13 amupbobiTa7Eha: ane
mer 3OLMFogting |5 at IL/UL
interface
6 Poly- | 14.3 | MW10 |20 1.875 81.8 Collap-
mer |3 OLM sed line
1 patterns
7 Poly- { 141 | MW10 | 3.0 1.875 81.0 Footing
mer |8 OLM
1
8 Poly- | 13.8 | MW10 |6.0 1.875 78.4 No
mer |3 oLM Footing
1 at [L/UL
interface
9 Poly- { 13.1 | MW10 }10.0 1.875 75.0 Footing
mer |3 oLM
1
10 Poly- | 14.0 | Powde {4.0 1.875 80.1 No
mer |2 rlink Footing
1 at IL/UL
interface
11 Poly- | 14.1 | MW10 | 4.0 1.5 80.4 No
mer |0 OLM Footing
1 at IL/UL
interface
12 Poly- | 13.9 | MW10 |4.0 2.25 79.8 No
mer |5 OoLM Footing
1 at IL/UL
interface
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lat IL/UL interface 9Pol y-13. 1IMA010. 01. 87575. OFooti ng nmer 30LM 1

10Pol y-14. OPowde4. 01. 87580. 1No ner2rlinkFooting lat IL/UL interface

11Pol y- 14. 1MALO4. 01. 580. 4No ner OOLMFooti ng lat | L/ UL interf &EPTEMBER 2005
12Pol y- 13. 9MAL04. 02. 2579. 8No mer 50LMFooting lat IL/UL interface 30 5
SEPTEMBER [2@05 1] v WA AAOB 921 gojon g dat oyl
i nterface Lf Pol yﬁ@%l\mogﬁw& 3.46 -top%f‘gg nerg?dﬁ_)‘%l 1 $EM s result showed
that there was sicmem @ or @M at (the regsist/undercoat i|riamtingce (in the
formul ati ons wit|h, high cross-1inking site| (hydroxy styrereg %ymr.
Simlarly,| SEM § Fesullt shoped col apsed lline 5 pafterns at oA L
concentration of} nel arfine cfosslinker, perhaps duej to inguffigGicgnt curing
of undercaat, which ldads to interm xing dat the

14 Poly- { 13.6 | MW10 { 4.0 3.75 78.6 T-topping
mer |5 oLM
1

SEM's result showed that there was scumming or foot at the
resist/undercoat interface in the formulations with high cross-linking site
(hydroxy styrene) polymer. Similarly, SEM'S result showed collapsed line

5 patterns at low concentration of melamine crosslinker, perhaps due to
insufficient curing of undercoat, which leads to intermixing at the
resist/undercoat interface. Scum formation and footed profiles were

observed at higher concentrations of crosslinker used in the formulations.

10 While the invention has been described herein with reference to the
specific embodiments thereof, it will be appreciated that changes,
modification and variations can be made without departing from the spirit
and scope of the inventive concept disclosed herein. Accordingly, it is
intended to embrace all such changes, modification and variations that fall

15  with the spirit and scope of the appended claims.
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resi st/undercoat interface. Scum formation and footed profiles were
observed at higher concentrations of crosslinker used in thsSEPTEMBER QOGS
10 Wiile the invention has been described herein with reference to the
specific enbodi ments thereof, it will be appreciated that changes,

nmodi fication and variations can be nmade w thout departing fromthe spirit
and scope of the inventive concept disclosed herein. Accordingly, it is
intended to enbrace all such changes, nodification and variations that fall
15 with the spirit and scope of the appended clains. 31 5 SEPTEMBER 2005 W
claim Wegpaiydroxyl - cont ai ni ng pol ymer conprising units m n and o of the
followng fornmula: 5 O-RO R5 10 wherein RL is selected fromthe group
consisting of Hand nmethyl; R2 is a wunivalent group- such that the

mononer ilc  unAthydroxyl-chrtamings polymer goingrisieg emitedn, hramh @ loé the allowimgnsi sti ng
of a substit g@?‘l or unsubstituted C6-Cl4 aryl 15 acrylate group and C6-Cl4
aryl net hacrtﬁ ea‘group wherein the substituted groups nmay be selected from

phenyd, G A alkyl or Cl.4 al koxy; is a LH;i val ent group such that the
nmononeric unit with the bscri pt d fromthe group consisting
of hydroxyl functionali yl acrylate or nethacrylate group and

