WD 2005/ 089150 PCT/ US2005/ 007588 THERMALLY CURED
UNDERCOAT FOR LI THOGRAPHI C APPLI CATION FI ELD OF THE

w0 MMERRYISIN [ 0002] The present invention rel at eBCT/USTHOR 7588
WV lithography used in seni conductor manufacturing
and nore particularly to undercoat |ayers for
chemcally anplified bilayer resist systens.
BACKGROUND TO THE | NVENTI ON [ 0003] Integrated circuit
production relies on the use of photolithographic

processes { gTﬂEfRMALL'veceRtewammw ?pgm .

devi ces. Untrl: ﬁr lezrent i RA‘F‘HI?” ﬁz' %g C% and |-1ine
(365 nm wavel engt hs of Ilght have been used for the
bul k of mcrolithographic applications. However, in
order to achieve smaller dinensions of resolution, the
wavel ength of |ight used for microlithography in

sem conduct or manufacturing has been reduced into the
deep WV regions of 254 nmand 193 nm As the patterns

and wavel engt hs terials
properties of tﬂgggﬁﬂﬁgrlgEEQXEhgggﬂﬁor pattern

del i neati on have beconme nore and nore demandi ng. In
particul ar, requjirenents of sensitivi

[0002] t r ansthg eﬂ‘&ﬁenbeﬁ‘t’ﬂ@ﬂ%sm@“e? héo | dRRR H%bdmap%dused in
semxcoé@ﬁtﬁ?' 'uYé é(nr?gi) LhE nige!l Pati Lﬁ’arﬁié3 o0 %ﬂ)‘@r&éé%n? é?é for

ern trans econe nore an st renuous.
chemicpiiyoainglified bitayesiregistisygietds. wavel engt hs i s that re3| st s
used at the higher wavel engths were too absorbent and
insensitive. Because of this, the traditiona
l'ithographic materials, such as novol aks,
di azonapht hoqui nones, etc., are unsuitable -1 WO
2005/ 089150 BACKSREIMNDOTOIHE PNYENTION for ultra
| arge-scal e integration (ULSI) nanufacture and beyond.
Thus, in order to utilize deep UV |light wavel engt hs,

[0003] new fmd@btémtoﬁbum produttion aelieptanc dhe L&i@S@lf thcﬂnhthngraphlc
enhanced sensitivities were needed, al ong w

processefdi toi glgfinel ithaogetiyhi glen@@ﬁﬁnaqgegﬁerconnec’ung sfructures on
microelectronic devices. Until recently, g-line (436 nm) and line (365 nm)

wavelengths of light have been used for the bulk of microlithographic 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. As the patterns and wavelengths
become finer, the materials properties of the photoresists used for pattern
delineation have become more and more demanding. In particular, requirements of
sensitivity, transparency, aesthetics of the image produced, and the selectivity of the
resists to etch conditions for pattern transfer become more and more strenuous. The
problem with using deep UV wavelengths is that resists used at the higher
wavelengths were too absorbent and insensitive. Because of this, the traditional
lithographic materials, such as novolaks, diazonaphthoquinones, etc., are unsuitable



[ 0004] Advanced photoresists usually enploy a
techni que called chemcal anplification in which an
wa@edod/oglner at ed by photol ysis catal yzes a sol ubtT/U82005/007588

switch fromalkali insoluble to al kali sol uble by

removal of an acid sensitive group protecting an

al kali-solubilizing noiety. The principle of chem cal

anplification as a basis for photoresist operation
platformlsggr b lacgeesaleointegsatiory ddk 81) rearufaisiuraaadt beyond. Thus, in

order t, e 4R, LY Bon EVbEBotrs, Y reiFlimiRbaT i Bw optical

absorptioardmkghhancsl sarsitivitiesohdreststaleld a{engy\mww&nm Miehographic

derivatives. [0005] However, chem cally anplified
techniqyessj st syst ens have many shor t coni ngs. One problemis

st andi ng wave effects, which occur when nonochromatic

is reflected off the surface of a reflective substrate
[0004] duri ngmnped whetoresists disuatiptempioph techmiduea g:aﬂed' ebeinical

.. Lhe redu es resol,yti gn, and. ca
ampiifichlich i Whid AT 8o Gariera Sa iy SRS 2R es 2SS blufY Pyien
from alkafiShSdlubRMS ikalt Qﬂ@lﬁ@%p r‘éﬁﬁv@ﬁ@f dn hﬁ\dasér@ﬁtveaérobb protecting
resi st/ substrate interface reduci ng the_resol ution of

an alkali-gelupilizing mojedpodhepiingile of ehemica ﬂm@afwaﬂoah@?f 2 bﬁé@ or

photor egﬁgb? é’%{bﬂf@f@%ﬁgﬁ‘@z?‘%ﬁdﬁ }/??ﬁé (’(Sﬁl S e? fect occur S

4.491,628En Mdmi ch:euhxsalhemaphim eesisls ha\ms bbaly elemgnledl a:.round the use
., believ hat e film
of acid SRNSING, GOV STl a0 Renaiivs hidriisiEind HEdat e
For a positive resist, this results in an insoluble
: area, and either resi st scunm ng, or a foot at the
[0005] r esi shlq)\&'a%%!traGh;emIQﬁlﬂbérfam@llf?CDOO'ﬁFlSﬂ:urﬂ‘ﬁiemfﬁrehave many

shortcoa 1"fi 2@“5533 | s? ﬁf a{?:ﬁslt%gu {@anKlg tgelﬁ% ngutl‘ﬁtgr{ l accur when

monochrowetic it oefiectet ofuitheOsurface dfeatreftestive Ehbstratezdmg exposure
2005/ 089150 PCT/ US2005/ 007588 .i.n turn requires t
The fornaaliat qfpSiapding Wayesein 1 é?ag‘?ﬂ?tef PEST%PMPQ gaghcauses

ltnerdﬁh%nét]fqbﬂsSt Fbﬁ%nﬁﬁé‘t PRl WaRst RS HRERIRE AR have a

underlying substrate. However, in order to
tendencieto esul intsstoobahthe tesistisebstiale; lbwrweareﬁpcmg.tba resclution of
thereSI§S|St aromati c groups, such as those in novol aks
Rad to be removed, which in turn decreased the etch

[0006] In addition, chemically amplified resist profiles and resolution may
change due to substrate poisoning. Particularly, this effect occurs when the
substrate has a nitride layer. It is believed that residual N-H bonds in the nitride film
deactivates the acid at the nitride/resist interface. For a positive resist, this results in
an insoluble area, and either resist scumming, or a foot at the resist/substrate
interface.

[0007] Furthermore, lithographic aspect ratios require the chemically amplified

resist layer be thin, e.g., about 0.5 um or lower, to print sub 0.18 um features. This
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resi stance. [0008] The nobst comon type of

photoresists are called "single |ayer" photoresists in
wokiosisdibe phot oresi st has both the function OPCT/Dszp0FIgP7588

and plasma etch resistance. Single |ayer resists use

anti-reflective coatings to mnimze standi ng wave

probl ens, which also assists in decreasing problens

intum kit 158 o 487 S Bland ARFER e Bissns e st
image fBARIbS 88n be \Aﬁiég%]féhberucﬁﬂﬂ ity I8 Uﬁa@rmhgfsﬁasﬁé@h However, in

resi st ance are not Opt-l mum fO[‘ a . .
order s datreasauahsorbpner e the ¢ hpotcaly amplifieg repisina romatic groups,

such ad B Y oG] FB forhdUa S 4 o BlBebbf e o
resistarice. appl i ed can reduce the above-nenti oned problens

and break the performance tradeoffs described above.
The undercoat absorbs nost of the deep UV |ight

[0008] Rid %%?E{)ﬁ%}cg{v gﬁgisd?g)hwssi%fsf &%tc(??leéi F‘siﬁglg: lgyéiﬂ hbes?tesists in

undercoa eactivation t he cataly
which thé photoresist hias hdiks tthe fundtioneoffinaging @ plasnmetgh tasistance.

Singlo GCT-S0% bR B b R ATB A G g b,

which é¥§@b§§§t3qh'c@&éaéiﬁ%b%bi&h@%ﬂﬁsuﬁéﬁ@wﬁd%bﬂﬁn@t Heweved, there
appli.ed on the substrate. The chem cally anplified .

are distest perfamanee fisgerla betwees upsish @bgprhangperimage profiles,

resolutilgﬁpgﬁczd%%%tr%?g ﬂ?lé\%{ny ?ﬁll géé‘?stgﬁé’ee ARG 4r8 hof %SREWSfor all

em cal'ly anp resi st topcoat.
semicohdletpeprocesses. systemis then placed in an oxygen
pl asma etch environment to etch the undercoat in the
areas where the chemcally anplified resist has been

[0009] ' e”Pveﬁui?ﬁ{gatabﬁjrsi@f%wepHpuﬁderEbat fifeiNae & plucedphi theedibstrate
resist In i layer” systemtypically contains silicon
before thelchemidad amplifiediresiat %h@l&aﬂﬂpitﬁ@/@ﬁh rqﬂ@gﬁae@mypﬁ'genﬂoned

o . oy I T ’
o ARLEF B B et 4o, g o
absorb?ﬁééﬂ%ﬁﬁﬁ?ﬂ@éﬁ miﬂﬁﬁteéthﬁngsgarﬁmg w:e egﬁc’tst dhexidition, the
e resist Systerm us supsequ .
undercpabBEs eIy ISHEH AHOn (S AT BB ES Ab T B SLRURF et tertace.
Furthefnife, "tRECYSFerbBSt R éatl RBntin Rsdm@ltomatic groups to provide

substrate etch resistance.

[0010] In the typical bilayer resist process, the undercoat layer is applied on the
substrate. The chemically amplified resist is then applied on the undercoat | ayer,
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 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.
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(0011] Even though the undercoat attenuates standing
waves and substrate poisoning, it poses other

w@e@blogarst First, sone undercoat |ayers are soPChUS20085007588
the chem cal anplified resist solvent conmponent. If
there is interm xing between the top and undercoat
Iayers the resolution and sensitivity of the top

resi er . wll detrinentally affected
Ater thebaliR Y 13 FEHR dhPeresisl UGB oPRe PErkerd {01 RUbReauent
| r&&{g laStlaVy ch@ﬁ\éi £ H Gﬁderi in
process‘@%wéﬁﬁ h r?gig? gg@tta Igiser ‘ %méyg‘%te%t of y 0
substratehe undercoat | ayer causing st andl ng wave effects |n
the resist. Thus, the real portion "n" of the index
of refraction of the two | ayers nust be nmade to

{0011] essemvienl ihoughtthe idercoathatienualies stamdﬁri@lw@vee&md substrate
m nim zed, andthelrralnary port “of the in

poisoning, it pasespthespreblems st SAyE %"4%%?3@;?3’%& PN %Qéeblﬁﬁo the
chemicd]! e{’rhﬂ\f?egi 1S ét%%we‘ﬁ't '&Snﬁfd‘n%ﬁ{ S tﬁé}@%}mt@ﬁﬂfﬁy‘m@&%ﬂﬁb top

ercoatin at they are

and undmoabiﬂ}fdbe,nth&mhshnmfandmmlsnwmtqfdhedbpareatﬁitlayer will be
8 ?f cge sem conductor manufacturing deep W

detrime {?ﬁé@?hre@ ols utilize the same wavel ength of light to
both expose the resist and to align the exposure mask

to the Ia%gr below the resist. If the undercoat |ayer .
[0012] is tde teneift tharpelsr aflpiae siffarener i dbgeindey, of refraction

L
underco@Magemeausing standing avand atfmts rmu$|11e besisin c@huaeme real portion

01 of ti Bl TSRS b5 BB A BHst DE dREH S0 SRRl Jnatch or

to havé’hl?e?f'g SHeSd anﬁﬁ!@@d eéﬁa thss Emaw pRrtidrh euat ees @idex of

e comnpara he etch rate of novol ak
refractiore sf the fwo layger must be O@@mﬁecttoamrynmedsﬂ@ctlww affects.
2005/ 089150 PCT/ US2005/ 007588 [0015] Furthernore, sone
undercoat |ayers require UV exposure in order to form
[0013] Cr 0SsAhbthls preblere witheundestcattirnlayersid thet thegiese sometimes

coat | ayer can be applied The roble W
(00 absarbsBt ProRUSRIO MFarBURIon &l remASc aLBE yoPE AT igonductor

8 hl dfNiight to both
manufae{ifhe, 8580 THY ©xpbSfie tdbi BB Sahe et ongh oemt &

exposeaihe r&dm andtthaligndhe exppsurduoask)td ihedgyert kelov th@l!fe$l§t lf the
undercggt 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 waves may occur. A formulator must balance these competing objectives.

[0014] In addition, some undercoats have very poor plasma etch resistance to
plasma chemistry. The etch resistance of the undercoat should be comparable to

the etch rate of novolak resins in order to be commercially viable.



tools al so do not provide uniform exposure so that

sone areas of the undercoat |ayer nay be cross-1linked
woroos/oshiam ot her areas of the undercoat | ayer.P@TIUS2005/007588

addi tion, U/ cross-linking exposure tools are very

expensi ve and are not included in nost resist coating

t ool s because of expense and space [imtations. [0016]

[0015] Egmnzvéq}ﬂﬁrﬁ%% @%‘f& cindercost I%ﬁérs él{fjﬁg lgy/ %g?&sggg n order to

form ¢ rbsg-inlss b&fdr’e&ﬂ'let ﬂmyattoeﬂsxenﬁtm odsisitiobogat taﬁmﬂ eafthe applied.
dIon {/ln [ before the top l.ayer can be

The prgg o,cgcg:,slg ing, ! Claé(pPsy lgs’@@mthey require long

exposut)égﬁgﬁvcééogds 65%‘3%n é&?ﬁy bebdaqirker alrhe Iﬁ LA i li!’fﬁ;]% severely

atime less 180 sec
constrainf througlputnend teldd tonther ceritofgirodueing ha’oegraedu cgwu:ugds adde UV

transi tion .te ature to withstand subse nt
toos alpd Ao pfPtE TPF0ED Ehgb it it BfineratRaS B BE uiistooat taver
may ber &%‘s‘éilmkéﬁ Q’ﬁore[ ﬂ(éw&th%v fedd of HEPBR@érdbasIdyer.o 3aditien, UV
limation of small amounts of the undercoated

cross-hnbnmmqsure teolg arg Aesy e¥peadivie eodrargratiaciyged i most resist
coatmgq:{%&s) dtaus rd?% Eﬁs Gnf's %Fe%htaﬁbﬁ@hm s, water) from .

errra cur req u 0&cur. This can result
i n contam nation of the equi pment whi ch requires nore

oven B L, B BT b, B e v
problerﬁ Ofitht SohB bNANBSS Qehdectedat ?dyéré Ss Wﬂ@?&hé?h‘e@lwrboﬁiéﬁ] curing

In certain appllcatlons it desirab
temperatuies endtlong quiriagdimes befase tb@ tortayeptanie gpplad: alnecorder to

oo corfEH A g SRR e veow

250 °Ct g g6 b Uirfiee8£ thawm d 80hsecdndabeAftef cati nvgs,stlhenlmdercoat should
i ncrease, the glass transition tenperature of the f

have ai high aiiasss transitios teaeesature feméthgland suhseausnt high tﬁm%fa’ﬂ"e

procesifigeBEhHeBeRy Bty B oSN cocirapl e 1o use as 1 o

a nol ecul ar wei ght materi al as p033| ble to i nprove the
[0017] 2 2R UL S5 Bl Ly B ALt B of
the urJdeHH%ﬁé&prr&JP&HrPr(wc?A@‘s t&lfgo%@@fr@ﬁi $he | PRYINBE etc.) or

products (eg aCIdS alcohols, water) from the thermal curing frequently occur. This

U

can result in contamination of the equipment, which requires more frequent cleaning
or replacement of equipment to avoid loss of product yield and other measures. This
results in increased costs and is undesirable.

[0018] In certain applications, it is desirable for the undercoat to planarize the
surface of the substrate. However, this may be difficult to accomplish with
undercoats undergoing thermal crosslinking. As the temperature rises and the
number of crosslinks increase, the glass transition temperature of the film increases.
This makes it more difficult for the film to flow and planarize the substrate. Thus it is
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[0019] In addition to the requirenments for no

interm xi ng, no sublinmation, good substrate plasm
wW@r@h/08®\si st ance, good pianarization properti eBCT/HSZH05/007588

optical properties appropriately conplenenting the

phot oresi st coated over the undercoat, the undercoat

must be conpatible with at |east one edge bead rermver

desirabfEy 5 UsBca et aaRlsaulRs VHEPt RThas RrsTde e Lftove the
plananz‘“a%bedHSW%(/eF *’L?séJBF’RMéiaﬁo%buH?%eﬂlghi B@f@/ esl if the undercoat

performance (e.g phot ospeed pr o dept h of
can adiversely mr:metnba litographie eperfarmenger Qéltpen ﬁb@’tﬂF@@St imaging
Sol utions for these issues individually frequently
procesgsadversely i npact the performance in other areas. The
- present invention is directed to thernmally curable

conpositions with decreased sublinmatio
[0019] t endén@d@lgthmtqmecn&qunr@m@nt%{ﬂréwnéﬁrmmggm S%ﬂ})ﬁﬁ% good

susso RSB Tl JRKCIoRRPETEn BRI 641 i tptca

properti@sesm:rrbpnahe@n tompleraenting thee photresisboedted haverdhe andercoat

thoundhloag e B TR S8, T B A G ARE Wbptai

to the 'éemlbbhducﬁﬁﬂ |hd’usF§95 WW%%R/@%XB&HH@%Eéﬂ&H@S&Ith the

-~ G L1
photore(sllst) cma@deuqveeatm mndescoaidog)@eﬂwénh ) 2@%&%& (e.0.

oL, Bl i TSP R i

S_olutioﬂ% JoPthese is@tlj?(&fﬁd(lﬁabxallyﬁfreq@ent?Zadwselyengpac& tﬂgq geoigemance
) atom or an a avi.ng.from 0 ar bo

in othe;aiegs. M | BprREEATT IHyendon ley@r%cg?ﬂiﬁpeﬁgr@ﬁ&F?usé‘n'snpo'vmef
compo&ibhs "itd’ §8teased sublimation tendencies in which lower molecular

weight polymers may be employed without major adverse impacts in other
performance areas.

SUMMARY OF THE INVENTION

[0020] The present invention is directed to a novel thermally curable
undercoat composition comprising

a) a polymer of Structure | comprising repeating units of Structure 11, Ill, and IV



having from6 to 18 carbon atons; Wrepresents a
single bond, a -COO group, -0-, -(CO-, or -(S)-
wRosegriesent s a hydrogen atomor a |inear PCT/US2005/007588
unsubstituted or substituted al kyl having from5 to
30 carbon atons or an unsubstituted or substituted
cycl oal kyl group having from5 to 30 carbon atons, a
bri dged unsubstituted or substituted alicyclic
hydrocarbon group haviRig from5 to 25 caybon atons or
1 an unsubstituted or tubstltuted aryl gndbup having

from6 to 18 carbon™g b, an  aryl oup
ing from7 to 18 crbon atons; nis [ ger from
o3, gis an integer fromoO to 3, the sumof n and

g%belng nQ. ,gr eat er
—SP¥eRY - clo

al kyl or branched 3 ar cyclic alkyl or] an
unsubstituted or sub 0¥D$cyclic groJﬁé havi ng 5

to 30 carbon atefyyy or (RGOt R7 group where R6 is a

Cl-10 linear or brafiched al kylene group and R7 is

I i near, branched or cyclic al kyl or an unsubstitut

(W substituted alicy@lic group or a n ufibstituted

Or s ubstituted a romatic or a lkyl a romatic g roup

having | to 30 carbon atons and t is an integer about

herein! ' i) '

herein o e Ry B o, 7 h B KePin from 1
to3 carlpom atams; oftahaloggpatons Lt iepeesarts psingle bandra2CeQugroup, or

] L yge v

a -CONEY. By PR 3 REAR M BB 81 o Bling rom 1

to 3 carbiote pRmee N YeprdspdtaeCs ato.‘yrfload(yl@ecgrdiﬁ) akllad agﬂer:(m group

) IS - tri- pent a- xa-, val e a

having %(Pmaﬁss?glsl&ﬂrb%?&fvs &re&"’%??é}t%ﬁls%@?g> @Qn@r‘ (SQE)

-(C=0)- Oforsl'- HUIRS Yéﬂre(sﬁ %ﬁg@h atord 'EDrZa "Mﬂ%b? 'Jhsﬁbét?tut%d or
napht gr oup, I's an al a cyc

substltugackgi/kyd) haging from 5 to 30 carbon atoms or an unsubstltuted or substituted

cycloalkyl group having from 5 to 30 carbon atoms, a bridged unsubstituted or

substituted alicyclic hydrocarbon group having from 5 to 25 carbon atoms or an

or a hal ogeP“grou® R5 is an

unsubstituted or substituted aryl group having from 6 to 18 carbon atoms or an
arylalkyl group having from 7 to 18 carbon atoms; n is an integer from 11to0 3, g is an
integer from 0 to 3, the sum of n and q being no greater than 5; R* is a linear or
branched or cyclic C4 — C4g alkyl or a halogen group; R® is an alky! or branched alkyl
or cyclic alkyl or an unsubstituted or substituted alicyclic group, having 5 to 30
carbon atoms or (R°O)R” group where R® is a Ct-y linear or branched alkylene
group and R’ is linear, branched or cyclic alkyl or an unsubstituted or substituted
alicyclic group or an unsubstituted or s ubstituted aromatic or alkyl aromatic g roup
having 1 to 30 carbon atoms and t is an integer about 1 {o 4,

b) a phenolic crosslinker having Structure V



unsubstituted or substituted alicyclic group having 5

to 30 carbon atons; when Ais phenyl, x is an integer
w@Rookogarsd to 3, y is an integer of from O to BCT/UK®05/007588
sumof x and y being no greater than 6, and z is
6-x-y; when A is naphthyl, x is an integer froml to
3, yis an integer fromO to 7, the sumof x and y
being no greater than 8, and z is 8- x-y; Bis a
primary, secondary, or tertiary unsubstituted or
substltuted al kyl or carbocyciic or heterocyclic
3 g 4 to 30 carbon atons; and d) a sol vent.
089150 PCT/ US2005/ 007588 [0021] In
the present invention also relates to novel

i under coat conpositions, and a

coated substrate conprising: a
TeT mal |y cured undercoat conposition on
@, and a photoresist coated over the
Pher mal lyy11dur ed under coat conposition. Furthernore,
the present inventioR~further relates to a process for
usi ng the photolitho@paphic coated substrate for the
production of relief structures. DETAILED DESCRI PTI ON

AND EMBQODI MENTS [ 0022 T d .
whereir, Rascall fRFCa SRS B30 FroReds A oA TR goue: Roaisya dydrogen
atom, %Hwhﬁcg%ud nc sthsmylagm® Déroﬁﬂfls%’"t RAt dies R"®Wre each

bli mati ®n t endenci es aﬁqoo anari zation
independgnlyi a hydwegentatom, or edimes abitybguiuph Xip grdipti- tatreanpenta- or

nexa- VR AEERaRaBRABBAY < air Scted to a novel thermal 1y

cur abl e under coat conp05|t| on conprising: a) a

HO

){ r of Structure n? ing repeating units of
C)ath%fn%@ﬁlgir@fleratoriIAQ)rﬂi S RLL-MWR3 00
OHn 5 (R4)q
(SOgH)x
RZO
(H)z

wherein A is a phenyl or naphthyl group, R? is an alkyl or a cyclic alkyl or an
unsubstituted or substituted alicyclic group having 5 to 30 carbon atoms; when A is
phenyl, x is an integer of from 1 to 3, y is an integer of from 0 fo 5, the sum of x and y
being no greater than 6, and z is 6-x-y; when A is naphthyl, x is an integer from 1 to
3,y is an integer from 0 to 7, the sum of x and y being no greater than 8, and z is 8-
x-y; B is a primary, secondary, or tertiary unsubstituted or substituted alkyl or
carbocyclic or heterocyclic amine having 4 to 30 carbon atoms; and

d) a solvent.



~I) (11) (lii) (1'V) wherein each Rl is independently
a hydrogen atom or an al kyl group having froml to 3

W@ 200508918t ons or a hal ogen atom L represents BCHUSOE007588
bond, a -COO group, or -9 WO 2005/089150
PCT/ US2005/ 007588 a -CON(R2)- group; R2 represents a
hydr ogen atom or an al kyl group havi ng froml to 3

00217 o i AR, thf BE=TR TRyt Abin eTates Kanets G HriDr the
undercdé‘t%@ﬁ\;pﬁ)%ﬁfﬁr% (ﬁné'a;@ﬁ(ﬁoh’lﬁﬁérapﬂuc §64ed HuBYRate Esmprising: a

represents a hydrogen atom Or

substrate, lai theemaliy suissk undaredatgrompegiion oo tieiSabsivatehand ag

photoregﬁgﬁe?ftef?f%\g’eq tﬁgglp%g'r::ﬁl&l ({?ﬁcg naﬁ %gﬁg&ﬁ}é%\“éﬁ @\%hermore,

the preszefnt hwverdloprfarther telatégad aqmubsé farwisity thie ploiblithodrabpait
ycl i c hydrocarbon rou having from5 to 25 carbon
coated ﬁ‘t’fbﬁ'@t@ﬁméwe rredustion pliked §VU‘§UE9§t|tut ed aryl group
having from6 to 18 car bon atons or an aryl al kyl
group having from?7 to 18 carbon atons; n is an
i nt eger DETAILED ®BESCRIPEIOM ANDEMBODIMENTSto 3, the
sum of n and g being no greater than 5; R4 is a linear
or branched or cyclic C1 -- Cl10 al kyl or a hal ogen
[0022] gr ourhd¥nventiah providesd tHurarmpasirablsypoly@er epfiposition to be
al kyl or an unsubstituted or substltuted alicyclic
used agypemsd areeatip lithegrapbic pracpssesathaihas:! ow%bjimogrt@n%enmes
r N ef{at0 I
and odfif el iaiatich, grptiniel - HletCls HoRiiEible N fiBG, paHBHRance
lithographisubaiging twdtth igh sodpsulation kditudd.i cyclic group or a n
unsubstituted o r s ubstituted a romatic or a lkyl a
romatic g roup having I to 30 -carbon atons and t is
PHe I0MESERT iliepibnLis! Glréctee) t@ 30%061 kiferfrizlyStiiBlR! undercoat
having Structure V (V) wherein p is an
compositieregempistig: 2 to 6 R8 |s a CH20R12 group; RO is a
hydrogen atom -CH20R12 group, Cl-C5 al kyl group, or
aryl; R10, R11l and R12 are each -10

a) a polymer of Structure | comprising repeating units of Structure {l, {il, and IV
: \i,’/i\)\
\(\}:::_W__«RC*
5
(RY),
)

) () (V)

wherein each R is independently a hydrogen atom or an alkyl group having from 1

to 3 carbon atoms or a halogen atom; L represents a single bond, a -COO- group, or

-9-



WO 2005/ 089150 PCT/ US2005/ 007588 i ndependently a
hydrogen atom or a Cl-C5 alkyl group; X is a di-

wWaQ pG05/084184 r a-, penta- or hexa- val ent al kyl 0oPCT/US2005/007588
aryl al kyl noiety; c) a thermal acid generator (TAG of
Structure VI (SBH)x R2o) Y (Hz (VI) wherein Ais a
phenyl or naphthyl group, R20 is an al kyI or a cyclic

a oM i 56036 < oD T 5 BRLS Ra rom
to 3 ca?bdnsat%'mé nNﬁG@Sre@énffsf@'Eéy b?cl@alkylehé GOUPBE RN afiene group
fromO to the sum of x anhd bei ngono greater t han

having fﬁomeﬁn@ 8 cgrmmpmwrrewasgntsa@ﬁm}ﬁ Rd; 8 ~HPOPng@yey —O-,
-(C=0)- gngé()?tz)g,ell% rér‘(P S?@%témﬁﬁsge@rﬁ%o&% ﬂngép‘ﬁn\%ﬂﬂgﬁuted or

substrtu@edoalkwﬁﬁemng oo Gab}GO Oarbbarattomswrtm'subsmbstlﬁmted cmsubstltuted
substituted al ky g gar bo ycI ic or hela_e({ dg d
cycloalky}rgtelm AAiag 9w 8o bR oAome  Rjdged gnsdbtituted or

substltuié?f%ﬁl:ycmen‘g@ﬂdé%or?% Ghviry Foeh 19166 T CAroH éﬁirﬁs or an

ositlon rlses repeating units of
unsubstfititegc busedbstityted |aryl greup \aving freen GepedS agrhem atoms or an

arylalkyggmpgrbq glﬁé ctu aﬁ%%%Ph gg:l ﬁrin é%ﬂr%ﬁtxafqto %18 an

integer fonR10 @ GUPEhd Gahﬂdﬁn Imtdmlbeaﬁgalfw greatapian &nﬁ“ |s a linear or
i so- ropyl Preferred Rl are

n and % h
branched:pr SRIGH GiorRd o hialogen SRP; ggﬁﬁpan 8lknE°f ranched alkyl
or cychggu{ﬁr aﬁr QHEUbSHAGER' O ?gbétﬂpfe%ﬁﬁf‘éy%hé éﬁﬁﬁb‘)%‘vm@t 8o 30

group avi ng car bon
carbon I%mmhermreCRGLO);RBtgyeuarwheres g6 ea §bird, lingarsor bxzmched alkylene

a5 B SHEPef o B Y o DO BB Rtes

alicyclic® Yrduppd (¥ he DRsabstiated o Bs %st@&fécﬁé Wrastc oF @lllkyl alomatic g roup
represents a single bond lgroup CO) -

having §to 3, caﬁbonarator(ns@mdtg&awtegﬁ@alp@ el &d w. s a
single bond. -11

b) a phenolic crosslinker having Structure V

V)

wherein p is an integer about 2 to 6; R®is a -CH,OR" group; R® is a hydrogen
atom, -CH,OR™ group, C:-Cs alkyl group, or aryl, R', R'" and R™ are each

-10 -



WO 2005/ 089150 PCT/ US2005/ 007588 [0024] In the
repeating unit having Structure 11, R3 represents a
whasogEam atom or a |inear unsubstituted or PCT/US2005/007588
substituted al kyl having from5 to 30 carbon atons or
a cycloal kyl group having from5 to 30 carbon atonms,
a bridged alicyclic hydrocarbon group having fron15
to 25 carbon atoms or an ary| group having from6
mdepenﬂsnﬂhatbwﬁrog%ﬁtorefor@Caﬁqalk)éhqugr%@a vtrhgteﬁraomenta- or
- I tabl e exanples of R3 include
hexa Vﬁg?ﬁékg Qﬁppmh? b hydr ogen, nethyl, ethyl,
propyl, butyl, |sopropyl i sobutyl, tert-butyl,

o) o hofh SUE sbherails LPRET g B SBL YL, vl ooct !

cycl ododecyl, cycl odecanenet hyl,
bi cycl o[ 1. 1. 1]penty| bicyclo[2. 1.1 ]hexyl,
PRy o[ 2. , bicyclo[3. 1.1 ]Jheptyl,

bi cyclo[3.2.1 ]Joctyl,

bi cycl o[ 3. 2. 2] nonyl

bi cycl o[ 4. 2.1 ] nonyl,

1] nonyl, bicycl o[ 3. 3. 2] decyl ,

bi cy 4. .2]decy|, bi cycl o[ 4. 3. 1] decyl ,
bi cycl'0[ 5. 2. 1] decyl, bicycl o[ 3. 3. 3] undecyl,
bi cycl o[ 4. 3. 2] undecyl blcyclo[4 4. 1] undecyl ,

wheremglf\g Clﬁg%lgergil Izc}rgg\ggﬁgﬂyl @; 4?0[ is gng%l?(y{jgé@pychc alkyl or an
unsubsﬁ’th?éﬁ:b%?os‘htgiéd é?@@ﬂ: grﬁu?ﬁ‘ébi‘ﬁb% o B0l édrb8Actbms; when A is

adamant y aman
phenyl xris @pdhisiger of frone 1 6p de yds emgmleger of from 0 to 5, the sum of x and y

veing uERL 6, A o SRS REb BRI piSaE o 1t

3,yis dff ihftézL dradebrk® & 7, thehsidh g xnarad WDemg/nb@Beaﬁeﬂthan 8, and z is 8-
cycl ohexyl, bic cIo[2 2. 1] heptyl, adama

x-y, B ﬁmmrﬁeﬁ%ﬂond@m,cgut lgr)Q sg bs }xg%g)gr substituted alkyl or
X t
carboc){cﬂ%: :b\af\‘cfz] %rgfﬁdaf %l%ilg; g?@@gl] odgjé%?r?yp at%rﬁ‘gnal"f' benzyl ,

phenylethyl, napht hyl and napht hyl net hyl group. [0025]

|SUI abl e exanpl es of nononmers generating the repeating
d)asolyght of Structure (11) include, but are not Iinited

to styrene, 4-nethylstyrene, 4-nethoxystyrene, 4-

cycl b/ Ce qhanestngrgfly dardble | polymer composition
[0023] napht ﬁ%éﬁ@%&%ﬂV|g§? apt hanl ene, 4- yhenylstJee%e P
compn@sqolnematmyuarte of4Stmctqn¢@rib>depmdyl\J st yr thee rep,ec'etmg unit having
Structupe E h% IB\Z/H &Q@ﬁyﬁ‘ ?)51 9; gﬁ ealk)ﬂl_g%ﬁ’;l) '%E%IHQ ?ré?ny 1%8% carbon atoms.
Examp@t Bwkbwydsﬂm{u@@rﬁ@thywem h‘wionyheamd fset prapryl | @refdered R' are

di net hyl acryl am de, 4- cycl ohexyl phe 6Iacry|ate 5

hydrogancamﬁ orashyli pﬁeﬁ@pr@@enﬁcawwlg bond,”a -COO- grolp, or a -CON(R?)-
group, whé’rg o&e%&g&gﬁg laaﬁgléftlo%teﬁ atom or an alkyl group having from 1103
carbon atoms. Preferred L groups are a single bond, or a -COO- group. M represents a
Cs-C; cycloalkylene group or a Cg-C4s arylene group. Preferred M groups are a Cs-Cy
cycloalkylene group or a Cg-Cqq arylene group. W represents a single bond, a -COO-

group, a —(CO)- group, or an -(SO,)- group. The preferred W is a single bond.