C6-Cl4 aryl gr R4
i nteger of from
carbon atons in The [- MmMTP;, R5 a33 om the group consisting of
Cl-Clo linear, branchedRdr cyclic kyl , t substituted
C6-Cl4 aryl, or substituted and unsubsti ég’ﬁuyﬂ?ﬁil iC

hydr &&ar bon; and mis about 40 to 70, n is about 15 to 35, and o is about 15
25 to 25. A polyner agrording.to claim1l wherein the nononeric unit with the
subscri pt

branched 20 al kylene; p is an
re are no nore than thirty

wherein R' is selected from the group consisting of H and methyt; RYis a
univalent group such that the monomeric unit with the subscript m is selected
from the group consisting of a substituted or unsubstituted Cs-C14 aryl
15 acrylate group and Cs-Ci4 aryl methacrylate group wherein the substituted
groups may be selected from phenyl, Ci4 alkyl or Ci4 alkoxy; R’ is a
univalent group such that the monomeric unit with the subscript n is selected
from the group consisting of hydroxyl functionalized C+-Cg alky!l acrylate or
methacrylate group and Cs-C14 aryl group, R* is a C4-C1g linear or branched
20 alkylene; p is an integer of from 1 to 5 with the proviso that there are no more
than thirty carbon atoms in the [-R4O-]p: R® is selected from the group
consisting of C4-Cyo linear, branched or cyclic alkyl, substituted and
unsubstituted Ce-C14 aryl, or substituted and unsubstituted C;-C4s alicyclic
hydrocarbon; and m is about 40 to 70, n is abcut 15 to 35, and o is about 15
25 to 25.

2. A polymer according to claim 1 wherein the monomeric unit with the subscript

m is a biphenyl acrylate or methacrylate unit and R%is dicyclopentenyl.

30 3. A polymer according to claim 1 wherein the monomeric unit with the subscript

n is a hydroxystyrene unit and R%is dicyclopentenyl!.
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mis a biphenyl acrylate or nmethacrylate unit and R5 is dicycl opentenyl. 30
3. A polyner according to claim1l wherein the nmonomeric unit W

subscript n is a hydroxystyrene unit and R5 is d|cyclopentél%zp)tr%g@n@‘2005
SEPTEMBER 2005 5 A polyner according to claim1 wherein the nononeric unit
with the subscript mis a biphenyl acrylate or nethacrylate unit; the
nmononeric unit with the subscript n is a hydroxystyrene unit; and the
nononeric unit with the subscript o is an ethylene glycol dicycl opentenyl -
acrylate or nethacrylate wunit. 5. A polyner according to claim4 wherein

t he mononeric unit with the subscript o is an ethylene glycol

di cycl opent eneyl nethacrylate unit and the nononeric 10 unit with the
subscript. m IASpcﬂyrheupa@mydungT&i tlamh Yl vitie?eiithé mohomBrigInitwith tecubgedid to claim

4 having a nunber avera ecul ar wei ght of from about 10, 000 to about
24, 000. 15 Sb'9H kigh %ﬁﬁ&%ﬁlv Pethasniats gnindhe MARosENG Yt Mhidhesi ng a

hydr oxy! - conkabsirip® n nglyw@ro@etﬁénémnw QRd- {Henlﬁ'ld?ﬁ)n%]ﬁ:nhnﬂnﬂutﬁ theer mal
acid generator, wherein hydr oxyl - cont ai ni ng pol is a polyner

conpr Psi ng uSHPSCTR OnisaAn QSh)d‘?“e tasof diqyelaperienir AaTY; te(p,r_ methasryiate wherein
R is selectggdifromthe group consisting of Hand nmethyl; R2 is a univalent
group such that the nononeric unit with the subscript mis selected from
the group consisting of a substituted or unsubstituted C6-Cl4 aryl

acryl at e groyp t it ut ed
gr oups ﬁjay bé %‘2 (e:? dmﬁ}'ié’hla”ﬁﬂ%ﬁ’ngflgﬁ Wﬁ}" oxy,Sl%Q'%t a 33
0 is an ethylene glycol dicyclopenteneyl methacrylate unit and the monomeric

10 unit with the subscript m is a biphenyl methacrylate unit.

6. A polymer according to claim 4 having a number average molecular weight of
from about 10,000 to about 24, 000.

15 7. A thermally curable polymer composition comprising a hydroxyl-containing
polymer, an amino cross-linking agent and a thermal acid generator, wherein
the hydroxyl-containing polymer is a polymer comprising units m, n and o of

the following formula:

20

4 S

25 0 +R04R
wherein R’ is selected from the group consisting of H and methyl; R%is a
univalent group such that the monomeric unit with the subscript m is selected
from the group consisting of a substituted or unsubstituted Ce-Cy4 aryl

30 acrylate group or Cs-Ci4 aryl methacrylate group wherein the substituted

groups may be selected from phenyl, Ci4 alkyl or Ci4 alkoxy; Ris a
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5 SEPTEMBER 2005 uni val ent group such that the nononmeric unit with the
subscript nis selected fromthe group consisting of hydroxyl
functionalized C1-C6 alkyl acrylate or nethacrylate group zfrﬁigP@@“ﬁﬁRﬁp%
group, R4 is a Cl-Cl0 linear or branched alkylene; pis an integer of from
1 to 5 wth the proviso that there are no nore 5 than thirty carbon atonms in
the [-R40-]1p; RS is selected fromthe group consisting of Cl-Cl0 |linear,
branched or cyclic al kyl, substituted and unsubstituted C6-Cl4 aryl, or
substituted and unsubstituted C7-Cl5 alicyclic hydrocarbon; and mis about

40 to 70, n Uﬁwé‘éﬁt‘groll% JuRkh3Rat tﬁ@%@wdn%r%hﬂh’ttw@{)thet%b%@flpter1s83e|@bt68”p05' tion
according to claim 7 wherein the nononmer unit with the 'subscript mis a

bi phenyl “acr jfPat &eopramet %ﬁ“ﬂﬁt@ hydraxyh finctenalized (93 cycplpeaewiate oris 9. A
conposi tion AeGILHBE §RUp! MLy : a%‘) Rhﬂ" @gQﬂ% oGinkat br wérﬂ:fggep\

subscript nis a roxystyrene ani 5 is |cyc opent en
conposi tion atylendl pds ao integdriaf romhéitep withitbe praviseethattherd arewno imarae

SUbS.C§i pt m ihsarg\ trﬁhgh:%w(ln %?Jr# gﬁ%g Ra%yll?ts%létgéci frotanhém ri c uni t

20 with the subscri s a oxy tyrefie uni he rmno uni t
wi th the subsmsistptlg ®fi €& ehdgdrerteargihpdolordcynylcl alkght subdtitutadr )ahat e or

met hacryl at e 1 co sitign,.according t | ai m.9 erein the
nononeri c unf’?s%s{t H"t??l] Ce- ai}glgso(gﬁk&stl@?ch aRg %}SHgft@Hédnggvm alicyclic

di cycl opent enydiroﬁartblaacaudj at B dbdut 4an6 70he is AR MSItb @suaht oNstdbdupa@ssubscri pt
mis a biphen nmet hacrylate unit 12. A conposition according to claim5
wherein the Ff%// ?oxyl contai ning polyner has a nolecular weight of from
about;310, 000 to about 24, 000. 30 13. A photolithographic sensitive coated

substrate conprising: 34 5 SEPTEMBER 2005 (a) a substrate
8. A composition according to ciaim 7 wherein the monomer unit with the

subscript m is a biphenyl acrylate or methacrylate unit and R is

dicyclopentenyl.