-11 -



4- cycl opentyl phenyl net hacryl at e,

4- cycl ohept yl phenyl acryl ate, 4- -12 WO 2005/ 089150
weEansBAtnS5/ 007588 cycl ohept yl phenyl net hacr yl BEEDS2005/007588

3-cycl ohexyl phenyl acryl ate, 3-

cycl ohexyl phenyl net hacryl at e,

3-cycl opentyl phenyl acryl ate, 3-

cycl opent yl phenyl net hacryl at e,

3-cyc|ohepty|phenylacrylate 3-

cycl oyl cysl
[0024] henyﬁg@%ﬁé&?ﬁﬁg %Hﬁ é\ﬁﬁ% @.fc rgﬁlgfl %g:trﬁgﬁ%r@y% %’a hydrogen atom,
or a lin@arcyndulysttuted ph@mjvlshmtgd adlkyl aving from 5 to 30 carbon atoms or a

cycloalkgygwfpoﬁg%psqm{éné;‘?é??@rtgﬁrgon sAtoms, a bridged alicyclic hydrocarbon

group h‘éViﬁbQ‘P@ﬁtS/’coOer@é\fW ka6l 6t 4n aﬂylt%r’éhﬁﬂi{é\ﬁﬁ@ Yo & to 18 carbon
bi'phenyl met hacryl ate, (3- phen acréuate

atoms qr:a,rpailswyarymf@hplhﬁymgaéﬁoym dtle, 18 carbon atoms itable examples of

R incidles BIF R VAT PhProscr,_melind, ety PR, Jutyl, isopropv

|sobutyl( 41@6—&2@' | )@]Mmdxgﬁt hagtlypeniel, cycloheptyl cyclooctyl, cyclononyl,
- met hyl cycl ohe

| h I
cyclodeaareyt, - met wyp emﬁﬁé’f@sﬁhg% ?@%@@d%%{b e, 4- cyclodecanemethyl,
I | & :
blcyclo[jl?“l QBEFP[QV @g%?f ﬁ}}ﬁaﬁﬂ}’ Elﬁ%{:lﬁgﬁg 1I]heptyl (blA?y_clo[3.1.1]hepty|,

blcyclo[ﬂé‘rﬁ]obiyt yl cjmﬂyolo&cam]pnb'hw a@qycm[é 1y 1Joctyl, bicyclo[3.2.2]nonyl,

bicyclo[43 ﬁpgpjcl oﬁép)yé‘o%ﬁeﬂyﬁg}éllr ;Pgﬁgﬂléﬁtf‘?ﬂdﬁ&?t € pidydid3.3.21decyl,
blcyclo[4“2£2‘jde§‘hi orgieytio[aExpdedhenicridia . Yidaty, 4bicgclo[3.3.3undecyl,

br onocycl ohexy I()dﬁhen | acryl at e,

bicyclo[4 qa]'unge@fmyml e JIursiasyl |hlﬁ;{ci;g5,3y1 Bindecyl, ppyglo[dr 4.2]dodecyl,

blcyclo[@?{ %h:ar ony({yﬁ%ﬁ g@ﬁ%@ﬂ:%ﬂ é\B @ﬁt‘?ildeéyl ‘blcycéo[5 5.1]tridecyl,
adamamigk, hoxycar borgdaryanhtyhrertiy), phenyl acr yItn@uth[MZ t #~"Jdecanemethyl,
tetracyﬁ%éﬁg? rﬂ& %}@%hﬁgﬁg%geﬁnyl ;i?eté"n%gr yl ?)h%hylethyl naphthyl,

naphth&lﬂwe‘tﬁ'&ﬁt Bid pth@n}iképhenwéf@frbaca?l are. a hydrogen atom, cyclopentyl,
- met hyl phenyl ) phenyl acryl at e,

cyclohe’mrt hlylpyme[ﬂyz 1 heehyl astaraantyl, a@@amantylngethyl tricyclo[5,2,1,0*%|decyl,

tncyc|o§ué,3r0§ %ﬁﬁ%ﬁéw nti.%t] p&i&f @‘br‘}da‘ap]d%d%%an§ll,erbhenyl, benzyl,

phenylékhf/ﬂnaphﬂhw @hhemohﬁmmm@ﬂ\ﬁ@@ﬂl@t e, 4-(4" -
or ophenyl ) phenyl net hacryl at e,
4- (4" - brormphenyl)phenyl acrylate, 4-(4'-

br ono ﬁ%ﬁ &sQenerating the repeating unit of Structure
[0025]4 (4'- §D Icaﬁ@%w en eney l'acryl at e, p-( 9.

() mcl‘(&iehytbmiaama mygdt plhmh@dl )tﬂwahWemet hdamgthﬂstg/reme ( 4-methoxystyrene, 4-
cyclohgﬁlts’py%lxg ar:? %9é/loﬁg>?yr]s¥yl)é) henyf—\?i%/%la $'|ﬁ1alené,4 2-vinylnapthanlene, 4-
phenylstyrene, 3-phenylstyrene, 4-(4’-phenoxyphenyl)styrene, 4-(4’-
methoxyphenyl)styrene, 4-(4-acetylphenyl)styrene, 4-(4'-benzoylphenyl)styrene, N-
methylphenylacrylamide, N-methylphenylmethacrylamide, N,N-dimethylacrylamide, 4-
cyclohexylphenylacrylate, 4-cyclohexylphenylmethacrylate, 4-cyclopentylphenylacrylate,
4-cyclopentylphenylmethacrylate, 4-cycloheptylphenylacrylate, 4-
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met hoxycar bonyl phenyl ) phenyl nmet hacryl at e,
(4- phenyl sul f onyl ) phenyl acryl ate, (4-
w@b@apsasd f onyl ) phenyl net hacryl at e, PCT/US2005/007588
(4- et hyl sul fonyl ) phenyl acryl ate, (4-
nmet hyl sul f onyl ) phenyl nmet hacryl at e,
(4- benzyl sul f onyl ) phenyl acryl at e,

ovloheRFEErsRe BREAES Ui monon 'at@@%? eneaiei e 3

clohek ene, 4-neth -
cycloh }blbhehﬂoﬁi?gﬁrrgﬁgé & 1Mol B a@k?ﬁ’ gﬂghenylacrylate 3
cyclopeptyiphgsytiosthaoybate, cycl ohexyseyaleheptylphpnglaghdater ene, 3-
4- (4" - et [ en
oyclohepi R TotRERTRteL 7 cne. " oSt OHERYPDRME B e, 2
cycloheﬂylphérh)ﬂhﬂwédmew | met hacr yI at®yclopentylphenylacrylate, 2-
cl ohept yi phenyl acryl at e,
cyclopentymrwha acpiRgy | met hacr yl2e¥clobenyiphenyloseiateat e, 2-

cyclohe?sg%ll;gié?g/ﬁ’ﬁ?ﬁgh'%rlﬁQ{E““efﬁr%;'t %ﬁa@}ph Yl%@ﬂ?éﬁé' ) Phegpharyitidhseryiate,  (3-
phenyl)pleanyaorylatay | @cpheaylmhenylmethacrylate (2-phenyl)phenylacrylate, (2-

phenyl)%émmg%%ﬂg&;l %ﬁgﬁ;{%ﬂﬁfﬁﬁg%@l at - - g’ér‘z%yi)phenylmethacrylate

4-(4'- méth iEyclehbRyl te IOhqﬂ()dl’-?fi‘eftwl@ycﬂohéxﬂ)‘bhenylmethacrylate 4-
oroc cI ohexyl) pheny I'met hacryl at e,

3 -metlmlqwlohﬁwﬁgbg@ylaﬁ@&s}tp) pHeldymetyl pmlghe&prhenylmethacrylate 4-(4’-

teﬂ-butﬂ@fﬁé@ﬁ@?é%gk@ﬂ?@gy %ﬂfeé)?(t; thgfggclo ¥I?ﬁh§né/’lmethacrylate, 4-(4'-

chlorocyel¢dexytphenyiaantiatey | cyo4 @@h}drbpyxﬂolyéxmmmywethacrylate 4-(4’-

bromocycibhexyl eI eARtony| i SHETVFYBRBR REid RS hapatate, 4-(4-

methylérlﬁ&ylé&ﬁﬂéﬁé@bﬁﬁéh%l@ﬁﬂ}ﬂéﬂaacr ylate, 4- 4-(4'-
| phényl ) phenyl net hacryl at e,
methylcmrlqmnyl@yﬂlmemﬁehganyimvﬁhgcra{m’cw ate, 4-(4'- 4-(4'-

methorg B BRCT R bR E Fale, ( -

methox?b@rb)bh?l@};él@ﬁ&k?l}Iﬂsmmllmiéﬂiwylaieattﬁ@ -methylpheny!)phenylacrylate 4-

metimﬂgggrg; sul fon%‘?&phenyl (r)nfit hacr%‘ ?'%’E'S@W&? t yﬁ@clrlyllé?e 4-(3'-
methyl@ér@phgéﬁgﬁiétﬂaér@%ﬁde 4S A&But o )})ﬂbﬁwbﬂr&e A-(4"-tert-

tyrene cycl bhexyst enyl’st yr ene,
butylphhnyl\)phgnylmeti‘racmdlam)e 24\7(|4n9IhIneqnhmyl)phenylacrylate 4-(4'-
4- |.oh h I a )
chiorortipEy SRRIREI TEhasr ¢ dromapheRuphenyisrryee 4-(4-
bromo;ﬂ"ré?u'yﬁeﬁ@b{* Mtat e4 %bﬂﬁ/lddrmylpﬁ&%ﬂﬁihe'ﬁlyl‘écrylate 4-(4'-
ructfure | rther i ncl udes a repeating

methyl@ﬂfbonylebeeﬁmhwlmszthm"ylaa ure (111), wherein Rl has 4-(4'-
metholy GEBRSy BRn PRV B S om0 10 3, the sumof n and q +¢-
methoX§ea®nybHegBbRenyReathacryiher ei (Yphenglsalfonyl)phenylacrylate,  (4-
phenylsulfonyl)phenylmethacrylate, (4-methylsulfonyl)phenylacrylate, (4-
methylsulfonyl)phenylmethacrylate, (4-benzylsulfonyl)phenylacrylate, (4-
benzylsulfonyl)phenylmethacrylate, and the like. More preferred examples of monomers
generating Structure (II) include styrene, 4-methylstyrene, 4-methoxystyrene, 4-
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i near or branched or cyclic C1 - ClO alkyl or a

hal ogen group. Suitable exanples of R4 groups include
whedosasasnot |imted to nmethyl, ethyl, propyl,PCT/US2005/007588

i sopropyl, n-butyl, sec-butyl, tert-butyl, pentyl,

hexyl, cycl ohexyl, cyclopentyl, octyl, cyclooctyl,

cycl ononyl, chioro, fluoro, brono and the Iike

Preferred R4 groups are a hal ogen gro_é) or a -
cyclohexyshgane, s-phenyietieaneaBrhenylsiyfena «. 4 angtmaweh@wlkeayrene 4-

s sconn gy e S SEABE S AR e B Bacre

4-cyclohéphyphienyysdrylates) e 4-8cldhegtydphehylimethacryldie drd-bjshenytaveylate, 4-

biphenyﬁ@%(ﬁta%&t 2(‘)4/}3) O@ycwég ! enfal Mf:{jgL;gs@%@yéphenylmethacryiate (4-

li hydr oxy 4-(4'-
acetyl)pﬁetgyé?&ggﬁo PCT/ US?O 5/ OO%&&%/é hmylﬁxg%}g??/)?léﬁag@te (

methylcgslagheiypheoyinathaentate.3, 4£(4 -Chipmesygiahaxyhphenylacrylate, 4-(4’-

chloroc@l e%yhg%@%%ﬁ%{p&%% X y?‘é -bromocyclohexyl)phenylacrylate 4-(4'-

bromoc%:l@hé)@l)bhbﬁ?lvﬂetﬁaéryldt@ Xy 91—3(4’emtmncblbbayﬂcyklehexyl)phenylacrylate
d exanples of m)nomar s generating Structure

4-(4'- mefthylparhowlcu@l@haxwmy%qtvla@ ate3- hydroxystyrene, and 4(#-
st preferred nononer (4’

methOX%cé‘E%?ﬁéPé{‘g&&é@{y%ﬁ?ﬁ’('ag'p@ éTFs 4- hydr oxystyrene. [0027] 4
methoxycarbowltyd@eﬂﬂphenyln%awyla’ne,t 4ddsmatbgdphepyliphanylaorgate, 4-

(-metyghesupBhetymathramels, | S-RacshaitiicripBhebURghnte. 4

ch|oropﬁé(ﬁ¥|f|bﬁéﬁ Hﬁ@tﬁﬁc fyldte, R1= H 8- pﬁthlsﬂllfénﬁ)plwyl@@ylate (4-
pr ovi acet oxystyrene or 4- ,

phenylsul’fonﬂ)n’qelre’i/mémﬁgmeaten@ g g@*mw)phgnymethacrylate and the like.

oot oA BN g 40T S g e srne, o
methylslthEﬁggl ?%}en?ltelgomyﬁnﬁr@mnt %‘dg%clzlﬁcyswene, (| Wrphewdstgiene, 1-
vinyinapfithglengy  an 51)’%’5%9? %ﬂ(? @or sub W?‘ﬁ’?‘@éqghﬁeg@f%@ate 4-
cyclohe\SA’(‘(@H@nggﬁ/étﬂgc@l p%h;ha&rﬂhfém BibhERGRStREcryiite Wnd the like.

1- 10 I near or brancEed al kyl ene group
and R7 is a linear, branched or cyclic alkyl or an

02 TZSEERE 5% SHRE BT 5 580 neprosencd by
Structufd G"PWF%r@FnQQth@m@meénmg a9 d@ﬁhé@@bo&ém andnﬂegesfrom 1t0 2,

an integer from1l to about 4. [0029] Suitab)le exa\rm‘l 4.
q is an giteger framl Qde 3bthe s ofsand & bR gratghibap 5, wherein Ris a

linear or branched or cyclic C1 — Cyp alkyl or a halogen group. Suitable examples of R*
groups include but are not limited to methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl,
tert-butyl, pentyl, hexyl, cyclohexyl, cyclopentyl, octyl, cyclooctyl, cyclononyl, chioro,
fluoro, bromo and the like. Preferred R* groups are a halogen group or a C+-C, linear
or branched alkyl group. It is also preferred that g = 0. Suitable examples of monomers
generating Structure (lll) include but are not limited to 4-hydroxystyrene, 3-
hydroxystyrene, 2-hydroxystyrene, 2-methyl-4-hydroxystyrene, 2-tert-butyl-4-
hydroxystyrene, 3-methyl-4-hydroxystyrene, 2-fluoro-4-hydroxystyrene, 2-chloro-4-
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cycl opentyl, cycl oheptyl cyclooctyl, cyclononyl,

cycl odecanyl, cycl odecanenethyl, cycl ododecyl,
weywsogilasanenet hyl , bicycl o[ 1. 1. 1] pentyl, PCT/US2005/007588

bi cycl o[ 2. 1. 1] hexyl, bicycl o[ 2. 2. 1] heptyl, bicycl o[ 3.

1. 1 Jheptyl, bicyclo[2. 2. 2]octyl,

blcyclo[3 2. 1]octyl bi cycl o[ 4. 1. 1] octyl,

hydroxysgyr S5 O%Lf’ éhﬂjnon b' Cé%—ﬁ%lﬁgﬁ%ﬁ(%ﬁ}ﬁ%%%ﬂ 3,4.5-trihydroxystyrene,

3 5—dxmé¥hyﬂ¥ﬁh9cﬂr%x t éCYS' 5—té?t Emgl-ﬂmyc&o@éi?@rie and the like. Preferred
bicycl o[ 4. decyl blcyclo[5 1] decy!l
examplesi cgfclmrmrmerg] @enerdting phteyeiuee 4 () 2ineiine y - hydroxystyrene 3-

oy 38 e SN Brond PGkt AN Hhoromer qonersting
Structur@illtmmwﬁro&yﬁ}ytefriedecyi , bicyclo[5.4.2]tridecyl,

bi cyclo[5.5.1]tridecyl, adamantyl, adamantyl net hyI ,
tricyclo[5, 2,1, 02, 6] decanenet hyl ,

te” , Suthleallis ded b
[0027] \%@degg%/ gggg%%‘%%}’c USﬁth}Ojg/g g%gy Pr ef erre| Kﬁow eaby

using aedanyatw of tRs hyﬁw&dﬁe groeio vdhigh | ispremovable.  For example,

hydroxygﬁyﬁ qobf H ept1y qb“ 0@36%10% p%o&ig r}%/ lﬂH-ac;e’u%)wstyrene or 4-

tnmethytsl’lbﬁystymhé Eubs@au@ﬂtdtﬂ:aitermlmlerlzatlon the protecting group is
tetracyclo[4,4,0,12.5,17' 10] dodecanyl ,

removecht hoxycycl ohexyl, propyl oxycycl ohexyl ,

|sopropyloxycyclohexyl tricyclo[5, 2, 1 02, 6] decyl,
et hoxytricycl o[ 5, 2, 1, 02 6] decyl , and

[0028] et hoi(m mglfyrhepefrﬁwmt;tme | DoBer isludad Bareprating svitgepresented by

st 5 g2 S B8t REABOB AR L R € Rt vt o

an unsdbsﬁmted"befs@bétﬂdteq@mpblmr@ﬁp%avmgcs tel 80 atzinybeméoms or (RCO)R’
propyl ene, and isopropyl ene.

@’j Q Sui t abl e exarE}
group WeTR7TREris] e tnutm%areoh@ranqi?ﬁq Kylene y@PHRea)Y | R 1S a linear,
branche‘ﬂy tt{ 0 g&ﬁbyb‘kyl C&fc%aﬁhﬁrﬁ’él}ﬂstlﬁ)’t%o%té’tﬁbst%ﬂoﬁﬁ(&%hc group or an

cany cycl odecanenet hyl, cycl ododec
unsubsmutéd:)desabeutatddya corimtrcyotmﬂw| ]armmaém giioup havmg 1 to 30 carbon

lo[2.1 1]h glo[ 2, 2. 1] heptyl
atoms gq\&yc 3 ng_L ex%ﬁ) %8 ZytloE)[z 2. ]2] ggtil

blcyclo[3 2. I]octyl bi cycl o[ 4. 1 1 ]octyl
bi cycl o[ 3. 2. 2] nonyl , bicycl of 3. 3.
[0029] bi cyo$wtablez @}ampigzs obul%ydm@!psiel n@i’?yInOt limited to cyclohexyl,

cyclopegh@ ql:)gc%l(i'\eint gcgg%oct)@ g ?‘[qghy% %%g%&%canyl cyclodecanemethyl,

cyclodo‘@lle@:ylCI 0[ 30 3loﬁl]e@ad@m¢thyl b| cybio.ybl@['B 12]Jpedsty! , bicyclo[2.1.1]hexyl,

blcyclo[&%gﬂh ¥ Q]qygx@gcgﬁn hé}}t@ygl iBydo %ﬁ%@% bicyclo[3.2.1]octyl,
iyto EAEANS” S0y SE Aol Yk ot SHTAEEY iyt hon,
bicyclofi. tyHomygnt ebiyyclo[3.3.2]decyl bicyclo[4.2.2]decyl, blcyclo[4 3. 1]decyl
bicyclo[5.2.1]decyl, bicyclo[3.3.3jundecyl, bicyclof4.3.2lundecyl, bicyclo[4.4.1Jundecyl,
bicyclo[5.3.1]undecyl, bicyclo[4.4.2]dodecyl, bicyclo[5.3.2]dodecyl, bicyclo[5.3.3]tridecyl,
bicyclo[5.4.2]tridecyl,  bicyclo[5.5.1]tridecyl, adamantyl, adamantylmethyl,

tricyclo[5,2,1,0>|decanemethyl, tetracyclo[4,4,0,1%°,1""*|dodecanyl and the like.
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tricyclo[5, 2,1, 02, 6] decyl,
tricycio[5, 2,1, 02" 6] decanenet hyl ,
W@ eqosmgysd o[ 4, 4,0, 12,5, 17" 10] dodecanyl and t hePdT/K82005/007588
Preferred exanples of R7 include cyclohexyl,
bi cycl o[ 2. 1. 1] hexyl , bicyclo[2.2.1] heptyl,
bi cycl o[ 3. 1. 1] heptyl, bicyclo[2.2.2]octyl,
bi cycl o[ 3. 2. 2]nony| bi cycl o[ 3. 3. 2] decy
Preferredi eyarhples. cﬂ’ R dm\cydde csmmhaxlyb [b:b\’mlel]a.mdﬂthyl bicyclo[2.2.1]heptyl,

bleCIO[g ‘ijﬁegt& cﬂrﬂeﬂgﬁ ada ol Crﬁylbf%ﬁxfl Illé;ﬂg%g@’?ﬂ ,0%%1decanemethyl,

tetracyctd[@)ﬂm ¢’E51B1°§1d3166§|¢w| bi Cetﬁéﬁc@cﬁ)ﬁﬂwrl OleCy|pr0pyloxycyclohexyl
bi'cycl’o

tridec 2e0l CYCI O ]t %6
ISOpI‘OpH@Wﬁ lexyla lﬁml@@ %‘étq]y]deCy‘ ethoxytncyclo[S 21 ldecyl , and

2,1, 02' 6] decanenet hyl ,
ethoxyd JMC%%}“% ,2,1,02, 6] decyl, and

tetracyclo[4,4,0,12.5,17" 10] dodecanyl . [0032] Suitable
exanmp| es, of nmononer eal | ni t f
[0030] St ¢ ook eXaSIon ok Ao daciuds bUfare et ek 16 ridinSiene, ethylene,

6
eSS < B Vot e of &

include efhyllenss propylendandjisaprepylepel ohept yl acryl at e,
cycl oheptyl net hacryl ate, bicyclo[2.1.1 ]hexylacryl ate,
bicyclo[2. 1.1 ]hexylnmethacrylate, bicyclo[2.2. 1

[0031] ] hSDItéiﬂ)l@Cémdnﬂilés of B inohlidd BuRark hb’emh}témﬁb hﬂcbhleayle cyclopentyl,
bi cycl o[ 3 octylac | at e, clo J

cydlohepiyt 91/%@%&”9%@@“3’ s 6'95!99%5 | iclo Sbariemethyl, cyclododecyl

cyclodécgﬂgﬁfeﬂ-yl et (%f\ at penﬂﬁja”W)bHIé{QW hMekyi, bicyclo[2.2.1]heptyl,

I"'methacr yi
bicyclofBr1.¢hepbfl 5, 2 b]m@m[B]Zﬁovﬂyhcr ybigyelo[3.2.1Joctyl,  bicyclo[4.1.1]octyl,

bicycloﬁa:é Shensh o Bidvadngl HEBNYEr . ORI A Fonyle  biovelol5.1. tInonyl

0 10 4 t e, bicyclo[5.2.1]decyl
s S| Sk ] ittt i ot

blcyclo&?ng*»]@q!@cgu ptgyploﬁdeaﬂgqmdﬁq,( yblcyglg[g}}daﬂ]yng@pwy L)g:,yg[o[5 3.1lundecyl,

blcycloglt%gfd é{eﬁglh%%g)rdﬁ 23868?%1 engélq[@?g?ﬁ‘crg{éﬁ:ﬁ'%&)z&o[54 2ltridecyl,

blcyclo[% h]iﬂd«yckya,te et hylagizenayityic ol ohcd;;mhnwdmeﬁww etdieyclopentenyl,
hylene gl ycol dlcyclopente

{
t”CYCIOE%?H et hyl ene glycol  phenyltf %\{%%[5 gg Glﬁe‘ganemethyl
tetracy@lbt/lwl@”ﬁ“gimaﬁlb ﬁtﬂ;}’! lar@tt R likest ha@r"eYérﬁécﬁ,exah’fb{e@nﬁ R’ include

bénz acryl ate and ethylene gl ycol

cycloh®ahzy] dllhseJIO[ﬁe‘t lhﬁl@P(yll, at e bisyclo[Za.1Ihppl.er r edieyaald t 1lheptyl,

bncyclofqf ?1'}.?0(3 iy ”c@é@ %ﬁgngifw g;?clB[ﬁ §918cyPt " UHi&cfol4.2.21decyl,

blcycloga’9|3‘]mﬁi@6ym¥ﬁ6w€d ¥ |38Q]§ndecyl bscyclo[4 4 1Jundecyl, bicyclo[5.3.1]undecyl,
i cycl oé hexyl met hacr

bicyclo[4.4. 2]do ecyl, b|cyclo 5.3. 2]dodecyl blcyclo[5 3.3Jtridecyl, bicyclo[5.4.2]tridecyl,

bicyclo]5.5.1]tridecyl, adamantyl, adamantylmethyl, tricyclo[5,2,1 ,0*®ldecanemethyl,

tricyclo[5,2,1,0>%|decyl, and tetracyclo[4,4,0,1%°,1""%ldodecanyl.