15 9. A composition according to claim 7 wherein the monomeric unit with the

subscript n is a hydroxystyrene unit and R’is dicyclopenteny!.

10. A composition according to claim 9 wherein the monomeric unit with the
subscript m is a biphenyl acrylate or methacrylate unit, the monomeric unit

20 with the subscript n is a hydroxystyrene unit; and the monomeric unit with the
subscript 0 is an ethylene glycol dicyclopentenyl- acrylate or methacrylate

unit.

11. A composition according to claim 9 wherein the monomeric unit with the
25 subscript o is an ethylene glycol dicyclopenteny!l methacrylate unit and the

monomeric unit with the subscript m is a biphenyl methacrylate unit.

12. A composition according to claim 5 wherein the hydroxyl-containing polymer
has a molecular weight of from about 10,000 to about 24, 000.
30

13. A photolithographic sensitive coated substrate comprising:
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(b) a thermally cured undercoat on said substrate, and (c) a

radi ati on-sensitive resist topcoat on said undercoat, wherein_said thermally
cured undercoat conprises a thermally cured s corrp03|t| on éél%’ FMW&OOS
hydr oxyl - cont ai ni ng pol yner, an am no cross-linking agent and a thernmal
acid generator, and wherein the hydroxyl containing polyner is a polyner
conprising units m n and o of the following fornmula: 10 O+-R4A0Cjp R5 15
wherein RL is selected fromthe group consisting of Hand nethyl; R2 is a
uni val ent group such that the nononeric unit with the subscript mis

sel ected frgmatshBs@4teup consisting of a substituted or unsubstituted C6-Cl4
ubstituted groups may be selected from phenyl, Cl< alkyl or Cl4 al koxy; R3
is a 20 uni V&) éﬁ'ﬁer&%ﬂMﬁU%‘Fﬂﬂ%ﬂatPﬁéaWﬁ%aﬂﬁlt with the subscript nis
sel ected frg)rrhtr rfk%s@t%srb%{ @gcggt JP\YsCHud)ESM& tygtctional i zed C1-C6 al kyl
acrylate or acr ate group an ‘T group, R4 is a Cl1-Cl10

| i near or brwh%ﬁed sadl Kigeroredly pures mderqoegetrormrlafesom thermadly wicuiedt he

provigso that, r r t RAO | P ;

R5 |s sel ect e%?%ﬁ'ORt "{b?' ae'%&rg Ag%)@{a ggé{?g%gpé% aq'qﬁf)r?goasﬁsn%[ngnched or
cyclic al kyIa,gesUlasdla uheartmaamhd lgesatmm tamedh&eirCihe hadrpixy! crrnta:nb@tl tuted
and unsubst i tryted ?. ogb[}/ i C ydroc dbor?'h apﬂ m i§ ut 40 to 70, n
i s about 15M° I3 RIS TEOmRGNa ity hdd g pf et °‘%‘88t%r8‘ Ubstrat e
according to claim13 whereip the nonogeric unit with the subscript mis a
bi phenyl acrylate or nethacRylate uniR and R 5 jRs 35 5 SEPTEMBER 2005

di cycl opentenyl . 15. A coated substr it e accordi/ng to claim 13 wherein the
nonageric unit w ' S styrene unit and R5 is

di cycl opent enyl . . ate StT-ate g to claim13 wherein the
nmononmeric unit wth SUbBET | = i ib acrylate or nethacryl ate
unit; the nmononeric unit '

15 wherein R' is selected from the group consisting of H and methyl; R%is a
univalent group such that the monomeric unit with the subscript m is selected
from the group consisting of a substituted or unsubstituted Cg-C14 aryl
acrylate group and Ce-C1s aryl methacrylate group wherein the substituted
groups may be selected from phenyl, Ci4 alkyl or Ci4 alkoxy; R® is a