[0032] Suitable examples of monomers generating repeating units of Structure
(1) include but are not limited to cyclohexylacrylate, cyclohexylmethacrylate,
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I sobornyl acryl ate, isobornyl nethacryl ate,
adamantyl acryl ate, adamantyl net hacryl at e,
wao eoospgdisf 5, 2, 1, 02' 6] decyl acryl at e, PCT/US2005/007588
tricyclo[5, 2,1, 02, 6]decyl net hyl acryl ate, ethyl ene
gl ycol ethyl ether nethacrylate, ethylene glyco
di cycl opent enyl et her acrylate et hyl ene gl yco

di cycl opent enyl et her ate, ethylene glycol
cyclopeﬁpyi%ﬁrylazq her acrydvstogen ’ﬂ é‘ Aycol pheyF! ognpﬁgflacrylate,
et hyl ene glycol benzyl r
CydOhegﬁhdl“ éé: eﬁ% gl ycol benzyl ether ﬁfcgab g ﬁh%@%}wat&
blcyclo[ihleﬂbleb(ylnmtbawlat&;l s invention can bé)lwodrp{ar%dﬂﬁapMacrylate,

or in nmonomers by any sui,t abl
blcyclo[échﬁ_‘e1 E‘?ﬁ‘g Bﬂ%ﬁerl zation process M%W'&éa?c&oc&ﬂacwlate
blcyclo[st?}']o%fylm@ma‘trwﬂéat ur afsfbod f?myla&wh pf@é‘cﬂﬁﬁﬁ?lmethacrylate
0

i nclude, but are not limte free a£6
adamamv*e@mwtem | ecedegrartdmatagiviels zat .tswyclofs%@m Br ddecyaarylate,
trlcyclolu@’i’ Y Q)algjdgg?hfetﬁ)ﬂg % tll? g{d@fﬁt ?roaﬁééc%g'égh%tﬁ?@ﬁ%hacrylate
tetracycddy{ds%ﬂ 12’Ba§é°<]d<nrfedah§.'lacmmer ature to be enployed in the

whi ¢ 17 WD, 2005/ 08

0
tetracy AR g L BsssanynetBacrioll N odibyisia, o il 'BETDRe ether
acrylatesoét‘fﬁ@ne BRRol SRRRYRIHS ﬁ%éﬁfﬁgtméﬂﬁ%}%‘@%bl éﬂﬁ/l ether

nomer stability, and the c tic abilit
acrylat@ aetayipse glycolhethybethari mgthaﬁéhlﬂi@r atluyl@n@rglw)lt ﬂ@ycbpentenyl

cver LEFRBERINAAP e s RoBiehIF el bRian RS Shyene oveol

phenyl GtRér abtyl@tbp ethyldds @lgﬂdnmreayloéthem ttnem?)rylat? tettglene glycol
mol es of npnomer. refer of initia

benzyl (Rihee AordRo s BRVIREEH ORBELDED7D1 HaSasBahag it the lice.

Preferr@@'e?(é I bfihid rs {den %P&tﬁb b8fing UnitsBTOSWlictutd @ll) include

erred range of 1 nlti tOT concentratlon IS

cycloh&)@ftamydateaboutcyclohesyltr@tmwmes 0 Yaydlel2. bilhexyimathacrylate,

obormbRgkbel ™ %, ! cBRRPpeekREAb, o P 5 b,

adamah@lmb@@é@&éteper OXI de, 2,2'-azobi si aﬁ@mt}y{smntozieldacylacrylate
ob| -met hyl i sobutyronitrile), dinet

tr'CYCkJES %1 QiZ rseibylagndeie. api@yienguayolp e@;sdx,egger methacrylate,
ethylen e@l&&g #cécﬁ)rﬁ@@! Hett}é%{éﬁﬁ (ﬁ??ﬁ@ﬁe( %lngﬁggegentenyl ether
methac[r@l@%] etﬁylmebglqcelobhewl sther apollateeréthgiehenglyocl phienyl ether
methacry!ate e%h{/]ene glyco‘ %enzﬁ ether acrylate and ethylene glycol benzyl ether
methacrylate.

[0033] The polymers of this invention can be prepared from the corresponding
monomers by any suitable conventional polymerization process which reacts an
ethylenically unsaturated group. Such processes include, but are not limited to, free
radical or controlled radical polymerizations. Such processes typically are run in a
solvent or solvent mixture using a catalyst or initiator. Initiators should be chosen
based on the temperature to be employed in the polymerization, which in turn may

-17 -



di oxane, tetrahydrofuran, 2-nethyltetrahydrofuran,

acetonitrile, toluene, ethylacetate, propylene glyco
woresngtiby| et her acetate, tetrahydropyran, nmeeCHS2005/007588

et hyl ketone, nethyl isobutyl ketone, and diglynme or

any conbination thereof. Polynmers may be isol ated by

precipitation of the polynerization solution into an

appr opr.i at e, nt Qqf s in which the pol ris
be set by B, RN PORRET fiesauentar s RSrRIr, yrigyed Gia Geperid on
the mor%fnéf 's&étﬁﬁtyoananfhed bh@myms oBltyC @Mﬁet lcaféﬂg st 8 ﬁﬂé GbiSrating
known by soneone ski l in he art
temperamewrmssthefdesomm@slﬁlpa halfélfgpf)ﬂ'@dmtlﬁtqme pr esent
i nvention. have a weight average nol ecul ar wei ght
in ternms of polystyrene of from about 5000 to

[0034] abOUBuﬂEbféoﬁutlaﬁowed:@’men&aﬁb@s} aretetwelenr abeuy IGIO(IMM)) about

ol styrene of from about 7,000 to abq
10.0 % g@lqmgf qngtlaé@retpgp folas & MANOMmEFer Kise Prefsrted fepge otihitiator

concent@%%nms 64\4«%%%%3{ ggn% ABH Y e M0I8E &R a?&%ttotal moles

mor e pre erre e val ue of
of mondvherc aithbemdstt preferrezt rangeubimtatmnmntmtlmdts betweengabout

PR e A

in Jan
Rabek, Experinental Met hods | n PoI ymer Chem stry,

John Wi ey&Sons, New York, 1983. The pol ydi spersi t¥
[0035] of t irxapulosnef sHilgbledres: radiesh Inlﬂﬁt@r%waawdé, byt are not limited

f ; h
to, benfSy Serpfte. 2t bustioplel'> Pt ahetrh B ApRle),
dimethyl 202'- almmttbll(é|é;rtxbull§!rg’(«s]tc alad$au|m1yl peroxidd. ubOptignallgind c hain transfer
crosslinking an [ functi ons. whe pplied
agent (e,g- garbep tal Fﬁ‘ﬂe OE?L‘IP %C@B%QHW%%%‘ 'q\lc\’@"'cf%ﬁused on
at |l east one of the three functions |listed above, but
may have some inpact on nore than other functions,

[0036] Thi s Suitaiie solveditp doid @otynasrizatien ivpigie:, i lbuthBF Mot fimited to,

doran S, BRI AR R APl 15 et

propylehéSgl‘y‘é@lﬁ@@n@ﬁm@tfﬁlvSé!héhﬂﬂcetatel\/rtetrbhydrbbyrm rmeaghw e}tlaylyketone
ptical paraneter k, whose i nf|

methyl feOPLB tKegne Gier GBivERe O ey Faraivaton Higrept o SRR may be
|solateod8¥] g»'réé‘lpi@é’tﬂ)nr &iife e[ﬁ)h&ﬁé@iéﬂo?\%l@%ﬂ ffo adméﬁbrd?)fnate amount of

mer' repr esent tructure I'll in the above
solventfinwhitia thevpotimer is onsdlﬂlelet Fhehwecipitated polymer may be isolated
by filtration and dried using conventional techniques known by someone skilled in

the art.

[0037] The polymers of Structure | employed in the present invention
have a weight average molecular weight (Mw) in terms of polystyrene of from about
5000 to about 45,000. A weight average molecular weight (Mw) in terms of
polystyrene of from about 7,000 to about 30,000 is preferred. A weight average
molecular weight (Mw) in terms of polystyrene of from about 8,000 to about 20,000 is
more preferred. The value of Mw can be determined by such standard methods as
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optical paraneter k. The solvent solubility, plasm
etch resistance, and filmformng properties can be
w@piosismed by choosi ng appropriate co- nononer SPOF/US2005/007588
Structure Ill and IV. Generally, for 248 and 193 nm
m crolithography the opti mumrange of values for
refractlve i ndex (n) and conplex index (k) are about
50 to 1.80 and 0.12 to 0.28 . res ectlvely [ 003
gel penwt@ns&hﬂaﬁa@gﬁamberas edesgribefe 1 BEI gramBleat a giamerRabek
Experinféht§ lﬂ@&%ﬁsqgm?lﬁﬁle‘?‘létﬂrﬁﬂt Y J&H “J?’i VA& Irf2e N@W %rﬂ a{983,
nononers or by e concentration of the INhdiV
The pomiummliy of thespd)ismied mag rangeefrom Hattot&tmmabsﬁ)rl&apom‘erred

polydisRRibf GHypIRE RGO Bt hARIBA of t ne choi ce. of

nmononers to obtain not onIy the required optical
properties fort he wavelength o f interest, but the
[0038] ot heﬁmqtm wltprqu%truqt@rg sliwand_ V] iowest abgerption, solublhty

ond oo 1 R SRR W00l BE TOUThtogd, acn

repeatirfoanit isXotused ahetileddhd oﬁelcﬁrthé/dhrée fmncﬂfoeisrlmbd above, but may

concentratlon of repeating uynit n the r n
have sagne dmpagicon mqre thaafﬁther'lfy ' S's“}lt?sm A& Fertioht Sh the

SpeCIflCPIGEAJ)ﬁéPP %O%ﬁé%xeabo@ﬁarfd?ng/‘i aront oﬁ%dﬁ%%r%pr@sented

centration o rep eat i na%sunl ts I n
by Il mtthe mmteecanaxamgalssmaomh eresustamefaraﬂn orbance,t which will

% A f

strongly P AP braimPte e oGk BITiRAGH i 8L5R Byt Soptrol of

TCU mfatéﬂal The WroSdiHking abrsity 4Ad rrateats %te?hmewrmemhe aamount of
repeating units in the ymer having Structu

monomer |rewrﬁ§emt&dgiév Sirgetugadlitin fB%&b@vatfem\u lao Weiphiralsp atfects the

optical é&\%{n?étéﬁﬂaw %’g r%ﬁtﬁdldrﬂght?,l ?légﬁﬁaétblﬁ‘ge%é‘ﬂahée' %n’dhlﬂm forming

I's from about 10
properttdsoman B ommazed/obyﬁchmmgaappmprlete cmmmnmatrsaﬁ %WC’CUFG il

o ] BRI, 95 o ol i SR STEEBBRCHL B fnge o
values %?%ﬁﬁéﬂv%tlhaéx o) érﬁpééﬁ*lgréﬁ( iHaEX 8&)idie EOUPO150Es 118V and 0.12

Structure (11 i's fromabout 15% to about 25 nolar %
to 0.28 Tegpentivelynt rat i on of repeating units in the pol yner

having Structure IV may range from about 5%t o about
40 nolar % A preferred concentration of repeating

[0039] igl t SThé abberbaaks ropsties nf tsé polymars dt\d givelir waveleagth can
be altered by adjusting the particular monomers or by the concentration of the
individual monomers. |t should be noted that the absorbance of a given p olymer
may be different at different wavelengths requiring optimization of the choice of
monomers to o btain not only the required o ptical properties for t he wavelength of
interest, but the other required properties as well.

[0040] The concentration of repeating units in the polymer used in 248
application having Structure 1l may range from about 20% to about 85 molar %. A

preferred concentration of repeating units in the polymer having Structure Il is from
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%to about 35 nolar % A nore preferred concentration

of repeating units in the polyner having Structure IV
wo gookognrsmbout 15 to about 30 nmolar % A nost PCEUS200&7588

concentration of repeating units in the polyner having

Structure 1V is fromabout 15%to about 25 nolar %

[0041 Preferred polynmers for 248 nm application are

about 43581 pHEAY el % 2h Tgrospiembe b aeionsigapeatagynts
in the polyereri ravitlg Struatirgdi égfromasloontetO tomabbky F0gnalar %avifgiost
o bk e S e RSP B o
about 5@?50 53thout Z20bABIR 1P Phe Bgﬁcérﬁraﬂoﬁb@fé{ﬂ@d"ur@f uditSh e polymer

group, R23 is cyclic al kyl or an unsubstituted

having cﬁtrtmturgtliltmawdaage &roen iabodfr R tﬁaﬁlhwg A0smolar3t.c £ perferred

concen B of g RS ML m 2 UMM o o el 1

% o atﬁ{ut %C?iofara%kywx Afor@prefeseti ioncenieation of wbséating emits in the
alicyclic

: bstit ut tit
polymeghaiag Srshuralligs fraroARaita oo Aehad rigar Te.o A orast Prefired
concen@ét?iﬁof rgggéuﬁd‘ uhfid ﬁﬂﬁb[pgf 1 wdg Sﬁu@tu’!‘@‘ﬂl is fr&nﬁﬁbout 15%

out 2] Polyners escribed by
to abouSt?rﬁumolﬂre% VThel cm’roentaratusmo 4 Qatnngdumltﬁ ipie rnﬂlymer having

Structura(%rf}l/nngnaatyl cr)erllngFfaZA'from agzut 5@ to ab&.lt 400n‘\°bq)alo &m——AR%(?eferred
concentration of repeating units in the polymer having Structure IV is from about 10
% to about 35 molar %. A more preferred concentration of repeating units in the
polymer having Structure 1V is from about 15 to about 30 molar %. A most preferred
concentration of repeating units in the polymer having Structure 1V is from about
15% to about 25 molar %.

[0041] Preferred polymers for 248 nm application are described by Structures
Vii ‘

(VID
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25 (Vill) wherein R24 is a hydrogen atom or a nethyl

group; R25 is an unsubstituted or substituted
W@r@smsd160 gr oup havi ng C6- C30 car bon at ons; RZBCT/ESH05/007588

cyclic alkyl or an wunsubstituted or substituted

alicyclic group having 5 to 30 carbon atons or

(R3)OtR7 group where R30 is a C2-4 |linear or

branched al kyl ene group and R7 is a linear, branched

or cyclic al kyl or an unsubstituted or substituted

whereifRl %Ké%%g@% Lol o alkgilob VM P1o 3 carbon atorms or

a haloganatem; &b IS ai klynsu!mtmltad |oc sybstitptedaaronmatic grouphayingoGe-Cao

carbon A1RE5- PO anBuftogen p§ % O footin gine Shadaratt alvber an

unsubshm@zﬁbr chsmutba dllﬁyéli’&fgrﬁ@;b }ﬁaﬁh? rsst@otso Barbd# atoms or (R®ONR’
ion having Structure | range from about

group \sg@ (b‘élta Ap-arinear op bmncceéf%lkyl@ae (ﬂfﬁé‘@ﬂ@'ﬂ%t |P2’nISohnear

a { r
branchét?f)br?] &cﬂ U#Riiloé%a OE %u Lé%?rml sy sﬁjﬂltgﬁ étié/Uﬁ@ quéups %J an
unsubsgtm@daot sabstitateaf amamatcfrww arbdraatm grduipe hgwingﬂa to 30|carbon
ving Structure || romaot 15 ¢t out 30 nol ar
atoms; %'Sﬂnd’ﬁt@ge"ﬁ&@'?‘é‘l't”?i@ﬁ‘@éﬁ? AR Sﬁe‘b?b‘?'-&a‘efé)t ng units
in the polynmer having Structure 11 is from about 15%
to about 25 nolar % The concentration of repeating
[0042] uni t sPolymene destsibest b y ietvicigrest\f Hicaner zlspl prefieiyed forgdd8 nm
i ab ﬁm about 10% to about 40 nolar % A preferred
applicalgilcent rati on of repeating units in the polyner having
Structure Il is fromagbout 10 %to about 35 nolar %
A nore prefer concéjfrati onR¥ repeating units in
the polynmer hgving Striucture 1]l is fromabout 15 to
about 30
repeat i

tructure 11l is
The concentration

pol ymer having Structure I}V is fromabout 30 %to
about 80 referred concentration of
repeati ng-oaits in the polyner having Structure IV is
from abdg

(Vi)
wherein R is a hydrogen atom or a methyl group; R* is an unsubstituted or
substituted aromatic group having Ce-Cap carbon atoms; R is a cyclic alkyl or an
unsubstituted or substituted alicyclic group having 5 to 30 carbon atoms or (R*°O)R’
group where R is a Co- linear or branched alkylene group and R’ is a linear,

branched or cyclic alkyl or an unsubstituted or substituted alicyclic group or an
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concentration of repeating units in the polyner having
Structure IV is fromabout 50%to about 70 nolar %

WO 0443918y ef erred pol yners for 193 nm appl i cat PORESANE007588
descri bed by Structure 11X -22 WO 2005/089150
PCT/ US2005/007588 R R Rl 1 R28 X~ R27 R22 OH)n
(I'X) wherein R1L is a hydrogen atom an al kyl group

ansubstsaied sybgfterd Bromete o K AOTRBATAHR IS o Jfarbon
atoms ahd t a Yrﬁé@@reéb&[t ProSHBsd htlé“aﬁ%t@{;eluﬁfséﬁbiﬁ htigtped C5- C7

cycl oal kyl'; I's a cyclic alkyl an unsubstituted
or substltuted alicyclic group having 5 to 30 carbon

10043 3, B uRcARACNAREn o° gRBEATan AT s e Hoiads B8 103
applicatinahalieg Stuctre! Il ind) kargeofromnabd iUt tot aiced 40 molar %. A

substituted alicyclic group or an unsubstituted o
preferreg gosncentiation of mat@goumtﬂ m;the Aohwaes bawpe %f%&#ﬁdg ig from
about 15“/8 19 aﬁgﬁggglm] LPYE g’f %;mgga Blt%f%do egﬁé’e[@gr(ﬁgﬁ ‘Hfhg{a/ré%é’un‘b units
in the pmymerehavm@s&rudtm@ lbys fiomuabauie$5 Xo abouh iB@ompiaaf¥%r r Adnost

preferreg%qr%q%gggg @%lgéga ZS%@&%%E%D@ 005/ %agls%tructure it is from
about 15% to about 25 molar %. The concentration of repeatlng units in the polymer
having Structure Il may range from about 10% to about 40 molar %. A preferred
concentration of repeating units in the polymer having Structure Il is from about 10
% to about 35 molar %. A more preferred concentration of repeating units in the
polymer having Structure lll is from about 15 to about 30 molar %. A most preferred
concentration of repeating units in the polymer having Structure 11l is from about 15%
to about 25 molar %. The concentration of repeating units in the polymer having
Structure 1V may range from about 20% to about 85 molar %. A preferred
concentration of repeating units in the polymer having Structure IV is from about 30
% to about 80 molar %. A more preferred concentration of repeating units in the
polymer having Structure 1V is from about 40 to about 70 molar %. A most preferred
concentration of repeating units in the polymer having Structure IV is from about
50% to about 70 molar %.

[0044] Preferred polymers for 193 nm applications are described by Structure
IX
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(OH)n 29 (X) wherein R24 is selected fromthe group
consisting of a hydrogen atom and a nethyl group; R28
WO 200808966 ed fromthe group consisting of a cyRdT/US2005/007588
al kyl, an unsubstituted or substituted alicyclic
group having 5 to 30 carbon atons and (R300 tR7 group
where R30 is a C2-4 linear or branched al kyl ene group
and R7 is selected fromthe group consisting of a
|'i ngar, brgnched or qycllc al kyl , an unsubstituted or
sulfdtituted, alicycRc group, and an unsubstituted or
sulysti tuted aro=matijc or al kyl aromatic group having
. 5 is an integer of about | to
or - unsubstituted C5-C7

cur abl e underl ayer conpositions
crosslinker having Structure V
0 PCT/YS2005/ 007588 Rlo (Ho / X p
pis @an integer about 2 to 6; R3 is
e Bup; RO is gehydrogen atom -CH20R12

yl grouR” or aryl; R10, R11 and R12
i ndepd@pt |y a hydrogen atom or a Cl-C5
aIkyI group; X is a d|- tri-, tetra-, penta- or hexa-

val ent al :féi) or aryl al kyl noiety. Exarrpl es of the di-
tri-, tet penta- or hexa- val ent al kyl or

aryl al kyl noiety include, but are not limted to, R13
whereinRéﬁis ﬁi‘rldr%_g%n atom, an alkyl group having from 1 to 3 carbon atoms, and
a halogen atom; R? is a hydrogen atom, and a C1-C4 alkyl group; R¥ is a
hydrogen or a substituted or unsubstituted Cs-C7 cycloalkyl; R? is a cyclic alkyl or
an unsubstituted or substituted alicyclic group having 5 to 30 carbon atoms or
(RPO)R” group where R® is a Cy~ linear or branched alkylene group and R’ is a
linear, branched or cyclic alkyl or an unsubstituted or substituted alicyclic group or an
unsubstituted or substituted aromatic or alkyl aromatic group having 1 to 30 carbon

atoms and t is an integer about 1 to 4, and n is an integer of about 1 to 3.

[0045] Novel polymers described by Structures X are also preferred for 193
nm applications
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H3C CH3 CH3 CH CH3 3 16 H3C CH3 3 +AH3C 18 3 CH3 R H
H3 H3C CH3 OH OH R18 XZH R19 R19 R17 wherein R13,
wWOR1eh5/08%5) R16, are independently a hydrogen ap@RUS2008007588

Cl-C5 al kyl group ; RLl7, R18 and R19 are each
i ndependently a C1-C5 al kyl, a C5-C8 cycl oal kyl or
-25 WD 2005/ 089150 PCT/ US2005/ 007588 a
cycl oal kyl phenyi group and Z is a bond, -0-, -S, a
C5R2@8 cyclg#d kyl ora cycloal kyi phenyl group. [00471

pl es of [t he pheﬁ lic crosslinker having Structure

C imted to, H3COH2C CH2OCH3

(OH),

29
X)

wherein R* is selected from the group consisting of a hydrogen atom and a methyl
group; R is selected from the group consisting of a cy/clic alkyl, an unsubstituted or
substituted alicyclic group having 5 to 30 carbon atoms and (R*O)R’ group where
R¥ is a Cyo~4 linear or branched alkylene group and R is selected from the group
consisting of a linear, branched or cyclic alkyl, an unsubstituted or substituted
alicyclic group, and an unsubstituted or substituted aromatic or alkyl aromatic group
having 1 to 30 carbon atoms and t is an integer of about 1 to 4; R? is a substituted
or unsubstituted Cs-C7 cycloalkyl group; and n is an intexger of about 1 to 2.

[0046] The thermally curable underlayer compositions comprise a phenolic
crosslinker having Structure V
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CH2OCH3 CH20CH3 OH HO OH H3COH2C CH20CH3 H3COH2C

CH2OCH3 H3COH2C CH2OCH3 HO\ / \ OH C H3COH2C
WEISEESH3ICOH2 CH2O0CH3 OH H3COH2C CH2OCH3 HPCIUS2005/007588

H2OCH3 CH2OCH3 V-3 V-4 -26 WD 2005/ 089150

PCT/ US2005/ 007588 OH H3COH2C CH20CH3 H3COH2C CHZOCH3

OH H3COH2C CH20CH3 HCOH2C CH20CH3 OH V-5 OH H3COH2C

CHZGZI—BO_I H3COH2C CH20CH3 CH2OCH3 HO CH3 / \ OH\ [/ [\

413

wherein p is an integer about 2 to 6; R®is a -CH.OR' group; R® is a hydrogen
atom, -CH20R™ group, C+Cs alkyl group, or aryl; R', R" and R™ are each
independently a hydrogen atom, or a C4+-Cs alkyl group; X is a di- tri-, tetra-, penta- or
hexa- valent alkyl or arylalkyl moiety. Examples of the di- tri-, tetra-, penta- or hexa-
valent alkyl or arylalkyl moiety include, but are not limited to,

L+ C

CHa
Hac CH3 CH3
HaC CH, ; é
OH OH 7
R1B
HO OH
R19 R‘IQ

R17

wherein R®™, R™, R™, R" are independently a hydrogen atom or a C4-Cs alkyl
group ; R", R"™ and R' are each independently a C+-Cs alkyl, a Cs-Cg cycloalkyl or
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H3COH2C CH20CH3 CHZOCH3 H3COH2C CH2OCH3 Or-1 V-6 V-7

CH20OCH3 CH2OCH3 HO OH OH OH H3COHZC CHZOCH3H3COHZC
wWORHOBSH3ICOH2C CH20CH3 R Rio H3COH2C PCT/US2005/007588

CH2 OCH3H3COH2C CH20OCH3 H3CO H2C CH20CH3 OH OH OH V-8

V-9 -27 WD 2005/ 089150 PCT/ US2005/ 007588 CH2OCH3

CH2OCH3 HO I \ \ OH OH OH H3COH2C \ \ CH20CH3

a oycloakidonmes! 91000 P o S48, TERE O8O o

cycloalkylphenyl group.

[0047] Examples of the phenolic crosslinker having Structure V include but are
not limited to,

HaCOH,C
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H3COH2C | / CH2OCH3 H3COH2C \ \ / | CH20CH3 HO/ ~'
OH HO OH CH20CH3 / CH2OCH3 H2OCH3 OH CH2OCH3 V-12
wO23/08H50 H3COH2C | \ ( / | CHZOCH3 H3COH2C | PCT/U$2005/007588

CH20CH3 HO / HO OH OH HO OH CH2OCH3 CH20CH3 CH2QOCH3
CH2OCH3 V-14 V-15 H3COHRC CH20CH3 a | \ | HO HO OH
OH CH20CH3 CH2OCH3 V-16 [0048] Crosslinkers enpl oyed
in thys invention can be purchased conmercially, or
prepdred by hydroxynethyl ation or al koxynethyl ation of -

HCOHC e g E%,é ndi ng phenol s using standard techni ques

0 theggeskilled in the art. -28 WO 2005/ 089150

2005/ 007588 [0049] The thernally curable

onpositions conprises a -thermal acid

AG" of Structure VI (SBH)x A R2) Y (Hz

A is a phenyl or naphthyl group, R20 is an

dr a oyobwc al kyl or an  unsubstituted or

e3> jted alicyclic group having 5 to 30 carbon

HCOHGt oy, WIPHER™A is phenyl, x is an integer of from!l

to 3\,/0Hy is an integer of fromO to 5, the sumof x and

y -5

H3COHC - CH20CH3

H3COHLC CH20CH3

OH
HaCOH,C. i _CH,0CH3 HyCOH,C GH,0CH;,
/
|
H3COH,C CH,0CH 3 HyCOH,C CH,OCH,

«
oH OH
-8

\
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being no greater than 6, and z is 6-x-y; when Ais
naphthyl, x is an integer froml to 3, y is an

w0 niosggr1sd rom O to 7, the sumof x and y bei ngP@DUS2005/007588
greater than 8, and z is 8- x-y; Bis a primry,
secondary, or tertiary unsubstituted or substituted
al kyl or carbocyclic or heterocyclic am ne having 4
to qgwgarbo bl OIS, [0050] A variety of a romatic s

a mnes alts can be enployed as the

--i °t hose disclosed igiU. S. Pat. Nos.

@ , 200, 729, 4,25}.665 land 5, 187 019. cnyo0h,
z e JAG W I | have a . at i Ty t
atures bétfwedn 170 - 224C. S
R20 i n&dude but are not limted 0 pentyl,
yI, hexyl, cycl ohexyl_ _lc clooctyl
decanyl cycl odecanyl
cyclodecanenethyl
StBfH2. 1. 1] hexyl ,
] heptyl, bi cygia -

gtyl and the flke Sui t abl e exanpl es o
sécondary, tertiary, urf¥ubstituted oF

subs®dH ut ed8fkyl or carbocyclic gr_HF cont ai ni ng
V-10 am nes include but are not l'i mi t eM-th but yl ani ne,

HO

HaCOH,C.

HO

T ne, dioctyl am ne, didecylam pe,
H3COH,C. \ Ne Ve | Hg,b}g(x GH,OCH;
= am ne, 1-n®
e , : NE, onPpi per di nej;

s heptanef%yl-ne|n1ne. e,
fhe 1i ke. Sui t P8 exaffpl es %
\ c an1nes include but are not |imted to
4-neérﬁé- 1- oxa- 3- aza- cycl opent ane,, 3
t hyl - 1- oxa- 3- aza- cyclopentahé oft, 4-di et hyl -
Iopentane 4- d||sopropl

PG HET if% s

HO'

‘ . open
4(A@g{nethyl 1- 0%@ooR; aza- cycl ohes 3, choch,
i oxa- 5- et hyl bi cycl o[ 3. 3. 0] oct ane,
1-aza- 3, 7-di oxa- 5- net hyl bi cycl o[ 3. 3. 0]

aza- 3¢q4d|oxa 5- tertbutylblcyclo[3y&1@]octane and the
| i ke.  Most preferred TAGis CDX- 2168E, which is a

t supplied at
Y %W%%gih | ether from
g§52, USA. [0051] TAGs
3 fur chased
y |[reaction of the
ith the &d88Ffed sul fonic acid.

cor Fe8Pndi ng am ne
V-16

[0048] Crosslinkers employed in this invention can be purchased

commercially, or prepared by hydroxymethylation or alkoxymethylation of the
corresponding phenols using standard techniques known to those skilled in the art.
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[0052] The thermal acid generators described above
shoul d not be considered photoacid generators. Any
w@emsisdiso ty that the thermal acid generators moUUS2005/007588
have to UV light should be very poor, and they cannot
practically be used in photolithography as a
phot oaci d generator. [0053] Suitable solvents for the
und t syc
L] & G B Kefises_ hdina
acid generatoe (TAGE bESHUctupe dbyl ene gl ycol nethyl ether acetate
nmet hyl |actate, ethyl |actate, nethyl 3-
met hoxypropi onate, N-methyl-2-pyrrolidone, ethylene
(gbyel nonai sopropyl ether, diethylene glyco
nonoet hy r, diethylene glycol dinethyl ether and
R#¥% e\ BO00%4] This invention relates to an EBR
(edge bead_rehover) conpatible thermally curable
' r conpositiogy which may be used for formng an
undercoat |ayer in deep W lithography. The thermally
curabl e pol yner conposition conprises the polyner of

wherein g G iyt o VIERHI GrouB; Renrs A elivt A6 & Siplst fldner an
unsubstitufeC@SSutRitied idiBy@Rdgrodip MRAMRAS th 30 thebRBdtome! dhen A is

generator generates an acid that catal yzes the
phenyt xrie abtintegenef rom hicdd.axigran injegesof frankB %y Rethe/surgduppand y

veing notf8aBUEFCDIA B PN PR g el o

3,y is an @R fioPRLito T, 3ad want of x 3Ad YO boAFSAED than 8, and z is 8-

PCT/USZOO5/OO7588 055] The th
x-¥; B ip@ prBIanto §62%d a%n%oerllamsfn%wgﬁ{%% §I&P§t§%fed alkyl or
carbocych@%tﬁe??@%m%%ﬁ@ having'4 0% OEéﬁoWétBtn\é about 70 to

%9 and nore pre erably about 72 to about
95 wt. % of the polynmer of Structure |I. The anount of

oosar " RL8RRH AL MReROF U RS T g Lo as e

TAG, mc?@duttj ﬂ‘fo%é&h’édoééd)m tab;nnatBNb@ [OVALOH, WRVOMRD, rmr251 665 and
preferably from about to about 25 wt. % The a nb
5,187,018 t)wéenah& the TAG W"'g‘%ﬁt@r acry i Rkl lepgyature s between

dya 0§ sutf
170 - 228G SRIEE PR, e Sy 48T R R by pgopent
hexyl, &Eyﬂ:ldhexyl prefyero@btyy frmmw,bout:ycmonbrtyh atxm:tarfyl W cyclodecanyl
[ 0056] The und ?onposn ns are s?I ubi e‘ 1Jnl
cyclodecapemsitidni ¢ S¥F Q&ﬁ(?%(‘,y cyclodecanemethy |cyc of1. 1.1]pentyl,
bicyclo[2.1.1]hexyl,  bicyclo[2.2.1]heptyl,  bicyclo[3.1.1lheptyl,  bicyclo[=2.2.2]octyl,

bicyclo[3.2.1Joctyl and the like. Suitable examples of primary, secondary, tertiary,

unsubstituted or substituted alkyl or carbocyclic group containing amines include but are
not limited dibutylamine, tributylamine, dioctylamine, didecylamine, triisob» utylamine,
dicyclohexylamine, N-ethyldicyclohexylamine, 1-methylpyrrolidine, 1-butylpyrrolidine,
piperdine, 1-methylpiperidine, hexamethyleneimine, heptamethyleneimine, tropane,
quinuclidine and the like. Suitable examples heterocyclic amines include but are not
limited to 4-methyl-1-oxa-3-aza-cyclopentane, 4,4-dimethyl-1-oxa-3-aza-cyclopentane,
4 A-diethyl-1-oxa-3-aza-cyclopentane, 4,4-diisopropyl-1-oxa-3-aza-cyclopentane, 4,4-

-29 -



descri bed above to prepare the undercoat formulations.
A specific concentration is not mandatory, although
wa b@sogmsent rati on enpl oyed nust be in the proper/usBnien7sss

to obtain the desired coating thickness with the

speci fic coating tool being enployed. |In general the

total solids content enployed is fromabout 4.0 to
. about 35.0 wt% preferably fromabout 5.0 to about
ditert-bgl- boweFrazarayclopentppes eﬂé)éqhmem%@fﬁaatazarwd@emﬂ@ut 1-aza-

. .0 |
3.7-dioZstivieulolr Pl is  aBar i i Bs PRy BRy RS 2 glggtane. -
aza-3,7sdigxa-bitefbitytbiceh]8 Brdjootane ndl thetlikee ddbstpferred TAG is CDX-~

21685,3@5@@5@%%&3@@82%% 3815@?0 péb%{n‘@?eﬂ{ s&&ﬁfﬁ% fL\’cl %@8% activity

in prop#l@ﬁ@ngyé’dl lﬂﬁ@thgﬁ’?ﬁ@r“ﬁ&‘ﬂﬂ Kinf §A4Lidd, Norhald dT 66855abSA.
or fon results 1n non-uniform coatings and line
wi dth variati ons across the substrate when the

00511 | FEAGY oFRTAF in PR BFoRFRTL by Sfhat Sruery, or
preparerbe_r l?’,sﬁiﬁctibﬁ‘é?ﬂié E6vradRMdire) &he with thepdesirdd $uifomicaadid c

i l'ayer coated substrate conprising: a substrate, a
filmof the thermally cured undercoat conposition as

[0052] descry t?eeﬁwe?ﬁ%%YS?iﬁ &gh%faggféscgék%riﬁé@gbb@é %hoﬁlngtcﬂ be considered

radi ati on-sensi coated over t ermal |y
photoacidigetieratdes. chray sewsitidty thabthe thatnal@ckd genesdarsovould have to

O oS eS8 e B R B sy

asa H@ﬁ?eﬁﬁd Enéraf&tr am ¢ substrate, glass, netal, plastic or
pot er grgar?ic film [0060] In a first coating step,

t he undercoat conposition may be applied uniformy to

L

Aot
such a8024hepeancril, rcyctickagonaf propllepei giycoigmoanoethytrether acetate,
coating, screen printing, extrusion coatjn i scu
Propyleiadig! etk tihebacele, AghVIclakatay Ctaq 1aGtHEr SPEfY! 3-
i [ Q@ fbe L sthyepRt bii8oB hdhoiédistopy! ether,
metho)gfg%&??ﬁemqgfﬂ%tn e??a’é'?ng%%o??‘%' I on ngobaked i(ﬁﬁa?y
diethyléne glycblakensethyl etlieg dietkiyiegergiyicol dicetbyletbenand fie like.
tenperature or nultiple tenperatures in one or nore
steps. Baking nmay take place on a hot plate or in

[0054] This invention relates to an EBR (edge bead remover) compatible
thermally curable polymer composition, which may be used for forming an undercoat
layer in deep UV lithography. The thermally curable polymer composition comprises
the polymer of Structure |, the crosslinker of Structure V, the TAG of Structure VI and
a solvent. When the composition is cast as a film and is heated, the thermal acid
generator generates an acid that catalyzes the reaction of the hydroxymethyl or
alkoxymethyl g roups and s ubsequent reaction with the polymer crosslink it. After
crosslinking, the undercoat is insoluble in the resist coating solvent.
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vari ous types of ovens known to those skilled in the

art. Suitable ovens include ovens wth thernal
whe@btiossgso vacuum ovens with thermal heating, aPdI/us2005/007588

infrared ovens or infrared track nodul es. Typica

ti mes enployed for baking will depend on -the chosen

baki ng neans and the desired tine and tenperature and

o 1 38 SRR S8 A o, b g1 e

basis, dh@lui: rep ¢m 95 vt %) qm?‘emw @jponyy 74 tmmlxnk@@rvd&%samd more
{

preferalyy Bhpgt 72 ebapBSS i KO0t fiaracymer Bt Sl aio fheoginede of

the cro&»lmkfr@Sb §Rn e @h&ﬁa?ly%%blé %Iﬁﬁ’&%orﬂ{)éslﬂbﬁ‘ [T ﬁén’I Shout 3

about m nutes typica bet ween 170 C

to aboubBdut. %5praferably ﬁomabcut éﬁo boutd E Wi¥handimure maferably from

about 4y HEF 250, 282" o ALY B o L B bBHLRor i e

thermalgrniﬁalﬂ@gjlolmté? u&ﬁb? i’ﬁt ﬁoﬂrﬁaﬁdg&lm ’at? abegt 5 atco Iptreferably
fera e thermally cura 0 y r cogpositio
from abpyt @2 @da@auttlbnfﬁe@aﬁmﬂégovfen)nﬁé%rﬁbb(b@ th2 dp gaout S wt.

%, 250 C and nore preferably between tenperatures of 180

to 220 C. The preferable cure tines are from about 30
to 180 seconds and nore preferably from about 60 to

ouse 20520 SSE DI, L A BRSEESAdaEonens
describé@@po08 93 e FarE He2MHrEst I8UIBHOT. Pspecie coﬁcentra‘uon is

coating step, the undercoat coated substrate is th
not mandsiewd aﬁhwglatlim eoReastiadion anplpyedh must Hgdn Baﬁuﬂﬁgp%ft r@ﬁge to
' q
obtain ﬁ@‘@% gﬁﬁﬁé tf?}%o n%@g g@ﬂ\emn% %ﬁb%ﬁﬁ‘f}ogﬁﬁg ch%??%éﬁ@%\?ﬁ)loyed
In genaalpiheyteﬂialfsnlldlsafmntgnw\ednplodredeadram ahwtdh@sterabmmaﬁgo wit%,

preferaflyrar atios il EacraB R, 210 Trs PTelERbLEm pAR0 t

about%@}bv'teﬁ in the art. A preferred nmethod of baking is on
a hot plate. Wien baking on a hot plate, typical
tirres range fromabout 0.5 minute to about 5 m nutes

[0057] 21 TR Sh& ch{’ﬂﬂlegggb%%ewﬁng{ﬂsenﬁgﬂﬁg % Erés%-nt invention
should @'\@DB@QW&]gmﬂcéﬁleCtﬁeg-mnkMg pimtit iireacisds artdmel‘aatarﬁ of about 50°

Typ [ fil k f
C. Slgmﬂcgm 10503@0 Ilgé/@e gla(w(r:npéb ICC r%%?slen%ytraneqeforﬁw%%ﬁ a room

temperature, which will reduce its shelf life. Gel formation results in non-uniform
coatings and line width variations across the substrate when the thermally curable

polymer composition is used as an undercoat layer in microlithography.

[0058] The present invention also relates to a photolithographic bilayer coated
substrate comprising: a substrate, a film of the thermally cured undercoat
composition as described above coated on the substrate, and a radiation-sensitive

resist coated over the thermally cured undercoat composition.
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[0063] The photoresi st may be any suitable
radi ati on-sensitive resist. It is typically a

W@ bh@sigebsd y anplified resist sensitive to radi BECT/0O82005007588
the deep WV region such as those discussed in U S.
Patent Nos. 5,492,793 and 5,747,622. Preferably, for
a bilayer resist system the radiation- senS| tive

resi t VVI|| ontaln ilicon.to prote f.ram ox
(00591 "3 de SHeetrefo Mo el s Bouriareplig SHEA s o
silicon wa¥BPbf é'c%?'arhl%sél%ﬁ'atec @Tﬁs@' fhetdl, a%ﬂé br sMetrbArit fith.

group bl ocked by an 'acid sensitive group. anpl es of

suitabl e al kali solubilizing groups include, but are

ool 1% 181436k g B M 611 o MARENN, oo apotis
uniformlyate cheuitalblsdsishdteatel s, knéwangdatihgomethodabl €obling methods
oups inc

include, BUbERs el ded i 1r 5P SREO. SR HOMNRTAI8EY PMRYBeroler
coating, §?l‘§e{f\r ghhﬁ?rggg{é%@bdsluﬁ[)ie?% ﬁéﬁi@@h@scd%ftméu'chﬁQinecoatmg, dip

cke I zi'ng groups I ncl but are
coating, and inhinersien coating.t - butyl esters, al pha al koxy esters,

al pha al koxyal kyl aromatic ethers, t-butoxyphenyl,
t - but oxyi m do, and t-butoxynethylim do. Exanples of

[0061] bl ocAgest @lekfrst c§9ﬂur&%’s€d£2 ) tadkiyOfilAS of aRdBRoke b ehpositioh is
Pat ent s US5468589 91628, US5679495, US6379861,

baked ingdisbbakesstegn J hepaites may take piacerat Qnﬁ:tﬁwrat%a or multiple
’cemperaiﬂ?ése ]! ok?\\é o{e r?ﬂcgr%:@ttg s, sggwﬁé §¥ot'r%]a?gl ﬁl cﬁ'l’”ér ﬁ?tf Efaté % in
various @pds kdfoml'en‘t lahdvarh ito thosbiskilled rig theoarhs . S&hahlakrb\@ns include

th th 9150
ovens wilHIRTERY bERBRGSE T Pens Win R heABg: 280 gfrafgd qrens
or mfraré’t?%a‘ék'T 68MIeRY YHhigAt t|m8§ %frﬁ;!')lb?éh pot M&ansg @mgde;séms 8n the

i con content from abou 8 to about
chosen kaking onearmscang|tee desireditimpbiead temnasaiage andpwillybe kgown to

s L JEYEART K SRR S R POt won

baking oH%ﬁBﬁﬁ%ﬁe ehipicydng 26twastdp MSE@&&?ﬂica[llﬂmes raugd; fiblreab out
yners are di scl osed in US Patenihé 65312 °
0.5 mmqgéegam@ winYses &hitemppratetes; ypicaly helyvegp a dut 80-130 °C,

f°|lowed003/é70%%y refij er ence%]éf#gﬁg‘%—éﬁ tgw%gn?gﬁ?u%g%@eéw Bétween
about 17€01@ to akoduti 250 Qe | p(ﬂ gmﬂestequrocessh dhe |unger-m>ait filnp ksecured for
about 0. 8 n%ﬁ%terzs? Eo aB0dt5 ninu es tyBacaM{(T% tleen a%out 170 °C to about 250
°C. The undercoat coated substrate is then allowed to cool. Preferably, the thermally
curable polymer composition is cured at temperatures between about 150 to ab out
250° C and more preferably between temperatures of 180 to 220° C. The preferable
cure times are from about 30 to 180 seconds and more preferably from about 60 to
about 120 seconds. Typical film thickness may range from about 200 nm to abouit 1

micron.
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silylated after coating as in US Patents US6306990 and
US6110637, which are incorporated herein by

w0 edosgnse. [ 0065] The radiation-sensitive resPGL/USE0$/007588
al so contain a photoacid generating (PAG compound.
The PAG conpounds may be of any suitable type such as
sul foniumor iodoniumsalts, nitrobenzyl esters,

o R R R S ot S Al e
coated e pﬁBtdrBﬁst 464 4h ekohd DaRiigysBH,; bAKEE Sy and bakmg

sui tab phot oaci d generator conpounds may be uSed
equipment desnrdheﬁ @bpye f@brgtb@mduemoatmay ﬁlﬂ)ﬁ@aﬁpm@enBYFH@airtlmeS

employgﬁr@%@%}ﬁpgr\ﬁm‘gﬁgé@ Qdchds%ﬁl gm fPr{ea arm% Partlcular

| um sul Sulf ox
photoresiyd, theatsired tinsebhd thmdésmﬁ&h&mﬁemﬂiuf@ aatie/vmfbbekrﬁmn to those

nesul f onates, i m do fonat es an di sul f
skiled QiP6 8t 6 ATrTSESd BUEREP LG oo hes PSte. aFBeh baking on a
3
hot pIdey (EEAT Has' Tande™ Heth SabolloR.g MRl 165 aBBt & minutes at
temperamrémttmcalwo betygeas Htmt G ECote a@patrmd&; °6t sQptimbe bake

parameiisTFaY o o Bonsly P Hiep UL uRiioR R sl eleny egroioved

TypicalfidhfthieRhesd raHgé gov aboatde® ma teiabolib$2dmidiok)S
Pat ent US 5554664. [0067] Suitable exanples of

phot oaci d generators are phenacyl p-

[0063] 7 met hyJ{l*?? Eisf i n@"b% a ﬁél?\epratd%tm&ﬁ@?éﬁst It is

ene- su ["oxy) et benzoi n
typlcallga a( phemlqadaly@smplﬂfmdyrl&sxqt)s@shw rtomdmtplmemythel deep4JW\pegion

05/ 089150 / / 00,7588
such o B3GR eI TG SR PO DR O B A Sh B AT i1 PRTgrabY.
for a bli&ye(r E@ﬁ@h’éys?éﬂnf Y tRiationlsehsitviet fegist Witk eontafiPSfiton to protect

anpl es of suitable oniumsalts included but are not
it from pwgeeopla@"na etehipge nizxarplesant gvitaiie mheanically pmplified resists

contamt s p 12?%5#@60#6”%#)&@%&;}5& #%%QSEH&WQ%%I Examples of

suitable ldlliajhsulmbtlnziﬁgl gmwmahblades b(f anatret linited ke ngarboxylic acids,
phonolg SIS Xl Lo, 9Bt SRSAUL! St Suicl! LRSI and silanos
Exampfid bPaLi#abIBHIbEKIAG AREHF afMid& NGiteare!t AOPIATEY to, alkyl groups
containing tertiary carbons, and alpha alkoxy alkyls, and arylisopropyl groups.
Examples of suitable blocked alkali solubilizing groups include, but are not limited to,
t-butyl esters, alpha alkoxy esters, alpha alkoxyalkyl aromatic ethers, t-butoxyphenyl,
t-butoxyimido, and t-butoxymethylimido. Examples of blocked alkali solubilizing
groups can be found in US Patents US5468589, US4491628, US5679495,

US6379861, US6329125, and US5206317, which are incorporated herein by
reference.

[0064] Suitable polymers for the imaging layer are those which contain both
silicon and blocked alkali solubilizing groups. Suitable polymers are those with
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sul foni um phenyl sul fonate, triphenyl sulfonium
4- met hyl phenyl sul fonate, triphenyl sulfonium
wa2evensmazy phenyl sul fonate, triphenyl sulfoni upeT/US2005/007588
4-chl orophenyl sul fonate, triphenyl sulfonium
canphor sul fonat e, 4-nethyl phenyl -di phenyl sul fonium
trifluoronethanesul fonate, bis(4-nethylphenyl)-phenyl
ief | b/h
silicon cx?r%ﬁ?ﬁf neﬁmtlf) té élb%p?ggl/ gﬂ@%ﬂ%&bﬁt Preferred polymers are
those wﬂhr srhd:mnconlahhﬁnafsabtbmtr&tceabout 25% silicon. Examples of suitable
r{-butyi phen di phenyl s oni u
photores{st; PpyGIaiiePHANRS LI BRaTE, US. hatdiisy RGHABTOH MRG{#5602

US634073314 flogisnpgl b f US@O@EQS@S‘ amséséimam 56PBo6Y UsH72Re D! and
ul’foni um trifl uoronmethanesul f onate

U85985'\524;h.@ﬁ1@prmn’¢|blaj|pply@agrs el dispioaesl in US Patents US6531260,

Us6590410.! Q%%%?&ithﬁpﬁﬁcgﬁrtfgﬁeﬁegﬁé@ﬁQg@?@o{ﬁ%‘?\'&y 288714835,

which aré lincdrpociéd héf@rﬁlby)e&véﬁc@nlﬂm silicon content may be contamed in
trifluoronethanesul fonate, 4- nethyi hen I - di pheny

the polymrf %?fptﬁnqs?@ﬂ%glaﬁoi'bﬁh%p?é}%§uﬁf‘?fﬁ&% he polymer’ may be
sﬂylatedh Xaf h@%é@hﬁwb) @H@Us@@b@@@'éﬂa usI:Gwoea? which are

ropanesu Shat e, tris-4-nethy
incorpora;lndfrmnelurby teferefnibeor opr opanesul f onat e,

4-tert-butyi phenyl -di phenyl sul foni um
hexaf | uor opr opane sul fonate, 4-nmethoxyphenyl -di phenyl

[0065] SU' fPﬁ‘é watiafieraEh&BVS RESINIWE S18bTcdMdiA. a photoacid generating
yl - di phenyl sul f oni um hexaf | uor opr opane

(PAG) cgmﬁqmdt e, h4=~ Emcbm@mwmdmghebﬁuofsanw SHitalple type such as
sulfomur@h BHU ?l pher&:)’érfz&f‘?%t%{suﬁn ldSuifonates esters and the like.

orop eny uoro rop
Typicallys thé daGewillt bé pidserttlin grhamplupt of abbahii o 1 0% b ased onthe

xaf | uor opr opane sul fonate, 4-nethyl phenyl -di phenyl
weight OEET BAVRS- per f | uor ooct anesul f onat e,

bi s(4- et hyl phenyl ) - phenyl sul f oni um
per fl uorooct anesul fonate, tris-4-nethyl phenyl
[0066] sul f Any usnifable |nhotomsiditganesaldf aempounds may be used in the

ooored B4R D RE T SEIRLPS SHPRAGHR anc

include, #6F ﬁakamfw%mam saltd et @s divgohivin, duloaiunh, suufcb@niunﬂ and
05/ 089150 PCT/ US2005/,007588 perfl uoro

iodoniurg lﬁef"@n Atteobenzylulipppice Ayters prEepHianat P@nﬂrmosui?ona es and
disulfond$’ LMQB%O% mds%grfe?é‘ﬂ @on{ﬂ Shds b Qﬁébﬁf!s?ﬂy kor Seanyle, in
sul er or

onr um oct ane su onate
US-Patetri’uiNoahEl&Elsmg'ﬂBfmd Wt rﬁéﬁﬁﬁaﬁr\mmchame mn:lofpmateéi, herein by

eeroncy Mok S4BT B 1748 LR 2EE R SHLLBAR Simcsutonate

PAGs. Btsésdieble photoacnd generators are perflucroalkyl sulfonyl methides and
perfluoroalkyl sulfonyl imides as disclosed in US Patent US 5554664.

[0067] Suitable examples of photoacid generators are phenacyl p-
methylbenzenesulfonate, benzoin p-toluenesulfonate, a~(p-toluene-

sulfonyloxy)methylbenzoin 3~(p-toluenesulfonyloxy)-2-hydroxy-2-phenyl-1-
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but yl phenyl )i odoniumtrifl uoromet hane sul f onate,
bi s(4-tert-butyl phenyl)iodoni um hexafl uoronet hane
wa iokosmse, and bi s(4-cycl ohexyl phenyl )i odoni uPET/US2005/007588
trifluoronmethane sulfonate. [0069] Further exanples
of suitable photoacid generators for use in this
i nvention are bi s( p-t ol uenesul f onyl ) di azonet hane,
nmet hyl sul f on - tol uenesul f onyl di azonet hane,
phenylmropylc| ethaex -émﬁpdawlbqem(enegulfonyloxy) -1,8-naphthalimide and N-

(pheny%@%nfy}f»@ :]refi ﬁ%’ﬁe‘?‘ﬁ‘ﬁ S: ?ég;r?; Ialazr:;gornst hane,

b| s(1- net hyl et hyl sul fonyl ) di azon®et hane,

bi s(cycl ohexyl sul f.on di azonet hane,  1-p- -
[0068] t ol ucksamptasnpf -gutah %’ﬁ&@l B\?ﬁ%dﬁﬁag’&!ﬁ@rﬁaﬂ%" limited to,
trlphengl m&nrggouf)&l%%}ﬁh ﬁérlrgﬁ'éh[f&?ﬁh cHI6 A, RRPREN Sulfonium iodide,

triphenpiesuifphium wmtbpne phkormte, triphenyl sulfonium trifluoromethanesulfonate,

triphenflL, hy§lélﬂ?/l}l %@ﬁnf %%l;%efn%}fkﬁrzﬁt 3- Offnehyf! 22 8atfsnium

nonaﬂ@éﬁ&‘t‘éh@gﬁmﬂﬁér Eﬁﬁné'nYIZs(lﬁombﬁi @@ﬁ&%éﬂauééﬂmam)etnphenyl
I ohexyl sul fonyl -1 cycl ghex Icarqo nyIP ?
sulfomumtphmyl sulfonate, tnphenyl sulfonlum methyl phenyl sulfonate, triphenyl

sulfonu%h dl %}&hé%%ﬁé}ﬁf%h%ﬂ&@nmm@nﬁ ShfdRidnt 4-énBHgHEPE sulfonate,
triphengti neédﬂ%rﬂtulmyl swmplnm’smlfcmée,dl rﬁem@thymmwlah[dmyl sulfonium
SR Iy b

tnﬂuor&ﬂ%ﬂ’fé?{é%ulfonate tns-4-methylphen§| sulfonium trifluoromethanesulfonate,
1 benzenesulfony di net hyl - 2- but anone

-tert-mtyilphﬁnylidlpbenylosuié)ﬂ!lsfm ﬁrqumgﬂmﬁﬁylfar@tﬁuAaﬁ‘@ﬁl@xyphe"yi-
| f
cpnerfL, SJG6Yhrs. SFBIGTHEROBSANTRFSL | ABMbBRahF  suomum

tnﬂuorbm@ﬂiaﬁﬁdulifagat? azo- g gEchEﬁmﬂl)I‘;myyUmhepyﬁ ot sulfonium
cycl ohex | azo- 2- benzepesul f on a er

or e sy 20 2, RS SOBERLRLE. 7 cutonin
trlfluorgrr{é'tﬁé %\teoTrtls((hL!%\ﬂ%ﬁﬂéﬁ)ﬂ?%l%nu@n@nﬂ@brﬁrﬂé’tﬁmbnate 4-

nesu% I N trobenzyl p-
methyuphehympbaaylhymﬁnmmnbexafwn@prepan%lfma@ao@ﬁ@smfyn/lphenyl)

phenyﬁdﬁﬁgﬁ@oféqﬁ?w qugcf?g 85 ﬁgﬁg%t O?tﬁlsql e @ﬁéﬁ(}l sulfonium

hexafid oParilfohate20% by mxtghibmpm@iwmmheml i ds anobulfomum
preferably about 1 %to 10% b dqht of pol ym=1\
hexaﬂsonqmiepane sulfonate, 4-methoxyphenyl-diphenyl onium

hexafluoropropane sulfonate, mesityl-diphenyl sulfonium hexafluoropropane
sulfonate, 4-chlorophenyl-dipheny! sulfonium hexafluoropropane sulfonate, bis(4-
chlorophenyl)-phenyl sulfonium hexafluoropropane sulfonate, tris(4-chirophenyl)
sulfonium  hexafluoropropane  sulfonate, 4-methylphenyl-diphenyl sulfonium
perfluorooctanesulfonate, bis(4-methylphenyl)-phenyl suffonium
perfluorooctanesulfonate, tris-4-methylphenyl sulfonium perfluoroocatanesulfonate,
4-tert-butylphenyl-diphenyl sulfonium perfluorooctane sulfonate, 4-methoxyphenyl-
diphenyl  sulfonium  perfluorooctane  sulfonate, mesityl-diphenyl  sulfonium
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[0071] Suitable solvents for top radiation-sensitive
conpositions include ketones, ethers and esters, such

wa@goosesdiyd et hyl ketone, nethyl isobutyl ket oneCT/BS2005/007588
hept anone, cycl opentanone, cycl ohexanone,

2-met hoxy-1| - propyl ene acetate, 2- nethoxyethanol,
2- et hoxyet hanol , 2-ethoxyethyl acetate,

perﬂuoré@g@?@ox%lfla}n%é’g&lc@@oﬁﬁ@ﬁ&y- iptfe‘n@d ML RSN E! gﬁﬁﬁlorooctane

propyl ene
sulfonate® n@e@&hlamﬁwyl)qﬂﬁngt esulfpniopy| ;mrﬂucgbsbctainerrsutﬁtymme tris(4~

et her acet ate, neth I act at e, et | act
chlrophggylhvats‘y OBIURY | pﬁﬁ’ﬁl&%ﬂ)@c 2By | S'fg %oxya'lpg' mﬁlnat E%iomum
hexaﬂu&#oﬁ%ﬁ%e gulfﬁﬁa"té" dle I locﬁ)nﬂjlﬁ'@%%ﬂﬂﬁlprﬁiﬂw 's@lﬂﬁwéié)’lﬁ@{ tert-

oi'sopropyl et’he i et hyl ene nmonoet h

butylphenyljiodonidiret tiflueramethgaoel amﬁnnaf@ch IS(H%bUtm@ﬂW)MW@Nm

s et NS SR o0k b S88ae bRyt

sulfonatdhosen with a view toward conpatibility with the
polynmer resin in the undercoat and top photoresi st
conmposi tions. F or exanple, t he choice o f s olvent

oo { . {AFBLRATELS F UGBS 1A her R 4 o1 i

inventidrunct bamal | bl@p-toluenesmﬁmwt)dazomaﬂhmeac| d maihlylsellfonyl p-
hot oaci d generator

th Lhe
tOIUG“eﬁ’éM‘(‘r;‘éd'a?ﬂg‘% rUf‘ent shoul d be | nerfln s%(if? ga%gylgglg?r\lyy -(1.1-
dumethﬂb{hgiéﬂﬁoﬁ NHa2EMethdre, t hepisph, qtmﬁ@mwéthytshwm)diaﬁOmethane

hem cal reaction with nponent s, and

bis(1-mefthayle ytsenl%eylb@ma@tr@r@n @sgﬁyﬁ@hﬁwléwfwé)dﬁ?@nwbm 1-p-
e CE| SRR BBt 200 ves Tzt -

The purpose o
toluene‘shffohﬁﬁ)@r@ﬂd pliénehd,s t 0 scavenge pﬂamﬂmnqsuﬁsmlﬁ methyl (4-

mehprEpooRagste, At e i a0t
methyl&ﬁl%??ﬂeplﬁnl)ﬁ-g%tﬂéh&é abi | e groups by Z-WCWh@ﬁ?lbéﬂwn‘?l 2-(p-

y I ncreasing the perfornmance and
tolueneﬂxh‘bnﬂ)pmpehex Hecyohﬂ'neaqylsu|fﬁn3ddkﬁypiqhﬁxylga@om(gi¢azo(§@9¢hane 1-

d { t th
diazo- ?P&Sﬂ?aﬁ@gﬂ%‘i'f ?gﬂ;d Bg%ba%&ér ?eg(rnle\lj?lnon 6116%261 (1,1-
dumethﬁ?l%ﬂ?ﬁéﬁlﬁg@tl)oé 3Qﬂﬁﬁthyﬁ-t2;lblﬂa?ﬁﬂ‘i®03|h t L on sgoul d be 1-acetyl-1-(1-
| can ower an e ot oacCl r
methylsthoiStiony Bk aReghans o onddiaan d ots ks ) S8 Himghy-2-
butanofg> >} O4di2% -chér%%%%gﬁ G2 %83‘3 ol RllnyTDDURERIRS ™ €0 1(dBEE1-(p-

conpounds esen i's about 3%t
toluenesulfonyl)-3-methyl-2-butanone, cyclohexyl 2- dlazo-2 (p-

toluenesulfonyl)acetate, tert-butyl 2-diazo-2-benzenesulfonylacetate, isopropyl-2-
diazo-2-methanesulfonylacetate, cyclohexyl 2-diazo-2-benzenesulfonylacetate, tert-
butyl 2 diazo-2-(p-toluenesulfonyl)acetate, 2-nitrobenzyl p-tolueneéulfonate, 2,6-
dinitrobenzyl p-toluenesulfonate, 2 A-dinitrobenzyl p-
trifluoromethylbenzenesulfonate.
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50% by wei ght of the 'photoacid generator conpound.