20 univalent group such that the monomeric unit with the subscript n is selected
from the group consisting of hydroxyl functionalized C4-Cg alkyl acrylate or
methacrylate group and Ce-C14 aryl group, R* is a C4-Cy linear or branched
alkylene; p is an integer of from 1 to 5 with the proviso that there are no more
than thirty carbon atoms in the [-R4O-]p; R® is selected from the group

25 consisting of C4-Cio linear, branched or cyclic alkyl, substituted and
unsubstituted Cg-C14 aryl, or substituted and unsubstituted C7-C4s alicyclic
hydrocarbon; and m is about 40 to 70, n is about 15 to 35, and o is about 15
to 25.

30 14. A coated substrate according to claim 13 wherein the monomeric unit with the

subscript m is a biphenyl acrylate or methacrylate unit and R’ is
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with the subscript nis a hydroxystyrene unit; and the nononeric unit with

the subscript ois a ethylene glycol dicyclopentenyl- acry
met hacrylate unit. 10 17. A coated substrate according to c%gfzﬁt{@%l%%%}lsn

the mononeric unit with the subscript o is an ethylene glycol

di cycl opentenyl nethacrylate unit and the nononmeric unit with the subscript
mis a bi phenyl nmethacrylate unit. 15 18. A coated substrate according to
claim 16 wherein the hydroxyl-containing polynmer has a nunber average

nol ecul ar wei ght of from about 10,000 to about 24, 000. 19. A process for
the producti gpyebpésbh@f structures conprising the steps of: 20 (a) formng
a coated substrate wherein the coated substrate conprises (1) a substrate,
(2) a thermally cured undercoat on said substrate, and (2) a

radi at | ofi; SeRSI P (RYM aldPERRL, ABin Y %uﬁdﬁtﬁeoﬁtsao%én%ﬁt Gl g

thermal 'y cured undercoat conp

conpri si ng ashpsj:rrlokylls abyldramt}'fgn@uhyaedR amdlaqupJeMemwS I i nki ng agent and
a thegmal acid generator, and wherein the hydroxyl containing polyner is a
pol ynmer conprising units m n and o of the following fornula: 30 36 5
SEPTEVBHRS. 20@5ccfaté31 $utishade a&cmtnag & claim 13 wheadie tieshohomerit laait ithupe

consi sting of met hyl uni val ent uch t hat .t he nononeric
Gt i t -t hEVaYBBE R ft oRiehe abpey Bl o mihraHath ROk e dRer PTG Bk o

substituted Qith4Rs4bBdripthesa Bdfekgstiferie ubit; agd HeahBn8meH® uhit withthd4 aryl
met hacryl ate group wherein the substituted roups may be sel ected from

phenyl ,  Clq &PRSArphe isa elhyianeditycol gigyglapentenyl W'é@to"g?@ﬁﬁc'yl?éﬁut“ﬁat t he
nonongric unit with the subscript nis selected fromthe group consisting
of hydrox I functionalized C1-C6 al kyl acrylate or nethacrylate group and
C6- Cl4 drlyl drended substrateacsprdng to clpimede wierain Mircmegomeric unit with the

subscript o is an ethylene glycol dicyclopentenyl methacrylate unit and the

monomeric unit with the subscript m is a biphenyl methacrylate unit.

15 18. A coated substrate according to cltaim 16 wherein the hydroxyl-containing
polymer has a number average molecular weight of from about 10,000 to
about 24, 000.