Ni t rogenous bases are preferred. Suitable exanples of
whawe/osidsd ti ves are 2-met hyli m dazol e, tetranepdilyUS2005/007588

amoni um hydroxi de, tetrabutyl anmoni um hydr oxi de,

triisopropylam ne, 4- dinethylam nopryidine,

4, 4" -di am nodi phenyl ether, 2,4,5-triphenylim dazol e,

d 1.5 di |0
00701 3" 178 Sh03HlE YRSk SRR % Cop R compiney . e
amounfléiedbdt 6 DEORRIAIK Ky neldht il PoRRAGr SERIABAATREOPretérably

osition to the actinic radiation wavel eng

about szhéodﬁé/ yeeighitofeilgner salies. conposition and nust be
capabl e of w thstandi ng the process conditions
including any thermal treatnents. Exanples of

[0071] sui t aBLitalslge sobveatd | fopr mporradndaomdsensmes compositiapenénclude

Ketonepyaihess ang stars) Such g5 TRBVGPYT EetopBnPRihth speuty) Edtone, 2-
heptangﬁ(é)f Ldi)}éﬁii')ehfhﬁén% Eﬁélélﬁléxd?{%ne%ﬁ%xﬁ—@%é}iy@ﬁ@ acetate, 2-

sIst . co osition may further "co
methoxyetivandl; Mﬁioxyaﬂtartql \2ethoxyethabacetates I-ovethoxyBtwopylacstate,

1,2-aieihoft ST L EP SRR rlonBle cBatdlfuPlarviets, gy epL MerBethy
ether a‘b@fé&énﬁr@w@ﬁb Td%?%etﬁ?ﬁethév eitieta16, hﬁthgelecfeﬂé aetsl llabtate
process for strate whic

methyl mvatgegtfwh BYRBB(D G Veihy %gég'pgg%@atem -Predyieh- H@fr%"done
1 ,4-d|0§5@§{ c% a&%neEqm&ﬁ ?{l?}ﬁ@ﬁaﬂoéylfétﬁé% ﬁﬂbggr@&? niéhdbthyl ether,
diethylewegbhgid! innonarhethy :etlnerrvdmthyieme @lyoou dimgthyhiether, and the like.

e oS5 SRS BB b S e AP o
view t érﬁ%ﬁfmr&hfﬁl Y@\ﬁﬂﬁme%cﬂﬁ’ﬁer FesirfiPRe! uHtieréGatt iR photoresist

otoresi st stack, F. devel oping the photosensitive
compoe@wpesuﬁ poexpmple, dhest haier 0B Phyeat forpie: Bhetresist earposition

o 5o BB 80 A Y, AR e, ok P fnates

incorpdiatey & theicid dabits polymedr, thergphotoacid generator, and the coating
method. The solvent should be inert, should dissolve all the components in the

photoresist, should not undergo any chemical reaction with the components and
should be re-removable on drying after coating

[0072] In an additional embodiment, base additives may be added to the
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. In addition, the base
can act as a diffusion control agent to prevent the acid from migrating too far and
lower resolution. The percentage of base in the composition should be significantly

lower than the p hotoacid g enerator or o therwise the p hotosensitivity becomes too
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H. etching the visible undercoat in an oxidizing
pl asma to produce a bilayer relief imge. [0076] For
wWa bhios/ogmecess, the substrates, coating, and bakCTgS2005/007588

steps are as described for the bilayer stack

previously. [0077] For the production of relief

structures, the radiation-sensitive resist is

[ e 0
low. THEBRAAEFERISTH thE 1l CobebafiEN B plcerybayt 3 to
50% bghwtetghsdaf d:lwtpho’uoargd agm@a‘katecrdmpmmmatmmmenewm are

of an bIe fce of ¢ radi atian,
proferrat. [SAEHS =@ } Bass e e ey nicRgel, 'dempthy
ammoﬁmhﬁhhyérdﬁﬁ’eed fé‘fr%bu monfR e Widrétige COfisshro P/Iamme 4-
substrate, exposure means of conputer-contro

dimethglesunopryidies, 4’-arammthbamd ethgy, ﬂéaﬁw&'rnrfenth@@zoéﬂ apd 1,5-

aezab B D1BRE et BRI R IR RGTERE oF (e

reS|st whi ch catal yzes the cleavage of the acid
abile groups resulting in a gner whi ch | s aqueoqus

[0073] o/ ubPy&s Ty bejadried (Bitae phetdresitt Pagease fbS ABROMREN of the
compoggﬁg“fot 'tﬁﬁ tinirhgiatish W&\'iélé h, pﬁﬁﬁeaﬁélﬁﬁu‘s@ﬂo@%on the

process neasure, the coatin
compobsiioweand nwmdsm capallée mfrwmlustandmwthe prh@esdaeo«amdlhems lncludlng
he aid of this heat_tr

any thogya) TEREeNIe daRAmPIs; f sHR)Scie el THoudRvns, dspivatives,

anthra&éi‘?e aeiidatividy be Bgfé?iépéenvaﬂlvb@e qhky Qﬁécn" 6iiy@sthh atd8uitable
aci d generated by the exposur e i s_achi eved

for phoferesist sompesitiansparealegsctbed in Hi% &ﬁi@@tmp‘éf‘é&ﬁ&ﬂ dake

can vary within broad limts and depend essentially

on the functionalities of the polyner resin, the type
[0074]of aciThhe gevstomdsist - xochpositidme maylcﬁmrremt icompoiset heaswentional

additivga ek 46120 te?“!&%@f%ﬁ%@%%# ‘Sitenss A BEHShHisd ip the art
will be [k &€ e é’pspr Eﬂé\t@ dBHiRY - adbiftReRirRf i8d E8bdRstion.

exposure bake i oma bout 8 0OC to 130C for about
5 seconds to 180 seconds. Any suitable heating neans

(00751573 o TGN GATSR B RB B RO sl B A on o

substréfel Which reewisss efoliswiagPprdceasystpait treat ment of the
material, the

A. providing a substrate,

B. coating in a first coating step said substrate with a thermally curable
undercoat composition of this invention,

C. curing said undercoat composition,

D. coating in a second coating step a photoresist over the undercoat to
produce a bilayer photoresist stack,

E. exposing the bilayer photoresist stack,

F. developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat visible,
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exposed areas of the photoresist are renoved by
di ssolution in an aqueous base devel oper to generate
W@2008l08950 st ruct ure. Exanpl es of suitabl e baseBCT/US2005/007588
include, but are not |limted to, inorganic alkalis
(e.g., potassium hydroxide, sodium hydroxide, anmonia
water), prinmary amnes (e.g., ethylam ne,
Q- AheRY'Aa'AYer ﬁ&@%@)&ﬁ%ﬁ@s (e.g. diethylam ne,
-n-propylanine), tertiary amnes (e.qg.,
r etahingg dmé nisible urdeotast dmanesxidizing. plasimet foapiaidace reepilayer
quaﬂernaré amoni um salts (e.g., tetrarnethyl anmoni um
Eiﬂﬁé t et raet hyl anmoni um hydr oxi de), and m xtures
thereof The concentration of base enpl oyed mﬁll vary
dep endln% on the base solubility of the polyme
[0076] enpl dyer thindprosessptitss substiaies eapling eand haé(mgwteps are as

s BT B SERRTTBOIRYL o5 SO ™ 19,

concentrations of TMAH range from about 1% to about

[0077] gfﬁ f Llrg]qrg o tg‘g%ﬂ@@ Oqfelféﬁlgfo gt{qut 7 aﬁ ugt@qhg |<P|@)-§g@?ltlve resist is
|mage\l\'l:i)§’é( %x%ggatdtgcé&uﬁ@ radiatibied Y thrr gﬁﬁgg\/ el %éfeo theludes

g, r other s i el opl
both emdwds trmugh a pholareasls cintaingn ia predletermlmed aattern exposure
atures, from about 10 C.to for

by medEEGrlany SRR U RTesetnig tradrion (el Fagel presple: @

computdirt éntetieal RRBE MWeanh Rehitkelis ahowsd toveR thaysuiface of the coated
optionally rinsed with a rinse conprising de-ionized
substraigy @xposurabyireppnaf sementessanlpizchglesen heams@agd exposure

by meac‘rlrg ‘?‘5{ ?a:xysso?r(ﬂ/ %&/?dth lan(%r e %q%mrcrf;ﬂwa%ﬂ. ?Eggtlljnagemse

an oven, - or o r Sul ans.
exposuﬁa q;emxda‘@sl acidd anthiste xppseds egionssefd hearesigtev hich aydalyzes the
be abov W | | ically contain
cleavadis Of fsr g RIROGUPE SBRUITL S B BERTIR Whlelo & Hl s, luble.
after developnent. After inmges are fornmed in the
radi ati on-sensitive resist, the imaged substrate wl
[0078] be pl Abedpiasess plessritedt avegfasnier Bradustior sifpralisf ﬁguctures

oreterdi) b2, A0k B HRISaL e Rt I SR Yeteon

exposdr@cﬁaﬁdwll‘eﬁm@nt WVltH'] the d@valbpen it i thevaid rafsihig heat eatment,

Known e inasl-expRBLIECEFRAT KGRI Gog e RRGHA oK B SGHa TP Troups
in the PVHHLHTESInCRIth Rfe! ALidThrdtatebehy IHE SQBEUAKE Behieted. The

duration and temperature of this post-exposure bake can vary within broad limits and

depend essentially on the functionalities of the polymer resin, the type of acid
generator and on the concentration of these two components. The exposed resist is
typically subjected to temperatures of about 50°C to 150°C for a few seconds to a
few minutes. The preferred post exposure bake is from about 80°C to 130°C for
about 5 seconds to 180 seconds. Any suitable heating means may be employed.
The preferred heating means is a hot plate.
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WD 2005/ 089150 PCT/ US2005/ 007588 (0082] After the
oxygen plasma step, the substrate carrying the bil ayer

WO 2005089156t ruct ure i s generally subjected to apCT/E88D5/007588
one further treatnent step, which changes the
substrate in areas not covered by the bilayer coating.
Typically, this can be inplantation of a dopant

[0079] o o béﬁ?mé’&%%ﬁét@eher{ogﬂ‘é‘é iy BoatdatingY of tongiatogel, the

exposel rGTDY ol BhofBEske S rbaita 8 AILAMAN BYSELIGR base
developﬂvf@rgermatesa |reliaf§ttmtw’e txaniples nbsuitdbié bades tncludes but are

not tinifegt " TR GARRE el G e Pt b anitale, Bouii AfSxide,
ammo@n%@ér) Syl @nﬂh@@e% e étaylalhey, MR propliaiing)) secondary

Tet r ahydr of uran (THF) m xture of nononers an
amines; fR:on diethylareneq girrPraeylamine)s dedialy igmimes (eghd&ietiidamine),

alcoho@mgeéou{@g ttﬁé’t'ﬁ‘af‘nb?ﬁhtn@ﬂu' gge mh d’ﬁ/h ern%lln . salts  (e.g.

énsel,Ya tenperatu a gas |n
tetramethylamiraonasn hieydredtideo fﬂr@emylémrrrm:wm hgdro&udet)lt iamd  mixtures

thereof;o i GRMGRTAaN & cpase ST SR B ga5y dsheniig of the base
solublliﬁmdﬂtm@np&@&éﬁéﬁﬁﬂbm 8RS fher spkifid baeer smpled. a THE most

at nosphere.” The reaction m xture was then cool ed to
preferrgd develppers ace thnseneontaining m@naﬁthwaémnwuwehmﬁ@de (BMAH).

sutanff donger e 1 STU/RHIGH I SEbILIATo sl Mo, an
appropriate arfdunt ef aaurfaéardvantiecadded forthduiaivelopeny| acetate

was continuously.renoved by azeotropic distillation
using Dean-Stark trap for 4 h. After cooling to room

[0080] t eMPer gidiiefop W%hﬁsbﬁléaﬁlﬁa' &l"]l( ﬂ))'?_? Fhoan¥ass %ﬁ%‘i‘snbﬁ spray,

the m xture to I on exc ange W t sodium and stirre
puddllrig;ro rio ther Fimilae sieveloping fnidthedsekinawd torigoseskiliedr nvx‘Hi)@ art at

tat ed i n a t
oA LI 2 EEHESRIE o el o 5 mine
with oPalithiRit Agiationo! Afterdddyelbpmenttihenreliof paWaﬁheﬁbyMbtehoptmnally
water (100 nmL x_ 2). After filtratiopn, the so

rinsed witheay rigse commrisingidetionizag) é\fat%ra%mﬁﬂonmde\uaieammrgﬁ@ gne or
more %@@%{@Qg%@@émﬁb@@r ggg%p%ﬁa%@pﬂ@( i e?ﬁ%ven or other

onatogr ractlve
suitablemdeanslet ection, M1l ennium -41

[0081] The radiation-sensitive resist used for the bilayer process described
above will typically contain silicon or have silicon incorporated into the resist after
development. After images are formed in the radiation-sensitive resist, the imaged
substrate will be placed in a 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 oxygen plasma and protects the resist from being etched so that relief
structures can be formed in the undercoat layer.
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WD 2005/ 089150 PCT/ US2005/ 007588 (GPC V software),
equi pped with the foll owi ng Phenogel -10, 7.8 x 250 mm
w@odoansEso 10- 4A, 500A & 50A (from Phenonena) e@muIidBEs/007588
el uent. Thermal deconposition neasurenents (TGA) were
performed using a Perkin-Elmer thermal gravinetric
anal yzer. The glass transition tenperature (Tg) of the
pol ymer was nmeasured using a Perkin-El mer Pyris 1
Differential Scanning Calorineter at a heating rate of

[0082] 20C/ nAtet the FRygget plastg ete@n the eubsisitei mwym?< tHOloHaRr relief

ed with u5|n a Bruker 400
StTUCtU'M %m@ﬁ'e%f J%?F@fjéf’ at %?@t PRBI ltﬁ‘efffé‘? H?%tﬁ%awhlﬁiapaanges

Si
the subgtgtefrznhﬁtaﬁfr@ééfo trmnorrers et g%] aﬁéﬁl ? Q'Iyaéépg fhist can be
implantation 3af g, dopay3 dwb)sltlonao”etaowlestmataml (0 156 sybstra@6dr an

ccingBthe 84, T4 8163l HlGHEBTPSSEM o Bl ropmsepatn

from th6 6ubBirefe §pical é’/ﬁly@nnemg@@hr aspa@iemai n transfer
agent 1- d%gecagé%l ol (1.80 g rﬂ3 O W% v s initiator)

were pol ymerized according to the general procedure

[0083] f‘rg?‘ég‘;’(h%_ 'é‘?\éégﬁié ﬁéo In u's@{%ooﬁy mloﬂﬁgxﬁgﬁ T?Dlgugé‘?%\}di% examples

in whiclsyime pads anBqzerpestagesace ItIFy)W&Igbt urflesotheewise specified.
[ 4- bi phenyl nethacrylate (62.74 g, 0.263 nol),
acetoxy styrene (14.23 g, 0.087 nol) and et hyl ene

0084 gl ycoG bfmcsﬁmiat oc¥dif mmﬁ 3.03 g,
[ ] o ] and |ni|étr?gtor V%Zf?) éggagsn('ﬁo wt % vs

rmnorfﬁﬁﬁ'? ydrefurani(hHF)ansf er agent 1- dodecanet hi ol
(1.80 g, 30 w%v s i vitiator) were polynerized
according to the general procedure above.

Thaneixtaei 6f amdniopnerseamd ehamh frafisfer srintiweret diesolded in THF
onder 24E% BlinelSheln kosanamed Won kol Eongiesys & Eherature
probe éﬁ& é)gyna% rf tiz'z}?;?‘g ure %%‘él S%Ice;dpgé] ?ié’ﬁg/)( %1!%9?t9rllj§.21%%utlon
degasszddw bebbity REWitls2908¢® 6583 minutes. A solution of initiator in THF
was addéd and the solution was heated to 65°C for 20-24 hours under a Ny
atmosphere. The reaction mixture was then cooled to 50°C. The reaction mixture
was diluted by methanol (50 mL) and sodium methoxide solution (4 g, 10wit% in
methanol) were added for methanolysis. The mixture was refluxed at 64°C and the
by-product methyl acetate was continuously removed by azeotropic distillation using
Dean-Stark trap for 4 h. After cooling to room temperature, Amberlyst 15 resin (15 g)
was added to the mixture to ion exchange with sodium and stirred for 1 h, The resin
was filtered and the solution was precipitated into a methanol/water mixture (1.6 L,
2:1 methanol/water) by slow addition. The solid polymer was isolated by filtration and
washed with water (100 mL x 2). After filtration, the solid was dried at 60°C for 48 h
under vacuum. Molecular weights and molecular weight distributions were measured

using a Waters Corp. liquid chromatograph (refractive index detection, Millennium
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nmet hacrylate (23.82 g, 0.09 nol)] and initiator VAZO

67 (6.00 g, 6.0 wt% vs nononers) and chain t ransfer
wag@ansdisdodecanet hiol (1.80 g, 30 wt % vs i ni t PEI/US§I005/007588

were polynerized according to the general procedure

above. Transesterification enployed 6.0 g sodium

nmet hoxi de solution. Yield: 85.5g, 91% [0088]

(P \PARSE? RTB B3 e o B s

10-4A, %()UAE'B? 508, Eforel: PReASHénaPlahd a’FHFeélméh? ”Fl%r}‘r?é!' decom7posmon

di cycl opentenyl ether nethacrylate
measur@@ne;ntan %h.wereraﬁrs‘mme@gemg alPed@aeE:lme@t t%\eamat yradgmetric

arly2 788 At SOk BRI lE ) S30h YRl Bl uon

a Perkm}E'llmibr UPyhie 1f Imﬁem‘ntlw Scanairfz) Catbrimetemdt b@tﬁeamg rate of
0 equi d wth a reflux condenser and a
OC/rmmﬂl t The8 thicluTer NS STIROSHtISN Q ?lan@rwefmnalvmw'tha H

NMR uélﬁgrd B['ulfeﬁ"Qldm%W%b;%é&F&ﬁetePU B%@tTéHIQq%F analytical data of

azobi s(2- neth yronitrile)] (3
thepolmaommplasd) in 6. 4g of PGVEA was added sI owy for
15 minutes to the reaction mxture and stirred for 24
h under N2. The di sappearance of B PMA was nonitored
[0085] by GPC using a UV de tiesis Exdmiplem After 24 In,
resi dual BPMA was <0.1 % The reaction m xture was
cooled to room tenperature. Then, 2.0 g of sodium

TES 8, o RO 1 il 7789 700 e

acetoxy edtyrened (T 66 3g,h 0065 mtbi)) end2Bthllersd  ghytdh adioyclogentenyl ether

methack iR 707G kPR nasl e niGupE VAZO! B ek LAt vo

monomiets) 4 AdQ HhiRt rofivERsT égéﬁt i-'élodé@éhé’thlﬁﬁiﬁ a3 v 1% v s ihttiator)

reaction nmxture was stirred for 2h. andt e resin was
were polgnerizen @gcerding doi the. gamrrak pregaduse _iove: stliranasstergication

oo s 3i EpBBE 73, e

ether Finally, a 30 wt % of SO|Id sol uti on was made

by adding PGVEA to it 0089] nt hesi s Exanple 5 The
[0086] i xt ure of nononers '\% Resis E &:iyl ate

[ BPMA] (37. 74g; 0.158 nol), acetoxy styrene (8.54 g;

?5@5%&&]% JofARAnBHrL adbiSRl RbEARRN(EYY §! B%63 mol),
acetoxy styrene (14.23 g, 0.087 mol) and ethylene glycol dicyclopentenyl ether
methacrylate (23.03 g, 0.087 mol)] and initiator VAZO 67 (6.00 g, 6.0 wt% vs
monomers) and ¢ hain 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%.

[0087] Synthesis Example 3

The mixture of monomers [4-biphenyl methacrylate (54.09 g, 0.227 mol),
acetoxy styrene (22.09 g, 0.136 mol) and ethylene glycol dicyclopentenyl ether
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WO 2005/ 089150 PCT/ US2005/ 007588 nethacrylate (13.82
g; 0.0527 nol) and chain transfer agent,

wda2aemgasmet hi ol (1.08 g, 30w % of initiator)P@EDS2005/007588
di ssolved in 83.6 g of PGQVEA (propyl ene glycol nethyl
ether acetate) (40% of solid) under flow of N2. in a
500 nL, round bottomflask equi pped with a refl ux

metnacy RS 3k 0. (RN AR oY AZD TR AF .76 0 S ve

monom@twemﬁj dhamughnsiér %geat dbdedetanetidly 11080 gr, G Wt%l\ﬁﬁ {nitiator)
6vvt%ofrmomerusd&|n64o C%/EA
were p%lmr@@aze@ awgarding, tor thergeneeal Rrecedider abeys-on rnsesipafication

emolovad'6d [ ed to 80C and

ployeHf 8% o ORI TRANGKHE Boliors, VY 80,8 A% e of sPum
was nonitored by GPC using a WV detector at 254 nm
After 3 h, residual

PMA was. <0.1%, The m xture was
[0088] ¢ooled to roomtenpegml\@\e?.'s Fﬁgwp]lg% g of sodium

met hoxi de in nmethanol (10 wt % and 50 ml net hanol
were added to the flask. The reaction m xtur
Trher mixbere pbmomomers dbipbeny! mgthﬂcndater{BHﬁ\%KBm&@ 0.158 mol),

aceony SR, 0544246655 G S| S BRoASEE it RBn A ftrr
methactydﬁth(ﬂ 8#852 e; @tﬁ52]70rrﬁ>l)garmd chaimelrar}sfq a§em’re§|-dndmnatlnkdc(1 .08
0,90 RS LSS 55 MR o G ety

ether alﬁ@%téé ngi@%' Bfl soh BALEr How! be N’goinUQBSOU‘dﬁL YGfrdl Ebﬁ@MQIask
ve net han and by-product, propylene gl

equippetkwiily la resfluxr coridenaet gnd @ w et oﬁhamlxturaswaahe@kdmsm °C.

Then, QARG 70 diTBe. AL, A oRBIRAT neTRLEY | g azobis(2-
methyll{é&é'gi@ru%m gb é%% o) of lﬁ‘\{)g@@‘%‘r s¥AY 6'21%] 6f1ﬁGMEQ was added

styrene O 0648 “nol )
slowly f@lnalbhmmula&sstcetheagmntlonIMMBtmﬂBdtﬁttﬂeCKtDrQ‘@ on@emhlz The

oo B A St et A8 3 St 3588 o

After 2¥A, PeSduid BPIMA wls 6 §%0Thedicastibiy anixture Tirks (cBo@):i to room
was added to mxture at 55C and was heat 0] § é)
t(éé /ES 50 ml

temperatyre, T hela, g et sadisinpretbexide RsmMedang
methan%?ﬁg%yaﬁ% REthE ﬂggkoc'ﬂﬁjé‘ rEadtfh RRYEWagaEHGRed for 3 h and

ran.
about 25 ml of methanol was removed by azeotropic distillation using a Dean-Stark

~trap. 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, propylene glycol methyl ether. Finally, a
30 wt% of solid solution was made by adding PGMEA to it.

[0089] Synthesis Example 5

The mixture of monomers [biphenyl methacrylate [BPMA](37.74g; 0.158 mol),
acetoxy styrene (8.54 g; 0.0527 mol) and ethyleneglycol dicyclopentenyl ether
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WO 2005/ 089150 PCT/ US2005/ 007588 [0091] Synthesis
Exanpl e 7 The m xture of nononers [cycl ohexyl
woreaohagnyd at e (32. 73 g, 0.1945 nol), 4- acet oxpSL/YSBNF007588
(10.52 g, 0.0648 nol) and styrene (6.75 g, 0.0648
nmol)] was dissolved in THE (73 g, 40% solid) in a 500
m. three neck round bottom flask. The initiator

el 1 2558, BT AR, b

o} 30wt% oflinitial ) were didsolvealdipng3 . 6ag ofl FGMERD @roﬁﬂbﬁ&ﬁglyd@ﬁnethyl
ocessed as_described in the General Syntheti

ether appladali(#Q% of soie) yrder flaw eh denmtﬁ%m,omf%n bottom flask

oo 85l SR BEE0IR 8 SRR gl SR REHH 70 .
Then, MRZWVW ef!f?eé9 :@a.cm an%ﬁﬁ mDJu))oﬂﬂd roduct 2|2’-azob|s(2-
m

4- cycl ahex n | at e ]
ety EARTOBHET € & b RV bgef MonomoT SEar: P15 40 P OMIEA Was added
I
siouty By 5 Goffe Y255, <o iy, it B\l sy
increaseditdi 80°Q aNd&lin@d for.4H hounder N30 Thel Jisabmeevhnes of BPIHE was

monitord Y GG 4TINS rbpBPYAA HeobrBbeteied o eclel BEMA was
<0.1%. 'ﬁhetmﬁdﬁ@‘ coBld g4 | 'r6 i @érﬁﬁéfa?uufeor ﬁsérvn@bl éaéf 9Bdium
in Tetr d uran. 0093 esi s Exanp

methox;dexmmﬂmnomma eir%) [an;aﬁaanémthmlna@m@d@ t@ﬁ\elﬂﬁﬁk The

reactlo%ﬂﬁ)%ﬁ%%e}s) Eeg@ﬁeaﬁ&?)i'}’%b%‘ ﬁ%@ﬁg &% @Pq@m&%&ﬁﬁ&%@moved by

azeotromd dl]stlwﬁﬁ)rﬂugﬁ@a/ﬁéahlsﬁn‘ﬂﬁréﬁ 3The séRffopaashhdncadledd room
hree neck round bottom fl ask. The initiator

temperww 1%0@ gf Amhpriyst ﬂr%w?malvg%%ﬁd@@ﬂ foyit Tﬂée(@agjlomxture
was sttﬁ‘@éi’%r bl aﬁh’i{ué 'rEsifiw eré\g&ﬁgt ) use Sﬁ’ We%ﬂdﬁr wa¢ distilled

chain trans mer was
to halfmfdheswldm uddec malcadm HE0M2 tGeremnae B}ethamh and by-product,

propylen 51y iifyasthish Al 80%) B tesh Syl k. grage by
adding PGB etol#.

[0090] Synthesis Example 6

The mixture of monomers [cyclohexyl methacrylate (32.73 g, 0.1945 mol), 4~
acetoxystyrene (10.52 g, 0.0648 mol) and styrene (6.75 g, 0.0648 mol)] and chain
transfer agent 1-dodecanethiol (0.9 g, 0.0044 mol) were dissolved in THF (73 g, 40%
solid) in a 500 mL three neck round bottom flask. The initiator VAZO-67 (3.0 ¢,
0.0156 mol) dissolved in THF (2 g) was added to mixture at 55°C and was heated to
65°C for 24 h. The polymer was processed as described in the General Synthetic
Procedure for Polymerization in Tetrahydrofuran.
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The m xture of nononers [cycl ohexyl nethacrylate

(27.69 g, 0.1646 not), 4- acetoxystyrene (8.90 g,
w@2054916mt ) and 4-cycl ohexyl phenyl net hacryl ap@r/3800107588

g, 0.0549 not)] and chain transfer agent

1-dodecanethiol (1.2 g, 0.0059 not) were dissolved in

THE (73 g, 40% solid) in a 500 nL three neck round

bottom flask. The initiator VAZO- 67 (4.0 g, 0.0208

not) dissolved in THE (2 g) was added to m xture at

0091] S5C and was heated tgy, f e 7The pol yner was
[ ] processed as descri becﬁéi’lgs éjﬁxa@er-ral Synt heti c

Procedure for Polynerization in Tetrahydrofuran.

T, BPSHEGH MaBrRass Pl ‘8h%%>‘f?§@t%c&3atf6@g PRAOBEgs mal), 4-
acetoxﬁ%@éi@éo(aoﬁze@e 006UB ol . &Rt Stywe 3611(75 g, 08648 mol)] was

4-cycl exy henyl nethacr Iate (13

dlssolvesebtn) THRL3 @, ﬁ%%v%dld)n Q md- ereamcgd]oua)i haitom Hgek. The

: mltlatorm éi?egygko (ﬂﬁ'ﬁé@@%éﬁﬁ%ﬂ iy e@ g)'n\ﬂ%l%_leﬂiziga é‘)’ mixture at

55°C andidexs heatedXouBE°@tfob2a lanNevahaire ftaadfaroaddnt was uddd. The
chai n t,rans

polymef) R g BaeaRetl ok aseiDER. T e iERgial Sovpiai e Prockiire. for

P0|ymeﬁﬁmﬂmr'%tféﬂydnga{-gﬁrl zation in Tetrahydrofuran.
096] Synthésis Exanple 12 The m xture of nononers
[cycl ohexyl nmet hacryl ate (27.69 g, 0.1646 not), 4-

acet oxystyrene (8.90 53 nd
[0092] 4- cycl ohexyl phenyl égﬂgger gﬁ(@ﬁﬁ 821 g, 0.0549
nmot)] and chain transfer agent 1-dodecanethiol (1.5 g,

0. 0074 not) were olved in THE 25% sol j d
The Bdors ol manmer LA Dby BLadas. B 01674 tol), 4-

acetoxy! yrég\é mgoéfé@zcg%éé ‘ol alty Qﬁ@gclaﬁéiygﬁhéﬁﬁ' é(&?ldéé‘ P79 g,

to mxtdre at 5C an
0.0558 68Q))f and ehalin trearsipolagest mmmgb@@s gdélsQMGaa@D‘) were

dlssolvclacﬂ lnriFﬁ'-' @ z?(t/s %glt S}ta'q/\égé lgrgglrgc%gk I? %Wd@éﬁ&%tﬂa@ The

lmtlatorwgﬁﬂgfﬁ %‘?25@%0 M?@ﬂsﬁaoﬁggfﬂ}l-g:t 52( gglegfcﬁieﬁol@lrgzdure at

55°C anghwas heated &g asiy@tfyf [gﬂéw (1be @pl)gnexowge;g)rngagsegn@p described in
the GeflaraY 8L AREHY PRV SRR bF PR HerithtioA8n Ritldhydrofuran.

[0093] Synthesis Example 9

The mixture of monomers [cyclohexyl methacrylate (28.16g, 0.1674 mol), 4-
acetoxystyrene (9.05 g, 0.0558 mol) and 4-cyclohexylphenyl acrylate (12.79 g,
0.0558 mol)] was dissolved in THF (73 g, 40% solid) in a 500 mL three neck round
bottom flask. The initiator VAZO-67 (3.0 g, 0.0156 mol) dissolved in THF (2 g) was
added to mixture at 55°C and was heated to 65°C for 24 h. No chain transfer agent
was used. The polymer was processed as described in the General Synthetic
Procedure for Polymerization in Tetrahydrofuran.
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and chain transfer agent 1-dodecanethiol (1.5 g,
0.0074 nol) Were dissolved in THE (148 g, 25% solid)
WO r00&/08080 mL t hree neck round bottom fl ask. ThBCT/US2005/007588
initiator VAZO-67 (2.5 g, 0.0130 nol) dissolved in
THE (2 g) was added to the m xture at 55C and was
heated to 65C for 24 h. The polynmer was processed as
described in the General Synthetic Procedure for
Pol yneri zation in Tetrahydrofuran. [0098] Synthesis

0 Exanple 14 The m xt AbsiEERARbie - Phenyl styrene
[0094] (28.01 g, 0.155 ﬁ\i acet oxystyrene (8.40 g, 0.058
nol ) and ethyleneglycol di cycl opent enyl et her

TR B8 Sob i B h 5 e 57180 b OTEI8 o, o
’acetoxygtyﬁeﬁﬂé (@do ig oTo649 H&) and 264 aehéptdhyd .ﬁ@maegyléferge 41 g,
néck round  bottom flask. The initiator

0.0549 gnol}). B chai 5@%&0&9@& fislodeeapsthipl (1s3 &a@i@@é t@ol) were
dlssolvet(Pﬂ 'ﬁllﬁt(?ﬁeg %09%5&"3 éﬁg fri Iegwé@ n@é?q:o[l%e b%ﬁan fIZ9€ The

processe
mltlatorW(Zdn-efil 4.0° p@ﬁaﬂsanbl)rdlﬁnjl\xetbn TlidFi(8rg)ivmas added to mixture at

55°C ang %?%gﬁeiﬁwﬁ%%’ “Zhhe Wik PR WS BracERSedEs described in

1.92
ool 1Ty Ay st

PCT/ US2005/ 007588 11 0.60 2 | H 111 0.19 13175 1.97

[00gs] 124 305 Synthesis Example 11

he mixture of monomers [cyclohexyl methacrylate (27.69 g, 0.1646 mol), 4-
acetoxystyrene (8.90 g, 0.0549 mol) and 4-cyclohexylphenyl methacrylate (13.41 g,
0.0549 mol)] was dissolved in THF (73 g, 40% solid) in a 500 mL three neck round
bottom flask. The initiator VAZO-67 (2.5 g, 0.0130 mol) dissolved in THF (2 g) was
added to mixture at 55°C and was heated to 65°C for 24 h. No chain transfer agent
was used. The polymer was processed as described in the General Synthetic
Procedure for Polymerization in Tetrahydrofuran.

[0096] Synthesis Example 12

The mixture of monomers [cyclohexyl methacrylate (27.69 g, 0.1646 mol), 4-
acetoxystyrene (8.90 g, 0.0549 mol) and 4-cyclohexylphenyl methacrylate (13.41 g,
0.0549 mol)] and chain transfer agent 1-dodecanethiol (1.5 g, 0.0074 mol) were
dissolved in THF (148 g, 25% solid) in a 500 mL three neck round bottom flask. The
initiator VAZO-67 (5.0 g, 0.0260 mol) dissolved in THF (2 g) was added to mixture at
55°C and was heated to 65°C for 24 h. The polymer was processed as described in
the General Synthetic Procedure for Polymerization in Tetrahydrofuran.
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v 0.21 1 Il 0.51 " 111 0.28 11262 1.88 118 300 3 1
IV 0.21 Hoc cH1 1 0.59 111 0.20 15700 1.95 - - 4 "

wo wod/0mso H CH 11 0.60 111 0.19 11044 2.11 - PCBUSM05/007588
0.21 cu-6 11 0.15 6 | | 111 0.19 10088 2.21 90 256 |V
0.66 014 CH3 11 0.29 7 111 0.24 22812 2.16 120 312 1|V
0.47 HCH Ol ~ O11 0.22 8 OH 111 0.20 13216 2.71
98 311 - IV 0.58 -48

[00971] Synthesis Example 13

The mixture of monomers [TCD methacrylate (22.94 g, 0.104 mol), 4-
acetoxystyrene (12.51 g, 0.078 mol) and 4-cyclohexylstyrene(14.55 g, 0.078 mol)]
and chain transfer agent 1-dodecanethiol (1.5 g, 0.0074 mol) were dissolved in THF
(148 g, 25% solid) in a 500 mL three neck round bottom flask. The initiator VAZO-67
(2.5 g, 0.0130 mol) dissolved in THF (2 g) was added to the mixture at 55°C and was
heated to 65°C for 24 h. The polymer was processed as described in the General
Synthetic Procedure for Polymerization in Tetrahydrofuran.

[0098] Synthesis Example 14

The mixture of monomers [4-phenyistyrene (28.01 g, 0.155 mol), 4-
acetoxystyrene (8.40 g, 0.058 mol) and ethyleneglycol dicyclopentenyl ether
methacrylate (15.39 g; 0.058 mol) and chain transfer agent 1-dodecanethiol (1.5 g,
0.0074 mol) are dissolved in THF (148 g, 25% solid) in a 500 mL three neck round
bottom flask. The initiator VAZO-87 (2.5 g, 0.0130 mol) dissolved in THF (5 g) iss
added to the mixture at 55°C and is heated to 650C for 24 h. The polymer is
processed as described in the General Synthetic Procedure for Polymerization in

Tetrahydrofuran.
[0099] Table 1
Thermal
NMR m
SEy):l Structure [11/1V) Mole | MW | PDI | Tg S::‘;)I\!\ll:y
‘ Ratio loss)
I . Il | 0.69
o - k/\(DJ m| o6 [14666| 1.92 | 128 | 310
1 O V| 015
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WD 2005/ 089150 PCT/ US2005/ 007588 CH3 | O

0.20 9

111 0.22 40189 4.35 113 301 OH IV 0.58 H3OH3 0 11
W@2®5/0405011 0.20 8132 2.05 97 285 |V 0.55  POI/U$2005/007588
0.24 11 H 111 0.20 28966 3.92 122 275 IV 0.56 O O |
If 0.24 12 OH 111 0.19 6031 2.04 84 268 1V 0.57 11
0.33 13 0 0 |1l 0.27 12300 3.0 138 318 1, IV 0.40 HO
él 0.59 14 U TTT ORI 15400 25 (140 275 111~ 0= 1V
2
W i 0.60
2 m| 019 |13175| 1.97 | 124 | 305
- A Dy | 0.21
®
He o
W n| 051
[ m| 028 (11262 1.88 | 118 | 300
3 \EDU v| 0.21
&
Lo | 0.20 |15700| 1.95 | - -
4 . T (w021
®
g | 019 |[11044| 2414 | - -
5 \@:j | 0.21
&
o
| 015
6 O @ o m| 019 |10088] 2.21 | 90 256
é V| 0.66
[o]7}
CH,
| o029
7 O O N il 0.24 |22812] 216 | 120 | 312
é | 0.47
OH
| 022
8 2 m| 020 |{13216| 2.71 | 98 311
V| 0.58
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[0100] Table 2A

contains information on polyners obtained froma

W@ oiopHe150 vendor
~ OH Tabl e 2A Po

by custom synt hesi s.
l ymer

Mol e Rati o of Mononer

Ha O ~ BCT/11S2005/007588
MWV PDI Tg

(O # by NVMRII Il IV P-10.63 0.18 0.19 15,174 2.24
106 P-2 0.62 0.18 0.20 14,473 2.24 100 P-3 0.64 0.18
0]18 18,845 2735 113 ] Pf4 0.$3 0719 018 177897 2751
104 P- . . {18/ 12,800 2.21 P-6 0.6% 0.18 |0.17
1:;, 241 &= =65 | % Ogl? 18,473(2.41| P-8 (.61
0/19 0.2Q 13 .39 4P 454, ¢ 19, . 18,167 2.(111
9 1 1 1 1
114 P-1070.6 O[%ﬂ O.:‘ / o] ,é?i%‘ga. 544&1()111%’9 1%’%6 57
0421 0.22( 13703 1769 |P- 13 .59 0. 20 0. 21 12812 1.79
[0101] Table 2B contgins informatiion on pol yners
obt-at-nedfrom-a—pelyAer—vendor by custom synthesiis
HNC- CH,
) 025
10 | 020 | 8132 | 2.05 o7 285
V| 0.55
| 024
11 | 0.20 |28966| 3.92 { 122 275
V| 0.56
| 0.24
12 | 019 | 6031 | 2.04 84 268
v 057
| 033
13 ) i) 0.27 |12300| 3.0 138 318
SIS DS | 0.40
| 0.59
14 R P | 021 |15400| 2.5 140 275
OO w0 (N
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Ol OOH 6 -50 WO 2005/ 089150 PCT/ US2005/ 007588 Tabl e

2B Polynmer Mole Ratio of Mononmer MWPDI Tg (C # by
WORMSH$9150 | 1V P-13 0.24 0.19 0.57 9900 1.9 [PADEB$2005/007588

Table 3. lists informati on about TAGs used in exanpl es

inthis application. Table 3: TAG TAG TAG Nane TAG

Type Solvent % active exanple system A CHTS

I l,,- 100 t | at B 5925, Ami
[o100] 25+ PEEHY 4 oins fiethn Shpelicrs ehianed 188 anpierer
vendor BYWUSRIM 3¢sth&¥kene 21 DNNSA D Nacure XC Pol yneric
Xyl ene 253210 DDBSA coval ent blocked E Nacure 1953

DDB n- butanol / 2- 25 bl ocked but oxyet hanol
F N& 55/ Am ne neutralized n-butanol / 2- 25
DNNS oy ut pxy‘e?h@gj
»
Table 2A
:olymer zllyo:;a l::tio of Monomer ATV PDI Tg (°C)
! 1 \Y)
P-1 0.63 [0.18 [0.19 15,174 224 |106
P-2 0.62 | 0.18 | 0.20 14473 2.24 | 100
P-3 0.64 | 0.18 | 0.18 | 18,845 2.35 | 113
P-4 0.63 10.19 1018 | 17,897 2.51 104
P-5 0.63 {0.19 [ 0.18 | 12,800 2.21
P-6 0.6510.18 1 0.17 | 12,241 2.36
| P-7 0.65 | 0.18 | 0.17 | 13,473 2.41
P-8 06110191020 |13,135 2.35
P-9 0.63 | 0.19 {0.18 | 16,708 2.1 114
P-10 0.62 1 0.21 | 017 | 15,848 2.54 101
P11 | 057 |0.21 |022 | 13703 1.69
P-12 0.59 {0.20 | 0.21 12812 1.79
[0101] Table 2B contains information on polymers obtained from a polymer

vendor by custom synthesis
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G Nacure 1419 Epoxybl ocked Xyl ene |

CDX- 2167 Am ne neutralized PGQVEA 27.5 DDBSA |

WEDKsA498E Ami ne neutralized PGVE 27.5 DDBSA BIDBB%2005/007588

dodecyl benzenesul foni ¢ aci d; DNNSA:
di nonyl napht hal enesul fonic acid .
Fornmul ati on Exanple 1 (Conparative) For 50g of
undercoat solution in a 20z anber

poI ynmer

P-1,

MBK 30 DNNSA H

[ 0103] Under coat

bottl e,

Polyrﬁe'r n
et h

S—A——and—40-—86

20 007588
b

f——="51
eneCg) v ¢

Thg m xture

r ol

filter

Dt

1gh a

i

edithro

a

hd t he unde

20pm filter

coat s

ol utron

CYMEL _303]i

P-13al k

h9fre

AP m

o0-8%i n

h9800ss| i nk

ed.9rom-Cyt ec

o

d

st

I 1041
=S TO%]

ba Alar -anat -
NnoucToeoat L

S | H
1T O.l.

| V2
Of—=Xadt

7.02g of
2. 00g (1§h@bb2ﬁt|on) of CYMEL 303 cross

obBESTHS TN

. py MMBt at e (PGVER) were mi x
gd o

WO
ol

nmet hyl
was t hen

was

S an

le 2

(Conpar ative) For 50g of undercoat solution in a 20z

anber
sol uti

roll ed

bottl e,
on, and

over ni ght,

6.96g of pol yner
[0102] sol utT4me 3afstEKtdrnation APRE TSNS lh%)%ﬁﬁpl% il Ais B

40. 08g of propyl ene glycol
applicafienst at e (PGVEA) were mixed. The mixture

P- 2,

ﬁg%ﬁ&%u ve) For 50g of

2.00g (15

met h
was t

[ 0105] Unde

%

yl et her

hen

and the undercoat solution was
filtered through a O
For mul ati on Exanpl e

rcoat

vndercoat annf:n‘ nber bottle- 6.9 ggf
_ w rrer%? amep TYeRi on) ofSAYRRE 303 %rative
ex mnlép 1 26qg of TAG C solution nd Sysfedbg of

#x opyllene GHI&I net hyCydoheyl acet at e (PGVEA) mer €100

m xed.| The m xture| wastostlate rol | ed overni ght,| and the

Bhder codNacted 50RO N| Aatiné nblaleed hr (seghropakbl20pm 25

filter{. [0106] UndercoappBgArul at|on Exanple 4

compar Mddife 1323 | Amine neutralized Xylene 21
DNNSA

D Nacure XC- Polymeric Xylene 25

3210 DDBSA covalent

blocked

E Nacure 1953 | DDBSA covalent | n-butanol/ 2- 25
blocked butoxyethanol

F Nacure 1557 | Amine neutralized | n-butanol / 2- 25
DNNSA butoxyethanol

G Nacure 1419 Epoxyblocked Xylene / MIBK 30
DNNSA

H CDX-2167 | Amine neutralized PGMEA 27.5
DDBSA

! CDX-2168E | Amine neutralized PGME 27.5
DDBSA

DDBSA : dodecylbenzenesulfonic acid; DNNSA : dinonylnaphthalenesulfonic acid .

[0103]

Undercoat Formulation Example 1 (Comparative)

For 50g of undercoat solution in a 20z amber bottle, 7.02g of polymer P-1,

2.00g (15% solution) of CYMEL 303 cross linker, 0.19g of TAG A , and 40.80g of
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For 50g of undercoat solution in a 20z anber bottle,
6. 969 of polyner P-2, 2.00g (15% solution) of CYMEL
wa@OBs5080sE | i nke, 0.96g of TAG D sol ution, andPCHOSDBE007588

of propyl ene glycol nethyl ether acetate (PGQVEA) were

m xed. The m xture was then rolled overnight, and the

undercoat solution was filtered through a 0.20pm

filter. [0107] Undercoat Fornul ati on Exanple 5
propylepesiysel matid jetiesy acstatedP GMEA) wese mbxed: i Uie mixtarewas then

csod IS fro Syl BRRUT o€ o B85k} 2 zopm er
CYME(s80311isi amalkaxygmethfIinddgmirie groeglifkentroml @ytéc helugitieset her

acetate (PGVEA) were m xed. The m xture -52 WO
2005/ 089150 PCT/ US2005/ 007588 was then rolled

[0104] over mﬂ&‘émoﬁgﬁoh'ﬁﬁ é{r’tﬁgEﬁQ Ié?'(@tdngfe}mé )i | tered

t hrough a 108] coat "Forrul ati on
Eoradiy ef @n@lemmphsalutme)m FoRoB @Ggntasr hotder 60269 ob Ipolyroer P-2,

2.00g (1395, 9@1‘?'89?%%0%@%?& e iRkt Y46 or TAR & sBfige, and

40.08g Effb%mﬂér@ 5\4&8&@ @f:eﬂ@t@ m@m)gmﬁ@ Imir&d hynhe mixture

et her aceta m xture
was them gﬂledcqweérugbt« @nﬁutbmundamat ﬁ@'UHﬁG élva@oﬁltew bhmwh Rdd20pm
filter filtered through a 0.20pm filter. [0109] Undercoat
" Formul ati on Exanple 7 (Conparative) For 50g of
undercoat solution in a 20z anber bottl e, 6.94g of

101051 /¥ i ineregis Formilien E¥amale.s (Compaseialy of
PEQBYY Y LrakKSt BRI in4 et éﬁﬁéﬁb@tﬂ@’g\% SFepSlymer P-2,

m xed. The mxture was then rolled over and t he

2.00g (#5%rsobion} eif LEYMELWEE3f ¢rose isket, hit-3éghok chorﬁolutlon and

0 T
o0 000 Sy 4L IRt b TR TG i i e
was themsollsgl @leenight) smd thealnderewt smuiioa was filtered through a 0.20pm
filter.

[0106] Undercoat Formulation Example 4 (Comparative)

For 50g of undercoat solution in a 20z amber bottle, 6.96g of polymer P-2,
2.00g (15% solution) of CYMEL 303 cross linke, 0.96g of TAG D solution, and
40.08g of propylene glycol methy! ether acetate (PGMEA) were mixed. The mixture
was then rolled overnight, and the undercoat solution was filtered through a 0.20um
filter.

[0107] Undercoat Formulation Example 5 (Comparative)

For 50g of undercoat solution in a 20z amber bottle, 6.96g of polymer P-2,
2.00g (15% solution) of CYMEL 303 cross linker, 0.98g of TAG E solution, and
40.08g of propylene glycol methyl ether acetate (PGMEA) were mixed. The mixture
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to 5 significant figures. This wafer will be known as
the collection wafer. Each exanple fornulation was
W@ pi0s/0gast ed onto ten 150nmm bare silicon waf er BCT/BEs1005/007588
t hi ckness after coating was 5300A. The coated waf er
was p laced o ver a 2 05C hotplate with a gap
di stance of about 8.22 cm A Teflon ring with an inner

di a er of 120 an outer dianeter of 130nm and a
was thefy PllR uerANto A T UOHBToBl SORETHaS SR hiasidRon C20Hm
fiter. Wafer. The collection wafer then was placed onto the

Teflon ring, polished side down. The two wafers were
then lowered directly onto the 205C hotplate for 5

secongs, Af five secands bo waf ers..were renoved
(0108] £7onfiterehyf ppimifatidt ExaeIE BIGHREABIYELS & oved

For 30epbf QRdércet ksblutibatia 4 26z bhise AHHS,- 6. 94 of palydiler P-2,

waf er was then discarded. This procedure was repeated
2.00g (flgve gplutioph of GXMigh. 2085cwes 1lEtkeRtHBusedJ5AG0 F58glution, and

f gt

40,01 EPPIGRICHE] Gitol, okl olBF sLEBI(BUER) Bt hiiSedicTg mixure
was themetolled ovetrdglst, andithg undegivat aoldtion mals fillsrgdtthvasgh a 0.20um
filt cal culated. This procedure was repeated for all the
Wer.  exanpl e fornul ations. [0111] The results for the

sublimation testing for each of the exanples can be

found in Table 4. Al experinents are conparative.

[0109] Tabl dnderseatiioymsdationr Example Fi(Compataiva)bl i mat i on

804, B BhgbRbat SRR o g0k Bine, B, BIEAG 3 bolymer P2,
2.00g (fibtersbhuitionyof rCYMIEK 803 @&osy dhker, 0088g!lofi-TAG IGsbhuion, and
40.18g bf BapyiSnEaly ORI R Fsetio el ERNSE nixes. drpumiure
was theh RII88 Hefi§RE andtReinbidréat Sélibn Wb Rered#Pdigh a 0.20um
filter.

[0110] Example 1
Sublimation Testing Procedure (Comparative)

A blank 150mm virgin bare silicon wafer was weighed on an analytical scale
to 5 significant figures. This wafer will be known as the collection wafer. Each
example formulation was spin coated onto ten 150mm bare silicon wafers. Film
thickness after coating was 5300A. The coated wafer was p laced over a 205°C
hotplate with a gap distance of about 8.22 cm. A Teflon ring with an inner diameter
of 120mm, an outer diameter of130mm, and a thickness of 2mm was then placed on
top of the coated wafer. The collection wafer then was placed onto the Teflon ring,
polished side down. The two wafers were then lowered directly onto the 205°C
hotplate for 5 seconds. After five seconds both wafers were removed from the
hotplate. The collection wafer was allowed to cool on a chill plate for 10 seconds.
The coated wafer was then discarded. This procedure was repeated for all ten
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303 4 13.92 CYMEL D 0.48 0.00020 303 5 13.92 CYMEL E
0.48 0.00161 303 6 13.87 CYMEL F 0.53 0.00025 303 7

wa008M8AYVEL G 0. 53 0.00013 303 [0112] Data irPCTakioes/d7588
shows that the type of TAG used greatly influences the
amount of material being sublined during curing of the
under coat [0113] Undercoat Formul ation Exanple 8

coated e Kol B Engn e ok e, wpdyt oF she siPliechof WSer was
obtamedSQﬁdl‘ Wné’ Bélté’fbeﬁVé@r tf?é)&aﬁ n%;s\%eighﬂ kAd findd %@gtﬁfwél'ﬁ@a?cu(ated

sol uti on, yl ene gl ycol Tethyl ether
This proaediratwayg mh?d fmalj th¢ gmmp ermulation®.  was t hen

roll ed overnight, and the undercoat sol ution was
filtered through a 0.20pm filter. -54 WD 2005/089150
[0111] PCT/ PR3 08SIF6P iRk §ibliktiokndstingpiat ekon witted examplesngdrebe

nparative) For 50g of undercoat solution in a 20z
found lnéfréo& 4bé‘d&¢>@er@%§%€r C%P9li?@¥ep 2, 2.50g (15%

solution) of Powderlink cross Ilnker 0.90g of TAG B

Taggée# ?gﬂw%falg pg;?;%ﬁfa% ﬂc?gggﬁméﬁ F@Ji?g of the'

rol d—overhi nhf ha s
Undercogt | ‘EP@(H“{rhr ?E ?lé- qb RG (% éwde ‘JJ s an
formulad- i, ra qr| |l e e
E #kb thx {% nker ams)
tion Ex¢# oL ﬁg(? [ 0115] | Undler coat
Ez"fa..u e 10 5f '...n"crcoa toht+Hha
1 anber B ,g\)(_ al of pbl ymer 355‘8 0.68244
2 13.92 [ CYMEL B 0.48 0.00021
303
3 13.87 | CYMEL Cc 0.53 0.00045
303 -
4 13.92 | CYMEL D 0.48 0.00020
303
5 13.92 | CYMEL E 0.48 0.00161
303
6 13.87 CYMEL F 0.53 0.00025
303
7 13.87 CYMEL G 0.53 0.00013
303
[0112] Data in Table 4 shows that the type of TAG used greatly influences the

amount of material being sublimed during curing of the undercoat

[0113] Undercoat Formulation Example 8 (Comparative)

For 50g of undercoat solution in a 20z amber botfle, 6.98g of polymer P-9,
2.00g (15% solution) of CYMEL 303 cross linker, 0.90g of TAG B solution, and
40.13g of propylene glycol methyl ether acetate (PGMEA) were mixed. The mixture

was then rolled overnight, and the undercoat solution was filtered through a 0.20pm
filter.
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15. 00 (15% sol ution) of cross linker V-7, 0.908 of

TAG B sol ution, and 29.08g of propylene glycol nethyl
werlvensaset at e (PGVEA) were mi xed. The m xt ur ePQEESI00&007588

roll ed overnight, and the undercoat sol ution was

filtered through a 0.20pmfilter. V-7 can be obtained

from Honshu Chem cals. [0116] Lithographic Exanpl es

[0114] pltc Iégﬁp‘%ﬁg‘éﬁﬂﬁ@&f or ncel?]opr(édé(ﬁgé%ée{ten h 280nm

2481L-01-23 (avail able from FUJI FI LM El ectronic
Materials, Inc.) over various undercoat formulations

Fo80@ vhrindetcoal solutioplies Rez @nhrimbotieab&da of aolfymem P-2,

2509 (158 S oF bk ARG Rer T 00 ¥ TR iy g5 700

of propytemne gi?céJLmen?&le@thwfae:eaatéq%l\ﬂEAanérbl mmsmé mB&ne was
ftbake 125C for 90 seconds s applied. Al
then rollggs P e taIoNLA wgsma\t solitien s HicrediBmuan a0 fiter.

n [ [ | ! 5
PouderfiR K, é‘*“?’*@%é“ Bled” siigetdP GBsatil’ gyl o Gvteo
Industneappl ied and wafers vvere puddl e devel oped w th OPD262

for 60 seconds and rinsed with DI water. Profiles of
140nm trench 280 pitch were then examned with a

[0115] H t aURdefdoa ¥ orrhblafo ERaNPIEHE0 PCT/ US2005/ 007588
sectional SEM for profile. Results can be found in
Tabl e 5. Lithographic Experinments 1-3 are

FEP 8P| Unterod 80 sfiuipn HATPD Al Bofil BHS (PReniikt P-o.
15.00g (FfGP/cmsbla(tmnhef troéo linkere -7, Fbygmf 'KA@SB(—)somtm -and 29.08g of
propylenty GR moMALseracrinte (FGMBAT WerSTaieth aThe GpiRwavas then
rolled ovéﬁﬂﬁﬁt 'a'i\d@ﬁé‘ %'i'ﬂierbbﬁﬁéolﬁ'ﬁc%‘%stﬁlt@i’edzthrohgﬁ%\)O bepm#uﬂ;r V-7

Onm # tion) (TAG Pitch 1 1 CYMEL
can be o@ta;ae@ froopdonshy hemlcals

[0116] Lithographic Examples 1-4

Lithographic perforitmance of 140nm trench 280nm pitch using a silicon
containing resist TIS 2481L-01-23 (available from FUJIFILM Electronic Materials,
Inc.) over various undercoat formulations was examined. All samples were spun
coated to a film thickness of 500nm undercoat and cured at 200°C for 90 seconds
proximity bake. TIS 24811.-01-23 was spunon top of UL coated wafers to a film
thickness of 235nm. A softbake of 125°C for 90 seconds was applied. All wafers
were exposed with a Canon EX6 stepper 0.65NA annular illumination using 248 nm
light. 0.80/0.50 sigma. A post exposure bake of 115°C for 90 seconds was applied
and wafers were puddle developed with OPD262 for 60 seconds and rinsed with D!
water. Profiles of 140nm trench 280 pitch were then examined with a Hitachi cross
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2 8 13.95 CYMEL 0.60 B 0.45 Heavy 303 footing 3 9

13.80 Powderl 0.75 B 0.45 Heavy ink footing 4 10
wa200888N5% 4.50 B 0.45 Heavy footing Table 5 BEDWS2005/007588

that despite the inprovenent in sublinmation

performance, the TAG change in the undercoat

formul ation negatively inpacts the |ithographic

erfornmance _of th eathOtoreSISt by i ncreasi

. t he )
sectionglj 3G ofer t PefilermgKestilts nearpria Jreid sin- Jrble at Lithographic
rrtxé?\tt fsagl% [0117] Undercoat Formul ation
Experi Al 1&6@%2?% ive) For 50g of under coat sol ution
in a 2oz anber bottle, 7.38g of polyner P- 0.77g

Table(5: Ruaaaly tthedtpripd abor%%?’ag\ﬁ{ﬁf&ﬂ%’%?@ﬁ@gﬁgﬁéﬂaﬁf 3

Troysol, and with the UrierebaPFbafialationsol nethyl ether
acetate (PGVEA) were m xed. The m xture was then

roll ed overnight, and the undercoat sol ution was

filtered through a 0.20pmfilter. -56 WD 2005/ 089150
Litho |RENddvsS2(Polyra@68[8Crdssd 18 rdgseder ¢ ThernkadriMAGI(%dm | Footing
. Ex. |maatpl e |1% inConpdinking e) liker (%0¢Aold unddonvala- sdl-1idbom
# iformulze farrbela- boAgént, [in38g of | Geheraer| tlng, 0.|7/Trgnch
(tidExol|dtandn) of CYMEL| BoGuda-osor i nkgr, 0. 05g |A80mMG
H sol utilon, 0.50g of a |tiensol ut (BMbf |t he surf ddRitalx
1 Tt oysol ,| amdl041. BEYMEDLS | propl eme dghycql neBByl |eDRE244
acet ate |( PGQVEA) W80% m ked. Thelm xturg was then
r®l | ed dved&Bght| CYMELt he 0.60derfcod sdl ut0dh was Heavy
filtered through|30®.20pmfiltend. [0119] Under coatfooting
For mul atfi on3BRanpPewddl ( Codfar atli vej For 50450f Heavy
under codt sol utipinkin _a|20z anbér bottlle, 7.38g loffooting
ptd yer [P- 80.050. Vg7 (15% s4bQti gn) Bf QYMEQ.4803 crideavy
i nker, |0.05g of | TAG H $ol ution/] 0.50q9 lof a 1%/ footing
solution of the surfactant Troysol, and 41.31g of

Table PEROWE angt gbspsiR) theeinproveneat in sublimation performance, the TAG
change in the undercoat formulation negatively impacts the lithographic performance

HOoWN

of the photoresist by increasing the width of the image at the photoresist-undercoat
interface (footing).