19. A process for the production of relief structures comprising the steps of:

20 (a) forming a coated substrate wherein the coated substrate comprises

(1) a substrate,
(2) a thermally cured undercoat on said substrate, and
(2) a radiation-sensitive resist topcoat on said undercoat,

25 wherein said thermally cured undercoat comprises a thermally cured
composition comprising a hydroxyl-containing polymer, an amino cross-linking
agent and a thermal acid generator, and wherein the hydroxyl containing

polymer is a polymer comprising units m, n and o of the following formula:

30
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is alkylene; pis an integer of from1l to 5 with the proviso that there are
no nore than thirty carbon atons in the [-RAOJP;, RS is se e
group consisting of Cl1-Cl0 linear, branched or cyclic alky#sﬁgggg@?§g¥%§
and unsubstituted C6-Cl4 aryl, or substituted and unsubstituted C7-Cl5
alicyclic hydrocarbon; and mis about 40 to 70, n is about 15 to 35, and o
is about 15 20 to 25; (b) inagew se exposing said radiation-sensitive
topcoat to actinic radiation; and (c) formng a resist imge by devel opi ng
said radi ation-sensitive topcoat wwith a developer. 25 20. A process
according to claim19 whereijn the nononeric unitywith the subscript mis a
bi phenyl acrylate or nethagryl ate unif and R5 & di cycl opentenyl. 30 21. A
processs according to claym 19 whergin the nononeric unit with the
subscript nis : i i
SEPTEMBER 2005 22.[™

wherein the nononeric
unit with the subscript ms—a bi phen acryl gt8 nmet hacryl ate unit; the
rronorfn:gri c unit with the gébscript nRs a hydrexy re e4ulqj_t 's and t he
nononeric unit with the 5 subscript o is agyethyl ene0£§c(8 v cycl opent enyl -
acrylate or nethacrylate wunit. 23. A process according to claim 22 wherein
the nononeric unit wWi.th the ubscript o is an ethylene glycol , .

di cycl opent eff)ereimhg Haéﬁiﬂca%de?fem fheaﬂ@“Ph‘é)”sfﬁ”Md'Hé‘de%ﬁ%W Rui 12 t he

subscript m isivaleRt goap¥lcheidlags W oromeridinit with the sRbOERE $n ACMEENg to
cl aim 22 wherein the hydroxy] -contai ni ng _gg!g%rrer has a nunber average
nol ecul ar welfgMt ther gredmcepaisting efogo syt torpgnsuistituterd Ce-Caa aryl

10 acrylate group or Ce-Ci4 aryl methacrylate group wherein the substituted

groups may be selected from phenyl, Ci4 alkyl or Ci4 alkoxy; R is a
univalent group such that the monomeric unit with the subscript n is selected
from the group consisting of hydroxy! functionalized C4-Cs alkyl acrylate or
methacrylate group and Cg-C14 aryl group, R* is a C4-Cyg linear or branched

15 alkylene; p is an integer of from 1 to 5 with the proviso that there are no more
than thirty carbon atoms in the [-R‘O-,; R® is selected from the group
consisting of C4-Cio linear, branched or cyclic alkyl, substituted and
unsubstituted Cs-C14 aryl, or substituted and unsubstituted C7-Cqs alicyclic
hydrocarbon; and m is about 40 to 70, n is about 15 to 35, and o is about 15

20 to 25,
(b) imagewise exposing said radiation-sensitive topcoat to actinic radiation;
and
(c) forming a resist image by developing said radiation-sensitive topcoat with
a developer.

25

20. A process according to claim 19 wherein the monomeric unit with the

subscript m is a biphenyl acrylate or methacrylate unit and R® is
dicyclopentenyl!.

30 21. A processs according to claim 19 wherein the monomeric unit with the

subscript n is a hydroxystyrene unit and R’ is dicyclopentenyl.
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22.

23.

24.

5 SEPTEMBER 2005

A process according to claim 19 wherein the monomeric unit with the
subscript m is a bipheny! acrylate or methacrylate unit; the monomeric unit
with the subscript n is a hydroxystyrene unit; and the monomeric unit with the

subscript o is an ethylene glycol dicyclopentenyl- acrylate or methacrylate
unit.

A process according to claim 22 wherein the monomeric unit with the
subscript o is an ethylene glycol dicyclopentenyl methacrylate unit and the

monomeric unit with the subscript m is a biphenyl methacrylate unit.

A process according to claim 22 wherein the hydroxyl-containing polymer has
a number average molecular weight of from about 10,000 to about 24, 000.
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