[0117] Undercoat Formulation Example 11 (Comparative)

For 50g of undercoat solution in a 20z amber bottle, 7.38g of polymer P-6,
0.77g (15% solution) of CYMEL 303 cross linker, 0.05g of TAG H solution, 0.50g of
a 1% solution of the surfactant Troysol, and 41.31g of propylene glycol methyl ether
acetate (PGMEA) were mixed. The mixture was then rolled overnight, and the

undercoat solution was filtered through a 0.20um filter.
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acetate (PGVEA) were m xed. The m xture was then
roll ed overnight, and the wundercoat solution was
w0 pdosesasb t hrough a 0. 20pm filter. [0120] UndePCDES2005/007588
Formul ati on Exanple 14 (Conparative) For 50g of
undercoat solution in a 2oz anber bottle, 7.38g of
polymer P-7, 0.77g (15% solution) of CYMEL 303 cross

i nk 0. 05g..of TA qut n al%
[0118] oo s UrigersPaf Eormiation Exampla 2 (PommmuativeB o of

propyl ene gl ycol nmethyl ether acetate (PGIVEA) wer e

m xed. The m xture was then roll ed overni and t he

o illa: ohunderaget alufien inia 2ez emberirhniig Za,%agzﬁmﬁlymer P-5,

01770 {4 B S e A AR 1B, o gpw ot

1% solutivpesft thet surfactant3Bo g@él pod ymam@’ﬂz pro@ylé’ﬂ@ glytbVmethyl ether
sol ution) of CYMEL 303 cross |inker, of TAG H

aostate SEIGMEGY, WresGHXeR. aTha JRSBITELWE tadn TLS VeEgHinEnd the

ondero o 8 e i HORBUTIRSAL L 2

were m xed. The m xture was then rolled overnight, and

orion %, RGBS SRR 5. 207"

(Conpar ative) For 50g of undercoat solution in a 20z
anber bottle, 7.38 pol ymer P- 15%

T 600 R nelTAEOT DD B 207 1Ak boe g Ses o palyrer P-8,
0.7 (B ooy by CEMEL 3 SeS, G050 )or 1@ BEdAr ie0g of a

1% soll&tirﬂ of the E&Wﬁnmr@sm >haad 4Tdmagmb@mpglemsglydtémnethyl ether
rolled aver ni t he, .underc 0 n wa

acetater (RGHA WeredgHEa: 0 ISR, WRS (1R IS0, BrIER, and the

underccf Cﬁgﬁnﬂiﬂ \ﬂﬁsﬁﬁémtﬁrﬂgr{@%ﬂhﬁﬁlt&e) For 50g of

coat so ution 1na 20z anber bottle, 7.38g of
poI ymer P- 0.77g (15% sol ution) of CYMEL 303 cross

l'i nk 05 %
[0120] ¢ u?’p BﬂeB(fo%f{lp r%‘ﬁ%&?f‘ﬁ@%%ng {Q:oﬁ%ﬁapéﬂ\?eal g of

propyl ene glycol nethyl ether acetate (PGVEA) were

m xed. The m xture was then rolled g) kma?ggé nd the

eri&Pa et urdaroeatosoiviien in Ar2azeampar 9§ od- .@lemolymef P-7,
0.77g (155 Eblution) of CYMEL 303 cross linker, 0.05g of TAG H solution, 0.50g of
a 1% solution of the surfactant Troysol, and 41.31g of propylene glycol methyl ether
acetate (PGMEA) were mixed. The mixture was then rolled overnight, and the
undercoat solution was filtered through a 0.20um filter.

[0121] Undercoat Formulation Example 15 (Comparative)
For 50g of undercoat solution in a 20z amber bottle, 7.38g of polymer P-2,

0.77g (15% solution) of CYMEL 303 cross linker, 0.05g of TAG H solution, 0.50g of a
1% solution of the surfactant Troysol, and 41.31g of propylene glycol methyl ether
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[0124] Undercoat Fornmul ati on Exanple 18 For 50g of

undercoat solution in a 2oz anber bottle, 6.36g of
w@eiopoersP- 5, 7.50g (15% sol ution) of cross |PCRES2005/007588

V-7, 0.05g of TAG H solution, 0.50g of a 1% solution

of the surfactant Troysol, and 35.59g of propyl ene

gl ycol nethyl ether acetate (PGI\/EA) were m xed. The

* acstato JHIAMIESN Wate Miecky ke Fbsigh Eeeo tiielad cupmigrsa aoyt the
68 WD 2005/ 089150
undercogggﬁggggggsg@%%gmrgggﬁég’a@({gﬁn N35r coat sol ut5 ion i ﬁ a

20z anber bottle, 6 369 of polynmer P-2, 7. SOg (15%

solu r 0SS Al

[0122] 5o u“rgﬂgrcea B"Bf‘laa"qn) Xg‘&PEﬁ 1gr‘88a“?qfé‘ Ve fact ant
Troysol, and 35.59g of propylene glycol nethyl ether
acetate (PGVEA) were m xed. The mixture was th
Fog150gdobvedeicght solufian ih@ 20% aavashotie) Zta%mfv@@ymer P-2,

o1 (4310 L SRy oL PAPEBATR, .00 o
a 1% solution abmeaﬂh@ctémtl’rbysolﬁaﬁ@w 1 \900\1 priopyleReglycol n‘iélgyl ether
ker V-

5% ution) .of cross Ii
acetate SHGNIER Weremced. o ReumiBiG rwah then RIS ivelightiand the
undercoE"t%MFiﬁibn \ﬁé’sdﬂ eé%oﬂ%h%é%’.ﬁ@#hﬁﬂtew ycol methyl ether

acetate (PGQVEA) were e m xture was then
roll ed overnight, and the undercoat sol ution was

0123] ¢, ool SE8 PP G a0 A7, (Cetigaiata ooy £ F ench
280nm pitch using TIS 2481L-01- 23 over various
under coat fornul ati ons was exam ned Al

a5 p0g ebandaraogt gofutiom inra A A8beH b @tﬁl@m?f%'&ef Belimer P-3,
0.77g (%lsﬁ)ﬂg%%g}f CAREL 385 Qs{sslﬁﬂ&fd%%gfo‘?’ﬁ 33 W?éieﬁo% oTéc% of a

: Was sSpun on top O oat e ers
1% soldtidmof the skriastanbffrdsﬁsh ranthaﬂgt(zﬂqMopylemeEthQbrm@hyl ether

d .
acetate SEAIRRESRRESS TR AHE! S T IRESG o e
undercc?e(’c%onmonlWQQ\‘llter%d&ﬂrdug@a $0.29ueBiterA post exposure bake

of 115C for 90 seconds was applied

[0124] Undercoat Formulation Example 18

For 50g of undercoat solution in a 20z amber bottle, 6.36g of polymer P-5,
7.50g (15% solution) of cross linker V-7, 0.05g of TAG H solution, 0.50g of a 1%
solution of the surfactant Troysol, and 35.59g of propylene glycol methyl ether

acetate (PGMEA) were mixed. The mixture was then rolled overnight, and the
undercoat solution was filtered through a 0.20pm filter.

[0125] Undercoat Formulation Example 19
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and wafers were puddl e devel oped with OPD262 for 60
seconds and rinsed with DI water. Adhesion failure of
wad@sasdsd40nm trench 1:1 pitch were then exanmP@EUS20$/007588
a Hitachi cross sectional SEMfor profile. Results can
be found in Table 6. Lithographic exanples 5-11 are

conparative. -59 WO 2005/089150 PCT/ US2005/ 007588
Tabl e 6; Sum’raré of the Formul ati ons and Pro

Rossfiar of wrdencgabaglption dn ax30zanbar ot {hcap6aca polymer P-2
7.50g (%@%@? o#og%xmk{glggtw’m?bpgﬁgi%e?ﬁiérﬁ;er I m/é ié?; a ‘1%
solutionFaf Ithe esutzotant Tmyami ahgke 36.5%% oh [fropyieha glycol nuiethyl ether
st AR AT, 14 Sl AL el S

undercdé‘('?!ﬁlutlan%s%lfé?e@%r@ggw%so 260 fiftet3 13, 135 CY'VEL 0.23
.03 85.00 Yes 303 8 14 13,473 CYMEL 0.23 0.03 85.00

Yes 303 9 15 14. 473 CYMEL 0.23 0.03 85.00 Yes 303 10
10126] e Uit Paniuflioh Braipe 29" 15°500 v/ 772 25

0.03 85.00 No

For 50g of undercoat solution in a 20z amber bottle, 6.36g of polymer P-3,
7.50g (15% solution) of cross linker V-7, 0.05g of TAG H solution, 0.50g of a 1%
solution of the surfactant Troysol, and 35.59g of propylene glycol methyl ether
acetate (PGMEA) were mixed. The mixture was then rolled overnight, and the
undercoat solution was filtered through a 0.20um filter.

[0127] Lithographic Examples 5-14

Lithographic performance of 140nm trench 280nm pitch using TIS 248IL-01-
23 over various undercoat formulations was examined. All samples were spun
coated to a film thickness of 500nm undercoat and cured at 200°C for 90 seconds
proximity bake. TIS 248IL-01-23 was spun on top of UL coated wafers to a film
thickness of 235nm. A softbake of 125°C for 90 seconds was applied. All wafers
were exposed with a Canon EX8 stepper 0.65NA annular illumination using 248 nm
light. 0.80/0.50 sigma. A post exposure bake of 115°C for 90 seconds was applied
and wafers were puddle developed with OPD262 for 60 seconds and rinsed with DI
.Water. Adhesion failure of 130 and 140nm trench 1:1 pitch were then examined with
a Hitachi cross sectional SEM for profile. Results can be found in Table 6.

Lithograpﬁic examples 5-11 are comparative.
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13 19 14,473 V-7 2.25 0.03 85.00 No 14 20 18,845 V-7

2.25 0.03 85.00 No Results in Table 6 show that the
wanengass fornul ati ons using the cross | i nkerPCTYREDS/007588

303 require higher polyner Mv to obtain adequate

l'i thographic performance. Use of the V-7 crosslinker

in corrbi nation wt h an am' ne sul fonate TAG provi des

rcoat subl n_an

12 agé Sy W‘*é@ pIftiRe Ao Horie ré g orchS 2461

mao wi aWst? Q"H“H 8PS on, the wider nol ecul ar

t range in which it nrnvidpq good perfornmance
Lith. | Upg F’%"e Pﬁ’b\fr@e'fo Grasst i gierpas i|TAG(% ¢ o] REMEMt 1 Adhesiam
Ex. C‘Pfﬁ qutM,Wi pol yTb'i‘klOer ainksd in[ 0128] Gﬁdﬂarcoat Failure 130
# | foreWm)l ati on ExAgpnte 2{%(itoriaraylaye) farpuipeg | andlor
lafieBercoat sol tition, tdoEmuqAionkber bHPB)I e wer d48R8kd,

8 97¢ of pol ymer sollddiem |(P-13) (B1 9 % wt dtrench
5 TPGVEA12.24100g] CYWELs 9l §i3%r]) JHOTYMEL 8598 crloss Yes
linker, 0 055¢3@% TAG H sollution_ Ql21g of 1% Troysol
6 [120l ufi18800n PGO¥MEL -|66-280 [200%9D891 5085.00 Yes
PCT/ US2005/ 007888 _and 9 _96g of propylene glycol
7 | 1%et hyI136t38er HEYMELe [( BVEA) . Of2 i xt 8580 wag ¢ hefps
rolled overni gAP3 and the undercoat [sol ution luas
8 1411 t ¢rid@et7Bnr o GYMELO. | 2GR fli | t@&P3 [ 01283-0Under coa¥es
Formjl ation Exa88®le 22 (Conparative) For 20g lof
9 18nder{ddat73sol JCYMEL t|o 623 oz aMB2r ot 8980 werle adRed,
8.979 of pol y@B3 soliution Y P-13) (31.9 wt %iin PQVFA)
10 [16. 12d 16t8480wde QYIMEL dr 523 | | nk@P3 0. 08%800f (TAG No
sol utiion, _0.21@098f 1 1% Troysol solutlion in P IGV FA,
11 |1and 9.186350f |@YMEL end0.28 ycol O.B2t hyl 8%.ABr adcet alNe
(PGVEA) . The midR8ure was then rolled overnight, and
12 | 18he Uri@B80bat [3bTuti on 2% [il0.88ed |t hBABh al 0. 20lem
13 | 16i | t dr14,47®130] \Umdercoaﬂ.25:orrru0.98i o) ER&HPl e 23 Fbdlo
14 2809 O 13mesrcqqt_7soI utipps fo 0.0B oz agben boft| eNgere

adde yAer sol ution (P-13) 319vvt%|n

Results lgq(%fﬁé sf]n %%{t_'th;éo; uﬁreﬁe?‘t fhhgqlsﬂor#éﬁ%ﬁ‘n%%%/ ‘g’glﬂss K e on

CYMEL 3@13 Rﬁﬂfﬁ highdr pﬂyﬁl’ég M tpobiayi adequgte ditlograpind et her
performance Eﬁse (gtacﬁ \';)7 crossﬁlnrlyer ltnucgo%t\g\lﬁgucgn With an amine sulfonate

TAG provides an undercoat which has low sublimation and allows the use of low

molecular weight polymers for better planarization. In addition, the wider molecular
weight range in which it provides good performance gives more formulation latitude

to account for batch to batch polymer variations.
[0128] Undercoat Formulation Example 21 (Comparative )
For 20g of undercoat solution, to a 10z amber bottle were added, 8.97g of

polymer solution (P-13) (31.9 % wt% in PGMEA), 2.00g (15% solution) of CYMEL
303 cross linker, 0.055g of TAG H solution, 0.21g of 1% Troysol solution in PGMEA,

-60 -



roll ed overnight, and the undercoat solution was

filtered through a 0.20pmfilter. [0131] Undercoat
wWOo-2005108€E850 on Exanpl e 24 For 20g of undercoat sPCT/US2IN5/007588

to a loz anber bottle were added, 8.42g of polyner

solution (P-13) (31.9 % in PGAQWEA), 2.0y of V-7 cross

I i nker (15%w %in PGQVEA), 0.054g of TAG H sol ution,

o050 B e Nt S BT 2B 38, oo
rolled O\é@gfﬁ{?ﬁf,ean‘ﬁatﬁek{jﬁ:ﬁ%rcofa?gblt%ﬁr ou 'ﬂlt%ﬁid t ﬁ B SO AL

i'on was filtere |Iter 0132]
Under coat Forrmul ati on Exarrpl e 25 - 61 V\D 2005/ 089150

5/ 007588 . E ol ut t
[0129] To; Lnieronet toamylaten axanpia 2 IOBRARTRE: ool ut on
(P-13) (31.9 W% in PQVEA), 2.49g of V-7 crossllnker

(15% w % in PGIVEA% 0. 054g of TAG H soI ution 219%
Forr 20 of ypdersprat splutipwnto & beg hattlegwerg qgﬁded 8.97g of

pomeb GBI G oAA SEA G 6 CRG A it e
0.055g 8@2111@ Hh sm;moh; DtZigedf 1% mesobsﬁluﬂcp gm A (B]lc\/leEA d@m31ﬂ6g of
nder coat For nu| ati on of under.coat
propylegg| gly¢Inmethy/! et 2oRie (RAERY wihe 5‘%8@59 s fiepoied
. | f
ovemi ATt SHLUELARs ok oo 450y PO st o,

solution, 0.21g of 1% Troysol solution in PGVEA, and

5 i th tat
[0130] (P@Mde'%ﬁ%?ﬁ&?@%%%gg%mgﬁboﬁ egrosgsn?gﬁt and
the undercoat solution was filtered through a 0.20pm
Fa1G2e9 ofAGPERA SOBIGP tha 167 BNIE ATe e, FHdeche-ato of
pomefifionts 4 5.0, FBLTBCREA L0001 oiear o .
PGMEA), @4a5x pbf TAG H solutiom o@121g af 11§96 ofroysel wadylien ins BGME nand

0.5 i obhener i Pt e b DO 77BL b Beb ten

rolled o%?rﬁé%tﬁ Bhd ttwdna&%oan&ﬂumams filteigdohromh & i0.2@uradilter.

hr oug 0.20pmfilter. [0135] Undercoat Formul ation
Exanpl e 28
[0131] Undercoat Formulation Example 24

For 20g of undercoat solution, to a 1oz amber bottle were added, 8 .42g of
polymer solution (P-13) (31.9 wi% in PGMEA), 2.0g of V-7 cross linker (15% wt % in
PGMEA), 0.054g of TAG H solution, 0.21g of 1% Troysol solution in PGMEA, and
9.32g of propylene glycol methyl ether acetate (PGMEA). The mixture was then
rolled overnight, and the undercoat solution was filtered through a 0.20um filter.

[0132] Undercoat Formulation Example 25
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For 20g of undercoat solution, to a loz anber bottle
wer e added, 8.24g of polyner solution (P-13) (31.9
WORKG08P1RGVEA) , 2.4g of V-7 cross |inker (15% RET/¥51005/007588
PGVEA), 0.044g of TAG H solution, 0.21g of 1% Troysol
solution in PGVEA, and 9.11g of propyl ene -glycol
nmet hyl ether acetate (PGVEA). The m xture was then
roll ed overnight, and the undercoat sol ution was
Fcfri 2Q@g@: oé andaravat) Isol;utionzttpm 102 eenher-Bittle\@va ) Bd8d,18@3g of

polymer sUUHiGR 1°33) RS 28mecr PAMERLGLRS LV Pl kel Y153 wt o in

PGMEA)amttmdoercTAe weescﬂuﬁ@ldemm dll%qfro¥m|sﬂ@floﬁQhLPGMEA and
P- (3.9 W% in PGVEA cross |inker

3
9.11g ofgmrgwl?ﬁne%!yqol mejfirvhethey. mg’teoﬂg@ndém sbhg mMixturg veas, then

roted oSt SPHSFUn IR A, POV P20 2bur e
m xture was then roll ed overnight, and the undercoat
sol red rou 0.20pmfilter. [0137]
[0133] Undgﬁ'aa%ﬁcoﬁg "f‘%‘ﬁ 32&) For 20g of undercoat
solution, to a | oz anber bottle were added, 8.22g of

pol ymer soI ution (P-13) (31.9 % in PGQVEA), 2.4g of
For-20g 0b smderqoaé sofutiev e 204 0a anm@vmgﬂlewvee@@dﬁedmcﬁw of

potymer §8lgh P17 5] B Ao N FLEMERS: 198 L Prdde R V1S9 e o i

PGMEA)( IB(EIE@ of TAG ® xdlutien V\&thﬁm %I Diolysdl solertiohdnt PGMEA, and
under coat. sol ution was filtered through a 0.20m
0.53g o pIopHIEne| GYed] Meltihsibenacetats LRGMEAN 5 T8 rixilrs was then

)
otea ovb9ERE RS EBEIBAGA hab R IR FPSDpftes
(avail able from FUJI FI LM El ectronic Materials, 1Inc.)
over,.,vari ou nderc ons was exam ned. All
[0134] sarrp‘l" 3 Wé%f@ laﬁBﬁtéﬁ? Je? il mthickness of 500nm
under coat and cured at 200C for 60 seconds cont act

bake. TI'S 1931L-54-20 was spun on top of UL coa
Foia20g Hftundereqat Holuligrs nﬁee,éoafameernmﬁlﬂ \are b%ﬂ@tedoﬁ 43g of

polymer %8&.%0& gﬁ’w@ t@ E%)o Wﬂ?or lﬁﬁ%m)aﬁ glgt ﬁ'V-?WB&%Slmkg? gﬁfm\ wt % in

expose epper  USi
PGMEA)armMztg of MAGrith sbiution, 0(21@%101%0Tmygn’asmmtlmn1%PmMEA and

9.32¢g 01J E)?or}])tyien% 8|())/cs;(t)l %Xer’gr?y “étﬁeP %léceata?é (l;a}?/%.& T6t(i)e Snref ?ure was then

rolled overnight, and the undercoat solution was filtered through a 0.20um filter.
[0135] Undercoat Formulation Example 28

For 20g of undercoat solution, to a 10z amber bottle were added, 8.24g of
polymer solution (P-13) (31.9 wt% in PGMEA), 2.4g of V-7 cross linker (15% wt % in
PGMEA), 0.044g of TAG H solution, 0.21g of 1% Troysol solution in PGMEA, and
9.11g of propylene glycol methyl ether acetate (PGMEA). T he mixture was then
rolled overnight, and the undercoat solution was filtered through a 0.20um filter.
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was applied and wafers were puddl e devel oped with
OPD262 for 60 seconds and rinsed with DI water.
w@aiosesnsdi delity of the 120 nmtrenches at 1:RCPUSN5/007588

was then examned with a Hitachi cross sectional SEM

for profile. The results can be found in Table 7.

Li t hographi ¢ Exanpl es 15 and 16 are conparative. -63

WO 2005/ 089150 PCT/ US2005/ 007588 Table 7: Summary of
[0136] t he Rindercoat Gesmatation Example@9ul ts of TIS

1931L-54-20 wth the Undercoat Formul ations Litho
Under cross- Cross- TAG H PGVEA Pattern Fidelity EX.

l#or z@gabf Iundlsrdm@t Islon}t@h (c%a( %z an(tﬂérltmtwé Wéi@nadddoﬁmMg of
fornu | ation fornu

pOlymef ﬁ@'HSIO@ (Rriy) @ 8n‘j\/"n}£5n Eﬁ%ﬁ%@ 89 51 9'7@88‘51@0 (R%enh in

PGMEA O o FAGR S9uls 5244 o 8 ol Soaafh df EGMER, and

9.32¢g cp‘rpxbpyleee]@y@ﬂ fiethyl efhdr. 8G3ates (RBMEA) | The, rmxtmanwas then
rofil.es

0 I
ol oG 1 Sioedatsdidrofae BB b fi Her
profiles 21 27 V-7 1. 5 0. 060 85.00 Vertical, clean

profiles 22 28 V-7 8 0.060 85.00 Verti cal cl ean
[0137] Undercoat Formulatlon Example 30

For 20g of undercoat solution, to a 10z amber bottle were added, 8.22g of
polymer solution (P-13) (31.9 wt% in PGMEA), 2.4g of V-7 cross linker (15% wt % in
PGMEA), 0.066g of TAG H solution, 0.21g of 1% Troysol solution in PGMEA, and
9.11g of propylene glycol methyl ether acetate (PGMEA). The mixture was then
rolled‘overnight, and the undercoat solution was filtered through a 0.20um filter.

[0138] Lithographic Examples 15-24

Lithographic petformance of 120nm trench (240nm pitch) using a silicon
containing resist TIS 193IL-54-20 (available from FUJIFILM Electronic Materials,
Inc.) over various undercoat formulations was examined. All samples were spun
coated to a film thickness of 500nm undercoat and cured at 200°C for 60 seconds
contact bake. TIS 193IL-54-20 was spun on top of UL coated wafers to a film
thickness of 235nm. A softbake of 125°C for 60 seconds was applied. All wafers
were exposed with an Ultratech Microstepper using 0.60NA annular illumination;
0.80/0.70 sigma with 193 nm fight. A post exposure bake of 115°C for 60 seconds
was applied and wafers were puddle developed with OPD262 for 60 seconds and
rinsed with DI water. Pattern fidelity of the 120 nm trenches at 1:1 pitch was then
examined with a Hitachi cross sectional SEM for profile. The results can be found in
Table 7. Lithographic Examples 15 and 16 are comparative.
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profiles_ 23 29 V-7 1.5 0.090 85.00 Vertical, clean

profiles 24 30 V-7 1.8 0.090 85.00 Vertical, clean
w@e@siogEas) Results in Table 7 show that the uPCiEUSMA$/007588

formul ations using the cross linker V-7 in

conbination wwth TAG H, pronote robust |ithographic

patterning of the inmaging |layer across a range of TAG

and cross linker loadings in the undercoat. In

contrast, use of CYMEL 303 crosslinker pronotes

Table 7% &Inl‘?ulfaﬂ%% %gnfdf’ifrerfﬂS {Egﬁﬁg gif (;I;I§6193IL-54-20

R L

results in unacceptable

Tt EPEBSH | Eqtiyul SIOBRT. x| : ?Gﬂ Fbly
ithoyngeeBeH | kRl i:‘t’ 3% ExphpP 31W atfen
Ex-#50] u%g‘r’g&l Ageat 2( 1:; ﬁ‘b@)fsz ‘% , 17(9}) ‘of K engh
sol | 35% i 1} IPQVEA) , | 1O '(1% Aitijon in PGVEA)
of ¢Haden i nker \g‘-’ﬂ““a:m"m 2005/#48150
PCT{ US2005/00758410M 054l of_TAG 1| selutien—and 22 06g—
15 of S vilxed28he| %P e [waddUPen o e footing”
ovetnight | —and tlhe undertoat—soluti-gn—vwasfiltered—
16 thrbagh a|ao98h fi0€er. [[PIG UnadPhr [FACRESIR faiwe
Exanple 32 For 8309 of —und siol-ut-ion—iHp——a 20z
17 anber3bot {8, 17. 094-20f )m A 135Q, uti%ﬁifﬁigﬁm
PGMEA), 10 _Og (115% sol ution ip PAVEAL of dross BT Hicer
18 v-7]240. 05§ of TAG 950l it i SRS an £5-¥bg ofvE%ﬁ@:]ea“
were mxed The Imixture was th)gn i S
19 and{#he undércoat sdiButi on KE&Ofi]t t hr oyf§Hjcgh clean
0 20pmfillter [l0141]1 EXAMPLE 2 Uhdercoat [FormBdi9%n
20 ExangPes 317and |32 Were tes@-@@oac:oréﬁ'(ﬁ@rﬁto V/gHical, clean
pro¢cedure ldescrifbed in Exanple 1. | 8 lont Arefiles 1o
21 resylfs. 13l e g Undércoat POPYmel GRQ- [rhdericel Aleply
TAG|(%in |\Wight| of colleécted profiles
22 28 VT 1.8 0.060 85.00 Vertical, clean
profiles
23 29 V-7 1.5 0.090 85.00 Vertical, clean
profiles
24 30 V-7 1.8 0.090 85.00 Vertical, clean
profiles

Results in Table 7 show that the undercoat formulations using the cross linker V-7 in
combination with TAG H, promote robust lithographic patterning of the imaging layer
across a range of TAG and cross linker loadings in the undercoat. In contrast, use of
CYMEL 303 crosslinker p romotes unacceptable severe footing at the base of the
patterned imaging layer profiles. The use of Powderlink crosslinker results in

unacceptable adhesion failure of the imaging layer patterns.

[0139] Undercoat Formulation Example 31

For 50g of undercoat solution in a 20z amber bottle, 17.09g of polymer P-11
solution (35% in PGMEA), 10.0g (15% solution in PGMEA) of cross linker V-7,
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formulation (% in |ink- Generator fornula-

subl i mat e( grans)
wWe2@084830 11. 96 V-7 |

Ex. # formnul a-

ing (TAG tion) tion)
0. 03 0.00003 32 11.96 \W@I/USHOHB7588

0. 00005 The data in Table 8 shows that the

conmbi nation of the am ne neutralized s ulfonic
TAG and the al koxynet hyl at ed phenolic crosslinker
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[0141] (13% solution in P

and 17.5 of PGQVEA The

have od res
rOQRAANAR Wy
50g of undercoat solution in a 2 oz anber
30.39 of the polyner

el son e it

bottl e,

re%ared in Synthesis Exanple 14
PLE2Z g (20% solution in
PGQVEA) of crosslinker V-10, 0.82 of TAG F sol ution,

m xture is then roll ed

Uﬂ&h@’cﬁbﬁﬂbnmlﬂaﬁbﬁ BgampiberTioand 3R Ivwdredestied ddcbtdingtd the
t hrough a

. 0.20pmfilter. [0145
procedurgglegeEibgd dre FXample ﬂo%aﬁwo%rg%tat
is lithographically

i t hogr aphi ¢ Exanpl e
ASF‘bPrFﬁP'glf“%-on Exanpl e 34

Table 8
Undercoat | Polymer | Cross- | Thermal Acid | TAG (% in | Weight of collected
formulation | (% in link- Generator formula- | sublimate(grams)
Ex. # formula- | ing (TAG) tion)
tion) Agent
31 11.96 | V-7 | 0.03 0.00003
32 11.96 | V-7 I 0.03 0.00005

The data in Table 8 shows that the combination of the amine neutralized s ulfonic
acid TAG and the alkoxymethylated phenolic crosslinker had only trace amounts of
sublimate, lower even than those in Table 4.

[0142] Undercoat Formulation Example 33

For 200g of undercoat solution in a 8 oz amber bottle, 121.55 of the polymer

prepared in Synthesis Example 6 (13% solution in PGMEA), 5.2 g (20% solution in
PGMEA) of crosslinker V-1, 3.250f TAG C solution and 70.0g of PGMEA are
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tested using the procedure enployed in Lithographic

Exanpl es 15-24. The resultant 120 nm features have
w@owd/08\sol uti on with excell ent adhesi on. [ 014B{T/W¥200%&007588

the invention has been described herein with reference

to the specific enbodinents thereof, it wll be

appreci ated that changes, nodification and variations

. n be made wtho depart | fromthe spiyit and. .
mived. cftg, Brigire i thon, Brleplalerpighb e % bdehal, spiipn i fitered
throughAFeobgiater, it is intended to enbrace all such

changes, nodification and variations that fall wth

the spirit and scope of the appended clains. -66 WD

v 200 TR0, Ve el LA

a polynmer of Structure | conprising repeating units of
Structure 1, 11

I, and IV R, RL 1l-M-- .\ OQ,
e Hndersepl fram Yndgropaty Fyrmml%low%%vme\ééﬁs Rithegraphically
hel £ A ¢
s (SRRSO S BURAORE Oy saniagg i TopOtodant
140 nmdaatues havergpod nesalutical witke axcallent adhésionsel ect ed from

the group consisting of a single bond, a -COO group,
and a - CON(R2)- group; R2 is selected fromthe group

[0144] CONSiYhd SR Rt ForiilaBes Exaipleddd an al kyl group
having froml to 3 carbon atons; Mis selected from

the group consisting of a C5-7 cycloal kyl ene group

BNPE fBREAESPUROR '8, 0 Bfier bBHES SRSORR the polymer
preparéd( iggyjfntheﬁd ,E_xamp]iEIM gﬂ%@poluﬁoﬁin PGMER),-1.3 @n(R0% solution in

- -; R3is se e t roup C t a
PGMEAY aF GssinsetoNs 1 0P A TGk FETHE didor/ Suctk PRfiza The
mixturé? i< e Rl olERTGR, BRdSReCandiBoat aoRition is filtered through a
| 0.20um filter.

[0145] Lithographic Example 26

The undercoat from Undercoat Formulation Example 34 is lithographically
tested using the procedure employed in Lithographic Examples 15-24.  The
resultant 120 nm features have good resolution with excellent adhesion.

[0146] 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 with the spirit and scope of the appended claims.
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an unsubstituted or substituted cycl oal kyl group
having from5 to 30 carbon atons, a bridged
wap®ahstisd ut ed or substituted alicyclic hydroce€us2005/007588
group having from5 to 25 carbon atons, an
unsubstituted or substituted aryl group having from®6
to 18 carbon atons and an aryl al kyl group having from
7 to 18 carbon atons; n is an integer from | to 3, q
Weclains an integer fromO to 3, the sumof n and g being no
greater than 5; R4 is selected fromthe group
consisting of a linear or branched or cyclic C1 - CO
1. Rltk¥mantburabie WaeRaR SR HEEAIREHMSING/ 007588  a
hal ogen "group; R5 is selected fromthe group
consisting of a linear, branched or <cyclic alkyl and

2y oo B U BaPsRE DL SR APt ang v

where R6 is a Cl-10 linear or branched al kyl ene group

and R7 is selected fromthe group consisting of a

i near, branched or chctl ic alkyl, an unqubstltut ed or
R1substltut ed alicyclicygroup and an unsubstituted or

substituted aromm _kyl ar omat havi ng |
30 carbon atons andg t is an integer to 4;
b) phenol i c crosslimpker having Structyre V 8

R(Hol0OX p R 11 M in pis an integer of about 2
L—-0-6-WRE—R® a - CH2(R oup; RO is e&lected from the
group consi sti ng of ¥4 ogen atom -CH2 2 group,
Cl1-C5 al kyl group, /8 OHR10, R11 and 2 are
each i ndependent | ¥s4.sel ected fromthe group consisting

of a hydrogen at(o and a Cl-C5 al kyl group; Xis

di- tri-, tetra-, penta or hexa- valent alkyl or
@?yl al kyl noi ety; @n [ hermal acid genergigr (TAG of
ructure Vi (SGSH)X R20) y

wherein each R is independently selected from the group consisting of a hydrogen
atom, an alkyl group having from 1 to 3 carbon atoms, and a halogen atom; L is
selected from the group consisting of a single bond, a -COO- group, and a -
CON(R?)- group; R? is selected from the group consisting of a hydrogen atom and an
alkyl group having from 1 to 3 carbon atoms; M is selected from the group consisting
of a Css cycloalkylene group and an arylene group having from 6 to 18 carbon
atoms; W is selected from the group consisting of a single bond, a ~COO- group, -
O-, -(C=0)-, and -(SO,)-; R® is selected from the group consisting of a hydrogen
atom, a linear unsubstituted or substituted alkyl having from 5 to 30 carbon atoms,
an unsubstituted or substituted cycloalkyl group having from 5 to 30 carbon atoms, a
bridged unsubstituted or substituted alicyclic hydrocarbon group having from 5 to 25
carbon atoms, an unsubstituted or substituted aryl group having from 6 to 18 carbon
atoms and an arylalkyl group having from 7 to 18 carbon atoms; n is an integer from
1to 3, q is an integer from 0 to 3, the sum of n and g being no greater than 5; R*is

selected from the group consisting of a linear or branched or cyclic C4 — C4p alkyl and
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(H 2 -68 WD 2005/ 089150 PCT/ US2005/ 007588 wherein Ais
sel ected fromthe group consisting of a phenyl and a
wmaphospiso group, R20 is selected fromthe groRQI/US2005/007588

consi sting of an alkyl or a cyclic alkyl and an
unsubstituted or substituted aiicyclic group having 5
to 30 carbon atons; when Ais phenyl, x is an integer
of froml to 3, y is an integer of fromO to 5, the

a halogenngrotipx Ra sl sglectedi frgmrtbegroap @onsisting ®f aalinear, beanched or

et oy 5t ALY el GRS dA b Faon
atoms, BRI (RBORREgfRDp Whaie RY i2B T 2l Imedr ox-brandhddsaikylene group

rimary, secondary, or tertiary unsubstituted or
and R'siglasleated Gamaiheyarowp copsisting 9t lipeai braneiasgicyaic alkyl, an
] JoR 0,5 r : ; e :
unsubsBUGE ofF KB HebCARRoBE  ct8p CHRT™an WEUBHIIGE of Hlpetiuted
aromaticoorchikiynatonvdtier groopt havingol o180 aairben mtamar and tiis am integer
ol ymer. of Structure VII R RL Rl es R R21 R22 CH)n
from 1 1) wherein RL is selected fromthe group
consi sting of a hydrogen atom an al kyl group having
froml to 3 carbon atons and a h alogen atomp R 21 i s
b) a phanolimenaisslinken hadingrStrupliyetV t ut ed aromati ¢ group havi ng
C6- C30 carbon atons; R22 is selected fromthe group
consisting o f a hydrogen and a C 1-C4 al kyl group, R
23 i s selected fromthe -69 W 2005/ 089150
PCT/ US2005/ 007588 group consisting of cyclic al kyl, an
! i t446.ed or substituted alicyclic group having 5
' atons, and (R300)tR7 group where R30 is a
branched al kyl ene group and R7 is
Re group consisting of linear, branched

wherein p is an integer of about 2 to 6; R®is a -CH,OR" group; R® is selected from
the group consisting of a hydrogen atom, -CH,OR" group, C+-Cs alkyl group, and
aryl; R', R" and R are each independently selected from the group consisting of a
hydrogen atom, and a C4-Cs alkyl group; X is a di- tri-, tetra-, penta- or hexa- valent
alkyl or arylalkyl moiety;

c) a thermal acid generator (TAG) of Structure VI

(SOgH)X

(H)z
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cyclic alkyl, an unsubstituted or substituted
alicyclic group, an unsubstituted or substituted
w@e@s®sd160 or al kyl aromatic group having 1 to BOI/TS2008007588
atons; nis an integer of about I to 2 andt is an
i nteger about | to 4. 3. A thermally curable undercoat
conposition according to claiml wherein the polyner
of Structure | is a polyner of Structure VIII R24 R24
R24 0 '1~0 0 0----- ‘. tn 1\ (OHn 25 (MVI1)
& f [
wherei G aiiected o 1 ?F“ﬁcéﬁ‘%%ﬁdaﬁfp? FRiSRYF R o hapH ofoup,
R” is salkeetest iftom dbe ogrospbeensistingd ofravmatkyt Cgraupydiiavialkgl and an

unsubsfigies S S BReg%R0Ig fiefandl SHRGRLERERLABGR: Wien A i

phenyl, SU b%nl m:s(?@d ofirbfytld 8, Qi@amm@gérrw fromt 0 t8®, Qh’é bgﬁh of xand y
a R30tR7 group where R30|sa -

being nol gf@aterdharb !%ae% édS Bxyl wﬁ@ngﬁs suipritayliRy is gng@te@@f frgm 1 to
3,yis %ri/ @ﬁ}é&grﬁﬁ% 7. GRBSLRT b'g aﬂg Q)t llféﬁﬂé ggtq) Bfé}ecg?ﬁ% and z is 8-

rou , ahn unsu sub Irtute
x-y; B %ia:y:r!nharygrseapndw wmsieiidryt usaubstituted bet substitdted alkyl or

aromat i arongt i haV| 1 to 30
carboo B uetaohute Amine viis ¢ H?é@@? g EIBBTY 20, o 4: and

nis an integer of about to 2. -70 WO 2005/ 089150

PCT/ US2005/ 007588 4. A ther mal | y curabl e under coat
d) a solyehbosi tion according to claim 1 wherein the polyner

of Structure | is a polynmer of Structure X Rl Rl RI
/| RR8 R27 R22 OH)n

2. A thermally curable undercoat composition according to claim 1 wherein the
polymer of structure ! is a polymer of Structure VI

R.1 R1 R‘!

(VD)

wherein R' is selected from the group consisting of a hydrogen atom, an alkyl group
having from 1 to 3 carbon atoms and a halogen atom; R?'{s an unsubstituted or
substituted aromatic group having Cs-Cso carbon atoms; R? is selected from the
group consisting of a hydrogen and a C4-Cy alkyl group, R** is selected from the
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(I'X) wherein RL is selected fromthe group consisting

of a hydrogen atom an al kyl group having froml to 3
w@ 200508918t ons, and a hal ogen atom R22 is sel er¢BUSIDHNTS8S

the group consisting of a hydrogen atom and a Cl-C4

al kyl group; R27 is selected from the group

consi sting of a hydrogen atom and a substituted or

group cBﬂ§fé9ﬁ% o Hg&ﬂ: éfﬁ¥lcgn uﬁ%ﬁﬂ)ﬁﬂ’utgﬁldé s@ﬁé’u u?ecgﬁllc?fc i€4rddi Rhving

onsi a CcycC

5 to 30m&rbb|$tat¢ms,edndr(l:i§%)ﬁ gwugduhéneCRﬁq isCa @TL4 nn@@vmnara'ﬁched
car b%p, 2{ t R7 group where
a'kv'en%:mun BRdal b Selesien enhth@yg OHe ANSIRiIngref Im;earsbranched or

eghe

eyl FHILHEAEINRR O YRRAELS Sl bty A roubttvted or

substntuéenbQmmatle@realk)d}arbmatiggamm Revihgad ton3Q leatbaniatngrn is an
tit matic, or alk rogmati c group having |
mtegerpgaé ﬁoog a%‘?ﬁﬁ?%ﬁ&?qer@ °éL1 ?‘hgeger of about I to
4, and n is an integer of about | to 3. 5. A thernally

curabl e undercoat conposition according to claiml
3. Adikemallyt eurableoupdercoal canpaesitien accorndingatepelajmet vdterein the

polymepbf, Sl Gl ot SRRARBEBNTS 0" 3 vhorei n ros i

sel ect ed fromthe group consi sting of a hydrogen atom

and a net hyl RS i s seIR%ted fromthe group
consi sting of

or branched al Kyl ene grjoup and |R7 is selected fromthe
group

25

(Vi
wherein R?* is selected from the group consisting of a hydrogen atom and a methyl

group; R® is an unsubstituted or substituted aromatic group having Cg-Cso carbon
atoms; R? is selected from the group consisting a cyclic alkyl or an unsubstituted or
substituted alicyclic group having 5 to 30 carbon atoms and a (R*O)R group where
R¥ is a Cy4 linear or branched alkylene group and R’ is selected from the group
consisting a linear, branched or cyclic alkyl group , an unsubstituted or substituted
alicyclic group, an unsubstituted or substituted aromatic or alkyl aromatic group
having 1 to 30 carbon atoms and t is an integer of about 1 to 4; and n is an integer of
about 1 to 2.
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consi sting of a linear, branched or cyclic alkyl, an

unsubstituted or substituted alicyclic group, and an
wa@p®shstist ut ed or substituted aromatic or al KyPCT/US2005/007588

aromatic group having | to 30 carbon atons and t is

an integer of about | to 4, R29 is a substituted or

unsubstituted C5-C7 cycloal kyl group; and n is an

i nteger of about 1 to 2. 6. Athermally curable

under coat conposition according to claiml wherein, in

eat i,n it of cture [.S:.-S€.€ fr .
4. A RERANARE Haatbodriatfstion SoodrigElorgpif 1 (flein the
polymeséf Set&drd riem pigrrer ofBtroesé H{i ng of a single bond
and a -COO group;. Mis selected fromthe group
consi sting of a C5-C7 cycl oal kyl ene group and a
C6- C10 aryl ene group; and Wis a single bond. 7. A
thegmal |y @it abl e quﬁrcoat conmposition according to
clagm1l whegfein, in''repeating unit of Structure II,
rom f he.group consisting of a hydrogen
ONHFT7 US2005/ 007588 at om
d , adamantyl, bicycle[2.2. |
4. 2. 1. 02' 6] decyl, phenyl and
al |y curabl e undercoat conposition
ein, in the repeating unit

Rl is selected fromthe
NAlg  Of hy#rogen and nethyl; R4 is
oA Khe group ;g@nsi sting of a hydrogen atom

Rza halgggen groups and a -C4 linear or branched al kyl
group.® 9. A ther wHLy cur abl e undercoat conposition
according to claim1 wherein, in repeating unit of
Structure ﬂk) Rl is selected fromthe group consisting
of hydroge and nethyl; L is selected fromthe group
consi sting of a single bond and a -COO group;. Mis

.seliect e r t r iSti -
whereiE i LRI e BB AL AR poBelr 58, o alorgee
having fon® 13bB0¢&bbA REomMBNadRE Hafogeel atotre dR¥ris weldutedyiromythe
consi sting of a hydrogen atom ¢ ent yl

group eapsistinesafi a hyeeqagi giom. aﬁﬁ@@ﬂ&%gwﬁgw pRy1 is §elected from
the gropg%ﬂs%&iﬁg%fu# lﬁ%&?é%t? S éhch? I@?ﬂbstﬁﬁ@d@ﬂ]ﬁshu%%isitutéd the,

peat| ng | ructure wherein Rl

cycloalkylt R¥dsl sélected fremghegowm nensistinggoid cygligraligdnan and
unsubsUEB s SuBs RIS BiMIchE grpup hivig 81840 GB3H Bt Rl
(RPO)R” group where R® is a Cy-, linear or branched alkylene group and R’ is
selected from the group consisting of a linear, branched or cyclic alkyl, an
unsubstituted or substituted alicyclic group, and an unsubstituted or substituted
aromatic or alkyl aromatic group having 1 to 30 carbon atoms and t is an integer of
about 1 to 4, and n is an integer of about 1 to 3.

5. A thermally curable undercoat composition according to claim 1 wherein the
polymer of Structure | is a polymer of Structure X
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group and a Cl1-C4 linear or branched al kyl group; and,
in the repeating unit of Structure IV, wherein RL is
w@e008089a60 from t he group consisting of hydrogePCEHOS2005/007588
methyl; R5 is selected fromthe group consisting of a
cycl ohexyl, bicycle[2.2.1] heptyl, adamantly,
adamantyl net hyl, tricycle[5.2.1.02, 6] decanenet hyl, and
et hoxyd icycl opentenyl . 10. A polyner of Structure X
- 73R40 20051289150 Pg;ﬁU82005/007588 R24 R24 R24 O O
-\ 28 (OH)n 29 (X) "jwherein R24 is selected fromthe
' hyo ogen atom and a net hyl

R30 is a C2-4 linear or

d R7 is selected fromthe
ifhear, branched or cyclic
’;stltuted of substituted alicyclic
Funsubstituted or substituted aromatic or
aroffatic group hafing 1 to 30 carbon atons and
$ an i(@k)ger of about 1 to 4, R29 is a substituted
nsubstituted C5-C7 cycloal kyl group; and n is an
teger of about 1 to 2. 11. A process for formng a
pattern on a substrate conprising the foll ow ng
process steps: a. providing a substrate, b. coating in
a first coating step said substrate with a thermally

curabl e under c&st conposition of claiml1, c. curing
sai d under coat nposi ti on,

wherein R** is selected from the group consisting of a hydrogen atom and a methyl
group; R? is selected from the group consisting of a cyclic alkyl, an unsubstituted or
substituted alicyclic group having 5 to 30 carbon atoms and (R*O)R” group where
R¥ is a Cy-4 linear or branched alkylene group and R’ is selected from the group
consisting of a linear, branched or cyclic alkyl, an unsubstituted or substituted
alicyclic group, and an unsubstituted or substituted aromatic or alkyl aromatic group
having 1 to 30 carbon atoms and t is an integer of about 1 to 4; R* is a substituted
or unsubstituted Cs-C; cycloalkyl group; and n is an integer of about 1 to 2.

6. A thermally curable undercoat composition according to claim 1 wherein, in
repeating unit of Structure 1l, R' is selected from the group consisting of hydrogen
and methyl; L is selected from the group consisting of a single bond and a -COO-
group;. M is selected from the group consisting of a Cs-Cr cycloalkylene group and a
Cs-Cqp arylene group; and W is a single bond.

7. A thermally curable undercoat composition according to claim 1 wherein, in

repeating unit of Structure I, R® is selected from the group consisting of a hydrogen
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-74 WO 2005/ 089150 PCT/ US2005/007588 d. coating in a
second coating step a photoresi st over the undercoat
W eoosps8asuce a bil ayer photoresist stack, e. eR@DBEFNG5/007588

the bilayer photoresist stack to provide a

phot osensitive conposition portion of the bilayer

phot oresi st stack, f. devel oping the photosensitive

conmposition portion of the bilayer photoresist stack
atom, npakigygloRepbht i on @fclahexylinder ladamganiylder cohicyelef?.Bl@heptyl,

: .~ 1 28] t Iyl oresi st stack, and h.
trlcyclegwf%.ﬁl.dﬁg]d{é%gl, @ﬁ%wla@{ﬁi@iﬁ%ﬁt in an oxidizing plasma

to produce a bilayer relief inage. 12. A process for
8. hhporiigelblscuadsenan omaos o ACaPIRIG (@ Gy Anehersin, i
the epBRRiq 0y bSuER TSI SARIE A e WISt rOHD B Ao of
hydrogen aodmethyls R is seldoteddfam doergmsipt cansistihg afeahydrggen atom, a
natoger SN a0, HGH o BHRHRHETTrGNEL, "2 “aserea:

the bilayer photoresist stack to provide a

hot osensitive conposition portion of the bilayer L
9. Hbewnalli eurableatiRdercoati compepifion ackerdingtowisinl fl wierein, in
roveatfig TSR B ©leol bR B gRil 563415} ihouer

and maghyl Lnisi sedectée fiwinh dye rgrou consistirey of tasikgleaohdand a -COO-
aroup. 0 el e i sra o oA BB 57 anc o
CeCro ;ag*llﬁ}a% Qgrgguxﬁ’,gérgcg g/g S|ant gg@@%ﬁéﬁt End RIS S&1B&ketiNPom the group
consisthng of a hydrogen atom, cyclopentyl, cyclohexyl, adamantyl,
bicycle[2.2.1]heptyl, tricycle[5.2.1.0>%|decyl, phényl and naphthyl; in the repeating
unit of Structure I, wherein R' is selected from the group consisting of hydfogen
and methyl; R* is selected from the group consisting of a hydrogen atom, a halogen
group and a C4+-C4 linear or branched alkyl group; and, in the repeating unit of
Structure 1V, wherein R' is selected from the group consisting of hydrogen and
methyl; R® is selected from the group consisting of a cyclohexyl, bicycle[2.2.1]heptyl,
adamantly, adamantylmethyl, tricycle[5.2.1.02,6]decanemethyl, and
ethoxydicyclopentenyl,

10. A polymer of Structure X
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a, providing a substrate, -75 WO 2005/089150
PCT/ US2005/ 007588 b. coating in a first coating step
w@aiodosubstrate with a thermally curabl e undeP€CDES2005/007588

conposition of claim3, c. curing said undercoat
conposition, d. coating in a second coating step a
phot oresi st over the undercoat to produce a bilayer
phot oresi st stack, e. exposing the bilayer photoresist
sta_54to prayi de a phg}osen5|t|ve conmposition portion

[ e phot oR esi st stack, f. developing the

etching the visible undercoat in an
dsma to produce a bilayer relief image.
5F a pattern on a substrate
OW ng gt ocess steps: a. providing a
ating inla first coating step said
a thernall; curabl e wundercoat
n of claim4, R%® curing said undercoat
posi tiggy) d. coating in a second coating step a
joresi'st Bver the undercoat to produce a bil ayer
toresist stack, e. exposing the bilayer photoresist
stack to provi de a photosensitive conposition portion
29 of the bilayer photoresist stack, f. developing the
phot osensi tive conposition portion of the bilayer
phot oresi st stack nmaking a portion of the underlying

under coat visibX¢, g. rinsing the bilayer photoresist
stack, and

substrate,
substrate

wherein R? is selected from the group consisting of a hydrogen atom and a methyl
group; R? is selected from the group consisting of a cyclic alkyl, an unsubstituted or
substituted alicyclic group having 5 to 30 carbon atoms and (R*O)R’ group where
R is a Cy-4 linear or branched alkylene group and R’ is selected from the group
consisting of a linear, branched or cyclic alkyl, an unsubstituted or substituted
alicyclic group, and an unsubstituted or substituted aromatic or alkyl aromatic group
having 1 to 30 carbon atoms and t is an integer of about 1 to 4; R is a substituted
or unsubstituted Cs-C7 cycloalkyl group; and n is an integer of about 1 to 2.

11. A process for forming a pattern on a substrate comprising the following
process steps:

a. providing a substrate,
b. coating in a first coating step said substrate with a thermally curable
undercoat composition of claim 1,

¢. curing said undercoat composition,
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h. etching the visible undercoat in an oxidizing

pl asma to produce a bilayer relief imge. -76 WO
wQe@s50889150 PCT/ US2005/ 007588 15. A process POT/US2005/007588

formng a pattern on a substrate conprising the

follow ng process steps: a. providing a substrate, b.

coating in a first coating step said substrate with a

thermal |y curable undercoat conpositjon of claimb5,

d:- cealinth§ enisgcondcseling stehpadiatengsisy. ovessthengndercaat to
B%cg%de{“ réhﬁfbr@s@fﬁ%{ﬂ[es'_st over the undercoat
photd

produce ayer resist stack, e. exposing
é.hex;hmélrag'emqoftmtamyeesthoeéleik stackprtov priwvide a photosensitive

hotosenltlve onposi.ti on rtion fthe bi | ayer
P Gopastion Rorien ol e hileyer BRIt stkos csans: 1| ve
FOHEQéIbEﬂn n tﬂ@”;br%”to@%] éu% bbérﬁid@éltlo@h%ﬂfcﬁﬁ' &t HeACkilayer

mak I Ng ortion e under| gl ng un dercoat vi si bIe
g phbi%esngt staek tiakinge portisnoefdbe sndedying undaecoat visible,

t an oxidi zing pl asma
B '@QJ@%%HX%‘?C‘J%@?%&EIS%&? ?'br@g 16. A process for
iﬁ oremhmg thepaisiie undercos ik Sinr @tlduzihgnm%mbm@ proeluce a bilayer
following process steps: a. providing a substrate, b.
coeliehgmagea first coating step said substrate with a
thermal |y curable wundercoat conposition of claimb6,
c. curing said undercoat conposition, d. coating in a
12. Aepmdss dat ifogningep paipérot onesistbstrate cohwprisinge the dollowing
to roduce a bilayer photoresist stack, e. exposing
procesisﬁgepg-, | ayer photoresist stack to provide a
phot osensi tive

a. providing a substrate,

b. coating in a first coating step said substrate with a thermally curable
undercoat composition of claim 2,

c. curing said undercoat composition,

d. coating in a second coating step a photoresist over the undercoat to
praduce a bilayer photoresist stack,

e. exposing the bilayer photoresist stack to brovide a photosensitive
composition portion of the bilayer photoresist stack,

f. developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat visible,

g. rinsing the bilayer photoresist stack, and

h. etching the visible undercoat in an oxidizing plasma to produce a bilayer
relief image.

13. A process for forming a pattern on a substrate comprising the following
process steps:

a. providing a substrate,
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conposition portion of the bilayer photoresist stack,
f. devel opi ng the photosensitive conposition portion

w@Rooshgo1bi | ayer photoresi st stack nmaki ng a porP€T/08200$/007588

14.
steps:

t he underlying undercoat visible, -77 W 2005/089150

PCT/ US2005/ 007588 g. rinsing the bilayer photoresist
stack, and h. etching the visible undercoat in an

oxi di zing plasma to produce a bilayer relief i mag{e.
by 7coakingr B @s §rst ovoatipg nstap saif asukstiate with @, dkeqmally curable
C [ S : | process steps: a. providing

a gﬁégﬁég%ﬁ%?glﬁda%@ﬂ? :r)’]’ a first coating step said
cs utasingpsaid wintdkrepat bempesitigpncur abl e under coat

conposition of claimy, c. curing,said, undercoat
e I, SaosudsPpfi isieh S aRDIRTeRbhIRy Gpepndereoat to
PhevoRLes iahilapeephbdfesiidesgioat to produce a bilayer,
photoresi st stack, e. exposing the bilayer photoresist
est exposing pihevitdlayer phstorssiséi stagl teonpfayide | anppetoseasitive
of " . j : vel opi ng the
ph%é@@gﬁgbﬁﬁgblogﬂ%géﬁ%gé{ ;%‘Lo?ﬁéglnsft 8¥a%§he bi | ayer
fphgé\ml@p‘hgt _th_égﬁihdt@één@_ﬂiv@_ mm;?]@mtlmf bbaidmhdeﬁ” | fhienghilayer
under coat visible, g. rinsing,.the bilayer ot or esj st

st BeoresiRt a%ac'&v@km%ga propicd thy Eﬁ%@% yRBergRak s,

XpehkiZ 1 g;é}g) ilayer relief imge.
61)8@%,&5%?2%2'3'3 f rﬁoﬁ)@%gﬂ%ﬁgkg%rﬁ‘e_rn on a substrate
fc omfehing the misitle lunderaogt inp o ceddizispapesma. toppreduge gbilayer
su%i.tfate b. coating in a first coating step said

sulief 5?%‘3% th a thermally curable undercoat

conposition of claim8§,

A process for forming a pattern on a substrate omprising the following process

a. providing a substrate,

b. coating in a first coating step said substrate with a thermally curable
undercoat composition of claim 4,

¢. curing said undercoat composition,

d. coating in a second coating step a photoresist over the undercoat to
produce a bilayer photoresist stack,

e. exposing the bilayer photoresist stack to provide a photosensitive
composition portion of the bilayer photoresist stack,

f. developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat visible,

g. rinsing the bilayer photoresist stack, and

h. etching the visible undercoat in an oxidizing plasma to produce a bilayer
relief image.
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c. curing said undercoat conposition, d. coating in a
second coating step a photoresi st over the undercoat

W e0osps8asuce a bil ayer photoresist stack, -78 REI/US2005/007588
2005/ 089150 PCT/ US2005/ 007588 e. exposing the bilayer

phot oresi st stack to provide -a photosensitive
conposition portion of the bilayer photoresist stack,

f. devel ppi t he photosensitiv onposi tion porti .
15, A, DroGRSSy{dr aEming b RaHEE) On & SURSTRAR | GRMBNBY tthen lewing
processts!i&pé!nde” yi ng undercoat visible, g. rinsing the

I

bi l'ayer photoresist stack, and h. etching the visible
undercoat in an oxidizing plasma to produce a bil ayer

reljef.l A process for formng a pattern on a
%ué@??dé{id]egggﬁf)&?@i’ng the follow ng process steps: a.
bor eoatiignth a figdsdéo=aing, step Saidt biligstiate avith s tthé@adliyngurable

step said substrate with a thermally curable
unéredarseat casmpesitian efclaim & aim 9, c¢. curing said

C‘é?g‘gﬁ@oﬁd%“BB%HWBH'QPQWRF‘PMi ng in a second coating

otoresi st ov e’ undercoat to produce a
dhi testig phat seesnd tcogting kstep. a ephpiaresigt tdver biheayrdercoat to

phot or esi st. stack to proyide a photosensitive
coRiPGULE | _'%SFP g8 r%ﬁsttsﬁ@c%i | ayer photoresist stack,
d.- eSS P riheg BilageP NSHEtoREHNL! isiRkC @PPRIVIde® Na PPhbide@nsitive

of the bilayer photoresist stack nmaking a portion of
t heompeasitioy pagiomefdhe hilayen phaipesisy stacknsi ng t he

B onR; e Tbtar it e alnloy o B zob: fe)cfaver

r ephetoragistgstaciZMakifgba bastien afehée ahdenyige upderboatdisiile,

gt. hﬁn&hg e Bilg}tercplh%tgge%ils’c stack, and

h. etching the visible undercoat in an oxidizing plasma to produce a bilayer
relief image.

16. A process for forming a pattern on a substrate comprising the following
process steps:

a. providing a substrate,

b. coating in a first coating step said substrate with a thermally curable
undercoat composition of claim 6,

c¢. curing said undercoat composition,

d. coating in a second coating step a photoresist over the undercoat to
produce a bilayer photoresist stack,

e. exposing the bilayer photoresist stack to provide a photosensitive
composition portion of the bilayer photoresist stack,

f. developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat visible,
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21. A coated substrate conprising a sem conduct or
substrate coated by the conposition of claiml

woL@sesase he conmposition of claim1 is furtherP€CDES®AS/007588
with a photoresist. -79

g. rinsing the bilayer photoresist stack, and

h. etching the visible undercoat in an oxidizing plasma to produce a bilayer
relief image.

17. A process for forming a pattern on a substrate comprising the following
process steps:

a. providing a substrate,

b. coating in a first coating step said substrate with a thermally curable
undercoat composition of claim 7,

c. curing said undercoat composition,

d. coating in a second coating step a photoresist over the undercoat to
produce a bilayer photoresist stack,

e. exposing the bilayer photoresist stack to provide a photosensitive
composition portion of the bilayer photoresist stack,

f. developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat visible,

g. rinsing the bilayer photoresist stack, and

h. etching the visible undercoat in an oxidizing plasma fo produce a bilayer
relief image.

18. A process for forming a pattern on a substrate comprisingthe following
process steps:

a. providing a substrate,

b. coating in a first coating step said substrate with a thermally curable
undercoat composition of claim 8,

¢. curing said undercoat composition,

d. coating in a second coating step a photoresist over the undercoat to
produce a bilayer photoresist stack,
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. exposing the bilayer photoresist stack to provide a photosensitive

composition portion of the bilayer photoresist stack,
developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat visible,

. rinsing the bilayer photoresist stack, and

. etching the visible undercoat in an oxidizing plasma to produce a bilayer

relief image.

A process for forming a pattern on a substrate comprising the following

process steps:

20.

21.

. providing a substrate,

. coating in a first coating step said substrate with a thermally curable

undercoat composition of claim 9,

¢. curing said undercoat composition,

d. coating in a second coating step a photoresist over the undercoat to

produce a bilayer photoresist stack,

. exposing the bilayer photoresist stack to provide a photosensitive

composition portion of the bilayer photoresist stack,
developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat visible,

. rinsing the bilayer photoresist stack, and

. etching the visible undercoat in an oxidizing plasma to produce a bilayer

relief image.

A bilayer relief image produced by the process of claim 11.

A coated substrate comprising a semiconductor substrate coated by the

composition of claim 1 wherein the composition of claim 1 is further coated with a
photoresist.
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